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ABSTRACT

Purpose: Progression free survival (PFS) is increasingly used as a primary end-point in
oncology clinical trials. This paper provides recommendations for optimal trial design, con-
duct and analysis in situations where PFS has the potential to be an acceptable end-point
for regulatory approval.
Patients and methods: These recommendations are based on research performed by the
Pharmaceutical Research and Manufacturers Association (PhRMA) sponsored PFS Working
Group, including the re-analysis of 28 randomised Phase III trials from 12 companies/insti-
tutions.
Results: (1) In the assessment of PFS, there is a critical distinction between measurement
error that results from random variation, which by itself tends to attenuate treatment
effect, versus bias which increases the probability of a false negative or false positive find-
ing. Investigator bias can be detected by auditing a random sample of patients by blinded,
independent, central review (BICR). (2) ITT analyses generally resulted in smaller treatment
effects (HRs closer to 1) than analyses that censor patients for potentially informative
events (such as starting other anti-cancer therapy). (3) Interval censored analyses (ICA)
are more robust to time-evaluation bias than the log-rank test.
Conclusion: A sample based BICR audit may be employed in open or partially blinded trials
and should not be required in true double-blind trials. Patients should be followed until
progression even if they have discontinued treatment to be consistent with the ITT princi-
ple. ICAs should be a standard sensitivity analysis to assess time-evaluation bias. Imple-
mentation of these recommendations would standardize and in many cases simplify
phase III oncology clinical trials that use a PFS primary end-point.
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1. Introduction

Progression of a patient’s cancer is a devastating event lead-
ing to further treatment, complications and in most cases
eventual death. Evaluating tumour progression in oncology
clinical trials has intuitive appeal; however defining disease
progression within clinical trials is not without complication
or controversy.

The two most common end-points for assessing tumour
progression are time to tumour progression (TTP) and pro-
gression free survival (PFS). Both end-points measure the time
from randomization until objective tumour progression but
PFS also includes death due to any cause. PFS is the preferred
end-point for most regulatory settings because death from
any cause is relevant to describing or predicting clinical ben-
efit.»? In solid tumours, progression is typically determined
using the RECIST criteria,® which has standardised many of
the technical aspects of tumour burden assessment.

In recent years there has been an increase in the use and
regulatory acceptance of PFS as the primary end-point in can-
cer clinical trials. In a 1991 FDA-NCI white paper discussing

tumour end-points for drug approval, neither TTP nor PFS
were discussed.* From 1990 until 2002 there was a single
FDA approval relying primarily on TTP or PFS without also
relying on a survival benefit.” In contrast, over the past seven
years the FDA has approved at least nineteen drug applica-
tions that were primarily based on a PFS end-point (Table 1).

PFS is considered an acceptable end-point by regulatory
authorities in many countries; the United States (US) and
European Union have regulatory guidance pertaining to the
use of this end-point.?®” The FDA has promoted a series of
open workshops on end-points for different tumours,® and
has also addressed PFS in the setting of Oncologic Drug Advi-
sory Committee (ODAC) meetings for lung cancer and colon
cancer in 2003 and 2004 respectively.™®

A key advantage of the PFS end-point is that since progres-
sion occurs months or years before death, the time required
for the necessary number of events to provide the required
statistical power is shorter than for an overall survival (OS)
end-point. Further, the effect sizes that may be expected (in
terms of hazard ratios) are larger compared to those expected
for 0S.° Perhaps most critically, the treatment effect

Table 1 - FDA Cancer Drug Approvals since November 2002 based primarily on PFS/TTP.?

Year Drug (application, Treatment indication Design® End- PFS or TTP Findings
approval type)® (line of therapy)© point — pvalue Medians
(confidence interval) (Mos.)
2002 Imatinib mesylate (S,AA) CML, 1L AC PFS  0.18 (0.12, 0.28) <0.001 55,28
2004 Gemcitabine (S, RA) Breast cancer, 1L AC-AO PFS  0.65 (0.52, 0.81) <0.0001 5.2,2.9
2005 Sorafenib (N, RA) Renal cell cancer, 2L PBO/BSC TTP  0.44 (0.35, 0.55) <0.0001 5.5, 2.8
2006 Sunitinib (N, RA) GIST, 2L PBO/BSC TTP  0.33 (0.23, 0.47) <0.0001 6.3, 1.5
2006 Lenalidomide (S, RA) Myeloma, 2L AC-AO TTP  0.36 (0.26, 0.49) <0.0001 8.6, 4.6
Myeloma, 2L AC-AO  TTP 0.39 (0.27, 0.47) <0.0001 NR, 4.6
2006 Gemcitabine (S, RA) Ovarian cancer, 2L AC-AO PFS  0.72 (0.57, 0.90) 0.0038 8.6,5.8
2006 Panitumumab (N, AA) Colon cancer, 2L PBO/BSC PFS  0.54 (0.44, 0.66) <0.0001 3.0, 2.0
(mean)
2006 Rituximab (S, RA) Low grade lymphoma, 1L AC-AO PFS  0.44 (0.29, 0.65) <0.0001 28.8, 16.8
‘Maintenance’ PBO/BSC PFS  0.36-0.49 NP NP
2007 Sunitinib (S, RAC) Renal cell cancer, 1L AC PFS  0.42 (0.32, 0.54) <0.0001 10.9, 5.1
2007 Lapatinib (N, RA) Breast cancer, 2L AC-AO PFS  0.57 (0.43, 0.77) 0.0001 6.3,4.3
2007 Liposomal doxorubicin (S, RA) Myeloma, 2L AC-AO TTP 0.55(0.43, 0.71) <0.0001 9.3, 6.5
2007 Alemtuzumab (S, RAC) B-CLL, 1L AC PFS  0.58 (0.44, 0.77) 0.0001 14.6, 11.7
2007 Ixabepilone (N, RA) Breast cancer, 2L AC-AO PFS  0.69 (0.48, 0.83) <0.0001 5.7, 4.1
2008 Bevacizumab (S, AA) Breast cancer, 1L AC-AO PFS  0.48 (0.39, 0.61) <0.0001 11.3,5.8
2008 Deniliukin diftitox (S, RAC) CTCL, 2L PBO/BSC PFS  0.27 (0.14, 0.54) 0.0002 7.2,2.7
2008 Bendamustine (N, RA) CLL, 1L AC PFS  0.27 (0.17, 0.43) <0.0001 18,6
2008 Everolimus (N, RA) Renal cell cancer, 2L PBO/BSC PFS  0.33 (0.25, 0.43) <0.0001 4.9, 1.9
2009 Bevacizumab (S, RA) Renal cell cancer, 1L AC-AO PFS  0.60 (0.49, 0.72) <0.0001 10.4,5.5
2009 Pazopanib (N, RA) Renal cell cancer, 1L PBO/BSC PFS  0.46 (0.34, 0.62) <0.001 9.2,4.2
2010 Rituximab (S, RA) CLL, IL AC-AO PFS  0.56 (0.43, 0.71) <0.01 39.8, 31.5
CLL, 2L AC-AO  PFS  0.76 (0.60, 0.96) 0.02 26.7, 21.7

CML: chronic myelogenous leukaemia; GIST: Gastrointestinal stromal tumour; CTCL: Cutaneous T-cell lymphoma, CLL: Chronic lymphocytic
leukaemia, TTP: time to progression, PFS: progression free survival, NR: not reached, NP: not provided in label.
# Data in table from respective FDA package inserts. Medians were converted to months.
b s: efficacy supplement; N: new drug application; AA: accelerated approval; RA: regular approval; RAC: conversion of accelerated to regular
approval.
€ 1L: first line therapy; 2L: second or subsequent lines of therapy.
d AC: active control (e.g., drug A versus drug B); AC-AO: active control add-on design (A + B versus A); PBO/BSC: placebo control or best
supportive care.
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observed in studies where PFS is the primary variable can pro-
vide an unambiguous measure of treatment effect, because
the PFS end-point is generally achieved before patients re-
ceive subsequent alternative therapies.

There are however, several important criticisms concern-
ing the use of PFS as a primary end-point in oncology clinical
trials. The assessment of progression is not entirely objective
and can be subject to bias. This is particularly a concern in
open label studies, but is also a concern in double blind stud-
ies where toxicities can create partial unblinding. There is
concern that a demonstrated effect on PFS may not translate
into an effect on 0S,*! and further that the effect observed is
dependent on the data handling and analysis methods
employed. Additionally, it is not readily understood how a
PFS effect seen in a clinical trial translates to a direct benefit
for an individual patient.

To assess PFS, patients are generally followed until either
progression or death. Patients who, at the data cut-off time
for analysis, are known to be alive and whose disease has
not progressed are censored by necessity, generally at their
last assessment at which they were known to be progres-
sion-free. Additional patients may be censored in the statisti-
cal analysis: patients who stop randomised therapy, miss
assessment visits or start to take additional anti-cancer ther-
apy. Censoring this latter group of patients can be problem-
atic, as such censoring can be ‘informative’. Informative
censoring occurs if patients who are censored are at a higher
or lower risk of progression than patients who are not cen-
sored. Critically, informative censoring can induce bias,*™*
particularly if not balanced across treatment arms. Such cen-
soring has important implications for trial conduct highlight-
ing the need for complete patient follow-up.”**** The
importance of censoring is recognised by the presence of de-
tailed methodological regulatory guidance on this issue.?’

A further challenge to the PFS end-point is that unlike
overall survival, the true date of progression is not precisely
known, it can only be estimated based on the visit framework
of a clinical trial. The date of progression is usually assigned
as the date when progression is observed radiologically. Data
analysed in this way are termed interval censored and results
from such analysis can be biased in the presence of an asym-
metrical visit schedule.™®

Though the use of PFS as a primary end-point in oncology
clinical trials is increasing, published research on the details
of its operating characteristics, which would lead to an in-
creased confidence in its use, are limited.?’?°

This paper presents a summary of original research and
new analyses, conducted through a large coalition of industry,
academia and the FDA. Specific topics considered are: (1) the
differential effects of variability and bias and its implications
for the need for Blinded Independent Central Review (BICR),
(2) a re-analysis of individual patient data from 28 random-
ised phase III trials applying different censoring rules, (3) an
investigation into the robustness of interval censored analy-
sis approaches. We also discuss the findings of the compan-
ion paper by Amit to summarize the overall conclusions
reached by the working group. A set of recommendations is
provided that it is believed will promote greater consistency
in how trials employing the PFS end-point are designed, ana-
lysed, and interpreted.

2. Patients and methods

The Pharmaceutical Research and Manufacturers Association
(PhRMA) formed a working group (WG) whose primary pur-
pose was to conduct research to optimise approaches to the
design and analysis of trials with PFS end-points. The focus
of the WG is to provide data-driven recommendations and re-
duce the uncertainties associated with the use of PFS in those
settings where it is appropriate. There were approximately 35
participants representing 17 pharmaceutical companies, the
FDA, academic institutions and imaging contract research
organizations within the WG. Inclusion in the WG is open
and voluntary.

The effect of increasing levels of measurement variability
on the attenuation of a PFS treatment effect was studied by
simulating data from a tumour growth model. Firstly, true
PFS times were generated from exponential distributions
with true medians of 3 and 6 months for Arms 1 and 2,
and hence a true HR(Arm2:Arm1) of 0.5. For each individual
PFS time, a separate underlying tumour growth model??
was created with LDj=(LDg)" (exp(-bt})+b*a;*t) where,
LD; =Longest Diameter at visit j, LDo=Dbaseline longest
diameter, t;=time, in months, of jth visit, the parameter b
was fixed at 0.4 and the value of the parameter a for the
ith patient, a;, was calculated so that the PFS time derived
from the tumour growth model (20% increase in LD; from
nadir) matched the simulated PFS time. Variability in the
baseline longest diameter was added by assuming LD, was
log-normally distributed so that Ln(LDg) ~ N(1.29, sqrt(0.205)),
corresponding to the mean baseline value of 4 cm and SD of
1.9 cm reported in a reproducibility study in non-small-cell
lung cancer.?? In order to replicate a clinical trial, it was as-
sumed that patients were assessed every 1.5 months and LD;
values were recorded for each visit. Consequently, the nadir
of visit based values does not match true nadir and this
results in the simulated median visit based PFS being ex-
tended, on average, within each arm. Log-normally distrib-
uted measurement error was then incorporated by
multiplying LD; by random values from a normal distribu-
tion with zero mean and SDs of 0.077, 0.155 and 0.232,
respectively; 0.077 and multiples were chosen as this
measurement error was observed in the reproducibility
study reported by Zhao.??> One-thousand simulations were
performed with 300 patients per arm and Efron® tie-
handling.

This paper also presents a re-analysis of individual patient
data from 28 trials provided by 12 companies/institutions
which examined the impact of different censoring mecha-
nisms. Selection of the trials for inclusion was made by the
individual companies/institutions. To address this issue indi-
vidual patient data was reanalysed from these trials accord-
ing to a pre-defined analysis plan describing details for an
Intention-To-Treat (ITT) analysis, as well as analyses that cen-
sor patients according to four defined rules.

e ITT - all recorded PFS events are included regardless of
stopping randomised therapy or subsequent therapy.

e PDT - same as ITT, except censor patients who receive
subsequent anti-cancer therapy prior to progression at the
latest prior assessment.
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e DISC - same as ITT, except censor patients who prema-
turely discontinue randomised therapy due to toxicity or
other, non-progression related reasons at the latest prior
assessment.

¢ MV - same as ITT, except censor patients who progress or
die (in the absence of progression) after two or more missed
visits, at the latest prior assessment.

e ALL -same as ITT, except censor patients who are censored
in either PDT, DISC or MV at the earliest censoring time.

We examined whether different censoring rules tended to
provide different estimates of the hazard ratio (HR), and the
extent to which the percentage of ITT events censored by each
rule differed between arms and the effect of this on estima-
tion of the HR. A simple measure of whether the censoring
was informative was calculated based on the assumption of
an exponential distribution for PFS times. The extent to
which this indicated the presence of informative censoring
and the effect on the analysis of this differing censoring be-
tween treatment arms was examined.

Finally, simulations were performed to compare the
robustness of the log-rank test and an interval censored ap-
proach to departures from equal between-arm assessment
frequency. The log-rank test was performed by using a Cox-
regression model with Efron?® tie-handling; the interval cen-
sored method was the Finkelstein score test.** Ten-thousand
simulations were run assuming a true HR(experimental:con-
trol) of 0.6 with a median PFS of 24 weeks for the control

group.

3. Results

3.1.  Variability versus bias and the use of Blinded
Independent Central Review

In a randomised clinical trial it is critical to estimate the effect
of treatment free from bias. When considering the optimal
trial design there needs to be a clear distinction between bias
and variability:

» Bias relates to systematic errors that result in over- or
under-estimating the true effect of treatment on PFS. This
paper focuses on measures for trial design, conduct and
analysis that minimise bias.

e Variability relates to measurement error and uncertainty
concerning the estimated PFS time for each individual.

Table 2 - Attenuation of treatment effect due to variability.

Standard Observed Attenuation® Observed
deviation hazard (%) median® PFS
(cm) ratio (arm1, arm?2)
0 0.504 0 4.3, 6.8

0.077 0.511 1 3.5,6.3

0.155 0.524 4 3.1,5.8
0.232 0.546 8 3.0, 4.7

# % Attenuation calculated as 100 * (observedHR — 0.504)/(1 — 0.504)
® Median PFS is the mean of the 1000 medians generated in the
simulation study.

Random variability in PFS assessment will attenuate the
treatment effect and could contribute to failing to identify
an effective therapy, but critically does not result in bias that
over-estimates the treatment effect. The effect of variability is
described in Table 2, where increasing levels of variability
were added to the tumour growth model recently applied in
non-small-cell lung cancer.?’ The degree of attenuation is
fairly modest (<10%) based on the extent of measurement er-
ror observed with expert readers® although such attenuation
could lead to a loss of power by as much as 10%. These data
highlight the importance of investigator training and consis-
tency of imaging modality and reader in application of PFS
assessment.

Bias in contrast, leads to an inaccurate estimate of the ef-
fect of a treatment. Bias can be detected by using a BICR. Crit-
ical to the interpretation of the results from a BICR is
distinguishing bias from variability. Commonly quoted levels
of disagreement in the progression dates between local and
central reviewers primarily reflect the extent of variability.
However, as detailed in the companion paper,?® only if the
discordance rate between local and BICR assessment occurs
at a differential rate between study arms is the BICR indica-
tive of bias.

Hazard ratios reported from BICR and local evaluations
have been found to be highly consistent,’®**?° even in
open-label trials, suggesting that local evaluations tend not
to be subject to bias and that, therefore, the application of a
BICR conducted on all patients may not significantly add va-
lue to a proper interpretation of PFS trial results. These find-
ings, when coupled with the concern over informative
censoring’ indicate that (1) BICRs may not be necessary in
truly blinded trials, and (2) bias may be adequately detected
by performing a BICR on a random sample of patients in open
or partially blinded trials.

3.2 Patient follow-up and approaches to censoring

The characteristics of the trials included are summarised in
Table 3. The hazard ratios from the analyses based on the four
censoring rules were generally consistent with the ITT ap-
proach; the hazard ratio from the ‘Censor — All’ analysis was
within 0.1 of that from the ITT analysis in 21 of the 28 studies.
Importantly, although consistent, the ITT analysis generally
resulted in smaller treatment effects (HRs closer to 1) than
those obtained by applying the various censoring rules (Fig. 1).

The difference in HRs between the ITT and the alternative
analyses was smallest when censoring rates were similar be-
tween arms: although the relationship between the HR and
differential rates of censoring between treatment arms (On-
line Figure) was only significant when censoring for all rea-
sons was considered (‘Censor — All’, p = 0.01). Consistent with
other studies,™® we found that patients censored under ‘PDT’,
‘DISC’ and ‘ALL’ appear to be at an approximately 30% greater
risk for progression relative to the study population as a
whole. Different levels of informative censoring between
treatment arms was clearly associated with the size of dis-
crepancy between the ITT and censored analysis HR (Fig. 2);
when censoring for all reasons considered (‘Censor — All’,
p <0.001), censoring for subsequent therapy (p =0.003) and
censoring patients who prematurely discontinue randomised
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Table 3 — Overview of PARMA censoring survey data.

Study characteristics

Surveyed studies (N = 28)*

Tumour type
Colorectal
Breast

Lung
Hematologic®
Prostate
Renal

Design

Open label/double-blind

Add on/substitution®
Superiority/non-inferiority?
Primary end-point (PFS or TTP/OS)

Sample size (total)
200-399

400-599

600-799

>800

10

NNDN U

23/5
15/10
23/4
21/7

10

Description of analyses and extent of censoring

Censor Median percentage (range) of ITT® events censored Median percentage (range) of reduction in ITT® follow-up
Control Experimental Control Experimental

PDTY 9 (0-32) 8 (0-32) 7 (0-39) 7 (0-26)

DISCE 18 (2-58) 17 (1-52) 16 (1-45) 12 (0-45)

Mvh 5 (0-21) 5 (0-18) 5 (0-31) 6 (0-22)

ALL! 25 (6-59) 23 (3-57) 24 (3-51) 20 (3-50)

Data supplied by Abbott (n=2), Amgen (n=2), AstraZeneca (n = 1), BMS (n = 1), Eli-Lilly (n = 3), Genentech (n=5), GSK (n=3), NCCTG (n =4),

Pfizer (n = 1), Roche (n = 4), Sanofi-aventis (n = 1), Takeda (n = 1).

# Some studies (n=2) had more than 2 arms, and are counted as separate studies with each comparison presented separately.

b Multiple Myeloma and Non-Hodgkins Lymphoma.
¢ Data not provided for three trials.
4 Data not provided for one trial.

€ ITT - All PFS events included regardless of stopping randomised therapy or subsequent therapy.
f PDT - Censor patients who receive subsequent anti-cancer therapy prior to progression at latest prior visit.
€ DISC - Censor patients who prematurely discontinue randomised therapy due to toxicity or other, non-progression related reasons at latest

prior visit.

B MV - Censor patients who progress, or die (in the absence of progression), after two or more missed visits at latest prior visit.
! ALL - Censor patients who are censored in either PDT, DISC or MV at earliest censoring time.

therapy (p = 0.001) but not when censoring for missed visits.
There was no evidence that the association between the ITT
HR and the HR based on alternative censoring definitions
was dependent on sample size, study type (substitution ver-
sus add-on) or tumour type.

3.3.  Interval censoring

In any clinical trial each patient’s ‘true’ progression time is
known only to have occurred at some time between two
assessments. Despite the presence of multiple published
techniques to perform analyses of such interval censored
data®*?”% in practice, clinical trial data are not routinely ana-
lysed using interval censored analysis (ICA) approaches. We
performed a simulation study to compare the performance
of an ICA to the log-rank test. The findings presented here
are a summary of the more extensive analysis by Sun.® As
shown in Table 4, when the assessment times were similar
between the two treatment arms, both the log-rank test and
the ICA analysis provided unbiased results. However, when

patients were assessed twice as often in the control arm,
the log-rank test performed poorly as expected (with a very
high type I error rate and biased estimate of treatment effect)
while the ICA approach remained remarkably robust.

4, Discussion

This paper presents three key findings based on the work of
the PhRMA PFS WG: the need for and benefit of independent
radiology review, appropriate censoring and missing data
conventions, and alternative analysis methods. The goal of
this exercise was not to expand the use of PFS as a primary
end-point, but to increase the confidence in the results of
clinical trials which use PFS as a primary end-point by identi-
fying the optimal methodological approaches.

The re-analysis of 28 oncology clinical trials explored the
conventions surrounding censored observations and revealed
that the most extreme application of censoring rules led to
approximately 25% of the events being excluded (censored),
and that excluding PFS events from analysis due to censoring
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Fig. 1 - Change in ITT Hazard Ratio from applying censoring
rules in analysis. Each point represents 1 of the 28 trials
analysed using one of the 4 censoring rules (i.e. 112 points
in total). Change in hazard ratio equals HR from censored
analysis minus HR from ITT analysis.

tends to be anticonservative in the sense that it tends to re-
sult in a larger estimate of the treatment effect (i.e. further
away from a HR of 1) than that from the ITT analysis.

The ITT analysis requires follow-up of all non-progressing
patients, including those who received other anti-cancer ther-
apy. Clearly, the decision to start new therapy is likely to be
related to the patient’s current prognosis or ability to tolerate
therapy, and censoring the patient, either explicitly in the
analysis, or implicitly by not collecting progression data from
subsequent assessments, can lead to bias.”®'” Since it cannot

be known whether informative drop-out will occur, the most
prudent (and conservative) approach would be to seek con-
sent to follow all patients to objective progression, to be con-
sistent with the ITT principle and to permit an ITT analysis to
be performed.” As subsequent assessment data will likely
have limitations, it is appropriate to question whether the
use of anti-cancer therapy prior to progression in part con-
tributed to any advantage for the experimental therapy and
therefore, an analysis censoring such patients should be per-
formed as a sensitivity analysis.

The analysis in the companion paper by Amit of 27 clin-
ical trials which employed BICR demonstrated the strong
correlation in HRs estimated by BICR and local evaluation
(LE). This is consistent with the findings of others,*?¢
and indeed with similar reports from other therapeutic
areas.’®! This analysis provides strong evidence for the
reliability of the treatment from the local evaluation of pro-
gression. One can conclude from this analysis that BICR and
LE are likely measuring the same phenomenon. Neither of
these measures should be considered a gold standard; the
BICR lack data from patients who progress by LE (and hence
are informatively censored in any analysis), whereas the LE
could be subject to real or inadvertent bias. At the overall
study level, however, multiple analyses have now demon-
strated a highly consistent estimate of the trial-level HR
for the two approaches.

A sample based method for BICR has been proposed with
well characterised operating characteristics. This method
can directly measure the differential and directional discor-
dance which can indicate a bias in the investigator assess-
ment of progression. Extensive simulations explored the
extent to which discordance due to random measurement

0.4

0.3

Change in Hazard Ratio

CENSOR - PDT
CENSOR - DISC
CENSOR - MV
CENSOR - ALL

- Regression lines

p4Oe®

‘| Censor - MV

.| Censor - PDT*
Censor - DISC*

Censor - ALL*

-2 -1 0
Differential Informative Censoring

Greater on Control Arm

* p<0.05

Greater on Experimental Arm

Fig. 2 - Factors associated with differences between ITT HR and censoring analyses HR. Differences in extent of informative
censoring. Change in hazard ratio equals HR from censored analysis minus HR from ITT analysis. Censoring event rate ratio
(CERR) equals event rate (no. of events/total patient follow up) calculated in period after censoring (due to MV, PDT, DISC or
ALL) divided by event rate before censoring for each treatment arm. Differential informative censoring(x axis) = log ratio
(exp:control) of within arm CERR. Each point represents 1 of the 28 trials analyzed using one of the 4 censoring rules (i.e. 102
points, 10 missing due to non-estimable CERR). Regression line is simple linear regression within each group, statistical
analyses test whether the slope is zero and hence whether change in hazard ratio is related to the extent of differential

informative censoring.
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Table 4 — Comparison of log-rank test and interval censored analysis approach with unequal between arm assessment

frequency with true HR = 0.6.

Event rate Log-rank Interval censored True®

T1 error® (%) HR T1 error® (%) HR T1 error® (%)
Equal assessment between arms®
Constant 2.7 0.60 2.8 0.60 2.7
Differential assessments between arms?
Constant® 35.0 0.55 23 0.61 24
Increasing® 59.2 0.53 2.6 0.61 2.7
Decreasing® 323 0.55 2.8 0.60 2.5

& True is a benchmark assuming exact PFS time known.
® T1 Error: proportion of simulations where 1-sided p < 0.025.
¢ Equal assessment: patients assessed every 8 weeks in both groups.

d Differential assessment: patients are assessed every 8 weeks and 16 weeks in the control and experimental group respectively.
¢ Constant, increasing and decreasing event rates correspond to exponential, weibull 1.5 and weibull 0.67 distributions respectively.

error exists, and demonstrated that if this discordance is
equal between treatment groups, it does not result in a biased
estimate of treatment effect. However adding additional var-
iation to the progression time, which reflects poor study con-
duct, does result in a modest attenuation of the treatment
effect (HR closer to 1.0). The presence of variability should
not lead to patients being assessed more frequently than in
routine clinical practice; as long as patients are assessed at
a frequency that is no more than half of the control group
median, there is a <2% loss in power.?>? Rather, an emphasis
on accurate assessment is important.

The primary finding from the simulation studies evaluat-
ing interval censoring methods was that, even in the presence
of extreme imbalance of visit schedules between treatment
groups, the method developed by Finklestein®* is robust to
these deviations. The availability of this methodology should
provide researchers with the confidence that a statistical tool
exists to identify the benefit of therapy despite the presence
of unscheduled assessments.

There are limitations to the findings presented. First, the
sets of trials used to evaluate BICR and the various censoring
methods were not selected at random, but were those con-
tributed by the participating companies/institutions. However
in both cases the set of clinical trials selected was not limited
to certain tumour types, and considered to be representative
and of adequate size. Secondly, the simulations conducted
during the development of the sample based BICR rely on cer-
tain assumptions to mimic the system of evaluating PFS using
BICR as closely as possible. The working group made every ef-
fort to be transparent with the simulations assumptions and
methods.

A future focus of the PFS WG will be to determine objec-
tively the presence (or lack thereof) of clinical benefit related
to the PFS end-point, by documenting the consequences of
progression in terms of deterioration in symptoms, quality-
of-life and time-to-death.

4.1.  Recommendations
The following recommendations for the design, conduct and

analysis of trials using PFS as the primary end-point are made
based on the research conducted by the WG.

In clinical trials designed to establish the treatment effect
using PFS as the primary end-point, the focus should be
on the estimation of between-arm treatment effect as
assessed through the HR, with the awareness that the
assessment of individual patient progression times is sub-
ject to measurement error.

¢ The ITT principle should be employed in the primary anal-
ysis; patients should be followed until progression even if
they have discontinued treatment or started a new anti-
cancer therapy.

¢ Based on the strong correlation in HR between BICR and LE

(Amit %), independent review of progression events should

not be required in double blind trials.

In open label trials or double blind trials with partial unblin-

ding due to toxicity, a sample based BICR audit should be

evaluated.

e When a sample-based BICR is employed, discordance
between LE and BICR should be summarised by treatment
group. If discordance between treatment groups differs
meaningfully ?°, then the degree of directional discordance
should be considered and a full BICR of all subjects in the
trial may be warranted.

e Because increased variation in the estimation of progres-
sion times can attenuate the treatment effect, rigorous
training and monitoring should be in place at all investiga-
tional sites.
Patients should be assessed at the same frequency in each
treatment arm and interval censoring methods should be
included as a sensitivity analysis. Once validated software
is widely available, consideration should be given to the
use of ICA methods to replace the log-rank test and Cox
regression® as the primary tool for analysing PFS data.
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