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Summary
Background Post-progression survival (PPS) could be a confounding element in interpreting data from clinical trials of
second-line chemotherapy in patients with advanced pancreatic cancer (PC) previously treated with gemcitabine (GEM) because
a recent meta-analysis of oxaliplatin combination therapy showed statistical heterogeneity for overall survival (OS) but not for
progression-free survival (PFS). This study aimed to improve the understanding of the impact of PPS on OS in this setting.
Methods Databases were searched to identify randomized controlled trials (RCTs) in the salvage setting. We evaluated relation-
ships between OS and PFS, PPS, and other variables. Results Totally, 17 RCTs with 3253 patients were identified. Median OS
was strongly and moderately associated with median PPS and PFS, respectively (r = 0.913; p < 0.001 and 0.780; p < 0.001,
respectively). The proportion of patients with good performance status was significantly associated with both PPS and PFS (r =
0.574, p < 0.001 and 0.492, p < 0.001, respectively). The induction rate of subsequent chemotherapy was related to the duration
of PPS and OS (r = 0.640, p < 0.001 and 0.647, p < 0.001, respectively). Median PPS and OS were significantly longer in recent
trials than those in older trials (3.55 versus 2.78 months, p < 0.001 and 6.29 versus 5.02 months, p < 0.001). ConclusionsMedian
PPS was strongly correlated with median OS. Given the recently increased opportunity for subsequent chemotherapy and
supportive care, PPS may serve as an important element to clarify problems in this setting.
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Introduction

Pancreatic cancer (PC) is the fourth leading cause of
cancer-related deaths in the United States and Europe and
the eighth leading cause of cancer-relatedmortality worldwide

[1–3]. Conventional cytotoxic chemotherapy remains the
standard treatment for patients with advanced PC.
Gemcitabine (GEM)-based chemotherapy, including its com-
bination with nab-paclitaxel, is a standard first-line treatment
for metastatic PC because of the improved survival it confers
[4]. Combined folinic acid (leucovorin (LV)), 5-fluorouracil
(5-FU), irinotecan, and oxaliplatin (FOLFIRINOX) is also a
standard first-line treatment, but only in patients with good
performance status (PS) [5].

With the increased availability of active agents for PC, we
have recently shown that survival after progression
(post-progression survival, PPS) and the induction rate of sub-
sequent anti-cancer therapies are significantly associated with
overall survival (OS) after the first-line treatment of advanced
PC [6]. A similar correlation between OS and PPS was report-
ed in randomized trials of first-line treatment for many types
of gastrointestinal cancers [6–9].
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A prematurely stopped RCT from the German
CONKO-study group provided evidence of the benefit of
second-line chemotherapy compared to best supportive care
(BSC) [10]. Results from the recent NAPOLI-1 phase III trial
showed significant improvements in both progression-free
survival (PFS) and OS in patients with metastatic PC after
previous GEM-based therapy and irinotecan liposomal injec-
tion combined with 5-FU/LV, indicating a new treatment op-
tion for this population [11]. Oxaliplatin combination therapy
in this setting has also been investigated by three RCTs
(CONKO-003, PANCREOX, and SOX [S-1 plus
oxaliplatin]), with different and confounding results [12–14].
A meta-analysis of the three studies demonstrated a modest
improvement in PFS (hazard ratio (HR), 0.81; 95% confi-
dence interval (CI), 0.67–0.97; I2 = 5%; p = 0.02); however,
this benefit in PFS did not translate to a survival advantage
(HR, 1.03; 95% CI, 0.64–1.67; I2 = 83%; p = 0.90) [15]. The
I2 statistic describes the percentage of variation across studies
that is due to heterogeneity rather than chance [16]. The sta-
tistical heterogeneity examined using the I2 statistic for OS,
but not for PFS, is suggestive of the significance of under-
standing PPS in the salvage setting in PC patients previously
treated with GEM. PPS could be a confounding element in the
interpretation of clinical trial data in this setting. Although a
number of RCTs have been performed in patients with ad-
vanced PC previously treated with GEM-based therapy, little
is known about PPS in this group of patients. Analysis of PPS
may provide valuable insight for evaluation of chemotherapy
in the salvage setting. Therefore, we conducted a systematic
review and meta-analysis of currently available RCTs to as-
sess the association between PPS with OS in the salvage set-
ting of PC patients previously treated with GEM.

Methods

Registration

This study is registered in the PROSPERO database
(CRD42017071274) and was conducted according to the
Preferred Reporting Items for Systemic Reviews and
Meta-Analysis (PRISMA) statement. We did not use individ-
ual data but published data. These data have been widely
utilized in research and are generally available. Therefore,
we confirm that any aspect of the work covered in this man-
uscript has been conducted with ethical approval.

Search strategy and trial selection

An independent review of PubMed, Embase, Web of Science,
and Cochrane database citations through June 2017 was per-
formed. The keywords included in the search were ‘pancreatic
cancer,’ ‘randomized,’ and ‘chemotherapy.’ The search was

limited to randomized controlled phase II and III trials pub-
lished in English. We reviewed each publication and selected
randomized studies comparing two or more first-line systemic
chemotherapeutic agents for unresectable, locally advanced or
metastatic PC. To find any additional trials, we also searched
unpublished data and abstracts from the annual meetings of
the American Society of Clinical Oncology (through 2017)
and the European Cancer Conference and European Society
of Medical Oncology (through 2017). Trials were eligible if
they provided data for both OS and either PFS or
time-to-progression (TTP), regardless of whether these pa-
rameters were explicitly defined. The exclusion criteria
included trials in which patients had not previously
been treated with GEM-based chemotherapy. Two inves-
tigators (A.K. and Y.H.) independently extracted the da-
ta from the trials in order to avoid bias.

Data abstraction

We analyzed the primary and secondary efficacy endpoints in
detail based on the definitions provided in each trial.When not
specifically stated, we considered the primary endpoint to be
that used for the calculation of sample size. For the sake of
simplicity, two endpoints (PFS and TTP) based on tumor as-
sessment are collectively referred to as PFS in the present
study, similar to the approach adopted in recent reports [6, 7,
17, 18]. Median OS and PFS were extracted from all trials and
the median PPS was defined as the median OS minus the
median PFS for each trial. We also obtained the following
information from each report: year of completion of trial en-
rollment, number of patients, median age of patients, and pro-
portion of patients who received second-line chemotherapy.

Statistical analysis

We summarized the survival data (median OS, PFS, PPS, and
median PFS/median OS) as mean and standard error (SE). SE
was calculated as previously described [19]. We also calculat-
ed the percentage of OS accounted for by PPS as: 100 –
(100 ×median PFS/median OS). To assess relationships be-
tween median OS and either median PFS or median PPS, we
used Spearman’s rank correlation coefficient. To account for
differences in sample size among trials, we weighed all anal-
yses by the number of patients. In addition, all trials were
divided into two groups based on the year in which trial en-
rollment was completed. Thus, the number of patients was
nearly evenly split using a threshold in order to evaluate the
changes in PFS, PPS, and OS as described in previous studies
[6, 7, 18]. We examined the differences between survival be-
tween older and recent trials by normal approximation of the
average survival data (t-tests).

All reported p-values correspond to two-sided tests and
those <0.05 were considered statistically significant.
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Analyses were performed using IBM SPSS Statistics for
Windows, version 20.0 (IBM Corp., Armonk, NY, USA)
and SAS for Windows release 9.4 (SAS Institute, Cary, NC).

Results

Trials included in the analysis

Among the retrieved papers and abstracts, 17 randomized tri-
als comprising 35 treatment arms and 3253 patients were iden-
tified (Fig. 1, Table 1) [11–14, 20–32]. Two randomized,
placebo-controlled phase 3 studies of ruxolitinib plus capecit-
abine (JANUS 1 and JANUS 2) were excluded because the
first-line regimens of some of the included patients were
FOLFIRINOX [33].

Median OS, PFS, and PPS in all trials and in subgroups
based on the year of trial enrollment completion

The average median OS was significantly longer in recent
trials than that in older trials (6.29 versus 5.02 months,
p < 0.001), and this improvement was accompanied by signif-
icant increases in the average median PFS (2.74 versus
2.24 months, p < 0.001) and PPS (3.55 versus 2.78 months,
p < 0.001). The average proportion of median OS accounted
for by the median PPS was significantly larger in recent
trials than that in older trials (56.13 versus 54.25%,
p < 0.001) (Table 2).

Association between median OS and median PFS
or PPS

The relationships between the median OS and either
median PFS or PPS are shown in Fig. 2. The median
PPS was highly significantly associated with median OS

(r = 0.913; p < 0.001), whereas the median PFS was
moderately associated with median OS (r = 0.780; p <
0.001).

Correlation between performance status and median
OS, PFS, or PPS

We analyzed the relationship between the percentage of
patients with good performance status (PS) and the du-
ration of PFS, PPS, and OS. The proportion of patients
with Eastern Cooperative Oncology Group (ECOG) PS
score of 0 or Karnofsky Performance Scale (KPS) score
of 0 was more significantly associated with PPS than
with PFS (r = 0.574 and 0.492; p < 0.001 and p <
0.001, respectively).

Relationship between the induction rate
of subsequent chemotherapy and the duration of PPS
and OS

The percentage of patients who received subsequent chemo-
therapy was available for 14 treatment arms. The characteris-
tics of the patients in this subgroup were similar to those of all
patients (data not shown). The duration of PPS and OS was
related to the induction rate of subsequent chemotherapy (r =
0.640 and 0.647; p < 0.001 and p < 0.001, respectively)
(Fig. 3).

Japanese and non-Japanese trials

Among the 17 trials, six were performed in Japan. In the
randomized phase III study of TAS-118 versus S-1 in patients
with gemcitabine-refractory advanced PC (GRAPE) trial con-
ducted in Korea and Japan, 80% of the patients were Japanese;
thus, it was regarded as a Japanese trial in the current study
(Table 3). The average median OS, PFS, and PPS were

Fig. 1 PRISMA (Preferred
Reporting Items for Systematic
Reviews) diagram of the analysis
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significantly longer in Japanese trials than those in
non-Japanese trials. The induction rate of subsequent chemo-
therapy and the proportion of patients with ECOG PS score of
0 were significantly higher in Japanese trials than that in
non-Japanese trials. The median PPS was moderately as-
sociated with the median OS (r = 0.667; p < 0.001),
whereas the median PFS was weakly associated with
the median OS (r = 0.354; p < 0.001).

Discussion

The present study examined the duration of PPS in
RCTs of salvage chemotherapy in patients with ad-
vanced PC previously treated with GEM. An improved
understanding of PPS may clarify the uncertainty in the
interpretation of clinical trial data in this setting. We
found that the median OS was more strongly associated
with median PPS than with median PFS and that pro-
portion of patients with a good PS was associated with
PPS as well as PFS for patients with advanced PC in
this setting. Moreover, the relatively long duration of
average median PPS accounted for more than half of
the average median OS derived from salvage chemother-
apy. PPS accounted for a larger percentage of the OS in
this setting than that in our previous study in a first-line
setting [6]. Thus, it is reasonable to conclude that the
high proportion of median OS accounted for by the
median PPS in the present study contributed to the
weakness of the association between the treatment ben-
efits for PFS and OS.

Several factors might explain these findings. First,
maintenance of a good PS could affect the duration of
PPS even after the failure of standard chemotherapy. PS
has been identified as a strong prognostic factor in
terms of OS for patients with advanced PC in the
second-line setting [34–36]. Systemic weakness and se-
vere tumor condition are reflected by the PS [37].
Patients with a good PS are usually enrolled in clinical
trials as a result of the inclusion criteria. Although in-
formation on changes in PS during disease progression
was not available for the selected clinical trials, mainte-
nance of a good PS may allow a patient to receive
effective supportive and palliative care or additional
lines of chemotherapy. Palliative care has played an im-
portant role in patients with advanced PC. According to
the clinical data presenting the prognostic analysis of
patients with advanced PC receiving palliative care
without aggressive anti-tumor therapies, a good PS
was an effective predictive factor of longer survival
[38]. PS is also an important prognostic factor in pa-
tients undergoing palliative care. Mechanical obstruction
or stenosis of the bile duct is very common in thisT

ab
le
1

(c
on
tin

ue
d)

A
ut
ho
r

R
ef
er
en
ce

(Y
ea
r)

Y
ea
r
of

co
m
pl
et
io
n

P
ha
se

R
eg
im

en
P
er
fo
rm

an
ce

st
at
us

N
um

be
r

of pa
tie
nt
s

P
ri
m
ar
y

en
dp
oi
nt

PF
S

(m
on
th
s)

P
F
S
H
R

(9
5%

C
I)

O
S

(m
on
th
s)

O
S
H
R

95
%

C
I

P
P
S

(m
on
th
s)

In
du
ct
io
n
ra
te

of
po
st
-t
ri
al

tr
ea
tm

en
t(
%
)

C
hu
ng

[3
0]

20
16

20
14

2
FO

L
FO

X
E
C
O
G
PS

,0
:4

5.
0%

62
O
S

2.
00

1.
61
(1
.0
7–

2.
43
)

6.
70

1.
37
(0
.9
0–

2.
08
)

4.
70

N
A

se
lu
m
et
in
ib

M
K
22
06

E
C
O
G
PS

,0
:4

1.
5%

58
1.
90

3.
90

2.
00

N
A

U
en
o

[3
1]

20
17

20
15

2
S-
1

E
C
O
G
P
S,

0:
28
.0
%

25
PF

S
2.
10

1.
06
(0
.6
0–

1.
86
)

5.
50

1.
02
(0
.5
7–

1.
81
)

3.
40

N
A

G
S

E
C
O
G
P
S,

0:
34
.6
%

26
2.
00

3.
80

1.
80

N
A

U
en
o

[3
2]

20
17

20
15

2
S-
1

E
C
O
G
P
S,

0:
55
.5
%

29
0

O
S

2.
80

0.
80
(0
.6
7–

0.
95
)

7.
90

0.
98
(0
.8
2–

1.
16
)

5.
10

63
.8

TA
S1
18

E
C
O
G
PS

,0
:5

7.
1%

29
6

3.
90

7.
60

3.
70

56
.1

A
bb
re
vi
at
io
ns
:C

ap
e
=
C
ap
ec
ita
bi
ne
;C

I=
C
on
fi
de
nc
e
in
te
rv
al
;C

IK
=
C
yt
ok
in
e-
in
du
ce
d
ki
lle
rc
el
ls
;E

C
O
G
P
S
=
E
ur
op
ea
n
C
lin

ic
al
O
nc
ol
og
y
G
ro
up

Pe
rf
or
m
an
ce

St
at
us
;F

F
=
5F

U
+
fo
lin

ic
ac
id
;F

O
L
FI
R
I

=
5F

U
+
fo
lin

ic
ac
id
+
ir
in
ot
ec
an
;F

O
L
F
O
X
=
5F

U
+
fo
lin

ic
ac
id
+
ox
al
ip
la
tin

;G
E
M

=
G
em

ci
ta
bi
ne
;G

S
=
G
em

ci
ta
bi
ne
+
S
-1
;H

R
=
H
az
ar
d
ra
tio

;I
R
IS
=
Ir
in
ot
ec
an
+
S-
1;
K
PS

=
K
ar
no
fs
ky

pe
rf
or
m
an
ce

st
at
us
;

LV
=
L
eu
co
vo
ri
ne
;
N
A
=
no
t
av
ai
la
bl
e;
O
FF

=
5F

U
+
fo
lin

ic
ac
id
+
ir
in
ot
ec
an
;
O
S
=
O
ve
ra
ll
su
rv
iv
al
;
PF

S=
Pr
og
re
ss
io
n-
fr
ee

su
rv
iv
al
;
P
PS

=
po
st
-p
ro
gr
es
si
on

su
rv
iv
al
;
SO

X
=
S-
1
+
ox
al
ip
la
tin

;
SR

=
su
r-

vi
va
lr
at
e

Invest New Drugs (2018) 36:939–948 943



setting; biliary drainage is an effective supportive meth-
od for these patients because obstruction may lead to
the development of cholangitis. In patients with inoper-
able PC receiving chemotherapy who underwent biliary
drainage, a good PS was independently associated with
good prognosis [39]. Thus, patients maintaining a good
PS could take advantage of opportunities for interven-
tional supportive cares and benefit from palliative cares.
Therefore, the maintenance of a good PS could contribute to
the prolongation of PPS. Indeed, the proportion of patients
with a good PS was associated with PPS in our study.
Second, the recent increase in the number of available active
compounds may have contributed to a more widespread clin-
ical use of chemotherapy in this setting, although no further
lines of chemotherapy (third line or later) have been shown to
provide a survival benefit in comparison with best supportive
care. A recent largest phase III trial comparing S-1 plus
leucovorin and S-1 reported that FOLFIRINOX or
nab-paclitaxel in combination with GEM as post-study treat-

ment might dilute the contribution of the experimental therapy
[32]. In the three abovementioned studies that examined the
role of oxaliplatin in GEM-refractory PC, the induction rate of
subsequent chemotherapy did not differ in each arm in the
CONKO-003 and SOX trials [12, 14]. However, more than
three times as many patients in the control arm received
post-trial treatments as those in the experimental arm of the
PANCREOX study. A larger proportion of patients with an
ECOG PS of 0 were randomized to the control arm, which
might have influenced the PPS in the control arm and was
reflected in the percentage induction of subsequent chemo-
therapy in this study [13]. The induction of post-trial chemo-
therapy after the second line is related to the duration of PPS
and OS in our study. These data suggest that the efficacy of
late-line therapies might contribute, at least in part, to the
prolongation of PPS.

The present study has several limitations. First, our anal-
ysis was based on abstracted data. The use of individual
patient data might have allowed a better characterization of

Fig. 2 Relationship between median overall survival (OS) and median progression-free survival (PFS) or post-progression survival (PPS). The area of
each circle is proportional to the number of patients in each trial arm. The r values represent the Spearman’s rank correlation coefficients

Table 2 Average median OS, PFS and PPS

Trials Number of patients Number of trials Average median (months) Average

OS PFS PPS PPS/OS (%)

All 3253 17 5.69 (0.03) 2.51 (0.01) 3.18 (0.02) 55.23 (0.00)

Older (up to and including 2011) 1554 8 5.02 (0.04) 2.24 (0.02) 2.78 (0.03) 54.25 (0.00)

Recent (2012 and later) 1699 9 6.29a (0.04) 2.74a (0.02) 3.55a (0.03) 56.13a (0.00)

Values in brackets are standard errors

OS Overall survival, PFS Progression-free survival, PPS post-progression survival
a P < 0.001 versus the corresponding value for older trials (t test)
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the relationship between OS and other endpoints based on
tumor assessment, including PFS and TTP. However, this
approach would restrict the analysis to a small number of
trials and would hinder its replication by independent re-
searchers. Second, the results of our study may have sev-
eral confounders due to the inclusion of a number of het-
erogeneous trials in the analysis. Indeed, our study re-
vealed that the median PFS, OS, and PPS were significant-
ly longer in Japanese trials than those in non-Japanese tri-
als. Although the results are generally unaccountable with-
out appropriate adjustment for patient characteristics de-
pendent on differences in predefined eligibility criteria
for enrollment in the clinical trials in different regions,
the positive relationship between PPS and OS was appar-
ent in Japanese trials as well as in non-Japanese trials.
Finally, two endpoints (PFS and TTP) based on tumor as-
sessment were grouped into the same parameter, following

the example of previous studies [6, 7, 17, 18, 40]. PFS is
defined as the time from randomization to tumor progres-
sion or death, whereas TTP is defined similarly but con-
siders death as the time point at which censoring occurs.
TTP is the same as PFS if death does not occur during
treatment. We, therefore, considered PFS to be the same
as TTP in our analyses.

Conclusions

To our knowledge, this is the first study to analyze PPS
in randomized trials of patients with advanced PC pre-
viously treated with GEM who received second- or
third-line chemotherapy. Our findings indicate that me-
dian PPS is strongly associated with median OS even in
the salvage setting. Moreover, the proportion of good

Fig. 3 Relationship between the
median overall survival (OS) and
the induction rate of post-trial an-
ticancer therapy. The area of each
circle is proportional to the num-
ber of patients in each trial arm.
The r values represent the
Spearman’s rank correlation
coefficients

Table 3 Average median OS, PFS, PPS, and average induction rate of subsequent chemotherapy and proportions of PS score of 0

Trials Number of patients Number of trials Average median (months) Average rate (%)

OS PFS PPS Subsequent chemotherapy PS 0

Japanese 1255 6 7.09 (0.02) 3.08 (0.02) 4.01 (0.02) 56.5 (0.21) 61.5 (0.28)

Non-Japanese 1998 11 4.81a (0.03) 2.14a (0.01) 2.67a (0.02) 27.8a (0.38) 25.0a (0.33)

Values in brackets are standard errors

OS Overall survival, PFS Progression-free survival, PPS post-progression survival, PS performance status
a P < 0.001 versus the corresponding value for Japanese trials (t-test)
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PS was associated with both PPS and PFS. Given the
recent increase in the opportunity for the subsequent
chemotherapy and the effective supportive care, PPS
could be an important element in the interpretation of
clinical trials data in this setting. It is important that
researchers are aware of these findings when designing
clinical trials of salvage chemotherapy for patients with
advanced PC.
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