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Abstract: For advanced gastric cancer patients who have recurrence and metastasis after having received first-line
chemotherapy, effective and reasonable second-line chemotherapy can extend the survival time and improve the
quality of life. Irinotecan has been confirmed to be an effective second-line chemotherapy drug for advanced gastric
cancer. However, the specific regimen remains controversial. Through meta-analysis, this study compared the effica-
cy and safety of irinotecan monotherapy and irinotecan-based combined therapy. Relevant literature was retrieved
from the Cochrane Central Register of Controlled Trials, MEDLINE, and EMBASE databases. Data were arranged and
classified according to the traditional format. The outcome measures were OS (overall survival), PFS (progressive
free survival), ORR (overall response rate), DCR (disease control rate), and grade 3-4 adverse events. Compared
to irinotecan monotherapy, irinotecan-based combined therapy could significantly increase PFS (HR 0.78, 95% ClI
0.63-0.98; P=0.03) and DCR (OR=1.62; 95% CI 1.10-2.37; P=0.01). However, there was no significant difference
in OS (HR 0.89, 95% CI 0.71-1.11; P=0.31) and ORR (OR=1.55; 95% CI 0.94-2.55; P=0.09). In addition, pooled
data revealed no significant difference in safety profiles for both grade 3/4 hematologic and grade 3/4 non-hema-
tological events between the two groups. Treatment of advanced gastric cancer using irinotecan (CPT-11)-based
second-line thermotherapy could significantly prolong PFS and increase DCR of patients. In addition, compared to
irinotecan monotherapy, this combined therapy did not significantly increase serious toxic side effects of chemo-
therapy. Therefore, we recommend irinotecan-based combined chemotherapy as the second-line thermotherapy
regimen for advanced gastric cancer.
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Introduction select reasonable and effective systemic che-
motherapy regimens for improving survival

Gastric cancer is the second-leading cause of rates and the quality of life of patients with

cancer death worldwide (17.9 million disability-
adjusted life-years in 2013). In East-Asian
areas with a high incidence of gastric cancer,
the estimated mortality rates are even higher
[4, 2]. In addition, there are no typical clinical
symptoms at the early stage of gastric cancer,
and many patients already have distant metas-
tasis at their first visit; therefore, the opportu-
nity forsurgical treatment may have already
passed. Even for patients who receive surgical
treatment for gastric cancer, more than 50%
haveadvanced gastric cancer, resulting in an
unfavorable long-term prognosis [3]. Therefore,
in addition to surgical therapy, it is necessary to

advanced gastric cancer.

Currently, the use of fluoropyrimidines and
derived drugs based on combined chemothera-
py regimens as the standard first-line chemo-
therapy regimen for the treatment of advanced
gastric cancer has received an extensive con-
sensus; these include the EOX [4] and DCF
[5] regimens extensively used in Europe and
America as well as the SP regimen [6] used
as the standard in Asian areas. However, for
patients with advanced gastric cancer, the
overall response rate (ORR) of the above first-
line chemotherapy regimens was found to be
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only 37%-54%, and the free-progressive sur-
vival (FPS) was only 5.6-7.0 months. A certain
number of patients still had disease progres-
sion, recurrence, and metastasis after received
first-line chemotherapy.

For the aforementioned advanced gastric can-
cer patients with first-line therapy failure, the
selection of second-line chemotherapy regi-
mens could significantly extend the overall sur-
vival (0OS) of patients [7-9]. As one of the major
second-line chemotherapy drugs for advanced
gastric cancer, irinotecan has shown certain
efficacy in many phase lll clinical studies [7, 8].
A meta-analysis study of the second-line che-
motherapy versus the best supportive care
(BSC) in advanced gastric cancer showed that
the median OS of patients was 4.0-5.3 months
in the irinotecan monotherapy group and 2.4-
3.8 months in the BSC group; the survival time
of the former group was significantly longer
than that of the latter (HR 0.55, 95% Cl 0.40-
0.77, P=0.0004) [10]. However, based on a
comprehensive consideration of the efficacy
and safety of these drugs, the selection of irino-
tecan monotherapy or irinotecan-based com-
bined chemotherapy remains controversial.
Therefore, this present study aimed to use
meta-analysis to compare the efficacy and
safety of irinotecan monotherapy and irinote-
can-based combined therapy.

Materials and methods
Literature collection

We retrieved literature publicly published in the
Cochrane Central Register of Controlled Trials,
MEDLINE, and EMBASE databasesprior to June
30", 2015. The search terms were “gastric
or gastroesophageal or gastroesophagus or
esophagogastric or stomach”, “cancer or neo-
plasm or carcinoma or malignant or malignan-
cy”, “irinotecan or CPT-11", “second-line or sal-
vage”, and “chemotherapy or chemotherapeu-
tic or antineoplastic agent”. The search scope
was limited in titles, abstracts, or keyword lists.
In addition, we searched the reference lists of
relevant articles/reviews and used the “related
articles” feature in PubMed to identify addition-
al articles. Furthermore, we also searched
abstracts and presentations included in the
American Society of Clinical Oncology (ASCO)
conferences from 2005 to 2015 to identify rel-
evant but unpublished studies.
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Inclusion and exclusion criteria of the litera-
ture screening

Two researchers independently evaluated the
retrieved literature. The inclusion criteria in-
cluded the following: 1) patients were patho-
logically diagnosed with advanced gastric can-
cer (surgical radical resection could not be per-
formed or there was postoperative recurrence
and metastasis) and patients did not receive
radiotherapy or chemotherapy within 1 month
before the study; 2) literature related to the
comparison of efficacy (PFS, 0S, ORR, or DCR)
and toxic side effects on the treatment of
advanced gastric cancer between irinotecan
monotherapy and irinotecan based combined
therapy; 3) the study design was a clinical retro-
spective study or phase II/Ill controlled study;
and 4) the original literature had clear follow-up
censored data, and the follow-up rate was
>95%. Studies were excluded if they included
only the response rates and did not report sur-
vival analysis or the number of cases was fewer
than 30 cases. Study features from the above
published articles were extracted and then
summarized and analyzed using the same
method and standard. When the same patient
population was published in several studies,
only the newest, largest, or most complete
study was selected.

Quality evaluation

The quality of the RCT studies was evaluated
by two independent researchers using the
Cochrane Handbook for Systematic Reviews of
Interventions [11]. The study quality of the non-
randomized studies was evaluated using the
Newcastle-Ottawa Quality Assessment Scale
for cohort studies [12]. When there was a dif-
ference of opinions, the results were discussed
by the two researchers, or athird independent
researcher was consulted.

Data extraction

Two independent researchers used the tradi-
tional format to arrange and classify data, and
consistent opinions were obtained for each
item. Data collected from the included studies
included the following: 1) general information
such as the first author, publication year, num-
ber of enrolled patients, ethnicity, male ratio,
and mean age; 2) study features such as the
type of experimental design, treatment sched-
ule, median PFS, median OS, HR of PFS or 0OS
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180 references were identified from Cochrane Library,
MEDLINE, EMBASE, ASCO for retrieval

Figure 1. Flowchart of
the search process.

to the inclusion criteria, 146
studies were excluded after

146 studies excluded by title or abstract examination:
Case reports or review articles (68)
Pharmacogenomic studies (47)

Studies without control setting (31)

careful reading of the ab-
stracts. After the entire arti-
cles of the remaining 34

A 4
I 34 potentially appropriate studies for further evaluation I

studies were carefully re-
viewed, 29 studies were

29 references excluded:

N Combined surgery (8)

- Lack of sufficient information (16)
Patients number less than 30 (5)

excluded due to discrepan-
cies in the methods, a lack
of sufficient information, or
a small number of total

A 4
I 5 studies included in meta-analysis I

and the corresponding 95% CI, ORR, and DCR;
and 3) grade 3 or 4 adverse drug events.

Statistical analysis

Statistical analysis was performed using Re-
view Manager 5.3 software. The primary end-
points of this study were PFS and OS. The cor-
relation between chemotherapy regimens and
primary endpoints was presented using HR and
the corresponding 95% Cl. The secondary end-
points in this study were ORR, DCR, and adverse
events (AEs). According to Response Evaluation
Criteria in Solid Tumors, ORR included partial
and complete response rates. DCR referred to
the ratios of patients with partial response,
complete response, and stable diseases. The
odds ratio (OR) represented the correlation
between the chemotherapy regimen and the
ORR of the irinotecan-based combination che-
motherapy arm over the irinotecan monothera-
py arm. The AEs of the included studies were
evaluated using the common toxicity criteria of
the National Cancer Institute (version 2). A fixed
effects model was conducted to pool the HR
or OR. The heterogeneity test was performed
based on the traditional Q test and the I index
using standard methods. Values of P<0.05 or
’>30% in the Q test were considered indicative
of the presence of heterogeneity. The source of
heterogeneity was explored using sensitivity
analysis, subgroup analysis, or the random-
effects model. Publication bias was evaluated
using a Funnel plot. Whenthe two-tailed P
value wasless than 0.05, the result was
considered statistically significant.

Results
Eligible studies

A total of 180 references were retrieved using
our initial search algorithm (Figure 1). According
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cases (Table 1). Finally, 5

studies with 532 cases of

patients were included in
this meta-analysis [13-17]. There were 240
cases (45.1%) in the irinotecan-based com-
bined therapy group and 292 cases (54.9%) in
the irinotecan monotherapy group. The total
number of patients enrolled in the studies
ranged between 46 and 163, and the mean
age of the patients ranged from 19 to 82 years
old. The clinical characteristics of the patients
in the included studies are listed in Table 1.

Evaluation of study quality

Among the 5 studies included in this study, 3
studies were randomized controlled trial (RCT)
studies and 2 studies were retrospective stud-
ies. The quality of the two retrospective studies
was evaluated using the Newcastle-Ottawa
Quality Assessment Scale for cohort studies
[15, 17]. The results were quality scores with a
total of 8 stars (3 stars for selection, 2 stars
for comparability, and 3 stars for outcomes,
respectively). The quality of the three RCT stud-
ies was evaluated using the Cochrane Hand-
book for Systematic Reviews of Interventions
[13, 14, 16]. All RCT studies reported sufficient
generation of the allocation sequence, and
two studies [13, 14] reported allocation
concealment (concealed to the investigators).
All included studies did not report blinding.
All three RCT studies did not have patients
lost to follow-up. In addition, all studies
were level B. The risk of bias for the three RCT
studies is listed in Table 2.

PFS and OS

HR and the corresponding 95% CI for PFS and
OS were directly extracted from the three RCT
studies. Univariate analysis was performed to
calculate the HR and the corresponding 95% Cl
from the references for PFS. The Q-test (Chi-
square=0.94, P=0.63, I’=0.0%) did not indi-
cate the presence of heterogeneity. Therefore,
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Table 1. Baseline characteristics of the included studies

PS0O-1 mAge, mPFS, mOsS,

Publication - . . .
Authors year Ethnicity Study design Group Patients Chemotherapy regimen (Group) (%) (years) (months) (months)
Hiquchi K [13] 2014 Japan RCT (Phrase lll) CPT-11+CDDP 64 Irinotecan 60 mg/m? + cisplatin 30 mg/m?,  100% 66 3.8 10.7
day 1, 2w
CPT-11 66 Irinotecan 150 mg/m? day 1, g2w 100% 67 2.8 10.1
Nishikawa K [14] 2015 Japan  RCT (Phrase lll) CPT-11+CDDP 82 Irinotecan 60 mg/m? + cisplatin 30 mg/m?,  100% 67 4.6 13.9
day 1, 2w
CPT-11 81 Irinotecan 150 mg/m?2 day 1, g2w 100% 68 4.1 12.7
Oba M [15] 2011 Japan Retrospective CPT-11+CDDP 42 Irinotecan 70 mg/m? day 1, 15 + cisplatin 100% 58 2.7 8
80 mg/m?, day 1, q4w
CPT-11 92 Irinotecan 150 mg/m? day 1, g4w 99% 61 2.6 9.8
Sym SJ [16] 2013 Korea RCT (Phrase Il) CPT-11+5-Fu+LV 30 Irinotecan 150 mg/m?2 + LV 20 mg/m? + 90% 61 3.0 6.7
5-FU 2000 mg/m?>48 h, day 1, g2w
CPT-11 29 Irinotecan 150 mg/m? day 1, g2w 93% 60 2.2 5.8
Ueda A [17] 2013 Japan Retrospective CPT-11+MMC 22 Irinotecan 150 mg/m? + MMC 5 mg/m?, 91% 62 3.9 9.6
day 1, q2w
CPT-11 24 Irinotecan 150 mg/m?, day 1, g2w 100% 65 3.7 8.7

PS, performance status; mAge, median age; mPFS, median progression-free survival; mOS, median overall survival.

Table 2. Quality of RCTs used in the meta-analysis

Authors Sequence generation Allocation concealment Blinding Incomplete outcome Selective reporting Other bias
Hiquchi K Yes Yes Unclear Yes Yes Yes
Nishikawa K Yes Yes Unclear Yes Yes Yes
Sym SJ Yes Unclear Unclear Yes Yes Yes

Yes=low risk of bias; Unclear=moderate risk of bias; No=high risk of bias.

Irinotecan based therapy Irinotecan monotherapy Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio]  SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Higuchi K 2014 -0.39 019 64 B3 35.9% 0.68[0.47,0.98] —
Nishikawa K 2015 -015 017 82 81 449% 0.86[0.62,1.20] —&—
Sym SJ 2013 -019 0.26 30 29 19.2% 0.83(0.50,1.38)] e
Total (95% CI) 176 173 100.0% 0.78[0.63, 0.98] -
Heterogeneity: Chi*= 0.94, df=2 (P = 0.63); F= 0% 50 y 0*2 IJ:S é é 10=
Testfor overall effect Z=2.14 (P = 0.03) Irinotecan based therapy Irinotecan monotherapy

Figure 2. Standard forest plot of the hazard ratios (HR) for progressive free survival comparing irinotecan-based combined chemotherapy with irinotecan mono-
therapy. Cl, confidence interval.
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Irinotecan based therapy Irinotecan monotherapy Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio]  SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Higquchi K 2014 0 019 64 63 37.3% 1.00[0.69,1.45)
Nishikawa K 2015 -019 017 82 81 466% 083[0.59,1.19)
Sym 8J 2013 -0.19 0.29 30 29 16.0% 0.83[0.47,1.46)
Total (95% Cl) 176 173 100.0% 0.89[0.71, 1.11]

Heterogeneity: Chi*= 063, df= 2 (P=0.73); F= 0% b r 1

o : 01 02 0.5 1 2 5 10
Testfor overall eflect Z=1.03 (P = 0.31) Irinotecan based therapy Irinotecan monotherapy

Figure 3. Standard forest plot of the hazard ratios (HR) for overall survival comparing irinotecan-based combined chemotherapy with irinotecan monotherapy. Cl,
confidence interval.

Irinotecan based therapy Irinotecan monotherapy Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M_-H, Fixed, 95% CI
Higuchi K 2014 14 64 10 63 31.7% 1.48 [0.60, 3.65)
Nishikawa K 2015 11 65 10 67 33.0% 1.16 [0.46, 2.95]
Oha M 2011 7 35 6 74 12.4% 283([0.87,9.18) T
Sym SJ 2013 B 30 5 29 16.4% 1.20[0.32, 4.47] I a—
Ueda A 2013 4 21 2 21 6.5% 2.24[0.36,13.78]
Total (95% CI) 215 254 100.0%  1.55[0.94, 2.55] -
Total events 42 33
Heterogeneity: Chi*= 1.69, df= 4 (P= 0.79); F= 0% ! i

L0 A 0.01 0.1 1 10 100
Testfor overall effect Z=1.71 (P = 0.09) Iinotecan based therapy Irinotecan monotherapy

Figure 4. Standard forest plot of the odds ratios of the overall response rates comparing irinotecan-based combined chemotherapy with irinotecan monotherapy.

Cl, confidence interval.

Irinotecan based therapy Irinotecan monotherapy Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Higuchi K 2014 48 64 34 63 20.9% 256[1.21,543] —
Nishikawa K 2015 45 65 42 67 31.0% 1.34 [0.65, 2.76) B
Oha M 2011 19 35 40 74 286% 1.01 [0.45, 2.26) —
Sym SJ 2013 17 30 14 29 15.0% 1.40[0.50, 3.91] -
Ueda A2013 18 21 13 21 45% 3.69([0.82, 16.66]
Total (95% CI) 215 254 100.0%  1.62[1.10, 2.37] S
Total events 147 143
Heterogeneity: Chi* = 4.23, df= 4 (P = 0.38); F= 5% 1001 0f1 ) 1=0 100:

Testfor overall effect Z=2.44 (P=0.01) Irinotecan based therapy Irinotecan monotherapy

Figure 5. Standard forest plot of the odds ratios of the disease control rates coparing irinotecan-based combined chemotherapy with irinotecan monotherapy. Cl,
confidence interval.
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Table 3. Outcome of the toxicity comparing irinotecan-based therapy versus irinotecan monotherapy
as the second-line treatment in gastric cancer (grades 3 and 4)

Toxicity Trials

Irinotecan-based Irinotecan mono- _Heterogeneity

OR (95% Cl) P value

therapy (%) therapy (%)  Pvalue I? (%)
Hematological
Leucopenia 4 28 (16) 28 (12) 0.15 44 1.24[0.56,2.76] 0.60
Neutropenia 4 81 (41) 66 (33) 0.75 0 1.41[0.93,2.11] 0.10
Febrile neutropenia 4 7 (4) 0.22 32 1.73[0.38,7.88] 0.48
Anemia 5 39 (16) 20 (7) 0.05 58 2.76[0.93,8.24] 0.07
Thrombocytopenia 5 4(2) 0.78 0 1.22[0.34,4.33] 0.76
Non-hematological
Fatigue 5 14 (6) ) 0.26 24  1.17][0.55,2.50] 0.68
Anorexia 5 24 (10) ) 0.21 31 1.17[0.56,2.43] 0.68
Nausea 4 10 (5) ) 0.42 0 1.22[0.50,2.96] 0.67
Diarrhea 5 7 (3) ) 0.32 14 0.76[0.31,1.88] 0.55

the meta-analysis used the fixed effects model.
The final results indicated that AGC patients
who received irinotecan-based combined ther-
apy experienced a longer PFS than those who
received irinotecan monotherapy (HR 0.78,
95% Cl 0.63-0.98, P=0.03), as shown in Figure
2. The HR and corresponding 95% CI from the
references for OS were calculated using univar-
iate analysis. We also foundno heterogeneity
using the Q-test (Chi-square=0.63, P=0.73,
?=0.0%) with the fixed-effects model. As shown
in Figure 3, pooled data from these 3 studies
indicated that there was no significant differ-
ence in the OS benefit between irinotecan-
based combined therapy and irinotecan mono-
therapy (HR 0.89, 95% CI 0.71-1.11, P=0.31).
The results ofthe sensitivity analysis of PFS
and OS suggested that our findings were
statistically robust. The funnel plot showed
no publication bias for either PFS or 0OS

(Supplementary Figures 1, 2).
ORR and DCR

All five eligible studies reported raw data on
tumor ORR, which included complete and par-
tial tumor responses. Because no heterogene-
ity was found across studies (Chi-square=1.69;
P=0.79; ’=0.0%), the fixed-effects model could
be used to perform the meta-analysis. Pooled
data from these studies showed an overall ORR
of 19.5% for the irinotecan-based combined
regimens (42/215) and 13.0% for the irinote-
can monotherapy (33/254); the difference
between the two groups was not significant
(OR=1.55; 95% CI 0.94-2.55; P=0.09) (Figure
4).
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DCR data were extracted from all eligible stud-
ies, which included patients with complete/par-
tial response and stable disease. The fixed
effects model was used based on limited het-
erogeneity by the Q-test (Chi-square=4.23;
P=0.38; I’=5%). The final results indicated that
the DCR of patients with irinotecan-based com-
bined therapy was 68.4% (147/215), whereas
that of patients with irinotecan monotherapy
was 56.3% (143/254), indicating that com-
bined therapycould improve the DCR for AGC
patients compared with monotherapy (OR=
1.62; 95% Cl 1.10-2.37; P=0.01) (Figure 5).

The results of the sensitivity analysis of ORR
and DCR suggest that our findings were statisti-
cally robust. No publication bias the ORR or
DCR was detected based on funnel plot analy-

sis (Supplementary Figures 3, 4).

Toxicity

All five trials reported grade 3 or grade 4 toxici-
ty results. The toxicity profile analyses for eligi-
ble trials are shown in Table 3. The most com-
mon grade 3/4 hematologictoxicities were
neutropenia in both arms, andthe most fre-
quent grade 3/4 non-hematological toxicities
were anorexia for each arm. There was a signifi-
cant heterogeneity (’>30%) in the pooled OR
of leucopenia, febrile neutropenia, anemia and
anorexia; thus, a randomized-effect model was
applied. Pooled data revealed no significant dif-
ference in the safety profiles for both grade 3/4
hematologic and grade 3/4 non-hematological
events. In addition, irinotecan monotherapy
group had 2 cases of treatment-related deaths;
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these patients died of septic shock [16] and
respiratory failure due to pulmonary embolism
[17]. There were no treatment-related deaths in
the irinotecan-based combined therapy group.

Discussion

A large number of clinical trials have confirmed
that first-line chemotherapy can significantly
extend the survival time of patients with
advanced gastric cancer. However, even the
well-known S-1 Plus cisplatin versus S-1 In RCT
In the Treatment for Stomach cancer (SPIRITS)
trial showed that although S-1 plus cisplatin
(CDDP) combined first-line chemotherapy could
extend the median OS of advanced gastric can-
cer patients for more than 1 year (13.0 months),
the median PFS was only 56 months and 74%
of patients received subsequent second-line
chemotherapy after the presence of drug resis-
tance to the first-line therapy [18]. Therefore,
for advanced gastric cancer, the selections of
active and reasonable second-line chemother-
apy based on the disease conditions of patients
is an important measure to extend the survival
time of patients and improve the quality of life
of patients.

Irinotecan (CPT-11) is a derivative of camptoth-
ecin that binds reversibly to DNA topoisomer-
ase-1 and induces cancer cell death by pre-
venting religation of single-strand DNA breaks.
Thuss-Patience et al. reported that compared
to BSC, CPT-11 single-drug second-line therapy
(250 mg/m? every 3 weeks, increased to 350
mg/m? depending on the toxicity) could signifi-
cantly increase the OS (HR=0.48; 95% ClI,
0.25-0.92; P=0.023) of advanced gastric can-
cer patients who were previously treated with
only one regimen [7]. In addition, Goto et al.
performed retrospective studies on patients
with metastatic advanced gastric cancer who
were treated with different second-line chemo-
therapy regimens and showed that irinotecan-
containing regimens were the independent
prognostic factoraffecting patients with meta-
static advanced gastric cancer (HR: 0. 165;
95% Cl: 0. 041-0. 665) [19]. These results
suggest that CPT-11 is a key novel agent in
the treatment of advancedgastric cancer in a
second-line setting. However, currently, the
specific treatment regimen using irinotecan in
the second-line chemotherapy for advanced
gastric cancer remains inconclusive. Some
early non-controlled phase |l clinical studies
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confirmed that in the irinotecan monotherapy
regimen, the tumor reactive rate reached 12.5-
20% and the median OS was 5 to 5.2 months
[20-22]. In the irinotecan-based combined
with 5-fluorouracil/leucovorin (5-FU/LV) thera-
py group, the tumor reactive rate reached 12.3-
29% and the median OS was 6.2-7.6 months
[23-25], whereas in the irinotecan-based com-
bined with CDDP therapy group, the tumor reac-
tive rate reached 25-31% and the median 0S
was 5-5.6 months [26, 27]. However, due to a
lack of large-scale clinical case controlled stud-
ies, the selection of irinotecan monotherapy
currently remains similar to that of the first-line
chemotherapy regions. Thus, the selection of
irinotecan-based combined chemotherapy con-
tinues to be controversial.

This study performed a meta-analysis on the
prognostic indicators of the treatment of
advanced gastric cancer between irinotecan
monotherapy and irinotecan-based combined
therapy. The results showed that irinotecan-
based combined chemotherapy could signifi-
cantly increase the disease control rate (OR=
1.62; 95% Cl 1.10-2.37; P=0.01) of advanced
gastric cancer patients, which was associated
with a risk reduction of PFS by 22% (HR 0.78,
95% CI 0.63-0.98, P=0.03). Although the meta-
analysis showed that there was no statistically
significant difference between the OS of pati-
ents of the irinotecan-based combined therapy
group and the monotherapy group, all RCTs
studies included herein showed that the medi-
an 0S values in the irinotecan-based combined
chemotherapy group (6.7-13.9 months) were
all longer than those in the irinotecan mono-
therapy group (5.8-12.7 months). In addition, In
Japan and South Korea, when patients who
received the second-line chemotherapy have
disease progression, more than 70% patients
would receive other third-line chemotherapy
drugs. Therefore, different subsequent therapy
regimens may also be confounding factors
affecting the OS results of patients in these
two groups [14, 28].

All patients included in this meta-analysis
received fluoropyrimidines or platinum-based
first-line chemotherapy, whereas in the second-
line therapy, the irinotecan-combined chemo-
therapy drugs were mainly fluoropyrimidines or
CDDP. The study results showed that in the
second-line therapy, irinotecan combined with
drugs used in the first-line chemotherapy could

Int J Clin Exp Med 2016;9(7):13712-13722



Irinotecan-containing treatment for advanced gastric cancer

still yield a relatively satisfactory disease con-
trol efficacy. In the study of Higuchi et al.,
approximately 56% patients received platinum-
based first-line chemotherapy before being
included in the study; however, the study re-
sults also showed that irinotecan combined
with CDDP could significantly extend the PFS
of patients compared to the irinotecan mono-
therapy (HR 0.68, 95% CI 0.47-0.98). Sub-
sequent sub-group analysis also showed that
for advanced gastric cancer patients who had
received platinum-based therapy, the PFS
of patients in the irinotecan combined with
CDDP group was significantly extended com-
pared to that in the irinotecan monotherapy
group (HR 0.80; 95% CI 0.49-1.28). Based on
the above results, we speculate that irinotecan-
based combined second-line chemotherapy
regimens have a synergistic effect and can
improve the incidence of drug resistance
caused by the first-line chemotherapy.

It is well known that palliative therapy should
consider a balance of symptom control and tox-
icity and focus on improving the quality of life of
patients. Therefore, in this study, we compared
and analyzed the grade 3-4 toxic side effects of
irinotecan-based combined chemotherapy and
that of monotherapy. When the differences of
the incidence of 9 items of common hemato-
logical and non-hematological complications
after chemotherapy were compared, we found
that bone marrow inhibition (reduction of neu-
trophils and anemia) was still the major toxic
side effect of irinotecan-based second chemo-
therapy. Although the irinotecan-based com-
bined arm had a tendency to have a greater
incidence of adverse events than the irinotecan
monotherapy, there was no significant differ-
ence between the two groups. In addition,
treatment was generally well tolerated, and
most of adverse events were manageable in
both groups. It is worth noting that in this meta-
analysis, there were only two chemotherapy-
related deaths, which were patients in the irino-
tecan monotherapy group [16, 17]; in contrast,
the irinotecan-based combined therapy group
did not have any treatment-related deaths. The
following two reasons may explain why the inci-
dence of toxic side effects of chemotherapy
was lower in this study: 1) adequate organ func-
tion and an Eastern Cooperative Oncology
Group performance status (PS) of O or 1 were
confirmed when the patients were enrolled in
the study, and all patients had relatively strong
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tolerance to chemotherapy; and 2) the dose of
the chemotherapy drug was properly reduced
or the medication cycle was extended, and
thus, a balance point between the efficacy and
the toxic side effects of drugs was achieved.
Therefore, during the selection of irinotecan-
based combined second-line therapy, if the
indication population is strictly selected and
reasonable medication is applied, serious toxic
side effects can be prevented.

After evaluation and analysis of the above
results, we found that this present study still
had a certain limitation. First, two of the eligible
studies in our meta-analysis were not RCTs [15,
17]. This defect of the study quality had a cer-
tain effect on our analytic results; however,
those studies did not influence the final results.
Second, only five studies involving 532 AGC
patients were included in this meta-analysis,
and the relatively small sample size might not
have had sufficient statistical power to detect a
true association. Third, in this study, the che-
motherapy drugs used in the irinotecan-based
combined therapy were mainly 5-FU or CDDP,
where as treatment using a combination of
irinotecan with trastuzumab [29] and ramuci-
rumab [30], which have been confirmed to be
effective targeted drugs in the treatment of
advanced gastric cancer, was not involved.
Finally, because all of the studies included in
this analysis were conducted in Asia, these
conclusions need to be confirmed in additional
high-quality RCTs and in Western studies.

Overall, our study shows that compared with iri-
notecan monotherapy, irinotecan-based com-
bined chemotherapy is favorable for advanced
gastric cancer patients after first-line chemo-
therapy failure, with an improved clinical bene-
fit in term of PFS and DCR. In addition, there
was no significant difference in the safety of
these two chemotherapy regimens. Therefore,
based on the results of this meta-analysis, we
recommend irinotecan-based combined che-
motherapy as the second-line thermotherapy
regimen for advanced gastric cancer.
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Supplementary Figure 2. Funnel plot for overall survival.
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Supplementary Figure 3. Funnel plot for the overall response rate.
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Supplementary Figure 4. Funnel plot for the disease control rate.



