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Conclusions This study suggests that irinotecan as third-
line treatment has an anti-tumor effect and is feasible with 
optimal dose modification for advanced gastric cancer.
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Introduction

Gastric cancer is the third leading cause of cancer death 
worldwide [1]. This is also the case in Japan, where 47,903 
patients died of this disease in 2014 [2]. The only treatment 
option for unresectable advanced gastric cancer (AGC) is 
chemotherapy. Fluoropyrimidine plus platinum doublet 
therapy is a standard first-line treatment not only in Japan 
but in worldwide based on the results of the JCOG 9912 
trial and SPIRITS trial [3, 4]. Although the standard treat-
ment after the failure of first-line treatment has not been 
established, several clinical trials demonstrated a survival 
benefit of second-line treatment for AGC compared with 
best supportive care (BSC) [5–8].

In the WJOG 4007 trial, a randomized phase 3 trial con-
ducted in Japan and there was a tendency for better overall 
survival (OS) and a better safety profile for paclitaxel than 
for irinotecan, as second-line treatment in patients with AGC 
[9]. Furthermore, in a randomized phase 3 trial (RAINBOW 
trial), the combination chemotherapy of ramucirumab plus 
paclitaxel as second-line treatment prolonged OS compared 
with placebo plus paclitaxel [hazard ratio (HR), 0.807, 95 % 
confidence interval (CI), 0.678–0.962] [10]. Thus, ramu-
cirumab plus paclitaxel doublet therapy is currently regarded 
as the standard treatment in a second-line setting [11].

Third-line treatment of AGC is expected to be devel-
oped in the near future; therefore, it is important to evaluate 
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the survival benefit of third-line treatment. After WJOG 
4007 trial [9] and RAINBOW trial [10], taxanes are used 
in second-line treatment, and irinotecan is more often used 
for third-line treatment in Japanese clinical practice. It is 
thought to be a problem that irinotecan monotherapy is 
deemed as standard treatment in third-line setting without 
elucidating its efficacy and safety sufficiently. Thus, we 
investigated the efficacy and safety of irinotecan as third-
line treatment for AGC.

Materials and methods

Patients

The subjects were patients with AGC treated with irinotecan 
monotherapy in a third-line setting between December 2003 
and July 2015 at the Shizuoka Cancer Center, Shizuoka, 
Japan. All data were retrospectively collected from elec-
tronic medical records. All procedures were in accordance 
with institutional and national standards on human experi-
mentation, as confirmed by the ethics committee of Shizuoka 
Cancer Center, and also with the Declaration of Helsinki 
of 1964 and later versions. Informed consent was obtained 
from all of the study participants. Inclusion criteria were as 
follows: (1) age of 75 years or less; (2) Eastern Cooperative 
Oncology Group (ECOG) performance status of 2 or less; 
(3) histologically proven metastatic gastric adenocarcinoma; 
(4) refractory or intolerant to fluoropyrimidines (fluorouracil, 
S-1, or capecitabine) or fluoropyrimidines plus platinum (cis-
platin or oxaliplatin) in a first-line setting; (5) refractory or 
intolerant to taxanes (paclitaxel, docetaxel, or nab-paclitaxel) 
in a second-line setting; (6) no prior chemotherapy with iri-
notecan; (7) adequate organ function [neutrophils ≥1500/µL, 
platelets ≥100,000/µL, bilirubin ≤1.5 times the upper limit 
of normal (ULN), aspartate aminotransferase ≤3.0 times 
ULN, alanine aminotransferase ≤3.0 times ULN]; (8) no 
other synchronous advanced cancer or other serious disease; 
and (9) without massive ascites. If ascites was confirmed in 
consecutive slices on computed tomography or ultrasonog-
raphy from liver to pelvis, it was defined as massive ascites. 
All patients provided written informed consent before the 
start of treatment.

Treatment

The approved dose of irinotecan in Japan is 150 mg/m2 
every 2 weeks. Therefore, irinotecan was started at 150 mg/
m2 in 250 ml of 5 % glucose solution by intravenous infu-
sion in 90 min, which was repeated every 2 weeks as one 
course. Treatment was repeated until disease progression, 
the occurrence of unacceptable toxicity, or the patient’s 
refusal to continue. In cases of severe toxicity, treatment 

was suspended until recovery. The dose of irinotecan was 
reduced to 120 or 100 mg/m2 depending on the toxicity or 
a physician’s judgment in any course. Dose intensity was 
calculated by dividing the total dose of drug by the duration 
of treatment.

Evaluation

Therapeutic effect was assessed approximately every 
2 months using computed tomography, tumor markers, and 
clinical manifestations. Tumor response was evaluated by 
the Response Evaluation Criteria in Solid Tumors (RECIST 
1.1) [12]. Symptomatic toxicity and laboratory data were 
monitored at least every 2 weeks. Toxicity was graded by 
the Common Toxicity Criteria for Adverse Events (CTCAE 
version 4.0).

Statistical analysis

OS was calculated from the date of initiation of irinotecan 
until death. Patients who were alive or for whom data were 
missing at the data cutoff were censored. Progression-free 
survival (PFS) was calculated from the date of initiation of 
irinotecan until progressive disease was confirmed. Patients 
for whom there was no information regarding progression 
were treated as censored cases. OS and PFS were estimated 
by the Kaplan–Meier method. All analyses were conducted 
using EZR statistical software, version 1.30 [13]. Efficacy 
analyses were performed by intention-to-treat. Safety anal-
yses included all patients who received at least one dose of 
irinotecan.

Results

Between December 2003 and July 2015, 79 patients were 
administered irinotecan as third-line treatment. Among 
them, 50 patients met the inclusion criteria and were ana-
lyzed (Fig. 1). Their characteristics are shown in Table 1. 
Forty patients (80 %) had an ECOG performance status of 
0 or 1. Eighteen patients (36 %) had undergone gastrec-
tomy, and 19 patients (38 %) had suffered mild or moder-
ate ascites. As first-line treatment, fluoropyrimidine plus 
platinum had been administered in 45 patients (90 %) and 
fluoropyrimidine alone in 5 patients (10 %). As second-line 
treatment, paclitaxel had been administered in 45 patients 
(90 %), nab-paclitaxel in 3 patients (6 %), and docetaxel in 
2 patients (4 %). 

Efficacy

Thirty-eight patients with measurable lesions were evalu-
ated for tumor response. Seven of these showed a partial 
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response (Table 2), yielding a response rate (RR) of 18.4 % 
and a disease control rate (DCR: partial response and sta-
ble disease) of 55.2 %. Overall, 14 patients (36.8 %) expe-
rienced shrinking of the measurable lesion (Fig. 2). The 
median follow-up time was 191 days in censored cases, as 
of the cutoff date of March 29, 2016. The median PFS was 
66 days (95 % CI 49–112) (Fig. 3), and the median OS was 
180 days (95 % CI 133–241) (Fig. 3).  

Safety

The hematological and non-hematological toxicities 
encountered are shown in Table 3. As for grade 3 or 4 
hematological toxicities, anemia occurred in 15 patients 
(30 %), leukopenia in 12 (24 %), neutropenia in 12 (24 %), 
and thrombocytopenia in 1 (2 %). As for grade 3 or 4 non-
hematological toxicities, fatigue occurred in 8 patients 
(16 %), anorexia in 7 (14 %), diarrhea in 4 (8 %), and 
febrile neutropenia in 3 (6 %). No treatment-related deaths 
occurred.

Treatment exposure

The median number of courses per patient was four (1–32). 
Thirteen patients required a dose reduction to 120 mg/m2 
or less from the initiation of irinotecan, as judged necessary 
by a physician. Sixteen patients required a dose reduction 
in a subsequent course: because of grade 3 or 4 gastroin-
testinal toxicity (diarrhea, nausea, vomiting) in ten patients, 
fatigue in four, grade 3 neutropenia in three, and as judged 
necessary by a physician in two.

The median dose intensity was 56.3 mg/m2/week, which 
corresponded to 78 % of the standard dose. A dose reduc-
tion by 20 % of baseline dose was required in 23 patients, 
and by over 20 % in 6 patients. The treatment was dis-
continued in 49 patients: due to disease progression in 48 
patients and death due to another disease in 1.

Twenty patients (40 %) received subsequent chemo-
therapy after the failure of treatment with irinotecan. Fluo-
ropyrimidine-based chemotherapy was administered in 13 
patients (26 %) and taxanes in 5 (10 %) (Table 4).

Discussion

Some reports have been published about the outcome 
of third-line treatment for AGC [14–16]. We previously 
reported the efficacy and safety of weekly paclitaxel for 
AGC in a third-line setting and suggested that third-line 
treatment for AGC had anti-tumor activity [14]. A retro-
spective study in Korea also suggested that biweekly FOL-
FIRI regimen including irinotecan as third-line treatment 
might have survival benefit: OS and PFS were 5.6 and 

Irinotecan as third-line treatment

(N=79)

Analyzed

(N=50)

Not meeting inclusion criteria (N=29)

Age (N=4)

Pathology (N=4)

First-line treatment (N=4)

Second-line treatment (N=10)

Adequate organ function (N=2)

Synchronous advanced cancer or other serious 

disease (N=3)

Massive ascites (N=2)

Fig. 1  Patients’ flow diagram

Table 1  Patients’ characteristics (n = 50)

Number %

Age (years)

 Median (range) 66 (33–75)

Sex

 Male 36 72

 Female 14 28

Performance status (ECOG)

 0 7 14

 1 33 66

 2 10 20

Gastrectomy

 (+) 18 36

 (−) 32 64

Histology

 Intestinal-type dominant 21 42

 Diffuse-type dominant 26 52

 Unknown 3 6

Number of metastatic sites

 1–2 43 86

 3–4 7 14

Metastatic sites

 Lymph node 31 62

 Peritoneum 28 56

 Liver 23 46

 Bone 4 8

 Ascites 19 38

Prior treatment

 First line

  Fluoropyrimidine + platinum 45 90

  Fluoropyrimidine 5 10

 Second line

  Paclitaxel 45 90

  Nab-paclitaxel 3 6

  Docetaxel 2 4
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2.1 months, respectively, and RR was 9.6 % [16]. In Japan, 
although irinotecan is commonly used as third-line treat-
ment in clinical practice based on the results of the WJOG 
4007 trial, the treatment outcome of irinotecan monother-
apy in a third-line setting is still unclear. Therefore, we 
investigated the efficacy and safety of irinotecan monother-
apy as third-line treatment. In terms of the efficacy, the RR 

and survival time in this study were similar to those in pre-
vious studies in a second-line setting [17, 18]. Ten patients 
achieved a PFS of over 180 days; however, we could not 
identify any predictive markers of increased survival. Con-
sidering that the OS in the BSC group after second-line 
treatment was only 2.4 to 4.3 months in previous clini-
cal trials [5–8, 19] and the survival time of our study was 
longer than that of Korean study [16], irinotecan monother-
apy might be regarded as an available treatment option for 
AGC in a third-line setting. While 57 % of study partici-
pants in that Korean study were needed initial dose reduc-
tion, 26 % were needed in this study [16]. Irinotecan mono-
therapy may be more feasible regimen probably because 
FOLFIRI regimen is a burden for patients in salvage line.

The most common adverse event in this study was ane-
mia, probably because the study participants had undergone 
intensive treatment and many of them had primary lesions 
that might cause occult bleeding. Indeed, 46 of 50 patients 
had suffered severe anemia of grade 1 or more before 
the initiation of irinotecan. Worsening of anemia by over 
one grade compared with that at baseline occurred in 29 
patients; however, anemia was not related to the discontinu-
ation of irinotecan. The incidences of anorexia and fatigue 
were higher than in previous studies [17, 18], probably 
because more AGC patients in a third-line setting had peri-
toneal dissemination or ascites. Adverse events were man-
ageable because the incidence of such events was generally 
consistent with those in previous reports [17, 18] and no 
treatment-related deaths occurred. However, four patients 
died due to disease progression within 30 days of the final 
dosage of irinotecan. The selection of patients who are suit-
able for chemotherapy in a third-line setting seems to be 

Table 2  Response to irinotecan (n = 38)

Patients with measurable lesions

Response Number of patients %

Complete response 0 0

Partial response 7 18.4

Stable disease 14 36.9

Progressive disease 16 42.1

Not evaluable 1 2.6

Fig. 2  Waterfall plot of maximum percent shrinkage of the target 
lesion by RECIST

Fig. 3  Survival time: a progression-free survival; b overall survival
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necessary because chemotherapy can worsen the quality of 
life and shorten overall survival in some cases.

Now that evidence for first and second-line stand-
ard treatments has been established, the development 
of chemotherapy regimens after a second-line setting is 
anticipated. A phase 3 study in China, which compared 
the efficacy and safety of apatinib with those of a placebo, 
showed a survival benefit in third-line treatment: OS and 
PFS were 6.5 months (HR 0.709; 95 % CI 0.537–0.937) 
and 2.6 months (HR 0.444; 95 % CI 0.331–0.595), respec-
tively, and RR was 2.84 % [15]. This is the first phase 3 
study demonstrating the survival benefit of a vascular 
endothelial growth factor receptor-targeted drug as third-
line treatment. The OS and PFS associated with apatinib 
administration were similar to those in our study. In addi-
tion, while apatinib is currently available only in China, 
irinotecan can be used worldwide. Therefore, the develop-
ment of irinotecan-based regimens may be preferable. In 
fact, a clinical trial evaluating the efficacy and safety of iri-
notecan plus ramucirumab compared with those of irinote-
can monotherapy is now being planned in Japan. Further-
more, a phase 3 study to investigate the effect of avelumab, 

an immune-checkpoint inhibitor, compared with the phy-
sician’s choice (irinotecan, paclitaxel, or BSC) in AGC 
patients for whom second-line treatment failed is ongoing 
(NCT02625623). The results of the current study may thus 
be useful as reference data for these new clinical trials.

The limitations of this study include its retrospective 
nature, the fact that it was performed in a single institution, 
its small sample size, and its potential for selection bias. 
In addition, the general condition of patients who are able 
to receive third-line treatment is usually favorable: They 
might thus be more sensitive to chemotherapy.

In conclusion, to the best of our knowledge, this is the 
first study to report the efficacy and safety of irinotecan 
monotherapy as third-line treatment for patients who are 
intolerant or refractory to standard treatment. Irinotecan 
monotherapy as third-line treatment might have an anti-
tumor effect and is feasible with optimal dose modification 
for advanced gastric cancer.
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