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• The Therapeutic Goods Administration (TGA) is part of the Australian Government 

Department of Health, and is responsible for regulating medicines and medical 
devices. 

• The TGA administers the Therapeutic Goods Act 1989 (the Act), applying a risk 
management approach designed to ensure therapeutic goods supplied in Australia 
meet acceptable standards of quality, safety and efficacy (performance), when 
necessary. 

• The work of the TGA is based on applying scientific and clinical expertise to decision-
making, to ensure that the benefits to consumers outweigh any risks associated with 
the use of medicines and medical devices. 

• The TGA relies on the public, healthcare professionals and industry to report problems 
with medicines or medical devices. TGA investigates reports received by it to 
determine any necessary regulatory action. 

• To report a problem with a medicine or medical device, please see the information on 
the TGA website <http://www.tga.gov.au>. 

About the Extract from the Clinical Evaluation Report 
• This document provides a more detailed evaluation of the clinical findings, extracted 
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include sections from the CER regarding product documentation or post market 
activities. 
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1. List of commonly used abbreviations 
Abbreviation Meaning 

AE Adverse event 

AESI Adverse events of special interest 

AUC Area under plasma concentration versus time curve 

Cmax Peak plasma concentration 

DDI Drug to drug interaction 

GBM Glioblastoma multiforme 

IV Intravenous 

PPK Population pharmacokinetics 

PsPD Pseudo progression 

RT Radiotherapy 

Tmax Time to peak plasma concentration 

TMZ Temozolomide 

2. Clinical rationale 
It is worth noting that around the same time as Study BO21990 started the NCI sponsored an 
inter-group phase III multicentre study in the USA and Canada which was a randomised placebo 
controlled study in which patients with newly diagnosed GBM investigated the efficacy and 
safety of BVZ at a dose of 10mg/kg every two weeks with the standard radiotherapy and TMZ. 
This is an ongoing study. 

3. Contents of the clinical dossier 

3.1. Scope of the clinical dossier 
Module 5 contains data on four population pharmacokinetic studies namely a population 
pharmacokinetic report BO17704 which determines the population pharmacokinetics of BVZ in 
non-small cell lung cancer patients compared to population pharmacokinetics previously 
described in an oncology patient population with different types of cancer. Population 
pharmacokinetics report BO17706 which assessed the pharmacokinetics in metastatic 
pancreatic cancer patients and compared these to pharmacokinetics previously characterised 
for Bevacizumab in oncology patient populations with different types of cancer. A Genentech 
report involving population pharmacokinetics of BVZ report no. 03-0324-1751. A final analysis 
report on the population pharmacokinetic analyses of BVZ [information redacted]. 
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A pivotal efficacy and safety Study BO21990, a randomised double-blind placebo controlled 
multicentre phase III trial of BVZ-placebo with TMZ and radiotherapy followed by BVZ-placebo 
and TMZ in patients with newly diagnosed glioblastoma. Full study reports together with 
tabular and written summaries are provided for all these studies. 

3.2. Paediatric data 
Not applicable to this submission. 

3.3. Good clinical practice 
All aspects of good clinical practice were observed in this submission. 

4. Pharmacokinetics 
In this section apart from discussing the four population pharmacokinetic analyses, a sub-study 
of the pivotal trial BO21990, a drug to drug interaction sub-study was undertaken and is 
presented here. This is performed to allow for an assessment of potential PK effect of BVZ on 
TMZ by comparing primarily the area under the concentration/time curve from time zero to last 
measurable concentration (AUC 0-last). On the basis of clearance mechanism for BVZ there was no 
expectation that BVZ would alter the PK of TMZ. This sub-study was undertaken during the 
maintenance phase in the patients with newly diagnosed glioblastoma when BVZ and TMZ were 
administered concurrently. The sub-study was undertaken following a treatment break after the 
concurrent treatment phase of Study BO21990 in which patients received TMZ and BVZ or 
placebo for six 28 day cycles to disease progression or unacceptable toxicity. During the first 
cycle of the maintenance phase TMZ was to be taken orally for the first five days of the 28 day 
cycle at a dose 150mg/m2 per day and for subsequent cycles a dose of TMZ was to be escalated 
to 200mg/m2 if the patient’s toxicity profile permitted. BVZ or placebo in a dose of 10 mg/kg 
every two weeks was administered to patients of days 1 and 15 of each 28 day cycle. 

PK assessments of plasma TMZ concentrations and serum BVZ concentrations were performed 
during the maintenance phase. 

The PK outcome measures for this sub-study were to summarise the observed plasma TMZ 
concentrations and estimate the PK parameters (AUC, Tmax, Cmax) for patients in the placebo 
(placebo + RT + TMZ) and BVZ (BVZ + RT + TMZ) treatment arms at cycle 1, day 1 of the 
maintenance phase. In addition the observed serum BVZ trough and PK concentrations in 
patients in the BVZ treatment arms during cycles 1, 2 and 3 during the maintenance phase were 
to be summarised and the observed BVZ exposures compared with the predicted exposure from 
PPK simulations based on a dose regimen in Study BO21990. 

A total of 20 patients participated in the DDI sub-study and had serum samples collected for 
BVZ concentration measurements. Of these 20 patients 14 were in the BVZ treatment arm and 
six in the control arm. BVZ concentration results based on nominal sample collection times are 
indicated in Table 1. 
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Table 1. Study BO21990 DDI Substudy: Observed serum BVZ concentrations 

 
The observed serum BVZ concentrations for patients in the DDI sub-study relative to 
predictions for the median and 5th and 95th percentiles for BVZ concentrations derived from 
PPK simulations using the BVZ dosage regimen in Study BO21990 is indicated in Figure 1. 

Figure 1. Study BO21990 DDI Substudy: Observed serum BVZ concentrations and visual 
predictive check 

Observed serum BVZ concentrations compared with 90% prediction interval based on nominal 
dosing and collection times. 

 
The observed median BVZ concentrations relative to the predictive median and 5th and 95th 
percentiles are summarised in Table 2. As indicated the observed pre-dose and post-dose BVZ 
concentrations during cycles 1-3 of the maintenance phase DDI sub-study had similar medians 
and fell within the 90% prediction interval based on simulations from the BVZ reference PPK 
model. Therefore the PK of BVZ in patients with newly diagnosed glioblastoma are considered 
to be similar to the PK of BVZ in patients with different types of cancer contained in the 
reference BVZ PPK model and BVZ exposure did not appear to be influenced by the presence of 
TMZ. 

Table 2. Study BO21990 DDI Substudy: Observed and predicted serum BVZ concentrations 
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In evaluating the TMZ pharmacokinetics, 13 patients were considered evaluable for this 
analysis. Of the 13 patients evaluated for TMZ PK, six were in the control arm and seven in the 
treatment arm. The mean plus or minus SD plasma TMZ concentration/time profiles for 
patients in the placebo and BVZ arms of the sub-study is indicated in Figure 2. TMZ PK 
parameter estimates for patients in the placebo and BVZ arms are summarised in Tables 3 and 
4, respectively. 

Figure 2. Study BO21990 DDI Substudy: Mean ± SD plasma temozolomide concentration 
time profiles by treatment arm 

 
Table 3. Study BO21990 DDI Substudy: temozolomide pharmacokinetics in the placebo arm 
(PI+RT/T) 
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Table 4. Study BO21990 DDI Substudy: temozolomide pharmacokinetics in the BVZ arm 
(BVZ+RT/T) 

 
TMZ was rapidly absorbed with a mean Tmax 0.92 hours in the control arm and 1.43 hours in the 
BVZ arm. TMZ was also rapidly eliminated with a half-life (T½) of 1.9 hours for the placebo arm 
and 1.92 hours for the BVZ arm. TMZ (AUCall)) was estimated to be 21mcg/hour/ml for placebo 
and 25.9mcg/hour/ml for the BVZ arm. TMZ Cmax was estimated to be 6.71mcg/ml for the 
placebo arm 7.83mcg/ml for the BVZ arm. 

The mean TMZ exposure (AUCall) in the BVZ arm appears to be moderately increased by 
approximately 23% compared with the TMZ exposure in the placebo arm. Tmax was slightly 
delayed by 30 minutes and the maximum concentrations Cmax were similar. However owing to 
the limited number of patients in each treatment arm the evaluation of the effect of BVZ on TMZ 
pharmacokinetics must be observed with caution. These data are similar to that already 
published for TMZ PK. In the TMZ concentrations observed in patients in the two treatment 
cohorts are within the expected variability predicted from a TMZ PPK model. 

Comment: Accepting the fact that the number of patients in this sub-study were 
relatively small the moderate difference in TMZ exposure observed between the 
treatment groups is probably not clinically significant. It is to be noted that TMZ and 
BVZ do not share the same clearance pathways and therefore are not expected to have 
potential interactions with one another. 

4.1. Population pharmacokinetics 
Comprehensive PPK analyses have been conducted over the years. A comprehensive PPK 
analysis initially conducted using a first order estimation method in non-linear mixed effect 
modelling in eight (Phase I-III) clinical trials in which several dosage regimens of concomitant 
anti-neoplastic regimens were evaluated, that is, Study PK03-0324-1751. 

The analysis included a total of 491 patients who received IV dose of BVZ ranging from 1-
21mg/kg at a dosing frequency of once weekly, every two weeks or every three weeks. Of the 
491 patients included in the PPK model 276 were female and 215 were male. The final model 
estimates of individual parameters are summarised by study in Table 5. This is considered the 
reference PPK model for other PK analyses. It is noted that the model estimate terminal half-life 
of BVZ to be approximately 20 days with a range of 11-50 days in a predicted time to steady 
state of approximately 100 days. The slow CL and long terminal T½ of BVZ allows the BVZ to be 
administered at every 2-3 weeks in combination with other chemotherapeutic agents 
depending upon respective chemotherapy administration schedules. 
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Table 5. Mean (CV%) of pharmacokinetic parameters and co-variates by study 

 
It is noted that this PPK model also included additional co-variates which accounted for inter-
individual variability in the PK of BVZ such as different chemotherapeutic agents used in 
combination. This allowed for the assessment of the effect co-administered chemotherapy 
evaluated on the PK of BVZ. It is noted that CL of BVZ given in combination with bolus 
Irinotecan, 5-FU and Leucovorin was not different from that of BVZ as a single agent but for the 
other BVZ combination the CL of BVZ was 17% slower. 

Overall the PK parameters were similar for BVZ at all doses in the studies whether the drug was 
administered as a single agent or in combination with chemotherapy suggesting that the PK of 
BVZ is not markedly affected by concomitant administration of chemotherapy drugs evaluated 
to date. 

Comment: This analysis demonstrated the population PK parameters for BVZ are similar 
to that estimated for other IgG antibodies. Weight and gender were the most influential 
co-variates on BVZ CL and Vc. Given the low inter-patient variability and the modest 
effects of co-variates on BVZ CL and Vc this analysis supports the weight based dosing 
regimen proposed for BVZ. 

Study BO17704 was a population PK analysis of BVZ in patients with advanced or recurrent 
non-squamous non-small cell lung cancer who had not received prior chemotherapy. This was 
undertaken to determine whether the PK of this patient population was comparable with 
population PK previously described in an oncology patient population with different types of 
cancer. It was a randomised three-arm double-blind phase III study assessing two doses of BVZ 
in combination with Cisplatin and Gemcitabine versus Cisplatin and Gemcitabine plus placebo 
as first line treatment. Population PK samples for BVZ were taken at pre-dose and immediately 
after end of IV infusion of cycle 1-6 and at pre-dose only to cycle 7 in a sub-set of 210 patients. 
The number of patients included in the population PK data set was 138 with 68 at the BVZ dose 
of 7.5mg/kg and 70 at the BVZ dose of 15mg/kg. 

A Bayesian feedback analysis of the BVZ serum PK concentrations were performed and 
individual PK parameter estimates for the patient population were obtained based on a 
previously developed population PK model for patients with different types of cancer. These PK 
parameters for the lung cancer population were compared to the reference model. 
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The comparison of the 90% prediction interval for the observed data showed that overall 8.74% 
of the observations were actually found to lie outside the interval (9.96% outside for low dose 
and 7.47% for the high dose). As the comparison for the 90% prediction interval with the 
individual predicted data, showed that overall 4.51% of the individual predictions were to be 
found to lie outside the interval (4.24% outside for low dose and 4.79% for high dose). No 
clinically relevant differences in PK parameters, that is, clearance, central and peripheral 
volumes were found between the lung cancer and reference oncology population. Inspection of 
the goodness of fit plot showed that the empirical Bayesian estimation based on the reference 
model was describing the data well without obvious bias. 

Comment: No relevant differences were found in the Bayesian estimates of clearance 
and central and peripheral volumes between the lung cancer patients and the oncology 
patients including the pooled data analysis. This finding supports the conclusion that the 
population PK of BVZ in this lung cancer population is comparable with the population 
PK of BVZ in other oncology patient population. 

In Study BO17706 individual BVZ concentrations/time profile of random individual PK 
parameters from the Study BO17706 in metastatic pancreatic cancer predicted on the basis of 
empirical Bayesian estimates from a comprehensive PPK model and was used to assess 
comparability with a simulated PK profiles and parameters from a reference model. 

The observed BVZ trough levels in patients with non-metastatic pancreatic cancer showed a 
slight increase in serum concentrations from week 3 to week 9 consistent with BVZ T1/2 of 20 
days. 

A comparison of the 90% prediction intervals indicated (a) 7.2% of the observed data within 
this interval when actual time points were grouped in 24 hour intervals and 88% were within 
interval when planned time points were used. Overall the results show that the median of the 
observed data fell within the 95% CI for the majority of the time points when time points were 
grouped by 24 hour intervals were used and full time points were planned and used. 

The individual parameter estimates obtained for the population with pancreatic cancer were 
similar to those obtained for the reference population. The median volume and mean volume of 
the central compartment (V2) were slightly higher in the pancreatic cancer population which 
can be explained by the difference in co-variate distribution because the ratio of male to females 
was higher in this population than the reference population. 

Comment: These data again showed that PK in the pancreatic cancer population is 
comparable to PK in a reference population from which the current model is developed 
as in line with that from previous population PK analyses. 

The population PK analysis of BVZ [information redacted] involved a population PK analysis of 
patients with various tumour types receiving multiple intravenous infusions of BVZ either as 
single agents or in combination ranging from 1-21mg/kg with frequencies ranging from weekly 
to every three weeks. BVZ PK was characterised by a two-compartment model with first order 
elimination. The data analysed using non-linear mixed effects modelling (NONMEN). 

On the 773 patients included for analysis, there were 6108 BVZ samples and for a typical subject 
treated with BVZ co-administered with other chemotherapy clearance of 9.2ml/hr central 
volume of distribution 3280ml and inter-compartmental clearance was 15ml/hr and peripheral 
volume 3850ml corresponding to a disposition elimination half-life of 2.8 days and 27 days 
respectively. Significant co-variates in order of decreasing influence between subject variability 
for the parameter were CL clearance/baseline body weight, albumin, tumour burden and sex. 

These data when shown as two compartment linear model described the data well with the 
precise parameter estimates and goodness of fit plots to indicate good model fit. The main co-
variate effects, that is, weight, gender and albumin, on clearance of weight and gender and 
central volume are common between the previous and current population PK model. 
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Comment: This data from the various population PK studies together with the PK drug to 
drug interaction sub-study for the pivotal trial showed that for BVZ given in combination 
with various chemotherapy agents across tumour types showed no obvious potential for 
PK drug to drug interaction between the various chemotherapy agents and BVZ. This also 
indicates that there appears to be no requirement for dose modification for other 
chemotherapeutic agents used in combination with BVZ. 

5. Pharmacodynamics 
No new data submitted. 

6. Dosage selection for the pivotal studies 
No formal dose finding study was performed to determine the optimal dose of BVZ for the 
proposed indication. However previous clinical studies undertaken with doses ranging from 1-
20mg/kg every 1 to 3 weeks have revealed a positive benefit/risk ratio of BVZ given the same 
weekly dose equivalent of 5mg/kg per week as proposed for the pivotal Study BO21990. 
Furthermore in the relapsed GBM setting this dose schedule has been utilised demonstrating 
clinical activity and acceptable safety. It is also to be noted that a controlled assessment of 
benefit from the continuation of BVZ until disease progression including as a single agent after 
stopping maintenance TMZ as planned in Study BO21990 had not been addressed in the newly 
diagnosed GBM development programme. It is however considered that as every effort should 
be undertaken to prolong progression free survival after discontinuation of TMZ that this 
approach is justified. It is not expected that there would be cumulative toxic risks associated 
with prolonged usage of BVZ in the maintenance situation. 

7. Clinical efficacy 
Efficacy data for this submission comes from the pivotal Phase III trial BO21990, a multicentre 
randomised double blind placebo controlled study comparing the combination of TMZ and 
radiotherapy with bevacizumab versus TMZ plus radiotherapy and placebo. Overview of the 
study is indicated in Table 6. It is to be noted that the clinical efficacy data in this evaluation 
comes from assessment of the co-primary endpoint of progression free survival (PFS) which 
corresponded to the interim analysis of the co-primary endpoint of overall survival (OS). This 
data ongoing with the data for the protocol specified final OS anticipated being available at the 
end of the second quarter 2013. 
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Table 6. Summary of study contributing to efficacy evaluation 

 
In the study, 921 patients with newly diagnosed glioblastoma multiforme (GBM) were randomly 
assigned on a 1:1 basis to either one of two treatment arms by a central stratified block 
randomisation procedure and overview of the study design and treatment schedule as indicated 
in Figure 3. 

Figure 3. Overview of study design and treatment schedule 

 
The two primary objectives of the study were to demonstrate the superiority of PFS as assessed 
by the investigator and superiority in OS when BVZ is added to TMZ with radiotherapy followed 
by TMZ for the treatment of patients with newly diagnosed GBM. Secondary efficacy objectives 
included comparison between treatment arms of PFS which were assessed by an independent 
review facility (IRF), one year and two years survival and health related quality of life (HRQoL) 
outcomes. 

Trial treatment was to start between four and seven weeks after debulking surgery or biopsy of 
the GBM. Trial treatment for the three phases is indicated in Figure 3 described as concurrent 
phase, maintenance phase and monotherapy phase. After progressive disease patients were 
followed for safety, survival and subsequent anticancer therapy every nine weeks. 

Evaluation of the disease response to therapy was as via a revised MacDonald response criteria 
which is based on the combination of radiological tumour assessments, neurological 
examination and corticosteroid use. This is indicated in Table 7. 
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Table 7. Disease assessment based on adapted MacDonald criteria. 

 
The final analysis of PFS was planned up to 677 patients who had a PFS event either progressive 
disease or death. Two interim analyses of overall survival were planned and the first when at 
least 50% of patients for the final OS analysis had been observed and the second at the time of 
the final PFS analysis when at least 72% of events for the final OS had been observed. The final 
analysis of OS is planned to be performed when approximately 683 deaths or 100% of events 
have occurred. 

The potential occurrence of pseudo-progression (PsPD) was evaluated at first disease 
assessment prior to start of maintenance phase according to a strict algorithm. At this time 
point a >25% increase in index lesions and unequivocal progression of existing non-index 
lesions relative to the baseline disease assessment were assessed as PsPD thus allowing 
continuation of trial treatment. Further review was undertaken a period of two months later. If 
a confirmatory scan showed further tumour progression or death had occurred in the meantime 
the initial assessment at the end of the treatment break was retrospectively assigned designated 
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as PD. Conversely if the scan did not show progression then this is confirmed as PsPD and the 
patient remained on treatment. 

All patients MRI scans were assessed by the IRF and the overall assessment of PD or non-PD 
was determined by a pre-specified algorithm combining the IRF radiological assessment and the 
investigators neurological evaluation. 

As such, changes in health related quality of life were undertaken utilising a core instrument 
(QLQ/C30) supplemented by a brain cancer specific module EORTC BM20. The QLQ/C30 items 
self-report questionnaire which patients rate the items on a 4-point scale measuring a number 
of domains, including physical functioning, role functioning, emotional functioning, cognitive 
functioning, social functioning etc. The BM20 consisted of four scales comprising multiple items 
including future uncertainty, visual disorder, motor dysfunction, communication deficit, non-
specific symptoms including headache, seizures, drowsiness, hair loss etc. Both instruments 
have been validated. The primary analysis of HRQol considered to be the most relevant for the 
current study is supported by literature included the QLQ/C30 global health status/QoL; 
QLQ/C30 physical functioning; QLQ/C30 social functioning; BM20 motor dysfunction; BM20 
communication deficit. 

Statistical analyses were undertaken utilising stratified log rank tests and the trial being 
determined as positive if at the time of the OS interim analysis and final PFS analysis there was a 
statistically significant difference between treatment arms in PFS in favour of BVZ with a HR 
<0.769 and a non-detrimental effect on OS (HR<1.0) or a statistically significance difference 
between the two treatment arms for OS in favour of BVZ. Definitions of key endpoints, statistical 
tests and significance levels applied are indicated in Table 8. Furthermore several sensitivity 
and robustness analyses were performed on the co-primary endpoints. 

Table 8. Summary of key efficacy endpoints and analysis in Study B021990 

 
The primary analysis of HRQoL was time to definitive deterioration which was defined as a 
change from baseline of 10 points with no subsequent improvement or PD or death. PD was 
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included in the definitive deterioration competent endpoint because it signified a clinically 
relevant change in the patients’ disease status. 

Analyses of corticosteroid use were performed on two sub-sets of patients according to their 
baseline corticosteroid dose defined as the average Dexamethasone equivalent dose to the GBM 
control within five days before the first administration of trial treatment. Patients were 
considered off steroids for 0-<2mg or on steroids at least 2mg. The five day period was in line 
with the criteria for determining stability at the corticosteroid dose. 

Considering the results of the study. The demographic characteristics of the patient population 
were balanced between the two treatment arms. Most patients were White and the mean age 
was 56 years in both arms and 22% of patients were >65 years. Distribution across various 
regions participating demonstrated that Western Europe contributed 51% of patients and the 
remainder of the regions were well balanced. 

Baseline disease characteristics were also well balanced between the two treatment arms.  
Baseline corticosteroid use was similar between the two arms of treatment with the majority of 
patients being off steroids and the remainder of patients received daily doses of from 2mg to a 
maximum of 45mg with the majority at doses of <10mg. 

With regards to enzyme inducing anti-epileptic drugs (EIAED) the use of these were well 
balanced between the two treatment arms with the most commonly reported of these being 
anticonvulsants such as Phenytoin in 14% of patients in both arms and Carbamazepine in 12% 
of patients in both arms. 

The proportion of patients with abnormal neurological findings at baseline was <20% in both 
treatment arms with the highest incidence of reported abnormality being motor function and 
gait followed by speech and language. Patients’ neuro-cognitive functions were similar in both 
arms with MMSE score being a median of 29. 

The incidence of signs and symptoms was equivalent in both arms with the most common being 
headache, memory deficit, motor deficit, speech deficit and visual deficit. 

Baseline health related quality of life were similar between the two treatment arms. 

Summary of patient disposition at the time of clinical cut-off, that is, 31 March 2012 is indicated 
in Figure 4. At the time of clinical cut-off the median duration of survival follow up was 
approximately 14 months in both arms with 174 or 38% of patients alive on treatment or in 
follow up in the placebo arm and 189 patients or 41% alive on treatment or in follow up in the 
BVZ arm. 
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Figure 4. Summary of patient disposition (as randomised) 

 
In total 921 patients were randomised, 463 to placebo and 458 to the BVZ arm. Of these four 
patients in the placebo arm and six in the BVZ arm did not receive any trial treatment thus a 
total of 911 patients start with the trial treatment. 

It is to be noted that more patients on the BVZ arm, that is, 86% than the placebo at 80% 
continued treatment on the maintenance phase of the trial and more patients on the BVZ arm, 
that is, 59% continued treatment in the monotherapy phase compared to placebo at 34%. 

Patients could be withdrawn from any of the trial treatment components or from any 
combination however if radiotherapy was discontinued all trial treatment was to be 
discontinued. The number of patients withdrawn from radiotherapy was small being 5% in each 
arm, the main reason being adverse events or PD in the placebo arm and adverse events in the 
BVZ arm. More patients in the BVZ arm, that is, 67% compared to the placebo arm at 40% 
completed with TMZ per protocol. The most common reason for withdrawal from TMZ 
treatment was PD 42% for placebo and 13% for BVZ followed by adverse events at 11% for 
placebo and 14% for BVZ. A total of 89% of patients had withdrawn from placebo and 85% from 
BVZ at the time of clinical cut-off. The most common reasons for withdrawal from placebo were 
PD at 70% and BVZ at 52%. More patients withdrew from BVZ due to an adverse event of 22% 
compared to placebo at 10%. After disease progression patients would be followed for safety 
and survival only. A total of 31 patients, 20 placebo and 11 BVZ withdrew from survival follow 
up. 
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Reviewing the primary efficacy endpoints. Primary analysis of PFS demonstrated clinically 
meaningful and statistically significant 36% reduction in the risk of experiencing a PFS event, 
for patients in the BVZ arm compared to the placebo arm with an HR 0.64 and 95% CI 0.55-0.74 
P<0.0001 and Kaplan-Meier estimated median of 10.6 versus 6.2 months. The curves separated 
early and were maintained for up to 24 months as indicated in Figure 5. 

Figure 5. Plot of Kaplan-Meier estimates for PFS (ITT) 

 
The distribution of the type of first PFS event was similar across treatment arms. Disease 
progression was triggered by the radiological assessment alone for 55% of patients in the 
placebo arm and 56% in the BVZ arm. The neurological assessment included corticosteroid use 
also as components in the diagnosis of PD in 28% for the placebo and 27% of the BVZ patients. 
Approximately 9% of patients in each arm were diagnosed with progression based only on 
clinical grounds. Of the 29 placebo and 32 BVZ patients whose PFS event was determined by 
death, 8 versus 12 deaths were not considered by the investigator to be due to PD or to the 
underlying GBM. 

Duration of follow up, reasons for lost to follow up and censoring patterns are similar between 
the treatment arms with a median duration of follow up for patients without progression or 
death being 16.2 months in the placebo arm compared to 17.5 months in the BVZ arm. 

Sensitivity analyses to test the robustness of the results for the co-primary efficacy variable PFS 
support the primary analysis. It is also noted that review of the results for the per protocol 
population were consistent with the results for the intent to treat population. 

Exploratory Cox regression analyses further assessed robustness and conclusions drawn from 
the primary analysis of PFS taking into account the prognostic factors, the results were 
consistent with the overall analyses in a similar reduction of risk of progression or death 
favouring to the BVZ arm over the control with an HR 0.61. 

A total of 20 placebo and 41 BVZ patients received at least one subsequent anti-neoplastic drug 
therapy prior to experiencing regression, with the most common type of subsequent anti-cancer 
therapy being TMZ in each treatment arm. It is also to be noted that the rate of confirmed PsPD 
was low at 9.3% for placebo and 2.2% for BVZ. 

Reviewing the data for overall survival at the second interim analysis revealed that the addition 
of BVZ to RT and TMZ resulted in a 11% reduction in the risk of death with an HR 0.89 P=0.2135 
and KM estimated median of 16.8 versus 16.6 months and is indicated in Figure 6. At the time of 
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the cut-off, 76% of patients or 517 of the deaths required for the final analysis of OS had 
occurred. 

Figure 6. Plot of Kaplan-Meier estimates for overall survival (ITT) 

 
It is noted that the plots of OS separated approximately six months after the time of 
randomisation and began to converge around 13 months coming back together approximately 
15 months.  

Sensitivity analyses to test the robustness of the results of the co-primary efficacy endpoint of 
OS showed similar results to that of the primary analysis. 

At the time of the clinical cut-off, 274 placebo patients or 59% and 228 BVZ patients or 50% 
were retreated receiving at least one subsequent systemic anti-cancer therapy. Substantially 
more patients in the placebo arm than the BVZ arm received BVZ as part of their management at 
relapse and TMZ was the most commonly used subsequent therapy in both treatment arms. 

Reviewing the secondary efficacy endpoints, the IRF based analysis of PFS showed a similar 
benefit in the duration of PFS for the BVZ arm compared to the investigator assessment and is 
indicated Figure 7. However the median duration of PFS was approximately two months shorter 
in both treatment arms in the IRF based analysis compared with the investigator based analysis. 
Both treatment arms had more patients with PFS events according to the IRF based analysis 
compared to the investigator analysis. The majority (52-64%) of the IRF PFS events were based 
on radiological assessment alone. 
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Figure 7. Plot of Kaplan-Meier estimates of PFS-IRF (ITT) 

 
The recruitment contributing criteria utilised was similar in both treatment arms. 

Sensitivity analyses similar to that performed in the primary PFS analysis applied to the 
secondary efficacy endpoint of PFS by IRF assessment again showed consistent results. 

In relation to one and two year overall survival rates the event free rate at one year was 66% for 
placebo and 72% for the BVZ arm with a difference of 6% and P=0.052. Review of the two year 
overall survival rate is difficult because of relatively small numbers involved and is illustrated in 
Table 9. 
Table 9. Summary of one year and two year survival estimates (ITT population). 

 

7.1. Health related quality of life 
It is to be noted that the HRQoL data are considered robust in that compliance of HRQoL 
assessments were high during patients progression free time with the majority more than 80% 
of patients who did not progress completed at least one scale and most completed all scales for 
each of the two monthly HRQoL assessments up to one year of treatment. Furthermore more 
than 50% of patients completed HRQoL assessed at the time of PD allowing a limited 
assessment of the changes of HRQoL at the time of progression. 
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In relation to time to definitive deterioration in HRQoL addition of BVZ to standard therapy 
resulted in a clinically meaningful and statistically significant delay in the times of definitive 
deterioration in HRQoL as determined by a 10 point decline in HRQoL score with no subsequent 
improvement, PD or death for pre-specified scales and is indicated in Table 10. 

Table 10. Summary of time to definitive deterioration (TDD) in HRQoL core (ITT) 

 
A post-hoc sensitivity analysis excluding PD as a deterioration event supported the primary 
analysis showing that the delay in time to HRQoL deterioration in the BVZ arm was meaningful 
and robust with a P<0.05 for the scales of global health status social functioning and 
communication deficit as illustrated in Table 10. Figure 8 shows a KM plot of time to definitive 
deterioration in the global health status of PD included as an event and without PD as an event. 
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Figure 8. Plot of Kaplan-Meier estimates for time to definitive deterioration in Global 
Health Status (ITT) 

a) Pre specified analysis: PD included as deterioration event 

b) Post hoc sensitivity analysis: PD excluded as deterioration event 

 
Other pre-specified domains showed a consistent benefit from BVZ treatment including 
cognitive function, weakness in both legs, bladder control, visual disorder, emotional function 
and role functioning. 

During each patient’s progression free period there was a consistently greater number of 
patients in the BVZ arm than the placebo arm with at least one HRQoL assessment that was 
stable or improved on all five selected scales. The proportion of progression free time for which 
patients were starting to improve were generally similar in each arm and is indicated in Table 
11 the median duration of the patients who were stable or improved were longer for patients in 
the BVZ arm with a longer progression free time. 
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Table 11. Summary of HRQoL during PFS time (ITT) 

 
Based on available HRQoL data at the time of progressive disease involving 217 patients in the 
placebo arm and 178 in the BVZ arm there was evidence of deterioration in HRQoL compared to 
baseline in both treatment groups and illustrated in Figure 9. 
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Figure 9. Mean change from baseline in Global Health Status score at the time of PD 
compared to previous assessments prior to PD (ITT) 

 
Reviewing other measures of clinical benefit. In relation to Karnofsky performance status (KPS) 
addition of BVZ to standard therapy resulted in a delay in the time of definitive deterioration in 
the KPS when compared to the placebo arm and is indicated in Table 12. A post-hoc sensitivity 
analysis which excluded PD as a deterioration event confirmed a clinically meaningful delay in 
the time to definitive deterioration in performance status. Nearly all patients with stable or 
improved KPS during the study maintaining their functional independence through treatment 
prior to progression. At the time of PD KPS data indicated a trend to deterioration compared to 
the assessments prior to progression for both treatment groups with a mean decrease from 
baseline to PD of 7.2 for placebo and 9.1 for BVZ as indicated in Figure 10. 

Table 12. Summary of time to definitive deterioration in KPS (ITT)  
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Figure 10. Mean KPS at PD and Post-PD compared to assessments prior to PD (ITT) 

 
In relation to corticosteroid use, patients off steroids at baseline had a longer time to initiate 
corticosteroid therapy in the BVZ arm than the placebo arm and is indicated in Figure 11. Also 
these patients had a median duration of the sum of the steroid free period was longer for the 
BVZ arm than the placebo arm and is indicated in Table 13. 

Figure 11. Kaplan-Meier Plot of time to initiation of corticosteroid therapy (Patients OFF 
steroids at baseline) 
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Table 13. Summary of corticosteroid use during patients’ progression free time (ITT) 

 
For those patients on corticosteroids of at least 2mg at baseline more patients in the BVZ arm at 
66% than in the placebo arm at 47% were able to discontinue corticosteroids for at least a five 
consecutive day period during the their progression free time and at an earlier time point as 
indicated Figure 12. The median duration of the sum of the steroid free period was also slightly 
longer for the BVZ patients than the placebo patients. 

Figure 12. Kaplan-Meier Plot of time to discontinuation corticosteroid therapy (Patients 
ON steroids at baseline) 

 
In relation to neurological and neuro-cognitive function a high proportion of patients, >80% had 
normal assessments at baseline and remained stable throughout the duration of treatment with 
a subsequent trend in neurological status and neuro-cognitive function at PD for both treatment 
arms. 

In relation to signs and symptoms of GBM, these also tended to remain stable throughout the 
duration of treatment for both treatment arms and consistent with a longer progression free 
survival duration this stability was greater for the BVZ arm than the placebo arm. 

Reviewing response rate data which included those sub-set of patients with lesions at baseline 
which were either index or non-index lesions and excluding those with confirmed PsPD, the 
percentage of patients with a best overall response of CR plus PR was higher in the BVZ arm at 
38% compared with the placebo arm at 18% and is indicated in Table 14 and indicating that the 
absolute difference in response rates between the treatment arms was 20% with P<0.0001. 
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Table 14. Summary of signs and symptoms of GBM during patient’s progression-free time 
(Protocol B Analysis population) 

 
In relation to duration of objective response, 41 patients in the placebo arm and 103 in the BVZ 
arm had progressed by the time of clinical cut-off and KM estimate of median duration of 
response was 11.1 months for the placebo arm versus 9.7 months for the BVZ arm with an HR 
1.24. 

Sub-group analyses for PFS were consistent with the results of the primary analysis in the 
majority of the sub-groups reporting an estimated hazard ratio of below 1, around 0.65 
indicating a PFS benefit for the BVZ arm. 

Sub-group analysis for overall survival is also consistent with the results of primary analysis 
with the majority of sub-groups reported an estimate of a hazard ratio being below 1. A small 
reduction of risk of death on the BVZ arm compared to the placebo arm. 

In relation to bio-marker analyses these were performed on 484 or 53% of patients in the study 
with demographic characteristics for the patient population similar to those for the overall ITT 
population. Each bio-marker was analysed using a multiple Cox regression model. The 
comparison of PFS between treatment arms was performed according to the bio-marker level 
median, that is, low bio-marker level and high bio-marker level. 

In relation to plasma bio-marker analysis, pre-treatment plasma samples obtained between 
randomisation and treatment start were analysed for the following bio-markers VEGF-A, 
VEGFR-2, bFGF, ESelectin, ICIM-1, IL-8, PDGF-C, VEGF-C, VEGFR-3, PIGF. Part B Section B, 
Figures 13 and 14 show the KM plots for PFS VEGF-A and VEGFR-2 respectively dichotomised at 
the median. Patients with high and low baseline plasma VEGF-A concentrations derived similar 
benefit in PFS with BVZ treatment with an HR 0.59 and 0.64 with P=0.6104 for high and low 
baseline plasma VEGF-A levels respectively. 
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Figure 13. Plot of Kaplan-Meier plot for progression free survival and VEGF-A 
(dichotomized at median): PI+RT/T versus Bv+RT/T (BEP) 

 
Figure 14. Kaplan-Meier plot for progression free survival and VEGFR-2 (dichotomized at 
median): PI+RT/T versus Bv+RT/T (BEP) 

 
Similarly no clear evidence of predicted value for BVZ treatment in terms of PFS was observed 
for any of the other plasma bio-markers. There was no evidence of a prognostic effect of any 
bio-markers observed in the placebo treatment arm. 

In relation to tumour bio-marker analysis, tissue samples obtained during surgery or biopsy 
were analysed for bio-markers including neuropilin-1 in cytoplasm, CD31, VEGF-A in cytoplasm, 
VEGFR-2 and VEGFR-1. It is noted that there was a 27% reduction in the risk of progression or 
death in the high level PtNRP-1 sub-group in the BVZ arm compared to the placebo arm with an 
HR 0.73. In the low level pNRP-1 sub-group with a 55% reduction in risk of progression or 
death in the BVZ arm compared to the placebo arm with a HR 0.45. 

Comment: This quite large and well conducted study has demonstrated that for the 
primary endpoint of PFS the addition of BVZ to the combination of radiotherapy and TMZ 
for patients with newly diagnosed GBM results in a statistically significant benefit with a 
36% reduction by investigator assessed PFS event to the time of data cut-off and a 39% 
reduction in the risk by IRF assessed PFS events. This is associated with a median PFS of 
10.6 months for the BVZ arm and 6.2 months for the placebo arm. Similar benefits were 
apparent in relation to the various secondary efficacy parameters and were consistent 
across all sub-groups. It was also noted that in relation to HRQoL that a significant benefit 
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favoured the BVZ arm of therapy. The one area of uncertainty remains in relation to the 
co-primary endpoint of overall survival. While there was an 11% reduction in risk of 
death to data cut-off for the BVZ patients, this is not translated to statistical significance 
with a P value 0.2135. It is noted that the expected final analysis of overall survival would 
occur later in 2013. Review of this data at that time will be pertinent. 

8. Clinical safety 
Evaluation of safety in this submission comes from the pivotal Study BO21990 summarised in 
Table 15. 

Table 15. Summary of studies contributing to safety evaluation 

 
Entry criteria for this study have been mentioned in the Efficacy section but included patients 
who are at least 18 years of age with newly diagnosed GBM histologically confirmed with 
surgical resection or biopsy and not been previously treated with chemotherapy or 
radiotherapy. Key safety related inclusion criteria included adequate healing from previous 
surgery; stable decrease in corticosteroid dose within five days prior to randomisation; 
adequate haematological liver and renal function. Exclusion criteria included evidence of recent 
haemorrhage, inadequately controlled hypertension; clinically significant congestive heart 
failure; myocardial infarction within the last six months; stroke or TIAs in the last six months; 
significant vascular disease; Grade II haemoptysis within one month prior to randomisation; 
evidence of bleeding diaphysis or coagulopathy; history of abdominal fistula or gastrointestinal 
perforation within six months; history of intracranial abscess within six months; serious non 
healing wound; active ulcer or untreated bone fracture. 

The safety analysis population comprised all randomised patients who received at least one 
dose of study involving 464 patients from the BVZ arm and 447 patients on the placebo arm as 
indicated in Table 16. 
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Table 16. Safety analysis population in Study B021990 

 
Adverse events were documented at each clinical visit and classified and graded according to 
standard criteria. Adverse events of special interest in relation to BVZ treated patients included 
evaluation of hypertension, proteinuria, gastrointestinal perforation, wound healing 
complications, venous thromboembolic events (VTE), arterial thromboembolic events (ATE), 
bleeding, congestive heart failure, abscesses and fistulae and posterior reversible 
encephalopathy syndrome (PRES). Safety laboratory assessments included standard 
haematology, blood chemistry, coagulation with parameters were assessed according to a set 
schedule. Vital signs were assessed every two weeks. 

In relation to exposure to BVZ, it is noted in the three phases of the study BVZ was administered 
at a dose of 10mg/kg every two weeks during the concurrent and maintenance phases and 
15mg/kg every three weeks during the monotherapy phase. A total of 464 patients in the BVZ 
arm received at least one dose of BVZ following randomisation and by the time of the clinical 
cut-off date on the 31st March 2012 the median total number of BVZ doses across all phases of 
study was 18.5 and a maximum number of doses in any one patient was 45. 

In relation to exposure to radiotherapy which was delivered during the concurrent phase of the 
study definitive exposure to radiotherapy was similar for both treatment arms. 

In relation to exposure to TMZ which was given during the concurrent phase of therapy at 
75mg/m2 every day and for the first five days of each 28 day cycle during the six cycles of the 
maintenance phase. In cycle two of the maintenance phase a starting dose of 150mg/m2 was 
increased to 200mg/m2 providing there was no excessive toxicity. The majority of patients in 
both treatment arms received the planned dose and duration of TMZ treatment during the 
concurrent phase. In the maintenance phase a higher proportion of patients in the BVZ arm 
completed the six cycles of TMZ than the placebo arm, 64% versus 37% respectively. These data 
confirm that the addition of BVZ does not appear to influence tolerance to TMZ. 

In relation to duration of safety follow up the median duration of safety follow up was 
approximately 3.8 months longer in the BVZ arm compared to the placebo arm at 12.3 months 
versus 8.5 months respectively. 

Demographic and other pre-treatment characteristics of the patient population have previously 
been described in the Efficacy section. 

Reviewing the results, the most commonly reported adverse events by individual preferred 
term are presented in Table 17 and almost all patients in both treatment arms have experienced 
at least one adverse event, that is,95.7% for placebo and 98.1% for BVZ. It is noted that the 
adverse events associated with at least a 10% higher incidence in the BVZ arm were those 
known to be associated with BVZ treatment including bleeding events, hypertension and 
proteinuria. 
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Table 17. Summary of adverse events (all grades) with an incidence of ≥10% in either treatment 
arm (SAP) 

 
In relation to adverse events according to system organ class, there was a higher incidence of 
adverse events in the BVZ arm with several of these including gastrointestinal disorders 78% 
versus 68%, particularly related to nausea, constipation and vomiting, diarrhoea and abdominal 
pain, infections and infestations 52% versus 38% most commonly upper respiratory tract 
infections and urinary tract infections; musculoskeletal and connective tissue disorders 46% 
versus 30% particularly related to arthralgia, myalgia and musculoskeletal pain; respiratory, 
thoracic and mediastinal disorders 45% versus 25% mainly due to imbalances in epistaxis and 
dysphonia; vascular disorders 46% versus 21% mainly due to hypertension; 37% versus 11%; 
renal and urinary disorders 23% versus 13% primarily due to proteinuria 14% versus 4%. 

In relation to grade of adverse events experienced overall 87% of adverse events reported in 
the study were of Grade I or II severity equivalent for each arm. More patients experienced at 
least one Grade III or greater adverse event in the BVZ arm at 62.7% compared to placebo arm 
at 50.1% with most of these related to adverse events associated with BVZ treatment and 
indicated in Table 18. It is noted that the Grade III adverse events generally did not result in 
discontinuation of study medication in the majority of cases. 
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Table 18. Summary of Grade ≥3 Adverse Events with an incidence rate of at least 2%. 

 
In relation to deaths at the time of clinical cut-off 258 or 56% of patients had died in the BVZ 
arm compared to 253 or 57% of patients in the placebo arm. The greater majority of these were 
due to progressive disease. Deaths from other causes reported in a similar proportion of 
patients in each treatment arm being 28 for placebo and 25 for BVZ, the most common being 
infection 2.2% for BVZ patients and 2.7% for placebo. Overall more non-progressive disease 
deaths occurred in the BVZ arm during the initial phase of the trial, that is, 11 versus 5 patients 
and within 90 days of stopping trial treatment, that is,21 versus 12 patients. 

As noted during to the concurrent phase of treatment there were more non-PD deaths in the 
BVZ arm at 11 compared to placebo at 5 with infections being the most common cause and 5 of 
the 11 non-PD deaths in the BVZ arm potential adverse events of special interest (AESI). Three 
of these were confirmed or suspected thromboembolic events, one GI perforation and one 
bleeding event. 

During the maintenance phase the number of non-PD events were balanced between the two 
groups being six patients in the BVZ and seven for placebo. For the mono-therapy phase five 
non-PD deaths occurred and post-treatment there were more non-PD deaths occurring >90 
days after last dose in the placebo group of patients. These are summarised in Table 19. 
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Table 19. Summary of non-PD deaths by cause and treatment phase (SAP) 

 
In relation to serious adverse events there is a higher incidence in the BVZ arm at 36% 
compared to placebo at 25.7% and is indicated in Table 20. This is partly due to increased 
incidence of serious AESI although there was also a higher incidence of infections and 
infestations in the BVZ arm at 10.6% versus 6.5% and thrombocytopenia in 6% versus 3.1%. 
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Table 20. Summary of most frequent SAEs (incidence ≥1% by preferred term or System Organ 
Class (SAP) 

 
Adverse events that led to withdrawal of treatment were greater in the BVZ arm at 24.6% 
compared to placebo at 13.2%. The most common of these being thrombocytopenia and 
neutropenia in both treatment arms particularly related to TMZ. The increased incidence in the 
BVZ arm attributable to this agent with infections, infestations; nervous system disorders; renal 
disorders; general disorders and cardiac disorders. 

In relation to adverse events leading to dose modifications or interruptions there was a higher 
proportion of these in the BVZ arm with 61.7% compared placebo at 37.4%. The most common 
of these included haemotoxicity particularly thrombocytopenia, vascular disorders primarily 
hypertension and infections with proteinuria somewhat less common. 
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In relation to AESIs as expected the overall incidence of this is higher in the BVZ arm at 72.6% 
compared to placebo at 44.3% with the greatest increases associated with hypertension 37.5% 
versus 13%, mucocutaneous bleeding 26.7% versus 8.9%, proteinuria 14% versus 4%, ATEs 
5% versus 1.6% mainly ischaemic strokes and GI perforations 1.7% versus 0.2% and also the 
incidence of Grade III adverse AESIs was higher in the BVZ arm at 28.7% versus 15.2%. 

There are a greater number of fatal AESIs in the BVZ arm at 7 versus 3 for placebo. Among the 
BVZ patients the principal deficit seen during the initial phase of treatment with four grade V 
AESIs in the BVZ arm, two involving pulmonary emboli, one GI perforation and one 
haemorrhage compared to one haemorrhage for the placebo arm. 

8.1. Considering the individual AESIs 
8.1.1. Bleeding 

The increase in bleeding events seen in the BVZ arm were primarily related to Grade I/II events 
particular mucocutaneous bleeding events that resolved after specific intervention. Only two of 
these events were at least Grade III severity both epistaxis and were associated with 
concomitant Grade III thrombocytopenia requiring platelet transfusion. There was a total of 
three fatal bleeding events, two in the placebo arm, one due to CVA and one GI haemorrhage and 
one in the BVZ arm due to tumour haemorrhage. 

8.1.2. Arterial thromboembolic events (ATE) 

The overall incidence of ATEs of any grade was higher in the BVZ arm 5% versus 1.6% as was 
the incidence of at least Grade III ATEs at 4.1% versus 1.3%. One in each group was fatal with a 
CVA in the placebo arm and myocardial infarction in the BVZ arm. ATEs led to discontinuation of 
therapy for more patients in the BVZ arm at 13 patients compared to one patient in the placebo 
arm. The majority of the ATE events in the BVZ arm resolved with treatment. 

It is noted that the most common ATE events were of ischaemic origin involving 16 of the BVZ 
patients and six of the placebo patients. As might be expected the incidence of these ATEs were 
higher in the >65 year age group. Involving 8% of patients who had Grade III ATEs in the BVZ 
arm compared to none in the placebo arm. 

8.1.3. Venous thromboembolic events (VTE) 

The overall incidence of VTEs was similar in both arms for any grade being 7.8% for the BVZ 
and 9.6% for placebo and at least Grade III 7.3% for BVZ and 8.1% for placebo. There were four 
fatal events all of which were pulmonary embolism, one for placebo and three for BVZ. Similar 
numbers of patients discontinued treatment or dose modified for VTE events in each arm. 

8.1.4. Wound healing complications 

Wound healing complications were more frequently reported by the BVZ patients at 3.7% 
compared to placebo. Seven of these were at least Grade III events compared to three in the 
placebo arm. There was one fatal wound infection in a BVZ patient. Six patients in the BVZ arm 
discontinued therapy due to wound healing complications compared to none in the placebo 
arm. 

8.1.5. Hypertension 

Hypertension was reported more frequently in the BVZ arm than the placebo arm at 37.5% 
versus 13% and Grade III in 10.3% versus 2%. Hypertension resolved in the majority >70% of 
cases. Only four patients required discontinuation of BVZ therapy. 

8.1.6. Proteinuria 

A higher proportion of patients reported proteinuria in the BVZ arm at 14% compared to 4% for 
placebo and Grade III/IV in 3.7% versus 0. Proteinuria resolved without specific treatment in 
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the majority of cases, although 14 patients discontinued BVZ treatment due to proteinuria. One 
BVZ patient developed Grade IV nephrotic syndrome which resolved with treatment. 

8.1.7. Non-GI abscesses and fistulae 

Three patients developed abscess and fistula in the BVZ arm compared to two in the placebo 
arm all of which were Grade III except for one Grade IV event in the BVZ patient. All events 
resolved with treatment. Two patients withdrew from BVZ therapy because of the events. 

8.1.8. GI perforation, abscesses and fistulae 

Eight patients in the BVZ arm and one in the placebo arm experienced a GI perforation event, 
five of which were at least Grade III including one fatal large intestine perforation. Overall three 
patients in the BVZ arm discontinued due to the event. The event in the placebo arm was Grade 
IV in severity and led to discontinuation of study. 

8.1.9. Congestive heart failure 

Two patients in the BVZ arm developed congestive heart failure compared to one in the placebo 
and both of these in the BVZ arm were Grade III and one patient discontinued treatment. 

8.1.10. Thrombocytopenia 

The overall incidence of thrombocytopenia of all grades is higher in the BVZ arm at 33.2% 
compared with placebo at 27.3% and the incidence of at least Grade III thrombocytopenia was 
also higher in the BVZ than placebo at 14.4% compared to 9.8% but was not associated with 
clinically significant (at least Grade III) bleeding events. Discontinuation of treatment because of 
thrombocytopenia was balanced between the arms at 3% versus 3.4% for placebo although the 
number of patients with dose modification or interruption were slightly increased in the BVZ 
arm at 24% versus 18%. 

KM analysis of time to onset of thrombocytopenia indicated a similar incidence in both 
treatment arms for the first three months of study then noting a sharp increase in both arms 
between months four and five when there was a dose increase in TMZ followed by a further 
plateau of the curve. 

8.1.11. Infections 

The overall incidence of infections was higher in the BVZ arm than the placebo arm at 52% 
versus 38% including at least Grade III infections at 12.1% versus 7.6%. The number of fatal 
infections was similar in both groups at 1.7% and 1.6% respectively. 

The curves of time to infection are superimposable over the first three months of study 
indicating no increased risk of infection related to BVZ during the concurrent phase. There was 
an increase in the incidence of infections in the BVZ arm after the first three months during the 
maintenance phases of treatment which may relate to the increased dose of TMZ for these 
patients between months three to four and more patients in the BVZ arm completing 
maintenance therapy. 

The incidence of Grade III adverse events was commonly related to respiratory tract infections 
with no imbalance between the two patient groups. The incidence of other Grade III events 
however was somewhat higher in the BVZ arm with six events compared to the placebo one 
event. 

8.1.12. Clinical laboratory evaluations 

There was a higher incidence of newly occurring Grade III or IV laboratory abnormalities for 
haematological tests in the BVZ arm compared to the placebo arm. In line with the adverse 
event data the incidence of Grade IV thrombocytopenia was higher in the BVZ arm than the 
placebo arm being 8% versus 3%. Other test results were well balanced between the treatment 
arms. 
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8.1.13. Vital signs 

As has previously been observed hypertension has been reported as an adverse effect in BVZ 
treated patients and small increases from pre-treatment baseline values were observed in the 
BVZ patient group with median changes from baseline in diastolic and systolic blood pressure at 
the last visit being 3ml and 4ml of mercury respectively with essentially no change in the 
placebo arm. 

8.1.14. Age 

In general the adverse effect profile for patients either above or <65 years were similar with the 
exception of strokes which the elderly were at higher risk when they were receiving BVZ 
compared to placebo with the incidence of Grade III or greater ATEs being 8% in those >65 
years on BVZ compared to none on placebo and the incidence of at least Grade III cerebral 
haemorrhage being 4% for those >65 years on BVZ compared to zero for placebo. It is also 
noted that there was a greater incidence of at least Grade III infection in patients >65 years on 
BVZ with an incidence of 16% for those on BVZ compared to 8.2% for those on placebo. 

8.2. Post-marketing data 
There was no post-marketing data in relation to the current proposed indication. 

BVZ in combination with intravenous 5-FU based chemotherapy for the first line treatment of 
patients with metastatic carcinoma of the colon-rectum has been marketed since 2004 and 
subsequently for several other indications including glioblastoma in patients with progressive 
disease following prior therapy. The post-marketing experience of BVZ on the basis of safety 
data contained in the nine previously scheduled periodic safety updated reports (PSUR) was 
summarised. Adverse event data with a clinical cut-off of the 25th February 2012 was 
summarised. Overall the incidence of patients reporting adverse events, the proportion of 
adverse events considered serious and the incidence of adverse events leading to death has 
remained stable over this period. The most frequent adverse events reported have been GI 
disorders in 19%, general disorders and administration site disorders in 10.5% and infections 
and infestations in 9.2%. 

Comment: This safety data has essentially indicated the toxicity profiles recognised for 
the agents utilised in the combined regimen, namely radiotherapy, TMZ and BVZ. The 
addition of BVZ to the RT and TMZ have produced additional adverse effects but not had 
any apparent increase in previously recognised adverse effects for RT plus TMZ. Similarly 
the extent of adverse effects associated with the BVZ administration is comparable to 
those for other indications and well recognised in the Product Information. Accordingly 
while the addition of BVZ to the combination has increased the toxicity profile in general 
these remain manageable with appropriate surveillance and intervention. 

9. First round benefit-risk assessment 

9.1. First round assessment of benefits 
The pivotal Study BO21990 has demonstrated the addition of BVZ to RT plus TMZ therapy in 
patients with newly diagnosed GBM resulted in a statistically significant improvement in the 
duration of PFS with a 36% risk of reduction of PFS accompanied by stable or improved HRQoL 
another measure of clinical benefit during the progression free time. These PFS results are 
relatively mature with 80% of the randomised patients having had a PFS event. 

It is worth commenting that the clinical benefit associated with the prolonged PFS was 
demonstrated by the stable or improved HRQoL during this period together with symptomatic 
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stabilisation and reduction in requirements for corticosteroids. All of which represents a 
worthwhile clinical benefit for patients. 

The uncertainty remains however that overall survival was influenced in a significant manner. 
The interim analysis of overall survival produced an 11% reduction in the addition of BVZ to the 
RT plus TMZ which was not statistically significant. This represents the second interim analysis 
in which 56% of randomised patients had died and the final analysis would not be available till 
later in 2013. The reasons for the lack of statistical significance for overall survival from this 
quite large and robust study remain uncertain, although it is possible that second-line therapies 
subsequent to disease progression had an influence. Nevertheless the final analysis of overall 
survival will provide further relevant information together with that potentially provided from 
other studies being conducted. 

9.2. First round assessment of risks 
The safety data provided from the pivotal study essentially indicated the known toxicity profiles 
of the agents utilised in the combination of RT plus TMZ together with BVZ. This certainly has 
resulted in an additional mode of toxicities for this patient population but has not resulted in 
any additive or synergistic adverse effects between the three agents. In general these adverse 
effects could be adequately managed with appropriate surveillance and early intervention and 
accordingly the addition of BVZ to the combination cannot be considered to have resulted in 
unacceptable toxicity for this patient population. 

9.3. First round assessment of benefit/risk balance 
The data from the pivotal Study BO21990 has certainly indicated a significant and clinically 
worthwhile improvement in PFS for this population of newly diagnosed GBM patients with the 
addition of BVZ to the recognised combination of RT plus TMZ. This has been reinforced by the 
evidence of stable or improved quality of life measures and symptomatic measures as well as 
corticosteroid use. The adverse effect profile is acceptable in the context for the addition of 
those toxicities associated with BVZ to those already accepted for RT plus TMZ. 

The area of ongoing concern remains with as yet an indeterminate outcome for overall survival 
with only a minor benefit presently observed. Final analysis of overall survival would be 
particularly pertinent in this regard as well as results from other studies. Nevertheless at the 
present time it is reasonable to say that in view of the improvement in PFS and its associated 
qualitative influence this reviewer is generally supportive of the application. 

10. First round recommendation regarding authorisation 
On the basis of the favourable outcome for progression free survival from this robust pivotal 
study together with the qualitative benefits obtained and acceptable safety profile, this reviewer 
feels that on balance a recommendation in favour of the proposed indication of Avastin in 
combination with radiotherapy and Temozolomide is indicated for the treatment of adult 
patients with newly diagnosed glioblastoma is appropriate and supported by this reviewer. 

11. Clinical questions 
1. It would be desirable to determine results of the final analysis of overall survival for Study 

BO21990 to become available later in 2013. 

2. Results from other similar studies, currently ongoing or in the phase of completion would 
be desirable. 
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