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List of abbreviations
	Abbreviation
	Meaning

	5-ARI
	5-alpha reductase inhibitor

	ABPM
	ambulatory blood pressure monitoring

	ADR(s)
	adverse drug reaction(s)

	AE(s)
	adverse event(s)

	ALT
	alanine transaminase

	ANCOVA
	analysis of covariance

	ANOVA
	analysis of variance

	ARGPM
	Australian Regulatory Guidelines for Prescription Medicines

	AST
	aspartate transaminase

	AUA
	American Urological Association

	AUC
	area under the curve

	AUCτ
	area under the plasma concentration time curve for the dosing interval

	AUC 0-∞
	area under the plasma concentration time curve from zero to infinity

	BII
	Benign Prostatic Hyperplasia (BPH) Impact Index

	BCI
	Bladder Contractility Index

	BMI
	Body Mass Index

	BP
	blood pressure

	BPM
	beats per minute

	BOOI
	Bladder Outlet Obstruction Index

	BPH
	benign prostatic hyperplasia

	BPH-LUTS
	lower urinary tract symptoms associated with benign prostatic hyperplasia

	BVE
	bladder voiding efficiency

	CABG
	coronary artery bypass graft (surgery)

	CCDS
	Company Core Data Sheet

	CGI-I
	Clinician Global Impression of Improvement

	CIOMS
	Council for International Organisations of Medical Sciences

	cGMP
	cyclic guanosine monophosphate

	CI
	confidence interval

	CL/F
	apparent clearance

	Cmax
	maximum observed drug concentration

	CNS
	central nervous system

	DBP
	diastolic blood pressure

	ECG
	electrocardiogram

	ED
	erectile dysfunction

	EMA
	European Medicines Agency

	ERG
	electroretinogram

	EU
	European Union

	FAD
	female (sexual) arousal disorder

	FDA
	US Food and Drug Administration

	GCP
	Good Clinical Practice

	IC351
	tadalafil

	IIEF
	International Index of Erectile Function

	IPSS
	International Prostate Symptom Score

	ITT
	intention-to-treat

	IVRS
	interactive voice response system

	IC710
	unconjugated methylcatechol

	LHRH
	luteinising hormone-releasing hormone

	LLQ
	lower limit of quantification

	LOCF
	last observation carried forward

	LS
	least squares

	LUT
	lower urinary tract

	LUTS
	lower urinary tract symptoms

	LUTS-GAQ
	lower urinary tract symptoms-global assessment question

	LY450190
	tadalafil

	MedDRA
	Medical Dictionary for Regulatory Activities

	MI
	myocardial infarction

	mIPSS
	Modified International Prostate Symptom Score

	ms
	millisecond

	NAION
	nonarteritic ischemic optic neuropathy

	NO
	nitric oxide

	NYHA
	New York Heart Association

	OAB
	over active bladder

	PAH
	pulmonary arterial hypertension

	PDE5
	phosphodiesterase type 5

	pdetQmax
	detrusor pressure at peak urinary flow rate

	PGI-I
	patient global impression of improvement

	PI
	Product Information

	PK
	pharmacokinetic

	PSA
	prostate-specific antigen

	PSUR
	Periodic Safety Update Report

	PVR
	post-void residual (volume)

	PVRcath
	post-void residual (volume) measurement by catheterisation

	Qave
	average/mean flow rate

	Qmax
	peak flow rate

	Qmean
	mean urine flow

	QoL
	quality of life

	QTc
	corrected QT interval

	RA
	accumulation ratio

	RMP
	Risk Management Plan

	SAE
	serious adverse event

	SAP
	statistical analysis plan

	SBP
	systolic blood pressure

	SEP
	sexual encounter profile

	SNRI
	serotonin norepinephrine reuptake inhibitor

	SOC
	system organ class

	SPC
	Summary of Product Characteristics

	t 1/2
	half-life

	TEAE
	treatment-emergent adverse event

	TGA
	Therapeutic Goods Administration

	tmax
	time of maximum observed drug concentration

	total IC710
	total hydrolysed methyl cathecol glucaronide metabolite

	TSS-BPH
	Treatment Satisfaction Scale – Benign Prostatic Hyperplasia

	TURP
	transurethral resection of prostate

	ULN
	upper limit of normal

	UTI
	urinary tract infection

	V 2/F
	volume of distribution

	Vcomp
	voided volume


[bookmark: _Toc351718900][bookmark: _Toc355338635][bookmark: _Toc367221405]Clinical rationale
Benign prostatic hyperplasia (or hypertrophy) is the non-cancerous enlargement of the prostate gland (3). It is reported that BPH will occur in a microscopic form in all men if they live long enough but that only half develop the macroscopic form and only half of these men develop symptoms which require treatment (4). Mechanical obstruction by the enlarged prostate, dynamic obstruction caused by the tone of the prostatic smooth muscle and the reaction of the bladder to the obstruction are thought to contribute to the symptoms of BPH (4). Men with BPH may have lower urinary tract symptoms including hesitance, weak and poorly directed stream, straining, post-urination dribble or irregular stream, overflow or paradoxical incontinence, urgency, frequency and nocturia (3). Serious complications of urethral obstruction as a result of BPH are retention, bladder stones, recurrent infections, renal failure and large residual urine volume (4). Treatment options for BPH range from watchful waiting, for mild or low impact symptoms, to medical therapy with an alpha blocker or 5-alpha-reductase inhibitor, or both, for moderate to severe symptoms, to surgical therapy, including transurethral resection of the prostate, transurethral incision of the prostate, open prostatectomy and laser ablation or resection of the prostate, for severe or high impact symptoms (3).
Erectile dysfunction, a condition affecting one in five men over the age of 40 years, is the consistent or recurrent inability to attain and/or maintain an erection sufficient for satisfactory sexual activity and intercourse (5). ED is usually of multi-factorial aetiology (6) and may be of organic cause or psychosocial cause or both (5). Treatment may include alteration of modifiable risk factors and causes, oral agents such as PDE5 inhibitors (tadalafil, vardenafil and sildenafil), counselling and education, vacuum devices and rings, and referral to a specialist for options such as intracavernous vasoactive drug injection or surgical treatments such as penile prosthesis or vascular surgery (5).
Based on the results of non-clinical studies, the sponsor suggests that it is biologically plausible that the inhibition of PDE5 may improve BPH-LUTS. It is reported that a link between ED and BPH-LUTS is hypothesised to be secondary to pelvic deficiency of nitric oxide synthase/nitric oxide. There were also some preliminary clinical data from uncontrolled small studies that led to the hypothesis that a PDE5 inhibitor may improve BPH-LUTS (7, 8).
The sponsor indicates that the side effects of currently approved medicines for BPH-LUTS, specifically alpha-blockers and 5-alpha-reductase inhibitors (5-ARIs), may lead to adverse events associated with sexual dysfunction. Men requiring treatment for BPH-LUTS may be hesitant to initiate such treatment when advised of the possible adverse effects related to sexual function. Therefore, the availability of a new medicine from a different chemical class, and with a different mechanism of action, that is proven to be effective and safe would increase the treatment options available to men with BPH-LUTS, including those with ED.
Comment: Benign prostatic hyperplasia is a very common condition. Therefore, a large number of adult men may choose to try Cialis as a treatment for lower urinary tract symptoms associated with benign prostatic hyperplasia, some of whom would be expected to have ED also. As the prevalence of BPH increases with age (9), the absolute number of affected men is predicted to increase with the ageing population and hence the need for suitable treatment options is important. The sponsor’s clinical rationale for this submission seems reasonable based on the pharmacology of tadalafil and the adverse effect profile of other medicines currently approved in Australia for the management of symptoms of BPH (10, 11, 12, 13).
[bookmark: _Toc367221406]Contents of the clinical dossier
[bookmark: _Toc367221407]Scope of the clinical dossier
The clinical dossier documented a development program of pharmacology, efficacy and safety studies relating to the proposed extension of indications.
The submission contained the following clinical information:
Ten clinical pharmacology studies, including six that provided pharmacokinetic data and six that provided pharmacodynamic data
Four pivotal efficacy studies, one of which was a dose-finding study
Three pivotal safety studies
Six other efficacy/safety studies
Integrated analysis set (LVHG, LVHJ, LVHR, LVID)
literature references
Comment: Four pivotal efficacy studies relate to the proposed indication of the treatment of the signs and symptoms of benign prostatic hyperplasia (BPH) in adult men, namely studies LVHG, LVHJ, LVHR and LVID. Study LVHR also relates to the proposed indication of treatment of ED and the signs and symptoms of BPH (ED/BPH) in adult men. One of the ten clinical pharmacology studies (LVHN) evaluated the pharmacokinetics and cardiovascular dynamics of tadalafil in young and elderly men with BPH-LUTS. One safety and efficacy study (LVDI) relates to the use of tadalafil in men with ED only. A number of the non-pivotal clinical efficacy and safety studies and clinical pharmacology studies were in Asian study populations.
The clinical dossier includes reports of bioanalytical and analytical methods for human studies and other non-clinical information relating to method validation and sample testing.
[bookmark: _Toc367221408]Paediatric data
The submission did not include paediatric data.
[bookmark: _Toc367221409]Good clinical practice
[bookmark: _Toc241374282][bookmark: _Toc355338639]The sponsor states that their sponsored studies were conducted following standard research design conventions in accordance with International Conference on Harmonisation (ICH) guidelines, good clinical practice procedures and local regulatory requirements. The sponsor also indicates that clinical studies were conducted in accordance with the spirit of the Declaration of Helsinki and were conducted in compliance with “Ordinance on Good Clinical Practice” and “Details of Good Clinical Practice”.
[bookmark: _Toc367221410]Pharmacokinetics
[bookmark: _Ref271017296][bookmark: _Ref271018924][bookmark: _Ref271018934][bookmark: _Toc272414614][bookmark: _Toc290846238][bookmark: _Toc336418786][bookmark: _Toc367221411]Studies providing pharmacokinetic data
Only one pharmacokinetic study was submitted to specifically support the proposed BPH indication (Study LVHN). Other conventional pharmacokinetic studies were submitted in this application as they were included in the integrated clinical pharmacology analysis set.
Studies H6D-FW-LVFU, H6D-EW-LVCT, H6D-EW-LVGG, H6D-EW-LVHN and H6D-EW-LVFV had a pharmacokinetic primary objective.
None of the pharmacokinetic studies had deficiencies that excluded their results from consideration.
[bookmark: _Ref269118175][bookmark: _Toc272414616][bookmark: _Toc290846239][bookmark: _Toc336418787][bookmark: _Toc367221412]Summary of pharmacokinetics
The information in the following summary is derived from conventional pharmacokinetic studies unless otherwise stated.
[bookmark: _Toc336418788]Pharmacokinetics in healthy subjects
Bioequivalence of clinical trial and market formulations
In a pilot bioequivalence study (Study H6D-EW-LVGG), the bioequivalence of two rapidly disintegrating test formulations of tadalafil 20 mg, WOWTAB and DuraSolv, were compared with marketed Cialis 20 mg tablet. This study was not submitted in support of the application to extend the indication to Cialis. DuraSolv and WOWTAB 20 mg doses were not bioequivalent to the 20 mg tablet of marketed Cialis as the respective 90% confidence intervals of the ratios of the geometric least squares (LS) means for the area under the curve (AUC)(0-6) were outside the bioequivalence limits of 0.80 to 1.25 as was the 90% confidence interval (CI) of the ratio of the geometric LS means for the maximum observed drug concentration (Cmax) for the comparison between Cialis and DuraSolv. The time to maximum observed serum concentration (Tmax) was longer for both WOWTAB and DuraSolv compared with Cialis.
Dose proportionality
Dose-proportionality was assessed over the 10 mg and 20 mg doses of tadalafil in healthy Chinese men in study H6D-FW-LVFU. AUC was shown to be dose proportional over the 10 mg and 20 mg doses of tadalafil but Cmax less than doubled with a doubling in dose. Apparent terminal half-life, apparent clearance and apparent volume of distribution appeared to be independent of dose. The range of tmax values was similar following a 10 mg and 20 mg dose of tadalafil, respectively.
Comment: The finding that AUC was dose proportional over the 10 mg and 20 mg doses of tadalafil but Cmax less than doubled with a doubling in dose appears to be consistent with findings in previous pharmacokinetic studies including Study H6D-EW-LVBX, which was included in the initial submission for the registration of tadalafil and provided the definitive dose-proportionality assessment over the dose range 2.5 mg to 20 mg. In the study, Cmax was reported to have been slightly less than proportional to dose but the excursion was considered minor and not clinically relevant and it was concluded that tadalafil exposure was proportional to dose over the range 2.5 mg to 20 mg. The approved Australian PI for Cialis (1) states that tadalafil pharmacokinetics in healthy subjects are linear with respect to time and dose suggesting that the lack of dose proportionality for Cmax was not considered clinically relevant.
Study H6D-EW-LVFA was a clinical pharmacology study in healthy male subjects to evaluate the effects of 20 mg and 80 mg doses of tadalafil (IC351) or placebo on effective renal plasma flow and lumbar and gluteal venocongestion. The mean plasma level of tadalafil was approximately 2.1 times higher two hours post-dose, and 2.8 times higher at 24 hours post-dose, following the 80 mg dose compared with the 20 mg dose. Total hydrolysed methyl cathecol glucaronide metabolite (total IC710) was 2.5 times higher at two hours, and 3.4 times higher at 24 hours, following the 80 mg dose of tadalafil compared with the 20 mg dose. Unconjugated methylcatechol (IC710) was 2.6 times higher at both two hours, and 24 hours, following the 80 mg tadalafil dose compared with the 20 mg dose.
Comment: It is noted that the primary endpoints of study H6D-EW-LVFA were the plasma concentrations of tadalafil, unconjugated methylcatechol, and total hydrolysed methyl cathecol glucaronide metabolite in hydrolysed plasma, and the primary objective is stated to be to determine the safety and comparative pharmacokinetic (PK) effect of 20 mg and 80 mg tadalafil single doses versus placebo. The primary endpoint and primary objective in the Listing are different from those in the study protocol and study report. It appears that the primary objective of this study has been changed. Therefore, it is difficult to interpret the study results.
Bioavailability during multiple-dosing
Bioavailability of tadalafil following a single 20 mg oral dose and following 10 consecutive days of tadalafil 20 mg once-a-day dosing was compared between men with BPH aged 70 to 85 years and men with BPH aged 60 years and younger in study H6D-EW-LVHN. The accumulation ratio (RA) for AUC (0-24) and Cmax were comparable in the young and the elderly subjects. On Day 10, the AUC (0-24) was 1.89 fold and 1.84 fold the AUC (0-24) on Day 1 in elderly and young subjects, respectively, and, on Day 10, Cmax was 1.73 and 1.63 fold compared to Day 1 in elderly and young subjects, respectively.
Comment: The sponsor indicates that the estimates of tadalafil accumulation seen in this study are comparable with the accumulation expected. In one published study, tadalafil accumulation in healthy subjects was 1.6 fold on Day 10, after once-a-day dosing with 20 mg tadalafil for 10 days, compared with Day 1, following a single 20 mg dose (17).
Pharmacokinetics of metabolites
In study H6D-EW-LVCT, a study in healthy Japanese men, mean exposure during the dosing interval to total hydrolysed methyl cathecol glucaronide metabolite (total IC710), the metabolite of tadalafil (IC351), was higher than exposure to tadalafil after 10 days of once daily dosing with tadalafil 20 mg. After one dose of tadalafil 20 mg, mean exposure during the dosing interval was higher to tadalafil than to its metabolite. For tadalafil, mean exposure during the dosing interval increased by 44% after 10 days of once daily dosing with tadalafil 20 mg, compared with exposure after a single dose, and Cmax increased by 36%. The increases from Day 1 to Day 10 in total hydrolysed methyl cathecol glucaronide metabolite were higher, with a 179% increase in mean exposure during the dosing interval and a 153% increase for Cmax. Steady-state was attained for both tadalafil and total hydrolysed methyl cathecol glucaronide metabolite by Day 4 of the 10 day study. The half-life value range for tadalafil and total hydrolysed methyl cathecol glucaronide metabolite were similar following the last dose of tadalafil 20 mg on Day 10.
[bookmark: _Toc241374292][bookmark: _Ref271189131][bookmark: _Ref271189136][bookmark: _Toc272414625][bookmark: _Toc290846248][bookmark: _Toc336418789]Pharmacokinetics in the target population
Study H6D-EW-LVHN included subjects in the target population. The results in men with BPH aged 70 to 85 years (elderly) and men with BPH aged 60 years and younger (young) in the target population are described below.
[bookmark: _Toc241374293][bookmark: _Toc272414626][bookmark: _Toc290846249][bookmark: _Toc336418790]Pharmacokinetics in other special populations
[bookmark: _Toc272414629][bookmark: _Toc290846252][bookmark: _Toc336418791]Pharmacokinetics according to age
In study H6D-EW-LVHN, the pharmacokinetics of tadalafil following a single 20 mg oral dose and multiple doses were compared between men with BPH aged 70 to 85 years (elderly) and men with BPH aged 60 years and younger (young). The mean AUC (0-24) and Cmax were lower for the elderly group compared with the younger group on Day 1, following a single dose of oral tadalafil 20 mg, and on Day 10, after once daily dosing with oral tadalafil 20 mg. Tmax was comparable between the groups on both days. The effect of age on the pharmacokinetics of tadalafil in subjects with BPH showed no statistically significant difference at Day 1 or Day 10 between the elderly and young groups for AUC (0-24), Cmax and tmax. For total hydrolysed methyl cathecol glucaronide metabolite, the major metabolite of tadalafil, the mean AUC (0-24) was higher in the elderly compared with the younger group on Day 1 and the 90%CI for the ratio of the geometric LS means indicated a statistically significant difference. This difference was not present at Day 10 when the geometric LS means were similar. The mean Cmax was also higher in the elderly group compared with the young group on Day 1 but the 90%CI for the ratio of the geometric LS means included 1.0 suggesting no difference between the two groups. At Day 10, the mean Cmax for total hydrolysed methyl cathecol glucaronide metabolite was similar in both groups. On both Day 1 and Day 10, the median tmax of total hydrolysed methyl cathecol glucaronide metabolite was the same in both groups. The estimates of tadalafil accumulation for elderly and young subjects with BPH were comparable.
[bookmark: _Toc336418792]Pharmacokinetics according to renal impairment
In study H6D-EW-LVHN, ninety-three per cent of elderly BPH subjects were reported to have had mild renal impairment. Mean tadalafil exposures on Day 1 and Day 10 were generally comparable in young subjects with BPH, with and without mild renal impairment, and elderly subjects. Exposure to total hydrolysed methyl cathecol glucaronide metabolite (total IC710) was higher in young subjects with mild renal impairment compared with young subjects with BPH and normal renal function. For the one young subject with BPH and mild renal impairment the individual exposure estimates were reported to be not differentiable from the remaining BPH subjects.
[bookmark: _Toc336418793]Pharmacokinetics in Asian study populations
In H6D-FW-LVFU, a study in healthy Chinese males, AUC was dose-proportional but Cmax did not double with a doubling in dose. The sponsor indicates that the level of exposure and the magnitude of increase are consistent with previous data collected in Japanese and Caucasian subjects in historic study H6D-EW-LVCS. In this study, in both Japanese subjects and subjects of Western origin, Cmax less than doubled when the dose of tadalafil was doubled, based on the geometric mean for Cmax following 5 mg, 10 mg, 20 mg and 40 mg tadalafil. The sponsor also indicates that in study H6D-EW-LVBX, a historic study that provided the definitive dose-proportionality assessment over the dose range 2.5 to 20 mg, the increase in Cmax was reported to have been slightly less than proportional to dose but the excursion was considered minor and not clinically relevant.
In study H6D-EW-LVCT, a multi-dose pharmacokinetic study in healthy adult Japanese males, it was found that on Day 10, the area under the plasma concentration time curve for the dosing interval (AUCτ) of IC351 (tadalafil) was 44% higher, and the Cmax 36% higher, than on Day 1 and AUCτ of total IC710 (total hydrolysed methyl cathecol glucaronide metabolite) was 179% higher and the Cmax 153% than on Day 1.
[bookmark: _Toc272414631][bookmark: _Toc290846254][bookmark: _Toc336418794]Pharmacokinetics in Japanese men with BPH
A secondary objective of the efficacy and safety study H6D-JE-LVIA (LVIA) was to assess the tadalafil pharmacokinetics in Japanese men with BPH following once-a-day dosing with tadalafil 2.5 mg and tadalafil 5 mg. Evaluation of plasma tadalafil concentration data using a population pharmacokinetic approach was planned but not performed as, based on an exploratory graphical analysis, the pharmacokinetic results showed that the measured tadalafil concentrations were higher than those observed in previous studies of 2.5 mg and 5 mg once daily dosing of tadalafil and the measured tadalafil concentrations demonstrated uncharacteristically marked intra-subject variability. The sponsor considered that a lack of strict adherence to the assigned treatment was a possible explanation for the results. Based on the descriptive summary of the data, mean plasma tadalafil concentration was highest 0-6 hours post-dosing with tadalafil 5 mg and 2.5 mg and gradually decreased. After a dose of 5 mg tadalafil, the mean concentration of plasma tadalafil during each six-hour time period between 0 and 48 hours was approximately twice that after a dose of 2.5 mg tadalafil. The mean tadalafil concentration during each six-hour time period between 0 and 48 hours were generally similar across Visits 5, 6 and 7 post- 2.5 mg and 5 mg tadalafil respectively. The greatest differences between the visits in mean plasma tadalafil concentration were seen at 24-48 hours post-dose for both doses of tadalafil but the numbers of quantifiable concentrations available for this time period for each visit were small. It is indicated in the submission that based on the results of previous pharmacokinetic studies no ethnicity-based dose adjustment was warranted.
Comment: The proportions of subjects treated with tadalafil who reported adverse events in study LVIA were similar to the proportions of subjects treated with tadalafil reporting adverse events in other studies in Asian study populations (studies LVHB and LVHT). The adverse events reported in study LVIA were generally consistent with the known adverse event profile for tadalafil. No change to the PI for Cialis appears to be warranted based on the pharmacokinetic results of this study.
[bookmark: _Toc241374294][bookmark: _Toc272414632][bookmark: _Toc290846255][bookmark: _Toc336418795]Pharmacokinetic interactions
[bookmark: _Toc272414633][bookmark: _Toc290846256][bookmark: _Toc336418796]Pharmacokinetic interactions demonstrated in human studies
In study H6D-EW-LVFV, in which the effects of ritonavir 500 mg or 600 mg twice daily on the pharmacokinetics of tadalafil following a single 20 mg oral dose were assessed in healthy men, the AUC (0-∞) for tadalafil was 48% higher following administration of tadalafil with 500 mg ritonavir twice daily and 18% higher following administration of tadalafil with 600 mg of ritonavir twice daily. Compared with the Cmax following the administration of a single 20 mg dose of tadalafil, Cmax was approximately 30% lower when tadalafil was administered with ritonavir 500 mg or 600mg. The half life of tadalafil was prolonged following the administration of tadalafil with ritonavir and the mean apparent total plasma clearance (CL/F) was decreased. The AUC (0-∞) of the metabolite of tadalafil, total hydrolysed methyl cathecol glucaronide metabolite, was approximately 74% lower when tadalafil was administered with ritonavir than following administration of tadalafil alone, and Cmax was reduced by approximately 80%.
Comment: The approved PI for Cialis (1) includes a precautionary statement that ritonavir 200 mg twice daily had been found to increase tadalafil single dose exposure by 124% with no change in Cmax. The results of study LVFV also showed an increase in tadalafil single dose exposure but with a decrease in Cmax. From the current Australian PI for Norvir (ritonavir) (18), the recommended dose for the treatment of HIV infection is 600 mg twice daily. The results of study LVFV are relevant as they show the effects of ritonavir 500 mg or 600 mg twice daily, rather than the effects of 200 mg twice daily, on the pharmacokinetics of tadalafil following a single 20 mg oral dose. As men taking ritonavir 600 mg twice daily may take tadalafil 20 mg on-demand for the treatment of ED, the concomitant use of these medicines may alter the clinical effect of tadalafil. It is recommended that the pharmacokinetic results of study LVFV are added to the Australian PI for Cialis.
[bookmark: _Toc241374296][bookmark: _Ref269982040][bookmark: _Ref271018704][bookmark: _Ref271018755][bookmark: _Toc272414635][bookmark: _Toc290846258][bookmark: _Toc336418797][bookmark: _Toc367221413]Evaluator’s overall conclusions on pharmacokinetics
Study H6D-EW-LVHN was the only pharmacokinetic study submitted to specifically support the proposed use of tadalafil in the treatment of the signs and symptoms of BPH in adult men. This study compared the pharmacokinetics of tadalafil following a single 20mg oral dose and multiple doses between men with BPH-LUTS aged 70 to 85 years and men with BPH-LUTS aged 60 years and younger. The effect of age on the pharmacokinetics of tadalafil in subjects with BPH-LUTS showed no statistically significant difference at Day 1 or Day 10 between the elderly and young groups for AUC (0-24), Cmax and tmax. Exposure (AUC (0-24)) to the metabolite of tadalafil, total hydrolysed methyl cathecol glucaronide metabolite, was higher in the elderly subjects compared to the younger subjects at Day 1 and the difference between the groups was statistically significant. At Day 10 the exposure to the metabolite of tadalafil was comparable in subjects in both age groups. As the proportion of men with BPH-LUTS increases with age it is anticipated that a significant proportion of subjects who may use tadalafil for the treatment of BPH will be 70 years and older. This study indicates that the pharmacokinetics of tadalafil in men of such an age are comparable to the pharmacokinetics in younger men.
It is recommended that the results of study H6D-EW-LVFV, which assessed the effects of ritonavir 500 mg or 600 mg twice daily on the pharmacokinetics of tadalafil following a single 20 mg oral dose in healthy men, are added to the Australian PI for Cialis as they are potentially clinically relevant. The results of the other pharmacokinetic studies submitted do not appear to warrant any changes to the Australian PI for Cialis.
[bookmark: _Toc367221414]Pharmacodynamics
[bookmark: _Toc272414637][bookmark: _Toc290846260][bookmark: _Toc336418799][bookmark: _Toc367221415]Studies providing pharmacodynamic data
Studies H6D-EW-LVFB, H6D-EW-LVFF, H6D-EW-LVFS and H6D-EW-LVFT had a primary pharmacodynamic objective.
There were no pharmacodynamic studies submitted in relation to the effect of tadalafil in the proposed indications. The studies submitted relate to secondary pharmacodynamic effects. The results of these studies contribute to the adverse effects profile of tadalafil.
[bookmark: _Ref269119989][bookmark: _Toc272414639][bookmark: _Toc290846261][bookmark: _Toc336418800][bookmark: _Toc367221416]Summary of pharmacodynamics
The information in the following summary is derived from conventional pharmacodynamic studies in humans unless otherwise stated.
[bookmark: _Toc241374300][bookmark: _Toc272414641][bookmark: _Toc290846263][bookmark: _Toc336418801]Pharmacodynamic effects
[bookmark: _Toc272414642][bookmark: _Toc290846264][bookmark: _Toc336418802]Primary pharmacodynamic effects
There were no clinical studies included in the submission that evaluated the primary pharmacodynamic effects in the proposed indications. 
Comment: It was noted in the submission that one primary pharmacodynamic study in rats and two secondary pharmacodynamic studies in human tissue are included in the submission. These studies will be evaluated by the evaluator. It is reported that the results of these studies support the hypothesis that stimulation of NO/cGMP–mediated relaxation of prostate vascular smooth muscle and stimulation of the vascular supply to the lower urinary tract increases blood perfusion and oxygenation. It is reported that these effects of tadalafil may be involved in the mechanism by which treatment with tadalafil reduces LUTS in men with BPH. The sponsor proposes changes to the Pharmacology section of the PI based on this information.
[bookmark: _Toc272414643][bookmark: _Toc290846265][bookmark: _Toc336418803]Secondary pharmacodynamic effects
Study H6D-EW-LVFB was a pharmacodynamic study with the primary objective of demonstrating that tadalafil (IC351) had no adverse effect on ventricular repolarisation as assessed by QTc, when tadalafil was given as a single 100 mg dose. In the comparison of tadalafil 100 mg and placebo, using a model-based correction method with RR as a covariate, the mean change in QTc interval from baseline to peak concentration of tadalafil was 6.9 ms (SE 0.7) and the mean change in QTc interval from baseline in the placebo period was 3.5 ms (SE 0.7). Comparing the two treatments, the difference in the mean change in QTc interval was 3.3 ms (90% CI [1.7, 5.0]). As the upper limit of the 90% CI for the difference in change in QTc interval was below the pre-defined limit of +10 ms, the effect of 100 mg IC351 on the change in QTc interval was declared to be equivalent to that of placebo. The effect of 100 mg tadalafil on the change in QTc interval, compared with placebo, was also analysed using other correction methods (individual, Fridericia and Lilly correction methods) and the mean changes were similar using these methods.
Comment: A QT prolongation of more than 5 ms is considered of regulatory concern based on TGA- adopted guidelines (19). Based on the QT study, Study H6D-EW-LVFB, the mean change from baseline in QTc interval in the IC351 period was less than 5 ms after subtraction of the mean change in QTc interval from baseline in the placebo period. As this was a study to specifically evaluate the effect of tadalafil on ventricular repolarisation, it is recommended that the results of study H6D-EW-LVFB are added to the Precautions section of the PI. It is noted that the results of this study are included in the US label for Cialis (14).
Study H6D-EW-LVFF assessed the effects, in healthy male subjects, of single oral doses of 40 mg IC351 (Cialis) and 200 mg sildenafil on colour vision, as determined by the FM100-Hue test. No statistically significant difference in FM-100 Hue test score two hours post-dose was found between the tadalafil and placebo groups, suggesting that tadalafil does not affect colour vision.
[bookmark: _Toc241374304][bookmark: _Toc272414646][bookmark: _Toc290846268][bookmark: _Toc336418804]Genetic-, gender- and age-related differences in pharmacodynamic response
In the pharmacokinetic study H6D-EW LVHN, assessment of cardiovascular dynamics in elderly subjects with BPH-LUTS (70-85 years) and young subjects with BPH-LUTS (≤ 60 years) was a secondary objective. Mean maximum drop in standing and supine systolic and diastolic BP at both Day 1, following a single dose of tadalafil 20mg, and Day 10, following once daily dosing with tadalafil 20mg, were higher in the elderly subjects compared with the young subjects. Mean maximum increases in standing and supine heart rate were greater in the young group compared with the elderly group. A higher number of elderly subjects experienced clinically significant blood pressure findings compared with young subjects. Two young subjects were reported to have experienced orthostatic hypotension.
Comment: The approved PI for Cialis (1) includes a precautionary statement regarding the effect of tadalafil on blood pressure. There is no specific precaution with respect to the possibly more pronounced effect of tadalafil on the blood pressure in the elderly. In this study, there was a greater maximum drop from baseline in standing and sitting systolic and diastolic blood pressure measures at Day 1 and Day 10 in the elderly men compared with the younger men. Although the mean difference between the elderly and young was only statistically significant for the maximum drop from baseline in standing BP at Day 10, this may have been due to the fact that the study was not powered for the comparison in hemodynamic parameters. It is recommended that the information from this study in relation to the hemodynamic effect of tadalafil is added to the PI for Cialis. It is clinically relevant in view of the anticipated use of tadalafil to treat BPH-LUTS in men aged 70 years and older.
[bookmark: _Toc241374303][bookmark: _Toc272414647][bookmark: _Toc290846269][bookmark: _Toc336418805]Pharmacodynamic interactions
Study H6D-EW-LVFS evaluated the changes in blood pressure following administration of 0.7 g/kg alcohol and 20 mg tadalafil in combination, and alone, in healthy subjects. The mean maximum decreases in standing systolic BP following administration of tadalafil and alcohol in combination, compared with alcohol alone, and tadalafil alone, were similar. Non-inferiority between the treatments was demonstrated as the upper limit of the 90% CI was less than 8 mmHg, the pre-defined upper limit for non-inferiority, for each of the comparisons. A higher mean maximum increase in standing heart rate was observed after tadalafil was taken in combination with alcohol compared with tadalafil alone and alcohol alone but these differences may not be clinically relevant. The numbers of subjects with potentially clinically significant changes in standing and supine blood pressure following tadalafil and alcohol, alcohol alone, and tadalafil alone, were small and not dissimilar.
Comment: The current Australian PI for Cialis includes a precautionary statement regarding the effect of concomitant tadalafil and alcohol on blood pressure. No change to this statement is warranted based on the results of this study.
In study H6D-EW-LVFT, the effects on blood pressure of different dosing regimens of 20 mg tadalafil and 4mg and 8 mg doxazosin once daily in healthy males were compared. Non-inferiority was declared between two treatments if the upper limit of the 95% CI for the difference in the maximal systolic blood pressure decrease from baseline was below 8mmHg. Non-inferiority was demonstrated in the maximal decrease in systolic blood pressure for tadalafil 20 mg dosing at 1600 hours and 2000 hours, when compared with dosing at 0800 hours, in subjects given concomitant doxazosin 4 mg at either 0800 hours or 2000 hours. The proportions of subjects with potentially clinically significant blood pressure changes were high when tadalafil 20 mg was given to subjects receiving doxazosin 4 mg at either 0800 hours or 2000 hours regardless of whether the tadalafil 20 mg was administered at 0800, 1600 or 2000 hours.
When 20mg tadalafil was administered at either 0800 hours or 2000 hours to subjects receiving doxazosin 8 mg at 0800 hours, non-inferiority could not be declared between the treatments tadalafil/doxazosin and placebo/doxazosin in relation to the maximum decrease compared to baseline in systolic blood pressure. A higher proportion of subjects who had received tadalafil 20 mg at 2000 hours had a systolic blood pressure less than 85 mmHg and a diastolic blood pressure less than 45 mmHg, potentially clinically significant blood pressure changes, compared with subjects who had received tadalafil at 0800 hours or who had received placebo at 0800 and 2000 hours.
Comment: The currently approved Australian PI for Cialis (1) includes a statement regarding the augmentation of blood pressure lowering effect of doxazosin (4-8 mg) observed when tadalafil was co-administered in three clinical pharmacology studies in healthy subjects. The precaution indicates that a greater number of patients with potentially clinically significant blood pressure decreases were seen in these studies when doxazosin and tadalafil were administered together, and that there were symptoms associated with the decrease in blood pressure. No change to this information in the PI appears to be warranted as the results of this current study are consistent with the statement in the currently approved PI.
[bookmark: _Ref269983272][bookmark: _Toc272414648][bookmark: _Toc290846270][bookmark: _Toc336418806][bookmark: _Toc367221417]Evaluator’s overall conclusions on pharmacodynamics
Study H6D-EW-LVFB was a pharmacodynamic study with the primary objective of demonstrating that tadalafil had no adverse effect on ventricular repolarisation as assessed by QTc, when tadalafil was given as a single 100 mg dose. As the upper limit of the 90% CI for the difference in change in QTc interval in the comparison of 100 mg tadalafil and placebo was below the pre-defined limit of +10 ms, the effect of 100 mg tadalafil on the change in QTc interval was declared to be equivalent to that of placebo. It is recommended that the results of this study are included in the Australian PI for Cialis as this is important safety-related information.
The results of the other pharmacodynamic studies are either consistent with information already included in the PI for Cialis or do not appear to warrant a change to the PI.
[bookmark: _Toc367221418]Dosage selection for the pivotal studies
One phase 2b/3 study, study H6D-MC-LVHG (LVHG), was conducted to determine a suitable dose of tadalafil for the treatment of BPH-LUTS in the phase 3 trials.
Study LVHG was a randomised, double-blind, placebo-controlled, parallel design, multi-national study to compare the efficacy, dose-response, and safety of tadalafil 2.5 mg, 5 mg, 10 mg, and 20 mg once daily. The study population was men aged 45 years or older who had had BPH-LUTS for at least 6 months at Visit 1. Duration of study treatment was 12 weeks. The primary efficacy outcome was the change in IPSS total from baseline to Visit 6 (Week 12) for subjects taking tadalafil 5 mg once daily versus placebo. A comparison of tadalafil 5 mg with placebo was chosen based on the results of study H6D-MC-LVGC (LVGC), a proof of concept, dose escalation study in men with BPH-LUTS. A statistically significant improvement in IPSS was found in subjects who received tadalafil 5 mg once-a-day for six weeks followed by tadalafil 20 mg once-a-day for six weeks compared with placebo.
Secondary objectives of study LVHG were to examine if a dose-response relationship exists for placebo and tadalafil 2.5 mg, 5 mg, 10 mg and 20 mg once daily for 12 weeks in the treatment of BPH-LUTS, to test the hypothesis that tadalafil 2.5 mg, 5 mg, 10 mg and 20 mg once daily for 12 weeks is superior to placebo in the treatment of BPH-LUTS, to examine the impact of tadalafil 2.5 mg, 5 mg, 10 mg and 20 mg once daily on erectile function in men with both BPH-LUTS and ED, and to assess the safety of tadalafil 2.5 mg, 5 mg, 10 mg and 20 mg once daily for 12 weeks in the treatment of men with BPH-LUTS.
Of 1058 subjects randomised (2.5 mg (n=209); 5 mg (n=212); 10 mg (n=216); 20 mg (n=209)), two subjects did not receive the study drug and one was double randomised. All subjects were male and the majority were Caucasian. The mean age was 62 years. At Visit 1, 67.8% of subjects had ED, the majority of whom had mild to moderate ED.
The primary inferential analysis of change in IPSS from baseline to Week 12 or last visit was a permutation test. The median improvement was greater in the tadalafil 5mg treatment group compared with the placebo group (median change from baseline: tadalafil 5mg (n=205) -4.00, placebo (n=205) -2.00). The treatment difference was statistically significant (p <0.001). These reults were supported by the results of an analysis in which tadalafil 5 mg was compared to placebo using an ANCOVA model (parametric method). Compared with placebo, treatment with tadalafil 5 mg once a day resulted in a statistically significant improvement in mean IPSS from baseline to endpoint (primary analysis population)(LS mean change: tadalafil 5 mg treatment group (n=205) -4.83 (SE 0.49), placebo treatment group (n=205) -2.23 (SE 0.49); LS mean placebo adjusted change from baseline for tadalafil 5 mg treatment group -2.60 (SE 0.557) (95% CI [ -3.69,- 1.51]; p <0.001).
Secondary analyses based on permutation tests compared once daily dosing with the other doses of tadalafil (2.5 mg, 10 mg, and 20 mg) with placebo. Median change from baseline in IPSS total increased with increasing dose for the 2.5 mg, 5 mg and 10 mg doses and was the same for the 10 mg and 20 mg doses and the differences in median change from baseline to endpoint in IPSS total each dose of tadalafil and placebo were statistically significant (median change from baseline: placebo -2.00; tadalafil 2.5 mg -3.00 (p=0.0043), 5mg -4.00 (p <0.001), 10 mg -5.00 (p <0.001), 20 mg -5.00 (p <0.001)).
The results of secondary analyses based on the ANCOVA showed a dose-response effect for tadalafil, compared with placebo, in the LS mean change from baseline to endpoint in IPSS total. The greatest increase in the treatment difference was from the tadalafil 2.5 mg dose compared with placebo (LS mean of the treatment difference -1.58 (SE0.56); 95% CI [-2.68, -0.48], p=0.005) to the tadalafil 5 mg dose versus placebo (LS mean of the treatment difference -2.60 (SE0.56), 95% CI [-3.69, -1.51], p<0.001). Smaller increases in treatment differences were seen with the tadalafil 10 mg dose (LS mean of the treatment difference -2.90 (SE0.56), 95% CI [-3.99, -1.81], p<0.001) and 20 mg dose (LS mean of the treatment difference -2.94 (SE0.56), 95% CI [-4.04, -1.84], p<0.001) compared with placebo. Based on the mean treatment differences, the percentage decrease in IPSS total relative to the next smallest tadalafil dose was 63% for the 5 mg dose, 12% for the 10 mg dose and 0% for the 20 mg dose.
The proportions of subjects with TEAEs and treatment–related adverse events increased with increasing dose but a dose-response effect for serious adverse events was not demonstrated.
The 5 mg dose was selected for use in the pivotal studies as it was considered by the sponsor to have a positive risk-benefit profile.
Comment: The examination of whether a dose-response relationship exists for placebo and tadalafil 2.5 mg, 5 mg, 10 mg and 20 mg once a day for 12 weeks in the treatment of BPH-LUTS was a secondary objective of study LVHG. There were no adjustments made for multiple doses comparison. The choice of the tadalafil 5mg dose for the pivotal studies appears justified based on the relative improvement in IPSS total, based on the placebo-adjusted mean change, for the four tadalafil doses.
[bookmark: _Toc367221419]Clinical efficacy
[bookmark: _Ref271199564][bookmark: _Toc272414651][bookmark: _Toc290846273][bookmark: _Toc336418809][bookmark: _Toc367221420]Treatment of the signs and symptoms of BPH in adult men
[bookmark: _Ref271037274][bookmark: _Toc272414652][bookmark: _Toc290846274][bookmark: _Toc336418810]Pivotal efficacy studies
[bookmark: _Ref243301615][bookmark: _Ref271040927][bookmark: _Ref271040932][bookmark: _Toc272414653][bookmark: _Toc290846275][bookmark: _Toc336418811]Study H6D-MC-LVHG (Double-Blind Period) (LVHG)
Study design, objectives, locations and dates
Study LVHG was a phase 2b/3 randomised, five group, double-blind, placebo-controlled, parallel design, dose-finding study to evaluate the efficacy, dose response, and safety of tadalafil 2.5 mg, 5 mg, 10 mg, and 20 mg once a day for 12 weeks versus placebo in men with benign prostatic hyperplasia lower urinary tract symptoms (BPH-LUTS). The primary objective was to test the hypothesis that tadalafil 5 mg once a day for 12 weeks is superior to placebo in improving the IPSS in men with signs and symptoms of BPH-LUTS.
The study was undertaken in 92 study centres in Australia, France, Canada, Germany, Greece, Italy, Mexico, Spain, Sweden and the US. The study was started in August 2006 and ended in October 2007.
The study design is shown in Figure 1.
Figure 1: Study H6D-MC-LVHG: Study design for protocol H6D-MC-LVHG.
[image: Figure 1: Study H6D-MC-LVHG: Study design for protocol H6D-MC-LVHG.]
The study had three periods:
a one to four week screening period. If needed this was also a four week wash-out period of prohibited BPH treatments. Subjects not taking prohibited BPH treatments were able to begin the next study period after screening results were reviewed
a placebo run-in period. After the screening/wash-out period, subjects returned for Visit 2 to have their study eligibility assessed. Eligible subjects then began a four week single-blind placebo run-in period to assess treatment compliance and to establish baseline measures at the end of the period
a treatment period – at Visit 3 eligible subjects were randomly assigned to treatment. The treatment period was of 12 weeks duration. Treatment compliance was assessed and study endpoints measured at Visits 4, 5, 6 which were at Weeks 4, 8 and 12 respectively.
Comment: Although this was a phase 2b/3 dose-finding study, it would seem reasonable to include it as a pivotal efficacy study as the primary endpoint and treatment regimen were the same as the other three pivotal efficacy studies.
Inclusion and exclusion criteria
There were a large number of inclusion and exclusion criteria. Important inclusion criteria included study subjects who:
were ≥45 years old
had BPH-LUTS (as diagnosed by a qualified physician) for >6 months at screening
had total IPSS ≥13 at the start of the placebo lead-in period
had a peak urinary flow rate (Qmax) ≥ 4 and ≤ 15 mL/sec at the start of the placebo lead-in period
had not taken the following treatments during the indicated duration:
Finasteride therapy for at least 3 months prior to Visit 2
Dutasteride therapy for at least 12 months prior to Visit 2
All other BPH therapy (including herbal preparations for at least 4 weeks prior to Visit 2
ED therapy for at least 4 weeks prior to Visit 2
Important exclusion criteria included subjects who:
had a prostate-specific antigen (PSA) value >10 ng/mL (men with a PSA of 4 to 10 ng/mL were required to have a prostate biopsy negative for malignancy within the preceding 12 months)
a post-void residual (PVR) volume ≥300 mL at screening
had clinical evidence of prostate cancer
had evidence of New York Heart Association (NYHA) ≥ Class III cardiovascular disease (NYHA 1994) within 6 months of screening
had a history of significant renal insufficiency, defined as renal dialysis or having an estimated creatinine clearance <50 mL/min at screening as calculated by the Cockcroft-Gault formula
had clinical evidence of hepatic impairment at Visit 1
had a glycosylated haemoglobin (HbA1c) > 9% at Visit 1
Comment: Excluding subjects with uncontrolled diabetes, liver impairment and significant renal disease would appear to limit the generalisability of the results as it could be anticipated that a proportion of the target population for use of tadalafil in the proposed indication will have these conditions.
The source of recruitment of the study subjects is not clear in the submission.
Study treatments
Study subjects were randomised to receive tadalafil 2.5 mg, 5 mg, 10 mg or 20mg or placebo once daily orally for 12 weeks. For each strength of tadalafil tablet there was a placebo tablet that was identical in appearance. Subjects received four tablets once daily orally. In the study treatment groups, subjects received three placebo tablets and one tablet of tadalafil 2.5 mg, 5 mg, 10 mg or 20 mg, and in the placebo group subjects received four placebo tablets. Each dose of four tablets was identical in appearance. Subjects were instructed to administer each dose at approximately the same time once a day, with or without food.
Subjects were discontinued from the study drug and the study if:
The subject was enrolled in the study but did not meet the enrolment criteria
The subject developed a condition listed in the exclusion criteria and the sponsor determined that discontinuation was warranted
The investigator decided that the subject should be discontinued
The subject or attending non-study physician requested that the subject be discontinued
The subject required treatment with another therapy that had been demonstrated to be effective for the treatment of the study indication
The study site personnel performing assessments, the investigator or the subject became unblinded to the treatment assignment
The study, or subject participation in the study, was stopped by the sponsor
The subject required treatment with therapies prohibited during the study (nitrates, potent systemic CYP3A4 inhibitors, systemic cancer chemotherapy, androgens, anti-androgens or estrogens, anabolic steroids, LHRH agonists or antagonists, SNRIs, tricyclic antidepressants, 5-alpha reductase inhibitors, alpha blockers, herbal remedies for BPH-LUTS, PDE5 inhibitors (other than the study drug), other therapies for ED.
Chronic (administration for more than 7 consecutive days) or intermittent use (administration for 2 to 6 consecutive days on more than two occasions) of the following medications also resulted in the subject being discontinued from the study: cholinergics, anticholinergics, antimuscarinics, antihistamines, decongestants, sympathomimetics and phenothiazines.
Comment: Based on the TGA-adopted EMA guideline “Note for guidance on choice of control groups in clinical trials” (20), the choice of placebo as the comparison group seems reasonable. Even though tamsulosin was registered in Australia for the relief of LUTS associated with BPH at the time that this study was conducted, it may not have been registered in all the countries that had participating study centres. The registered indication for tamsulosin does not imply that it prevents death or irreversible morbidity, so serious harm from the use of placebo as the comparison group does not seem likely, although it is noted that clinical progression of BPH without treatment is considered to include conditions such as acute urinary retention, renal insufficiency and recurrent urinary tract infection (21). The exclusion of subjects from the study who had urinary tract infection, significant renal insufficiency or a history of urinary retention is likely to have reduced the risk of such complications.
Efficacy variables and outcomes
The main efficacy variable was the International Prostate Symptom Score (IPSS). The IPSS total, or total IPSS, is the combined score from the responses to the seven questions in the IPSS questionnaire. The IPSS questionnaire is a self-administered questionnaire that measures the severity of BPH-LUTS. Each question is scored 0-5 so the IPSS can range from 0-35 points. The higher the score from the IPSS questionnaire, the greater the severity of the symptoms. The IPSS is an internationally validated instrument.
The primary efficacy outcome was the change in IPSS total from baseline (Week 0, Visit 3) to endpoint (Week 12, Visit 6) for subjects taking tadalafil 5 mg once daily versus placebo.
The secondary efficacy endpoints were the change from baseline to Weeks 4, 8 and 12 (Visits 4, 5, and 6) for:
The total score of IPSS, defined as the sum of the scores for IPSS Questions 1 through 7
The irritative (storage) subscore of the IPSS, defined as the sum of the scores for Questions 2, 4, and 7
The obstructive (voiding) subscore of the IPSS, defined as the sum of the scores for Questions 1, 3, 5, and 6
IPSS Question 7 (nocturia)
The IPSS QoL Index
BPH Impact Index (BII)
Lower Urinary Tract Symptoms-Global Assessment Question (LUTS-GAQ) (final visit only)
Uroflowmetry parameters, including peak flow rate, mean flow rate, and voided volume.
International Index of Erectile Function (IIEF) including the Erectile Function (EF) Domain (sum of scores for Questions 1 through 5 and Question 15))
Subjects were asked the following questions at Visit 2:
Are you sexually active with a female partner?
If you responded “yes” to Question 1, do you expect to remain sexually active with your female partner for the duration of the study
Only subjects responding “yes” to both questions were asked to complete the IIEF questionnaire at Visit 2 and subsequent visits. The questionnaire was filled in relation to sexual interactions with only one sexual partner. These subjects were also assessed for ED by the investigator.
The BII questionnaire is a four item self-administered questionnaire used to evaluate the impact of urinary problems on overall health and activity. It has a score range of 0 to 13 with higher scores representing an increased perceived impact of BPH-LUTS on overall health. The BII questionnaire is reported to be validated.
The LUTS GAQ is one question to which the subject responds “yes” or “no”. The LUTS GAQ assesses whether the subject has observed an overall improvement in LUTS during the treatment period.
Uroflowmetry was assessed by Qmax (peak urine flow), Qave (mean urine flow rate) and Vcomp (volume of voided urine). The data were read by the principal investigator and a central reader, both blinded to treatment assignment. Uroflowmetry results were only considered valid if the prevoid total bladder volume was ≥ 150 mL to ≤ 550 mL on ultrasound and the voided volume was ≥ 125 mL. The principal investigator interpreted Visit 2 uroflowmetry data to assess subject eligibility. Efficacy analyses were performed using central reader assessments.
The three IIEF Domains, Erectile Function Domain, Intercourse Satisfaction Domain and Overall Satisfaction Domain, were assessed by the validated, 15 item, multi-dimensional, self-administered IIEF questionnaire. This questionnaire has been used to assess the efficacy of erectile dysfunction therapy. Only the IIEF Erectile Function (EF) Domain (score range 0-30) was a secondary endpoint in this study. A lower IIEF EF Domain score represented diminished erectile function. The Intercourse Satisfaction and Overall Satisfaction Domains were assessed as exploratory endpoints. For any individual Domain at any visit, if less than 30% of its component questions were missing for the subject, the missing questions were imputed with the mean of the scores for the non-missing questions, rounded to the nearest integer.
Comment: The proposed PI includes study outcomes in relation to the efficacy variables IPSS, BII and EF Domain of the IIEF (IIEF EF Domain). In this study IPSS total is the primary efficacy outcome and BII and IIEF-EF Domain are secondary efficacy outcomes. These efficacy measures are reported to have been validated by the American Urological Association (22). Based on the Australian PI for Cialis (1), the IIEF questionnaire was used in clinical studies supporting the registration of tadalafil for the treatment of ED. The IIEF questionnaire is validated (23).
Based on the PI for Flomaxtra (10), the IPSS total was also the primary efficacy parameter used in the studies evaluating the efficacy of Flomaxtra for use in the registered indication, the relief of LUTS associated with BPH.
The IPSS total cut-off points for mild, moderate and severe BPH-LUTS have been reported as < 7, 8-19 and 20-35, respectively (24). Men were included in this study if they had an IPSS total of 13 or more at Visit 2, indicating that they had moderate to severe BPH-LUTS. There is evidence from one study that a decrease in the American Urological Association (AUA) symptom index (IPSS total) of more than three points is clinically meaningful (25). In this study, smaller mean decreases in the AUA symptom index were perceived as an improvement by the subgroup of subjects with baseline scores of less than 20 points compared with the subgroup of subjects with a baseline score of 20 points or more (25).
Randomisation and blinding methods
Eligible subjects were randomly assigned in a 1:1:1:1:1 ratio to one of the five treatment groups – tadalafil 2.5 mg, 5 mg, 10 mg, 20 mg or placebo once daily for 12 weeks. The assignment of subjects to the treatment groups was determined by a computer-generated random sequence using an interactive voice response system (IVRS). Randomisation was stratified by baseline LUTS severity (IPSS <20 or ≥ 20) assessed at Visit 3, geographic region (North America, Latin America, Europe, Australia) and history of ED (defined as consistent change in the quality of erection adversely affecting subject satisfaction with sexual intercourse) for at least 3 months at Visit 1 (yes or no).
During the placebo-run in period only subjects did not know which treatment was being administered. During the treatment period, the subjects, study site personnel and the sponsor did not know which treatment was being administered. Access to the randomisation table and treatment assignments was restricted to a minimum number of personnel prior to database lock. A subject was discontinued from the study if they were unblinded.
Comment: It is not indicated whether different study personnel assessed the efficacy and safety endpoints and whether the efficacy assessors were prohibited from asking about adverse events which could have in turn indicated the study group to which the subject had been randomised. It is possible that if the study personnel knew that the subject had had certain adverse events known to be related to tadalafil, or if the subject had adverse events that he was aware had been reported with tadalafil, this may have introduced bias into the assessment of the study endpoints. However, it is indicated in the study protocol that a subject was to be discontinued from the study if he was unblinded to the treatment assignment or if the personnel performing the assessments at the study site became unblinded to the subject’s treatment, although the actions taken to prevent personnel performing the assessments becoming aware of adverse events, and what they needed to do if adverse events were revealed by the subject, are not specified.
Analysis populations
Efficacy analyses were performed on an intent-to-treat basis. The primary analysis population for efficacy included subjects who were randomised and started study medication and who had a baseline and at least one post-baseline assessment. Subjects were grouped by the treatment to which they were assigned by random allocation.
The population for the analysis of safety variables included all randomised subjects who had received study treatment, grouped by the treatment to which they were randomised, even if the subject did not take the treatment assigned, did not receive the correct treatment, or did not follow the protocol.
The per-protocol population included subjects who completed the 12 week treatment period and who had administered ≥ 70% of prescribed doses. Subjects were analysed by the treatment to which they had been randomly assigned. The per-protocol population was used for additional analyses.
Comment: The primary analysis population used in the analyses was consistent with that specified in the study protocol. Based on the study protocol, the safety variables were to be analysed by treatment taken, this was changed in the SAP so that the analysis of safety variables included all randomised subjects who received treatment by the treatment randomised even if the subject does not take the treatment assigned, does not receive the correct treatment or does not follow the protocol. This seems reasonable.
Sample size
The planned total sample size was 990 subjects. Based on the results of Study LVGC, a common standard deviation of 6 units was assumed. It was determined by the sponsor that, based on a two sided t-test at a significance level of 0.05, 198 subjects per treatment group would provide 91% power to detect a difference of 2.0 points in change in IPSS total from baseline for tadalafil 5 mg compared with placebo.
As a secondary analysis, each dose of tadalafil was compared with placebo using Dunnett’s adjustment for multiplicity. With 198 subjects per treatment group, the power for each comparison to detect a 2.0 point IPSS change from baseline was 80%.
Comment: In a second protocol amendment, the study power calculation was changed from a placebo-adjusted change in IPSS total score of 1.5 to a change in IPSS total score of 2.0. This change occurred while the study was being undertaken. The sponsor indicates that a change in IPSS total score of 2.0 instead of 1.5 is a more rigorous threshold for a clinically meaningful change. This seems reasonable.
Statistical methods
The primary efficacy outcome was change in IPSS total from baseline to Week 12.
The hypothesis to be tested was that tadalafil 5 mg resulted in a greater decrease in total IPSS score than placebo.
The primary inferential analysis of the change in IPSS from baseline (Week 0, Visit 3) to Week 12 (or last visit) was a non-parametric permutation test stratified by the randomisation factors geographic region, baseline LUTS severity and ED history. The primary efficacy comparison was between tadalafil 5 mg once daily and placebo. The change in IPSS total score between tadalafil 5mg once daily and placebo once daily was compared in the primary analysis population. No data transformations were performed. A statistically significant decrease in total IPSS was to be declared if the p-value for the two sided permutation test was less than 0.05 and the sample mean from the tadalafil treatment group is less than the sample mean from the placebo treatment group.
Secondary analyses compared tadalafil 2.5 mg, 10 mg and 20 mg to placebo using non- parametric permutation test for the primary efficacy outcome. A linear model with linear and quadratic terms was used to examine the dose-response relationship.
An Analysis of Covariance (ANCOVA) model, with treatment effect, geographical region and baseline IPSS value as covariates, was used to compare the 2.5 mg, 5 mg, 10 mg and 20 mg doses of tadalafil with placebo, respectively, for the primary efficacy outcome. No adjustments for multiple comparisons were performed.
A sensitivity analysis for the primary endpoint was performed on the randomised population. Those subjects without a post-baseline value had their endpoint set to their baseline value.
For the secondary endpoints, analyses were performed on the primary analysis population except for the analysis of IIEF which was analysed in the subgroup of sexually active men reporting ED at baseline. Permutation tests stratified by randomisation factors were used to compare the 2.5 mg, 5 mg, 10 mg and 20 mg doses of tadalafil with placebo respectively for IPSS storage (irritative) subscore, IPSS voiding (obstructive) subscore, IPSS nocturia question, BII, urine peak flow rate and IIEF EF Domain. Adjustments for multiplicity were not performed. These outcomes were also analysed by ANCOVA. No adjustments for multiple comparisons were performed.
A repeated-measures model for IPSS total, IPSS storage (irritative) subscore, IPSS voiding (obstructive) subscore, IPSS nocturia question, BII and IIEF EF Domain was undertaken. For LUTS-GAQ, the proportion of subjects responding “yes” at the final visit and the Cochran-Mantel-Haenszel test stratified by randomisation factors based upon the non-missing responses.
Mean flow rate and voided volume were analysed by descriptive methods.
The primary efficacy endpoint was summarised according to the subgroups ED (yes, no), use of alpha blockers at study entry (yes, no), baseline LUTS severity (moderate, severe), sexually active (yes, no), age (<65 years, >65 years), baseline ED severity (IIEF EF Domain mild 17-30), moderate (11-16), severe (1-10)), previous use of BPH therapy (yes, no) and region (North America, Latin America, Europe, Australia). Subgroups were also analysed using an ANCOVA model.
Supportive analyses of the change in the primary endpoint from the beginning of the placebo run-in period (Week-4, Visit 2) to endpoint (Week 12. Visit 6) were undertaken.
Comment: A statistical analysis plan (Version 1.0), dated 6 December 2007, superseded the study protocol approved on 5 April 2006 and the two amendments on 27 July 2006 (amendment a) and 12 March 2007 (amendment b). It is indicated that changes were made to the analyses described in the SAP that was approved prior to database lock (16 January 2008).
The results of the analyses in the clinical study report appear to be consistent with these changes to the statistical analysis plan.
The sponsor proposes to add the results of the ANCOVA analysis for the primary efficacy outcome to the PI even thought this was not the principal analysis for the primary efficacy outcome. The use of ANCOVA for analysis of the primary efficacy outcome was added to the study protocol through an amendment (amendment b). The reasons for using two statistical techniques (parametric or non-parametric) to analyse the primary efficacy outcome does not appear to be pre-specified in the protocol. The sponsor indicates that the IPSS data met the assumptions for a standard ANCOVA analysis. The sponsor is requested to clarify why the results of the ANCOVA analysis are included in the draft PI given the non-parametric permutation test was used for the primary comparison of the primary efficacy outcome.
Participant flow
A total of 1813 subjects were screened, of whom 1058 subjects were randomised. Of the 755 subjects who failed screening, the main reason was that protocol criteria were not met (74.7%) followed by subject decision (14.3%).
Two subjects who were randomised were not assigned to any treatment group (one subject in the placebo group and one in the tadalafil 2.5mg group). The proportions of randomised subjects who completed the 12 week treatment period were very similar for the placebo, tadalafil 2.5 mg and tadalafil 5 mg groups and lower for the tadalafil 10 mg and 20 mg groups (placebo 87.3%(n=185), tadalafil 2.5mg 87.1%(n=182), tadalafil 5mg 85.8% (n=182), tadalafil 10mg 81.0% (n=175), tadalafil 20mg 77.5% (n=162)). Greater numbers of subjects discontinued in the tadalafil 5 mg, 10 mg, and 20 mg treatment groups due to an adverse event compared with the placebo group and tadalafil 2.5 mg group. Subject decision was the most frequent reason for subject discontinuation in the placebo tadalafil 2.5 mg and tadalafil 20 mg groups.
One subject signed informed consent at four study sites and was randomised at two study sites. At one site, the subject was randomised to 20 mg tadalafil and he participated to Visit 6 and at the other site he was randomised to placebo and participated through to Visit 10. The data from this subject were included in the safety analyses but not the efficacy analyses.
The number of subjects in the analysis population was 1020 with a similar proportion of randomised subjects in each treatment group. Of the analysis population, higher proportions of subjects in the placebo and tadalafil 2.5 mg and 5 mg treatment groups had non-missing week 12 IPSS assessment data. The number of subjects in the per-protocol set for the primary efficacy outcome was 880. The proportion of randomised subjects who completed the 12 week treatment period and received at least 70% of treatment doses was lowest in the tadalafil 20 mg group.
Comment: The proportions of randomised subjects in the analysis population were comparable across the five treatment groups.
Major protocol violations/deviations
There were 127 significant protocol violations across 54 of the 92 study sites. Of these 127 significant protocol violations, 92 were related to inclusion/exclusion criteria having not been met and 28 were in relation to the discontinuation criteria being met but the subject was not withdrawn. The numbers of protocol violations due to other reasons were small (other (n=2), excluded medication (n=2), study procedure omitted or incorrectly completed (n=2), informed consent (n=1)).
Comment: The sponsor indicates that these protocol variations did not necessitate changes to the data analyses and that they did not affect the validity of the study conclusions. However, the actual details of the protocol violations do not appear to have been provided so they could not be reviewed by the evaluator. The sponsor’s conclusion that the protocol violations did not affect the validity of the study conclusions is accepted. 
Baseline data
Baseline data were defined as the most recent data collected prior to randomisation, Visit 1 or Visit 2 for subject and disease characteristics, and Visit 3 for baseline efficacy endpoints.
The majority of randomised subjects were from the US (51.0%, n=540). Twenty-four subjects (2.3%), at three sites, were randomised in Australia. Of the 1056 subjects who were randomised and received double-blind study drug, the demographic characteristics of subjects at baseline in each treatment group with regard to age, ethnicity, vital signs, height, weight and Body Mass Index (BMI) were comparable. The mean age in each group was approximately 62 years with the majority of subjects aged less than 65 years. The proportion of subjects aged 65 years and older was 37.31% (placebo (n=74); tadalafil (all groups) (n=320)) and the proportion of subjects 75 years and older was 6.06% (placebo (n=12); tadalafil (all groups) (n=52)). Subjects were predominantly Caucasian. The mean post void residual (PVR) was lower in the tadalafil 2.5 mg group compared with the other treatment groups (mean PVR: placebo 50.84 mL (SD 51.99), tadalafil 2.5mg 45.88 mL (SD 53.03), tadalafil 5mg 53.52 mL (SD 57.07), tadalafil 10mg 53.94 mL (SD 55.31), tadalafil 20mg 52.01 mL (SD 58.36)).
Baseline (Visit 3) LUTS severity was comparable across the treatment groups with approximately two thirds of subjects in each treatment group with LUTS of moderate severity (IPSS <20). In terms of duration of LUTS secondary to BPH, the highest proportion of subjects in each group had had LUTS secondary to BPH for more than three years. The proportions of subjects in each treatment group who had used alpha blocker therapy and alpha-5 reductase therapy in the previous 12 months, respectively, were comparable. Approximately 30% of subjects in each treatment group had used alpha blocker therapy and approximately 1-2% had used alpha-5 reductase therapy. Approximately one quarter of subjects in each treatment group had used previous therapy for BPH (placebo 27.49% (n=58), tadalafil 2.5mg 33.17% (n=69), tadalafil. 5mg 25.47% (n=54), tadalafil 10mg 25.93% (n=56), tadalafil 20mg 27.27% (n=57)). The most frequent previously used BPH-LUTS therapy in all treatment groups was tamsulosin.
The proportions of men in each treatment group who had erectile dysfunction (ED) were comparable and ranged between 64.90% and 69.44%. For men with ED, in all five treatment groups the greatest proportion of subjects had ED of moderate severity and had had ED for at least one year. The majority of men who were randomised and received the study drug had had no previous ED therapy (overall 73.11% (n=772)). The proportions of men who were sexually active, and who expected to remain so, were similar across the treatment groups. The proportions of men who were sexually active with ED was also comparable (placebo 54.50% (n=115), tadalafil 2.5mg 54.33% (n=113), tadalafil 5mg 55.19% (n=117), tadalafil 10mg 55.56% (n=120), tadalafil 20mg 55.50% (n=116)). The proportions of men who were current tobacco and alcohol users respectively were relatively similar across the treatment groups.
The compliance rate was slightly lower in the tadalafil 20 mg treatment groups compared with the other four treatment groups (placebo 94.97% (n=200), tadalafil 2.5mg 92.31% (n=192), tadalafil 5mg 93.87% (n=199), tadalafil 10mg 93.98% (n=203), tadalafil 20mg 89.95% (n=188)).
Comment: As it is anticipated that men using tadalafil 5 mg once daily for the treatment of BPH-LUTS will include older men, the inclusion of subjects aged 65 years or older, including a proportion of subjects aged 75 years and older, is important to assess the efficacy and safety of tadalafil in the proposed indication in these subjects. Approximately one third of subjects (n=394) in this study were aged 65 years and older and 64 subjects were aged 75 years above. In the guideline “Clinical investigation of medicinal products in geriatrics” (26), the geriatric population is arbitrarily defined as patients aged 65 years or older. The guideline suggests that the study includes a minimum of 100 elderly patients to allow the detection of clinically important difference compared with younger patients. The number of subjects aged 65 years and older in this study is adequate based on this recommendation.
Results for the primary efficacy outcome
The primary analysis method used to analyse the primary efficacy outcome was the non-parametric permutation test. Based on the primary analysis population, there was an improvement in IPSS total from baseline (Visit 3 (Week 0)) to endpoint (Visit 6 (Week 12) or end of therapy) in both the placebo and tadalafil 5 mg treatment groups. The median improvement was greater in the tadalafil 5 mg treatment group compared with the placebo group (median change from baseline: tadalafil 5mg (n=205) -4.00, placebo (n=205) -2.00). The treatment difference was statistically significant (p <0.001) (Table 1).
Table 1: Study H6D-MC-LVHG: International Prostate Symptom Score Permutation Test Results (tadalafil 5mg versus placebo) (all randomised subjects in the primary analysis population).
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This was supported by the results of an analysis in which each dose was compared to placebo using an ANCOVA model (parametric method). Compared with placebo, treatment with tadalafil 5 mg once-a-day resulted in a statistically significant improvement in mean IPSS from baseline to endpoint (LS mean change: tadalafil 5mg treatment group (n=205) -4.83 (SE 0.49), placebo treatment group (n=205) -2.23 (SE 0.49); LS mean placebo -adjusted change from baseline for tadalafil 5mg treatment group -2.60 (SE 0.557) (95% CI[ -3.69,- 1.51]; p <0.001) (Table 2).
Table 2: Study H6D-MC-LVHG: International Prostate Symptom Score – ANCOVA of change from baseline to end of therapy (all randomised subjects in the primary analysis population).
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Based on the per-protocol population, the results of the non-parametric permutation test and ANCOVA were similar to the results based on the primary analysis population (Permutation test: median change from baseline to endpoint: tadalafil 5mg (n=180) -4.00, placebo (n=183)-2.00; p<0.001; ANCOVA LS mean placebo-adjusted change from baseline for tadalafil 5mg treatment group -2.65; 95% CI [-3.81,-1.49]; p <0.001).
A sensitivity analysis for the primary endpoint was performed on the randomised population using an ANCOVA. Those subjects without a post-baseline value had their endpoint set to their baseline value. The results were very similar to those observed in the primary analysis population (LS mean placebo adjusted change from baseline -2.60 (SE 0.557); 95% CI [-3.69, -1.51]; p <0.001)).
Subgroup analyses for IPSS total were undertaken for a number of variables. There was a larger decrease in overall mean IPSS total from baseline to endpoint in subjects who had not previously used BPH therapy compared with those who had. A significant difference for IPPS total by region was detected. Changes in IPSS total were also significantly different across subgroups of sexual activity (yes, no).
Comment: From the SAP, a statistically significant decrease in total IPSS was to be declared if the p-value for the two sided permutation test was less than 0.05 and the sample mean from the tadalafil treatment group is less than the sample mean from the placebo treatment group. The p value was based on the difference in the median change from baseline to endpoint in the tadalafil 5mg treatment group compared with the placebo treatment group. This seems reasonable given the mean and median were not identical suggesting the data were not normally distributed.
The number of subjects from Australia included in the subgroup analysis (n=24) was very small compared to the other regions.
Results for other efficacy outcomes
When each dose of tadalafil was compared with placebo for IPSS total in a non-parametric permutation test, the improvement in IPSS was greater in the tadalafil treatment groups compared with the placebo group. The treatment difference was statistically significant for the 2.5 mg, 5 mg, 10 mg and 20 mg tadalafil groups compared with placebo (Table 3). Based on the ANCOVA results, the difference between the least squares mean change in IPSS from baseline to endpoint was statistically significant when each treatment group was compared with placebo also (Table 2). The repeated measures analysis of the change from baseline to end of therapy showed statistically significant changes for Weeks 4, 8 and 12 for each of the tadalafil groups compared with placebo.
Table 3: Study H6D-MC-LVHG: International Prostate Symptom Score – All doses permutation test results (all randomised subjects in the primary analysis population).
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For the comparison of tadalafil 5mg with placebo, the results of analyses for the secondary endpoints, IPSS irritative (storage) subscore, IPSS obstructive (voiding) subscore, IPSS question 7 (nocturia), IPSS Question 8 (Quality of Life Index) were consistent with the results for the primary efficacy outcome in that the LS mean change from baseline to endpoint was greater in the tadalafil 5 mg group than the placebo group. For the comparisons between the other doses of tadalafil and placebo, greater improvements in the tadalafil group compared with the placebo group in the change from baseline was seen for most tadalafil doses for most of the secondary efficacy variables.
Other clinically important secondary endpoints, referred to in the proposed PI, were:
BPH Impact Index (BII) – based on the permutation test, the median change from baseline to endpoint for all the tadalafil treatment groups and the placebo group was -1.00. The treatment difference was statistically significant for the 10 mg tadalafil and 20 mg tadalafil groups only compared with placebo (primary analysis population) (Table 4). The per-protocol analysis had similar results. Based on the ANCOVA of change from baseline to end of therapy (primary analysis population), there was a statistically significant difference for the tadalafil 5 mg, 10 mg and 20 mg treatment groups compared with placebo (Table 5). The results for the per-protocol population were similar. Statistically significant differences in LS mean change from baseline to endpoint were seen at Weeks 4, 8 and 12 for tadalafil 5 mg, 10 mg and 20 mg, compared with placebo, in the repeated measures analysis of change from baseline to end of therapy (primary analysis population). Comparing the tadalafil 2.5mg group with placebo, there were no statistically significant differences at any visit. Changes in BII were significantly different across subgroups for sexual activity and region.
Table 4: Study H6D-MC-LVHG: BPH Impact Index – All doses permutation test results (all randomised subjects in the primary analysis population).
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Table 5: Study H6D-MC-LVHG: BPH Impact Index – ANCOVA of change from baseline to end of therapy (all randomised subjects in the primary analysis population).
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IIEF EF Domain – Of sexually active men with a history of ED eligible to complete the IIEF questionnaire, approximately 96% (n=557) completed at least one post-randomisation IIEF questionnaire. Based on the permutation tests, there were statistically significant improvements in the median IIEF EF Domain score from baseline to endpoint for each of the tadalafil treatment groups compared with placebo (Table 6). The results of the ANCOVA showed the difference in LS mean change from baseline to endpoint was statistically significant for tadalafil 2.5 mg, 5 mg, 10 mg and 20 mg, respectively, compared with placebo (Table 7). Statistically significant differences in LS mean change from baseline to end of therapy were also observed at Visits 4, 5 and 6 (Weeks 4, 8, 12) in all tadalafil treatment groups compared with placebo based on the IIEF EF Domain repeated measures analysis from change of baseline to end of therapy for all randomised and sexually active subjects with a history of ED. The results of the non-parametric permutation tests and ANCOVA in the per-protocol population were consistent with those in the primary analysis population. A statistically significant subgroup by treatment interaction in the improvement in IIEF EF Domain by ED history (yes/no) was detected on subgroup analysis.
Table 6: Study H6D-MC-LVHG: IIEF Erectile Function Domain – All doses permutation test results (randomised and sexually active subjects with history of ED).
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Table 7: Study H6D-MC-LVHG: IIEF Erectile Function Domain – ANCOVA of change from baseline to end of therapy (randomised and sexually active subjects with history of ED).
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Of subjects who answered the BPH-LUTS global assessment question, the proportions who reported improved urinary symptoms during therapy were higher in all the tadalafil groups compared with placebo group.
Based on the primary analysis population, there were small changes in median peak flow rate in the tadalafil treatment groups and the placebo group from baseline to endpoint but the differences between the respective tadalafil treatment groups and the placebo group were not statistically significant based on the permutation tests. The LS mean changes from baseline to endpoint in each treatment group were not statistically significant compared with placebo based on the ANCOVA analyses. The results of the non-parametric test and ANCOVA for the peak flow rate were similar for the per-protocol population. The repeated–measures analysis for peak flow rate (primary analysis population) revealed no statistically significant differences in the LS mean changes at Visits 4, 5, 6 (Weeks 4, 8, 12) for any tadalafil dose compared with placebo except for tadalafil 10 mg compared with placebo at Week 4 and Week 8. Based on a subgroup analysis, subjects younger than 65 years had a significantly greater change in peak flow rate compared to older subjects. Changes in peak flow rate were also significantly different for subgroups of ED history, sexual history, previous alpha blocker use and previous BPH therapy use.
There were small increases in mean flow rate and voided volume in the tadalafil groups and the placebo group from baseline to endpoint, based on the primary analysis population. The increases were greater in the tadalafil treatment groups compared with the placebo group.
In terms of the dose-response relationship, based on the ANCOVA (primary analysis population) (Table 2), the placebo-adjusted mean change from baseline increased with increasing dose for the 2.5 mg, 5 mg and 10 mg tadalafil groups and was approximately the same for the 10 mg and 20 mg treatment groups. The biggest decrease in IPSS total score, relative to the next smallest tadalafil dose, was the 63% decrease seen with tadalafil 5 mg compared with the decrease seen with 2.5 mg tadalafil. The decrease in IPSS total was 12% when the tadalafil dose was doubled to 10mg and there was no further improvement in IPSS total with the 20mg dose. The trend was similar for the IPSS irritative and obstructive subscores, respectively, and the BII.
Comment: The results of the primary analysis showed a significantly greater improvement in IPSS total for subjects in the tadalafil 5 mg treatment group compared with placebo. The results of the secondary efficacy outcomes were generally consistent with the results of the primary analysis but as there was no adjustment for multiple comparisons, the statistically significant results for these endpoints may be due to chance.
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Study design, objectives, locations and dates
Study LVHJ was a pivotal phase 3 randomised, double-blind, placebo controlled, parallel design study. There were 28 study centres and the study was undertaken in Argentina, Germany, Italy, Mexico and the US. The study was started in February 2009 and ended in November 2009.
The study had three periods (Figure 2). The first period was for screening and included a four week wash-out period for men who had discontinued treatment with BPH, overactive bladder (OAB) and/or ED treatments at the beginning of the period. After this period, subjects were assessed to determine if they met the eligibility criteria (IPSS ≥ 13 and Qmax ≥4 to ≤15 mL/second) to begin the placebo run-in period to assess treatment compliance and establish baseline levels at the end of the period. Subjects who were compliant with at least 70% of therapy during the placebo run-in were eligible for randomisation.
Figure 2: Study H6D-MC-LVHG: Study design for protocol H6D-MC-LVHG.
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The primary objective of the study was to evaluate the efficacy of tadalafil 5 mg once a day for 12 weeks compared with placebo in improving total IPSS in men with BPH-LUTS.
Inclusion and exclusion criteria
The main exclusion criteria were men aged 45 years or older who have had BPH-LUTS diagnosed by a qualified physician for more than 6 months. Important exclusion criteria were significant renal insufficiency, severe hepatic impairment, a history of specific cardiac and coronary conditions, and a HbA1c >9% (uncontrolled diabetes).
Comment: The source from which the study participants were recruited does not appear to have been stated.
The inclusion and exclusion criteria for study LVHJ were generally consistent with those of study LVHG but were not identical. In this study, subjects had to agree not to use any approved or experimental pharmacologic overactive bladder (OAB) treatment, as well as BPH or ED treatments, and subjects were eligible for inclusion in the study if they had not taken dutasteride therapy for at least 6 months prior to Visit 2 (this was 12 months in study LVHG) and if they had not taken OAB therapy for at least 4 weeks prior to Visit 2. Differences in the exclusion criteria included the exclusion of subjects with clinical evidence of severe hepatic impairment from study LVHJ and clinical evidence of hepatic impairment in study LVHG. In study LVHJ, the exclusion criterion relating to history of significant renal insufficiency was defined as renal dialysis or having an estimated creatinine clearance <30mL/min at Visit 1 calculated by the Cockcroft-Gault formula (<50mL/min in study LVHG).
Study treatments
Subjects received no study drug during the wash-out period. During the placebo run-in period all subjects received a placebo 5 mg tablet once daily for four weeks and during the double-blind period, subjects received one 5 mg tadalafil tablet, or one placebo tablet, once daily orally for 12 weeks. Subjects were instructed to take the once daily study treatment to which they had been assigned at approximately the same time each day, with or without food. The placebo 5 mg tablets were identical in form and appearance to the tadalafil 5 mg tablets.
Subjects were discontinued from the study drug and the study if:
The subject was enrolled in the study but did not meet the enrolment criteria
The subject developed a condition listed in the exclusion criteria and the sponsor determined that discontinuation was warranted
The investigator decided that the subject should be discontinued
The subject or attending non-study physician requested that the subject be discontinued
The subject required treatment with another therapy that had been demonstrated to be effective for the treatment of the study indication, OAB or ED
The study site personnel performing assessments, the investigator or the subject became unblinded to the treatment assignment
The investigator or the sponsor stops the study or stops the subject’s participation in the study for any reason (considering the rights, safety and well being of the subject).
Subjects requiring treatment with a prohibited concomitant therapy during the study were also discontinued. The prohibited concomitant medication included those medications specified in the exclusion criteria plus systemic cancer chemotherapy, serotonin norepinephrine reuptake inhibitors, tricyclics antidepressants, 5-alpha reductase inhibitors, alpha blockers, herbal remedies for BPH-LUTS, other therapies for BPH-LUTS or symptoms of OAB, including pelvic floor muscle training and bladder training, PDE5 inhibitors other than study medication, other suppositories for ED and anti-diuretic hormone.
Chronic or intermittent use of specific medications also resulted in the subject being discontinued from the study. The specific medications are the same as those specified in study LVHG.
Comment: The criteria for discontinuing subjects from the study drug and study were similar to those specified in study LVHG. The main point of difference was that subjects were discontinued from study LVHJ if they required treatment with another therapy that had been demonstrated to be effective for the treatment of OAB or ED, as well as therapy effective for the study indication.
Efficacy variables and outcomes
The main efficacy variable was the IPSS. The primary efficacy outcome was change from baseline (Visit 3) to endpoint (Visit 7) in total IPSS for subjects taking tadalafil 5 mg once daily compared with placebo once daily.
The key secondary efficacy outcomes were:
Change from baseline for the two treatment groups in:
IIEF-EF Domain after 12 weeks of treatment
Total IPSS after four weeks of treatment
BII after 12 weeks of treatment
Modified IPSS after one week of treatment
BII after four weeks of treatment
The efficacy measures were administered prior to clinical assessments during study visits. The modified version of the IPSS questionnaire (mIPSS) consisted of questions in the IPSS that had been modified to obtain responses based on the time since last visit, rather than over the past month. The mIPSS was administered at Visit 4 (Week 1) and therefore assessed the effects of treatment with the study drug after one week (since Visit 3).
There were other secondary efficacy variables and outcomes. The secondary efficacy variables included a subject-rated instrument, the subject global impression of severity (PGI-I), and a clinician rated instrument, the clinician global impression of severity, the CGI-I, that the subject and clinician respectively used to measure improvement or worsening in the subject’s symptoms from study entry. These two instruments consist of a seven point scale from “very much better” (score of one) to “very much worse” (score of 7).
Comment: It is not stated if the PGI-I and CGI are validated instruments for use in men with BPH. The references provided by the sponsor in relation to the appropriateness of the PGI-I and CGI-I as measures relate to women with urinary stress incontinence (27, 28). 
Uroflowmetry was a safety variable in this study not an efficacy variable as in study LVHG.
Randomisation and blinding methods
Subjects who had met all the enrolment criteria were randomly assigned, at Visit 3, to the tadalafil 5 mg or placebo treatment groups in a 1:1 ratio. Randomisation was stratified by baseline LUTS severity (IPSS total <20 (moderate) or ≥ 20 (severe), assessed at Visit 3), geographic region (Europe, Latin America or US) and history of ED at Visit 1. A computer-generated random sequence using an IVRS was used to determine the assignment of subjects to the two treatment groups.
Subjects were blinded to the treatment that they were receiving during the placebo run-in period and during the double-blind treatment period, subjects, study site personnel and the sponsor did not know which treatment was administered.
Analysis populations
The primary analysis population included all subjects who were randomised and started study medication. The IIEF Domain analyses were undertaken on the subset of the primary analysis set who were sexually active and had ED.
The per-protocol population included those subjects who met the criteria for the primary analysis population, completed the 12 week treatment period and took at least 70% of the prescribed doses in the double-blind study period.
The safety population for the double-blind treatment period was the randomised population. Some safety analyses in the screening/wash-out period and the placebo lead-in period included screen-failure subjects.
Sample size
The null hypothesis was that there was no difference between tadalafil 5 mg and placebo in terms of change from baseline to end of therapy or Week 12 in total IPSS.
To provide at least 80% power to detect a placebo-adjusted mean difference in IPSS of 2.0, assuming a standard deviation of 6, using a two sided t-test at 0.05 level of significance, the sponsor calculated that 143 subjects in each treatment arm was required. It was planned that a total of 302 subjects would be randomised (151 per treatment group) given a projectable non-evaluable rate of 5%.
Comment: The justification for a placebo-adjusted mean difference in IPSS of 2.0 is not stated in the protocol. 
Statistical methods
All efficacy analyses were performed on an intent-to-treat basis. Subjects were analysed and reported by the treatment group to which they were randomly assigned.
For subjects who discontinued the study early, or who were missing post-baseline data, analyses were based on the most previous non-missing post-baseline data. Subjects with no post-baseline data for a specific efficacy endpoint were excluded from the analysis for that endpoint. For IPSS, if a subject has a missing question at a visit, then the total IPSS score, and any subscore containing that question, was treated as missing at that visit. If the subject has a missing question for the BII at a visit then the BII will be treated as missing at that visit. If scores for less than 30% of the component questions of the IIEF Domains are missing, the missing scores were imputed using the mean of non-missing scores.
The baseline visit for the efficacy measurements was Visit 3. Endpoint (the final visit) was the last measurement collected prior to study discontinuation. LOCF data imputation methodology was used.
The primary efficacy analysis and key secondary efficacy analyses were conducted in the primary analysis population.
ANCOVA modelling was used as the primary inferential analysis method to evaluate the mean change from baseline to endpoint in total IPSS between the tadalafil 5 mg and placebo treatment groups. Changes from baseline to endpoint, and the treatment difference of the changes, were estimated using least squares means. The p-values from the Type III sums of squares were assessed for treatment effects significance at a two-sided significance level of 0.05.
The ANCOVA model included terms for the baseline value of the efficacy variable, treatment group, region, baseline-by-treatment interaction and the treatment-by-region interaction. The interaction terms were tested at a significance level of 0.1 and if the p-value was ≥ 0.1 it was removed from the model.
The primary efficacy analysis was repeated in the per-protocol population. A sensitivity analysis using the same ANCOVA model, with the additional randomisation factor ED history, was conducted for total IPSS based on the primary analysis population.
The ANCOVA model used for the primary analysis was used for the key secondary analyses. These analyses were included in a fixed- sequence testing procedure. If the result of the primary efficacy analysis was significant at a two-sided significance level of 0.05, the key secondary endpoints were to be assessed for statistical significance, at a two-sided significance level of 0.05, in a pre-specified order:
IIEF-EF Domain after 12 weeks of treatment in sexually active subjects with ED
Total IPSS after four weeks of treatment
BII after 12 weeks of treatment
Modified IPSS after one week of treatment
BII after four weeks of treatment
Claims of statistical significance at the level of the individual test were dependent on the significance of the previous tests.
The ANCOVA model used for the primary analysis was used also to compare the changes from baseline to end of therapy between treatment groups at a two sided 0.05 significance level for the secondary efficacy outcomes IPSS storage (irritative) subscore, IPSS voiding (obstructive) subscore, IPSS nocturia subscore and IPSS QoL Index. There was no adjustment for multiplicity.
Descriptive statistics were used to summarise proportions of subjects in each of the seven response categories and the three derived categories (worse/no change/between) for the PGI-I and CGI-I.
A repeated measures model was applied to total IPSS, BII and IIEF-EF Domain with change of the efficacy variable from baseline to 4, 8 and 12 weeks as the response. The model included terms for treatment group, region, visit, centred-baseline of the efficacy endpoints, visit-by-treatment interaction, centred-baseline-by-treatment interaction and treatment-by-region interaction. If the p-value was ≥ 0.1 for the centred-baseline-by-treatment interaction or treatment-by-region interaction then the interaction term was removed from the model.
An exploratory analysis of change in total IPSS from Visit 1 to Visit 2 was evaluated in subjects who required wash-out of alpha blocker therapy and those who did not require wash-out. A number of other exploratory analyses were undertaken also.
The primary efficacy endpoint was summarised according to baseline LUTS severity (moderate, severe), age (≤ 65 years, > 65 years) and baseline ED. ANCOVA models were used for the subgroup analyses and included two additional effects for subgroup and treatment-by-subgroup interaction.
Descriptive statistics were also used for the study measures.
Comment: The key secondary efficacy endpoints and the order of testing of these endpoints, as presented in the amended study report, are not consistent with the secondary efficacy analyses described in protocol amendment (a). In the protocol it is indicated that the comparison of BII changes from baseline to endpoint between the treatment groups was to be conducted only if the result of the primary efficacy analysis was significant at a two-sided significance level of 0.05. For the other secondary efficacy outcomes the statistical analyses to compare changes from baseline to Week 12 between the treatment groups were to be undertaken and the p-values reported. Statistical significance at the level of the test was only to be established for IPSS storage, voiding and nocturia subscores, and the IPSS QoL index, if the result of the BII analysis was significant at a two-sided 0.05 alpha level. It was indicated that similar statistical analyses were to be conducted to compare the changes from baseline between the treatment groups for mIPSS after one week of treatment, total IPSS after 4 weeks for treatment and BII after 4 weeks of treatment and, in sexually active men with ED, for IIEF EF after 12 weeks of treatment. However, the order of these analyses was not specified. It is anticipated that the changes to the secondary efficacy analyses are included in the SAP approved on 6 November 2009. However, the SAP was not included in the submission. The sponsor is requested to clarify why the amended study report and protocol H6D-MC-LVHJ (a) differ in relation to the testing of secondary endpoints and if the order of testing the key secondary endpoints, as described in the amended study report, was determined a priori.
The protocol indicates that a repeated measures model would be applied to total IPSS and BII with change of the efficacy variable from baseline to 4, 8 and 12 weeks as the response. However, in the amended study report it is indicated that a repeated measures model was applied to the IIEF-EF Domain as well as the total IPSS and BII.
Participant flow
Of 442 subjects screened, 117 were screen failures. The most common reason for screen failure was that the subject did not meet the entry criteria. All 325 subjects randomised received the study drug, 164 in the placebo group and 161 in the tadalafil 5 mg treatment group. One hundred and fifty-two subjects in the placebo group, and 148 subjects in the tadalafil 5 mg group, met the criteria for the per-protocol population. The proportions of subjects who discontinued were similar in the two treatment groups (placebo 7.3% (n=12), tadalafil 5mg 8.1% (n=13)). Three subjects in the tadalafil group had adverse events that led to study discontinuation, including one death, compared with one subject in the placebo group.
Comment: The number of subjects in the primary analysis set is higher than the planned sample size of 302.
Major protocol violations/deviations
Forty-two subjects had protocol violations in the category “inclusion criteria not met/exclusion criteria met” (placebo 11.6% (n=19); tadalafil 5mg 14.3% (n=23)). Use of ED therapy within 28 days of Visit 2 was the most common violation (placebo n=11; tadalafil 5mg n=16).
Protocol violations were also identified during blinded study data reviews. These protocol violations related to inclusion criteria not having been met or the exclusion criteria having been met, use of excluded or restricted medications, and procedural error. The sponsor states that these protocol violations were unlikely to have affected the analyses.
Comment: The use of ED therapy within 28 days of Visit 2 was reported for a similar number of subjects in each treatment group and is therefore unlikely to have had a differential effect on the results.
The protocol violations that the sponsor identified during blinded study data reviews are not further described so the introduction of possible bias cannot be assessed.
Baseline data
The mean age of randomised study participants was 64.9 years (range 44.8 years to 87.0 years). Almost half of the subjects were aged over 65 years (47.1% (n=153) – placebo (n=78); tadalafil 5 mg (n=75)). Twenty per cent of subjects were aged 75 years or older (placebo (n=35); tadalafil 5 mg (n=30)). The mean age was comparable between the treatment groups as was the proportions of subjects by age category. A similar proportion of subjects in each treatment group were of Hispanic or Latino ethnicity (placebo 26.8%; tadalafil 5mg 28.6%). The remaining subjects were categorised as not of Hispanic or Latino ethnicity.
The majority of subjects were of white (91.1%). A small numbers of subjects were American Indian or Alaska Native, Asian, Black or African American and subjects of different ethnic origins. The tadalafil treatment group included two study subjects who were Asian but there were no Asian subjects in the placebo group. The two treatment groups were otherwise comparable.
Subjects were from Europe, Latin America and the US and the proportions of subjects from each region were very similar in each treatment group.
The mean height, weight and BMI of subjects in each treatment group were comparable. For all randomised subjects, the mean sitting heart rate of subjects was 70.2 bpm, mean sitting diastolic blood pressure 80.9 mmHg and mean sitting systolic blood pressure 134.2 mmHg. The mean values of these parameters were comparable in the two treatment groups.
Similar proportions of subjects in the placebo and tadalafil 5mg groups were using tobacco (placebo 13.4%; tadalafil 5mg 11.8%) and alcohol (placebo 65.2%; tadalafil 5mg 59.6%).
A similar proportion of subjects in each treatment group had a baseline (Visit 3) LUTS severity classified as severe (IPSS ≥ 20) (placebo 32.9%; tadalafil 5mg 37.9%). The remainder of the subjects in each treatment groups had a baseline LUTS severity classified as moderate (IPSS < 20). At Visit 3, the proportions of subjects in the two treatment groups who had a Qmax < 10mL/sec were similar (placebo 40.5%, tadalafil 5mg 35.3%). A higher proportion of subjects in the tadalafil 5mg group had a Qmax of 10-15 mL/sec compared with the placebo group at Visit 3 (43.8% vs 51.3%). Mean post-void residual volume was higher in the placebo group compared with the tadalafil group at Visit 3 (placebo 63.3 mL; tadalafil 5mg 44.9 mL).
Previous use of one or more alpha blockers was reported by similar proportions of subjects in each treatment group (placebo 31.1%; tadalafil 5mg 29.8%), the most common was tamsulosin in both groups (placebo 17.7%; tadalafil 5mg 22.4%). Alfuzosin had been used by a higher proportion of subjects in the placebo group compared with the tadalafil 5mg group) (placebo 9.8%; tadalafil 5mg 3.7%). Previous use of one or more therapies for BPH-LUTS, excluding alpha blockers, was also comparable between the treatment groups (placebo 7.9%; tadalafil 5mg 9.3%).
Erectile dysfunction was reported by 68.9% of randomised subjects. The proportions of subjects with ED, and the proportions of subjects with erectile dysfunction of mild, moderate and severe severity, were similar in the two treatment groups (ED: placebo: 68.3%, tadalafil 5mg 69.6%; severe ED: placebo 11.6%, tadalafil 5mg 15.2%). Most subjects in each treatment group had had ED for at least one year (placebo 84.8%, tadalafil 5mg 87.5%). Similar proportions of subjects in the placebo and tadalafil 5 mg groups were sexually active with a female partner (placebo: 78.7%, tadalafil 5mg 79.5%) and all these subjects, except for one subject in the tadalafil 5 mg group expected to remain sexually active. Approximately 25% of subjects randomised to tadalafil 5 mg had used one or more previous ED therapies compared with 21% of subjects in the placebo group. Considering only sexually active randomised subjects with ED, the proportion of subjects with moderate and severe ED was higher in the tadalafil 5 mg group than the placebo group (moderate ED: placebo 51.8% (n=44), tadalafil 5mg 58.9% (n=53);.severe ED: placebo 7.1% (n=6), tadalafil 5mg 12.2% (n=11)).
All subjects randomised to tadalafil 5mg, and all but one subject in the placebo group, were at least 70% treatment compliant.
Comment: The study population appears to be generally representative of the target population for the proposed indication. Almost half of study subjects were aged over 65 years. As BPH-LUTS increases with age it is likely that a large proportion of patients who may use tadalafil for the treatment of BPH-LUTS will be elderly. With the ageing of the population in Australia, the absolute number of men, including men aged 75 years and older, who could potentially take tadalafil for the treatment of BPH-LUTS is anticipated to increase. Therefore, the benefit-risk profile of tadalafil use in the proposed indication in the subset of men aged 75 years or older is an important consideration.
Results for the primary efficacy outcome
One subject in the tadalafil 5 mg treatment group had no baseline and post-baseline data and was therefore excluded from the primary efficacy analysis.
Based on the primary analysis population, the LS mean change in total IPSS from baseline to endpoint was -3.6 in the placebo group (n=164) and -5.6 in the tadalafil 5 mg group (n=160). The LS mean of the treatment difference was statistically significant (-1.9 (SE 0.66) 95% CI [-3.2, -0.6], p =0.004) (Table 8). The results in the pre-protocol population (LS mean of the treatment difference-2.4 (95% CI [-3.7, -1.1], p<0.001) were consistent with those in the primary analysis population.
Table 8: Study H6D-MC-LVHJ: Total International Prostate Symptom Score (IPSS) –change from baseline to endpoint (LOCF) (primary analysis population).
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The change in total IPSS, adjusted for ED status, resulted in the same LS mean of the treatment difference as that in the primary efficacy analysis (-1.9).
Based on the repeated measures analysis of total IPSS during the double-blind treatment period for the primary analysis population, the LS mean differences of the changes from baseline to Weeks 4, 8, and 12 were statistically significant for the tadalafil treatment group compared with the placebo group. The repeated measures analysis for total IPSS from the beginning of the placebo lead-in period (Week -4) to Weeks 0, 4, 8, 12 for the primary analysis population showed a LS mean of the treatment difference that was statistically significant for tadalafil at Weeks 4 and 12 but not at Weeks 0 and 8. The LS mean change was shown to increase from baseline (Visit 2) to each time point in the tadalafil group, consistent with the results of the repeated measures analysis during the double-blind treatment period.
In subjects with a baseline IPSS <20, the LS mean difference of the changes from baseline to endpoint in the tadalafil and placebo groups was -0.87 compared with -3.98 for the subgroup of subjects with a baseline IPSS ≥ 20. In subjects with a history of ED, the LS mean of the difference in the change from baseline to endpoint in total IPSS in the two treatment groups was -2.58 compared with -0.05 for subjects who had no history of ED. The results of the other subgroup analyses showed differences in treatment effect between the subgroups that were not large.
Comment: The sponsor proposes to indicate in the PI that patients treated with Cialis 5 mg once daily in each of the four pivotal efficacy studies had clinically meaningful improvements in lower urinary tract symptoms. In this study, the reduction in total IPSS of 5.6 from baseline to endpoint in the tadalafil 5 mg group was greater than the 3.6 reduction in total IPSS in the placebo group. When the change in the placebo group is taken into account, the pharmacologically-mediated effect of tadalafil in the reduction of IPSS from baseline to endpoint was 1.9 points. One study suggests that a clinically meaningful improvement in total IPSS is a reduction in total IPSS of more than 3.0 points, but this varies with baseline BPH-LUTS severity (25). It is unclear if the “clinically meaningful improvement” in total IPSS, was assessed based on the mean change in total IPSS from baseline to Week 12 in the tadalafil 5 mg treatment group, the placebo-adjusted change in the tadalafil 5 mg treatment group, or the limits of the 95% confidence interval for the placebo-adjusted change.
Results for other efficacy outcomes
As a statistically significant difference between the tadalafil 5mg and placebo groups was found on the primary efficacy analysis, the key secondary efficacy measures were analysed sequentially as pre-specified.
For sexually active subjects with ED (placebo N=85, tadalafil 5mg N=90), the LS mean change in IIEF-EF Domain from baseline to Week 12 was 2.0 in the placebo group (n=84) and 6.7 in the tadalafil 5 mg group (n=88). The LS mean difference of the changes in the two treatment groups was statistically significant (LS mean treatment difference 4.7, 95% CI [2.5, 6.9]; p < 0.001).
In the primary analysis population, the LS mean change in total IPSS from baseline to Week 4 was -3.5 in the placebo group (n=162) and – 5.3 in the tadalafil 5mg group and the difference in the LS mean changes in the two groups was statistically significant (LS mean treatment difference -1.8, 95% CI[-3.0, -0.6.]; p = 0.003).
In the primary analysis population (placebo N=164; tadalafil 5mg N=161), the LS mean change from baseline to Week 12 in the BII was numerically greater in the tadalafil 5mg group ((n=163) -1.8) compared with the placebo group ((n=160) -1.3) but the difference in LS mean change between the two treatment groups was not statistically significant (LS mean treatment difference -0.6, 95% CI [-1.2, 0.0.]; p = 0.057).
The results of the analyses for the subsequent two pre-specified key secondary efficacy endpoints, could not be claimed as statistically significant even if the p-value was <0.05.
In the primary analysis population, the LS mean change in the modified IPSS between baseline and Week 1 was -2.7 in the placebo group (n=150) and -3.4 in the tadalafil 5mg group (n=147) with a LS mean treatment difference of -0.7. The LS mean change in BII between baseline and Week 4 was -1.2 in the placebo group (n=162) and -1.8 in the tadalafil 5mg group (n=158) with a LS mean treatment difference of -0.6.
Based on the repeated measures analysis for BII during the double-blind treatment period for the primary analysis population, the LS mean of the treatment difference was statistically significant for the change between baseline and Weeks 4 and 12 for the tadalafil group, compared with the placebo group, but the difference was not statistically significant at Week 8.
Based on the repeated measures analysis for IIEF-EF Domain during the double-blind treatment period for sexually active subjects with ED in the primary analysis population, the LS mean of the treatment difference was statistically significant for tadalafil 5mg, compared to placebo, for change from baseline to Weeks 4, 8 and 12.
The results of the analyses in the primary analysis population for the IPSS subscores pre-specified as secondary endpoints, and the IPSS QoL Index, were supportive of the results of the primary efficacy analysis.
After adjustment for baseline LUTS severity, the proportion of subjects reporting that their urinary symptoms were better at the end of the study was higher in the tadalafil 5 mg group than the placebo group based on the PGI-I. The results of the CGI-I were consistent.
The results of the exploratory analyses for IIEF intercourse satisfaction Domain and the IIEF overall satisfaction Domain were supportive of the results of the key secondary efficacy outcome relating to the IIEF EF Domain.
Comment: The minimal clinically important difference in IIEF EF Domain has been estimated in one study to be 4, with variation in the minimal clinically important difference according to baseline ED severity (29). The minimal clinically important differences in IIEF EF Domain for subjects with mild, moderate and severe baseline ED severity were estimated in this study to be 2, 5 and 7 points respectively (29). In study LVHJ, the mean change in IIEF-EF Domain from baseline to Week 12 of 6.7 in the tadalafil 5 mg group and the pharmacologically-mediated, or placebo-adjusted, improvement was 4.7 (95% CI [2.5, 6.9]). The placebo-adjusted mean change in IIEF-EF Domain from baseline to Week 12 in the tadalafil 5 mg group was more than 4 points which could suggest a clinically meaningful improvement in IIEF-EF Domain due to tadalafil 5 mg, depending on how a clinically meaningful improvement is defined. If the lower limit of the 95% confidence interval for the placebo-adjusted change (2.5) was used to assess a clinically meaningful improvement, the improvement in IIEF-EF Domain due to tadalafil 5 mg may not be considered clinically meaningful.
[bookmark: _Toc336418813]Study H6D-MC-LVHR (LVHR)
Study design, objectives, locations and dates
Study LVHR was a phase 3, randomised, double-blind, placebo-controlled, parallel-design study. The study objective was to evaluate the efficacy of tadalafil taken once daily for 12 weeks compared with placebo in improving both total IPSS and IIEF Erectile Function Domain score in men with both ED and signs and symptoms of BPH. Tadalafil 2.5 mg and 5 mg were compared with placebo.
The study had three periods. The study design is shown in Figure 3.
Figure 3: Study H6D-MC-LVHR: Study design.
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Study LVHR was conducted in 54 study centres in nine countries. The date of first subject enrolment was 14 April 2009. The last subject completed the study on 7 July 2010.
Inclusion and exclusion criteria
Study subjects were men aged 45 years or older with BPH-LUTS and a history of ED for three months or more who were sexually active with an adult female partner. It was expected that the subjects would remain sexually active with the same female partner for the duration of the study an make at least four sexual intercourse attempts during the four-week placebo lead-in period.
Important exclusion criteria were significant renal insufficiency, severe hepatic impairment, a history of specific cardiac and coronary conditions, a HbA1c >9% (uncontrolled diabetes) and evidence of NYHA ≥ Class II cardiovascular disease (cardiac disease resulting in slight limitation of physical activity).
Comment: The inclusion and exclusion criteria were similar to those used for BPH studies LVHG and LVHJ. In studies LVHG and LVHJ subjects with NYHA Class III heart disease (cardiac disease resulting in marked limitation in physical activity) were excluded. This study excluded patient who had cardiac disease resulting in slight limitation of physical activity which may limit the generalisability of the results to such patients in the target population. The source of subject recruitment was not specified.
Study treatments
During the wash-out period, subjects did not receive any study treatment. During the four week placebo-run in period, subjects received a dose of one 2.5 mg and one 5 mg placebo tablet once daily orally. These placebo tablets were identical to the tadalafil 2.5 mg and 5 mg tablets. During the 12 week double blind period, study subjects received two tablets once daily orally. In the tadalafil 2.5 mg treatment group, subjects received tadalafil 2.5 mg and a 5 mg matching placebo once daily. In the tadalafil 5mg group, subjects received tadalafil 5 mg tablet plus one 2.5 mg matching placebo tablet once daily. Subjects in the placebo treatment group received two matched placebo tablets (2.5mg and 5mg) once daily. Subjects were instructed to take the dose (the two tablets) at the same time once daily, with or without food.
The criteria for subject discontinuation from the study and prohibited concomitant therapy were consistent with those criteria specified for study LVHJ. In study LVHR, subjects were also discontinued from the study drug and the study if they were enrolled in any other clinical trial involving off-label use of an investigational drug or device or were enrolled in any other type of medical research judged not to be scientifically or medically compatible with study LVHR.
Comment: The doses selected for this study, 2.5 mg and 5 mg, are the doses approved for once-daily treatment of men with ED in Australia. This is reasonable. The placebo comparison group is reasonable. BPH and ED do not usually become life-threatening or lead to irreversible morbidity if treatment is delayed. There may not have been an available active comparator for the treatment of both ED and BPH-LUTS. 
Efficacy variables and outcomes
The primary efficacy variables were the IPSS and the IIEF EF Domain score (sum of Questions 1-5 and 15 of the IIEF).
The co-primary efficacy outcomes were change from baseline to endpoint in total IPSS and IIEF-EF Domain score for subjects taking tadalafil 2.5 mg or 5 mg once daily compared with placebo.
The key secondary efficacy measures were the Sexual Encounter Profile (SEP) diary Question 3 and the BII.
The key secondary efficacy outcomes were:
Change from baseline to endpoint in the percentage of “yes” responses to SEP diary Question 3 for subjects taking tadalafil 2.5 mg or 5 mg once daily compared with placebo (baseline defined as percentage of yes responses to SEP Q3 during the placebo run-in period relative to the number of sexual encounters during that period, and endpoint defined as percentage of yes responses to SEP Q3 during the double-blind treatment period relative to the number of sexual encounters during that period)
Change from baseline to endpoint in mean BII score for subjects taking tadalafil 2.5 mg or 5 mg once daily compared with placebo.
There were numerous additional secondary efficacy outcomes including:
Change in mIPSS from baseline to Week 2
Change from baseline to Weeks 4,8 and 12 in IPSS subscores, IPSS QoL, IIEF Overall and Intercourse Satisfaction Domain scores, IIEF Q3 and Q4, and percentage of “yes” responses to SEP diary Questions 2, 4, and 5
PGI-I and CGI-I at the end of therapy
Erectile Function Global Assessment Questions at the end of therapy
Randomisation and blinding methods
Subjects were randomised at Visit 3 to receive study treatment (tadalafil 5mg, tadalafil 2.5mg or placebo) in a 1:1:1 ratio by a computer-generated random sequence using an IVRS. Randomisation was stratified by baseline (Visit 3) LUTS severity (total IPSS < 20 (mild-moderate) or ≥ 20 (severe)) and ED severity (IIEF EF Domain score: 17-30 (mild), 11-16 (moderate), 1-10 (severe)) and also by geographic region (North America, Mexico, Europe).
During the placebo-lead in period only subjects did not know which treatment was being administered. During the treatment period, subjects, study site personnel and the sponsor did not know which treatment was being administered.
Analysis populations
The randomised population included all subjects who were randomised to study treatment regardless of whether double-blind study medication was taken. The primary analysis population included all subjects who were randomised and started study medication.
The per-protocol population included subjects who met the criteria for the primary analysis population, completed the 12 week treatment period and took at least 70% of the prescribed doses in the double-blind treatment period.
For subjects who discontinued the study early or were missing post-baseline data, analyses were based on the most recent post-baseline data using last observation carried forward data imputation methodology and subjects with no post-baseline data for a particular efficacy endpoint were excluded from the analysis for that endpoint. The treatment of a missing question or questions for the IPSS, BII or IIEF Domain at a specific visit was the same as that described for study LVHJ.
The safety analysis population included all randomised subjects according to the treatment to which they were assigned. The safety population was equivalent to the randomised population.
Sample size
The planned sample size was 552 subjects (184 subjects per treatment group). A total of 175 subjects per treatment group were required to provide at least 80% power to detect a placebo-adjusted mean difference in IPSS of 1.9 points assuming a standard deviation of 6 points and using the Dunnett-Bonferroni gatekeeping approach. The non-evaluable rate was projected to be 5%. This sample size would provide at least 80% power to detect placebo-adjusted difference in IIEF EF Domain score of 2.6 points with a standard deviation of 8.0.
Comment: The placebo-adjusted difference (1.9) in IPSS used in the sample size calculation in this study was similar to those used in the sample size calculation for study LVHJ (2.0) and study LVHG (2.0).
Statistical methods
The primary efficacy analyses, and key secondary efficacy analyses, were conducted using the primary analysis population and repeated in the per-protocol population. If the primary analysis population did not include all subjects included in the randomised population, sensitivity analyses were performed using all randomised subjects for the co-primary and key secondary efficacy outcomes.
The null hypotheses tested were:
no difference between tadalafil and placebo in mean changes from baseline to the end of therapy in total IPSS
no difference between tadalafil and placebo in mean changes from baseline to the end of therapy in IIEF EF Domain score.
The null hypotheses were to be rejected only if both co-primary endpoints for a tadalafil dose reached statistical significance at the 0.0271 alpha level for a two tailed test. This significance level was derived from a three step gatekeeping procedure, the Dunnett-Bonferroni gatekeeping procedure, which was applied to control the family-wise Type 1 error rate at a two-sided 0.05 alpha level associated with the comparison of two doses of tadalafil with placebo for the co-primary and key secondary endpoints. Statistical testing of the key secondary endpoints was to proceed for each dose of tadalafil only if both co-primary endpoints for that dose reached statistical significance at the 0.0271 alpha level for a two tailed test. The secondary hypotheses were tested in a pre-specified order. The significance levels specified for each of the key secondary endpoint comparisons depended on whether one or two doses were significant, compared with placebo, in the previous step of the algorithm. The Dunnett-Bonferroni gatekeeping procedure is shown in Figure 4.
Figure 4: Study H6D-MC-LVHR: Testing strategy for the primary and key secondary efficacy hypotheses.
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An ANCOVA model was used to analyse each of the co-primary outcomes and the key secondary outcomes. The model included terms for treatment, region and centered baseline value of the variable (baseline value for a subject minus the overall mean baseline value). Interaction terms for centred-baseline value-by-treatment and region-by-treatment were included in the model if the interaction term was significant at the 0.10 level.
Changes from baseline to endpoint in the each of the co-primary outcomes, and the treatment differences in these changes between tadalafil doses and placebo, were estimated using least-squares means. The p-values associated with the Type III sums of squares of the estimated treatment difference between 5 mg tadalafil and placebo or 2.5 mg tadalafil and placebo were assessed for significance according to the Dunnett-Bonferroni gatekeeping procedure described above.
Additional sensitivity analyses using ANCOVA models were undertaken to investigate the potential influence of baseline ED severity randomisation stratification factor on total IPSS and of baseline LUTS severity randomisation stratification factor on IIEF EF Domain score. Repeated measures analyses of variance were also conducted for the co-primary outcomes and key secondary efficacy outcomes.
The statistical methods used for the additional secondary efficacy outcomes varied depending on the type of data to be analysed. No adjustments for multiplicity were made for the analysis of these outcomes.
Comment: The SAP does not appear to have been provided for this study. Only the Dunnett-Bonferroni gatekeeping procedure was specified. It appears that this gatekeeping procedure was requested by the FDA.
The statistical analyses described in the clinical study report seem to follow most of those proposed in the study protocol (protocol H6D-MC-LVHR (a)). Changes to the analyses specified in the protocol are highlighted in the clinical study report and did not affect the primary efficacy analyses or key secondary efficacy analyses. A subgroup analysis of the co-primary efficacy endpoints by region that was undertaken, does not appear to be specified in the protocol.
The co primary efficacy outcomes were summarised by the subgroups baseline LUTS, baseline ED severity, prior alpha blocker therapy, prior PDE5 inhibitor therapy, age and region. Subgroup analyses for the primary efficacy endpoints used ANCOVA models.
Participant flow
Of 1127 subjects screened, 521 were screen failures and 606 subjects were randomised (placebo n=200, tadalafil 2.5mg n=198, tadalafil 5mg n=208). A similar number of subjects discontinued from the study in each treatment group (placebo n=30, tadalafil 2.5mg n=26, tadalafil 5mg n=24), adverse events leading to the discontinuation of six subjects in the tadalafil 5 mg group compared with three subjects in the placebo and tadalafil 2.5 mg groups respectively. Few subjects were lost to follow-up (placebo n=1, tadalafil 2.5 mg n=1, tadalafil 5mg n=3). The proportion of subjects in each treatment group who completed the 12 weeks of double-blind treatment was comparable (placebo 85.0% (n=170), tadalafil 2.5mg 86.9% (n=172), tadalafil 5mg 88.5% (n=184)). The primary analysis population was identical to the randomised population (placebo n=200, tadalafil 2.5mg n=198, tadalafil 5mg n=208).
Major protocol violations/deviations
The proportion of subjects in each of the treatment group who had protocol violations that related to inclusion criteria not being met or exclusion criteria being met was similar (placebo 8.0% (n=16), tadalafil 2.5mg 7.6% (n=15), tadalafil 5mg 6.3% (n=13)). The most common protocol violation was the uroflowmetry assessment criteria were out of the protocol specified range. The number of subjects with this protocol violation was similar in each treatment group (placebo n=9, tadalafil 2.5mg n=7, tadalafil 5mg n=7). The differences between the treatment groups in the numbers of subjects reported with other specific protocol violations were generally small.
All of the subjects randomised in Portugal (3% of randomised subjects) were reported to have had at least one protocol violation which included not meeting an inclusion criterion and/or meeting an exclusion criterion. A few protocol violations relating to use of excluded medication during the double-blind treatment period were identified by the sponsor. Errors in the calculation of the IIEF EF Domain scores and total IPSS used for entry into the IVRS, or entry of the scores into the IVRS, were also identified by the sponsor. The errors in the IIEF EF Domain score resulted in 45 subjects being incorrectly stratified but a similar numbers of subjects in each of the treatment groups were affected.
Comment: It would seem that the protocol violations described would not have appreciably affected the results of the primary efficacy results as they generally affected small numbers of subjects and were reasonably balanced across the treatment groups.
Baseline data
The mean age of randomised study subjects was 62.6 years (range 45.3 years - 83.2 years). Thirty-seven percent of study subjects were aged over 65 years with similar proportions of subjects in each treatment group aged over 65 years. In the tadalafil 5 mg group, 83 subjects were aged over 65 years. The tadalafil 2.5 mg group had a smaller proportion of subjects aged 75 years or older compared with the other two treatment groups (placebo 11.5% (n=23), tadalafil 2.5mg 6.1% (n=12), tadalafil 5mg 10.1% (n=21)). The majority of subjects were white (93.2%) and were from the regions Europe (41.1%) and North America (46.4%). There were only 14 randomised subjects who were Asian. Mean height, weight, BMI and sitting vital signs were comparable between the treatment groups. Tobacco use and current alcohol consumption were reported by similar proportions of subjects in each treatment group at baseline. Baseline LUTS severity was reported as severe (IPSS ≥ 20) for 39.0% of randomised subjects and moderate (IPSS < 20) for 61.0% of subjects, with comparable proportions of subjects in each category across the treatment groups. Half of all randomised subjects (50.6%) had a Qmax <10 mL/sec and the mean post-void residual urine volume was 53.2mL. Similar proportions of subjects in each treatment group had previously used one or more alpha blockers (placebo 23.0%, tadalafil 2.5mg 20.2%, tadalafil 5mg 26.9%), one or more BPH-LUTS therapies other than alpha blockers (placebo 9.0%, tadalafil 2.5mg 6.6%, tadalafil 5mg 10.1%) and one or more OAB therapies (placebo 2.0%, tadalafil 2.5mg 1.5%, tadalafil 5mg 2.4%). The severity and duration of erectile dysfunction were comparable across the treatment groups. For all randomised subjects, 26.6% had an erectile dysfunction severity of severe and almost all (91.6%) had had ED for at least one year. Overall, 28.5% of subjects had used one or more previous ED therapies and the proportion was comparable across the treatment groups.
One subject in the tadalafil 2.5 mg group and one subject in the tadalafil 5 mg group were <70% compliant with the prescribed doses during the placebo-period but they were still randomised, constituting a protocol violation (inclusion criteria not met).
During the double-blind treatment period, the proportion of subjects who were at least 70% compliant with the prescribed treatment was very high (placebo 98.0%, tadalafil 2.5mg 98.0%, tadalafil 5mg 99.5%).
Comment: No subjects were recruited in Australia. As the majority of subjects in this study were white and were from the regions Europe and North America, the results may not be generalisable to the whole Australian population which is comprised of people of many different ethnic origins.
Results for the primary efficacy outcome
There was an improvement in total IPSS from baseline to endpoint in all three treatment groups. The LS mean change was greatest in the tadalafil 5 mg group (LS mean change: placebo (n=194) -3.8, tadalafil 2.5mg (n=191) -4.6, tadalafil 5mg (n=206) -6.1). The LS mean difference of the change from baseline to endpoint in total IPSS between the tadalafil 5 mg group and the placebo group was statistically significant at the prespecified alpha level of 0.0271 (LS mean treatment difference -2.3 (SE 0.58); 95% CI [-3.5, -1.2]; p<0.001). Comparing the tadalafil 2.5 mg and placebo treatment groups, the LS mean difference of the change from baseline to endpoint in total IPSS was not statistically significant (LS mean treatment difference -0.8 (SE 0.59); 95% CI [-2.0, 0.4]; p=0.181).
There was also an improvement in the IIEF EF Domain score in all three treatment groups between baseline and endpoint. The greatest LS mean change was in the tadalafil 5 mg group (LS mean change: placebo (n=190) 1.8, tadalafil 2.5mg (n=190) 5.2, tadalafil 5mg (n=203) 6.5). The LS mean difference of the change from baseline to endpoint was statistically significant for the tadalafil 5 mg group compared with the placebo group and the tadalafil 2.5 mg group compared with the placebo group at the pre-specified alpha level of 0.0271. (Tadalafil 5mg compared with placebo: LS mean treatment difference 4.7 (SE 0.66); 95% CI [3.4, 6.0]; p<0.001; Tadalafil 2.5mg compared with placebo: LS mean treatment difference 3.4 (SE 0.67); 95% CI [2.1, 4.7]; p<0.001) (Table 9).
Table 9: Study H6D-MC-LVHR: IIEF EF Domain score change from baseline to endpoint (LOCF) (primary analysis population).
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The changes from baseline to endpoint for both total IPSS and IIEF EF Domain score were statistically significant only for the tadalafil 5 mg group compared with the placebo group, not the tadalafil 2.5 mg group compared with placebo, therefore only the tadalafil 5 mg versus placebo comparison met the criteria for statistical significance stipulated in the prespecified gatekeeping procedure (Figure 4).
The results of the analyses of change from baseline to endpoint in total IPSS and IIEF EF Domain score in the per-protocol population were consistent with the results in the primary analysis population.
The results of the repeated measures analysis of change in total IPSS during the double-blind treatment period for the primary analysis population revealed a LS mean change (improvement) from baseline to endpoint at Weeks 4, 8 and 12 in each treatment group. The LS mean change at each time point was highest in the tadalafil 5 mg group followed by the tadalafil 2.5 mg and then the placebo group. Comparing tadalafil 5 mg with placebo, the LS mean difference of the change was statistically significant at each time point (p< 0.001). Comparing tadalafil 2.5 mg with placebo, the LS mean difference of the change at each time point was not statistically significant. For the IIEF EF Domain score, the repeated measures analysis in the primary analysis population also showed a LS mean change (improvement) from baseline to endpoint at Weeks 4, 8 and 12 in each treatment group with the greatest improvement at each time point being seen in the tadalafil 5mg group. Comparing tadalafil 5 mg with placebo, and tadalafil 2.5 mg with placebo, the LS mean difference of the change was statistically significant at each time point (p< 0.001).
The results of an analysis of the change from baseline to endpoint in total IPSS in the primary analysis population adjusted for ED severity were similar to those of the primary efficacy analysis. The results of an analysis of the change from baseline to endpoint in IIEF EF Domain score in the primary analysis population adjusted for LUTS severity were similar to those of the primary efficacy analysis.
Subgroup analyses for total IPSS and IIEF EF Domain score indicated that there were no detectable differences in treatment effects across the pre-specified subgroup categories.
Results for other efficacy outcomes
The two key secondary parameters were assessed in accordance with the pre-specified gatekeeping procedure (Figure 4).
The comparison of the percentages of “yes” responses to SEP dairy Q3 was assessed between the tadalafil 5 mg group and the placebo treatment group was assessed for statistical significance at an alpha level of p=0.0228. The LS mean difference in the changes in the percentage of “yes” responses to SEP diary Question 3 between the tadalafil 5 mg group (n=199) and the placebo group (n=187) in the primary analysis population was statistically significant at the alpha level of p=0.0228 (LS mean difference of change: 19.7 (SE 2.80), 95% CI [14.2, 25.2]; p<0.001). Based on the primary analysis population, the mean per-subject proportion of successful intercourse attempts at endpoint was 48.3% (SD 38.50) for subjects in the placebo group and 71.9% (SD 34.74) for subjects in the tadalafil 5 mg group.
The LS mean difference of the change in the tadalafil 2.5 mg group compared with the placebo group from baseline to endpoint was 12.5. The statistical significance of the result was not interpreted as the tadalafil 2.5 mg dose was not statistically significant when compared with placebo for the co-primary endpoints.
The LS mean difference of the change in the BII from baseline to endpoint between the tadalafil 5mg group and the placebo group was statistically significant at the pre-specified alpha level of p=0.0228 (LS mean change from baseline to endpoint: placebo (n=190) -1.3 (SD 2.93), tadalafil 5mg (n=203) -2.1 (SD 3.11); LS mean difference of change: -0.9, 95% CI [-1.4, -0.4]; p<0.001). The LS mean difference of the change in the BII from baseline to endpoint between the tadalafil 2.5 mg group and the placebo group was -0.4. The statistical significance of the result was not interpreted as the tadalafil 2.5 mg dose was not statistically significant when compared with placebo for the co-primary endpoints.
The results of analyses for the two key secondary outcomes in the per-protocol population were consistent with the results in the primary analysis population. The results of the repeated measures analysis for the double-blind period in the primary analysis population were also supportive of the results for the key secondary efficacy analyses.
The results of the analyses for the additional secondary outcomes were generally supportive of the results for the primary outcomes. There was a larger improvement in the IPSS total (mIPSS) from baseline to Week 2 in the tadalafil 5mg group compared with the placebo group (LS mean change from baseline to Week 2: placebo (n=162) -2.2, tadalafil 5mg (n=160) -4.0). Based on the three category PGI-I, higher proportions of subjects in the tadalafil treatment groups, compared with the placebo group, reported that their symptoms were better at the end of the study compared with before they took the study treatment. The results of the CGI-I were consistent. Based on the EF-GAQ, completed at the end of the study or on early discontinuation, higher proportions of subjects in the tadalafil groups, compared with the placebo group, reported that the treatment had improved their erections and improved their ability to engage in sexual activity.
Comment: Study LVHR was the pivotal study for the proposed indication “Cialis is indicated for the treatment of ED and the sign and symptoms of BPH (ED/BPH) in adult men” and was one of four pivotal studies supporting the proposed indication “Cialis is indicated for the treatment of the signs and symptoms of benign prostatic hyperplasia (BPH) in adult men”.
The sponsor proposes to indicate in the PI that Cialis 5 mg once daily resulted in clinically meaningful and statistically significant improvements in both BPH symptoms, as measured by the total IPSS, and erectile funcation, as measured by IIEF EF Domain.
Comparing tadalafil 5 mg with placebo, the results of this study showed a statistically significant improvement in total IPSS and IIEF from baseline to endpoint. In the tadalafil 5 mg group, the absolute changes from baseline to endpoint in total IPSS score and IIEF–EF Domain score were -6.1 and 6.5, respectively. After subtracting the improvements in the placebo group for each of these variables, the pharmacologically-mediated effect is lower (total IPSS -2.3 95% CI [-3.5, -1.2]; IIEF-EF 4.7 95% CI [3.4, 6.0]). Greater than half of the improvement in total IPSS score in the tadalafil 5 mg group could be attributed to a placebo effect (placebo group -3.8). For the change in baseline for total IPSS, the lower limit of the 95% confidence interval for the LS mean difference between the treatments was -3.5 indicating that, in the population, there may be a clinically significant improvement from the effect of tadalafil 5 mg alone if a decrease of more than 3 points is considered an improvement. Regarding the change in baseline for IIEF–EF Domain score, the placebo-adjusted mean change from baseline could be considered clinically meaningful, but maybe not for all men with ED as the estimated minimal clinically important differences in IIEF EF Domain varied according baseline ED severity varied in one study (29). It is unclear if the assessments of a “clinically meaningful improvement” in total IPSS and IIEF-EF Domain, respectively, are based on the mean change from baseline to Week 12 in the tadalafil 5 mg group, the placebo-adjusted change in the tadalafil 5 mg group, or the limits of the 95% confidence interval for the placebo-adjusted change.
There is evidence from one study that a decrease in BII of more than 0.5 points is clinically meaningful. In this study the subgroup of subjects with baseline BII scores of less than 5 points perceived smaller decreases in the BII as an improvement compared with the subgroup of subjects with a baseline BII score of more than 5 points (25). There was an improvement of more than 0.5 points from baseline to endpoint in both the tadalafil 5 mg and placebo groups, with a significantly greater improvement in the tadalafil 5 mg group. The difference in LS mean change between the treatments was -0.9 (95% CI [-1.4, -0.4]). If the definition of a clinically meaningful improvement is based on the LS mean change between the treatments (that is, the placebo-adjusted change from baseline for the tadalafil 5 mg group), this difference would be considered clinically meaningful improvement in BII due to tadalafil 5 mg. However, if the definition is based on the upper limit of the 95% confidence interval, it is possible that the placebo-adjusted change from baseline may not be considered clinically meaningful in the population as the true population improvement from tadalafil 5 mg treatment may be only a decrease of 0.4 points.
The sponsor proposes to include in the PI the results of the change from baseline to Week 2 in IPSS total in this study. Change from baseline to Week 2 in IPSS total was an additional secondary efficacy outcome in study LVHR. It does not appear that there was an adjustment made for multiple comparisons in relation to the additional secondary efficacy outcomes. It is recommended that this information is removed from the draft PI.
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Study design, objectives, locations and dates
Study LVID was a phase 3, randomised, double-blind, tamsulosin- and placebo- controlled, parallel-design study. The study was undertaken in 44 centres across Austria, Australia, Belgium, France, Germany, Greece, Italy, Mexico, the Netherlands and Poland between December 2009 and January 2011.
There were three study periods. As soon as the screening results were available, eligible subjects not taking prohibited treatment for BPH, overactive bladder or ED, started the four-week single-blind, once-a-day placebo lead-in period to assess treatment compliance and establish baseline values for efficacy measures during the double-blind treatment period. Subjects who were taking a prohibited treatment for BPH, overactive bladder or ED, entered a four week washout period followed by the placebo lead-in period. At Visit 3, eligible subjects were randomly assigned to treatment groups. The treatment period ended at Week 12 (Visit 7) (Figure 5).
Figure 5: Study H6D-MC-LVID: Study design.
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The primary objective was to evaluate the efficacy of tadalafil 5 mg once daily for 12 weeks compared with placebo in improving total IPSS in men with BPH-LUTS.
Comment: Tamsulosin 0.4 mg was included as an active control group. Tamsulosin is registered in Australia for the relief of LUTS associated with BPH and the recommended dose is 0.4 mg once daily (10) and is a medical therapy treatment option for moderate to severe BPH-LUTS included in Andrology Australia’s Clinical Summary Guide for Prostate Disease (3).
Inclusion and exclusion criteria
Study subjects were men who were at least 45 years of age with BPH-LUTS and evidence of bladder outlet obstruction. Important exclusion criteria were significant renal insufficiency, severe hepatic impairment, a history of specific cardiac and coronary conditions and a HbA1c >9%.
Comment: The inclusion and exclusion criteria were similar to those used in the other pivotal studies. The source of the study subjects does not appear to have been specified.
Study treatments
There was no treatment given during the wash-out period. During the placebo lead-in period, all subjects received a tadalafil placebo tablet and a tamsulosin placebo capsule once daily for four weeks. During the 12 week treatment period, subjects in the tadalafil treatment group received one 5 mg tadalafil tablet and one tamsulosin placebo capsule once daily, subjects in the tamsulosin treatment group received one 0.4 mg tamsulosin capsule and one tadalafil placebo tablet once daily, and subjects in the placebo group received one tadalafil placebo tablet and one tamsulosin placebo capsule once daily. The tablet and capsule were to be taken at the same time each day, approximately 30 minutes after eating a meal.
The criteria for discontinuing a subject from the study and prohibited concomitant therapy were consistent with study LVHR.
Efficacy variables and outcomes
The primary efficacy variable was the IPSS. The key secondary efficacy variables were the BII and mIPSS.
Other secondary efficacy variables included the IIEF, PGI-I, CGI-I, and the Treatment Satisfaction Scale - Benign Prostatic Hyperplasia (TSS-BPH). The TSS is a validated subject-rated instrument. It measures the subject’s satisfaction with treatment based on a 13 item questionnaire (3 subscales of 10 generic items and 3 condition specific items). The overall score is calculated as the mean of the items. The score range is 0-100 with lower scores indicating greater satisfaction.
The primary efficacy outcome was change in total IPSS from baseline (Visit 3, Week 0) to end of therapy (Visit 7, Week 12) for subjects taking tadalafil 5 mg compared with placebo.
The key secondary efficacy outcomes were the comparison of the changes from baseline between tadalafil 5 mg and placebo in the following:
total IPSS after four weeks of treatment
BII after 12 weeks of treatment (end of therapy using LOCF)
mIPSS after one week of treatment
BII after 4 weeks of treatment
Other secondary efficacy outcomes included the comparison between tadalafil 5 mg and placebo of the change in IIEF EF Domain from baseline to end of therapy in sexually active men with both BPH-LUTS and ED history. There were also secondary efficacy outcomes relating to the comparison of tamsulosin 0.4 mg with placebo.
Randomisation and blinding methods
Subjects who had met the criteria for enrolment at Visit 3 were randomly assigned to one of the three treatment groups in a 1:1:1 ratio. Randomisation was stratified by baseline LUTS severity (total IPSS < 20 or ≥ 20) at Visit 1, geographic region (EU or non EU) and history of ED (yes or no) at Visit 1 A computer-generated random sequence using an IVRS was used to determine assignment to the treatment groups.
During the placebo lead-in period, only subjects did not know the treatment being administered. During the treatment period, subjects, study site personnel and the sponsor did not know which treatment was being administered.
Analysis populations
The efficacy analyses were performed on an intent-to-treat basis.
The randomised population consisted of subjects who were randomised to study treatment, regardless of whether or not they took the double-blind study medication.
The primary analysis population included all subjects who were randomised and started study medication.
The per-protocol population included subjects who met the criteria for the primary analysis population, completed the 12 week treatment period and took at least 70% of the prescribed doses in the double-blind study period.
The safety analysis population for the double-blind treatment period consisted of all randomised subjects according to the treatment to which they were assigned.
Baseline for the efficacy measurements was Visit 3. For subjects who discontinued the study early or were missing post-baseline data, the analyses were based on the most previous non-missing post-baseline data. Subjects with no post-baseline data for a particular efficacy outcome were excluded from the analysis for that outcome.
For subjects who discontinued the study early or were missing post-baseline data, analyses were based on the most recent post-baseline data using last observation carried forward data imputation methodology and subjects with no post-baseline data for a particular efficacy endpoint were excluded from the analysis for that endpoint. The treatment of a missing question or questions for the IPSS, BII or IIEF Domain at a specific visit was the same as that described for study LVHJ.
The safety analysis population consisted of all randomised subjects according to the treatment to which they were assigned.
Sample size
The null hypothesis was that there would be no difference between tadalafil 5 mg and placebo in terms of change from baseline to end of therapy or Week 12 in total IPSS.
It was determined that a total of 143 subjects per treatment arm would provide at least 80% power to detect a placebo-adjusted mean difference in IPSS of 2.0, assuming a standard deviation of 6 (estimated based on data from study LVHG) and using a two-sided t-test at 0.05 level of significance. It was anticipated that 151 subjects per treatment group (453 subjects in total) would be randomised given a projected non-evaluable rate of 5%.
The sample size was reported to have sufficient power to show the superiority of tamsulosin to placebo if the tadalafil and tamsulosin data had the same standard deviation. The trial was not powered to directly compare the tadalafil and tamsulosin treatment groups or for a statistical analysis of non-inferiority.
Comment: The number of subjects in the randomised, primary analysis and per protocol study populations exceeded the total number of subjects planned. In all these populations the number of subjects per treatment group exceeded 143 subjects.
Statistical methods
For the primary outcome, the primary inferential analysis of mean change in total IPSS from baseline to end of therapy between tadalafil 5 mg and placebo was conducted using an ANCOVA using the primary analysis population. The p-value from Type III sums of squares for the difference between the tadalafil 5 mg and placebo groups was assessed for significance at a two-sided significance level of 0.05. The ANCOVA model included terms for centered parameter baseline, treatment group, region, centered baseline-by-treatment interaction and treatment-by-region interaction. If the interaction was not significant (p>0.10), it was removed from the model and the main effects model remained from which the between-treatment-group p-value was obtained.
Sensitivity analyses and subgroup analyses were also undertaken for the primary efficacy outcome using ANCOVA models.
A fixed sequence testing procedure was undertaken to control the family-wise Type 1 error in primary and multiple key secondary endpoints for the comparison between tadalafil 5 mg and placebo. The key secondary endpoints were to be analysed only if the result of the primary efficacy analysis was significant at a two-sided significance level of 0.05. The key secondary analyses were performed at a two-sided significance level of 0.05.
For the key secondary efficacy endpoints claims of statistical significance at the level of the individual test were dependent upon the significance of all the previous tests.
For the analyses of other secondary efficacy outcomes, no adjustment for multiplicity was made.
For the comparison between the tamsulosin 0.4 mg and placebo treatment groups, the ANCOVA model used in the primary efficacy analysis was used to compare the mean change in total IPSS from baseline to end of therapy. The keys secondary outcomes were analysed for the comparison between tamsulosin 0.4 mg and placebo regardless of the fixed sequence testing procedure.
A repeated measures model was applied to total IPSS and BII with the change of the efficacy variable from baseline to 4, 8 and 12 weeks as the response. This model was applied to the comparisons between tadalafil 5 mg and placebo and tamsulosin 0.4mg and placebo respectively.
Comment: The statistical analyses undertaken followed the protocol. The SAP was not provided in the submission.
Participant flow
Of 652 subjects screened for the study, 21.6% (n=141) were screen failures and 78.4% (n=511) subjects were randomised (placebo n=172, tadalafil 5mg n=171, tamsulosin 0.4mg n=168)). The proportion of subjects in each treatment group who completed the 12 week double blind treatment period was similar (placebo 86.0% (n=148), tadalafil 5mg 91.2% (n=156), tamsulosin 0.4mg 89.3% (n=150)).
The primary analysis population consisted of 510 subjects who were randomised and started the study drug (placebo n=172, tadalafil 5mg n=171, tamsulosin 0.4mg n=167)). One subject in the tamsulosin 0.4 mg group discontinued the study before taking his first dose of study drug.
Comment: This study included 25 subjects randomised in four Australian sites.
Major protocol violations/deviations
Seven subjects in each of the treatment groups had protocol violations identified from the clinical database using pre-specified criteria defined in the SAP relating to the inclusion criteria having not been met or the exclusion criteria being met. The specific protocol violations were reported in only a small number of subjects and the numbers of subjects reported with a specific protocol violation were generally similar number across the groups. Additional protocol violations were reported to have been identified during blinded study data reviews which were not considered by the sponsor to have been likely to have affected the analyses or conclusions.
Fifteen subjects across two study sites were potentially unblinded to their treatment during the placebo lead-in phase as they were consented under a version of the informed consent document that inadvertently informed subjects about the single-blind 4 week placebo lead-in period.
Comment: The 15 subjects who were potentially unblinded to the treatment given during the placebo lead-in would not be expected to substantially affect the primary efficacy analysis as the number of subjects is small compared to the total number of subjects in the primary analysis population and it is likely that the number of these subjects randomised to the three treatment groups would have been fairly similar minimising any bias resulting from the unblinding.
Baseline data
The mean age of randomised study subjects was 63.6 years (range 45.1-88.6 years). The majority of randomised subjects were aged less than 75 years (89.8%), were white (76.7%) and were from Europe (71.2%). With regard to baseline LUTS symptom severity, 70.5% had symptoms of moderate severity (IPSS<20) and the remainder of subjects had symptoms that were severe (IPSS ≥ 20).
Over half of all randomised subjects (54.0%) had a Qmax <10mL/sec and 36.2% had a Qmax 10-15 mL/sec. One quarter of subjects (25.2%) had used one or more alpha blockers in the 12 months prior to Visit 1, the most commonly used was tamsulosin. Smaller proportions of subjects had used treatments, other than alpha blockers, for the treatment of BPH-LUTS , and over active bladder therapy, in the 12 months prior to Visit 1 (BPH-LUTS therapy 4.5%, OAB therapy 1.0%). The majority of randomised subjects (69.9%) had erectile dysfunction and of the randomised subjects with ED the majority had ED of moderate severity (52.9%) and had had ED for at least one year (79.8%). Of all randomised subjects, 12.7% had used one or more ED therapies in the 12 months prior to Visit 1, the most common was tadalafil.
The baseline demographics and other characteristics were generally comparable between the treatment groups. Of note, there were more subjects aged 75 years or older in the placebo group compared with the other treatment groups (placebo n=23 (13.4%), tadalafil 5mg n=13 (7.6%), tamsulosin n=16 (9.5%)) and a lower proportion of subjects reporting current alcohol consumption in the placebo group (placebo n=102 (59.3%), tadalafil 5mg n=112 (65.5%), tamsulosin 0.4mg n=113 (67.3%)). A higher proportion of subjects in the tamsulosin 0.4 mg group had a Qmax <10mL/sec (placebo n=79 (45.9%), tadalafil 5mg n=92 (53.8%), tamsulosin n=105 (62.5%)).
The proportion of subjects who were at least 70% compliant with study medication during the double-blind treatment period was high and the same in each treatment group (99.4%).
Comment: Although alcohol consumption was reported in a lower proportion of subjects in the placebo group than the tadalafil 5 mg group, the difference in the proportions was not large so it would appear that the difference in this factor is unlikely to bias the results.
Results for the primary efficacy outcome
There was a decrease in total IPSS from baseline to endpoint in both the tadalafil 5 mg and placebo treatment groups (LS mean change: placebo group (n=172) -4.2 (SE 0.5), tadalafil 5mg group (n=171)-6.3 (SE 0.5)). The LS mean for the difference between the tadalafil 5 mg and placebo groups was statistically significant (LS mean for the treatment difference -2.1 (SE 0.6); 95% CI [-3.3, -0.8]; p=0.001) (Table 10). The results in the per-protocol population were consistent with those in the primary analysis population as were the results of a sensitivity analysis adjusted for ED status. The results of the repeated measures analysis in the primary analysis population were also consistent.
Table 10: Study H6D-MC-LVID: Total IPSS – change from baseline to endpoint (LOCF) (primary analysis population).
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Subgroup analyses for the change from baseline to endpoint in total IPSS revealed no detectable difference in treatment effects between baseline LUTS severity subgroups, baseline ED history subgroups, geographical region subgroups, or age category subgroups (≤ 65, >65 and ≤ 75, > 75) and previous alpha blocker usage subgroups.
Results for other efficacy outcomes
As the primary efficacy analysis showed a statistically significant difference between the tadalafil 5 mg and placebo groups for the primary efficacy outcome, the key secondary efficacy outcomes were analysed in the primary analysis population sequentially as pre-specified.
The difference in LS mean change from baseline to Week 4 in total IPSS between the tadalafil 5 mg and placebo groups was statistically significant (LS mean change placebo (n=166) -3.3 (SE 0.4), tadalafil 5mg (n=167) -5.5 (SE 0.4); LS mean for the treatment difference -2.2 (SE 0.6); 95% CI [-3.4, -1.0]; p < 0.001).
For the change in BII from baseline to endpoint, the difference in LS mean change between the tadalafil 5 mg and placebo groups was statistically significant (LS mean change placebo (n=167) -0.9 (SE 0.2), tadalafil 5mg (n=168)-1.7 (SE 0.2); LS mean for the treatment difference -0.8 (SE 0.3); 95% CI [-1.3, -0.3]; p = 0.003).
For the change in mIPSS from baseline to Week 1, the difference in LS mean change between the tadalafil 5 mg and placebo groups was statistically significant (LS mean change placebo (n=154) -2.5 (SE 0.4), tadalafil 5mg (n=162) -4.0 (SE 0.4); LS mean for the treatment difference -1.5 (SE 0.5); 95% CI [-2.6, -0.5]; p = 0.003).
For the last key secondary efficacy endpoint, change in BII from baseline to Week 4, the difference in LS mean change between the tadalafil 5 mg and placebo groups was also statistically significant (LS mean change placebo (n=166) -0.4 (SE 0.2), tadalafil 5mg (n=167) -1.2 (SE 0.2); LS mean for the treatment difference -0.8 (SE 0.2); 95% CI [-1.3, -0.3]; p < 0.001).
With regard to the comparisons between the tamsulosin 0.4 mg and placebo groups, the LS mean change from baseline to endpoint in total IPSS was greater in the tamsulosin 0.4 mg group compared with the placebo group and the difference between the treatment groups in the LS mean change was statistically significant (LS mean change: tamsulosin (n=165)-5.7 (SE 0.5), placebo -4.2 (SE 0.5), LS mean difference -1.5 (SE 0.6) ; 95% CI[-2.8, -0.2]; p=0.023). For each of the key secondary endpoints, the LS mean change was greater in the tamsulosin 0.4 mg group compared with the placebo group also.
In sexually active subjects with ED in the primary analysis population, a greater improvement in IIEF EF Domain from baseline to endpoint was reported in the tadalafil 5mg group compared with the placebo group (LS mean change: placebo 2.1, tadalafil 5mg 6.0).
A higher proportion of subjects in the tadalafil 5 mg group reported that their symptoms were much better or very much better at endpoint than before they began taking the study medication, compared with subjects in the placebo group, based on the PGI-I. Based on the CGI-I, a higher proportion of subjects in the tadalafil 5mg group, compared with the placebo group, were rated by their clinician as having symptoms that were much better or very much better at endpoint than before they began taking the study medication. Based on the TSS-BPH, subjects in the tadalafil 5mg group reported greater overall satisfaction with treatment compared with the placebo group. The difference in overall satisfaction was related to a difference in the subjects’ satisfaction with the efficacy of tadalafil 5 mg compared with placebo rather than a difference in satisfaction with dosing and side effects.
The results for other secondary efficacy outcomes were generally consistent with the results for the primary efficacy outcome.
With regard to the comparison between the tamsulosin 0.4 mg and placebo groups, the LS mean change from baseline to endpoint in total IPSS was greater in the tamsulosin 0.4 mg group compared with the placebo group and the difference between the treatment groups in the LS mean change was statistically significant (LS mean change: tamsulosin (n=165) -5.7 (SE 0.5), placebo -4.2 (SE 0.5), LS mean difference -1.5 (SE 0.6); 95% CI[-2.8, -0.2]; p=0.023) (Table 10). For each of the key secondary endpoints, the LS mean change was greater in the tamsulosin 0.4 mg group compared with the placebo group also.
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Study H6D-MC-LVGC was a proof of concept study. It was a randomised, double-blind, double-dummy, placebo-controlled, parallel-design study conducted at 21 study centres in the US. The investigators were urologists. The primary objectives of the study were to:
evaluate the efficacy of 5 mg tadalafil when taken daily for 6 weeks, and of 20 mg tadalafil when taken daily for an additional six weeks, compared with placebo, in improving LUTS secondary to BPH as measured by total IPSS
assess the safety of 5 mg tadalafil and 20 mg tadalafil taken daily in men with LUTS secondary to BPH.
The study started in November 2004 and ended in July 2005. Subjects who had previously received a BPH treatment had a wash-out period of four weeks. Subjects were men aged 45 years or older with BPH-LUTS for six months or more and an IPSS ≥ 13 and bladder outlet obstruction (urinary peak flow rate between 4 and 15 mL/s on a voided volume of at least 125 mL). There were numerous exclusion criteria.
After a wash-out period, if required, and a four week single-blind, double-dummy placebo run-in period, subjects were randomised, by computer-generated random sequence, 1:1 to either the tadalafil or placebo treatment group, within geographic region stratified by baseline LUTS severity and previous alpha blocker use. Subjects in the tadalafil group received 5 mg once a day orally (one 20 mg tadalafil placebo and one 5 mg tadalafil) for six weeks followed by 20 mg once a day orally (one 20 mg tadalafil and one 5 mg tadalafil placebo) for six weeks. Subjects in the placebo group received placebo once a day orally (one 20 mg tadalafil placebo and one 5 mg tadalafil placebo) for 12 weeks. Placebo subjects had a sham dose escalation of placebo at 6 weeks. The study design is shown in Figure 6.
Figure 6: Study H6D-MC-LVGC: Study design.
[image: Figure 6: Study H6D-MC-LVGC: Study design.]
Efficacy and safety measures were recorded before dosing at Visit 3 (baseline) and at Visit 4 (Week 6) ad Visit 5 (Week 12).
The primary efficacy variable was the IPSS. The primary efficacy outcome was the change in IPSS from baseline to Visit 4 (Week 6), for the comparison of placebo and tadalafil 5 mg ,and the change from baseline to Visit 5 (Week 12) for the comparison of placebo and tadalafil 5 mg escalated to 20 mg.
There were numerous secondary efficacy outcomes. The secondary efficacy variables included the IIEF and the BII.
The sample size was 250 subjects overall. The null hypothesis was that there was no difference between tadalafil and placebo in change from baseline in the IPSS. Assuming a 10% drop-out, 125 subjects in each treatment group would result in the 112 subjects with baseline and post-baseline efficacy data to have 80% power to detect a difference of 2.0 points in the change from baseline in the IPSS compared with placebo, assuming a standard deviation for the change in IPSS from baseline of 6.0. The null hypothesis was tested using a one-tailed test at the 0.05 significance level.
The primary efficacy analysis used an ANCOVA model of change in the IPSS from baseline to Visits 4 and 5, respectively. Testing of the null hypothesis for the two six week treatment periods was based on least-squares means for the treatment-group contrasts within the ANCOVA model for each follow-up visit. Each null hypothesis was evaluated against a one-sided alpha of 0.05. No adjustment was made for multiple comparisons. Terms in the ANCOVA model included baseline IPSS, previous use of alpha blockers, treatment group, geographic region and baseline-by-treatment group interaction. If the interaction was not significant (p ≥ 0.10), it was removed from the model. Last observation carried forward was used in the analysis of Week 12 data for the efficacy variables. ANCOVA modelling was also used for the analyses of most of the secondary efficacy endpoints. No correction for multiplicity was made for the secondary efficacy endpoints.
Of 479 subjects screened, 281 subjects were randomised, 143 subjects to the placebo group, 138 subjects to the tadalafil group. Of the subjects in the placebo group, 133 (93.0%) completed Week 6 and had the sham dose escalation and 126 subjects (88.1%) completed the protocol. Of the subjects in the tadalafil group, 129 subjects (93.5%) completed Week 6 and had the dose of tadalafil increased to 20 mg, and 125 subjects (90.6%) completed the protocol.
Primary and secondary efficacy analyses were undertaken, unless stated otherwise, on an ITT basis and included all randomly assigned subjects who had baseline and at least one post-baseline observation. The analyses of safety variables included all randomised subjects.
The subject demographics and baseline characteristics were generally similar between the two treatment groups. The mean age of subjects was 61.5 years (range 45.0- 82.4 years) and the majority of subjects were Caucasian (81.1%). Over half the subjects (55.2%) had had LUTS for more than three years and just over a third (36.3%) had IPSS of 20 or more indicating a LUTS severity of severe. The mean IPSS at baseline was 17.9.
There were improvements in IPSS in both the tadalafil and placebo treatment groups between baseline and Weeks 6 and 12, respectively. The results of the primary analysis showed statistically significant differences in the LS mean changes in IPSS from baseline to Week 6, and from baseline to Week 12, between the tadalafil 5 mg/20 mg group and the placebo group (Table 11). For subjects in the tadalafil group (receiving 5 mg daily), subjects had a LS mean change of -2.8 from baseline (Week 0) to endpoint (Week 6) compared with a LS mean change of -1.2 in the placebo group (p=0.003). From baseline to Week 12, the LS mean change in IPSS was also greater in the tadalafil group compared with the placebo group (LS mean change: placebo -1.7 (SE 0.49), tadalafil 5mg/20mg -3.8 (SE 0.50); p <0.001). The results of secondary analyses for the primary endpoint, based on randomised subjects who had completed the dose escalation visit (Visit 4) and the per-protocol population, were consistent with the results of the primary analysis.
Table 11: Study H6D-MC-LVGC: IPSS (all randomised subjects) (LOCF analysis).
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Results of secondary endpoints specifically relevant to information in the proposed PI were the BII and IIEF EF Domain. The change in BII between baseline and Weeks 6 and 12 respectively were greater in the tadalafil group compared with the placebo group (Week 6: LS mean change placebo (n=137) -0.4, tadalafil 5mg/20mg (n=130) -0.7); Week 12: LS mean change placebo (n=138) -0.6, tadalafil 5mg/20mg (n=130) -1.3). The IIEF EF Domain analyses were exploratory. In men who answered “yes” to a sexual activity question at Visit 2, and who also had ED, the LS mean IIEF EF Domain score increased from baseline to endpoint (Week 6 and Week 12 respectively) to a greater extent in the tadalafil 5 mg/20 mg group compared with the placebo group (Weeks 0-6: LS mean change placebo (n=74) 0.6, tadalafil 5mg/20mg (n=78) 6.0; Weeks 0-12: LS mean change placebo (n=74) 1.4, tadalafil 5mg/20mg (n=78) 7.7).
Comment: The inclusion and exclusion criteria were similar to the inclusion and exclusion criteria stipulated for the pivotal efficacy studies.
The results of the primary efficacy outcome are supportive of the results of the pivotal efficacy studies.
There was no null hypothesis related to the primary safety objective.
[bookmark: _Toc336418817]Study H6D-MC-LVHG Open-label extension (LVHG OLE)
This was primarily a safety study with the following secondary efficacy objectives:
To evaluate the long-term effectiveness of tadalafil 5 mg once-a-day dosing throughout the one year open-label extension period in men with BPH-LUTS as measured by the IPSS, the IPSS storage (irritative) subscore, the IPSS voiding (obstructive) subscore, IPSS Question 7 (nocturia), IPSS Quality of Life (QoL) Index and the BII.
To examine the effect of tadalafil 5 mg once-a-day dosing on erectile function in men with both BPH-LUTS and ED, as assessed by the IIEF EF Domain. 
Analyses of effectiveness were reported to be primarily descriptive. Based on all subjects enrolled in the open-label extension (OLE) period, there were decreases in total IPSS from Visit 3 to endpoint (n=416; mean change -5.0 (SD 6.7)) and Visit 6 to endpoint (n=416; mean change -0.9 (SD 5.7)). The largest decreases in total IPSS from Visit 6 to endpoint were in subjects who had been randomised to the placebo (mean change -2.2 (SD 5.3)) and tadalafil 2.5 mg groups (mean change -2.5 (SD 5.1)) in the double-blind treatment period. In subjects randomised to the tadalafil 5 mg and tadalafil 20 mg groups there were small mean increases in total IPSS from Visit 6 to endpoint (mean change tadalafil 5mg 0.2 (SD 5.4) ; tadalafil 20mg 0.8 (SD 6.4)). Subjects who had been randomised to tadalafil 10 mg during the double-blind period had a small mean decrease in total IPSS from Visit 6 to endpoint (-0.2 (SD 5.8)). The mean change in total IPSS from Visit 6 to Visit 8, during which time subjects transitioned from the randomised treatment to tadalafil 5 mg, was largest in the placebo group (placebo -2.9 (SD 5.1), tadalafil 2.5mg -1.2 (SD 4.2), tadalafil 5mg -0.6 (SD 3.7), tadalafil 10mg -0.7 (SD 4.9), tadalafil 20mg -0.6 (SD 4.2)).
Based on descriptive statistics, the IPSS total score was maintained at the end of the open-label period in subjects who were randomised to tadalafil 5 mg in the double-blind treatment period (Visit 6 (Week 12)) mean IPSS total (n=83) 12.7 (SD 7.1), Visit 12 (Week 64) mean IPSS total (n=60) 11.4 (SD 7.5)).
Changes from Visit 3 to endpoint, and from Visit 6 to endpoint, in the IPSS storage (irritative) subscore, IPSS voiding (obstructive) subscore and IPSS-QoL, respectively, were consistent with the changes in the total IPSS. For the IPSS Question 7 (nocturia), there was a small mean change from Visit 3 to endpoint (-0.5 (SD 1.3)) but not from Visit 6 to endpoint (0.0 (SD 1.1)).
The overall mean BII (regardless of randomised treatment group during the double-blind period) decreased from Visit 3 to endpoint (mean change -1.3 (SD 2.7)) and to a lesser extent from Visit 6 to endpoint (mean change -0.3 (SD 2.4)). Subjects randomised to placebo and tadalafil 2.5 mg during the double-blind period had a minimal decrease in BII between Visit 6 and endpoint. Subjects who had received tadalafil 5 mg, 10 mg or 20 mg in the double-blind period had minimal increases in BII between Visit 6 and endpoint.
The mean IIEF EF Domain score increased from Visit 3 to endpoint (mean change 5.9 (SD 7.6)) and from Visit 6 to endpoint (mean change 1.1 (SD 8.0)). Between Visit 6 to endpoint, mean IIEF EF Domain score increased in subjects who had been randomised to placebo (mean change 6.8 (SD 8.0)) and tadalafil 2.5 mg (mean change 1.3 (SD 6.5)) and decreased in subjects who had been randomised to the other treatment groups (mean change: tadalafil 5mg -0.1 (SD 6.8); tadalafil 10mg -3.2 (SD 9.0); tadalafil 20mg-0.1 (SD 6.2)).
Comment: For subjects who had received tadalafil 5mg for the whole LVHG study period (double-blind treatment phase and OLE) the decrease in total IPSS that was observed during the double-blind treatment period was maintained during the OLE period indicating that the effect of tadalafil was maintained over the one year period of the open-label extension. The decreases in IIEF-EF Domain score in subjects who had been randomised to tadalafil to 5 mg, 10 mg and 20 mg during the double-blind period were small and did not show a dose-response effect. The small mean decrease in IIEF-EF Domain score, between the end of the double-blind treatment period and endpoint in the OLE period, seen in subjects who received tadalafil 5 mg though the double-blind period and the OLE period is unlikely to be considered clinically significant.
[bookmark: _Toc336418818]Study H6D-MC-LVHS (LVHS)
This was primarily a safety study with a secondary efficacy objective that was to evaluate the change from baseline to endpoint for the IPSS when tadalafil 5 mg once daily is added to concomitant alpha blocker therapy, compared to adding placebo to concomitant alpha blocker therapy, for 12 weeks in the treatment of men with BPH-LUTS.
Based on the primary analysis population, the difference in the LS mean change from baseline (Visit 3) to endpoint (last non-missing post baseline value) in total IPSS for the tadalafil 5 mg treatment group was not statistically significant compared with the placebo group (LS mean change: placebo -1.33, tadalafil 5mg -2.20; treatment difference in LS mean change -0.87 (SE 0.58); 95% CI [-2.01, 0.26]; p=0.130).
Comment: The study sample size was based on the primary safety outcome. Therefore, the study may not have had the power to evaluate the difference in total IPSS between the treatment groups. The results of this secondary efficacy outcome showed a greater mean change in total IPSS from baseline to endpoint in the tadalafil 5 mg group compared with the placebo group. This result is supportive of the results in the pivotal studies.
[bookmark: _Toc336418819]Study H6D-MC-LVHK (LVHK)
This was primarily a safety study with a secondary efficacy objective that was to assess the efficacy of tadalafil 20 mg once daily for 12 weeks in the treatment of men with BPH-LUTS as examined using the IPSS. The secondary efficacy outcome was change in IPSS from baseline to endpoint. The sponsor indicated that the study sample size lacked power to evaluate differences in total IPSS between the treatment groups.
Based on the primary analysis population, there was a decrease in IPSS total score in both the placebo group and tadalafil 20 mg group from baseline to endpoint (mean change: placebo -5.04 (SD 6.93), tadalafil 20mg -9.13 (SD 6.90)).
Comment: The results of this secondary endpoint showed a greater mean change in total IPSS from baseline to endpoint in the tadalafil 5 mg group compared with the placebo group. This result is supportive of the results in the pivotal studies.
[bookmark: _Toc290846280][bookmark: _Toc336418820]Studies conducted in Asian countries
Study H6D-MC-LVHT (LVHT)
Study LVHT was a phase 2, randomised, double-blind, placebo-controlled, parallel design pilot study. It was conducted in ten study centres in Korea between October 2007 and June 2008. This study was conducted to estimate the effect of tadalafil once daily dosing on efficacy and safety outcomes using tamsulosin hydrochloride once daily as an active control, to estimate IPSS changes and variability in Asian men, and to guide the design of future studies examining the effect of tadalafil in the treatment of BPH-LUTS in Asian men.
The primary objective of the study was to evaluate the change from baseline of tadalafil 5 mg once daily, compared with placebo, in IPSS total score after 12 weeks in Asian men with BPH-LUTS. Subjects were Asian men aged 45 years or older with moderate to severe BPH-LUTS (IPSS total ≥ 13) and evidence of bladder obstruction.
The study had three periods – a screening/wash-out period (up to 4 weeks), single-blind placebo run-in period (4 weeks) and a 12 week double-blind treatment period. At Visit 3, eligible subjects were stratified by LUTS severity and prior alpha-blocker therapy and randomly assigned to tadalafil 5 mg, placebo or tamsulosin 0.2 mg once daily in a 1:1:1 ratio. Subjects received a dose of one tablet and one capsule once daily, either a placebo capsule and tablet (placebo group), a placebo capsule and tadalafil 5 mg tablet (tadalafil 5 mg group) or a tamsulosin 0.2 mg capsule and placebo tablet (tamsulosin 0.2 mg group).
The planned sample size was 150 subjects. The number of randomised subjects anticipated to complete the study (135 subjects - 45 per group) was calculated to have a 50% power to detect a 2.5 difference between two treatments in the change from baseline in the IPSS total score and 80% power to detect a 3.6 difference between two treatments, assuming a 6.0 unit standard deviation of change from baseline in IPSS total score. The primary analysis population included all randomised subjects with at least one non-missing post-baseline assessment. Efficacy analyses were performed on an ITT basis. The primary efficacy comparison was between tadalafil 5mg and placebo and the primary inferential analysis was the difference in mean change in IPSS total from baseline (Visit 3, Week 0) to endpoint (Visit 6 (Week 12) or early discontinuation) between tadalafil 5 mg and placebo. LOCF data imputation methodology was used for subjects who discontinued the study early or who were missing post-baseline data. An ANCOVA model was used to analyse the primary endpoint. The model included effects for treatment, prior alpha blocker use and baseline IPSS total as a covariate. It is indicated by the sponsor that, as this was a pilot study, the study was not powered for the primary endpoint.
Of 196 subjects screened, 151 subjects were randomised and received the study drug (placebo n=51, tadalafil 5mg n=51, tamsulosin 0.2mg n=49). The majority of subjects in each treatment group completed the study (placebo n=47, tadalafil 5mg n=48, tamsulosin 0.2mg n=48). The primary analysis population included almost all randomised subjects (placebo 98.0% (n=50), tadalafil 5 mg 98.0% (n=50), tamsulosin 0.2mg 100.0% (n=49)) as did the per-protocol population (placebo 92.2% (n=47), tadalafil 5mg 94.1% (n=48), tamsulosin 0.2mg 98.0% (n=48)). The mean age of study subjects was 61.6 years (range 46.3-78.5 years), 99.3% of whom were aged less than 75 years. All subjects were East Asian. Overall, 59.6% of subjects had ED, of whom the majority had ED of mild severity (57.8%) and a duration of ED of one year or more (77.8%). Baseline LUTS severity was reported as moderate (IPSS <20) in 68.2% of subjects and severe in the remainder. Almost half of study subjects (45.7%) had used an alpha blocker within the previous 12 months. Mean PVR was 35.7 mL (SD 44.3) at baseline. The baseline demographic characteristics of subjects in each of the treatment groups were generally similar.
For the primary analysis population, there was an improvement in the IPSS total score from baseline to endpoint in both the placebo and tadalafil 5 mg group but the difference in the change between the two treatment groups was not statistically significant (LS mean change: placebo -4.2 (SE 0.6), tadalafil 5mg -5.8 (SE 0.6); LS mean of the treatment group difference -1.7; 95% CI [-3.5, 0.2]; p=0.073). The results in the per-protocol population were consistent with the results in the primary analysis population. The results of additional analyses for the primary endpoint were also consistent. For the comparison of tadalafil 5 mg with placebo, the results of analyses for the secondary efficacy outcomes, changes from baseline to endpoint in IPSS irritative (storage) subscore, IPSS obstructive (voiding) subscore, IPSS Question 7 (nocturia), IPSS QOL and BII, were supportive of the results of the primary efficacy analysis.
Comment: The study was not powered for the primary endpoint as it was a pilot study. The trend in the results with a higher decrease in IPSS total in the tadalafil 5 mg group compared with the placebo group is consistent with the results of other studies submitted in this submission to support the BPH indication.
Study H6D-JE-LVIA (LVIA) double blind period
Study LVIA was conducted in Japan in 19 study centres between November 2008 and June 2009.
It was a phase 2, randomised, double-blind, placebo-controlled, parallel design, dose-ranging study of 12 weeks duration. The study had two phases. Phase 1 consisted of a 2 week screening/washout period, 4 week placebo lead-in period and 12 week double-blind treatment period. Phase II was a 42 week open-label extension period. In the double-blind treatment period, subjects were randomly assigned in a 1:1:1 ratio to placebo, tadalafil 2.5 mg or tadalafil 5 mg once daily orally for 12 weeks after stratification by BPH severity and prior alpha blocker therapy. Subjects received two tablets each day during the placebo lead-in (two 2.5 mg placebo tablets) and during the double-blind treatment period (placebo group: two 2.5 mg placebo tablets, tadalafil 2.5 mg group: one 2.5 mg tadalafil tablet and one 2.5 mg placebo tablet, tadalafil 5 mg group: two 2.5 mg tadalafil tablets).
The primary objective of the double-blind period was to compare tadalafil 5 mg once daily, and tadalafil 2.5 mg once daily, to placebo in the change of IPSS total score from baseline to Week 12. There were a number of secondary efficacy objectives. A secondary objective of this study was to assess tadalafil pharmacokinetics in Japanese men with BPH following once daily dosing of tadalafil 2.5 mg and 5 mg. Study subjects were Japanese men aged 45 years or older with diagnosed BPH-LUTS for more than six months and an IPSS total score ≥ 13. A prostate volume of ≥ 20 mL was also an inclusion criterion.
The efficacy analyses were performed on an intent-to-treat basis. The primary analysis population included all subjects who were randomised and started study medication (full analysis set). Secondary analyses for the efficacy variables were conducted using all subjects who completed the 12 week double-blind treatment period and who had taken at least 70% of prescribed doses (per protocol population). The safety analysis set included randomised subjects who had received study treatment grouped by the treatment taken.
For the primary efficacy analysis, a step-down procedure was used with a comparison of tadalafil 5 mg with placebo first undertaken followed by the comparison of tadalafil 2.5 mg with placebo if a significance level of 0.05 was achieved for the 5 mg dose. The primary analysis of the change in IPSS total score from baseline (Visit 3 (Week 0)) to endpoint (Visit 7 (Week 12) or discontinuation) was undertaken using an ANCOVA model. Baseline IPSS total score was a covariate and treatment group and prior alpha blocker therapy were included as fixed effects. The planned sample size was approximately 420 subjects (140 subjects in each treatment group). With 137 subjects per treatment group, the study was considered to have 90% power to detect a mean difference, between the tadalafil 5mg group and placebo, in the change from baseline to endpoint in IPSS total score of -2.36 points, assuming a standard deviation of 6.0 and a two sided significance level of 0.05. With 137 subjects per treatment group, the study had a power of approximately 80% to detect a treatment difference in change in IPSS total from baseline between tadalafil 2.5 mg and placebo of 2.0 points.
Of 494 subjects who entered the study, 422 were randomised and received double-blind study treatment (placebo n=140, tadalafil 2.5mg n=142, tadalafil 5mg n=140 (full analysis set)). A high proportion of subjects completed the study (93.4%). The proportion of subjects from each treatment group who met the criteria for the per-protocol set was similar (placebo 92.9% (n=130), tadalafil 2.5mg 95.8% (n=136), tadalafil 5mg 90.7% (n=127)). The demographics and other baseline characteristics of randomised subjects in each of the treatment groups were similar. Overall, the mean age of subjects was 66.8 years (SD 7.3) (range 45.4-87.4 years) with the highest proportion of subjects aged between 65 and 74 years. At baseline, 71.6% of subjects had BPH of moderate severity and the remaining subjects had BPH that was severe. Subjects had had BPH for a mean duration of 4.2 years (SD3.1) at baseline and the majority had used alpha blockers within the previous 12 months (77.0%) but not other BPH therapy (19.7%) or OAB therapy (6.9%). Mean PVR at baseline was 33.0mL (SD 42.1).
The results of the primary analysis, on the full analysis set, revealed an improvement in the total IPSS in the three treatment groups from baseline to endpoint (LS mean change: tadalafil 5mg (n=140) -4.9 (SE 0.4), tadalafil 2.5mg (n=142) -4.5 (SE 0.4), placebo (n=139) -3.8 (SE 0.4)). The difference in the change from baseline to endpoint between the tadalafil 5 mg group and the placebo group was not statistically significant (LS mean of the treatment difference -1.1 (SE 0.6); 95% CI [-2.2, 0.1]; p=0.062). The difference in the change from baseline to endpoint between the tadalafil 2.5 mg group and the placebo group was not statistically significant either (LS mean of the treatment difference -0.7 (SE 0.6); 95% CI [- 1.8, 0.4]; p=0.201).
A secondary analysis was performed on the per-protocol set using the same ANCOVA model. The difference in change between baseline and endpoint in IPSS total was statistically significant for the comparison of tadalafil 5 mg with placebo (LS mean change tadalafil 5mg (n=127) -5.2 (SE0.4), placebo (n=130) -3.9 (SE 0.4); LS mean of the treatment difference -1.2 (SE 0.6); 95% CI [- 2.4, -0.1]; p=0.034) but not for the comparison between tadalafil 2.5 mg with placebo (LS mean change tadalafil 2.5mg (n=136) -4.4 (SE0.4), placebo (n=130) -3.9 (SE 0.4); LS mean of the treatment difference -0.5 (SE 0.6); 95% CI [-1.6, -0.6]; p=0.367). In a repeated measures analysis of IPSS total, performed on the full analysis set, there was a greater improvement from baseline in IPSS total in the tadalafil groups compared with the placebo group at each time point (Visits 4-7) but the differences between the groups were small.
Based on the full analysis set, changes in peak flow rate from baseline to endpoint, a secondary efficacy outcome, were similar in all three treatment groups (LS mean change :placebo (n=136) 1.4 (SE 0.3), tadalafil 2.5 mg (n=140) 0.7 (SE 0.3), tadalafil 5 mg (n=135) 0.6 (SE 0.3)).
Based on a subgroup analysis by baseline BPH severity, subjects who had a baseline BPH severity of severe had greater improvements in IPSS total from baseline to endpoint in both tadalafil treatment groups compared with placebo (LS mean change: placebo (n=39) -3.6 (SE 0.5), tadalafil 2.5mg (n=42)-5.9 (SE 0.5), tadalafil 5mg (n=38) -7.9 (SE 0.5)) than those subjects who had a baseline BPH severity of moderate (LS mean change: placebo (n=100) -4.0 (SE 0.8), tadalafil 2.5mg (n=100)-4.0 (SE 0.8), tadalafil 5mg (n=102) -3.8 (SE 0.8)).
Comment: Although there was not statistically significant difference between the tadalafil 5 mg group and the placebo group with regard to the primary outcome based on the full analysis set, there was a greater decrease in IPSS total in the tadalafil 5 mg group compared with the placebo group, consistent with the results of other studies submitted to support the BPH indication.
The inclusion and exclusion criteria for this study were generally consistent with those of the pivotal efficacy studies.
Study H6D-JE-LVIA open label extension
The open label extension of study LVIA, the second phase of study LVIA, was undertaken between March 2009 and April 2010. Phase I of study LVIA, which includes the double-blind treatment period, is described above. After subjects had finished the double-blind treatment period of Phase 1 at Visit 7 (Week 12,), they entered the 42 week open-label extension which ended at Visit 18 (Week 54). During the open-label period all subjects received tadalafil 5 mg once daily (two 2.5 mg tadalafil tablets).
The objectives of the open-label extension period, which were secondary objectives of the study LVIA, were to assess the long-term safety of tadalafil 5mg once daily dosing for one year in Japanese men with BPH as examined by adverse events, vital signs, clinical laboratory tests, PSA and PVR, and to evaluate the long-term effectiveness of tadalafil 5mg once daily dosing for one year as measured by the IPSS total score, IPSS subscores, IPSS QOL, OABSS and Qmax.
Safety analyses included all subjects who had received at least one dose of tadalafil in the open-label extension period. Efficacy analyses included all subjects enrolled in the open-label extension period with a baseline and at least one post-baseline efficacy evaluation after Visit 7.
Of the 394 subjects who completed the double-blind treatment period, all entered the open-label extension period and received at least one dose of tadalafil 5 mg. Of the 422 subjects randomised at Visit 3 (Week 0), 323 subjects (76.5%) completed the open-label period. By treatment received in the double-blind period, the proportions of subjects who enrolled in the open-label extension period who completed it were similar (placebo 77.1% (n=101), tadalafil 2.5mg 83.7% (n=113), tadalafil 5mg 85.2% (n=109)). The exposure data indicate that 110 subjects who had been randomised to tadalafil 5 mg during the double-blind treatment period had received 40 or more weeks of tadalafil 5 mg during the open-label extension.
In the open-label treatment period, the mean age of subjects was 66.6 years (range 45.4 to 83.5 years), the majority of subjects had a BPH severity at Visit 3 of moderate (72.1%) and had used alpha blocker therapy within the previous 12 months of Visit 1 (76.6%). The mean duration of BPH was 4.2 years (SD 3.1) at Visit 1. Mean PVR was 33.7 mL (SD 42.9). The majority of subjects (97.2%) were treatment compliant.
Based on all subjects enrolled in the OLE period, the change in IPSS total score from the start of the double-blind treatment period (Visit 3) to the end of the open-label extension period (endpoint, Visit 18) was -5.6 (SD 5.9). The change from Visit 7 (end of the double-blind treatment period) to endpoint was -1.2 (SD 4.6). The decrease in IPSS total was greatest for subjects who were randomised, during the double-blind treatment period of study LVIA, to placebo, compared with tadalafil 2.5 mg and tadalafil 5 mg, for both the change from Visit 3 to Visit 18 and the change from Visit 7 to Visit 18.
From Visit 7 (end of the double-blind treatment period) to Visit 9 (six weeks after the start of open-label tadalafil 5 mg) subjects who had been in each of the three treatment groups during the double-blind treatment period had small mean decreases in IPSS total score (mean change: placebo (n=125) -1.8 (SD 3.2), tadalafil 2.5mg (n=134) -0.7 (SD 3.1), tadalafil 5mg -1.2 (SD 2.8)) and the mean IPSS total scores at Visit 18 (Week 54) were similar to those at Visit 9 for each of these subgroups of subjects. There was a small increase in mean peak flow rate, a secondary efficacy outcome, from Visit 3 to endpoint (1.94 mL/sec (SD 4.61)) and from Visit 7 to endpoint (1.16 mL/sec (SD 4.40)).
Comment: The improvement in IPSS total from baseline to endpoint observed in the tadalafil 5mg group during the double-blind treatment period was maintained during the OLE period of 42 weeks.
The number of subjects who had at least 52 weeks of exposure to tadalafil 5 mg during the double-blind and open-label extension periods of study LVIA does not appear to be specified. In the double-blind period, 106 subjects were exposed to tadalafil 5 mg for at least 12 weeks but it is unclear if these subjects all entered the OLE period of the study.
Study H6D-MC-LVHB (LVHB)
Study LVHB was undertaken in 34 study centres in Japan, Korea and Taiwan. The study was undertaken between March 2009 and June 2010. This study was a phase 3, randomised, double-blind, placebo and tamsulosin controlled, parallel design study. Study subjects were Asian men aged 45 years or older with BPH-LUTS and evidence of bladder outlet obstruction. The primary objective was to compare the change in IPSS total score from baseline to Week 12 for tadalafil 5mg once daily, versus placebo, in Asian men with signs and symptoms of BPH.
The study had three periods: a screening/wash-out period, a four week single-blind placebo lead-in period and a 12 week double-blind treatment period. After stratification by BPH severity, prior alpha blocker therapy and country, eligible subjects were randomly assigned in a 1:1:1:1 ratio to tadalafil 5 mg, tadalafil 2.5 mg, tamsulosin HCl 0.2 mg or placebo once daily. A double-dummy design was used. During the placebo lead–in and double-blind treatment periods each subject received a once daily dose of three tablets consisting of active and/or placebo tablets according to the treatment group.
The primary efficacy outcome was the difference between tadalafil 5 mg once daily and placebo in the change in IPSS total score from baseline (Visit 3, Week 0) to endpoint (Visit 7, Week 12) in the full analysis set using LOCF data imputation methodology. Secondary efficacy variables included IPSS subscores, IPSS QoL, BII and Qmax. The planned sample size was 560 randomised subjects (140 per treatment group). Based on a two-sided t-test at significance level of 0.05 and standard deviation of 6.0 units, 137 subjects per treatment group provided 90% power to detect a difference from placebo of 2.36 points in the IPSS total score change from baseline to endpoint. The study was not powered to show non-inferiority or superiority in a comparison between the tamsulosin HCl and tadalafil treatment groups.
For the primary analysis of IPSS total, all doses were compared with placebo in an ANCOVA model that included treatment group, prior alpha blocker therapy and country as fixed effects and baseline IPSS total score as a covariate. There was no adjustment for multiplicity for the primary endpoint as the sole primary comparison was tadalafil 5 mg versus placebo. The primary analysis population was the full analysis set which included subjects who were randomised and started study medication. All efficacy analyses were performed on an ITT basis.
Seventeen subjects from one study site were not included in the efficacy and safety analyses as a result of GCP violations (hardcopy source documents/records were lost). Excluding these 17 subjects, of 784 subjects who entered the study, 612 were randomised (placebo n=154, tadalafil 2.5mg n=151 tadalafil 5mg n=155, tamsulosin HCl 0.2mg n=152). All randomised subjects received double-blind study drug. A higher number of subjects discontinued the study in the tadalafil groups (tadalafil 2.5mg n=15 (9.9%), tadalafil 5mg n=18 (11.6%) compared with the placebo n=9 (5.8%)) and tamsulosin HCl 0.2mg (n=9 (5.9%)) groups, predominantly due to a higher number of adverse events and subject decision. The proportions of subjects in the per-protocol set (subjects who completed the 12 week double-blind treatment period and were ≥ 70% compliant) were higher in the placebo and tamsulosin 0.2mg groups than the tadalafil groups (placebo 93.5% (n=144), tadalafil 2.5mg 89.4% (n=135), tadalafil 5mg 87.7% (n=136), tamsulosin 0.2 mg 94.1% (n=143)). The mean age of study subjects was 63.1 years (range 44.9-86.2 years) and the majority were from Japan (Japan 55.9%, Korea 29.4%, Taiwan 14.7%). At Visit 3 (baseline), 66.7% of subjects had BPH of moderate severity (IPSS total < 20) and mean PVR was 36.7mL (SD 44.5). At screening, the mean duration of BPH was 3.7 years (range 0.4-19.1 years) and 54.7% of subjects had used an alpha blocker within the previous 12 months. The demographics and other baseline characteristics of subjects in each of the treatment groups were generally similar.
Based on the full analysis population, IPSS total score decreased in all treatment groups from baseline to endpoint (LS mean change: placebo (n=154) -3.0 (SE 0.4), tadalafil 2.5mg (n=151) -4.8 (SE 0.4), tadalafil 5mg (n=155) -4.7 (SE 0.4), tamsulosin HCl 0.2mg (n=152) -5.5 (SE 0.4)). For the primary efficacy outcome, the difference in the change from baseline to endpoint in the tadalafil 5 mg group compared with the placebo group was statistically significant in the full analysis population (LS mean of placebo-adjusted change from baseline: -1.7 (SE 0.6), 95% CI[-2.9, -0.6], p=0.004). The results in the per-protocol population were consistent as were the results in the full analysis population including the 17 subjects excluded from the analyses as a result of the GCP violation. The results of additional analyses for the primary outcome, and the results for the secondary efficacy outcomes, were supportive of the results of the primary analysis for the primary efficacy outcome. Based on the full analysis set, the change from baseline to endpoint in Qmax was similar in the four treatment groups (LS mean change: placebo 2.1 mL/sec (SE 0.4), tadalafil 2.5 mg 1.6 mL/sec (SE 0.4), tadalafil 5 mg 1.3 mL/sec (SE 0.4) tamsulosin 0.2 mg. 2.1mL/sec (SE 0.4)).
Comment: The results of the primary efficacy analysis are supportive of the results of the pivotal efficacy studies as there was a greater improvement in IPSS total from baseline to endpoint in the tadalafil 5mg group compared with the placebo group based on the full analysis set.
The inclusion and exclusion criteria for this study were generally consistent with the inclusion and exclusion criteria of the pivotal efficacy studies as were the criteria for discontinuation of subjects from the study and the prohibited concomitant therapies.
The magnitude of the treatment effect to be detected was the same as that used to calculate the sample size in study LVIA. Both were based on the upper bound of the one-sided 70% confidence interval for the mean difference between tadalafil 5mg and placebo in the change from baseline to endpoint (Week 12) in IPSS total score from study LVHG.
Change from baseline to endpoint in Qmax was a secondary outcome. The differences between the treatment groups in relation to the change from baseline in Qmax were small.
[bookmark: _Toc241374312][bookmark: _Toc272414656][bookmark: _Toc290846281][bookmark: _Toc336418821]Analyses performed across trials (pooled analyses and meta-analyses)
[bookmark: _Toc290846279][bookmark: _Toc336418822]Integrated analysis set (studies LVHG, LVHJ, LVHR and LVID)
Integrated analyses of the 12 week double-blind treatment period data from the four pivotal studies LVHG, LVHJ, LVHR and LVID were undertaken. In the integrated analysis set, a total of 752 subjects were randomised to tadalafil 5 mg and 748 subjects were randomised to placebo. The majority of subjects completed the 12 week double-blind treatment period of the study in which they were enrolled (integrated data set: placebo 87.6% (n=655); tadalafil 5 mg 89.1% (n=670)). The mean age of subjects randomised to placebo and to tadalafil 5 mg respectively was 63.1 years. The majority of subjects in the integrated analysis set were aged 65 years or under (59.0% in both the tadalafil 5mg group (n=444) and placebo group (n=441)). Forty-one percent of subjects in each group were aged over 65 years (placebo n=307; tadalafil 5mg n=308) and a small proportion of subjects were aged 75 years or older (placebo 12.4% (n=93), tadalafil 5mg 11.2% (n=84)). At baseline the majority of subjects in the integrated analysis set had mild to moderate LUTS severity (approximately 65% in both groups) and had ED (placebo 77.0%, tadalafil 5mg 77.8%). Of those subjects with ED, a similar proportion of subjects in each treatment group were sexually active with an adult female partner at study entry (placebo 88.0% (n=505); tadalafil 5mg 89.1% (n=521)). Almost half of the subjects in each treatment group had a Qmax < 10mL/sec (placebo 48.2%, tadalafil 45.4%)and approximately a quarter of subjects in each group had previously used alpha blocker therapy (placebo 27.4%, tadalafil 27.1%) and PDE5 –inhibitor therapy (placebo 22.3%, tadalafil 23.0%).
ANCOVA models were used to analyse continuous data and included terms for centred baseline of the variable of interest, treatment group, region, protocol, baseline-by-treatment interaction and treatment-by-region interaction. If an interaction p-value was ≥ 0.10 it was removed from the final model. LOCF data imputation was used if data were missing at the final visit. The p values associated with the estimated differences between the treatment groups were assessed for significance at a two-sided 0.05 level. There were no adjustments for multiplicity undertaken for the analyses of the integrated data.
Based on the integrated analysis set, the LS mean change in IPSS total score was greater in the tadalafil 5 mg group compared with the placebo group (LS mean change placebo (n=735) -2.7, tadalafil 5mg (n=742) –5.0) and the difference between the groups in the change from baseline to endpoint in IPSS total was statistically significant (LS mean of the treatment difference -2.3 (SE 0.30); 95% CI [-2.9, -1.7]; p <0.001) (Table 12). The results based on the integrated analysis set were consistent with the results of each of the four pivotal efficacy studies.
Table 12: Summary of IPSS total score – change from baseline to endpoint in the double-blind treatment period (LOCF) – Overall integrated analysis set and individual studies LVHG, LVHJ, LVHR and LVID.
[image: Table 12: Summary of IPSS total score – change from baseline to endpoint in the double-blind treatment period (LOCF) – Overall integrated analysis set and individual studies LVHG, LVHJ, LVHR and LVID.]
An integrated analysis of data from studies LVHJ and LVID was undertaken to examine the change in IPSS total from baseline to Week 1, based on the mIPSS, comparing subjects treated with tadalafil 5 mg and those treated with placebo. The integrated analysis was based on the primary analysis populations of these two studies. There was a statistically significant greater LS mean change from baseline to Week 1 in the tadalafil 5mg group compared with the placebo group (LS mean change placebo (n=333) -1.7, tadalafil 5mg (n=330) –3.0; LS mean of the treatment difference -1.3 (SE 0.34); 95% CI [-2.0, -0.6]; p <0.001). The results of the individual studies, LVHJ and LVID, were consistent in that the LS mean change from baseline to Week 1 were greater in the tadalafil 5mg group compared with the placebo group (LS mean change: LVHJ placebo (n=164) -2.6, tadalafil 5mg (n=161) –3.4; LVID placebo (n=172) -2.4, tadalafil 5mg (n=171) –4.1). However, the LS mean of the treatment difference was only statistically significant for study LVID.
Based on the integrated analysis set, the changes from baseline to Week 4, and from baseline to Week 8, respectively, showed a statistically significant decrease in the tadalafil 5mg treatment group compared with the placebo group. For the change from baseline to Week 4 the LS mean of the treatment difference was -2.3 (SE 0.27) 95% CI [-2.8, -1.8]; p <0.001. For the change from baseline to Week 8 the LS mean of the treatment difference was -1.9 (SE 0.29) 95% CI [-2.5, -1.3]; p <0.001. The results of the individual studies were consistent. Repeated measures analyses were also undertaken on the integrated analysis set, and on the primary analysis population of each of the four pivotal studies. The results of the analyses in the integrated analysis set, and for each individual study, showed statistically significant decreases in IPSS total score in the tadalafil 5 mg group compared with the placebo group from baseline to Weeks 4, 8 and 12, respectively.
Analyses of the integrated data were also undertaken for a number of secondary efficacy outcomes.
Based on the integrated analysis set, the change from baseline to endpoint in the double-blind treatment period (LOCF) in BII showed a statistically significant greater improvement in the tadalafil 5mg treatment group compared with the placebo group (LS mean change: placebo (n=725) -0.9, tadalafil 5mg (n=735) -1.6; LS mean of the treatment difference -0.7 (SE 0.13); 95% CI [-1.0, -0.5]; p <0.001). In each of the four individual trials, there were greater mean improvements in BII from baseline to endpoint the tadalafil 5mg group compared with the placebo group.
Based on the integrated analysis set, there was a statistically significant improvement (p <0.001) from baseline to endpoint in the double-blind treatment period in IPSS QOL, patient global impression of improvement and clinician global impression of improvement in subjects receiving treatment with tadalafil 5mg compared with placebo. The results of the individual studies were consistent.
In the integrated analysis set, no significant treatment by subgroup interactions were detected between age category, baseline LUTS severity, ED status at study entry, previous alpha blocker therapy, previous PDE5 inhibitor therapy and region and change from baseline to endpoint in IPSS total. In sexually active subjects with ED in the integrated analysis set, the change in IIEF EF Domain from baseline to endpoint during the double-blind treatment period was statistically significant (p <0.001), consistent with the results of the individual studies. These subgroup analyses were exploratory.
Comment: The study designs and study inclusion and exclusion criteria and subjects were generally similar across the four studies that comprised the integrated analysis set. Study LVHR included only men with both BPH-LUTS and ED whereas the other three studies included men with BPH-LUTS, a proportion of whom had ED (LVHG, LVHJ and LVID). Bladder outlet obstruction was an inclusion criterion for studies LVHG, LVHR and LVID but an exclusion criterion for study LVHJ. Each of the studies included a tadalafil 5 mg and placebo treatment arm. Two of the studies included treatment arms with other doses of tadalafil and one study had an active treatment arm (tamsulosin 0.4 mg). Change from baseline to endpoint in IPSS total was the pivotal primary efficacy outcome in three of the studies and a co-primary endpoint in one study (LVHR). Change from baseline to endpoint in BII was a key secondary efficacy outcome in three studies with control for type 1 error undertaken, and a secondary efficacy outcome in study LVHG with no control for multiple comparisons.
The sponsor proposes to indicate in the PI that patients treated with Cialis 5 mg once daily in each of the four pivotal efficacy studies had clinically meaningful improvements in lower urinary tract symptoms. It is unclear if a “clinically meaningful improvement” in total IPSS is based on the mean change from baseline to Week 12 in the tadalafil 5 mg group, the placebo-adjusted change in the tadalafil 5 mg group, or the limits of the 95% confidence interval for the placebo-adjusted change. It is indicated that in each of the four pivotal efficacy studies, and in the integrated analysis set, there were clinically meaningful improvements in BPH symptoms as the improvement (decrease) in total IPSS from baseline to endpoint was greater than 3 points. The clinically meaningful total IPSS results cited for these studies, and the integrated analysis set, were the LS mean changes from baseline to endpoint for the tadalafil 5 mg group. As there was an improvement in total IPSS score in the placebo groups in each of the four pivotal studies, the improvement in total IPSS score that can be attributed to tadalafil 5 mg would be the placebo-subtracted LS mean change. It is noted that the LS mean difference between the tadalafil 5 mg and placebo groups for studies LVHG, LVHJ, LVHR, LVID and the integrated analysis set were -2.6,-1.9, -2.3,-2.1 and -2.3, respectively. This suggests that the placebo effect plus the effect of tadalafil 5 mg contributed to the clinically meaningful improvement of more than 3 points, rather than tadalafil 5 mg alone. The 95% confidence intervals for the LS mean difference in the change from baseline in the tadalafil 5 mg and placebo treatment groups in studies LVHG, LVHJ, LVHR, and LVID, and the integrated analysis set, respectively, were [ -3.7, -1.5],[-3.2, -0.6], [ -3.5, -1.2], [-3.3, -0.8], and [-2.9, -1.7]. These confidence intervals suggest that the placebo-adjusted improvement in total IPSS in patients receiving treatment with tadalafil 5 mg once daily in the population may or may not be clinically meaningful.
The integrated analysis set appears to be derived from simple pooling of data for subjects in the tadalafil 5 mg and placebo groups in the primary analysis populations of the four pivotal studies. The results from the pivotal studies do not appear to have been synthesised using meta-analyses. It is not clear if the integrated analyses were pre-specified. There was no adjustment for multiple comparisons. The sponsor is requested to clarify if the integrated analyses were pre-specified and to confirm if the data from the four pivotal efficacy studies were integrated using simple pooling.
The sponsor proposes to include in the CLINICAL TRIALS section of the PI, the results of the primary efficacy outcome, change from baseline to endpoint in total IPSS, based on the integrated data from the four pivotal efficacy studies. In addition, the sponsor also proposes to include the results of the secondary efficacy outcomes, change from baseline in BII, based on the integrated data from the four pivotal efficacy studies, and change from baseline to Week 1 in total IPSS based on the integrated data from studies LVHJ and LVID.
With regard to the proposed addition to the draft PI of the results of the primary efficacy outcome from the integrated data, the data from the pivotal studies do not appear to have been synthesised using meta-analyses. It is suggested, therefore, that this information is removed from the draft PI or the sponsor justifies why it should remain in the PI. The results of the individual pivotal studies included in this section impart the same information regarding the statistical superiority of tadalafil 5 mg over placebo in improving total IPSS score as the results of the integrated analysis set.
The sponsor proposes to include in the PI the results of the change from baseline to Week 1 in IPSS total based on the integrated data from studies LVHJ and LVID. The results do not appear to be derived from a formal meta-analysis. The change from baseline to Week 1 was a key secondary outcome in studies LVHJ and LVID. In both studies a fixed sequence testing procedure was used for comparisons between tadalafil 5 mg and placebo to control for familywise Type 1 error in the analyses of primary and multiple key secondary efficacy outcomes. Both studies showed a greater numerical decrease in IPSS total from baseline to Week 1 in the tadalafil 5 mg group compared with the placebo group. The treatment difference was statistically significant in study LVID only. It is recommended that the results of the change from baseline to Week 1 in IPSS total based on the integrated data from studies LVHJ and LVID are removed from the draft PI. If the sponsor wishes to include the results of the change from baseline to Week 1 in IPSS total from these two studies, it is suggested that a qualitative description is included in the PI.
It is recommended that proposed information in relation to the BII is modified. The information in the draft PI based on the integrated data but the results do not appear to be derived from a formal meta-analysis. BII was a key secondary outcome in these four pivotal studies. The results of each of the individual studies showed a similar improvement in BII from baseline to endpoint in the tadalafil 5 mg group compared with the placebo group but the difference between the treatment groups was not statistically significant in study LVHJ. A fixed sequence testing procedure was undertaken to control for Type 1 error in primary and multiple key secondary analyses in studies LVHJ and LVID. In study LVHR, pre-specified decision rules for interpreting the significance of co-primary and key secondary analyses based on a gatekeeping procedure were used to control familywise Type 1 error. It is indicated in the clinical study report for LVHG that adjustment for multiple comparisons was not undertaken for the secondary efficacy outcomes. It is suggested that the sponsor include a qualitative description of the results of the BII results in the four pivotal studies but stipulating that there was no adjustment for multiple comparisons in study LVHG.
The guideline “Clinical Investigation of Medicinal Products in Geriatrics” (26) suggests that for medicines used in diseases that occur in the elderly, but which are not unique to this age group, a minimum of 100 subjects would allow detection of clinically important differences. Based on the integrated analysis data from the four pivotal studies , there were more than 100 subjects aged over 65 treated with tadalafil 5 mg (n=308) but fewer than 100 subjects aged 75 years or older (n=93). Including subjects from the non-pivotal efficacy studies, more than 100 subjects aged 75 years or older were treated with tadalafil 5 mg in the studies supporting the use of tadalafil to treat BPH-LUTS.
[bookmark: _Ref271126605][bookmark: _Toc272414657][bookmark: _Toc290846282][bookmark: _Toc336418823]Evaluator’s conclusions on clinical efficacy for the treatment of the signs and symptoms of benign prostatic hyperplasia (BPH) in adult men
Four double-blind pivotal efficacy studies were submitted to support the proposed use of tadalafil for the treatment of the signs and symptoms of BPH in adult men. The studies were similar in design and subject inclusion and exclusion criteria. Subjects were aged 45 years and older and had moderate to severe BPH-LUTS.
The primary efficacy variable in three studies, and the co-primary efficacy variable in one study, was the internationally validated self-administered IPSS questionnaire. The IPSS questionnaire is used to assess the severity of symptoms of BPH-LUTS. In each pivotal study the principal analysis of the primary efficacy outcome was the comparison between tadalafil 5 mg and placebo. The use of a placebo comparison group is reasonable in these studies even though there are other treatments available for the treatment of BPH-LUTS. Untreated BPH-LUTS would not usually be considered life-threatening and would not normally lead to irreversible morbidity.
Based on the primary analysis populations of the four pivotal efficacy studies (LVHG, LVHJ, LVHR and LVID), the least squares mean change from baseline to endpoint in total IPSS score for tadalafil 5 mg was similar across the groups, ranging from -4.8 to -6.1. In each of the studies a placebo effect was seen with a least squares mean improvement in total IPSS score for placebo ranging from -2.2 to -4.2. The differences between the tadalafil 5 mg and placebo groups in the mean changes from baseline to endpoint in total IPSS score were statistically significant in all four studies.
There is evidence that a clinically meaningful improvement in IPSS total is a decrease of more than 3 points. However, it is unclear if the clinically meaningful improvement in total IPSS in the tadalafil 5 mg group in each of the four pivotal efficacy studies was assessed based on the mean change from baseline to Week 12 in the tadalafil 5 mg group, the placebo-adjusted change in the tadalafil 5 mg group, or the limits of the 95% confidence interval for the placebo-adjusted change.
The results of the non-pivotal efficacy studies, including studies in Asian populations, also showed a greater improvement in the change from baseline to endpoint in total IPSS for tadalafil 5 mg compared with placebo, although the treatment difference was not statistically significant in all studies.
In the open-label extension periods of two studies, the improvements in total IPSS score from baseline to endpoint in the double-blind treatment phase for tadalafil 5 mg persisted for 42 weeks and 52 weeks respectively.
As BPH-LUTS increases with age it is likely that a large proportion of patients who may use tadalafil for the treatment of BPH-LUTS will be elderly. With the ageing of the population in Australia, the absolute number of men, including men aged 75 years and older, who could potentially take tadalafil for the treatment of BPH-LUTS is anticipated to increase. In total, across the pivotal and non-pivotal efficacy studies of 12 weeks duration, there were adequate numbers of subjects aged over 65 years and aged 75 years or older. However, it is anticipated that tadalafil will be used long-term in the proposed indication. In the open-label extension periods of studies LVIA and LVHG only 43 and 33 of the enrolled subjects were aged 75 years. It is recommended that a statement is included in the PI that the number of subjects aged 75 years or older who received tadalafil 5 mg for more than 12 weeks in studies supporting this indication is limited. It is also recommended that the proportion of all subjects, who received tadalafil 5 mg for more than 12 weeks in studies supporting the BPH indication, who were aged 75 years or older is specified.
The pivotal studies had a large number of exclusion criteria. The efficacy of tadalafil 5 mg once daily in the proposed indications has, therefore, not been evaluated in the subgroups of the potential target population who have these medical conditions.
No objective measures of the signs of BPH were included as primary or key secondary efficacy variables in the pivotal efficacy studies. It is unclear to the evaluator why the proposed indication includes the treatment of the signs of BPH. The sponsor is requested to clarify the wording of the proposed indication in this regard.
[bookmark: _Toc336418824][bookmark: _Toc367221421]Treatment of ED and the signs and symptoms of BPH in adult men
[bookmark: _Toc336418825]Pivotal efficacy studies
[bookmark: _Toc336418826]Study H6D-MC-LVHR (LVHR)
Study LVHR was a phase 3, randomised, double-blind, placebo-controlled, parallel-design study. This study was also submitted to support the proposed indication “treatment of the signs and symptoms of benign prostatic hyperplasia (BPH) in adult men”. The study is described above.
In summary, the study objective was to evaluate the efficacy of tadalafil taken once daily for 12 weeks compared with placebo in improving both total IPSS and IIEF Erectile Function Domain score in men with both ED and signs and symptoms of BPH. Tadalafil 2.5 mg and 5 mg were compared with placebo. The co-primary efficacy outcomes were change from baseline to endpoint in total IPSS and IIEF-EF Domain score for subjects taking tadalafil 2.5 mg or 5 mg once daily compared with placebo.
There was an improvement in total IPSS from baseline to endpoint in all three treatment groups. The LS mean change was greatest in the tadalafil 5 mg group (LS mean change: placebo (n=194) -3.8, tadalafil 2.5mg (n=191) -4.6, tadalafil 5mg (n=206) -6.1). The LS mean difference of the change from baseline to endpoint in total IPSS between the tadalafil 5 mg group and the placebo group was statistically significant at the prespecified alpha level of 0.0271 (LS mean treatment difference -2.3 (SE 0.58); 95% CI [-3.5, -1.2]; p<0.001). Comparing the tadalafil 2.5 mg and placebo treatment groups, the LS mean difference of the change from baseline to endpoint in total IPSS was not statistically significant (LS mean treatment difference -0.8; 95% CI [-2.0, 0.4]; p=0.181).
There was also an improvement in the IIEF EF Domain score in all three treatment groups between baseline and endpoint. The greatest LS mean change was in the tadalafil 5 mg group (LS mean change: placebo (n=190) 1.8, tadalafil 2.5mg (n=190) 5.2, tadalafil 5mg (n=203) 6.5). The LS mean difference of the change from baseline to endpoint was statistically significant for the tadalafil 5 mg group compared with the placebo group and the tadalafil 2.5 mg group compared with the placebo group at the prespecified alpha level of 0.0271. (Tadalafil 5mg compared with placebo: LS mean treatment difference 4.7 (SE 0.66); 95% CI [3.4, 6.0]; p<0.001; Tadalafil 2.5mg compared with placebo: LS mean treatment difference 3.4 (SE 0.67); 95% CI [2.1, 4.7]; p<0.001).
The change from baseline to endpoint for both total IPSS and IIEF EF Domain score were statistically significant only for the tadalafil 5 mg group compared with the placebo group, not the tadalafil 2.5 mg group compared with placebo, therefore only the tadalafil 5 mg versus placebo comparison met the criteria for statistical significance stipulated in the prespecified gatekeeping procedure (Figure 4).
Comment: Study LVHR is the only study supporting the proposed indication “treatment of ED and the signs and symptoms of BPH (ED/BPH) in adult men”. The study subjects had both BPH-LUTS and ED and is therefore also a supporting study for the proposed indication “treatment of the signs and symptoms of benign prostatic hyperplasia (BPH) in adult men”.
Based on the guidance in the TGA-adopted EMA guideline “Points to consider on application with 1. Meta-analyses 2. One pivotal study” (CPMP/EWP/2330/99) (30), a single supporting study for this indication would appear to be adequate. Although no studies replicating the results of study LVHR have been included in the dossier, the efficacy of tadalafil 5 mg in the treatment of men with BPH-LUTS has been demonstrated in three pivotal studies included in this submission (LVHG, LVHJ and LVID) and once a day dosing with tadalafil 5 mg for the treatment of ED in adult males is already an approved indication in Australia (1).
The evaluation of the long-term efficacy of tadalafil 5 mg once daily was a secondary objective of study LVHG OLE. The results of this study support the efficacy of tadalafil 5 mg once daily for the treatment of BPH-LUTS over 64 weeks. Of men with BPH-LUTS in the open-label extension of study LVHG, 55.04% (n=235) had ED and were sexually active. Of these 235 subjects, there were end point data for 229 subjects. Based on descriptive statistics, mean IIEF EF Domain score increased in subjects from baseline to the end of the randomised treatment period and the improvement was still present at the endpoint (last non-missing post-baseline value after Visit 7). These results were seen regardless of the dose of tadalafil received during the double-blind treatment period. This suggests that the improvement in IIEF EF Domain score is maintained with ongoing use. It is not specified how many subjects with ED who were sexually active had 52 weeks of tadalafil 5 mg once daily. The current PI for Cialis (1) states that there is insufficient evidence on the maximum duration of once-a-day dosing treatment for ED and that the appropriateness of continued use of the once-a-day regimen should be reassessed periodically. As the IIEF–EF Domain score was a secondary efficacy measure in a subset of the study population of study LVHG OLE it would be appropriate to include a similar statement in the PI under the sub-heading in the DOSAGE AND ADMINISTRATION section relating to the treatment of ED and BPH-LUTS in adult men.
Of note, the number of subjects aged over 65 years in the tadalafil 5 mg group in study LVHR was 83, fewer than the number recommended in the guideline “Clinical investigation of medicinal products in geriatrics” (26) to allow detection of a clinically important difference in this subgroup versus younger subjects. Only 21 randomised subjects were aged 75 years or older. There were no detectable differences in treatment effects between the age subgroups (≤ 65 and > 65 years and <75 and ≥ 75 years) for each of the co-primary endpoints. Across all the pivotal BPH studies, however, more than 100 subjects aged over 65 were treated with tadalafil 5mg and, including subjects from the non-pivotal efficacy studies, more than 100 subjects aged 75 years or older were treated with tadalafil 5 mg. This number of subjects would appear adequate to support the proposed indication in relation to the treatment of BPH. In relation to the treatment of ED, tadalafil 5 mg once daily dosing for the treatment of ED is already approved in Australia without restriction on the age of the patient who can use tadalafil in this indication.
Study LVHR did not include subjects enrolled in Australia. The majority of subjects were white and from the regions Europe and North America. These results may not be generalisable to the whole Australian population which is comprised of people of many different ethnic origins. However, the efficacy of tadalafil 5 mg once daily for the treatment of BPH-LUTS had been supported by the pivotal and non-pivotal efficacy studies that included subjects of different ethnic origins and from different countries. Tadalafil 5 mg once daily is already approved for the treatment of ED in Australia.
[bookmark: _Toc336418827]Other efficacy studies
There were no non-pivotal efficacy studies with a primary endpoint relating to this indication. In pivotal studies LVHG, LVHJ and LVID, in which all study subjects had BPH-LUTS, the change from baseline to endpoint in IIEF EF Domain in men in the primary analysis population with ED, and who were sexually active, was a secondary efficacy outcome. It was a key secondary efficacy outcome in study LVHJ only. The results showed a greater mean improvement in the tadalafil 5 mg group compared with the placebo group from baseline to endpoint in all three studies.
Study LVGC, a non-pivotal efficacy study, included IIEF EF Domain as a secondary efficacy outcome. The results of this study were consistent with the results of the pivotal studies.
IPSS total was evaluated in men with BPH-LUTS, who had a history of ED at study entry, in the primary analysis populations of pivotal studies LVHG, LVHJ and LVID. The mean change from baseline to endpoint was greater in the tadalafil 5 mg group compared with the placebo group in both subjects who had a history of ED, and those who did not, across all three studies. No statistically significant treatment-by-ED status interactions were detected. These subgroup analyses were considered exploratory.
Comment: The results of the secondary efficacy outcome, change from baseline to endpoint in IIEF EF, in the subset of the men with BPH-LUTS who had ED and were sexually active in pivotal studies LVHG, LVHJ and LVID are supportive of the proposed indication. Although exploratory, the results of the subgroup analyses of change from baseline to endpoint in IPSS total by ED status at study entry are also supportive of the proposed indication.
There was also one study that related to erectile dysfunction only (Study H6D-MC-LVDI).
[bookmark: _Toc336418828]Study H6D-MC-LVDI (LVDI)
Study LVDI was a phase 2, randomised, double-blind, double-dummy, placebo-controlled, parallel-design study. It was conducted in 34 study centres in Japan. Subjects were males aged 20 years or older with a history of ED for a duration of three months or more and who were in a monogamous sexual relationship with a female partner. There were a large number of exclusion criteria including exclusion of subjects from the study who had ED caused by other primary sexual disorders or by untreated endocrine disease, subjects who had evidence of clinically significant renal insufficiency or hepatobiliary disease and subjects with certain cardiovascular conditions.
The primary objectives of this study were:
to evaluate the efficacy of tadalafil at doses of 10 mg and 20 mg, compared with placebo when taken on-demand for 12 weeks in male Japanese patients with ED as measured by change from baseline to endpoint in IIEF EF Domain score and the percentage of “yes” responses to Question 2 and Question 3 of the SEP dairy
to assess the safety of tadalafil in male Japanese patients with ED
This study had numerous secondary objectives including the verification of the dose-response curve in male Japanese patients with ED as measured by the IIEF EF Domain score, and further characterisation of the pharmacokinetics of tadalafil. It is indicated in the submission that a separate pharmacokinetic report was planned.
The study had a treatment-free run-in period of approximately four weeks and a treatment period of 12 weeks. There were four treatment groups: placebo, tadalafil 5mg, tadalafil 10mg and tadalafil 20mg. Subjects took a dose of three tablets daily prior to expected sexual activity (placebo group: 5mg placebo tablet + two 10mg placebo tablets; 5mg tadalafil group: 5mg tadalafil tablet + two 10mg placebo tablets; 10mg tadalafil group: 5mg placebo tablet+ 10mg tadalafil tablet + 10mg placebo tablet; 20mg tadalafil group: 5mg placebo tablet+ two 10mg tadalafil tablets). Subjects were instructed to take no more than one dose daily.
Subjects were stratified across the study sites into mild, moderate and severe groups based on their IIEF EF Domain scores at baseline. Subjects were randomly assigned within each severity group into treatment groups in a 1:1:1:1 ratio using a dynamic allocation method.
The primary efficacy variables were the IIEF EF Domain and SEP diary Questions 2 and 3. The IIEF was administered at baseline (Visit 2) and then at four week intervals corresponding to Visits 3, 4 and 5. The SEP diary books were given to subjects at Visits 1 to 4 and each diary was collected at the subsequent visit.
The primary efficacy endpoints were change from baseline to endpoint in IIEF-EF Domain score and percentage of “Yes” responses to Question 2 and Question 3 of the SEP diary, respectively.
For the IIEF EF Domain score, baseline was Visit 2 (Week 0) and endpoint was Visit 5 (Week 12). If the Visit 5 IIEF EF Domain score was not available, the last non-missing post-baseline value was carried forward. For any individual Domain at any visit, if less than 30% of the individual questions making up that Domain were missing for that subject at any visit, the missing questions were imputed with the mean of the non-missing questions for that subject at that visit, rounded to the nearest integer. If 30% or more of the individual questions in that Domain were missing at a specific visit, then the Domain was considered missing for that visit for that subject.
For SEP Questions 2 and 3, the baseline score was the subject’s percentage of “yes” responses to the respective questions during the run-in period (between Visit 1 and Visit 2) and the endpoint score was the percentage of “yes” responses to the respective questions during the post-baseline period.
Two doses of tadalafil, 10mg and 20mg, were evaluated in the primary analyses of the primary efficacy variables. There were two null hypotheses in relation to the comparison of these two doses of tadalafil to placebo. Each null hypothesis was made up of three hypotheses relating to each of the primary efficacy variables – that there was no difference in tadalafil (10mg or 20mg) versus placebo in change from baseline on, respectively, the IIEF EF Domain, Question 2 and Question 3 of SEP. The null hypothesis concerning the 10mg and 20mg doses of tadalafil versus placebo respectively was rejected only if all three component hypotheses were rejected. The p-value for testing each null hypothesis was adjusted by the method of Dunnett for the comparison of two doses with placebo.
Each test was two-tailed. For each comparison of tadalafil versus placebo, the null hypothesis was rejected if the adjusted p value for each of the three component hypotheses was < 0.05.
Rejection of the null hypothesis for either dose of tadalafil versus placebo was interpretable as statistically significant due to the Dunnett correction for multiple comparisons with respect to dose.
ANCOVA models were used to evaluate change from baseline for the primary efficacy variables. The models included terms for the centered baseline value of the efficacy variable, treatment group, pooled site and the centred baseline-by-treatment group interaction. In any model if the interaction was not significant (p ≥ 0.10), it was removed from the model and the main effects model was used to obtain the between treatment group p-value. The testing of the null hypotheses was based on least squares means for treatment group contrasts within the model for each of the three primary efficacy variables.
The sample size of 300 subjects overall (75 subjects in each of the treatment groups) was reported to detect a significant treatment effect between the placebo and tadalafil dose on SEP Question 2 at a power of 80% and for the 10mg and 20mg tadalafil treatment groups at a power of more than 99%. Observed data from a number of tadalafil studies were used in the determination of the sample size.
The primary analyses were undertaken on an intent-to-treat basis. For each of the primary efficacy variables, the analyses included all subjects with baseline and post-baseline observations. Questionnaire responses were treated as continuous variables.
Of 382 subjects screened, 343 subjects were randomised: 86 subjects to the placebo group, 85 subjects to the tadalafil 5 mg group, 86 subjects to the tadalafil 10 mg group and 86 subjects to the tadalafil 20 mg group. Discontinuations were highest in the placebo group (placebo n=19, tadalafil 5mg n=8, tadalafil 10mg n=7, tadalafil 20mg n=7). The most common reason for discontinuation in the placebo group was lack of efficacy, patient perception (n=14). The proportions of subjects who completed the study were higher in the tadalafil groups than the placebo group (placebo 77.9% (n=67), tadalafil 5mg 90.6% (n=77), tadalafil 10mg 91.9% (n=79), tadalafil 20mg 91.9% (n=79)).
All subjects were of Japanese origin. The mean age of subjects was 55.12 years (range 20.47 years -79.12 years). Overall, 88.3% of subjects had had ED for at least one year. The IIEF erectile function severity at baseline was mild, moderate and severe in 37.3% 24.2% and 38.5% of randomised subjects, respectively. The demographic and baseline characteristics of subjects in each treatment group were generally similar.
From baseline to endpoint, there were improvements in the mean IIEF EF score, and the mean per-patient proportion of successful insertions of the patient’s penis into his partner ‘s vagina (SEP Question 2) and successful intercourse (SEP Question 3) increased in the placebo, tadalafil 10 mg and tadalafil 20 mg treatment groups. The LS mean changes in the IIEF EF Domain score were greater in the tadalafil 10 mg and 20 mg groups compared with the placebo group and the differences in the LS mean changes between the tadalafil groups and the placebo group, respectively, were statistically significant (Table 13). For SEP Question 2, the LS mean change from baseline to endpoint in the proportion of successful penetrations of the patient’s penis into his partner’s vagina was greater for both the tadalafil 10 mg group and the tadalafil 20 mg group compared with the placebo group and the differences between the tadalafil groups and placebo group were both statistically significant (Table 14). For SEP Question 3, the LS mean change in the proportion of successful intercourse attempts was greater in the tadalafil groups compared with the placebo group. The difference in the LS mean change from baseline to endpoint between the tadalafil 10 mg group and placebo group and the tadalafil 20 mg group and placebo were both statistically significant (Table 15). The results of the secondary efficacy analyses were supportive of the results of the primary efficacy analyses.
Table 13: Study H6D-MC-LVDI: IIEF EF Domain – LOCF analysis summary (all randomised subjects).
[image: Table 13: Study H6D-MC-LVDI: IIEF EF Domain – LOCF analysis summary (all randomised subjects).]
Table 14: Study H6D-MC-LVDI: SEP Question 2 (insertion of penis into vagina) – post-baseline versus baseline summary (all randomised subjects).
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Table 15: Study H6D-MC-LVDI: SEP Question 3 (successful intercourse) – post-baseline versus baseline summary (all randomised subjects).
[image: Table 15: Study H6D-MC-LVDI: SEP Question 3 (successful intercourse) – post-baseline versus baseline summary (all randomised subjects).]
For the IIEF EF Domain score, the increase in the LS mean change from baseline to endpoint increased with increasing tadalafil dose (LS mean change: tadalafil 5mg = 7.514, tadalafil 10mg = 9.098, tadalafil 20mg = 9.381).
Comment: This study included subjects with ED but not BPH therefore it is not supporting the proposed indication rather the currently approved indication “Cialis is indicated for the treatment of erectile dysfunction in adult males.”
[bookmark: _Toc336418829]Analyses performed across trials (pooled analyses and meta-analyses)
[bookmark: _Toc336418830]Integrated analysis set (studies LVHG, LVHJ, LVHR and LVID)
There was only one study submitted to support the proposed use of tadalafil for the treatment of ED and the signs and symptoms of BPH in adult men, study LVHR.
In the integrated analysis set of studies LVHG, LVHJ, LVHR and LVID, there were 745 subjects in the placebo group and 752 in the tadalafil 5 mg group, of whom 77.0% and 77.8%, respectively, had ED at study entry. Of the men with ED at study entry, 88.0% (n=505) in the placebo group and 89.1% (n= 521) in the tadalafil 5 mg group were sexually active with an adult female partner at study entry. There was improvement in both treatment groups in the IIEF-EF Domain (placebo (n=487) LS mean change 1.5, tadalafil 5mg (n=507) LS mean change 6.3). The LS mean treatment difference was statistically significant between the tadalafil 5 mg and placebo groups (LS mean treatment difference 4.8 (SE 0.44); 95% CI [3.9. 5.6]; p <0.001.) The results of the individual studies were consistent with the results of the pooled analysis.
Comment: It is not clear if the change in IIEF-EF Domain from baseline in the subset of sexually active subjects with ED, receiving tadalafil 5 mg, compared with placebo, was a pre-specified outcome and if the statistically significant treatment difference could be due to chance.. Based on the absolute change from baseline to endpoint only, subjects with BPH-LUTS who had ED and were sexually active had a greater improvement from baseline to endpoint in IIEF EF Domain score compared with placebo. These results support the proposed indication.
[bookmark: _Toc336418831]Evaluator’s conclusions on clinical efficacy for the treatment of ED and the signs and symptoms of BPH in adult men
A single phase 3, randomised double-blind, placebo-controlled study, study LVHR, was submitted to support the use of tadalafil in the treatment of ED and the signs and symptoms of BPH in adult men. There was a significantly greater improvement from baseline to endpoint for tadalafil 5 mg, compared with placebo, for both of the co-primary efficacy outcomes, total IPSS score and IIEF-EF Domain score. For the comparison between tadalafil 2.5 mg and placebo, the change from baseline to endpoint was statistically significant only for the IIEF-EF Domain score. It is unclear if the clinically meaningful improvements in total IPSS and IIEF-EF Domain in the tadalafil 5 mg treatment group of study LVHR were assessed based on the mean change from baseline to Week 12 in the tadalafil 5 mg group, the placebo-adjusted change in the tadalafil 5 mg group, or the limits of the 95% confidence interval for the placebo-adjusted change.
The results of study LVHR support the proposed indication at the proposed dosage of 5 mg once daily. These results are supported by relevant secondary and exploratory analyses undertaken in the other three pivotal efficacy studies. Change from baseline to endpoint in IIEF EF Domain was a secondary efficacy outcome in the in pivotal studies LVHG, LVHJ, and LVID. In these studies, subjects with BPH-LUTS who had ED, and were sexually active, in the tadalafil 5 mg group had a greater mean improvement in IIEF-EF Domain from baseline to endpoint compared with the placebo group. Although not confirmatory, these results support the proposed indication. IPSS total was evaluated in men with BPH-LUTS, who had a history of ED at study entry, in the primary analysis populations of pivotal studies LVHG, LVHJ and LVID. The mean change from baseline to endpoint was greater in the tadalafil 5 mg group compared with the placebo group in both subjects who had a history of ED, and those who did not, across all three studies. Although these subgroup analyses were exploratory, the results are also supportive of the proposed indication.
Study LVHR, the single study submitted to support this indication, was of 12 weeks duration. No long-term efficacy data were provided in relation to the study subjects. However, for men with BPH-LUTS, long-term efficacy of tadalafil 5 mg once daily was evaluated as a secondary objective of study LVHG OLE. The results of this study support the efficacy of tadalafil 5 mg once daily for the treatment of BPH-LUTS over 64 weeks. IIEF EF Domain was also a secondary efficacy measure in this study. Fifty-five per cent of subjects (n=235) had ED and were sexually active. Based on descriptive statistics, mean IIEF EF Domain score increased in subjects from baseline to the end of the randomised treatment period and the improvement was still present at the end of the OLE period. These results were seen regardless of the dose of tadalafil received during the double-blind treatment period. This suggests that the improvement in IIEF –EF Domain score is maintained with long-term use. The current PI for Cialis (1) states that there is insufficient evidence on the maximum duration of once-a-day dosing treatment for ED and that the appropriateness of continued use of the once-a-day regimen should be reassessed periodically. As the IIEF-EF Domain score was a secondary efficacy measure in study LVHG OLE, and subjects with ED who were sexually active were only a subset of all study subjects, it would be appropriate to include a similar statement in relation to the results of once daily doing of tadalafil 5 mg on IIEF-EF Domain in this study.
Of note, the number of subjects aged over 65 years in the tadalafil 5 mg group in study LVHR was 83, fewer than the number recommended in the guideline “Clinical investigation of medicinal products in geriatrics” (26) to allow detection of a clinically important difference in this subgroup versus younger subjects. Only 21 randomised subjects were aged 75 years or older. There were no detectable differences in treatment effects between the age subgroups (≤ 65 and > 65 years and <75 and ≥ 75 years) for each of the co-primary endpoints. Across all the pivotal BPH studies, however, more than 100 subjects aged over 65 were treated with tadalafil 5mg and, including subjects from the non-pivotal efficacy studies, more than 100 subjects aged 75 years or older were treated with tadalafil 5 mg. This number of subjects would appear adequate to support the proposed indication in relation to the treatment of BPH. In relation to the treatment of ED, tadalafil 5 mg once daily dosing for the treatment of ED is already approved in Australia without restriction on the age of the patient who can use tadalafil in this indication.
Study LVHR had a large number of exclusion criteria. The efficacy of tadalafil 5 mg once daily in the proposed indication has, therefore, not been evaluated in the subgroups of the potential target population who have these medical conditions.
No objective measures of the signs of BPH were included as primary or key secondary efficacy variables in the pivotal efficacy studies. It is unclear to the evaluator why the proposed indication includes the treatment of the signs of BPH. The sponsor is requested to clarify the wording of the proposed indication in this regard.
[bookmark: _Toc367221422]Clinical safety
[bookmark: _Toc272414659][bookmark: _Toc290846284][bookmark: _Toc336418833][bookmark: _Toc367221423]Studies providing evaluable safety data
[bookmark: _Ref268776745]The evaluable safety data included data from pivotal efficacy studies, pivotal studies that assessed safety as a primary efficacy, non-pivotal efficacy studies, a study relating to the ED indication, and clinical pharmacology studies. An integrated analysis of safety data from the four pivotal efficacy studies was undertaken by the sponsor.
Comment: The pivotal efficacy and safety studies had a large number of exclusion criteria. The safety of the use of tadalafil in the proposed indications has, therefore, not been assessed for patients with excluded medical conditions.
Exclusion criteria of particular importance include renal impairment, hepatic impairment and certain cardiac and coronary conditions. As BPH-LUTS affects ageing men, it is anticipated that a proportion of men will have such conditions. The existing precautions in relation to hepatic impairment and renal impairment that are included in the currently approved PI appear to be adequate for the proposed indication. The current PI includes contraindications to the use of tadalafil in groups of patients with cardiovascular disease that were not included in the ED trials. These contraindications are applicable to the proposed indications also. There are a number of cardiovascular conditions that were exclusion criteria in the pivotal studies in the proposed indications that are not proposed as contraindications or precautions in the draft PI. It is recommended that cardiovascular conditions that were exclusion criteria in the pivotal studies are included in the PI as contraindications or precautions in relation to the use of tadalafil in the treatment of BPH-LUTS and the treatment of ED and BPH-LUTS. The sponsor is requested to summarise the important exclusion criteria in the introductory paragraph describing the four pivotal studies in the Clinical Trials section of the PI.
Pivotal efficacy studies
Comment: Safety data from the four pivotal efficacy studies (LVHG, LVHJ, LVHR, LVID) relate to both of the proposed indications as all men had BPH-LUTS. The demographics and baseline characteristics of the subjects in study LVHR, the study supporting the indication treatment of ED and the signs and symptoms of BPH in adult, were similar to those of the other three studies. The only difference was all the men in study LVHR had ED compared with a proportion of men in the other three pivotal efficacy studies.
In the pivotal efficacy studies, the following safety data were collected: adverse events, post-void residual volume (PVR), clinical chemistry and haematology and urinalysis.
Additional safety data were collected in one or more of the pivotal studies as follows:
Vital signs: LVHG, LVID
Uroflowmetry: LVHJ, LVHR and LVID
Orthostatic vital signs: LVHR, LVHJ
ECG: LVHG
PSA: LVHG
General adverse events
General adverse events were collected at each visit and included adverse events reported since informed consent was given (including protocol-related adverse events in studies LVHJ, LVHR and LVID). Study subjects were to report adverse events to the investigator. Adverse events were assessed to determine if they were treatment-emergent and if they were related to the study drug (or protocol).
Comment: The method by which adverse events were collected does not appear to have been described.
AEs of particular interest
In study LVHG, adverse events of particular interest, based on previous regulatory concerns or relevance to BPH-LUTS disease state, were TEAEs related to the cardiovascular system, vision/eyes, hepatic system, PSA and urinary tract invasive procedures. From the MedDRA dictionary terms were chosen to reflect these adverse events of interest. Cases in the safety database matching the list of MedDRA terms were evaluated further to gain additional knowledge about any correlation with tadalafil.
Orthostatic signs were of particular interest in studies LVHJ and LVHR. Blood pressure and heart rate were measured at Visits 2 to 7 according to a protocol. A subject was reported to have had a positive orthostatic test if they met one of the following criteria at any time as assessed from supine to standing position: SBP decrease ≥ 20mmHg, DBP decrease ≥ 10mmHg, heart rate increase ≥ 20 beats/minute or unable to remain standing during the orthostatic assessment. A treatment-emergent positive orthostatic test was defined as one in which one of the four criteria was present at any post-baseline visit but was not present at baseline (Visit 3). Subjects were to report adverse events upon standing during the orthostatic vital sign assessment. TEAEs were events first reported or worsened in severity during the assessment. The Visit 3 assessment was used as the baseline severity for a specific AE preferred term.
Adverse events possibly related to hypotension were of particular interest in study LVID. TEAEs possibly related to hypotension were assessed using a list of predefined MedDRA preferred terms. HR, SBP and DBP in the sitting position were measured at each visit. Potentially significant vital signs occurring during the double-blind treatment period were summarised using the criteria:
Heart rate: Low if <50 beat per minute (bpm) and the decrease from baseline was ≥15 bpm, High if >120 bpm and the increase from baseline was ≥15 bpm.
Systolic blood pressure: Low if ≤90 mm Hg and the decrease from baseline was ≥20 mm Hg, High if ≥160 mm Hg and the increase from baseline was ≥20 mm Hg.
Diastolic blood pressure: Low if ≤50 mm Hg and the decrease from baseline was ≥10 mm Hg, High if ≥100 mm Hg and the increase from baseline was ≥10 mm Hg.
Laboratory tests
Clinical haematology and chemistry and urinalysis were undertaken in each of the pivotal studies. In study LVHG, clinical haematology and chemistry, and urinalysis, were performed at Visits 1, 3, 6 (Weeks -8 to -5, 0, 6). In the other three pivotal studies, standard laboratory tests including chemistry, haematology and urinalysis were collected at Visit 1 (Week -8 to -5), Visit 3 (Week 0) and Visit 7 (Week 12) or the final visit for subjects who discontinued the study early. A central laboratory performed all the clinical laboratory assessments.
PSA testing was done in study LVHG at Visit 1 (Week -8 to -5), Visit 3 (Week 0) and Visit 6 (Week 12). Blood samples for the PSA were to be collected at least 48 hours after the subject’s most recent ejaculation. To monitor the possible effect of time and frequency of ejaculation on serum PSA subjects were asked to record the date and time of each ejaculation in ejaculation diaries given to them at Visits 2, 3, 4 and 5. The completed diary for the period between the visits was returned to the study sites. PSA was only measured once in the other three studies, during the screening/wash-out period.
Other safety variables assessed
Post-void residual volume (PVR)
Post-void residual volumes were determined by ultrasound at all six study visits in study LVHG. In studies LVHJ, LVHR and LVID, PVR was determined by ultrasound at Visits 1, 3 and 7. There was a specific protocol for the PVR determination.
ECG
In study LVHG, ECGs were done at Visit 1 (screening) and Visit 6 (final study visit). ECGs were to be electronically obtained and sent to an interpreted by a specific central cardiologist who was to compare each tracing sequentially to evaluate if there were treatment-emergent ECG wave abnormalities. Standardised codes for wave form changes were used.
Uroflowmetry
In studies LVHJ, LVHR and LVID, uroflowmetry measurements were performed at Visits 2 (Week -4), 3 (Week 0) and 7 (Week 12). Parameters assessed were Qmax (peak urine flow rate), Qmean (mean urine flow rate) and Vcomp (volume of voided urine). Results were considered valid only if the pre-void bladder volume was ≥ 150 to ≤ 550 mL on ultrasound and the voided volume was ≥ 125 mL. In study LVHJ, the uroflowmetry data were read by the principal investigator. In studies LVHR and LVID, at Visit 2 uroflowmetry data were recorded on the case report form by a central reader for those subjects randomised. Data from Visits 3 and 7 were recorded by the blinded principal investigator and central reader.
Pivotal studies that assessed safety as a primary outcome
Studies H6D-MC-LVHS (LVHS), H6D-MC-LVHK (LVHK) and the open label extension period of study LVHG (LVHG OLE) were pivotal studies that assessed safety as a primary outcome.
Dose-response and non-pivotal efficacy studies
Study LVGC provided data on adverse events, vital signs, clinical chemistry and haematology, PSA, urinalysis, and PVR.
Studies in Asian populations:
Study LVHT provided data on adverse events, concomitant medications, vital signs, ECG, clinical chemistry and haematology, urinalysis, and PVR
Study LVIA provided data on adverse events, vital signs, clinical chemistry and haematology, urinalysis, PSA, and PVR
Study LVIA OLE provided data on adverse events, vital signs, clinical chemistry and haematology, urinalysis, PSA, and PVR
Study LVHB provided data on adverse events, concomitant medications, vital signs, clinical chemistry and haematology, urinalysis, PSA, and PVR.
Study LVDI, a study related to the currently approved ED indication, provided data on adverse events, vital signs, ECG, clinical chemistry and haematology, and urinalysis.
Other studies evaluable for safety only
There were no other studies evaluable for safety only.
Clinical pharmacology studies
All the clinical pharmacology studies provided adverse event data. A number of the studies also provided data on ECG parameters, clinical chemistry and haematology, vital signs and physical examination.
[bookmark: _Ref269204367]Study LVFB was a QT study. Study LVHN provided hemodynamic data.
[bookmark: _Ref271195835][bookmark: _Ref271195841][bookmark: _Toc272414660][bookmark: _Toc290846285][bookmark: _Toc336418834][bookmark: _Toc367221424]Pivotal studies that assessed safety as a primary outcome
[bookmark: _Ref290844188][bookmark: _Toc290846286][bookmark: _Toc336418835]Study H6D-MC-LVHS (LVHS)
[bookmark: _Toc290846287][bookmark: _Toc336418836]Study design, objectives, locations and dates
Study LVHS was a phase 3 randomised, double-blind, placebo-controlled, parallel design study. There were three study periods: a screening/wash-out period, placebo lead-in period and double-blind treatment period (Figure 7). The study was conducted in 33 centres in the US and Puerto Rico between March 2009 and December 2009. The primary objective of the study was to evaluate the proportion of men with BPH-LUTS experiencing treatment-emergent dizziness when tadalafil 5 mg once a day was added to concomitant alpha blocker therapy compared with the addition of placebo to alpha blocker therapy.
Figure 7: Study H6D-MC-LVGC: Study design.
[image: Figure 7: Study H6D-MC-LVGC: Study design.]
[bookmark: _Toc290846288][bookmark: _Toc336418837]Inclusion and exclusion criteria
The study population consisted of men who were aged 45 years or older, had BPH –LUTS and were on a stable dose of alpha blocker therapy for the treatment of BPH-LUTS. There were numerous exclusion criteria including criteria relating to pelvic, urinary tract, prostate and bladder conditions, renal and hepatic impairment and cardiac conditions.
[bookmark: _Toc290846289][bookmark: _Toc336418838]Study treatments
All subjects were instructed to continue using the same alpha blocker therapy throughout the study. During the two week single blind placebo lead-in period, subjects received a placebo tablet, identical in form and appearance to the tadalafil 5mg tablet, once daily orally. In the double-blind treatment period subjects were randomised to receive placebo or tadalafil 5 mg once daily orally for 12 weeks. Subjects were to administer each dose at approximately the same time each day with or without food.
During the placebo lead-in period, and the first four weeks of the double blind treatment period only, downward titration of alpha blocker dose was allowed. Titration of the alpha blocker dose up or down, as necessary, was permitted for the last eight weeks of the double-blind treatment period.
The criteria for discontinuing subjects from the study included if the subject discontinues alpha blocker therapy or begins a new alpha blocker therapy or adjusts the dosage of the alpha blocker therapy at times not allowed.
Comment: The remaining criteria for subject discontinuation from the study were consistent with the criteria specified in the pivotal efficacy studies.
[bookmark: _Toc290846290][bookmark: _Toc336418839]Safety variables and outcomes
The main safety variable was dizziness. This was assessed through the spontaneous reporting of adverse events by study subjects. The primary safety outcome was the proportion of subjects who experienced treatment-emergent dizziness when tadalafil 5mg was added to alpha blocker therapy compared to the proportion of subjects who experienced treatment-emergent dizziness when placebo was added to alpha blocker therapy. Treatment-emergent dizziness was defined as dizziness that first occurred or worsened after subject randomisation. Treatment-emergent dizziness included MedDRA (version 12) preferred terms “dizziness”, “dizziness postural” and “procedural dizziness”.
Other safety variables were:
Adverse events: collected at Visits 2 to 6. Adverse events were coded to MedDRA terms by the sponsor’s blinded clinical personnel. Investigative site personnel were instructed not to proactively ask subjects about specific adverse events during the study.
Orthostatic vital signs: collected at Visits 2 to 6 according to a specific protocol.
Uroflowmetry: obtained at Visits 3 and 6. Data were considered valid, and included in the statistical analyses, if the voided volume was ≥ 125 mL. Data were recorded on an electronic case report form (eCRF) by the blinded central reader according to a specific protocol.
PVR: measured by ultrasound at Visits 1, 3, 6 according to a specific protocol.
Clinical laboratory tests: chemistry, haematology and urinalysis panels were collected at Visits 1, 3 and 6. Haemoglobin A1c and PSA were performed at Visit 1 only and endocrine-related parameters were performed at Visit 3 for the exploratory assessment of subject characteristics. A central laboratory performed the clinical laboratory assessments.
[bookmark: _Toc290846291][bookmark: _Toc336418840]Randomisation and blinding methods
Subjects who met the criteria for enrolment were randomly assigned, as determined by a computer-generated random sequence using an IVRS, to tadalafil 5mg or placebo in a 1:1 ratio at Visit 3. Randomisation was stratified by age, type of alpha blocker and baseline LUTS severity.
Only subjects were blinded to the treatment assignment in the placebo lead-in period. During the double-blind treatment period, the study subjects, study site personnel and sponsor did not know which treatment was being administered.
[bookmark: _Toc290846292][bookmark: _Toc336418841]Analysis populations
The primary analysis population included subjects who were randomised and started study medication.
The randomised population included subjects who were randomised to study treatment by the IVRS regardless of whether double-blind study medication was taken.
The per-protocol population consisted of those subjects who met the criteria for the primary analysis population, completed the 12 week treatment period and had taken at least 70% of prescribed doses in the double-blind study period.
For subjects who discontinued the study early, or were missing post-baseline data, analyses were based on the most previous non-missing post-baseline data (LOCF data imputation methodology). Subjects with no post-baseline visit for the primary safety measure were excluded from the primary safety analysis.
[bookmark: _Toc290846293][bookmark: _Toc336418842]Sample size
The planned sample size was 300 subjects in total (150 subjects per treatment group). A sample size of 142 subjects per treatment arm was stated to provide 91% power to detect a difference between a Group 1 proportion of 0.03 and a Group 2 proportion of 0.13 using a one-sided Fisher’s exact test at 0.05 level of significance. The non-evaluable rate was projected to be 5%.
[bookmark: _Toc290846294][bookmark: _Toc336418843]Statistical methods
The primary analysis of the difference in the proportions of subjects in the two treatment groups experiencing treatment-emergent dizziness was conducted using the one-sided Fisher’s exact test at a significance level of 0.05. A two-sided p-value at a significance level of 0.05 was also presented. Sensitivity analyses of the primary analysis were presented with both one and two- sided p-values. All other tests of the difference between the treatment groups were conducted at a two-sided significance level of 0.05.
The primary safety measure was summarised by age subgroup (< 75, ≥ 75) and type of alpha blocker (selective (alfuzosin, silodosin, or tamsulosin), non-selective (doxazosin or terazosin)).
ANCOVA models were used for the secondary efficacy and exploratory analyses.
[bookmark: _Toc290846295][bookmark: _Toc336418844]Participant flow
Of 445 subjects who were screened, 318 subjects were randomised, 160 to the placebo treatment group and 158 subjects to the tadalafil 5 mg treatment group. The proportion of subjects who completed the study was similar in each treatment group (placebo 87.5% (n=140), tadalafil 5 mg 88.6% (n=140). The most common reason for study discontinuation in both treatment groups was an adverse event (placebo 3.8% (n=6), tadalafil 5 mg 4.4% (n=7)).
The primary analysis population consisted of 159 subjects in the placebo group and 158 subjects in the tadalafil 5 mg group. One randomised subject in the placebo group was lost to follow-up after the randomisation visit.
[bookmark: _Toc290846296][bookmark: _Toc336418845]Major protocol violations/deviations
A similar proportion of subjects in each treatment group had protocol violations relating to the inclusion criteria not being met, or the exclusion criteria being met, based on statistical output from the clinical database(placebo 11.3% (n=18), tadalafil 10.1% (n=7)). Additional protocol violations were identified from reviews of the study data during the study. The majority of protocol violations related to invalid or incomplete uroflowmetry assessments. There were also protocol violations relating to the use of alpha blocker therapy. Initiation of therapy less than four weeks prior to Visit 1 was reported for one subject in the tadalafil 5 mg group and six subjects in the placebo group. All subjects had initiated the alpha blocker more than two weeks prior to Visit 1. One subject in each treatment groups was taking an alpha blocker above the maximum approved dose.
Comment: The protocol violations related to uroflowmetry were reported in a similar number of subjects in each treatment group. The absolute number of protocol violations identified relating to alpha blocker therapy was small (placebo (n=9), tadalafil (n=3) and the difference in the number of violations between the treatment groups is unlikely to have appreciably affected the primary outcome. Most of the protocol violations listed in the Appendix to the study report were related to having started alpha blocker therapy less than four weeks prior to Visit 1 (placebo (n=6), tadalafil 5 mg (n=1)).
[bookmark: _Toc290846297][bookmark: _Toc336418846]Baseline data
The mean age of randomised study subjects was 67.38 years (range 46.88 – 87.98 years). Over half the subjects (58.8%) were aged over 65 years (placebo n=92, tadalafil 5 mg n=95) and approximately one quarter (24.5%) of study subjects were aged 75 years or older (placebo n=38, tadalafil n=40). The majority (88.4%) of subjects were white. The treatment groups were comparable with regard to subject demographics and baseline clinical characteristics. Tobacco and alcohol consumption habits were relatively similar in the two groups. A higher proportion of subjects in the placebo group reported current alcohol consumption (placebo 56.9%, tadalafil 51.9%). The majority of study subjects (58.2%) had a baseline LUTS severity categorised as moderate (IPSS 8-19). Forty per cent of subjects had a Qmax 10-15 mL/sec, 88.2% < 10mL/sec and 21.8% > 15 mL/sec. A higher proportion of subjects in the tadalafil 5 mg group had a Qmax < 10mL (placebo 34.7%, tadalafil 5mg 42.0%). The mean PVR was higher in subjects in the tadalafil 5 mg group compared with the placebo group but the median was comparable (placebo mean 71.77 mL, median 54.50 mL; tadalafil 5mg mean 79.01 mL, median 53.00 mL).
Adjunct therapy with a selective alpha blocker was reported for 67.3% of study subjects. Tamsulosin was the most common selective alpha blocker used. Non-selective alpha blockers (doxazosin and terazosin) were used as adjunct therapy by 33.0% of randomised subjects. The use of specific alpha blockers was similar in the two treatment groups. Overall duration of alpha blocker use was comparable between the treatment groups (mean duration placebo 45.4 months, tadalafil 5mg 40.1 months). The proportions of subjects in the two treatment groups taking concomitant 5-ARI therapy were similar (placebo 16.9%, tadalafil 5mg 19.6%). A similar proportion of subjects in each group reported having used previous BPH-LUTS (excluding concomitant alpha blockers and 5-ARIs) in the 12 months prior to Visit 1.
Erectile dysfunction was reported by 61.9% of randomised subjects. The duration and severity of ED was similar in the two treatment groups, the majority of subjects in both groups having ED of a mild or moderate severity and ED of at least one year’s duration.
Compliance to treatment during the double-blind treatment period was considered unknown for one subject (0.6%) in the placebo group who was lost to follow-up after randomisation. Two subjects in the tadalafil 5mg group (1.3%) were not considered compliant with treatment during this period (compliance < 70%).
[bookmark: _Toc290846298][bookmark: _Toc336418847]Results for the primary safety outcome
Treatment-emergent dizziness was defined as any of the pre-defined terms of dizziness that were first reported, or worsened in severity, after baseline (the period after Visit 2 through to Visit 3).
Based on the primary analysis population, a similar proportion of subjects in each treatment group had one or more treatment-emergent dizziness adverse events during the double-blind period (placebo 5.7% (n=9); tadalafil 5mg 7.0% (n=11); p= 0.403 (one sided); p=0.653 (two-sided)). With regard to the individual preferred terms reported in relation to dizziness, the proportions of subjects reporting specific preferred terms in each group were comparable (dizziness: placebo 5.0% (n=8); tadalafil 5mg 6.3% (n=10); dizziness postural: placebo 0.6% (n=1); tadalafil 5mg 0.6.% (n=1)).
The results from analyses of treatment-emergent dizziness based on the per-protocol population and randomised population were consistent with the results based on the primary analysis population.
[bookmark: _Toc290846299][bookmark: _Toc336418848]Results for other safety outcomes
The results in relation to adverse events, orthostatic vital signs, uroflowmetry, PVR and clinical laboratory tests are described below.
[bookmark: _Toc336418849]Study H6D-MC-LVHK (LVHK)
[bookmark: _Toc336418850]Study design, objectives, locations and dates
Study LVHK was a randomised, double-blind, placebo-controlled, parallel design, two group study. It was conducted in 20 study centres in Canada and the US. The first subject was randomised on 16 November 2006 and the last subject visit was on 5 May 2008. The study had three periods: a screening/wash-out period, baseline urodynamic assessment period and double-blind treatment period (Figure 8). The duration of each study period may have varied. After screening results were reviewed, the subjects not taking prohibited BPH-LUTS treatments proceeded to Visit 2. If results from the baseline urodynamic assessment at Visit 2 were considered invalid, the subject was requested to undergo a repeat urodynamic assessment. If both the original and repeat assessments were invalid the subject was not to proceed to Visit 3. Visit 3 was 7 ± 2 days after a baseline assessment with valid results.
Figure 8: Study H6D-MC-LVHK: Study design.
[image: Figure 8: Study H6D-MC-LVHK: Study design.]
The primary objective of the study was to compare the effect of tadalafil 20 mg once daily for 12 weeks on detrusor pressure at peak urinary flow rate (pdetQmax), compared with placebo, in men with signs and symptoms of benign prostatic hyperplasia, including lower urinary tract symptoms.
The sponsor had indicated that, according to urodynamic experts, a decrease in pdetQmax, without a decline in Qmax or an increase in PVR, would represent a clinically beneficial outcome. It is noted by the sponsor that there are many possible reasons for changes in pdetQmax making the interpretation of study findings difficult.
Comment: The dosage of tadalafil used in this study, 20 mg once daily, is higher than the dosage proposed for the new indications (5 mg once daily).
[bookmark: _Toc336418851]Inclusion and exclusion criteria
The study population were men aged 40 years or older who had diagnosed BPH-LUTS of greater than six months duration. Subjects were required have a total IPSS ≥ 13 at Visit 1, if the subject did not require wash-out of therapy for BPH-LUTS, or at Visit 2, if the subject did require washout of BPH-LUTS therapy. Subjects had to agree not to use any other approved or experimental pharmacologic treatments for BPH-LUTS during the study. Exclusion criteria included clinical evidence of specific bladder and urinary tract conditions, and prostate cancer as well as a history of significant renal insufficiency, active symptomatic hepatobiliary disease and a history of cardiac and coronary conditions.
Comment: The source of study subjects was not specified but the study investigators were all urologists.
The exclusion criteria were similar to those of the pivotal efficacy studies.
[bookmark: _Toc336418852]Study treatments
The double-blind treatment period was 12 weeks. The treatments were tadalafil 20 mg or placebo orally once daily. The tadalafil 20 mg and placebo tablets were identical in appearance. Subjects were to take each treatment dose at approximately the same time each day, with or without food.
No study treatments were given during the wash-out and urodynamic assessment periods.
The criteria for discontinuing subjects from the study included if the subject developed a persistent UTI following randomisation.
Comment: The remaining criteria for subject discontinuation from the study were consistent with the criteria specified in the pivotal efficacy studies.
[bookmark: _Toc336418853]Safety variables and outcomes
The primary safety variable was the detrusor pressure at peak urinary flow rate (pdetQmax). The primary endpoint was the change in pdetQmax from baseline (Visit 2) to Week 12 (Visit 5).
Other safety variables included free-flow urodynamic parameters (peak urine flow rate (Qmax), mean urine flow (Qave), volume of voided urine (Vcomp), PVR measurement by catheterisation (PVRcath), total bladder capacity (Vcomp + PVRcath) and bladder voiding efficiency (Vcomp/total bladder capacity) x 100 (obtained from a full bladder) and pressure-flow urodynamic parameters (Qmax, Qave, Vcomp, maximum detrusor pressure observed during voiding (max pdet), bladder contractibility index (BCI) (pdetQmax + 5Qmax) and bladder outlet obstruction index (BOOI) (pdetQmax-2Qmax)).
Presence of involuntary detrusor contractions during filling, and bladder volume at first involuntary detrusor contraction, were also secondary safety measures.
Urodynamic parameters were measured using free-flow and pressure-flow test instrumentation. Study sites were required to comply with procedures contained in an urodynamic operations manual. The free flow test used a standard calibrated flow meter. The pressure-flow urodynamic test was used to indirectly measure bladder detrusor contractibility. Abdominal pressure, measured by a transrectal transducer, was subtracted from intravesical pressure, measured by a transurethral bladder catheter, to calculate detrusor pressure.
For the urodynamic assessment at baseline and at the end of study, one free flow test and two separate pressure flow tests were evaluated by the blinded principal investigator and central reader for interpretability. The central reader reviewed both sets of pressure flow test results from each urodynamic assessment to determine which set would be used in the statistical analysis. The set of results used (pressure flow study 1 or pressure flow study 2) was based on the quality of the data.
If the central reader considered the results of the baseline urodynamic assessment to be invalid, the subject was requested to participate in a repeat assessment. Subjects could not return for Visit 3 until the repeat assessment was confirmed to be valid by the central reader. The subject could not be randomised (Visit 3) if both assessments were invalid. At the end of the study, subjects with an urodynamic assessment that was considered invalid were asked to return for a repeat assessment in 7 ± 2 days. No additional testing was undertaken if both assessments were considered invalid.
Urinalysis was performed at Visit 2 and subjects who had tests positive for UTI had the urodynamic assessment rescheduled until after treatment of the UTI was finished. If repeat testing revealed positive results for a UTI, the subject was not randomised to treatment. Similarly, at the end of the study, subjects with a positive test result for a UTI were treated and had the end of study assessment rescheduled. The subject was instructed to continue the study drug until the assessment. Subjects who had positive UTI results on re-testing were not able to participate in the end of study urodynamic assessment.
Other safety variables were adverse events, vital signs, physical examination, weight, BMI and clinical chemistry and haematology. Adverse events and concomitant medication taken during the study were recorded at each visit. Vital signs were collected at each visit and laboratory data at baseline (Visit 1) and endpoint (Visit 5). A central laboratory was used.
Comment: It is unclear if all the urodynamic assessment variables are validated. It is indicated in the submission that the urodynamic parameters used in this study are standard parameters used to assess the effects of study drug administration on urodynamics. The sponsor has provided justification for the measurements used which seem reasonable.
[bookmark: _Toc336418854]Randomisation and blinding methods
Subjects were randomly assigned to placebo or tadalafil 20 mg once daily in a 1:1 ratio at Visit 3 if they had met all the enrolment criteria, had completed a baseline urodynamic assessment with valid results, and had agreed to participate in the end of study urodynamic assessment.
Randomisation was stratified by class of bladder outlet obstruction (obstructed (BOOI > 40, equivocal BOOI 20 to 40, unobstructed BOOI < 20) and baseline LUTS severity (moderate (IPSS <20), severe (IPSS ≥20)).
Subjects were randomly assigned to treatment groups as determined by a computer-generated random sequence using an IVRS employing permuted blocks within strata. Stratification by BOOI was based on the evaluation of the baseline urodynamic assessment by the central reader.
Subjects, investigators and other personnel involved in the conduct of the study were blinded to the individual treatment assignments during the study. Emergency unblinding could be undertaken through the IVRS for adverse events. The central reader remained blinded throughout the study.
[bookmark: _Toc336418855]Analysis populations
The primary analysis population included randomised subjects who started study medication, had both a baseline and end of study pressure-flow urodynamic assessment, and who had at least 37 days (6 weeks minus a five day visit window) between randomisation and the final urodynamic assessment.
The per-protocol population included randomised subjects who completed the 12 week treatment period and who had administered at least 70% of doses.
The safety analysis included all randomised subjects who received study treatment grouped by the treatment to which they were randomised.
If a subject discontinued the study or withdrew from the study early the final visit procedures were performed at the time of discontinuation.
[bookmark: _Toc336418856]Sample size
The study was powered to exclude a change in pdetQmax of 15cm H2O. The choice of the value of change in pdetQmax of 15cm H20 was based on studies that applied a non-inferiority design using the convention of excluding change in pdetQmax of 15 or 20 cm H2O. The sponsor indicates that urodynamic experts are unsure if a change as high as 20cm H2O is clinically meaningful. A decrease in pdetQmax of 15 cm H2O or more was considered potentially clinically adverse and it was considered that such a decrease may indicate a detrimental effect on the bladder if there had been no improvement in Qmax.
The sample size was based on a two-sided 95% confidence interval for the difference between the treatment groups in the change in pdetQmax from baseline, an assumed standard error of the change from baseline to Week 12 in pdetQmax of 30 cm H2O, and an 80% probability that the confidence interval will exclude a difference of 15cm H2O in pdetQmax when the true difference is 0. A sample size of 190 randomised subjects (95 per treatment group) was planned to yield approximately 128 subjects with both baseline and end-of-study urodynamic assessment results. It was planned that the total subjects randomised may be increased if the number of valid end-of-study urodynamic assessments was smaller than anticipated.
[bookmark: _Toc336418857]Statistical methods
The protocol was amended twice and the SAP superseded the statistical plans in the protocol. The primary analysis derivation was provided in an appendix. The main changes to the protocol made in the two amendments related to changes in the urodynamic parameters included in the study, the addition of bladder obstruction categories as stratification factors, modification of inclusion and exclusion criteria and changes to the study schedule.
With regard to the planned analyses, three subjects (placebo (n=2), tadalafil 20mg (n=1)) were excluded from post hoc analyses of the primary endpoint and from the secondary pressure-flow endpoints because the pressure-flow tracings were considered invalid. Data from subjects who had free-flow parameters measured via mechanical fill after pressure flow studies were excluded in the post-hoc analyses of secondary free-flow endpoints. An additional post hoc analysis was performed for BOOI category shift from baseline to endpoint.
The primary inferential analysis of change in pdetQmax from baseline (Visit 2) to end of study (Week 12, Visit 5) was a two-sided 95% confidence interval for the difference between the treatment groups. An ANOVA based on Type II sum of squares approach was used.
The mean difference of change, standard error, two-sided 95% confidence interval and p-value for the difference between the tadalafil 20 mg treatment group and placebo group were from the ANOVA stratified by the six randomisation strata factors (class of bladder outlet obstruction by LUTS severity).
The overall mean difference was calculated by estimating the difference within the randomisation strata and then combining the stratum-specific estimators over the six randomisation strata. The within-strata differences were combined proportionate to stratum sample size.
Subgroup analyses were undertaken for the primary endpoint according to the subgroups use of alpha blockers at study entry (yes, no), baseline LUTS severity (moderate, severe), bladder outlet obstruction (obstructed, equivocal and unobstructed), BMI (< 27, ≥ 27), age (≤ 65 years, > 65 years), ED (yes, no), previous use of LUTS within 12 months of study entry (yes, no).
An interim analysis was to be performed if subject screening had not been completed by the end of 2007. An interim analysis of 74 evaluable subjects was calculated to have a 80% probability that the confidence interval for the difference in change in pdetQmax on tadalafil and placebo excludes a difference of more than 20cm H2O when the true difference is 0. No adjustments to the alpha level for the final analyses were planned. The study was not to be terminated at the interim. No interim analysis was conducted.
Comment: The changes in the planned analyses related to post-hoc analyses only.
[bookmark: _Toc336418858]Participant flow
Of 345 subjects screened, 200 were randomised (placebo (n=101), tadalafil 20mg (n=99)). In the placebo group 92 subjects (91.09%) completed the 12 week treatment period. Of the 9 subjects in the placebo group who discontinued the study the main reason was subject decision (n=5). A single subject discontinued due to an adverse event (death), loss to follow-up, protocol violation and sponsor decision. In the tadalafil 20 mg group, 89 subjects (89.90%) completed the treatment period. Of the 10 subjects who discontinued the study, subject decision was the main reason (n=4), followed by adverse event (n=2) and protocol entry criteria not met (n=2). A single subject discontinued due to the sponsor’s decision and one subject was lost to follow-up.
The primary analysis population included a total of 175 subjects (placebo n=91; tadalafil n=84).
Comment: A notable proportion of randomised subjects in each of the treatment groups was not included in the primary analysis population (tadalafil 20 mg (n=15 (15.2%); placebo n=10 (9.9%)). The subjects not included in the primary analysis population may have differed in some way from those who were included (n=84) therefore biasing the results.
The planned sample size, of 128 for subjects with both baseline and end-of-study urodynamic assessment results, was exceeded.
[bookmark: _Toc336418859]Major protocol violations/deviations
Prespecified key protocol violations were reported in similar proportions of randomised subjects in each treatment group. The most common protocol violation in both treatment groups was inclusion/exclusion criteria not met (placebo 7.92% (n=8); tadalafil 20mg 11.11% (n=11)). The proportions of subjects who used excluded medications started after randomisation (placebo 5.94%; tadalafil 20mg 3.03%), and who developed discontinuation criteria during the study but were not withdrawn (placebo 2.97%; tadalafil 20mg 1.01%), were small and similar between the groups.
Comment: As the proportion of subjects in the two treatment groups who had key protocol violations was similar it is unlikely that these protocol violations would have biased the results.
[bookmark: _Toc336418860]Baseline data
Subjects had a mean age of 58.60 years (range 41.09 - 83.46 years) and were predominantly white (76.50%). Twenty subjects in the tadalafil 20 mg group were aged 65 years or older. The two treatment groups were comparable for age, age category (proportion of subjects aged under 65 and 65 years and older), ethnic origin, height, weight, BMI, current alcohol and tobacco use. Overall, 59.00% of subjects had ED, the majority of whom had ED of moderate severity (52.54%). The two treatment groups were comparable with regard to the proportion of subjects with ED. A higher proportion of subjects in the placebo group had ED of severe severity compared with the tadalafil 20 mg group but the absolute difference in the number of subjects was small (placebo 15.00% (n=9); tadalafil 8.62% (n=5)).
The majority of subjects had severe baseline BPH-LUTS severity (64.00%) and a duration of BPH LUTS at Visit 1 of more than 3 years (54.40%). The two treatment groups were comparable. Overall, 31.50% of subjects had used previous therapy for BPH, including alpha blocker therapy, within 12 months prior to Visit 1. The mean PVR by ultrasound was higher in the placebo group compared with the tadalafil 20mg group (placebo 59.30 mL (SD 60.87), tadalafil 20mg 45.65 mL (SD 49.58)).
Approximately one third of subjects in each group fell into each of the bladder outlet obstruction categories (obstructed, equivocal and unobstructed) respectively. The proportion of subjects reporting specific pre-existing conditions was generally similar.
[bookmark: _Toc336418861]Results for the primary safety outcome
Both groups had small mean changes from baseline to endpoint, with a mean increase in pdetQmax in the placebo group (1.92 cm H20) and a mean decrease in the tadalafil 20mg group (-2.95 cm H20). The mean difference of the change from baseline to endpoint in pdetQmax between the tadalafil 20mg treatment group and placebo group was not statistically significant (mean difference of change (tadalafil – placebo) - 4.95 cm H20; 95% CI [-10.26, 0.37]; p=0.068).
The results of a post-hoc analysis of the change from baseline to endpoint in pdetQmax for all randomised subjects in the primary analysis population, excluding three subjects who had changes of more than 60 cm H2O (considered non-physiological), were consistent with the results in the primary analysis population (mean difference of change -2.18 cm H2O; 95% CI [- 6.54, 2.18]; p=0.325). The results in the per-protocol population, including and excluding the three subjects with invalid tracings, were consistent with the results in the primary analysis population. The decrease in pdetQmax in the tadalafil 20 mg group was not considered to be clinically adverse. In the subgroup analyses, small mean decreases in PdetQmax from baseline to endpoint were seen in the tadalafil 20 mg group across the subgroups except for the subgroups use of alpha blocker at study entry, which showed a small mean increase in PdetQmax (3.5 cm H2O) in subjects who reported use of alpha blocker at study entry and a small mean decrease in PdetQmax (-4.7 cm H2O) in subjects who did not, and previous use of BPH therapy within 12 months of study entry (yes mean change 0.9 cm H2O, no mean change -4.6 cm H2O). The effect of tadalafil 20 mg on pdetQmax was not considered to be clinically adverse by the sponsor in any of the subgroups.
[bookmark: _Toc336418862]Results for other safety outcomes
The secondary urodynamic analyses were performed on the primary analysis population.
Free-flow studies
The mean changes from baseline to endpoint for each parameter assessed were generally small and in the same direction in the two treatment groups. The median changes from baseline to endpoint in the parameters were more similar between the treatment groups. The results of post-hoc analyses of urodynamic parameters measured during free flow studies, based on randomised subjects in the primary analysis population, excluding subjects with free-flow parameters measured after pressure-flow via mechanical fill, were generally consistent with the results of the pre-specified analyses. The results of these analyses were not considered clinically significant.
Pressure-flow studies
Based on all randomised subjects in the primary analysis population, for the urodynamic parameters measured during the pressure flow studies, there were small mean differences of change from baseline to endpoint between the two treatment groups. Excluding the three subjects with invalid data did not alter the results to any notable extent.
A decrease in BCI in the tadalafil group compared with the placebo group (tadalafil 20 mg (n=84) mean change -1.04 (SD 20.37)); placebo ((n=91) mean change4.43 (SD 20.86); mean difference of change -5.40 (SE 3.17)) was not considered to be clinically adverse. The endpoint mean BCI for each of the treatment groups was in the normal range (100-150). A higher proportion of subjects in the tadalafil 20 mg group had a BCI shift from normal at baseline to weak (BCI <100) at end of therapy in the tadalafil 20 mg group compared with the placebo group (placebo 4.40% (n=4); tadalafil 20mg 14.29% (14.29% (n=12)).
Based on all randomised subjects in the primary analysis population, the number of subjects who had a BOOI shift from equivocal or unobstructed at baseline, to obstructed at endpoint, was smaller in the tadalafil 20mg group compared with the placebo group (placebo: equivocal to obstructed 13.19% (n=12); unobstructed to obstructed 2.20% (n=2); tadalafil 20mg: equivocal to obstructed 7.14% (n=6); unobstructed to obstructed 0.00% (n=0)). On post-hoc analysis , a smaller proportion of subjects in the tadalafil 20 mg group had a worsening of BOOI category between baseline and endpoint compared with the placebo group, based on all randomised subjects in the primary analysis population excluding the subjects with invalid data ( placebo 23.6% (n=21); tadalafil 20mg 12.0% (n=20)).
The results of these secondary analyses were not considered clinically significant.
The proportions of subjects in the placebo and tadalafil 20mg groups who had involuntary detrusor contractions during bladder filling at baseline and endpoint were similar.
The mean change in bladder volume at first involuntary detrusor contraction was similar in the two treatment groups for subjects who had involuntary detrusor contractions during bladder filling at baseline and endpoint (placebo (n=22) mean change 27.86mL; tadalafil 20mg (n=18) 28.56 mL).
In subgroup analyses of urodynamic parameters by bladder outlet obstruction category, there were no clinically adverse findings apparent within any of the subgroups.
Adverse events and other safety outcomes are described below.
Comment: There was no obvious adverse effect of tadalafil on the urodynamic parameters tested in this study when compared with placebo.
[bookmark: _Toc336418863]Study H6D-MC-LVHG Open-Label Extension (LVHG OLE)
[bookmark: _Toc336418864]Study design, objectives, locations and dates
An open-label extension period of study LVHG was conducted in 44 study centres in Canada and the US between January 2007 and October 2008. Subjects were men who had completed the placebo-controlled double-blind period of study LVHG and had elected to enter the open-label period. Studies sites in the US and Canada were chosen for the OLE of study LVHG because their location enabled ease of shipment (this was not considered by the sponsor to introduce bias).
Subjects who wanted to participate in the OLE after the placebo-controlled period of study LVHG at Visit 6 (Week 12) completed Visit 7 up to 3 days after Visit 6. At Visit 7, informed consent was obtained. The OLE had five more visits (Visits 8 (Week 16), 9 (Week 24), 10 (Week 38), 11 (Week 51), 12 (Week 64)).
The primary objective was to evaluate the safety of tadalafil 5 mg once daily dosing for one year in men with BPH-LUTS.
Comment: The open-label nature of the study design may introduce bias as the men are aware of the study drug which may influence their reporting of adverse events. As participation was optional for those men who were eligible this may also introduce bias as the men who agreed to participate in this period may have differed in some way from the men who did not agree to participate.
[bookmark: _Toc336418865]Inclusion and exclusion criteria
Subjects in the US and Canada were eligible to participate if they had completed the placebo-controlled period of the study, agreed not to use any other approved or experimental pharmacologic BPH or ED treatments at any time during the OLE period and provided signed consent at Visit 7.
The exclusion criteria were the same as those for the placebo-controlled period of study LVHG.
[bookmark: _Toc336418866]Study treatments
All subjects received one 5 mg tadalafil tablet once a day orally from Week 12 (Visit 7) to Week 64 (Visit 12).
Subjects were discontinued from the study drug and from study for the same reasons as in Study LVHG. In addition, subjects were discontinued for the following reasons:
Significant non-compliance with the minimum treatment requirements at two consecutive visits
Visit 6 PSA results, and subsequent re-test results (within 7 days), ≥ 2 times higher than those observed at Visit 3
Visit 10 PSA results, and subsequent re-test results (within 7 days), ≥ 2 times higher than those observed at Visit 3
The concomitant therapies with restrictions on use were the same as for Study LVHG.
[bookmark: _Toc336418867]Safety variables and outcomes
The primary endpoint was the safety of tadalafil as measured by adverse events, clinical laboratory tests, vital signs, ECG, PSA and PVR.
At each of Visits 8 to 12, adverse events were collected and vital signs and PVR measured. Clinical chemistry and haematology were collected at Visits 8, 10 and 12 and urinalysis at Visits 8 and 12.
ECGs were obtained at Visit 12 (Week 64). ECGs used in the analyses were over read by a cardiologist designated by a central ECG vendor.
PSA was tested at Visit 10 (Week 38) and Visit 12 (Week 64).
[bookmark: _Toc336418868]Randomisation and blinding methods
This was an open-label extension of the randomised, placebo-controlled, double blind study LVHG. All subjects received tadalafil 5 mg once a day regardless of the treatment to which they were randomised in the placebo-controlled period. Study subjects, site personnel and the sponsor were not blinded to the treatment.
[bookmark: _Toc336418869]Analysis populations
The analysis population for the safety and efficacy variables consisted of those subjects who received at least one dose of tadalafil in the OLE.
[bookmark: _Toc336418870]Sample size
The target enrolment was 413 subjects. It was determined that a sample size of 413 subjects would be sufficient to expose at least 300 subjects to tadalafil for six months and at least 100 subjects to tadalafil for one year, based on an estimated discontinuation rate of 23% per year.
Comment: The selected sample size was chosen to meet the exposure guidelines in the International Conference on Harmonisation “The Extent of Population Exposure to Assess Clinical Safety for Medicines Intended for Long-Term Treatment of Non-Life-Threatening Conditions” (31). This guideline had been adopted by the TGA with conditions.
The dosage being studied (5mg once daily) is the dosage intended for use in the proposed indications.
[bookmark: _Toc336418871]Statistical methods
No formal tests of safety parameters were conducted. The baseline for changes in safety variables were data collected at Visit 3 of the placebo-controlled period of study LVHG (the visit at which study therapy was initiated). The post-baseline visits began after Visit 7 of the open-label extension period and continued through to Visit 12. Endpoint was the last measurement collected at Visit 12 or at study discontinuation after Visit 7. A second comparison of data collected after Visit 7 was made with data collected at Visit 6 of the placebo-controlled period of study LVHG (the end of the period). Summary statistics were presented for continuous variables and counts and percentages for categorical variables.
For subjects who discontinued the study early, but after Visit 7, or were intermittently missing post-baseline data, analyses of change from baseline used the last non-missing post-baseline data starting from Visit 8. The analysis of change from baseline was undertaken only for subjects for whom baseline and endpoint values were available.
[bookmark: _Toc336418872]Participant flow
Of 428 subjects who entered the open-label extension period, 427 received at least one dose of study drug. Of these 427 subjects, the number who had received each of the five different study treatments during the double-blind phase was relatively similar except for the tadalafil 20 mg group (placebo=92, tadalafil 2.5mg n=96, tadalafil 5mg n=83, tadalafil 10mg n=85, tadalafil 20mg n=71).
Two hundred and ninety-nine enrolled subjects (69.86%) completed the open-label extension period and approximately 30% of enrolled subjects (n=128) discontinued the open-label extension period early. The most common reason for discontinuation was subject decision.
[bookmark: _Toc336418873]Major protocol violations/deviations
Significant protocol violations during the open-label period, identified from pre-defined criteria were inclusion/exclusion criteria not met (by randomised group: placebo=0, tadalafil 2.5mg n=0, tadalafil 5mg n=1, tadalafil 10mg n=2, tadalafil 20mg n=0), use of excluded medications started after the subject was randomised (placebo=1, tadalafil 2.5mg n=1, tadalafil 5mg n=1, tadalafil 10mg n=0, tadalafil 20mg n=1), appropriate informed consent not obtained (placebo=0, tadalafil 2.5mg n=1, tadalafil 5mg n=1, tadalafil 10mg n=1, tadalafil 20mg n=0) and subject developed discontinuation criteria during the study but was not withdrawn obtained (placebo=1, tadalafil 2.5mg n=1, tadalafil 5mg n=0, tadalafil 10mg n=0, tadalafil 20mg n=0).
Three subjects used a nitrate during the open-label period but were not recorded as protocol violations and additional protocol violations were identified post-database lock in relation to concomitant medications.
Comment: The above-mentioned protocol violations are unlikely to have biased the results in relation the comparison of endpoints based on the randomised treatments as the number s of subjects reporting certain violations are small and are spread across the treatment groups.
[bookmark: _Toc336418874]Baseline data
Subjects in the open-label extension were only from the US (90.89% (n=389)) and Canada (9.11% (n=39)). The mean age of subjects who entered the open-label period and who received at least one dose of tadalafil (n=427) was 62.66 years (range 45.57 - 82.20 years). Approximately one third (32.32%) of these subjects were aged 65 years or older (n=138) and 7.73% were aged 75 years or older (n=33). The majority were Caucasian (91.57%). Mean PVR was 51.27mL and 62.76% had a baseline (Visit 3) BPH LUTS severity of moderate and for the remainder (37.24%) severe. The majority of subjects (59.95%) had had BPH-LUTS for more than three years at Visit 1 but had not used previous therapy for BPH (70.26%). At baseline (Visit 1), 69.09% of subjects (n=295) who entered the open-label period and who received at least one dose of tadalafil reported ED of whom 90.51% reported having ED for one year or more. Of 325 subjects who were sexually active with a female partner, 3231 subjects (98.77%) expected to remain sexually active. Of the 427 subjects who entered the open-label period and who received at least one dose of tadalafil, 55.04% (n=235) were sexually active and had ED. There were also 57 subjects (13.35%) who reported having ED at Visit 1 but who were not sexually active. The majority of subjects (94.38%) who entered the open-label period and who received at least one dose of tadalafil were treatment compliant.
Based on the randomised treatment groups, the subject demographic and baseline characteristics were, in general, relatively similar.
Over half the subjects (54.7%, n=233) who entered the open-label period and who received at least one dose of tadalafil had at least 365 days of exposure to tadalafil 5mg in the open-label extension period.
Comment: The number of subjects exposed to at least 365 days of tadalafil 5 mg during the open label extension period of study LVHG (n=233) is adequate as it exceeds 100 patients, the number of patients exposed for a minimum of one year considered to be acceptable to include as part of the safety database for medicines intended for the long-term treatment of non-life threatening conditions (31). Although the number of subjects aged 65 years and older enrolled in the open-label period appears to be consistent with the guideline “Clinical Investigation of medicinal products in Geriatrics “(26), the number of subjects aged 75 years or older appears inadequate in view of the possible extensive use of tadalafil to treat BPH-LUTS in this age group. It is suggested, therefore, that the PI include a precaution in relation to the proposed indications that the safety of tadalafil 5 mg once daily for the treatment of BPH and the treatment of ED and BPH had not been adequately studied in men aged 75 years or older. Of the men aged 65 years and older, and 75 years and older, respectively, it is not clear how many of them actually received tadalafil 5 mg for 52 weeks.
[bookmark: _Toc336418875]Results for the primary safety outcome
Adverse events
Treatment-emergent adverse events occurring in at least 2% of tadalafil-treated subjects during the OLE period are shown in Table 16.
Table 16: Study H6D-MC-LVHG Open Label Extension: Treatment-emergent adverse events occurring in ≥ 2% of tadalafil-treated subjects ordered by preferred term in decreasing frequency in the total population  (all subjects enrolled in the OLE period).
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There were no deaths. Serious adverse events (n=23) were reported in 20 subjects (4.7%) who entered the open-label period and who had received at least one dose of tadalafil. The majority of serious adverse events were reported in single subjects. Arthritis, knee arthroplasty and non-cardiac chest pain were each reported in two subjects. Of note, one subject was reported to have had a cardiac arrest and single subjects had atrial flutter, coronary artery disease of increasing severity and congestive cardiac failure requiring hospitalisation. One subject had global amnesia, lasting for one hour, four days after completing the study. He had no history of prior memory problems and was on no medications at the time of the event. His sister had experienced global amnesia also. Serious adverse events considered to be possibly related to the study drug were global amnesia and coronary artery disease of increasing severity. The reports of atrial flutter, congestive cardiac disease and cardiac arrest in single subjects were not considered related to the study drug.
Twenty-two subjects (5.2%) discontinued the open-label extension due to one or more adverse events. The numbers of subjects who discontinued based on the randomised treatment during the double-blind period were similar. The majority of subjects (n=18) discontinued due to different adverse events including cardiac related adverse events (acute coronary syndrome, arrhythmia, coronary artery disease), liver-related adverse events (hepatic enzyme increased, hepatic function abnormal), deafness unilateral and visual disturbance. Adverse events that led to study discontinuation that were considered possibly related to the study drug were visual disturbance, muscle tightness, deafness unilateral, hot flush, oesophagitis, hepatic enzyme increased, coronary artery disease and gastro oesophageal reflux disease. Dyspepsia and stomach discomfort both led to the discontinuation of two subjects, respectively. Dyspepsia was assessed as possibly related to the study drug in both these subjects and stomach discomfort was considered possibly related to the study drug in one subject.
Over half (57.6% (n=246)) of the subjects who entered the open-label period, and who received at least one dose of tadalafil, reported one or more TEAE (compared with Visit 3). TEAEs reported in at least 2% of subjects were dyspepsia (4.0%), gastro-oesophageal reflux disease (4.0%), back pain (3.7%), headache (4.0%), sinusitis (2.8%), hypertension (2.6%) and cough (2.1%). The highest proportions of subjects reported adverse events falling under the Gastrointestinal disorders SOC (13.6%), Infections and infestations SOC (12.9%) and Musculoskeletal and connective tissue disorders SOCs (12.6%). The majority of TEAEs were of mild or moderate severity.
Twenty-six subjects (6.1%) had TEAEs that were severe (atrial flutter (n=1), cardiac arrest (n=1), cardiac failure congestive (n=1), coronary artery stenosis (n=1), Basedow’s disease (n=1), gastro-oesophageal reflux disease (n=2), oedema mouth (n=1), non cardiac chest pain (n=1), infection (n=1), perirectal abscess (n=1), pneumonia (n=1), fibula fracture (n=1), muscle injury (n=1), blood creatinine phosphokinase increased (n=1), arthritis (n=1), back pain (n=2), intervertebral disc protrusion (n=1), muscle spasms (n=1), muscle tightness (n=1), osteoarthritis (n=1), tendonitis (n=1), bladder neoplasm (n=1), global amnesia (n=1), urinary retention (n=1), knee arthroplasty (n=1), hip arthroplasty (n=1).
Compared with baseline (Visit 3), and compared with Visit 7 (the start of the OLE period), respectively, the proportions of subjects enrolled in the OLE who reported one or more TEAEs during the OLE were relatively similar, irrespective of the group to which they were randomised during the double-blind treatment period.
The most common TEAEs (compared with Visit 3) reported in the first month of the open-label extension period, corresponding to the month after subjects ceased the randomised treatment and commenced tadalafil 5 mg were consistent with those reported in the 12 month open label period.
When compared with Visit 7 as the baseline, the only TEAEs reported in at least 2% of subjects were sinusitis (2.6%), back pain (2.3%) and dyspepsia (2.1%). One month after open-label treatment was commenced 11% of subjects reported one or more TEAEs compared with Visit 7 – the most frequent were dyspepsia, myalgia and back pain, all of which were reported in a higher proportion of subjects who had been randomised to placebo during the double-blind treatment period.
In the open-label period, 14.8% (n=63) of subjects had one or more adverse events assessed as possibly or probably related to the study drug. The treatment–related adverse events affecting the highest proportion of subjects were dyspepsia (3.3%), headache (3.0%), back pain (1.2%) and myalgia (1.2%). The remainder of treatment-related adverse events were reported in less than 1% of subjects. Treatment-related adverse events occurring in three or more subjects (but less than 1%) were gastro-oesophageal reflux disease (n=3), pain in the extremity (n=4) and flushing (n=4). As well as the single reports of treatment-related global amnesia and coronary artery disease noted above, there was a report of deafness unilateral. The subject was reported to have previously experienced neurosensory hearing loss.
Adverse events of special interest for study LVHG were TEAEs related to the cardiovascular system, vision/eyes, hepatic system, PSA and urinary tract procedures.
Twenty-five subjects had cardiovascular disorders during the OLE period. The majority of cardiovascular disorders reported were reported in single subjects. Five subjects reported hypotensive adverse events during the open-label extension period, none of which led to study discontinuation (dizziness (n=4), vertigo positional (n=1)). Only the vertigo positional was assessed as possibly related to the study drug.
Two subjects had elevated ALT or AST levels more than three times the upper limit of normal, reported as adverse events, during the open-label extension period. Both subjects had been randomised to tadalafil 5 mg during the double-blind treatment period. The bilirubin levels were normal for both subjects. One subject had other medical conditions and was taking multiple concomitant medications had raised AST and ALT at Visit 6 and Visit 8. He discontinued the study at Visit 9. The subject was reported with the adverse events “hepatic enzyme increased” at Visit 6, which was the end of the double-blind treatment period, and “hepatic steatosis” at Visit 9. The adverse events were not assessed by the investigator as being related to the study drug. The second subject had hepatitis C. He had levels of ALT and AST more than five times the upper limit of normal at Visit 6 (the end of the double-blind treatment period), and Visit 7 (the start of the OLE period) three days later, at which time he discontinued the study. GGT was also high at Visits 6 and 7. The elevated AST and ALT levels were assessed by the investigator as being possibly drug-related.
Two subjects were diagnosed with prostate malignancy during the OLE period, neither of which was considered by the investigator to be related to the study drug.
One subject, who had received tadalafil 2.5 mg during the double-blind treatment phase, had acute urinary retention 99 days into the open-label extension period and discontinued from the study because he started alfuzosin treatment. A second subject, who had received tadalafil 5 mg during the double-blind treatment phase, had an increase in PVR reported as an adverse event (PVR Visit 1 164 mL, Visit 6 194 mL, Visit 8 220 mL, Visit 9 319 mL) The PVR had decreased to 183 mL eleven days after Visit 9. This subject discontinued the study due to this adverse event.
One subject was reported with thrombocytopenia at Visit 10. The subject had been randomised to tadalafil 2.5 mg in the double-blind phase. His platelet count was within normal limits at Visit 1 but the platelet counts were low at Visit 6 (109 bill/L), Visit 8 (108 bill/L), and Visit 10 (90 bill/L (normal 130 to 483 bill/L). The subject had started treatment with valaciclovir for herpes zoster five days prior to Visit 6. The investigator did not assess the thrombocytopenia as related to the study drug.
Based on the long-term analysis set (baseline Visit 7 for TEAEs), there were six bleeding events in subjects randomised to tadalafil during the double-blind treatment period and three in subjects who had been randomised to placebo during the double-blind treatment period.. During the OLE period (during which subjects received tadalafil 5 mg), there were three subjects reported with haematuria, two with contusion and single reports of ecchymosis, eye haemorrhage, haematoma and intra-abdominal haematoma. None of these events were serious adverse events or led to study discontinuation.
One subject was reported with treatment-related deafness unilateral during the OLE period and discontinued due to this adverse event. Six subjects were reported with treatment-emergent eye disorder AEs. Three subjects were reported with vision blurred and single subjects were reported with Basedow’s disease, eye haemorrhage and visual impairment respectively. There were no reports of NAION.
There were no reports of seizures. Two subjects were reported with transient global amnesia TEAEs, one of which was serious and of severe severity in a subject who had been randomised to tadalafil 5mg during the double blind treatment period. The other subject had received placebo during the double blind treatment period. Neither subject discontinued the study due to this event.
The most common treatment-emergent myalgia or back pain adverse events were back pain (2.3% (n=10), myalgia (1.4% (n=6)) and arthralgia 1.2% (n=5)).
Vital signs
The mean changes in heart rate and systolic and diastolic blood pressure were minimal from Visit 3 to endpoint and from Visit 6 to endpoint.
Clinical laboratory tests
Four subjects had an ALT or AST above three times the upper limit of normal but no subjects had bilirubin levels above 1.5 times the upper limit of normal.
For the haematology and serum chemistry parameters, any mean changes in the specific parameter from Visit 3 to endpoint, and from Visit 6 to endpoint, were small, and only a small proportion of subjects had shifts from a normal baseline results to a low or high results at the end of therapy for any given parameter.
ECGs
Electronic ECGs were interpreted by a cardiologist at the clinical research organisation (CRO) based on a comparison of sequential ECGs. ECGs that were not electronically transferred to the CRO were reviewed and interpreted by an external cardiologist but were not included in the tables of ECG changes.
Based on the review of 164 ECGs for 82 subjects by the external cardiologist, 15 subjects with paired observations (Visit 6 and Visit 12 or endpoint) had a significant change from the Visit 6 baseline ECG during the open-label treatment period. Three of these subjects had changes considered clinically significant by the external cardiologist. The paired ECGs of these three subjects showed, respectively, findings of a new lateral myocardial infarction and junctional rhythm, new nonspecific ST segment changes and criteria for left ventricular hypertrophy, and new left axis deviation. It is indicated that the external cardiologist found no particular pattern in relation to the treatment-emergent ECG abnormalities.
Based on the ECGs evaluated by the CRO, there were small mean changes in heart rate, PR interval, QRS interval and RR interval from baseline (the last non-missing value before Visit 3) to endpoint and from Visit 6 to endpoint. From baseline to endpoint the mean change in QT interval was an increase of 3.3 ms (SD 23.6; 95% CI [0.5, 6.0]) and, from Visit 6 to endpoint, the mean change in QT interval was an increase of 0.6 ms (SD 22.7; 95% CI [-2.1, 3.2]). For the QTc interval the mean changes were greater from baseline to endpoint (4.6 ms (SD 17.3); 95% CI [2.5, 6.6]) and Visit 6 to endpoint 6.1 ms (SD 17.2); 95% CI [4.1, 8.1]). The maximum changes in QTc interval from baseline to endpoint, and from Visit 6 to endpoint, respectively, were 64.0 ms and 69.0 ms. The mean QTc intervals were similar at Visits 1, 6 and 12 (Visit 1 mean (SD) 404.9 (22.5) [95% CI 402.7, 407.1); Visit 6 mean (SD) 403.6 (22.6) [95% CI 401.3, 405.8); Visit 12 mean (SD) 409.2 (23.6) [95% CI 406.5, 411.9). The maximum QTc intervals at Visit 1 and Visit 12 were greater than 500 ms (QTc min, max: Visit 1 334.0, 509.0; Visit 6 346.0, 499.0; Visit 12 356.0, 504.0). The maximum changes in QT interval from baseline to endpoint, and from Visit 6 to endpoint, were 81.0 ms and 119.0 ms respectively. The maximum QT interval was 524.0 ms at baseline, 501.0 ms at Visit 6 and 499.0 ms at Visit 12.
A small proportion of subjects had treatment emergent axis abnormalities on ECG, the most commonly reported being left axis deviation (2.7% (n=10)). Treatment-emergent ECG abnormalities relating to conduction were reported in 28 subjects: 17 subjects had AV block (15 first degree AV block) and 11 subjects had ventricular block. Treatment-emergent ECG abnormalities related to morphology were reported in approximately 20% of subjects who had a baseline (Visit 1) ECG that was normal for morphology (n=312). Eighteen subjects had left atrial enlargement. Twelve subjects were reported to have had the abnormality at Visit 1 and five subjects had an ECG abnormality at baseline and/or predisposing factors for the development of left atrial enlargement. A 62 year old subject, with no abnormal ECG findings at Visit 1 and no pre-disposing factors, was reported as having left atrial enlargement at Visit 12. He was not reported to be on any concomitant medications and his blood pressure was normal at all study visits.
Atrial premature depolarisation, sinus arrhythmia, occasional ventricular premature depolarisation and sinus bradycardia were the most commonly reported treatment emergent ECG abnormalities related to rhythm, affecting 6.1%,(n=23), 5.1%, (n=19), 4.5% (n=17) and 4.3% (n=16) of subjects, respectively. The incidence of ST segment treatment-emergent abnormalities was low, 96.1% of subjects (n=372) who had a normal ST segment at baseline continued to have normal ST segments. Of those with abnormal ST segments, the highest proportion of subjects had a non-specific ST abnormality. Compared to Visit 1, the majority of subjects (97.8%) did not have myocardial ischemia treatment-emergent ECG abnormalities. Three subjects had T wave abnormalities and three subjects had ST depression.
Non-specific T-wave abnormality was reported in 6.5% (n=24) of subjects. No U- wave abnormalities were reported.
PSA
The mean changes in PSA from Visit 3 to endpoint and from Visit 6 to endpoint were minimal (Visit 3 to endpoint 0.1 (SD 0.8); Visit 6 to endpoint 0.2 (SD 0.7)).
PVR
There was a small decrease in mean PVR from Visit 3 to endpoint (mean change -12.6 (SD 69.2)) and from Visit 6 to endpoint (mean change -14.8 (80.7)).
Comment: Based on the information provided in the submission there were no obvious new safety signals arising in the open-label extension period of study LVHG. Of potential concern are the QTc results, in view of the reported maximum changes in QTc interval from baseline to endpoint, and from Visit 6 to endpoint, of more than 60 ms, and the maximum absolute QTc interval of more than 500 ms at Visit 12. There was no placebo group for comparison. An analysis of outlier QT/QTc interval values does not appear to be included in the study report. There were no TEAE adverse event reports of torsade de pointes but there were single subjects reported with treatment-emergent “cardiac arrest” and “ventricular arrhythmia” plus four subjects reported with treatment-emergent “dizziness”. Further details provided in the report in relation to these subjects do not suggest that these TEAEs were manifestations of torsade de pointes. The TEAE “cardiac arrest” was self-reported and corrective treatment was not given. Dizziness is a known adverse effect reported with tadalafil. Of the four subjects with dizziness, three completed the study and one subject decided to discontinue the study. The subject reported with ventricular arrhythmia, of severe severity, was also reported to have had atrial flutter at the same time, reported as a serious adverse event. These adverse events occurred the day after the study drug was discontinued. The subject had a number of ECGs taken. A prolonged QT interval was not reported in the individual case report.
The other treatment-emergent ECG changes do not appear to suggest a safety signal. They affected small proportions of subjects and were varied in nature.
Based on the case histories, the investigator’s assessment that the serious adverse event reports of atrial flutter, cardiac arrest and congestive cardiac failure were not related to the study drug seems reasonable.
With regard to the subjects with raised liver transaminases more than three times the upper limit of normal, there appears to be no information regarding the results of liver function tests after the tadalafil 5 mg was ceased so it is unclear if there was a positive dechallenge. Both subjects had concomitant conditions and/or medications that may have contributed to the abnormal liver function test results. Nonetheless, for one of the subjects the elevated AST and ALT levels were assessed by the investigator as being possibly drug-related. It is noted that the US label for Cialis (14) includes abnormal liver function tests as an adverse event reported in less than 2% of subjects reported in controlled trials of Cialis once daily or as needed for which the causal relationship to Cialis is uncertain.
There were no mean changes in haematological parameters, serum chemistry parameters and vital signs from Visit 6 to endpoint (OLE) or from Visit 3 to endpoint (LVHG plus OLE) that are likely to be of important clinical significance.
[bookmark: _Toc336418876]Results for other safety outcomes
There were no other safety outcomes.
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In Module 2, it is indicated that 2618 subjects have been exposed to any dose of tadalafil dosed once a-day in all placebo controlled BPH studies, with 752 subjects being exposed to tadalafil 5 mg in the integrated analysis set of the four pivotal studies. In the long term analysis set (Study LVHG OLE) it is indicated that 357 subjects were exposed to tadalafil 5 mg for at least six months (at least 177 days) and 283 subjects were exposed to tadalafil 5 mg for at least one year ( at least 359 days).
In the placebo controlled studies LVID, LVHG, LVHJ, LVHR, LVHK, LVHS, and LVHG OLE, it is reported that in total 104 subjects aged over 65 years, and 28 subjects aged 75 years or older, have been exposed to tadalafil 5 mg for at least 12 months.
Exposure to tadalafil in the clinical pharmacology analysis set, comprising of 68 studies including studies LVHN, LVFU, LVCT, LVFV, LVFB, LVFF, LVFS, LVFT, LVGG, LVFA submitted in this dossier are shown in Table 17.
Table 17: Subject exposure to tadalafil: clinical pharmacology analysis set (68 studies).
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Comment: The exposure in clinical study LVDI is not included in Table 17 as the study was not related to either of the proposed indications but related to the approved indication, treatment of ED.
The number of subjects aged over 65 exposed to tadalafil 5 mg for at least 12 months appears to be adequate based on the recommendations in the TGA adopted guideline “Clinical Investigation of medicinal products in Geriatrics “(26). As the proportion of men with BPH–LUTS increases with age, and the Australian population is aging, it is anticipated that a significant proportion of the target population for the proposed use of tadalafil in the treatment of ED in Australia will be men aged 75 years or older. It is unlikely that the long-term safety of tadalafil 5 mg once daily in the proposed indications can be elucidated by such a small number of subjects aged 75 years or older exposed to tadalafil 5 mg for at least 12 months. Therefore, it is recommended that a statement regarding using in the elderly is added to the precautions section of the PI indicating that there is insufficient evidence on the safety of tadalafil in this subgroup.
With regard to exposure to tadalafil by duration of treatment, it appears that the information on exposure for at least 12 weeks was not available for a number of the studies. The sponsor is requested to provide the number of subjects exposed for 12 weeks or more to tadalafil 2.5 mg in study LVHR, and tadalafil 5 mg in studies LVHJ, LVHR and LVGC, and to tadalafil 20 mg in study LVGC, or indicate where this information can be found in the submission.
The duration of exposure is not totalled for the individual doses of tadalafil and duration of treatment category (≥ 12 weeks, ≥ 6 months, ≥ 12 months) where the data did not appear to have been provided.
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[bookmark: _Ref272317284][bookmark: _Ref272333565][bookmark: _Toc272414664][bookmark: _Toc290846302][bookmark: _Toc336418879]All adverse events (irrespective of relationship to study treatment)
Comment: The pivotal and non-pivotal studies reported treatment-emergent adverse events (TEAEs), that is, adverse events that were either first reported, or worsened in severity, during the study period. The information, therefore, relates to TEAEs.
Pivotal studies
BPH indication
Study LVHG
Based on all randomised subjects, treatment-emergent adverse events (TEAEs) during the double-blind treatment period were reported in a higher proportion of subjects who received tadalafil compared with placebo and the proportions of subjects reporting TEAEs in the tadalafil treatment groups increased with increasing dose (placebo 21.2% (n=45), tadalafil 2.5mg 26.8% (n=56), tadalafil 5mg 30.7% (n=65), tadalafil 10mg 34.7% (n=75), tadalafil 20mg 39.7% (n=83), tadalafil (all doses) 33.0% (n=279)).
The treatment-emergent adverse events reported in at least 2% of randomised subjects in any tadalafil treatment group are shown in Table 18. For all the TEAEs listed in this table the proportion of subjects reporting the AE was higher in subjects receiving tadalafil (any dose) than in the placebo group. The TEAEs reported in the highest proportion of subjects in the tadalafil treatment groups were headache, dyspepsia, back pain, myalgia and nasopharyngitis but there was no clear dose-response relationship. For many of the TEAEs reported at any frequency, the event was reported by only one or two subjects in any one treatment group and there were, therefore, no notable differences when the proportions of subjects reporting that event were compared across the treatment groups. Dizziness was reported in five subjects treated with tadalafil compared with one subject treated with placebo. Three subjects in the tadalafil 20 mg treatment group were reported with dizziness, and one in the tadalafil 5 mg and 10 mg groups respectively. Syncope was reported in two subjects in the tadalafil 2.5 mg treatment group only, one of which was reported as severe, and hypotension in one subject in the tadalafil 5 mg group.
Table 18: Study H6D-MC-LVHG: Treatment-emergent adverse vents by decreasing frequency of occurrence in at least 2% of subjects in any tadalafil group.
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TEAEs were reported across a number of System Organ Classes (SOCs). The highest proportions of subjects in the tadalafil group had TEAEs falling under the Gastrointestinal disorders SOC (tadalafil 10.5%; placebo 3.8%), Infections and infestations SOC (tadalafil 7.0%; placebo 5.7%), Musculoskeletal and connective tissue disorders SOC (tadalafil 8.9%; placebo 3.3%) and Nervous system disorders SOC (tadalafil 5.2%; placebo 3.8%). For a number of SOCs, many preferred terms were reported for one subject only in any treatment group. Of note, dyspepsia was reported in 28 subjects treated with tadalafil (all doses)(3.3%) compared with no subjects in the placebo group, back pain was reported in 27 subjects treated with tadalafil (all doses) (3.2%) compared with one (0.5%) in the placebo group, myalgia, pain in the extremity and muscle spasms were reported in no subjects in the placebo group and by 18, 13 and 9 subjects (2.1% ,1.5%, 1.1%) treated with tadalafil (all doses), respectively.
Most of the TEAEs were mild or moderate in severity. No safety signals were identified in relation to the adverse events of special interest.
Comment: The treatment-emergent adverse events reported in study LVHG did not appear to indicate any new safety concerns. The most commonly reported adverse events were consistent with those in the currently approved PI for Cialis (1) and the proposed draft PI.
Study LVHJ
Treatment-emergent adverse events reported in the double-blind period of study LVHJ are shown in Table 19.
Table 19: Study H6D-MC-LVHJ: Treatment-emergent adverse events, double-blind period (all randomised subjects).
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The proportions of randomised subjects reporting at least one treatment-emergent adverse event during the double-blind treatment period was similar in the two treatment groups (placebo 22.0% (n=36), tadalafil 5 mg 26.1% (n=42)). Headache was the TEAE reported by the highest proportion of subjects in the tadalafil 5mg group (3.7% (n=6)), followed by back pain (3.1% (n=5)), arthralgia (1.9% (n=3)), dizziness (1.9% (n=3)) and hypertension (1.9% (n=3)). For each of these TEAEs the proportion of subjects in the placebo group who reported the AE was lower than in the tadalafil 5 mg group but the only notable difference was for headache (placebo 0.6% (n=1), tadalafil 5mg 3.7% (n=6)). For subjects in the tadalafil 5mg group who reported TEAEs, the system organ classes under which the preferred terms fell most commonly were the Gastrointestinal disorders SOC (4.3%, placebo 4.9%), Infections and infestations SOC (5.6%, placebo 4.3%,) and Musculoskeletal and connective tissue disorders SOC (6.2%, placebo 3.0%). Most TEAEs were of mild or moderate maximum severity. There were two subjects in each treatment group who had one or more TEAEs that were of severe maximum severity (placebo - back pain (n=1), urinary retention (n=1); tadalafil 5mg acute myocardial infarction (n=1), headache (n=1)).
None of the subjects in the placebo group reported events that mapped to the pre-specified MedDRA preferred terms of TEAEs possibly related to hypotension. Three subjects in the tadalafil 5 mg group reported adverse events that mapped to the MedDRA preferred term “dizziness”. For two of the subjects the investigator considered that the dizziness was unlikely to be related to the study drug and for one subject it was considered possibly related. Twelve subjects, 10 in the tadalafil 5mg group and two in the placebo group, had at least one TEAE possibly related to hypotension based on the expanded list of preferred terms possibly related to hypotension, which included headache, asthenia and fatigue. In the tadalafil 5 mg group, as well as the three subjects who reported dizziness, 6 subjects reported headache and one subject asthenia. The subject with asthenia had started tadalafil 11 days prior to the onset of the event. He reported concomitant headache, myalgia, and adynamia, all of which were considered by the investigator to be possibly related to the study drug. In the placebo group one subject reported headache and one asthenia.
Comment: The TEAEs are displayed as the proportions of subjects who have had at least one TEAE in the preferred term category. This presentation is consistent with the display of TEAEs in the other three pivotal efficacy studies. However, this information does not indicate how many times the subjects reported the individual adverse events during the course of the study and when the adverse events occurred in relation to the commencement of the study drug.
The TEAEs reported in more than 1% of subjects receiving tadalafil 5 mg during the double-blind treatment period were generally consistent with the known safety profile for tadalafil. No new safety signals were apparent.
Study LVID
Treatment-emergent adverse events reported in the double-blind period of study LVID are shown in Table 20.
Table 20: Study H6D-MC-LVID: Treatment-emergent adverse events, double-blind period (all randomised subjects).
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Table 20 (continued): Study H6D-MC-LVID: Treatment-emergent adverse events, double-blind period (all randomised subjects).
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In the double-blind treatment period, similar proportions of subjects in the three treatment groups reported one or more TEAEs (placebo 20.3% (n=35), tadalafil 5mg 23.4% (n=40), tamsulosin 0.4mg 23.8% (n=40)). TEAEs reported in more than 2% of subjects in the tadalafil group were headache (2.9%), nasopharyngitis (2.9%), back pain (2.3%), dizziness (2.3%), and dyspepsia (2.3%). Except for nasopharyngitis, a lower proportion of subjects in the placebo group reported these adverse events. Headache and dizziness were reported in a higher proportion of subjects in the tamsulosin 0.4 mg group. AEs reported on the day of randomisation were not included in the summary of TEAEs. AEs that occurred after the first dose of double-blind study medication on the day of randomisation were headache (placebo n=1), and tachycardia and anxiety (placebo n=1) and gastrointestinal reflux disease (tadalafil 5mg n=1) and vomiting (tadalafil 5mg n=1).
The highest proportions of subjects in the tadalafil 5 mg group with TEAEs fell into the Gastro intestinal disorders SOC (8.2%), Musculoskeletal and connective tissue disorders SOC (5.8%) and Nervous system disorders SOC (5.3%). The proportions of subjects reporting TEAEs in these SOCs were lower in the placebo group and lower in the tamsulosin 0.4 mg group except for the Nervous system disorders SOC.
Of randomised subjects who reported one or more TEAEs during the double blind treatment period, most had TEAEs that were mild or moderate in severity. Three subjects in the tadalafil 5 mg and tamsulosin 0.4 mg groups, and one subject in the placebo group, had TEAEs that were severe. The subjects with severe TEAEs in the tadalafil 5 mg group had coronary artery disease, pancreatitis and nocturia.
During the double-blind treatment period, similar proportions of subjects in each treatment group had one or more TEAEs possibly related to hypotension (based on pre-specified MedDRA preferred terms) (placebo 2.3% (n=4), tadalafil 5mg 2.3% (n=4), tamsulosin 0.4mg 3.6% (n=6)). The 4 subjects in the tadalafil 5 mg group all reported dizziness, which was assessed by the investigator as possibly related to the study drug for three of the four subjects.
Comment: The TEAEs reported by more than 1% of subjects receiving tadalafil 5 mg in this study were generally consistent with the known safety profile for tadalafil. There were no apparent new safety signals.
BPH indication and ED and BPH indication
Study LVHR
Treatment-emergent adverse events reported in the double-blind period of study LVHR are shown in Table 21.
Table 21: Study H6D-MC-LVHR: Treatment-emergent adverse events, double-blind period (all randomised subjects).
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Table 21 (continued): Study H6D-MC-LVHR: Treatment-emergent adverse events, double-blind period (all randomised subjects).
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Higher proportions of subjects randomised to the tadalafil treatment groups had one or more TEAEs during the double-blind treatment period compared with the placebo group (placebo 19.5% (n=39), tadalafil 2.5mg 25.3% (n=50), tadalafil 5mg 27.4% (n=57)). TEAEs that were reported in at least 2% of subjects in the tadalafil 5 mg group were headache, back pain and nasopharyngitis. These TEAEs occurred in a higher proportion of subjects in the tadalafil 5mg treatment group than the placebo treatment group and, for headache and back pain, in a higher proportion subjects in the tadalafil 2.5 mg group (headache: placebo 3.0% (n=6), tadalafil 2.5mg 2.5% (n=5), tadalafil 5mg 5.8% (n=12); back pain: placebo 1.5% (n=3), tadalafil 2.5mg 0.5% (n=1), tadalafil 5mg 2.9% (n=6); nasopharyngitis: placebo 2.0% (n=4), tadalafil 2.5mg 3.0% (n=6), tadalafil 5mg 2.4% (n=5)). Dyspepsia, hypertension and upper respiratory tract infection were each reported in three subjects in the tadalafil 5 mg group (1.4%) compared with no subjects, or one subject, in the other treatment groups. There was no obvious dose-response across the tadalafil treatment groups. Other TEAEs were reported in between 0 and 2 subjects in each of the treatment groups except for influenza, which was reported in 5 subjects (2.5%) in the placebo group, four subjects (2.0%) in the tadalafil 2.5 mg group and one subject (0.5%) in the tadalafil 5 mg group. For subjects in the tadalafil 2.5 mg and 5 mg groups who reported TEAEs, the system organ classes under which the preferred terms fell most commonly were the Gastrointestinal disorders SOC (placebo 3.0%, tadalafil 2.5 mg 3.5%, , tadalafil 5mg 6.3%), Infections and infestations SOC (placebo 7.0%, tadalafil 2.5 mg 9.1%, , tadalafil 5mg 6.7%), Musculoskeletal and connective tissue disorders SOC (placebo 3.5%, tadalafil 2.5 mg 3.5%, tadalafil 5mg 5.8%) and Nervous system disorders SOC (placebo 4.0%, tadalafil 2.5 mg 3.0%, tadalafil 5mg 6.7%). Eight subjects had one or more TEAEs of maximum severity reported to be severe (placebo (n=1), tadalafil 2.5mg (n=3), tadalafil 5mg (n=4)). The severe events reported in subjects in the tadalafil 2.5 mg group were myocardial infarction, intervertebral disc protrusion and blood creatinine increased and blood urea increased respectively. Of the four subjects in the tadalafil 5 mg group, one was reported to have had abdominal discomfort and back pain, one subject had pancreatitis haemorrhagic, one subject had myalgia and the fourth subject had hypertension. The subject in the placebo group was reported with non-Hodgkin’s lymphoma.
During the double-blind treatment period, similar proportions of subjects in each treatment group had one or more TEAEs possibly related to hypotension when based on the focused analysis including 7 pre-specified MedDRA preferred terms (dizziness, dizziness postural, procedural dizziness, hypotension, orthostatic hypotension, syncope and presyncope)(placebo 1.5% (n=3), tadalafil 2.5mg 1.5%(n=3), tadalafil 5mg 1.4% (n=3)) and when based on an expanded analysis including headache , asthenia and fatigue (placebo 4.5% (n=9), tadalafil 2.5mg 3.5% (n=7), tadalafil 5mg 6.7% (n=14)). Headache was the only additional adverse events identified in the expanded analysis of TEAEs possibly related to hypotension. Dizziness was assessed by the investigator as possibly related to tadalafil for four subjects who received tadalafil (tadalafil 2.5 mg (n=2) and tadalafil 5 mg (n=2)). One subject in the tadalafil 2.5 mg treatment group met the criterion for a treatment emergent positive orthostatic test at Visits 4 to 7 based on the SBP criterion but he had also met the criterion at Visit 2. The subject reported no adverse events. One subject in the tadalafil 5 mg group reported dizziness upon standing during the orthostatic test but did not meet the criteria for a treatment-emergent positive orthostatic test.
In subjects aged 65 years and under, the proportion of subjects with one or more TEAEs during the double blind period was similar in each treatment group (placebo 22.0% (n=27), tadalafil 2.5mg 25.0% (n=33), tadalafil 5mg 24.8% (n=31)) but in subjects aged over 65 years the proportion of subjects with one or more TEAEs was higher in the tadalafil groups (placebo 15.6% (n=12), tadalafil 2.5mg 25.8% (n=17), tadalafil 5mg 31.3% (n=26)). Headache was the most commonly reported TEAE in both subjects aged less than 65 years and under those aged over 65 years and, in both age subgroups, affected a higher proportion of subjects in the tadalafil 5 mg group than the other treatment groups. The proportions of subjects in each treatment group aged over 65 years, and over 75 years, who had treatment-emergent positive orthostatic tests during the double-blind treatment period were similar to the proportions of younger subjects who had treatment-emergent positive orthostatic tests.
Comment: The TEAEs were similar in both study LVHR (all subjects had BPH-LUTS and ED) and the other three pivotal studies (LVHG, LVHJ, LVID – all subjects had BPH-LUTS and a proportion had ED) suggesting that there was no difference in the safety profile with the use of tadalafil in the two different indications.
The TEAEs reported by at least 1% of subjects receiving tadalafil 5 mg in the double-blind period of study LVHR were consistent with the known safety profile of tadalafil. There were no new safety signals arising from the TEAEs reported in subjects receiving tadalafil 2.5 mg or 5 mg during the study.
Integrated analysis set of the four pivotal efficacy studies (LVHG, LVHJ, LVHR, LVID)
The integrated analysis set included data from the four pivotal efficacy studies, LVHG, LVHJ, LVHR and LVID. TEAEs reported by randomised subjects during the double-blind treatment period of these studies were included in the summary of TEAEs.
Treatment-emergent adverse events (baseline Visit 3) were more common in subjects randomised to tadalafil 5 mg compared with placebo (placebo 20.9% (n=156); tadalafil 5mg 27.4% (n=206)). Treatment-emergent adverse events that were reported in at least 1% of subjects randomised to tadalafil 5 mg were headache, back pain, dyspepsia, nasopharyngitis, hypertension, pain in the extremity, diarrhoea, dizziness, myalgia and gastro oesophageal reflux disease. The proportion of subjects randomised to placebo who were reported with these TEAEs was lower than in subjects randomised to tadalafil 5 mg except for nasopharyngitis, which was reported in the same proportion of subjects in each group. Of TEAEs reported in less than 1% of subjects randomised to tadalafil 5 mg, four subjects (0.5%) were reported with dyspnoea compared with none in subjects randomised to placebo. Three subjects (0.4%) randomised to tadalafil 5 mg were reported with epistaxis, gout and micturition urgency, respectively, compared with no subjects randomised to placebo. The majority of TEAEs in subjects randomised to tadalafil 5 mg were reported in single subjects. Three subjects randomised to placebo were reported with urinary retention but there were no subjects randomised to tadalafil 5 mg reported with urinary retention. Subjects randomised to tadalafil 5 mg reported TEAEs predominantly in the Gastrointestinal disorders SOC (7.7%), Infections and infestations SOC (5.7%), Nervous system disorder SOC (5.2%) and Musculoskeletal and connective tissue disorders SOC (6.1%). The proportions of subjects reporting TEAEs in these SOCs were 3.9%, 6.1%, 3.2% and 3.3%, respectively. The proportions of subjects with one or more TEAES of maximum severity severe in the integrated analysis set were similar in subjects randomised to placebo (1.3% (n=10)) and tadalafil 5mg 2.0% (n=15)).
TEAEs related to special safety topics identified by the sponsor were assessed using the integrated analysis set. These special safety topics were bleeding events, cardiovascular events, ear disorders, eye disorders, TEAEs possibly related to hypotension, myalgias and back pain, seizures and transient global amnesia.
Based on the integrated analysis set, there were numerically more bleeding events in subjects randomised to tadalafil 5mg (n=8) compared with placebo (n=0) during the double blind period. The most common bleeding event was epistaxis (n=3) which was reported as mild in all three subjects and did not lead to study discontinuation. There were single reports of other bleeding events; only one of these events was severe and led to study discontinuation (pancreatitis haemorrhagic).
There were small numerical differences in specific treatment-emergent cardiovascular disorders between subjects randomised to tadalafil 5 mg and those randomised to placebo, except for hypertension which was reported in 12 subjects (1.6%) randomised to tadalafil 5 mg and five subjects (0.7%) randomised to placebo. Of these 17 subjects, a number had pre-existing hypertension. A treatment-emergent high blood pressure result was defined as a change from a value less than the specified high limit at baseline to a value greater than or equal to the high limit at any post-baseline visit. Blood pressure measurements were taken in the supine position in two of the studies and in the sitting position in two of the studies. A review of each subject’s pre- and post-randomisation serial blood pressure measurements undertaken by the sponsor found no evidence of treatment-emergent increases in blood pressure for these subjects with a TEAE of hypertension. Similar proportions of subjects randomised to tadalafil 5mg and placebo in the integrated analysis set were reported with TEAEs possibly related to hypotension (placebo 1.1% (n=8); tadalafil 5mg 1.6% (n=12)). Dizziness was the most frequently reported TEAE possibly related to hypotension in both groups (placebo (n=6); tadalafil 5mg (n=10)). One subject randomised to tadalafil 5mg discontinued the study due to syncope.
Based on the integrated analysis set, fewer subjects randomised to tadalafil 5 mg experienced treatment-emergent ear disorder adverse events than subjects randomised to placebo group (placebo 0.7% (n=5); tadalafil 5mg 0.3% (n=2)). There was one report of deafness in a subject randomised to tadalafil 5mg compared to no reports in subjects randomised to placebo. The adverse event of deafness did not lead to study discontinuation and was not considered to be study-drug related by the investigator. The deafness was treated and was reported as resolved at the final study visit. Treatment-emergent eye disorder adverse events were reported in 0.3% (n=2) of subjects randomised to placebo and 0.7% (n=5) of subjects randomised to tadalafil 5 mg. Four subjects randomised to tadalafil 5 mg were reported with vision blurred of mild severity, but leading to study discontinuation in one subject. There were also single subjects randomised to tadalafil 5mg reported with photopsia, retinal tear and vitreous floaters compared with single subjects reported with vision blurred and photopsia in the placebo group. There were no reports of NAION in the integrated analysis set.
A higher proportion of subjects randomised to tadalafil 5 mg were reported with one or more treatment-emergent myalgia or back pain adverse events (placebo 2.7% (n=20); tadalafil 5mg 5.9% (n=44)) during the double-blind treatment period. Specifically, back pain, pain in the extremity, myalgia, arthralgia, muscle spasms and pain were reported in a higher proportion of subjects randomised to tadalafil 5 mg compared with placebo with the biggest differences for back pain (placebo 1.2% (n=9); tadalafil 5mg 2.4% (n=18)), pain in the extremity (placebo 0.0% (n=0); tadalafil 5mg 1.5% (n=11))and myalgia (placebo 0.5% (n=4); tadalafil 5mg 1.2% (n=9)).
There were no reports of seizures or transient global amnesia.
Subgroup analyses of TEAEs were undertaken for the integrated analysis set, by age, ED status at baseline, cardiovascular disease, hypertension, diabetes, renal impairment and hepatic impairment at baseline, prior alpha blocker therapy and PDE5 inhibitor use at baseline and concomitant CYP3A4 inhibitor use. No new safety concerns were identified by the sponsor. Of note, in subjects aged 75 years and over the proportion of subjects randomised to tadalafil 5mg who reported diarrhoea was notably greater than in subjects randomised to placebo (placebo 1.1% (n=1); tadalafil 5mg 7.1%(n=6)). In subjects aged under 75 years, the proportions of subjects with diarrhoea were more comparable between the treatment groups (placebo 1.1% (n=1); tadalafil 5mg 0.6% (n=4)). Dizziness was also more common in subjects aged 75 years and older (placebo 1.1% (n=1), tadalafil 5mg 4.8% (n=4)) compared with subjects aged less than 75 years (placebo 0.8% (n=5), tadalafil 5mg 0.9% (n=6)). By ED status at baseline (yes/no), there was no notable differences across the two subgroups in the proportions of subjects randomised to tadalafil 5mg and placebo reporting common TEAEs during the double-blind treatment period. In the integrated analysis set, the proportions of subjects in the tadalafil 5 mg group reporting common TEAEs by normal, mild, moderate and severe baseline renal impairment in the double-blind treatment period were relatively similar. The only difference of note was a higher proportion of subjects with moderate renal impairment who reported diarrhoea (15.4% (n=2)) compared with the other subgroups (normal 1.1% (n=6), mild 1.1% (n=2), severe 0% (n=0)).
Comment: Although not identical, the four pivotal studies were of similar design, had similar inclusion and exclusion criteria and similar safety and efficacy outcomes.
In terms of the TEAEs reported in a greater proportion of subjects randomised to tadalafil 5 mg compared with placebo, hypertension is reported in the draft PI as an adverse event identified from spontaneous post-marketing surveillance. This is reasonable as, in regard to the 17 subjects reported with hypertension in the integrated analysis set, a review of each subject’s pre- and post-randomisation serial blood pressure measurements did not suggest a clear signal of treatment-emergent increases in blood pressure.
Back pain is included in the draft PI as a TEAE reported by than more than 2% of subjects treated with tadalafil 5 mg, and more frequently than placebo, in the phase 3 BPH studies and myalgia is included as an adverse reaction reported by less than 2% of subjects in these studies.
Hypotension, dizziness, epistaxis, hearing loss and blurred vision are included in the currently approved Australian PI for Cialis (1), and in the draft PI, as adverse events identified from spontaneous post-marketing surveillance.
Dyspnoea has been added to the draft PI as an uncommon adverse reaction to be consistent with the CCDS. Pain in extremity is also included as a common adverse reaction reported in the BPH studies.
The three subjects randomised to tadalafil 5 mg reported with pancreatitis were on concomitant medications and two of the three had other medical conditions. In all three cases the investigator assessed the subject’s pancreatitis as being unrelated to the study drug. This seems reasonable. The onset of pancreatitis after randomisation to tadalafil 5 mg varied and two of the subjects had risk factors for pancreatitis.
For the subgroup analyses, a number of the subgroups comprised of small numbers of subjects resulting in apparent large differences in the proportions of subjects reporting a given TEAE even if the absolute number of subjects with that TEAE were small.
Comparison of adverse events reported in the integrated analysis set and in subjects receiving tadalafil once daily for ED
The sponsor has compared the data from subjects randomised to tadalafil 5mg in the integrated analysis set (LVHG, LVID, LVHJ, LVHR) with adverse events data from subjects randomised to tadalafil 5 mg in the five integrated placebo-controlled 12 week ED tadalafil once daily studies (LVCV, LVFP (12 week), LVFZ, LVGH, LVHX). The demographics and baseline characteristics of these two populations differed. Specifically, the mean age of men at study entry in the integrated analysis set of the pivotal BPH studies (63.1 years) was older than that of the integrated ED studies (55.6 years) and there were higher proportions of subjects aged over 65 years, and aged 75 years or older, in the BPH integrated analysis set. As one of the ED studies only included subjects with diabetes, the proportion of subjects with diabetes was higher in the integrated ED data (30.8%) compared with the BPH integrated analysis set (12.8%) and all subjects in the integrated ED data had ED compared with 77% of subjects in the integrated analysis set. The majority of common TEAEs reported in ≥ 1% of subjects in the integrated ED data were also reported in the integrated analysis set at a similar or lower proportion of subjects and vice versa. The proportions of subjects in the BPH integrated analysis set reporting hypertension (1.6%) and dizziness (1.3%) were higher than in the integrated ED data (0.4% and 0.7% respectively). By SOC, the proportions of subjects randomised to placebo and tadalafil 5 mg reporting TEAEs were generally similar in the two integrated data sets with the highest proportions of subjects randomised to tadalafil 5 mg reporting TEAEs in the Gastrointestinal disorders SOC, Musculoskeletal and connective tissue disorders SOC and Nervous system disorders SOC in both integrated analysis sets.
Comment: Based on the TEAEs, the safety profile of tadalafil was similar in the ED studies and BPH studies.
Pivotal safety studies
Study LVHS
Treatment-emergent adverse events reported in the double-blind period of study LVHS are shown in Table 22.
Table 22: Study H6D-MC-LVHS: Treatment-emergent adverse events, double-blind period (all randomised subjects).
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Table 22 (continued): Study H6D-MC-LVHS: Treatment-emergent adverse events, double-blind period (all randomised subjects).
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A higher proportion of subjects randomised to the tadalafil 5 mg treatment group reported one or more TEAEs during the double-blind period, compared with the placebo group (placebo 33.1% (n=53), tadalafil 5mg 41.8% (n=66)). Dizziness was the most commonly reported TEAE by subjects in both groups (placebo 5.0% (n=8), tadalafil 5mg 6.3% (n=10)). Other TEAEs reported by more than 2% of subjects in the tadalafil 5 mg group were dyspepsia, diarrhoea, back pain and gastro oesophageal reflux disease, all of which were reported by a higher proportion of subjects in the tadalafil 5 mg group compared with the placebo group. Fatigue and nausea were both reported by three subjects (1.9%) in the tadalafil group and all the other TEAEs were reported by two or fewer subjects. TEAEs fell most commonly into the following SOCs: Gastrointestinal disorders (placebo 6.3%, tadalafil 5mg 13.9%), Infections and infestations (placebo 7.5%, tadalafil 5mg 4.4%), Musculoskeletal and connective tissue disorders (placebo 5.6%, tadalafil 5mg 7.0%), Nervous system disorders (placebo 8.1%, tadalafil 5mg 9.5%) and Respiratory, thoracic and mediastinal disorders (placebo 2.5%, tadalafil 5mg 4.4%). Most TEAEs were of mild or moderate severity. Five subjects in each treatment group had TEAEs of a maximum severity assessed as severe. In the tadalafil 5mg group these TEAEs were Mallory-Weiss syndrome, urinary tract infection, tendon rupture, back pain (n=2) and headache.
As TEAEs did not include AEs that were reported on the day of randomisation, AEs with a start date equal to the date of randomisation (Visit 3) were queried to determine if the AE occurred prior to, or after, the first dose of study medication. Four subjects in each treatment group reported one or more TEAEs on the day of randomisation following the first dose of double-blind treatment. There were no reports of dizziness. Headache was reported by two subjects randomised to tadalafil 5 mg and one randomised to placebo but it is reported that none of these subjects met the criteria for a positive orthostatic test. During the double-blind treatment period, similar proportions of subjects in each treatment group had one or more TEAEs possibly related to hypotension when based on the focused analysis including 7 prespecified MedDRA preferred terms (dizziness, dizziness postural, procedural dizziness, hypotension, orthostatic hypotension, syncope and presyncope)(placebo 6.3% (n=10), tadalafil 5mg 7.0% (n=11)).
When based on an expanded analysis including, along with the seven preferred terms for dizziness above, headache, asthenia and fatigue, the proportions of subjects in the two groups with TEAEs possibly related to hypotension were again similar (placebo 9.4% (n=15), tadalafil 5mg 10.1% (n=16)). Of the 16 subjects in the tadalafil group with TEAEs possibly related to hypotension, two reported headache and did not have other concurrent adverse events suggestive of hypotension. Six of the remaining 14 subjects met one or more of the criteria for a treatment-emergent positive orthostatic test. Nine of the 14 subjects were on concurrent non-selective alpha blockers.
Comparing subjects aged 65 years and under, and subjects aged over 65 years, the proportions of subjects in each treatment group with TEAEs possibly related to hypotension were similar across the subgroups. In subjects aged 75 years or older, 12.5% (n=5) reported treatment-emergent adverse events possibly related to hypotension, compared with 5.3% (n=2) in the placebo group. Two of the subjects in the tadalafil 5 mg group were reported with headache as a possible TEAE related to hypotension, compared with none in the placebo group. In subjects aged less than 75 years the proportions of subjects in the treatment groups with one or more TEAEs possibly related to hypotension were similar (placebo 10.7%, tadalafil 5mg 9.3%).
During the double-blind treatment period, a slightly higher proportion of subjects in the placebo group reported TEAEs upon standing during the vital sign assessments than subjects randomised to tadalafil 5 mg (placebo 2.5% (n=4), tadalafil 5mg 1.9% (n=3)). Only one subject in each treatment group who had TEAEs upon standing during the vital sign assessments met at least one of the four criteria for a treatment-emergent positive orthostatic test.
Dizziness was reported in higher proportions of subjects in both treatment groups during the double-blind period when the subject was also taking a non-selective alpha blocker compared with a selective alpha blocker (selective alpha blocker: placebo 2.8% (n=3), tadalafil 5mg 3.8% (n=4); non-selective alpha blocker placebo 9.4% (n=5), tadalafil 5mg 11.5% (n=6)).
Comment: Both the current and proposed PIs include information in the Precautions section regarding the blood pressure lowering effect of the concomitant use of tadalafil with non-selective alpha blockers.
The proportion of subjects aged 75 years or older reporting treatment-emergent adverse events possibly related to hypotension was notably higher in the tadalafil 5 mg group compared with the placebo group although the absolute numbers of subjects affected were small.
Study LVHK
Treatment-emergent adverse events reported in study LVHK are shown in Table 23.
Table 23: Study H6D-MC-LVHK: Treatment-emergent adverse events by decreasing frequency of occurrence in tadalafil 20 mg treatment group (all randomised subjects).
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The proportion of randomised subjects with one or more TEAEs in the tadalafil 20 mg group was approximately double that in the placebo group (placebo 27.7% (n=28); tadalafil 20 mg 55.6% (n=55)). In the tadalafil 20 mg group, the most common TEAEs, reported by more than 2% of subjects, were dyspepsia, headache, back pain and gastro oesophageal reflux disease. There were four subjects (4.0%) in the tadalafil 20 mg group who had one or more TEAEs that were of severe maximum severity (gastritis (n=1), pneumonia (n=1), hypercholesterolemia (n=1), pain in the extremity (n=1), pleurisy (n=1)).
Study LVHG OLE
Comment: The pivotal safety studies were all in men with BPH-LUTS. There was no specific safety study undertaken in men with both BPH-LUTS and ED.
Other studies
BPH indication
Study LVGC
Treatment-emergent adverse events were reported in a higher proportion of randomised subjects in the tadalafil 5mg/20mg group compared with the placebo group between Weeks 0-6 (placebo 17.5% (n=25), tadalafil 5mg/20mg 22.5% (n=31)) and Weeks 0 -12 placebo 24.5% (n=35), tadalafil 5mg/20mg 34.8% (n=48)). The most common TEAEs occurring in more than 2% of subjects in the tadalafil 5mg/20mg group during Weeks 0-6 and Weeks 0-12, were erection increased (Weeks 0-6 placebo 1.4%, tadalafil 3.6%; Weeks 0-12: placebo 1.4%, tadalafil 5.1%), dyspepsia (Weeks 0-6 placebo 0.0%, tadalafil 2.2%; Weeks 0-12: placebo 0.0%, tadalafil 4.3%), back pain (Weeks 0-6 placebo 0.0%, tadalafil 2.3%; Weeks 0-12: placebo 1.4%, tadalafil 3.6%) and headache (Weeks 0-6 placebo 0.0%, tadalafil 2.2%; Weeks 0-12: placebo 0.7%, tadalafil 2.9%). Over the 12 weeks of treatment, nasopharyngitis and upper respiratory tract infection were also reported in more than 2% of subjects in the tadalafil group (nasopharyngitis: placebo 0.0%, tadalafil 2.2%; upper respiratory tract infection placebo 0.7%, tadalafil 2.2%). All of the subjects reported with treatment-emergent “erection increased” in both treatment groups were reported by the one investigator. This TEAE was actively solicited by the investigator and occurred in the context of sexual stimulation. Most of the TEAEs were of mild or moderate maximum severity. Of note, one subject was reported with ventricular tachycardia of severe severity in the period Weeks 6-12 during which time he was receiving tadalafil 20 mg. This adverse event was not reported as a serious adverse event and was not considered to be drug related by the investigator.
Comment: The proportions of subjects randomised to tadalafil reporting the most common AEs were higher over the whole 12 week treatment period (tadalafil 5 mg for 6 weeks followed by tadalafil 20 mg for 6 weeks) compared with the first six weeks when the subjects were receiving 5 mg tadalafil. 
The TEAEs reported by more than 1% of subjects receiving tadalafil 5/20 mg were generally consistent with the known safety profile for tadalafil. No new safety signals were apparent. The subject reported with ventricular tachycardia does not suggest a new safety signal as the subject did not discontinue the study due to the adverse event, the ventricular tachycardia was not reported as a serious adverse event and the investigator did not consider it to be drug-related. 
Studies in Asian countries
Study LVIA
During the double-blind treatment period a similar proportion of subjects in each treatment group were reported with TEAEs (placebo 37.9% (n=53), tadalafil 2.5mg 38.0% (n=54), tadalafil 5mg 38.6% (n=54)). The most commonly reported TEAE in all treatment groups was nasopharyngitis (placebo 12.9% (n=18), tadalafil 2.5mg 7.7% (n=11), tadalafil 5mg 10.0% (n=14)). Other TEAEs reported in three or more subjects in either tadalafil group were dyspepsia, diarrhoea, headache, hot flush, reflux oesophagitis, cataract, gingivitis and palpitations. Of these TEAEs, the proportions of subjects with dyspepsia and cataract increased with increasing tadalafil dose, and were reported in a higher proportion of subjects in the tadalafil groups than the placebo group (dyspepsia (placebo 0.0% (n=0), tadalafil 2.5mg 1.4% (n=2), tadalafil 5mg 2.9% (n=4)), cataract (placebo 0.0% (n=0), tadalafil 2.5mg 0.7% (n=1), tadalafil 5mg 2.1% (n=3)). All the subjects in the tadalafil groups who experienced one or more TEAEs had TEAEs of mild to moderate severity. One subject was reported with urinary retention in the tadalafil 5 mg and placebo groups, respectively.
Comment: Dyspepsia is included in the proposed PI as a TEAE reported by more than 2% of subjects treated with tadalafil 5 mg, and more frequent than placebo, in the phase 3 BPH studies. Although there was an apparent dose-response effect seen for cataract the absolute numbers of subjects reported were very small and are unlikely to represent a new safety signal given the primary risk factor for cataract is age.
TEAEs reported by more than 1% of subjects in the tadalafil 2.5 mg and 5 mg groups were generally consistent with the known safety profile of tadalafil. Across the tadalafil and placebo treatment groups, the majority of TEAE preferred terms were reported for only one or two subjects. No new safety signal was apparent.
Study LVIA OLE
Of the 394 subjects who entered the open-label extension period, 257 (65.2%) were reported to have had one or more TEAEs. Compared with baseline at Visit 3 (before randomised treatment in the double-blind treatment period was commenced), TEAEs reported in ≥ 2% of subjects during the 54 weeks of the double-blind treatment and OLE periods of study LVIA (Visit 3 to Visit 18) were nasopharyngitis (21.1% (n=83), diarrhoea 8.6% (n=34), back pain 5.8% (n=23), headache 4.8% (n=19), dyspepsia 4.1% (n=16)), reflux oesophagitis 3.3% (n=13), cataract 2.3% (n=9), eczema 2.8% (n=11). For subjects who had received tadalafil 5 mg in the double-blind treatment period, 66.4% (n=85) had one or more TEAEs during the study. Nasopharyngitis (18.0% (n=23), diarrhoea (8.6% (n=11)), back pain (5.5% (n=7) and dyspepsia (4.7% (n=6)) were reported in more than 4 per cent of subjects. Between two and three per cent of subjects (three and four subjects respectively)were reported with abdominal pain upper, dermatitis, haematuria, headache, periarthritis, reflux oesophagitis, abdominal distension, cataract, conjunctivitis, dysuria, eczema, fall, musculoskeletal pain, nausea and prostatitis.
Using Visit 7 as baseline (the end of the double-blind treatment period), 58.6% of subjects reported one or more TEAE during the OLE period (Visit 7 to Visit 18). A higher proportion of subjects who were in the placebo group during the double-blind treatment period reported TEAEs in the OLE period compared with those randomised to the tadalafil groups (placebo 63.4% (n=83), tadalafil 2.5mg 55.6% (n=75), tadalafil 5mg 57.0% (n=73)). The TEAEs reported by ≥ 2% of subjects during the OLE were nasopharyngitis (10.7%), diarrhoea (6.1%), back pain (4.3%), headache (3.0%), dyspepsia (2.5%), eczema (2.3%), insomnia (2.0%) and reflux oesophagitis (2.0%). Most TEAEs reported in the OLE period were of mild or moderate maximum severity. TEAEs of maximum severity severe in the OLE period were single reports of jaw fracture, back pain, lung neoplasm malignant, pancreatic carcinoma, prostate cancer, cerebral infarction, subarachnoid haemorrhage, urinary retention, prostatitis and nephrectomy. One subject who had received tadalafil 5 mg in the double blind period was reported with a toxic skin reaction of moderate maximum severity in the OLE period.
Comment: The TEAEs reported in the OLE period by ≥ 2% of subjects who had received tadalafil 5 mg in the double blind treatment period were generally consistent with those reported in the double-blind treatment period. The proportions of subjects reporting diarrhoea (7.0% (n=9)) and back pain (3.9% (n=5)) during the OLE (compared to Visit 7 as baseline) were higher than the proportions of subjects in the tadalafil 5 mg treatment group who reported these TEAEs during the double-blind period (compared to Visit 3 as baseline) (diarrhoea 1.4% (n=2), back pain 1.4% (n=2)), but the absolute number of subjects affected were small.
The most common TEAEs reported in the OLE were generally consistent with the known safety profile for tadalafil and no new safety signals were apparent.
Study LVHB
During the placebo lead-period, the proportion of subjects reporting adverse events was highest in the placebo group (placebo 13.6% (n=21), tadalafil 2.5mg 8.6% (n=13), tadalafil 5mg 7.1% (n=11), tamsulosin 0.2mg 9.9% (n=15)). During the double-blind treatment period, higher proportions of subjects in the tadalafil groups reported TEAEs compared with the other treatment groups (placebo 15.6% (n=24), tadalafil 2.5mg 27.8% (n=42), tadalafil 5mg 27.1% (n=42), tamsulosin 0.2mg 23.0% (n=35)). TEAEs reported in ≥ 1% of subjects in the combined tadalafil groups (N=306), and in a greater proportion of subjects than in the placebo group, were myalgia (2.9%), headache (2.0%), back pain (1.6%), diarrhoea (1.3%), rhinitis allergic (1.3%), dizziness (1.0%)and nausea (1.0%). There was a dose-response effect across the tadalafil groups for myalgia and back pain. In the tadalafil 5 mg group the TEAEs reported by the highest proportions of subjects (≥ 1%) were myalgia (3.9%), headache (1.9%), back pain (2.6%), nasopharyngitis (1.3%), diarrhoea (1.3%), rhinitis allergic (1.3%), nausea (1.9%), dyspepsia (1.3%), hot flush (1.3%), muscle tightness (1.3%) and PSA increased (1.3%). The highest proportions of subjects in the tadalafil 5mg group had TEAEs falling under the Gastrointestinal disorders SOC (6.5%) and the musculoskeletal and connective tissue disorders SOC (9.0%). Most TEAEs were of mild or moderate maximum severity. One subject was reported with a TEAE that was severe in the tadalafil 5 mg group and three subjects in the tadalafil 2.5 mg group (tadalafil 5mg: blood creatinine phosphokinase increased (n=1); tadalafil 2.5mg: injury (n=1), lumbar spinal stenosis (n=1), hepatic cancer metastatic (n=1)).
Study LVHT
Treatment-emergent adverse events were reported in 3.9% (n=2) of subjects in the placebo group, 13.7% (n=7) of subjects in the tadalafil 5 mg group and 26.5% (n=13) of subjects in the tamsulosin 0.2mg group during the treatment period. One subject in the tadalafil 5 mg group had treatment-emergent back pain reported during the placebo run-in period.
During the double-blind treatment period, three subjects (5.9%) in the tadalafil 5 mg group were reported with myalgia compared with no subjects in the placebo group and one subject in the tamsulosin 0.2 mg group. The majority of TEAEs reported in the tadalafil 5 mg group were in single subjects (2.0%) of which flushing, intentional overdose, lumbar spinal stenosis, lung adenocarcinoma metastatic, nasopharyngitis, pleural effusion and pruritus were reported in the tadalafil 5 mg group but not the placebo group. Nasopharyngitis was reported in 5 subjects in the tamsulosin 0.2 mg group and there were also single subjects reported with myalgia and intentional overdose in this group. No subject had a TEAE of severe maximum severity.
Comment: The adverse events reported in Asian populations in studies LVIA, LVHB, LVHT and LVIA OLE are consistent with the adverse events reported in the study populations of the pivotal studies, the majority of whom were white.
ED indication
Study LVDI
The proportions of subjects reporting one or more TEAEs were higher in the tadalafil groups, compared with the placebo group, and in the tadalafil groups, the proportions of subjects reporting one or more TEAEs increased with increasing dose (placebo 27.9% (n=24), tadalafil 5mg 40.0% (n=34), tadalafil 10mg 41.9% (n=36), tadalafil 20mg 54.7% (n=47)). Headache and flushing were reported in > 5% of subjects in the tadalafil groups combined and the proportions of subjects reporting these TEAEs were higher than in the placebo group. There was a clear increase in the proportion of subjects reporting headache with increasing dose of tadalafil (tadalafil 5mg 5.9%, tadalafil 10mg 11.6%, tadalafil 20 mg 18.6%) and flushing occurred in a higher proportion of subjects in the tadalafil 2 0mg group (5.8%) compared with the 5 mg and 10 mg groups (4.7% respectively). The proportions of subjects reporting headache, flushing and nasopharyngitis were similar at Visits 3, 4, and 5 for each treatment group. Of those subjects reporting one or more TEAEs, the majority had TEAEs with a maximum severity of mild. There were two subjects, one in the tadalafil 10 mg group and one in the tadalafil 20 mg group, who had TEAEs of pyelonephritis and mental disorder, respectively, that had a maximum severity of severe. Neither of these TEAEs was assessed by the investigator as possibly related to the study drug.
Comment: The TEAEs reported in this study were consistent with those included in the currently approved PI for Cialis in relation to the treatment of ED indication.
Clinical pharmacology analysis set
The results of study LVHN were integrated with the safety data from 67 clinical pharmacology studies including a number of studies included in this submission (LVFU, LVCT, LVFV, LVFB, LVFF, LVFS, LVFT, LVGG, LVFA). Overall, 2080 subjects received at least one dose of tadalafil and 1289 subjects received at least one dose of placebo. The majority of subjects in these studies were aged under 65 years (89.7%), were male (85.5%) and of Caucasian ethnicity (90.5%). The demographic characteristics of subjects who received placebo were comparable with those who received tadalafil. Similar proportions of subjects receiving placebo and tadalafil completed the study (placebo 97.3%, tadalafil 95.9%).
Compared with the placebo group, higher proportions of subjects receiving tadalafil 2.5 mg, 5 mg, 10 mg, 20 mg, 40 mg, 50 mg, 80 mg and 100 mg were reported with TEAEs (For preferred terms occurring in at least 1% of tadalafil-treated subjects only: placebo 44.4% (n=572); tadalafil (overall) 75.0%. (n=1561)). Generally higher proportions of subjects receiving the higher tadalafil doses were reported with one or more TEAEs. TEAEs of maximum severity severe were reported in 4.0% (n=84) of subjects receiving tadalafil (any dose) and 2.1% (n=27) of subjects receiving placebo. For the majority of subjects reported with TEAEs while receiving placebo or tadalafil 5 mg, the maximum severity of the TEAE was assessed as mild or moderate.
Comment: It is indicated in the submission that the results of study LVHN were integrated with the safety data from 67 previously reported clinical pharmacology studies. Different doses and dose forms of tadalafil were used in these studies. The sponsor reports that there were generally no discernable differences in the pharmacokinetics in the five formulations administered in these studies and that the dose form in most studies was the commercial tablet. The subjects and study design for those studies evaluated in this submission were not identical and it is not known if the other studies included in the analysis set were of comparable design. As indicated by the sponsor, no definitive conclusion can be drawn from the results of the clinical pharmacology analysis set due to the differences between the studies.
It is not clear if all the studies in the clinical pharmacology analysis set have been submitted to the TGA previously. This information is, however, not crucial to the outcome of the evaluation.
In general, the adverse events reported during the clinical pharmacology studies were consistent with the known adverse event profile for tadalafil. 
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Pivotal studies
BPH indication
Study LVHG
The proportion of subjects who had one or more adverse events recorded by the investigator as possibly related to the study drug was higher in subjects treated with tadalafil (all doses) compared with placebo (tadalafil (all doses) 14.7% (n=124), placebo 8.5% (n=18)), although the proportion of subjects who were treated with 2.5 mg tadalafil reported with treatment-related adverse events was less than in the placebo group (tadalafil 2.5mg 6.2% (n=13), placebo 8.5% (n=18)). Across the tadalafil groups, the proportions of subjects reported with treatment-related adverse events increased with increasing dose (tadalafil 2.5mg 6.2% (n=13), tadalafil 5mg 15.6% (n=33), tadalafil 10mg 16.7% (n=36), tadalafil 20mg 20.1% (n=42)). Headache, dyspepsia, myalgia and back pain were the treatment-related adverse events reported in the highest proportion of subjects treated with tadalafil.
Study LVHJ
In the double-blind treatment period, the proportion of subjects with treatment-related adverse events was higher in the tadalafil group compared with the placebo group (placebo 3.7% (n=6), tadalafil 5 mg 10.6% (n=17)). Compared with the placebo group, a higher proportion of subjects in the tadalafil 5mg group reported headache that was assessed by the investigator as being possibly related to the study drug (placebo 0.6% (n=1), tadalafil 5mg 3.7% (n=6)). Other treatment-related adverse events reported in subjects in the tadalafil 5 mg group were dyspepsia (1.9%, (n=3) placebo 0% (n=0)), back pain (1.2% (n=2), placebo 0.6% (n=1)), myalgia 1.2% (n=2), placebo 0.6% (n=1)), abdominal pain upper (0.6% (n=1), placebo 0.6% (n=1)) and single subjects were reported with acute myocardial infarction, asthenia, dizziness, flushing, gastric pH decreased and insomnia in the tadalafil 5 mg group only.
Study LVID
A similar proportion of subjects in each of the treatment groups had one or more adverse events assessed by the investigator as possibly related to the study drug (placebo 9.9% (n=17), tadalafil 5 mg 12.3% (n=21), tamsulosin 0.4 mg 11.9% (n=20)).
Gastro oesophageal reflux disease and headache were the most frequent treatment-related AEs in the tadalafil group, both occurring in 2.3% of subjects. Dizziness and pain in the extremity were reported in 1.8% of subjects in the tadalafil 5 mg group and back pain, dyspepsia, flushing, gastritis, insomnia and myalgia were drug-related AEs reported in 1.2% of subjects (n=2) in the tadalafil 5 mg group. The remainder of the drug-related adverse events were reported in single subjects (0.6%) in the tadalafil 5 mg group. Headache was the drug-related AE reported in the highest proportions of subjects in both the placebo group (1.7%) and tamsulosin 0.4 mg group (3.6%).
BPH indication and ED and BPH indication
Study LVHR
One or more treatment-related adverse events were reported in more subjects in the tadalafil 5 mg group than the tadalafil 2.5 mg and placebo groups (placebo 6.0% (n=12), tadalafil 2.5mg 7.6% (n=15), tadalafil 5mg 12.5% (n=26)). For subjects in the tadalafil 5 mg group, headache and back pain were the most commonly reported treatment-related adverse events (headache: placebo 1.0% (n=2), tadalafil 2.5mg 2.0% (n=4), tadalafil 5mg 4.3% (n=9); back pain: placebo 0.5% (n=1), tadalafil 2.5mg 0.0% (n=0), tadalafil 5mg 1.9% (n=4)). For all the other treatment-related adverse events reported during the double-blind period, the number of subjects reported with the event in each treatment group was small (between 0 and two subjects).
Of the severe TEAEs reported, the events of abdominal discomfort, back pain and myalgia, reported in two subjects in the tadalafil 5 mg group, were assessed by the investigator as possibly related to the study drug.
Comment: The treatment-related adverse events were consistent across the four pivotal studies suggesting that the adverse events considered related tor tadalafil 5 mg once daily dosing are comparable in the study populations of men with BPH-LUTS and men with both BPH-LUTS and ED in these 12 week studies.
The treatment-related adverse events were generally consistent with the known safety profile for tadalafil and no new safety signals were apparent. Insomnia was reported as treatment-related in a small number of subjects (between one and three) in the double-blind period of studies LVHJ, LVID, LVHR and LVHG. There was no dose-response effect seen for insomnia in study LVHG. The number of subjects reported with this adverse event was low and there are many causes of insomnia so the inclusion of this adverse effect in the PI at this time does not seem warranted.
Integrated analysis set of the four pivotal efficacy studies (LVID, LVHG, LVHJ, LVHR)
Adverse events possibly related to the study drug were more common in subjects randomised to tadalafil 5 mg compared with placebo (placebo 7.1% (n=53); tadalafil 5mg 12.9% (n=97)). Headache was the most common treatment-related adverse event (2.0%). Dyspepsia, myalgia, back pain and pain in extremity occurred in between 1.1% and 1.9% of subjects randomised to tadalafil 5 mg and a lower proportion of subjects randomised to placebo. Other treatment-related adverse events for which there were three or more reports in subjects randomised to tadalafil 5 mg, but none in subjects randomised to placebo, were gastro oesophageal reflux disease (0.88% (n=6)), diarrhoea (0.3% (n=4)) muscle spasms 0.4% (n=3) and vision blurred 0.4% (n=3)).
Comparison of adverse events reported in the integrated analysis set and in subjects receiving tadalafil once daily for ED
The common treatment-related adverse events in the BPH integrated analysis set, headache, dyspepsia, myalgia, back pain and pain in extremity, were also common treatment-related adverse events in the integrated ED analysis set.
Pivotal safety studies
Study LVHS
Adverse events reported during the double-blind treatment period assessed by the investigator to be possibly related to treatment (although not necessarily treatment–emergent) were more common in subjects randomised to tadalafil 5 mg compared with placebo (placebo 10.6% (n=17), tadalafil 5mg 18.4% (n=29). The most common treatment-related adverse events were dizziness (placebo 3.1%, tadalafil 5mg 5.7%), dyspepsia (placebo 0.6%, tadalafil 5mg 4.4%) and headache (placebo 1.9%, tadalafil 5mg 2.5%). Dizziness assessed by the investigator as possibly related to the concomitant alpha blocker was reported in three subjects in each treatment group during the double-blind treatment period.
Study LVHK
Compared with the placebo group, there was a notably higher proportion of subjects in the tadalafil 20 mg group with adverse events recorded as possibly related to the study drug (placebo 3.0% (n=3); tadalafil 20mg 26.3% (n=26)). Headache, back pain, flushing dyspepsia and gastro-oesophageal reflux disease recorded as possibly related to the study drug occurred in more than 2% of subjects in the tadalafil 20 mg group.
Other adverse events considered related to the study drug reported in single subjects in the tadalafil group were diarrhoea, gastritis, hepatic enzyme increased, musculoskeletal pain, myalgia, nausea, pain in extremity, penis disorder, rash, vision blurred and visual disturbance.
One subject had ALT and AST levels above the ULN at the end of study (ALT=90 IU/L (normal 6-43), AST =70 IU/L (normal 11-36)) that were considered, by the investigator, to be adverse events possibly related to the study drug. The gamma GT was also raised (119 IU/L (normal 10-50)). Bilirubin was reported to be within normal limits.
Other studies
BPH indication
Study LVGC
A higher proportion of randomised subjects in the tadalafil 5mg/20mg group, compared with the placebo group, had adverse events recorded as possibly related to the study drug during Weeks 0-6 (placebo 2.8% (n=4); tadalafil 5mg/20mg 11.6% (n=16)) and Weeks 0-12 (placebo 3.5% (n=5); tadalafil 5mg/20mg 15.2% (n=21)). Over the period Week 0-6, when subjects in the tadalafil 5mg/20mg group were receiving tadalafil 5 mg, the most common adverse events possibly related to the study drug were erection increased (placebo 1.4% (n=2), tadalafil 3.6% (n=5)), headache (placebo 0.0% (n=0), tadalafil 2.2% (n=3)), dyspepsia (placebo 0.0% (n=0), tadalafil 0.7% (n=1)) and back pain (placebo 0.0% (n=0), tadalafil 2.2% (n=3)). Over the period Weeks 0-12, the proportion of subjects in the tadalafil 5mg/20mg group reported with these drug-related adverse events increased (erection increased (5.1%), headache (2.9%) and dyspepsia (2.2%)), compared with the period Week 0-6. There were single reports of other adverse events considered to be possibly drug-related during the treatment period. Diarrhoea, flank pain, gastro-oesophageal reflux, myalgia, nausea, penile erection and stomach discomfort were reported during the first six weeks of treatment (5 mg once daily) and ejaculation disorder and flushing were reported in the second six weeks of treatment (20 mg once daily).
Comment: The proportion of subjects in the tadalafil 5mg/20mg group who were reported with certain drug-related adverse events increased for the period Weeks 0-12, compared with the period Week 0-6, indicating that some subjects were reported with these adverse reactions only when the tadalafil dose was increased to 20 mg daily.
The treatment-related adverse events were generally consistent with the known adverse effect profile for tadalafil and no new safety signals were apparent.
Studies in Asian countries
Study LVIA
In the placebo group, 10 subjects (7.1%) had adverse events during the double-blind period that were considered by the investigator to be treatment-related, compared with seven subjects (4.9%) in the tadalafil 2.5 mg group and nine subjects (6.4%) in the tadalafil 5 mg group. Hot flush was reported as a treatment-related adverse event in both tadalafil groups but not in the placebo group (tadalafil 2.5mg 2.1% (n=3), tadalafil 5mg 1.4% (n=2)). Dyspepsia was assessed as treatment-related in three subjects in the tadalafil 5 mg group and two subjects in the tadalafil 2.5 mg groups had treatment-related palpitations. None of the subjects in the other two treatment groups were reported with treatment-related dyspepsia or palpitations. There were single subjects with treatment-related reflux oesophagitis, drug eruption, erythema, flushing, gastritis, headache and nipple disorder in one or both of the tadalafil groups.
Study LVIA OLE
Treatment-related adverse events were reported for 14.5% (n=57) of subjects enrolled in the OLE period. Compared with baseline at Visit 3, dyspepsia was the only adverse event reported as treatment-related in ≥ 2% of subjects (2.3% (n=9)) during the 54 week study treatment period (double–blind treatment and OLE periods). Other treatment-related adverse events reported in three or more subjects during the 54 week study period were hot flush, reflux oesophagitis, back pain, diarrhoea, eczema, gastritis, palpitations and headache. Also of note were single reports of treatment-related toxic skin eruption (n=1), orthostatic hypotension (n=1) and sudden hearing loss (n=1). There was also a report of treatment-related urinary retention that was of maximum severity severe. There were a number of reports of chest pain and palpitations that were considered by the investigator to be related to the study drug.
Study LVHB
Treatment-related adverse events were reported in a higher proportion of subjects in the tadalafil 5 mg group compared with the other treatment groups (placebo 6.5% (n=10), tadalafil 2.5mg 10.6% (n=16), tadalafil 5mg 13.5% (n=21), tamsulosin 0.2mg 8.6% (n=13)). Treatment-related adverse events reported in more than one subject in the tadalafil 5 mg group were myalgia (n=5), blood creatine phosphokinase increased (n=2), dyspepsia (n=2), muscle tightness (n=2) and nausea (n=2). There was a dose-response effect for treatment-related myalgia (tadalafil 2.5mg 1.3% (n=2), tadalafil 5mg 3.2% (n=5)). One treatment-related adverse event of severe maximum severity was reported in each of the tadalafil groups (tadalafil 2.5mg : injury (n=1), tadalafil 5mg : blood creatine phosphokinase increased (n=1)). Of note, a subject in the tadalafil 2.5 mg group had orthostatic hypotension assessed by the investigator as treatment-related, two subjects, one in each of the tadalafil groups, had palpitations considered by the investigator as being related to the study drug, and a subject in the tadalafil 2.5 mg group reported black dots in his eyes (abnormal sensation in eye) assessed by the investigator as treatment-related. A subject in the tadalafil 5 mg group had a PSA above the upper limit of the reference range at Visit 7, considered to be drug-related, which returned to normal after the last visit.
Study LVHT
Four subjects in the tadalafil 5 mg group had adverse events that were assessed by the investigator as possibly treatment-related (intentional overdose (n=1), myalgia (n=3), headache (n=1), pruritus (n=1), flushing (n=1)), compared with two subjects in the placebo group (headache (n=2)), and two subjects in the tamsulosin 0.2 mg group (intentional overdose (n=1), myalgia (n=1)).
ED indication
Study LVDI
The proportions of subjects with one or more adverse event recorded as possibly related to the study drug were higher in the tadalafil groups, compared with the placebo group, and in the tadalafil groups the proportions of subjects with such drug-related adverse events increased with increasing dose (placebo 11.6% (n=10), tadalafil 5mg 21.2% (n=18), tadalafil 10mg 26.7% (n=23), tadalafil 20mg 33.7% (n=29)). Headache and flushing possibly related to the study drug were reported in > 5% of subjects in the tadalafil groups combined and the proportions were higher than in the placebo group.
Clinical pharmacology analysis set
Treatment-related adverse events were also reported in a higher proportion of tadalafil treated subjects (66.1% (n=1374)) compared with placebo treated subjects (21.0% (n=271)). Treatment-related adverse events occurring in more than 10% of tadalafil treated subjects (any dose) were headache (40.3%), back pain (24.7%) and myalgia (23.5%).
Comment: The adverse reactions reported in the clinical pharmacology analysis set were generally consistent with adverse effects reported with use of tadalafil for the treatment for ED. Nausea and arthralgia were both reported as treatment-related adverse events in a higher proportion of tadalafil-treated subjects compared with placebo-treated subjects (nausea: placebo 2.1% (n=27); tadalafil 5.0% (n=105); arthralgia placebo 0.2% (n=2); tadalafil 3.4% (n=70))). Although there was no clear dose-response effect across the tadalafil groups this may be a reflection of the small number of subjects who had taken the 2.5 mg, 50 mg and 80 mg doses making the proportions of subjects with a specific adverse reaction appear high even though the absolute numbers of subjects affected were small. Nausea and arthralgia are not in the current, or proposed, PI for Cialis as adverse events. Of note, both nausea and arthralgia are listed in the US PI for Cialis (14) as adverse reactions reported in less than 1% of subjects in the controlled clinical trials of Cialis for BPH or ED and BPH. These adverse reactions are not included in the proposed Australian PI for Cialis. The sponsor is requested to clarify why these adverse reactions are not included.
The adverse events assessed as treatment-related during the clinical pharmacology studies included in this submission are described.
[bookmark: _Toc241374320][bookmark: _Ref272333507][bookmark: _Toc272414666][bookmark: _Toc290846304][bookmark: _Toc336418881]Deaths and other serious adverse events
Pivotal studies
BPH indication
Study LVHG
There were no deaths in this study and the proportion of subjects reported with one or more serious adverse events was higher in the placebo treatment group than in any of the tadalafil treatment groups (placebo 2.8% (n=6), tadalafil 2.5mg 1.4% (n=3), tadalafil 5mg 0.5% (n=1), tadalafil 10mg 0.9% (n=2), tadalafil 20mg 2.4% (n=5), tadalafil (all doses) 1.3% (n=11)). The only serious adverse event reported in more than one subject was arthritis (n=3 (placebo n=1, tadalafil 10mg n=1, tadalafil 20 mg n=1)). Regarding serious adverse events reported by subjects in the tadalafil 5mg treatment group, only one subject was reported with two serious adverse events - cholecystitis and pancreatitis - not considered by the investigator to have been related to the tadalafil.
There were five serious adverse events considered to be related to the study drug. Three subjects in the tadalafil 20 mg treatment group were reported with the serious adverse events back pain, pulmonary embolism and cerebrovascular accident respectively. Two subjects in the placebo group were reported to have had serious adverse events of rheumatoid arthritis.
Study LVHJ
There were no deaths in the placebo treatment group. One subject in the tadalafil 5 mg group died from an acute myocardial infarction assessed by the investigator as possibly treatment-related. The 81 year old subject had commenced tadalafil 5 mg 80 days prior to the acute myocardial infarct. The subject received the last dose of study treatment on the day of the acute myocardial infarct. The subject died three days later. The subject had pre-existing hyperlipidaemia and hypertension and was taking concomitant lisinopril and simvastatin.
Two subjects in the tadalafil 5 mg group reported serious adverse events. One subject had an acute myocardial infarction which resulted in death and another subject had endocarditis. The investigator assessed the endocarditis as unlikely to be related to the study drug or protocol procedure. No subjects reported serious adverse events in the placebo group.
Study LVID
There were no deaths. Serious adverse events were reported in two subjects in the tadalafil 5 mg group (coronary artery disease (n=1), pancreatitis (n=1) and two subjects in the tamsulosin 0.4 mg group (dyspepsia (n=1), and dizziness, flushing, headache, hyperhidrosis and tachycardia in the second subject).
The subject in the tadalafil treatment group reported with coronary artery disease had a past history of coronary angioplasty with stent placement, hypertension and hyperlipidaemia. The principal investigator assessed that coronary artery disease as unrelated to the study drug. The subject reported with pancreatitis had pancreatitis secondary to biliary duct obstruction and the pancreatitis was assessed as unrelated to the study drug.
BPH indication and ED and BPH indication
Study LVHR
There was one death during the double-blind treatment period. The subject was in the tadalafil 2.5 mg group. The 67 year old male died approximately one day after the last dose of study drug. The cause of death was reported to be a myocardial infarction. The subject had other medical conditions including impaired glucose tolerance and episodic atrial fibrillation and was on concomitant medications. The investigator assessed the subject’s death as unrelated to the study drug and unrelated to study protocol procedures.
During the double-blind treatment period, there were single reports of serious adverse events in the placebo and tadalafil 5 mg groups and in the tadalafil 2.5 mg there were two reports including the above-mentioned death. In the tadalafil 5 mg group, a 69 year old male reported pancreatitis haemorrhagic which led to his discontinuation from the study. The event was reported 25 days post-randomisation. It was reported that this subject had no pertinent medical history and was taking pantoprazole. The investigator assessed the event as unrelated to the study drug. The serious adverse events reported in two subjects in the tadalafil 2.5 mg group, intervertebral disc protrusion and myocardial infarction, were assessed by the investigator as not related to the study drug. A third subject in the tadalafil 2.5 mg group reported prostatitis approximately five weeks post-randomisation. He had been discontinued from the study eight days earlier as he was found to have not met the Qmax inclusion criteria. He developed pollakiuria, acute urinary retention and acute prostatitis and required hospitalisation. The investigator assessed the prostatitis as possibly related to protocol procedures.
Integrated analysis set of the four pivotal efficacy studies (LVID, LVHG, LVHJ, LVHR)
Based on the integrated analysis set, comprised of all subjects who were randomised to tadalafil 5 mg and placebo in the double-blind treatment periods of studies LVID, LVHG, LVHJ and LVHR, the proportions of subjects who died and had serious adverse events were comparable for subjects randomised to tadalafil 5 mg and placebo. One subject randomised to tadalafil 5 mg died compared with no subjects randomised to placebo. Six subjects randomised to tadalafil 5 mg had seven serious adverse events. Two subjects were reported with pancreatitis and one subject with pancreatitis haemorrhagic and the remaining serious adverse events, reported in single subjects, were acute myocardial infarction, cholecystitis, coronary artery disease and endocarditis. Five subjects randomised to placebo were reported with nine serious adverse events, none of which were reported by subjects randomised to tadalafil 5 mg.
Pivotal safety studies
Study LVHS
There were no deaths in study LVHS. Three subjects in each treatment group reported one or more serious adverse events during the double-blind treatment period (placebo: non-cardiac chest pain (n=1), fall and hip fracture (n=1), pacemaker lead dislodgement (n=1); tadalafil 5mg cellulitis (n=1) (started in the placebo lead-in period), Mallory-Weiss syndrome (n=1), fall and tendon rupture (n=1)). None of the serious adverse events were assessed by the principal investigator as being related to the study drug, protocol procedure or adjunct therapy.
Study LVHK
One subject in the placebo group died of a myocardial infarction. Another subject in the placebo group was reported with the serious adverse event of hypoesthesia.
One subject in the tadalafil 20 mg group had two serious adverse events diagnosed, pleurisy and pneumonia, approximately one month after he had received the first dose of study drug. The events were assessed by the investigator as not related to the study drug.
Other studies
There were no deaths in studies LVGC, LVIA, LVHB, LVHT and LVDI. One subject died during the OLE period of study LVIA. The subject, who had received placebo in the double-blind treatment period, died of a subarachnoid haemorrhage five months after he enrolled in the OLE. The investigator did not consider the event to be due to the study drug or procedure. A second subject who had received placebo in the double-blind treatment period, died of cancer of the head of the pancreas seven months after withdrawal, due to pancreatic carcinoma, from the OLE period of the study. The investigator did not consider the event to be due to the study drug or procedure.
The majority of serious adverse events reported in studies LVGC, LVIA, LVIA OLE, LVHB, LVHT and LVDI were reported in single subjects and were not considered to be treatment-related by the investigator. Of note, during the OLE period of study LVIA, eleven subjects (2.8%) experienced twelve serious adverse events. Single reports of urinary retention and sudden hearing loss, respectively, were assessed as possibly related to the study drug.
Comment: Hearing loss is included in the PI as an adverse event identified from post-marketing surveillance. Urinary retention may be a symptom of BPH (3). No change to the PI would seem warranted at this point in time.
Based on the serious adverse events reported in study LVIA and the OLE, there appeared to be no new safety signals evident with 54 weeks of treatment with tadalafil 5 mg once daily.
Clinical pharmacology analysis set
Two subjects receiving tadalafil were reported with three serious adverse events (tadalafil 5mg (n=1) angina pectoris, spinal laminectomy; tadalafil 40mg (n=1) pneumothorax) compared with six subjects reported with six serious adverse events in the placebo group.
Comment: Based on the Summary of subject disposition by study drug administered for the clinical pharmacology analysis set, no subjects receiving tadalafil died during the 68 clinical pharmacology studies that comprised the clinical pharmacology analysis set.
[bookmark: _Toc241374325][bookmark: _Ref272333477][bookmark: _Toc272414667][bookmark: _Toc290846305][bookmark: _Toc336418882]Discontinuation due to adverse events
Pivotal efficacy studies
BPH indication
Study LVHG
Compared with the placebo group, a higher proportion of subjects in the combined tadalafil treatment group (all doses) had one or more adverse events leading to study discontinuation. The proportion of subjects with one or more adverse event s leading to study discontinuation increased with increasing dose of tadalafil (placebo 2.4% (n=5), tadalafil 2.5mg 1.9% (n=4), tadalafil 5mg 5.7% (n=12), tadalafil 10mg 5.1% (n=11), tadalafil 20mg 6.7% (n=14), tadalafil (all doses combined) 4.8% (n=41)).
The most common adverse events leading to discontinuation in the combined tadalafil group were back pain (n=8), myalgia (n=7) and headache (n=5). There was a dose-response effect seen for back pain with no subjects discontinuing due to this adverse event in the placebo, tadalafil 2.5 mg and tadalafil 5mg treatment groups and 3 subjects and 5 subjects in the tadalafil 10 mg and 20 mg treatment groups, respectively, with back pain leading to study discontinuation.
In the tadalafil 5 mg treatment group, the adverse events leading to study discontinuation were myalgia (n=1), headache (n=3), abdominal pain upper (n=2), dyspepsia (n=1), pain (n=1), pain in the extremity (n=1), pancreatitis (n=1), retinal tear (n=1) and rotator cuff syndrome (n=1).
Study LVHJ
In the double-blind treatment period, three subjects (1.9%) in the tadalafil 5 mg group had adverse events leading to study discontinuation compared with one subject (0.6%) in the placebo group.
The three subjects in the tadalafil 5mg group who discontinued from the study had adverse events considered to be possibly related to the study drug (acute myocardial infarct (n=1), upper abdominal pain (n=1) and headache (n=1)).
Study LVID
Five randomised subjects discontinued due to an adverse event during the double-blind treatment period (placebo 1.2% (n=2), tadalafil 5mg 1.2% (n=2), tamsulosin 0.4mg 0.6% (n=1)). In the tadalafil 5 mg group, one subject discontinued due to pancreatitis and one due to blurred vision. The blurred vision was assessed by the investigator as possibly related to study drug.
BPH indication and ED and BPH indication
Study LVHR
During the double-blind treatment period a higher proportion of subjects in the tadalafil 5 mg group discontinued from the study due to an adverse event (placebo 1.5% (n=3), tadalafil 2.5mg 1.5% (n=3), tadalafil 5mg 2.9% (n=6)). All the adverse events leading to discontinuation were reported by single subjects. In the tadalafil 5 mg group these adverse events were back pain, headache, muscle spasms, myalgia, pancreatitis haemorrhagic and syncope. In the tadalafil 2.5 mg group adverse events leading to discontinuation were dizziness, myocardial infarction and nocturia.
Integrated analysis set of the four pivotal efficacy studies (LVID, LVHG, LVHJ, LVHR)
The proportion of subjects discontinuing the study due to an adverse event in the tadalafil 5mg group was double that in the placebo group (Placebo 1.5% (n=11), tadalafil 5mg 3.1% (n=23)). Headache was the most commonly reported adverse event leading to the discontinuation of subjects randomised to tadalafil 5 mg (0.3% (n=5)). There were no subjects randomised to placebo who discontinued due to headache. In subjects randomised to tadalafil 5 mg in the integrated analysis set, 15 of the 23 adverse events leading to discontinuation were considered to be study-related (headache (n=5), myalgia (n=2), upper abdominal pain (n=2) and single reports of back pain, muscle spasms, pain in the extremity, dyspepsia, vision blurred and acute MI).
Comment: The adverse events leading to discontinuation in the pivotal efficacy studies were generally consistent with known adverse events for tadalafil. Of adverse events leading to discontinuation that are not included in the PI for Cialis, only single cases were reported.
Pivotal safety studies
Study LVHS
A similar proportion of subjects in each group had adverse events leading to study discontinuation (placebo 3.8% (n=6); tadalafil 5mg 4.4% (n=7)). Except for headache, which led to two subjects in the tadalafil group discontinuing the study, the remainder of adverse events leading to discontinuation in both groups were reported by single subjects. The five other subjects in the tadalafil 5 mg group who discontinued the study did so due to abdominal pain upper, atrial fibrillation, back pain, blood creatinine phosphokinase increased and chest discomfort. The subject with blood creatinine phosphokinase increased had an elevated level at Visit 3, the result of which was not available until after the subject was randomised.
Study LVHK
In the tadalafil 20 mg, one subject discontinued from the study due to headache, considered to be drug-related by the investigator, and a second subject discontinued due to Peyronie’s disease, considered to be an undiagnosed pre-existing condition by the investigator. One subject in the placebo group discontinued from the study due to a myocardial infarct which resulted in death. 
Other studies
The majority of adverse events leading to discontinuation of subjects from studies LVGC, LVIA, LVIA OLE, LVHB, LVHT and LVDI were reported in single subjects and were known adverse events for tadalafil. Of note, a subject who was receiving tadalafil 5 mg in study LVHB discontinued due to liver injury. The investigator did not consider the adverse event to be study drug-related. The adverse event was reported to have been moderate in severity. The subject had raised AST, ALT and GGT at Visit 3. At Visit 5, AST was 623 U/L (normal 11-36), and ALT was 320 U/L (normal 6-43) and the subject also had raised GGT (392 U/L; normal 10-50) and ALP (131 U/L; normal 35-125). The subject’s bilirubin level was not reported to be abnormal at any visit. At Visit 3 the subject was on a number of other concomitant medications. Eight days after tadalafil was ceased ALT was still above the upper limit of normal (54 U/L) as was GGT (368 U/L).
A subject in study LVIA discontinued due to a drug eruption considered be drug-related. The subject discontinued the study two months after the onset of the drug eruption.
Comment: The subject in study LVHB who discontinued due to liver injury appeared to have had a negative de-challenge to tadalafil as the ALT, AST and ALP decreased after tadalafil was ceased but, from the case history, none of the concomitant medications were ceased.
Clinical pharmacology analysis set
Based on the clinical pharmacology analysis set, discontinuation from the study was due to an adverse event in 37.1% of subjects (n=13) receiving placebo and 45.3% (n=39) receiving tadalafil. Adverse events reported as the reason for discontinuation in more than one subject receiving tadalafil were nausea (n=9), headache (n=8), vomiting (n=5), myalgia (n=5), back pain (n=3), dizziness (n=3) and ventricular extrasystoles (n=2). Adverse events reported as leading to discontinuation in subjects treated with placebo were reported in single subjects only.
Comment: The adverse events that led to the discontinuation of subjects from the clinical pharmacology studies are generally consistent with the known adverse events for tadalafil. Nausea and vomiting are not adverse effects reported in the PI for Cialis. It is not indicated in the submission whether there were alternative causes of the nausea and vomiting experienced by subjects in this analysis set. It is possible that the nausea and vomiting adverse events could have been secondary to other known adverse effects of tadalafil such as dyspepsia, gastrooesophageal reflux and headache. It is noted that the US label for Cialis (14) includes nausea and vomiting as adverse reactions reported in less than 1% of subjects in the controlled clinical trials for BPH or ED and BPH. The sponsor is requested to clarify if the nausea and vomiting adverse events that resulted in the subjects’ discontinuation from the clinical pharmacology studies were considered drug-related.
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[bookmark: _Toc272414669][bookmark: _Toc290846307][bookmark: _Toc336418884]Liver function
Pivotal studies
Based on the integrated analysis set of the pivotal efficacy studies, the numbers and proportions of subjects who had treatment-emergent elevations of ALT or AST three or more times the upper limit of normal were small and comparable (ALT ≥ 3 ULN : placebo 0.4% (n=3), tadalafil 5mg 0.3% (n=2); AST ≥ 3 ULN : placebo 0.1% (n=1), tadalafil 5mg 0.1% (n=1)). No subjects in the integrated analysis set had a treatment-emergent increase in total bilirubin more than twice the upper limit of normal.
In study LVHG, three subjects receiving tadalafil 5 mg, and two subjects receiving tadalafil 10 mg, had AST or ALT more than three times the ULN. In study LVHG, a subject receiving tadalafil 5mg was found to have raised AST (181 U/L), ALT (254 U/L) and GGT (105 U/L) at Visit 6. His values were normal at Visits 1 and 3. Bilirubin values were normal. He had known hepatitis C. A second subject receiving tadalafil 5mg had normal liver enzymes at Visits 1 and 3 and raised AST (53 U/L) and ALT (131 U/L) at Visit 6 with decreased bilirubin (<0.2 micromol /L) and normal GGT. This subject was taking multiple concomitant medications. A third subject had abnormal hepatic enzyme values at Visit 3 prior to receiving tadalafil 5 mg. The AST, ALT and GGT decreased between Visit 3 and Visit 6.
One subject receiving tadalafil 10 mg had elevated hepatic enzymes throughout the study and the ALT and GGT at Visit 6 was not greatly different from the values at Visit 3. The second subject had peripheral oedema 49 days after randomisation. He was on multiple concomitant medications. His ALT was elevated more than three times the upper limit of normal at Visit 3 (151 U/L) following an abnormal value at Visit 1 (57 U/L). The value was 59 U/L at Visit 5. AST was normal at visits 1 and 5 and abnormal at Visit 3 (78 U/L).
No subjects in pivotal safety studies LVHS, LVHK and LVHG OLE had a treatment-emergent increase in ALT or AST three or more times the upper limit of normal and a total bilirubin more than twice the upper limit of normal.
Other studies
None of the subjects in studies LVGC and LVDI, and the studies in Asian populations, studies LVIA, LVIA OLE, LVHB and LVHT, had a treatment-emergent increase in ALT or AST three or more times the upper limit of normal and a total bilirubin more than twice the upper limit of normal.
Of note, in study LVGC one subject randomised to tadalafil had normal liver function test results at screening and raised ALT (478 U/L (reference range 5-95 U/L)) and AST (214 U/L (reference range 10-78 U/L)) at Week 12. GGT, bilirubin and alkaline phosphatase were normal at screening and Week 12. The patient had a number of medical conditions and was on concomitant medications all started prior to the commencement of the study drug and not ceased. The subject’s LFTs returned to within the reference range approximately two weeks after the study (ALT 45 U/L, AST 24 U/L).
Comment: This case history suggests a negative dechallenge in view of the other medications not being ceased. The sponsor is requested to clarify if this was the case.
[bookmark: _Toc272414670][bookmark: _Toc290846308][bookmark: _Toc336418885]Kidney function
Pivotal studies
The changes in kidney function parameters in the pivotal efficacy and safety studies did not suggest a safety signal for tadalafil. Of note, in study LVHG, changes in creatinine from baseline to endpoint were small in each of the tadalafil treatment groups. Except for the tadalafil 10 mg group, 2 to 3 subjects in each treatment group had a shift from normal to high creatinine from baseline to end of therapy in each treatment group (including placebo). There was no dose-response in such shifts across the tadalafil groups. There were a small proportion of subjects in each treatment group who had a shift in urinalysis parameters (leucocyte esterase, occult blood protein and glucose) from normal to abnormal from baseline to endpoint. The differences between the placebo and respective tadalafil groups were not notable and there was no evidence of a dose-response in the shifts from normal to abnormal across the tadalafil treatment groups.
In study LVHJ, five subjects in the tadalafil 5 mg group, and no subjects in the placebo group, had a shift from normal serum creatinine at baseline to a high serum creatinine at endpoint. Four of these subjects had a low creatinine clearance at endpoint also but in only one subject was there a shift from normal at baseline to a low creatinine clearance at endpoint, which was just below the LLN. Most subjects in all three treatment groups had a normal result at baseline and endpoint for the parameters of kidney function and urinalysis in study LVID. In study LVHR, changes in creatinine from a normal result at baseline to a high result at endpoint occurred in a similar proportion of subjects in each group (placebo 1.1% (n=2), tadalafil 2.5mg 1.7% ,(n=3), tadalafil 5mg 2.1% (n=4). A shift from a normal creatinine clearance at baseline to a low creatinine clearance at endpoint occurred in a higher proportion of subjects in the tadalafil treatment groups compared with the placebo group (placebo 5.7% (n=10), tadalafil 2.5mg 10.8% (n=19), tadalafil 5mg 10.8% (n=20)). Urea nitrogen shifted from normal at baseline to high at endpoint in three subjects (1.6%) in the tadalafil 5 mg group, and one subject in each of the other two treatment groups.
In study LVHS, one subject (0.6%) in the placebo group and two subjects (1.3%) in the tadalafil 5 mg group had shifts from normal creatinine levels at baseline to high levels at endpoint. A higher proportion of subjects in the tadalafil group had a shift from normal creatinine clearance at baseline to low creatinine clearance at endpoint compared with placebo (placebo 3.9% (n=6)); tadalafil 5mg 7.4% (n=11)). Changes from normal to abnormal in urinalysis laboratory analytes from baseline to endpoint were seen in both treatment groups. None of the subjects with changes in their urinalysis had reported notable TEAEs and the principal investigator did not record the shifts as clinically significant findings. Studies LVHK and study LVHG OLE did not reveal any changes of note in kidney function parameters.
Other studies
In studies LVGC, LVIA, LVIA OLE, LVHB, LVHT and LVDI, the changes in kidney function parameters from baseline to endpoint in the treatment groups were small and did not demonstrate a dose-response effect with increasing dose of tadalafil. The proportions of subjects with shifts in kidney function parameters from normal readings at baseline to a low or high reading at end of therapy were small and did not suggest a dose-response effect across the tadalafil groups in studies LVIA and LVHB. In the OLE of study LVIA, mean changes in renal function parameters from Visit 3 (double-blind period) to endpoint and from Visit 7 (OLE) to endpoint were also small. A small proportion of subjects (4.8% (n=19)) had a shift in creatinine clearance from normal at baseline to low at end of therapy. Only one subject had a shift from a normal to high creatinine level from baseline to end of therapy. The majority of subjects had normal urinalysis results at baseline and end point.
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Pivotal studies
In the pivotal efficacy and safety studies, the changes from baseline to endpoint in clinical chemistry parameters, other than kidney and liver function parameters, were small. Of note, in both tadalafil groups in study LVHR there were subjects who had a shift from a normal baseline potassium to a high endpoint potassium (placebo 0.0% (n=0), tadalafil 2.5mg 3.4% (n=6), tadalafil 5mg 1.1% (n=2)). Six subjects in the tadalafil 2.5 mg group, and one subject in the tadalafil 5mg group, had a shift from normal at baseline to high at endpoint for creatinine phosphokinase, compared with two subjects in the placebo group. There were no notable differences between the treatment groups in shifts from baseline to endpoint in other chemistry laboratory analytes.
Other studies
In the studies in Asian populations, the mean changes from baseline to endpoint in clinical chemistry parameters, other than kidney and liver function parameters, were small in each treatment group in studies LVIA, LVHB and LVHT. In study LVIA, the proportions of subjects with shifts in these parameters from normal readings at baseline, to a low or high reading at end of therapy, were small and there was no clear evidence of a dose-response effect across the tadalafil groups and in studies LVHB and LVHT there were no obvious differences between the treatment groups in the proportions of subjects who had shifts from normal baseline values to abnormal endpoint values. In the OLE of study LVIA, mean changes in clinical chemistry parameters (other than for kidney and liver function) from Visit 3 (double-blind period) to endpoint and from Visit 7 (OLE) to endpoint were small.
Of note in study LVDI, the mean change (decrease) in total protein increased with increasing tadalafil dose but the difference in the mean changes between the tadalafil groups were small (mean change: placebo -0.1, tadalafil 5mg -0.9, tadalafil 10mg -1.1, tadalafil 20mg -1.5). There were no notable differences between the treatment groups regarding treatment-emergent abnormalities in other clinical chemistry parameters.
In study LVGC, small numbers of subjects had treatment-emergent abnormal values in clinical chemistry parameters, other than kidney and liver function parameters, during the treatment periods Weeks 0-6 and Weeks 0-12 respectively. There were no notable differences between the treatment groups in either treatment period.
Comment: The changes in clinical chemistry parameters, other than kidney and liver function parameters, do not appear to be of clinical importance.
It is reported there were no clinically adverse laboratory findings observed with tadalafil treatment in the clinical pharmacology set.
Based on the integrated analysis set, there were no apparent safety signals arising from the changes from baseline to last observation in clinical chemistry parameters during the double-blind period in subjects randomised to tadalafil 5 mg, compared with placebo, or from treatment-emergent abnormalities at any time during the double-blind period.
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Pivotal studies
Pivotal efficacy studies
Study LVHG
There were no notable changes from baseline to endpoint in haematological parameters in any of the treatment groups except for a small decrease in mean lymphocyte count from baseline to endpoint in the tadalafil 10mg treatment group (-0.11 (SD 0.38)) that was greater than that in the placebo group -0.03 (SD 0.40)). There were only a small number of subjects in each treatment group who had shifts in the respective haematological parameters from normal values at baseline to low or high values at end of therapy. There was no obvious pattern in any one treatment group or across the tadalafil treatment groups.
Comment: The changes in haematological parameters from baseline to endpoint were only small and would not appear to be of clinical significance.
Study LVHJ
Four subjects in the tadalafil group had a shift from a normal platelet count at baseline to a low platelet count at endpoint compared with no subjects in the placebo group. Two subjects in the tadalafil group had endpoint counts of 118 billion/L and 122 billion/L, below the LLN of 130 thousand/microliter (billion/L). One subject had a platelet count that was below the LLN at screening (124 billion /L) and endpoint (122 billion /L), but on the LLN at baseline (130 billion /L). The fourth subjects had platelet counts below the LLN at screening 125 billion /L and endpoint 128 billion /L but a normal count at baseline (137 billion /L). No bleeding events were reported for these subjects.
Comment: These fluctuations in platelet count are not very far below the LLN and would not appear to be of major clinical concern.
Study LVHR
For any given haematological parameter, the numbers of subjects reported to have had a shift from a normal baseline result to a low or high endpoint result were small. There were no notable differences between the treatment groups.
Study LVID
For each haematological parameter, the majority of subjects in each treatment group who had a normal baseline result also had a normal endpoint result. There was a decrease in platelet count from baseline to endpoint in the tadalafil 5 mg group compared with an increase in platelet count in the placebo group (mean change: placebo 3.53 billion/L (SD 32.01), tadalafil 5mg -2.99 billion/L (SD 42.48)). There were no subjects in the tadalafil 5mg group who had a shift form a normal platelet count at baseline to a low platelet count at endpoint.
Integrated analysis set
Mean changes from baseline to last observation in individual haematological parameters were generally similar in subjects randomised to tadalafil 5 mg compared with subjects randomised to placebo. There were mean decreases in haemoglobin, leucocyte count and platelet count in both subjects randomised to tadalafil 5 mg and placebo from baseline to endpoint. The respective decreases were greater in subjects randomised to tadalafil 5 mg although the absolute decreases were small (haemoglobin mean change: placebo -0.04 (SD 0.51), tadalafil 5mg -0.09 (SD 0.46); leucocyte count mean change: placebo -0.06 (SD 1.30), tadalafil 5mg -0.18 (SD 1.35); platelet count mean change: placebo -4.41 (SD 35.41), tadalafil 5mg -9.00 (SD 39.98)). The proportion of subjects randomised to tadalafil 5 mg who had a low platelet count at any time during the double-blind period was 0.9% (n=6), comparable to the proportion in subjects randomised to placebo (0.8%).
Comment: These decreases in haemoglobin, leucocyte count and platelet count are unlikely to be clinically significant. 
Pivotal safety studies
There were small changes in haematological parameters from baseline to endpoint in studies LVHS, LVHK and LVHG OLE. Of note, in study LVHS, three subjects in the placebo group and seven subjects in the tadalafil group had a normal platelet results at baseline and an abnormal platelet result at endpoint. These changes were not associated with bleeding events. In the open label extension period of study LVHG (LVHG OLE, long term analysis set), seven subjects had a treatment-emergent low platelet count (< 130 x 109/L) any time during the OLE period. None of the subjects had a platelet count less than 100 x 109/L. One subject, randomised to tadalafil 2.5mg during the double-blind treatment period, reported mild epistaxis from Visits 4 to 12 (the double-blind treatment period). The subject’s lowest platelet count was reported to be 114 x 109/L at Visit 8.
Other studies
There were small mean changes in haematological parameters from baseline to endpoint in each treatment group in studies LVGC, LVDI, LVIA, LVHB and LVHT. In studies LVDI and LVIA the mean changes from baseline to endpoint in the tadalafil groups did not appear to demonstrate a dose-response. In the open-label period of study LVIA (LVIA OLE), the mean changes in haematological parameters from Visit 3 to endpoint and from Visit 7 to endpoint were small. For each of the haematological parameters, the majority of subjects who had a normal baseline value (Visit 3) had normal value at the end of therapy. Approximately 6% of subjects enrolled in the OLE period had a normal haemoglobin at baseline and a low haemoglobin at end of therapy, irrespective of the treatment that they had received during the double-blind period. Three subjects had a low platelet count at end of therapy following a normal count at baseline.
Comment: There was no obvious safety signal from the haematological results of these studies.
[bookmark: _Toc272414673][bookmark: _Toc290846311][bookmark: _Toc336418888]Prostate-specific antigen
Pivotal studies
In study LVHG, based on the primary analysis population, from baseline to end of therapy there were mean changes in PSA in each treatment group which were generally small (placebo -0.11 (SD 0.699), tadalafil 2.5 mg 0.01(SD 0.517), tadalafil 5 mg 0.06 (SD 0.760), tadalafil 10 mg -0.03(SD 0.688), tadalafil 20 mg -0.00(SD 0.548)). When the results of those subjects with a PSA measured between 48 hours and 7 days after last ejaculation, and measured more than 7 days after last ejaculation, respectively, were analysed, the changes from baseline to end of therapy did not demonstrate a dose-response effect across the tadalafil groups either.
Small numbers of subjects had a PSA value at Week 12 that was greater than or equal to two times the PSA value at baseline (placebo (n=3), tadalafil 2.5 mg (n=2), tadalafil 5 mg (n=6), tadalafil 10 mg (n=0), tadalafil 20 mg (n=3)).
In study LVHG OLE, the mean changes in PSA from baseline to endpoint were minimal.
Comment: In study LVHG, the direction of the mean change was not consistent for each of the tadalafil treatment groups and there was no dose-response effect demonstrated.
Other studies
In study LVGC, there were no clinically relevant elevations in PSA results. In study LVHB, three subjects in the tadalafil 5 mg group, and one subject in the tadalafil 2.5 mg group, had shifts from a normal PSA at baseline to a value higher than the upper limit of normal at Visit 7. Of these four subjects, the PSA level was reported to have returned to normal at subsequent visits. For one of these subjects the investigator considered that the elevated PSA was related to the study drug. None of the subjects had a PSA ≥ 10 micrograms/L. One subject had the increased PSA reported as an adverse event that was not considered by the investigator to be related to the study treatment. No adverse event was reported for the other subjects.
In study LVIA, the change from baseline to endpoint in PSA levels in each of the three treatment groups was small and did not show a dose-response effect across the 2.5 mg and 5 mg tadalafil treatment groups. A small proportion of subjects (1.9%, n=8) had a PSA level at the end of therapy that was two or more times that at baseline (placebo 2.9% (n=4), tadalafil 2.5 mg 2.1% (n=3), tadalafil 5 mg 0.7% (n=1)). The proportions of subjects who had a shift from a normal PSA level at baseline to a high level at endpoint were relatively similar between the treatment groups and did not show a dose-response effect across the tadalafil groups (placebo 2.1% (n=3), tadalafil 2.5 mg 5.6% (n=8), tadalafil 5 mg 1.4% (n=2)).
In the open-label extension period of study LVIA, the mean changes from Visit 3 to end of therapy, and from Visit 7 to end of therapy, were relatively small (0.3 (SD 1.1) both periods). Twenty subjects (5.1%) had a shift from a normal PSA value at baseline to a high value at end of therapy, of whom 16 were assessed as not having prostate cancer and there was no further information for three subjects. One subject had a PSA ≥ 10 micrograms/L at endpoint. Thirteen subjects had PSA values at the end of therapy that were two or more times the level at baseline, 8 of whom had values within the reference range during the whole study period, for two there was no further information available and three subjects were assessed as not having prostate cancer. Eight subjects had a PSA ≥ 10 micrograms/L at endpoint, including the subjects who had a shift from a normal PSA value at baseline to a high value at end of therapy. For each of these eight subjects, the PSA level remained stable, or decreased, over subsequent visits or prostate cancer was ruled out by biopsy.
Comment: No safety signal is apparent from the results of these studies.
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Pivotal studies
Study LVHG
Mean changes in ECG parameters (heart rate, PR interval, QRS interval, QTc interval, QT interval, RR interval) from baseline to end of therapy were small and did not show a dose-response across the tadalafil treatment groups. Comparing the tadalafil 2.5 mg, 5 mg, 10 mg and 20 mg groups, respectively, and the placebo group, the differences in LS means for the changes from baseline to end of therapy in the QT and QTc intervals were each less than 5 ms and the upper limits of the 95% confidence intervals were all below 10 ms. The proportions of subjects with normal ECGs at baseline and abnormal ECGs at end of therapy were similar across the treatment groups. With regard to QTc interval (Fridericia) there were shifts from normal absolute values at baseline to high absolute values at end of therapy in four subjects in the tadalafil groups (placebo n=0, tadalafil 2.5 mg n=2 (1.18%), tadalafil 5 mg n=0, tadalafil 10 mg n=1 (0.62%), tadalafil 20 mg n=1 (0.69%)) but there was no apparent dose-response.
For subjects with non-missing data at screening and end of treatment, the proportions of subjects in each treatment group with increases in QT interval from baseline by more than 30 seconds were similar. Increases in QT interval of more than 60 seconds occurred in a small number of study subjects and there was no dose-response observed across the tadalafil treatment groups (placebo n=2 (0.95%), tadalafil 2.5 mg n=2 (0.96%), tadalafil 5 mg n=1 (0.47%), tadalafil 10 mg n=0, tadalafil 20 mg n=1 (0.48%)). One subject in the tadalafil 2.5 mg group had a QTc increase from baseline of more than 60 seconds and the numbers of subjects who had an increase in QTc of more than 30 seconds were higher in the tadalafil groups than the placebo group, although there was no clear dose-response effect (placebo n=3 (1.43%), tadalafil 2.5 mg n=4 (1.92%), tadalafil 5 mg n=4 (1.89%), tadalafil 10 mg n=11 (5.09%), tadalafil 20 mg n=7 (3.37%)). The proportions of subjects in each treatment group with non-missing data who had absolute QT intervals at baseline of more than or equal to 450 ms, 480 ms and 580 ms were similar. At the end of treatment 12 subjects (5.77%) in the tadalafil 2.5 mg group had a QT interval of at least 450 ms compared with six subjects (2.88%) at baseline but the proportions of subjects in the other treatment groups with absolute QT intervals of more than or equal to 450 ms, 480 ms and 580 ms were similar to the proportions at baseline. In relation to the QTc interval, the proportions of subjects in each treatment group with absolute QTc intervals of more than or equal to 450 ms, 480 ms and 580 ms were similar at baseline and end of therapy. Of note, two subjects (0.96%) in the tadalafil 2.5 mg group had QTc intervals of at least 480 ms and 580 ms, respectively, at the end of treatment, and one subject in the tadalafil 10 mg group had QTc intervals of at least 480 ms and 580 ms, respectively, at the end of treatment. There were no subjects in the tadalafil 2.5 mg and 10 mg groups reported in these categories at baseline.
A higher proportion of subjects in the tadalafil 5 mg group had T wave abnormalities not associated with MI or ischemia than the other treatment groups but the clinical meaning of these changes is not known (placebo n=6 (3.70%), tadalafil 2.5mg n=7 (4.40%), tadalafil 5mg n=16 (10.00%), tadalafil 10mg n=3 (1.92%), tadalafil 20mg n=6 (4.23%)).
Sinus arrhythmia was found in a higher proportion of subjects in the tadalafil treatment groups compared with placebo but there was no clear dose-response (placebo n=2 (1.20%), tadalafil 2.5mg n=2 (1.27%), tadalafil 5mg n=8 (4.97%), tadalafil 10mg n=8 (5.03%), tadalafil 20mg n=5 (3.50%)). There were no other notable differences between the treatment groups in relation to treatment-emergent rhythm abnormalities. There were also no notable differences between the treatment groups with regard to conduction abnormalities. Early R wave progression was seen in a higher proportion of subjects in the tadalafil treatment groups compared with the placebo treatment group but there was no dose-response effect seen across the tadalafil treatment groups (placebo n=5 (3.65%), tadalafil 2.5mg n=11 (8.46%), tadalafil 5mg n=8 (5.63%), tadalafil 10mg n=11 (7.86%), tadalafil 20mg n=9 (7.03%)).
Based on the ECG interpretations, for three subjects, one in the tadalafil 5 mg group and two in the tadalafil 10mg group, a myocardial infarction could not be ruled out. None of these subjects had reported clinical signs and symptoms of a MI. Two of the three subjects had risk factors for cardiovascular disease. One subject in the tadalafil 2.5 mg group was reported to have treatment-emergent myocardial infarction abnormalities of undetermined age and an inferior infarct based on the Visit 6 electronic ECG. However, when the Visit 1 and Visit 6 ECGs were reviewed by an external cardiologist, no changes were reported. Of subjects who had their baseline and endpoint ECGs evaluated by the external cardiologist only, one subject receiving tadalafil 10 mg had ECG changes indicative of a new inferior myocardial infarction that were considered clinically significant. The event was not clinically verified.
Comment: Paired ECG results for assessment were not available for all the subjects in study LVHG.
There were no reports of torsade de pointes but there was two subjects reported with “syncope”, both in the tadalafil 2.5 mg group, and five subjects in the tadalafil groups who were reported with “dizziness”. Although these adverse events could be manifestations of torsade de pointes, for most of these subjects the information provided in the study report suggests that there were alternative explanations for these adverse events. No ECG information at the point of syncope or dizziness was reported.
Other studies
Study LVDI
None of the study subjects had an ECG change that was assessed by the investigator to be a serious adverse event and no subject was discontinued from the study due to an abnormal ECG reading.
The mean change from baseline to endpoint in ECG measured heart rate, PR interval, QRS interval, QTcB interval, QTcF interval and QT interval were small and the changes were not notably different between the treatment groups although for the QTcB interval there was a small mean decrease from baseline to endpoint in the placebo group and small mean increases in the tadalafil groups. The increases did not increase with increasing tadalafil dose. For the QTcF interval, there was a mean decrease from baseline to endpoint for all the treatment groups except for tadalafil 20 mg, and the mean QT interval decreased from baseline to endpoint in all the treatment groups. One subject in the tadalafil 5 mg group had a nonspecific intraventricular conduction delay with a prolonged QTc of 476 ms at Visit 3 and another subject had a 52 ms prolongation of QT and QTc measured by the central reader, which were measured as 36 ms and 28 ms, respectively, by the site’s ECG machine. The sponsor’s medical experts found no clinically significant ECG abnormalities after reviewing an over read of abnormal ECGs and ECGs assessed as clinically significant by the investigator.
Comment: An analysis of outlier QT/QTc interval values does not appear to be included in the report.
Study LVHT
In the tadalafil 5 mg group, three subjects were reported with study-emergent sinus bradycardia compared with two subjects in the tamsulosin 0.2 mg group and no subjects in the placebo group. There were also single subjects reported with first degree AV block, left atrial enlargement, bigeminy and frequent ventricular premature depolarisation in the tadalafil 5 mg group and two subjects were reported with non-specific T wave abnormality. Mean changes in ECG intervals from baseline to end of therapy were small in each of the treatment groups. Mean QTc interval (Fridericia) decreased from baseline to end point in each group and the mean QT interval decreased from baseline to end point in the placebo and tamsulosin groups but there was a small increase in the tadalafil 5 mg group (mean change 0.7 (SD 29.2)).
Comment: An analysis of outlier QT/QTc interval values does not appear to be included in the report.
Clinical pharmacology studies
The primary objective of study LVFB was to demonstrate that tadalafil has no adverse effect on ventricular repolarisation when given as a 100 mg single dose. Other pharmacology studies that included ECG findings in the assessment of safety were study LVFU, study LVCT, study LVGG, study LVHN, study LVFV, study LVFF and study LVFT.
Comment: The results for specific ECG parameters, such as QT/QTc interval, are not reported in a number of the clinical pharmacology studies. In some of these studies it appears that ECGs were taken for safety reasons only, not specifically to assess the effect of tadalafil on ECG parameters.
[bookmark: _Toc272414676][bookmark: _Toc290846314][bookmark: _Toc336418890]Vital signs and orthostatic vital signs
Pivotal studies
Pivotal efficacy studies
In study LVHG, mean changes in heart rate and sitting systolic and diastolic blood pressure between baseline and end of therapy were small in each treatment group and did not show a dose-response effect across the tadalafil treatment groups. Maximal decreases in systolic BP of more than 30 mmHg and diastolic BP of more than 20 mmHg were seen in similar proportions of subjects in each treatment group with no clear indication of a dose-response effect. One subject in the tadalafil 20 mg group had a systolic BP less than 85 mm Hg.
In study LVHJ, the proportion of randomised subjects in each treatment group who met the definition of a treatment-emergent positive orthostatic test during the study was similar (placebo 23.2% (n=38), tadalafil 5mg 19.3% (n=31)). The DBP decrease ≥ 10 mm Hg was the most common criterion met in both groups (placebo 17.7%(n=29), tadalafil 5mg 13.0% (n=21)). No subject in either group was unable to remain standing during the assessment. A similar proportion of subjects in each treatment group had a shift from a negative overall orthostatic test result pre-randomisation to a positive overall test result at any post-randomisation visit (meeting at least one of the four positive orthostatic test criteria)(placebo 15.9% (n=26); tadalafil 5mg 14.5% (n=23)).
The proportions of subjects in the three treatment groups in study LVHR who had at least one positive orthostatic test during the double blind treatment period were similar (placebo 21.0%(n=42), tadalafil 2.5mg 20.7% (n=41), tadalafil 5mg 18.3% (n=38)) and for each of the four criteria the proportions of subjects in each treatment group meeting the individual criterion were comparable except for the SBP criterion, which was met by a higher proportion of subjects in the placebo and tadalafil 2.5 mg groups compared with the tadalafil 5 mg group (placebo 8.5%, tadalafil 2.5mg 7.6%, tadalafil 5mg 3.8%). A similar proportion of subjects in each treatment group had a shift from a negative orthostatic test result at the pre-randomisation visits to a positive orthostatic test result at any of the post-randomisation visits (placebo 16.67%, tadalafil 2.5mg 16.40%, tadalafil 5mg 14.85%). Of note, a smaller proportion of subjects in the tadalafil 5 mg group had a shift from a negative test at the pre-randomisation visits to a positive test at any post-randomisation visit for the SBP criterion when compared with the other two groups (placebo 8.33%, tadalafil 2.5mg 6.88%, tadalafil 5mg 3.47%).
In study LVID, from baseline to endpoint, and at each post-baseline visit, there were small changes in mean sitting heart rate, systolic and diastolic blood pressure in all three groups. The median change from baseline to endpoint in all three groups for these three parameters was 0.00. With regard to potentially significant vital sign changes during the treatment period, one subject in each of the tadalafil 5 mg and the tamsulosin 0.4 mg groups had a heart rate less than 50 bpm and a decrease from baseline of at least 15 bpm at one visit only. A number of subjects in each group were reported with a sitting systolic BP of 160 mmHg or higher and an increase from baseline of at least 20 mmHg (placebo 1.7% (n=3), tadalafil 5mg 2.9% (n=5), tamsulosin 0.4mg 1.8% (n=3)). Three of the five subjects in the tadalafil group did not have pre-existing hypertension or high systolic blood pressure pre-randomisation. No treatment-emergent adverse events were reported in these subjects that related to hypertension or changes in blood pressure. There were no potentially significant changes in diastolic BP in subjects in the tadalafil 5mg group.
Comment: Hypertension is included in both the currently approved and proposed PI for Cialis as an adverse event identified from spontaneous post-marketing surveillance.
Pivotal safety studies
In study LVHS, similar proportions of randomised subjects in the placebo and tadalafil 5 mg groups had one or more treatment-emergent positive orthostatic test results during the double-blind treatment period (placebo 18.8% (n=30), tadalafil 19.0% (n=30)). The proportions of subjects who shifted from a negative orthostatic test result at the pre-randomisation visits to a positive orthostatic test result at any post-randomisation visit were also similar (placebo 13.3% (n=21); tadalafil 5mg 12.2% (n=19)). Higher proportions of subjects aged 75 years or older had at least one treatment-emergent positive orthostatic test in both treatment groups compared with subjects aged under 75 years (< 75 years: placebo 17.2% (n=21); tadalafil 16.1% (n=19); ≥ 75 years: placebo 23.7% (n=9); tadalafil 27.5% (n=11)). A higher proportion of subjects in the tadalafil 5 mg group had at least one treatment-emergent positive orthostatic test if they were taking a concomitant non-selective alpha blocker compared with a selective alpha blocker (non-selective alpha blocker 28.8% (n=15); selective alpha blocker 14.2% (n=15)). For subjects in the placebo group, the proportions of subjects who had at least one treatment-emergent positive orthostatic test were similar with both the selective and non-selective alpha blocker (non-selective alpha blocker 18.9% (n=10); selective alpha-blocker 19.4% (n=21)).
In study LVHK, there were no clinically significant mean changes in sitting vital signs from baseline to endpoint in the two treatment groups. Similar proportions of subjects in both treatment groups had a potentially significant systolic and diastolic blood pressure decrease at any visit during the treatment period ( SBP decrease ≥ 20mmHg: placebo 20.79% (n=21), tadalafil 20mg 22.22% (n=22); DBP decrease ≥ 10mmHg: placebo 29.70% (n=30), tadalafil 20mg 35.35% (n=35)).
Comment: The higher proportion of subjects in study LVHS who had at least one treatment-emergent positive orthostatic test if they were taking tadalafil 5 mg concomitantly with a non-selective alpha blocker, compared with a selective alpha blocker, appears to be consistent with the known safety profile for tadalafil. The PI for Cialis (1) includes information in the Precautions section regarding the effect on blood pressure of the concomitant use of tadalafil with alpha blockers.
It is anticipated that tadalafil will be used in the proposed indications in men who are older than those using tadalafil for the treatment of ED. In study LVHS, the higher proportion of subjects in the tadalafil group aged 75 years or older who had at least one treatment- emergent orthostatic test, compared with the younger subjects, is of potential clinical significance if the vital sign changes are associated with clinical symptoms and signs such as dizziness, syncope and falls.
Other studies
In study LVGC, there were no clinically significant changes in the two treatment groups over the first six weeks of the treatment period and over the whole 12 week treatment period with regard to systolic and diastolic blood pressure and heart rate.
In study LVDI, the mean changes from baseline to endpoint in heart rate, sitting systolic blood pressure and sitting diastolic blood pressure were small in all the treatment groups. In the tadalafil treatment groups, there were small mean decreases in sitting diastolic and systolic blood pressure that increased with increasing tadalafil dose.
In the studies in Asian populations, studies LVIA, LVIA OLE, LVHB and LVHT, the changes in vital signs from baseline to endpoint were small in each of the treatment groups. In study LVIA, the mean changes in each of the vital signs were greater in the tadalafil 5 mg group compared with the tadalafil 2.5 mg group but the differences were small (Mean change: SBP: tadalafil 2.5mg -2.0 (SD 11.9), tadalafil 5mg -3.4 (SD 12.2); DBP: tadalafil 2.5mg -0.7 (SD 9.5), tadalafil 5mg -2.9 (SD 8.3), sitting heart rate: tadalafil 2.5mg -0.7(SD 9.9), tadalafil 5mg -1.2 (SD 9.8)). In study LVHB, no dose-response effect was seen across the tadalafil groups for the mean changes in vital signs.
Of note in study LVHT, four subjects (7.8%) in the tadalafil 5 mg group had a maximum decrease in systolic blood pressure of ≥ 20mmHg compared with one subject (2.0%) in the placebo group and three subjects (6.1%) in the tamsulosin 0.2 mg group. These subjects did not report TEAEs related to hypotension. No subject in any of the treatment groups had a maximum decrease in systolic blood pressure of > 30 mmHg and no subject had a systolic BP < 85mmHg. Similar proportions of subjects in the tadalafil 5 mg and tamsulosin 0.2 mg groups had a maximum decrease in diastolic BP of ≥ 10mmHg (placebo 15.7% (n=8), tadalafil 5mg 27.5% (n=14), tamsulosin 0.2 mg 24.5% (n=12)). One subject in the tadalafil 5 mg group had a maximum decrease in diastolic BP > 20mmHg. The subject was receiving treatment with two anti-hypertensive medications.
[bookmark: _Toc272414677][bookmark: _Toc290846315][bookmark: _Toc336418891]Post void residual urine (PVR)
Pivotal studies
In study LVHG, the mean change in post-void residual volume (PVR) from baseline to end of therapy, based on the primary analysis population, varied across the treatment groups with no dose-response effect across the tadalafil groups (mean change: placebo (n=202) 0.88 mL (SD 62.822), tadalafil 2.5mg (n=198) 9.02 mL (SD 67.542), tadalafil 5mg(n=203) 0.19mL (SD 62.939), tadalafil 10mg (n=207) 6.75mL (SD 73.490), tadalafil 20mg (n=191) -8.50mL (SD 57.968)).
In study LVHJ, there were small mean increases from baseline to endpoint in PVR in both treatment groups and in studies LVHR and LVID, small mean decreases in PVR were seen in all the treatment groups from baseline to endpoint.
Based on the integrated analysis set of these four pivotal studies, the mean changes in PVR in subjects randomised to placebo and tadalafil 5 mg were very small (placebo (n=699) mean change 0.2 mL (SD 60.21); tadalafil 5mg (n=708) mean change 0.4mL (SD 55.73)). The median change in both groups was 0.00 mL.
One subject in the tadalafil group in study LVHJ, and two subjects in the placebo group, had a PVR of 300 mL or more at endpoint. The subject in the tadalafil group did not report any TEAEs during the study. At baseline he had PVR of 145mL and at Visit 5, his final visit, 329mL.
In pivotal safety study LVHS, a larger decrease in the mean PVR from baseline to endpoint was seen in the tadalafil 5mg group compared with the placebo group (mean change in PVR: placebo (n=150) -1.9 mL (SD 82.86); tadalafil 5mg (n=151) -8.1 mL (SD 88.50)).
Comment: In most cases, mean increases or decreases in PVR from baseline to endpoint were small. There does not appear to be any evidence from these studies that tadalafil has a clinically important adverse effect on PVR.
Other studies
In study LVGC, decreases in mean PVR were seen in both treatment groups between baseline and Weeks 6 and 12 respectively. For subjects in the tadalafil 5mg/20mg group, the changes in mean PVR from baseline to Week 6 and from baseline to Week 12 were smaller than the changes for subjects in the placebo group. There were no reports of urinary retention.
In studies LVIA, LVIA OLE, LVHB and LVHT, in Asian populations, the mean changes from baseline to endpoint were small in each of the treatment groups. Of note, in study LVIA OLE, from Visit 3 to end point there was a small mean decrease in PVR (-4.4mL (SD 46.6)) and a small mean increase from Visit 7 to endpoint (2.2mL (SD 40.3)).
Comment: In study LVIA OLE, the mean PVR was quite variable from one study visit to the next. The mean change from Visit 3 and Visit 7, respectively, to end point is unlikely to be clinically significant.
[bookmark: _Toc272414678][bookmark: _Toc290846316][bookmark: _Toc336418892]Uroflowmetry
Pivotal studies
Peak flow rate was measured as an efficacy outcome in study LVHG. Small mean increases in peak urine flow rate from baseline to endpoint were seen in each treatment group.
In the other three pivotal efficacy studies, uroflowmetry parameters were a safety outcome. There were small increases in mean peak urine flow rate, mean urine flow rate and mean voided volume in each of the treatment groups between baseline and endpoint.
In study LVHS, a pivotal safety study, a comparable small increase in mean peak urine flow rate from baseline to endpoint was seen in each treatment group. The change from baseline to endpoint in mean urine flow rate was small in both groups (mean change: placebo (n=115) 0.21 mL/sec; tadalafil 5mg (n=115) 0.50 mL/sec). Mean voided volume did not change appreciably in the placebo group from baseline to endpoint (mean change: 0.6 mL) and showed a small decrease in the tadalafil 5 mg group (mean change: -8.8 mL).
Comment: There was no obvious dose- response effect across the tadalafil groups in study LVHR in the uroflowmetry results.
There is no evidence that the effect of tadalafil on the measured uroflowmetry parameters is clinically adverse.
[bookmark: _Toc241374326][bookmark: _Ref272333048][bookmark: _Toc272414679][bookmark: _Toc290846317][bookmark: _Toc336418893][bookmark: _Toc367221428]Post-marketing experience
In the Clinical Safety Summary, the sponsor reports that the exposure to tadalafil, excluding Adcirca for PAH, was approximately 31.2 million patients worldwide as at 30 April 2011. Four spontaneously reported adverse events reported in subjects receiving tadalafil off-label for BPH had been received by the sponsor up to 15 April 2011 ( myalgia (n=2), drug ineffective (n=1), nausea(n=1)). The sponsor reports that the latest Periodic Safety Update Report (PSUR) for tadalafil (PSUR 14) was submitted on 10 June 2011 and that post-marketing data indicate that the overall risk-benefit profile of tadalafil once daily remains favourable.
Three pregnancies were reported in the female sexual partners of men who received tadalafil once daily in ED clinical studies. It is reported that the outcome of one pregnancy was not made available to the sponsor. One pregnancy resulted in a healthy baby and the third a full term baby without abnormalities. A female subject in a PAH study received tadalafil 40 mg daily for two days during her first trimester of pregnancy and delivered at 36 weeks gestation. The health of the baby was not described. A second subject who became pregnant during a PAH study had a therapeutic abortion. Up to 15 April 2011, eight spontaneous and literature pregnancy reports had been received by the sponsor. A female patient was taking tadalafil 40 mg daily for PAH, started at 16 weeks gestation. No complications were reported. Seven reports were for pregnancies in which the male partner was taking tadalafil. In relation to these 7 reports, there were two live births, one spontaneous abortion, one infant death due to a diaphragm malformation and three pregnancies for which the outcome was unknown.
Up to 15 April 2011, 428 spontaneous and literature reports of adverse events related to tadalafil overdose had been received by the sponsor. The majority of reports related to patients with ED who took more than the recommended dose because of less than anticipated efficacy and a number of reports related to physicians prescribing a higher than recommended dose. No adverse events were reported for the majority of intentional and prescribed overdose cases. Clinically significant adverse events were reported in 19 patients who were also reported with tadalafil overdose. Adverse events reported included cerebrovascular accident (n=3), cerebral infarction (n=1), cerebral haemorrhage (n=1) and intracranial haemorrhage (n=1), myocardial infarction/infarction (n=3) and cardiac failure (n=1), cardiac failure congestive (n=1). A number of cases of tadalafil overdose with clinically significant adverse events died.
No other post-marketing data were included in the dossier for this submission.
Comment: The Periodic Safety Update Report for Cialis (tadalafil) for the period 16 October 2010 to 15 April 2011, the last PSUR received by the TGA, was reviewed at the time of the evaluation of a previous submission in relation to the use of Cialis in the treatment of ED (submission PM-2010-02892-3-3). No new safety signals were apparent in relation to the use of Cialis in the treatment of ED. This PSUR related to the both the treatment of ED and PAH. The sponsor reported that no new safety signals were identified in relation to use of tadalafil in the PAH indication.
Insufficient information was provided in the submission to conclude if there was a causal relationship between tadalafil and the clinically significant adverse events in the cases of tadalafil overdose. Of the 19 cases reported with clinically significant adverse events, the patients were of various ages and taking a variety of doses of tadalafil. The onset of the event in relation to the overdose, start and top dates of concomitant medications and medical history, were not provided for all cases. The number of patients reported with tadalafil overdose resulting in clinically significant adverse events was small compared with the overall exposure although it is anticipated that this is an underestimation of the true number of cases. The deaths of cases of tadalafil overdose, and the cardiovascular and cerebrovascular events reported by cases of tadalafil overdose, are of concern. However, this issue does not impact significantly on the outcome of this evaluation. The PI includes clear dosage recommendations and actions to be taken in the case of overdosage.
[bookmark: _Ref272333005][bookmark: _Toc272414680][bookmark: _Toc290846318][bookmark: _Toc336418894][bookmark: _Toc367221429]Safety issues with the potential for major regulatory impact
[bookmark: _Toc272414681][bookmark: _Toc290846319][bookmark: _Toc336418895]Liver toxicity
There were no reports of subjects receiving tadalafil with ALT or AST levels at least three times the upper limit of normal and a total bilirubin level more than two times the upper limit of normal.
In the integrated dataset of the four pivotal efficacy studies, two subjects who had been randomised to tadalafil 5 mg in study LVHG had a treatment-emergent increases in ALT ≥ 3 times the ULN and one subjects also had a treatment-emergent increase in AST ≥ 3 times the ULN. Both subjects had other possible explanations for the raised transaminases. In the OLE of study LVHG, two subjects had elevated ALT or AST levels more than three times the upper limit of normal, reported as adverse events. Both subjects had been randomised to tadalafil 5 mg during the double-blind treatment period. The bilirubin levels were normal for both subjects. One subject had other medical conditions and was taking multiple concomitant medications and the second subject had hepatitis C. The elevated AST and ALT levels were assessed by the investigator as being possibly drug-related for the subjects with hepatitis C.
In the pivotal safety studies, a single subject in the tadalafil 20 mg group was reported with treatment-emergent elevated AST levels in study LVHK, and in LVHS, a single subject in the tadalafil 5 mg group was reported with a bilirubin level more than 1.5 times the ULN at endpoint. Both subjects had certain baseline liver function test abnormalities, had pre-existing conditions and were on concomitant medications.
Of note, in study LVGC one subject randomised to tadalafil had normal liver function test results at screening and raised ALT (478 U/L (reference range 5-95 U/L)) and AST (214 U/L (reference range 10-78 U/L)) at Week 12. GGT, bilirubin and alkaline phosphatase were normal at screening and Week 12. The patient had a number of medical conditions and was on concomitant medications that were all started prior to the commencement of the study drug and not ceased. The subject’s LFTs returned to within the reference range approximately two weeks after the study (ALT 45 U/L, AST 24 U/L). Concomitant medications were not ceased.
Of note, a subject who was receiving tadalafil 5 mg in study LVHB discontinued due to liver injury. The investigator did not consider the adverse event to be study drug-related. The adverse event was reported to have been moderate in severity and to have started two days after tadalafil 5 mg once daily was commenced. The subject had raised AST, ALT and GGT at Visit 3. At Visit 5, AST was 623 U/L (normal 11-36), and ALT was 320 U/L (normal 6-43) and raised GGT (392 U/L; normal 10-50) and ALP (131 U/L; normal 35-125). The subject’s bilirubin level was not reported as abnormal at any visit. At Visit 3 the subject was on a number of other concomitant medications. Eight days after tadalafil was ceased ALT was still above the upper limit of normal (54 U/L) as was GGT (368 U/L).
Comment: The subject in study LVHB with liver injury appeared to have a negative de-challenge to tadalafil as the ALT, AST and ALP decreased after tadalafil was ceased but, from the case history, none of the concomitant medications were ceased. This is not a case of “Hy’s law” (32) as the bilirubin was not raised.
[bookmark: _Toc272414682][bookmark: _Toc290846320][bookmark: _Toc336418896]Haematological toxicity
There were no cases of severe thrombocytopenia, agranulocytosis or aplastic anaemia reported in the studies.
A single subject was reported with treatment-emergent thrombocytopenia of mild severity in study LVHG OLE.
[bookmark: _Toc272414683][bookmark: _Toc290846321][bookmark: _Toc336418897]Serious skin reactions
There were no cases of erythema multiforme, Stevens-Johnson syndrome or toxic epidermal necrolysis reported in the clinical studies and no skin reactions were reported as serious.
In study LVHG, a subject randomised to tadalafil 2.5 mg was reported with a photosensitivity reaction of moderate severity.
In study LVIA, a single subject discontinued the study due to a drug eruption of moderate severity. The adverse event occurred two days after tadalafil 5 mg was commenced and was considered to be drug-related. The subject had not recovered approximately four weeks later at the last study visit. The subject remained on the study drug for approximately two months after the onset of the drug eruption.
In study LVIA OLE, one subject who had received tadalafil 5 mg in the double-blind period was reported with a toxic skin reaction of moderate maximum severity in the OLE period. The skin reaction was considered to be treatment-related by the investigator.
Comment: There were reports of “rash”, “rash NOS” and “rash generalised” of mild and moderate severity in a number of the studies. Not all of these TEAEs were assessed by the investigator as being drug-related. The current, and proposed, PI for Cialis include rash as an example of a hypersensitivity reaction identified from spontaneous post-marketing surveillance. This would seem adequate at this point in time.
In the Periodic Safety Update Report for Cialis (tadalafil) for the period 16 October 2010 to 15 April 2011, it is indicated that there have been a small number of reports cumulatively of Stevens-Johnson syndrome reported spontaneously, from the literature or regulatory authorities. Stevens-Johnson syndrome is included in the currently approved PI for Cialis (1), and the draft PI, as an adverse event identified from spontaneous post-marketing surveillance.
[bookmark: _Toc272414684][bookmark: _Toc290846322][bookmark: _Toc336418898]Cardiovascular safety
The report for one thorough QT/QTc study, study LVFB, was included in the submission. Based on the results of this study, the effect of 100 mg tadalafil on the change in QTc interval was declared to be equivalent to that of placebo. A number of the other submitted study reports included summaries of the results of ECG parameters. However, these studies were not designed as thorough QT/QTc studies and not all the studies had a placebo control group. Therefore, it was difficult to interpret the clinical relevance of the results. There were no reports of torsade de pointes in any of the submitted studies. However, other clinical events which may be evidence of an effect on the QT interval, such as ventricular tachycardia and syncope, were reported. It is noted that vardenafil, another PDE5 inhibitor, produced increases in QTc interval at therapeutic and supratherapeutic doses in a study to elucidate the effect of vardenafil on QT interval in healthy males (33).
Based on the double-blind treatment period of the four pivotal efficacy studies, the proportions of subjects reported with specific treatment-emergent cardiac disorders were similar in the placebo and tadalafil 5 mg groups and the majority of adverse events were reported in single subjects in both groups. Based on the integrated analysis set, the only treatment-emergent cardiovascular disorder that was reported in a notably higher proportion of subjects randomised to tadalafil 5 mg, compared with placebo, was hypertension. The absolute numbers in both groups were small (placebo 0.7% (n=5), tadalafil 5 mg 1.6% (n=12)).
Comment: It is recommended that information on study LVFB is added to the PI, including the results of the primary statistical analysis of the QT interval in the tadalafil and placebo periods based on the ANOVA model with RR as a covariate, and the results of the secondary comparisons using other correction methods. The results of this study impart important safety-related information.
It is also recommended that QT/QTc prolongation is added to the Risk Management Plan as an important potential risk. Although the effect of 100 mg tadalafil on the change in QTc interval was declared to be equivalent to that of placebo based on the results of study LVFB, there is a possibility that QT/QTc interval prolongation may occur and has not yet been demonstrated. Increases in QTc interval were reported in a study to elucidate the effect of vardenafil on QT interval in healthy males. As vardenafil and tadalafil are both PDE 5 inhibitors, there is the possibility that PDE5 inhibitors, as a class of medicine, may prolong the QT/QTc interval.
There were no other potential cardiovascular safety signals that were apparent from the clinical studies submitted to support the proposed indications.
Hypertension is included in the currently approved PI for Cialis (1), and the draft PI, as an uncommon adverse event identified from spontaneous post-marketing surveillance.
[bookmark: _Toc241374323][bookmark: _Toc272414685][bookmark: _Toc290846323][bookmark: _Toc336418899]Unwanted immunological events
Other than skin reactions, there appeared to be no reports in the submitted studies of serious hypersensitivity reactions and few reports of mild and moderate hypersensitivity reactions with tadalafil. In the open-label extension period of study LVHG, a single subject in was reported with drug hypersensitivity of moderate severity and in study LVHR there was a single subject randomised to tadalafil 2.5 mg who was reported with drug hypersensitivity of mild severity. In study LVFB, a subject was reported with “hypersensitivity NOS” following 100 mg IC351.
In the integrated analysis set there was a single report of hypersensitivity of mild severity in a subject receiving tadalafil 5 mg (study LVHG).
Comment: A number of different symptoms and signs can be manifestations of a hypersensitivity reaction, such as urticaria, which was reported as an adverse event in a number of studies. Hypersensitivity reactions are included in the currently approved PI for Cialis (1), and the draft PI, as adverse events identified from spontaneous post-marketing surveillance.
[bookmark: _Toc272414686][bookmark: _Ref273005527][bookmark: _Toc290846324][bookmark: _Toc336418900][bookmark: _Toc367221430]Other safety issues
[bookmark: _Toc241374322][bookmark: _Ref272331212][bookmark: _Toc272414687][bookmark: _Toc290846325][bookmark: _Toc336418901]Safety in special populations
In study LVHN, a greater mean maximum drop in standing and supine systolic and diastolic BP was seen in male subjects with BPH-LUTS aged between 70 and 85 years compared with subjects aged 60 years and younger, after both a single dose of tadalafil 20 mg and after 10 days of tadalafil 20 mg once daily. A higher number of elderly subjects had clinically significant blood pressure findings compared with the younger patients.
Comment: As the proportion of men with BPH-LUTS increases with age, it is likely that subjects aged over 70 years will use tadalafil for the treatment of BPH-LUTS. In the currently approved PI for Cialis (1), and the draft PI, there is precaution regarding the effect of tadalafil on blood pressure. It is suggested that the sponsor add a precautionary statement to the PI that tadalafil use may decrease blood pressure to a greater extent in patients aged 70 years or older compared with younger patients.
[bookmark: _Toc241374324][bookmark: _Ref272331214][bookmark: _Toc272414688][bookmark: _Toc290846326][bookmark: _Toc336418902]Safety related to drug-drug interactions and other interactions
In study H6D-EW-LVFV, a pharmacokinetic study in which the effects of ritonavir 500 mg or 600 mg twice daily on the pharmacokinetics of tadalafil following a single 20 mg oral dose were assessed in healthy men, the AUC (0-∞) for tadalafil was 48% higher following administration of tadalafil with 500 mg ritonavir twice daily and 18% higher following administration of tadalafil with 600mg of ritonavir twice daily. Compared with the Cmax following the administration of a single 20 mg dose of tadalafil, Cmax was approximately 30% lower when tadalafil was administered with ritonavir 500 mg or 600mg. The half life of tadalafil was prolonged following the administration of tadalafil with ritonavir and the mean apparent total plasma clearance (CL/F) was decreased. This drug interaction may affect the pharmacodynamic effect of tadalafil in the treatment of ED.
In study LVFS, the least squares mean maximum decrease in standing systolic blood pressure was similar after the administration of tadalafil 20 mg with alcohol 0.7g/kg, compared with alcohol alone, and tadalafil 20 mg alone, respectively. The mean difference between the treatment groups in each of the two comparisons was not statistically significant.
In study LVFT, when doxazosin 4 mg was administered at 0800 hours and tadalafil 20 mg at 0800, 1600 or 2000 hours 33.3%, 22.7% and 34.8% of subjects respectively had a systolic blood pressure <85mmHg and 66.7%, 59.1% and 78.3% had a change from baseline in SBP >30mmHg. When doxazosin 4 mg was administered at 2000 hours and tadalafil 20 mg at 0800, 1600 or 2000 hours 43.5%, 34.8% and 52.2% of subjects respectively had a systolic blood pressure <85mmHg and 65.2%, 65.2% and 826% had a change from baseline in SBP >30mmHg. The proportions of subjects who had potentially clinically significant blood pressure changes of a systolic blood pressure < 85 mmHg and a diastolic blood pressure <45 mm Hg were 41.7% and 58.3%, respectively. Following administration of tadalafil 20 mg and doxazosin 8 mg at 0800 hours, 4.2% subjects had a systolic blood pressure <85 mmHg and 8.3% of subjects had a diastolic blood pressure <45 mm Hg.
Comment: It is recommended that the pharmacokinetic results of study LVFV, showing the changes in AUC, Cmax and tmax when tadalafil is administered to subjects taking ritonavir, compared with tadalafil alone, are added to the PI. These pharmacokinetic results are of potential clinical relevance in men being treated with ritonavir.
The currently approved PI for Cialis (1), and the draft PI, already contain a precaution regarding the use of tadalafil concomitantly with alpha blockers and the potential for clinically significant blood pressure changes. No change to the information appears warranted in relation to this interaction.
The currently approved PI for Cialis (1), and the draft PI, already contain a precaution in relation to the interaction between tadalafil and alcohol. No change to this precaution is required based on the results of study LVFS.
[bookmark: _Toc336418903]Colour vision
The results of study LVFF did not indicate that tadalafil 40 mg affects colour vision.
[bookmark: _Toc241374328][bookmark: _Toc272414691][bookmark: _Toc290846329][bookmark: _Toc336418904][bookmark: _Toc367221431]Evaluator’s overall conclusions on clinical safety
Overall, the safety profile of tadalafil in the studies submitted to support the proposed indications, treatment of the signs and symptoms of BPH in adult men and treatment of ED and the signs and symptoms of BPH in adult men, was similar to the known safety profile for tadalafil in the treatment of ED. There were few potential safety issues arising from the submitted studies.
Of clinical relevance to the use of tadalafil in the proposed indications, a higher proportion of subjects aged 75 years or older had at least one treatment-emergent positive orthostatic test, compared with younger subjects, in study LVHS, a pivotal safety study. This finding was seen in both the placebo and tadalafil 5 mg treatment groups but only in subjects aged aged 75 years or older was the proportion of subjects who had at least one treatment-emergent positive orthostatic test higher in the tadalafil 5 mg group compared with the placebo group. As the target population for the use of tadalafil in the treatment of BPH-LUTS is anticipated to be older than the target population for the use of tadalafil for the treatment of ED, this is of concern. If the decrease in blood pressure is associated with hypotension–related symptoms, such as dizziness, this may in turn result in morbidity for older men, such as falls and their potential clinical sequelae.
The effect of 100 mg tadalafil on the change in QTc interval was found to be equivalent to that of placebo in one thorough QT/QTc study, study LVFB. However, QTc prolongation has been reported with vardenafil, another PDE5 inhibitor. There were no reports of torsade de pointes in any of the submitted studies, although other clinical events which may be evidence of an effect on the QT interval, such as ventricular tachycardia and syncope, were reported. QT/QTc prolongation is considered a potential safety concern with tadalafil and should be added as a potential risk to the Risk Management Plan.
The concomitant administration of a single dose of tadalafil 20 mg and ritonavir 500 mg and 600 mg twice daily affected the pharmacokinetics of tadalafil. This is of particular clinical relevance in relation to men who are receiving treatment for HIV with ritonavir 600 mg twice daily and who may wish to take tadalafil 20 mg in an on-demand dosing regimen for the treatment of ED. It is possible that this drug interaction may affect the pharmacodynamic effect of tadalafil in the treatment of ED.
The pivotal studies had a large number of exclusion criteria. The safety of tadalafil 5 mg once daily in the proposed indications has, therefore, not been evaluated in patients who have the excluded medical conditions.
There appeared to be no new safety issues arising from the studies in Asian study populations with BPH-LUTS.
[bookmark: _Toc367221432]First round benefit-risk assessment
[bookmark: _Toc236802592][bookmark: _Toc241374331][bookmark: _Ref272160836][bookmark: _Toc272414693][bookmark: _Toc290846331][bookmark: _Toc336418906][bookmark: _Toc367221433]First round assessment of benefits
The benefits of tadalafil in the proposed usage “treatment of the signs and symptom of BPH in adult men” are:
Tadalafil is in a different drug class than the currently approved medicines for use in the management of the symptoms of BPH. It has a different mechanism of action and a different adverse effect profile. The addition of tadalafil to the suite of pharmacological management options for BPH-LUTS would be beneficial as patients who cannot use other treatment options may be able to use tadalafil. The contraindications to the use of tadalafil, tamsulosin and dutasteride are not identical potentially enabling a greater proportion of men with BPH-LUTS to receive pharmacological treatment. Of note, tadalafil is indicated for the treatment of ED and does not have the same sexual function adverse effect profile as tamsulosin and dutasteride.
The results of the pivotal and other efficacy studies submitted to support this indication showed a consistent improvement from baseline in BPH-LUTS, as measured by the total IPSS score.
The benefits of tadalafil in the proposed usage “treatment of ED and the signs and symptom of BPH in adult men” are:
For men who have both BPH-LUTS and ED, the approval of tadalafil for the treatment of both conditions removes the need for the patient to take separate medications for each condition which in turn reduces the possibility of adverse effects and drug interactions.
As outlined above, tadalafil is in a different drug class than the currently approved medicines for use in the treatment of BPH-LUTS. Tadalafil is indicated for the treatment of ED and does not have the same sexual function adverse effect profile as tamsulosin, finasteride and dutasteride.
The single supporting pivotal study for this proposed indication showed a greater improvement in total IPSS score and IIEF-EF score from baseline for tadalafil 5 mg, compared with placebo, and a statistically significant result for both total IPSS score and IIEF-EF score for the comparison between tadalafil 5 mg and placebo.
[bookmark: _Toc236802596][bookmark: _Toc241374334][bookmark: _Ref272160964][bookmark: _Toc272414694][bookmark: _Toc290846332][bookmark: _Toc336418907][bookmark: _Toc367221434]First round assessment of risks
The risks of tadalafil in the proposed usages “treatment of the signs and symptom of BPH in adult men” and “treatment of ED and the signs and symptom of BPH in adult men” are:
Although the effect of 100 mg tadalafil on the change in QTc interval was declared to be equivalent to that of placebo based on the results of a thorough QT/QTc study, an association between tadalafil and QT interval prolongation may still exist as vardenafil, another PDE5 inhibitor, produced increases in QTc interval at therapeutic and supratherapeutic doses in a study to elucidate the effect of vardenafil on QT interval in healthy males.
The pivotal studies had a large number of exclusion criteria. The efficacy and safety of tadalafil 5 mg once daily in the proposed indications has, therefore, not been evaluated in patients who have these excluded medical conditions.
The effect of tadalafil 5 mg in the improvement in total IPSS and IIEF-EF Domain in the pivotal efficacy studies may not be considered clinically meaningful.
Although an adequate number of subjects aged over 65 years were exposed to tadalafil 5 mg once daily for at least 12 months in the pivotal efficacy and safety studies, only 28 subjects aged 75 years or older had such exposure, a number unlikely to be sufficient to detect safety signals in this population subgroup with the ongoing use of tadalafil 5 mg once daily.
In two studies LVHN and LVHS, there was evidence that tadalafil had a greater negative effect on the blood pressure of older subjects compared with younger subjects. In study LVHN, a pharmacokinetic study, the mean maximum drop in standing and supine systolic and diastolic blood pressure at both Day 1, following a single dose of tadalafil 20 mg, and Day 10, following once daily dosing with tadalafil 20mg, were higher in the elderly subjects compared with the young subjects. In study LVHS, a pivotal safety study, a higher proportion of subjects in the tadalafil 5 mg group aged 75 years or older reported TEAEs possibly related to hypotension compared with subjects in the tadalafil 5 mg group aged less than 75 years. In addition, a greater proportion of subjects in the tadalafil 5 mg group aged 75 years or older had at least one treatment-emergent positive orthostatic test compared with subjects aged under 75 years. It is anticipated that a proportion of the target population for the proposed indication will be men aged 75 years or older as the proportion of men with BPH-LUTS increases with age. These effects on blood pressure are of potential clinical concern as they may be associated with hypotension related adverse events and possibly falls and the complications of falls.
Ritonavir 500 mg and 600 mg twice daily affected the pharmacokinetics of tadalafil following a single 20 mg oral dose. This drug interaction may affect the pharmacodynamic effect of tadalafil in the treatment of ED.
In relation to the proposed usage “treatment of ED and the signs and symptom of BPH in adult men”, additional risks are:
The efficacy and safety of use of tadalafil in this specific indication has not been demonstrated beyond 12 weeks although the safety of tadalafil 5 mg once daily in the treatment of BPH-LUTS has been demonstrated over 52 weeks. It is indicated in the currently approved PI for Cialis that there is insufficient evidence of the maximum duration of treatment with tadalafil 5 mg once daily for the treatment of ED. This limitation would also apply to the proposed usage treatment of ED and the signs and symptom of BPH in adult men.
[bookmark: _Toc236802597][bookmark: _Toc241374335][bookmark: _Toc272414695][bookmark: _Toc290846333][bookmark: _Toc336418908][bookmark: _Toc367221435]First round assessment of benefit-risk balance
The benefit-risk balance of tadalafil, given the proposed usage, is favourable.
[bookmark: _Toc367221436]First round recommendation regarding authorisation
It is recommended that the use of tadalafil 5 mg once daily in the proposed indications is approved if:
the indications are amended to the treatment of “the lower urinary tract symptoms associated with benign prostatic hyperplasia in adult men” and the treatment of the “ED and the lower urinary tract symptoms associated with benign prostatic hyperplasia in adult men”, respectively
the product documentation is amended as recommended
the sponsor provides satisfactory answers to the questions below.
[bookmark: _Toc367221437]Clinical questions
[bookmark: _Ref272312341][bookmark: _Toc272414700][bookmark: _Toc290846340][bookmark: _Toc336418915][bookmark: _Toc367221438]Additional expert input
No questions.
[bookmark: _Ref269908779][bookmark: _Toc272414701][bookmark: _Toc290846341][bookmark: _Toc336418916][bookmark: _Toc367221439]Clinical questions
[bookmark: _Toc272414702][bookmark: _Toc290846342][bookmark: _Toc336418917]Pharmacokinetics
No questions.
[bookmark: _Toc272414703][bookmark: _Toc290846343][bookmark: _Toc336418918]Pharmacodynamics
No questions.
[bookmark: _Toc272414704][bookmark: _Toc290846344][bookmark: _Toc336418919]Efficacy
With regard to LVHG, the sponsor is requested to clarify why the results of the ANCOVA analysis are included in the draft PI given the non-parametric permutation test was used for the primary comparison of the primary efficacy outcome.
With regard to LVHJ, the sponsor is requested to clarify why the amended study report and protocol H6D-MC-LVHJ (a) differ in relation to the testing of secondary endpoints and at what point in the study the order of testing the key secondary endpoints, as described in the amended study report, was determined.
With regard to the integrated analysis set, the sponsor is requested to clarify if the integrated analyses were pre-specified and to confirm if the data from the four pivotal efficacy studies were integrated using simple pooling.
Regarding the two proposed indications, no objective measures of the signs of BPH were included as primary or key secondary efficacy variables in the pivotal efficacy studies. It is unclear to the evaluator why the proposed indications include the treatment of the signs of BPH. The sponsor is requested to clarify the wording of the proposed indications in this regard.
[bookmark: _Toc272414705][bookmark: _Toc290846345][bookmark: _Toc336418920]Safety
For the two subjects with raised liver transaminases more than three times the upper limit of normal reported in the open-label extension period of study LVHG, there appears to be no information regarding the results of liver function tests after the tadalafil 5 mg was ceased so it is unclear if there was a positive dechallenge. It is requested that the sponsor provide this information.
In study LVGC, a subject randomised to tadalafil who had normal liver function test results at screening and raised ALT and AST at Week 12 (subject 120-2012) appears to have had a positive dechallenge after the study ended. From the subject narrative his concomitant medications had been started at least four months prior to the subject commencing tadalafil and they were not ceased. Please clarify if this subject had a positive dechallenge and whether the raised ALT and AST were considered related to tadalafil.
With regard to exposure to tadalafil by duration of treatment, it appears that the information on exposure for at least 12 weeks was not available for a number of the studies. The sponsor is requested to provide the number of subjects exposed for 12 weeks or more to tadalafil 2.5 mg in study LVHR, and tadalafil 5 mg in studies LVHJ, LVHR and LVGC, and to tadalafil 20 mg in study LVGC, or indicate where this information can be found in the submission.
The TEAEs reported in the pivotal efficacy studies are presented as the proportions of subjects who have had at least one TEAE in the preferred term category. This information does not indicate how many times the subjects reported the individual adverse events during the course of the study and when the adverse events occurred in relation to the commencement of the study drug. The sponsor is requested to describe any specific patterns in the adverse events reported over the course of the respective pivotal efficacy studies, specifically if there were certain adverse events reported on multiple occasions and, if so, the time between the study commencement and the reporting of the adverse event, and whether there were any changes in the severity of the adverse event over the study period.
In the clinical pharmacology analysis set, nausea and vomiting led to the discontinuation of a number of study subjects receiving tadalafil (nausea (n=9), vomiting (n=5)). The sponsor is requested to advise if these adverse events were considered to be related to tadalafil.
Nausea and arthralgia are listed in the US PI for Cialis as adverse reactions reported in less than 1% of subjects in the controlled clinical trials of Cialis for BPH or ED and BPH. These adverse reactions are not included in the proposed Australian PI for Cialis. The sponsor is requested to clarify why these adverse reactions are not included in the proposed PI.
[bookmark: _Toc367221440]Second round evaluation of clinical data submitted in response to questions
Question 1: With regard to LVHG, please clarify why the results of the ANCOVA analysis are included in the draft PI given the non-parametric permutation test was used for the primary comparison of the primary efficacy outcome.
Evaluation of sponsor’s response to Question 1:
The sponsor has confirmed that the primary analysis for study LVHG was a non-parametric permutation test and indicates that this test of the differences in the distributions of the change from baseline in total IPSS between tadalafil 5 mg and placebo does not rely on an easily interpretable test statistic. The sponsor indicates that the least squares means from the ANCOVA were used in the proposed PI to allow study LVHG to be compared to the other BPH studies. The sponsor reports that this had been deemed an appropriate characterisation of the results based on the observed normality of total IPSS data and based on the fact that there were no noteworthy differences in inference using the least squares means relative to the unadjusted means or the medians. The sponsor’s response seems reasonable.
Question 2: With regard to LVHJ, please clarify why the amended study report and protocol H6D-MC-LVHJ (a) differ in relation to the testing of secondary endpoints and at what point in the study the order of testing the key secondary endpoints, as described in the amended study report, was determined.


Evaluation of sponsor’s response to Question 2:
The sponsor has clarified that the analyses of the secondary endpoints presented in the clinical study report for study LVHJ are different from those stated in protocol LVHJ (a) as, after protocol LVHJ (a) was approved, the FDA requested that a procedure was pre-specified for controlling the overall type I error rate for secondary endpoints that followed the BPH Impact Index. With the agreement of the FDA, a fixed-sequence testing procedure to control the family-wise type I error in the primary and secondary endpoints was pre-specified in the statistical analysis plan. The sponsor has clarified that this change was made prior to the completion of the study. The sponsor’s response is accepted.
Question 3: With regard to the integrated analysis set, please clarify if the integrated analyses were pre-specified and to confirm if the data from the four pivotal efficacy studies were integrated using simple pooling.
Evaluation of sponsor’s response to Question 3:
The sponsor has clarified that the analysis plan for the integrated summaries reported in the submission was completed prior to the last patient visit of study LVID, the final study, but after the sponsor was unblinded to the results of the other three pivotal efficacy studies. The sponsor has highlighted that, in the analyses of the integrated data, the efficacy parameters were generally consistent with those of the individual studies, that the ANCOVA models used were the same as those used in individual studies with the exception of the addition of an effect for study, and that the analyses used the intent-to-treat population. The sponsor has confirmed that the analyses of the integrated data from the four pivotal efficacy studies used a simple pooling technique. It is unclear to the evaluator whether using simple pooling to integrate the efficacy results of the pivotal efficacy studies for statistical analysis yields valid results. The comments provided with regard to the inclusion of results from the integrated data analyses remain unchanged.
Question 4: Regarding the two proposed indications, no objective measures of the signs of BPH were included as primary or key secondary efficacy variables in the pivotal efficacy studies. It is unclear to the evaluator why the proposed indications include the treatment of the signs of BPH. Please clarify the wording of the proposed indications in this regard.
Evaluation of sponsor’s response to Question 4:
The sponsor has not provided clarification of the wording of the proposed indications but has proposed to remove reference to the signs of BPH from the proposed indications as follows:
“CIALIS is indicated for the treatment of:
erectile dysfunction (ED) in adult men
the signs and lower urinary tract symptoms (LUTS) associated with of benign prostatic hyperplasia (BPH) in adult men
ED and the signs and symptoms LUTS associated with of BPH (ED/BPH) in adult men”
This is acceptable. The proposed wording is consistent with that recommended.
Question 5: For the two subjects with raised liver transaminases more than three times the upper limit of normal reported in the open-label extension period of study LVHG, there appears to be no information regarding the results of liver function tests after the tadalafil 5 mg was ceased so it is unclear if there was a positive dechallenge. Please provide this information.
Evaluation of sponsor’s response to Question 5:
The sponsor has provided further information on two subjects, denoted as subjects “A” and “B” for the purposes of this Extract. Although not stated, the question was in regard to two other subjects, denoted as subjects “C” and “D” for the purposes of this Extract. The sponsor has not provided further information in relation to these two subjects.
On further review by the evaluator of the information provided in relation to these subjects, for subject C it is acknowledged that the ALT level was three times the upper limit of normal at the end of the double blind period in which the subject received placebo and it is noted that the investigator did not believe that the increase in hepatic enzymes was due to the study drug. It is also noted that after the subject entered the open-label extension period, and was receiving tadalafil 5 mg once daily, the ALT decreased from Visit 6 (111 International Units (IU)/L)to Visit 8 (88 IU/L). The subject discontinued the study at Visit 9 due to subject decision. No further information is required in relation to this subject.
With regard to subject D, information regarding whether the subject had a positive dechallenge after study discontinuation would have been pertinent as the investigator had assessed the adverse event of “hepatic enzyme increased” as possibly related to the study drug and this adverse event led to study discontinuation. It is noted that this subject had been randomised to tadalafil 5 mg during the double-blind period and that the AST and ALT were raised more than three times the upper limit of normal at the end of the double-blind period. The sponsor is requested to clarify if this patient had a positive dechallenge.
The information provided by the sponsor in relation to subjects LVHG-107-1752 and LVHG-117-2713 does not suggest a safety signal. Subject LVHG-107-1752 had an AST level of 119 IU/L (Upper limit of normal 36 IU/L) at study Visit 8. At this visit, ALT was also elevated (72 IU/L; upper limit of normal 43 IU/L) and the total bilirubin level was normal. The subject also had elevated creatine phosphokinase levels at Visits 1, 3, 8 and 12; the highest value was recorded at Visit 8. The subject was not discontinued from the study. At Visit 10 the AST had decreased to 27 IU/L and the ALT and total bilirubin levels were within the normal range. Subject LVHG-117-2713 had an AST level greater than three times the upper limit of normal (144 IU/L; upper limit of normal 36 IU/L) at Visit 12 only. ALT was also increased (127 IU/L; upper limit of normal 43 IU/L) at this visit only. This subject also had elevated creatine phosphokinase levels at Visits 1, 3, 8, 10 and 12; the highest value was recorded at Visit 8. Total bilirubin was normal at study Visits 1, 3, 8, 10 and 12. The subject completed the study but the sponsor indicates that there are no laboratory data available for this patient after he completed the study and ceased tadalafil.
The sponsor has highlighted that, based on the integrated data from the double-blind periods of studies LVID, LVHG, LVHJ and LVHR, the proportions of subjects randomised to placebo and tadalafil 5 mg who had treatment-emergent ALT levels of more than three times the upper limit of normal, AST levels of more than three times the upper limit of normal, and total bilirubin of more than two times the upper limit of normal were similar. Based on these integrated data there were no treatment-emergent reports of ALT or AST more than three times the upper limit of normal with a total bilirubin of more than two times the upper limit of normal. This is acknowledged.
Question 6: In study LVGC, a subject randomised to tadalafil who had normal liver function test results at screening and raised ALT and AST at Week 12 (subject 120-2012) appears to have had a positive dechallenge after the study ended. From the subject narrative his concomitant medications had been started at least four months prior to the subject commencing tadalafil and they were not ceased. Please clarify if this subject had a positive dechallenge and whether the raised ALT and AST were considered related to tadalafil.
Evaluation of sponsor’s response to Question 6:
The sponsor has clarified that the patient does appear to have had a positive dechallenge but indicates that, based on analysis of integrated data from the double-blind period of studies LVID, LVHG, LVHJ and LVHR, it is not likely that the increases in AST and ALT in this patient are related to treatment with tadalafil. This is accepted.
Question 7: With regard to exposure to tadalafil by duration of treatment, it appears that the information on exposure for at least 12 weeks was not available for a number of the studies. Please provide the number of subjects exposed for 12 weeks or more to tadalafil 2.5 mg in study LVHR, and tadalafil 5 mg in studies LVHJ, LVHR and LVGC, and to tadalafil 20 mg in study LVGC, or indicate where this information can be found in the submission.
Evaluation of sponsor’s response to Question 7:
The sponsor has provided the number of subjects exposed to tadalafil 2.5 mg in study LVHR (n=172) and to tadalafil 5 mg in studies LVHR (n=184) and LVHJ (n=148), respectively, for 12 weeks, and has clarified the location of this information in the respective clinical study reports. With regard to study LVGC, the sponsor has clarified that no subjects were exposed to a single dose of tadalafil for 12 weeks as subjects were randomised to tadalafil 5 mg daily for six weeks and those subjects who completed six weeks of tadalafil 5 mg daily were dose-escalated to receive tadalafil 20 mg daily for six weeks. The information provided by the sponsor is accepted. The information on exposure to tadalafil in clinical studies according to dose and duration was updated to incorporate the numbers of subjects exposed for 12 weeks to tadalafil 2.5 mg in study LVHR and to tadalafil 5 mg in studies LVHR and LVHJ, and to indicate that exposure of ≥ 12 weeks was not applicable for tadalafil 5 mg and tadalafil 20 mg in study LVGC.
Question 8: The TEAEs reported in the pivotal efficacy studies are presented as the proportions of subjects who have had at least one TEAE in the preferred term category. This information does not indicate how many times the subjects reported the individual adverse events during the course of the study and when the adverse events occurred in relation to the commencement of the study drug. Please describe any specific patterns in the adverse events reported over the course of the respective pivotal efficacy studies, specifically if there were certain adverse events reported on multiple occasions and, if so, the time between the study commencement and the reporting of the adverse event, and whether there were any changes in the severity of the adverse event over the study period.
Evaluation of sponsor’s response to Question 8:
In response to this question, the sponsor has provided:
an analysis of treatment-emergent adverse events, and episodes of treatment-emergent adverse events, reported in at least 1% of tadalafil patients in the integrated analysis set.
an analysis of the mean and median time of first occurrence, in days from randomisation, for treatment-emergent adverse events reported in at least 1% of tadalafil patients in the integrated analysis set.
analyses of the incidence of all, and clinically relevant, treatment-emergent adverse events, by visit and treatment group in the placebo-controlled double-blind period, reported by all randomised subjects in the integrated placebo-controlled once-a-day studies for ED.
The sponsor indicates the analysis of multiple occurrences of the same treatment-emergent adverse event is limited by patient recall and how the investigators reported multiple occurrences of an adverse event in the individual studies. These limitations are acknowledged.
The results of this analysis indicate that, for treatment-emergent adverse events reported in at least 1% of tadalafil patients in the integrated analysis set, only a small number of subjects had more than one episode of the adverse event and multiple episodes of an adverse event were more common in subjects randomised to tadalafil 5 mg than to placebo. The sponsor reports that, of subjects randomised to placebo, one subject reported two episodes of nasopharyngitis. Of subjects randomised to tadalafil 5 mg, one subject reported two episodes of headache, one subject reported three episodes of nasopharyngitis, one subject reported two episodes of back pain, one subject reported two episodes of dyspepsia and another subject four episodes of dyspepsia, one subject reported two episodes of diarrhoea and another six episodes, and one patient reported two episodes of pain in extremity.
The median and mean numbers of days from randomisation to the first occurrence of treatment-emergent adverse events reported in at least 1% of tadalafil patients in the integrated analysis set were, respectively, less than 30 days except for hypertension and diarrhoea (median time to first occurrence 55 days and 54 days, respectively). The sponsor indicates that, overall, these findings are consistent with previously undertaken analyses of integrated data from placebo-controlled once-a-day studies for the treatment of erectile dysfunction. These analyses were provided by the sponsor and show that the incidences of first reporting of any treatment-emergent adverse event, and the most common treatment-emergent adverse events, were generally highest at the four week study visit for subjects randomised to tadalafil.
The sponsor does not indicate in the response if the severity of the treatment-emergent adverse event changed for those subjects who had multiple episodes of the one event.
The information provided by the sponsor does not raise new safety concerns.
Question 9: In the clinical pharmacology analysis set, nausea and vomiting led to the discontinuation of a number of study subjects receiving tadalafil (nausea (n=9), vomiting (n=5)). Please advise if these adverse events were considered to be related to tadalafil.
Evaluation of sponsor’s response to Question 9:
The sponsor has provided a summary of the adverse events reported as the reason for study discontinuation in the clinical pharmacology analysis set and information on the individual study subjects who discontinued due to nausea or vomiting. Of the nine subjects who discontinued due to nausea, and the five who discontinued due to vomiting, the information provided suggests that tadalafil was the sole study drug implicated in the discontinuation of three subjects due to nausea or vomiting.
The sponsor highlights that, based on the integrated analysis set of studies LVID, LVHG, LVHJ and LVHR, the proportion of subjects who had treatment-emergent nausea was higher in subjects randomised to placebo than tadalafil 5 mg and the proportions of subjects who had treatment-emergent vomiting were identical in the two treatment groups. The sponsor also indicates that in these four studies no subjects discontinued from the study due to nausea or vomiting.
The sponsor indicates that nausea and vomiting are not considered to be adverse drug reactions in the treatment of men with BPH-LUTS. This seems reasonable. The proportions of subjects who had treatment-emergent nausea and vomiting based on the integrated analysis set of studies LVID, LVHG, LVHJ and LVHR, do not suggest that these adverse events are adverse drug reactions. In addition, as there were 2080 subjects who received tadalafil in the clinical pharmacology analysis set, the proportion who discontinued due to nausea or vomiting, where tadalafil was the sole study drug implicated, was small (0.14%).
However, it is noted that the US label for Cialis (14) includes nausea and vomiting as adverse reactions reported in less than 1% of subjects in the controlled clinical trials for BPH or ED and BPH. The sponsor’s response to Question 10 below suggests that, in relation to the Australian and US product information documents, the criteria used to determine if treatment-emergent adverse events are adverse reactions are different.
Question 10: Nausea and arthralgia are listed in the US PI for Cialis as adverse reactions reported in less than 1% of subjects in the controlled clinical trials of Cialis for BPH or ED and BPH. These adverse reactions are not included in the proposed Australian PI for Cialis. Please clarify why these adverse reactions are not included in the proposed PI.


Evaluation of sponsor’s response to Question 10:
The sponsor has outlined the process used for determining adverse drug reactions. The sponsor indicates that, as per CIOMS guidance, a set of criteria was applied in the review and analysis of treatment-emergent adverse events in the integrated database of the phase 3 studies to determine if a specific treatment-emergent adverse event (TEAE) could have a potential causal association with tadalafil use. The criteria in the determination of a possible causal association include a higher incidence of a given TEAE in the tadalafil treatment group compared with the placebo treatment group that is statistically significant (p < 0.05), a numerical imbalance in the incidences between the two treatment groups, even if the difference is not statistically significant, and a significant positive dose-response. The sponsor indicates that medical personnel review all TEAEs and use clinical judgement to determine if there is a potential causal association.
The sponsor indicates that the TEAEs nausea and arthralgia, respectively, do not fulfil any of these criteria. Based on the integrated analysis set of studies LVID, LVHG, LVHJ and LVHR, the proportion of subjects who had treatment-emergent nausea was higher in subjects randomised to placebo than tadalafil 5 mg. Based on the integrated analysis set of studies LVID, LVHG, LVHJ and LVHR, the proportion of subjects who had treatment-emergent arthralgia was higher in subjects randomised to tadalafil 5 mg than placebo (tadalafil 5 mg 0.8%; placebo 0.3%) but the difference between the groups was not statistically significant (p=0.159). The sponsor reports that, after review, arthralgia was not considered an adverse drug reaction.
The sponsor has acknowledged that nausea and arthralgia are listed in the US PI for Cialis with a frequency of less than 1%. The sponsor indicates that nausea and arthralgia are included in the US PI as TEAEs based on their frequency and not because they were considered to be adverse drug reactions. The sponsor also indicates that in the US PI TEAEs are listed based on their frequency and a numerical imbalance (higher than placebo), and not necessarily following the CIOMS criteria for considering if a TEAE could be an adverse drug reaction.
The sponsor’s response seems reasonable and is accepted. However, it is still not clear why nausea is included in the US PI as an adverse reaction reported by < 1% subjects in the controlled clinical trials of Cialis for BPH or ED and BPH, as treatment-emergent nausea was reported by a higher proportion of subjects randomised to placebo than tadalafil 5 mg based on the integrated analysis set.
Question 11: In relation to the adverse events identified from BPH clinical studies:
It is noted that the term “treatment-emergent adverse reactions” is used in the proposed PI. However, it is indicated in the clinical study reports for studies LVHG, LVHR, LVID that adverse reactions may not have been treatment-emergent. The reference in the draft PI for the proposed information on treatment-emergent adverse reactions reported by <2% of subjects treated with tadalafil 5 mg in phase 3 studies is a table of common treatment-emergent adverse events in the integrated analysis set (Table 2.7.4.6). As the proposed sub-heading relates to treatment-emergent adverse reactions it is unclear if this Table is referenced in error. Please clarify the reference for the treatment-emergent adverse reactions and whether the adverse reactions were treatment-emergent.
Evaluation of sponsor’s response to Question 11:
The sponsor has clarified that the reference for the treatment-emergent adverse reactions reported by <2% of patients treated with tadalafil 5 mg in the BPH phase 3 studies is Table 2.7.4.27 in the Summary of Clinical Safety. Table 2.7.4.27 includes all TEAEs in the integrated analysis set by decreasing frequency in the tadalafil 5 mg group (all randomised subjects in studies LVID, LVHG, LVHJ and LVHR, double-blind treatment period) where as Table 2.7.4.6 includes common TEAEs in the integrated analysis set by decreasing frequency in the tadalafil 5 mg group (all randomised subjects in studies LVID, LVHG, LVHJ and LVHR, double-blind treatment period). Dyspnoea is included in Table 2.7.4.27 but not Table 2.7.4.6. The sponsor has clarified that all adverse drug reactions are TEAEs but not all TEAEs are adverse drug reactions. To determine if a specific TEAE could have a potential causal association with tadalafil use, and therefore be an adverse drug reaction, a set of criteria was applied in the review and analysis of the treatment-emergent adverse events in the integrated database of the phase 3 studies, as per CIOMS guidance. This explanation is accepted.
On further review of the clinical study reports for studies LVHG, LVHR, LVID, it is noted that it is stated that treatment-related adverse events may not have been treatment-emergent, rather than adverse reactions may not have been treatment-emergent as indicated in Question 11. The evaluator had assumed that the terms “treatment-related adverse event” and “adverse (drug) reaction” had the same meaning. It is noted that in the response to Question 12, the sponsor clarifies the meanings of the terms “treatment-related adverse events” and “adverse drug reactions”. The sponsor indicates that treatment-related adverse events are determined to be related to the study drug by the investigator but the relatedness, as determined by the investigator, is not considered as part of the medical evaluation to determine if a TEAE is an adverse drug reaction.
To avoid confusion, the sponsor proposes to revise the text as follows:
“Treatment-Emergent Adverse drug reactions reported by <2% of patients treated with Tadalafil 5 mg in phase 3 studies”
The sponsor also proposes similar changes to the related text in relation to the on-demand and once-a-day ED sections of the ADVERSE EFFECTS section of the draft PI.
The proposed change to the text, and to the text in relation to the on-demand and once-a-day ED sections to be consistent, seems reasonable.
To provide clarification for the reader of the PI, it is recommended that the terms “adverse events” and “adverse drug reactions” are defined in the PI.
Question 12: With regard to the treatment-related adverse events reported by <2% of subjects treated with tadalafil 5 mg, only some of the treatment-related adverse events reported in the integrated analysis set are listed in the PI and others are not. Please clarify how the treatment-related adverse reactions were determined.
Evaluation of sponsor’s response to Question 12:
The sponsor has clarified that treatment-related adverse events were not used as the basis for determining adverse drug reactions. The sponsor indicates that, as per CIOMS guidance, a set of criteria was applied in the review and analysis of treatment-emergent adverse events in the integrated database of the phase 3 studies to determine if a specific TEAE could have a potential causal association with tadalafil use, and, therefore, be considered an adverse drug reaction. The sponsor states that relatedness, as determined by the investigator, is not considered as part of the medical evaluation undertaken to consider if a TEAE is an adverse drug reaction. The evaluator had assumed that the terms “treatment-related adverse event” and “adverse (drug) reaction” had the same meaning. The sponsor has clarified that a “treatment-related adverse event” is an adverse event determined to be related to the study drug by the investigator, and which may or may not be treatment-emergent, and an “adverse drug reaction” is determined by the application of a set of criteria based on CIOMS guidance.
It is now understood how the list of adverse drug reactions, reported with a frequency <2% of patients treated with tadalafil 5 mg in the phase 3 BPH studies, was determined. The explanation is accepted.
The sponsor has also provided background information in relation to the proposed addition of dyspnoea to the PI as an adverse drug reaction. Dyspnoea was reported by four subjects (0.5%) randomised to tadalafil 5 mg during the double-blind treatment period based on the integrated analysis set of studies LVID, LVHG, LVHJ and LVHR. No subjects randomised to placebo reported dyspnoea. The sponsor has provided summaries of these four cases with the response to this question. The sponsor indicates that based on the clinical trial cases in the ED (as needed and once-a-day) and BPH placebo-controlled studies, a potential contribution of tadalafil to dyspnoea could not be ruled out in the respective patient populations. It is reported that the review of rarely reported spontaneous cases in the spontaneous AE database suggested that there may be a possible causal association between dyspnoea and tadalafil use in the ED patient population.
The proposed addition of dyspnoea as an uncommon adverse drug reaction reported by <2% of patients treated with tadalafil 10-20 mg in phase 3 ED studies and by <2% of patients treated with tadalafil 5 mg in phase 3 BPH studies, to be consistent with the CCDS, is acceptable.
The sponsor has also provided background information in relation to the addition of transient amnesia to the PI as an adverse drug reaction reported by <2% of patients treated with tadalafil 5 mg in phase 3 BPH studies. Although there were no cases of transient amnesia in the integrated analysis set of studies LVID, LVHG, LVHJ and LVHR, the proposed inclusion, for consistency, of transient amnesia as an adverse drug reaction reported by <2% of patients treated with tadalafil 5 mg in phase 3 BPH studies is acceptable. The sponsor has included an explanatory note under this adverse drug reaction indicating that the frequency category is based on events reported in ED placebo-controlled trials in patients who were treated with tadalafil on demand and daily at doses within the currently approved dosing range. The proposed dosage for the proposed indications, 5 mg once daily, is the same as that recommended for once-a-day dosing for ED, so this safety-related information is applicable to the proposed indications.
[bookmark: _Toc367221441]Second round benefit-risk assessment
[bookmark: _Toc272414709][bookmark: _Toc290846349][bookmark: _Toc336418924][bookmark: _Toc367221442]Second round assessment of benefits
After consideration of the responses to clinical questions, the benefits of tadalafil in the proposed usage are unchanged from those identified in the first round assessment.
[bookmark: _Toc272414710][bookmark: _Toc290846350][bookmark: _Toc336418925][bookmark: _Toc367221443]Second round assessment of risks
After consideration of the responses to clinical questions, the risks of tadalafil in the proposed usage are unchanged from those identified in the first round assessment.
[bookmark: _Toc272414711][bookmark: _Toc290846351][bookmark: _Toc336418926][bookmark: _Toc367221444]Second round assessment of benefit-risk balance
The benefit-risk balance of tadalafil, given the proposed usage, is favourable.
[bookmark: _Toc367221445]Second round recommendation regarding authorisation
It is recommended that the use of tadalafil 5 mg once daily in the proposed indications is approved if:
the product documentation is amended as recommended or the sponsor justifies why the recommended changes should not be made
the sponsor provides an analysis of outlier QT/QTc interval results for the open-label extension period of study LVHG, study LVDI and study LVHT, or clarifies the location of such information in the submission
the sponsor clarifies if use of the term “clinically meaningful improvement”, in relation to total IPSS and IIEF EF Domain in the draft PI, is referring to the absolute change from baseline in the tadalafil 5 mg group, or the placebo-subtracted change from baseline in the tadalafil 5 mg group, or the 95% confidence interval for the LS mean difference in the change from baseline for the two treatments
the sponsor clarifies if there have been important changes in the analytical methods used in the studies submitted in the dossier and specifies any such changes and their impact on the interpretation of the data
the sponsor clarifies if subject LVHG 118-2837 had a positive dechallenge
the sponsor further clarifies why nausea is included in the US PI as an adverse reaction reported by < 1% subjects in the controlled clinical trials of Cialis for BPH or ED and BPH in view of the fact that treatment-emergent nausea was reported by a higher proportion of subjects randomised to placebo than tadalafil 5 mg, based on the integrated analysis set.
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Tadalafil Treatment

Placebo 1C_5mg
Parameter at Time Point  (N=210) (N=212)

Change from baseline

n 205 205

Mean (SD) -2.25(6.17) -4.92(5.67)
Median -2.00 -4.00

Min, Max -18.00,21.00 -21.00,11.00
P1. Adj. Mean -2.67

Trt Difference p-value <.001
Endpoint
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Mean (sD) 14.83(7.69) 12.38(7.23)
Median 15.00 12.00

Min, Max 0.00,35.00 0.00,34.00
Baseline
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Mean (SD) 17.08(6.36) 17.30(5.97)
Median 17.00 17.00

Min, Max 1.00,34.00 3.00,34.00
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Abbreviations: N = number of randomized subjects who have received study medication; n =
number of subject with nonmissing data at

baseline and at least ome postbaseline. Trt = Study treatment; Pl. = = Placebo; Adj. =
Adjusted (Pl. Adj. = Placebo Adjusted).

Ic = Tadalafil.

P-values are from a permutation test with gemeral scores and based on the raw data
scores, stratified by the randomization strata

factors (4 geographic regions, 2 levels of BPH LUTS severity, 2 levels of ED history) for
the difference between placebo

and each tadalafil treatment group.
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Abbreviations: CI = Confidence Interval; LS Mean = Least-Squares Mean; N = number of randomized subjects receiving study medication;
n = number of subjects with non-missing data at baseline and at least one postbaseline visit; SD = Standard Deviation; SE = Standard
Error; IPSS = International Prostate Symptom Score; IC = Tadalafil.

(a) Baseline = Visit 3; Endpoint = the last non-missing postbaseline value; Change = Endpoint - Baseline.

(b) LS Means, SE are from ANCOVA model that includes treatment group, geographic region, and IPSS baseline value (at visit 3) as a
covariate.

(c) LS Mean difference in mean change from baseline for each dose vs Placebo, and the corresponding SE, 95% CI, and p-value are from
the same ANCOVA model described above.
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Placebo IC_2.5mg Ic_Smg 1C_10mg 1C_20mg
Parameter at Time Point (N=210) (N=208) (N=212) (N=216) (N=208)

Change from baseline

n 205 201 205 207 199
Mean (sp) -2.25(6.17) -3.94(5.89) -4.92(5.67) -5.35(6.14) -5.22(5.98)
Median -2.00 -3.00 -4.00 -5.00 -5.00

Min, Max -18.00,21.00 -22.00,11.00 -21.00,11.00 -24.00,12.00 -24.00,13.00
Pl. AdJ. Mean -1.69 -2.67 -3.09 -2.96

Trt Difference p-value 0.0043 <.001 <.001 <.001
Endpoint

n 205 201 205 207 199

Mean (sp) 14.83(7.69) 13.54(6.77) 12.38(7.23) 12.43(7.07) 11.89(6.76)
Median 15.00 13.00 12.00 12.00 11.00

Min, Max 0.00,35.00 0.00,33.00 0.00,34.00 0.00,34.00 0.00,30.00
Baseline

n 205 201 205 207 199

Mean (sp) 17.08(6.36) 17.48(5.84) 17.30(5.97) 17.77(5.60) 17.11(6.53)
Median 17.00 17.00 17.00 17.00 17.00

Min, Max 1.00,34.00 1.00,32.00 3.00,34.00 3.00,33.00 0.00,35.00
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Abbreviations: N = number of randomized subjects who have received study medication; n = number of subject with nonmissing data at
baseline and at least one postbaseline. Trt = Study treatnment; Pl. = Placebo; Adj. = Adjusted (Pl. Adj. = Placebo Adjusted).
IC = Tadalafil.

P-values are from a permutation test with general scores and based on the raw data scores,

stratified by the randomization strata
factors (4 geographic regions, 2 levels of BPH LUTS severity, 2 levels of ED history) for the difference between placebo
and each tadalafil treatment group.
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Placebo IC_2.5mg IC_5mg IC_10mg IC_20mg
Parameter at Time Point (N=210) (N=208) (N=212) (N=216) (N=208)
Change from baseline
n 205 201 204 209 199
Mean (SD) -0.79(2.51) -0.83(2.66) -1.25(2.75) -1.31(2.78) -1.34(2.41)
Median -1.00 -1.00 -1.00 -1.00 -1.00
Min, Max -8.00,8.00 -11.00,7.00 -12.00,6.00 -9.00,7.00 -9.00,7.00
Pl. Adj. Mean -0.04 -0.46 -0.52 -0.55
Trt Difference p-value 0.9359 0.0998 0.0387 0.0109
Endpoint
n 205 201 204 209 199
Mean (SD) 4.15(2.94) 3.90(2.90) 3.41(3.02) 3.55(3.02) 3.41(2.68)
Median 4.00 3.00 3.00 3.00 3.00
Min, Max 0.00,12.00 0.00,12.00 0.00,12.00 0.00,12.00 0.00,12.00
Baseline
n 205 201 204 209 199
Mean (sD) 4.94(2.95) 4.73(2.95) 4.66(2.98) 4.86(2.98) 4.75(2.78)
Median 5.00 5.00 5.00 5.00 4.00

Min, Max 0.00,12.00 0.00,12.00 0.00,12.00 0.00,13.00 0.00,13.00
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Abbreviations: N = number of randomized subjects who have received study medication; n = number of subject with nonmissing data at
baseline and at least one postbaseline. Trt = Study treatnment; Pl. = = Placebo; Adj. = Adjusted (Pl. Adj. = Placebo Adjusted).

IC = Tadalafil.

P-values are from a permutation test with general scores and based on the raw data scores, stratified by the randomization strata

factors (4 geographic regions, 2 levels of BPH LUTS severity, 2 levels of ED history) for the difference between placebo
and each tadalafil treatment group.
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Treatment Group

Placebo (N=210)

IC_2.5mg (N=208)

Ic_Smg (N=212)

IC_10mg (N=216)

IC_20mg (N=208)

Time
Point (a)

Baseline
Endpoint
change

Baseline
Endpoint
Change

Baseline
Endpoint
change

Baseline
Endpoint
Change

Baseline
Endpoint
Change

205
205
205

201
201
201

204
204
204

209
209
209

199
199
199

4.94
4.15
-0.79

4.73
3.90
-0.83

4.66
3.41
-1.25

4.86
3.55
-1.31

4.75
3.41
-1.34

std.
Dev.

2.946
2.942
2.515

2.946
2.897
2.657

2.984
3.023
2.751

2.977
3.024
2.785

2.785
2.682
2.409

LS Mean (b)

-0.83

-0.96

-1.40

-1.38

-1.45

SE(Db)

0.20

0.21

0.21

0.20

0.21

LsMean (c)

-0.13

-0.57

-0.55

-0.62

Placebo Adjusted Change from Baseline

SE 95% CI(c)

0.232

0.231

0.230

0.233

(-0.58,

(-1.03,

(-1.00,

(-1.08,

0.33)

-0.12)

-0.10)

-0.17)

P-value(c)

0.583

0.013

0.016

0.007
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Abbreviations: CI = Confidence Interval; LS Mean = Least-Squares Mean; N = number of randomized subjects receiving study medication;
n = number of subjects with non-missing data at baseline and at least one postbaseline visit; SD = Standard Deviation; SE = Standard
Error; BII = BPH Impact Index; IC = Tadalafil.

(a) Baseline = Visit 3; Endpoint = the last non-missing postbaseline value; Change = Endpoint - Baseline.

(b) LS Means, SE are from ANCOVA model that includes treatment group, geographic region, and BII baseline value (at Visit 3) as a
covariate.

(c) Ls Mean difference in mean change from baseline for each dose vs Placebo, and the corresponding SE, 95% CI, and p-value are from
the same ANCOVA model described above.
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Placebo IC_2.5mg
Parameter at Time Point (N=210) (N=208)

IC_10mg IC_20mg
(N=216) (N=208)

Change from baseline

n 113 109 113 113 109

Mean (SD) 0.78(6.32) 3.97(7.30) 6.56(9.43) 6.64(8.29) 7.44(8.42)
Median 1.00 3.00 4.00 5.00 6.00

Min, Max -20.00,19.00 -16.00,27.00 -22.00,29.00 -15.00,28.00 -21.00,26.00
Pl. Adj. Mean 3.19 5.78 5.86 6.66

Trt Difference p-value 0.0013 <.001 <.001 <.001
Endpoint

n 113 109 113 113 109

Mean (SD) 18.04(8.55) 21.39(7.94) 21.85(8.70) 23.86(7.68) 23.72(7.68)
Median 20.00 24.00 25.00 27.00 27.00

Min, Max 1.00,30.00 3.00,30.00 1.00,30.00 1.00,30.00 1.00,30.00
Baseline

n 113 109 113 113 109

Mean (SD) 17.26(7.95) 17.42(8.30) 15.29(8.13) 17.22(8.42) 16.28(8.05)
Median 19.00 19.00 15.60 18.00 17.00

Min, Max 1.00,30.00 1.00,30.00 1.00,30.00 1.00,30.00 1.00,30.00
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Abbreviations: N = number of randomized subjects who have received study medication; n = number of subject with nonmissing data at
baseline and at least one postbaseline; Trt = Study treatment; Pl. =Placebo; Adj. = Adjusted (Pl. Adj. = Placebo Adjusted).
P-values are from a permutation test with general scores and based on the raw data scores, stratified by the randomization strata
factors (4 geographic regions, 2 levels of BPH LUTS severity, 2 levels of ED history) for the difference between placebo

and each tadalafil treatment group. P-values provided for subgroup with small sample size will be used for guidance purposes only.
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Treatment Group

Time
Point (a)

LS Mean(b)

SE(b)

LsMean (c)

Placebo Adjusted Change from Baseline.
SE 95% CI(c)

P-value(c)

Placebo (N=114)

IC_2.5mg (N=113)

IC_5mg (N=117)

IC_10mg (N=120)

IC_20mg (N=115)

Baseline
Endpoint
change

Baseline
Endpoint
Cchange

Baseline
Endpoint
Change

Baseline
Endpoint
Change

Baseline
Endpoint
change

2.04

5.40

6.79

7.87

8.19

1.02

0.99

1.00

0.98

1.00

3.36

4.75

5.83

6.15

0.919

0.915

0.910

0.917

(1.56,

(2.95,

( 4.04,

( 4.35,

5.17)

6.54)

7.62)

7.95)

<.001

<.001

<.001

<.001
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Abbreviations: CI = Confidence Interval; LS Mean = Least-Squares Mean; N = number of randomized subjects receiving study medication;
n = number of subjects with non-missing data at baseline and at least one postbaseline visit; SD = Standard Deviation; SE = Standard
Error; IIEF = International Index of Erectile Function; IC = Tadalafil.

(a) Baseline = Visit 3; Endpoint = the last non-missing postbaseline value; Change = Endpoint - Baseline.

(b) LS Means, SE are from ANCOVA model that includes treatment group, geographic region, and IIEF Erectile Function Domain baseline

value (at Visit 3) as a covariate and centered baseline-value-by-treatment-group interaction, if the interaction is significant
at p < 0.10.

(c) Ls Mean difference in mean change from baseline for each dose vs Placebo, and the corresponding SE, 95% CI, and p-value are from
the same ANCOVA model described above.
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Treatment Time
point [a]

Placebo (N=164 Baseline
Endpoint
change

Tadalafil 5 mg (N=161) Baseline
Endpoint
change

164
164
164

160
160
160

17.1
11.4
-5.7

17.0
11.0
-5.0

LS Mean Treatment Difference [b]

-5.6 -1.9 0.66 (-3.2, -0.6) 004
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Abbreviations: CI = confidence interval; LOCF = last observation carried forward; LS Mean = least-squares mean; N = number of

subjects in the analysis population; n = number of subjects with non-missing data at baseline and at least one postbaseline visit;
SD = standard deviation; SE = standard error.

The Primary Analysis Population includes all subjects who were randomized and started study medication.
{a] Baseline = Visit 3; Endpoint = the last non-missing postbaseline value; Change = Endpoint - Baseline.
[b] LS mean of change from baseline to endpoint, LS mean of treatment difference and the corresponding SE,

from an analysis of covariance (ANCOVA). The model includes terms for treatment group, region, centered-baseline covariate,

centered-baseline-by-treatment interaction and treatment-by-region interaction. The interaction terms will be removed from the
final model if p >= 0.10.

95% CI, and p-value are
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*Subjects not taking prohibited BPH, overactive bladder (OAB), or ED
treatments may return to the study site for Visit 2 as soon as screening results
are reviewed.

Abbreviations: BII = BPH (benign prostatic hyperplasia) Impact Index; CGI-I
= Clinical Global Impression of Improvement; CGI-S = Clinical Global
Impression of Severity: ED = erectile dysfunction: EF = erectile function: IIEF
= Intemational Index of Erectile Function: IPSS = International Prostate
Symptom Score; GAQ = Global Assessment Questions; mIPSS = Modified
Intermnational Prostate Symptom Score: N = number of subjects; PGI-1=
Patient Global Impression of Improvement. PGI-S = Patient Global
Impression of Severity: PVR = postvoid residual volume: SEP = Sexual
Encounter Profile
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1A: lIEF EF Domain and IPSS, 1B: IIEF EF Domain and IPSS,
tadalafil 5 mg vs placebo tadalafil 2.5 mg vs placebo
alpha= 0271 alpha= 0271
1A: p<0271 1A: p<.271 1A: p<0271 1A p>.0271
1B: p<.0271 1B: p>.271 1B: p<0271 1B: p<.0271
2A: SEP3, 2A: SEP3, 2B: SEP3, 2B: SEP3,
5mg vs placebo 5 mg vs placebo 25mg vs placebd  |2.5mg vs placebo
alpha= 0271 alpha= 0228 alpha = 0271 alpha= 0228
2A- p<271 2A° p<0271 2A° p<0228  2A- p<0271 2A: p>.0271 2B: p<0228
2B: p<271 2B: p>0271 2B: p<0271 2B: p<0271
3A:BII, 3A: BIl, 3A:BII, 3B: BII, 3B: BII, 3B: BII,
5mg vs placebo 5 mg vs placebo 5 mg vs placebo 2.5 mg vs placebo| (25 mg vs placebo 2.5mg vs placebo|
alpha= 0271 alpha = 0228 alpha = 0228 dpha= 0271 alpha = 0228 alpha= 0228

Abbreviations: Bl = Benign Prostatic Hyperplasia (BPH) Impact Index, EF = erectile function, IEF = Intemational Index of Erectile
Function, IPSS = International Prostate Symptom Scale, SEP3 = Sexual Encounter Profile Quesfion 3.
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Abbreviations: CI = confidence interval; EF = erectile function; LOCF = last observation carried forward; LS Mean = least-squares
mean; N = number of subjects in the analysis population; n = number of subjects with non-missing data at baseline and at least one

postbaseline visit; SD = standard deviation; SE = standard error.

The Primary Analysis Population includes all subjects who were randomized and started study medication.
[a] Baseline = Visit 3; Endpoint = the last non-missing postbaseline value; Change = Endpoint - Baseline.

[b] The LS mean, standard error, 2-sided 95% confidence interval and p-value for the difference between placebo and tadalafil dose
are from an analysis of covariance (ANCOVA). The model includes terms for treatment group, region, centered-baseline covariate,
centered-baseline-by-treatment interaction and treatment-by-region interaction. The interaction terms are removed from the final
model if p >= 0.10.

[c] Under the Dunnett-Bonferroni gatekeeping procedure for multiple hypothesis testing, this p-value should be assessed for
significance against a two-sided alpha level = 0.0271.
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Abbreviations: BII = BPH Impact Index; CGI-1 = Clinician Global Impression of
Improvement; CGI-S = Clinician Global Impression of Sevenity; ED = Erectile
Dysfunction: IIEF = Intemational Index of Erectile Function; IPSS = International
Prostate Symptom Score; mIPSS = Modified International Prostate Symptom Score;
PGI-I = Patient Global Impression of Improvement; PGI-S = Patient Global Impression
of Severity; PVR = Postvoid Residual Volume: QoL = Quality of Life; TSS-BPH =
Treatment Satisfaction Scale - Benign Prostatic Hyperplasia.
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Time LS Mean Treatment Difference [b]

Treatment point Change
(al n Mean sD Median [B3] SE LS Mean SE 958 CI p-value

Placebo (N=172) Baseline 172 17.4 5.97 16.

0
Endpoint 172 13.2 7.57 12.0
Change 172 -4.2 6.30 -4.0 -4.2 0.5
Tadalafil 5 mg (N=171) Baseline 171 17.2 4.91 17.0
Endpoint 171 1.1 6.75 10.0
Change 171 -6.2 5.99 -6.0 -6.3 0.5 -2.1 0.6 (-3.3, -0.8) .001
Tamsulosin 0.4 mg (N=167) Baseline 165 16.8 5.31 16.0
Endpoint 165 11.4 6.56 11.0
Change 165 -5.5 6.31 -5.0 -5.7 0.5 -1.5 0.6 (-2.8, -0.2) .023
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Abbreviations: CI = confidence interval; LOCF = last observation carried forward; LS Mean = least-squares mean; N = number of
subjects in the analysis population; n = number of subjects with non-missing data at baseline and at least one postbaseline visit;:

SD = standard deviation; SE = standard error.

The Primary Analysis Population includes all subjects who were randomized and started study medication.

[a] Baseline = Visit 3; Endpoint = the last non-missing postbaseline value; Change = Endpoint - Baseline.

[b] The LS mean, standard error, 2-sided 958 confidence interval and p-value for the difference between placebo and active drug
are from an analysis of covariance (ANCOVA). The model included terms for treatment group, region, centered-baseline covariate,
centered-baseline-by-treatment interaction and treatment-by-region interaction. The interaction terms were removed from the final

model if p >= 0.10.
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Weeks 0 - 6 Placebo (N=143) Baseline
Endpoint
Cchange
1C_5/20mg (N=138) Baseline
Endpoint
Change

Weeks 0 -12 Placebo (N=143) Baseline
Endpoint
change

1c_5/20mg (N=138) Baseline
Endpoint
change

Parameters

136
136
136
135
135
135

138
138
138
136
136
136

17.5
13.3
-4.1

-1.2 0.47
-2.8 0.48 0.003
-1.7 0.49
-3.8 0.50 <0.001

LOCF = Last observation carried forward for Weeks 0-12 only. Baseline = Sample IPSS baseline.

Endpoint = IPSS at week 6 or week 12. Change = IPSS change from baseline to week 6 or week 12

Moan = Sample Mean. STD = Standard deviation. LS Mean = Least-Squares Mean. SE = Standard error.

Population summarized consists of those subjects having both valid baseline and post baseline data on this variable.

P-values are one-sided from an ANCOVA for change from baseline that includes treatment group, geographic region, previous
alpha-blocker usage, and baseline IPSS value, and baseline-value-by-treatment-group interaction, if the interaction is significant

at p < 0.10.




image31.jpeg
Study Treatment Group n Baseline (+SD)" LS Mean Change® _ LS Mean Difference® (95% CI) p-value®®

Integrated  Placebo (N=746) 735 17.3 (£5.94) 27

Tad 5 mg (N=752) 742 17.6 (£5.72) 5.0 2.3(:29.-1.7) <.001
LVHG Placebo (N=210) 205 17.1 (£6.36) 22

Tad 5 mg (N=212) 205 17.3 (£5.97) 438 2.6(:3.7,-1.5) <.001
LVHJ Placebo (N=164) 164 16.6 (+5.99) 36

Tad 5 mg (N=161) 160 17.1 (:6.06) 5.6 -1.9(-3.2, 0.6) .004
LVHR Placebo (N=200) 194 182 (£5.33) 338

Tad 5 mg (N=208) 206 18.5 (25.78) 6.1 2.3(:3.5.-12) <001
LVID Placebo (N=172) 172 17.4 (5.97) 42

Tad 5 mg (N=171) 171 17.2 (24.91) 6.3 2.1(:33,-08) .001 (vs placebo)

Tam 0.4 mg (N=167) 165 16.8 (£5.31) 5.7 -1.5(-2.8,0.2) 023 (vs placebo)

Abbreviations: ANCOVA = analysis of covariance; CI = confidence interval; CSR = clinical study report; LOCF = last observation carried forward; LS = least
squares; N = number of patients in the analysis population; n = number of patients with non-missing data at baseline and at least one postbaseline visit; SD =
standard deviation; Tad = tadalafil; Tam = tamsulosin; vs = versus.
p-Value is for comparison of active treatment group (tadalafil 5 mg or tamsulosin 0.4 mg) to placebo.
®  Analysis of integrated data was based on an ANCOVA model which included only the 2 treatment groups common across all studies (placebo and
tadalafil 5 mg). Individual study results are included as reported in the individual CSRs, based on the prespecified primary endpoint analysis which included
all study treatment arms in the models
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Treatment Result p-value {b}
Group Timepoint {a}

n Mean std. Dev. LS Mean {b} overall Unadjusted Adjusted {c}

Placebo Change 86 2.012 6.557 2.052 < .001
(N=86) Endpoint 15.953 7.806

Baseline 13.942 6.575
IC_10mg Change 86 9.000 7.328 9.098 < .001 < .001
(N=86) Endpoint 23.093 7.064

Baseline 14.093 6.156
IC_20mg Change 86 9.209 8.645 9.381 < .001 < .001
(N=86) Endpoint 23.291 7.089

Baseline 14.081 6.505

IIEF: International Index of Erectile Function.

LOCF: Last Observation Carried Forward.

Population summarized consists of those patients having both baseline and postbaseline data on this variable.

{a} Baseline is Visit 2. Endpoint is Visit 5. If data were unavailable at Visit 5, data were carried forward from the latest
postbaseline visit at which data were available. Change is endpoint minus baseline.

{b} LS Means and p-values are from an ANCOVA model that includes treatment group, pooled site, centered baseline (Visit 2) valu
and the centered-baseline-value-by-treatment-group interaction. The latter was significant at p < 0.10.

{c} P-values adjusted for multiple comparison of all IC351 doses versus placebo by method of Dunnett.
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Treatment Result
Group period {a} (Patient % "Yes" Response)

n Mean std. Dev. LS Mean {b} overall Unadjusted Adjusted {c}

Placebo Cchange 26 8.357 31.452 8.594 < .001
(N=86) Postbaseline 53.418 37.986

Baseline 45.061 37.854
1C_10mg Change 86  35.776 38.108 35.965 < .001 < .001
(N=86) Postbaseline 81.140 31.185

Baseline 45.365 40.804
Ic_20mg Change 86 34.457 39.317 36.523 < .001 < .001
(N=86) Postbaseline 82.046 27.425

Baseline 47.589 39.036

Population summarized consists of those patients having both baseline and postbaseline data on this variable.

{a} Baseline period summarizes all Sexual Encounter Profile (SEP) entries prior to Visit 2. Postbaseline period summarizes all
SEP entries after Visit 2. Change is postbaseline minus baseline.

{b} LS Means and p-values are from an ANCOVA model that includes treatment group, pooled site, centered baseline (Visit 2) value,
and the centered-baseline-value-by-treatment-group interaction. The latter was significant at p < 0.10.

{c} P-values adjusted for multiple comparison of all IC351 doses versus placebo by method of Dunnett.
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Treatment Result p-value {b}
Group Period {a} (Patient % * Respon!

n Mean  std. Dev. Ls Mean {b}  oOverall Unadjusted Adjusted {c}
Placebo Change 86 13.088 32.877 12.288 < .001
(N=86) Postbaseline 28.614 33.115

Baseline 15.526 26.162
IC_10mg Change 86 47.203 38.193 47.263 < .001 < .001
(N=86) Postbaseline 64.568 34.090

Baseline 17.365 28.757
IC_20mg Change 86 49.826 38.019 50.795 < .001 < .001
(N=86) Postbaseline 68.424 32.498

Baseline 18.598 29.418

Population summarized conmsists of those patients having both baseline and postbaseline data on this variable.

{a} Baseline period summarizes all Sexual Encounter Profile (SEP) entries prior to Visit 2. Postbaseline period summarizes all
SEP entries after Visit 2. Change is postbaseline minus baseline.

{b} LS Means and p-values are from an ANCOVA model that includes treatment group, pooled site, and the centered baseline (Visit 2)
value. The centered-baseline-value-by-treatment-group interaction had p >= 0.10 and accordingly was omitted in the final model.
{c} P-values adjusted for multiple comparison of all IC351 doses versus placebo by method of Dunnett.
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Week
Visit

‘Wash-out

Placebo Lead-In Double-Blind Treatment Period
i [ |

Tadalafil Smg Once Daily

Placebo
Once Daily

i
! Placebo Once Daily
i

i
Concomitant alpha blocker continued throughout study

*Orthostatic vital sign measurements.

Abbreviations: IPSS = Interational Prostate Symptom Score,

Uroflow = Uroflowmetry (parameters: Qmax. Qmean, Voided Volume),
NQOL = Nocturia Quality of Life, PVR = Postvoid Residual Volume,

& = phone call
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Baseline Urodynamics
Assessment Period

!

Screening and
Wash-Out
Period

Double-Blind
Treatment Period

Placebo Once a Day

Tadalafil 20 mg Once a Day

Week
Visit
n
U Study Drug
Assessment. Dispensing

N

End-of-Study
Urodynamics
Assessment.

NOTE: Duration of each study pericd may have varied. depending on whether or not a subject required wash out,
repeat urodynamics assessment, or treatment for a urinary tract infection.
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Prev Plac Prev_IC 2.5mg Prev IC Smg Prev IC 10mg Prev_IC 20mg Total

(N=92) (N=83) (N=71) (N=427)
Preferred Term n %) n (%) n (%) n (%) n (%)
Patients with >= 1 TEAE 50 (54.3) 52 (54.2) 47 (56.6) 48  (67.6) 246 (57.6)
Dyspepsia 4 (4.3) 3 (3.1) 4 (4.8) 3 (3.5) 3 (4.2) 17 (4.0)
Gastrooesophageal reflux dis 2 (2.2) 4 (4.2) 2 (2.4) 5 (5.9) 4 (5.6) 17 (4.0)
Back pain 4 (4.3) 5 (5.2) 2 (2.4) 3 (3.5) 2 (2.8) 16 3.7
Headache 3 (3.3) 0 (0.0) 0 (0.0) 6 (7.1) 4 (5.6) 13 (3.0)
Sinusit: 0 (0.0) 2 (2.1) 2 (2.4) 5 (5.9) 3 (4.2) 12 (2.8)
Hypertension 0 (0.0) 3 (3.1) 3 (3.6) 3 (3.5) 2 (2.8) 1 (2.6)
Cough 1 @) 3 .1 i @2 2 .9 2 (2.8) 9 (2.3)

of tadalafil, n = number of unique subjects in each category, Prev = previous therapy in double-blind phase, Plac =

placebo.

Note: Percentages are based on N.
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Number (%) of subjects [exposures)

Single Dose Multiple Dose Total

Tadalafil (N=1597) (N=687) (N=2184)

Placebo 895 (56.0) [916] 408 (59.4) [4861] 1289 (59.0) [5777]
2.5 mg 16 (1.0)  [18] 0 16 ( 0.7)  [16]
5 mg 189 (11.8) [189] o1 (13.2) [1714] 268 (12.3) [1903]
10 mg 703 (44.0) (9851] 165 (24.0) (1838] 807 (37.0) [2789]
20 mg 704 (44.1) [1018] 271 (39.4) [2264] 975 (44.6) [3282]
40 mg 119 ('7.5) [131) 83 (12.1) [1234] 202 ( 9.2) [1365]
50 mg € (0.2) [6] 8 (1.2) [49] 12 (0.5  [55]
80 mg 8 (0.5) (8] 0 8 (0.9 (8]
100 mg 105 ( 6.6) [105] € (0.9) [e2] 111 ( 5.1) [147]
Total 1597 (100) [3340] €87 (100) [12002] 2184 (100) [15342]

N = Total number of subjects
Note: Total number of exposure could exceed total number of subjects as a single subject may be exposed
to a different dose level
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Tadalafil Tadalafil Tadalafil Tadalafil Al
Placebo 2.5mg Smg 10 mg 20 mg Tadalafil
N=212) (N=209) N=212) (N=216) (N=209) (N=846) | Overall
n (%) n (%) n (%) n (%) n (%) n(%) | p-value
Subjects with 21 TEAE 45(21.2) 56 (26.8) 65 (30.7) 75 (34.7) 83 (39.7) 279(33.0) <001
Headache 6(28) 504 6(28) 11(5.1) 7(33) 29(3.4) 831
Dyspepsia 0(0.0) 2(1.0) 10 (4.7) 6(28) 10 (4.8) 28(33) 003
Back pain 1(05) 3(14) 2(0.9) 10 (4.6) 12(5.7) 2732) 028
Myalgia 0(0.0) 3019 3(1.4) 6(28) 6(29) 18 (21) 033
Nasopharyngitis 2(0.9) 7(33) 4(19) 2(0.9) 524) 18 (21) 397
Diarrhoea 3(1.4) 2(1.0) 6(28) 1(0.5) 54) 14017) 1.00
Gastrooesophageal reflux disease 0(0.0) 2(1.0) 2(09) 6(28) 3(1.4) 13(12) 083
Pain in extremity 0(0.0) 3014 5(24) 2(0.9) 3(14) 13 (1.5) 083
Influenza 1(05) 4(19) 4(19) 1(0.5) 2(10) 11(13) a78
Bronchitis 1(05) 309 1(05) 5(23) 0(0.0) 9(11) 697
Muscle spasms 0(0.0) 2(1.0) 0(0.0) 2(0.9) 524) 9(11) 218

Abbreviations: N = total number of subjects: n = number of subjects who reported a TEAE: TEAE = treatment-emergent adverse event.
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Placebo Tadalafil § mg Total p-value [a]
(N=164) (N=161) (N=325) -
n (%) n (%) n (%)

Subjects with >= 1 TEAE 36 (22.0) 42 (26.1) 78 (24.0) .436
Headache 1 (0.6 6 (3.7) 7 @)
Back pain 4 (2.4) 5 (3.1) 9 (2.8
Arthralgia 0 (0.0 3 (1.9 3 (0.9
Dizziness 0 (0.0 3 (1.9) 3 (0.9)
Hypertension 3 (.8 3 (1.9 6 (1.8)
Nasopharyngitis 3 .8 3 (1.9 6 (1.8)
Gastrooesophageal reflux disease 0 (0.0 2 (1.2) 2 (0.6)
Insomnia 0 (0.0 2 (1.2) 2 (0.6)
Myalgia 0 (0.0 2 (1.2) 2 (0.6)
Pain in extremity 0 (0.0 2 (1.2) 2 (0.6)
Sinusitis 0 (0.0 2 @.2) 2 (0.6)
Abdominal pain upper 1 ¢0.6) 1 (0.6) 2 (0.6)
Acute myocardial infarction 0 (0.0 1 (0.6) 1 (0.3)
Anxiety 0 (0.0 1 (0.6) 1 (0.3)
Asthenia 1 €0.6) 1 (0.6) 2 (0.6)
Basal cell carcinoma 1 €0.6) 1 (0.6) 2 (0.6)
Biliary colic 0 (0.0 1 (0.6) 1 (0.3)
Bronchitis 0 (0.0 1 (0.6) 1 (0.3)

0 (0.0 1 (0.6) 1 (0.3)
3 (2, 1 (0.6) 3 (0.9)

Dyslipidaemia 0 (0.0) 1 (0.6 1 (0.3)

Dyspepsia 1 (0.6) 1 (0.6 2 (0.6)

Ear pain 0 (0.0) 1 (0.6) 1 (0.3)

Endocarditis 0 (0.0) 1 (0.6 1 (0.3)

Fall 0 (0.0) 1 (0.6) 1 (0.3)

Gastroenteriti 0 (0.0) 1 (0.6 1 (0.3)

Haemorrhoidal haemorrhage 0 (0.0) 1 (0.6 1 (0.3)

Hepatic enzyme increased 0 (0.0) 1 (0.6 1 (0.3)

Hypertriglyceridaemia 0 (0.0) 1 (0.6 1 (0.3)

Hypothyroidism 1(0.6) 1 (0.6 2 (0.6

Influenza 3 (1.8) 1 (0.6) 4 .2

Influenza like illness 1 (0.6) 1 (0.6 2 (0.6)

Intervertebral disc protrusion 0 (0.0) 1 (0.6) 1 (0.3)

Joint sprain 0 (0.0) 1 (0.6) 1 (0.3)

Micturition urgency 0 (0.0) 1 (0.6) 1 (0.3)

Muscle strain 0 (0.0) 1 (0.6) 1 (0.3)

Night sweats 0 (0.0) 1 (0.6 1 (0.3)

Nocturia 0 (0.0) 1 (0.6 1 (0.3)

Prostatic specific antigen incre 0 (0.0) 1 (0.6 1 (0.3)

Vertebral injury 0 (0.0) 1 (0.6 1 (0.3)
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Placebo Tadalafil 5 mg Total
(N=164) (N=161) (N=325)
Preferred Term n (%) n (%) n (%)

Vomiting 1 (0.6) 1 (0.6) 2 (0.6)
Wound infection 0 (0.0) 1 (0.6) 1(0.3)
Abdominal distension 1 (0.6) 0 (0.0) 1 (0.3)
Anal fistula 1 (0.6) 0 (0.0) 1 (0.3)
Arthritis 1 (0.6) 0 (0.0 1 (0.3)
Arthropod bite 1 (0.6) 0 (0.0) 1(0.3)
Atrioventricular block first degree 1 (0.6) 0 (0.0) 1(0.3)
Bundle branch block right 1 (0.6) 0 (0.0) 1 (0.3)
Cough 2 (.2) 0 (0.0) 2 (0.6)
Dysuria 1 (0.6) 0 (0.0) 1(0.3)
Endoscopy 1 (0.6) 0 (0.0) 1(0.3)
Gastric disorder 1 (0.6) 0 (0.0) 1(0.3)
1 (0.6) 0 (0.0) 1(0.3)

1 (0.6) 0 (0.0) 1(0.3)

Oedema peripheral 1 (0.6) 0 (0.0) 1(0.3)
Oesophagitis 1 (0.6) 0 (0.0 1 (0.3)
Oropharyngeal pain 2 (1.2) 0 (0.0) 2 (0.6)
Pruritus 1 (0.6) 0 (0.0) 1(0.3)
Thyroid neoplasm 1 (0.6) 0 (0.0) 1 (0.3)
Toothache 1 (0.6) 0 (0.0) 1(0.3)
Upper respiratory tract infection 1 (0.6) 0 (0.0) 1(0.3)
Urinary retention 1 (0.6) 0 (0.0 1 (0.3)

Abbreviations: N = number of subjects in the analysis population; n = number of subjects with at least one treatment-emergent
adverse event per category; TEAE = treatment-emergent adverse event.

All percentages are based on the randomized population. Preferred terms are ordered by decreasing frequency in the tadalafil group.
la] p-value is from Fisher's exact test.

Note: For the double-blind treatment period a TEAE is defined as an adverse event which either is first reported or worsens in
severity after Visit 3 (randomization) through visit 7. The baseline is defined as the period after Visit 2 through Visit 3.
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Placebo Tadalafil 5 mg Tamsulosin 0.4 mg Total
N=172) (§=171) (N=168) (N=511)
Preferred Term n (%) no(%) n o (®) no (%)

Subjects with >= 1 TEAE 35 (20.3) 40 (23.9) 40 (23.8) 115 (22.5) .516 .513
Headache 2 (1.2) 5 (2.9 T (4.2) 14 (2.7 .283 .101
Nasopharyngitis 8 (4.7) 5 (2.9 3 (1.8) 16 (3.1) .574 .219
Back pain 1 (0.6) 1 (2.3 2 (1.2) 7 (1.4 .215 619
Dizziness 3 @1 4 (2.3 6 (3.6) 13 (2.5) .723 332
Dyspepsia 0 (0.0) 4 (2.3 3 (1.8) 7 (1.4) .061 120
Flushing o (0.0) 3 (1.8) 2 (1.2) 5 (L.0) .123 243
Gastrooesophageal reflux disease 0 (0.0) 3 (1.8) 0 (0.0) 3 (0.6) .123
Pain in extremity 0 (0.0 3 (1.8 1 (0.6) 4 (0.8) .123 494
Cough 1 (0.6) 2 (1.2) 3 (1.8) 6 (1.2) .623 .367
Diarrhoea 2 (1.2) 2 (1.2) 1 (0.6) 5 (1.0) 1.00 1.00
Dyspnoea 0 (0.0) 2 (1.2) 0 (0.0) 2 (0.4) .248
Gastritis 1 (0.6) 2 (1.2) 1 (0.6) 1 (0.8) .623 1.00
Musculoskeletal pain 1 (0.6) 2 (1.2) 0 (0.0) 3 (0.6) .623 1.00
Myalgia 2 (1.2) 2 (1.2) 2 (1.2) 6 (1.2) 1.00 1.00

Rbnormal dreams 0 (0.0) 1 (0.6) 0 (0.0) 1 (0.2) .499

Allergy to arthropod bite 0 (0.0 1 (0.6) 0 (0.0) 1 (0.2) .499

Angina pectoris 0 (0.0 1 (0.6) 0 (0.0) 1 (0.2) 499

Arthralgia 0 (0.0) 1 (0.6) 1 (0.6) 2 (0.4) .499 494

Chest pain 0 (0.0 1 (0.6) 0 (0.0) 1 (0.2) .499

Coronary artery disease 0 (0.0) 1 (0.6) 0 (0.0) 1 (0.2) .499

Dry mouth 0 (0.0 1 (0.6) 0 (0.0) 1 (0.2) .499

Dysgeusia 0 (0.0) 1 (0.6) 0 (0.0) 1 (0.2) .499

Erectile dysfunction 0 (0.0) 1 (0.6) 0 (0.0) 1 (0.2) .499

Feeling hot 0 (0.0) 1 (0.6) 0 (0.0) 1 (0.2) .499

Furuncle 0 (0.0) 1 (0.6) 0 (0.0) 1 (0.2) .499

Groin pain 0 (0.0 1 (0.6) 1 (0.6) 2 (0.4) 499 .494

Haematochezia 0 (0.0) 1 (0.6) 0 (0.0) 1 (0.2) .499

Haematospermia 0 (0.0 1 (0.6) 0 (0.0) 3 A0.2) .499

Herpes zoster 0 (0.0 1 (0.6) 1 (0.6) 2 (0.4) 499 494

Hypertension 0 (0.0) 1 (0.6) 0 (0.0) 1 (0.2) .499
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p-value [a]

Placebo Tadalafil 5 mg Tamsulosin 0.4 mg Total
(N=172) (N=171) (§=168) (N=511) Tad 5 mg. Tam 0.4 mg
Preferred Term n (%) o (%) n o (%) n (%) vs. Placebo  vs. Placebo

Feeling cold 1 (0.6) 0 (0.0) 0 (0.0) 3 1.00 1.00
Flatulence 0 (0.0) 0 (0.0) 1 (0.6) 1 . 494
Gastroenteritis 0 (0.0) 0 (0.0) 1 (0.6) 1 494
Gastroenteritis viral 0 (0.0) 0 (0.0) 1 (0.6) 1 494
Genital herpes 0 (0.0) 0 (0.0) 1 (0.6) 1 494
Haematuria 0 (0.0) 0 (0.0) 1 (0.6) 1 494
Hot flush 1 (0.6) 0 (0.0) 0 (0.0) 1 1.00 1.00
Hyperhidrosis 0 (0.0) 0 (0.0) 1 (0.6) 1 L4904
Hypoaesthesia 2 (1.2) 0 (0.0) 0 (0.0) 2 .499 .499
Hypotension 1 (0.6) 0 (0.0) 0 (0.0) 1 1.00 1.00
Influenza 2 {1.2) 0 (0.0) 2 (1.2) 4 L4909 1.00
Influenza like illness 0 (0.0) 0 (0.0) 1 (0.6) 1 494
Irritable bowel syndrome 0 (0.0) 0 (0.0) 1 (0.6) 1 494
Lethargy 0 (0.0) o (0.0) 1 (0.6) 1 404
Limb injury 1 (0.6) 0 (0.0) 0 (0.0) 1 1.00 1.00
Multiple allergies 0 (0.0) 0 (0.0) 1 (0.6) 1 494
Muscle strain 0 (0.0) 0 (0.0 1 (0.6) 1 .408
Nasal congestion 2 (1.2) 0 (0.0) 1 (0.6) 3 .499 1.00
Penile pain 0 (0.0) 0 (0.0) 1 (0.6) 1 .494
Pharyngitis 1 (0.6) 0 (0.0) 1 (0.6) 2 1.00 1.00
Photopsia 1 (0.6) 0 (0.0) 0 (0.0) 1 1.00 1.00
Pruritus 1 (0.6) 0 (0.0) 1 (0.6) 2 1.00 1.00
Rash pustular 1 (0.6) 0 (0.0) 0 (0.0) 1 1.00 1.00
Retrograde ejaculation 0 (0.0) 0 (0.0) 1 (0.6) 1 494
Rhinitis allergic 0 (0.0) 0 (0.0) 1 (0.6) 1 404
Seasonal allergy 1 (0.6) 0 (0.0) 0 (0.0) 1 1.00 1.00
Sebaceous adenoma 1 (0.6) 0 (0.0) 0 (0.0) 1 1.00 1.00
Semen volume decreased 0 (0.0) 0 (0.0) 1 (0.6) 1 .a08
Tachycardia 0 (0.0) 0 (0.0) 1 (0.6) 1 494
Tooth extraction 0 (0.0) 0 (0.0) 1 (0.6) 1 .408
Tooth infection 1 (0.6) 0 (0.0 0 (0.0) 1 1.00 1.00
Upper respiratorv tract infection 0 (0.0) 0 (0.0) 1 (0.6) 1 .49
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p-value [a]

Placebo Tadalafil 5 mg Tamsulosin 0.4 mg Total
(§-172) (§-171) (N-168) (N=511) Tad 5 mg Tam 0.4 mg
no (%) n (%) n (%) n (¥ vs. Placebo  vs. Placebo

Urinary retention 1 (0.6) 0 (0.0) 0 (0.0) 1 (0.2) 1.00 1.00
Venous insufficiency 0 (0.0) 0 (0.0) 1 (0.6) 1 (0.2) 494
Vertigo 2 (1.2) 0 (0.0) 0 (0.0) 2 (0.8) 499 .499
Vitreous detachment 0 (0.0) 0 (0.0) 1 (0.6) 1 (0.2) 494
Vomiting 1 (0.6) 0 (0.0) 0 (0.0) 1 (0.2) 1.00 1.00
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Abbreviations: N = number of subjects in the analysis population; n = number of subjects with at least one treatment-emergent
adverse event per category; TEAE = treatment-emergent adverse event; Tad = tadalafil; Tam = tamsulosin.

All percentages are based on the randomized population. Preferred temms are ordered by decreasing frequency in
the tadalafil 5 mg group.

[a] The p-values are from Fisher's exact tests.

Note: For the double-blind treatment period, a TEAE is defined as an adverse event which either is first reported or worsened
in severity after Visit 3 (randomization) through Visit 7.
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p-values [a]

Placebo Tadalafil 2.5 mg Tadalafil 5 mg Total Tad 2.5 Tad 5
(8=200) (N=198) (N=208) (N=606) mg vs. mg vs.

Preferred Term (%) n o (%) n (%) o (%) Overall  Placebo  Placebo

Subjects with >= 1 TEAE 39 (19.5) 50 (25.3) 57 (27.4) 146 (24.1) .156 .187 .063

Headache 6 (3.0 5 (2.5) 12 (5.8) 23 (3.8)

Back pain 3 (1.5) 1 (0.5) 6 (2.9) 10 (1.7

Nasopharyngitis 4 (2.0) 6 (3.0 5 (2.4) 15 (2.5

Dyspepsia 0 (0.0) 1 (0.5) 3 (1.4 4 (0.7

Hypertension 1 (0.5 o (0.0 3 (1.4) 4 (0.7

Upper respiratory tract infection 0 (0.0) 0 (0.0) 3 (1.0 3 (0.5

Abdominal discomfort 2 (1.0) 1 (0.5) 2 (1.0 5 (0.8)

Dizziness 2 (1.0) 2 (1.0) 2 (1.0 6 (1.0

Muscle spasms 0 (0.0) 0 (0.0) 2 (1.0) 2 (0.3)

Myalgia 2 (1.0) 1 (0.5) 2 (1.0) 5 (0.8)

oropharyngeal pain 0 (0.0) 0 (0.0 2 (1.0 2 (0.3)

Pharyngitis 0 (0.0) 0 (0.0) 2 (1.0) 2 (0.3)

Rash 1 (0.5 1 (0.5 2 (1.0 4 (0.7

Vision blurred 0 (0.0) 0 (0.0 2 (1.0 2 (0.3)

Abdominal pain upper 0 (0.0) 0 (0.0 1 (0.5) 1 (0.2)

Acne 0 (0.0) 0 (0.0) 1 (0.5) 1 (0.2)

Arthralgia 2 (1.0 2 (1.0 1 (0.5) 5 (0.8)

Blood calcium increased 0 (0.0) 0 (0.0) 1 (0.5) 1 (0.2)

Blood uric acid increased 0 (0.0) 0 (0.0) 1 (0.5) 1 (0.2)

Bronchial hyperreactivity 0 (0.0) 0 (0.0) 1 (0.5 1 (0.2)

Cerumen impaction 0 (0.0) o (0.0) 1 (0.5 1 .2

Dermatitis contact 0 (0.0) 0 (0.0) 1 (0.5 1 (.2

Diarrhoea 1 (0.5) 2 (1.0) 1 (0.5) 4 (0.7)

Drooling 0 (0.0) 0 (0.0) 1 (0.5) 1 (0.2)

Ear infection 0 (0.0) 0 (0.0) 1 (0.5) 1 (.2

Epistaxis 0 (0.0) 0 (0.0) 1 (0.5) 1 (0.2)

Flushing 1 (0.5) 1 (0.5) 1 (0.5) 3 (0.5

Gamma-glutamyl transferase increased 0 (0.0) 0 (0.0) 1 (0.5 1 (.2

Gastritis 1 (0.5) 0 (0.0) 1 (0.5 2 (0.3)

Gastrooesophageal reflux disease 0 (0.0) 0 (0.0) 1 (0.5) 1 (0.2)

Haemoglobin decreased 0 (0.0) 0 (0.0) 1 (0.5 1 (0.2)

Heart rate decreased 0 (0.0) 0 (0.0) 1 (0.5 1 (.2

Hot flush 0 (0.0) 0 (0.0) 1 (0.5) 1 (0.2)

Infected bites 0 (0.0) 0 (0.0) 1 (0.5 1 (0.2

Influenza 5 (2.5) 4 (2.0) 1 (0.5) 10 1.7

Inguinal hernia 0 (0.0) o (0.0) 1 (0.5) 1 (0.2)
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p-values [a]

Placsbo Tadalafil 2.5 mg Tadalafil 5 mg Total Tad 2.5 Tad 5
(§=200) (8=198) (N=208) (N=606) mg vs. og vs.
Preferred Term n o (®) n (®) n (¥ n (%) Overall  Placebo  Placebo

r—

o (0.0) 0 (0.0) 1 (0.5) || a2y,
Micturition urgency o (0.0) 0 (0.0) 1 (0.5 1 (0.2)
Nausea, 2 (1.0) 1 (0.5 1 (0.5) 4 (0.7
Neck pain 1 (0.5) 0 (0.0) 1 (0.5 2 (0.3)
Non-cardiac chest pain 0 (0.0) 0 (0.0) 1 (0.5) 1 (0.2)
Pain in extremity 0 (0.0) 0 (0.0) 1 (0.5 1 (0.2)
Pancreatitis haemorrhagic o (0.0) 0 (0.0) 1 (0.5) 1 (0.2)
Pollakiuria o (0.0) 1 (0.5) 1 (0.5) 2 (0.3)
Post-traumatic stress disorder 0 (0.0) 0 (0.0) 1 (0.5) i [0z
Priapism o (0.0) 0 (0.0) 1 (0.5 1 (0.2)
Renal impairment o (0.0) 0 (0.0) 1 (0.5) 1 (0.2)
Rheumatoid arthritis o (0.0) 0 (0.0) 1 (0.5) 1 (0.2)
Scan myocardial perfusion abnormal o (0.0) 0 (0.0) 1 (0.5) 1 (0.2)
Seasonal allergy o (0.0) o (0.0) 1 (0.5) 1 (0.2)
Sinus congestion o (0.0) o (0.0) 1 (0.5) 1 (0.2)
Sinusitis 2 (1.0) 2 (1.0) 1 (0.5) 5 (0.8)
Skin neoplasm excision 0 (0.0) 0 (0.0) 1 (0.5) 1 (0.2)
Syncope o (0.0) 0 (0.0) 1 (0.5) 1 (0.2
Toothache o (0.0) 0 (0.0) 1 (0.5) 1 (0.2)
viral infection 0 (0.0) 0 (0.0) 1 (0.5) 1 (0.2)
Allergy to arthropod sting 0 (0.0) 1 (0.5 0 (0.0) 1 (0.2)
Anaemia 0 (0.0) 1 (0.5 0 (0.0) 1 (0.2)
Arthropod bite 0 (0.0) 1 (0.5 0 (0.0) 1 (0.2)
Arthropod sting 0 (0.0) 1 (0.5 0 (0.0) 1 (0.2)
Balance disorder 1 (0.5 0 (0.0) 0 (0.0) 1 (0.2)
Blood cholesterol increased 0 (0.0) 1 (0.5 0 (0.0) 1 (0.2)
Blood creatine phosphokinase 0 (0.0) 2 1.0 0 (0.0) 2 (0.3)
increased

Blood creatinine increased 0 (0.0) 1 (0.5 0 (0.0) 1 (0.2)
Blood testosterone decreased 0 (0.0) 1 (0.5 0 (0.0) 1 (0.2)
Blood urea increased 0 (0.0) 1 (0.5) 0 (0.0) 1 (0.2)
Bone pain 0 (0.0) 1 (0.5 0 (0.0) 1 (0.2)
Bronchitis 1 (0.5 2 (1.0) o (0.0) 3 (0.5
Cataract nuclear 0 (0.0) 1 (0.5 0 (0.0) 1 (0.2)
Chest pain 2 (1.0) 1 (0.5 0 (0.0) 3 (0.5
Coccydynia 0 (0.0) 1 (0.5 0 (0.0) 1 (0.2)
Conjunctivitis 0 (0.0) 1 (0.5 0 (0.0) 1 (0.2)
Cough 0 (0.0) 1 (0.5 0 (0.0) 1 (0.2)




image49.jpeg
p-values [a]

Placebo Tadalafil 2.5 mg Tadalafil 5 mg Total Tad 2.5 Tad 5
(¥=200) (v=198) (§=208) (N=606) mg vs. mg vs.
Preferred Term n (%) n (8 n (%) no (%) Overall  Placebo  Placebo

Dacryostenosis acquired o (0.0) 1 (0.5) 0 (0.0) 1 (0.2)
Depression 1 (0.5) o (0.0) o (0.0) 1 (0.2
Drug hypersensitivity o (0.0) 1 (0.5 0 (0.0) 1 (0.2)
Dry throat 0 (0.0) 1 (0.5) 0 (0.0) 1 (0.2)
Dysuria 1 (0.5 o (0.0) o (0.0) 1 (0.2)
Epididymitis 0 (0.0) 1 (0.5) o (0.0) 1 (0.2)
Fall o (0.0) 1 (0.5) o (0.0) 1 (0.2)
Food poisoning 0 (0.0) 1 (0.5) o (0.0 1 (0.2)
Gastroenteritis viral 0 (0.0) 1 (0.5) 0 (0.0) 1 (0.2)
Groin pain 0 (0.0) 1 (0.5) o (0.0) 1 (0.2)
Hyperchlorhydria 0 (0.0) 1 (0.5 o (0.0) 1 (0.2)
Hypercholesterolacmia o (0.0) 1 (0.5) 0 (0.0) 1 (0.2)
Hyperhidrosis 1 (0.5) o (0.0) o (0.0) 1 (0.2)
Hyperlipidaemia 0 (0.0) 1 (0.5) o (0.0) 1 (0.2)
Influenza like illness 1 (0.5) 0 (0.0) 0 (0.0) 1 (0.2)
Insomnia 1 (0.5) o (0.0) o (0.0) 1 (0.2)
Intervertebral disc operation o (0.0) 1 (0.5) 0 (0.0) 1 (0.2)
Intervertebral disc protrusion 0 (0.0) 1 (0.5) 0 (0.0 1 (0.2)
Irritability o (0.0) 1 (0.5 o (0.0 1 (0.2
Joint injury 0 (0.0) 1 (0.5) 0 (0.0) 1 (0.2)
Labyrinthi ti: 1 (0.5) o (0.0) 0 (0.0) 1 (0.2)
Libido decreased 0 (0.0) 1 (0.5) 0 (0.0) 1 (0.2)
Liver function test abnormal 1 (0.5) 0 (0.0) 0 (0.0) 1 (0.2)
Localised infection 1 (0.5) 0 (0.0) 0 (0.0) 1 (0.2)
Muscle injury 1 (0.5) 0 (0.0) 0 (0.0) 1 (0.2)
Musculoskeletal pain 0 (0.0) 1 (0.5 0 (0.0) 1 (0.2)
Myocardial infarction 0 (0.0) 1 (0.5) 0 (0.0) 1 (0.2)
Nasal septal operation 0 (0.0) 1 (0.5) 0 (0.0) 1 (0.2)
Nocturia 1 (0.5) o (0.0) 0 (0.0) 1 (0.2)
Non-Hodgkin's lymphoma 1 (0.5) 0 (0.0) 0 (0.0) 1 (0.2)
Orthostatic hypotension 1 (0.5 1 (0.5 0 (0.0) 2 (0.3)
Pain 0 (0.0) 1 (0.5 0 (0.0) 1 (0.2)
Palpitations 0 (0.0) 1 (0.5 0 (0.0) 1 (0.2)
Paraesthesia 1 (0.5) 0 (0.0) 0 (0.0) 1 (0.2)
Penile pain o (0.0) 1 (0.5 0 (0.0) 1 (0.2)
Pharyngotonsillitis 0 (0.0) 1 (0.5) 0 (0.0) 1 (0.2)
Photopsia 0 (0.0) 1 (0.5 0 (0.0) 1 (0.2)
Pneumonia 0 (0.0) 1 (0.5) 0 (0.0) 1 (0.2)
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p-values [a]

Placebo Tadalafil 2.5 mg Tadalafil 5 mg Total Tad 2.5 Tad 5
(N=200) (N=198) (N=208) (N=606) mg vs. mg vs.

Preferred Term n () n (%) n (¥ a (%) Overall Placebo Placebo

Prostatitis 0 (0.0) 1 (0.5) 0 (0.0) 1 (0.2)

Respiratory tract congestion 1 (0.5) 0 (0.0) 0 (0.0) 1 (0.2)

Retinal tear 0 (0.0) 1 (0.5) 0 (0.0) 1 (0.2)

Rhinitis 1 (0.5) 0 (0.0) 0 (0.0) 1 (0.2)

Road traffic accident 0 (0.0) 1 (0.5) 0 (0.0) 1 (0.2)

skin infection 1 (0.5) 0 (0.0) 0 (0.0) 1 (0.2)

Terminal dribbling 0 (0.0) 1 (0.5) 0 (0.0) 1 (0.2)

Testicular pain 0 (0.0) 1 (0.5) 0 (0.0) 1 (0.2)

Tinea pedis 1 (0.5) 0 (0.0) 0 (0.0) 1 (0.2)

Tonsillitis 0 (0.0) 1 (0.5) 0 (0.0) 1 (0.2)

Tooth infection 0 (0.0) 2 (1.0) 0 (0.0) 2 (0.3)

Urinary tract infection 1 (0.5) 1 (0.5) 0 (0.0) 2 (0.3)

Vertigo 1 (0.5) 0 (0.0) 0 (0.0) 1 {0:2)

Vertigo positional 1 (0.5) 0 (0.0) 0 (0.0) 1 (0.2)

Vitreous detachment 0 (0.0) 1 (0.5) 0 (0.0) 1 (0.2)

Vitreous floaters 0 (0.0) 1 (0.5) 0 (0.0) 1 (0.2)

Vomiting 1 (0.5) 0 (0.0) 0 (0.0) 1 (0.2)
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adverse event per category; TEAE =

Abbreviations: N = number of subjects in the analysis population; n = mumber of subjects with at least one treatment-emergent

treatment-emergent adverse event.

All percentages are based on the randomized population. Preferred terms are ordered by decreasing frequency in the tadalafil 5 mg
group.

[a] The p-values are from Fisher's exact tests.

Note: For the double-blind treatment period, a TEAE is defined as an adverse event which either is first reported or worsens in
severity after Visit 3 (randomization) through Visit 7. Baseline is defined as the period after Visit 2 through Visit 3.
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Placebo Tadalafil 5 mg Total
(N=160) (N=158) (§=318) p-value [a]
n (% o (% n (%)

Testicular pain 1 (0.6) 1 (0.6) 2 (0.6)
Toothache 0 (0.0) 1 (0.6) 1 (0.3)
Urinary retention 1 (0.6) 1 (0.6) 2 (0.6)
Urinary tract infection 0 (0.0) 1 (0.6) 1 (0.3)
Urine flow decreased 1 (0.6) 1 (0.6) 2 (0.6)
Vertigo o (0.0) 1 (0.6) 1 (0.3)
Abdominal pain 1 (0.6) 0 (0.0) 1 (0.3)
Abnormal dreams 1 (0.6) 0 (0.0) 1 (0.3)
Anaemia 1 (0.6) 0 (0.0 1 (0.3)
Anxiety 1 (0.6) 0 (0.0) 1 (0.3)
Arthropod bite 1 (0.6) 0 (0.0) 1 (0.3)
Asthenia 2 (1.3) 0 (0.0) 2 (0.6)
Blood creatine phosphokinase incr 2 (1.3) 0 (0.0) 2 (0.6)
Blood uric acid incr ed 1 (0.6) 0 (0.0) 1 (0.3)
Cholecystitis 1 (0.6) 0 (0.0) 1 (0.3)
Celon polypectomy 1 (0.6) 0 (0.0) 1 (0.3)
Colonoscopy 3 (1.9 0 (0.0 31 (0.9)
Conjunctivitis 1 (0.8) 0 (0.0) 1 (0.3)
Constipation 2 (1.3) 0 (0.0) 2 (0.6)
Cough 1 (0.6) 0 (0.0) 1 (0.3)
Creatinine renal clearance decreased 1 (0.6) 0 (0.0) 1 (0.3)
cyst 1 (0.6) 0 (0.0) 1 (0.3)
Dermatitis contact 1 (0.6) 0 (0.0) 1 (0.3)
Ear infection 1 (0.6) 0 (0.0) 1 (0.3)
Electrocardiogram abnormal 1 (0.6) 0 (0.0) 1 (0.3)
Facial bones fracture 1 (0.6) 0 (0.0) 1 (0.3)
Flatulence 1 (0.6) 0 (0.0) 1 (0.3)
Gastritis 1 (0.6) 0 (0.0) 1 (0.3)
Gastrointestinal infection 1 (0.6) 0 (0.0) 1 (0.3)
Gingival disorder 1 (0.6) 0 (0.0) 1 (0.3)
Herpes zoster 1 (0.6) 0 (0.0) 1 (0.3)
Hip fractu: 1 (0.6) 0 (0.0) 1 (0.3)
Hyperkalaemia 1 (0.6) 0 (0.0) 1 (0.3)
Lead dislodgement 1 (0.6) 0 (0.0) 1 (0.3)
Lower respiratory tract infection 1 (0.6) 0 (0.0) 1 (0.3)
Myalgia 2 (1.3) 0 (0.0) 2 (0.6)
Myositis 1 (0.6) 0 (0.0) 1 (0.3)
Non-cardiac chest pain 1 (0.6) 0 (0.0) 1 (0.3)
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Placebo Tadalafil § mg Total
(N=160) (N=158) (N=318) p-value [a]
Preferred Term o (%) o (%) n (%)

oral herpes 1 (0.6) 0 (0.0) 1 (0.3)
Orthostatic hypotension 1 (0.6) 0 (0.0) 1 (0.3)
Osteopenia 1 (0.6) 0 (0.0) 1 (0.3)
Procedural pain 1 (0.6) 0 (0.0) 1 (0.3)
Prostatitis 2 (L3) 0 (0.0) 2 (0.6)
Rhinitis allergic 1 (0.6) 0 (0.0) 1 (0.3)
Rib fracture 2 (1.3) 0 (0.0) 2 (0.6)
Road traffie accident 1 (0.6) 0 (0.0) 1 (0.3)
Skin necplasm excision 1 (0.6) 0 (0.0) 1 (0.3)
fracture 1 (0.6) 0 (0.0) 1 (0.3)

1 (0.6) 0 (0.0) 1 (0.3)

infection 1 (0.6) 0 (0.0) 1 (0.3)

Tooth extraction 1 (0.6) 0 (0.0) 1 (0.3)
Upper respiratory tract infection 3 (1.9) 0 (0.0) 3 (0.9)
Visual acuity reduced 1 (0.6) 0 (0.0) 1 (0.3)
Whiplash injury 1 (0.6) 0 (0.0) 1 (0.3)
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N = number of subjects in the analysis population; n = number of subjects with at least one tre.
event per category; Placebo = placebo added to concomitant alpha blocker
concomitant alpha blocker; TEAE = treatment-emergent adverse event.

Abbreviations
advers:

tment-emergent
Tadalafil 5 mg = tadalafil 5 mg added to

All percentages are b
Pre

d on the randomized population.

rred terms are ordered by decreasing frequency in the tadalafil group.
[a] The p-value is from a Fisher's exact test.

Note: For the Double-blind treatment period, a TEAE is defined
severity after randomization (Visit 3). Baseline is defined

an adverse event which either is first reported or worsens in
the period after Visit 2 through Visit 3.
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(N=101) (N=99)

Preferred Term n %) n %)

Subjects with >= 1 TEAEsS 28 (27.7) 55  (55.6)
Dyspepsia 0 (0.0) 8 (8.1)
Headache 3 (3.0) 7 (7.1)
Back pain 1 (3.0) 5 (5.1)
Gastrooesophageal reflux disease 0 (0.0) 3 (3.0)
Arthralgia 0 (0.0) 2 (2.0)
Gastritis 0 (0.0) 2 (2.0
Hepatic enzyme increased 0 (0.0) 2 (2.0)
Influenza 1 (1.0) 2 (2.0
Pain in extremity 0 (0.0) 2 (2.0
Rash 0 (0.0) 2 (2.0)
Upper respiratory tract infection 2 (2.0) 2 (2.0)
Abdominal pain 1 (1.0 )
Rortic aneurysm 0 (0.0 1 1.0)
Blood creatinine increased 0 (0.0) 1 (1.0)
Bradycardia 0 (0.0) 1 (1.0)
Bronchitis 0 (0.0) 1 (1.0)
Bursitis 0 (0.0) 1 1.0
cataract operation 0 (0.0) 1 (1.0)
Coronary artery disease 0 (0.0) 1 (1.0)
cough 2 (2.0) i ey
Diabetes mellitus non-insulin-dependent 0 (0.0 1 1.0
Diarrhoea 0 (0.0) 1 .0)
Dysphagia 0 (0.0) 1 (1.0)
Dysuria 0 (0.0) 1 1.0)
Ear discomfort 0 (0.0) 1 (1.0)
Ear infection 0 (0.0) 1 .0)
Exostosis 0 (0.0) 1 .0)
Flatulence 0 (0.0) 1 (1.0)
Flushing 0 (0.0) 1 (1.0)
Food poisoning 0 (0.0 1 (1.0
Foot operation 0 (0.0) 1 (1.0)
Ganma-glutamyltransferase increased 0 (0.0) 1 (1.0
Haematuria 1 1.0) 1 (1.0)
Haemorrhoids 0 (0.0) 1 (1.0)
Hypercholesterolaemia 0 (0.0 1.0
Eyperglycaemia 2 (2.0 1 (1.0
Limb discomfort 0 (0.0) 1 .0)
Muscle spasms 0 (0.0) 1 (1.0)
Musculoskeletal pain 0 (0.0) 1 (1.0)
Myalgia 2 (2.0 1 (1.0
Nasal congestion 1 @10 1 (1.0
Nasopharyngitis 2 (2.0 1 (1.0
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Placebo Tadalafil 20 mg
(N=101) (N=99)
Preferred Term n %) n %)

Nerve compression 0o (0.0 1 .0
Penis disorder 0 (0.0 1 .0
Peyronie's disease 0o (0.0 1 .0
Pleurisy 0 (0.0 1 1.0
Pneumonia 0o (0.0 1 .0
Respiratory tract congestion 0o (0.0 1 1.0
sciatica 0 (0.0 1 .0
seasonal allergy 1.0 1 1.0
sinus congestion 0 (0.0 1 1.0
sinusitis 0o (0.0 1 .0
Syncope vasovagal 0 (0.0) x (1.0)
Toothache 1 1.0 1.0
Upper limb fracture 0o (0.0 1.0
vrethral pain 0 (0.0 1 .0
vision blurred 0 (0.0 1 .0
visual disturbance 0 (0.0 1 1.0
Acne 1 (1.0) 0 (0.0)
Amnesia 1 1.0 o (0.0
Arthritis 1 1.0 o (0.0
Asthma 1 1.0 0 (0.0)
Biopsy prostate 1 (1.0 o (0.0
Dizziness 2 (2.0 o (0.0

Endodontic procedure 1 1.0 0o (0.0)

Gastroenteritis aeromonas 1 1.0) o (0.0)

Hyperlipidaemia 1 (1.0) o (0.0)

Hyperventilation 1 (1.0 0 (0.0)

Hypoaesthesia i qiin) 0 (0.0)

Intervertebral disc degemeration 3 dioy 0 (0.0)

Liver function test abnormal 2 qi0) 0o (0.0)

Myocardial infarction 1 1.0) 0 (0.0)

Neoplasm prostate 1 (1.0) 0 (0.0)

Nicotine dependence 1 1.0 0 (0.0)

Pparaesthesia 1 (1.0 0 (0.0)

Pharyngolaryngeal pain 1 1.0 0o (0.0)

Prostatic specific antigen increased 1 (1.0) 0 (0.0)

scrotal pain 1 1.0) o (0.0)

syncope 1 1.0) 0 (0.0)

Tooth repair 1 (1.0) 0 (0.0)

Urinary tract disorder 1 1.0 0 (0.0)

Abbreviations: N = mumber of subjects randomized to each treatment group,
n = number of subjects per category, and TEAE = treatment-emergent
adverse event.

All percentag

based upon randomized population.
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