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

ORIGINAL ARTICLE

Overall Survival of Patients with Advanced Pancreat Cancer
Improved with an Increase in Second-Line Chemothernay after
Gemcitabine-Based Therapy

Yuan-dong Zhang, Qiong Yang, Zhi-min Jiang, Wen MaSi-wei Zhou, De-rong Xie

Department of Oncology, Sun Yat-sen Memorial H@pBun Yat-sen University.
Guangzhou, China

ABSTRACT
Context In the last decade, gemcitabine-based regimeinstdifie therapy has demonstrated low efficacyarding overall survival
benefit for patients with advanced pancreatic car@ijective The purpose of this study was to explore a neateggy, such as an
increased second-line chemotherapy rate, in oaémprove overall survivalDesign Retrospective data analysiethods The
data in the literature on gemcitabine-based thefapypatients with advanced pancreatic cancer veaiected by searching
databases, such as MEDLINE, EMBASE, the Chinese Biarak Literature Analysis and Retrieval System, &RM Reviews
(Cochrane Database of Systematic Reviews). Lineaessipn was used to explore the relationship betveserall survival and
second-line chemotherapy. The primary endpoint ev&sall survival. The secondary endpoints were m@esgjon-free survival and
residual survivalResults Ten randomized controlled trials, involving 2,67&ients, were included in the present study. Bselts
indicated that overall survival was positively aated with a combination of chemotherapy, stagelistéase and second-line
chemotherapy in patients with advanced pancreaiear (r=0.753; P=0.003). Meanwhile median ovesalivival would be
prolonged about 1.56 days if second-line chemofheveas increased by 1% (t=4.33; P=0.001). Prograssee survival was not
significantly correlated with second-line chemo#psr (r=0.092; P=0.701); in contrast, residual stalvivas positively correlated
with second-line chemotherapy (r=0.717; P<0.0@gnclusions Our study indicated that overall survival closelyrrelated to
second-line chemotherapy in patients with advanpaattreatic cancer; more attention should be paét &fst-line therapy which
must be administered skillfully in order to improweerall survival, and this is worthy of furtheudy.

INTRODUCTION

Pancreatic cancer is a fatal disease because it is
difficult to diagnose early and has a poor progrosi
Most patients (80%) have locally advanced or
metastatic pancreatic cancer at the time of diagribk

At present, single-agent gemcitabine is recommended
as standard chemotherapy for patients with advanced
pancreatic cancer and it has been extensivelyestudi
phase Il and Il trials, especially as first-line
chemotherapy. However, patients treated with
gemcitabine alone still have a poor prognosis with
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 ficove

the efficacy of gemcitabine in advanced pancreatic
cancer, not only by the addition of a second atrt
standard dose and schedule of gemcitabine butbglso
a fixed dose rate infusion of gemcitabine and &lgo
the use of new agents, most of which had shown a
limitation in terms of survival value. Several tsia
showed that gemcitabine-based doublet -cytotoxic
chemotherapy improved progression-free survival but
not overall survival [3, 4, 5, 6]. With the exceptiof
gemcitabine combined with erlotinib, gemcitabinaspl
target agents, such as cetuximab [7], bevacizur@pb [
and axitinib [9], all had negative results. However
median overall survival only increased by 9 daygmwh
using gemcitabine combined with erlotinib in adweshc
pancreatic cancer [10]. Considering the expensbst ¢
but limited efficacy of erlotinib, gemcitabine plus
erlotinib has not been widely used for advanced
pancreatic cancer in clinical practice. Phase rililg

did not suggest that there could be a survival athge
from a fixed dose rate infusion of either gemcitebor
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 lewooin,
irinotecan and oxaliplatin (FOLFIRINOX) was
associated with an almost doubling of overall stabi
over that of the standard of care (1¢sl 6.8 months)

in patients with performance status O or 1. AlthHotige
regimen was effective, it was studied in a highly
selected patient population, possibly enriched for
patients without elevated bilirubin. Thereforemitght

be a challenge to generalize the use of that ragime
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 hais t
the majority of patients with progression aftesffiline
chemotherapy had a poor performance status and coul
not receive the salvage therapy, which made the
salvage therapy harder to study. However, sevaralls
phase Il 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 otaffy
achieved with first-line chemotherapy, more attemti
should be paid to second-line chemotherapy and it
should be studied more intensively. In the presamdy,

we focused on exploring the possibility, using abl
analysis of the literature, that higher percentagés
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 Il or Ill trial results regarditg tuse

of gemcitabine in advanced pancreatic cancer. The
keywords used in the search were: pancreas, pditcrea
cancer, pancreatic carcinoma, pancreatic
adenocarcinoma, pancreatic neoplasm, chemotherapy,
Gemzaf (Eli Lilly and Co., Indianapolis, IN USA) and
gemcitabine. No language restrictions were applied.
The search finished on April 312010.

Inclusion Criteria

Sudy Design

The papers had to have been published in
peer-reviewed journals. The clinical trial had tavéa
been a phase Il or Ill prospective, properly ranidemh
trial in which the information baseline in subgreup
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such as age, sex, stage and performance status, was
unbiased.

Sudy Population

Patients with advanced pancreatic cancer, as vgell a
those with locally advanced and metastatic disease,
were included in the study. Patients eligible fbe t
study were required to have histologically or
cytologically ascertained pancreatic cancer.
Furthermore, patients were required to be aduler ov
18 years of age with a baseline Karnofsky perfogean
status equal to, or greater than, 50% (or ECOG
performance status less than 2). Patients had we ha
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 o
any other anti-tumor therapy in the 6 months ptoor
entry in the study.

Intervention

The control group received only gemcitabine in
treating local or metastatic disease. The treatment
group received gemcitabine-based combination tlyerap
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 administeredrafte
the first-line chemotherapy for at least one cyebre
considered to be second-line chemotherapy.

Types of Outcomes

The primary outcome measures were overall survival,
which should have a survival curve or clear endpaoin
survival. Overall survival was defined as the time
interval from randomization to death from any caose
to the last follow-up in censored patients.

One secondary endpoint was progression-free suyviva
which was defined as the time from randomization to
disease progression or death or that censoree dash
follow-up. Some papers in the literature reportieaet

to tumor progression or time to treatment failure
instead of progression-free survival. Another seleon
endpoint was residual survival, which is usually
calculated from the date of disease progressioer aft
first-line chemotherapy to the date of death ort tha
censored at the last follow-up. Because no indalidu
patient data was available, for the sake of coersist
with progression-free survival, in our study, we
estimated residual survival by calculating the
difference between the value of overall survivahuos
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 analysisgIBi
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1,682 potentially eligible newly published abstracts (April 31=t, 2010)

1661 abstracts excluded
Beasons:
* Mon randomized controlled trials
* Adjuvant chemotherapy
* Secaond-line chemotherapy
* Control group not germcitaking regimen
* Single arm trial

A J

21 abstracts conformed to the inclusion criteria
[3,4,5,6,7,14,19, 20,21, 22, 23,24, 25 26, 27, 26 29, 50 31, 32, 33|

References research
WO more trials were found

11 abstracts excluded
Reasons
* Samples less than 60 [21]
* Jadad scale less than 2 (22]
* Mo data about second-line chemotherapy
[3,4,7,14, 19,20, 23, 24, 55|

A 4

10 abstracts finally included [5, &, 26, 27, 28, 29, 30, 31, 32, 33]
* 9 Phase lll randomized controlled trials [, 6, 26, 27, 28, 29, 30, 31 32|
* 1 Phase |l randomized controlled trials [33]

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

arm phase Il studies lacked baseline balance. The
methodological quality of the trials was assessgdgu

a validated scale (ranging from O to 5) appliedhe
items which influenced intervention efficacy. Trealke
reported by Jadadtt 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 far o
study. The literature did not contain an exact m@te
original information regarding second-line
chemotherapy in the progression of pancreatic cance

Data Extraction

Two primary reviewers (Zhang YD and Yang Q)
assessed all the abstracts that were identified fiee
sources. Both reviewers independently selecteds tria
for inclusion according to prior agreement regagdin
the study population and the intervention. If of¢he
reviewers concluded an abstract might be eligitile,
complete article was retrieved and reviewed in itleta
by both reviewers independently. Disagreements were
resolved by consensus or by a third reviewer (Xi#.D
The final decision was made by at least two reviswe

If the same trial was found but in different pubtions,

the data of the final trial were chosen.

The following information was obtained from eadhltr
year of publication, number of patients, median, age
gender (malevs. 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 chemotherapysingle
agent gemcitabine), frequency of patients who had
second-line chemotherapy, regimens of second-line
chemotherapy, median overall survival, median
progression free survival, and median residualigaty
Data missing from the primary study reports was
requested by the investigators.

ETHICS

The study was a retrospective data analysis, wierh
approved by the Institution of Scientific Reseanfh
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Sun Yat-sen Memorial Hospital, and did not require
patient consent. All aspects of the study conforreed
the ethical guidelines of the Declaration of Hetsin
1964, as revised in Tokyo 2004.

STATISTICS

A multiple linear regression model was developed
using the stepwise method, according to the least
absolute value of the standardized partial regovassi
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 medi
residual survival.

RESULTS

Trial Flow

According to the pre-set inclusion and exclusion
criteria, 1,682 potentially eligible published peape
were included. Of these, 21 papers conformed to the
inclusion criteria [3, 4, 5, 6, 7, 14, 19, 20, 22, 23,

24, 25, 26, 27, 28, 29, 30, 31, 32, 33]. Of thebeld
papers conformed to the exclusion criteria [3, 414,

19, 20, 21, 22, 23, 24, 25]; therefore, 10 papers
involving 2,679 patients were finally included B, 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 thedad
scale were included in present study [5, 6, 26,287,
29, 30, 31, 32, 33]; only one trial was a Phase Il
randomized controlled trial and the others weresBha
lIl randomized controlled trials. All detailed cigal
characteristics were summarized in Table 1. Because
different cut-offs of performance status were used
stratify patients in the original trials, perforntan
status was considered as an unreliable variabtauin
multiple linear regression analyses in order toiGvo
artificial error.

Linear Regression of Median Overall Survival

Three of the variables (stage of disease, combimati
chemotherapy, and second-line chemotherapy) entered
into the stepwise multiple linear regression shoaad
independent positive correlation to median overall
survival (overall r=0.753; P=0.003). The detailed
results are shown in Table 2. The coefficient coragu

for second-line chemotherapy demonstrated that
median overall survival would be prolonged for @05
months (about 1.56 days) if second-line chemotherap
was increased by 1%.
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Table 1 Characteristics of selected trials.

Trial Treatment No. of Age Frequency of Frequency of Second-lineProgressionf Residual Median Jadad
casesMedian (range) male gender local advanced treatment ree survival survival overall score
(M:F ratio)  pancreatic cancer (months)  (months) survival
(months)

Colucciet al. Gem 199 63 (37-75) 56.8% (113:86) 33 (16.6%) 53.1% 3.9 4.4 8.3 4
2010 [26] Gem+DDP 201 63 (35-75) 62.2% (125:76) 31 (15.4%) 40.9% 3.8 3.4 7.2
Heinemanret al. Gem 97 66 (43-85) 61.9% (60:37) 20 (21.1%) 16.5% 31 2.9 6.0 3
2006 [27] Gem+DDP 98 64 (37-82)  65.3% (64:98) 20 (20.0%) 15.8% 5.3 2.2 75
Louvetet al. Gem 156 60.1(22-75) 53.0% (83:73) 47 (30.0%) 55.0% 3.7 34 7.1 3
2005 [6] Gem+Oxa 157 61.3 (35-77) 60.0% (94:63) 50 (32.0%) 55.4% 5.8 3.2 9.0
Rocha Limaetal. Gem 180 60.2 (32.3-82.9)53.3% (96:73) 24/169 (14.2%) 46.0% 3.0 (TTP) 3.6 6.6 4
2004 [28] Gem+lri 180 63.2 (38.7-81.2)67.2% (103:73) 27/175 (15.4%}) 39.0% 3.5 (TTP) 2.8 6.3
Stathopoulogtal. Gem 70  64.0 (44-83) 60.0% (42:28) 10 (14.0%) 31.4% 2.9 (TTP) 3.6 6.5 4
2006 [29] Gem+Iri 60  64.0 (31-84) 65.0% (39:21) 13 (22.0%) 35.0% 2.8(TTP) 3.6 6.4
Cunninghanetal. Gem 266 62.0 (26-83) 58.0% (153:113) 76 (29.0%) 16.9% 3.8 24 6.2 4
2009 [5] Gem+Cap 267 62.0 (37-82) 60.0% (160:107) 80 (30.0%) 19.1% 5.3 1.8 7.1
Herrmanret al. Gem 159 NA 53.0% (85:74) 34 (21.0%) 56.6% 3.9 3.3 7.2 3
2007 [30] Gem+Cap 160 NA 54.0% (86:74) 32 (20.0%) 55.6% 4.3 4.1 8.4
Reniet al. Gem 47 59 (25-69) 51.1% (24:23) 14 (29.8%) 53.2% 33 57 9.0(cure) 4
2005 [31] PEFG 52 62 (37-69) 46.2% (24:28) 15 (28.8%) 42.3% 5.4 3.6 9.0
Bramhallet al. Gem 119 62 (37-85) 59.7% (71:48) 32 (27.0%) 19.3% 3.6 (TTF) 1.9 55 5
2002 [32] Gem+Mar 120 62 (32-83) 57.5% (69:51) 364 (30.0%) 17.5% 3.0(TTF) 25 55

Di Costanzeetal. Gem 48 64 (34-75) 48.0% (23:25) 13 (27.0%) 30.0° 3.3 3.7 7.0 3
2005 [33] Gem+5-FU 43 62 (44-75) 63.0% (27:16) 14 (33.0%) 30.0° 4.2 3.0 7.2

5-FU: 5-fluorouracil; Cap: capecitabine; DDP: ca&pi; Gem: gemcitabine; Iri: irinotecan; Mar: masistat; Oxa: oxaliplatin; PEFQisplatin
epirubicin, fluorouracil, and gemcitabine; TTF: &ro treatment failure; TTP: time to tumor progress
#Missing data of 11 and 5 cases were present iggheitabine alone and the gemcitabine plus ircategroups, respectively

® The investigators requested these data

Correlation between Median Progression-Free
Survival and Second-Line Chemotherapy

No variables were entered into the stepwise praeedu
when considering median progression-free survigal a
a dependent variable. In particular, univariatelysis
showed that second-line chemotherapy and median
progression-free survival had no significant catien
(r=0.092; P=0.701) (Figure 2).

Correlation between Median Residual Survival and
Second-Line Chemotherapy

Unlike the non significant relationship between med
progression-free survival and second-line chemo-
therapy, second-line chemotherapy had unique
variables entering the stepwise procedure whenanedi
residual survival was considered as a dependent
variable, showing a positive significant correlatio
(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 wa

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 sirrib
other studies [27, 30, 34, 35]. A positive corrielat
between second-line chemotherapy and median overall
survival suggested that median overall survival dou
be prolonged about 1.56 days if patients accepted
second-line chemotherapy increased by 1% (t=4.33;
P=0.001). Theoretically, median overall survivaluleb

be increased by about 9 days in absolute valubeif t
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 regrassio
analyses showed that second-line chemotherapydas n
significant correlation with progression-free suwmli

Table 2 Linear regression analyses of median overall satv{Overall r=0.753; P=0.003).

Model Regression coefficient Standardized partial t value Significance
(B£SE; months) regression coefficient (Beta)

Constant 4.04+0.87 - 4.64 P<0.001

Combination chemotherapy 0.490+£0.357 0.229 1.37 BB

Stage 0.041+0.028 0.247 1.48 P=0.160

Second-line chemotherapy 0.052+0.012 0.722 4.33 (B30

The positive regression coefficient (B) shows thatal advanced disease (stage), combination cheragip (gemcitabineembinatior
chemotherapys. single agent gemcitabine) and second-line chesnafly (frequency of patients who had second-linenditerapy) have

positive correlation with median overall survival.
SE: standard error
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Figure 2. Relationship between median progresdie®-survival an
second-line chemotherapiinear regression showed a correla
coefficient of 0.092 which meant that the sectind-chemotherag
and progressiofree survival had no significant correlat
(P=0.701).

(r=0.092; P=0.701). The residual survival rate
estimates the time-interval between the date afadie
progression after first-line chemotherapy to theedz
death or that censored at the last follow-up.
Theoretically it should be related to second-line
chemotherapy and the best supportive care. Oultsesu
indicated that residual survival is positively telh to
second-line chemotherapy (r=0.717; P<0.001); that i
the statistical model correlated to clinical preetand
this seems to be reasonable.

A standardized partial regression coefficient can b
used to analyze the exact effect of each variable o
overall survival. In our study, the standardizedtiph
regression coefficient of second-line chemotherapy
0.722, which was obviously larger than the varialdé
combination chemotherapy (0.229) and locally
advanced disease (0.247). In other words, secord-li
chemotherapy had the biggest contribution to safviv
benefit. In the trials selected, median overallvisa

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 approximatelif ha
the median overall survival. Our model pointed gt
reason why second-line chemotherapy had the gteates
contribution to overall survival. At the same tinig,
indirectly influenced overall survival through resal
survival.

Although, based on our analysis, second-line
chemotherapy positively correlated to survival bigne

in advanced pancreatic cancer, it still did notveers
whether advanced pancreatic cancer would benefit
from second-line chemotherapy. One could argue that
patients who live longer have a greater opportuafty
being treated with second-line chemotherapy. Howeve
several small phase Il clinical trials have indéchta
potential advantage in overall survival if secom|
chemotherapy was used [36, 37]. The median overall
survival rate was about 3-5 months, which seemed
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Figure 3. Relationship between residual survival and sedred-
chemotherapyLinear regression showed a correlation coefficif
0.717 which meant that the secdime chemotherapy and resid
survival had a significant positive correlation (F301).

even better than our results (residual survivalaédm

3.3 months). In addition, a phase Il clinical tria
showed that oxaliplatin plus folinic acid and
5-fluorouracil was superior as the best supportisee

in the second-line chemotherapy of advanced
pancreatic cancer with progression after gemcitabin
[38]. Therefore, it seemed that patients treateth wi
second-line chemotherapy would survive longer.
However, our study had the following limitationg: i
data were collected based on published literature o
information supplied by authors but not on indiatiu
patient data. Although we tried to request indiadu
patient data for our study, it was difficult to get the
information we needed. Therefore, according to a
linear correlation analysis carried out between the
abstract data in the literature and individual gratdata
[39], which maintained that either method was felasi

in high quality meta-analyses, in our situation ¢vweh

no individual patient data were available) it was
acceptable to carry out meta-analyses through adtstr
data in the literature; ii) only 10 clinical triagsipplied
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 vegre n
the same. Therefore, we could not arrive at a
conclusion as to the effective regimen for secone-|
chemotherapy, based on our study. However, Mancuso
et al. [40] found that DNA repair gene excision repair
cross complementing 1 could influence overall stali
time to progression and response to chemotherapy. |
indicated additional translational research bydzaal
selection of populations in the second-line chemo-
therapy field and iii) it was reported that perfamase
status was an important prognostic factor in adednc
pancreatic cancer [30]. However, we could not arely
the correlation between performance status andativer
survival because the patients were stratified based
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different categories of performance status in the
various trials, which might have affected the etumat
and final results. On the other hand, some migipier
that patients in the early stage of disease coukl |
longer and arrive at second-line treatment, whidadhin
affect overall survival. In our data, no signifitan
correlation was found between second-line treatment
and stage of the disease (r=-0.149; P=0.531). Agtho
the definition of the best first-line chemotherapy
regimen is presently a very difficult task, emphkasin
second-line chemotherapy might be an effective @fay
improving overall patient survival. In order to gai
more experience, we suggest that oncologists inted
more details about patients receiving second-line
chemotherapy in clinical research reports aftast-fine
chemotherapy fails in pancreatic cancer. We alstsad
more biological research in addition to clinical
research.

In conclusion, second-line chemotherapy might affec
the survival benefit of patients with advanced
pancreatic cancer. Depending on the level of effica
achieved with first-line chemotherapy, physicians
should pay more attention to second-line chemofhera
and should conduct additional clinical trials tglkexe

the value of second-line chemotherapy. On the other
hand, pemetrexed, as a second-line drug, can les giv
immediately with a survival benefit for non-smadlic
lung cancer with stable disease after first-line
chemotherapy [41]. Recently, a retrospective study
indicated that capecitabine could be used safelp as
maintenance agent in gastrointestinal cancer [42].
Therefore, second-line chemotherapy, given
immediately in patients without progression after
first-line chemotherapy, might improve overall sual

in advanced pancreatic cancer; this fact is wodhy
additional study in future.
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