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Abstract. The concept of the UDP glucuronosyltransferase 
family 1 member A1 genotype-directed schedule of irinotecan 
administration is still far from being introduced into clinical 
practice, and the efficacy and toxicity of irinotecan are in part 
schedule-dependent. The objective of the present meta-analysis 
was to determine the efficacy and adverse effects of 3-weekly vs. 
weekly irinotecan for the treatment of solid tumors. The PubMed, 
EMBASE and Cochrane Library databases and the search 
engines Google Scholar and Medical Martix were searched 
for randomized controlled trials to compare the two regimens 
of irinotecan administration. The results of the meta-analysis 
indicated that the 3-weekly regimen yielded a longer time to 
progression, while other measures of efficacy, such as the objec-
tive response rate and overall survival of patients with solid 
tumors were similar between the two regimens of irinotecan 
administration. Furthermore, the group receiving the 3-weekly 
regimen had a lower incidence of grade 3/4 diarrhea and a higher 
rate of grade 3/4 neutropenia compared with the group receiving 
the weekly regimen. However, these results require confirmation 
by large-sample, multicenter, randomized, controlled trials.

Introduction

Ir inotecan (CPT-11), a semisynthetic derivative of 
camptothecin, is a topoisomerase-I inhibitor, which is 
active against a variety of solid tumors, including advanced 
colorectal, pulmonary, gastric and ovarian cancer (1,2). 
Irinotecan is a prodrug, which is hydrolyzed by liver carbo-
xylesterase to produce the active metabolite SN‑38 (3). 
SN‑38 is eliminated by glucuronidation, which depends on 
hepatic UDP glucuronosyltransferase family 1, member A1 
cluster (UGTA1) enzymes (4). Genotype UGT1A1*28 has been 

found to be associated with decreased SN‑38 glucuronidation; 
thus, irinotecan-induced diarrhea and neutropenia may be 
increased in patients with the UGT1A1*28/*28 genotype (5). 
While several UGT1A1 genotype-directed administration 
schedules of irinotecan are currently under evaluation (6-8), 
the concept of heritable biological marker-guided dosing is 
new and requires further evaluation prior to introduction in 
clinical practice (9).

Three schedules of irinotecan administration are currently 
in clinical use, namely weekly, bi-weekly and tri-weekly 
schedules, among which administration once every 3 weeks 
and a weekly 90-min infusion are the ones most commonly 
used and compared (10,11). The dose-limiting side effects 
of the two schedules are neutropenia and diarrhea. Several 
comparative clinical trials have been performed to investi-
gate whether the efficacy of irinotecan is schedule‑dependent 
and others have suggested that the toxicity profiles may be 
distinctive for different schedules irrespective of the geno-
type (5,12‑18). However, these trials have not been conclusive 
regarding the differences between the two commonly used 
regimens. Therefore, a meta-analysis of all these individual 
data is required to determine the differences.

The objective of the present meta-analysis, which 
was based on all the data from randomized controlled 
trials (RCTs), was to compare the efficacy and toxicity 
profiles of the two different schedules of irinotecan, used 
alone or in combination with other drugs in the treatment of 
various solid tumors with the aim of determining the optimal 
administration schedule for this drug.

Materials and methods

Literature search. The electronic databases PubMed, 
EMBASE and Cochrane Library were searched for entries of 
suitable studies available prior to November, 2015 using the 
following search terms: (irinotecan OR CPT-11 OR Campto 
OR Camptosar) AND (administration OR dosage OR 
schedule OR regimen OR weekly). There were no language 
or publication status restrictions.

Inclusion criteria. Patients who were histologically or 
cytologically diagnosed with solid carcinomas and who 
had received irinotecan, alone or in combination with other 
chemotherapeutic drugs, were included.

Measures of outcome. The objective response rate (ORR), 
median time to progression (TTP), overall survival (OS) and 
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the incidence of adverse effects, including neutropenia and 
diarrhea, were assessed in the present study.

Regimens. The regimens compared in the present meta-anal-
ysis were 3-weekly vs. weekly irinotecan for the treatment of 
solid tumors.

Data extraction. The titles and abstracts of all identified trials 
were screened by two authors independently for inclusion 
criteria. Disagreements were resolved by consensus. The same 
two authors extracted data independently using standard data 
extraction forms.

Quality assessment of the studies. The quality of the studies 
was assessed by two independent authors. Discrepancies 
were resolved by discussion with another author. Quality was 
assessed based on randomization, allocation concealment, 
blinding (participants, investigators, outcome assessors and 
data analysis), loss to follow-up and intent-to-treat (ITT) anal-
ysis. The trials were graded as A, B or C following the criteria 
of Cochrane with the aim of assessing all types of bias (19).

Statistical analysis. Quantitative meta-analyses were 
performed to compare the efficacy and adverse effects 
between the 3-weekly and weekly groups. Forest plots were 

Table I. Characteristics of included studies.

Authors (Refs.) Group Tumor type Treatment Patients (n) Administration schedule

Bajetta et al (12) q3w Metastatic First‑line 68 CPT‑11 240‑300 mg/m2 d1 +
  colorectal carcinoma   CAP 1,250 mg/m2 d2-15 twice
     daily, q3w
 qw   66 CPT-11 120-150 mg/m2 d1,8 +
     CAP 1,250 mg/m2 d2-15 twice
     daily, qw
Borner et al (13) q3w Metastatic First-line 37 CPT-11 240-300 mg/m2 d1 +
  colorectal carcinoma   CAP 1,000 mg/m2 d1-14 twice
     daily, q3w
 qw   38 CPT‑11 70 mg/m2 d1,8,15 +
     CAP 1,000 mg/m2 d1-14 twice
     daily, qw
Fuchs et al (14) q3w Metastatic Second-line 190 CPT-11 300-350 mg/m2 d1 q3w
  colorectal carcinoma
 qw   94 CPT-11 125 mg/m2 weekly for
     4 weeks followed by a 2-week
     interval
Mascarenhas et al (15) q3w Rhabdomyosarcoma Second-line 47 CPT-11 50 mg/m2 d1-5 +
     vincristine 1.5 mg/m2 d1,8 twice
     daily, q3w
 qw   42 CPT-11 20 mg/m2 d1-5 of
     weeks 1, 2, 4 and 5 + 
     vincristine 1.5 mg/m2 d1,8
     twice daily, qw
Perez et al (16) q3w Metastatic Second-line 51 CPT-11 240 mg/m2 d1 q3w
  breast cancer or beyond
 qw   53 CPT-11 100 mg/m2 d1
     weekly for 4 weeks followed by a 
     2-week interval
Schoemaker et al (17) q3w Metastatic Second-line 41 CPT-11 350 mg/m2 d1 q3w
  colorectal carcinoma
 qw   37 CPT-11 125 mg/m2 d1 weekly
     for 4 weeks followed by a
     2-week interval
Tsavaris et al (18) q3w Advanced Second-line 60 CPT-11 350 mg/m2 d1 q3w
  colorectal carcinoma
 qw   60 CPT-11 175 mg/m2 d1,10 qw

CPT-11, irinotecan; CAP, capecitabine; qw3, every 3 weeks; qw, every week.
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generated using Review Manager software version 5.3 (http://
tech.cochrane.org/revman/download). The risk ratio (RR) was 
calculated along with its 95% confidence intervals (CI) for 
dichotomous data and the standard mean difference (SMD) 
was used for continuous outcomes. Statistical heterogeneity 
between studies was assessed by means of I2 statistics. I2<25% 
was considered to indicate a low level of heterogeneity, 
I2=25-50% moderate-level and I2>50% high-level heteroge-
neity. A fixed‑effects model was used for calculations if there 
was no significant heterogeneity, while a random‑effects model 
was applied if clinical and methodological heterogeneity 
were present. All statistical outcomes were two-sided and the 
significance threshold was set at P<0.05.

Results

Study selection. The literature search yielded 1,821 studies, of 
which 1,814 were excluded due to irrelevant content, not meeting 
the inclusion criteria, repeated content or non-randomization. 
Finally, 7 RCTs (12-18), comprising a total of 884 patients, were 
included in the present meta-analysis. Among these, 3 RCTs 
included regimens in which irinotecan was used in combina-
tion with other therapeutic drugs (12,13,15) and 4 RCTs used 
irinotecan alone (14,16-18).

Characteristics of included studies and quality assess-
ment. The characteristics of the studies assessed are listed 
in Table I and the results of quality assessment are shown 
in Table II. The overall quality of the studies was moderate to 

low (grades B and C). All 7 studies were randomized (12-18). 
Bajetta et al (12) used a computer-generated randomization list, 
Fuchs et al (14) used electronical randomization, Perez et al (16) 
used a dynamic allocation procedure and Tsavaris et al (18) 
used closed envelopes, while the method of randomization was 
not specified in the remaining 3 studies (13,15,17). None of 
the 7 studies mentioned allocated concealment. One study did 
not use blinding (17), while blinding was not mentioned in the 
remaining 6 studies (12-16,18). One study reported on loss to 
follow-up without ITT analysis (12) and 2 studies reported on 
loss to follow-up and performed ITT analysis (14,17), while the 
remaining studies did not describe loss to follow‑up (13,15,16,18).

Efficacy
ORR. Six trials provided an ORR (12,14,15-18). As there 
was no heterogeneity between these trials (P=0.71; I2=0%), a 
fixed‑effects model was used. The meta‑analysis revealed no 
significant difference between the 3-weekly and weekly groups 
regarding ORR (RR=1.04; 95% CI: 0.81-1.33; P=0.78) (Fig. 1).

TTP. Five trials reported on TTP (13,14,16-18). As there 
was no heterogeneity between these trials (P=0.32; I2=14%), 
a fixed‑effects model was used. The meta-analysis revealed a 
significant difference in favor of the 3-weekly group regarding 
TTP (SMD=‑0.89; 95% CI: -1.66 to -0.13); P=0.02 (Fig. 2).

OS. Five trials (13,14,16-18) reported on OS. Due to hetero-
geneity among these trials (P=0.07; I2=54%), a random-effects 
model was used. The meta‑analysis revealed no significant differ-
ence between the 3-weekly and weekly groups (SMD=-0.10, 
95% CI: -2.53 to 2.34, P=0.94) (Fig. 3).

Table II. Quality assessment of included studies.

  Allocated  Loss to follow-up Quality
Authors (Refs.) Randomization concealment Blinding and dropout grade

Bajetta et al (12) Adequate n.s. n.s. Yes without ITT analysis B
Borner et al (13) n.s. n.s. n.s. No B
Fuchs et al (14) Adequate n.s. n.s. Yes with ITT analysis  B
Mascarenhas et al (15) n.s. n.s. n.s. No B
Perez et al (16) Adequate n.s. n.s. No B
Schoemaker et al (17) n.s. n.s. Not used Yes with ITT analysis  C
Tsavaris et al (18) Adequate n.s. n.s. No B

ITT, intent‑to‑treat; n.s., not specified.

Figure 1. Objective response rate. CI, confidence interval; M‑H, Mantel‑Haenszel model; df, degree of freedom.
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Adverse effects
Diarrhea. All 7 trials (12-18) reported on the incidence of diar-
rhea. As there was no heterogeneity between the trials (P=0.94; 
I2=0%), a fixed‑effects model was used. The meta‑analysis 
revealed that the incidence of diarrhea in the 3-weekly group 
was significantly lower compared with that in the weekly 
group (RR=0.59; 95% CI: 0.47-0.74; P<0.00001) (Fig. 4).

Neutropenia. Six trials reported on the incidence of 
neutropenia (13-18). As there was no heterogeneity between 
these trials (P=0.48; I2=0%), a fixed‑effects model was used. 

The meta-analysis revealed that the incidence of neutropenia 
in the 3-weekly group was significantly higher compared 
with that in the weekly group (RR=1.30; 95% CI: 1.02-1.65; 
P=0.03) (Fig. 5).

Discussion

The results of the present meta-analysis revealed that the 
3-weekly and weekly regimens of irinotecan administration 
had a similar efficacy interms of ORR and OS, while the TTP 

Figure 3. Overall survival. SD, standard deviation; df, degree of freedom; CI, confidence interval.

Figure 4. Incidence of grade-3/4 diarrhea. M-H, Mantel-Haenszel model; df, degree of freedom; CI, confidence interval.

Figure 5. Incidence of grade-3/4 neutropenia. M-H, Mantel-Haenszel model; df, degree of freedom; CI, confidence interval.

Figure 2. Time to progression. SD, standard deviation; df, degree of freedom; CI, confidence interval.
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tended to be longer with the 3-week regimen. Furthermore, 
the 3-weekly group had a lower incidence of grade 3/4 diar-
rhea compared with the weekly group, while the incidence of 
grade 3/4 neutropenia was higher in the 3-weekly group.

Irinotecan is a widely used chemotherapeutic drug that 
is effective against several solid tumors, with a single-agent 
response rate of 12-50% (20,21). The primary toxicities of irino-
tecan are diarrhea and neutropenia, the severity of which has 
been shown to be partly associated with UGT1A1*28, a germline 
genetic variant affecting the elimination of SN‑38. Several trials 
and a meta-analysis demonstrated that the UGT1A1*28/*28 
genotype is associated with an increased risk of neutropenia and 
diarrhea, and that this association was dose-dependent (5,22). 
Genotype-directed dosing has been investigated by a series 
of studies (6-8); however, its integration into the clinical prac-
tice remains scant and this drug is still dosed by body surface 
area according to almost all guidelines. Furthermore, SN‑38 
accounts for only 14% of the total interindividual variability in 
the absolute neutrophil count nadir (9), suggesting that additional 
factors may lead to neutropenia. Among the factors contributing 
to irinotecan-related toxicity, schedule‑dependent toxicity has 
been most reliably confirmed (23). The present meta-analysis 
suggested that the toxicity patterns of the two different schedules 
were somewhat distinctive. The 3-weekly regimen was associated 
with a lower incidence of diarrhea but a higher rate of neutropenia 
compared with the weekly regimen. Furthermore, the 3-weekly 
regimen was superior in terms of TTP, although the OS was 
similar between the two regimens. Thus, the irinotecan treatment 
schedule should be selected according to the characteristics, 
physical status, convenience and preference of each patient.

The trials assessed in the present meta-analysis were hetero-
geneous in terms of OS. Treatment response not only depends on 
the chemotherapeutic schedule, but is also tumor type-dependent. 
Among the included trials, 5 investigated advanced or metastatic 
colorectal carcinoma (12-14,17,18), 1 investigated rhabdomyosar-
coma (15) and 1 was on breast cancer (16). Furthermore, in 2 of 
the studies, irinotecan was used as first‑line therapy in combina-
tion with capecitabine (12,13), while in the remaining studies, 
irinotecan monotherapy was used as a second- or further-line 
treatment. Moreover, OS tends to be affected by the subsequent 
treatment and several other unforeseen factors. Therefore, the 
differences in tumor type, treatment modality/schedule and 
patient characteristics may all contribute to the heterogeneity 
observed. In this context, ORR and TTP may reflect the acute 
efficacy of a therapy more accurately, in which heterogeneity was 
acceptable or absent. Mascarenhas et al (15) investigated rhab-
domyosarcoma patients aged <21 years; therefore, a sensitivity 
analysis was performed. The result demonstrated that there was 
no difference in the overall effect with or without this trial.

The quality of the studies included in the present 
meta-analysis was relatively low, which may limit the reli-
ability of the conclusions. Three trials did not report the 
details of randomization (13,15,17), whereas none of the trials 
specified whether allocated concealment was performed. 
Furthermore, 6 of the studies did not mention blinding, 
whereas the remaining study specified that blinding was not 
performed (17). In addition, 1 study reported loss to follow-up, 
while no ITT analysis was performed (12). All these factors 
may have led to selection, performance, measurement and 
attrition biases. Of the 7 the included trials, 3 were from the 

USA (14-16) and 4 from Europe (12,13,17,18), which may 
reduce the universality of the results. The relatively small 
sample size and the fact that most of the studies were rela-
tively old (>10 years) are also considered as limitations of 
the present meta-analysis. Therefore, it is recommended that 
more RCTs of high quality from different countries and with 
improved design are performed in the future.

In conclusion, the present meta-analysis suggested that, 
compared to the weekly regimen of irinotecan, the 3-weekly 
regimen yielded a similar ORR and OS, but a longer TTP. The 
two regimens exhibited distinctly different toxicity profiles: 
While the 3-weekly regimen was associated with a lower 
incidence of diarrhea, it had a higher rate of neutropenia 
compared with the weekly regimen. Thus, when selecting 
an irinotecan treatment schedule, cost-effectiveness, the 
patients' performance status and convenience should be 
taken into consideration.
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