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ABSTRACT

Background. Irinotecan-based chemotherapy is a standard
backbone of therapy in patients with metastatic colorectal can-
cer (CRC) or gastric cancer (GC). However, there is still a paucity
of information concerning the efficacy and safety of irinotecan-
based regimens in elderly patients.
Patients and Methods. Using the patient cohort (n 5 1,545)
from the UGT1A1 genotype study, we compared the efficacy
and safety between elderly and nonelderly patients with meta-
static CRC (n 5 934) or GC (n 5 611) who received first- or
second-line FOLFIRI (irinotecan, leucovorin, and 5-fluorouracil)
chemotherapy.
Results. Despite lower relative dose intensity in elderly
patients, progression-free survival and overall survival were
similar between elderly (age �70 years) and nonelderly (<70
years) patients in the CRC cohort (hazard ratio [HR], 1.117; 95%

confidence interval [CI], 0.927–1.345; p 5 .244, and HR, 0.989;
95% CI, 0.774–1.264; p 5 .931, respectively) and the GC cohort
(HR, 1.093; 95% CI, 0.854–1.400; p 5 .479, and HR, 1.188; 95%
CI, 0.891–1.585; p 5 .241, respectively). In both cohorts, febrile
neutropenia (22.1% vs. 14.6% in CRC cohort and 35.2% vs.
22.5% in GC cohort) and asthenia (grade 3: 8.4% vs. 1.7% in
CRC cohort and 5.5% vs. 2.9% in GC cohort) were more fre-
quent in elderly patients. In the CRC cohort, mucositis and ano-
rexia were more frequent in elderly patients. In the GC cohort,
nausea and vomiting were less frequent in elderly patients.
Conclusion. The efficacy of the FOLFIRI regimen was similar
between elderly and nonelderly patients in both the CRC and
the GC cohorts. However, special attention should be paid to
elderly patients because of increased risk for febrile neutrope-
nia and asthenia.The Oncologist 2017;22:293–303

Implications for Practice: The efficacy of FOLFIRI (irinotecan, leucovorin, and 5-fluorouracil) chemotherapy in elderly patients with
metastatic colorectal cancer or gastric cancer was similar to that in nonelderly patients. However, special attention should be paid
to elderly patients because of the increased risk for febrile neutropenia and asthenia. These data suggest that the FOLFIRI regimen
could be considered as a standard backbone of therapy in elderly patients with metastatic colorectal cancer or gastric cancer and
that the clinical decision between doublet and singlet chemotherapy may not be based solely on age. However, the data require
further assessment of frailty and performance status.
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INTRODUCTION

Irinotecan-based chemotherapy is an established standard
backbone of therapy in patients with metastatic colorectal can-
cer (CRC) or gastric cancer (GC). Many clinical studies have
demonstrated that irinotecan-based regimens are active in
both CRC and GC [1–6]. The FOLFIRI regimen, consisting of iri-
notecan, leucovorin, and 5-fluorouracil (5-FU), has been widely
used to treat patients with these diseases [1, 3, 4, 6]. However,
there is still concern as to whether the results from these stud-
ies can be applied to the elderly subset of patients because the
experience of the FOLFIRI regimen in elderly patients is limited.

For metastatic CRC, a previous analysis of patients enrolled
in randomized controlled trials suggested that patients older
than 70 years achieved similar benefits from irinotecan-
containing chemotherapy as younger patients, and the toxicity
profile was also similar [7]. In addition, another study of irinote-
can plus fluoropyrimidine combination chemotherapy showed
a similar efficacy and toxicity between patients older than 70
years and those younger than 70 years [8]. However, a recent
study demonstrated a conflicting result that the addition of iri-
notecan to infusional 5-FU-based chemotherapy did not signifi-
cantly increase the clinical outcome in CRC patients older than
75 years of age [9]. Therefore, it is still under debate whether
irinotecan plus fluoropyrimidine doublet chemotherapy could
be a standard mainstay for elderly patients with metastatic
CRC. In metastatic GC, previous studies support that an
irinotecan-based regimen could be an effective therapeutic
option in elderly patients [10, 11]. However, the experience of
irinotecan-based chemotherapy is still limited in this subset of
patients.

This study aimed to compare the efficacy and toxicity of
FOLFIRI regimen as first-line or second-line chemotherapy
between elderly patients and nonelderly patients with meta-
static CRC and GC. We analyzed a patient cohort from a previ-
ous study that aimed to investigate the association between
irinotecan toxicity and UGT1A1 polymorphisms in metastatic
CRC and GC patients treated with the FOLFIRI regimen [12].

MATERIALS AND METHODS

Patient Population
This study analyzed the aforementioned patient population
(n 5 1,545), which consisted of 934 CRC patients and 611 GC
patients [12]. The cohort prospectively enrolled patients with
metastatic CRC and GC who had not been treated previously or
in whom first-line chemotherapy had failed. Between January
2009 and April 2012, a total of 33 hospitals in Korea partici-
pated in this study. Patients were required to have an Eastern
Cooperative Oncology Group (ECOG) performance status (PS)
of 0–2. In addition, eligibility required adequate hematologic,
renal, and hepatic function, defined as a neutrophil count� 1.5
3 109/L, a platelet count� 100 3 109/L, total bilirubin� 1.5 3

upper limit of normal (ULN), aspartate aminotransferase and
alanine aminotransferase levels� 2.5 3 ULN, alkaline phospha-
tase levels� 2.5 3 ULN, and serum creatinine levels� 1.5 3

ULN. Patients were excluded if they were previously treated
with irinotecan or had severe active infection, chronic diarrhea,
paralytic ileus, pulmonary fibrosis, or interstitial pneumonia at
the time of study entry. Patients who were pregnant or breast-
feeding were also excluded. UGT1A1 *6 and *28 polymorphisms

were analyzed in all patients in the original study [12]. Patients
who had one polymorphism of *6 or *28 (i.e., *1/*6 or *1/*28)
were classified as one defective allele (DA) carriers. Those who
had two polymorphisms of *6 or *28 (i.e., *6/*6, *28/*28, or
*6/*28) were defined as two DA carriers.

FOLFIRI Regimens
Irinotecan at a dose of 150 mg/m2 or 180 mg/m2 of body sur-
face area (BSA) was administered on day 1. The dose of irinote-
can was chosen according to the physician’s preference
without any guidance of the UGT1A1 genotype. Two different
5-FU and leucovorin regimens were permitted in this study.
The original de Gramont regimen comprised l-leucovorin at a
dose of 200 mg/m2 or dl-leucovorin at a dose of 400 mg/m2

for 2 hours on days 1 and 2 and a 5-FU bolus at a dose of
400 mg/m2, followed by 5-FU infusion at a dose of 600 mg/m2

for 22 hours on days 1 and 2 [13]. The simplified de Gramont
regimen consisted of a 2-hour infusion of l-leucovorin at
200 mg/m2 or dl-leucovorin at 400 mg/m2 on day 1, followed
by 5-FU bolus at 400 mg/m2 and 5-FU 46-hour infusion at
2,400 mg/m2 [1]. The treatment was repeated every 2 weeks.
Initial dose reduction and subsequent dose reduction and delay
were based on the study protocol (supplemental online Table
1). For nonhematologic toxicity, 5-FU dose modifications were
based on the discretion of the treating physician. Relative dose
intensity (RDI) (percentage) was calculated as follows: [(cumula-
tive actual dose of a chemotherapeutic agent per BSA) 3

(planned treatment duration)]/[(cumulative planned dose per
BSA) 3 (actual treatment duration)]. Planned dose of each che-
motherapeutic agent was 180 mg/m2 for irinotecan, 400 mg/
m2 for 5-FU bolus, and 2,400 mg/m2 for 5-FU infusion. Planned
treatment duration was 14 days per cycle. The mean RDI for
each cohort was calculated by using the mean RDIs per patient.

Study Objectives
The primary objective of this study was to compare the efficacy
of the FOLFIRI regimen among age groups of patients in both
the CRC and GC cohorts. Our primary hypothesis was that
progression-free survival (PFS) and overall survival (OS) in elderly
patients (age� 70 years) would be noninferior to those in non-
elderly patients (<70 years) with a margin of 1.50 for the upper
boundary of the 95% confidence interval (CI) of the hazard ratio
(HR). In addition, the baseline demographic characteristics and
treatment efficacy data were further divided according to treat-
ment lines and the following three age groups: patients younger
than 70 years, those aged 70–74 years, and those older than 75
years. The secondary aim was to analyze the toxicity profile of
the FOLFIRI regimen among age groups, according to primary
disease.

Acquisition of Clinical Data
Treatment response was evaluated by the Response Evaluation
Criteria in Solid Tumors, version 1.0 [14]. PFS was calculated
from the initiation of chemotherapy to documented disease
progression or death from any cause. OS was calculated from
the start of chemotherapy to death from any cause. Adverse
events were assessed in all patients by using the National Can-
cer Institute’s Common Terminology Criteria for Adverse Events
version 3.0.
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Statistical Analysis
Statistical analysis of categorical variables was performed by
using Pearson’s chi-square test or Fisher’s exact test, as appro-
priate. Analysis of variance test was used to compare three dif-
ferent groups consisting of continuous variables. Post hoc
power calculation for a noninferiority log rank test was per-
formed by using PASS software, version 11 (NCSS, LLC, Kaysville,
UT, https://www.ncss.com). The median PFS and OS were cal-
culated by using the Kaplan-Meier method. Survival data were
compared by using the log-rank test. A Cox proportional hazard
model was used to perform multivariable analysis and to calcu-
late HRs using the survival data. The multivariable analyses
were performed to adjust the effects of other baseline clinical
variables, including UGT1A1 genotype, sites of metastatic dis-
ease, prior adjuvant therapy, and treatment line. All statistical
tests were two-sided, with significance defined as p< .05. All
analyses were performed by using SAS software, version 9.4
(SAS Institute Inc., Cary, NC, http:/www.sas.com) and R 3.2 (R
Foundation, Vienna, Austria).

Ethical Considerations
Signed informed consent was obtained from all patients before
study entry. The original trial was registered at ClinicalTrials.gov
as number NCT01271582. This study protocol was reviewed
and approved by the institutional review board of each partici-
pating hospital and conducted in accordance with the precepts
established by the Helsinki Declaration.

RESULTS

Patient Characteristics
The baseline characteristics of patients in the CRC cohort are
summarized in Table 1. The numbers of patients were as fol-
lows: 780 younger than 70 years, 106 aged 70–74 years, and 48
older than 75 years. Sex, body mass index, ECOG PS, site of
metastasis, and histologic features were not significantly differ-
ent among the age groups. The distribution of the UGT1A1

genotype, however, was significantly different among the age
groups: Patients older than 75 years were less likely to have

Table 1. Baseline characteristics of patients in the colorectal cancer cohort

Characteristics
Age<70 yr
(n 5 780)

Age 70–74 yr
(n 5 106)

Age�75 yr
(n 5 48) p value

Median age (range), yr 58 (20–69) 72 (70–74) 77 (75–84)

Sex, n (%)

Male 502 (64.4) 69 (65.1) 34 (70.8) .689

Female 278 (35.6) 37 (34.9) 14 (29.2)

Mean body mass index (SD), kg/m2 23.0 (3.1) 23.2 (3.3) 23.0 (3.3) .801

UGT1A1 genotype, n (%)

0 DA 353 (45.3) 38 (35.8) 30 (62.5) .022

1 DA 335 (42.9) 57 (53.8) 16 (33.3)

2 DAs 92 (11.8) 11 (10.4) 2 (4.2)

ECOG PS, n (%)

0–1 780 (100) 106 (100) 48 (100) 1.000

2 0 (0) 0 (0) 0 (0)

Site of metastasis, n (%)

Liver 447 (57.3) 58 (54.7) 29 (60.4) .789

Lung 257 (32.9) 35 (33.0) 22 (45.8) .184

Lymph node 216 (27.7) 28 (26.4) 15 (31.3) .823

Peritoneum 121 (15.5) 11 (10.4) 6 (12.5) .339

Pathologic features, n (%)

Adenocarcinoma 737 (97.1) 99 (96.1) 46 (100) .806

Mucinous carcinoma 12 (1.6) 3 (2.9) 0 (0)

Signet ring cell carcinoma 6 (0.8) 1 (1.0) 0 (0)

Others 4 (0.5) 0 (0) 0 (0)

Previous surgery: yes, n (%) 507 (65.0) 78 (73.6) 30 (62.5) .191

Previous adjuvant chemotherapy: yes, n (%) 229 (29.4) 36 (34.0) 16 (33.3) .551

Previous radiotherapy: yes, n (%) 100 (12.9) 11 (10.5) 7 (14.9) .706

Treatment line, n (%)

First line 573 (73.5) 72 (68.0) 25 (52.8) .004

Second line 207 (26.5) 34 (32.0) 23 (48.0)

Abbreviations: CRC, colorectal cancer; DA, defective allele; ECOG PS, Eastern Cooperative Oncology Group performance status; SD, standard
deviation.
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DAs in UGT1A1 gene (p 5 .022). Previous treatment was not
significantly different among the age groups. In elderly patients,
the proportion of those undergoing the FOLFIRI regimen as
second-line therapy was significantly higher compared with
nonelderly patients (p 5 .004).

The baseline characteristics of patients in the GC cohort are
listed in Table 2. The numbers of patients were as follows: 520
younger than 70 years, 65 aged 70–74 years, and 26 older than
75 years. Sex, body mass index, UGT1A1 genotype, and ECOG
PS were similar among the age groups. The proportion of
patients with liver metastasis was significantly higher in elderly
patients (p <0.001). In contrast, signet ring cell carcinoma his-
tologic type was significantly more frequent in nonelderly
patients (p< .001). Elderly patients were less likely to receive
surgery (p 5 .071) or adjuvant chemotherapy (p 5 .049) before
study entry. In the GC cohort, the treatment lines of FOLFIRI
chemotherapy were well balanced among the age groups.

RDI
In the CRC cohort, the RDI of irinotecan was significantly higher
in nonelderly patients than elderly patients (p< 0.001; supple-
mental online Table 2A). In patients younger than 70 years, the

mean6 standard deviation RDI of irinotecan was 80.9%6

14.5%, whereas patients aged 70–74 years received 74.5%6

15.4% dose, and those older than 75 years were treated with
75.4%6 16.3% dose. In addition, patients younger than 70
years received significantly higher doses of infusional 5-FU
(p< .001): 71.8%6 24.8% (<70 years), 66.6%6 26.0% (70–74
years), and 50.3%6 25.2% (�75 years). In contrast, the RDI of
the 5-FU bolus was not significantly different among the age
groups (p 5 .959).

In the GC cohort, the RDI of irinotecan tended to be higher
in the younger age group (p 5 .060): 76.2%6 14.3% (<70
years), 72.3%6 12.8% (70–74 years), and 72.7%6 15.4% (�75
years) (supplemental online Table 2B). The RDI of the 5-FU
bolus was not significantly different among the age groups
(p 5 .647). The RDIs of infusional 5-FU among the age groups
were as follows: 55.8%6 27.1% (<70 years), 43.5%6 22.8%
(70–74 years), and 56.0%6 27.2% (�75 years) (p 5 .002).

Post Hoc Power Calculation for PFS and OS between
Patients Younger and Older Than 70 Years
In the CRC cohort, a noninferiority log-rank test of PFS between
patients younger than 70 years and those older than 70 years

Table 2. Baseline characteristics of patients in the gastric cancer cohort

Characteristics
Age<70 yr
(n 5 520)

Age 70–74 yr
(n 5 65)

Age�75 yr
(n 5 26) p value

Median age (range), yr 55.5 (22–69) 72 (70–74) 76 (75–90)

Sex, n (%)

Male 346 (66.5) 49 (75.4) 17 (65.4) .359

Female 174 (33.5) 16 (24.6) 9 (34.6)

Mean body mass index (SD), kg/m2 21.3 (2.9) 21.2 (3.1) 21.9 (2.7) .544

UGT1A1 genotype, n (%)

0 DA 262 (50.4) 33 (50.8) 13 (50.0) .892

1 DA 206 (39.6) 23 (35.4) 10 (38.5)

2 DAs 52 (10.0) 9 (13.8) 3 (11.5)

ECOG PS, n (%)

0–1 520 (100) 64 (98.5) 26 (100) .149

2 0 (0) 1 (1.5) 0 (0)

Site of metastasis, n (%)

Liver 145 (27.9) 29 (44.6) 16 (61.5) < .001

Lung 36 (6.9) 5 (7.7) 2 (7.7) .054

Lymph node 198 (38.1) 35 (53.8) 11 (42.3) .049

Peritoneum 194 (37.3) 19 (29.2) 7 (26.9) .271

Pathologic features, n (%)

Adenocarcinoma 404 (82.3) 55 (88.7) 24 (100) < .001

Mucinous carcinoma 1 (0.2) 1 (1.6) 0 (0)

Signet ring cell carcinoma 84 (17.1) 6 (9.7) 0 (0)

Others 2 (0.4) 0 (0) 0 (0)

Previous surgery: yes, n (%) 313 (60.4) 41 (63.1) 10 (38.5) .071

Previous adjuvant chemotherapy: yes, n (%) 176 (33.8) 14 (21.5) 5 (19.2) .049

Previous radiotherapy: yes, n (%) 22 (4.3) 0 (0) 2 (7.7) .152

Treatment line, n (%)

First line 230 (44.2) 28 (43.1) 11 (42.3) .969

Second line 290 (55.8) 37 (56.9) 15 (57.7)

Abbreviations: DA, defective allele; ECOG PS, Eastern Cooperative Oncology Group performance status; GC, gastric cancer; SD, standard deviation.
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achieved 99.4% power at a .050 significance level to detect an
equivalence HR of 1.50. For OS, the statistical power was 98.3%
to detect an equivalence HR of 1.50 at a .050 significance level.
In the GC cohort, the statistical power of a noninferiority log-
rank test of PFS between patients younger than 70 years and
those older than 70 years was 95.4% at a .050 significance level
to detect an equivalence HR of 1.50. For OS, the statistical
power was 93.9% to detect an equivalence HR of 1.50 at a .050
significance level.

Treatment Efficacy between Patients Younger and
Older Than 70 Years
In the CRC cohort, the median follow-up time was 69.6 weeks
(range, 1.0–231.6 weeks). The treatment response was evalu-
able in 815 patients (87.3%). The response rate was not signifi-
cantly different among the age groups (p 5 .720): 24.6% (<70

years) and 22.7% (�70 years) (supplemental online Table 3A).
PFS was similar between patients younger than 70 years and
those older than 70 years (29.1 weeks [95% CI, 27.0–31.9
weeks] vs. 27.9 weeks [95% CI, 23.6–30.6 weeks]; p 5 .202; Fig.
1A). In multivariable analysis, PFS in patients older than 70
years did not differ significantly compared with those younger
than 70 years (HR, 1.117 [95% CI, 0.927–1.345]; p 5 0.244; sup-
plemental online Table 4A). OS was also similar between the
two age groups (91.9 weeks [95% CI, 86.0–101.7 weeks] vs.
81.9 weeks [95% CI, 69.1–133.1 weeks]; p 5 .965; Fig. 1B). In
multivariable analysis, OS in patients older than 70 years were
similar to that in those younger than 70 years (HR, 0.989 [95%
CI, 0.774–1.264]; p 5 .931; supplemental online Table 4B).

In the GC cohort, the median follow-up time was 36.8
weeks (range, 0.1–208.6 weeks). The treatment response was
evaluable in 508 patients (83.1%). The response rate was not

Table 3. Treatment-related toxicity per patient in the colorectal cancer cohort

Variable
Age<70 yr
(n 5 780)

Age 70–74 yr
(n 5 106)

Age�75 yr
(n 5 48) p value

Neutropenia

All grades 667 (85.5) 94 (88.7) 39 (81.3) .459

Grade� 2 595 (76.3) 83 (78.3) 36 (75.0) .874

Grade� 3 449 (57.6) 57 (53.8) 29 (60.4) .687

Febrile neutropenia grade� 3 114 (14.6) 28 (26.4) 6 (12.5) .006

Asthenia

All grades 266 (34.1) 48 (45.3) 27 (56.3) .001

Grade� 2 69 (8.8) 15 (14.2) 15 (31.3) <.001

Grade� 3 13 (1.7) 10 (9.4) 3 (6.3) <.001

Mucositis

All grades 211 (27.1) 37 (34.9) 14 (29.2) .237

Grade� 2 60 (7.7) 16 (15.1) 7 (14.6) .015

Grade� 3 4 (0.5) 2 (1.9) 2 (4.2) .027

Anorexia

All grades 314 (40.3) 53 (50.0) 28 (58.3) .011

Grade� 2 88 (11.3) 22 (20.6) 15 (31.3) <.001

Grade� 3 13 (1.7) 6 (5.7) 2 (4.2) .020

Nausea

All grades 338 (43.3) 38 (35.8) 20 (41.7) .341

Grade� 2 93 (11.9) 12 (11.3) 4 (8.3) .749

Grade� 3 22 (2.8) 1 (0.9) 0 (0) .266

Vomiting

All grades 153 (19.6) 8 (7.5) 8 (16.7) .010

Grade� 2 64 (8.2) 3 (2.8) 2 (0.4) .096

Grade� 3 21 (2.7) 1 (0.9) 0 (0) .524

Diarrhea

All grades 258 (33.1) 39 (36.8) 19 (39.6) .516

Grade� 2 107 (13.7) 28 (26.4) 8 (16.7) .003

Grade� 3 35 (4.5) 8 (7.5) 3 (6.3) .841

Constipation

All grades 157 (20.1) 21 (19.8) 10 (20.8) .989

Grade� 2 35 (4.5) 5 (4.7) 1 (2.1) .524

Grade� 3 4 (0.5) 0 (0) 0 (0) 1.000

Unless otherwise noted, values are n (%).
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significantly different among the age groups (p 5 .749): 14.8%
(<70 years) and 17.1% (�70 years) (supplemental online Table
3B). PFS was not significantly different between the two age
groups (17.0 weeks [95% CI, 15.6–18.9 weeks] vs. 20.1 weeks
[95% CI, 14.0–23.0 weeks]; p 5 .407; Fig. 1C). In multivariable
analysis, patients older than 70 years were not statistically dif-
ferent from those younger than 70 years in terms of PFS (HR,
1.093 [95% CI, 0.854–1.400]; p 5 .479; supplemental online
Table 4C). OS tended to be inferior in elderly patients (33.6
weeks [95% CI, 26.6–51.9 weeks]) compared with nonelderly
patients (49.3 weeks [95% CI, 44.7–54.1 weeks]) (p 5 .085; Fig.
1D). The multivariable analysis yielded the same result in terms
of OS (HR, 1.188 [95% CI, 0.891–1.585]; p 5 .241; supplemental
online Table 4D).

Subgroup Analysis of the CRC Cohort according to
Treatment Lines and Three Age Groups
In the first-line subgroup, the response rates were 30.4% in
patients younger than 70 years, 30.2% in those aged 70–74
years, and 31.6% in those older than 75 years (p 5 .993). The
median PFSs were 33.0 weeks (95% CI, 30.4–35.3 weeks), 27.7
weeks (95% CI, 23.3–38.6 weeks), and 28.6 weeks (95% CI,
12.9–58.0 weeks), respectively (p 5 .672; Fig. 2A). The median
OSs were 99.7 weeks (95% CI, 91.3–109.1 weeks), 133.1 weeks
(95% CI, 62.3–198.3 weeks), and 154.6 weeks (95% CI, 38.9
weeks–infinity), respectively (p 5 .839; Fig. 2B).

In the second-line subgroup, the response rates were
12.6%, 13.2%, and 11.1%, respectively (p 5 1.000). The median
PFSs were 20.1 weeks (95% CI, 17.6–24.4 weeks), 30.6 weeks
(95% CI, 20.4–35.3 weeks), and 19.1 weeks (95% CI, 11.4–28.7
weeks), respectively (p 5 .582; Fig. 2C). The median OSs were
69.4 weeks (95% CI, 57.6–84.0 weeks), 70.1 weeks (95% CI,
55.0–118.4 weeks), and 71.1 weeks (95% CI, 38.7–95.1 weeks),
respectively (p 5 .808; Fig. 2D).

Subgroup Analysis of the GC Cohort according to
Treatment Lines and Three Age Groups
In the first-line subgroup, the response rates were 20.5% in
patients younger than 70 years, 3.3% in those aged 70–74
years, and 0% in those older than 75 years (p 5 .189). The
median PFSs were 28.0 weeks (95% CI, 22.0–32.1 weeks), 21.7
weeks (95% CI, 12.3–29.4 weeks), and 27.1 weeks (95% CI, 8.9–
34.1 weeks), respectively (p 5 .161; Fig. 3A). OS tended to be
shorter in older patients (p 5 .197; Fig. 3B): The median OSs
were 61.9 weeks (95% CI, 54.4–78.4 weeks), 42.1 weeks (95%
CI, 26.9–57.0 weeks), and 30.4 weeks (95% CI, 8.9–148.1
weeks), respectively.

In the second-line subgroup, the response rates were
12.0%, 11.1%, and 38.5%, respectively (p 5 .032). The median
PFSs were significantly shorter (p 5 .033; Fig. 3C) in patients
older than 75 years: 15.3 weeks (95% CI, 12.6–16.1 weeks),
20.1 weeks (95% CI, 13.6–24.0 weeks), and 9.4 weeks (95% CI,

Figure 1. Kaplan-Meier analysis of progression-free survival (PFS) and overall survival (OS) according to age. (A): In the colorectal cancer
(CRC) cohort, PFS was similar between patients younger than 70 years and those older than 70 years (p 5 .202). (B): In the CRC cohort,
OS was also similar between the two age groups (p 5 0.965). (C): In the gastric cancer (GC) cohort, PFS was not significantly different
between the two age groups (p 5 .407). (D): In the GC cohort, OS tended to be inferior in elderly patients compared with nonelderly
patients (p 5 .085).
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7.3–14.7 weeks), respectively. OS was similar among the age
groups (p 5 .356; Fig. 3D): The median OSs were 44.1 weeks
(95% CI, 37.6–49.3 weeks), 24.0 weeks (95% CI, 21.1–57.9
weeks), and 42.7 weeks (95% CI, 23.0–infinity weeks),
respectively.

Toxicity
Toxicity during FOLFIRI chemotherapy in the CRC cohort is sum-
marized in Table 3 (per patient) and supplemental online Table
5A (per treatment cycle). Febrile neutropenia was significantly
more frequent in patients aged 70–74 years (p 5 .006). Asthe-
nia, mucositis, and anorexia were also significantly more fre-
quent in elderly patients. Nausea, vomiting, diarrhea, and
constipation tended to be similar among the age groups.

Toxicity in the GC cohort is listed in Table 4 (per patient)
and supplemental online Table 5B (per treatment cycle).

Neutropenia of grade 3 or more and febrile neutropenia were
significantly more frequent in patients aged 70–74 years
(p 5 .032 and p 5 .001, respectively). Asthenia tended to be
more frequent in elderly patients. Mucositis and anorexia were
similar among the age groups. Nausea and vomiting were less
frequent in elderly patients. Diarrhea and constipation were
not significantly different among the age groups.

DISCUSSION

This study used previous study data consisting of CRC and GC
patients who underwent palliative first- or second-line FOLFIRI
chemotherapy.We analyzed the effect of advanced age on effi-
cacy and toxicity of the FOLFIRI regimen. In both cohorts,
elderly patients received significantly lower doses of chemo-
therapeutic agents. On the basis of the post hoc power

Table 4. Treatment-related toxicity per patient in the gastric cancer cohort

Variables
Age<70 yr
(n 5 520)

Age 70–74 yr
(n 5 65)

Age�75 yr
(n 5 26) p value

Neutropenia

All grades 437 (84.0) 57 (87.7) 20 (76.9) .442

Grade� 2 369 (71.0) 53 (81.5) 18 (69.2) .191

Grade� 3 285 (54.8) 45 (69.2) 11 (42.3) .032

Febrile neutropenia grade� 3 117 (22.5) 28 (43.1) 4 (15.4) .001

Asthenia

All grades 237 (45.6) 26 (40.0) 14 (53.8) .468

Grade� 2 87 (16.7) 13 (20.0) 9 (34.6) .066

Grade� 3 15 (2.9) 2 (3.1) 3 (11.5) .066

Mucositis

All grades 143 (27.5) 21 (32.3) 6 (23.1) .616

Grade� 2 42 (8.1) 5 (7.7) 2 (7.7) .992

Grade� 3 7 (1.3) 0 (0) 1 (3.8) .330

Anorexia

All grades 287 (55.2) 33 (50.8) 14 (53.8) .793

Grade� 2 153 (29.4) 17 (26.2) 7 (26.9) .837

Grade� 3 31 (6.0) 3 (4.6) 2 (7.7) .856

Nausea

All grades 291 (56.0) 26 (40.0) 13 (50.0) .473

Grade� 2 127 (24.4) 8 (12.3) 2 (7.7) .016

Grade� 3 47 (9.0) 4 (6.2) 0 (0) .281

Vomiting

All grades 172 (33.1) 12 (18.5) 1 (3.8) .001

Grade� 2 86 (16.5) 7 (10.8) 1 (3.8) .122

Grade� 3 26 (5.0) 2 (3.1) 0 (0) .685

Diarrhea

All grades 171 (32.9) 21 (32.3) 8 (30.8) .972

Grade� 2 48 (9.2) 3 (4.6) 2 (7.7) .524

Grade� 3 14 (2.7) 0 (0) 0 (0) .546

Constipation

All grades 85 (16.3) 9 (13.8) 3 (11.5) .831

Grade� 2 15 (2.9) 1 (1.5) 0 (0) 1.000

Grade� 3 2 (0.4) 0 (0) 0 (0) 1.000

Unless otherwise noted, values are n (%).
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calculation data, in the CRC cohort, the treatment efficacy in
elderly patients (�70 years) was similar to that in nonelderly
patients (<70 years) in terms of PFS and OS. In the GC cohort,
PFS in elderly patients was similar to that in nonelderly
patients. However, elderly patients in the GC cohort tended to
have inferior OS compared with nonelderly patients in our
data. In addition, because of limited statistical power, we could
not draw any meaningful conclusion when comparing PFS and
OS between patients younger than 75 years and those older
than 75 years. Nevertheless, we performed additional sub-
group analysis according to treatment lines and the following
three age groups: patients younger than 70 years, those aged
70–74 years, and those older than 75 years. In toxicity analysis,
febrile neutropenia and asthenia were more frequent in elderly
patients in both CRC and GC cohorts.

For metastatic CRC, some previous studies showed that
elderly patients could benefit from doublet chemotherapy con-
sisting of fluoropyrimidine combined with irinotecan or oxali-
platin [7, 8, 15–17]. However, several randomized controlled
studies performed in elderly or frail patients failed to demon-
strate the superiority of doublet chemotherapy to fluoropyrimi-
dine monotherapy [9, 18, 19]. These conflicting results might
be attributed to the inclusion of frail patients because age and
frailty may not always be linked. The aforementioned studies
with negative results included approximately 30% of patients

with a Karnofsky index of 60%–70% [9] or an ECOG PS of 2 [18,
19]. Therefore, it is still unclear whether the doublet chemo-
therapy could be a standard treatment in old but not frail
patients. Our cohort consisted of patients with excellent PS:
only 1 of 1,545 patients had an ECOG PS of 2. Therefore, our
study could not evaluate the effect of poor PS on treatment
efficacy or toxicity. However, our data indicate that the efficacy
of FOLFIRI regimen may be similar between elderly and noneld-
erly patients with CRC if they have good PS.

In metastatic GC, previous studies suggest that irinotecan-
based doublet regimens could be an active treatment option in
elderly patients [10, 11]. Fonck et al. reported that patients
with advanced or metastatic GC aged 70 years or older showed
a response rate of 26%, a median PFS of 7 months, and a
median OS of 10 months [10]. Most patients in this study had
an ECOG PS of 0–1 (83.4%) and were in a first-line setting
(92.9%). In another study reported by Kim and colleagues, 75%
of patients were ECOG PS 2, and 45.8% were older than 65
years [11]. The response rate was 12.5%, the median time to
progression was 2 months, and the median OS was 5.4 months.
With these limited data, one can speculate that poor PS rather
than advanced age might have been a more important predic-
tor of clinical outcome in GC patients receiving irinotecan-
based doublet chemotherapy. In contrast to CRC, the experi-
ence of irinotecan-based chemotherapy in elderly patients is

Figure 2. Survival analysis according to treatment lines and three age groups in the colorectal cancer cohort. In the first-line subgroup,
progression-free survival (PFS) (A) and overall survival (OS) (B) were not significantly different among the age groups (p 5 .672 and
p 5 .839, respectively). In the second-line subgroup, PFS (C) and OS (D) were also similar among the age groups (p 5 .582 and p 5 .808,
respectively).
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still limited in GC. Some studies indicated that oxaliplatin-based
doublet regimens could also be an option in these patients
[20–23].

In contrast, a retrospective analysis showed that doublet
chemotherapy was not superior to monotherapy and adverse
events were more frequent in doublet group [24]. In addition,
a recent population-based outcome research by Lee and col-
leagues [25] revealed that elderly GC patients received signifi-
cantly fewer lines of chemotherapy, leading to significantly
shorter survival, and that first-line combination chemotherapy
did not provide an additional benefit compared with mono-
therapy in elderly GC patients.

In our data for GC patients, although the FOLFIRI regimen
demonstrated considerable efficacy even in elderly patients,
the treatment efficacy in these patients seems to be compro-
mised. Especially in the first-line subgroup, although the
median PFS was relatively similar according to age, the median
OS in patients older than 75 years was almost half that of those
younger than 70 years. It might be attributed to limited eligibil-
ity to second or later lines of chemotherapy after progression
in elderly patients. In addition, in the second-line subgroup,
PFS in patients older than 75 years was significantly shorter
than in the others. Thus, it is possible that patients older than
75 years might not have undergone a significant benefit from
doublet chemotherapy despite relatively good PS. These find-
ings need to be investigated in further prospective studies.

The original aim of this study was to determine the associa-
tion between UGT1A1 polymorphisms and grade 3 or 4 neutro-
penia during FOLFIRI chemotherapy [12]. In this primary
analysis, UGT1A1 DA carriers had a significantly higher risk for
grade 3 or 4 neutropenia, which was in agreement with the
results of previous studies [26, 27]. Interestingly, in our CRC
cohort, the proportion of UGT1A1 wild-type carriers was signifi-
cantly higher in patients older than 75 years, possibly by
chance. In a previous study by Jackson et al. that was per-
formed in patients with metastatic CRC receiving irinotecan
plus fluoropyrimidine chemotherapy, the incidence of grade 3
or 4 neutropenia tended to be higher in patients older than
70 years than those younger than 70 years (38%–54% vs.
30%–40% of patients) [8]. However, the incidence of febrile
neutropenia was less than 10% in both elderly and nonelderly
patients, and the difference was not significant between the
two groups.

In our CRC and GC cohorts, the incidence of febrile neu-
tropenia was significantly higher in elderly patients. More-
over, 22.1% of patients older than 70 years in the CRC cohort
and 35.2% of patients older than 70 years in the GC cohort
experienced febrile neutropenia during FOLFIRI chemother-
apy. Because our study was conducted in Korea, the differ-
ence in the incidence febrile neutropenia across studies
might have been attributed to ethnic differences. Therefore,
more attention should be given to elderly patients receiving

Figure 3. Survival analysis according to treatment lines and three age groups in the gastric cancer cohort. (A): In the first-line subgroup,
progression-free survival (PFS) was not significantly different among the age groups (p 5 .161). (B): In the first-line subgroup, overall sur-
vival (OS) tended to be shorter in older patients (p 5 .197). (C): In the second-line subgroup, PFS was significantly shorter in patients older
than 75 years (p 5 .033). (D): In the second-line subgroup, OS was similar among the age groups (p 5 .356).
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FOLFIRI chemotherapy because of the increased risk for feb-
rile neutropenia.

In both the CRC and GC cohorts, asthenia was more fre-
quent in elderly patients. This finding is in line with the afore-
mentioned study by Jackson et al., which reported significantly
higher grade 3 or 4 asthenia in patients older than 70 years
(7%–14% vs. <5%) [8]. In the CRC cohort, the incidence of
mucositis and anorexia was significantly higher in elderly
patients. However, mucositis and anorexia were similar among
the age groups in the GC cohort. In the CRC cohort, nausea,
vomiting, diarrhea, and constipation tended to be similar among
the age groups. In contrast, in the GC cohort, nausea and vomit-
ing were less frequent in elderly patients. The difference in toxic-
ity profile between elderly and nonelderly patients should be
considered when FOLFIRI chemotherapy is administered.

This study has at least four clear limitations. First, the origi-
nal objective of this study did not include a subgroup analysis
based on age. Thus, in both CRC and GC cohorts, some baseline
characteristics were not well balanced among the age groups.
To minimize the effects of the imbalance, we performed multi-
variable analysis using the Cox proportional hazard model. Sec-
ond, the proportion of patients older than 75 years was low in
both cohorts, which may result in insufficient statistical power
in the subgroup analyses. Third, the current standard regimen
for metastatic CRC patients is FOLFIRI or FOLFOX (oxaliplatin,
5-FU, and leucovorin) combined with cetuximab, panitumu-
mab, or bevacizumab [3, 28, 29]. Our data cannot provide infor-
mation for the addition of these targeted agents to doublet
regimen in elderly patients with CRC. Fourth, our results may
not be generalized to those with poor PS as well as old age
because the proportion of patients with ECOG PS 2 was very
low in this study. Therefore, further studies should stratify
elderly patients by their age and frailty using a comprehensive
geriatric assessment to identify a subgroup of patients who
may not benefit from doublet chemotherapy because of lim-
ited efficacy and serious toxicity [30]. Nevertheless, our data
are meaningful because our results were drawn from a pro-
spective cohort consisting of a relatively large number of
patients. In addition, even though we analyzed the data accord-
ing to primary disease or treatment lines, some clinical findings
in our study were uniformly observed across patient

populations regardless of primary disease or treatment lines,
which may provide stronger clinical evidence.

CONCLUSION
Despite relatively lower dose intensity in elderly patients, the
efficacy of FOLFIRI chemotherapy in elderly patients was similar
to that in nonelderly patients. However, special attention
should be paid to elderly patients because of increased risk for
febrile neutropenia and asthenia. Our data suggest that the
clinical decision between doublet and singlet chemotherapy
may not be based solely on age but requires further assess-
ment of frailty and PS. The FOLFIRI regimen could be consid-
ered as a standard backbone of therapy in elderly patients with
metastatic CRC or GC and good PS.
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