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Abstract

Breast cancer is one of the leading causes of cancer among women world-
wide. Although considerable progress has been made in the management
of breast cancer, there is still a dearth of molecules which can change the
bleak scenario of metastatic breast cancer. It is essential to use optimum
endpoints which can pick the right drug candidate with favorable efficacy
and toxicity. Overall survival is the gold standard endpoint in phase III
clinical trials of breast cancer. However, the long time required to follow
up patients makes it inconvenient as an endpoint, especially in the context
of obtaining accelerated approval. Disease-free survival (DFS) as an end-
point can be an early indicator of improved survival. Several modifications
of DFS such as invasive DFS and distant DFS have been introduced in
recent years. Progression-free survival is currently the most preferred end-
point in breast cancer trials.

Objective response rate is a common endpoint in phase II clinical trials
that gives a fair idea of the efficacy of the drug and helps the researchers
to make a call on whether to continue drug development in larger phase I11
clinical trials. Pathologic complete response is an endpoint that has been
gaining popularity in the setting of neoadjuvant chemotherapy of early-
stage high-risk breast cancer. The FDA has released a draft guideline on
the use of pCR in this setting, and a recent meta-analysis has demonstrated
correlation with overall survival. As our knowledge of pathophysiology of
breast cancer and experience with different endpoints increase, a surge in
the number of new molecules that target breast cancer in both early and
advanced stages may be anticipated.
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Introduction

One of the most crucial elements in the design of a
clinical trial is the choice of an optimal and appro-
priate endpoint(s). As per the definition of the
National Cancer Institute, an endpoint is an event
or outcome that can be measured objectively to
determine whether the intervention being studied
is beneficial. An endpoint is always assessed using
specified process as stated in the clinical trial pro-
tocol. There are several factors that are taken into
consideration in the selection of the most appro-
priate endpoint for a clinical trial. In clinical trials
of different molecules used in breast cancer, some
of the most common endpoints that are used
include overall survival, progression-free survival,
adverse events, and quality of life. This chapter
gives an overview of the different types of end-
points used in clinical trials of breast cancer.

Categorization of Endpoints

Although several endpoints can be used in the
design of clinical trials, it is the primary endpoint
which is the defining element of the clinical trial
protocol, since it determines whether the study
drug is effective in the patient population. The
sample size of the study is dependent to a large
extent on the primary endpoint. The endpoints
that are used in breast cancer studies as the pri-
mary endpoints are usually commonly accepted
across most groups. It is essential that the pri-
mary endpoint is well defined at the start of the
study to avoid any ambiguity.

Secondary endpoints are additional variables
that are studied to help the investigators obtain
valuable information regarding the drug in
question. In a clinical trial, it is likely that the
sample size is not adequate enough to obtain a
statistically significant result with the secondary

endpoint. If there is no statistically significant

difference with a primary endpoint, there is not

much value in the statistical analysis of the sec-
ondary endpoints, though by convention all end-

points are measured by statistical analysis [1].
True endpoints are those endpoints that mea-

sure the direct clinical benefit to the patient, such

as survival or improvement in the quality of life.

Endpoints such as overall survival are considered

true endpoints. Surrogate endpoints are those

endpoints which are easier to measure and are
meant to fairly represent a true endpoint. It is
mandatory to validate a surrogate endpoint before

it is routinely used to evaluate drug benefit [2—4].

Since inappropriate use of surrogate endpoints

could lead to misleading conclusions, one should

use them judiciously [5]. The list below gives the
common criteria that are applied to validate a sur-
rogate endpoint:

1. Endpoint must have a well-accepted standard
definition.

2. Strong correlation of surrogate endpoint with
clinical outcomes from several studies.

3. Well-powered prospective studies that prove
the surrogate endpoint is predictive of clinical
benefit.

4. Prospective studies to determine if the surro-
gate endpoint is generalizable to drugs with
other mechanisms, other target organs, and
other populations.

Overall Survival (OS)

The efficacy of new drugs in breast cancer treatment
can be best assessed by the use of overall survival
(OS). It is the most universally accepted endpoint
because it directly measures the drug’s benefit. As
per the FDA, overall survival is defined as the time
from randomization until death from any cause and
is measured in the intent-to-treat population [6].
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Most randomized trials are unlikely to find improve-
ment in OS because the study is not adequately
powered. Yet, it provides the most objective method
of how efficacious the drug is. The sheer amount of
time required to complete trials with OS as the pri-
mary endpoint makes it a daunting task. When one
anticipates frequent change of regimen, OS may not
be the best option [7].

08, although considered to be the gold standard
as an endpoint, has increasingly become less popu-
lar as a preferred endpoint in breast cancer [8]. For
example, a study that analyzed RCT performed in
advanced breast malignancy and published in eight
leading journals revealed that only one of the 58
studies used OS as the endpoint [9]. Thus, using OS
is likely to prolong the onset of using a novel mol-
ecule that is likely to be effective in breast cancer. In
cases of clinical trials with a crossover design, the
results of OS can get easily obscured as it becomes
difficult to assess as to which arm of therapy the OS
could be attributed to. The presence of second-line
therapy introduces further confounding bias when
only OS is used as the primary endpoint.

Although OS is less preferred as a primary end-
point, a search for phase I1I clinical trials performed
in breast cancer that were registered in the year
2012 in the clinicaltrials.gov registry showed that
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17 of the 22 trials used OS as a secondary outcome
measure or endpoint [9, 10]. Since OS can be easily
assessed and is the least ambiguous of outcome
measures, it is used as a secondary outcome mea-
sure [11]. When a non-inferiority analysis is used
in a clinical trial with OS as the primary endpoint,
there is always the possibility of the new drug hav-
ing the survival advantage of the standard drug.
Since OS has several drawbacks, many alter-
native endpoints have been proposed to circum-
vent the limitations associated with OS [7]. Some
of the common surrogate endpoints used in clini-
cal trials of breast cancer are disease-free sur-
vival, progression-free survival, and objective
response rate. Figure 27.1 shows the advantages
of surrogate endpoints over true endpoints such
as OS. Although surrogate endpoints have the
potential to reduce the size, duration, and cost of
studies, these endpoints are not without their own
limitations. Surrogate endpoints are generally
more appropriate in a phase II clinical trial where
the main goal of the study is to determine if the
drug is worth further large-scale investment in
the form of phase III clinical trials. However, in
the context of phase III clinical trials, when one
requires absolute certainty of drug’s benefit, true
endpoints may be almost indispensable [12].

Overall survival

- Gold standard for assessment
of new drug molecule efficacy

- Direct measure of benefit

- ‘hard end point’

- Easily measured

- Unambiguous

/

Surrogate end points

- Early completion of trials

- Earlier chance of patients getting benefit
from novel molecules

- Better understanding of mechanism of
action, clinical pharmacology

Fig.27.1 Comparison of overall survival Less costly

and surrogate endpoints

- Guidance for dose selection
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Disease-Free Survival (DFS)

Disease-free survival (DFS) is defined as the time
from randomization until recurrence of tumor or
death from any cause. DFS is a common surro-
gate endpoint used in breast cancer clinical trials,
especially in the adjuvant setting following
surgery or radiotherapy. In a situation where the
survival is prolonged, it may not be practically
feasible to measure the overall survival and the
DFS may be a preferred endpoint in this scenario
and can be an early indicator of improved sur-
vival. Patients without recurrent disease may be
detected by DFS. Many of the hormonal thera-
pies and cytotoxic chemotherapies that have been
approved by the regulatory agencies have
employed DFS as the primary endpoint in the
exploratory and confirmatory clinical trials. It is
essential that while designing a clinical trial with
DFS as endpoint, the DFS definition should be
clearly stated in the trial protocol. The schedule
for follow-up must be stated without any ambigu-
ity to avoid unscheduled visits, which can intro-
duce bias into the study. Bias can be introduced
into the study if the number of follow-up visits is
greater in one arm of the study due to the devel-
opment of toxicity in the other arm.

Although deaths that occur in breast cancer
clinical trial can be due to disease recurrence,
there is always a possibility of deaths being noted
without any prior documentation of tumor pro-
gression. It is common practice to consider all
deaths as recurrences to reduce the amount of
bias. However, there is a possibility of overesti-
mation of DFS if patients survive for a long
period of time. DFS identifies the proportion of
patients without disease recurrence [11, 13].

One of the major challenges in using DFS as
the primary endpoint is the variable definition of
DEFS in different breast cancer trials. Some of the
events that are included under breast cancer DFS
endpoints by most trialists are contralateral breast
cancer that includes invasive lobular or ductal
carcinoma, such as ductal carcinoma in situ and
in situ carcinoma and deaths from other causes.
When there is variability in breast cancer DFS
definitions, it becomes less appropriate to com-
pare the different trial results and make meaning-
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ful conclusions. There is also a possibility of a

treatment being deemed as improved by one par-

ticular definition of DFS but not by another [13].
A panel of experts comprised of medical

oncologists, biostatisticians, and other scientific

experts from several reputed institutions in the

USA and Canada convened to standardize the

guidelines for endpoint definitions in breast can-

cer trials. The panel suggested the replacement of

DFS with a more specific endpoint termed inva-

sive disease-free survival (IDFS) for early breast

cancer adjuvant trials [13]. Listed below are the
events included under IDFS:

» Ipsilateral invasive breast tumor recurrence
(IIBTR): invasive breast cancer involving the
same breast parenchyma as the original
primary

* Regional invasive breast cancer recurrence:
invasive breast cancer in the axilla, regional
lymph nodes, chest wall, and skin of the ipsi-
lateral breast

* Distant recurrence: metastatic disease breast
cancer that has either been biopsy confirmed
or clinically diagnosed as recurrent invasive
breast cancer

e Death attributable to any cause, including
breast cancer, non-breast cancer, or unknown
cause

* Contralateral invasive breast cancer

¢ Second primary non-breast invasive cancer
Distant metastasis is the most critical parame-

ter that influences the survival of the patient. Hudis

et al. have proposed a novel endpoint termed dis-
tant disease-free survival, under which ipsilateral
breast tumor recurrence, regional invasive recur-
rences, contralateral breast cancer, and all in situ
carcinomas are avoided as events, since they have
minimal potential to affect survival [13]. There is

a strong correlation between distant disease recur-

rence and death. Distant disease-free survival

includes only distant recurrence and death due to
breast cancer and non-breast cancer deaths.

Objective Response Rate (ORR)

Objective response rate (ORR) is defined as the
proportion of patients with tumor size reduction
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of a predefined amount and for a minimum time
period [12]. The ORR is the proportion of
patients with a best overall response of con-
firmed complete (CR) or partial (PR) response.
ORR is considered a direct measure of antitu-
mor drug activity, but not a direct measure of
clinical benefit [14]. It is important to state the
definition of response without any ambiguity in
the clinical trial protocol. It is not pertinent to
include stable disease under objective response
rate, as stable disease can reflect the natural his-
tory of the disease, thereby obfuscating the trial
results. Since ORR can be achieved even in a
short span of time in certain cases, it is one of
the endpoints that is selected for accelerated
approval. ORR was formerly considered an
adequate endpoint for assessment and approval
of an anticancer agent by the FDA. However,
the subsequent realization that endpoints such as
OS are more reflective of the drug’s benefit made
the regulatory authorities seek for OS in clinical
trial protocols instead of ORR. Nevertheless,
ORR is still considered a major endpoint in
phase II clinical trials of breast cancer
therapies [2].

Response rate can be most accurately deter-
mined only with the help of imaging technology
such as X-ray, CT scan, or MRI using RECIST
(Response Evaluation Criteria in Solid Tumors)
criteria. The RECIST criteria are a standard set of
guidelines that have been designed by the EORTC
(European Organization for Research and
Treatment of Cancer) and NCI (National Cancer
Institute) of the USA and Canada to assess the
progression of tumors [15]. The RECIST criteria
were originally proposed in 2000 and were modi-
fied in 2009 to become known as RECIST 1.1
[16]. The FDA generally defines ORR as the sum
of partial responses plus complete responses
(CRs). According to RECIST 1.1 criteria, in a tar-
get lesion, CR is defined as the disappearance of
all target lesions, while partial response refers to
at least a 30 % decrease in target lesions.
Progressive disease is a 20 % increase in the sum
of target lesions, while stable disease is lack of
sufficient shrinkage to qualify for partial response
or progressive disease [16]. Since the treatment
effect is directly attributable to drug activity,
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single-arm trial design may be applied when
using ORR as an endpoint.

The RECIST criteria are useful in all situa-
tions when assessment of anatomical tumor bur-
den is to be made and its response to therapy. The
clinical significance of ORR must be determined
by performing a risk—benefit analysis to ascertain
the magnitude and duration of the effect [12].
Bruzzi et al. analyzed randomized trials which
compared a standard FEC (fluorouracil, epirubi-
cin, and cyclophosphamide) regimen with a
dose-intensified FEC regimen and showed that
tumor response is a highly significant predictor
of survival [17]. However, in another analysis by
Burzykowski et al., no endpoint could be identi-
fied as a good surrogate for overall survival [18].

Progression-Free Survival (PFS)

Progression-free survival (PFS) is defined as the
time from randomization or treatment initiation
until tumor progression or death. Since it usually
requires a shorter follow-up period and smaller
sample size than studies measuring overall sur-
vival (OS), and is not confounded by subsequent
therapies, it is often used as a surrogate marker
for accelerated approval of drug therapies. In sit-
uations where the deaths due to cancer are higher,
as in advanced breast cancer, progression-free
survival is a better indicator than time to tumor
progression.

A study by Burzykowski et al. showed that
tumor response is predictive of PFS in patients
with advanced breast cancer and thus can be used
as a surrogate marker of PFS. However, the
authors rightly conclude that analyses regarding
the validation of surrogate endpoints are “specific
to well-defined disease, clinical outcome, and
treatment” [18]. PFS is currently considered the
most sensitive parameter for evaluation of the
efficacy of a drug [19]. It is not surprising that a
literature search across the clinical trial registry
data of breast cancer phase III trials showed that
PFS was the most common primary endpoint
chosen, as illustrated in Fig. 27.2.

The advantage of PFS includes objective and
quantitative assessment of the disease outcome.
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5% DFS

AE frequency
21%

Fig.27.2 Primary endpoints used in phase 3 clinical trials
in breast cancer. Data is based on the list of studies regis-
tered in the clinicaltrials.gov registry in the year 2012 that
are active. PFS progression-free survival, OS overall sur-
vival, DFS disease-free survival, pCR pathologic complete
response, ORR objective response rate, AE adverse event

Moreover, PES is not affected by crossover treat-
ment. The limitations of PFS include frequent
assessment of disease progression at reasonable
intervals through various investigations including
radiological evaluation in both the study arms.
This may add to the cost of the trial. Moreover,
the definition of PFS may differ across trials, as
there are no standard regulatory criteria to define
progression of disease. Hence it is not considered
a statistically validated surrogate endpoint for
survival. Further, missing data in the trial may
obscure the analysis of PFS. This could be over-
come by assigning follow-up visits in the earlier
stage to assess progression, while censored visits
may be assigned after radiological examination
reveals no progression in the disease. In addition,
assessment bias is a major disadvantage of PFS
as progression cannot be precisely measured.
This could be overcome by randomized and
blinded study design [6].

In the present scenario, PFS is gaining prefer-
ence over overall survival (OS) as the primary
endpoint in randomized clinical trials conducted
in solid tumors. This could be attributed to the

availability of earlier outcome with PFS com-
pared to OS. Moreover, PFS is not affected by
second-line treatments for cancer [20]. PFS is
being validated as a surrogate endpoint in various
cancers including breast cancer and colorectal
cancer. In advanced colorectal cancer, PFS has
been found to be a valid surrogate as opposed to
OS following the completion of first-line chemo-
therapy. In a literature search done on metastatic
colorectal cancer after first-line chemotherapy,
appraising PFS as a potential surrogate endpoint
compared to OS, a promising correlation was
shown with OS [21]. In contrast, PFS has not been
validated as a surrogate endpoint in advanced
breast cancer so far. Recent investigations have
shown that tumor response is an acceptable
surrogate for PFS in patients with advanced
breast cancer since the correlation seems to be
reasonably good [18]. However, the success of
using PES as a potential endpoint to interpret clin-
ical outcome needs to be explored [9].

Time to Tumor Progression (TTP)

Apart from progression-free survival, time to
tumor progression is one of the most common
endpoints used in the field of breast cancer clini-
cal trials. Time to tumor progression (TTP) is
defined as the time from randomization to time of
progressive disease and censors deaths that occur
before progression of disease. Since PFS includes
deaths, it is preferable to TTP as an endpoint in
breast cancer clinical trials. While PFS assumes
that patient deaths are related to tumor progres-
sion, TTP discounts deaths altogether. TTP is
especially appropriate in a situation where the
majority of deaths are not related to tumor pro-
gression [6].

It has been found that since 1975 there has
been an increase in the number of clinical trials
conducted with the use of PFS/TTP as primary
endpoints, especially in breast, colorectal, and
non-small cell lung cancers [22]. For drug
approval, the FDA considers both PFS and TTP
as the primary endpoints for evaluating efficacy.
However, the choice among the two is based on
the magnitude of the effect and the risk—benefit
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profile of the drug product. During analysis of
TTP deaths without documented progression are
censored, which may lead to biased estimates.
This can be overcome with PES, which includes
death in analysis and takes into consideration
treatment effects not mediated through tumor
burden. Hence PFS is preferred over TTP as a
regulatory endpoint [23]. However, while assess-
ing TTP or PFS, patients should be evaluated at
regular intervals in all treatment arms including
assessment of all disease sites. To reduce bias
further, similar assessment techniques should be
carried out during each follow-up visit.
Nevertheless, a statistically significant differ-
ence in TTP or PFS between treatment arms
need not inevitably mean clinical benefit [12].
Bowater et al. showed that “the time period
between the start of treatment and disease
progression (i.e., time to progression) has a
strong tendency to extend, by roughly the same
amount, the period between the start of treatment
and death (i.e., overall survival)” [24].

Time to Treatment Failure (TTF)

Time to treatment failure (TTF) is defined as the
time from randomization to discontinuation of
treatment for any reason, including disease pro-
gression, treatment toxicity, and death.
Sometimes TTF is mistakenly defined as the time
from study entry to progression of disease or
death. However, TTF being a composite endpoint
comprises subjective assessment of symptoms in
addition to reasons for discontinuation of therapy
[25]. A prospective multicenter randomized
study done to compare the safety and effective-
ness of vinorelbine and melphalan in patients
with anthracycline-refractory advanced breast
cancer included TTF as one of the efficacy end-
points along with time to disease progression,
survival, tumor response rates, and quality of life
[26]. To be considered as a regulatory endpoint,
the parameter assessed should differentiate
between drug efficacy and adverse effect, which
is lacking in TTF. Hence the FDA does not rec-
ommend TTF as a regulatory endpoint, and it is
not considered for drug approval [6].
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Pathologic Complete Response (pCR)

There has not been a uniform consensus as of yet
on the definition of pathologic complete response
(pCR). Some investigators define pCR as the
absence of residual cancer in the breast and
regional lymph nodes at the time of definitive
surgery, whereas others have defined pCR as a
complete response in the breast, irrespective of
axillary nodal involvement [27-30]. As per the
FDA draft guidance document, pCR is defined as
the absence of any residual invasive cancer on
hematoxylin and eosin evaluation of the resected
breast specimen and all sampled ipsilateral lymph
nodes following completion of neoadjuvant
systemic therapy. pCR is especially useful in the
setting of evaluating neoadjuvant systemic che-
motherapy, and several trials have utilized pCR
as an endpoint in these settings [31]. Since the
pathologists are playing a crucial role in evaluat-
ing pCR, it is required that they be blinded to the
treatment arms to avoid bias.

The Collaborative Trials in Neoadjuvant
Breast Cancer (CTNeoBC) carried out a large-
scale meta-analysis involving more than 13,000
patients to assess the correlation between pCR
and DFS/OS and to also determine the types of
breast cancer that pCR is most likely to predict
clinical benefit [32]. The study showed that indi-
vidual patients who attain a pCR, defined as
either ypTOypNO or ypTO0/isypNO, have a more
favorable long-term outcome and the data show
comparable OS. Thus pCR has an association
with long-term outcomes such as OS. In the
coming years as our understanding of pCR as an
endpoint improves, it is more likely to be used as
a primary endpoint in regulatory clinical trials.

Clinical Benefit Rate (CBR)

Clinical benefit rate (CBR) is the proportion
of patients with a best overall response—of
complete response (CR), partial response (PR),
or stable disease (SD)—Ilasting more than 24
weeks as defined in RECIST 1.1. Patients are
followed up for the duration of the study and
for an expected average of every 8 weeks after
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randomization. Disease control rate (DCR) and
CBR are defined as the percentage of patients
with advanced or metastatic cancer who have
achieved complete response, partial response,
and stable disease to a therapeutic intervention in
clinical trials of anticancer agents [33].

Patient-Reported Outcomes
for Global Health Status/QOL

Patient-reported outcomes, such as time to defini-
tive deterioration in global health status/quality of
life (QOL), offer additional valuable information
about the nature of the study drug that comple-
ments the other conventional endpoints [34]. The
major disadvantage with these endpoints is the
absolute requirement for randomization and
blinding to avoid bias in assessment of outcomes.
One should be careful to distinguish the symp-
toms that arise due to the malignancy and those
that arise due to drug toxicity [12]. Patient-
reported outcomes such as QOL gain importance
in the context of therapies which are not expected
to offer any substantial benefit on patient survival.
Although not considered important enough to
warrant itself as a primary endpoint, QOL is not
infrequently measured as one among the several
secondary endpoints measured [1]. There is a
remarkable heterogeneity in the types of QOL
scales used by different groups. Some of the
scales used to assess QOL in clinical trials with
breast cancer include the European Organization
for Research and Treatment of Cancer QOL ques-

tionnaires (EORTC  QLQ-C30, EORTC
QLQ-BR23), the Functional Assessment of
Cancer Therapy questionnaires (FACT-G,

FACT-B) and its subscales, the DBCG-89 ques-
tionnaire, the Medical Outcomes Study 36-Item
Short-Form Health Survey (MOS-SF-36), the
Hospital Anxiety and Depression Scale (HADS),
and the International Breast Cancer Study Group
(IBCSG) approach [35]. Due to the shortfall in the
methodologic standards applied in evaluating
QOL in clinical trials of breast cancer, assessment
of QOL appears to have limited benefit in choos-
ing the right therapy for the patient [36]. There is
a definite need for more consistency among the
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different groups so as to make the results of differ-
ent studies comparable with each other [37].

Adverse Event Assessment

In most clinical trials that evaluate new anticancer
drugs, it becomes essential to document the safety
of the new molecule in comparison to the standard
molecules used in patient care. The Common
Terminology Criteria for Adverse Events is pub-
lished by the National Cancer Institute, NIH,
USA. As per NCI, an “adverse event (AE) is any
unfavorable and unintended sign (including an
abnormal laboratory finding), symptom, or dis-
ease temporally associated with the use of a medi-
cal treatment or procedure that may or may not be
considered related to the medical treatment or
procedure.” For each AE described, its severity
can be further graded on a scale of 1-5, with grade
1 referring to the mildest form of AE, grade 5
meaning death, and grades 2—4 in increasing order
of severity. Each AE is clearly defined and thus
leaves little room for ambiguity [38]. A search
across the clinicaltrials.gov registry showed that
AE frequency was one of the common primary
endpoints among phase III clinical trials regis-
tered under breast cancer in 2012.

Less Commonly Used Endpoints
in Breast Cancer

Relapse-free survival (RFS) is the time from ran-
domization to the first relapse or death from any
cause. Since RFS includes all deaths, it is consid-
ered a sensitive endpoint. Disease-free interval is
a term used when one assesses only the recur-
rence of the tumor without including deaths [13].
It is essential that any modified endpoints that are
used are well defined and known to all the inves-
tigators who are involved in capturing data and
are presented with clarity at the time of scientific
communication. Table 27.1 gives a comparison
of the common endpoints used in breast cancer
trials, and Table 27.2 gives a list of the different
endpoints used for approval of breast cancer
therapies.
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Table 27.1 Comparison of endpoints commonly used in breast cancer clinical trials

Endpoints Overall survival Disease-free
survival
Definition Time from Time from
randomization to  randomization to
death from any recurrence of
cause tumor or death
from any cause
Regulatory Clinical benefit Surrogate marker
approval required for for regular or
regular approval accelerated
approval
Study design ~ Randomized trial ~ Randomized trial,
blinding needed
Benefits Measures precisely Smaller sample
direct benefit, size, shorter
universally follow-up
accepted
Limitations Longer duration of Subject to bias,

does not measure
the outcome
precisely

follow-up,
includes death not
due to cancer,
results altered by
crossover study or
sequential therapy,
requires larger
studies

Table 27.2 Examples of drugs approved for breast can-
cer supported by different endpoints

Serial no. Endpoint used Drugs approved

1. Overall survival Capecitabine
Docetaxel
2. Objective response Anastrozole
rate Letrozole
Exemestane
3. Disease-free survival ~ Trastuzumab
Tamoxifen
Letrozole
Anastrozole
4. Progression-free Bevacizumab
survival
5. Time to progression Fulvestrant
Lapatinib
Anastrozole
Trastuzumab

Objective
response rate

Proportion of
patients with
tumor size
reduction of
predefined size
for minimum
time period
Surrogate
marker for
regular or
accelerated
approval
Single-arm or
randomized
studies,
blinding
preferred
Smaller
studies,
assessed
earlier

Not a direct
measure of
benefit, only a
subset of
patients get
benefited

Progression-free
survival

Time from
randomization to
objective tumor
progression or
death

Surrogate marker
for regular or
accelerated
approval

Randomized
blinding studies
preferred

Small sample,
shorter follow-up;
not affected by
crossover or
subsequent
treatment
Missing data will
affect analysis,
definitions may
vary
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Time to tumor
progression

Time from
randomization to
objective tumor
progression

Surrogate marker
for regular or
accelerated
approval

Randomized
blinding studies
preferred

Small sample,
shorter follow-up;
not affected by
crossover or
subsequent
treatment
Missing data will
affect analysis,
definitions may
vary

Endpoints for Accelerated Approval

Accelerated approval is a regulatory pathway by
which the FDA approves a drug on the basis of
demonstrating efficacy via improvement in sur-
rogate endpoints. However, for drugs approved
by the accelerated approval pathway, it is manda-
tory on the drug manufacturers to carry out post-
marketing studies to confirm the clinical benefit
of the drug along with its safety profile [39].
Since this pathway can quicken the drug approval
process, it is frequently employed in metastatic
breast cancer, where there is a clear unmet medi-
cal need. Bevacizumab was granted accelerated
approval for metastatic breast cancer by the FDA
in 2008 on the basis of its improvement in
progression-free survival and reduction in tumor
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volumes as shown by objective response rate in
the E2100 trial. However, further post-marketing
studies carried out by Genentech revealed that
bevacizumab did not improve overall survival nor
provide any benefit in slowing disease progres-
sion. Further, the adverse effects of bevacizumab
such as hemorrhage, increased risk of MI, heart
failure, and intestinal perforation worsened the
risk—benefit ratio further. The results of these
post-marketing studies made the FDA revoke the
license for approval of bevacizumab for the treat-
ment of metastatic breast cancer. This series of
events is a classic description of a scenario where
accelerated approval with the help of surrogate
endpoints need not necessarily translate into
direct clinical benefits [40-42].

Conclusion and Future Perspective

Breast cancer continues to be the leading cause of
cancer among women. Development of new mol-
ecules which improve survival with minimal
adverse effects is an active area of ongoing
research. It is important that the endpoints that
are chosen in evaluating these drugs reflect the
true potential of the drug in terms of its efficacy
and safety without unduly affecting the time
required for completion of the trial and the finan-
cial requirements. True endpoints such as overall
survival, although considered universally as the
gold standard endpoint, are fraught with limita-
tions. Hence they are increasingly used as sec-
ondary endpoints rather than primary endpoints
in phase III breast cancer trials. Progression-free
survival is currently the most preferred primary
endpoint for phase III clinical trials in breast can-
cer. New endpoints, such as pathologic complete
response rate, are increasingly being used in
breast cancer. However, their correlation with
well-established endpoints such as overall sur-
vival and progression-free survival remains to be
conclusively established. It is hoped that the
ongoing evolution of endpoints that are being
used in evaluating breast cancer therapies will
lead to the discovery and development of supe-
rior drug molecules in the management of breast
cancer.

M. George and S. Selvarajan
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