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Clinical rationale
While approximately 20% of patients with metastatic breast cancer are shown to have HER2 positivity, ultimate progression of disease despite potential initial response is almost inevitable. Combination of Trastuzumab with a taxane has improved levels of benefit but again with ultimate relapse. Accordingly, Trastuzumab Emtansine, a novel antibody drug conjugate was designed specifically for the treatment of HER2+ cancer. It incorporates the mechanisms and characteristics of Trastuzumab, ie. targeted therapy, while introducing the potent effects of the Maytansine derivative DM1 of mitotic arrest and apoptotic cell death. The targeted delivery of DM1 is expected to improve the therapeutic window compared with the unconjugated molecule. Trastuzumab Emtansine shows greater anti-proliferative activity than Trastuzumab in Trastuzumab-sensitive models and is highly active in Trastuzumab-insensitive cell lines and mouse models.
Single agent Trastuzumab Emtansine demonstrated activity in phase I and II clinical studies in patients who had received multiple HER2 directed single agent or combination therapies for metastatic breast cancer and patients who had not received prior therapy for advanced breast cancer. Accordingly, the phase III pivotal study 4370 g together with four phase II supportive trials were undertaken to determine the potential activity of Kadcyla in patients with unresectable or locally advanced or metastatic breast cancer who had received prior treatment with Trastuzimab and a taxane.
[bookmark: _Toc381011726]Contents of the clinical dossier
[bookmark: _Toc381011727]Scope of the clinical dossier
The clinical submission contains full study reports from six clinical trials related to pharmacokinetics and pharmacodynamics. These include the Phase I study TDM3569g, three Phase II studies TDM4258g, TDM4374g, B021976, a QTc Phase II study TDM4688 and the Phase III pivotal study TDM4370. Full study reports and appropriate summaries are provided.
Efficacy and safety data from the clinical submission is provided by full reports of the Phase III pivotal trial 4370g together with supporting efficacy and safety data from three Phase II studies for patients with HER2+ metastatic breast cancer, that is, study TDM4450g, study TDM4374g and study TDM4258g. Further supportive safety data is also provided by one single arm Phase II study 4688g and one Phase I study 3569g as well as long term follow up safety data from 43 patients treated with Kadcyla in earlier Phase I and Phase II studies. These patients continued treatment in the extension study 4529g. Full reports together with appropriate summaries are provided.
[bookmark: _Toc381011728]Paediatric data
No paediatric data is provided in this submission.
[bookmark: _Toc381011729]Good clinical practice
All aspects of good clinical practice were observed in these studies.
[bookmark: _Toc355338639][bookmark: _Toc381011730]Pharmacokinetics / Pharmacodynamics
The clinical pharmacology data for this evaluation comes from six clinical studies. All patients involved had locally advanced or metastatic breast cancer. No studies were conducted in healthy volunteers.
[bookmark: _Toc381011731]Overview of population pharmacokinetic analysis
A comprehensive population PK analysis was conducted by using all the available Kadcyla concentration data obtained across the six clinical Phase I, II III studies. The objectives of the population PK analysis were:
To describe the PK of Trastuzumab Emtansine using all available information.
Estimate typical PK parameter values and associated inter-individual variability.
Compare Trastuzumab Emtansine PK between the pivotal Phase III population and the other Phase I/II populations.
Determine the effects of demographic and patho-physiological co-variates on the PK variabilities.
Support the selection of the body weight based dosing regimen without further correction for other factors.
The key observations for the population PK analyses were:
Kadcyla PK at the clinical dose range can be adequately described by a linear two compartment model with first order elimination from the central compartment. 
Based on the population PK analysis the estimated CL, Vc and T1/2 for Kadcyla was 0.676L/day, 3.127L and 3.94 days, respectively. Accumulation of Kadcyla is not expected following dose administration of 3.6mg/kg every three weeks. Trastuzumab Emtansine conjugate and DM1 reached steady state conditions within one treatment cycle.
Factors associated with statistically significant PK variability included body weight, sum of longest dimension of target lesions, serum concentration, AST, serum albumin and baseline Trastuzumab concentrations. However these co-variates were not considered to be clinically meaningful. On the basis of the known mechanisms of Trastuzumab Emtansine clearance and disposition as well as population PK co-variate analyses any further dose adjustments based on co-variates are unlikely to result in a clinically meaningful reduction in PK variabilities. The body weight base dose of 3.6mg/kg every three weeks without further correction for other factors is considered appropriate.
No evidence was found to suggest that baseline markers of liver function had any clinically meaningful effect on Trastuzumab Emtansine exposure, impaired hepatic function is unlikely to affect systemic exposure to Trastuzumab Emtansine.
Based on the population PK analysis to assess the impact of creatinine clearance on Kadcyla pharmacokinetics, renal function appeared to have no effect on these. The assessment was based on a limited number of patients with mild to moderate renal impairment. No conclusions can be drawn for patients with severe renal impairment as there has only been one patient with severe renal impairment treated with Trastuzumab Emtansine. However Trastuzumab Emtansine clearance for this patient was within the range of the clearance values observed in the other three patient groups, namely patients with mild renal impairment, moderate renal impairment and normal renal function.
Co-variates related to disease severity and treatment history including increased baseline sum of longest dimension of target lesions, higher baseline concentrations and higher AST concentration, low albumin levels and lower baseline Trastuzumab concentrations resulted in a small increase in Trastuzumab Emtansine clearance at <10%. The magnitude of the impact of these variables on Trastuzumab Emtansine steady state exposure was relatively small (<10% on AUC, <1% on Cmax and <41% on Ctrough) and therefore unlikely to be of clinical relevance.
Trastuzumab Emtansine pharmacokinetics are similar across several sub-populations including geriatric population vs young population, ie. 65-75 years and >75 years vs <75 years, and in patients from Asia vs non-Asia regions.
[bookmark: _Toc381011732]Pharmacokinetics of Trastuzumab Emtansine across studies
The pharmacokinetics of Trastuzumab Emtansine were evaluated in the six clinical studies previously indicated. The PK parameters of Trastuzumab Emtansine administered 3.6mg/kg every three weeks in each of these studies show:
The studies demonstrate a predictable PK profile for Trastuzumab Emtansine conjugate at 3.6mg/kg every three weeks characterised by mean clearance values ranging from 7-13mL/day/kg at volume of distribution limited for plasma volume and a terminal half-life of approximately four days.
As expected from the terminal half-life of the conjugate, repeated dosing of Trastuzumab Emtansine on a three-weekly regimen did not result in any noticeable accumulation of the conjugate. This observation was consistent across all clinical studies.
Following Trastuzumab Emtansine administration both total Trastuzumab and DM1 were detected in human serum and plasma respectively. Maximum systemic plasma DM1 concentrations across clinical studies averaged approximately 6ng/ml with administration of Trastuzumab Emtansine at 3.6mg/kg. The low systemic clearance concentration of DM1 may be explained by their stable linker and/or fast clearance of DM1 following deconjugation from T-DM1. There was no evidence of DM1 accumulation in plasma following repeated dosing of Trastuzumab Emtansine. Across studies, maximum DM1 levels did not exceed 59.7ng/ml for individual patients following repeated administration.
Total Trastuzumab had a slower clearance at 3-6ml/day/kg and longer terminal half-life at 9-11 days compared with the conjugate with a clearance of 7-13ml/day/kg and terminal half-life of 3-5 days. In contrast, Trastuzimab has a clearance of 0.241L/day and terminal half-life of approximately four weeks.
There was no time dependent change in the PK of the conjugate or DM1 when comparing PK parameters at cycle one to subsequent cycles. Results suggested that Trastuzumab Emtansine treatment induced tumour burden change, ie. whether an increase or decrease does not affect Trastuzumab Emtansine conjugate or DM1 pharmacokinetics.
[bookmark: _Toc381011733]Exposure/response and exposure/safety relationships
Across the three Phase II studies 4258g and 4374g and 4450g and the Phase III study 4370g, only one Trastuzumab Emtansine regimen 3.6mg/kg every three weeks was used. At this dose, consistent clinical activity had been observed because the same standard dose was used and it was not possible to conduct a formal dose/response analysis. However, an exposure/efficacy analysis was performed in the pivotal study and demonstrated the variability in Trastuzumab Emtansine exposure observed among patients who received 3.6mg/kg every three weeks but noticed minor impact on progression free survival (PFS), overall survival (OS), and overall response rate (ORR) as indicated in Figures 1, 2 and 3, respectively.
Figure 1: Kaplan-Meier plot of progression free survival (PFS) stratified by Trastuzumab Emtansine exposure (TDM4370g/BO21977).
[image: Figure 1: Kaplan-Meier plot of progression free survival (PFS) stratified by Trastuzumab Emtansine exposure (TDM4370g/BO21977).]

Figure 2: Kaplan-Meier plot of overall survival (OS) stratified by Trastuzumab Emtansine exposure (TDM4370g/BO21977).
[image: Figure 2: Kaplan-Meier plot of overall survival (OS) stratified by Trastuzumab Emtansine exposure (TDM4370g/BO21977).]

Figure 3: Trastuzumab Emtansine PK exposure versus responder status (TDM4370g/BO21977).
[image: Figure 3: Trastuzumab Emtansine PK exposure versus responder status (TDM4370g/BO21977).]
In relation to the exposure safety relationship, the primary analysis included 617 Trastuzumab Emtansine patients with PK data who received Trastuzumab Emtansine at 3.6mg every three weeks from the five Phase II/III studies. Exposure endpoints included Trastuzimab Emtansine conjugate AUC, Cmax, total Trastuzumab AUC, or DM1 Cmax. Safety endpoints selected for this analysis were thrombocytopenia and hepatotoxicity. Also assessed were longitudinal platelet counts and laboratory transaminase function tests for the same patient population. Multi-variate logistic regression analysis was used.
Exposure/safety analysis showed that variability in PK parameters (Trastuzimab Emtansine conjugate AUC, Cmax and DM1 Cmax) did not impact the risk of having thrombocytopenia adverse events or hepatotoxicity adverse events as indicated in Figures 4-7. Further no obvious change was observed between Trastuzumab Emtansine conjugate exposure and laboratory parameters associated with thrombocytopenia (platelet counts) or hepatotoxicity (ALT, AST and total bilirubin) and indicated in 8-11.
Figure 4: Exposure-response for grade 3 or 4 thrombocytopenia (five studies)
[image: Figure 4: Exposure-response for grade 3 or 4 thrombocytopenia (five studies).]
Figure 5: Probability of grade 3 or 4 thrombocytopenia versus exposure (five studies)
[image: Figure 5: Probability of grade 3 or 4 thrombocytopenia versus exposure (five studies).]
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Figure 6: Exposure versus grade 3 or 4 hepatotoxicity occurrence (five studies)
[image: Figure 6: Exposure versus grade 3 or 4 hepatotoxicity occurrence (five studies).]
Figure 7: Probability of grade 3 or 4 hepatotoxicity versus exposure (five studies)
[image: Figure 7: Probability of grade 3 or 4 hepatotoxicity versus exposure (five studies).]
Figure 8: ALT, AST, total bilirubin, and platelet counts versus cycle by Trastuzumab Emtansine AUC quartile (five studies)
[image: Figure 8: ALT, AST, total bilirubin, and platelet counts versus cycle by Trastuzumab Emtansine AUC quartile (five studies).]
Figure 9: ALT, AST, total bilirubin, and platelet counts versus cycle by Trastuzumab Emtansine Cmax quartile (five studies)
[image: Figure 9: ALT, AST, total bilirubin, and platelet counts versus cycle by Trastuzumab Emtansine Cmax quartile (five studies).]
Figure 10: ALT, AST, total bilirubin, and platelet counts versus cycle by total Trastuzumab AUC quartile (five studies)
[image: Figure 10: ALT, AST, total bilirubin, and platelet counts versus cycle by total Trastuzumab AUC quartile (five studies).]
Figure 11: ALT, AST, total bilirubin, and platelet counts versus cycle by DM1 Cmax quartile (five studies)
[image: Figure 11: ALT, AST, total bilirubin, and platelet counts versus cycle by DM1 Cmax quartile (five studies).]
[bookmark: _Toc381011734]Drug interaction assessment
Trastuzumab Emtansine is expected to undergo catabolism by means of proteolysis and cellular lysosomes with no significant involvement of CYP enzymes. As such, Trastuzumab Emtansine PK are unlikely to be affected by concomitant medications that are CYP inhibitors and inducers.
In vitro metabolisms studies in human liver microzones suggested that DM1 a catabolite of Trastuzumab Emtansine is metabolised by CYP3A4 and to a lesser extent by CYP3A5. DM1 did not induce and/or inhibit CYP mediated metabolism at concentrations of up to 600ng/ml. Current available data showed that clinical DM1 levels do not exceed 59.7ng/ml with low DM1 exposure to patients. Consequently, DM1 is unlikely to affect the PK of concomitant medications.
Additional data from the Phase III clinical trial 4370g demonstrated that concomitant administration of CYP3A inhibitors, CYP3A inducers or P-gp inhibitor with Trastuzumab Emtansine does not result in any noticeable change in PK Trastuzumab in either the conjugate, total Trastuzumab or DM1.
Preliminary PK analyses showed the co-administration of Docetaxel, Paclitaxel and Pertuzumab do not appear to affect the PK of Trastuzumab Emtansine conjugate or DM1. Further the PK of Docetaxel, Paclitaxel and Pertuzumab are similar with or without co-administration of Trastuzumab Emtansine.
[bookmark: _Toc381011735]The effect of Trastuzumab Emtansine on QTc interval
A dedicated single arm QTc study M4688g was conducted on the target patient population at the intended marketed dose regimen. The primary objective of the study was to evaluate the effect of Trastuzumab Emtansine on the duration of the QTc interval. QTc interval was measured as change from baseline to selected time point following Trastuzumab Emtansine administration, calculating using QTcF. Secondary objectives of the study included the evaluation of the effect on Trastuzumab Emtansine on cardiac induction and the characterisation of the relationship between PK profile of Trastuzumab Emtansine and observed QTc related effect. Additional endpoints included characterisation of the safety, tolerability, efficacy and the PK properties of Trastuzumab Emtansine as a single agent including immunogenicity.
Single agent Trastuzumab Emtansine 3.6mg/kg was administered every three weeks and ECG data and time match PK samples were collected on cycle 1, day 1, cycle 1, day 8 and cycle 3, day 1. Serum and plasma samples were collected to characterise the PK of Trastuzumab Emtansine, total Trastuzumab and DM1.
A total of 51 patients were enrolled and treated in the study.
Overall, the statistical analysis of ECG data and concentration/QTc analysis indicate that Trastuzumab Emtansine does not have a clinically relevant effect on QTcF interval and other ECG parameters in patients with HER2+ breast cancer. The results of the primary QTcF analysis met guidelines for definition of a negative QT/QTc study thus reasonably assuring that the observed concentration ranges of Trastuzumab Emtansine, DM1 and total Trastuzumab the mean effect of Trastuzumab Emtansine on the QT/QTc interval is not >5mlsecs. Because Trastuzumab Emtansine and DM1 achieved steady state levels by cycle 1 and total Trastuzumab achieved steady state levels by cycle 3, the likelihood of progressively longer QTcF with repeated Trastuzumab Emtansine is low. This data is illustrated in Tables 1-2 and Figure 12.
Table 1: Categorical analyses of baseline-adjusted average of the triplicate QTC interval results by nominal ECG collection time (ECG-evaluable patients, TDM4688g).
[image: Table 1: Categorical analyses of baseline-adjusted average of the triplicate QTC interval results by nominal ECG collection time (ECG-evaluable patients, TDM4688g).]
Table 2: Study TDM4688g: final model parameter estimates for concentration-QTc analysis
[image: Table 2: Study TDM4688g: final model parameter estimates for concentration-QTc analysis.]
Figure 12: Study TDM4688g: mean baseline-adjusted average Fridericia’s corrected QT interval (ΔQTcF) versus Trastuzumab Emtansine
[image: Figure 12: Study TDM4688g: mean baseline-adjusted average Fridericia’s corrected QT interval (ΔQTcF) versus Trastuzumab Emtansine.]
[bookmark: _Toc381011736]Immunogenicity
Development of anti-therapeutic antibodies to Trastuzumab Emtansine has been assessed in all clinical studies including this submission.
Overall, a total of 5.3% or 44/836 evaluable patients had a post-dose positive ATA response irrespective of their baseline status. Of the 44 patients with a positive ATA response, 13 also had an ATA positive baseline sample and this could be attributed to innate properties of the molecule, and prior exposure to Trastuzumab. All responses are confirmed by competitive binding in immunodepletion with Trastuzumab Emtansine and Trastuzumab. There were no obvious changes in the PK profiles of patients who tested ATA positive to Trastuzumab Emtansine when compare with data from patients who tested ATA negative. In the pivotal study, no significant changes in the safety profile were observed in patients with ATA positive responses. A lower median PFS in the 20 ATA positive patients was observed compared with the intent to treat population (5.6 vs 9.6 months) while objective response rates were comparable. It is to be noted that assessment of the impact of ATA is limited by the low number of ATA positive patients.
[bookmark: _Toc381011737]Special populations
Elderly
The effect of age on the pharmacokinetics of Trastuzumab Emtansine was evaluated in the population PK analysis. Specifically, of the 671 patients included from the five studies, 78 patients or 11.6% were between 65-75 years and 16 patients or 2.39% were >75 years. There were no patients in the aged category of >85 years enrolled in any of the five studies. No statistically significant effect of age on the PK of Trastuzumab Emtansine was observed.
Hepatic impairment
Patients with significantly impaired liver function were excluded from Trastuzumab Emtansine studies. No evidence was found to suggest that baseline markers of liver function (eg. AST, ALT, total bilirubin, albumin, international normalised ratio, total protein, and alkaline phosphatase) had any clinically meaningful effect on Trastuzumab Emtansine exposure. Impaired hepatic function was therefore unlikely to affect systemic exposure through Trastuzumab Emtansine and dose adjustments in patients with liver function impairment are not likely to result in a meaningful reduction in PK variability. However, a dedicated study in cancer patients with mild to moderate hepatic impairment is currently ongoing.
Renal impairment
Trastuzumab Emtansine PK was evaluated in patients categorised by renal function into normal, mild, moderate or severe according to their estimated creatinine clearance at baseline. Trastuzumab Emtansine CL and Vc were similar across the four groups though only a limited assessment was possible in patients with moderate impairment and data were only available for one patient with severe impairment. It was therefore clear that renal function is unlikely to affect the systemic exposure of Trastuzumab Emtansine.
Race and geographical region
The effects or race and region on the PK of Trastuzumab Emtansine were evaluated from patients enrolled in the five studies. Race (ie. white, Asian and others) and region (ie. Asia vs non-Asia) was tested as a potential categorical co-variate in the population PK model. The results showed that race and region had no impact on Trastuzumab Emtansine pharmacokinetics. Trastuzumab Emtansine pharmacokinetics was similar in Asian vs non-Asian patients and the patients from regions from Asia vs non-Asia.
Stage 1 study TDM3569g
Only one Phase I study was provided in this submission: an open label dose escalation study to assess the safety, tolerability and PK of Trastuzumab Emtansine administered by IV infusion to patients with HER2+ metastatic breast cancer who previously received Trastuzimab prior to enrolment in study. Kadcyla was administered on both an every week 1.2-2.9mg/kg and every three weeks 0.3-4.8mg/kg dosing schedule to determine the recommended Phase II dose regimen on the basis of the assessment of MTD and observed PK.
PK data for serum Trastuzumab Emtansine conjugate concentrations for the first dose of the three week regimen and after the first dose of the weekly regimen are summarised in Tables 3-4. Concentration/time profiles for the conjugate, serum total Trastuzumab and plasma DM1 after the first dose of a three week regimen and the first dose on the weekly regimen are indicated in Figures 14-15. These data show with the three weekly regimen the conjugate concentrations increased rapidly after dosing to reach maximum concentration at the end of infusion and thereafter decreased in the mean terminal half-life ranging from 1.3-4.1 days across the dose levels tested. There was no significant accumulation observed with the three week dosing. Similarly systemic exposure measured by Cmax and AUC increased with increasing dose. Non-linearity in the conjugate pharmacokinetics was observed at doses <1.2mg/kg. Doses of at least 2.4mg/kg clearance were slower with a mean clearance of 7.1-4.7ml/day/kg. Assessment of dose linearity was limited by the small number of patients evaluated. Volume of distribution of Trastuzumab Emtansine approximated the physiologic serum volume and did not appear to change with dose.
Table 3: Study TDM3569g: serum Trastuzumab Emtansine conjugate PK parameters after the first dose of Trastuzumab Emtansine q3w.
[image: Table 3: Study TDM3569g: serum Trastuzumab Emtansine conjugate PK parameters after the first dose of Trastuzumab Emtansine q3w.]
Table 4: Study TDM3569g: serum Trastuzumab Emtansine conjugate PK parameters after the first dose of Trastuzumab Emtansine qw
[image: Table 4: Study TDM3569g: serum Trastuzumab Emtansine conjugate PK parameters after the first dose of Trastuzumab Emtansine qw.]
Figure 14: Study TDM3569g: Trastuzumab Emtansine conjugate conjugate concentration-time profiles at cycle 1 for the Trastuzumab Emtansine q3w cohort
[image: Figure 14: Study TDM3569g: Trastuzumab Emtansine conjugate conjugate concentration-time profiles at cycle 1 for the Trastuzumab Emtansine q3w cohort.]
Figure 15: Study TDM3569g: mean (± SD) serum Trastuzumab Emtansine conjugate, serum total Trastuzumab, and plasma DM1 concentration-time profiles for the Trastuzumab Emtansine 2.4mg/kg weekly cohort
[image: Figure 15: Study TDM3569g: mean (± SD) serum Trastuzumab Emtansine conjugate, serum total Trastuzumab, and plasma DM1 concentration-time profiles for the Trastuzumab Emtansine 2.4mg/kg weekly cohort.]
It was also noted that serum concentrations of total Trastuzumab reached maximum concentrations after the end of infusion and declined thereafter with T1/2 of ~9 days following Trastuzumab Emtansine 3.6mg/kg. Across the administered doses, total Trastuzumab exhibited a longer terminal half-life and higher AUC compared with the conjugate.
Plasma DM1 concentrations were measureable immediately following Trastuzumab Emtansine infusion and declined thereafter to below the lower limit of quantification. By day 7, DM1 concentrations were below the limit of detection in the majority of patients, and there was no accumulation observed.
With the weekly regimen similar to the three week regimen, there was a rapid rise in the drug complex concentrations after dosing, reaching maximum concentrations at the end of infusion and a mean T1/2 from 2.3-3.4 days. Systemic exposure is measured using Cmax AUC increased proportion of dose. Mean clearance values were similar across the dose levels evaluated ranging from 11.8-15.9mls/day/kg. The volume of distribution at steady state of the conjugate also approximated the physiologic serum volume with mean values ranging from 47.5-59.8ml/kg. Collectively, the PK of weekly Trastuzumab Emtansine at dose levels ranging from 1.2-2.9mg/kg appeared to be linear.
Similarly, measurement of total Trastuzumab concentrations with the weekly dose and the plasma DM1 concentrations followed those figures determined for the Q3 weekly regimen.
The MTD for the Q weekly and Q3 weekly regimens were established at 2.4mg/kg and 3.6mg/kg, respectively. The three weekly regimen was selected for Phase II and Phase III studies on the basis of its robust activity with respect to ORR observed in this study and based on patient convenience. This was noted with the three week regimen in 5/24 treated patients who had objective partial response of whom four were within the 3.6mg/kg cohort. In the weekly regimen, 13/28 patients had an objective partial response with 6 occurring in the 2.4mg/kg cohort, 2 in the 2mg/kg cohort, 2 in the 1.6mg/kg cohort, and 3 in the 1.2mg/kg cohort.
Phase I study J022591 (Japan)
In this Japanese study, 12 patients with HER2+ advanced recurrent metastatic breast cancer were evaluated for determination of MTD utilising a three weekly regimen ranging in doses from 1.8mg/kg every three weeks to 3.6mg/kg every three weeks.
There were 10 patients evaluable for study and determined that the PK of serum levels of the complex and serum total Trastuzumab were linear within the dose range of 1.8-3.6mg/kg. Assessment of responses was also evaluable for the 10 patients with a partial response in one patient being noted. As tolerability for the conjugate was good across the dose ranges, it was concluded that the use of the conjugate was suitable for trialling in Japanese patients.
[bookmark: _Toc381011738]Comment
These pharmacologic data have provided a comprehensive profile of trastuzumab emtansine conjugate with linear pharmacokinetics with predictable pharmacokinetic profile and no evidence of repeated dosing led to noticeable accumulation of the conjugate consistent with the observed half life of ~4 days. As concentrations of DM1 detected in the plasma were relatively low after the various infusions, this indicates that the linkage of trastuzumab to DM1 was stable. Various baseline tumour characteristics and baseline renal and hepatic function do not appear to influence pharmacokinetic parameters. There is no evidence that age, race, geographic region or renal function influenced the pharmacokinetics of the conjugate and further assessment is being undertaken in relation to hepatic function.
[bookmark: _Toc381011739]Dosage selection for the pivotal studies
Initial evaluation of various dosing regimens in in-vitro models revealed efficacious dose of the conjugate ranged from 3-15mg/kg and in one xenograft model 3mg/kg of the conjugate showed significant and sustained regression or tumour growth delay. In the Phase I dose escalation study 3569g, the MTD was established for the three weekly regimen of 3.6mg/kg and 2.4mg/kg for the weekly dose. Based on small sample sizes, the degree of tumour activity for the two regimens appeared to be relatively similar with a more convenient dosage regimen being the three weekly schedule. Initial data from Phase II studies 4258g, 4374g and 4688g also confirmed robust clinical activity for 3.6mg/kg three weekly dosing. Accordingly, this dosing schedule was selected from the pivotal study 4370g.
[bookmark: _Toc381011740]Clinical efficacy
Efficacy data in this evaluation of Trastuzumab Emtansine (T-DM1) therapy in patients with HER2+ unresectable locally advanced breast cancer or metastatic breast cancer is provided by the pivotal phase III study 4370g, and three supportive studies including a two-arm randomised phase II study 4450g and two single-arm Phase II studies 4374g and 4258g. All patients had histologically or cytologically confirmed invasive breast cancer, unresected locally advanced or metastatic. All patients were also HER2+. The HER2 status was assessed by local laboratories for the three supportive studies but a central confirmation of HER2+ disease was undertaken for the pivotal trial.
In relation to prior treatment, for the pivotal study and studies 4374g and 4258g included patients who had received prior HER2 directed therapy in the locally advanced or metastatic setting. For the pivotal study, this included at least a taxane and Trastuzumab alone or in combination with other agents.
All patients were assessed for adequate organ function prior to enrolment into any of the studies in patients with a history of intolerance to Trastuzumab, severe uncontrolled systemic disease or active infection of HIV, Hepatitis B virus or Hepatitis C virus were excluded.
In relation to study design, for the pivotal study 4370g which was a randomised multicentre international two-arm open label clinical trial designed to compare the safety and efficacy of the conjugate with that of Lapatinib plus Capecitabine in patients with HER2+ unresectable locally advanced or metastatic disease.
A total of 991 patients were randomised in a 1:1 ratio into one of two treatment arms with stratification according to geographical region, number of prior chemotherapeutic regimens and disease site.
The chemotherapy regimen in the pivotal study was on the Trastuzumab Emtansine arm 3.6mg/kg IV on day 1 of a three week cycle whereas for the control arm Lapatinib 1250mg/day orally with continuous daily dosing on a three week cycle and Capecitabine 1000mg/m2 orally twice daily on days 1-14 of a three week cycle. Treatment was continued until disease progression or unmanageable toxicity. Tumour assessments were conducted approximately every six weeks and an independent review committee (IRC) evaluated all radiographic and tumour response data generated from all patients to a data cut-off for the final assessment of PFS. This was planned after approximately 508 IRC assessed PFS events had occurred with an interim analysis of OS performed at that time. The clinical cut-off date for the primary analysis for PFS occurred on the 14th January 2012.
Study 4374g, a phase II single arm open label study to evaluate the efficacy and safety of the conjugate in patients with HER2+ MBC Trastuzumab Emtansine, was administered intravenously with a dose of 3.6mg/kg every three weeks. Patients remained on study until documented progressive disease and unacceptable toxicity. Similar design was applied to supportive study 4258g.
The supportive study 4450g was a Phase II randomised multicentre international two-arm open label clinical trial. This study was designed to explore the efficacy and safety of the conjugate relative to the combination of Trastuzumab and Docetaxel in patients with HER2+ unresectable locally advanced and metastatic disease who had not received prior chemotherapy for metastatic disease.
Patients were randomised on a 1:1 ratio to either Trastuzumab Emtansine 3.6mg/kg IV on day 1 of the three week cycle or arm B which is Trastuzumab 8mg/kg IV plus Docetaxel 75-100mg/m2 IV on day 1 of a three week cycle.
Patients on the Trastuzumab Emtansine arm who either could not tolerate or developed progressive disease on this therapy could subsequently receive Trastuzumab as a single agent. For those patients in treatment arm B who became intolerant to either Docetaxel or Trastuzumab, these patients could then subsequently receive single agent Trastuzumab or Docetaxel until progressive disease, clinical deterioration or intolerance.
In relation to efficacy assessments, all four studies involved tumour measurements according to RECIST criteria. These were undertaken every six weeks until progressive disease. Various scans were performed as clinically indicated.
In relation to study statistics for the pivotal study 4370g, this study had two primary endpoints: PFS and OS. Fixed sequence hypothesis testing procedures implemented with the hypothesis test for PFS were conducted as a two-side alpha of 5% and only if PFS was significantly different to OS to be tested at a two-sided alpha of 5%. The primary efficacy analysis was planned when enrolment was complete and ~508 IRC assessed PFS events had occurred.
For study 4374g and 4250g, a response rate of at least 25% was considered clinically meaningful with a sample size of 100 patients considered to be required for adequate evaluation.
The goal of study 4450g was to estimate the effect of size and incidence of adverse events rather than to test the specific hypothesis. The goal was to enrol 120 patients with a primary PFS analysis to be undertaken up to 72 PFS events in the two arms under study. It not was anticipated that the study would have adequate power to detect a clinically meaningful difference between the two treatment arms.
In relation to assessment of OS for the pivotal study with co-primary endpoints, an interim analysis of OS was undertaken at the time of final PFS analysis, with the one year and two year survival rates and associated confidence intervals estimated using the Kaplan-Meier approach.
On reviewing the results of the studies, the patient populations for studies 4374g and 4258g were similar, while those for studies 4370g and 4450g were conducted in different patient populations. Accordingly, efficacy data for studies 4370g and 4258g are pooled, while the other two studies are presented separately.
Nearly all patients randomised to studies received treatment, and for the two randomised studies a higher percentage of patients in the control arm discontinued the study compared with the Trastuzumab Emtansine arm.
The median age of patients were similar across the studies and between treatment arms for the two randomised studies. Patients in the pivotal study and study 4450g have similar distributions of baseline ECOG performance status. Fewer patients had a baseline ECOG performance status of zero. This reflected a more advanced stage of disease for these patients.
In relation to baseline disease characteristics, the pivotal study enrolled a heterogeneous population with respect to the number of prior chemotherapy regimens that the patients had received in the locally advanced or metastatic setting. Therefore, as might be expected, patients on studies 4258g and 4374g included patients at baseline disease characteristics more indicative of patients who were further along in their metastatic disease course compared with those patients from the pivotal study 4370g. This is presented as a higher proportion of extensive disease involvement. This is contrasted with patients from study 4450g who had not received any prior treatment for their advanced or metastatic disease, and therefore a shorter time course of disease prior to enrolment onto study. Otherwise, baseline disease characteristics for the four studies were relatively similar.
In relation to prior cancer treatment, the pivotal study 4370g included a broad patient population regarding prior treatment for metastatic disease. This included 12% of patients who received no prior therapy for metastatic disease but received either neo or adjuvant therapy containing Trastuzumab. There was a similarity in terms of prior hormonal therapy across the four studies, and in study 4450g prior exposure to a taxane and anthracyclines was lower as these patients were receiving their first line treatment for metastatic disease.
In all four studies, the same dose of Trastuzumab Emtansine was administered in patients who received study treatment every three weeks until progressive disease or unacceptable toxicity.
Reviewing efficacy results, for the pivotal study IRC assessed PFS was the co-primary efficacy endpoint and a secondary efficacy endpoint for studies 4374g and 4258g. Investigator assessed PFS was a secondary endpoint in studies 4370g, 4374g and 4258g and the primary endpoint in study 4450g.
For the pivotal study, a statistically significant and clinically meaningful increase in PFS was shown for Trastuzumab Emtansine treatment compared with Lapatinib plus Capecitabine. Also as noted, in the first line metastatic patients in the randomised study 4450g treatment with Trastuzumab Emtansine was a statistically significant increase in the investigator assessed PFS compared to the standard HER2 directed combination therapy of Trastuzumab plus Docetaxel as indicated. Results for the pooled single arm studies in heavily pre-treated patients were supportive of these findings.
The pivotal study treatment with Trastuzumab Emtansine showed a statistically significant reduction in the risk of disease progression or death compared with Lapatinib plus Capecitabine. There was a 35% reduction in the risk of PD or death with an HR 0.650 and P<0.0001 and a 50% increase in median PFS in the Trastuzumab Emtansine arm with a median PFS 6.4 months (Lapatinib plus Capecitabine arm) vs 9.6 months (Trastuzumab Emtansine arm). Results of investigator assessed PFS analyses were consistent with the IRC results.
Consistent with the primary PFS analysis, a multi-variate Cox regression analysis also showed significant treatment benefit for Trastuzumab Emtansine with a HR 0.65 and P<0.0001. The three significant prognostic factors for PFS in the final model were number of disease sites, baseline ECOG score, and baseline disease measurability.
Results of nearly all pre-specified sub-groups evaluated showed a clear benefit for Trastuzumab Emtansine. The treatment effect in patients aged 65-74 years, patients with non-visceral disease, and those with only non-measurable disease at baseline also favoured Trastuzumab Emtansine, albeit with less effect.
It is of note that in study 4450g, the median duration of PFS was longer than study 4370g. This reflected the patient population having less pre-treatment and less advanced disease. In this randomised population, the primary efficacy endpoint of investigator assessed PFS demonstrated a significant improvement in PFS among patients in the Trastuzumab Emtansine arm compared with those in the Trastuzumab plus Docetaxel arm with a P value of P=0.0353. This suggests that even in first line metastatic patients without prior chemotherapy treatment, substantial benefit is derived from Trastuzumab Emtansine. This stratified HR for the complex relative to the control arm was 0.594.
In relation to the pivotal study, the Kaplan-Meier curve showed a clear separation between the treatment arms at ~4 months, which was maintained thereafter, as shown in Figure 16.
Figure 16: Study TDM4370g/BO21977: Kaplan-Meier curve of IRC-assessed PFS
[image: Figure 16: Study TDM4370g/BO21977: Kaplan-Meier curve of IRC-assessed PFS.]
In study 4450g, the PFS rates at six months were estimated to be 76.4% in the Trastuzumab Emtansine arm and 80.4% in the Trastuzumab plus Docetaxel arm. At 12 months, the PFS rates were estimated to be 55.9 and 30.9% in the Trastuzumab Emtansine and Trastuzumab plus Docetaxel arms, respectively, as shown in Figure 17.
Figure 17: TDM4450g/BO21976: Kaplan-Meier estimates of PFS (all randomised patients)
[image: Figure 17: TDM4450g/BO21976: Kaplan-Meier estimates of PFS (all randomised patients).]
In study 4370g, several predefined sensitivity analyses were conducted. The results of these analyses were similar to those of the primary analysis showing the consistent treatment effect observed and supporting the robustness of the primary endpoint.
In the pooled studies 4374g and 4258g, the results of the sensitivity analyses for IRC PFS were consistent with those of the main analysis.
In study 4450g, consistent effects were seen in two post-hoc exploratory sensitivity analyses. In an analysis of PFS, on the basis of the first documented PD prior to crossover or death from any cause at any time, the stratified HR for Trastuzumab Emtansine relative to Trastuzumab plus Docetaxel was 0.612. In the second post-hoc exploratory sensitivity analysis on PFS, including all deaths of any cause in which patients who had non-protocol anti-cancer therapy prior to the first documented PD were censored at the time of their last tumour assessment before the initiation of a non-protocol anti-cancer therapy; stratified HR for Trastuzumab Emtansine relative to Trastuzumab plus Docetaxel was 0.662.
The treatment effect of Trastuzumab Emtansine observed in these two sensitivity analyses were consistent with that observed in the analysis of the protocol specific primary PFS endpoint of this study as indicated in Table 5.
Table 5: TDM4450g/BO21976: sensitivity analyses of PFS per investigator assessment
[image: Table 5: TDM4450g/BO21976: sensitivity analyses of PFS per investigator assessment.]
Review of OS data for the pivotal study 4370g demonstrated an apparent benefit favouring Trastuzumab Emtansine. However, only one-third of the death events had occurred at the time of the primary PFS analysis, and the HR for OS did not meet the pre-specified stopping boundary at that time.
Further analysis of the pivotal study 4370g and OS at the time of the data cut-off date for the primary analysis of PFS and interim analysis of OS was conducted. At that time, 35.3% of target events had been reported, ie. 223/632 targeted deaths, with 129 or 26% in the Lapatinib plus Capecitabine arm vs 94 or 19% in the Trastuzumab Emtansine arm, respectively. The median duration of follow up for survival was 12.4 months in the Lapatinib plus Capecitabine arm and 12.9 months in the Trastuzumab Emtansine arm. Results of the interim OS analysis favoured the Trastuzumab Emtansine with an HR 0.621, P=0.0005 corresponding to a 37.9% reduction in the risk of death. However, the HR do not cross the pre-specified stopping boundary for the interim analysis of P=0.0003 or observed HR = 0.617.
At the time of the interim analysis, the Kaplan-Meier estimate for median OS was 23.3 months in the Lapatinib plus Capecitabine arm, and the median was not reached in the Trastuzumab Emtansine arm as indicated in Figure 18. Treatment benefit from Trastuzumab Emtansine in terms of OS was seen in the majority of pre-specified sub-groups evaluated and with highly consistent results of the sub-group analysis for PFS.
Figure 18: Pivotal study TDM4370g/BO21977: Kaplan-Meier curve of OS.
[image: Figure 18: Pivotal study TDM4370g/BO21977: Kaplan-Meier curve of OS.]
The only other study with any OS data was study 4450g when analysis of OS was performed based on a clinical data cut-off date of 31 August 2011. At this time there were equivalent number of deaths in each arm, ie. 13 and survival rates in the two arms were similar at 6, 12 and 18 months. These data to some extent are confounded by the small number of deaths involved together with the fact that there was crossover from the Trastuzumab plus Docetaxel arm to Trastuzumab Emtansine after documented PD.
ORR was the primary endpoint in the single arm studies 4374g and 4258g and a secondary endpoint in the pivotal study 4370g. These data for both IRC assessed and investigator assessed ORR are indicated in Table 6. In the pivotal study 4370g, there was higher ORR observed for the Trastuzumab Emtansine arm compared with the Lapatinib plus Capecitabine arm. The response rate in the pooled studies also tended to support that observed for the Trastuzumab Emtansine arm of the pivotal study. It is noted that the extent of prior therapy for patients in the pivotal study 4370g were generally less than that for the pooled single arm studies having some influence on the response rates observed. It is noted that study 4450g data assessed ORR was higher in the Trastuzumab Emtansine arm at 64% compared to the Trastuzumab plus Docetaxel arm at 58%. This suggested that with newly diagnosed metastatic breast cancer patients, the Trastuzumab Emtansine provided better efficacy than the combination of Trastuzumab and Docetaxel.
Table 6: ORR across studies.
[image: Table 6: ORR across studies.]
In relation to duration of objective response, the data available in relation to the various studies is indicated in Table 7. It is noted that for the pivotal study objective responses were maintained for approximately six months longer in the Trastuzumab Emtansine arm. Kaplan-Meier curves for the pivotal study are given in Figure 19. Similarly, in study 4450g the Kaplan-Meier curves for duration of response showed a clear and persistent separation between the two treatment arms starting at five months after randomisation and indicated in Figure 20.
Table 7: Duration of ORR across studies.
[image: Table 7: Duration of ORR across studies.]
Figure 19: TDM4370g/BO21977: Kaplan-Meier curve for IRC assessed duration of objective response
[image: Figure 19: TDM4370g/BO21977: Kaplan-Meier curve for IRC assessed duration of objective response.]
Figure 20: TDM4450g/BO21976: Duration of objective response per investigator assessment (randomised patients with measurable disease at baseline who had an objective response)
[image: Figure 20: TDM4450g/BO21976: Duration of objective response per investigator assessment (randomised patients with measurable disease at baseline who had an objective response).]
Time to symptom progression was assessed with FACT-BTOI-PFB, which included physical, functional and breast cancer sub-scales of FACT-B. A change of five points in the FACT-BTO-PFB is considered clinically meaningful. These data were collected for studies 4370g, 4374g and 4450g. For the pivotal study these data demonstrated that treatment with the complex results in a delay in clinically meaningful symptom progression compared with Lapatinib plus Capecitabine. As indicated in Figure 21, the worsening of the FACT-BTOI-PFB scores were delayed in the Trastuzumab Emtansine arm compared to the Lapatinib plus Capecitabine arm at 7.1 months vs 4.6 months with an HR 0.796 and P=0.0121. Results of the unstratified analysis and two sensitivity analyses were consistent with this.
Figure 21: TDM4370g/BO21977: Kaplan-Meier plot of time to symptom progression.
[image: Figure 21: TDM4370g/BO21977: Kaplan-Meier plot of time to symptom progression.]
In study 4374g, the median time to symptom progression was 5.5 months and in these heavily pre-treated patients this was noted to be longer than the control arm of study 4370g. For study 4450g there was also a delay in time to symptom progression for patients in the Trastuzumab Emtansine arm with a median time to symptom progression of 7.5 months for the complex vs 3.5 months for the Trastuzumab plus Docetaxel (HR 0.585 and P=0.0215).
Sub-group analyses were undertaken in relation to both PFS and OS with results being of value for the pivotal study. In the pivotal study there was a clear and consistent treatment benefit for Trastuzumab Emtansine in the majority of pre-specified sub-groups although it was less noticeable for sub-groups of patients with ages 65-74 years, those with non-visceral disease, and those with non-measureable disease. The data in relation to PFS for the pivotal study is indicated in Figure 22.
Figure 22: TDM4370g/BO21977: subgroup analyses of PFS per IRC assessment
[image: Figure 22: TDM4370g/BO21977: subgroup analyses of PFS per IRC assessment.]
Group analyses of OS also showed consistent benefit for treatment with the complex in the majority of pre-specified sub-groups evaluated with the exception of those who >65 years, had non-visceral disease and those with menopausal status not applicable. This is indicated in Figure 23.
Figure 23: TDM4370g/BO21977: subgroup analyses of OS by baseline risk factors
[image: Figure 23: TDM4370g/BO21977: subgroup analyses of OS by baseline risk factors.]
[bookmark: _Toc381011741]Comment
[bookmark: _Toc184439992][bookmark: _Toc184440279][bookmark: _Toc184444657][bookmark: _Toc196046487]Efficacy data from the pivotal study has clearly shown evidence of a statistically significant and clinically meaningful benefit for trastuzumab emtansine compared to lapatinib plus capecitabine in this patient population. The statistically significant improvement in PFS was associated with a 35% reduction in the risk of progressive disease. It is also noted that interim OS data has a trend favouring trastuzumab emtansine. Secondary efficacy parameters and subgroup analyses all supported these results. The data from the pooled studies was more limited but nevertheless again demonstrated worthwhile efficacy for trastuzumab emtansine in both previously untreated advanced stage patients and those with heavy previous treatment.[footnoteRef:1] [1:  Sponsor comment: “There is no mention of the results of the second OS interim analysis from the pivotal study TDM4370g (clinical cut-off date 31 July 2012). The results of this OS analysis were clinically meaningful and statistically significant. A data memo outlining the results was provided in the original application and the completed Addendum 1 to the TDM4370g CSR was submitted to TGA with our response to questions. The sponsor considers that these results are important for inclusion in the evaluation report.”] 

[bookmark: _Toc381011742]Clinical safety
Safety data provided in this submission comes principally from the pivotal study 4370g with supporting information from five other studies for Phase I and II single arm studies, ie. 3569g, 4374g, 4258g and 4688g, together with the randomised Phase II study 4450g. These data involve 882 patients exposed to Trastuzumab Emtansine at 3.6mg/kg every three weeks. In addition, follow-up safety data included in the safety summary for 43 patients from parent studies 3569g, 4258g, 4374g, 4688g and 4450g, who continued to receive treatment in the extension study 4529g based on a clinical cut-off date of the 14 January 2012. These data are integrated into the parent studies to avoid double counting of patients. A total of four Trastuzumab Emtansine analysis groups were established for this safety analysis, including the data from the pivotal study 4370g, data from study 4450g, the pooled group of single arm studies, and the total Trastuzumab Emtansine exposed patient population. Patients without significant cardiac history and LVEF of at least 50% determined by ECHO or multiple gated acquisition scan (MUGA) were eligible for study participation. An independent cardiac review committee (CRC) reviewed all suspected cases of symptomatic left ventricular dysfunction (LVSD), cardiac death, probable cardiac death, and significantly reduced left ventricular ejection fraction (LVEF).
Clinical laboratory tests including haematology, biochemistry and urinalyses were conducted prior to each cycle of therapy.
Safety data collection for the various other studies followed conventional reporting guidelines for clinical trials. All adverse events and serious adverse events, regardless of attribution, are collected until 30 days following the last administration of study treatment. After this period, investigators only report serious adverse events that are felt to be related to prior study treatment.
For coding, verbatim descriptions of adverse events were mapped to Medication Dictionary for Regulatory Activities (MedDRA version 14.1).
As of the 14 January 2012, 882 patients had received at least one dose of Trastuzumab Emtansine as a single agent in completed studies.
Various demographic and baseline characteristics for the studies have been presented previously.
Review of the adverse events experienced for the four pooled groups is indicated in Table 8. In relation to the pivotal study, most patients in both treatment arms had at least one adverse event with the overall incidence of adverse events balanced between the two treatment arms. These are summarised by system organ class in Table 9. The main imbalances in the incidences of adverse events between the two treatment arms are indicated in Table 10. These are generally in accordance with differing mechanisms of actions of the two treatments and their known safety profiles. The majority of patients in both treatment arms developed at least one adverse event considered by the investigator to have a reasonable and suspected causal relationship to trial treatment (87.1% of patients in the complex arm vs 95.9% in the Lapatinib plus Capecitabine arm). The proportion of patients who experienced at least grade III adverse events were considered related to treatment by the investigator was lower in the complex arm (30.6%) compared to the control arm at (48.8%). The most common treatment related adverse events more frequent in the complex arm compared to the control were thrombocytopenia 27.3% vs 2%, fatigue 27.8% vs 23.2%, AST increase 20.4% vs 7.6%, and ALT increase 16.1% vs 7.2%. Those that occurred more frequently in the Lapatinib plus Capecitabine arm included neutropenia 5.5% vs 6.6%, diarrhoea 14.9% vs 75.6%, nausea 33.7% vs 39.1%, vomiting 13.3% vs 22.7%, mucosal inflammation 6.3% vs 18.2%, and hand/foot syndrome 0.2% vs 57.2%.
Table 8: Overview of safety profile (Safety Population)
[image: Table 8: Overview of safety profile (Safety Population).][image: 01]
Table 9: Summary of adverse events by system organ class: pivotal study TDM4370g/BO21977 (treated patients)
[image: Table 9: Summary of adverse events by system organ class: pivotal study TDM4370g/BO21977 (treated patients).]
Table 10: Summary of adverse events with difference in incidence rate ≥ 5%: between the Trastuzumab Emtansine arm and the Lapatinib + Capecitabine arms: pivotal study TDM4370g/BO21977 (safety population)
[image: Table 10: Summary of adverse events with difference in incidence rate ≥ 5%: between the Trastuzumab Emtansine arm and the Lapatinib + Capecitabine arms: pivotal study TDM4370g/BO21977 (safety population).]
In study 4450g, the most frequently reported adverse events in the Trastuzumab Emtansine arm were nausea and fatigue at 49.3% with increased AST, headache, pyrexia, epistaxis, back pain, increased ALT, thrombocytopenia, and cough being >25% incidence. The main imbalance of an adverse incidence between the two treatment arms are given in Table 11.
Table 11: Summary of adverse events with a ≥ 10% difference in incidence between treatment groups: study TDM4450g/BO21976 (safety evaluable population)
[image: Table 11: Summary of adverse events with a ≥ 10% difference in incidence between treatment groups: study TDM4450g/BO21976 (safety evaluable population).]
Review of adverse events of at least grade III in intensity revealed that for the pivotal study fewer patients who received the complex reported such events compared with the control arm and is indicated in Table 12. The most common of these for the complex arm were predominantly related to thrombocytopenia at 12.9% and followed by increased AST, hypokalaemia, anaemia, neutropenia, and fatigue.
Table 12: Summary of grade 3, 4 and 5 adverse events with ≥2% incidence in either arm: pivotal study TDM4370g/BO21977 (safety population)
[image: Table 12: Summary of grade 3, 4 and 5 adverse events with ≥2% incidence in either arm: pivotal study TDM4370g/BO21977 (safety population).]
For the total Trastuzumab Emtansine exposed patient population, the most common reported at least grade III adverse events included thrombocytopenia in 10.2%, increased AST 4.1%, fatigue 3.2%, hypokalaemia 2.9%, ALT increase 2.8%, and anaemia 2.5%. Nine patients experienced grade V fatal adverse events.
In study 4450g fewer patients in the complex arm reported at least grade III adverse events compared to the Trastuzumab plus Docetaxel arm as indicated in Table 13. In this study, there were two grade V adverse events: one listed as a sudden death in the complex arm, and one death due to cardiac pulmonary failure in the Trastuzumab plus Docetaxel arm. None of these were attributable to study treatment by the investigator.
Table 13: Summary of adverse events by severity and grade ≥3 adverse events with ≥5% difference in incidence between treatment groups: study TDM4450g/BO21976 (safety evaluable patients)
[image: Table 13: Summary of adverse events by severity and grade ≥3 adverse events with ≥5% difference in incidence between treatment groups: study TDM4450g/BO21976 (safety evaluable patients).]
In relation to deaths, in the pivotal study 223 deaths reported at the cut-off date of which 94 or 19.2% on the Trastuzumab Emtansine arm and 129 or 26.4% on the Lapatinib plus Capecitabine arm. The most frequent cause of death was progressive disease and was less in the complex arm than the control arm at 18.6% vs 25.2%. Deaths due to causes other than progressive disease were relatively infrequent with three patients in the complex arm and five in the Lapatinib plus Capecitabine arm as indicated in Table 14.
Table 14: Adverse events leading to death on study treatment: pivotal study TDM4370g/BO21977 (safety evaluable patients)
[image: Table 14: Adverse events leading to death on study treatment: pivotal study TDM4370g/BO21977 (safety evaluable patients).]
Among the total Trastuzumab Emtansine exposed patient population, there were 119 reported deaths or 13.5%. The majority of these were progressive disease in 107 patients, with deaths due to other causes in 12 patients; of these eight were considered as possibly related to treatment and included hepatic failure, abnormal hepatic function, bacterial sepsis, pneumonia, metabolic encephalopathy, respiratory failure, and interstitial lung disease.
In study 4450g, there were 14 deaths or 20.3% in the Trastuzumab Emtansine arm. No definite relationship to Trastuzumab Emtansine therapy was determined for those not due to progressive disease.
In relation to other serious adverse events, 76 patients or 15.5% who received the complex in the pivotal study developed SAEs compared to 88 for the control arm. Fewer grade III serious adverse events were reported for the complex arm with a similar percentage of patients in both treatment arms reporting grade IV serious adverse events. The most common serious adverse events reported in the complex arm were diarrhoea, vomiting and pyrexia.
For the total Trastuzumab Emtansine exposed patient population, 164 or 18.6% developed serious adverse events. This is highest in the pooled group single arm studies at 25.3% and probably reflects the heavy pre-treatment these patients had undergone.
In study 4450g, serious adverse events were reported for 20.3% in the Trastuzumab Emtansine arm vs 25.8% for the Trastuzumab plus Docetaxel arm (Table 15). The most common serious adverse events in the Trastuzumab Emtansine and the Trastuzumab plus Docetaxel arms were pneumonia and febrile neutropenia, respectively.
Table 15: Serious adverse by severity and serious adverse events with a ≥5% difference in incidence between treatment arms: study TDM4450g/BO21976 (safety evaluable patients)
[image: Table 15: Serious adverse by severity and serious adverse events with a ≥5% difference in incidence between treatment arms: study TDM4450g/BO21976 (safety evaluable patients).]
In relation to adverse events leading to treatment discontinuation in the pivotal study, 29 patients or 5.9% discontinued the complex due to an adverse event compared to 37 patients or 7.6% discontinued Lapatinib and 46 patients or 9.4% who discontinued Capecitabine due to adverse events. The most common adverse events leading to Trastuzumab Emtansine and discontinuation were thrombocytopenia and the elevation of liver enzymes.
As of the cut-off date, 55 patients or 6.2% in the total Trastuzumab Emtansine exposed patient population and 21 patients or 7.3% in the pooled group of single arm studies discontinued Trastuzumab Emtansine due to an adverse event. The most common of these were again thrombocytopenia and elevated liver enzymes.
In study 4450g, five patients in the Trastuzumab Emtansine arm discontinued due to adverse events.
[bookmark: _Toc381011743]Adverse events leading to dose reduction/dose delay
In the pivotal study, fewer patients in the Trastuzumab Emtansine arm had adverse events that led to dose reductions compared to patients on the Lapatinib plus Capecitabine arm (Table 16). The adverse events most frequently leading to dose reduction of the complex included thrombocytopenia, increased AST and ALT and peripheral neuropathy. Similarly, fewer patients on the Trastuzumab Emtansine arm had adverse events that led to dose delays (Table 17). The most frequent adverse events were neutropenia, thrombocytopenia, leukopenia, fatigue, and increased AST and ALT. It is of note that the proportion of patients who experienced dose delays due to increased bilirubin or AST and ALT were similar between the Trastuzumab Emtansine arm and the Lapatinib plus Capecitabine arm.
Table 16: Summary of adverse events leading to dose reduction in ≥1% of patients: pivotal study TDM4370g/BO21977 (safety population)
[image: Table 16: Summary of adverse events leading to dose reduction in ≥1% of patients: pivotal study TDM4370g/BO21977 (safety population).]
Table 17: Summary of adverse events leading to dose delay in ≥1% of patients: pivotal study TDM4370g/BO21977 (safety population)
[image: Table 17: Summary of adverse events leading to dose delay in ≥1% of patients: pivotal study TDM4370g/BO21977 (safety population).]
For the total Trastuzumab Emtansine exposed patient population, a total of 108 patients or 12.2% had dose reductions, the most frequent events were thrombocytopenia, increased AST, and increased ALT. It was noted that 6.7% of patients had dose reductions due to at least grade III adverse events.
A total of 193 patients or 21.9% in the total Trastuzumab Emtansine exposed patient population had dose delays; the most frequent causes were thrombocytopenia, neutropenia, increased AST, fatigue, anaemia, and increased ALT. 8.6% of these dose delays were due to at least grade III adverse events.
In study 4450g, 12 patients or 17.4% in the Trastuzumab Emtansine arm had adverse events leading to dose reduction. A total of 16 patients or 23.2% in the Trastuzumab Emtansine arm had adverse events that led to dose delay.
Hepatotoxicity
In the pivotal study, the incidence of hepatic events was higher in the Trastuzumab Emtansine arm at 31% than the Lapatinib plus Capecitabine arm at 25.2%. The majority of adverse events were grade I or II, although 8.8% of patients on the complex had at least grade III adverse events compared to 4.7% in the Lapatinib plus Capecitabine arm. For study 4450g, 46.4% of patients in the Trastuzumab Emtansine arm reported hepatotoxicity and 13.6% in the Trastuzumab plus Docetaxel arm. 15.9% of these were at least grade III adverse events in the complex arm compared to 1.5% in the Trastuzumab plus Docetaxel arm. In the total Trastuzumab Emtansine exposed population of 882 patients, 31.7% developed hepatotoxicity events of which 8.7% were at least grade III. It is noted that the majority of these grade III hepatic events usually occurred in the early treatment cycles and generally showed subsequent improvement even while continuing on study treatment.
A dedicated report of hepatotoxicity has been provided. This report contains data from the clinical data base and the global safety data base including the safety summary for ongoing studies. An external expert liver committee reviewed all relevant data.
An overview of selected events in the hepatotoxicity category by NCI grade assessment for all the various patient groups is indicated in Table 18.
Table 18: Overview of selected hepatic events (safety population)
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In the pivotal study, the most frequently reported hepatic events in the complex arm were increased AST and increased ALT. There were no grade IV increased AST or ALT cases reported. These increases were generally transient and returned to baseline by the next scheduled treatment dose. Increased bilirubin levels were noted in 2.9% of patients on the complex arm compared to 6.1% in the Lapatinib plus Capecitabine arm.
A summary of patients with increases in AST alone, ALT alone, and both enzymes relative to increased bilirubin for the pooled group of single arm studies and the total Trastuzumab Emtansine exposed patient population is indicated in Table 19. Only 10 or 3.5% and 21 or 2.4% of patients had concurrent elevations of these three liver function tests.
Table 19: Number of patients with increases in AST alone, ALT alone, and/or both increases in AST and ALT, relative to increases in bilirubin (pooled single arm studies and total Trastuzumab Emtansine exposed safety populations)
[image: Table 19: Number of patients with increases in AST alone, ALT alone, and/or both increases in AST and ALT, relative to increases in bilirubin (pooled single arm studies and total Trastuzumab Emtansine exposed safety populations).]
There were a total of six cases of serious hepatic dysfunction for Trastuzumab Emtansine patients of which two were fatal.
In relation to the pivotal study, review of elevation of liver enzymes over time revealed that by 30 weeks of Trastuzumab Emtansine exposure approximately 17%, 4.5% and 1% of the complex group exposed patients developed ALT increases of at least three times the upper limit of normal, five times the upper limit of normal and eight times the upper limit of normal respectively. These tended to stabilise after 30 weeks. Similar changes were noted for the total Trastuzumab Emtansine exposed patient population in study 4450g.
Thrombocytopenia
In the pivotal study, the incidence of all grade adverse events and at least grade III adverse events in the thrombocytopenia category were more common in the Trastuzumab Emtansine arm (30.4%) compared to the Lapatinib plus Capecitabine arm (2.9%). The majority of these were grade I or II, although the incidence of at least grade III adverse events was 13.9% for the Trastuzumab Emtansine arm vs 0.2% for the Lapatinib plus Capecitabine arm. Most of these were transient in nature recovering to ranges to allow the patient to remain on study and to continue to receive study treatment at the same or more reduced dose. Clinical events were also more common in the Trastuzumab Emtansine arm: these were most often epistaxis, gingival bleeding, vaginal haemorrhage, and petechiae. The majority of these were grade I or II. More patients in the Trastuzimab Emtansine arm had a decrease in platelet counts from baseline (71 patients or 15.1% from grade zero to at least grade III) compared to Lapatinib plus Capecitabine at (3 patients or 0.6%). These were generally transient falls with recovery by the next scheduled dose.
There was a similar frequency of thrombocytopenia in the Trastuzumab Emtansine arms for the total exposed patient population of ~30% and slightly higher in the study 4450g. The overall incidence of severe haemorrhagic events (grade III or IV across all grades of platelet count decreases in the total patient population) was low at 1.7%.
Infusion/related and hypersensitivity reactions
An overview of selected adverse events in this category occurring on day 1 and 2 of each treatment cycle is provided in Table 20. In the pivotal study, the incidence of these reactions was low: 19 patients or 3.9%, all of which were grade I or II. For the pooled group of single arm studies, the incidence was 10.4% and for the total Trastuzumab Emtansine exposed patient population 6.7%, and again the vast majority of these were grade I and II. There was only one grade III event.
Table 20: Overview of selected adverse events of infusion reaction and hypersensitivity in all Trastuzumab Emtansine treated groups (safety population)
[image: Table 20: Overview of selected adverse events of infusion reaction and hypersensitivity in all Trastuzumab Emtansine treated groups (safety population).]
Pneumonitis
In the pivotal study, there were a few reports of pneumonitis involving six patients or 1.2% in the Trastuzumab Emtansine arm; all reports were of grade I or II. In study 4450g, the incidence of pneumonitis events in the Trastuzumab Emtansine arm involved two patients and for the total of Trastuzumab Emtansine exposed population 1% of patients developed pneumonitis events, although two of these experienced at least a grade III event.
Cardiotoxicity
For the pivotal study, the incidence of cardiac dysfunction was low in both treatment groups: 0.8% for the Trastuzumab Emtansine arm vs 2.3% for the Lapatinib plus Capecitabine arm. The four events reported in the Trastuzumab Emtansine arm were all asymptomatic, ie. grades I or II declines in LVEF. Development of left ventricular dysfunction was reported for five patients in the Trastuzumab Emtansine arm and six on the Lapatinib plus Capecitabine arm, with one who had a grade III event having to discontinue treatment. In study 4450g, no clinically relevant cardiac events were reported. One patient in each treatment arm had an LVEF of <40% post baseline according to local assessment. In the total Trastuzumab Emtansine population, 1.5% of patients had cardiac toxicity events of which two were a grade III event.
Hypokalaemia
In the pivotal study, the overall incidence of hypokalaemia for both arms was 9.2%, with grade III adverse events of hypokalaemia in 2.7% of patients receiving Trastuzumab Emtansine vs 4.5% for the Lapatinib plus Capecitabine arm. In study 4450g, hypokalaemia was reported in 17.4% of patients receiving Trastuzumab Emtansine compared to 9.1% in the Trastuzumab plus Docetaxel arm. In the total Trastuzumab Emtansine exposed population, 15.4% of patients had hypokalaemia, of which 29 patients or 3.3% were at least a grade III event.
Vision disorders
In the pivotal study, vision disorder events were more frequent in the Trastuzumab Emtansine arm at 6.3% vs 1.6% of the control arm. In study 4450g, the incidence of the vision disorders were similar. For the total Trastuzumab Emtansine exposed population, 8.2% of patients developed vision disorders, of which only one patient had at least a grade III event.
Peripheral neuropathy
In the pivotal study, the incidence of peripheral neuropathy was more common in the Trastuzumab Emtansine arm with 23.3% compared to the control arm of 8.2%, with grade III events 2.9% in the Trastuzumab Emtansine arm vs 0.4% in the control arm. The most common events were sensory peripheral neuropathy and muscular weakness. It is noted that the incidence of peripheral neuropathy in the pivotal study was generally similar to that for the total Trastuzumab Emtansine exposed patient population, and again the majority of adverse events in this population were grade I or II. It is noted that the incidence of peripheral neuropathy events were slightly higher in the pooled group of single arm studies which may be related to prior exposure to a taxane and longer treatment duration in the single arm phase II studies.
Renal disorders
In the pivotal study, the majority of the incidences of renal disorders are similar in both arms, with the majority of events being grade I or II. The incidences of grade III events were also similar in both treatment arms. It is noted that the incidence of renal disorder events were slightly higher in the single arm studies, and again this may be related to prior treatment.
Clinical laboratory evaluations
More patients in the Trastuzumab Emtansine arm of the pivotal study had a decreased Hb level shifting from grade zero to at least grade III, and involving 2% or seven patients. Fewer patients in the Trastuzumab Emtansine arm had decreased neutrophil levels at 3.3% from grade zero to at least grade III compared to the Lapatinib plus Capecitabine arm of 7%. Among the total Trastuzumab Emtansine exposed patient population, fewer than 10% of patients had shifts in platelet counts from grade zero to at least grade III. Approximately 5% of patients had shifts in Hb and neutrophil counts from grade zero to at least grade III. There were no shifts from grade zero to at least grade III in serum creatinine for any patients.
Vital signs
No salient vital sign abnormalities were observed in any of the studies. Similarly no major change in ECOG performance status was reported.
The effects of QT interval
Study 4688g was a Phase II open-label single-arm multicentre study designed to evaluate the effect of Trastuzumab Emtansine at 3.6mg/kg every three weeks on the duration of QTc interval in patients with HER2+ locally advanced metastatic breast cancer. A review of results revealed that in cycle 1, day 1, 15 minutes post-infusion to baseline adjusted average QTcF interval increased by 1.2msecs on average. Plus 60 minutes post-infusion decreased by 1.0msecs on average and by day 8, cycle 1 the baseline adjusted average had decreased by 4msecs. By cycle 3, day 1, the average QTcF interval had reverted back to baseline average. Following the third infusion the baseline adjusted QTcF interval at both 15 minutes and 60 minutes post-infusion time points increased by an average of 4.7msecs. No patient exceeded 30msecs at any time point within the protocol. It was concluded these demonstrated single agent Trastuzumab Emtansine given every three weeks had no meaningful effect on the treatment QT interval in these patients.
Special groups
An evaluation of safety by baseline demographics factors (including age, race, geographic region, disease status including prior treatment, and disease involvement) revealed there were consistently fewer at least grade III adverse events in the Trastuzumab Emtansine arm than the Lapatinib plus Capecitabine arm. This was the case for all sub-groups except the Asian patient sub-group which had a greater proportion of at least grade III adverse events. This was primarily driven by the higher incidence of thrombocytopenia, but there was no evidence of an increased risk of bleeding adverse events.
In relation to age assessment in the pivotal study, elderly patients had a less clear PFS benefit than those under 65 primarily driven by the results from the 75 years and older sub-groups. There was however a trend for an overall better safety profile with fewer serious adverse events and at least grade III adverse events in patients under 65 years compared with those over 65. However, across all age sub-groups the incidence of serious adverse events, at least grade III adverse events and adverse events leading to discontinuation, are considerably lower on the Trastuzumab Emtansine arm than on the Lapatinib plus Capecitabine arm. Although there were more deaths in the older age groups, there were no fatal adverse events in patients 65 years or older. Overall, it would appear that on balance the safety profile of Trastuzumab Emtansine compared with Lapatinib plus Capecitabine in these patients is at least as favourable for the older patients as in the total safety population.
In the various other sub-groups where PFS benefit was not as apparent, a favourable safety profile when compared with Capecitabine and Lapatinib was seen and the benefit risk ratio remains positive for treatment with Trastuzumab Emtansine across all groups.
[bookmark: _Toc381011744]Comment
These data have shown that, in general, trastuzumab emtansine was well tolerated with safety profile comparable to conventional chemotherapy regimen. It is noted that in the pivotal study trastuzumab emtansine treated patients had fewer at least grade III adverse events (AEs), serious adverse events (SAEs), and AEs leading to treatment discontinuation than those treated with lapatinib plus capecitabine. Those most frequently abnormal and at least grade III level for trastuzumab emtansine treatment included thrombocytopenia, increased liver enzymes, hypokalaemia and neutropenia. There were a small number of serious hepatic dysfunction events indicating a requirement for careful laboratory monitoring of these patients.
[bookmark: _Toc381011745]First round benefit-risk assessment
[bookmark: _Toc381011746]First round assessment of benefit
Data from the four studies presented in this submission to support efficacy for trastuzumab emtansine have all shown clear evidence of benefit for the patient populations treated. For the pivotal trial 4370g, there was a significantly prolonged PFS benefit (IRC assessed) compared with those patients receiving the control arm of lapatinib plus capecitabine, with a median PFS of 9.6 months versus 6.4 months (P<0.0001). All sensitivity analyses supported this result. It is also noted that there was a trend in favour of trastuzumab emtansine in relation to OS compared to the control arm with an Hazard Ratio (HR) = 0.621, P=0.0005, and a one year survival rate of 84% versus 77%, and a two year survival rate of 65.4% versus 47.5%. These results are impressive also because of the nature of the patient population evaluated, namely those who had received considerable prior therapy including trastuzumab and a taxane. Also those patients who had relapsed within six months of receiving adjuvant trastuzumab demonstrated worthwhile benefits. It is to be noted that these benefits in relation to the randomised trial were also pertinent, that is, the control arm was the only approved therapy presently available for patients with HER2+ locally advanced breast cancer and metastatic breast cancer who have failed on trastuzumab and a taxane.
These data were supported by the Phase II Study 4450g in which patients with previously untreated HER2+ metastatic breast cancer showed a statistically significant improvement in PFS when compared to the regimen of trastuzumab plus docetaxel. Again, the various sensitivity and subgroup analyses for these patients supported a significant primary efficacy endpoint of PFS. Two single agent Studies 4258g and 4374g in which heavily pre-treated patients having received prior trastuzumab and a taxane also had an IRC assessed ORR of 30.2% and a median PFS of 6.2 months.
All of this data is substantial in terms of the level of efficacy for this patient population.
[bookmark: _Toc381011747]First round assessment of risks
The data provided in this safety evaluation (N = 886 patients, including 495 patients in the pivotal trial) demonstrated that trastuzumab emtansine was generally well tolerated with a safety profile comparable with conventional chemotherapy regimens. It is noted that in the pivotal study, trastuzumab emtansine treated patients had fewer grade III and higher AEs, SAEs, and AEs leading to treatment discontinuation than those treated with lapatinib plus capecitabine. The most frequent adverse effect of greater frequency in the trastuzumab emtansine arm was thrombocytopenia of at least grade III severity and followed by increased liver enzymes (alanine transaminase [ALT] and aspartate transaminase [AST]), anaemia, fatigue, hypokalaemia, and neutropenia. The data from the supportive studies supported this adverse effect profile and its overall levels of severity.
Careful monitoring of patients receiving trastuzumab emtansine including appropriate regular laboratory evaluation would be important particularly in reference to the potential disturbance of hepatic function. Nevertheless, it is anticipated that any adverse effects likely to arise will be well managed with careful observation and early intervention as required.
[bookmark: _Toc381011748]First round assessment of benefit/risk balance
Taking into account the clearly efficacious results associated with the pivotal study, and supportive trials showing significant benefit for PFS compared to standard chemotherapy, together with a safety profile that appears manageable with appropriate careful monitoring and early intervention as required, the benefit-risk balance favours approval of trastuzumab emtansine for the proposed indication.
[bookmark: _Toc381011749]First round recommendation regarding authorisation
This evaluator considers that the data is adequate to support approval for the indication trastuzumab emtansine as a single agent as indicated for the treatment of patients with HER2+ unresectable, locally advanced or metastatic breast cancer who have received prior treatment with trastuzumab and ataxane.
[bookmark: _Toc381011750]Clinical questions
Follow up analyses of OS data for the pivotal Study 4370g would be of interest.
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Note: Kaplan-Meier PFS curves in treated patients for trastuzumab emtansine conjugate
AUC categories (top left panel), total trastuzumab AUC categories (top right panel), or DM1
Cmax categories (bottom panel) stratified by median. Total N may vary slightly amongst
plots according to the number of patients per estimable PK parameter. The “T-DM1, no
AUC” category includes both patients with no PK samples, and patients with PK samples but
without evaluable T-DM1 AUC parameters in the NCA analysis. The case was similar for
the “Total T. no AUC™ and “DM1. no Cmax" categories.
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Note: Kaplan—-Meier OS curves in treated patients for trastuzumab emtansine conjugate
AUC categories (top left panel), total trastuzumab AUC categories (top right panel), or DM1
Cmax categories (bottom panel) stratified by median. Total N may vary slightly amongst
plots according to the number of patients per estimable PK parameter. The “T-DM1, no
AUC” category includes both patients with no PK samples, and patients with PK samples but
without evaluable T-DM1 AUC parameters in the NCA analysis. The case was similar for
the “Total T, no AUC" and “DM1, no Cmax” categories.




image5.jpeg
B
i

—— & P
. ) = .
o — — 5 ¥ T
35 f— is 4
1 ]
.
] EF
i X
corRemgordens (Ne132) Fowmgurdmn (NS o Remganders (Ne131). Framgurdmrn (M=45)
- . —
- — ———
_ == —_—
£ { 1
g -
§
g -
- S
e

Note: The lower and upper end of each box plot represent the 25th and 75th percentile
exposure value. The horizontal white line indicates the median per group. The brackets

extending from the ends of the box represent 1.5 times the interquartile range. Points are
individual PK data. Horizontal lines represent points outside the brackets. Total N may vary

slightly amongst plots according to the number of patients per estimated PK parameter.
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Note: The lower and upper end of each box plot represent the 25th and 75th percentile
exposure value. The horizontal white line indicates the median per group. The brackets
extending from the ends of the box represent 1.5 times the interquartile range. Points are
individual PK dafa. Horizontal lines represent points outside the brackets.
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Note: The blue open circles represent event data from individual pafients (0% = no event,
100% = event). The black solid circles are the observed probability of an event for deciles of
total plasma concentration plotted at the mean value within each concentration decile. The
vertical bars are + one standard error [sort (P*(1-P)/N)]. The red solid line is a smooth curve
showing the relationship two variables.
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Note: The lower and upper end of each box plot represent the 25th and 75th percentile
exposure value. The horizontal white line indicates the median per group. The brackets
extending from the ends of the box represent 1.5 times the interquartile range. Points are

individual PK data. Horizontal lines represent points outside the brackets.
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Note: The blue open circles represent event daia from individual patients (0% = no event,
100% = event). The black solid circles are the observed probability of an event for deciles of
total plasma concentration plotted at the mean value within each concentration decile. The
vertical bars are + one standard error [sqrt (P*(1-P)/N)]. The red solid line is a smooth curve
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Note: ALT (upper left), AST (upper right), total bilirubin (TBIL, lower left), and platelet time
courses (lower right) per cycle stratified by trastuzumab emtansine AUC quartile. Red
vertical lines indicate 90% range; blue circles indicate patient values below the fifth
percentile for platelets or above the 95th percentile for ALT, AST and TBIL. Black dashed
lines are cutoffs for Grade 3 or greater adverse events for ALT and AST (> 5 x ULN), for
TBIL (> 3 x ULN) and for platelets (< 50 x 1000/uL).
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Note: ALT (upper left), AST (upper right), total bilirubin (TBIL, lower left), and platelet time
courses (lower right) per cycle stratified by trastuzumab emtansine Cmax quartile. Red
vertical lines indicate 90% range; blue circles indicate patient values below the fifth
percentile for platelets or above the 95th percentile for ALT, AST and TBIL. Black dashed
lines are cutoffs for Grade 3 or greater adverse events for ALT and AST (> 5 x ULN), for
TBIL (= 3 x ULN) and for platelets (< 50 x 1000/uL).
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Note: ALT (upper left), AST (upper right), total bilirubin (TBIL, lower left), and platelet time
courses (lower right) per cycle stratified by trastuzumab emtansine AUC quartile. Red
verfical lines indicate 90% range; blue circles indicate patient values below the fifth
percentile for platelets or above the 95th percentile for ALT, AST and TBIL. Black dashed
lines are cutoffs for Grade 3 or greater adverse events for ALT and AST (> 5 x ULN), for
TBIL (> 3 x ULN) and for platelets (< 50 x 1000/uL).
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Note: ALT (upper left), AST (upper right), total bilirubin (TBIL, lower left), and platelet time
courses (lower right) per cycle stratified by DM1 Cmax quartile. Red vertical lines indicate
90% range; blue circles indicate patient values below the fifth percentile for platelets or
above the 95th percentile for ALT, AST and TBIL. Black dashed lines are cutoffs for Grade 3
or greater adverse events for ALT and AST (> 5 x ULN), for TBIL (> 3 x ULN) and for
platelets (< 50 x 1000/uL).
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QT Interval ECG Nominal Time <30 ms <60 ms >60 ms
Adjusted QTcF  Cycle 1 Day 1
15 minutes post-dose (n=44) 44 (100%) 0
60 minutes post-dose (n=45) 45 (100%) [}
Cycle 1 Day 8 (n=43) 43 (100%) 0
Cycle 3 Day 1
15 minutes pre-dose (n=35) 35 (100%) 0 [}
15 minutes post-dose (n=37) 37 (100%) 0 0
60 minutes post-dose (n=37) 37 (100%) 0
Adjusted QTcB  Cycle 1 Day 1
15 minutes post-dose (n=44) 44 (100%) [
60 minutes post-dose (N=45) 45 (100%) 0
Cycle 1 Day 8 (n=43) 43 (100%) o
Cycle 3 Day 1
15 minutes pre-dose (n=35) 33(94.3%) 2(5.7%) 1]
15 minutes post-dose (n=37) 35 (94.6%) 2 (5.4%) [
60 minutes post-dose (n=37) 36 (97.3%) 1 (2.7%) 0

Note: Interval cateqgories were based on ICH E14 guidance.
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Parameter 95% CI parameter
Parameter estimate  SE  CV,% (SE-derived) estimate

T-DM1 (conjugale)
Intercept for cycle 1, ms 46 17 3 78,13 79
?v"::z“:: :‘y:'::"e"" 45 11 24 33,67
Slope, ms/(ug/mL) 0062 0018 29 0046
Residual variability, ms 83

Total trastuzumab
Intercept for cycle 1, ms 53 17 32 86,20 50
Difference in intercept, a7 12 26 23,71
cycle 3vs. cycle 1
Siope, ms/(ug/mL) 0054 0017 31 0021,0087 NA?
Residual variability, ms 86

DM1

Intercept for cycle 1, ms 37 16 43 68,06 20
Difference in intercept, 39 11 28 17,61
cycle 3vs. cycle 1
Slope, ms/(ng/mL) 076 025 B 027,125 085
Residual variability, ms 82

'BSV=between-subject variability; Cl=confidence interval; CV = coefficient of variation;
NiA=not applicable; SE=standard error, T-DM1 =trastuzumab emtansine
*  BSV on slope for total trastuzumab did not improve the fit
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(A) serum total trastuzumab emtansine conjugate; (B) serum total trastuzumab and (C)
plasma DM1 concentrations stratified by cycle. Solid lines represent the model-predicted
baseline-adjusted AQTcF at a given concentration; the dotted lines represent the 90% CI of
the model-predicted baseline-adjusted AQTcF. Symbols represent individual patient
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Mean (£ SD)

Dosing Caii AUCor tia Vie cL
Regimen N (ng/mL) (day * pg/mL) (days) (mL/kg) (mL/day/kg)
03mgkg 3 963(£1.73) 145(x339) 13(x02) 357 21.1(24.45)
(£7.54)
06mgkg 1 133 245 13 438 245
12mgkg 1 203 429 13 51.8 278
24mgkg 1 76.3 330 22 307 72
36mgkg 15 76.2(x19.1) 300(x658) 3.1(x0.7) 584 12.7 (£3.56)
(x124)
48mgkg 3 130.3 673(x122) 4.1(x07) 412 7.13(£0.125)
(£7.77) (£6.20)

AUCir=area under the serum concentration-time curve from Time 0 extrapolated to infinity;
CL=clearance; Cna,=maximum observed concentration; t;»,=terminal half-life; Vg =volume
of distribution at steady state.
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Mean (£ SD)

Dosing Conax AUCje tiz Vie cL
Regimen n (ug/mL)  (day » pg/mL) (days) (mL/kg) (mL/day/kg)
12 3 296 76.2(x10.4) 23 475 (x5.97) 159(x24)
mg/kg (£5.66) (£0.6)

16 3 343 130 (239.7) 34 50.8 (£16.6) 130(234)
ma/kg (z4.81) (0.8)

20 3 480 175 (x41.0) 31 51.0 (£8.05) 11.8(x24)
ma/kg (£9.56) (£03)

24 16 548 199 (£54.5) 33 554 (£13.0) 13.1(£4.08)
ma/kg (£126) &11)

29 3 781 212(£39.0) 29 57.7(221) 14.0(226)
ma/kg (£33.9) (£0.5)

AUC,=area under the serum concentration-time curve from Time 0 extrapolated to infinity;

CL=clearance; Cnmax=maximum observed concentration; t,»=terminal half-life;

Vgs=volume of distribution at steady state.
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(A) Mean Serum Trastuzumab Emtansine Conjugate Concentration-Time Profiles
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(B) Mean (= SD) Serum Trastuzumab Emtansine Conjugate, Serum Total Trastuzumab,
and Plasma DM1 Concentration-Time Profiles for the Trastuzumab Emtansine 3.6 mgkg
q3w Cohorts
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Notes: n=15in the trastuzumab emtansine (T-DM1) 3.6/mg/kg every-3-week cohort.
The dotted line represents the lower limit of quantitation (LLOQ) value of 0.737 ng/mL for the
DM1 assay.
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Notes: n=16 in the trastuzumab emtansine 2 4 mg/kg weekly cohort.
The dotted line represents the lower limit of quantitation (LLOQ) of 0.737 ng/mL for the DM1
assay.




image22.jpeg
@ a wo v W™ W @
w e w1 D W om0

TOMY. yostuuma emtansine Lap: gt Gop: capectatine. IRC. independent review comminee.
Hatard b s entirmatod based on & dirabfd Cas sodet pvakse & evbemated basad o » draidied bgank foat




image23.jpeg
10

0 o

T
Won Tme ol 42

o8]

o8]

04

02]

0 =
o 2 ‘ B . » 2 " " "
Frospessinree Sunees (rirm)
Nt 2 6k
0 n © o ] « z 2 . 2 2
o L4 “© " “» < » z L L H

T+D = trastuzumab + docetaxel, T-DM1 = trastuzumab emtansine
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Trastuzumab + Trastuzumab
Docetaxel lemtansine
N=70 N=67
Sensitivity Analysis 1: Censoring for Non-Protocol Anti-
Cancer Therapies
Number of patients with an event® (%) 48 (85.7%) 32(47.8%)
Earliest contributing event
Disease progression 44 (62.0%) 30 (44.8%)
Death 2(28%) 2(3.0%)
Number of patients without an event 24 (34.3%) 35 (52.2%)
Investigator-assessed PFS, median 02 124
(months)
05% CI (8.2.105) 0.4-NE

HR = 0.623 (unstratified analysis). p* = 0.0405; HR = 0.862 (stratified analysis), p* = 0.0826
Sensitivity Analysis 2: PFS i\ehdesdeatnsamyﬁme-

‘Number of patients with an event
Earliest contributing event

Disease progression

Death
‘Number of patients without an event

Investigator-assessed PFS, median
(months)

05% CI

47 (67.1%)

45 (64.3%)
2(2.6%)
23 (32.9%)

02

(8.2.10.5)

32(47.8%)

30 (44.8%)
2(3.0%)
35 (52.2%)

124

94-NE

HR =0.600. p" = 0.0313 (unstratified analysis): HR = 0.612, p* = 0.0408 (stratified analysis)

*event was defined as the earber of Gisease progression prior 1o cross-over or death at any time prior

to the start of non-protocol ant-cancer therapy
*,log-rank p-value

", Additional sensitivty analysis performed for pooled studies TDM4374g and TOM4258g. and

TDM44509/BO21976 for consistency with the definition of PFS in TOM4370g/B021877. This
sensitivty analysis should therefore be used primariy for the purposes of comparison
Ci= confidence interval; IRC = Independent Review Committee; NE = not estmable; PFS =

progresson-free survival





image25.jpeg
;ul

04

Progerton

02

L T
MegonTiwe (w) 223 NE
e Ratis P
oo RaTa0ma)
Lo sk sk o0

L Cap (et
—
[T
g I & ¢ 5 % u W 1w ® 2 % » » B R M %
Curston of St pmarehe]
Parmbme ot ik
LuptCap. 4B 4 om W e 0 WS W M W M @2 W W 7 3 2 1 ©
Toun 40 4 @ o DI M 7O W W W W @ e B B 3 2 O O©

TOM1: buabasumab emtarane: Lug: lpuind; Ces: capecriabine.

Hazaed ot 5 cstimied based cn & Aroifed Cor wodel, prvowe 15 €5imated bysed 0n o stiaifed ky ok teot.





image26.jpeg
Study

Treatment Arm

ORR

95% CI

CR

PR

Pivotal Study

TDMa370g!
BO29TT

308%

426%

(26.3%, 35.7%)

(38.6%, 48.6%)

2(0.5%)

4(1.0%)

118 (30.3%)

180 (42.6%)

N=425)

(N=431)

u%

478%

(30.3%, 30.5%)

(43.0%, 52.6%)

10(24%)

21(4.0%)

138 (32.5%)

185 (42.8%)

Supporting Studies

Pooled TDM4374g
and TDM4258g

IRC-assessed
Trastuzumab

N=215

302%

(24.2%, 38.5%)

65 (30.2%)

Investigator-
assessed

Trastuzumab
emtansine

N=222

(28.9%, 41.5%)

6(27%)

72(324%)

TDM4450g/
BO21876

Investigator-
assessed

Trastuzumab +
Docetaxel

N=60)

Trastzumab
emtansine

N=67)

58.0%

64.2%

(45.5%, 09.2%)

(51.8%, 74.8%)

4(5.8%)

7(104%)

0 (52.2%)

8 (53.7%)

C1 = confidence interval, ORR = overall response rate.
N represents number of patients with measurable disease
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Study Treatment Arm Median DOR Cl
(months)

Pivotal Study

TDM4370g/ BO21977 IRC-assessed
Lapatinib + Capecitabine 6.5 (5.45,7.16)
(N=120)
Trastuzumab emtansine 126 (8.38,20.76)
(N=173)
Investigator-assessed
Lapatinib + Capecitabine 72 (5.65-8.31)
(N=148)
Trastuzumab emtansine 17 (8.54 — 16.26)
(N=208)

Supporting Studies

Pooled TDM4374g and | IRC-assessed

TDM4258g
Trastuzumab emtansine NR (5.75, NE)
(N=65)
Investigator-assessed
Trastuzumab emtansine 94 (7.13,NE)
(N=78)

TDM44509/B021976 | Investigator-assessed
Trastuzumab + docetaxel | 9.5 (6.6, 10.6)
(N=40)
Trastuzumab emtansine NR (15.0, NE)
(N=43)

Cl = confidence interval, DOR = duration of objective response, NR = not reached, NE = not
estimable.
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T+D = trastuzumab + docetaxel; T-DM1 = trastuzumab emtansine
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Trastuzumad  Lapatnibe Tastzumsd  Lapatinds

Baselne  Total Hs entarsne Capeciabine BAseine  Total Hazard emansine Capectabine
Crarmcurisio "a- 'Rato. G5%C) "B buter” Craraduicio "a" 'Reto GSNCD B lamer
Allpatients 991 066 (056.078) <> Number of disase sites |
World region | <3 605 060 (048,075) -

us 210 070 (051098 —— » 84 078 (057,094) 1
Western i Prior anthracycine therapy |

2 amimaLere —o ves 805 070 (057,087) +-

Asia 158 074 (050 1.08) —o—t No 386 061 (047,079) -a=
Other 246 073 (051109 —o— Baselne ver metastases |
Number of prior chemctherapsutx: regmens | Yos 5 058 (045070 —ob

o1 609 068 (055085 - No 577 071 (057,089) g
>1 362 063 (049.082) —o— T T A1 1
Disease Involvement | Yes 3% 076 (058,099 T
Visceral 669 055 (045067 -On No 570 081 (049.076) -
Non-Visceral 322 096 (071.130)  |—— PR and ER status |

Age group 1 i andbor |
<65 853 062 (052074 - asod 545 072 (058,091 +
65 198106 (068168  —p— ER-andPR- 425 056 (044.072) ot
Aobopa Baseline dissase measurabiity |
<65 853 062 (052074 <+ Yes 785 062 (052.075) O~
8674 113 088 (053,145 ——r— No 205 091 (059,142) i T
275 25 351 (1221018) | | = Monopaussl Status |
Race | Pre. 451 Q70 (054,080) =
White 732 063 (052.077) ke o4 Pen 38 049 (020 122) ¢+~
Asian 180 082 (057.1.18) ot Post 400 068 (053 087) —f-
Other 70 059 (031, 111)——r Notapplicable 23 0.74 (0.26.2.16) —v——
Gender | Pror cancer systemic iheapy 1or MEC

Female 986 067 (057.079) < Yes 873 069 (058 082) -C-
Male 5 000 (0.00 KE) ! No 18 051 (030,085) —t—
Baseine ECOG score | Prior trastuzumab veatment for MGG |

o 611 061 049077 G- Ves &5 067 (058 081)

1 30 076 (059098 o No 155 062 (040,0%) —a—|

0z 05 1 2 5 0z 05 1 2 5
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Tiastyzuma Lapatiib+

Trastzumat Lapatinde

Baseiine Tota! Hazard emiansne Baseline Total Hazard emansine Rabing
Characteristic n  Rabo (95%Cl)  Better Wm Characteristic n _ Rafio (35%Cl) Better ca;;'
Alpasents 991 083 (046,082) - Number of disease sites I
World region | <3 85 071 (048 1.04) —
us 270 054 (033,089) —o1— = u:‘w:;: 08079 —a-r:
Wesiern 1 anthracyc! i
Europe. 317 08 (a2138) = Yes 605 0656 (048 0987) ?
Asia 158 004 (039, 127) —o—— No 385 057 (036,091 O
Other 26 051 (029088) —o— Baseline Iver metastases i
Number of prior chemotherapeutic regimens | Yes 405 054 (087,079 —o—
o1 609 08 (048096 —p-| No 577 068 (047.100)  —p—
> 382 057 (038, 086) Baselin bone metastases. |
Disesse Involvement Yes 399 054 (035082) —OT
Visceral 609 049 (036 067) No 5§70 067 (047 094) —0—]
Non-Visceral 322 118 (088, 1.85) PR and ER stalus |
Age group 1 PR+ andlor |
<65 853 055 (041.073) ER+ 545 056 (039,08 —or
265 138 135 (067.275) ER-and PR 428 067 (045,099) o
Agegroup2 Baseline cisease measurability |
<85 853 055 (041,073) Yes 786 057 (043 077) i
8574 13 084 (041,213) No 205 084 (042180 —ro1—
275 2 422 (057.1830) | [—— Menopausal Staus !
Face | Pre 251 053 (035082) —o—
White 732 065 (048 089) -0 Peri 38 082 (0.24,3.58)
Asian 180 068 (035 131) ——fortf— Post 400 075 (050,1.10) —o1
Other. 78 044 (017, 1.16) ——t—1— Not applicable 23 129 (013 12.92) Q—v—_b
Gender H Prior cancer systemic the-apy for MEC |
Female 986 063 (048 082) - Yes 673 063 (048 084) i ol
(0.00. NE) | No 118 058 (025, 1.28) —
i Prior rastuzumab treatment for MEC |
o 611 067 (046, 096) Yes 836 062 (045 089)
1 370 054 (037,080 —oT No 185 070 (037, 1.36) —p——
02 05 1 2 s 02 s 1 2 s
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TDM4370g/BO21977 TDM44509/6021976 Pooled Total Trastuzumab
Lapatinib + Trastuzumab | Trastizumabs  Trastuzumab b-caronorng oo
‘Capecitabine Emtansine Docetaxel Emtansine
N=488 N=290 N=66 N=69 N=288 N=882
Number (%) of Patients with:
Any AE 477 @77) 470(95.9) 66 (100.0) 86.(95.7) 288 (100.0) 857 (972)
AE NCI-CTC Grade >3 278 (57) 200 (40.8) 60(909) 32 (46.4) 138 (47.9) 378 (429)
Death 128(262) 4 (19.2) 12(182) 14(203) 704 119(135)
Death due to PD 123(252) 91 (186) 10(152) 12(17.4) 0 107 (12.1)
Death due to causes 5(10) 308) 105 2029 74 12013)
other than PD
SAE 83(18) 76(15.5) 17(258) 14(203) 73(253) 164 (18.6)
AE leading to L:37(76) 20(59) 23(348) 5072) 2103) 55(62)
discontinuation C:46(9.4)
AE leading to dose L82(189) 74(15.1) 19(288) 12(17.4) 2069 108 (122)
reduction 188 38.5)
AE leading o dose delay NA 104 212) NA 16(232) 70(243) 193 (21.9)

of T-DM1
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1 . Pooled trastuzumab emtansine includes patients from TDM4374g, TDM4258g, TDM3568g, TDM4529g and TDM4688g studies.

2 Total trastuzumab emtansine-exposed includes patients from TDM4370g, TDM4450g, TDM4374g, TDM4258g, TDM3569g, TDM4529g and
TDM4688qg studies who have received at least one dose of Trastuzumab Emtansine.
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Trastuzumab

AEs occurring in at least 5% more patients in the trastuzumab emtansine arm

Fatigue
Thrombocytopenia
Constipation

AST increased
ALT increased

Dry mouth

Myalgia

Chills *

Headache

Epistaxis

Urinary Tract Infection

Diarrhea

Nausea

PPE syndrome
Vomiting

Rash

Mucosal inflammation
Stomatitis

Dry skin
Paronychia

Nail disorder
Hyperbilirubinemia

Lapatinib + Capecitabine Emtansine
(n=438) (n=490)
136 (27.9%) 172 (35.1%)

12(25%) 137 (28.0%)
47 (9.6%) 124 (253%)
46 (9.4%) 110 (22.4%)
43(88%) 83 (16.9%)
38 (7.8%) 85(17.3%)
T T6%) 85(17.3%)
24(49%) T7(15.7%)
18 37%) 69 (14.1%)
14 29%) 39 (8.0%)
68 (13.9) 133 27.1%)
39(8.0%) 99 (20.2%)
17 35%) 44/(9.0%)
AESs occurring in at least 5% more patients in the lapatinib plus capecitabine arm
389 (79.7%) 114(23.3%)
218 (447%) 192 (39.2%)
283(58.0%) 6(1.2%)
143 (20.3%) 93 (19.0%)
130 (26.6%) 52 (10.6%)
93(19.1%) 33(6.7%)
61(12.5%) 16(3.3%)
49 (10.0%) 17 (35%)
52(10.7%) 1(0.2%)
39 (8.0%) 1(22%)
40 (8.2%) 6(1.2%)
27 (5.5%) 1(02%)

Skin fissures
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Trastuzumab Trastuzumab
+Docetaxel Emtansine
MedDRA Preferred Term (N=66) (N=69)
|Any Adverse Events: Total 66 (100.0%) 66 (95.7%)
Neutropenia 43 (65.2%) 11 (15.9%)
Alopecia 44 (66.7%) 3(4.3%)
Pyrexia 15 (22.7%) 28 (40.6%)
Diarrhea 30 (45.5%) 11(15.9%)
Headache 12 (18.2%) 28 (40.6%)
Edema peripheral 29 (43.9%) 7(10.1%)
Aspartate aminotransferase increased 4(6.1%) 30 (43.5%)
Dyspnea 18 (27.3%) 10 (14.5%)
Anemia 18 (27.3%) 9(13.0%)
Epistaxis 6(9.1%) 19 (27.5%)
Leukopenia 17 (25.8%) 7(10.1%)
Nail disorder 16 (24.2%) 7(10.1%)
Thrombocytopenia 4(6.1%) 19 (27.5%)
Alanine aminotransferase increased 4(6.1%) 18 (26.1%)
Dysgeusia 15 (22.7%) 6(8.7%)
Bone pain 15 (22.7%) 5(7.2%)
Peripheral sensory neuropathy 14 (21.2%) 5(7.2%)
Lacrimation increased 13 (19.7%) 5(7.2%)
Abdominal pain upper 4(6.1%) 12(17.4%)
Mucosal inflammation 12 (18.2%) 4(5.8%)
Dry mouth 3(4.5%) 11(15.9%)
Blood alkaline phosphatase increased 2(3.0%) 10 (14.5%)
Hot flush 10 (15.2%) (0.0%)
Breast pain 8(12.1%) 1(1.4%)
Febrile neutropenia 9(13.6%) (0.0%)
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Trastuzumab Trastuzumab
+Docetaxel Emtansine
MedDRA Preferred Term  NCI CTCAE Grade (N=66) (N=69)
-Any Adverse Events- - Total - 60 (90.9%) 32 (46.4%)
1 (0.0%) 7 (10.1%)
2 6(9.1%) 27 (39.1%)
3 21(31.8%) 27 (39.1%)
4 38 (57.6%) 4(58%)
5 1(1.5%) 1(1.4%)
|Neutropenia - Total - 41(62.1%) 4(5.8%)
3 7 (10.6%) 1(1.4%)
4 34 (515%) 3(4.3%)
[Leukopenia - Total - 16 (24.2%) (0.0%)
3 12(18.2%) (0.0%)
4 4(6.1%) (0.0%)
Febrile neutropenia - Total - 9 (13.6%) (0.0%)
3 9 (13.6%) (0.0%)
[ALT increased - Total - {0.0%) 7(10.1%)
k] (0.0%) 7(10.1%)
|Aspartate aminotransferase - Total - {0.0%) 6(8.7%)
increased
3 {0.0%) 6 (8.7%)
[Edema peripheral - Total - 4 (6.1%) (0.0%)
3 4(6.1%) (0.0%)
IPneumonia - Total - (0.0%) 4(5.8%)
3 (0.0%) 4(5.8%)
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Trastuzumab  Trastuzumab
NCICTCAE +Docetaxel Emtansine
MedDRA Preferred Term Grade (N=66) (N=69)
-Any Adverse Events- - Total - 17 (25.8%) 14 (20.3%)
1 1(1.5%) 1(1.4%)
2 2(3.0%) 3(4.3%)
3 1 (16.7%) 8(116%)
4 2(3.0%) 1(1.4%)
5 1(1.5%) 1(1.4%)
Febrile neutropenia - Total - 6(9.1%) (0.0%)
1 (0.0%) (0.0%)
2 (0.0%) (0.0%)
3 6 (9.1%) (0.0%)
4 (0.0%) (0.0%)
5 (0.0%) (0.0%)
IPneumonia - Total - (0.0%) 5(7.2%)
1 (0.0%) (0.0%)
2 (0.0%) 1(1.4%)
< | (0.0%) 4(5.8%)
4 (0.0%) (0.0%)
5 (0.0%) (0.0%)
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Trastuzumab

MedDRA Lapatinib Capecitabine emtansine

Preferred Term (n=488) (n=488) (n=490)

Any Adverse Events 92 (18.9%) 188 (38.5%) 74 (15.1%)
Thrombocytopenia 0% 0% 24 (4.9%)
Neutropenia 0% 6(1.2%) 3(0.6%)
Diarrhea 42 (8.6%) 70 (14.3%) 1(0.2%)
Nausea 5(1.0%) 16 (3.3%) 0%
Vomiting 7 (1.4%) 12 (2.5%) 0%
Mucosal inflammation 2(0.4%) 9 (1.8%) 1(0.2%)
Fatigue 3(0.6%) 6 (1.2%) 1(0.2%)
Paronychia 9 (1.8%) 5(1.0%) 0%
AST increased 0% 0% 19 (3.9%)
ALT increased 0% 0% 13 (2.7%)
Neuropathy peripheral 0% 0% 5(1.0%)
PPE syndrome 18 (3.7%) 98 (20.1%) 0%
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Trastuzumab

MedDRA Lapatinib Capecitabine emtansine

Preferred Term (n=488) (n=488) (n=490)

Any Adverse Events 180 (36.9%) 214 (43.9%) 104 (21.2%)
Neutropenia 12 (2 5%) 14 (2.9%) 14 (2.9%)
Thrombocytopenia 1(0.2%) 1(0.2%) 23 (4.7%)
Leukopenia 1(0.2%) 2(0.4%) 8 (1.6%)
Diarrhea 58 (11.9%) 55 (11.3%) 3 (0.6%)
Vomiting 23 (4.7%) 23 (47%) 3(0.6%)
Nausea 17 (3.5%) 21(4.3%) 1(0.2%)
Stomatitis 2(0.4%) 5(1.0%) 0%
Fatigue 4(0.8%) 6(1.2%) 8 (1.6%)
Mucosal inflammation 6 (1.2%) 8(1.6%) 1(0.2%)
Hyperbilirubinemia 11(2.3%) 9(1.8%) 1(0.2%)
Paronychia 12 (2.5%) 16 (3.3%) 0%
ALT increased 6 (1.2%) 6(1.2%) 5(1.0%)
AST increased 5 (1.0%) 5(1.0%) 7 (1.4%)
Biood bilirubin increased 7(1.4%) 7(1.4%) 2(0.4%)
Hypokalemia 6(1.2%) 6(1.2%) 1(0.2%)
PPE syndrome 39 (8.0%) 85 (17.4%) 0%
Rash 5(1.0%) 5(1.0%) 0%
Dermatitis 2(0.4%) 5(1.0%) 0%
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TDM4370g/BO24977 TDMA4450g/BO21S76 Pooled Total Trastuzumab
2 Trastuzumab Emtansine-
peaar eeme | meemss oeema | IS | S
N=488 N =490 N=66 N=69 N=288 N =882
Patients with AEs by NCI-CTCAE Grade, n (%)
1 43(8.8%) 52 (10.6%) 0.00% 7(10.1%) 34 (11.8%) 96 (10.9%)
2 57 (11.7%) 57 (11.6%) 0.00% 14 (20.3%) 30 (10.4%) 107 (12.1%)
3 23 (47%) 41(8.4%) 1(15%) 11 (15.9%) 17(5.%) 70 (7.9%)
4 0.00% 2(04%) 0.00% 0.00% 3(1.0%) 5(0.6%)
5 0.00% 0.00% 0.00% 0.00% 2(0.7%) 2(02%)
Total 123(252%)  152(31.0%) 1(15%) 32 (46.4%) 86/(29.9%) 280 (31.7%)
Patients with AEs NCI-CTCAE Grade23, n (%)
AST Increased 4(08%) 21(43%) 0.00% 6(8.7%) 9(3.1%) 36/(4.1%)
ALT Increased 7(14%) 14 (2.9%) 0.00% 7(10.1%) 4(1.4%) 25(2.8%)
ALP Increased 2(04%) 1(02%) 0.00% 2(29%) 0.00% 3(0.3%)
Bilirubin Increased 4(08%) 2(04%) 0.00% 0.00% 1(03%) 3(03%)
Hypoalbuminemia 1(02%) 0.00% 1(15%) 1(1.4%) 1(03%) 2(02%)
Transaminases 1(0.2%) 4(0.8%) 0.00% 0.00% 0.00% 4(0.5%)
Increased
Hyperbilirubinemia 4(0.8%) 1(02%) 0.00% 0.00% 1(0.3%) 2(0.2%)
LFT Abnormal 0.00% 1(02%) 0.00% 0.00% 2(0.7%) 3(0.3%)
G-GT Increased 0.00% 4(08%) 0.00% 2(2.9%) 0.00% 6(0.7%)
Ascites 0.00% 0.00% 0.00% 0.00% 2(0.7%) 2(0.2%)
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Hepatic Enzyme 0.00% 1(02%) 0.00% 0.00% 1(0.3%) 2(02%)
Increased
Hepatic function 1(0.2%) 0.00% 0.00% 0.00% 2(0.7%) 2(02%)
abnormal
Hepatotoxicity 0.00% 1(0.2%) 0.00% 0.00% 2(0.7%) 3(0.3%)
Hepatic failure 0.00% 0.00% 0.00% 0.00% 1(0:3%) 1(0.1%)
[AST Abnormal 0.00% 1(0.2%) 0.00% 0.00% 0.00% 1(0.1%)
Hepatitis toxic 0.00% 1(0.2%) 0.00% 0.00% 0.00% 1(0.1%)
Cholestatic jaundice 1(02%) 0.00% 0.00% 0.00% 0.00% 1(0.1%)
Cytolytic hepatitis 1(0.2%) 0.00% 0.00% 0.00% 0.00% 0.00%

Source: {_ae10 274/ Vol 9p954

., Table 50 from TDM43709/BO21977 CSR; Table 30 from study TDM44509/BO21976 CSR.

1. Selected AES were analyzed using Standardized MedDRA Queries (SMQs), where available, as these are a consistent set of AE grouped
terms globally recognized by regulatory authorities. If no SMQs were available, baskets of MedDRA Adverse Event Grouped Tems (AEGTS) were
used. Details are provided in Section 1.1.7.3.2 and Appendix 3.
2. Pooled trastuzumab emtansine includes patients from TDM4374g, TDM4258g, TDM3569g, TOM4529g and TDM4688g studies.

3. Total trastuzumab emtansine-exposed includes patients from TDM4370g, TDM4450g, TOM4374g, TDM4258g, TDM3563g, TDM4529g and
TDMA4688g studies who have received at least one dose of trastuzumab emtansine.
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*Pooled trastuzumab emtansine includes patients from TDMé374g, TIM4258g, TIM3S69g, TIM4S29g

and TDM4688g studies.
*Total trastuzumab emtansine-e:

includes patients from TIM4370g, TDM4450g, TIM4374g,

TDM4258g, TIM3S€9g, TIM4S29g and TIM4688g studies who have received at least one dose of

Trastuzumab Emtansine.

ULN= upper limit of normal; Tbili = Total bilirubin. Counts of patients in the ALT/AST
subcategories may not add up to the counts for Tbili due to missing values in ALT or AST.
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Patients with AEs by NCI-CTCAE Grade, n (%)
1 0.00% 11 22%) 5 (7.6%) 4(5.8%) 16 (5.6%) 31(3.5%)
2 0.00% 8(1.6%) 4(6.1%) 6 (8.7%) 13 (4.5%) 27 (3.1%)
3 0.00% 0.00% 1(15%) 0.00% 1(0.3%) 1(0.1%)
4 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
5 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Total 0.00% 19 (3.9%) 10 (15.2%) 10 (14.5%) 30 (10.4%) 59 (6.7%)
Patients with AEs NCI-CTCAE Grade>3, n (%)
IRR 0.00% 7(1.4%) 0.00% 0.00% 1(0.3%) 1(0.1%)
Hypersensitivity 0.00% 0.00% 1(15%) 0.00% 0.00% 0.00%
Source:t ae10a 274/Vol7/p328 . : Table 56 from TDM43709/BO21977 CSR; and t_ae_select2 5351 4/Vol 51/p632 from Study
TDM44500/B021976 CSR.

1. Selected AEs were analyzed using Standardized MedDRA Queries (SMQs), where available, as these are a consistent set of AE grouped
terms globally recognized by regulatory authorities. If no SMQs were available, baskets of MedDRA Adverse Event Grouped Terms (AEGTs)
were used. Details are provided in Section 1.1.7.3.2 and Appendix 3.
2. Pooled trastuzumab emtansine includes patients from TDM4374g, TDM4258g, TDM3569g, TDM4529g and TDM4688g studies.

3_Total trastuzumab emtansine-exposed includes patients from TDM4370g, TDM4450g, TDM4374g, TDM4258g, TDM3569g, TDM4529g and
TDM4688q studies who have received at least one dose of trastuzumab emtansine.
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