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For phase II trials, a shifting trend in primary outcome was 
observed from cohort A to cohort B: the use of objective 
response rate, the most frequently intended primary out-
come, significantly declined (cohort A: 60.6 %; cohort B: 
39.0 %; P < 0.001), while the use of progression-free sur-
vival significantly increased (cohort A: 35.9 %; cohort B: 
66.1 %; P < 0.001).
Conclusions Progression-free survival is the most fre-
quently intended primary outcome measure in phase II and 
phase III trials of advanced breast cancer treatment, with 
a shifting trend observed from objective response rate to 
progression-free survival in phase II trials.

Keywords Breast cancer · Phase II/phase III · Trial 
registration · Endpoint selection · Outcome measures · 
ClinicalTrials.gov

Introduction

Breast cancer is the most common type of cancer diag-
nosed in women, with an estimated incidence of 234,190 
new cases and a mortality of 40,730 in the USA in 2015. 
In advanced stages of the disease, surgery does not provide 
substantial benefit and treatment mainly involves pharma-
cotherapy (American Cancer Society 2015). In the past 
20 years, there have been significant improvements in the 
treatment of advanced breast cancer, with the development 
of novel chemotherapeutic agents, as well as targeted and 
endocrine therapies, which are still being actively devel-
oped (Kaufman et al. 2015; Thomas et al. 2007; Verma 
et al. 2012; Vogel et al. 2006).

Endpoints hold importance in drug approval processes 
for the accurate and efficient demonstration of drug efficacy 
and safety. In cancer treatment, the increasing availability 
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of novel therapeutic agents has further complicated end-
point selection, with multiple lines of treatment and thera-
peutic combinations becoming possible. Furthermore, the 
debate regarding which outcome measure is most suitable 
for advanced solid tumor assessment remains open (Bruzzi 
et al. 2005; Burzykowski et al. 2008; Saad and Buyse 2012; 
Sargent and Hayes 2008).

Several studies have assessed endpoint selection in 
cancer cases using published randomized controlled tri-
als (Booth and Eisenhauer 2012; Le Tourneau et al. 2009; 
Mathoulin-Pelissier et al. 2008; Saad et al. 2010). How-
ever, published trials only represent a portion of all trials 
conducted, with non-publication and delayed publication 
of negative results, as well as selective outcome reporting, 
all being current issues in the literature (Chan and Altman 
2005; Chan et al. 2004; Huic et al. 2011; Saito and Gill 
2014). Thus, for a comprehensive overview of clinical trial 
endpoint selection, we decided to use ClinicalTrials.gov as 
a data source to longitudinally track all registered clinical 
trials for a single disease over a decade.

ClinicalTrials.gov is a Web-based clinical trial registry 
created as a result of the Food and Drug Administration 
Modernization Act of 1997 (FDAMA). The ClinicalTrials.
gov registration requirements were later expanded follow-
ing the Food and Drug Administration Amendments Act 
of 2007 (FDAAA), which required more types of trials to 
be registered and additional trial registration information 
to be submitted. The registry currently contains more than 
35,000 studies performed both in the US and in non-US 
settings. Prospective registration of clinical trials is now 
a standard practice, supported by an announcement made 
by the International Committee of Medical Journal Editors 
(ICMJE) in 2004 requiring trials to be registered in order to 
be considered for publication (DeAngelis et al. 2005). Of 
all the oncology trials registered in the registry, the highest 
number of trials was found to be conducted in breast cancer 
patients (Hirsch et al. 2013).

The aim of our study was to observe endpoint selection 
in advanced breast cancer from the clinical trial registration 
stage by using a clinical trial registry for a comprehensive 
overview. Furthermore, any shift in trends was assessed 
by following clinical trial registration of a single disease, 
advanced breast cancer, over a decade.

Methods

Search strategy

We searched ClinicalTrials.gov using the following search 
terms: breast AND (cancer or carcinoma) AND (meta-
static or advanced) with “Interventional studies” as study 
type, “phase II” and “phase III” as phase, and date of first 

registration between October 1, 2000, and September 30, 
2012. Clinical trials involving systemic anticancer therapy 
were included, while those involving neoadjuvant therapy, 
radiation therapy, surgery; high-dose chemotherapy/bone 
marrow transplantation, and supportive care drugs, such as 
bisphosphonates and denosumab, were excluded. As new 
requirements under the FDAAA were applicable to trials 
initiated after September 27, 2007, trials were divided into 
two intervals according to registration date: October 2000 
to September 2007 (cohort A) and October 2007 to Sep-
tember 2012 (cohort B).

Data collection

Two investigators independently extracted the data, and 
any discrepancy was resolved after discussion with a third 
reviewer. Extracted data included demographic informa-
tion such as gender and age (according to ClinicalTrials.
gov classifications), phase type (II or III), funding source 
(industry or non-industry), study allocation (randomized 
or non-randomized), intervention model (single or multi-
ple arm), and outcome measures (primary and secondary 
outcome measures). Advanced breast cancer was defined 
as stage IIIB, inoperable IIIc, and stage IV. After the initial 
review, to accommodate the active update of information 
and to ensure data integrity, information on outcome selec-
tion was finally confirmed on April 20, 2015.

Definition of terms

For the purpose of our study, objective response rate (ORR) 
was defined as the percentage of patients who achieved a 
complete response (CR) or partial response (PR), while 
clinical benefit rate (CBR) was defined as the percentage 
of patients who achieved CR, PR, or stable disease (SD). 
Time to progression (TTP) was defined as time from ran-
domization until progression without inclusion of deaths, 
while progression-free survival (PFS) includes deaths. 
Time to response (TTR) was defined as time from rand-
omization to response, while duration of response (DoR) 
was defined as time from response to progression or death, 
whichever occurred first.

Publication search

To compare the primary endpoints of published and 
unpublished trials, subsequent publications of trials were 
searched. The search was conducted using NTC numbers 
in PubMed and also based on the availability of linked 
publications on ClinicalTrials.gov either added voluntar-
ily by the authors or automatically indexed by the Clini-
calTrials.gov identifier. If no endpoints were stated as pri-
mary, the first endpoint described in the results section was 
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considered as primary endpoint. Multiple publications of a 
single trial were all included in our study.

Statistical analysis

Overall number and proportion (N, %) of primary and sec-
ondary endpoints were determined along with medians 
and ranges. Comparisons of overall characteristics and 
endpoints between categorical groups were carried out by 
Chi-square test or Fisher’s exact test where appropriate. To 
analyze trends in endpoint selection, the Cochran–Armit-
age Trend Test was used. All tests were two-sided, and a P 
value of 0.05 was considered statistically significant. Statis-
tical analyses were performed using SAS version 9.4 (SAS 
institute Inc., Cary, NC, USA).

Results

Initially, 1265 phase II and 370 phase III trials were 
retrieved, 398 and 120 of which met our inclusion criteria, 
respectively (Fig. 1). The characteristics of the included 
studies are presented in Table 1. Most trials recruited only 
female participants (phase II: 65.8 %; phase III: 83.3 %) 
and included the adult/senior age group (phase II: 93.0 %; 
phase III: 90.8 %) or industry sponsored groups (phase II: 
42.7 %; phase III: 59.2 %). The majority of phase II trials 
were non-randomized (64.1 %) and single-armed (64.6 %), 
while most phase III trials were randomized (95.8 %) and 
double-armed (88.3 %).

The median number of primary outcomes intended 
in both phase II and III trials was 1 (phase II range 1–5; 
phase III range 1–9), while that for secondary outcome 
measures was 4 in phase II (range 0–16) and 5 in phase III 
trials (range 0–13). Table 2 provides a list of the primary 

outcomes assessed in both phase II and phase III trials. 
In phase II trials, the most frequent primary endpoint was 
ORR in cohort A (60.6 %) and PFS in cohort B (40.7 %). 
The shift in trends was statistically significant with a 
decline in ORR selection (P < 0.001) and an increase in 
PFS selection (P < 0.001) (Fig. 2). For phase III trials, PFS 
was the most frequently used primary outcome in both 
cohort groups (cohort A: 35.9 %; cohort B: 66.1 %).

The primary outcomes of phase II and phase III clinical 
trials by intervention type are shown in Table 3. For phase 
II, the difference in the proportion of trials using ORR 
between different intervention types was significant. The 
proportion of chemotherapy-only intervention trials using 
ORR as primary outcome was relatively high (72.1 %). 
The frequency of PFS selection was significantly different 
between trials of different intervention types (P < 0.001), 
with a higher percentage in targeted and/or hormone ther-
apy intervention trials. For phase III trials, a significant dif-
ference in PFS selection was observed (P < 0.05), where 
trials with targeted and/or hormone therapy as interventions 
used PFS more frequently.

The comparison of primary endpoints reported in pub-
lished and unpublished trials in ClinicalTrials.gov is shown 
in Table 4. In phase II trials, CBR was the only endpoint in 
which a significant difference was observed, and CBR was 
found to be more frequently reported in published than in 
unpublished trials. In phase III trials, PFS was found to be 
significantly different between the two groups, with higher 
reporting frequency in published than in unpublished trials.

Discussion

In this study, we examined the trends in outcome selection 
among phase II and phase III clinical trials in advanced 

Fig. 1  Search strategy and 
study selection
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breast cancer treatment. Although guidelines on endpoint 
selection in clinical trials by regulatory authorities such 
as the US FDA and European Medicines Agency (EMA) 
are available and certain endpoints are expected to be used 
more frequently as primary endpoint and others as sec-
ondary endpoints, no studies have quantitatively analyzed 
endpoint selection and its changing trends in advanced 
breast cancer patients (U.S. Food and Drug Administration 
2007; European Medicines Agency 2013). For phase II tri-
als, ORR was the most frequently used primary outcome 
overall. However, an increasing trend in PFS use (cohort A, 
17.6 %; cohort B, 40.7 %; P < 0.001) in replacement of 
ORR (cohort A, 60.6 %; cohort B, 39.0 %; P < 0.001) was 
observed.

In the early 1980s, ORR was the standard endpoint used 
to assess anticancer activity against advanced solid breast 
cancer tumors and was used by the FDA for the regular 
approval of drugs used to treat advanced breast cancer in 

postmenopausal women, such as anastrozole, letrozole, and 
fulvestrant (Bradbury and Seymour 2009; Johnson et al. 
2003). However, in later years, the FDA required more 
direct evidence of a clinical benefit for drug approval (Bru-
zzi et al. 2005; U.S. Food and Drug Administration 2007). 
The use of early surrogate markers to assess new treatment 
lines requires caution to avoid misinterpretation of results. 
Unlike the old chemotherapeutic agents that had cytotoxic 
activity, newer targeted agents inhibit tumor growth rather 
than decreasing tumor size (Kummar et al. 2006; Stone 
et al. 2007; Yu and Holmgren 2007). Thus, ORR, which is 
defined as the percentage of patients whose tumor shrinks 
or disappears after treatment as determined by radiological 
tests or physical examination, may not be suitable (Dowlati 
and Fu 2008; George 2007; U.S. Food and Drug Admin-
istration 2007). ORR does not include SD, which could 
be the best response to cytostatic agents and may be as 
clinically relevant to survival as CR or PR (Michaelis and 

Table 1  Characteristics of advanced breast cancer clinical trials registered in ClinicalTrials.gov between September 2000 and September 2012

a Child (birth–17), adults (18–65), senior (66+) as per defined by ClinicalTrials.gov

Characteristics Phase II, N (%) Phase III, N (%)

Cohort A (n = 170) Cohort B (n = 228) Cohort A (n = 64) Cohort B (n = 56)

Gender

 Both 53 (31.2) 82 (36) 10 (15.6) 10 (17.9)

 Female only 116 (68) 146 (64) 54 (84.4) 46 (82.1)

 Male only 1 (1) 0 (0) (0) (0)

Age groupa

 Adult, senior 157 (92) 213 (93.4) 56 (87.5) 54 (96.4)

 Child, adult, senior 11 (6) 7 (3.1) 7 (10.9) 2 (3.6)

 Child, adult 1 (1) 1 (0.4) 0 (0) 0 (0)

 Adult 0 (0) 5 (2.2) 1 (1.6) 0 (0)

 Senior 1 (1) 2 (0.9) 0 (0) 0 (0)

Sponsorship

 Both 32 (19) 50 (21.9) 7 (10.9) 3 (5.4)

 Industry 70 (41) 100 (43.9) 37 (57.8) 34 (60.7)

 Non-industry 68 (40) 78 (34.2) 20 (31.3) 19 (33.9)

Allocation

 Non-randomized 125 (74) 130 (57) 3 (4.7) 2 (3.6)

 Randomized 45 (26) 98 (43) 61 (95.3) 54 (96.4)

Intervention model

 Single arm 125 (74) 132 (57.9) 2 (3.1) 2 (3.6)

 Two arm 36 (21) 77 (33.8) 56 (87.5) 50 (89.3)

 Three arm 8 (5) 14 (6.1) 3 (4.7) 3 (5.4)

 >Three arm 1 (1) 5 (2.2) 3 (4.7) 1 (1.8)

Type of systemic therapy

 Chemotherapy only 57 (34) 54 (23.7) 24 (37.5) 15 (26.8)

 Targeted therapy ± chemotherapy 76 (45) 130 (57) 22 (34.4) 25 (44.6)

 Hormone therapy ± chemotherapy 17 (10) 13 (5.7) 5 (7.8) 8 (14.3)

 Hormone therapy + targeted therapy 20 (12) 31 (13.6) 13 (20.3) 8 (14.3)
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Table 2  Endpoints in clinical 
trials of advanced breast cancer 
by cohort

Only the top 7 most frequently used primary endpoints and top 10 most frequently used secondary end-
points are included here

ORR objective response rate, PFS progression-free survival, TTP time to progression, CBR clinical ben-
efit rate, OS overall survival, DFS disease-free survival, TTF time to treatment failure, DoR duration of 
response, QoL quality of life, TTR time to response

** P < 0.001, * P < 0.05; Chi-square test or Fisher’s exact tests performed between cohort A and cohort B
a Percentages do not add up to 100 % owing to multiple endpoint selection

Endpoint Phase II, N (%a)

Total (n = 398) Cohort A (n = 216) Cohort B (n = 182)

Primary endpoint

 ORR** 202 (50.8) 131 (60.6) 71 (39)

 PFS** 112 (28.1) 38 (17.6) 74 (40.7)

 Safety 43 (10.8) 22 (10.2) 21 (11.5)

 CBR 32 (8) 14 (6.5) 18 (9.9)

 TTP 21 (5.3) 10 (4.6) 11 (6)

 OS 4 (1) 2 (0.9) 2 (1.1)

 DFS 2 (0.5) 2 (0.9) 0 (0)

Secondary endpoint

 Safety* 225 (56.5) 112 (51.9) 113 (62.1)

 OS 172 (43.2) 91 (42.1) 63 (34.6)

 DoR 154 (38.7) 89 (41.2) 83 (45.6)

 ORR** 145 (36.4) 61 (28.2) 84 (46.2)

 TTP** 134 (33.7) 91 (42.1) 43 (23.6)

 PFS 122 (30.7) 59 (27.3) 63 (34.6)

 CBR 77 (19.3) 37 (17.1) 40 (22)

 TTF 44 (11.1) 30 (13.9) 14 (7.7)

 QoL 44 (11.1) 20 (9.3) 24 (13.2)

 TTR 34 (8.5) 19 (8.8) 15 (8.2)

Endpoint Phase III, N (%a)

Total (n = 120) Cohort A (n = 64) Cohort B (n = 56)

Primary endpoint

 PFS* 60 (50) 23 (35.9) 37 (66.1)

 TTP** 24 (20) 21 (32.8) 3 (5.4)

 OS 16 (13.3) 7 (10.9) 9 (16.1)

 Safety 9 (7.5) 4 (6.3) 5 (8.9)

 ORR 8 (6.7) 6 (9.4) 2 (3.6)

 DFS 6 (5) 4 (6.3) 2 (3.6)

 CBR 1 (0.8) 1 (1.6) 0 (0)

Secondary endpoint

 OS 85 (70.8) 44 (68.8) 39 (69.6)

 ORR 85 (70.8) 41 (64.1) 44 (78.6)

 Safety 66 (55) 34 (53.1) 31 (55.4)

 PRO 58 (48.3) 30 (46.9) 28 (50)

 DoR 46 (38.3) 26 (40.6) 20 (35.7)

 CBR* 34 (28.3) 12 (18.8) 22 (39.3)

 PFS 30 (25) 15 (23.4) 15 (26.8)

 TTP 24 (20) 10 (15.6) 14 (25)

 TTF 18 (15) 11 (17.2) 7 (12.5)

 TTR* 11 (9.2) 9 (14.1) 2 (3.6)
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Ratain 2006; Robertson et al. 1997; Tuma 2006). Conse-
quently, the EMA does not recommend the use of ORR as 
an endpoint for non-cytotoxic compounds (European Medi-
cines Agency 2013). For SD assessment, TTP and PFS are 
preferred and represent useful surrogates in phase II trials 
(Michaelis and Ratain 2006; U.S. Food and Drug Admin-
istration 2007). Since a decrease in tumor size does not 
necessarily correlate with patient survival, and novel agents 

are more likely to inhibit growth rather than decrease tumor 
size, the transition of intended endpoint in phase II trials 
from ORR to PFS, and the relatively low use of ORR as 
primary endpoint in clinical trials involving targeted and/or 
hormone therapy can be explained.

PFS was also the most frequently used primary endpoint 
in phase III trials (70.8 %). Traditionally, overall survival 
(OS) has been the gold standard endpoint in oncology, 

Fig. 2  Trend over time in the 
selection of ORR or PFS as 
a primary outcome measure 
in phase II advanced breast 
cancer trials. Significant change 
over time was observed (ORR 
P < 0.001; PFS P < 0.001). 
Error bars represent 95 % 
confidence intervals. ORR 
response rate; PFS progression-
free survival

Table 3  Top 5 primary endpoints in clinical trials of advanced breast cancer by intervention type

ORR objective response rate, PFS progression-free survival, TTP time to progression, CBR clinical benefit rate, OS overall survival, DFS dis-
ease-free survival

** P < 0.001; * P < 0.05; Chi-square test or Fisher’s exact tests performed between chemotherapy-only group and other groups
a Percentages do not add up to 100 % owing to multiple endpoint selection and inclusion of top 5 endpoints only

Endpoint Chemotherapy only Targeted therapy  
± chemotherapy

Hormone therapy  
± chemotherapy

Hormone therapy + targeted 
therapy

Phase II, N (%a) (n = 111) (n = 206) (n = 30) (n = 51)

ORR** 80 (72.1) 103 (50.0) 11 (36.7) 7 (13.7)

PFS** 16 (14.4) 59 (28.6) 7 (23.3) 30 (58.8)

Safety 12 (11.7) 23 (11.2) 3 (10.0) 4 (7.8)

CBR 0 (0) 19 (9.2) 6 (20.0) 7 (13.7)

TTP 5 (5.4) 9 (4.4) 5 (16.7) 2 (3.9)

Phase III, N (%a) (n = 39) (n = 47) (n = 21) (n = 13)

PFS* 13 (33.3) 30 (63.8) 6 (28.6) 11 (84.6)

TTP 10 (25.6) 4 (8.5) 10 (47.6) 0 (0)

OS 6 (15.4) 6 (12.8) 3 (14.3) 1 (7.7)

Safety 2 (5.1) 6 (12.8) 0 (0) 1 (7.7)

ORR 5 (12.8) 2 (4.3) 0 (0) 1 (7.7)
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especially, in drug approval by the US and European reg-
ulatory agencies, and it is still unquestionably the most 
relevant clinical outcome. Unlike ORR and TTP, which 
are dependent on the evaluation method used and biased 
by the knowledge of the therapy received, OS is objective 
and highly representative of clinical benefit (Di Leo et al. 
2003; U.S. Food and Drug Administration 2007). However, 
disadvantages such as randomization requirements, long 
follow-up and large sample size, as well as incompatibil-
ity with a crossover study design limit its use (Le Tourneau 
et al. 2009). These limitations, along with increasing pres-
sure to develop newer and more effective treatment lines in 
a time-efficient and cost-effective manner, have highlighted 
the need for surrogate endpoints of survival. With PFS, the 
regimen attributable to outcome can be determined, mak-
ing it especially desirable in advanced breast cancer where 
frequent rotations in treatment occur (U.S. Food and Drug 
Administration 2007). PFS also demonstrates clinical ben-
efit in smaller sample sizes and shorter follow-up periods 
compared to OS, thus allowing for substantial cost reduc-
tions (Michaelis and Ratain 2006). However, while PFS has 
been validated as a surrogate for OS in first-line chemo-
therapy of advanced colorectal and ovarian cancer, its sur-
rogacy is yet to be established in advanced breast cancer 
owing to inconsistent results (Burzykowski et al. 2008; 
Buyse et al. 2007; Miksad et al. 2008; Tang et al. 2007). 
In 2011, the FDA withdrew approval of bevacizumab 
indication in breast cancer, which had obtained acceler-
ated approval based on promising PFS results. The reason 
for this withdrawal was a failure of subsequent studies to 
demonstrate a clinically meaningful benefit that justified 
its associated life-threatening risks (U.S. Food and Drug 
Administration 2011). As PFS does not directly meas-
ure prolongation of life or improvement in quality of life, 

a higher PFS does not necessarily correlate with OS gain 
or clinical benefit (Saad and Buyse 2012; U.S. Food and 
Drug Administration 2007). Burzykowski et al. (2008) 
found that no endpoint, including tumor response, disease 
control, PFS, or TTP, was an appropriate surrogate for OS 
in metastatic breast cancer. Thus, when PFS or DFS are 
used as primary endpoints, OS should be used as a support-
ing secondary endpoint and vice versa, which explains the 
frequent use of OS as a secondary endpoint in both phase 
II (43.2 %) and III trials (70.8 %) (European Medicines 
Agency 2013). Our quantification of endpoints also aligned 
with a previous study, which assessed the use of OS and 
PFS as a primary or secondary endpoint in publications of 
phase III trials in metastatic cancer, and found that PFS was 
more frequently used as a primary endpoint while OS was 
more frequently used as a secondary endpoint (Raphael and 
Verma 2015).

Factors other than intervention type could affect end-
point selection. Through multivariate logistic analyses 
(data not shown), intervention type, randomization, and 
cohort were found to be common factors influencing selec-
tion of PFS and RR, which were the two main endpoints 
of interest in our study. From this, it can be confirmed that 
even considering other factors that could influence endpoint 
selection, time was a statistically significant factor and that 
trend in endpoint selection has changed over time regard-
less of changing trends in trial design.

Prior studies have used the published articles to assess 
endpoint selection in clinical trials. To comprehensively 
assess endpoint selection, we assessed endpoints in reg-
istered clinical trials, including unpublished trials. From 
this analysis, we found significant differences in the selec-
tion frequency of some endpoints between published and 
unpublished trials. This shows that trends in endpoint 

Table 4  Primary endpoints of published and unpublished clinical trials

PFS progression-free survival, ORR objective response rate, RR response rate, TTP time to progression, OS overall survival, CBR clinical benefit 
rate, OvRR overall response rate, DFS disease-free survival

** P < 0.001, * P < 0.05; Chi-square test or Fisher’s exact tests performed between published and unpublished groups
a Percentages do not add up to 100 % owing to multiple endpoint selection and inclusion of top 5 endpoints only
b 46 publications from 44 clinical trials
c 63 publications from 40 clinical trials

Endpoint Phase II, N (%a) Phase III, N (%a)

Published (n = 44)b Unpublished (n = 354) P Published (n = 40)c Unpublished (n = 80) P

PFS 8 (18.2) 101 (28.5) 0.147 34 (85) 33 (41.3) <0.001**

ORR 17 (38.6) 181 (51.1) 0.118 1 (2.5) 5 (6.3) 0.662

Safety 5 (11.4) 40 (11.3) 1.000 4 (10) 5 (6.3) 0.479

CBR 8 (18.2) 24 (6.8) 0.016* 1 (2.5) 0 (0) 0.333

TTP 1 (2.3) 19 (5.4) 0.712 6 (15) 17 (21.3) 0.412

OS 1 (2.3) 4 (1.1) 0.445 4 (10) 16 (20) 0.201

DFS 0 (0) 2 (0.6) 1.000 1 (2.5) 6 (7.5) 0.422
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selection observed based on an examination of the litera-
ture may differ from the actual endpoint selection of clini-
cal trials because of the abundance of non-published trials, 
as well as multiple publications of a single trial with signif-
icant results. Thus, inclusion of both published and unpub-
lished trials differentiates our study from previous studies 
conducted.

Although improvements in the quality of life (QoL) are 
an important marker of clinical benefits, measures of global 
health-related QoL (HRQoL) have not served as primary 
efficacy endpoints in oncology drug approvals (U.S. Food 
and Drug Administration 2007). A similar study on non-
small cell lung cancer found that QoL was often used in 
the past, but its use is now limited (Ghimire et al. 2013). 
For QoL to be used as a primary endpoint to support drug 
approval, improvement in symptoms and reduction in drug 
toxicity need to be distinctive because apparent effec-
tiveness could represent less toxicity rather than actual 
drug efficacy (U.S. Food and Drug Administration 2007). 
According to our study, QoL was rarely used as a primary 
endpoint in both phase II and phase III studies in both time 
periods. This could be due to several reasons. First, QoL 
may be considered more important for decision making in a 
clinical setting rather than for drug approval (Osoba 2011). 
In more than 60 % of advanced breast cancer studies, sig-
nificant differences were not observed in QoL improve-
ments between treatment groups, and thus, this may be one 
of the reasons why QoL assessments were rarely used as 
primary endpoints (Bottomley and Therasse 2002). Sec-
ondly, the implementation of patient-reported outcomes 
is expensive and time consuming (Joly et al. 2007; Osoba 
2011). Additionally, using HRQoL assessments appears to 
be more useful in the area of supportive care, which was 
excluded in our study (Osoba 2011). Inclusion of only 
advanced stage trials could also be a reason for the limited 
use of this outcome measure, as several studies found poor 
compliance to HRQoL assessments in advanced breast can-
cer patients, resulting in incomplete data (Bottomley 2002; 
Bottomley and Therasse 2002).

Safety is always an important factor that needs to be 
considered in drug approval because the drug needs to have 
an acceptable safety profile as well as efficacy. Safety is 
especially important in the case of cytostatic drugs because 
patients treated with cytostatic therapies need to use the 
drug for a prolonged duration, and late onset, and chronic, 
or irreversible toxicity is more likely to occur (Schilsky 
2002). The study results showed that 10.8 % of phase II and 
7.5 % of phase III studies described safety as their primary 
outcome measure, while more than half of both phase II 
and phase III studies described it as a secondary endpoint.

In the recent years, several efforts have been made 
to optimize the assessment of clinical benefit to provide 
patients care with value. Owing to the rapid development 

of new, expensive medications, and other technolo-
gies, the consideration of value is becoming increasingly 
important. The European Society for Medical Oncology 
(ESMO) developed a validated tool, the ESMO Magni-
tude of Clinical Benefit Scale (ESMO-MCBS), to measure 
the magnitude of clinical benefit of new anticancer drugs 
and interventions without the bias of overestimation or 
overstatement. Such a tool enables the relative ranking of 
the anticipated magnitude of benefit of any new treatment 
(Cherny et al. 2015). In the USA, the American Society of 
Clinical Oncology (ASCO) has taken initiatives and pro-
posed new thresholds for cancer drug approval for four 
conditions, which include breast cancer as well as other 
cancers for evaluating the effectiveness of alternative can-
cer treatment options (Ellis et al. 2014; Schnipper et al. 
2015). This initiative, the ASCO value framework, has been 
implemented in recent studies (Sanoff et al. 2016; Li et al. 
2015). Since all of these actions were implemented after 
our study period, they were not considered in our study. 
However, because they may have significant impacts on 
the trend of endpoint selection in the future, investigators 
should consider them when deciding on endpoints.

Biomarkers can act as alternatives to the traditional end-
point of survival. The main examples of promising bio-
markers include circulating tumor cells (CTCs) and free 
tumor DNA. CTCs are thought to play a role in metastasis 
and studies have shown that the number of CTCs can be a 
prognostic and predictive marker of overall survival (Nel-
son 2010; Cohen et al. 2008; Cristofanilli et al. 2004). Free 
tumor DNA may also be an ideal surrogate marker, as its 
levels have been associated with disease burden and pro-
gression (Schwarzenbach et al. 2011). Using biomarkers as 
surrogate endpoints in trials can accelerate the drug devel-
opment process. Thus, although they were not included in 
our study findings because of a relatively small number of 
trials using them during our study period, it is clear that 
biomarkers can play a critical role in the drug development 
process in the future.

Using ClinicalTrials.gov registry data in the evaluation of 
trends in endpoint selection, we aimed to overcome the lim-
itations of using only published data. However, the Clinical-
trials.gov registry has limitations of its own. Although Clini-
calTrials.gov has procedures in place for quality assurance, 
such as an automated evaluation system and individual 
review before public posting, they are insufficient to ensure 
the quality of information entered by investigators (Becker 
et al. 2014). Studies have shown that trials lack clear 
descriptions of the primary endpoints (You et al. 2012; Zarin 
et al. 2011). Endpoints are often defined inconsistently, in 
particular TTP and PFS, which are often used interchange-
ably (Gourgou-Bourgade et al. 2015; Hudis et al. 2007; 
Mathoulin-Pelissier et al. 2008). In our study, although a 
shift from the use of TTP to PFS as the primary endpoint 
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in phase III trials is apparent from the values reported, such 
results may not be meaningful owing to limitations in the 
data. The sum of the frequency of PFS and TTP was 68.7 % 
in cohort A, which was similar to that in cohort B (71.5 %). 
This implies that investigators may have shifted to use PFS 
instead of TTP for the same intended outcome measure. In 
support of this hypothesis, one clinical trial that had entered 
TTP as a primary endpoint, as observed at the start of our 
study, was found to have changed the term to PFS upon fol-
low-up. Furthermore, during the progress of our study, we 
found a trial that had changed its study type from phase II 
to phase III 5 years after registration, which denotes a lack 
of validity in the information provided. Although FDAAA 
has made submission of information of clinical trials to the 
registry database mandatory, no guidelines are currently 
in place to control the quality of the information submit-
ted, and the information can be freely edited at any point 
in time. Despite such possible limitations, studies have 
shown a fairly high completion of mandatory information, 
of which “outcomes” is one (Glas et al. 2014; Mathieu et al. 
2009; Ross et al. 2009; Zarin et al. 2005, 2011). The use 
of ClinicalTrials.gov as a source of data for the purposes 
of this study should be more than sufficient in assessing 
overall trends in endpoint selection. As we have done with 
advanced breast cancer, application of a similar approach to 
other cancer types appears feasible for various purposes in 
future studies.

Conclusions

Our study assessed endpoint selection reporting in phase II 
and phase III clinical trials of advanced breast cancer, as it 
affects millions of women worldwide. For phase II trials, a 
decreasing trend for ORR and an increasing trend for PFS 
were observed. Despite ongoing debate over the use of PFS 
as an endpoint in advanced breast cancer trials, it was the 
most commonly used primary endpoint in phase III trials. 
To our knowledge, this is the first study to assess endpoint 
selection in advanced breast cancer clinical trials over a 
decade, and as the selection of appropriate endpoints is cru-
cial for the success of clinical trials, changing trends should 
be considered when deciding upon primary and secondary 
outcome measures to demonstrate drug efficacy and safety.
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