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Abstract

It is important to investigate whether other clinical endpoints, such as response rate, disease stabilization rate,
or progression free survival could replace overall survival as the primary endpoint for the patients with advanced
or metastatic cancer. Before a surrogate end point can replace a so-called ‘true’ end point of interest, it must be
formally validated, a process that has caused considerable controversy in the past two decades. The aim of this
review manuscript is to discuss some of the limitations encountered when survival is used as the primary study end
point for evaluating the efficacy or effectiveness in phase Il or lll trials for advanced or metastatic cancer tumors.
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Introduction

The Food and Drug Administration (FDA) is undertaking a project
to evaluate potential endpoints for cancer drug approval. Endpoints will
be examined for the most common cancers. For each cancer, FDA will
hold public workshops to identify important issues, and these issues will
be discussed in meetings of the Oncologic Drugs Advisory Committee.
Therefore, FDA provides a comparison of endpoints in cancer drug
approval (U.S. Department of Health and Human Service). Moreover,
many issues relating to the proper analysis of efficacy endpoints are
addressed in the International Conference on Harmonisation of
Technical Requirements for Registration of Pharmaceuticals for
Human Use (ICH) guideline for industry E9 Statistical Principles for
Clinical Trials. In general, progression free survival (PFS) is useful at
the time of therapy or drug development because it is not convoluted
with patient specific characteristics, specific disease related health
issues or subsequent therapies complications. To the contrary, overall
survival (OS) is more important to patient, and this endpoint should be
taken for the basis when several treatment choices are discussed with
the patient. Before a surrogate end point can replace a so-called ‘true’
end point of interest, it must be formally validated, a process that has
caused considerable controversy in the past two decades. The U.S. FDA
provided guidance documents during 1980s that indicated that efficacy
should be demonstrated by prolongation of life, improved health-
related quality oflife, or an established surrogate for atleast one of these.
Interestingly, the weight of the evidence provided by a survival analysis
is substantially different on the two sides of the Atlantic. Indeed, the
US FDA considers survival benefit the cornerstone for approval of new
anticancer drugs in the United States, whereas the European Agency for
the Evaluation of Medical Products (EMEA) accepts a prolongation in
time to progression as a primary requirement for new drug registration
in the European Union [1,2]. The aim of this review manuscript is to
discuss some of the limitations encountered when survival is used as
the primary study end point for evaluating the efficacy or effectiveness

in phase II or III trials for advanced cancer tumors.

Response rate or progression free survival as the endpoint of
phase I1

Table 1 shows that main primary endpoints used in advanced or
metastatic various types of cancers of phase II study. After treatment
with active agents, response rates or PFS intervals often vary widely
among phase II studies because of variation in patient selection and
response measurement. However, single arm phase II studies of
combination regimens using tumor shrinkage endpoints or of single
agents using PFS endpoints are problematic. Whereas tumors rarely
shrink spontaneously, PFS times often vary widely among patients
and determining whether a drug has extended PFS requires the
measurement of PFS times for a comparison group of patients who
did not receive the drug. However, interpretation of single arm phase
IT study results is different when a new drug is used combination
with other agents and when PFS is used as the endpoint rather than
tumor shrinkage. Moreover, it was reported that a meta-analysis of
randomized trials in advanced colorectal cancer, in which treatment
had a significant effect on both response and survival, also failed to
validate response as a surrogate for survival [3].

Burzykowski et al. [4] conducted a meta-analysis on the basis
of individual patient data from 11 randomized trials including 3953
patients and comparing an anthracycline (alone or in combination)
with a taxane as first-line therapy for metastatic disease of breast
cancers. The results indicated that PFS is not a good surrogate for overall
survival in this setting because of an only moderate correction between
treatment effects on these two end points. On the other hand, taking a
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trial-level approach, Miksad et al. [5] came to a different conclusion,
after finding that the hazard ratios (HR) for PFS were significantly
correlated with HR for overall survival in trials of anthracyclines and
taxanes, albeit with only modest explained variances.

The response rate encompasses complete responses and partial
response and does not include a measure of stable disease. Response
rate is considered direct evidence of pharmacologic activity of the
drug. Unlike OS and PFS, which must be evaluated in randomized
trials, response rates can be accurately assessed using a single-arm
trial. Response rate has also been a surrogate of OS in only a few
malignancies. In those malignancies, where increased response rate did
not result in survival advantage, it was assumed that tumor shrinkage
may lead to a decrease in tumor-associated symptoms, and hence, to
clinical benefit. This is a biologically plausible assumption, although
it has been rarely supported by convincing evidence. Although the
FDA has used response rate as the basis for regular and accelerated
approvals, it was reported that the agency acknowledges that tumor
responses do not necessarily equate with clinical benefit from delay in
tumor progression [6].

Does evidence suggest that response rate fully captures the effect
of treatment on survival, when conducting a Cox regression analysis
using response rate as a time varying covariate [7], or when generating
survival curves by tumor response using the landmark method? [8].
Although these statistical analyses provide evidence concerning the
plausibility that response rate is a useful surrogate end point, one must
use considerable caution in interpreting these results. The limitation
is that these analyses only address whether response rate is capturing
the net effect of treatment on survival. In such setting, treatment might
also be providing additional beneficial effects on survival through
mechanisms other than indication of response, but these additional

benefits may be offset by the treatment’s unintended adverse effects on
survival that are not captured by response rate. It also follows that it is
unwise to generalize the relationship between effects on response rate
and effects on survival found with one class of agents to other classes.
The another limitation is that the effect of treatment might not be a
result of response rate but, indeed, a result of a causal mechanism that
is corrected with the response rate, such as prevention of long-term
worsening of tumor burden if that is induced in predominantly the
same patients who experience tumor response. The other limitation
is the substantial variability in parameter estimates that is inherent
with these methods. This has an important impact on the reliability of
these methods, particularly in setting such as those chosen by Bruzzi
et al. [9] where treatment has a small effect on survival. The landmark
analyses also have the limitation as result of the risk of bias arising from
missing data, exclusion of early deaths, and dependence on strong
assumptions regarding independent censoring that are unlikely to
hold, and as a result of the compromised interpretability when there is
large variability in response time [9].

Grothey et al. [10] considered PFS and the percentage of patients
experiencing tumor control as the most appropriate end points for
trial design in advanced colorectal cancer. Several investigators have
attempted to assess the correlation between treatment effects on OS
and on potential surrogate endpoints in advanced breast cancer [9]. In
the past, PFS was not used as primary surrogate endpoint for market
authorization. However, PFS is a lucrative endpoint because it captures
events of progressions and death, both of which are important,
plausible endpoints in cancer therapy. Due to this definition, stable
disease is captured as a benefit of therapy. It requires a smaller
number of patients enrolled in clinical trials, and shorter follow-up
when compared with survival studies. Moreover PES is not affected
by crossover or subsequent therapies, and events of progression are

Table 1: Main primary endpoints used in advanced or metastatic various types of cancers.

Phase Il

Phase IlI

Non-small cell lung cancer

response rate, progression free survival

overall survival, progression free survival

Small-cell lung cancer

response rate, progression free survival

overall survival, progression free survival

Mesothelioma response rate

overall survival

Breast cancer

response rate, progression free survival

overall survival, progression free survival

Nasopharyngeal carcinoma

response rate, time to progression

overall survival, progression free survival

Thyroid cancer response rate

progression free survival

Esophageal cancer response rate

overall survival, progression free survival

Gastric cancer response rate

overall survival

Colon rectal cancer

response rate, progression free survival

overall survival, progression free survival

Pancreatic cancer

response rate, progression free survival, overall survival |overall survival

Hepatocellular carcinoma

response rate, progression free survival

overall survival, time to progression

Biliary tract Cancer

response rate, progression free survival

overall survival

Cervical cancer

response rate

overall survival, progression free survival

Endometrial Cancer

response rate, progression free survival

overall survival, recurrence free survival

Ovarian cancer

response rate, progression free survival

overall survival, progression free survival

Prostate Cancer

time to PSA progression, progression free survival

overall survival, progression free survival

Renal cell carcinoma

response rate, progression free survival

overall survival, progression free survival

Glioblastoma

response rate, progression free survival

overall survival, progression free survival

Melanoma

response rate, relapse free survival, disease
stabilization rate

overall survival, progression free survival
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based on objective quantitative assessment. PFS is also an attractive
end point for clinical trials because it is available earlier than OS, is less
influenced than OS by competing causes of death, and is not influenced
by second-line treatment. However, the use of PFS is not without
problems in the context of clinical trials. In contrast to the objectivity
of OS, the ascertainment of disease progression is potentially subject
to measurement error and bias. PFS may also be contrasted with
objective response as a potential surrogate end point for OS. Although
responses in individual patients correlate with OS at the individual
level in both breast [11] and colorectal cancer [12], treatment benefits
in terms of response rates do not reliably predict treatment benefit in
terms of PFS or OS. This issue becomes even more important with
the targeted agents currently available, for which long-term benefits
have sometimes been seen despite the lack of significantly improved
response rates [13]. However, the fact that PFS has been shown to
be an acceptable surrogate for OS in absence of effective second-line
therapies provides partial support to the view that PFS is a desirable
end point to use in future clinical trials. The endpoint should accurately
assess the efficacy of the drug being evaluated, and the endpoint and the
trial design should minimize potential bias. A’Hern et al. [11] analyzed
the correction between response rates and OS and found a statistically
significant relationship between these two end points by weighted
linear regression. Moreover, it was recently reported that that PFS in
advanced gastric cancer is strongly correlated with OS at the individual
level, but treatment effects on PES are only moderately correlated with
treatment effects on OS [14].

Opverall survival as the endpoint of phase III

Table 1 also shows that main primary endpoints used in advanced
or metastatic various types of cancers of phase IIT study. OS remains the
gold standard for the demonstration of clinical benefit. This endpoint
is unambiguous and is not subject to investigator interpretation. OS is
a direct clinical benefit to patients, and assessment can be calculated
to the day. An improvement in OS is a direct clinical benefit to
patients. An analysis of OS requires larger patient numbers and longer
follow-up than other endpoints. OS is considered a precise and easily
measured endpoint that is clinically meaningful and not subject to
bias. Although the demonstration of longer OS may be considered
a preferred endpoint, the use of this endpoint has limitations [15].
Survival analysis may be confounded by subsequent therapies.
Limitations of survival analyses include long follow-up periods in large
trials, and the effect of subsequent therapies may confound the analysis
of survival. Burzykowski et al. [4] reported that OS should be viewed
as the endpoint of choice to assess the efficacy of new treatments in
advanced breast cancer.

Since effective salvage therapies currently exist and may
compensate for less-active first-line therapies, OS may no longer be the
most appropriate primary efficacy end point in the first-line therapy of
advanced colorectal cancer [10]. In the majority of currently reported
phase III trials in advanced disease, survival is not the primary study
endpoint, although survival analysis is regularly performed and always
represents a secondary objective. The undeniable advantage of survival
as a study endpoint is that it represents the ultimate clinical benefit for
the patient, provided that quality of life is not compromised. Moreover,
many recently reported trials in advanced colorectal cancer, lacked
power to detect a statistically significant increase in OS, even in the
presence of other benefits [16]. Continuing demonstration of OS gain
in advanced cancer is likely to become increasingly rare in the near
future, once the use of effective agents becomes more widespread.

Overall survival as the endpoint of phase II

In the previous reported phase II study, it was reported that the
targeted patients resistant to both antracycline and taxane had highly
dismal disease, whose 1 year survival was estimated <33% [17], thereby
OS was chosen for the primary endpoint. Some investigators reported
that OS should be viewed as the endpoint of choice to assess the efficacy
of new treatments in phase II trial of the advanced breast cancer [18].

Conclusions

In this review article, the author has discussed some of the
limitations encountered when survival is used as the primary study
end point for evaluating the efficacy or effectiveness in phase II or III
trials for advanced or metastatic cancer tumors. Throughout oncology,
recently, many biomarkers have been evaluated. Example include direct
measures of the tumor burden process, such as response rate or PFS,
or inherently less reliable indirect measure, such as carcinoembryonic
antigen or prostate-specific antigen. Although it is a direct measure of
the tumor burden process, response rate could underestimate treatment
effects on clinical end points, such as survival, by failing to adequately
capture the magnitude, breadth, and in particular, the duration of
effects on tumor burden. Conversely, response rate could overestimate
impact on survival or other clinical end points if response is brief or
if this measure fails to capture unintended harmful mechanisms of
action of treatment. Various authors have proposed meta-analytic
approaches, arguing that a large body of data from individual patients
were required for validation of end points [3]. They suggested that
the association between the surrogate and true end points should be
assessed after adjustment for the treatment effect, thus introducing
the concept of individual level surrogacy. They also proposed that a
surrogate end point be assessed both ‘individual level’ and at the
‘true level’ for its ability to predict the effect of treatment on the true
end point, after observation of the treatment effect on the surrogate.
Of note, the trial level correlation is mathematically independent of
the individual level correction (at least for normally distributed end
point), which is somewhat counterintuitive but implies that a claim of
surrogacy requires stronger condition than a mere correlation between
the surrogate and the true end point.
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