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110 STATISTICAL CONSIDERATIONS

11.1

11.2

11.3

Randomization: This study is a three-arm, double-blind, placebo-controlled
randomized clinical trial. All individuals enrolled onto the study will receive standard
treatment consisting of 6 cycles of carboplatin and paclitaxel (CT). The two
experimental regimens will consist of standard therapy combined with either
bevacizumab for 5 cycles (CTBS) or bevacizumab for 5 cycles followed by an
additional 16 cycles for a total treatment time of approximately 15 months
(CTB+)(06/26/06). A dynamic allocation procedure will be used that tends to allocate
CT, CTBS5 and CTB+ in the ratio of 1:1:1 within the following stratification factors:

11.11 Stage of disease:
11.11.1 Stage 11l with maximum diameters of all gross residual disease <1 cm.

11.11.2 Stage Il with maximum diameter of any gross residual disease > 1 cm.
11.11.3 Stage IV (08/06/07)

11.12 Initial performance status (0 vs 1 or 2).

The assigned study regimen is not revealed until after the patient has been successfully
registered onto the study. Interim and final reports include an accounting of all patients
registered onto the study, regardless of their eligibility status or compliance to the
assigned treatment.

Efficacy and toxicity measures: The principle observations for evaluating the
therapeutic effects of treatment are:

11.21 Primary efficacy endpoint: Overall survival

11.22 Secondary efficacy endpoint: Progression-free survival (PFS)

11.23 Safety endpoints: frequency and severity of adverse effects (Common
Terminology Criteria for Adverse Events -version 3.0).

Accrual goal, accrual rate and study duration: (08/06/07) The targeted accrual is
2000 patients. It is anticipated that at least 500 patients per year can be enroiled from
GOG treatment centers (following an amendment to broaden eligibility to include
patients with stage 11I optimally debulked macroscopic disease). Of these patients 50%
are expected to have suboptimal stage III or IV disease, and the remaining patients will
have stage I11 disease with gross residual disease no larger than 1 cm. The anticipated
time to accrue the targeted sample size is approximately 5 years from the start of the
study, and 3.4 years from the time of activation of the amendment to broaden the
eligibility criteria to include patients with macroscopic, optimally debulked stage 111
disease. . '

The first objective of this study is to compare each of the experimental regimens to the
standard regimen. Assuming a constant death rate and uniform accrual rates, within
each stratum, the anticipated time from initiating the study until survival matures
sufficiently for these two comparisons is slightly more than six years.

If both of the experimental regimens are superior to the standard regimen, then a second
study objective is to compare the two experimental regimens to each other. The

139



-79- GOG-0218

anticipated time from initiating the study until the survival matures sufficiently for this
comparison is slightly more than seven years.

Expected median duration of survival and PFS on standard treatment

The expected median duration of overall survival and PFS for women with newly
diagnosed, stage III or stage IV epithelial ovarian or primary peritoneal cancer treated
with a standard platinum-taxane regimen is summarized in the following table.

Expected Expected
Patient stratum ' median PFS  median survival
(months) (months)
Stage III gross disease > 1 cm or stage IV 13 31
Stage I1I with gross residual disease < 1 cm - 16 42

Treatment efficacy: Primary hypotheses, overall type I error and power

The primary analyses of overall survival will include all patients enrolled onto the study
regardless of eligibility or compliance to their assigned study regimen. Patients will be
grouped by their randomized treatment for intention-to-treat analyses (ITT).

The first objective of this study is to determine whether bevacizumab (CTB5 or CTB+)
reduces the overall death rate when compared to the standard treatment (CT). Each of
the null hypotheses: Hoi: Aoi = Act/ Actas < 1 and Hop: Agy= Act/Act+ < 1 will be
assessed separately, where) _is the death rate for the indicated treatment. The treatment
regimens will be compared with two distinct logrank tests each of which includes all of
the patients enrolled into the study stratified by stage of disease (Stage I1I with no gross
residual disease, Stage III with all gross residual disease < 1 cm vs Stage I1I with any
gross residual >1 cm vs Stage 1V) and initial performance status (0 vs 1 or 2). Since the
CTBS and CTB+ treatment regimens are equivalent over the first six cycles of therapy
(initial 4.5 months) these two treatment groups can be combined during this interval and
share information in order to increase the statistical power of each experimental-to-
standard treatment comparison. Specifically, all of the patients will be included in the
analysis of Ho; however, the times at risk for those patients, who are randomized to
receive CTB+ and survive longer than 4.5 months, will be censored at 4.5 months.
Similarly, while assessing Ho, the times at risk for those patients who are randomized to
receive CTBS and survive longer than 4.5 months, will be censored at 4.5 months. The
study design will limit the overall type I error to 2.5% (one-tail) for these two
comparisons accounting for the planned interim analyses and the correlation between
these comparisons induced by using a common reference group and sharing patients on
the experimental regimens. Using 0.50 for the correlation between estimated hazard
ratios, the one-tail type I error allocated to each of these comparisons is 1.35%
including the error spent due to interim analyses ®’. If one of these experimental
regimens truly decreases the death rate 23%, this study design provides approximately
an 83% chance of correctly classifying that regimen superior to the standard regimen
(CT).

In the event that both experimental regimens are deemed superior to the standard
regimen, the two experimental regimens (CTB5 and CTB+) will be compared to each
other. In order to ensure adequate statistical power, additional patient follow-up
following the evaluation of Ho; and Ho2 will be required. The null hypothesis
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(Hos: Aos= Actes / Acte+ < 1) will be assessed with a logrank test stratified by stage of
disease (Stage 111 with all gross residual disease < 1 cm vs Stage III with any gross
residual disease > 1 cm vs Stage V) and initial performance status (0 vs 1 and 2). Only
those patients randomized to receive CTB5 or CTB+ and survive longer than 4.5
months will be included in this comparison. The type I error for testing this hypothesis
will be limited to 0.05 (one-tail test). If the prolonged regimen of bevacizumab (CTB+)
reduces the death rate 17% relative to the shorter-duration bevacizumab regimen
(CTBS) then the study design provides approximately 80% chance of declaring the
CTB+ regimen more effective than the CTBS regimen.

Interim analyses

Two interim analyses of overall survival are planned. The first will occur when there
are at least 196 deaths reported among those randomized to receive the standard
regimen and the second when there are at least 262 deaths reported among those
randomized to the standard regimen. These time points are expected to be
approximately 60% (520 deaths on all three arms) and 80% (690 deaths on all three
arms) of the full information time (873 deaths on all three arms) for the survival
analyses when the alternative hypothesis, that both experimental regimens reduce the
death rate 23%, is true. Assuming a constant failure rate within each stratum and
uniform accrual the first and second interim analyses are expected to occur
approximately 49 and 58 months after initiating the study (34 and 43 months from the
amendment to expand eligibility criteria) depending on the accrual rate. The O’Brien-
Fleming-like group sequential boundary function will be used to adjust for sequential
testing in the event that the interim analysis can not be scheduled at the time when there
are precisely the required number of events reported. An a-spending function as
described by Lan and Demets (1983) will be used with the information fraction
calculated as the number deaths at the interim analysis among those patients
randomized to the standard regimen to the full information of 327 deaths.

The interim analyses will include an assessment of treatment efficacy. For example,
provided the interim analysis occurs at precisely 60% and 80% of the information time,
each experimental regimen will be compared to the standard regimen with the
previously described stratified logrank test and alpha set to 0.0014 (1* interim analysis),
0.0043 (2™ interim analysis and 0.0078 (final analysis) If the study is in the accrual
phase and either of these null hypotheses are rejected, then consideration will be given
to terminating accrual to the standard regimen.

The interim analyses will also include a futility assessment. If the stratified logrank
procedure indicates that the death rate on an experimental arm exceeds the death rate on
the standard arm then consideration will be given to terminating accrual to that
experimental arm. This futility analysis increases the overall type I error slightly.

The results of interim analyses are scheduled to be reviewed by the GOG Data
Monitoring Committee (DMC) at its semi-annual meetings. This committee meets in
January and July each year. The precise dates for these meetings are set more than one
year in advance by individuals who have no knowledge of efficacy results. Eight weeks
prior to each of these meetings, the database is locked in order to prepare a progress
report. If the prerequisite number of events has been attained, an interim analysis is
also prepared and presented to the DMC at their next scheduled meeting. The decision
to terminate accrual to any particular regimen includes consideration of toxicities,
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treatment compliance, progression-free survival and results from external studies.
Additionally, the GOG Data Safety and Monitoring Board (DSMB) reviews
accumulating summaries of toxicities and all serious adverse event (SAE) reports on an
ongoing basis (not efficacy results). This committee also reviews those deaths in which
study treatment may have been a contributing cause. The DSMB reports to the DMC
and it may recommend study amendments pertaining to patient safety.

The boundaries for assessing statistical significance will not be altered by the DMC’s
decision to terminate the accrual onto a particular study regimen,

Final analysis — (experimental regimens vs Standard regimen)

The first component of the final analysis will compare the standard arm to each of the
experimental arms with respect to overall survival. This analysis will occur when there
are at least 327 deaths observed among those randomized to receive the standard
regimen. If bevacizumab truly reduces the death rate 23% then the expected number of
deaths for each of these pair-wise comparisons is 600 (273 on each experimental arm
and 327 deaths on the standard arm).

First, the death rate for each of the experimental regimens will be compared to the
standard regimen with the previously described logrank test and the type I error limited
to 1.35% including the type I error spent for the interim analyses.

The final analysis will also include exploratory analyses to assess the consistency of the
treatment effect across subgroups of patients determined by presence of clinically
measurable of disease (clinically measurable vs non-measurable), site of primary
disease (ovarian vs extra-ovarian), stage of disease (III vs IV), histologic cell type
(papillary serous vs mucinous vs clear cell vs other cell types), Grade (1 and 2 vs 3) and
age (< 60 vs > 60 years). The exploratory analysis will include an estimate of the
treatment hazard ratios among only those patients deemed eligible for the study.

Final analysis — (short vs prolong treatment)

In the event that both of the experimental regimens are deemed superior to the standard
regimen then the two experimental regimens will be compared to each other. This
analysis will be performed once there are at least 710 deaths among those patients who
were randomized to receive either CTBS or CTB+ and survive at least 4.5 months.
These treatment groups will be compared with the previously described stratified
logrank test and the critical value set to 1.64 (p=0.05 for a one-tail test).

Analysis of PFS

An analysis of progression-free survival (PFS) will be performed at the first DMC
meeting after at least 274 PFS events have been reported among those allocated to the
standard regimen. Additionally, this final analysis of PFS will take place no earlier than
the first interim analysis of overall survival. The primary purpose of this analysis is to
seek accelerated FDA approval for bevacizumab. The null hypotheses:

Hoi: Xcr/ XMeres < 1 and Hgo: At/ Aere+ < 1, wherel’ is the PFS event rate, w1ll be
assessed with two stratified logrank tests. Each of these logrank tests will include all of
the patients enrolled to the study. When assessing H’o; those patients randomized to
receive CTB+ and surviving progression-free longer than 4.5 months will have their
PFS time censored at 4.5 months. Similarly, when H’;, is assessed, those patients
randomized to CTBS with PFS times longer than 4.5 months will have their PFS
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censored at 4.5 months. Each logrank test will be stratified by stage of disease (Stage
111 with all gross residual disease <1 cm vs Stage III with all gross residual disease >1
cm vs Stage 1V) and initial performance status (0 vs 1 and 2). Assuming uniform
accrual within strata, a constant PFS event rate, and bevacizumab increases the median
time to progression 30% in both experimental arms, then it is estimated that there will
be 916 PFS events at the time of the first scheduled interim analysis of survival. That
is, for each pair-wise comparison, the expected number of PFS events is 334 in the
control arm, and the expected number of events is 291 in each experimental arm.
Approximately 10-15% of the patients randomized to the experimental regimens will
have uncensored PFS times less than 4.5 months and therefore contribute to both
comparisons. The critical p-value will be set to 0.0146 in order to limit the overall type
I error to 2.5% for one-sided testing of both Hy; and Hy, accounting for the common
reference arm and the shared patients in the experimental arms. It is estimated that the
statistical power to detect a hazard ratio (A’ct/ A’crgsor A’ct/ A’cre+) of 1.3 at the
interim analysis is approximately 85%.

Safety analyses

The National Cancer Institute (NCI) Common Terminology Criteria for Adverse Events
(CTCAE) criteria version 3.0 will be used to classify toxicities observed during
treatment. The severity of each toxicity will be assessed according to the NCI CTCAE
3.0 grading system. Patients will be tabulated according to their maximum severity for
each organ system or preferred term.

Safety endpoints will be summarized with descriptive statistics for the patients in the
safety analysis dataset. The safety analysis dataset will include all patients enrolled to
the study who receive any of their assigned study treatment and the patients will be
grouped by their assigned treatment. Patients who do not receive any of their assigned
study treatment will not be included in these analyses.

Quality of Life Analyses (08/06/07)

The principal measure used in this study to assess the quality of life (QoL) is the self-
administered FACT-O TOlI for ovarian cancer patients. Each patient will be asked to
complete the FACT-O TOI at the following time points during their participation in the
study:

11.51 Priortocycle 1.

11.52 Prior to cycle 4 (9 weeks after starting treatment),

11.53 Prior to cycle 7 (18 weeks after staring treatment),

11.54 Prior to cycle 13 (36 weeks after starting treatment),

11.55 Prior to cycle 21 (60 weeks after starting treatment),

11.56 Six months after study treatment (84 weeks after starting treatment).
The times in parentheses indicate the assessment points for those patients who
do not complete the entire study regimen.

Construct and content

The Functional Assessment of Cancer Therapy scale developed for ovarian cancer
(FACT-O TOI) is a tool that provides a general QoL score. It consists of 3 subscale:
physical well being (7 items), functional well being (7 items) and the Ovarian Cancer
subscale (12 itemns). %
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Hypotheses and analyses

The principal QoL question is: Are the FACT-O TOI scores reported by patients at
specific time points during treatment independent of the randomized treatment? This
question will be broken into three separate hypotheses involving one pair of treatment
groups at a time: #6): Tcr = Terps, A62: Ter = Tes+ and A63: Teres = Ters+, where T,
is a vector of mean TOI scores evaluated at specific time points for the patients treated
according to the indicated treatment regimen. For the primary analysis these
hypotheses will be assessed with mixed models, adjusting for pretreatment TOI score
and age and patients will be included in these analyses regardless of the amount of
study treatment they received. For the primary analyses patients will be categorized by
their randomized treatment group rather than the treatment received. Analyses which
classify patients by the actual treatment they received will be considered exploratory.

#61: Ter = Teras: The primary analysis comparing the self-reported TOI scores for

patients receiving CT to those receiving CTBS5 will focus on the scores assessed prior
to cycle 4 and prior to cycle 7. These time points are considered appropriate since the
immediate cumulative impact of bevacizumab treatment on TOI scores, if there is any,
should be apparent by this time. Including subsequent assessments points could
washout early differences between these treatment regimens, if the impact of treatment
wanes after bevacizumab is stopped. It is anticipated that relatively few patients will
withdraw from the study treatment prior to the 7™ cycle of treatment. Since the
cumulative dose of drug in the two bevacizumab containing regimens are identical up
to these points in time for the purpose of assessing this hypothesis, the mean scores for
all of the patients randomized to either CTBS or CTB+ will be combined and
compared to the standard regimen (CT).

#2: Ter = Ters+: The primary analysis comparing the self-reported TOI scores for

patients receiving CT to those receiving CTB+ will focus on the scores assessed prior to
cycle 13 and prior to cycle 21 (the last cycle of treatment). These time points are
considered appropriate since the cumulative impact of prolonged bevacizumab
treatment on TOI scores, if there is any, should be apparent by these times. This
comparison will include only those patients randomized to either CT or CTB+
regardless of the amount of study treatment received.

#63: Terss = Terp+: The primary analysis comparing the self-reported TOI scores for

patients randomized to CTBS to those randomized to CTB+ will focus on the scores
assessed prior to cycle 13 and prior to cycle 21 (the last cycle of treatment). These time
points are considered appropriate since the cumulative impact of prolonged
bevacizumab treatment on TOI scores, if there is any, will be apparent by this time.
This comparison will include those patients randomized to either CTBS or CTB+
regardless of the amount of study treatment received.

Multiplicity of Outcomes

The overall type I error for these three QoL hypotheses (4, %62, and 463) will be
limited to 5% (two-tail). In order to account for multiple hypotheses, the type I error
will be allocated equally to each hypothesis. Specifically, the significance level will be
set to 0.0167 (0.05/3) for each treatment comparison with two-tail tests.
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Missing information

Patient death, noncompliance, missed appointments, and patient illiteracy, can cause
missing information. One or more of the QoL assessments may be missing for an
individual on any occasion. Missing information is troublesome; particularly in studies
involving repeated patient assessments. Data management procedures will be used to
reduce missing data. To this end, a calendar of events which lists the dates for the
required QoL assessments for each patient will be made available to the patient's health
care provider as soon as the patient has been registered onto this study. Also, the clinic
staff will use the GOG web-based forms tracking system to obtain reminders of the
upcoming QoL assessments.

At semi-annual group meetings the data managers and nurses will be given
presentations, which describe the goals of this study and stress the importance of
obtaining complete assessments. A study contact person will be designated to answer
questions that arise throughout the study.

Spanish and English versions of the FACT-O are available. Women who are unable to
read or have difficulty reading will not be required to participate in the QoL part of this
study. Also, any woman, who does not wish to participate in the QoL portion of this
study, can refuse and remain eligible for the therapeutic portion of the study.

TOI Scoring

Within an individual assessment one or more items may not be answered. A subscale
score will be computed as long as more than 50% of subscale items have a valid
response. A subscale score S; with N; items will be calculated as:

Z(%*sij)
S =N, *

i Z 5[]
J=1

Where §jj is equal to 1 when the jth item has a valid response, otherwise it is equal to 0
and s;; is the response score of the jth item. The total FACT-O TOI score is the sum of
the subscale scores.

Statistical Power Considerations

The GOG has completed a trial in which 415 patients with advanced ovarian cancer
were treated with platinum and paclitaxel for 6 cycles every 21 days. These women
reported their self-assessed FACT-O prior to initiating treatment, prior to the 4" cycle
of treatment, following the 6™ cycle of treatment and then 6 months later (GOG-172).
Prior to initiating the study treatment, the mean and standard deviation of the FACT-O
TOI scores were 67.2 and 15.9, respectively. The mean and standard deviation of the
TOI scores prior to cycle 4, after cycle 6 and 12 months after cycle 6 were: (66.6, 15.3),
(71.7, 15.6) and (82.7, 14.4), respectively. The correlation between pretreatment
assessments and the assessments prior to the 4™ cycles and the 6" cycle of treatment
was about 0.4. The correlation between the pretreatment assessments and the
assessments performed 12 months after completing treatment was 0.2.

Using these data and assuming there will be a 10% attrition of patients at each of the
assessment times: prior to treatment cycle 4 and prior to cycle 7, this study is expected
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to have approximately 91.4% power for detecting a 2.5 unit true difference in mean TOI
scores between treatments when assessing 46;. Similarly, assuming 20% attrition of

patients prior to each treatment cycles 13 and 21, this study is expected to have
approximately 83% power to detect a 3 unit true difference in mean TOI scores between
the treatment groups when assessing either 26, or #¢;. These power calculations are

based on 1000 simulated trials. SAS source code for simulations is available upon
request.

Genomic data analyses (08/06/07)

Overview

The overall objective of the genomic analyses is first to identify genes that are
associated with longer survival and then secondly to develop a prognostic index based
on the genomic data. One additional objective is to determine whether there are
genomic markers that predict which patients respond favorably to bevacizumab.

In general, the primary challenges related to this objective are: a) the need to identify a
relatively small number of prognostic genes from among thousands of candidate genes,
b) the practicality of having a relatively small number of tissue samples relative to the
number of candidate genes. In order to address these challenges this study will utilize a
training dataset to develop a prognostic index and a separate and distinct validation
dataset. Also, this study will focus on the expression of a relative small number of
genes (approximately 200) in which evidence from a previous study indicates that there
is an association with overall survival.”' The association between prognosis and other
genes will be evaluated in a similar fashion, but these analyses will be considered part
of a secondary analysis.

Training and validation sets

It is desirable to obtain tissue from all of the patients entered into the randomized
portion of this trial. However, patients will not be required to submit tissue in order to
participate in the randomized component of this study. In order to establish a training
set this study will target a sample of sequentially enrolled eligible and evaluable
patients with at least 100 deaths reported. That is, suppose 500 patients are enrolled
annually onto the randomized portion of this study and 65% of these patients provide
analyzable tissue for the genomic component of this study. Following a cohort of 325
patients (650*0.65) enrolled over the first year of the study for at least one additional
year is expected to provide at least 100 deaths to establish the training set. The actual
size of the training cohort may be adjusted depending on the proportion of patients
providing analyzable tissue, but the minimum number of events will be fixed.

A validation cohort will be derived in a similar fashion as the training cohort. That is,
the training and validation cohorts will consist of sequentially enrolled eligible patients
with analyzable tissue and individuals will not be permitted to be members of both the
training and validation cohorts.

Genomic expression: Scanning, imaging, measurement of background and spot
intensities will be performed according to the Affymetrix protocol.
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Preliminary analyses: Preliminary analyses will precede the primary analyses. The goal
of the preliminary analyses will be to identify procedures for detecting outliers,

normalizing measurements and eliminating systematic errors.’>*

Analysis of the training dataset. A previous study (Park, DC, unpublished manuscript)
has identified approximately 200 genes in which there is some evidence of an
association with overall survival in patients with high-grade, late stage ovarian cancer.
The primary purpose of this analysis is to refine this set of genes and then propose a
prognostic index based on the refined set of genes. Toward this end, a proportional
hazards model relating expression levels of each gene to overall survival and will be
fitted to the study data. In order to accommodate multiple testing with potentially
correlated markers, multivariate permutation methods will be used to identify those
genes that are most likely to be prognostic, while limiting the false discovery rate.”®
Specifically, each of the observed times at risk and the corresponding censoring
indicator for an individual in the training set will be randomly assigned to one and only
one of the expression profiles in the training set in order to define a permuted dataset.
Multiple permuted datasets will be defined in a similar fashion. Then a proportional
hazards model stratified on randomized treatment will be fitted to each gene using these
permuted data sets. For a specified critical p-value, say £=0.01, the average number of
false positives,v, can be calculated from these permuted datasets. The average false
discovery proportion is then v/n: where ¢ is the number of genes with p-values less
than § in the original dataset. The value of & can be varied in order to limit the average
false discovery proportion to less than a pre specified value, 7.

Conditioning the final analysis on 100 events, setting £=0.01 and assuming proportional
hazards, this study design provides approximately a 92% chance of detecting a normally
distributed marker that truly increases the failure rate 1.5 times when comparing
patients whose marker values differ by one standard deviation. This design has an 85-
90% chance of detecting a marker that is distributed as a gamma (shape parameter
between 1 and 4 and unit variance) and truly increases the failure rate 1.4 times when
comparing patients whose marker values differ by one standard deviation.

In the event that several potentially prognostic genes are identified, an unsupervised
analysis like principal components analysis (PCA) (or cluster analysis) will be used to
reduce the dimensionality of the gene expression data. In the case of PCA, a smaller
number of variables (principal components) will be identified that captures most of the
total variation in expression of the putative prognostic genes. A prediction model will
then be built using these principal components and a multivariate proportional hazards
model stratified by randomized treatment group.

Validation of the prognostic index: Using the coefficients from the principal
components analysis and the stratified multivariate proportional hazards model
developed using the training dataset, a prognostic index will be computed for each
individual in the validation dataset. The independence between the prognostic index
and overall survival will be assessed with a proportional hazards model fitted to the
validation dataset. Ideally, the proportional hazards coefficient of the prognostic index
would be 1.0. However, the degree to which this coefficient is less than 1.0 reflects the
degree to which the training data was over-fitted. If the prognostic index is deemed
prognostic then the relationship between the index and the time to recurrence or death
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can be displayed as: martingale residuals plots, Schoenfeld residual plots, ROC curves
or Kaplan-Meier plots.*®

Predictive index

A true prognostic index can be used to distinguish subgroups of patients who are likely
to experience different courses in their disease. A predictive index functions similar to
a prognostic index except that its function is treatment specific. For example, Her2/neu
expression in breast cancers is considered a predictive marker since it predicts a
favorable response to certain agents like Herceptin or tamoxifen. Biomarkers that
identify biologic pathways which are necessary to respond to a particular treatment are
potentially good predictive markers. The procedure for identifying predictive markers
is similar to the procedure for identifying prognostics markers. However, rather than
identifying markers that are associated with a particular outcome, we attempt to identify
markers that are associated with the outcome only when a specific treatment is applied.
In other words, in order to identify predictive genomic profiles, the procedure will focus
on expression levels that significantly interact with treatment. Specifically, for each
gene the proportional hazards model will include expression level, an indicator for
bevacizumab and a cross product term to express an interaction between these variates.
Those genes with a significant treatment interaction term are potential predictive
biomarkers to be considered for defining an overall predictive index. The procedures
for training, index development and validation are similar to those procedures outlined
above for prognostic factors. However, since the statistical power for detecting a
predictive marker is considerable less than it is for a prognostic marker the minimum
required number of events in the training and validation data will be increased.

Analyses of biomarkers for Angiogenesis

Overview of the study design

The translational research objectives of this study are to determine whether one or more
biologic markers of angiogenesis are associated with either progression-free or overall
survival and to develop a potentially prognostic index and possibly a predictive index.

There are several putative biomarkers for angiogenesis including: CD-31, TSP-1,
CD105, vascular endothelial growth factor (VEGF), basic fibroblastic growth factor
(bFGF), angiogenin, TGF-31, TIMP-1, TIMP-2, thrombopoietin, and VEGF-D. Some
of the markers can be measured in paraffin embedded tissue, serum or both. The
complete panel of angiogenic biomarkers to be included in this component of this study
has not been identified yet. Some of these biomarker expression levels are assessed
quantitatively while others are semi-quantitatively.

One objective of this study is to assess whether individual angiogenic biomarkers are
prognostic for progression-free or overall survival. While there is no specific
hypothesis proposed for this component of the study, a general design for this objective
can be described. For a specific biomarker a sub sample of those patients who are
enrolled, eligible and evaluable will identified. Individuals will be selected
independently of their PFS or survival outcome (i.e., randomly or sequentially by date
of enrollment). Generally, the size of the sub sample will be large enough to include at
least 100 deaths (or PFS events) reported. However, the actual number of events may
be adjusted depending on the particular hypothesis being considered or other practical
considerations like laboratory costs. Assuming proportional hazards, and conditioning
the analysis on 100 events provides approximately a 92% chance of detecting a
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normally distributed marker that truly increases the failure rate 1.4 times when
comparing individuals whose marker values differ by one standard deviation and the
type I error is limited to 5% for a two tail test. The hypothesis that a patient’s
biomarker value is independent of their overall survival (or PFS) will be assessed with a
proportional hazards model. Potential confounders include: age, presence of clinically
measurable of disease, site of primary disease, stage of disease, histologic cell type and
grade. If a laboratory investigator proposes to evaluate 2 or 3 biomarkers
simultaneously, then the design will depend on the specific study hypothesis. That is, if
the biomarkers can be considered independent, then the overall type I error can be
controlled for their specific study. For example, using a Bonferroni adjustment to limit
the experiment-wide type [ error to less than 5% for a study of 2 or 3 biomarkers (with
100 events) would reduce the statistical power for each biomarker to 86% and 78%,
respectively. If the biomarkers are not considered independent, then the model and the
statistical test will depend on the specific study hypothesis. When several biomarkers
are studied simultaneously and there is no specific hypothesis, then a training-validation
study design will be considered. This approach is described in more detail below.

A second objective of this study is to develop a prognostic index utilizing several
biomarker measurements from samples collected prior to study treatment. An
additional objective is to develop a predictive index. It is hoped that the predictive
index will identify those patients most likely to benefit from the addition of
bevacizumab therapy.

The overall approach for this study is to develop a prognostic (and predictive) index by
modeling the data from a training data set and then validate the index in an independent
data set. The modeling procedures for developing a prognostic index are described in

the following paragraphs. The procedures for developing a predictive index are similar.

Description of the training and validation data sets

The patients registered to this study will be allocated to either a training data set or a
validation data set. The training and validation datasets will consist of cohorts of
sequentially enrolled eligible and evaluable patients. For practical reasons individuals
entering the study early will be assigned to the training data set, while those entering the
study later will be allocated to the validation data set.

The training data set will be considered sufficiently mature to permit developing a
prognostic index from the proposed list of markers when there are at least 100 deaths
among the first cohort of sequentially enrolled eligible and evaluable patients.

Screening markers of angiogenesis

The first step toward evaluating these biomarkers is to assess the distribution of each
biomarker and the correlation between pairs of biomarkers. Biomarker values that
appear to be extreme outliners will be investigated to determine whether there were any
anomalies in the handling or processing of the specimen, which may explain the
extreme values. Also, highly correlated biomarkers will be noted since these can
introduce anomalies into the modeling procedures.

In order to visually assess the univariate relationship between each biomarker value and

relative death rates, the marker values will be plotted against martingale residuals from
a proportional hazards model that does not include the biomarker as a covariate. The
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martingale residuals may be smoothed over biomarker values with either piece-wise
cubic polynomials, penalized curve fitting or kernel smoothers. These plots will be
used to detect departures from linearity and to assess when a more complex model may
be necessary to describe the relationship between biomarker values and log hazard ratio.
Cross-validation, bootstrapping or a penalized likelihood function will be used to judge
the maximum degree of complexity to be considered. If restricted cubic regression
splines are used, then functions with not more than four degrees of freedom should be
sufficiently flexible to model most relationships. For those pairs of covariates that are
highly correlated, consideration will be given to using functional transformations of
these markers. For example, a simple approach would use the sum and the difference
highly correlated biomarkers for each individual in a proportional hazards model, since
these correspond to the first and second principle components for the pair of
biomarkers.

A plot of beta residuals can be used to assess the influence of each individual on the
estimated log hazard ratio. These plots can be used to identify individuals with an
unusually large influence. These individuals will be investigated to determine whether
there were any anomalies in the handling or processing of the specimen that may
explain the unusual values.

Multivariate model
Using the functional relationships between the biomarker values and the log relative
hazards developed during the biomarker screening step, a multivariate model will be
constructed. Biomarkers will be eliminated from the model in order to identify a
parsimonious model that appears to have some predicative value but is not overly
complex. Cross-validation, bootstrapping or a penalized likelihood function will be
used to judge parsimony.

t
Covariate Interactions
For the purposes of building a prognostic index, only first-order covariate interactions
that have a biologic rationale will be considered. That is, if a particular laboratory assay
measures a receptor then modeling interactions with potential ligands will be
considered. In this case, it is reasonable to expect that the prognostic value of a ligand
may depend on the presence of receptors in the tumor. The evaluation of second-order
or higher interactions will not be evaluated at this point but considered in exploratory
analyses (see below). Biologically, a second-order interaction could exist when two
different ligands compete for the same receptor and one switches on and the other
switches off cell growth.

A covariate may also interact with time. That is, the effect size may depend on the
follow-up time. Schoenfeld residual plots vs time are useful for identifying these types
of interactions. Fitting the Schoenfeld residuals over time with either piece-wise cubic
polynomials, penalized likelihood regression or kernel smoothers may be used to
visualize departures from proportional hazards.

Missing values

It is anticipated that there will not be a significant number of missing biomarker values.
Nevertheless, eliminating individuals due to partially missing biomarker values is not
desirable, since this may introduce bias or artificially reduce the variance of the
biomarker. Therefore, procedures for handling missing values may be necessary.
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Provided no more than 10% of the values for a particular biomarker are missing, values
imputed from the available values can be used. If missing values account for more than
10%, but not more than 20% of the measures for a particular biomarker, then
conditional imputation, which considers the correlation with other biomarkers, will be
considered. Finally, if 20% or more of the values for a particular biomarker are
missing, multiple imputations can be used to characterize the additional uncertainty in
the parameter estimates due to incorporating imputed values in place of unknown
values.

External validation

A prognostic score for each individual in the validation dataset will be computed using
the parameter estimates obtained from modeling of the training data set. This score will
be modeled with a proportional hazards model in the validation data set. The
coefficient estimated from this later model provides an unbiased measure of the value of
the prognostic score. If the validation data set includes 100 deaths (or PFS events), then
this sample size provides a 92% chance of correctly classifying an index as predictive
if those individuals whose index values are separated by one standard deviation have an
associated 1.4-fold increase in their death rate.

Exploratory analyses

While the procedure for building a prognostic score outlined above has flexibility, it is
somewhat constrained in order to avoid over-fitting the data in the training set. Over-
fitting leads to poor prediction and reduces the external validity of the prognostic score.
It is not possible, however, to devise a modeling strategy that consistently produces the
‘best” prognostic score. Therefore, exploratory analyses will be performed using
alternative model building strategies to identify better prognostic scores. One
alternative modeling approach is to first reduce the dimensionality of the data with
cluster analyses or principal component analysis. In order to avoid bias, it is important
that subsequent data modeling procedures do not incorporate any information from the
validation dataset. The prognostic score from subsequent models will be assessed
relative to the prognostic score developed from the proposed strategy. The c-index
computed in the validation data set will be used to compare alternative prognostic
scoring procedures. The c-index is the probability that the survival times from two
individuals randomly selected from the validation data set can be correctly ranked based
on their prognostic scores. A c-index value of 0.5 indicates that the prognostic index is
useless, while a value equal to 1.0 indicates a perfect prognostic index. Occasionally,
the c-index is transformed so that Dy, = 2*(c-index — 0.5). This index ranges from 0 to
1 and it is analogous to the Somers rank correlation index for censored data.

Predictive index

A prognostic index is used to identify those patients who at greater (or lesser) risk of
experiencing a specific clinical event. A predictive index is similar to a prognostic
index, but depends it also depends on the prescribed treatment. For example, stage is a
prognostic factor for patients with breast caner, and estrogen receptor status is a
predictive factor since it identifies those patients who are more or less likely to respond
to hormonal treatments. One additional goal for this study is to develop a predictive
index from the markers of angiogenesis. That is, the focus of the analysis is to
determine those markers that are associated with prognosis provided that the patient
received bevacizumab. Therefore, rather than assess the main association between a
biomarker and log relative hazard described previously, the proportional hazards model
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will assess the interaction between biomarker and bevacizumab treatment when a
predictive index is being developed.
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