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ABSTRACT

In recent years, significant advances have been made
in the management of metastatic colorectal cancer.
Traditionally, an improvement in overall survival
has been considered the “gold standard”—the most
convincing measure of efficacy. However, overall
survival requires larger patient numbers and longer
follow-up and may often be confounded by other fac-
tors, including subsequent therapies and crossover.
Given the number of active therapies for potential
investigation, demand for rapid evaluation and early
availability of new therapies is growing. Progression-
free survival is regarded as an important measure
of treatment benefit and, compared with overall
survival, can be evaluated earlier, with fewer patients
and no confounding by subsequent lines of therapy.
The present paper reviews the advantages, limita-
tions, and relevance of progression-free survival as a
primary endpoint in randomized trials of metastatic
colorectal cancer.
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1. INTRODUCTION

Colorectal cancer is the third most common malig-
nancy worldwide and the second cause of cancer
death in both sexes in the developed world !. One
quarter of patients with colorectal cancer have liver
metastases at the time of diagnosis, and among those
with initially localized disease, 25%—30% will pres-
ent with metastases in the following 2-3 years 3.
Without treatment, the life expectancy for patients
with metastatic colorectal cancer (mcrc) ranges from
5 months to 9 months 24,
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2. CURRENT MANAGEMENT OF mCRC

Since the year 2000, significant progress has been
made in the treatment of mcrc. Clinically meaningful
advances have been achieved with the introduction
of new chemotherapeutic agents (particularly irino-
tecan and oxaliplatin, but also 5-fluorouracil >-°) and
the targeted monoclonal antibodies (bevacizumab,
cetuximab, and panitumumab) in various therapeutic
schedules 7~°. In addition, novel and promising tar-
geted agents such as aflibercept are currently being
tested. Prolonged durations of therapy and the dose-
limiting neurotoxicity of oxaliplatin have prompted
a shift from the conventional paradigm of treatment
until progression or toxicity, to chemotherapy with
planned interruptions. Curative metastasectomy
after successful downsizing with neoadjuvant che-
motherapy has revolutionized treatment objectives to
include curative intent in stage 1v disease.

3. OVERALL SURVIVAL AS A PRIMARY
ENDPOINT IN ONCOLOGY TRIALS

In cancer drug trials, an improvement in overall
survival (0s), defined as the time from randomiza-
tion to death from any cause, is considered the
most convincing measure of drug efficacy and
clinical benefit. Easily measured, unambiguous,
and objective, os is a variable that is not subject
to the biases associated with endpoints requiring
clinical judgment. However, the measurement of
os requires large patient numbers and prolonged
follow-up, and it may be confounded by the use of
effective subsequent-line therapies, by crossover
within randomized trials from control to the investi-
gational drug, and by mortality unrelated to cancer.
Those factors obscure the effect of treatment on os
and have led to randomized trial designs that lack
the statistical power to detect plausible differences
in os 10,
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In view of the growing number of active drugs
from various therapeutic classes (cytotoxic, cyto-
static) and of drug combinations and sequences to
be tested, and because of increasing demands for
rapid evaluation and early availability of efficacious
therapies in metastatic disease, the selection of aux-
iliary (“surrogate’) endpoints for os has become a
critical issue in drug development for regulatory
marketing approval. Progression-free survival (PFs),
defined as the time from randomization until first
evidence of objective tumour progression or death
from any cause, with censoring of patients who are
lost to follow-up, is regarded as a sensitive indicator
of treatment activity. Progression events are informa-
tive regarding the effect of treatment on the disease
process ', and prs is generally not confounded by
subsequent lines of therapy and, compared with os,
can be assessed earlier.

In the present paper, the potential advantages
and limitations, statistical efficiency, and clinical
relevance of pFs as a primary endpoint in random-
ized trials of mcrc are discussed. That discussion,
together with post hoc statistical analyses of data
from older studies (when possible), may lead to the
implementation by regulatory agencies of pFs as a
surrogate for os in this clinical context.

4. CRITERIA FOR SURROGACY

Before a surrogate endpoint can replace a true
endpoint of interest, it must be formally validated.
Prentice !2, in a seminal paper, outlined his criteria
and definition for surrogacy, according to which a
surrogate endpoint is a response variable for which
the test of the null hypothesis (no relationship to the
treatment groups under comparison) is also a valid
test of the corresponding null hypothesis for the true
endpoint. Subsequently, Freedman et al. '3 and Buyse
et al. '* emphasized that the power of a surrogate to
predict the effect of treatment on the true endpoint—
in this instance os—should be a critical determinant
of its validation. Indeed, although a correlation be-
tween the surrogate under statistical validation and
the true endpoint of interest must exist, it is critical
that the treatment effect on the surrogate predict the
treatment effect on the true endpoint '3,

5. PFS AS A SURROGATE ENDPOINT IN
mCRC

Based on the criteria for surrogacy already described,
Buyse et al. put forth a method for the statistical
validation of prs as a surrogate for os in mcrc '3, Us-
ing data from historical phase 111 trials, those authors
demonstrated a high rank correlation coefficient
between prs and os (0.82), and a high correlation
coefficient between treatment effects on prs and on
0s (0.99, or 0.74 after one very influential study was
excluded from the analysis). The observed treatment

effect on os [as measured by the hazard ratios (HRS)
comparing treatment with controls within each trial]
was compared with the predicted treatment effect
on os based on the observed treatment effect on
prs. All observed Hrs fell within the 95% prediction
limits, including close agreement in validation trials
using irinotecan and, to a lesser extent, oxaliplatin.
The authors concluded that prs is a valid measure of
surrogacy for os in the first-line treatment of mcrc
with cytotoxic agents 3. The “surrogate threshold
effect,” defined as the minimum treatment effect on
prs that would predict a statistically significant treat-
ment effect on os '°, corresponded to a prs HR of 0.86.
Thus, achieving that threshold effect on prs would be
predictive of a benefit in terms of os.

In a literature-based surrogate endpoint analysis
of 39 randomized mcrc trials containing 87 treatment
arms, Tang et al. 7 reported correlation coefficients of
0.79 (95% confidence interval: 0.65 to 0.87) between
prs and os, and 0.74 (95% confidence interval: 0.48 to
0.88) between the within-trial differences in prs and
in os. Poorer correlation (0.59) was observed between
response rate (RR) and os, and between within-trial
changes in rRR and in os (0.39). In another report, RrR
was not predictive of the treatment effect on os, thus
failing to meet criteria for surrogacy !'8.

The use of PFs as an endpoint is also associated
with a significant lead-time advantage (the amount of
lead time that would be gained by using prs rather than
0s) of almost 1 year for a median os of 1.5 years 7.
Consequently, prs has emerged as the primary end-
point of choice in recent first-line phase 1 trials in
mcrc (Table 1). In addition, the regulatory agencies
have considered prs to be an acceptable trial endpoint
for accelerated or regular approval in first-line treat-
ment of this disease 3!

Compared with os, PFs is an attractive endpoint
in clinical trials because it is available earlier,
is less influenced by competing causes of death,
and is uninfluenced by crossover and subsequent
lines of therapy. However, prs is associated with
measurement error and bias. First, the determina-
tion of the time at which disease progresses is an
approximation that lies within the time interval
between 2 successive, protocol-specified radiologic
evaluations. The particular scheduling may lead to
an overestimation of median prs and complicates
comparisons across trials if patients undergoing
different interventions have been subject to different
evaluation schedules. Moreover, the evaluation of
progression based on radiographic scans is subjec-
tive. In spite of efforts (such as the Response Evalu-
ation Criteria in Solid Tumors) to standardize the
evaluation of progressive disease 32-33, discrepancies
persist in investigator interpretation of radiographic
assessments. In non-blinded studies, a blinded
independent central radiology committee review
is proposed as a strategy to control bias. However,
it was recently suggested such blinding does not

CURRENT ONCOLOGY—VOLUME 18, SUPPLEMENT 2

m Copyright © 2011 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).



PFS IN METASTATIC COLORECTAL CANCER

TaBLE I  Endpoints in first-line phase 111 trials in metastatic colorectal cancer

Reference Phase Treatment arms Endpoints

Primary Secondary
Goldberg et al., 2004 1° 1 IFL VS. FOLFOX VS. IROX TTP RR, OS
Hurwitz et al., 20047 11 IFL & bevacizumab oS RR, response duration, PFs
Tournigand et al., 2004 > 1 FOLFOX—>FOLFIRI VS. Teverse sequence 0s RR, PFS

(non-inferiority)

Tournigand et al., 2006 2! 1 FOLFOX7—LV5FU2 VS. FOLFOX4 DDC RR, RO, 08
Falcone ef al., 2007 22 1 FOLFOXIRI VS. FOLFIRI RR PFS, OS
Nordlinger et al., 2008 23 1 Liver resection + perioperative FOLFOX PFS 0s
Saltz et al., 2008 %4 1 XELOX/FOLFOX + bevacizumab PFS RR, OS
Cunningham et al., 2009 2° B 0X—5FU, OX—5FU—LV, 5FU, SFU—LV 2-Year survival PFS, TTF, toxicity
Hecht et al., 2009 26 il SFu—-IR/0x—bevacizumab + panitumumab PFS RR, OS
Tol et al., 2009 ¥’ 1 cAaPOX—bevacizumab + cetuximab PFS RR, OS
Van Cutsem et al., 2009 28 11 FOLFIRI £ cetuximab PFS RR, RO, 0s
Fischer von Weikersthal et al., 1 MIROX VS. FUFIRI PFS RR, 08, RO, toxicity
2010%
Tebbutt et al., 201030 1 C—CB, C—CBM PFS 08, RR, toxicity, QoL

+ = with or without; 1FL = irinotecan, 5-fluorouracil (5ru), leucovorin; RR = response rate; PFs = progression-free survival; FOLFOX = 5FU,
leucovorin, oxaliplatin; IrRox = irinotecan, oxaliplatin; TTp = time to progression; os = overall survival; FOLFIRI = 5Fu, irinotecan, leucovorin;
FOLFOX7—-LVFU2 = 5Fu, leucovorin, high-dose oxaliplatin, followed by 5ru and leucovorin maintenance; FoLrox4 = oxaliplatin, leucovorin,
Sru; ppe = duration of disease control; RO = RO resection rate; FOLFOXIRI = 5FU, leucovorin, oxaliplatin, irinotecan; XELOX = capecitabine,
oxaliplatin; ox = oxaliplatin; Lv = leucovorin; TTF = time to treatment failure; IR = irinotecan; cApox = capecitabine, oxaliplatin; ¢ =
capecitabine; cB = capecitabine, bevacizumab; cBM = capecitabine, bevacizumab, mitomycin; QoL = quality of life; mrox = irinotecan,

oxaliplatin; FUFIRI = irinotecan, SFu, folinic acid.

completely resolve the potential for bias and may
induce informative censoring because of censoring
of unconfirmed progressions by local review 34,

In randomized trials, these errors are of lesser
importance if they can be assumed to be random with
respect to treatment allocation, as in double-blind
trials, in which using prs does not raise serious meth-
odology issues other than a failure to accommodate
patients who cease therapy for reasons other than
disease progression 3>, In a recent study of bevaci-
zumab combined with oxaliplatin-based therapy, in
which a statistically significant improvement in PFs
but not in os was noted, the observed treatment effect
on the primary endpoint, prs (defined as progression
or death regardless of whether patients remained
on protocol therapy), was believed to be attenu-
ated because of significant patient discontinuation
related to oxaliplatin toxicity rather than to disease
progression 24, In a second analysis of on-treatment
prs (defined as progression or death occurring within
28 days of protocol therapy), the treatment effect
appeared to be more substantial 4. For treatments
such as oxaliplatin that may have to be temporarily
interrupted because of toxicity, modifications to the
assessment of Prs have been proposed to account for
such “drug holidays™ 20-3¢,
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In contrast to blinded trials, the ascertainment
of pFs in open-label studies is more problematic for
a number of reasons beyond those contributed by
clinician interpretation and by biases introduced
when the clinician making the evaluation is aware
of the treatment. For instance, a different patient
evaluation schedule for each treatment arm can lead
to differential measurement error and a highly biased
estimate of treatment effect 37-3°. Properly designed
trials should specify the same evaluation schedule for
all treatment arms. Additionally, because progression
can be captured at non-scheduled patient evalua-
tion times (for example, when the patients develop
new symptoms), further increases in PFs assessment
error may occur. Lastly, the clinical assessment of
progression without radiologic confirmation by the
Response Evaluation Criteria in Solid Tumors can
also distort prs data.

6. TARGETED THERAPIES AND OBJECTIVE
RESPONSE RATES

Although regulatory agencies have occasionally
accepted rRrs as the basis for regular and acceler-
ated drug approvals, rRRs are recognized not always
to translate into clinical benefit, and as mentioned
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earlier, RRs may not reliably predict treatment benefit
in terms of prs and os in mcrc. However, patients
classified as nonresponders according to traditional
criteria may benefit from a therapeutically-induced
delay in tumour progression—that is, disease stabili-
zation. This issue becomes more important with the
advent of biologic (“targeted’) therapies in mcrc,
which may be better characterized by a cytostatic
rather than a cytotoxic mechanism of action. Stable
disease rather than objective tumor shrinkage has
been proposed as a relevant clinical endpoint by some
investigators #°. It would be of interest to explore
associations between PFs and Os in mcRC patients
with confirmed stable disease. A trial design called
“randomized discontinuation’ has been suggested as
a method to investigate agents with predominantly
cytostatic activity 1.

7. USING PFS AS AN ENDPOINT FOR HEALTH
CANADA MARKETING AUTHORIZATION

For the purposes of regulatory approval of a new
agent, pFs should be ascertained in randomized
double-blind trials. For first-registration submis-
sions of first-line therapeutic agents for mcrc, PFs
may be used as the primary endpoint provided that
confirmatory trials with the statistical capacity
for os analysis are ongoing. Claims involving prs
should be substantiated with other endpoints with
which prs correlates and should be consistent with
the pharmacology and biologic plausibility of the
treatment. For subsequent submissions for first-line
therapy, prs would likely be unsuitable if the therapy
in question for the same indication had already
demonstrated an improved os.

For market authorization of a treatment that
is associated with symptom-free or health-related
quality-of-life measures, pFs may also be the primary
endpoint, provided that treatment toxicity is accept-
able. Efforts should be made to minimize missing
or unevaluable radiologic images. Biomarkers that
are predictive of clinical response or toxicity, or
both, should be used to better identify patients who
could benefit from treatment with minimal adverse
drug reactions. The regulatory approach should
be conducted on a case-by-case basis, with selec-
tive approval (small effect in broad indication) or
conditional approval, and requires restrictions in
the label and a commitment by sponsors to provide
confirmatory data.

8. CONCLUSIONS

The advances in the treatment of mcrc witnessed
since the year 2000 are encouraging. A number of
therapeutic options now exist that have increased
os from 5-9 months in untreated patients to nearly
3 years in treated patients. The growing diversity of
treatment regimens, the introduction of new regimens

with treatment interruptions and modifications to
reduce long-term toxicities (particularly oxaliplatin-
induced neurotoxicity), and curative metastectomies
have increased the difficulty in evaluating survival
data from patients undergoing first- and possibly
second-line therapies. As illustrated in Table 1, PFs
has indeed emerged as a primary endpoint in several
randomized first-line studies in mcrc. Despite the
limitations of statistical evaluation from older clinical
trials data, recent analyses have demonstrated that
PFs may be an acceptable surrogate for os in mcrc.
Finally, proper validation of pFs as a surrogate
for os requires the application of, and adherence to,
established guidelines and recommendations. In the
Canadian Workshop on the Use of PFS in Clinical
Trials in mCRC, the following items were viewed as
most important when considering prs as an endpoint:

* Crossover or contamination from other sources
should be minimized.

* Timing of response assessments should be con-
sistent between study arms within a trial.

* Clinically relevant absolute gains in prs (for ex-
ample, >2 months) should be achieved.

* Relevant Hrs (that is, 20%—30% improvement)
should be obtained.

* Changes in prs should be corroborated by changes
in one or more other endpoints (for example, RR,
time to progression).

e Sufficient clinical data should be available at
some point during drug development to allow
assessment of os, provided that data can be ethi-
cally obtained.
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