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ABSTRACT

Background: No reports about factors that predict prognosis after second-line
chemotherapy for metastatic colorectal cancer have been published.

Methods: We retrospectively analyzed 124 patients with metastatic colo-
rectal cancer who received irinotecan-based second-line chemotherapy
after first-line folinic acid/5-fluorouracil (5-FU)/oxaliplatin (FOLFOX) with or
without bevacizumab.

Results: A multivariate Cox model revealed 5 prognostic factors for worse
survival: ECOG performance status 2, pathologically poorly differentiated
adenocarcinoma, peritoneal metastasis, progression-free survival of first-
line FOLFOX � 6 months, and lactate dehydrogenase � 400 IU/L. When
patients were categorized into 3 risk groups—patients without any prog-
nostic factors (low-risk, n � 55), patients with one prognostic factor (inter-
mediate-risk, n � 32), and patients with 2 or more prognostic factors
(high-risk, n � 37)—overall survival from initiation of second-line chemo-
therapy was 23.5, 14.6, and 5.5 months, respectively. The proportion of
patients who were eligible to receive further chemotherapy after disease
progression was significantly lower in the high-risk group (41%) than in the
intermediate- (67%) and low-risk (95%) groups.

Conclusion: Several prognostic factors for survival after second-line
therapy and probability of receiving third-line chemotherapy were
identified. This risk classification system might be useful for determining
which patients should receive cetuximab in the second-line setting
rather than the third-line setting.
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Folinic acid/5-fluorouracil (5-FU)/oxalip-
latin (FOLFOX) plus bevacizumab is the

most widely used first-line chemotherapy

regimen for metastatic colorectal cancer

(MCRC).1,2 After failure of FOLFOX, FOLFIRI

[folinic acid/ (5-FU)/irinotecan] or irinote-

can monotherapy is usually administered in

the second-line setting.3,4 The results of a

large observational study have also sug-

gested that continued use of bevacizumab

during second-line therapy may provide

additional benefit.1

Cetuximab, a recombinant, human-

mouse chimeric monoclonal IgG1 antibody

that specifically targets epidermal growth

factor receptor (EGFR) has been shown to

improve the prognosis of MCRC signifi-
cantly compared to best supportive care

alone in the third-line setting.5 Further-

more, combining cetuximab with irinotecan

results in a higher response rate than ce-

tuximab alone, even in patients with irino-

tecan-refractory disease, suggesting that

cetuximab may restore chemosensitivity in

these patients.6

The EPIC trial was a large phase III

study that compared irinotecan plus cetux-

imab to irinotecan monotherapy as second-

line treatment in patients with MCRC fol-

lowing failure of oxaliplatin-based therapy.7

Although the primary end point of improved

survival was not achieved (10.7 vs 10.0

months, p � .71), patients in the combina-

tion arm experienced a superior response
rate and progression-free survival (PFS).
Approximately half of the patients in the

irinotecan monotherapy arm received ce-

tuximab after irinotecan failure, which may

have contributed to the similar overall sur-

vival rates in the 2 arms. However, 35%

of patients in the irinotecan group were

unable to receive any third-line chemother-

apy, most likely due to rapid tumor prog-

ression.7 Thus, it was suggested that cetux-

imab with irinotecan may be better than

irinotecan as second-line therapy for pa-

tients with rapidly progressing disease. So

far, no reports about factors that predict the

prognosis after second-line irinotecan or
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probability of receiving third-line therapy have

been published. To address this issue, we

conducted the following retrospective analy-

sis of MCRC patients who received irinote-

can-based chemotherapy as second-line

treatment after first-line FOLFOX.

PATIENTS AND METHODS
This was a retrospective cohort study of

MCRC patients who received irinotecan-

based chemotherapy as second-line treat-

ment after first-line FOLFOX. Irinotecan-

based chemotherapy consisted of FOLFIRI

(2-hr infusion of leucovorin isomers at 200
mg/m2 followed by bolus 5-FU 400 mg/m2

plus a 46-hr infusion of 5-FU 2,400 mg/m2

every 2 weeks, with irinotecan 150 mg/m2 as
a 1.5-hr infusion on day 1) with or without
bevacizumab (5 mg/m2 every 2 weeks), iri-
notecan monotherapy (irinotecan 150 mg/m2

every 2 weeks), or S-1 plus irinotecan (S-1 40
mg/m2 twice daily for 14 consecutive days
followed by a 2-week rest, with irinotecan 100
mg/m2 every 2 weeks). Individual regimens
were selected at the discretion the physicians
or as called for in clinical trials.

Principal inclusion criteria were pres-
ence of histologically proven, inoperable
colorectal cancer, age � 80 years, Eastern
Cooperative Oncology Group (ECOG) per-
formance status (PS) 0–2, sufficient bone
marrow function, and normal liver and re-
nal function. Treatment failure (defined as
disease progression/discontinuation due to
toxicity) within 6 months of the last dose of
first-line fluoropyrimidine and oxaliplatin
treatment for metastatic disease was re-
quired. Prior bevacizumab was allowed.
These criteria were very similar to those of
the EPIC study. Written informed consent
was obtained from all patients prior to che-
motherapy.

Among patients with MCRC treated at our
institution between October 2005 and De-
cember 2008, 124 patients who fulfilled the
inclusion criteria were identified. Detailed pa-
tient characteristics prior to initiation of sec-
ond-line chemotherapy were acquired from
hospital patient records. Objective tumor re-
sponse of first-line FOLFOX was assessed
according to the Response Evaluation Criteria
in Solid Tumors (RECIST).8 PFS associated
with first-line FOLFOX was measured from
the beginning of treatment to the date of
progression.

Statistical Methods
The primary end point of this study was
evaluation of the association between sev-
eral prognostic factors and overall survival,
which was defined as the interval between
the date of initiation of second-line treat-
ment and the date of death or last follow-up
using the Kaplan-Meier method. Progres-
sion-free survival was also measured from
the beginning of second-line treatment to
the date of disease progression.

To evaluate the prognostic factors asso-
ciated with overall survival, univariate and
multivariate Cox proportional hazards mod-
eling was applied. The hazard ratio (HR)
along with the 95% confidence interval
(95% CI) was used as a measure of asso-
ciation in this study. Forward and backward
stepwise methods were used for model
building. Threshold p values for inclusion
or exclusion in the model were defined as
.10 and .20, respectively.

Factors included in the uni- and multi-
variate analyses were age (� 65 vs � 65
years), gender (male vs female), ECOG PS
(0–1 vs 2), peritoneal metastasis (yes vs
no), liver metastasis (yes vs no), number of
metastatic sites (1–2 vs � 3), pathologic
type (moderately or well-differentiated ade-
nocarcinoma vs poorly differentiated ade-
nocarcinoma), serum alkaline phosphatase
(ALP) level (� 400 vs � 400 IU/L), serum
lactate dehydrogenase (LDH) level (� 400
vs � 400 IU/L), serum carcinoembryonic
antigen (CEA) level (� 500 vs � 500 ng/
mL), leukocyte count (� 8.0 � 109/L vs �

8.0 � 109/L), response to first-line FOLFOX
(responder vs nonresponder), and PFS
associated with first-line FOLFOX (� 6
months vs � 6 months). “Responders”
were defined as patients who achieved
a complete response or partial response,
while “nonresponders” were patients with
stable disease or progressive disease.

Distribution of subject characteristics was
assessed by the chi-square test or the Fisher
exact test, as appropriate. Statistical analyses
were performed using STATA ver. 10 (Stata-
Corp LP, College Station, TX). All tests were
2-sided, and p values � .05 were considered to
be statistically significant.

RESULTS
Detailed patient characteristics are shown
in Table 1. All 124 patients experienced
disease progression prior to second-line

chemotherapy. Oxaliplatin was discontin-
ued due to neuropathy or allergy prior to
disease progression in 59 patients; most of
these patients continued 5-FU/leucovorin
with or without bevacizumab until disease
progression. First-line FOLFOX resulted in a
partial response in 54 patients (43.5%),
stable disease in 47 patients (37.9%), and
progressive disease in 23 patients (18.5%).
Median PFS associated with first-line FOLFOX
was 7.3 months (95% CI, 6.2–8.0).

Second-line chemotherapy was admin-
istered as follows: FOLFIRI, 71 patients;
irinotecan, 39 patients; and S-1 plus irino-
tecan, 14 patients. Bevacizumab was also
used in 21 patients. The median treatment
duration of second-line chemotherapy was
3.8 months (95% CI, 3–4.8).

At the time of analysis, 74 (59.6%) pa-
tients had died, with a median follow-up of
24.1 months since initiation of second-line
chemotherapy. Median overall survival for
all patients was 14.6 months (95% CI,
10.8–18.8). Median PFS was 3.8 months
(95% CI, 2.9–5.2).

Salvage Chemotherapy
Among the 124 patients, 115 patients ex-
perienced disease progression despite sec-
ond-line irinotecan-based chemotherapy;
82 of these patients (71%) received sal-
vage chemotherapy as follows: anti-EGFR
antibody (including cetuximab and panitu-
mumab; n � 33), mitomycin-C plus irino-
tecan (n � 11), FOLFOX reintroduction
with bevacizumab (n � 15), hepatic arterial
infusion chemotherapy mainly using 5-FU
(n � 10), and other regimens (n � 13).
KRAS status was evaluated in 40 patients; 25
of these patients were determined to have can-
cers with a wild-type KRAS genotype.

Survival Analyses and Probability of
Receiving Salvage Chemotherapy
Tables 2 and 3 show the results of univar-
iate and multivariate analyses of baseline
and clinical characteristics as prognostic
factors for survival, including objective re-
sponse and PFS associated with first-line
FOLFOX. According to a multivariate Cox
model, 5 prognostic factors for worse sur-
vival were identified: PS 2, pathologically
poorly differentiated adenocarcinoma, peri-
toneal metastasis, PFS associated with
first-line FOLFOX � 6 months, and LDH �

400 IU/L.
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A multivariate prognostic model was
constructed by incorporating all 5 prognos-
tic factors, and patients were categorized
into 3 risk groups: patients without any
prognostic factors (low-risk, n � 55), pa-
tients with 1 prognostic factor (intermedi-
ate-risk, n � 32), and patients with 2 or
more prognostic factors (high-risk, n � 37).
Overall survival from initiation of second-
line chemotherapy was 23.5 months (95%
CI, 18.7–not reached), 14.6 months (95%
CI, 8.4–19.9), and 5.5 months (95% CI,
4.2–8.9), respectively (Figure 1).

Significant survival differences among
the 3 risk groups were observed (p �

.001). PFS of second-line chemotherapy of
each risk groups was 6.1 months (95% CI,
4.1–8.5), 3.4 months (95% CI, 2.3–5.4),
and 2.6 months (95% CI, 1.6–2.9), re-
spectively (Figure 2), and significant differ-
ences were observed between each groups
(p � .001). If we limited the patients who
did not receive anti-EGFR antibody (n �

91), a similar difference in overall survival
was observed in these 3 risk groups (me-
dian 18.8 months vs 14.1months vs 5.0
months, p � .001).

Salvage chemotherapy after disease
progression was performed in 95% (46 of
48 progressed patients) of good-risk pa-
tients, 67% (21 of 31 progressed patients)

of intermediate-risk patients, and 41% (15
of 36 progressed patients) of high-risk pa-
tients; all between-group differences were
statistically significant (p � .001).

DISCUSSION
In this study, we identified 5 independent
prognostic factors in patients with MCRC
undergoing irinotecan-based second-line
chemotherapy after first-line FOLFOX. Ad-
ditionally, we defined 3 risk groups using
these 5 prognostic factors that significantly
differed in survival rate and probability of
receiving further salvage chemotherapy. To
the best of our knowledge, this is the first
report to evaluate pretreatment clinical
prognostic factors in MCRC patients under-
going second-line therapy. These results
may be useful when selecting the appropri-
ate treatment line for cetuximab.

Cetuximab appears to improve the prog-
nosis of MCRC patients when used in the
third-line setting compared to best support-
ive care alone, and irinotecan plus cetux-
imab has been shown to result in a higher
response rate in patients with irinotecan-
refractory MCRC (over half of whom also
had oxaliplatin-refractory disease) com-
pared to cetuximab alone.5,6 In contrast,
the combination of irinotecan plus cetux-
imab did not improve overall survival in the

second-line setting following first-line ox-
aliplatin-based chemotherapy.7

Based on these results, it may be opti-
mal to use cetuximab in the third-line set-
ting due to its toxicity profile and ability to
restore irinotecan responsiveness even af-
ter irinotecan failure. However, considering
the efficacy of cetuximab in MCRC, oppor-
tunities to administer cetuximab to MCRC
patients, particularly those with wild-type
KRAS disease, should not be missed.9–12

Our risk classification results suggest
that cetuximab is not required during sec-
ond-line treatment in low-risk patients due
to their favorable prognosis (almost as long
as first-line treatment [� 20 months]) and
higher probability of receiving salvage che-
motherapy (� 90%). In contrast, it might
be optimal to use cetuximab in the second-
line setting for high-risk patients with wild-
type KRAS disease, to ensure that the op-
portunity to use cetuximab is not lost.

Determination of the optimal treatment
for patients with intermediate-risk disease
is more challenging and should therefore
be conducted on an individual basis. For
example, as PS2 had a significantly higher
HR compared to other prognostic factors,
cetuximab may be appropriate in second-
line treatment of PS2 patients without prog-
nostic factors. Risk classification may also

Table 1. Patient characteristics

Characteristic Number of patients (N � 124)

Median age, years (range) 63 (23–79)

Gender Male/female 74/50

Performance status 0–1/2 111/13

Pathology Wel or mod/por 113/11

Peritoneal metastasis Yes/no 26/98

Liver metastasis Yes/no 69/55

Metastatic sites 1–2/� 3 99/25

First-line treatment FOLFOX/FOLFOX�BV 107/17

Response to first-line FOLFOX CR/PR/SD/PD 0/54/47/23

PFS of first-line FOLFOX � 6 months/� 6 months 49/75

Cause of oxaliplatin discontinuation Disease progression/other 65/59

Leukocyte count (/L) � 8�109/� 8�109 110/14

ALP (IU/L) � 400/� 400 70/54

LDH (IU/L) � 400/� 400 98/26

CEA (ng/mL) � 500/� 500 110/14

Abbreviations: ALP � alkaline phosphatase; CEA � carcinoembryonic antigen; CR � complete response; LDH � lactate dehydrogenase; mod � moderately
differentiated adenocarcinoma; PD � progressive disease; PFS � progression-free survival; por � poorly differentiated adenocarcinoma; PR � partial response;
SD � stable disease; wel � well-differentiated adenocarcinoma.
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be important for designing future clinical
trials evaluating second-line treatment of
MCRC and should be included as a strati-
fying factor considering the significantly dif-
ferent prognosis of each risk group.

This analysis had several methodologic
limitations. First, it was a retrospective co-

hort design that evaluated the association
between various prognostic factors and
overall survival in patients who received
several irinotecan-containing regimens
(FOLFIRI, irinotecan, and S-1 plus irinote-
can). However, the classification system
used in this study has also proven to be

similarly useful when patients are stratified

by treatment regimen or bevacizumab use.

Second, the utility of salvage chemo-

therapy other than cetuximab or panitu-

mumab is unknown, as no other treatment

has been demonstrated to prolong the sur-

vival of patients with MCRC. However, the

probability of receiving salvage chemother-

apy in our study suggests the possibility

that patients may have a chance to receive

benefit from third-line chemotherapy, in-

cluding anti-EGFR antibody therapy (in

wild-type KRAS cases).

Third, KRAS status was not evaluated in

all patients, since most of the patients ini-
tiated treatment before the introduction of
cetuximab. As cetuximab should only be
used in patients with wild-type KRAS dis-
ease, KRAS status should be evaluated in
all patients prior to selection of third-line

Table 2. Univariate survival analysis

Characteristic Cut-off n HR 95% CI p value

Age (years) � 65 50 0.85 0.53–1.36 .51
� 65 74 ref

Gender Male 74 0.61 0.38–0.98 .04
Female 50 ref

Performance status 0–1 111 ref
2 13 4.2 2.3–7.6 � .001

Pathology Well to mod 115 ref
Por 9 3.4 1.7–6.9 .001

Peritoneal metastasis Yes 26 3.1 1.87–5.1 � .001
No 98 ref

Liver metastasis Yes 69 1.37 0.86–2.1 .18
No 55 ref

Metastatic site 1 or 2 99 ref
� 3 25 1.94 1.12–3.36 .017

Response to FOLFOX Responder 54 ref
Nonresponder 70 1.92 1.18–3.2 .008

Cause of oxaliplatin discontinuation Progression 65 2.18 1.36–3.49 .001
Other 59 ref

PFS of first-line FOLFOX (months) � 6 months 49 2.95 1.81–4.81 � .001
� 6 months 75 ref

Leukocyte count (/L) � 8�109 110 ref
� 8�109 14 3.7 1.97–6.9 � .001

ALP (IU/L) � 400 70 ref
� 400 54 1.81 1.13–2.9 .013

LDH (IU/L) � 400 98 ref
� 400 26 2.78 1.61–4.8 � .001

CEA (ng/mL) � 500 110 ref
� 500 14 2.36 1.26–4.1 .007

Abbreviations: ALP � alkaline phosphatase; CEA � carcinoembryonic antigen; CI � confidence interval; CR � complete response; HR � hazard ratio; LDH �
lactate dehydrogenase; mod � moderately differentiated adenocarcinoma; PD � progressive disease; PFS � progression-free survival; por � poorly
differentiated adenocarcinoma; PR � partial response; ref � reference value; SD � stable disease; wel � well-differentiated adenocarcinoma.

Table 3. Multivariate survival analysis1

Factors HR p value 95% CI

Performance status 2 4.8 � .001 2.55–10.2

Pathologic por 3.50 .002 1.60–7.96

Peritoneal met 2.10 .009 1.20–3.68

LDH � 400 (IU/L) 2.05 .019 1.13–3.74

PFS � 6 months 1.80 .040 1.08–3.01

1Adjusted by gender, liver metastasis, metastatic sites, response to FOLFOX, cause of oxaliplatin
discontinuation, leukocyte count, ALP, and CEA.
Abbreviations: CI � confidence interval; HR � hazard ratio; LDH � lactate dehydrogenase;
met � metastasis; PFS � progression-free survival; por � poorly differentiated adenocarcinoma.
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chemotherapy. Finally, the moderate sam-
ple size of this study necessitates confirma-
tion of these results in a large cohort study,
similar to the EPIC study.

In summary, several prognostic factors for
survival after second-line therapy for MCRC

and probability of receiving salvage chemo-
therapy were identified in this study. This risk
classification system might be useful for de-
termining which patients should receive ce-
tuximab in the second-line setting rather than
the third-line setting.
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Figure 1. Overall survival according to risk group. Median overall survival from initiation of second-line
chemotherapy was 23.5 months (95% CI, 18.7–not reached) in the low-risk group, 14.6 months (95% CI,
8.4–19.9) in the intermediate-risk group, and 5.5 months (95% CI, 4.2–8.9) in the high-risk group.

Figure 2. Progression free survival according to risk group. Median progression free survival from initiation of
second-line chemotherapy was 6.1 months (95% CI, 4.1–8.5) in the low-risk group, 3.4 months (95% CI,
2.3–5.4) in the intermediate-risk group, and 2.6 months (95% CI, 1.6–2.9) in the high-risk group.
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