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[bookmark: _Toc351716269][bookmark: _Toc351718881][bookmark: _Toc355338616]

[bookmark: _Toc396729330]List of commonly used abbreviations
	Abbreviation
	Meaning

	AE
	Adverse Event

	ALT
	Alanine Transaminase

	AST
	Aspartate Transaminase

	ARTG
	Australian Register of Therapeutic Goods

	AUC
	Area under the curve

	Cmax
	Maximum concentration

	CR
	Complete Response

	CT
	X-Ray Computed Tomography

	CV
	Coefficient of Variation

	DCR
	Disease Control Rate

	DoR
	Duration of Response

	DTC
	Differentiated Thyroid Cancer

	EMA
	European Medicines Agency

	EORTC
	European Organisation for Research and Treatment of Cancer

	FACT-G
	Functional Assessment of Cancer Therapy: General

	FAS 
	Full Analysis Set

	FDA
	Food and Drug Administration

	GCP
	Good Clinical Practice

	HRQoL
	Health Related Quality of Life

	ICH
	International Conference on Harmonisation

	INR
	International Normalised Ratio

	LDH
	Lactate Dehydrogenase

	MRI
	Magnetic Resonance Imaging

	MTD
	Maximum Tolerated Dose

	OS
	Overall Survival

	PD 
	Pharmacodynamics

	PET
	Positron Emission Tomography

	PFS
	Progression free survival

	PI
	Product Information

	PK
	Pharmacokinetics

	PPS
	Per Protocol Set

	PR
	Partial Response

	PRO
	Patient Reported Outcome

	PT
	Prothrombin Time

	PTT
	Partial Thromboplastin Time

	RAI
	Radioactive Iodine

	RECIST
	Response evaluation criteria in solid tumours

	RR
	Response Rate

	SAE
	Serious Adverse Event

	SAF
	Safety Analysis Set

	SD
	Stable Disease

	T3
	Tri-iodothyronine

	T4
	Thyroxine

	TGA 
	Therapeutic Goods Administration

	Tmax
	Time of maximum concentration

	TSH
	Thyroid Stimulating Hormone

	TTP
	Time to Progression


[bookmark: _Toc351718900][bookmark: _Toc355338635][bookmark: _Toc396729331]Clinical rationale
Cancer of the thyroid is an uncommon malignancy. The Australian Institute of Health and Welfare estimated that in 2012 the incidence of thyroid cancer in Australia would be 2,420 persons and that it would cause 130 deaths (1). The major types of thyroid carcinoma and their relative incidences are as follows (2):
Papillary carcinoma 	80%;
Follicular carcinoma	11%;
Hürthle cell carcinoma	3%;
Medullary carcinoma	4%;
Undifferentiated/anaplastic carcinoma	2%.
Papillary, follicular and Hürthle cell tumours arise from the follicular epithelium of the thyroid, which is responsible for the production of the thyroid hormones thyroxine (T4) and triiodothyronine (T3). Medullary carcinoma arises from the C cells of the thyroid that are responsible for the production of calcitonin. The term ‘differentiated thyroid carcinoma’ encompasses papillary, follicular and Hürthle cell carcinomas.
Current clinical practice guidelines for differentiated thyroid cancer (3, 4) recommend the use of surgery (thyroidectomy), followed remnant ablation by radioactive iodine (RAI) therapy in selected patients. Patients are also treated with thyroxine to suppress TSH levels, as TSH can stimulate growth of thyroid cancer cells. Disease recurrence is common and is treated with repeated surgery and/or RAI. In patients with unresectable disease that is refractory to RAI, there are limited treatment options. Cytotoxic chemotherapy (such as doxorubicin) is considered to have poor efficacy. RAI-refractory disease which is the indication proposed by the sponsor, is rare with an estimated incidence of 4 cases per million of population (5).
The rationale for examining the efficacy and safety of sorafenib in differentiated thyroid cancer, as explained by the sponsor is as follows. 
In thyroid carcinoma tissues, vascular endothelial growth factors (VEGFs) and VEGF receptors are often overexpressed both in tumour cells and supporting vascular endothelium. Also in these tumours, activating mutations are often found in genes encoding signalling molecules of the MAP kinase pathway (RAS, Raf, MEK, ERK). Sorafenib has been shown to inhibit multiple kinases involved in cell proliferation and angiogenesis, for example Raf kinase and VEGF receptors.
[bookmark: _Toc396729332]Guidance
The following EMA guidelines, which have been adopted by the TGA are considered relevant to the current submission:
Guideline on the evaluation of anticancer medicinal products (6);
Appendix 1 to the guideline on the evaluation of anticancer medicinal products relating to the use of progression-free survival as a primary endpoint (7);
Points to consider document on applications based on one pivotal study (8).
Compliance with these guidelines is considered in the relevant sections of this report.
[bookmark: _Toc396729333]Contents of the clinical dossier
[bookmark: _Toc396729334]Scope of the clinical dossier
The submission contained the following clinical information:
A full study report for one pivotal Phase III, randomised, double blind, placebo controlled trial (Study 14295);
2 pharmacokinetic reports based on sparse PK sampling performed in Study 14295;
Some limited post-marketing data based on adverse event reports received by the sponsor regarding patients who had received ‘off-label’ sorafenib for the treatment of thyroid cancer.
Literature references. These included publications relating to five investigator initiated Phase II studies, which the sponsor cited as supportive evidence for the application.
[bookmark: _Toc396729335]Paediatric data
The submission did not include paediatric data. According to Module 1 of the submission, both the EMA and the FDA have waived any requirement for paediatric data. The EMA granted a waiver on the grounds that the drug does not represent a significant therapeutic benefit over existing treatments. The FDA granted a waiver on the grounds that the drug had received an orphan designation for thyroid cancer.
Comment: Thyroid cancer is rare in children. The sponsor’s arguments that led to the EMA waiver were not presented in Module 1 of the current submission. For completeness, the sponsor should provide these.
[bookmark: _Toc396729336]Good clinical practice
[bookmark: _Toc241374282][bookmark: _Toc355338639]The study report for the pivotal clinical trial in this submission included an assurance that the study was conducted in accordance with the ethical principles that have their origin in the Declaration of Helsinki and the International Conference on Harmonization (ICH) guideline E6: Good Clinical Practice (GCP).
The protocol and all protocol amendments were reviewed and approved by each study site’s institutional ethics committee before the start of the study and before implementation of any amendments.
[bookmark: _Toc396729337]Pharmacokinetics 
[bookmark: _Ref271017296][bookmark: _Ref271018924][bookmark: _Ref271018934][bookmark: _Toc272414614][bookmark: _Toc290846238][bookmark: _Toc247598294][bookmark: _Toc396729338]Studies providing pharmacokinetic data
There were no new pharmacokinetic (PK) studies in the submission. Some sparse PK sampling was included in the pivotal efficacy study and the resulting PK data are summarised in Table 1 below.


Table 1. Pharmacokinetic results
Results for AUC(0-12).ss were as follows:
[image: ] 
An exposure-efficacy analysis was undertaken. Median PFS was longer in the quartile of subjects with the highest AUC compared to subjects with lower AUCs. However, the analysis was based on small numbers of subjects in the quartiles, and the 95% CIs were largely overlapping.
An exposure-safety analysis was also undertaken. No obvious clinically relevant relationship was observed between sorafenib AUC and incidence or severity of treatment-emergent AEs in the PK population.
Steady state plasma sorafenib AUC (0-12) was compared between thyroid cancer subjects and subjects with other tumour types from 25 other sorafenib studies. Subjects within the non-thyroid cancer pool were administered 400 mg bid sorafenib, with samples collected at steady state following at least 7 days of uninterrupted dosing. Results were summarised in the following table:
[image: ]
These data suggest that systemic exposure to sorafenib in patients with thyroid cancer is higher (by approximately 70%) than in patients with other tumour types. The sponsor proposed the hypothesis that thyroxine treatment in subjects with thyroid cancer may inhibit glucuronidation by UGT1A9, and its metabolite T3 may inhibit CYP3A4. Both UGT1A9 and CYP3A4 are involved in the metabolism of sorafenib. However, the sponsor also notes that a previously evaluated study demonstrated that the potent CYP3A4 inhibitor ketoconazole had no effect on sorafenib exposure.
[bookmark: _Ref269118175][bookmark: _Toc272414616][bookmark: _Toc290846239][bookmark: _Toc247598295][bookmark: _Toc396729339]Summary of pharmacokinetics
The limited PK sampling data suggest that systemic exposure to sorafenib will be higher (by approximately 70%) in subjects with thyroid cancer than in subjects with other tumour types. The reason(s) for this observation have not been determined.
Comment: The concern raised by this finding is that toxicity of sorafenib may be greater in thyroid cancer subjects than in patients with other tumour types. The study report stated that investigations were ongoing within the sponsor to determine the mechanism responsible for the increase in sorafenib exposure. The sponsor should be asked for an update on the progress of these investigations.
[bookmark: _Toc396729340]Pharmacodynamics
The starting dose chosen for the pivotal study was 400 mg BD, which is the same starting dose approved for current indications of hepatocellular carcinoma and renal cell carcinoma. The rationale for the 400 mg BD dose was not discussed in the current submission, but it appears to have been the maximum tolerated dose (MTD) in early phase 1 studies (10).
[bookmark: _Toc396729341]Dosage selection for the pivotal studies
[bookmark: _Toc272414637][bookmark: _Toc290846260][bookmark: _Toc247598297][bookmark: _Toc396729342]Studies providing pharmacodynamic data
No new pharmacodynamic studies were included in the submission. The pivotal study (14295) included exploratory analyses of the relationship between tumour mutations and sorafenib efficacy. These data are reviewed in Results for other efficacy outcomes.
[bookmark: _Toc396729343]Clinical efficacy
[bookmark: _Ref271037274][bookmark: _Toc272414652][bookmark: _Toc290846274][bookmark: _Toc247598300][bookmark: _Toc396729344]Pivotal efficacy study
The pivotal efficacy study was Study 14295, also known as the DECISION study (stuDy of sorafEnib in loCally advanced or metastatIc patientS with radioactive Iodine refractory thyrOid caNcer).
[bookmark: _Ref246150295][bookmark: _Ref246150994][bookmark: _Toc247598301]Study design, objectives, locations and dates
The study was a Phase III, randomised, double blind, placebo-controlled trial. A study schema is shown in Figure 1.
Figure 1. Study schema for the pivotal study
[image: ]
The primary objective of this study was to compare sorafenib and placebo in terms of progression-free survival (PFS) in subjects with DTC who were refractory to RAI treatment.
The secondary objectives were to:
Compare the sorafenib and placebo treatment groups in terms of:
Overall survival (OS);
Time to progression (TTP);
Disease control rate (DCR);
Response rate (RR);
Duration of response (DOR);
Safety, including assessment of adverse events (AEs) and abnormalities in laboratory parameters.
Describe the exposure of sorafenib in subjects with DTC using the area under the concentration time curve from time 0 to 12 hours at steady state [AUC (0-12). ss]
Exploratory objectives of the study were to examine:
Health-Related Quality of Life (HRQoL)/Healthy Utility Values
Biomarker analysis
PFS after unblinding until further disease progression in subjects who had received placebo and crossed over to sorafenib treatment
PFS after unblinding until further disease progression in subjects who had received sorafenib and continued sorafenib treatment
The trial was conducted in 81 centres in 18 countries, as follows:
Europe (9 centres each in the United Kingdom and Italy; 8 in France; 6 in Germany; 4 each in Poland and in Sweden; 2 each in Spain and the Netherlands; 1 centre each in Austria, Belgium, Bulgaria, Denmark, and Russia)
North America (13 centres in the United States); and 
Asia (8 centres in China, 6 in South Korea, 4 in Japan, 1 in Saudi Arabia).
The first subject was enrolled on 15 October 2009. The submitted study report included data up to a cut-off date of 31 August 2012. The date of the study report itself was dated 29 May 2013.
At the time of writing, the results of the study do not appear to have been published other than as a conference abstract (11).
[bookmark: _Toc247598302]Inclusion and exclusion criteria
Comment: The inclusion and exclusion criteria show that the trial intended to enrol a population of subjects with advanced or metastatic disease, which was progressing and which was not amenable to further treatment with RAI, surgery or radiotherapy.
[bookmark: _Ref246151271][bookmark: _Toc247598303]Study treatments
Subjects were randomised (1:1) to receive either sorafenib 400 mg twice daily or matching placebo twice daily. Each dose was to be taken 12 hours apart without food, at least 1 hour before or 2 hours after a meal.
Comment: According to the currently approved product information (PI) for sorafenib, the drug can be taken either without food or with a moderate-fat meal. However, a high-fat meal reduced bioavailability by 29%.
Treatment was administered continuously. However, for the purposes of the trial, a treatment ‘cycle’ consisted of 28 days of treatment. Subjects continued on their assigned treatment until disease progression, unacceptable toxicity, noncompliance or withdrawal of consent. 
In the event of toxicity, the dose of sorafenib or placebo could be reduced from 800 mg/day to as low as 200 mg/day. The dose reductions used and the criteria for implementing them are summarised in Table 2.
Table 2. Study 14295 Dose reductions for toxicity. Tables a) to e).
a) Levels of dose reduction
[image: ]
b) Haematological toxicities - Dose reductions/delays
[image: ]
c) Non-haematological toxicities - Dose reductions/delays
[image: ]
d) Hypertension - Dose reductions/delays
[image: ]
e) Skin toxicity - Dose reductions/delays
[image: ]
If confirmed disease progression occurred while on treatment, the study treatment could be unblinded. Subjects who had been receiving sorafenib could continue to receive the drug. Subjects who had been receiving placebo could cross over to sorafenib. Subjects were then able to continue to receive sorafenib until unacceptable toxicity, lack of benefit based on the investigator’s judgment, withdrawal of consent or death.
The following treatments were prohibited during the study: strong CYP3A4 inducers, investigational therapies, other anticancer therapies, anticoagulants (other than low-dose warfarin, low-dose aspirin or prophylactic doses of heparins) and concomitant radioiodine therapy.
[bookmark: _Toc247598304]Efficacy variables and outcomes
The main efficacy variables were:
Change in tumour size/load as assessed by modified Response Evaluation Criteria in Solid Tumours (RECIST) version 1.0 
Progression-free survival and overall survival.
The primary efficacy outcome was progression-free survival (PFS) defined as the time from the date of randomisation to the date of any of the following:
Radiological progression (as per RECIST criteria) as determined by a central independent radiology review panel; or
The administration of radiotherapy for the treatment of bone lesions; or 
Death (if death occurred before progression).
Secondary efficacy outcomes included:
Overall survival (OS), defined as the time from the date of randomisation to the date of death due to any cause.
Time to progression (TTP), defined as the time from the date of randomisation to the date of radiological progression (as per RECIST criteria) or the administration of radiotherapy for bone lesions.
Response rate (RR), defined as the proportion of subjects who achieve a best overall tumour response of partial response (PR) or complete response (CR) according to RECIST criteria during treatment or within 30 days after termination of study medication. 
Duration of response (DoR), defined as the time from the first documented objective response of PR or CR (whichever is noted earlier) to disease progression or death (if death occurs before progression is documented). The date of disease progression was the date of first observation of progression.
Disease control rate (DCR), defined as the proportion of subjects who have a best response rating of CR, PR or SD according to RECIST criteria, that is achieved during treatment or within 30 days after termination of study medication.
Imaging studies (CT or MRI) were performed during screening and every 56 days (Day 1 of every second cycle) while on treatment, until disease progression. In subjects who discontinued due to reasons other than disease progression, imaging was performed at 30 days after stopping the drug and at every 3 months until death. Patients were followed up for survival every 3 months after disease progression or drug discontinuation.
A central blinded independent radiology review panel (consisting of 3 board-certified radiologists in the United States) reviewed all scans. 
Comment: PFS is an acceptable primary endpoint for Phase III confirmatory studies according to the relevant EMA guideline adopted by the TGA (6). The secondary efficacy endpoints are all standard for oncology studies.
Exploratory efficacy outcomes
Examination of HRQoL was an exploratory objective in this study. HRQoL outcomes were referred to as ‘Patient Reported Outcomes (PRO)’. The instruments used to measure HRQoL were:
The Functional Assessment of Cancer Therapy: General (FACT-G) version 4.0. This is a validated general quality of life instrument. The questionnaire covers 4 domains (physical, social/family, emotional, and functional well-being) with a total of 27 items. 
The EQ-5D. This is a generic measure of QoL. It consists of a questionnaire (index) and a visual analogue scale (VAS). The questionnaire has five ‘dimensions’ (mobility, self-care, usual activities, pain/discomfort and anxiety/depression). For each dimension, the subject can choose one of three responses (e.g. no problems, some problems, severe problems). The VAS asks the subject to rate his or her current health state from 0 (‘worst imaginable health state’) to 100 (‘best imaginable health state’).
Comment: The HRQoL endpoints were only exploratory and the sponsor is not seeking to include any of the data in the PI. These data will therefore only be reviewed briefly.
‘Secondary PFS’ (that is, from unblinding following first progression until further disease progression), was also an exploratory endpoint. 
Another exploratory objective of the study was to analyse various biomarkers for prognostic value in the disease, and as predictors of benefit with sorafenib. Tumour samples were tested using the ‘Sequenom OncoCarta 1.0’ mutation panel that tests for 238 mutations in 19 common oncogenes. The analysis focused on BRAF and RAS mutations.
[bookmark: _Toc247598305]Randomisation and blinding methods
Subjects were randomised to either sorafenib or placebo via an interactive voice response system. Subjects were stratified at randomisation according to:
Age (< 60 years versus ≥ 60 years); and
Geographical region (North America versus Europe versus Asia).
Investigators, the subjects and the sponsor were all blinded to treatment allocation through the use of a placebo that was identical in appearance to sorafenib. The radiologists who conducted the central review of CT and MRI scans were also blinded to treatment allocation.
[bookmark: _Toc247598306]Analysis populations
The full analysis set (FAS) included all randomised subjects. It was the primary population for efficacy analysis was the FAS. Subjects were analysed as randomised.
The per protocol set (PPS) included all randomised subjects who were evaluable for tumour response based on imaging data, had exposure to study medication and had no major protocol deviations.
FAS – subjects valid for Secondary PFS: A subject was included in the FAS (valid for SPFS) set if he/she had a re-baseline (new baseline) scan and started open-label treatment with sorafenib.
The safety analysis set (SAF) included all subjects who were randomised and received at least one dose of study medication. Subjects were analysed as randomised.
PRO analysis set (PROAS): This population included all FAS subjects who had evaluable PRO assessments at baseline and at least one post-baseline assessment.
[bookmark: _Toc247598307]Sample size
It was assumed that the median PFS in the placebo group would be 6.0 months and the desired percentage increase in median survival was 55.5%. With 1:1 randomisation, a one-sided significance level of 0.01 and a power of 90%, it was calculated that 267 PFS events would be required. In order to achieve this number it was estimated that a total of 420 subjects would have to be enrolled.
[bookmark: _Toc247598308]Statistical methods
For the primary endpoint of PFS, the 2 treatment arms were compared using a one-sided stratified log-rank test with an overall one-sided alpha of 0.01, stratified by age (< 60 years versus ≥ 60 years) and geographical region (North America, Europe, and Asia). Kaplan-Meier estimates of median times to PFS and Kaplan-Meier curves were presented for each treatment arm, as well as the hazard ratio with its confidence interval derived with a Cox proportional hazards model. 
A number of sensitivity analyses for PFS were also conducted. Subgroup analyses were conducted for geographical region, age, sex, histological subtype, site of metastases, FDG-PET uptake (positive or negative), prior cumulative dosing of RAI and tumour burden.
OS and TTP were analysed using the same methods as those used for the primary analysis of PFS. DCR and RR were analysed using the Cochran-Mantel-Haenszel test with one-sided alpha of 0.025 adjusting for the same stratification factors as used for randomisation. The estimates of DCR and RR and their 95% confidence intervals were computed for each treatment group. The difference in DCR/RR between the sorafenib and placebo arms and the corresponding 95% confidence interval were also calculated.
For DoR, Kaplan-Meier estimates and survival curves were presented for each treatment group. No statistical testing of the difference in DoR was performed.
[bookmark: _Toc247598309]Participant flow
A total of 556 subjects were screened and 419 were randomised. Of the 137 subjects who were screened but not randomised, 124 had protocol violations (mainly inclusion and exclusion criteria violations), 9 withdrew consent and 4 had adverse events.
A total of 417 of 419 subjects who had been randomised commenced treatment in the double blind phase of the study, 207 in the sorafenib group and 210 in the placebo group. Of these, 89 subjects (43.0%) in the sorafenib group and 164 subjects (78.1%) in the placebo group developed disease progression and entered the open label sorafenib treatment period. 
At the time of data cut-off 66 subjects were receiving ongoing treatment in the double blind phase (43 on sorafenib and 23 on placebo) and 65 subjects were receiving ongoing sorafenib treatment in the open-label phase (12 originally assigned to sorafenib and 53 originally assigned to placebo).
Additional details are shown in Figure, Tables 3 and 4. The analysis populations are shown in Table 5.
[bookmark: _Ref290225061][bookmark: _Ref246050388][bookmark: _Toc247598420][bookmark: _Ref290225089]Figure 2. Study 14295 - Participant flow 
[image: ]
[bookmark: _Ref246050354][bookmark: _Toc247598381]Table 3. Study 14295 Subject disposition for double blind treatment phase
[image: ]
[bookmark: _Ref246050479][bookmark: _Toc247598382]Table 4. Study 14295 Subject disposition in open label treatment phase
[image: ]
[bookmark: _Ref246050656][bookmark: _Toc247598383]Table 5. Study 14295 Analysis sets
[image: ]
[bookmark: _Toc247598310]Major protocol violations/deviations
The study report did not include an analysis of major protocol violations. However, a major protocol violation was one reason to exclude subjects for the per-protocol analysis set (PPS). A total of 20 subjects in the FAS (n=417) were excluded from the PPS (n=397). The number of subjects excluded was comparable for the two groups (11 in the sorafenib group and 9 in the placebo group). The most common reason for exclusion from the PPS was ‘no post-baseline assessment’ (11 in the sorafenib group and 7 in the placebo group), rather than protocol violation. It therefore seems that there were few major protocol violations and they were unlikely to have affected the outcome of the study.
[bookmark: _Toc247598311]Baseline data
According to the investigators’ assessment, a total of 96.4% of the population had distant metastases and only 3.6% had locally advanced disease. The median time since initial diagnosis was 288 weeks (range 17 to 1,576) in the sorafenib group, and 291 weeks (range 29 to 1,747) in the placebo group.
Comment: The two treatment groups were well balanced with respect to baseline characteristics. The gender distribution of the population was approximately 50% male and 50% female. Thyroid cancer is approximately 2 to 3 times more common in females than in males but is more aggressive in males (4). The advanced disease of the population may therefore explain the high percentage of males. 
A small proportion of patients had received prior systemic anticancer therapy. Most commonly this had been administered in the adjuvant/neoadjuvant setting and only 1.2% of subjects had received palliative chemotherapy. During the double-blind phase of the study 99.5% of subjects in both arms received thyroid therapy (including thyroxine).
[bookmark: _Toc247598312]Results for the primary efficacy outcome
The results for PFS are summarised in Table 6 and the Kaplan-Meier curves are shown in Figure 3. At the time of data cut-off there had been a total of 250 PFS events (113 in the sorafenib group and 137 in the placebo group). There was a statistically significant reduction (of approximately 41%) in the risk of a PFS event in the sorafenib group (hazard ratio [HR]: 0.587 [95%CI: 0.454 – 0.758]; p<0.0001). Median PFS was increased by approximately 5.0 months (10.8 versus 5.8). The probability of being alive and progression-free at 12 months was 43% in the sorafenib group and 31% in the placebo group.
[bookmark: _Ref246130637][bookmark: _Toc247598386]Table 6. Study 14295 Progression-free survival (primary endpoint)
[image: ]
[bookmark: _Ref246130702][bookmark: _Toc247598421]Figure 3. Study 14295 Progression-free survival  Kaplan Meier curves
[image: ]
Subgroup analyses indicated that the benefit was consistent across all subgroups tested, with the hazard ratios all being < 1.0.
A variety of sensitivity analyses on PFS were conducted, which all supported the primary analysis of PFS. Briefly, the results were as follows:
In an analysis based on the local investigators’ assessment of progression, including radiological progression and any type of clinical progression, the HR was 0.485 (95%CI: 0.386 – 0.609); p<0.0001.
In an analysis based on the local investigators’ assessment of progression, including radiological progression only, the HR was 0.478 (95%CI: 0.375 – 0.608); p<0.0001.
In an analysis based on the central assessment of radiological progression but including any type of clinical progression the HR was 0.567 (95%CI: 0.441 – 0.729); p<0.0001.
In an analysis based on the central assessment of radiological progression only, the HR was 0.584 (95%CI: 0.449 – 0.759); p<0.0001.
In an unstratified analysis, the HR was 0.597 (95%CI: 0.464 – 0.767); p<0.0001.
[bookmark: _Ref246222305][bookmark: _Toc247598313]Results for other efficacy outcomes
Overall survival
The results for OS are summarised in Table 7 and the Kaplan-Meier curves are shown in Figure 4. The OS data were immature with only 99/417 subjects (24%) having died. There was no significant difference between the groups.
[bookmark: _Ref246136387][bookmark: _Toc247598387]Table 7. Study 14295 Overall survival
[image: ]


[bookmark: _Ref246136428][bookmark: _Toc247598423]Figure 4. Study 14295 Overall survival Kaplan Meier curves
[image: ]
Comment: Patients randomised to placebo were able to cross over to sorafenib treatment after disease progression, and 150 (71.4%) of these subjects received open-label sorafenib. It is likely that this high rate of crossover would have obscured any survival benefit produced by the drug. The statistical analysis plan for the study indicated that a follow-up analysis of OS would be performed approximately 9 months after the date of the initial data cut-off. The sponsor should be requested to provide the results of this analysis. The results have been included in the U.S. PI.
The sponsor conducted two exploratory analyses of OS in an attempt to correct for the crossover effect. Both of these exploratory analyses were pre-specified in the statistical analysis plan. The two statistical methods used were:
An iterative parameter estimation (IPE) method; and
The rank preserving structural failure time (RPSFT) method.
Both methods estimate the treatment effect as if subjects in the control arm had never switched to sorafenib treatment. When these statistical models were used, the estimated corrected hazard ratios of sorafenib to placebo were 0.698 for IPE (95%CI: 0.467 to 1.043; one-sided p = 0.0388) and 0.613 for RPSFT (95%CI: 0.398; 0.944; one-sided p = 0.0125).
Comment: The study report acknowledges that these analyses were exploratory only and that no firm conclusions can be drawn from them. The sponsor is not seeking to make any claims regarding a survival benefit in the proposed PI.
Time to progression (TTP)
The results for TTP are summarised in Table 8 and the Kaplan-Meier curves are shown in Figure 5.
Comment: The results for TTP were consistent with those for PFS.
[bookmark: _Ref246139598][bookmark: _Toc247598388]Table 8. Study 14295 Time to disease progression
[image: ]
[bookmark: _Ref246139655][bookmark: _Toc247598424]Figure 5. Study 14295 Time to disease progression Kaplan Meier curves
[image: ]
Response rate (RR) and disease control rate (DCR)
The results for RR and DCR are shown in Table 9. The protocol specified that these endpoints would be analysed in the per-protocol set.
[bookmark: _Ref246140151][bookmark: _Toc247598389]Table 9. Study 14295 Response rate / Disease control rate
[image: ]
The RR was 12.2% in the sorafenib group versus 0.5% in the placebo group, and the difference was statistically significant (p<0.0001). All responses were partial responses.
The DCR was 86.2% in the sorafenib group and 74.6% in the placebo group (p=0.015).
Comment: The RR was low, suggesting sorafenib prevents tumour growth rather than causes tumour shrinkage. The response rate for sorafenib in the currently approved indication of renal cell carcinoma was similarly low (approximately 10%).
The DCR in the placebo group was high (74.6%), perhaps reflecting the slowly progressive nature of thyroid cancer, and the short period over which stability of disease was assessed (4 weeks only).
Duration of response
For the 24 subjects who achieved a partial response in the sorafenib group, the median duration of response was 10.2 months (range 7.4 – 16.6).
HRQoL
For the EQ-5D index, higher scores represent better health status and according to the sponsor a change of 0.10 to 0.12 points is considered clinically significant. For the EQ-VAS, higher scores are also indicative of better health status and a change of 7 points is considered clinically significant. Results for the mean scores for these two parameters are shown in Table 10. Over the course of the study, mean scores tended to improve in the placebo group and deteriorate in the sorafenib group. The difference between the groups was statistically significant, in favour of the placebo group for both parameters, however the differences were not considered clinically significant.
For the FACT-G questionnaire, scores range from 0 to 108, with higher scores indicating better QoL. A difference of 3 to 7 points is considered clinically significant. The analysis demonstrated a statistically significant treatment effect in favour of placebo for the total FACT-G score (p=0.0006), the physical well-being domain (p<0.0001) and the functional well-being domain (p=0.0443). The difference was of marginal clinical significance for the total score (3.4527 points) and not clinically significant for the two domains (Table 11).
[bookmark: _Ref246142162][bookmark: _Toc247598390]Table 10. Study 14295 HRQoL (EQ-5D)
[image: ]
[bookmark: _Ref246143707][bookmark: _Toc247598391]Table 11. Study 14295 HRQoL (FACT-G)
[image: ]
Secondary PFS
Results for PFS after initial disease progression are shown in table 12.
Comment: In the group of patients who were initially treated with placebo, and received sorafenib on disease progression, median PFS was 9.6 months, which is comparable to the median PFS observed in subjects originally randomised to sorafenib (10.8 months). 
[bookmark: _Ref246144500][bookmark: _Toc247598392]Table 12. Study 14295 Secondary PFS
[image: ]
Biomarker analysis
A total of 256 tumour samples were suitable for mutation analysis. The distribution of mutations identified is shown in Table 13, with BRAF and RAS mutations being the most common. The presence or absence of BRAF, RAS or other rare mutations did not correlate with benefit from sorafenib.
[bookmark: _Ref246149949][bookmark: _Toc247598393]Table 13. Study 14295 Tumour mutations
[image: ]
[bookmark: _Ref271037188][bookmark: _Ref271037210][bookmark: _Toc272414655][bookmark: _Toc290846277][bookmark: _Toc247598314][bookmark: _Toc241374311][bookmark: _Ref243294291][bookmark: _Toc396729345]Other efficacy studies
The sponsor identified five, single-arm, Phase II studies of the use of sorafenib in DTC from the literature (12, 13, 14-16, 17, 18). Although the sponsor supported several of these, the studies were described as being ‘investigator-sponsored’ and only published papers (rather than detailed study reports) were included in the submission.
Comment: The sponsor has included these studies as supportive evidence only. Neither a detailed literature search strategy, agreed beforehand with the TGA, nor a search output has been provided. It therefore cannot be assumed that the five studies presented reflect a complete or balanced view of the available literature.
The efficacy data from these five studies, including the results of the sorafenib arm in Study 14295 for comparison, is presented in Table 14. Response rates in the Phase II studies varied from 15-38%. All responses were partial responses.
Comment: Although cross-trial comparisons are not reliable, the efficacy results from these studies in terms of RR and PFS are generally comparable to, or more favourable than, those seen in Study 14295.
[bookmark: _Ref246397589][bookmark: _Toc247598394]Table 14. Phase II studies  Efficacy results for subjects with differentiated thyroid cancer
[image: ]
[bookmark: _Toc241374312][bookmark: _Toc272414656][bookmark: _Toc290846281][bookmark: _Toc247598315][bookmark: _Toc396729346]Analyses performed across trials (pooled analyses and meta-analyses)
There were no pooled analyses or meta-analyses of efficacy included in the submission.
[bookmark: _Toc247598316][bookmark: _Ref271126605][bookmark: _Toc272414657][bookmark: _Toc290846282][bookmark: _Toc396729347]Evaluator’s conclusions on clinical efficacy 
The pivotal study was well designed and conducted. The design complied with the relevant EMA guidelines adopted by the TGA (6,7). The study demonstrated that sorafenib is clearly an active agent in RAI-refractory DTC, with a statistically significant (p<0.0001) improvement in PFS compared to placebo. 
The magnitude of the efficacy benefit is considered clinically significant. The risk of experiencing a PFS event (that is, disease progression or death) was reduced by approximately 40% (HR: 0.587; 95%CI: 0.454 – 0.758) and median PFS was increased by approximately 5 months (10.8 versus 5.8 months). The study did not demonstrate a benefit in terms of overall survival and this is most likely due to the trial design which permitted crossover from placebo to sorafenib after disease progression. The EMA guidelines indicate that PFS is acceptable as a primary endpoint in Phase III studies and the TGA has previously approved new anticancer therapies on the basis of a PFS benefit, in the absence of a demonstrated OS benefit.
The efficacy benefit is considered valuable given the serious nature of the disease being treated and the lack of alternative treatments.
The exploratory HRQoL data suggested that patients treated with placebo had a better quality of life however the differences were of doubtful clinical significance.
Only one pivotal study has been submitted to support use of sorafenib in DTC and the TGA has adopted an EMA guideline that addresses this situation (8). It requires that the study should be ‘exceptionally compelling’. In the opinion of this reviewer, the pivotal study meets the criteria laid down in this guideline; the study design minimised the potential for bias, the population included in the study was representative of the population likely to receive the drug in clinical practice, the efficacy benefit was clinically significant, was highly statistically significant, and was consistent across subgroups. The clinical rationale for using sorafenib in DTC is also plausible. 
The published Phase II studies submitted by the sponsor also provide some supportive evidence of efficacy.
Overall it is considered that the efficacy of sorafenib in the treatment of RAI-refractory DTC has been adequately established.
[bookmark: _Toc396729348]Clinical safety
[bookmark: _Toc272414659][bookmark: _Toc290846284][bookmark: _Toc247598318][bookmark: _Toc396729349]Studies providing evaluable safety data
[bookmark: _Ref268776745]The following studies provided evaluable safety data:
Pivotal efficacy study
In the pivotal efficacy trial, study visits were scheduled at screening, Day 1 of Cycle 1 (randomisation visit), Day 1 of the next 8 cycles, Day 1 of every second cycle thereafter while still receiving study drug and 30 days after stopping study drug (end of treatment visit). 
The following safety data were collected:
General adverse events (AEs) were assessed at each study visit;
A physical examination including vital signs, weight and brief examination of pertinent organ systems, was performed at each study visit.
The following laboratory tests, were performed at each study visit (except at randomisation):
Haematology: complete blood count (CBC) with differential count;
Chemistry including: total bilirubin, ALT, AST, amylase or lipase, blood urea nitrogen (BUN), phosphate, sodium, potassium, chloride, calcium, albumin, glucose and creatinine, 
Prothrombin Time/INR, Partial Thromboplastin Time (PTT); 
Urinalysis (dipstick: pH, glucose, protein, leukocytes, and erythrocytes);
Thyroglobulin level and thyroglobulin antibodies (as part of the biomarker analyses), TSH, total T3, free T4.
Other studies
The published Phase II studies reported adverse events and laboratory abnormalities.
[bookmark: _Toc241374318][bookmark: _Ref271196630][bookmark: _Toc272414662][bookmark: _Toc290846300][bookmark: _Toc247598319][bookmark: _Toc396729350]Overall patient exposure
Safety data were available for a total of 517 subjects in the submitted studies. Two of the Phase II studies pooled safety data from patients with DTC and subjects with other types of thyroid cancer.


[bookmark: _Toc247598375]Table 15. Exposure to sorafenib and placebo in clinical studies.
	Study type/Indication
	Pivotal study
	Uncontrolled studies

	
	Sorafenib
	Placebo
	Sorafenib

	Pivotal

	Double-blind phase

Open label phase
	207


	209
-

	-
-

	From placebo group
From sorafenib group
	150
55
	-
-
	

	Phase II

	Ahmed 2009
	-
	-
	34 (1)

	Schneider 2012
	-
	-
	31

	Gupta-Abramson 2008
	-
	-
	30 (2)

	Kloos 2009
	-
	-
	56 (1)

	Chen 2011
	-
	-
	9

	TOTAL for sorafenib
	357
	160


(1) Ahmed 2009 and Kloos 2009 included subjects with other thyroid cancer types in the safety database presented.
(2) For Gupta-Abramson 2008, detailed safety data were only presented for the first 30 subjects.
[bookmark: _Toc247598320][bookmark: _Toc396729351]Pivotal study 14295
[bookmark: _Toc247598321]Patient exposure by dose/duration
The duration of exposure in the pivotal study is summarised in Figure 66. The extent of exposure to sorafenib or placebo in the double blind phase is summarised in Table 16. The median time under treatment was longer in the sorafenib group (46.1 weeks versus 28.3 weeks). More sorafenib-treated than placebo-treated subjects required dose reduction (68.1% versus 11.5%) and most of these reductions were due to toxicity.
The extent of exposure to sorafenib over both the double blind and open phases is summarised in Table 17.
Over the entire study, 357 subjects received sorafenib. Of these, 248 subjects received the drug for at least 24 weeks and 154 subjects received the drug for at least 48 weeks.


[bookmark: _Ref247263025][bookmark: _Ref247262996][bookmark: _Toc247598425]Figure 6. Study 14295  Duration of exposure
[image: ]
[bookmark: _Ref247263691][bookmark: _Toc247598395]Table 16. Study 14295 Exposure to sorafenib or placebo in double blind phase
[image: ]
[bookmark: _Ref247264007][bookmark: _Toc247598396]Table 17. Study 14295. Exposure to sorafenib in double blind and open phases
[image: ]
[bookmark: _Toc241374319][bookmark: _Ref271044764][bookmark: _Toc272414663][bookmark: _Toc290846301][bookmark: _Toc247598322]Adverse events
A summary of the overall incidence of AEs including serious AEs during the double-blind phase is shown in Table 18. 
[bookmark: _Ref247265071][bookmark: _Toc247598397]Table 18. Study 14295 Overall AEs (with sorafenib or placebo) in the double-blind phase
[image: ]
aTwo subjects in the sorafenib group developed a serious Grade 5 TEAE during the double-blind period, but dies 30 days post permanent double blind treatment discontinuation. One subject experienced pleural effusion and one experienced dyspnea. Therefore they are not counted amongst the other 12 subjects who died during the double-blind period and up to 30 days post permanent double blind treatment.
[bookmark: _Ref272317284][bookmark: _Ref272333565][bookmark: _Toc272414664][bookmark: _Toc290846302][bookmark: _Toc247598323]All adverse events (irrespective of relationship to study treatment)
The incidence of AEs during the double blind treatment phase was 98.6% in the sorafenib group and 87.6% in the placebo group. Common AEs (that is, those occurring in at least 10% of subjects in either arm) were summarised. Toxicities that occurred more commonly with sorafenib included:
Skin toxicity: for example hand-foot syndrome (76.3% versus 9.6%), alopecia (67.1% versus 7.7%) and rash/desquamation (50.2% versus 11.5%);
Gastrointestinal toxicity: for example diarrhoea (68.6% versus 15.3%), anorexia (31.9% versus 4.8%) and mucositis (23.2% versus 3.3%);
Constitutional symptoms: for example fatigue (49.8% versus 25.4%) and weight loss (46.9% versus 13.9%);
Hypertension (43.0% versus 13.4%);
Elevated transaminases: ALT (12.6% versus 4.3%) and AST (11.1% versus 2.4%);
Hypocalcaemia (18.8% versus 4.8%).
The study report included a comparison of exposure-adjusted incidence rates for common AEs, taking into account the longer period of treatment in the sorafenib arm. The results did not alter the overall pattern of toxicity.
In placebo treated patients who received sorafenib in the open-label phase (n=150), the incidence of AEs was 99.3% and the pattern of AEs observed was similar to that described above for sorafenib.
Comment: These AEs are generally known to be associated with sorafenib and are currently listed in the approved Australian PI. However, hypocalcaemia appears to be a new AE not previously associated with the drug.
The incidence of Grade 3 or 4 AEs during the double blind treatment phase was 64.3% in the sorafenib group and 30.1% in the placebo group. Common AEs (that is, those occurring in at least 1% of subjects in either arm) are shown in Table 19.
[bookmark: _Ref247272576][bookmark: _Toc247598400]Table 19. Study 14295 Grade 3 or 4 AEs (incidence >1%) in the double-blind phase
[image: ]
The pattern of Grade 3 or 4 AEs was similar to that seen with overall AEs. For each individual AE term the incidence figure was notably lower than for overall AEs, indicating that most toxicities were of Grade 1 or 2 in severity.
In placebo treated patients who received sorafenib in the open-label phase (n=150), the incidence of Grade 3 or 4 AEs was 52.7% and the pattern of AEs observed was similar to that previously described.
Comment: In the double blind phase, notable Grade 3 or 4 events in the sorafenib group included hypocalcaemia (9.2% versus 1.4%) and secondary malignancies (4.3% versus 1.9%).
[bookmark: _Ref272333567][bookmark: _Toc272414665][bookmark: _Toc290846303][bookmark: _Toc247598324]Treatment-related adverse events (adverse drug reactions)
The incidence of treatment-related AEs during the double blind treatment phase was 96.6% in the sorafenib group and 53.6% in the placebo group. Common treatment-related AEs (that is, those occurring in at least 10% of subjects in either arm) are shown in Table 20.
In placebo treated patients who received sorafenib in the open-label phase (n=150), the incidence of treatment-related AEs was 96.7%.
The incidence of Grade 3 or 4 treatment-related AEs during the double blind treatment phase was 54.1% in the sorafenib group and 6.7% in the placebo group. Common treatment-related Grade 3 or 4 AEs (that is, those occurring in at least 2 subjects in either arm) are shown in Table 21.
In placebo treated patients who received sorafenib in the open-label phase (n=150), the incidence of Grade 3 or 4 treatment-related AEs was 44.7%.
Comment: The pattern of toxicity observed by analysing treatment-related events, was similar to that observed by analysing all events.
[bookmark: _Ref247274896][bookmark: _Toc247598401]Table 20. Study 14295 Treatment-related AEs (incidence >10%) in the double-blind phase
[image: ]
bOne subject was randomised to placebo but erroneously received sorafenib for Cycle 1. The subject experienced 2 drug related TEAEs during Cycle 2 (within 30 days of sorafenib exposure) that are captured under placebo treatment (Grade 1 dry skin and Grade 1 oral mucositis).
[bookmark: _Ref247275602][bookmark: _Toc247598402]Table 21. Study 14295 Grade 3 or 4 treatment related AEs (incidence >2 subjects) in the double-blind phase
[image: ]
[bookmark: _Toc241374320][bookmark: _Ref272333507][bookmark: _Toc272414666][bookmark: _Toc290846304][bookmark: _Toc247598325]Deaths and other serious adverse events
Deaths
There were a total of 18 deaths during the double-blind treatment period or within 30 days of discontinuation. Of these, 12 were in the sorafenib group and 6 were in the placebo group. Only two deaths were considered related to study drug:
[information redacted] died of an acute myocardial infarction while on sorafenib.
[information redacted] died of a subdural haemorrhage while on placebo. {information redacted] was also receiving enoxaparin for atrial fibrillation.
The sponsor explains the higher incidence of death in the sorafenib group as being due to the longer duration of double-blind treatment in the sorafenib arm (medians 46.1 weeks versus 28.3 weeks), and the fact that fewer subjects from the sorafenib arm received the drug in the open-label phase.
Comment: Myocardial infarction is a known risk associated with sorafenib. The individual patient narratives for the remaining 16 patients have been reviewed and most of these subjects died of events known to be associated with advanced cancer (such as disease progression, infections and pulmonary embolus). None were suspicious of sorafenib toxicity. 
In patients who did not receive open-label treatment with sorafenib, there were 32 deaths occurring more than 30 days after the double blind phase. In patients who did receive open-label treatment, there were 25 deaths occurring more than 30 days after the double blind phase, and within 30 days of cessation of the open label treatment. There were a further 24 deaths occurring more than 30 days after the cessation of open-label treatment. None of these deaths were considered related to sorafenib, and the stated cause of death was usually progressive disease.
Serious AEs (other than deaths)
A serious AE (SAE) was defined as an AE that resulted in death, was life-threatening, required hospitalisation or prolongation of hospitalisation, resulted in persistent or significant disability or incapacity or was regarded as an important medical event.
The incidence of SAEs during the double blind treatment phase was 37.2% in the sorafenib group and 26.3% in the placebo group. SAEs occurring in the double-blind phase are shown in Table 22. 
Comment: Serious AEs that were more common in the sorafenib group were constitutional symptoms (fever, fatigue, weight loss), rash/desquamation and secondary malignancy. Cardiac ischaemic/infarction occurred in 2 subjects in the sorafenib arm and none in the placebo arm.
In placebo treated patients who received sorafenib in the open-label phase (n=150), the incidence of SAEs was 44.0%. The pattern of SAEs was consistent with that observed for sorafenib in the double-blind phase.
[bookmark: _Ref247338571][bookmark: _Toc247598404]Table 22. Study 14295 Serious AEs in the double-blind phase
[image: ]
[bookmark: _Toc241374325][bookmark: _Ref272333477][bookmark: _Toc272414667][bookmark: _Toc290846305][bookmark: _Toc247598326]Discontinuation due to adverse events
The incidence of AEs leading to permanent discontinuation of study drug during the double blind treatment phase was 18.8% in the sorafenib group and 3.8% in the placebo group. In placebo treated patients who received sorafenib in the open-label phase (n=150), the incidence of AEs leading to permanent discontinuation was 18.7%. 
The AEs leading to permanent discontinuation in the double blind and open label phases were summarised.
Comment: The pattern of adverse events was similar to previous analyses. Notably, in the double-blind phase, 5.3% of subjects discontinued due to hand-foot syndrome (versus 0% in the placebo arm).
[bookmark: _Toc247598327]Adverse events of special interest
The sponsor identified the following as AEs of special interest:
Bleeding events;
Hypertension;
Hand-foot syndrome
Weight loss;
Left ventricular systolic dysfunction;
Cardiac ischaemia / infarction
Other cardiac events;
Pancreatitis;
Secondary cancer;
Keratoacanthoma / squamous cell carcinoma of the skin (SCC).
These events (apart from secondary cancer) are all currently listed in the approved Australian PI.
The incidence of these AEs (apart from cancers) in the double-blind phase is summarised in Table 23. The incidence of secondary cancers and keratoacanthoma/SCC in the double blind and open label phases were also summarised.
Comment: If SCC is excluded, there was no apparent increased risk of secondary malignancy in the sorafenib group. SCC and keratoacanthoma are known to be associated with sorafenib.
[bookmark: _Ref247342218][bookmark: _Toc247598406]Table 23. Study 14295 – AEs of special interest in the double blind phase
[image: ]
[bookmark: _Toc241374321][bookmark: _Ref271044780][bookmark: _Ref271196640][bookmark: _Ref272333085][bookmark: _Toc272414668][bookmark: _Toc290846306][bookmark: _Toc247598328]Laboratory tests
Grade 3 or 4 biochemical abnormalities are summarised in Table 24. Grade 3 or 4 haematological abnormalities are summarised in Table 25.
[bookmark: _Ref247346916][bookmark: _Toc247598409]Table 24. Study 14295 Biochemistry abnormalities
[image: ]
[bookmark: _Ref247351188][bookmark: _Toc247598410]Table 25. Study 14295 Haematology abnormalities
[image: ]
[bookmark: _Toc272414669][bookmark: _Toc290846307][bookmark: _Ref247357743][bookmark: _Toc247598329]Liver function
In the double blind phase, the following liver function test abnormalities were more common in the sorafenib arm:
ALT elevations: 58.9% versus 24.4% (Grade 3/4: 4.4% versus 0%);
AST elevations: 53.6% versus 14.8% (Grade 3/4: 2.0% versus 0%);
Bilirubin elevations: 8.7% versus 4.8% (there were no Grade 3 or 4 elevations);
Hypoalbuminaemia: 21.3% versus 11.0% (Grade 3/4: 0.5% versus 0%).
None of the subjects with abnormal LFTs fulfilled the criteria for Hy’s Law (predictive of severe drug-induced liver injury). However, the PI for sorafenib already lists drug-induced hepatitis (with a life-threatening or fatal outcome) as a rare adverse event.
[bookmark: _Toc272414670][bookmark: _Toc290846308][bookmark: _Toc247598330]Kidney function
In the double blind phase, the following renal function test abnormalities were more common in the sorafenib arm:
Creatinine elevations – 6.8% versus 5.3%  (there were no Grade 3 or 4 elevations);
Elevations of blood urea nitrogen were not reported.
The currently approved Australian PI lists renal failure (and proteinuria) as common adverse drug reactions.
[bookmark: _Toc247598331]Pancreatic enzymes
In the double blind phase, the following pancreatic enzyme abnormalities were more common in the sorafenib arm:
Amylase elevations: 12.6% versus 6.2% (Grade 3/4: 3.8% versus 1.0%);
Lipase elevations: 11.1% versus 2.9% (Grade 3/4: 2.4% versus 0.5%).
In the double-blind phase of the pivotal study there was one case of pancreatitis in the sorafenib arm and none in the placebo arm.
[bookmark: _Toc247598332]Hypocalcaemia
In the double blind phase, hypocalcaemia more common in the sorafenib arm:
Hypocalcaemia :35.7% versus 11.0% (Grade 3/4: 10.2% versus 2.9%).
There was no increased incidence of hypercalcaemia.
[bookmark: _Toc247598333]Hypophosphataemia
In the double blind phase, hypophosphataemia more common in the sorafenib arm:
Hypophosphataemia: 19.3% versus 2.4% (Grade 3/4: 12.6% versus 1.4%).
[bookmark: _Toc247598334]Thyroid function
Subjects entered into the study were required to have been TSH suppressed (TSH < 0.5 mU/L; normal range: 0.4 to 5.0 mU/L). Elevations of TSH above 0.5 mU/L were therefore considered to be adverse events and managed as shown in Table 26.
Table 26. Management of elevated TSH levels
[image: ]
In the double blind phase of the study, increases in TSH (reported as AEs) were more common in the sorafenib arm (33.3% versus 13.4%). Elevations in free T4 and total T3, reported as laboratory abnormalities, were also more common in the sorafenib arm; 86.7% versus 70.6% and 8.3% versus 5.2% respectively.
The incidence of elevated thyroglobulin levels was lower in the sorafenib arm (9.5% versus 26.2%), a finding that would be consistent with an antitumour effect. There were no anti-thyroglobulin antibodies reported.
[bookmark: _Toc272414671][bookmark: _Toc290846309][bookmark: _Toc247598335]Other clinical chemistry
In the double blind phase, the following were more common in the sorafenib arm:
Hypokalaemia: 17.9% versus 2.4% (Grade 3/4: 1.9% versus 0%);
Hyponatraemia: 11.1% versus 1.9% (Grade 3/4: 2.9% versus 0.5%).
[bookmark: _Toc272414672][bookmark: _Toc290846310][bookmark: _Ref247360484][bookmark: _Toc247598336]Haematology
In the double-blind phase, haematological abnormalities were more common in the sorafenib arm (Table 25). This may have been due in part to the longer duration of double-blind treatment in this group. Grade 3 or 4 abnormalities were only marginally more common. Cytopaenias are listed in the current PI as being common adverse drug reactions with sorafenib.
[bookmark: _Toc247598337]Coagulation parameters
There was no increased incidence of elevations in aPPT, PT or INR in the sorafenib group during the double blind phase.
[bookmark: _Toc247598338]Urinalysis
Although urine dipstick testing was conducted throughout the study, the report did not include any data on results.
Comment: Laboratory testing abnormalities observed in the pivotal study were generally consistent with those previously described for sorafenib. Hypocalcaemia appears to be a new AE. It was very common (incidence of 35.7%) and potentially clinically significant (incidence of Grade 3/4 events of 10.2%).
The observation of an increased incidence of elevated TSH levels with sorafenib is important for this population who require TSH suppression as part of ongoing management.
The sponsor has added statements to the sorafenib PI addressing these two issues.
[bookmark: _Toc272414676][bookmark: _Toc290846314][bookmark: _Toc247598339]Vital signs
As noted above, the incidence of hypertension was significantly increased in the sorafenib arm of the study. No other notable changes to vital signs were observed.
[bookmark: _Toc247598340]Comparative adverse event rates
In the sponsor’s Summary of clinical safety, the sponsor presented a comparison of AE rates observed in the pivotal study with those observed in the previous pivotal studies in renal cell carcinoma (RCC) and hepatocellular carcinoma (HCC) (see Table 27). Although not a consistent finding across all AE terms, there was a suggestion that AE rates were higher in DTC patients than in other indications. This was particularly noticeable for hand-foot syndrome, alopecia, hypocalcaemia and diarrhoea. AST and ALT elevations were much more common than in RCC.
The sponsor has added a statement to the ‘Adverse Reactions’ section of the PI outlining this finding.
Comment: An increased incidence of adverse events in DTC subjects would be consistent with the finding of increased systemic exposure to sorafenib in this population (see Table 27). In retrospect, a lower starting dose may have been appropriate for the pivotal study. However, there is no data to support efficacy of a lower starting dose and toxicities were manageable in most patients with dose interruptions or dose reductions.
[bookmark: _Ref247359498][bookmark: _Toc247598411]Table 27. Adverse event rates in different indications
[image: ]
[bookmark: _Toc247598341][bookmark: _Toc396729352]Supportive phase II studies
The five published studies included in the submission provided the following safety data.
Ahmed (2011)
This trial enrolled 34 subjects (19) with DTC). Adverse events (incidence > 5%) are summarised in Table 28, and laboratory abnormalities (incidence > 5%) are summarised in Table 29.
[bookmark: _Ref247433685][bookmark: _Toc247598412]Table 28. Ahmed (2011) Phase II study  AEs with a frequency > 5%.
[image: ]
[bookmark: _Ref247433749][bookmark: _Toc247598413]Table 29. Ahmed (2011) Phase II study  Laboratory abnormalities with a frequency > 5%.
[image: ]
Schneider (2012)
This study enrolled 31 subjects with DTC. Adverse events are summarised in table 30.
[bookmark: _Ref247434623][bookmark: _Toc247598414]Table 30. Schneider (2012). Phase II study  AEs
[image: ]
Gupta-Abramson (2008)
This study enrolled 47 subjects with DTC. The initial publication reported on the first 30 subjects, including safety data. Follow-up conference abstracts reported efficacy but not safety data for the remaining subjects. Treatment-related AEs for the initial 30 subjects are summarised in Table 31. In addition, 10 subjects (33%) developed elevated TSH levels (> 0.1 mU/L). 
[bookmark: _Ref247434836][bookmark: _Toc247598415]Table 31. Gupta-Abramson (2012) Phase II study Treatment-related AEs
[image: ]
Kloos (2009)
This study included 56 subjects; 19 with papillary thyroid cancer in ‘Arm A’ (the main statistical arm) and 37 with various thyroid cancers in ‘Arm B’. Grade 1-3 toxicities are summarised in Tables 32 and 33. In addition to these events, there were 2 reports (4%) of reversible neutropaenia and 1 report (2%) of pericardial effusion. One patient with advanced disease had sudden death. 
[bookmark: _Ref247436273][bookmark: _Toc247598416]Table 32. Kloos (2009) Phase II study Grades 1-3 AEs
[image: ]
[bookmark: _Ref247436293][bookmark: _Toc247598417]Table 33. Kloos (2009) Phase II study Laboratory abnormalities (Grades 1-3)
[image: ]
Chen (2011)
This study enrolled only 9 subjects. Reported AEs are listed in Table 34. All AEs were Grade 1 or 2.
Comment: The toxicities observed in the Phase II studies were consistent with those established for sorafenib or those reported in the pivotal study.
[bookmark: _Ref247437250][bookmark: _Toc247598418]Table 34. Chen (2011) Phase II study AEs
[image: ]
Other
Safety data from 9 subjects with DTC who were enrolled in company-sponsored early Phase I and II studies were also provided. The reported toxicities were unremarkable.
[bookmark: _Toc241374326][bookmark: _Ref272333048][bookmark: _Toc272414679][bookmark: _Toc290846317][bookmark: _Toc247598342][bookmark: _Toc396729353]Postmarketing experience
As sorafenib had been used “off-label” for the treatment of thyroid cancer for some time prior to the current submission, the sponsor had received reports of adverse events occurring in this population. The sponsor’s Summary of clinical safety included an analysis of AE reports from patients receiving sorafenib for thyroid cancer. 
A total of 1354 cases had been received up to 31 March 2013. Of these, 582 were classed as serious. The sponsor’s analysis focused on those that were considered serious, related to sorafenib (either by the reporter or the sponsor) and unexpected. There were 88 of these cases. Individual AEs with more than one report included the following:
Atrial fibrillation (2 reports). Both subjects had ‘hypertensive decompensation’ and one had hypokalaemia, both known AEs associated with sorafenib;
Dyspnoea (6 reports). Most reports had insufficient information. Some were most likely related to disease progression (lung metastases, pneumonia). Interstitial lung disease like events are known to be uncommonly associated with sorafenib treatment;
Cerebrovascular accident (2 reports). Both reports had insufficient information to clearly understand the event. Hypertension and haemorrhage are both known AEs with sorafenib.
Many of the ‘unexpected’ AEs were simply different terms used to describe known AEs (such as ‘inability to walk’ and ‘gait disturbance’ in subjects with hand-foot syndrome; ‘pharyngeal oedema’ in subjects with mucositis).
Overall, the review of the postmarketing reports did not suggest any novel toxicity for the drug. 
[bookmark: _Ref272333005][bookmark: _Toc272414680][bookmark: _Toc290846318][bookmark: _Toc247598343][bookmark: _Toc396729354]Safety issues with the potential for major regulatory impact
[bookmark: _Toc272414681][bookmark: _Toc290846319][bookmark: _Toc247598344]Liver toxicity
As described in Liver function above, LFT abnormalities are common with sorafenib treatment. However, in the pivotal study, no evidence of severe drug induced liver injury was observed. The PI for sorafenib already lists drug induced hepatitis (with a life-threatening or fatal outcome) as a rare adverse event.
[bookmark: _Toc272414682][bookmark: _Toc290846320][bookmark: _Toc247598345]Haematological toxicity
As described in Haematology above, cytopaenias are a common adverse event with sorafenib treatment. There were no reports of pancytopaenia or aplastic anaemia in the pivotal study.
[bookmark: _Toc272414683][bookmark: _Toc290846321][bookmark: _Toc247598346]Serious skin reactions
Serious skin toxicities, principally hand-foot syndrome and rash/desquamation are common with sorafenib, and this was confirmed in the pivotal study (see Table 19). Stevens-Johnson syndrome and toxic epidermal necrolysis have also been reported in postmarketing experience and are listed in the current PI.
[bookmark: _Toc272414684][bookmark: _Toc290846322][bookmark: _Toc247598347]Cardiovascular safety
Sorafenib is known to be associated with cardiovascular toxicity. Hypertension, myocardial infarction/ischaemia, QT prolongation and congestive heart failure are all listed in the currently approved PI. The new safety data provided with the current submission did not indicate any novel cardiovascular toxicity.
[bookmark: _Toc241374323][bookmark: _Toc272414685][bookmark: _Toc290846323][bookmark: _Toc247598348]Unwanted immunological events
Anaphylactic and hypersensitivity reactions are listed in the draft PI as uncommon adverse reactions. In the pivotal study, one subject experienced a Grade 4 anaphylactic reaction (considered related) and one had a Grade 4 allergic reaction (considered unrelated). Both subjects were receiving sorafenib.
[bookmark: _Toc272414686][bookmark: _Ref273005527][bookmark: _Toc290846324][bookmark: _Toc247598349][bookmark: _Toc396729355]Other safety issues
[bookmark: _Toc241374322][bookmark: _Ref272331212][bookmark: _Toc272414687][bookmark: _Toc290846325][bookmark: _Toc247598350]Safety in special populations
In the pivotal study, subgroup analyses of adverse events were performed for the following variables: geographical region, age, body mass index, sex, race, baseline ECOG status, histological subtype, history of hypoparathyroidism, renal function and hepatic function. Findings of note included the following:
Among sorafenib-treated subjects, toxicity appeared comparable in patients aged <60 and those aged ≥ 60 years. However, subjects aged ≥ 75 years experienced greater toxicity than those aged < 75 years (SAEs 52.0% versus 35.2%; Grade 3/4 toxicity 84.0% versus 61.5%);
The incidence of hypocalcaemia in the sorafenib arm was higher in subjects with a history of hypoparathyroidism (28.6%) than in subjects with no such history (5.2%), although numbers in the former group were small (n=14);
[bookmark: _Toc241374324][bookmark: _Ref272331214][bookmark: _Toc272414688][bookmark: _Toc290846326][bookmark: _Toc247598351]Safety related to drug-drug interactions and other interactions
The submission contained no new data on interactions.
[bookmark: _Toc241374328][bookmark: _Toc272414691][bookmark: _Toc290846329][bookmark: _Toc247598352][bookmark: _Toc396729356]Evaluator’s overall conclusions on clinical safety
The pattern of toxicity seen with sorafenib in the submitted studies was generally consistent with that previously documented for sorafenib. The most common AEs were dermatological (hand-foot syndrome, alopecia, rash/desquamation), gastrointestinal (diarrhoea, anorexia, mucositis), constitutional (fatigue, weight loss), hypertension and hepatic (elevated transaminases).
Novel toxicities identified in the new population were hypocalcaemia and elevated TSH levels.
The data suggested that some toxicities were more common in the thyroid cancer population than in the renal cell carcinoma and hepatic carcinoma populations. This would be consistent with the observation that systemic exposure to sorafenib is greater in the thyroid cancer population.
The toxicity of sorafenib is significant. Compared to placebo treatment, sorafenib treatment was associated with an excess incidence of Grade 3/4 AEs of 34% (64.3% versus 30.1%) and an 11% excess incidence of serious AEs (37.2% versus 26.3%). However, in most patients, sorafenib toxicity was manageable with dose interruptions and reductions, as the incidence of discontinuations due to AEs was increased by only 15% (18.8% versus 3.8%). Sorafenib was not associated with an increase in treatment-related deaths.
Overall, the toxicity of sorafenib in the treatment of patients with advanced DTC has been adequately documented.
[bookmark: _Toc396729357]First round benefit-risk assessment
[bookmark: _Toc236802592][bookmark: _Toc241374331][bookmark: _Ref272160836][bookmark: _Toc272414693][bookmark: _Toc290846331][bookmark: _Toc247598354][bookmark: _Toc396729358]First round assessment of benefits
The benefits of sorafenib in the proposed usage are:
A significant reduction, of approximately 40%, in the risk of disease progression (or death) events. Median progression-free survival was increased by approximately 5 months.
[bookmark: _Toc236802596][bookmark: _Toc241374334][bookmark: _Ref272160964][bookmark: _Toc272414694][bookmark: _Toc290846332][bookmark: _Toc247598355][bookmark: _Toc396729359]First round assessment of risks
The risks of sorafenib in the proposed usage are:
An increased risk of several adverse events, which have previously been documented with the drug. 
An increased risk of two novel adverse events, hypocalcaemia and elevated TSH. 
In a significant proportion of patients these events may be severe or life threatening (that is, Grade 3 or 4). However, there does not appear to be an increased risk of fatal adverse drug reactions.  In most patients the toxicities can be managed, such that only 15% of subjects have to discontinue the drug due to adverse events caused by the drug.
[bookmark: _Toc236802597][bookmark: _Toc241374335][bookmark: _Toc272414695][bookmark: _Toc290846333][bookmark: _Toc247598356][bookmark: _Toc396729360]First round assessment of benefit-risk balance
The benefit-risk balance of sorafenib, given the proposed usage, is considered favourable. This assessment takes into account the nature of the population (subjects with a life-threatening illness) and the very limited alternative treatments available.  
[bookmark: _Toc396729361]First round recommendation regarding authorisation
It is recommended that the application be approved.
[bookmark: _Toc396729362]Clinical questions
[bookmark: _Toc247598363][bookmark: _Toc272414702][bookmark: _Toc290846342][bookmark: _Toc396729363]General
Please provide an assurance that the formulation of sorafenib used in the pivotal study (14295) was identical to that currently registered in Australia.
Please outline the arguments that were put to the EMA to obtain the paediatric waiver.
[bookmark: _Toc247598364][bookmark: _Toc396729364]Pharmacokinetics
Please provide an update on the progress of the investigations being undertaken to determine the mechanism responsible for the increased sorafenib exposure observed in thyroid cancer patients.
[bookmark: _Toc272414704][bookmark: _Toc290846344][bookmark: _Toc247598365][bookmark: _Toc396729365]Efficacy
Please provide the results of the follow-up analysis of overall survival that was due to be conducted nine months after the primary completion date of 31 August 2012. Please advise whether any further analyses of overall survival are planned.
[bookmark: _Toc396729366]Second round evaluation of clinical data submitted in response to questions
No second round evaluation was conducted.
The sponsor’s responses to the evaluator’s request for further information (Clinical questions above) have been taken into account in the Delegate’s overview (see Nexavar AusPAR) and a second round evaluation was not generated. 
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‘Sorafenib Placebo
N=196 N=201

Best Response n (%) [95% CI] n (%) [95% CI]

CR 0 0 0 0

PR 24(1224%) [ B01%:17.67%] 1(050%) [ 001% 274%]

sp@ 145 (73.98%)  [67.25%79.97%] | 149(74.13%)  [67.50%:80.03%]

PD 20(1020%) [ 635%1532%] | 46(2289%) [17.27%:29.32%]

Progression by clinical

Judgement 1(050%)  [001%:274%]

NA 7(357%) _ [1.45%:7.22%] 4(199%) _ [054%502%]

Response (CR+PR) 24 (12.24%)  [8.01%17.67%] | 1(0.50%) [0.01%:2.74%]

pvalue (one-sided) <0.0001

DCR(CR+PR+SD)® 169 (8622%) [80.59%90.72%)] | 150 (74.63%)  [66.03%:80.49%]

p-value (one-sided) 00015

Ci= confidence interval. CR = complete response; DCR = disease control rate; NA = not analyzed,
PD = progressive disease; PPS = per protocol analysis set. PR = partial response; SD = stable

disease.

2 8D was assessed at 4 weeks for this analysis.
b gubjects with CR, PR, or SD for at least one month.
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Sorafenib Placebo

n  MeantSD Changefrom n  MeantSD Change from

baseline+SD baseline+SD
EQ-5D Index

Baseline (Cycle 1, 193 0.79:0.223 — 194 0.79:0.211 —
Day 1)

Cycle 2, Day 1 182 0.68:0243  -0.10:0.230 185 0770235  -0.02:0.195
Cycle 3, Day 1 175 065:0.293 -0.13:0273 180 0.75:0.276 -0.04:0.223
Cycle 4, Day 1 164 0.11:0230 152 078:0224  -0.03:0.183
Cycle 5, Day 1 157 067:0273 01260256 136 0.80:0.228 -0.01:0.166
Cycle 6, Day 1 147 0.08:0223 116 0.83:0.186  0.01:0.152
Cycle 7, Day 1 141 070:0262  -0.11:0.218 105 083:0210  0.00:0.169
Cycle 8, Day 1 131 07260247  -0.09:0.204 94 082:0214 -0.01:0.164
Cycle 9, Day 1 124 073:0232 -008:0207 84 083:0214 -0.00:0.169
Cycle 11, Day 1 1M1 0.73% 0.08:0.174 69 0810235 -0.01+0.185
EOT 60 0.61x -0.17+0.341 8  084:0.152  0.12:0.256
EQVAS

Baseline (Cycle 1, 192 72.9+1828 — 195  72.7+18.07 —
Day 1)

Cycle 2, Day 1 179 66.4+1943  66+17.87 188 73.9:17.45  1.2+12.73
Cycle 3, Day 1 172 650+19.80  76+1895 179 7211938  -1.0:17.13
Cycle 4, Day 1 163 67.2¢1999  57+17.66 152 759:16.82  2.3:15.90
Cycle 5, Day 1 154 67.6:2126  6.3+1978 137 755:17.56  1.4+15.81
Cycle 6, Day 1 146 60.0:2028  56:2061 118 77.9:17.15  2.3:17.90
Cycle 7, Day 1 140 60.1:2054  -59:20.36 106 785:1522  3.5:15.98
Cycle 8, Day 1 130 70.1+19.99  4.2:2050 96  788:1507  3.6+13.56
Cycle 9, Day 1 123 70.9+19.92  35:2002 85 80.0+13.97  4.2:1372
Cycle 11, Day 1 111 70.8:2064  32+1961 68 80.7+1285 511268
EOT 61 63.3:2333  11.1x2115 8 60562285  6.0:18.80

EOT = end of treatment, EQ-5D = EuroQoL-5 Dimensions questionnaire; PROAS = patient reported
outcome analysis set; SD = standard deviation; VAS = Visual Analogue Scale.

The on-treatment cycles were selected based on at least 50% of the sorafenib subjects having data
available.
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p-value

Subscale Tremment  gswci  Treatment Daseine g G';‘;’;‘;"”
Physical well-being 28690  [354220] <0001  —gpoy 03501 00700
Socialfamily well-being 002111  [067.063 09493  _ggg; 08848 00984
Emotional well-being 000495  [047.066] 07424  _goo; 08794 00046
Functional well-being 07972 [157002] 00443 gy 05362 0.0685
FACT-G total score 3457 [541:149] 00006  .gooq 09479 00215

CI'= confidence interval, FACT-G = Functional Assessment of Cancer Therapy — General; PROAS = patient
reported outcomes analysis set.
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Secondary PFS (FAS)

Treatment period Open-Label
(sorafenib treatment)
Original randomized treatment Sorafenib Placebo
group (N =46) (N=137)
Number of subjects (%) with event 29 (63.0%) 65 (47.4%)
Number of subjects (%) censored 17 (37.0%) 72 (52.6%)
Median (days) 204 202
Median (months) ® 6.7 96
95% Cl for median [118; 260] [239; 355]
Range (without censored values) 50 -343 35- 569

CI = confidence interval, FAS = full analysis set, SPFS = secondary progression-free survival.
The FAS — valid for SPFS analysis set included subjects who started open-label sorafenib
treatment, had a re-baseline (new baseline) scan, and at least one post re-
baseline radiographic assessment.
2 Secondary PFS is defined as time from re-baseline (following first progression) until second
progression or death, whichever came first, during or after open-label treatment with sorafenib.
b Months = days/30.
Median and 95% Cls computed using Kaplan-Meier estimates.
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Sorafenib+Placebo Sorafenib Placebo
No. (%) subjects @ | No. (%) subjects 2 [ No. (%) subjects

Total in genetic data set 256 | 100.0% | 126 | 100.0% | 130 | 100.0%

No mutation identified 121 47.3% 66 | 524% 55 | 423%

BRAF" 77 30.1% 34 | 270% | 43 33.1%

RAS (N, HorK)© 50 19.5% 24 190% | 26 | 20.0%

-NRAS 36 14.1% 16 127% | 20 15.4%

-HRAS 10 3.9% 4 32% 6 46%

- KRAS 8 3.1% 6 4.8% 2 1.5%

MET 8 3.1% 3 24% 5 3.8%

PIK3CA 5 2.0% 2 1.6% 3 2.3%

PDGFRA 5 2.0% 3 24% 2 1.5%

RET 1 0.4% 1 0.8%

EGFR 1 0.4% 1 0.8%

KIT 1 0.4% 1 0.8%

FGFR1 1 0.4% 1 0.8%

AKT1 1 0.4% 1 0.8%

1 this count, each individual mutation is counted once. The sum of each column may be >100% since
15 subjects had multiple (2-3) mutations detected.
© One subject, 14005-0020, had 2 samples with differing Sequenom results; one sample had no mutation
detected, and the other had a BRAF mutation. This subject was classified as a BRAF mutant for the

genetic analyses.

© Four subjects with RAS mutations have multiple RAS mutations (eg, NRAS+HRAS).

Source: Section 16.4, Genetic Biomarker Analysis Statistical Report, Table 1.1
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Ref Year of pub Subjects Dose | N | Median RR | Median PFS | PFSat | Median 05 |  OSat
Site F/U -m. 12m. -m. 12m.
m. (©5%C) (©5%C)
Abmed () 2011 | DIC H00mg | 19 © % R &% R 9%
UK | Locallyadv/metastatic BD
Progressive
RAl refractory
Schneider 7012 | DIC H00mg | 31 E5 3% ® ™ 35 ™
&) Netherlands | Locally adv./metastatic BD 729 (1950)
Progressive
RAI refractory
Gupta- 700811 | DTC T00mg | 77 ™ £ 721 ™ B ™
Abramson USA | Locally adv./metastatic BD (7.3-311) (21.60s)
19 Progressive
RAlineffective
Kloos 1 008 | PIC 00wz | 3 ™ % i 9% 7 %
USA | Metastatic BD (6275 (839
Progressive or stable
RALineffective or ineligible
Then 00| PIC 200mg | 9 ™ 3% 57 ™ ™ ™
China | Pulmonary metastases BD (681249)
Progressive
RAI refractory
Study | Multinational | DTC H00mg [ 207 ™ % 08 % R 7%
14295 Locally adv./metastatic ED ©1129)
Progressive
RAI refractory

I = confidence interval; DTC= differentiated thyroid cancer; m. = months; NR = not reached; ns = not stated; PTC = papillary thyroid cancer; RAl = radioactive fodine.
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Placebo subjects in
double-blind period

Median 283 weeks
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Sorafenib Placebo
N=207 200
‘Number of subjects with any: n (%) n (%)
TEAE 204 ( 98.6%) 183 ( 87.6%)
Worstgrade:  Grade 3 109 ( 527%) 49 ( 234%)
Grade 4 24 ( 116%) 14 ( 67%)
Grade 5 (death) 14 ( 68%)° 6 ( 29%)
Treatment-emergent drug-related AE 200 ( 96.6%) 112 ( 536%)
“Treatment-emergent disease-related AE 155 ( 74.9%) 135 ( 64.6%)
Treatment-emergent SAE 77 ( 37.2%) 55 ( 26.3%)
‘TEAE leading to permanent discontinuation of study drug 39 ( 18.8%) 8 ( 38%)
“TEAE leading to dose modification but not to discontinuation 161 (77.8%) 63( 30.1%

"SAE = serious adverse event SAF = safety analysis .

"AE = reatment-emeraent adverse event.
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Sorafenib Placebo

(N =207) (N = 209)
n (%) n (%)
Number (%) of subjects with: Grade 3 Grade 4 Grade 3 Grade 4
Any event 708 ( 52.7%) 24 (11.6%) 45 (23.4%) 14(6.7%)
Blood/bone marrow
Lymphopenia 2(1.0%) 1(0.5%) 3(1.4%) 0
Cardiac general
Hypertension 20(97%) 0 5(24% 0
Constitutional symptoms
Fever 2(1.0%) 1(0.5%) 0 0
Fatigue 11(5.3%) 1(0.5%) 3(1.4%) 0
Weight loss 12(5.8%) 0 2(1.0%) 0
Dermatology
Hand-foot skin reaction 42(20.3%) 0 0 0
Rash/desquamation 10(4.8%) 0 0 0
Gastrointestinal
Anorexia 5(2.4%) 0 0 0
Diarthea 11(5.3%) 1(0.5%) 2(1.0%) 0
Dysphagia 3(1.4%) 0 2(1.0%) 0
Metabolic/laboratory
ALT 5(2.4%) 1(05%) 0 0
Amylase 2(1.0%) 3(1.4%) 0 1(05%)
Hypocalcemia 12(5.8%) 7(3.4%) 1(05%) 2(1.0%)
Hypokalemia 3(1.4%) 0 0 0
Hypophosphatemia 3(14%) 0 0 0
Musculoskeletal/soft tissue
Fracture 4(1.9%) 1(0.5%) 2(1.0%) 1(0.5%)
Musculoskeletal — other 2(1.0%) 1(0.5%) 3(1.4%) 0
Neurology
CNS ischemia 2(1.0%) 1(0.5%) 0 1(05%)
Neuropathy: motor 0 0 4(1.9%) 0
Pain
Pain, back 2(1.0%) 0 2(1.0%) 1(05%)
Pain, abdomen NOS 3(1.4%) o 1(0.5%) o
Pain, bone 2(10%) 0 4(19%) 0
Pulmonarylupper respiratory
Pleural effusion 6(29%) 0 5(24%) )
Airway obstruction, trachea 1(0.5%) 1(0.5%) 2(1.0%) 0
Dyspnea 10 (4.8%) 0 4(1.9%) 2(1.0%)
Secondary malignancy
Secondary malignancy 6(29%) 3(1.4%) o 4(1.9%
(possibly related to cancer treatment)
Vascular
Thrombosis/thrombus/embolism ___1(0.5%) 2(1.0%) 1(05%) 2(1.0%

'ALT = alanine aminofransferase; ANC = absolute neutrophil count; AST = aspartate aminotransferase; CN:
central nervous system; NOS = not otherwise specified; SAF = safety analysis set; TEAES = treatment-emergent
adverse events.

For subjects experiencing the same TEAE more than once, the TEAE has been counted only once by the worst
severity grade.
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Sorafenib Placebo

(N =207) (N =209)

n (%) n (%)

Any event, number (%) of subjects 200 (96.6%) 12 (63.6%)
Cardiac general 79 (38.2%) 18( 8.6%)
Hypertension 77 (37.2%) 18( 8.6%)
Constitutional symptoms 138 ( 66.7%) 45 ( 21.5%)
Fatigue 89 (43.0%) 31( 14.8%)
Weight loss 75 (36.2%) 16( 7.7%)
Dermatology/skin 189 (91.3%) 50 ( 23.9%)
Alopecia 139 ( 67.1%) 12( 5.7%)
Dry skin 29(14.0%) 9( 4.3%)°
Hand-foot skin reaction 157 (75.8%) 19( 9.1%)
Pruritus 41(19.8%) 13( 6.2%)
Rash/desquamation 99 (47.8%) 14( 6.7%)
Gastrointestinal 163 (78.7%) 47 ( 22.5%)
Anorexia 60 (29.0%) 4( 1.9%)
Diarrhea 134 (64.7%) 25 ( 12.0%)
Mucositis (functional/symptomatic), oral cavity 44 (21.3%) 4( 19%)°
Nausea 30 ( 18.8%) 14( 6.7%)
Metabolic/laboratory 72 (34.8%) 16 ( 7.7%)
Metabolicllab — other (specify)? 30 ( 14.5%) 7(3.3%)

CTCAE = Common Terminology Criteria for Adverse Events; MedDRA = Medical Dictionary for

Regulatory Activities; SAI
‘TSH = thyroid-stimulating hormone.

‘safety analysis set; TEAES = treatment-emergent adverse events;

For subjects experiencing the same TEAE more than once, the TEAE has been counted only once.
2 Elevations in TSH are reported under this term. MedDRA preferred term Blood thyroid stimulating
‘hormone increased were considered drug-related in 26 (12.6%) sorafenib subjects and 6 (2.9%)

placebo subjects (Table 14.3.3/27).
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Sorafenib Placebo

(N =207) (N =209)
n (%) (%)
Grade 3 Grade s Grade 3 Grades
Any event 700 (48:3%) 72(55%) T (53%) (140
Bloodibone marrow 3(1.4%) 1(05%) o o
Neutrophils 1(05%) 1(05%) 0 0
Cardiac general 19(32%) o 3(14%) 0
Hypertension 16(77%) 0 3(14%) 0
Cardiac schemiaffarction ~~ 2(1.0%) 0 0 0
Constitutional symptoms 16(7.7%) o 3(1.4% o
Fatigue 8(35%) 0 1(05%) 0
Weight loss 8(35%) 0 2(10% 0
Dermatologyiskin 8(232% 0 o o
Hand-foot skin reaction 2(203%) 0 0 0
Pruritus 2(1.0% 0 0 0
Rash/desquamation 10(48%) 0 0 0
Gastrointestinal 17 (s2%) 2(10%) 2(10% o
Anorexia 3(14%) [ 0 0
Diarthea 10(48%) 1(05%) 2(10%) 0
Mucositis 1(05%) 1(05%) o o
(functionalisymptomatic), oral cavity
Mucosits (cinical exam), 2(10%) 0 o 0
oral cavity
Metabolicflaboratory. 12(58%) 7(34%) 1(08%) 1(08%)
AT 4(19%) 1(05%) 0 0
Amylase 3 2(10%) 0 1(05%)
AST 2(10% 0 0 0
Hypocalcemia 3(14%) 4(19%) 0 0
Hypophosphatemia 3(14%) 0 0 13
Neurology 2(1.0%) 1(08%) 1(08%) 1(05%
CNS ischemia 1(05%) 1(05%) o 1(05%)
Pain 5(2.4%) ) 1(08%) o
Pain, bone 2(10%) 0 0 0
Secondary malignancy 4(19%) o o o
‘Secondary malignancy 4(1%) 0 0 0
(possibly elated o cancer
treament)

'ALT = alanine aminotransferase, AST = aspartate aminotransferase, CNS = central nervous system; NOS = not
otherwise specified; SAF = safety analysis set, TEAES = treatment-emergent adverse events.

For subjects experiencing the same TEAE more than once, the TEAE has been counted only once by the worst

severity grade.

The listed TEAES are those where at least 2 subjects in one treatment group had a grade 3 or 4 event,
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Overall Incidence Drug-Related
B Sorafenib  Placebo  Sorafenib  Placebo
Number (%) of subjects with: (N =207) (N=209) (N=207) (N=209)
Any event 77 ( 372%) 55 ( 26.3%) 26 (12.6%) 8 (3.8%)
Grade 3 36 (17.4%) 29 ( 13.9%) 15(7.2%) 4 (1.9%)
Grade 4 16 ( 7.7%) 13 ( 62%) 6(29%) 2(1.0%)
Grade 5 14 ( 68%) 6( 29%) 1(05%) 1(0.5%)
Cardiac arrhythmia 3( 14%) 4( 1.9%) 0 0
Supraventricular arrhythmia, atrial fibrillation 0 2( 1.0%) 0 0
Supraventricular arrhythmia, supraventricular 2 ( 1.0%) 0 0 0
tachycardia
Cardiac general 5 ( 24%) [ 1(0.5%) 0
Cardiac ischemiainfarction 2 ( 1.0%) 0 1(0.5%) 0
Cardiac general - other (specify) 3 ( 14%) 0 0 0
Constitutional symptoms. 9 ( 43%) 2( 1.0%) 5(24%) 2(1.0%)
Fever 4( 19%) 0 2(1.0%) 0
Fatigue 3( 14%) 1( 05%) 2(10%) 1(0.5%)
Weight loss 2( 10%) 1( 05%) 2(10%) 1(0.5%)
Death 5( 24%) 2( 1.0% 1(0.5%) [)
Death not associated with CTCAE term, death NOS 3 ( 1.4%) 0 1(0.5%) 0
Death not associated with CTCAE term, disease 2 ( 1.0%) 2 ( 1.0%) 0 0
progression NOS
Dermatology/skin 3( 1.4%) [ 3(1.4%) 0
Rash/desquamation 2( 1.0%) 0 2(1.0%) 0
Hemorrhage/bleeding 1( 05% 6( 29%) 0 3(1.4%)
Hemorrhage pulmonary, bronchopulmonary NOS 0 2( 1.0%) 0 2(1.0%)
Infection 8 ( 39%) 5( 24%) 2(1.0%) 0
Infection with normal ANC, lung (pneumonia) 1( 05%) 2( 1.0%) 0 0
Infection with normal ANC, upper airway NOS 2 ( 10%) [ 1(0.5%) 0
Musculoskeletalisoft tissue 6 ( 29% 9( 43%) 0 0
Fracture 4( 19%) 5( 24%) 0 0
Musculoskeletal - other (specify) 3( 14%) 3 ( 14%) 0 0
Neurology 6 ( 29%) 9 ( 43%) 2(1.0%) 2(1.0%)
CNS ischemia 3( 14%) 1( 05%) 2(10%) 1(05%)
Neuropathy: motor 0 3( 14%) 0 0
Neurology - other (specify) 0 2 ( 1.0%) 0 0
Pain 7( 34%) 10 ( 48%) 1(05%) 1(0.5%)
Pain, back 1( 05%) 2( 1.0%) 0 1(0.5%)
Pain, tumor pain 2( 10%) 2( 1.0%) 0 0
Pain, abdomen NOS 2 ( 1.0%) 0 1(0.5%) 0
Pulmonarylupper respiratory 16 ( 7.7%) 14 ( 6.7%) 0 0
Pleural effusion 6 ( 29%) 4 ( 1.9%) 0 0
Airway obstruction, trachea 3( 14%) 3 ( 14%) 0 0
Dyspnea 7( 34%) 6 ( 2.9%) 0 0
Secondary malignancy 9 ( 43%) 4( 19%) 4(1.9%) 0
Secondary malignancy (possibly related to cancer 9 ( 4.3%) 4 ( 1.9%) 4 (1.9%) 0
treatment)
Vascular 2 ( 4( 1.9%) 0 1(0.5%)
Thrombosis/thrombus/embolism 1 3 ( 14% 0 1(0.5%

'ANC = absolute neutrophil count, CNS = central nervous system; CTCAE = Common Terminology Criteria for
Adverse Events; NOS = not otherwise specified; SAEs = serious adverse events; SAF = safety analysis set.
For subjects experiencing the same TEAE more than once, the TEAE has been counted only once by the worst
severity grade.
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Sorafenib Placebo
(N=207) (N=209)
n (%) n (%)
Any event, number (%) of subjects 185 ( 89.4%) 74 ( 35.4%)
Cardiac general 88 ( 42.5%) 27 ( 12.9%)
Hypertension 84 ( 40.6%) 26 ( 12.4%)
Cardiac ischemiafinfarction 4( 1.9%) 0
Cardiac general — other (specify) 3( 14%) 1( 05%)
Left ventricular systolic dysfunction 3 ( 14%) 0
Constitutional symptoms 97 ( 46.9%) 29 ( 13.9%)
Weight loss 97 ( 46.9%) 29 ( 13.9%)
Dermatology/sl 158 ( 76.3%) 20 ( 9.6%)
Hand-foot skin reaction 158 ( 76.3%) 20 ( 96%)
Hemorrhagelbleeding 36 ( 17.4%) 20 ( 9.6%)
Hematoma 3( 14%) 1( 05%)
Hemorrhage, GI, abdomen NOS 2 ( 1.0%) 2( 1.0%)
Hemorrhage, GI, anus 4( 1.9%) 1( 05%)
Hemorrhage, GI, oral cavity 6 ( 2.9%) 1( 05%)
Hemorrhage, Gl, varices (rectal) 2( 1.0%) 0
Hemorrhage - other (specify) 2 ( 1.0%) 1( 05%)
Hemorrhage pulmonary, bronchopulmonary NOS 0 5 ( 24%)
Hemorrhage pulmonary, bronchus 2 ( 1.0%) 1( 05%)
Hemorrhage pulmonary, lung 1( 05%) 1( 05%)
Hemorrhage pulmonary, nose 15 ( 72%) 2 ( 1.0%)
Hemorrhage pulmonary, respiratory tract NOS. 4( 1.9%) 5 ( 24%)
Hemorrhage pulmonary, stoma 1( 05%) 0
Hemorrhage pulmonary, trachea 2( 1.0%) 0
Hemorrhage, GU, uterus 1( 05%) 1( 05%)
Hemorrhage, GU, urinary NOS 0 1( 05%)
Hemorrhage, GU, vagina 1( 05%) 0
Hepatobiliary/pancreas 1(0.5%) 0
Pancreatitis 1 ( 05%) 0
Ocularivisual 1(0.5%) 0
Vitreous hemorrhage 1 (0.5%) 0

GI = gastrointestinal; GU = genitourinary; NOS
TEAESs = treatment-emergent adverse events.

ot otherwise specified; SAF = safety analysis set;
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Category Double-biind Treatment | Double-biind | Open-label
NCICTC A term *Opendabel | Sorafenib
Sorafenib | Placebo | Sorafenib* | After Crossover
Grade (Prior Placeboy®
N-207 N-208 N-207
n (%) n (%) ni)
WetaboliclLaboratory 3 @E09) | 1886 | 68@29 39260
1468 | 4019 14(68) 863)
(Grades 1-4) Total 189(913) | 157(751) | 197(952) 139 @27)
AT 3 704 0 704 3e0)
1 2010 0 2010 0
(Grades 1-4) Total 122(589) | 51(244) | 126(609) 76(507)
Amytase 3 504 0 504 107
1 3014 2(10) 3014 10D
(Grades 1-4) Total 6026 | 1362 | 28135 863)
AsT 3 200 0 200 107
1 200 0 2010 []
(Grades 1-4) Total 111(836) | 31(148) | 115(556) 640427
Hyperglycemia 3 509 868 509 640
1 0 o 0 [)
(Grades 1-4) Total 109(527) | 916435) | 120880 73487)
Hyperkalemia 3 105 0 109 0
1 2010 0 2(10) 107)
(Grades 1-4) Total 5@4) 504 5@4) 540)
Hypematremia 3 105 108 105 0
1 [ [ [ 13
(Grades 1-4) Total 0140 | 19(an | 779 16(107)
Hypoabumiemia 3 105 0 2010 0
4 o 0 o 0
(Grades 1-4) Total wu@y | B0 | sieis 5247
Hypocaicemia 3 ues | 409 1680.7) 7an
1 7(34) 2(10) 7(34) 4@7)
(Grades 1-4) Total 74@57) | 2010 | 81390 49@27
Upase 3 504 108 629 0
1 ) 0 ) 0
(Grades 1-4) Total 2301 | 629 (16 1(73)
Hypokalemia 3 409 0 504 Tan
1 [) 0 o [)
(Grages 1-4) Total w079 | s | 39 (g 260173
Fyponatremia 3 529 105 509 TON
1 [ ) ) )
(Grades 1-4) Total 2010 | 409 | 20116 15(100)
Hypophosphatemia 3 %6028 | 304 27030 200133
1 [) o ) )
(Grades 1-4) Total 0093 504 42Q03) 28 (187)

3 Subjects were randomzed 1o Soraferib, unbiinded, and continued Sorafeni reatment (on open-
label). AES are those reported duing both the double-biind and open label periods (cumulative), during

treatment with soratenib

b Subjects were randomized o placebo, unbiinded, and crossed over o open-abel sorafenib.
reatment. AES are those reported during the open-iabel period only, during reatment with sorafeni
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Category Double-blind Treatment | Doubleblind | Open-label
NCICTC AE term + Open-label ‘Sorafenib
Sorafenib | Placebo Sorafenib® | After Crossover
Grade (Prior Placebo)®
N=207 N=209 N=207 N=150
n (%) n (%) n (%) n (%)
Blood/Bone Marrow 3 2007 267 B 24(16.0)
4 2(1.0) [ 2(1.0) 2(1.3)
(Grades 1-4) Total 142(688) | 112(535) 154 (74.4) 109 (72.7)
Neutrophils 3 105 0 105) 30
4 1(05) ) 1(05) 0
(Grades 1-4) Total 41(198) 25(120) 50(24.2) 25(167)
Hemoglobin 3 105 1(05) 105) a7
4 [ [ ) 107)
(Grades 1-4) Total 64(309) 49(234) 80(386) 61(407)
Lymphopenia 3 2007 1(53) 2011 20(133)
4 1(05) 0 1(05) 2(13)
(Grades 1-4) Total 87 420) 54(258) 95459 63(420)
Leukocytes 3 304 0 3014) a@n
4 0 0 0 [
(Grades 1-4) Total 66(319) _ 38(182)0 73(353) 42 28.0)

"a_Subjects were randomized (o sorafenib, unblinded, and coninued sorafenid reaiment (on open-iabel) AES

are those reported during both the double-biind and open iabel periods (cumulative), during treatment with
sorafenib

b. Subjects were randomized to placebo, unblinded, and crossed over to open-label sorafenib treatment. AES

are those reported during the open-iabel period only, during treatment with sorafenib
‘Source: Module 5.35.1, Report A57578, Tables 14 3712, 14.3.7/3, 143.7/8, and 143719
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Grading for Blood TSH increased

TSH level Study Assessment of _Recommended management

(miuiL) Level

<01 Normal Continued current suppression

01-05 Elevated Continued current suppression

>05 ReportedasaGrade 1 Increased dose of thyroxine.
AE replacement to decrease TSH

level to at least < 0.5, but
preferably < 0.1, as tolerated by
the subject
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Study Study Study Study

14295 11213 11849 100554

(DTC) (RCC) (HCe) (HCC)

Events per 100 years total exposure

n=207 n=451 n=149 n=287
Any Adverse Event 42790 1795.0 3842 1901.0
Gastrointestinal disorders 4481 3319 482.1 540.1
Abdominal pain 1147 17.85 89.31 5581
Constipation 17.68 30.10 2982 2454
Diarrhea 2050 141.0 1442 1927
Naus 24.32 48.35 59.69 43.02
Stomatitis 177 8385 840 659
Vomiting 176 3323 36.10 2494
General disorders and administrative site 150.3 152.4 219.5 1749
conditions
Asthenia 1349 28.13 979 26.96
Fatigue 60.28 5222 90.19 69.09
Mucosal inflammation 10.96 803 7.03 479
Pyrexia 11.08 1722 59.18 18.57
Investigations 1929 7028 554.9 9273
ALT increased 1423 298 98.17 157
AST increased 1227 186 1287 421
Blood TSH increased® 45.09 0 0 0
Weight decreased 85.10 3346 1247 58.16
Metabolism and nutrition disorders 86.54 55.98 1212 9063
Decreased appeite 41.20 38.04 8218 58.59
Hypocalcemia 18.50 111 9.99 1.05
Musculoskeletal and connective tissue 80.64 136 88.65 83.08
disorders
Arthralgia 10.86 26.25 862 767
Back pain 1059 1732 34.03 2438
Muscle spasms 10.91 763 138 11.80
Pain in extremity 16.72 1951 874 7.70
Nervous system disorders 70.79 8074 32.55 53.47
Headache 1967 2026 1624 14.74
Respiratory, thoracic, and mediastinal 77.00 92.68 93.54 68.88
disorders
Cough 16.24 2651 43.08 11.10
Dysphonia 14.18 8.89 10.09 12.99
Dyspnea 1259 27.92 19.84 1311
Skin and subcutaneous tissue disorders. 1262 4427 582.0 164.9
Alopecia 195.1 66.45 83.38 27.80
Dry skin 14.70 2325 0 17.49
Erythema 10.98 3340 423 372
Palmar-plantar erythrodysaesthesia 2156 44.70 186.0 33.02
syndrome
Pruritus 36.97 2878
Rash 71.16 50.86
Vascular 67.10 66.76

ertension 43.48 60.74

“Abbreviations. TEAE = treatment-emergent adverse events, DTC = differentiated thyroid carcinoma; RC

cell cancer; HCC = hepatic cell cancer; ALT= alanine aminotransferase; TSH = thyroid stimulatinghormone
a. Because TSH suppression is standard of care for this disease, a protocol-defined non-CTCAE grading of
Grade 1 = > 0.5 mIU/L was used for the adverse event of “blood TSH increased”
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Grades No.of patents (% of category)

No.of pationts
Event (%l ol (n-31) 1 2 s .
Hand foot syndrome. 2201 808 7(@) 762
Weightoss. 18 (58) 769 10(56) 307
Darhea 1662) 561 9(55) 203
Rash 1769 1169 16) 5@9)
Alopecia 16(2) 14 88) 2(12)
Mocostis 15 (46) 1y 10 seo
Hypocalcomia 1548) 1483 10
Hypertension 13 (42) 46) sy 508
Hypophosphatemia 1169) 11(100)
Anemia 1) 11 (100)
Hypoparathyroidsm 10(2) 10 (100)
99 (100)

Hypothyradsm 828) 8(100)

a 703 7(100)
Nausea 3(10) 3(100)
Myocardal infarcton 3(10) 30100)
‘Congostive heart Gsease. 10 1(100)
Hematuria 19 1(100)
'Doap venous thrombose 19 10100)
Hyponatremia 10 1.(100)
Preumothorax 19 1.(100)

10

10100)
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Grades 12 Grade 34
No. of No. of
Event Patients % Paients %
Dermatologic
Rash 2 70 3 10
Stomatitis/mucositis u a7
Paimar-plantar erythema 2% 8 3 10
Alopecia 13 a
Pruritus 3 10 1 3
Constitutional
Fatigue 8 60 1 3
Weight loss 15 50 3 10
Fover 2 7
Anorexia 5 7 1 3
Musculoskeletal pain 7 57
Avthritis 6 20
Dehydration 1 3
Hoarseness 6 20
Epistaxs 1 3
Rhinorthea/URI 6 20
Pharyngitis 5 17
Xerostomia 5 7
Conjunctivitis 1 3
Headache 2 7
Gl
Diarthea 2 7 2 7
Nauseaivomiting 9 30
Dyspepsia/Abdominal bioating 19 6
Elevated LFTs* 2 7 2 7
Constipation 2 7
Dysphagia 3 10
Pulmonary
Dyspealcough 8 27
Hemoptysis 3 10
Cardiovascular
Hypertension 9 20 4 13
Peripheral edema 1 3
Psychological
Depressionimood change 9 20
Sleep disturbance/anxiety 2 7 1 3
Hyperglycemia 2 7
Neurologic
Paresthesias/neuropathy 6 20

Abbreviations: URI, upper respiratory infection; LFTs, liver function tests.
“One patient developed grade 3/4 LFT abnormalities at 8 weeks and died of

liver failure 12 weeks later.
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Adverse event Tncidence
Alopecia 100%
Fatigue 67%
Hand-footskin reaction 56%
Rash 4%
Weight loss 4%
Diarrhoea 4%
Musculoskeletal pain 22%
Hypertension 22%
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