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Overall Survival of Patients with Advanced Pancreatic Cancer
Improved with an Increase in Second-Line Chemotherapy after
Gemcitabine-Based Therapy
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ABSTRACT
Context In the last decade, gemcitabine-based regimen as first-line therapy has demonstrated low efficacy regarding overall survival
benefit for patients with advanced pancreatic cancer. Objective The purpose of this study was to explore a new strategy, such as an
increased second-line chemotherapy rate, in order to improve overall survival. Design Retrospective data analysis. Methods The
data in the literature on gemcitabine-based therapy for patients with advanced pancreatic cancer were collected by searching
databases, such as MEDLINE, EMBASE, the Chinese Biomedical Literature Analysis and Retrieval System, and EBM Reviews
(Cochrane Database of Systematic Reviews). Linear regression was used to explore the relationship between overall survival and
second-line chemotherapy. The primary endpoint was overall survival. The secondary endpoints were progression-free survival and
residual survival. Results Ten randomized controlled trials, involving 2,679 patients, were included in the present study. The results
indicated that overall survival was positively correlated with a combination of chemotherapy, stage of disease and second-line
chemotherapy in patients with advanced pancreatic cancer (r=0.753; P=0.003). Meanwhile median overall survival would be
prolonged about 1.56 days if second-line chemotherapy was increased by 1% (t=4.33; P=0.001). Progression-free survival was not
significantly correlated with second-line chemotherapy (r=0.092; P=0.701); in contrast, residual survival was positively correlated
with second-line chemotherapy (r=0.717; P<0.001). Conclusions Our study indicated that overall survival closely correlated to
second-line chemotherapy in patients with advanced pancreatic cancer; more attention should be paid after first-line therapy which
must be administered skillfully in order to improve overall survival, and this is worthy of further study.

INTRODUCTION
Pancreatic cancer is a fatal disease because it is
difficult to diagnose early and has a poor prognosis.
Most patients (80%) have locally advanced or
metastatic pancreatic cancer at the time of diagnosis [1].
At present, single-agent gemcitabine is recommended
as standard chemotherapy for patients with advanced
pancreatic cancer and it has been extensively studied in
phase II and III trials, especially as first-line
chemotherapy. However, patients treated with
gemcitabine alone still have a poor prognosis with a
clinical benefit response rate of 23.8%, a median
overall survival rate of 5.65 months and a 1-year
overall survival rate of 18% [2].
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In the last decade, several studies attempted to improve
the efficacy of gemcitabine in advanced pancreatic
cancer, not only by the addition of a second agent to a
standard dose and schedule of gemcitabine but also by
a fixed dose rate infusion of gemcitabine and also by
the use of new agents, most of which had shown a
limitation in terms of survival value. Several trials
showed that gemcitabine-based doublet cytotoxic
chemotherapy improved progression-free survival but
not overall survival [3, 4, 5, 6]. With the exception of
gemcitabine combined with erlotinib, gemcitabine plus
target agents, such as cetuximab [7], bevacizumab [8]
and axitinib [9], all had negative results. However,
median overall survival only increased by 9 days when
using gemcitabine combined with erlotinib in advanced
pancreatic cancer [10]. Considering the expensive cost
but limited efficacy of erlotinib, gemcitabine plus
erlotinib has not been widely used for advanced
pancreatic cancer in clinical practice. Phase III trials
did not suggest that there could be a survival advantage
from a fixed dose rate infusion of either gemcitabine or
gemcitabine plus other agents [6, 11]. In addition,
strategies with non-gemcitabine regimens had been
assessed. A final result of the PRODIGE 4/ACCORD
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11 trial [12] showed that 5-fluorouracil plus leucovorin,
irinotecan and oxaliplatin (FOLFIRINOX) was
associated with an almost doubling of overall survival
over that of the standard of care (11.1 vs. 6.8 months)
in patients with performance status 0 or 1. Although the
regimen was effective, it was studied in a highly
selected patient population, possibly enriched for
patients without elevated bilirubin. Therefore, it might
be a challenge to generalize the use of that regimen
across the usual cohort of patients with metastatic
pancreatic cancer. Other similar non-gemcitabine
regimens had not shown better results [13, 14].
To date, second-line chemotherapy has not been well
defined in advanced pancreatic cancer. No specific
drugs have been considered as the best choice for
second-line chemotherapy. The reason for this was that
the majority of patients with progression after first-line
chemotherapy had a poor performance status and could
not receive the salvage therapy, which made the
salvage therapy harder to study. However, several small
phase II trials showed that survival advantage in
advanced pancreatic cancer might benefit from the
second-line chemotherapy [15, 16, 17].
Therefore, new strategies should be explored to
promote progression in the treatment of advanced
pancreatic cancer. Considering the platform of efficacy
achieved with first-line chemotherapy, more attention
should be paid to second-line chemotherapy and it
should be studied more intensively. In the present study,
we focused on exploring the possibility, using pooled
analysis of the literature, that higher percentages of
patients receiving second-line chemotherapy might
result in a significant effect on survival benefit,
especially in prolonging median overall survival in
advanced pancreatic cancer.
METHODS
Literature Search
We searched in databases, such as MEDLINE,
EMBASE, the Chinese Biomedical Literature Analysis
and Retrieval System and EBM Reviews (Cochrane
Database of Systematic Reviews) for recently
published phase II or III trial results regarding the use
of gemcitabine in advanced pancreatic cancer. The
keywords used in the search were: pancreas, pancreatic
cancer,
pancreatic
carcinoma,
pancreatic
adenocarcinoma, pancreatic neoplasm, chemotherapy,
Gemzar® (Eli Lilly and Co., Indianapolis, IN USA) and
gemcitabine. No language restrictions were applied.
The search finished on April 31st, 2010.
Inclusion Criteria
Study Design
The papers had to have been published in
peer-reviewed journals. The clinical trial had to have
been a phase II or III prospective, properly randomized
trial in which the information baseline in subgroups,

such as age, sex, stage and performance status, was
unbiased.
Study Population
Patients with advanced pancreatic cancer, as well as
those with locally advanced and metastatic disease,
were included in the study. Patients eligible for the
study were required to have histologically or
cytologically
ascertained
pancreatic
cancer.
Furthermore, patients were required to be adults over
18 years of age with a baseline Karnofsky performance
status equal to, or greater than, 50% (or ECOG
performance status less than 2). Patients had to have
adequate hematological, renal, cardiac and hepatic
functions. Patients had to have an estimated life
expectancy of at least twelve weeks, no prior
chemotherapy regimens, no prior radiation therapy or
any other anti-tumor therapy in the 6 months prior to
entry in the study.
Intervention
The control group received only gemcitabine in
treating local or metastatic disease. The treatment
group received gemcitabine-based combination therapy,
which included gemcitabine plus either cytotoxic
agents or targeted agents. Gemcitabine alone or
gemcitabine-based combination chemotherapy was
given as a first-line treatment until the disease
progressed or the patient could no longer tolerate
chemotherapy. Any cytotoxic drugs administered after
the first-line chemotherapy for at least one cycle were
considered to be second-line chemotherapy.
Types of Outcomes
The primary outcome measures were overall survival,
which should have a survival curve or clear endpoint of
survival. Overall survival was defined as the time
interval from randomization to death from any cause or
to the last follow-up in censored patients.
One secondary endpoint was progression-free survival,
which was defined as the time from randomization to
disease progression or death or that censored at the last
follow-up. Some papers in the literature reported time
to tumor progression or time to treatment failure
instead of progression-free survival. Another secondary
endpoint was residual survival, which is usually
calculated from the date of disease progression after
first-line chemotherapy to the date of death or that
censored at the last follow-up. Because no individual
patient data was available, for the sake of consistency
with progression-free survival, in our study, we
estimated residual survival by calculating the
difference between the value of overall survival minus
the value of progression-free survival.
The median value of each endpoint was used in the
present study.
Exclusion Criteria
Patient populations of < 30 in each group were
considered to be too small to continue analysis. Single
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Sun Yat-sen Memorial Hospital, and did not require
patient consent. All aspects of the study conformed to
the ethical guidelines of the Declaration of Helsinki
1964, as revised in Tokyo 2004.
STATISTICS

Figure 1. Flow chart of the selection of randomized controlled trials
for correlation analysis.

arm phase II studies lacked baseline balance. The
methodological quality of the trials was assessed using
a validated scale (ranging from 0 to 5) applied to the
items which influenced intervention efficacy. The scale
reported by Jadad et al. [18] consisted of items
pertaining to randomization, masking, dropouts and
withdrawals. Low quality studies with a Jadad scale
score of less than 2 points were not eligible for our
study. The literature did not contain an exact rate or
original
information
regarding
second-line
chemotherapy in the progression of pancreatic cancer.
Data Extraction
Two primary reviewers (Zhang YD and Yang Q)
assessed all the abstracts that were identified from the
sources. Both reviewers independently selected trials
for inclusion according to prior agreement regarding
the study population and the intervention. If one of the
reviewers concluded an abstract might be eligible, the
complete article was retrieved and reviewed in detail
by both reviewers independently. Disagreements were
resolved by consensus or by a third reviewer (Xie DR).
The final decision was made by at least two reviewers.
If the same trial was found but in different publications,
the data of the final trial were chosen.
The following information was obtained from each trial:
year of publication, number of patients, median age,
gender (male vs. female), stage of disease (frequency
of local advanced pancreatic cancer), performance
status (frequency of ECOG performance status 0-1),
chemotherapy regimen, combination chemotherapy
(i.e., gemcitabine-combination chemotherapy vs. single
agent gemcitabine), frequency of patients who had
second-line chemotherapy, regimens of second-line
chemotherapy, median overall survival, median
progression free survival, and median residual survival.
Data missing from the primary study reports was
requested by the investigators.
ETHICS
The study was a retrospective data analysis, which was
approved by the Institution of Scientific Research of

A multiple linear regression model was developed
using the stepwise method, according to the least
absolute value of the standardized partial regression
coefficient. The two P values of 0.05 and 0.20 were
chosen as limits for including or excluding the
variables in the analysis, respectively. The set of
exploratory variables included median age, gender,
stage of disease, performance status, combination
chemotherapy and second-line chemotherapy. Each
variable was judged according to sample size. Three
analyses were applied considering median overall
survival, median progression-free survival and median
residual survival.
RESULTS
Trial Flow
According to the pre-set inclusion and exclusion
criteria, 1,682 potentially eligible published papers
were included. Of these, 21 papers conformed to the
inclusion criteria [3, 4, 5, 6, 7, 14, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33]. Of these 21, 11
papers conformed to the exclusion criteria [3, 4, 7, 14,
19, 20, 21, 22, 23, 24, 25]; therefore, 10 papers
involving 2,679 patients were finally included [5, 6, 26,
27, 28, 29, 30, 31, 32, 33]. The flow chart of the
selection of the literature is shown in Figure 1.
Characteristics of the Selected Trials
Ten prospective randomized controlled trials which
achieved a score of three or more points in the Jadad
scale were included in present study [5, 6, 26, 27, 28,
29, 30, 31, 32, 33]; only one trial was a Phase II
randomized controlled trial and the others were Phase
III randomized controlled trials. All detailed clinical
characteristics were summarized in Table 1. Because
different cut-offs of performance status were used to
stratify patients in the original trials, performance
status was considered as an unreliable variable in our
multiple linear regression analyses in order to avoid
artificial error.
Linear Regression of Median Overall Survival
Three of the variables (stage of disease, combination
chemotherapy, and second-line chemotherapy) entered
into the stepwise multiple linear regression showed an
independent positive correlation to median overall
survival (overall r=0.753; P=0.003). The detailed
results are shown in Table 2. The coefficient computed
for second-line chemotherapy demonstrated that
median overall survival would be prolonged for 0.052
months (about 1.56 days) if second-line chemotherapy
was increased by 1%.

JOP. Journal of the Pancreas - http://www.joplink.net - Vol. 12 No. 2 - March 2011. [ISSN 1590-8577]

133

JOP. J Pancreas (Online) 2011 Mar 9; 12(2):131-137.

Table 1. Characteristics of selected trials.
Trial
Treatment No. of
Age
Frequency of
cases Median (range) male gender
(M:F ratio)
Colucci et al.
2010 [26]

Gem
199
Gem+DDP 201

Heinemann et al.
Gem
2006 [27]
Gem+DDP
Louvet et al.
2005 [6]
Rocha Lima et al.
2004 [28]

97
98

Gem
156
Gem+Oxa 157
Gem
Gem+Iri

Stathopoulos et al.
Gem
2006 [29]
Gem+Iri

Cunningham et al.
Gem
266
2009 [5]
Gem+Cap 267
Herrmann et al.
2007 [30]
Reni et al.
2005 [31]
Bramhall et al.
2002 [32]

63 (37-75)
63 (35-75)

56.8% (113:86)
62.2% (125:76)

33 (16.6%)
31 (15.4%)

53.1%
40.9%

3.9
3.8

4.4
3.4

8.3
7.2

4

66 (43-85)
64 (37-82)

61.9% (60:37)
65.3% (64:98)

20 (21.1%)
20 (20.0%)

16.5%
15.8%

3.1
5.3

2.9
2.2

6.0
7.5

3

60.1 (22-75)
61.3 (35-77)

53.0% (83:73)
60.0% (94:63)

47 (30.0%)
50 (32.0%)

55.0%
55.4%

3.7
5.8

3.4
3.2

7.1
9.0

3

24/169 (14.2%) a
27/175 (15.4%) a

46.0%
39.0%

3.0 (TTP)
3.5 (TTP)

3.6
2.8

6.6
6.3

4

10 (14.0%)
13 (22.0%)

31.4%
35.0%

2.9 (TTP)
2.8(TTP)

3.6
3.6

6.5
6.4

4

76 (29.0%)
80 (30.0%)

16.9%
19.1%

3.8
5.3

2.4
1.8

6.2
7.1

4

180 60.2 (32.3-82.9) 53.3% (96:73)
180 63.2 (38.7-81.2) 57.2% (103:73)
70
60

Gem
159
Gem+Cap 160

Frequency of Second-line Progression-f Residual Median Jadad
local advanced treatment ree survival survival overall score
(months) (months) survival
pancreatic cancer
(months)

64.0 (44-83)
64.0 (31-84)

60.0% (42:28)
65.0% (39:21)

62.0 (26-83) 58.0% (153:113)
62.0 (37-82) 60.0% (160:107)
NA
NA

53.0% (85:74)
54.0% (86:74)

34 (21.0%)
32 (20.0%)

56.6%
55.6%

3.9
4.3

3.3
4.1

7.2
8.4

3

47
52

59 (25-69)
62 (37-69)

51.1% (24:23)
46.2% (24:28)

14 (29.8%)
15 (28.8%)

53.2%
42.3%

3.3
5.4

5.7
3.6

9.0 (cure)
9.0

4

Gem
119
Gem+Mar 120

62 (37-85)
62 (32-83)

59.7% (71:48)
57.5% (69:51)

32 (27.0%)
364 (30.0%)

19.3%
17.5%

3.6 (TTF)
3.0(TTF)

1.9
2.5

5.5
5.5

5

Gem
PEFG

Di Costanzo et al.
Gem
48
64 (34-75)
48.0% (23:25)
13 (27.0%)
30.0 b
3.3
3.7
7.0
3
2005 [33]
Gem+5-FU 43
62 (44-75)
63.0% (27:16)
14 (33.0%)
4.2
3.0
7.2
30.0 b
5-FU: 5-fluorouracil; Cap: capecitabine; DDP: cisplatin; Gem: gemcitabine; Iri: irinotecan; Mar: marimastat; Oxa: oxaliplatin; PEFG: cisplatin,
epirubicin, fluorouracil, and gemcitabine; TTF: time to treatment failure; TTP: time to tumor progression
a
Missing data of 11 and 5 cases were present in the gemcitabine alone and the gemcitabine plus irinotecan groups, respectively
b
The investigators requested these data

Correlation between Median Progression-Free
Survival and Second-Line Chemotherapy
No variables were entered into the stepwise procedure
when considering median progression-free survival as
a dependent variable. In particular, univariate analysis
showed that second-line chemotherapy and median
progression-free survival had no significant correlation
(r=0.092; P=0.701) (Figure 2).
Correlation between Median Residual Survival and
Second-Line Chemotherapy
Unlike the non significant relationship between median
progression-free survival and second-line chemotherapy, second-line chemotherapy had unique
variables entering the stepwise procedure when median
residual survival was considered as a dependent
variable, showing a positive significant correlation
(r=0.717; P<0.001). The result is shown in Figure 3.
DISCUSSION
Our results showed that the median overall survival
rate of patients with advanced pancreatic cancer was

positively correlated to combination chemotherapy,
stage of disease and second-line chemotherapy
(r=0.753; P=0.003). Combination chemotherapy and
disease stage affecting overall survival were similar to
other studies [27, 30, 34, 35]. A positive correlation
between second-line chemotherapy and median overall
survival suggested that median overall survival would
be prolonged about 1.56 days if patients accepted
second-line chemotherapy increased by 1% (t=4.33;
P=0.001). Theoretically, median overall survival would
be increased by about 9 days in absolute value if the
number of patients who accepted second-line
chemotherapy was increased by 5.8%, which was
similar to the survival benefit from gemcitabine
combined with erlotinib [14]. With this increase in
mind, the second-line chemotherapy rate in clinical
practice might be easier than increasing the use of
erlotinib.
Progression-free survival reflects the efficacy of
first-line chemotherapy on cancer. Linear regression
analyses showed that second-line chemotherapy has no
significant correlation with progression-free survival

Table 2. Linear regression analyses of median overall survival. (Overall r=0.753; P=0.003).
Model
Regression coefficient
Standardized partial
(B±SE; months)
regression coefficient (Beta)
Constant

t value

Significance
P<0.001

4.04±0.87

-

4.64

Combination chemotherapy

0.490±0.357

0.229

1.37

P=0.189

Stage

0.041±0.028

0.247

1.48

P=0.160

Second-line chemotherapy
0.052±0.012
0.722
4.33
P=0.001
The positive regression coefficient (B) shows that local advanced disease (stage), combination chemotherapy (gemcitabine-combination
chemotherapy vs. single agent gemcitabine) and second-line chemotherapy (frequency of patients who had second-line chemotherapy) have a
positive correlation with median overall survival.
SE: standard error
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Figure 2. Relationship between median progression-free survival and
second-line chemotherapy. Linear regression showed a correlation
coefficient of 0.092 which meant that the second-line chemotherapy
and progression-free survival had no significant correlation
(P=0.701).

Figure 3. Relationship between residual survival and second-line
chemotherapy. Linear regression showed a correlation coefficient of
0.717 which meant that the second-line chemotherapy and residual
survival had a significant positive correlation (P<0.001).

(r=0.092; P=0.701). The residual survival rate
estimates the time-interval between the date of disease
progression after first-line chemotherapy to the date of
death or that censored at the last follow-up.
Theoretically it should be related to second-line
chemotherapy and the best supportive care. Our results
indicated that residual survival is positively related to
second-line chemotherapy (r=0.717; P<0.001); that is,
the statistical model correlated to clinical practice and
this seems to be reasonable.
A standardized partial regression coefficient can be
used to analyze the exact effect of each variable on
overall survival. In our study, the standardized partial
regression coefficient of second-line chemotherapy was
0.722, which was obviously larger than the variables of
combination chemotherapy (0.229) and locally
advanced disease (0.247). In other words, second-line
chemotherapy had the biggest contribution to survival
benefit. In the trials selected, median overall survival
was approximately 7 months and median
progression-free survival was about 3.9 months.
Meanwhile, median residual survival was equal to
approximately 3.3 months, which is approximately half
the median overall survival. Our model pointed out the
reason why second-line chemotherapy had the greatest
contribution to overall survival. At the same time, it
indirectly influenced overall survival through residual
survival.
Although, based on our analysis, second-line
chemotherapy positively correlated to survival benefit
in advanced pancreatic cancer, it still did not answer
whether advanced pancreatic cancer would benefit
from second-line chemotherapy. One could argue that
patients who live longer have a greater opportunity of
being treated with second-line chemotherapy. However,
several small phase II clinical trials have indicated a
potential advantage in overall survival if second-line
chemotherapy was used [36, 37]. The median overall
survival rate was about 3-5 months, which seemed

even better than our results (residual survival equal to
3.3 months). In addition, a phase III clinical trial
showed that oxaliplatin plus folinic acid and
5-fluorouracil was superior as the best supportive care
in the second-line chemotherapy of advanced
pancreatic cancer with progression after gemcitabine
[38]. Therefore, it seemed that patients treated with
second-line chemotherapy would survive longer.
However, our study had the following limitations: i)
data were collected based on published literature or
information supplied by authors but not on individual
patient data. Although we tried to request individual
patient data for our study, it was difficult to get all the
information we needed. Therefore, according to a
linear correlation analysis carried out between the
abstract data in the literature and individual patient data
[39], which maintained that either method was feasible
in high quality meta-analyses, in our situation (where
no individual patient data were available) it was
acceptable to carry out meta-analyses through abstract
data in the literature; ii) only 10 clinical trials supplied
information about second-line chemotherapy, and the
second-line regimens were all different with
capecitabine, 5-FU, S-1, oxaliplatin, cisplatin and
exatecan being used in the majority of cases. The
regimens, doses of drugs, and usage of drugs were not
the same. Therefore, we could not arrive at a
conclusion as to the effective regimen for second-line
chemotherapy, based on our study. However, Mancuso
et al. [40] found that DNA repair gene excision repair
cross complementing 1 could influence overall survival,
time to progression and response to chemotherapy. It
indicated additional translational research by biological
selection of populations in the second-line chemotherapy field and iii) it was reported that performance
status was an important prognostic factor in advanced
pancreatic cancer [30]. However, we could not analyze
the correlation between performance status and overall
survival because the patients were stratified based on
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different categories of performance status in the
various trials, which might have affected the equation
and final results. On the other hand, some might argue
that patients in the early stage of disease could live
longer and arrive at second-line treatment, which might
affect overall survival. In our data, no significant
correlation was found between second-line treatment
and stage of the disease (r=-0.149; P=0.531). Although
the definition of the best first-line chemotherapy
regimen is presently a very difficult task, emphasis on
second-line chemotherapy might be an effective way of
improving overall patient survival. In order to gain
more experience, we suggest that oncologists introduce
more details about patients receiving second-line
chemotherapy in clinical research reports after first-line
chemotherapy fails in pancreatic cancer. We also advise
more biological research in addition to clinical
research.
In conclusion, second-line chemotherapy might affect
the survival benefit of patients with advanced
pancreatic cancer. Depending on the level of efficacy
achieved with first-line chemotherapy, physicians
should pay more attention to second-line chemotherapy
and should conduct additional clinical trials to explore
the value of second-line chemotherapy. On the other
hand, pemetrexed, as a second-line drug, can be given
immediately with a survival benefit for non-small cell
lung cancer with stable disease after first-line
chemotherapy [41]. Recently, a retrospective study
indicated that capecitabine could be used safely as a
maintenance agent in gastrointestinal cancer [42].
Therefore,
second-line
chemotherapy,
given
immediately in patients without progression after
first-line chemotherapy, might improve overall survival
in advanced pancreatic cancer; this fact is worthy of
additional study in future.
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