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Correction Pursuant to Federal
Data Quality Act
NDA 21-649
Genasense (oblimersen) for advanced melanoma

Dear Dr. Jenkins:

On behalf of our client, Genta Incorporated (“Genta”), Buc & Beardsley submitted a
complaint and request for correction under the Federal Data Quality Act (“FDQA”) dated May
16, 2007. Genta is the sponsor of the above-referenced NDA. Additional information germane
to Genta’s FDQA complaint recently became available and is being submitted as an amendment
to Genta’s complaint and request for correction.

As noted in our May 16 letter, FDA has continued to perpetuate on its website numerous
materials that contain FDA’s flawed statistical model, the application of that model to Genta’s
data on PFS, and the erroneous conclusion that Genasense does not improve PFS compared to
the control arm in the clinical trial in question.

Attached as Exhibit A hereto is a copy of relevant portions of Genta’s June 22, 2007
submission to the EMEA entitled “EMEA H/C/000171 Supplementary Information: Detailed
Grounds for Re-examination of the CHMP Negative Opinion.” As stated in our May 16 letter,
the EMEA’s 180-day assessment report relied heavily on FDA’s flawed model and erroneous
conclusion. Genta’s new submission to the EMEA further demonstrate the flaws in FDA’s
model and conclusion.

In addition, Genta recently learned that an article entitled “Analysis of progression-free
survival in oncology trials: Some common statistical issues’ appeared in the April/June 2007
issue of Pharmaceutical Statistics (copy attached hereto as Exhibit B).' This article contains a

1. Pharmaceu. Statist. 2007: 6: 99-113.
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reference to the webpages that are the subject of Genta’s complaint (see footnote 14 and related
text in the article). The appearance of this reference in a recent publication further demonstrates
that the dissemination of these flawed materials continues as a result of their continuing presence
on FDA’s website without correction, and therefore continues to harm Genta.

Genta’s May 16, 2007 complaint has been posted on the Department of Health and
Human Services website” and we request that this amendment be promptly posted as well. Genta
also restates its request that you consider this complaint, as amended, on an expedited basis in
order to limit the damage that is being done to Genta.

Sincerely,
IS/
Nancy L. Buc

Deborah Livornese

cc: Ms. Laurie Lenkel
Sheldon T. Bradshaw, Esq.
Jane A. Axelrad, Esq.

2. See, http://aspe.hhs.gov/infoquality/request&response/32a.pdf.
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June 22, 2007

Supplementary Information for Detailed
Grounds for Re-examination of the CHMP
Negative Opinion

1. Additional evidence supporting absence of bias in progression-free
survival (PFS) analysis in Study GM301

”t

A.  Genta simulations of PFS

The FDA simulation that evaluated potential bias in the PFS result was based on the assumption
that all assessments in each arm occurred on exactly the same day and that all assessments in the
Genasense arm occwrred 2 days later (had “a 2-day delay™) than all assessments in the DTIC arm
(e.g., the first assessment occurred for all patients in the DTIC arm on Day 42 and for all patients
in the Genasense arm on Day 44; the second assessment on Day 84 and Day 86, respectively, etc.).
Assuming that the distribution of PFS was exponential with a median PFS of 50 days in both

treatment groups, it was then demonstrated that this delay would lead to a substantial bias in the
comparisons of PFS.

Genta has now repeated those simulations using more realistic assumptions regarding the
assessment times, but making similar assumptions regarding the distribution of PFS in order to
make a valid comparison. The Genta simulations assume a normal distribution of assessment
times with means of 42 and 44 days for the first assessment, means of 84 and 86 days for the

second assessment, etc., for the DTIC and Genasense arms, respectively, and a standard deviation
of 10 days.

The only difference between the FDA and Genta models is the distribution of assessment timing.
In the FDA model, no variation was permitted; in contrast, the Genta model allowed a normal
distribution reflective of the actual pattern of assessments observed in Study GM301.
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Figure 1: FDA assumption of time to first assessment (model assumptions: all
assessments occur on the same day; standard deviation = 0)
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Figure 1 shows thre distribution of assessment times assumed by the FDA for the first:

assessment. Similar distributions were assumed for all subsequent assessments.

Figure 2: Genta assumption of time to first assessment (model assumptions: normal
distribution; standard deviation = 10 days)
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Figure 2 shows the distribution of assessment times for the first assessment that was used as
the basis for the Genta simulations. Similar normal distributions were assumed for all
subsequent assessments.
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Figure 3: Study GM301 - Actual distribution of time to first assessment
Control: Median Time = 43 days Exp. Group: Median Time = 48 days
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Figure 3 shows the actual distribution of the first assessment times in Study GM301; similar
distributional shapes were seen for subsequent assessments. It is apparent from these figures E —
that the Genta simulations are based on a realistic modeling of the actual pattern of assessment

timing in Study GM301 (compare Figure 3 with Figure 2). In contrast, the FDA simulations

are based on unrealistic assumptions (compare Figure 3 with Figure 1).

Figure 4: Kaplan-Meler Curves for PFS
FDA PFS simulation model
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Figure 4 shows two sets of simulated Kaplan-Meier curves for PFS. Note that in both sets of
curves, the two arms are virtually superimposable. The left set is the result of a typical
simulation using the FDA model for assessment times. Despite the fact that these curves are
superimposable, they show a statistically significant difference (p = 0.002). The right set of
curves is the result of a typical simulation using the Genta model for assessment times and the
curves are not significantly different (p = 0.72). The statistical significance for the left set of
curves is a direct result of the unrealistic assumptions and peculiar behavior of the FDA model.

Using the assumptions previously described, the FDA undertook a series of 5000 simulations
and showed that the average p-value across these simulations was 0.004. They also showed
that 98% of the 5000 simulations would have resulted in a statistically significant p-value and a
false conclusion of a treatment difference. They therefore concluded that asymmetry in

assessment timing would give a highly significant result and lead to an incorrect conclusion
regarding treatment effect.
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The Genta series of 5000 simulations had an average p-value of 0.49 with only 5.7% of the
simulations resulting in false inference. The conclusions to be drawn from the Genta
simulations are exactly the opposite of those based on the FDA simulations. The Genta
simulations show there is very little bias when realistic assumptions consistent with the actual
assessment times in Study GM301 are used. A total absence of bias would result in an average
p-value of 0.50, and only 5% of the simulations would result in a false conclusion. The
treatrent difference in PFS in Study GM301 (p = 0.0003 at 6 months and p = 0.0007 at 24
months) cannot possibly be explained by a bias in assessment times. These highly significant
results indicate a clear benefit for Genasense in prolonging PFS.

B.  PFS sensitivity analyses

Four sensitivity analyses were performed by the Applicant to address concemns regarding
potential bias in PFS results due to differences in assessment times between treatment groups.
The results are shown in Table 1 below. The hazard ratios from these four sensitivity analyses
range from 0.71 to6.84 and are very consistent with the primary analysis of PFS (hazard ratio -
= ().75). Results of all four sensitivity analyses were statistically significant (p < 0.05),
indicating the robustness of the primary analysis of PFS,

Table 1: Sensitivity analyses to address the potential for bias related to assessment time
differences for PFS

Method Hazard ratio  Log-rank p value
(1) Assumed progression present at scheduled visit when visit 0.79 0.003
occurred late and included censored subjects
(2) Used scheduled visit dates instead of actual assessment dates 0.71 <0.0001
(3) Assumed progression present at scheduled visit when visit 0.80 0.004
occurred late and excluded censored subjects
(4) Used nominal cycle number 0.84 0.048

Details of each of the sensitivity analyses follow:

Sensitivity Analysis # 1 - assumed progression was present at the scheduled visit when the visit
occurred late and included censored subjects.

During the treatment phase, if PD (or the last non-PD assessment) was determined at a visit
that occurred later than scheduled, the date of PD (or censoring) was “brought back™ to 42 days
after the most recent previous assessment date. During the follow-up phase, if PD (or the last
non-PD assessment) was determined at a visit that occurred later than scheduled, the date of

PD (or censoring) was “brought back” to 60 days after the most recent previous assessment
date.

Sensitivity Analysis # 2 - used scheduled visit dates instead of actual assessment dates.

Beginning with the actual date of first dose, all assessments were assumed to have occurred on
the scheduled assessment date (e.g., every 21 days during the treatment phase and every 60
days during the follow-up phase). If PD occurred between the scheduled date of assessments,
the date was “taken forward” to the next scheduled visit date.
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Sensitivity Analysis # 3 - assumed progression was present at the scheduled visit when the visit
occurred late and excluded censored subjects.

This is the same as analysis # 1 except that it includes only subjects with PD. Non-PD
assessment times (censored values) were left unchanged.

Sensitivity Analysis # 4 - used the nominal cycle number.

This analysis removes time as a factor. Each determination of PD or censored value uses the
cycle number in which it occurred instead of a date,

Other exploratory analyses inconsistent with PFS bias
C.1. First assgssment events of progression N g

‘When counting first assessment outcomes irrespective of time, there are more events of
progression in the DTIC arm.

Table 2: Number of patients with progression of disease at first assessment

Genasense + DTIC | DTIC
N=323 N=313
Assessment of progression | n (%) n (%) p value
| Negative 161 (50) 132 (42)
Positive 162 (50) 181 (58) | 0.05

This analysis eliminates the influence of time in the first assessment. If the treatment
differences in PFS were entirely due to bias, then the overall numbers of patients progressing at
the first assessment would be the same in the two groups. This is not the case: in the DTIC

arm, 58% (181/313) of patients progress at the first assessment compared to 50% (162/323) of
patients in the Genasense arm.
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C.2.  Overall survival benefit in patients who progress after the respective

median (“better-prognosis patients)

The median time to progression in the DTIC arm was 1.6 months compared to 2.6 months in

the Genasense arm based on an intent-to-treat analysis.

Figure 5: Kaplan-Meier survival curves for patients who progress before the

median in the DTIC and Genasense groups
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Figure 5 shows the Kaplan-Meier survival curves for patients progressing before the median in the

DTIC and Genasense groups. These curves are not significantly different (p = 0.79).

Figure 6: Kaplan-Meier survival curves for patients who progress after the

median in the DTIC and Genasense groups
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Figure 6 shows the Kaplan-Meier survival curves for patients progressing after the median in the
DTIC and Genasense groups. These curves differ significantly (p = 0.017) and indicate that the better-
prognosis patients in the Genasense arm survive, on average, 4 months longer than the better-
prognosis patients in the DTIC arm. Thus, a 1-month average improvement in time to progression

with Genasense translated into a 4-month average improvement in overall survival.

710




Supplementary Information for Detailed Grounds for Re-examination
Genasense® (oblimersen sodium)

If the benefit for Genasense in terms of PFS were spurious and due to bias caused by asymmetry in
assessment times, then the observed improvement of one month for progression would not translate
into an overall survival benefit.

C.3. PFS results in normal vs. elevated LDH populations

Figure 7: Progression-free survival by baseline LDH
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Figure 7 shows the Kaplan-Meier PFS curves for the DTIC and Genasense treatment groups among
those patients with normal baseline levels of LDH (LDH < 1.1 * ULN), as well as the corresponding
curves for the elevated LDH population (LDH > 1.1 * ULN). The curves for the elevated LDH
population are virtually identical; in contrast, a large and statistically significant difference (p=0.0007)
is seen for the normal LDH population.

If these differences in PFS were due simply to bias in assessment timing, similar effects should be
seen in both subgroups. The fact that different levels of effect occur in the normal and elevated LDH
populations does not support the presence of bias.

2 Redacted for FDQA Submittal |

Redacted for FDQA Submitial
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4. Summary (response to detailed grounds for negative opinion)

Statistical significance was achieved for secondary endpoints at the 6-month follow up analysis

=(0.0003 for PFS, p=0.019 for confirmed response and p=0.057 for durable response). In particular
PFS was highly significant although overall survival was not. It was accepted at that time that the
survival data were simply not mature enough to give any meaningful insight regarding longer-term
survival outcome. Any standard methodology for dealing with multiplicity, for example using a
Bonferroni adjustment, wauld still have concluded a highly significant benefit for PFS and strong
trends for confirmed respotise and durable response at this 6-month analysis.

With longer follow up (24-month minimum for all cases as pre-specified in the protocol), the survival
data were fully mature; only 14 of 771 cases were lost to follow-up in the 24-month data on survival.
The information at this time point is mature, complete and final and overrides that in the incomplete 6-
month dataset. An additional analysis with longer follow-up does not raise multiplicity concems; no
operational bias could have occurred between the analyses as study accrual was complete, and
treatment was already administered to all patients at the time of the initial analysis. No alternative
treatment is known to impact survival. Thus, nothing could have altered the course of the study. The
24-month dataset is the most complete and the most informative. Therefore, it is also the most
relevant. This is true for survival as well as for the secondary endpoints, However since the data on
PFS and confirmed response were already fully mature at 6-months, little changes with regard to those
endpoints; they are presented at 24 months simply for completeness. Durable response continued to
fully mature after 6-months and the 24-month result is completely consistent with that seen at 6-
months. Thus, considering the secondary endpoints at 6-months or 24-months creates no concrete
methodological issue with regard to multiple analyses since the data are essentially the same.

At 24 months, overall survival provides a strong trend in favor of a benefit for Genasense. In fact the
24-month data and the 6-month data are very consistent with a hazard ratio of 0.89 at 6-months and a
hazard ratio of 0.87 at 24-months. However, the maturity of the data for patients censored in the 6-
month analysis has caused the p-value to become nearly significant at 24 months.

The issue of whether an adequate methodology to deal with multiple analyses was planned has no
practical consequence for Study GM301 because of the consistency of all endpoints in terms of
treatment effect and the high degree of statistical significance of PFS at both 6-months and 24-months.
In addition, the CHMP guideline (CPMP/EWP/908/99) ‘Points to Consider on Multiplicity Issues in
Clinical Trials’ states ‘If a multiple test situation occurs which was not foreseen, a conservative
approach will be necessary, e.g. Bonferroni or a related procedure’. It is relevant to note that adopting
a Bonferroni correction for multiplicity would still result in a high level of statistical significance for
PFS at 6-months and 24-months. Assigning a penalty to the results would not change the overall
evidence in any way; several endpoints are highly significant and others show a positive trend in favor
of Genasense. Finally, all of these endpoints should be regarded as necessary to describe the full
treatment effect, and they provide a completely consistent picture.

9/10
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Despite the fact that Study GM301 was an open-label study, the secondary endpoints are reliable. To
reduce the potential for investigator bias, response and progression were determined by computer
according to RECIST based on investigator measurements. All complete and partial responses
underwent independent and blinded review using 2 different methodologies, which confirmed the
veracity of these results. For PFS, a blinded independent review of an approximate 10% random
sample was performed. This review confirmed the dates of progression to be correct, with a relatively
equal distribution of variability between study arms. Study GM301 is now widely accepted as the
reference standard in the literature regarding the activity of DTIC in melanoma.

The initial regulatory review of the strong PFS result was confounded by a flawed analysis performed

by FDA reviewers utilizing Monte Carlo simulations. These simulations, which were based on a

hypothesis that all patients were seen on the exact same day in each arm and exactly 2 days apart,

implied that the highly significant PFS result was due to a bias in the timing of assessments. The

sensitivity analysis presented in the MAA, which used a standard methodology, demonstrated that the

results are robust. Very recently, a series of similar Monte Carlo simulations that utilized realistic
assumptions was presented by the Applicant, and demonstrated the integrity of the PFS result. The

potential for bias in these results appears to be very limited and cannot account for the magnitude of

the observed PFS result (Genasense + DTIC, 78 days; DTIC, 49 days [p = 0.0007]). . -

K

Importantly, Study GM301 elucidated the role of LDH as a prognostic factor that exerts a strong
independent effect on survival outcome. Small variations in baseline LDH, even within the normal
range, have been shown to behave as a continuous variable interacting with treatment effect and
permit the identification of a target population most likely to benefit from treatment. This population
of patients with normal baseline LDH can be easily identified with a simple, routine, and widely
available blood test. The prognostic relevance of LDH in this population has been separately
confirmed using data from an unrelated EORTC study, the results of which were independently
analyzed and reported.

The safety evaluation of the Genasense + DTIC combination did not reveal unusual toxicities in this
population. The toxicities of interest during review included thrombocytopenia, neutropenia, and
elevation in hepatic enzymes. The incidence of grade 3-4 infections and platelet transfusions
associated with these cytopenias was not increased, and the hepatic enzyme elevations were reversible
and, in many instances, associated with hepatic metastases. Given the paucity of treatments available
for patients with advanced or metastatic melanoma and the serious toxicities associated with many of
combinations of drugs and biologic agents commonly used in this disease, the risks associated with
Genasense should be considered acceptable.

Advanced or metastatic melanoma represents an area of major unmet medical need; treatment options

for these patients are very limited. Taking into account the significantly positive effects of Genasense

on PFS and overall and durable response, a strong trend toward significance in overall survival, and -
the acceptable safety profile, the benefit/risk equation leads to a positive result.

10/10
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Analysis of progression-free survival
in oncology trials: Some common
statistical issues

MAIN
PAPER

Kevin J. Carroll*'

AstraZeneca Pharmaceuticals, Global Clinical Information Science, Alderley Park,
Macclesfield, UK

——

With the advent of ever more effective second and third line cancer treatments and the growing use of
‘crossover’ trial designs in oncology, in which patients switch to the alternate randomized treatment
upon disease progression, progression-free survival (PFS) is an increasingly important endpoint in
oncologic drug development. However, several concerns exist regarding the use of PFS as a basis to
compare treatments. Unlike survival, the exact time of progression is unknown, so progression times
might be over-estimated and, consequently, bias may be introduced when comparing treatments.
Further, it is not uncommon for randomized therapy to be stopped prior to progression being
documented due to toxicity or the initiation of additional anti-cancer therapy; in such cases patients
are frequently not followed further for progression and, consequently, are right-censored in the
analysis. This article reviews these issues and concludes that concerns relating to the exact timing of
progression are generally overstated, with analysis techniques and simple alternative endpoints
available to either remove bias entirely or at least provide reassurance via supportive analyses that
bias is not present. Further, it is concluded that the regularly recommended manoeuvre to censor PFS
time at dropout due to toxicity or upon the initiation of additional anti-cancer therapy is likely
to favour the more toxic, less efficacious treatment and so should be avoided whenever possible.
Copyright © 2007 John Wiley & Sons, Ltd.

Keywords: oncology; event count analysis; progression-free survival informative censoring; interval
censoring

INTRODUCTION
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advent of a new generation of biologically
targeted cytostatic anti-cancer agents, drug
developers and researchers can no longer
rely on uncontrolled phase II trials and response
rate to screen new medicines for clinical utility
[1-3]. For drugs designed to stabilize disease,
the most sensible phase II approach has
been argued to be randomized trials with PFS
as the primary endpoint [4,5]. Further, with
the advent of ever more effective second and
third line cancer treatments and the growing
use of ‘crossover’ designs, in which patients
switch to the alternate randomized treatment
upon disease progression, detecting an improve-
ment in survival in confirmatory phase III
trials has been recognized as an increasingly
difficult goal [6-8]. The recently issued
EMEA anti-cancer guideline acknowledges these
issues and states that either survival or PFS
can be used as a primary endpoint in pivotal
trials seeking approval for a new drug, when
PFS is used and justified as the primary
endpoint, survival should be a stated secondary
endpoint with follow-up sufficient ‘to ensure
that there are no relevant negative effects
on this [survival] endpoint’ [9]. In light of the
issues, there has recently been a number of open
discussions initiated by the US Food and
Drug Administration (FDA) to examine the
utility of progression and other measures as
endpoints for oncologic drug approval [6-8,10].
In particular, at the Oncologic Drugs Advisory
Committee (ODAC) discussion in December 2003
on approval endpoints in non-small cell lung
cancer, the vote was 18 ‘yes’, 0 ‘no’ and 1
abstention for the use of PFS as an endpoint to
support accelerated approval in the advanced
disease setting [6]. Similarly, at the ODAC
discussion in May 2004 on approval endpoints in
colorectal cancer, the vote was 8 ‘yes’, 5 ‘no’ for
the use of PFS as an endpoint to support full
approval in the advanced setting [8]. More
recently, PFS has been used as the sole basis to
provide full drug approval for sorafenib in the
treatment of advanced renal cell carcinoma and
panitumumab in the treatment of advanced color-
ectal cancer [11,12].

Copyright © 2007 John Wiley & Sons, Ltd.

However, despite such support for the use of
PFS as a primary endpoint to support drug
approval, key concerns remain regarding the use
of PFS to compare treatments for relative effec-
tiveness:

(1) Unlike survival, the exact timing of
progression is unknown. Discrete clinic visit
schedules for disease assessment means that
progressions that occur in between visits are
commounly assigned to the visit at which progres-
sion was detected, leading to over-estimation of
the time to progression [13]. Consequently bias
may be introduced in the comparison of treat-
ments as was suggested in the FDA’s review of
oblimersen sodium {14]. This concern has led to a
consensus emerging that clinic visits need to be
frequent and identically scheduled between treat-
ments to ensure an accurate determination of the
time of progression and a fair comparison of
treatments.

(i) It is not uncommon for randomized
therapy to stop (say, due to toxicity) or for
additional anti-cancer therapies to be initiated
prior to progression being documented. Handling
of such patients in the analysis is problematic;
recent FDA draft guidelines have suggested that
progression time should be censored at the time of
the intermediate event [15]. However, this view
does not appear to be entirely shared by EU
regulatory authorites based on the recently issued
appendix to the CHMP’s anti-cancer guideline
[9,16].

This paper discusses these issues, their practical
implications and importance when comparing
treatments, and explores if there are ways in which
they might be addressed or ameliorated. The
remainder of the paper is therefore structured as
follows: Section 2 describes a typical oncology trial
design with PFS as the primary endpoint. Section 3
examines the practice of assigning the time of
progression to the visit at which it was detected
and Section 4 examines censoring PFS time on
drop-out due to toxicity or the initiation of
additional anti-cancer therapy. Section 5 then
closes the paper with recommendations for trial
design and analysis and a brief discussion of some
other, key issues.

Pharmaceut. Statist. 2007; 6: 99-113
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TYPICAL ONCOLOGY TRIAL
DESIGN

Suppose two treatments, experimental (E) and
control (C), are to be compared in terms of PFS
time in a clinical trial powered to detect an
underlying hazard ratio, E:C, of size 6, with a
1-sided Type I error rate of o and power 1—f so
that a total of d events are required [17]. Assuming
event rates of 1z and A., uniform accrual over a
period of R months and a minimum follow-up
period of F months (giving a maximum follow-up
of R+ F months, which is hereafter referred to as
the ‘trial follow-up period’), a total of 2N patients
are to be randomized on a 1:1 basis [18-20].
Assume also that disease status is assessed at
regular, scheduled clinic visits, every ¥ months,
say. For simplicity, further assume that V is
chosen such that £ and £ are both integer so
that £ is the minimum and £:£ the maximum
number of scheduled assessments per patient and a
clinic visit always takes place at the end of the trial
follow-up period.

In advanced disease, PFS time is defined as the
interval from randomization to the first of either
disease progression or death from any cause. The
equivalent measure in adjuvant settings is disease-
free survival (DFS), being the interval from
randomization to the first of either disease recur-
rence or death from any cause. The discussion that
follows is framed in terms of PFS but can equally
be applied to DFS. Since disease is normally
assessed at regular, scheduled clinic visits, the exact
time of progression is typically unknown. The time
of progression is therefore usually assigned to the
date of the clinic visit at which it is detected.
Patients who are lost to follow-up prior to
progression or who reach the end of the trial
follow-up period without progression are right
censored in the analysis. Patients may also stop
randomized therapy during the trial follow-up
period prior to reaching a confirmed progression
event due toxicity or the addition of further anti-
cancer therapy. Such patients are commonly not
followed further for progression status, being
censored at the time of the event associated with
the cessation of randomized therapy.

Analysis of progression-free survival in oncology trials 101

THE IMPACT OF NOT KNOWING
THE EXACT TIMING OF
PROGRESSION

When the time of progression is assigned to the
visit at which progression was first detected, the
extent to which bias is introduced can be gauged
directly for exponentially distributed lifetimes
using maximum likelihood methods (see Appendix
A). If T; denotes the observed PFS time, event or
censored, for the ith patient then

N
A X T 1
d observed event rate

is approximately
Y V2t
L= g(1 — e~y
or, more conveniently,
- 14 e

If comparing E to C, then the observed hazard
ratio

observed event rateg Tc

f = = 1
observed event ratec T M
is a biased estimate since
s Ve(l—e%Ve) )
A Ui . @

Ve(l—e™7e) ” dc

Note that bias is introduced even if visits are
scheduled symmetrically between treatments
(Ve=V¢) and, as one would expect, the degree
of bias depends upon the ratio of the interval
between visits and the expected PFS time
(that is on AgVg and AcV(). The bias in the
hazard ratio erodes the power of the standard log
rank test to

¢ (24 + 2p) 0 — 4] (3)
where o = abs(:—g%) and ¢~'() is the inverse of
the cumulative normal distribution; to restore
power, the target number of events would have
to increase to
d
d =—
2

Q)
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(see Appendix B). Table I illustrates the degree of
bias that can be introduced by assigning progres-
sion time to the clinic visit at which it was detected
and the consequences on power.

Table I shows that as the interval between visits
lengthens and the number of clinic visits declines,
then the hazard ratio is increasingly biased toward
the null. Consequently, power falls and, in the
examples given, the number of events required to
maintain 90% power increases by between 7% and
16% even when visits are as frequent as every
month.

Assuming a common visit schedule between treat-
ments, it is of interest to note that to ensure retention
of at least 100(1—y)% power y> B, visits must be
scheduled approximately every V'’ months where

, _ R
V' = (median PFS on C) x @§<T:—97) (%)

and k=abs(z—‘iﬁ). This result follows since

Zat2p
—p ~ 1+ for small AV so that 9z—“ﬁi§,

where rzzzic (see Appendix B). Table II provides
V' for varying 6 and median PFS values.

Pharmaceutical

Table II suggests that, for hazard ratios between
0.80 and 0.667, the interval between visits can
afford to be no more than about % the median PFS
time on control to ensure power does not fall
below 80%. With a larger hazard ratio of 0.50, the
interval between visits can be longer, up to
approximately % the median PFS time on control.

The Type I error is not inflated providing the
scheduling of visits is the same on E and C.
However, Table III illustrates the degree to which
the Type I error can be increased when clinic visits
are asymmetric between treatments.

While it is unlikely that clinic visits would
intentionally be scheduled asymmetrically, Table ITT
serves to illustrate the importance in practice of
closely matching visit schedules when performing
routine log rank analyses of PFS time.

Possible design and analysis strategies when the
exact timing of progression is unknown and assigned
to the clinic visit at which it was detected

When assigning the time of progression to the visit
at which it is detected, bias is introduced and

Table I. Bias and loss of power associated with assigning time of progression to the scheduled clinic visit at which it was

detected.
Hazard Median PFS Median PFS Interval between Expected Log rank Relative increase
ratio, 6 on E on C clinic visits, HR?, 0 powerb (%) in d to compensate
(months) (months) V, (months) for loss in power®

0.667 6 4 0.5 0.677 87.8 1.07

1 0.686 85.4 1.16

2 0.705 80.0 1.34

4 0.740 67.2 1.81
0.75 8 6 0.5 0.755 88.5 1.05

1 0.761 86.9 1.11

2 0.771 83.3 1.23

4 0.792 75.0 1.51
0.80 12 9.6 0.5 0.803 89.1 1.03

1 0.806 88.1 1.07

2 0.811 85.9 1.14

4 0.822 81.1 1.30

“HR = hazard ratio via equation (2).

®Log rank power via equation (3); assuming trial originally powered at 90% (8=0.1), 2.5% 1-sided « level to detect a HR size 6.

°Via equation (4).

Copyright © 2007 John Wiley & Sons, Ltd. —

Pharmaceut. Statist. 2007; 6: 99-113

DOI: 10.1002/pst



Pharmaceutical

Table II. Maximum inter-visit interval length to main-
tain at least 80% power® for varying 6 and median PFS
values.

Hazard 2 1(6—p
ratio, 6 Hl_(—i—) 3 '1—_—?

Median Visits
PFS on at least
C (months)  every V'
months

0.8 0.5058

ot

N O N
[S%]
<

0.75 0.5219

.._.
NO NS
N
;S

0.667 0.5520

!

—_

N O N B
w
w

0.50 0.6315

O N B
w
=]

12 7.6

# Assuming trial originally powered at 90% (8=0.1), 2.5%
1-sided o level to detect a HR size 6.

power is decreased. Some options to address this
problem are as follows:

(1) Do nothing. If clinic visits are scheduled
symmetrically between treatments, ensure they
occur at least every ¥’ months as per equation
(5) and accept some loss in power. This is the
approach most commonly taken in the analysis of
PFS times. Some other approaches that might be
adopted are given below.

(i1) Increase the target number of events to
d' =4 Note that since PFS is a mixture of
assumed progression times and known times to
death, this increase will be somewhat conservative.

(iit) Since 6 is known to be biased, use rather

é:ln(l - £ ©

as the asymptotically unbiased maximum like-
lihood estimate of the hazard ratio with estimated

Copyright © 2007 John Wiley & Sons, Ltd.
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variance
Var[in(0)] v
arjin =
4Th{m(1-£)} (1-%)
VZ

+— 5 ™
@Te{m(1-3)} (1-%)
(see Appendix A). The lack of bias in this estimate
is illustrated by simulation in Table IV.
This approach represents an interval-censored
analysis as described by Stone et al. [21] and

Whitehead [22]. Note that, with SE # being close
to that expected from a log rank analysis of actual

PFS times (1/236:()'1414)» this approach re-

quires little if any increase in trial size. It is also
important to note that both 6 and SE® vary
little as V' increases. This suggests, contrary to
common belief, there is little to be gained by the
imposition of very frequent clinic visits ~ when
data are analysed on an interval-censored
basis, frequent visit scheduling is unnecessary
and would serve only to impose an unnecessary
burden on patients and investigators alike. Note
that while simulations in Table IV are based on
exponentially distributed PFS times, distribution-
free interval-censored analyses are possible via
PROC LIFETEST in SAS [23] and Prentice and
Gloeckler provide a method for interval-censored
analyses via Cox regression [24]; both approaches
require a common visit schedule between treat-
ments.

(iv) If, despite protocol intent, clinic visits are
not executed exactly as planned leading to variable
spacing between visits and asymmetry in schedules
between treatments, PROC LIFEREG can be
used to estimate event rates on E and C assuming
exponentially distributed PFS times (and alter-
native distributions), and thus provides an un-
biased comparison of treatments. In practice, PFS
times will not always follow an exponential
distribution making interval-censored analyses in
these circumstances difficult. However, Sun et al.
give a generalized formulation of the log rank test
applicable to interval-censored data that provides
a score statistic to test equality of survival

Pharmaceut. Statist. 2007; 6: 99-113
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Table ITI. Inflation in Type I error resulting from asymmetric visit scheduling in a trial with 508 events (sized to detect
an assumed hazard ratio of 0.75, 90% power, 2.5% 1 sided «).

Median PFS Interval between Interval between Expected Type I error®
on E and visits on C (months) visits on E (months) HR?, 6 (1-sided)
C (HR=1)
4 0.5 1 0.959 0.069
1 2 0.920 0.152
6 1 1.5 0.972 0.050
1 2 0.945 0.092
2 3 0.946 0.090
9 1 1.5 0.981 0.040
2 3 0.963 0.062
3 4 0.964 0.061
12 1 2 0.973 0.050
2 3 0.972 0.050
=3 4 0.972 0.050 .
4 6 0.946 0.090

*HR =hazard ratio via equation (2).

ln(é)
“Type I error = ¢~} | —1.96 - ——2].
4

508

Table IV. Hazard ratio estimates resulting from 1000 simulations of a trial with 200 patients (100 per arm) in which all
patients achieve an event.

Hazard Median PFS Median PFS  Interval between clinic ~ Expected g° 6 SE In(6)*

Ratio, # on E (months) on C (months) visits, ¥, (months) value of 6%

0.667 6 4 0.5 0.677 0.679  0.672 0.1438
1 0.686 0.681  0.669 0.1418
2 0.705 0.690  0.664 0.1388
4 0.740 0.718  0.668 0.1428

0.75 8 6 0.5 0.755 0.751  0.746 0.1483
1 0.761 0.759  0.750 0.1438
2 0.771 0.764  0.748 0.1376
4 0.792 0.782  0.751 0.1433

0.80 12 9.6 0.5 0.803 0.804  0.802 0.1425
1 0.806 0.808  0.803 0.1440
2 0.811 0.811  0.802 0.1377
4 0.822 0.817  0.799 0.1474

*Expected value of 8 via equation (2) to illustrate the closeness of the simulation to the theoretical result.

b6 = geometric mean of 1000 hazard ratios based on analysis of PFS time where timing of progression is assigned to the visit at which is
was detected.

8 = geometric mean of 1000 simulated hazard ratios based on equation (6).

4SE 6 = standard deviation 1000 simulated hazard ratios based on equation (6).

Copyright © 2007 John Wiley & Sons, Ltd. - Pharmaceut. Statist. 2007; 6: 99113
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distributions [25]. While there is no means
given for estimating an overall treatment effect
such as the hazard ratio, at least a p-value can be
obtained to assess the strength of evidence against
the null.

(v) As an alternative to the analysis of PFS
time, treatments could be compared on the
basis of the overall number of PFS events
occurring at any time during the trial follow-up
period thus circumventing issues associated
with the over-estimation of PFS time,
scheduling of visits and any asymmetry between
treatments.

Under proportionality, an analysis with a
complementary log-log link function {21,24,26,27]
would provide an unbiased estimate of the hazard
ratio as

P

~In(1 - pp)
b= i = po) ®

where pr and pc are the proportions of patients
with a PFS event on treatment E and C. The

estimated variance of In 6 by Taylor series
expansion is

DE

Var[ln (9)] = N(1 = pe){In(1 — pg)}*

Pc
9
TN poiin( - p) ®

It is interesting to note that § and Var[ln (9)]
coincide with 8 and Var[ln()] when V=R+F,
that is, when there is just one assessment of
progression coinciding with the end of the trial
period.

Further, by noting that S<(r)’ = Sg(f) where 6 is
the true hazard ratio and, with no censoring, that
SHR+F)=pg and SR+ F) = pc so that =6
and the number of events expected on E and C are
N[Sg(R+ F)] and N[Sc(R+ F)] = Npgand Npg, it
is possible to compare the power of the log rank
test on exact PFS times with the power of an
analysis with a complementary log-log link based
only on the total number of events occurring over
the trial follow-up period. Under these circum-
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stances, the relative efficiency of the two tests is
given by
Wt _ [pi . L]
Var [In (6)] E DcC
% [ PE
(1 = pe){In(l — pg)}?
-1
Pc
T —Pc){ln(l—Pc)}z]
Assuming 90% power in the log rank test, Figure 1
plots the relative efficiency for values of S(¢) from
0.05 to 0.95.

In line with work earlier work, Figure 1
indicates that, under proportionality, a compar-
ison on the overall number of PFS events over the
follow-up period is associated with little loss of
power relative to the log rank test on exact PFS
times providing fewer than around 50% of
patients have reached an event [28,29]. If fewer
than 75% of patients have reach an event, the loss
in power is, at most, 5%. It is not until 90% or
more have reached an event that the power of the
relative risk test dips below 80% to around 77%.
For exponentially distributed times to event, since
the probability of an event over the trial follow-up
period = 1—e *O3R*H  fewer than 75% events
will in general be assured if the median follow-up
at the time of the analysis is not more than two
times the median PFS time [20].

This suggests that in those trial settings where
progression of disease is the primary focus but
significant concerns persist regarding the assumed
time of progression, a supportive analysis based on
the number of patients with a PFS event over the
trial follow-up period can provide reassurance.
This analysis is unbiased under proportionality
and suffers relatively little loss of power under
common trial circumstances. It also offers the
opportunity to simplify clinical trial design. It
might be possible, for example, to envisage a trial
where progression is assessed as per clinical
practice with a requirement for objective verifica-
tion of any suspected disease progression. At a
minimum and in addition to the baseline assess-
ment of disease, a single mandatory assessment at
the end of the trial follow-up period would be
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Figure 1. Power of a comparison based on the number of patients with a PFS event over the trial period relative to the
log rank test on PFS time with 90% power.

required in patients who had not previously
progressed in order to catch any missed progres-
sions. PFS events would then be counted over the
trial follow-up period and treatments compared
via an analysis with a complementary log-log link
function.

CENSORING ON DROPOUT DUE TO
AE OR ADDITIONAL ANTI-CANCER
THERAPY

FDA’s recent Draft Guidance for Industry on
Clinical Trial Endpoints for the Approval of
Cancer Drugs and Biologics recommends that
patients who stop taking randomized therapy
prior to documented progression are censored at
the time randomized treatment is stopped [15]. The
rationale for this recommendation is not provided
explicitly, but seems to be related to a concern that
PFS times may be over-estimated otherwise.
Patients who die in the absence of documented
progression remain an event, irrespective of
whether the death occurred whilst the patient

was still receiving or some time after stopping
randomized therapy.

This approach is, unfortunately, highly proble-
matic since it ignores the issue of informative
censoring. Patients who stop taking randomized
therapy prior to documented progression fre-
quently do so due to either toxicity of the drug
or due to a deterioration in the status of their
disease. In such cases, the treating physician often
judges that immediate intervention, commonly in
terms of the introduction of a new cancer
treatment, is in the best interests of the patient
without necessarily waiting for confirmatory,
radiographic evidence of progressive disease.

Time to progression therefore cannot be cen-
sored in the analysis as the censoring mechanism is
self evidently informative. In such circumstances,
if the prevalence of censoring differs between arms,
naive censoring could lead to extremely biased
results and, ultimately, incorrect licensing deci-
sions [30]. Figure 2 provides a simple illustration
of the problem.

Suppose E is compared to C in a trial of 100
patients, 50 per arm. Suppose on C that 25
patients progress whilst taking drug at a mean

Copyright © 2007 John Wiley & Sons, Ltd. —

Pharmaceut. Statist. 2007; 6: 99-113
DOI: 10.1002/pst



Pharmaceutical

% Ao Analysis of progression-free survival in oncology trials 107
C E
N=50 N=50

VAN

25 censored at
additional-anti-
cancer treatment

|' 25 ,ptogressiéns I

\ 4 A 4

r mean=5mo I | . mean=3mo
~Events - 25 = l
per month 25%5+25%3 8
v
Overall mean time = 8 mo J

| 50 progressiohs J

I mean=6mo l
~Events . 50 = I
per month 50%6 6

v

Overall mean time = 6 mo

C(mcl'usikon: 2 nio aglvantage’fbr C compared to E
n HR E:C =133

Figure 2. Censoring on the addition of further anti-cancer therapy.

time of 5 months and the other 25 patients receive
additional anti-cancer treatment prior to docu-
mented progression at a mean time of 3 months.
Suppose on E that all 50 patients progress at a
mean time of 6 months; no patients received
additional anti-cancer treatment. It is obvious that
E is the better treatment, with a longer time to
progression and no need for additional anti-cancer
treatment. However, suppose now that the data
are subject to formal statistical analysis with the 25
patients on C who received additional anti-cancer
treatment censored for progression. The progres-
sion event rate on drug C is therefore % progres-
sions per patient per month compared to }
progressions per patient per month on drug E,
giving mean PFS times of 8 and 6 months for C
and E, respectively, and a hazard ratio of 1.33,
leading to a conclusion that, in fact, drug C is
better than E. Clearly, there is a problem with a
recommended statistical analysis when it leads to a
conclusion that the less efficacious and more toxic
treatment is better. If, however, those on C who
received additional anti-cancer therapy are treated

rather as failures as in Figure 3, a more sensible
conclusion is reached that E is in fact better than C.

Hence, recommendations to censor patients who
stop taking randomized treatment prior to docu-
mented progression, perhaps due to the use of
additional anti-cancer therapy owing to a dete-
rioration in their condition or due to toxicity, are
inherently flawed and should be avoided. This
practice, if adopted, not only results in informative
censoring but also contravenes the basic principle
of an intent-to-treat analysis which is the accepted
standard for the comparison of treatments for
survival, If a similar approach was applied to the
analysis of survival, then only those deaths
occurring on randomized treatment would be
considered when comparing treatments with all
other deaths censored. The interpretation of such
an analysis is, at best, unclear and its relevance to
the assessment of treatment policies questionable.
Overall, it would seem better and more consistent
to apply a common standard to important efficacy
variables such as PFS and survival to allow both
to be interpreted within the same framework. For

Copyright © 2007 John Wiley & Sons, Ltd. -

Pharmaceut. Statist. 2007, 6: 99113
DOI: 10.1002/pst



108 K. J. Carroll

C
N=50
| 25 progressions | 25 “fail> at
additional anti-
cancer treatment
A 4 \ A
r mean=35 mo | | - ‘mean=3'mo
|~ Events 50 = L
per month 25%5+25%3 4

v

Overall mean time = 4 mo

o

Pharmaceutical

s

E
N=50

l

l 50 progressions !

I mean:é mo |
A
~ Events - 30 = l
per month 50*6 6
Y

Overall mean time = 6 mo ' J

, ,Coﬁclusion: 2 mg‘advantgge for E'compared to C
- HRE:C=0.667

Figure 3. Addition of further anti-cancer therapy considered as a ‘failure’.

progression (like survival) this would mean the
routine follow-up patients for documented evi-
dence of progression irrespective of when and why
they stop taking randomized treatment so that
treatment policies could be compared on the basis
of data that reflect actual clinical practice. This is
essentially the same approach as forwarded in the
recently published appendix to the CHMP anti-
cancer guideline [16].

SUMMARY, RECOMMENDATIONS
AND DISCUSSION

This paper has focused on some key statistical
issues associated with the analysis of PFS in
oncology trials. The routine practice of assigning
the time of progression to the clinic visit at which it
was first detected results in a downwardly biased
estimate of the hazard ratio and, thus, reduces
power. Further, if clinic visit schedules are not

Copyright © 2007 John Wiley & Sons, Ltd. -

closely matching between treatments, the Type I
error can also be increased. Fortunately, these
issues can be addressed as follows:

® Size the trial to detect a true HR of size 6 via the
log rank test. Assume E events are required to
provide power of 1—-f8 with a 1-sided Type I
error rate of o Plan for, and maintain during
conduct, a common clinic visit schedule.

e Employ an interval-censored analysis of PFS.

® Alternatively, PFS times can be assigned to
clinic visit at which they were first detected and
PFS time analysed via the usual log rank test;
however, to maintain power at 1—f the target
number of events should be increased to d’ (as
defined in equation (4)).

e If, as is common in practice, the visit schedule is
not as closely adhered to as intended, resulting
in variability in the interval between visits and,
possibly, between treatments also, a supportive
analysis based on the number of PFS events
over the trial period will provide for an
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unbiased comparison between treatments. An
analysis with a complementary log-log link will
provide an estimate of the hazard ratio with
reasonable power so long as no more than
around 75% of patients have an event.

To illustrate the problems associated with
assigning the time of progression to the visit at
which it was first detected, it has been assumed
event times are exponentially distributed since this
allows the reader to most easily appreciate the
extent to which bias can be introduced and how
alternative estimators might be formulated to
eliminate this bias. An area of further work might
be to look at how rank based estimators of the
hazard ratio (such as the Pike estimator or the
exponent of the ratio of qbserved minus expected
deaths to the variance from the log rank test)
perform when PFS times are not known exactly
{31,32]. It might also be of interest to examine
other distributions for PFS times, such as the
Weibull or log Normal and the performance of 6
when proportionality holds but the underlying
distribution of PFS times is not exponential.

With respect to patients who stop randomized
therapy during the trial follow-up period prior to
reaching a confirmed progression event due to
toxicity or the addition of further anti-cancer
therapy, the common practice of censoring at the
time of the intermediate event is highly proble-
matic and is likely to favour the less efficacious,
more toxic treatment. Adopting the ITT approach
used in the analysis of survival, whereby all
patients are followed for a documented evidence
of progression irrespective of when and why they
stop taking randomized treatment, would provide
(1) a better basis for comparing treatment policies
and (ii) data that more closely mimic actual
clinical practice. If desired, a supportive analysis
could still be conducted censoring dropouts in the
absence of documented progression, though con-
siderable care would be needed when interpreting
the results.

The issues raised in this article are not the only
concerns that impact the use of PFS as an
endpoint to demonstrate drug effectiveness. Two
key issues worth raising briefly are (a) whether an
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improvement in PFS is a clinical benefit in and of
itself or is at least reasonably likely to predict
clinical benefit in terms of symptomatic improve-
ment and/or overall survival and (b) the need for
independent review of radiological data relating to
disease progression. With respect to the first of
these issues, recent work in prostate and colorectal
cancer has seen the question of surrogacy of PFS
for survival carefully and formally examined using
contemporary statistical methodology [33-395].
This work supports the use of PFS as a true
surrogate endpoint in these disease settings and, in
doing so, lends support to the view offered by
Williams, that few in the oncology community
doubt that delaying the growth of a cancer is of
benefit to patients; rather, issues relate to whether
progression can be reliably measured in trials and,
if so, what a given improvement in progression
means clinically [6, transcript p. 30].

The use of open trials in oncology raises the
possibility of bias in the assignment of progression
status by the treating investigator. As evidenced in
both FDA and CHMP guidelines, this concern
frequently results in a request from regulatory
agencies for independent review of radiographic
and imaging data in patients said to have
progressed by the investigator [9,15,16]. While this
may make sense in open, small scale trials with few
investigational sites, the value of independent
review in large-scale international trials with
possibly hundreds of sites is questionable — when
seeking a large effect on progression, a false claim
would seem rather unlikely in the absence of a
systematic intent to defraud across multiple
countries and sites. A further difficulty introduced
when incorporating an independent review, is how
to handle patients where the investigator and
independent review disagree on progression status
and where the investigator believes the patient has
progressed. In this situation, radiological assess-
ment will cease and any censoring of this data will
be informative as such patients will be closer on
average to progressing than patients neither the
investigator or independent reviewer believe have
progressed.

Even when an independent review is deemed
worthwhile, the common practice to review only
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data in patients who have progressed is unsatis-
factory at best and misleading at worst. This
approach will always lead to a less precise estimate
of the treatment effect since the number of
progression events can only go down. A more
satisfactory approach would be to also take a
random sample of non-progressing patients to
estimate the fraction of patients without progres-
sion reclassified as progressive by independent
review. The overall number of progression events
could then be estimated under independent review
and treatment groups compared accordingly. This
approach was used in the review of progression
events in the bicalutamide early prostate cancer
programme where it was concluded that there was
no evidence of bias in the investigator assessment
of progression [36]. -

The trend toward the use of PFS as a primary
endpoint to assess the effectiveness of new anti-
cancer treatments is, on the whole, beneficial to
drug development and consistent with the aim of
FDA’s Critical Path and EMEA’s Road Map
initiatives which actively seek ways to accelerate
the drug development process [37,38]. It is hoped
that this article will help to address some of the
perceived statistical issues related to trial design
and analysis and, in doing so, will help to alleviate
the concerns and barriers that might otherwise
discourage or even prevent the use of PFS as a
primary endpoint in oncologic drug development.
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APPENDIX A

Suppose N patients are followed for some event of
interest with the time to the event denoted as ¢.
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Suppose ¢ is an exponentially distributed random
variable with parameter A. Suppose the process is
monitored at r equally spaced intervals of length V'
for a total follow-up time of rV. Events therefore
occur in intervals (0, V], (V, 2V],...,((r— 1)V, V]
with the event for the ith patient occurring in
((ki=1)V, k;V]. Events times are assigned to the
start of the interval in which they are detected.
There are d patients with an event. Furthermore,
¢ patients are randomly censored prior to time rV
with censoring times of k,V for the gth patient.
The N—d—c remaining patients who are without
an event at the end of the follow-up period are
right censored at time rV. The likelihood function
is therefore given by
N—d—-c

L= fI (eAA(k,»——l)V —/lk.V_) He—zkgv H oMV

i=1 J=1

(A1)

¢=In(L)=d In(e"” —1)

kV + kV+NdCrV (A2)
EI E:

Jj=1

ot _ dver
o4 e —1

N—d—-c
[Zk V+Zk v+ Z rV} (A3)

=1

ot SN T 4
a1~ —d[ 4T —e~W] i

where 7; denotes the observed time, event or
censored, of the ith patient. Thus

T z:~ T l
d observed event rate
is the MLE for
174 - VZCvAV
— and Var|T!| = ————
[— et ar[ } d(1 — e~y
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If comparing two treatments, experimental (E) and
control (C), the estimated hazard ratio

observed event ratey 7T¢

6= ==
observed event ratec T,

is biased since

1 —e AV
Ell=1——7 sé (AS)
Further,

. eV g-icV
and, thus,

-2 1-X
Var [In (0)] = ——L£ + — ¢ (A7)
dg dc

An approximately unbiased estimate of the HR is
given by

6= —ln(l _ _T%) (A8)

()

with variance

ek (1 o)
Var [In(0)] = dE/% 72
elcV(l N e—}.CV)Z
dcALv? (A9)
and, thus,
. < &
Var[ln (0)] = — 5
Ti{(1-£)} (1-%)
+ v
_ 2
acTe{m(1-£)} (1-£)
(A10)
APPENDIX B

Suppose two treatments are to be compared in a
clinical trial on a time to event endpoint using the
log rank test. To test the hypotheses Hy: hazard
ratio= 1 vs H,: hazard ratio =6 (< 1) with a 1-sided

Pharmaceut. Statist. 2007; 6: 99-113

DOI: 10.1002/pst



Pharmaceutical

Type I error rate of « and power 1—f a total of

4(2(, + Zﬂ)2
In(0)?
events are required [18]. It therefore follows

immediately that
(i) if the power to detect 6, 6> 0, with d events
is 1—v, then

(BI)

z, = (za + Zﬂ)w — Zy (B2)
so that
1 —y=¢""[(za + zp) @ — 2] (B3)

where w = abs('l—'r‘ég))) and ¢~ !() is the inverse of
the cumulative normal distribution.

(ii) there is a simple relationship between 6 and 6
such that

~

6 = oF (B4)
'« +2Z5
where k = abs(j—a;%)

(iii) to maintain power of 1—§ to detect 6 a total
of

d’——d

-5 (BS)

events are required.
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_e eV

Suppose now that § = =Gy If AV is small,

then

v 1
- 7 A1 -2 (21?2

YR
1+ s o)
1 vV

o + 5 (B6)
so that
" —AgV _L_I’_K
0= i wzkw T 01(1:;) (B7)

et t

where 1 :V—jﬁ. Substitution of (B7) in to (B4)

reveals that if a common visit schedule is used
when assessing PFS such that PFS times are
assigned to the visit at which progression was first
detected, to ensure retention of at least 1—y power,
y>f, visits must be scheduled approximately

every V'’ months where
g -0
16k

(B3)

2 1

V'= i e
(median PFS on C) x in@) 7
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