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Abstract Overall survival (OS) has been debated as the
most important clinical endpoint in metastatic breast cancer
(MBC) trials mainly because survival could be influenced by
treatment after progression in an era of effective subsequent-
line agents. We conducted a search strategy using PubMed for
all the phase 3 trials in the last two decades evaluating sur-
vival outcome in MBC. We investigated the frequency of
trials reporting survival outcome and response/resistance to
treatment beyond progression. One hundred fifteen trials met
our eligibility criteria: 69 (60 %) evaluated chemotherapy
regimens (group A), 32 (28 %) evaluated targeted therapies
(group B), and 14 (12 %) focused on endocrine treatment
(group C). An OS benefit was demonstrated in approximately
22 9% of the trials in each group. Less than 10 % of the trials in
group A and B reported response data after progression on
trial therapy. Post-progression treatment resistance was only
reported in group A in 3 % (2/69) of the trials. In addition, the
number of lines of treatment used post-progression was re-
ported in 14 % (10/69), 9.4 % (3/32), and 14 % (2/14) of the
trials in group A, B, and C, respectively. Post-progression
survival and its effect on OS was reported in only 1 % (1/69),
3 % (1/32), and 7 % (1/14) of the trials for group A, B, and C
respectively. A clear paucity of post-progression treatment
information is noted in the majority of the phase 3 trials for
MBC. We do know that OS can be affected partially or di-
rectly by treatments used after progression. In order to assess
the true clinical benefit of a new drug and to have a complete
evaluation of OS outcome, a detailed collection of post-
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progression treatment information is required and should be
mandated in MBC trials.
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Introduction

Breast cancer is the most common cancer in women
worldwide, with nearly 1.7 million new cases diagnosed in
2012 [1]. It is also the most common cause of cancer death
among women (522,000 deaths in 2012) [1]. Its incidence
has been increasing in most regions of the world; however,
mortality rates are decreasing as a result of increased and
better screening methodologies, as well as more effective
and potent treatments (e.g., improved adjuvant therapies)
[2]. Furthermore, nowadays, most of the patients diagnosed
with metastatic breast cancer (MBC) receive and benefit
from several lines of treatments that contribute to their
prolonged survival [3, 4].

Overall survival (OS) has been historically considered
as the “gold standard” and most objective endpoint used in
phase 3 trials in cancer diseases in general and specifically
in MBC [5]. Nevertheless, OS has been debated as the most
important clinical endpoint. OS is affected by treatments
used after progression on the trial drug, especially when
such therapies are effective and given that there are number
of lines of treatment available for patients with MBC. In
addition, in order to detect statistically significant OS dif-
ferences, studies have to be well powered, include large
number of patients, and have a long follow-up which is
becoming more challenging in an era where treatments’
standards are changing rapidly [6].
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On another hand, progression-free survival (PFS) is
being used more frequently as a primary endpoint in phase
3 trials [7] as it is less affected by post-progression treat-
ments’ effectiveness and other causes of death. PFS events
occur more quickly and frequently than OS events, and
fewer patients are required to obtain such data. Despite the
fact that some studies found a positive correlation between
PFS and OS [8], its validation as a surrogate endpoint for
OS is still controversial in BC [9, 10].

We do recognize that current therapies in MBC repre-
sent a small numerical benefit, and more work is needed to
improve the outcome for MBC; hence, it seems important
to know what happens after the first progression.

At the end, the main goal is to extend patients’ survival
while maintaining or improving patient’s quality of life. In
this setting, we analyzed the recent literature trying to
answer some specific questions: (1) Do MBC trials capture
post-progression survival data? (2) Do MBC trials capture
information on treatments received post-progression? (3) Is
there a difference in trials being conducted for
chemotherapeutic, targeted, and endocrine agents?

Methods
Search technique

We conducted a manual and electronic web-based search
using MEDLINE/PubMed to review all phase 3 trials
conducted in MBC and published in English in the last two
decades (1994-2014). We used combinations of these
phrases or keywords: “metastatic breast cancer,” “ad-
vanced breast cancer,” and “phase 3 trial and breast can-
cer.” We reviewed all randomized phase 3 trials for MBC
addressing the survival outcome as a primary or secondary
endpoint. Survival outcome was assessed with overall
survival (OS) and either with progression-free survival
(PES), event-free survival (EFS), time to progression
(TTP), or time to treatment failure (TTF). In order to
simplify the analysis, we will use PFS when referring to
PFS, EFS, TTP, and TTF. We retained all studies com-
paring chemotherapy treatments, endocrine treatment, and/
or targeted therapies excluding trials for supportive care
including those evaluating bone targeted agents (e.g., bis-
phosphonates, RANKL inhibitors, etc.) radiotherapy and
vaccines.

Endpoints
Primary endpoint was to assess the frequency of trials that
(1) report post-progression survival (PPS) defined as me-

dian OS minus median PFS and discuss its effect on OS,
(2) discuss treatment efficacy (response rate, clinical
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benefit, etc.) and treatment resistance (primary or sec-
ondary) after progression on trial drugs, and (3) discuss and
report the number and type of treatments used after pro-
gression. Secondary endpoint was to report the frequency
of OS benefit and PFS benefit (statistically significant) in
all phase 3 trials in the 1st line setting and beyond the first
line of treatment. First-line treatment was defined as any
treatment given (chemotherapy or endocrine therapy or
targeted therapy or any combination of those) for MBC
patients who were systemic-treatment naive in the
metastatic setting.

Results
Trials identification

We identified 1660 manuscripts when searching for the
sentences: “phase 3 trial” and “metastatic breast cancer”
and 1188 articles when we searched for the following
sentences: “phase 3 trial” and “advanced breast cancer
(ABC).” We retained and analyzed 115 papers that met the
search and eligibility criteria: phase 3 randomized trial in
MBC (any line of treatment) comparing two or more arms
of treatment (chemotherapy, endocrine treatment, and/or
targeted therapies). None of the selected manuscripts re-
reported any other included study, and any multiple reports
had the same results. Sixty-nine trials (60 %) were com-
paring chemotherapy treatments defined as group A, 32
trials (28 %) had targeted therapies at least in one arm,
defined as group B, and 14 trials (12 %) compared en-
docrine treatments defined as group C.

Trials endpoints and lines of treatment

Overall, 68 trials (59 %) evaluated treatments in the 1st
line setting and 47 trials (41 %) evaluated treatments be-
yond the Ist line. The details of line of treatments by group
are presented in Table 1.

OS was a primary and a secondary endpoint in 14 trials
(12 %) and 96 trials (83 %), respectively. PFS was a pri-
mary and a secondary endpoint in 74 trials (64 %) and 54
trials (47 %), respectively. Some trials used PFS as a pri-
mary endpoint and TTP as a secondary endpoint; hence,
the previous percentages reported. The detailed endpoints
by group are described in Table 2.

Survival benefit

A statistically significant OS benefit was reached in 25
trials (22 %). Among those, 14 trials (12 %) were
evaluating treatments in the 1st line setting and 11 trials
(10 %) were beyond the 1st line. A statistically significant
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Table 1 Lines of treatment in

Lines of treatments in the trials analyzed

Ist Line setting (%) Beyond 1st line (%)

phase 3 trials by group
Group A
Group B
Group C

41 (59) 28 (41)
19 (59) 13 (41)
8 (57) 6 (43)

Table 2 Primary and secondary endpoints used in phase 3 trials by group

Endpoints in the trials OS primary endpoint

OS secondary endpoint

PFS primary endpoint PFS secondary endpoint

analyzed (%) (%) (%) (%)

Group A 8 (12) 58 (84) 36 (52) 36 (52)
Group B 5 (16) 27 (84) 28 (87) 11 (34)
Group C 1(7) 11 (79) 10 (71) 7 (50)

PFS benefit was reached in 65 trials (57 %). Thirty-nine
trials were comparing treatments in the Ist line setting
(34 %) and 26 trials were comparing treatments beyond the
Ist line setting (23 %). Survival benefit data by group are
detailed in Table 3.

Post-progression data

All over, a paucity of trials reported and discussed PPS data
and its effect on the OS. Most of the trials did not detail any
information post-progression, once the endpoint was
reached. Ten trials reported response data post-progression
(response rates, PFS after progression) (9 %). Only 3 trials
reported PPS data and analyzed its effect on OS (3 %). In
addition, 2 trials discussed treatment resistance on the next
line of therapy after progression on trial drug (2 %). Fur-
thermore, the number of lines of treatment post-progression
was detailed in only 15 trials (13 %). As for the type of
treatments used post-progression, it was reported and dis-
cussed in approximately third of the trials [41 trials
(36 %)]. The details of PPS data reported in the trials by
group are presented in Table 4.

Discussion
Approximately 5-10 % of BC cases are metastatic at di-

agnosis, and up to 30 % of node negative and 70 % of node
positive BC cases subsequently develop metastases [11].

Significant achievements and improvement in outcomes
were made in the last decade in the treatment of MBC
patients [12, 13]. In a population-based analysis of survival
outcomes in MBC, the introduction of new agents over the
past decade, such as the taxanes, aromatase inhibitors, and
trastuzumab, was associated with a significant improve-
ment in OS across the population [3]. The most significant
OS improvement was for the Her2 positive population with
the addition of herceptin [14—17]. Going further, the up-
dated results from the CLEOPATRA trial showed after a
median follow-up of 50 months, a persistent OS benefit
with a median survival of 56.5 months in the study arm
(HR = 0.68, p = 0.0002) [18]. However, the benefit of
treatments used in MBC is still in general small even if
statistically significant, and more efforts are needed to
improve outcomes in that setting. The prognosis remains
poor and therapeutic goals are palliative in nature [19].
Moreover, the cytotoxic chemotherapy options for second
and subsequent-line of treatment have expanded in the last
decade and improved the disease outcome despite a general
consensus that the benefit in that setting is uniformly poor
[19-21].

It is noteworthy to mention that most of the phase 3
trials conducted in MBC are still evaluating chemotherapy
regimens. After reviewing the literature, we found that
60 % of the trials used a chemotherapy regimen at least in
one arm, one-third of the trials used targeted therapies, and
only 12 % evaluated endocrine treatments that are usually
less toxic and more tolerated by patients. This clearly

Table 3 Survival benefit in phase 3 trials by lines of treatment and by group

Survival OS benefit in the Ist line  OS benefit beyond the 1st line  PFS benefit in the Ist line  PFS benefit beyond the Ist line
benefit (%) (%) (%) (%)

Group A 9/41 (22) 6/28 (21) 18/41 (44) 13/28 (46)

Group B 4/19 (21) 3/13 (23) 17/19 (89) 11/13 (85)

Group C 1/8 (12) 2/6 (33) 4/8 (50) 2/6 (33)
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Table 4 PPS data in phase 3 trials by group

PPS data  Trials reporting Trials reporting Trials reporting PP Trials reporting Nb of lines  Trials reporting type of
PP outcome/effect  response data PP (%)  treatment resistance (%)  of treatment PP (%) treatment used PP (%)
on OS (%)

Group A 1(1) 6(9) 2(3) 10 (14) 27 (39)

GroupB 1 (3) 1) 0 3094 8 (25)

Group C 1 (7) 3(21) 0 2 (14) 5 (36)

shows that efforts are still being made to improve survival
outcome using the most aggressive and potent therapies in
the trials conducted despite the prolonged survival and the
relative good prognosis particularly for the hormone re-
ceptor positive BC cases with an indolent nature [22]. In
parallel, the majority of the phase 3 trials published com-
pared treatments in the 1st line (59 %) and this was con-
sistent and did not differ by group (A, B and C), showing
that most of the new treatments and trials are developed in
the Ist line setting in an attempt to control the disease at
diagnosis as early as possible.

On another hand, despite the fact that OS is still the
“gold standard” endpoint in MBC trials, less than 15 % of
the trials were designed with OS as a primary endpoint and
the majority of the trials had OS as their secondary end-
points. On the contrary, PFS was more frequently used as a
primary endpoint (approximately 64 %) and this was also
consistent among all groups. This shows the complexity
and the challenge of designing trials with enough power to
have an OS benefit in their primary endpoint and the cur-
rent trend to use PFS as a primary endpoint in most of the
trials.

Twenty-two percent of the phase 3 trials showed a sig-
nificant OS benefit which is in line with another review
[23] and marginally higher than other previous reports [24,
25]. Fifty-seven percent of the trials reached significance
for PFS. Choosing the right endpoint for phase 3 trials for
MBC remains a challenge with the new advances and
therapies.

If a new drug is truly efficient, then theoretically and
ideally it should not be affected by post-progression
treatments and the benefit should persist independently.
However, there are concerns that the efficacy of drugs
measured by OS may be diluted in clinical trials, thereby
underestimating their true clinical benefit. In addition, the
inherent natural history of the specific tumor has also an
impact on OS. That concern is based on the assumption
that subsequent lines of therapy are more effective in the
control arm than in the treatment arm, or that the biology of
the treatment arm has changed because of exposure to the
study drug; however, this is not supported by evidence
[26]. Post-progression treatments that work better in the
standard arm than the experimental arm will lead to a
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smaller OS difference. If they are equally effective, then
the absolute OS benefit is not affected but the relative
improvement in OS would be smaller. Moreover, when
patients cross over to the experimental treatment, a smaller
OS difference could be observed if any [27]. An example to
our statement would be the TAnDEM study where the
addition of trastuzumab to letrozole showed only an im-
provement in PES and not OS; however, 70 % of the pa-
tients on the letrozole arm alone crossed over [28]. A
second example is the addition of ixapebilone to capeci-
tabine that also did not show an improvement in OS despite
a benefit in PFS; however, in this situation, there were no
crossing over, so either truly the combination is not better
or because the patients received active therapies after
progression that the effect of the experimental drug was
blunted [29]. Another interesting example would be the
EGF100151 trial where overall, the addition of lapatinib to
capecitabine did not improve OS; however, when the pa-
tients who crossed over to this combination were removed,
a significant OS was reported [30]. Still we have to mention
that this was not in the primary intent-to-treat analysis. The
EMBRACE trial is an example of a persistent OS benefit;
several explanations were given in that setting, such as no
efficient post-progression treatments were available after
the 4th line and the lack of cross over [31]. The same drug
(Eribulin) was tested in an earlier setting compared to
capecitabine, and no significant benefit was shown in the
whole population [32]. Based on a recent model [33], OS
would be an appropriate primary endpoint when median
PPS is short (less than 12 months); this involves patients
who did not benefit significantly from post-progression
treatments, and PFS would be a better primary endpoint
when median PPS is longer than 12 months where the
patients did benefit significantly from post-progression
therapies. This means that data after progression might be
important for us to assess the whole picture and confirm the
efficacy of a new treatment or the opposite.

The PPS data and the analysis of its effect on OS were
reported in few studies only. Going further, only a small
number of trials analyzed patient outcomes and treatment
after progression on the study treatment. The picture is
unclear in most of the phase 3 trials published on what
happens after the first progression and OS might be an
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incomplete endpoint in that setting. Few trials reported the
efficacy of treatments beyond progression and reported the
response rates and PFS after the first progression. In the
group A and B, less than 10 % of the trials reported such
data, while 21 % of the trials in the group C provided this
information. Indeed, a higher percentage is noticed in the
group C, but because of the small number of trials in that
group, we have to be careful in analyzing the results and
cautious in our conclusions (only 14 trials in group C). Out
of 115 trials analyzed, we found only 3 trials, 1 in each
group outlining the outcome after progression and how
survival after progression defined as PPS affects the OS.
Despite its importance, treatment resistance beyond treat-
ment trial was barely mentioned and discussed. Only 2
trials in the group A reported such data. It is crucial to
know if a response was achieved after progression when
patients were treated, then a resistance developed and pa-
tients progressed or if the treatment post progression was
ineffective from the beginning and patients were consid-
ered to have a primary resistance. The number of lines of
treatments used post-progression was reported in ap-
proximately 10 % of the trials in each group but without
complete details on every treatment or its efficacy. On
another hand, the type of treatments used beyond pro-
gression was well reported in all groups with more than
25 % of the trials at least mentioning and citing the type of
treatments post-progression either it was chemotherapy,
endocrine treatment, or targeted therapies.

At the end, we need to have the complete picture during
the journey of a patient starting from the beginning of their
treatment till death. Once a primary endpoint is reached,
post-progression data might be also important in order to
evaluate the real clinical benefit of a new treatment and
make the right decisions concerning drugs approval. A good
example is Bolero 2 trial where there was no statistical OS
benefit from adding everolimus to exemestane after a me-
dian follow-up of 39 months; however, a significant statis-
tical persistent PFS difference was reported (7.8 vs.
3.2 months; HR = 0.45 [95 % CI 0.38-0.54]; p < 0.0001)
[34]. The PPS was similar in both arms, and the trial had
PFS as a primary endpoint and OS as a secondary endpoint.
Whether to consider the combination of exemestane and
everolimus a new standard is still a matter of debate; the true
clinical benefit is questionable with the rate of toxicity re-
ported with this regimen (55 % of grade 3/4 adverse events
and 33 % of serious adverse events) and the lack of OS
benefit [35]. Collecting the complete PPS information can
help guide the clinician to truly assess the benefit of inte-
grating a new therapy in the metastatic treatment and also
inform patient and clinicians on likelihood of effectiveness
of other available treatments post-progression.

OS remains the “gold standard” and most objective
endpoint to use in phase 3 trials, and PFS is becoming the

most frequently used primary endpoint in randomized
MBC studies. Both are essential to evaluate; however, to
assess the true efficacy of a new treatment, we need to
know the complete treatment information that includes
post-progression treatment. Ideally, we should mandate to
report in every published phase 3 trial such data; this could
be done if OS is the primary endpoint. However, this might
lead to a delay in the approval of “truly” efficient drugs if
we have to wait for OS results. Another way would be
mandating the usage of 2 primary endpoints, where one
would be OS. Yet, the best practical way to capture this
data is to be determined.

Conclusion

In conclusion, our review notes that only few phase 3 trials
in MBC provide data on post-progression survival, treat-
ment, and correlate such information with OS. Detailed
post-progression treatment information is needed in MBC
clinical trials for a complete evaluation of OS and a true
assessment of the efficacy of new drugs and their clinical
benefit.
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