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A B S T R A C T

Purpose
Although much is known about the safety of an anticancer agent at the time of initial marketing
approval, sponsors customarily collect comprehensive safety data for studies that support
supplemental indications. This adds significant cost and complexity to the study but may not
provide useful new information. The main purpose of this analysis was to assess the amount of
safety and concomitant medication data collected to determine a more optimal approach in the
collection of these data when used in support of supplemental applications.
Methods
Following a prospectively developed statistical analysis plan, we reanalyzed safety data from eight
previously completed prospective randomized trials.
Results
A total of 107,884 adverse events and 136,608 concomitant medication records were reviewed for
the analysis. Of these, four grade 1 to 2 and nine grade 3 and higher events were identified as drug
effects that were not included in the previously established safety profiles and could potentially
have been missed using subsampling. These events were frequently detected in subsamples of
400 patients or larger. Furthermore, none of the concomitant medication records contributed to
labeling changes for the supplemental indications.
Conclusion
Our study found that applying the optimized methodologic approach, described herein, has a high
probability of detecting new drug safety signals. Focusing data collection on signals that cause physicians
to modify or discontinue treatment ensures that safety issues of the highest concern for patients and
regulators are captured and has significant potential to relieve strain on the clinical trials system.

J Clin Oncol 28:5046-5053. © 2010 by American Society of Clinical Oncology

INTRODUCTION

For marketing approval, the US Food and Drug
Administration (FDA) requires commercial firms to
submit data from adequate, well-controlled studies
that demonstrate the safety and effectiveness of in-
vestigational agents in their intended use popula-
tions.1,2 The initial approval of an oncologic agent
from a New Drug Application (NDA) or a Biologic
License Application (BLA) is based on the results
from trials that include approximately 1,000 pa-
tients in the aggregate. Approval in a supplemental
indication often occurs years after the initial ap-
proval, usually after extensive postmarketing evalu-
ations have been conducted in a larger, more
general population.

Though considerably more is known about the
safety profile of a drug at the time of a supplemental

application, sponsors collect extensive safety data,
similar to that collected for initial marketing ap-
proval. Recent studies indicate that documenting
and validating extensive adverse event (AE) data
places a substantial burden on the clinical trials in-
frastructure, especially at the site level.3,4 Similar
considerations apply to the collection of data on
concomitant medications, where large quantities of
data continue to be collected in support of supple-
mental applications, but are seldom used to change
drug labeling. Therefore, it is important to under-
stand the type and extent of clinical data neces-
sary to inform regulatory decisions that lead to
changes in drug labeling and to clinical decisions
regarding dose modification or discontinuation
of treatment.

These considerations have prompted calls for
development of specific data collection standards,
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particularly for supplemental NDAs/BLAs.5-7 Collecting targeted data
necessary to inform regulatory and clinical decisions may enhance
physician participation in clinical trials and enable more rapid com-
pletion of studies. This may result in allowing faster delivery of new
drugs to patients, reducing the cost of clinical trials and enhancing
data quality.

To address these issues, a working group was formed to provide a
forum for the FDA, the National Cancer Institute, academic investi-
gators, and industry to develop AE data collection standards for sup-
plemental NDAs/BLAs in oncology indications. Representatives
from the Cancer and Leukemia Group B, Eli Lilly, Genentech,
GlaxoSmithKline, and Novartis Pharma AG volunteered to re-
evaluate safety data from previously completed clinical trials. The
main purpose of this analysis was to determine whether subsets of an
AE database used for a supplemental application could adequately
identify the new safety signals that would be learned from complete
AE collection.

METHODS

A statistical analysis plan (SAP) was prospectively developed and approved by
the project stakeholders. The analyses evaluated subsampling methods and
their likelihood of missing clinically important AEs or over-representing
events, relative to the information known from the established safety profile of
the agent. Further, the SAP assessed the extent of data collection and cleaning
effort saved through subsampling.

In all subsampling methods evaluated, serious AEs and events leading to
drug discontinuation or dose modification, referred to here as “serious�”
AEs, were collected in all patients. The SAP focused on the subsampling of
grade 3 and higher events, referred to as grade 3� AEs, and of grade 1 to 2 AEs,
both groups distinct from the category of serious� events.

Eight completed phase III clinical trials were selected for individual
reanalysis (Table 1).8-15 These industry-sponsored and publicly funded trials
investigated chemotherapy, biologic, and hormonal treatments in the meta-
static and adjuvant treatment settings across multiple tumor types. In each
case, the investigational agent had been studied in other phase III clinical trials
and an established safety profile existed that served as the standard for the
reanalysis. Treatment regimens differed substantially between the initial regis-
tration trial and the reanalyzed studies in four of the eight trials.

In each candidate trial, cutoffs for AE signal detection were set to capture
the smallest changes in AE frequency that oncologists might consider clinically
relevant; therefore, drug effects were defined as those grade 3� events with a
� 2% difference in incidence between the treatment and control arms and as
those grade 1 to 2 events with a � 5% difference.

We identified AE signals from previous trials that lead to the initial
NDA/BLA approval and other studies conducted before the conduct of the
candidate trial (ie, AEs from labeling, safety databases, and published
literature).16-23 To this list, we added serious� events that occurred in � 2%
excess from the candidate trial to establish the base known safety profile for the
grade 3� event subsampling analysis. For the assessment of the grade 1 to 2
subsamples, the base known safety profile was defined as above with the
addition of grade 3� events in � 2% excess in the candidate trial.

AEs identified as drug effects in the candidate trial that were not listed as
part of the base known safety profile were defined as events that could poten-
tially be missed under the subsampling analysis. Noise events were defined as
drug effects identified in subsamples that were not identified as drug effects in
the candidate trial’s full safety database.

Random and systematic sampling methods were applied to each candi-
date trial. Subsampling simulations on candidate trial data used 1,000 inde-
pendent replications targeting 200, 300, 400, 500, and 600 patients, equally
divided between the treatment arms, selected randomly by patient and ran-

domly by treatment center. For each sample size and random subsampling
method, we tabulated both the rate of event detection of potentially missed
events and the mean number of noise events across the replications.

The systematic subsampling methods selected the target numbers of
patients from the biggest centers and the first patients enrolled. From each
subsample, we calculated the incidence differences of those AEs identified as
drug effects, thus determining the missed signals and the noise AEs.

For each of the candidate studies, we determined the number of distinct
AEs in the database for serious� events, grade 1 to 2 events not serious�, and
grade 3� events not serious�. The mean number of AEs per patient was
reported for each category.

We also determined the number of database records and fields needed to
store concomitant medication data and whether the results were noted in
subsequent FDA-approved labels.

RESULTS

Toxicity records from the candidate trials included 17,184 patients.
The metastatic disease trials ranged in patient safety population size
from 580 to 1,669 patients, whereas the adjuvant disease trials ranged
from 1,264 to 7,963 patients (Table 1).

In the eight studies, 43 grade 3� events were detected as drug
effects (Table 2); however, 34 of these events were previously identified
as part of their corresponding base known safety profile. The subsam-
pling analysis focused on detection of the remaining nine events that
could potentially be missed. Because so few AEs could be missed,
known events from several trials representing varying full trial inci-
dence differences were selected for subsampling analysis. This allowed
us to observe AE detection trends as the incidence differences in-
creased beyond the 2% cutoff rate.

Likewise, there were 24 grade 1 to 2 AEs identified as drug effects
in the four relevant studies, with 20 of them represented in the corre-
sponding base known safety profile (Table 2). The subsampling anal-
ysis focused on detection of the remaining four events that could
potentially be missed, along with known grade 1 to 2 events illustrating
trends across varying incidence rates.

Subsampling examples are presented and discussed in detail to
illustrate overarching trends in the data across the metastatic and
adjuvant studies. Reanalysis results of the adjuvant trials are reported
in the Appendix (online only).

Rates of detection of grade 3� events for the metastatic trials
ranged from 62% to 94% for the 200-patient subsamples and from
61% to 100% for the 600-patient subsamples when using the random-
by-patient selection method (Table 3). For the grade 1 to 2 events,
rates of detection ranged from 76% to 99.5% for the 200-patient
subsamples and from 99.5% to 100% for the 600-patient subsamples
(Table 3). The chance of detecting these events increased with increas-
ing subsample size. The rates of detection for the centers-at-random
subsamples were consistent with, although slightly lower than, those
using the random-by-patient method.

Further, the chance of event detection was larger the greater the
AE rate excess in the full study. For example, “leukopenia,” with a
6.7% excess in the full AVF2107g trial, was detected in 92% of the
400 random-by-patient subsets, whereas “weight decreased,” with
a 2.1% excess in the full AVAiL (Avastin in Lung) study, was
detected in 66% of the corresponding 400-patient subsets. Across
the metastatic studies, all grade 3� AEs analyzed that had at least
3% excess in the full study were detected in at least 75% of the
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simulations with subsamples of 400 patients, regardless of the
random selection method used. The two grade 1 to 2 events from
the AVAiL trial had full-trial incidence rate differences of 6.4% and
15.4%. Both events were likely to be detected with random sub-
sampling of 400 patients (Table 3).

With the systematic subsampling methods for the metastatic
trials, the observed AE rate difference varied around the full study
value and generally converged to the full study value with larger
subsample size (Table 4). Similar to the trend observed with random
sampling methods, the grade 3� events with full trial rate differences
close to the cutoff rate of 2% were sometimes missed with subsam-
pling. However, the chance of detecting events increased as the full
study event rate difference increased above 2%. Events with full-study
incidence excess of 3% or greater were detected in 88% of the sub-

samples. As with the random subsampling methods, AE detection was
more likely in the larger subsamples and as full-study event rate dif-
ferences increased beyond the 2% cutoff rate. For both grade 3� and
grade 1 to 2 events using the systematic subsampling methods, AE rate
differences were similar to the full study rates with subsamples of 400
patients or more.

Regarding noise event detection among subsamples of the met-
astatic disease trials, fewer were detected for simulations with larger
subsample sizes. For example, an average of 13.2 noise events were
detected in the random-by-patient subsamples of 200 patients for
AVF2107g (Table 5). For simulations of the 400 random-by-patient
subsamples in that trial, the average number of noise events decreased
to 4.9. This trend was observed across metastatic studies in grade 3�
AE subsets selected by either random method. The number of grade

Table 1. Study Characteristics

Candidate Study Profile Source of Known Safety Profile

Study Patient Population Study Treatment

Safety
Analysis

Population
Precursor
Studies

Primary Precursor
Study Population

Precursor Study
Treatment

Safety
Analysis

Population

AVAiL8 First-line
nonsquamous
NSCLC

Arm 1: cisplatin/gemcitabine
Arm 2: cisplatin/gemcitabine �

bevacizumab

656 AVF2107g9 First-line mCRC Arm 1: irinotecan/FU/LV
(bolus-IFL) � placebo

Arm 2: bolus IFL �
bevacizumab

813

ECOG 320016 Second-line mCRC FOLFOX4; FOLFOX4 �
bevacizumab

585

AVF2107g9� First-line mCRC Arm 1: irinotecan/FU/LV (bolus
IFL) � placebo

Arm 2: bolus IFL �
bevacizumab

788 AVF2119g17 mBC Arm 1: capecitabine
Arm 2: capecitabine �

bevacizumab

462

ECOG 459910 First-line
nonsquamous
NSCLC

Arm 1: paclitaxel/carboplatin
Arm 2: paclitaxel/carboplatin �

bevacizumab

878 AVF2107g4 First-line mCRC Arm 1: irinotecan/FU/LV
(bolus IFL) � placebo

813

Arm 2: bolus IFL �
bevacizumab

ECOG 320016 Second-line mCRC FOLFOX4; FOLFOX4 �
bevacizumab

585

EGF3000111 First-line mBC Arm 1: paclitaxel � placebo
Arm 2: paclitaxel � lapatinib

580 EGF10015118 Refractory
advanced or
mBC

Arm 1: capecitabine
Arm 2: capecitabine �

lapatinib

408

JMDB12 First-line NSCLC Arm 1: cisplatin plus
pemetrexed

Arm 2: cisplatin plus
gemcitabine

1,669 JMCH19 MPM Arm 1: cisplatin plus
pemetrexed

Arm 2: cisplatin

331

IBCSG BIG
1-9813

PMP women with
HR� EBC

Arm 1: letrozole
Arm 2: tamoxifen; double-blind

using double-dummy
technique

7,963 NCIC MA-17
(PI 11/2004)20

Extended Adjuvant Letrozole 2.5 mg orally
daily for 5 years

Placebo orally daily for
5 years; double-blind
using double-dummy
technique

5,136

CALGB 8980314 Patients with resected
adenocarcinoma of
the colon

Arm 1: LV � FU
Arm 2: irinotecan � LV � FU

1,264 Cunningham
et al,21 1998

mCRC Irinotecan v best
supportive care (FU
failures)

279

Rougier et al,22

1998
mCRC Irinotecan v FU 267

HERA15 HER2� adj breast
cancer

Arm 1: observation
Arm 2: trastuzumab

3,386 H0648g23 First-line mBC Trastuzumab � CT v CT
alone; CT was either
(1) anthracycline �
cyclophosphamide or
(2) paclitaxel �
cyclophosphamide

469

Abbreviations: AVAiL, Avastin in Lung; NSCLC, non–small-cell lung cancer; ECOG, Eastern Cooperative Oncology Group; mCRC, metastatic colorectal cancer; FU,
fluorouracil; LV, leucovorin; IFL, irinotecan plus fluorouracil and leucovorin; FOLFOX4, infusional fluorouracil, leucovorin, and oxaliplatin; mBC, metastatic breast
cancer; MPM, malignant pleural mesothelioma; IBCSG, International Breast Cancer Study Group; BIG, Breast International Group; PMP, postmenopausal; HR,
hormone receptor; EBC, early breast cancer; NCIC, National Cancer Institute of Canada; PI, package insert (US); CALGB, Cancer and Leukemia Group B; HERA,
HERceptin Adjuvant; adj, adjuvant; CT, chemotherapy.

�AVF2107g was a three-arm trial. A third arm with treatment of FU/LVplus recombinant humanized monoclonal antibody vascular endothelial growth factor was
omitted from this analysis.
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3� noise events fluctuated across trials for the systematic subsets of
size 200, but was consistently low with subsets of 400 patients, ranging
between zero to three noise events. Similar trends were observed for
the grade 1 to 2 events.

Adjuvant studies Cancer and Leukemia Group B 89803 and
HERA (HERceptin Adjuvant) were subsampled for grade 3� and 1 to
2 AEs, whereas trial Breast International Group 1-98 was subsampled
only for grade 1 to 2 events because no missable grade 3� events were
identified (Table 2). Under the random sampling methods, the rates of
AE detection increased as subset size increased (Appendix Table A3,
online only). Events with high incidence rate differences in the full trial
analyses were detected in higher frequencies than those close to their
associated cutoff (2% for grade 3� and 5% for grade 1 to 2). These
trends were also observed in the systematic patient subsets selected
from largest centers and by enrollment order, regardless of the adju-
vant trial analyzed (Appendix Table A4, online only). Noise event
detection patterns for grade 3� and 1 to 2 AE subsamples from the
adjuvant disease trials mirrored those from the metastatic trials
(Appendix Table A5, online only).

The overall number of AEs contained in the safety databases for
seven of the trials was 107,884 (Table 6). Of these AEs, 19,621 were
serious�. There were 72,801 grade 1 to 2 events not classified as
serious�, ranging from an average of 2.3 to 12.0 per patient. Further,
grade 1 to 2 events were from 4.2 to 9.6 times as numerous as the
serious� events in the metastatic trials and from 2.2 to 14.4 times as
numerous in the adjuvant trials.

The average number of concomitant medications reported per
patient ranged from 14 to 27 in the metastatic trials and from four to
seven in the adjuvant trials (Appendix Table A6, online only). Of the
136,608 concomitant medication records included in the summary
tabulations for these studies, none contributed to labeling changes for
the supplemental indications.

DISCUSSION

The collection of all AEs in all patients in a study designed to support a
supplemental NDA/BLA has the potential to identify new drug safety

Table 2. AEs Detected as Drug Effects in the Analysis of All Patients in the
Candidate Studies

Trial
Grade 3� Events Detected in
� 2% Incidence Difference

AVAiL Weight decreased
Proteinuria�

Nausea�

Vomiting�

Asthenia�

Peripheral sensory neuropathy�

Neutropenia�†
Epistaxis†
Hypertension�†

AVF2107g Abdominal pain
Leukopenia
Hypertension�

Pain†
Deep thrombophlebitis�†
Constipation†
Diarrhea†

ECOG 4599 Febrile neutropenia
Infection without neutropenia
Hyponatremia
Proteinuria�

Neutrophils�

Fatigue�

Headache�

Hypertension�

EGF30001 Leukopenia
Nausea
Febrile neutropenia†
Neutropenia†
Diarrhea�†
Hypokalemia�

Rash†
JMDB Anorexia�

Nausea�

BIG 1-98 No events identified in excess of 2%
CALGB 89803 Thrombosis/embolism

Hemoglobin�†
Leukocytes�†
Neutrophils/granulocytes�†
Platelets�†
Fatigue�†
Alopecia�

Febrile neutropenia�

Infection�

HERA Ejection fraction decreased†

Trial
Grade 1 to 2 Events Detected in

� 5% Incidence Difference

AVAiL Epistaxis�†
Fatigue�

Headache�

Hypertension�†
Neutropenia�†
Stomatitis�

BIG 1-98 Hypercholesterolemia
CALGB 89803 Sweating (diaphoresis)

Constipation
Hemoglobin�†
Leukocytes (total WBC)�†
Neutrophils/granulocytes�†
Fatigue (lethargy/malaise/asthenia)�†
Alopecia�

Diarrhea (without colostomy)�†
Nausea�†
Vomiting�†

(continued in next column)

Table 2. AEs Detected as Drug Effects in the Analysis of All Patients in the
Candidate Studies (continued)

Trial
Grade 3� Events Detected in
� 2% Incidence Difference

HERA Fatigue
Headache�

Nasopharyngitis�

Nausea�

Chills�

Diarrhea�

Pyrexia�

NOTE. Adverse events in italics could be missed under AE subsampling. Trial
JMDB was a head-to-head study. Drug signals were determined where the
pemetrexed arm had a 2% excess of incidence over the gemcitabine arm. For
trial CALGB 89803, serious AEs and AEs leading to dose modifications were
not identified as such in the case report forms. The determination of known
events from this study was based only on a 2% excess of AEs leading to drug
discontinuation or death. For study ECOG 4599, serious AEs and AEs leading
to drug discontinuation or dose modifications were not identified as such in
the case report forms. Therefore, there was no separate determination of
known events from this study.

Abbreviations: AE, adverse event; AVAiL, Avastin in Lung; ECOG, Eastern
Cooperative Oncology Group; BIG, Breast International Group; CALGB, Can-
cer and Leukemia Group B; HERA, HERceptin Adjuvant.

�Known from previous trials.
†Identified as known in candidate trial from analysis of AEs to be collected in

all patients (see Methods).
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signals (Table 2). Weighing the number and clinical significance of
these signals against the effort required to collect them leads us to
recommend that, although AEs should be collected comprehensively
for the initial NDA/BLA to establish the drug’s basic safety profile,
toxicity data collection for subsequent supplemental trials should be
limited to serious� AEs in all patients and grade 3� AEs in a subset of
patients. The asymmetric collection of AEs (ie, only in patients on the
investigational arm) should be avoided, as there is then no concurrent
control for the accurate assessment of safety signals.

For the collection of grade 3� events in the metastatic trials, a
400-patient subsample selected at random provided adequate proba-
bility, averaging 85%, of detecting events that would be notable in the
full study (ie, those with an active to control rate excess of � 3%). For
AEs with 2% to 3% excess in the full study, there is an approximate
30% chance of missing the signal with a subset of 400 patients. Impor-
tantly, AEs close to the data cutoff are hard to detect, regardless of sample
size. For example, even in a trial of 3,000 patients, there is a 50% chance of
missing an event that has a true 2% excess frequency at a cutoff of 2%.
Also, with a 400-patient subsample, the number of noise events is accept-
ably low, generally in the range of three events or fewer.

For larger metastatic trials and for adjuvant trials, the subsample
size should be larger than 400, but it need not be proportionately so;

our analysis suggests that subsample sizes from 400 to 800 patients
should be sufficient. Based on our results, two approaches were for-
mulated to allow the prospective determination of subsample sizes
(Appendix: Sample Size Rationale, online only).24 Subsampling may
not be worthwhile in studies that have fewer than 600 patients total,
given the effort required to set up the process.

In the adjuvant setting, the benefit/risk profile of a drug is differ-
ent than in the metastatic setting. Patients and physicians are less
willing to tolerate risk. Grade 1 to 2 events may play a larger role in
establishing the safety profile of the drug, causing one to question
whether it is wise to omit collection of grade 1 to 2 events in this setting.
It is important to note that all events meeting the serious� criteria
would still be collected. Therefore, clinically important grade 1 to 2
events— ones that cause a physician to modify or discontinue
dosing—would be collected. Using this data collection strategy would
have saved the collection of 72,801 grade 1 to 2 AEs across six of our
trials, averaging 4.7 AEs per patient, while still not missing any clini-
cally significant events (Table 6).

A notable feature of our reanalysis is that the indication and
control-arm medications used in the candidate study differed from
the studies used to define the drug’s known safety profile. Despite

Table 3. Probability of Detecting AEs Under Random Subsampling Methods for Metastatic Disease Studies

Study, AE, Active Arm Rate Excess
in Full Study Sampling Method

Subsample Size (total No. of patients)

200 (%) 300 (%) 400 (%) 500 (%) 600 (%)

Grade 3� events
JMDB, anorexia�†, 2.1% Random by patient 62.4 61 63.3 60.4 61

Random by center‡ 50.6 49.9 52.7 56.7 56.4
AVAiL, weight decreased, 2.1% Random by patient 63 65 66 68 79

Random by center‡ 51 54 52 59 65
ECOG 4599, infection without neutropenia, 2.4% Random by patient 63 67 68 72 75

Random by center‡ 57 60 63 68 70
EGF30001, leukopenia, 2.4% Random by patient 68 70 79 86 NA

Random by center‡ 58 61 66 79 NA
EGF30001, nausea, 2.4% Random by patient 66 68 73 84 NA

Random by center‡ 54 57 64 71 NA
ECOG 4599, proteinuria,� 3.0% Random by patient 87 91 94 96 98

Random by center‡ 78 85 90 93 98

AVF2107g, abdominal pain, 3.4% Random by patient 72 77 80 85 92

Random by center‡ 65 72 75 80 90

JMDB, nausea,�† 3.5% Random by patient 72.9 74.5 78.1 79.7 82

Random by center‡ 68.7 69.6 75.5 77.2 80.5

AVAiL, epistaxis,† 4.3% Random by patient 94 98 99.4 100 100

Random by center‡ 91 97 99.6 100 100

AVF2107g, leukopenia, 6.7% Random by patient 79 88 92 97 99.4

Random by center‡ 77 85 90 96 98

Grade 1 to 2 events
AVAiL, stomatitis,� 6.4% Random by patient 76 76 88 92 99.5

Random by center‡ 67 70 78 87 97

AVAiL, headache,� 15.4% Random by patient 99.5 100 100 100 100

Random by center‡ 98 99.9 100 100 100

NOTE. AEs in italics could be missed under patient subsampling. The other events are known events but are included here because the magnitude of the active
arm rate excess versus the control arm illustrates the properties of AE subsampling. Results from the two missable events from ECOG 4599—hyponatremia with
2.4% excess and febrile neutropenia with 2.6% excess—were omitted because the subsampling results were similar to those for infection without neutropenia,
which had a rate excess of 2.4%. Grade 3� events are detected in a simulation when they appear in 2% excess over the control arm; grade 1 to 2 events are
detected when they appear in 5% excess over the control arm. Rates of detection in bold are � 75%.

Abbreviations: AE, adverse event; AVAiL, Avastin in Lung; ECOG, Eastern Cooperative Oncology Group; NA, not applicable.
�Known from previous trials.
†Identified as known in candidate trial from analysis of AEs to be collected in all patients (see Methods).
‡Sample sizes are approximate. The number of centers selected at random was determined to achieve an average number of patients at or above the target level.
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these differences, there were few AEs that would be missed by subsam-
pling. Therefore, our recommendations should apply broadly across
supplemental applications except for the first submission after an
accelerated approval (or full approval in smaller disease populations)
or where the patient population to be studied in the supplemental
indication is substantially different in clinical characteristics as to
be at substantially higher risk of AEs than were seen in the trials
we reanalyzed.

The systematic subsampling methods revealed no consistent bias
in the estimates of full-trial AE rate differences in the trials we ana-
lyzed. However, random subsampling methods would ensure the
absence of bias in general. Sampling centers at random provides the
best balance of statistical legitimacy and operational feasibility, for
both the site and the sponsor. Limiting sites to one data collection
system reduces confusion and potential impact on data quality. A
random selection of sites, although unbiased, may not adequately
represent the study population. Therefore, we recommend stratifica-
tion of the sample based on relevant site characteristics. In order to
ensure enough patients are included in the subsample, the number of
sites selected should be overestimated and ongoing enrollment should
be monitored.

The comprehensive collection of concomitant medications is
resource intensive and within a supplemental application contributes
little to defining the safety profile of a drug. Therefore, although full
data collection should continue for clinical trials supporting an initial
indication, we recommend that for trials designed to support supple-
mental applications, collection of concomitant medications should be
limited to specific targeted collections based on the known safety and
pharmacologic profile of the investigational agent, medications that
exhibit anticancer properties, and ones that meet a specific objective of
the trial (eg, health economics or costing). Concomitant medications
should continue to be reported in the narrative section of serious
AE forms.

In conclusion, doctors want to recognize drug safety issues that
lead them to change or discontinue a patient’s treatment. Collection of
large quantities of data that do not inform regulatory or clinical prac-
tice decisions taxes resources that could be used to improve the collec-
tion of more relevant data and thus risks obfuscating important safety
signals. For phase III trials supporting supplemental applications, an
optimized AE and concomitant medication collection strategy can
identify clinically significant safety information and preserve re-
sources otherwise spent collecting uninformative information. Once

Table 4. AE Incidence Differences Under Systematic Subsampling Methods for Metastatic Disease Studies

Study, AE, Active Arm Rate Excess
in Full Study Sampling Method

Subsample Size (total No. of patients)

200 (%) 300 (%) 400 (%) 500 (%) 600 (%)

Grade 3� events
JMDB, anorexia,�† 2.1% Biggest centers‡ 0.7 1.0 1.1 2.5 2.3

First patients enrolled 1.6 1.6 2.1 2.4 2.0

AVAiL, weight decreased, 2.1% Biggest center‡ 2.2 3.2 2.9 2.3 2.4

First patients enrolled 0.1 0.7 1.6 2.3 2.3

ECOG 4599 infection without neutropenia, 2.4% Biggest centers‡ 3.5 3.1 2.3 3.4 3.0

First patients enrolled 2.9 1.4 1.5 2.4 2.4

EGF30001, leukopenia, 2.4% Biggest centers‡ 4.7 4.2 4.5 3.6 NA
First patients enrolled 3.9 3.3 3.0 2.8 NA

EGF30001, nausea, 2.4% Biggest centers‡ 2.1 1.0 1.0 1.2 NA
First patients enrolled 3.0 2.6 1.4 2.0 NA

ECOG 4599, proteinuria,� 3.0% Biggest centers‡ 2.8 3.9 4.4 3.9 3.7

First patients enrolled 2.0 2.0 4.0 3.6 3.4

AVF2107g, abdominal pain, 3.4% Biggest centers‡ 2.3 3.3 3.5 2.7 1.5
First patients enrolled 4.6 3.2 3.9 4.3 4.9

JMDB, nausea,�† 3.5% Biggest centers‡ 1.9 1.9 2.0 1.2 1.1
First patients enrolled 0.8 2.4 2.8 2.1 2.4

AVAiL, epistaxis,† 4.3% Biggest centers‡ 4.2 3.9 2.9 4.7 4.7

First patients enrolled 5.1 5.4 5.6 4.7 4.7

AVF2107g, leukopenia, 6.7% Biggest centers‡ 7.9 10.6 9.6 7.3 6.4

First patients enrolled 2.4 4.8 7.1 7.3 6.2

Grade 1 to 2 events
AVAiL, stomatitis,� 6.4% Biggest centers‡ 4.3 7 7.2 7.1 6.7

First patients enrolled 10.3 6.8 6.1 6.2 7.0

AVAiL, headache,� 15.4% Biggest centers‡ 8.5 9.7 12.6 13.5 14.9

First patients enrolled 18.9 19.3 18.9 17.7 16.0

NOTE. AEs in italics could be missed under patient subsampling. The other events are known events but are included here because the magnitude of the active
arm rate excess versus the control arm illustrates the properties of the subsampling. Results from the two missable events from ECOG 4599—hyponatremia with
2.4% excess and febrile neutropenia with 2.6% excess—were omitted because the subsampling results were similar to those for infection without neutropenia,
which had a rate excess of 2.4%. Incidence differences in bold are � 2 for grade 3� AEs and � 5 for grade 1 to 2 AEs.

Abbreviations: AE, adverse event; AVAiL, Avastin in Lung; ECOG, Eastern Cooperative Oncology Group; NA, not applicable.
�Known from previous trials.
†Identified as known in candidate trial from analysis of AEs to be collected in all patients (see Methods).
‡Sample sizes are approximate. Enough centers were selected to meet or exceed the target subsample size.
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several applications that use this methodology have been reviewed
by the FDA, it will be important to determine the benefit of sub-
sampling itself and assess whether collection of only serious�
events may be sufficient.

Although this project focused on collection of AE and concomi-
tant medication data, steps could be taken in other areas to further
simplify study conduct. For example, significant resources were ex-
pended to perform an independent radiologic review of progression
events in the Eastern Cooperative Oncology Group 2100 trial that only
served to validate the original trial results.25

For clinical trials intended to support supplemental NDAs/BLAs,
symmetric collection of events, regardless of grade, that are serious or
lead to dose modification/discontinuation or death should occur in all
patients. Grade 1 to 2 events and complete concomitant medication
records need not be collected. Grade 3� events should be collected in
a subsample of the full trial. This optimized data collection strategy

leads to a high probability of capturing events that matter most to
patients and their physicians.
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Table 5. Number of Noise Events Detected Under Subsampling for
Metastatic Disease Studies

Study and Sampling
Method

No. of Noise Events

200
Patients

300
Patients

400
Patients

500
Patients

600
Patients

Grade 3� events
AVAiL

Random by patient� 9 4.3 2.4 1.2 0.3

Random by center�† 5.4 2.8 1.5 0.7 0.2

Biggest centers† 5 0 0 0 0

First patients enrolled 16 9 2 0 0

AVF2107g
Random by patient� 13.2 7.6 4.9 3.3 2.3
Random by center�† 8.8 5.1 3.6 2.5 1.6

Biggest centers† 13 5 1 1 1

First patients enrolled 8 3 2 2 0

ECOG 4599
Random by patient� 9.9 5.8 3.9 2.6 1.6

Random by center�† 6.7 4.3 2.8 2 1.2

Biggest centers† 3 2 1 2 2

First patients enrolled 5 4 1 2 1

EGF30001
Random by patient� 12 7 4 2 NA
Random by center�† 8 5 3 1 NA
Biggest centers† 6 4 1 1 NA
First patients enrolled 4 4 3 0 NA

JMDB
Random by patient� 0.448 0.39 0.422 0.528 0.139

Random by center�† 0.534 0.387 0.449 0.373 0.17

Biggest centers† 1 2 1 1 1

First patients enrolled 1 2 3 3 2

Grade 1 to 2 events
AVAiL

Random by patient� 5 1.8 1 0.2 0

Random by center�† 3.9 1.9 0.8 0.3 0

Biggest centers† 1 0 1 0 0

First patients enrolled 7 1 1 0 0

NOTE. Noise event quantities in bold are � 3.
Abbreviations: AVAiL, Avastin in Lung; ECOG, Eastern Cooperative Oncology

Group; NA, not applicable.
�Noise events for random sampling methods are reported as mean numbers

determined from 1,000 simulations.
†Sample sizes are approximate due to analysis structure for sampling by

center methods.

Table 6. Number of AEs

Study (safety
population analyzed)

Distinct No. of AEs (average No. of AEs
per patient)

Grade 1 to 2
AEs Not
Serious�

Grade 3�
AEs Not
Serious�

SAEs and AEs
Leading to Dose
Discontinuation/

Change Serious�

No. Avg No. Avg No. Avg

Metastatic studies
AVF2107g (n � 788) NA 1,297 1.6 1,187 1.5
AVAiL (n � 656) 6,245 9.5 1,030 1.6 849 1.3
EGF30001 (n � 580) 6,943 12.0 377 0.6 725 1.2
JMDB (n � 1,669) 10,514 6.3 835 0.5 2,504 1.5

Adjuvant studies
BIG 1-98 (n � 7,963) 28,098 3.5 9,612 1.2 12,845 1.6
CALGB 89803

(n � 1,264) 13,300 10.5 2,150 1.7 976 0.8
HERA (n � 3,386) 7,701 2.3 161 0.05 535 0.2

Total 72,801 4.7 15,462 0.9 19,621 1.2

NOTE. SAEs were not identified in study Eastern Cooperative Oncology
Group 4599.

Abbreviations: AEs, adverse events; SAEs, serious adverse events; NA,
grade 1 to 2 adverse events were not analyzed for trial; AVAiL, Avastin in
Lung; BIG, Breast International Group; CALGB, Cancer and Leukemia Group
B; HERA, HERceptin Adjuvant; Avg, average.
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