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Abstract
Background In the current era of targeted therapies, the benefits of resection of primary tumors in patients with unresectable stage
IV colorectal cancer, specifically with regard to overall survival, are unknown.
Methods Our study population comprised 208 consecutive patients with unresectable stage IV colorectal cancer who received
chemotherapy containing at least one molecular target agent, bevacizumab, cetuximab, and panitumumab, at the National Cancer
Center Hospital from 2006 to 2013. To lessen the effects of confounding factors between two treatment groups (resection versus
non-resection) such as performance status, presence of severe symptoms, M subcategories (M1a versus M1b, M1c) according to
the TNM classification, primary tumor site, and CEA value, we conducted three different propensity score analyses (regression
adjustment, stratification, and matching).
Results Of the 208 patients, 108 (52%) underwent resection of the primary tumor, while 100 (48%) did not. Regression
adjustment revealed that resection was not associated with longer overall survival (hazard ratio of 0.70 (95% CI [0.49–1.00];
p = 0.051)). Stratification analysis of five strata revealed inconsistent results (hazard ratios ranged from 0.50 to 1.58); specifically,
resection was associated with longer overall survival in four strata, but with shorter survival in one stratum. The propensity score-
matched cohort (64 matched pairs) yielded a hazard ratio of 0.76 (95% CI [0.51–1.15]; p = 0.197).
Conclusions All three analyses revealed that, in the current era of chemotherapy with target agents, primary tumor resection was
only marginally influential and did not significantly improve overall survival over chemotherapy alone.
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Introduction

Patients with unresectable stage IV colorectal cancer receive
systemic chemotherapy immediately after diagnosis or subse-
quently after resection of the primary tumor.1 Theoretically,
surgery delays the start of systemic chemotherapy, but may
prevent the development of complications caused by the pri-
mary tumor, such as obstruction, perforation, or bleeding.
These later complications may often require emergency inter-
ventions which are associated with increased perioperative
mortality and less favorable long-term outcomes. Several ret-
rospective studies, including one from our group,2 reported
that primary tumor resection is associated with better out-
comes in unresectable stage IV colorectal cancer using pro-
pensity analyses to lessen the effects of confounding factors
between the two treatments (resection and non-resection).3–5

Until recently, it has been considered that the resection of the
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primary tumor can prevent the future complications and con-
tribute to the prolongation of survival of patients with
unresectable stage IV colorectal cancer.

The introduction of molecular target agents such as vascular
endothelial growth factor (VEGF)-targeted antibody
(bevacizumab) and epidermal growth factor receptor (EGFR)-
targeted antibodies (cetuximab, panitumumab) has improved
overall survival (OS) of stage IV colorectal cancer patients.
Median OS of patients diagnosed with unresectable stage IV
colorectal cancer has been improved, from approximately 1 year
during the era of fluoropyrimidine monotherapy to > 30months
with the integration of multiple cytotoxic agents and molecular
target agents.6 Combination of cytotoxic and molecular target
agents (targeted therapy) is now standard treatments in the var-
ious lines setting of unresectable stage IV patients.

In the current era of targeted therapies, good disease control
may delay the emergence of medical conditions requiring emer-
gency interventions. Moreover, it also seems that good tumor
shrinkage can keep primary lesions asymptomatic all through
the treatment course around 30 months and reserve surgery for
patients with symptoms derived from the primary tumor.
Marked progress in recent chemotherapy with molecular target
agents may thereby change treatment strategies for unresectable
colorectal cancer. Accordingly, the role of resection of primary
tumors in unresectable stage IV colorectal cancer patients in the
current era of targeted therapies should be reexamined.

Here, we hypothesized that, in the current era of targeted
therapy, its efficacy would reduce the prognostic impact of
palliative surgery. The present study aimed to evaluate the
prognostic impact of primary tumor resection in patients with
unresectable stage IV colorectal cancer who received targeted
therapies, specifically with regard to OS. Given the observed
heterogeneity and potential selection bias between the two
treatment strategies (resection versus non-resection), we con-
ducted several propensity score analyses to minimize the se-
lection bias inherent to retrospective observational studies.7, 8

Materials and Methods

Study Population

The sources of the subjects in this study were patients with
unresectable stage IV colorectal cancer who were referred to
the divisions of surgery or gastrointestinal medical oncology at
the National Cancer Center Hospital between January 2006 and
December 2013. The selection criteria of this study were age
18 years or older, initial diagnosis of unresectable stage IV colo-
rectal cancer with histologically confirmation of adenocarcino-
ma, and treatment with targeted therapy containing molecular
target agents, such as bevacizumab, cetuximab, and
panitumumab, at least once throughout the treatment course.
Patients those with a histologic diagnosis other than

adenocarcinoma (e.g., carcinoid, neuroendocrine tumor, or gas-
trointestinal stromal tumor) were excluded. We also excluded
those who (1) underwent resection of both primary tumor and
metastatic sites with curative intent,9 (2) received best supportive
care only, and (3) received cytotoxic chemotherapy without mo-
lecular target agents throughout the treatment course. The pa-
tients with asymptomatic unresectable colorectal cancer who
participated the randomized controlled trial, JCOG1007 study
(iPACS trial, UMIN000008147) (chemotherapy with versus
without primary tumor resection), as well as the patients with
symptomatic unresectable colorectal cancer who participated the
randomized controlled trial, JCOG1107 study (Encore trial,
UMIN000009715) (open resection versus laparoscopic resection
followed by chemotherapy), were also included. Initial treatment
decisions for the remaining patients were typically made by the
multidisciplinary team conference including colorectal surgeons,
medical oncologists, hepatobiliary surgeons, thoracic surgeons,
and radiologists, taking into account disease severity and patient
condition including comorbidities. No patient underwent pallia-
tive resection of other disease sites.

This retrospective study was approved by the Institutional
Review Board (IRB) of the National Cancer Center Hospital
(IRB code, 2015-320).

Statistical Analysis

Pearson’s chi-square test was used to compare categorical vari-
ables between the two treatment groups (resection versus non-
resection). OS was defined as the interval between the date of
diagnosis of stage IV colorectal cancer and the date of either
death or the end of the observation period. Patients alive at the
end of follow-up were censored. The Kaplan-Meier method was
used to estimate OS. Differences in survival outcomes were
assessed with the log-rank test. Multivariate Cox proportional
hazards regression models were subsequently fitted to evaluate
the relationship between resection of the primary tumor and OS
adjusting potential confounding covariates. Results are presented
as a hazard ratio (HR) and 95% confidence interval (CI).

In order to adjust for heterogeneity between the treatment
groups (resection and non-resection), propensity score analyses
were conducted as described previously.2, 7 Multivariable logis-
tic regression was used to generate propensity score-predicting
treatment (resection versus non-resection) based on confound-
ing covariates, including ECOG performance status, presence
of severe symptoms (severe anemia, bowel obstruction, abdom-
inal pain), M subcategories (M1a versus M1b, M1c) according
to the TNM classification (8th edition),10 primary tumor site
(right-sided: cecum, hepatic flexure, and transverse colon;
left-sided: splenic flexure, sigmoid, rectosigmoid junction,
and rectum), and CEA value (≥ 30 ng/ml versus < 30 ng/ml).
Each patient was then assigned an estimated propensity score,
which is the probability that the patient receives resection given
their measurable characteristics.
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By applying propensity scores to adjust for group differ-
ences in the following three manners, Cox models were
created.2, 7 First, propensity scores were used for regression
adjustment, which include the score as a linear predictor in the
model.7, 8 In a regression model, treatment effect is estimated
by adjusting background covariates. Second, propensity
scores were used for stratification, because stratification based
on propensity score is known to produce strata in which the
average treatment effect within strata is an unbiased estimate
of the true treatment effect.7 Defined by quintiles of the esti-
mated propensity score, the entire cohort was divided into five
strata. Third, propensity scores were used for matching, which
pairs resection patients and non-resection patients according
to similarities in his/her observed baseline characteristics.
Each patient who underwent resection of the primary tumor
was matched 1:1 with a non-resection patient with the closest
estimated propensity on the logit scale within a specified range
(smaller than 0.05 of estimated logits as the caliper width) to
reduce differences between treatment groups. All statistical
analyses were performed using the JMP12 software program
(SAS Institute Japan Ltd., Tokyo, Japan). p < 0.05 was con-
sidered statistically significant.

Results

Characteristics of the Study Cohort

Details of our study cohort are shown in Fig. 1. Between
January 2006 and December 2013, a total of 551 patients with
stage IV colorectal cancer were referred to the National Cancer
Center. Of these, 151 (27% of all stage IV patients) patients
who underwent curative resection and 23 patients who received
only best supportive care because of poor performance status

were excluded.We also excluded 169 patients whowere treated
with cytotoxic agents without target agents. Thus, 208 patients
met the aforementioned selection criteria for unresectable stage
IV colorectal cancer who received targeted therapy. One hun-
dred thirty and 78 patients were first referred to the surgery
division and to the gastrointestinal oncology division, respec-
tively. Of these, 117 patients received VEGF-targeted antibody
(bevacizumab), 24 patients received EGFR-targeted antibody
(cetuximab or panitumumab), and 67 patients received both
bevacizumab and one of the EGFR-targeted antibodies at least
once throughout the treatment course.

Of the 208 patients, 108 (52%) underwent resection of the
primary tumor, and 100 (48%) did not. Patients who underwent
diverting stoma construction without primary tumor resection
(n = 20), or probe laparotomy (n = 4), were included in the
non-resection group. Patient characteristics of these two treat-
ment groups are shown in Table 1. Significant differences were
observed in ECOG performance status (p = 0.013), presence of
severe symptoms (p = 0.039), and CEA values (p < 0.001);
namely, patients with good performance status (PS0), with

Fig. 1 The present study cohort. Of the initial 551 stage IV colorectal
cancer patients recruited, resectable cases, cases of best supportive care,
and cases treated by cytotoxic agents only were excluded, for a final total
of 208 patients subject to analysis

Table 1 Clinicopathological characteristics of the entire cohort

Entire cohort
(n = 208)

Resection
n = 108

Non-resection
n = 100

p value

Gender

Male 67 (62%) 58 (58%) 0.553

Female 41 (38%) 42 (42%)

Age

< 64 72 (67%) 74 (74%) 0.248

≥ 65 36 (33%) 26 (26%)

Performance status

PS 0 66 (61%) 44 (44%) 0.013

PS 1 40 42 (39%) 56 (56%)

PS 2 2 –

Severe symptoms

Symptomatic 45 (42%) 28 (28%) 0.039

Asymptomatic 63 (58%) 72 (72%)

M subcategory (TNM 8th)

M1a 51 (47%) 40 (40%) 0.294
M1b 32 57 (53%) 42 60 (60%)
M1c 25 18

Primary tumor site

Right-sided 35 (32%) 22 (22%) 0.093

Left-sided 73 (68%) 78 (78%)

CEA value (ng/ml)

Up to 30 60 (56%) 34 (34%) 0.002

≥ 30 48 (44%) 66 (66%)

Data are presented as n (%)

PS performance status, CEA carcinoembryonic antigen
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severe symptoms, and with smaller CEA values, tended to un-
dergo resection. These results indicate that a clear bias existed for
treatment selection from two treatment strategies. On the other
hand, distribution of primary tumor sites, which is a prognostic
factor of stage IV colorectal cancer which recently gathers a lot
of attention,11–14 as well as distribution ofM subcategories (M1a
versus M1b and M1c), a well-known prognostic factor of stage
IV colorectal cancer,15 did not differ significantly between the
two groups (p = 0.093 and p = 0.294, respectively).

Effects of Resection of the Primary Tumor on OS

Without adjusting background variables, patients in this study
(n = 208) who underwent resection of the primary tumor had a
significantly longer OS than patients who did not undergo
resection (Fig. 2). Median OS was 32.9 and 23.5 months for

resection and non-resection patients, respectively, and the HR
for OS for resection compared with non-resection was 0.61
(95% CI [0.44–0.84]; p < 0.01) (Table 2).

Propensity scores (probability of receiving primary tumor
resection) of the entire cohort, generated by using multivari-
able logistic regression with confounding covariates including
performance status, presence of severe symptoms, M subcat-
egories, primary tumor site, and CEA value, showed unbal-
ance between the two groups (Fig. 2, upper right).

Regression Adjustment Including the Propensity
Score

By way of regression adjustment (i.e., include propensity
score as a linear predictor in the model), Cox models created
by applying propensity scores were used to adjust group
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Fig. 2 (Upper left) overall survival with and without palliative resection
of the primary tumor in the entire cohort (n = 208). Of these, 108 (52%)
underwent palliative resection of the primary tumor, and 100 (48%) did
not. (Lower left) overall survival with and without palliative resection of
the primary tumor in the propensity score-matched population (64

matched pairs). (Right) estimated propensity scores of each patient rep-
resented their predicted probability of receiving palliative resection on the
basis of the observed baseline characteristics. Distribution of propensity
scores in the entire cohort (upper right) and in the propensity score-
matched groups (lower right)
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differences. In our entire cohort (n = 208), the HR for OS for
resection compared with non-resection was 0.70 (95% CI
[0.50–0.71]; p = 0.051) (Table 2).

Stratification Based on Propensity Score

As defined by quintiles of estimated propensity scores, the en-
tire cohort (n = 208) was divided into five strata. Stratification
analysis of the five strata revealed inconsistencies (HRs ranged
from 0.50 to 1.58) (Table 2). The confidence intervals for the
hazard ratios in Table 2 for the propensity score-adjusted model
all cross 1, so none of these hazard ratios are significant.

Propensity Score Matching

After propensity score matching, 64 matched pairs of patients
were selected. The demographics of the propensity score-
matched patients was described in Table 3, showing patient
distributions were balanced between the resection and non-
resection groups. In the cohort of matched patients (n = 128),
those who underwent primary tumor resection did not show
significant better outcomes than those who did not (Fig. 2),
shown as median OS values of 31.0 versus 28.1 months for
resection and non-resection patients, respectively, and HR of
0.76 (95% CI [0.51–1.15]; p = 0.197) in the propensity score-
matchedmodel (Table 2). Distributions of propensity scores in
the matched groups are shown in Fig. 2 (lower right).

Discussion

Of our study population, 52% were patients in the resection
group and 48% were in the non-resection group. In some pre-
vious studies of unresectable colorectal cancer investigating
the impact of primary tumor resection, the numbers of patients
in each treatment group have been markedly unbalanced (only
10–28% of patients subject to analysis were non-resection
patients).4, 5, 16 This issue of imbalance is critical when

comparing prognoses of the two treatments (resection versus
non-resection). According to data from the National Cancer
Institute’s Surveillance, Epidemiology, and End Results CRC
registry in the USA, the annual rate of resection of the primary

Table 2 Hazard ratios for overall
survival to measure the effects of
palliative resection of the primary
tumor

Sample size (no. of patients) Hazard ratio [95% CI] p
Resection vs. non-resection

Unadjusted model 108 and 100 0.61 [0.44–0.84] 0.003

Propensity score-adjusted model

Regression adjustment 108 and 100 0.70 [0.49–1.00] 0.051

Within-propensity score quintile

1 (lowest propensity) 5 and 31 1.58 [0.52–3.94] 0.384

2 25 and 16 0.64 [0.31–1.34] 0.237

3 24 and 23 0.95 [0.50–1.83] 0.880

4 19 and 19 0.50 [0.23–1.10] 0.085

5 (highest propensity) 35 and 11 0.55 [0.23–1.55] 0.241

Matching 1:1 64 and 64 0.76 [0.51–1.15] 0.197

Table 3 Clinicopathological characteristics of the propensity score-
matched pairs

Propensity score-matched pairs
(n = 128)

Resection
n = 64

Non-resection
n = 64

p value

Gender

Male 41 (64%) 39 (61%) 0.715

Female 23 (36%) 25 (39%)

Age

< 64 44 (69%) 47 (73%) 0.559

≥ 65 20 (31%) 17 (27%)

Performance status

PS 0 37 (58%) 37 (58%) 1.000

PS 1 26 27 (42%) 27 (42%)

PS 2 1 –

Severe symptoms

Symptomatic 26 (41%) 25 (39%) 0.857

Asymptomatic 38 (59%) 39 (61%)

M subcategory (TNM 8th)

M1a 26 (41%) 28 (44%) 0.720
M1b 25 38 (59%) 25 36 (56%)
M1c 13 11

Primary tumor site

Right-sided 16 (25%) 14 (22%) 0.676

Left-sided 48 (75%) 50 (78%)

CEA value (ng/ml)

Up to 30 27 (42%) 28 (44%) 0.858

≥ 30 37 (58%) 36 (56%)

Data are presented as n (%)

PS performance status, CEA carcinoembryonic antigen
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tumor has been decreasing, down to 57.4% in 2010.17 Thus,
the composition of our study population (from 2006 to 2013)
seems to be a relatively accurate representation of the patient
population with unresectable stage IV colorectal cancer.

We found that resection of the primary tumor in unresectable
stage IV colorectal cancer patients who received targeted thera-
py containing at least one molecular target agent such as
bevacizumab, cetuximab, and panitumumab was not associated
with significant longer OS. This finding was supported by three
different propensity score analyses, namely, regression adjust-
ment, stratification, and matching. Each of these analyses repre-
sents a way to adjust covariates prior to calculation of the treat-
ment effect (matching and stratification) or during calculation of
the treatment effect (regression adjustment and stratification).7

HR comparisons of OS for resection and non-resection were
analyzed in three different ways. The resulting HRs ranging
from 0.50–1.58 indicate that outcomes for resection over non-
resection were neither significantly better nor worse (Table 2).

We recently reported the positive prognostic impact of resec-
tion of the primary tumor in unresectable stage IV colorectal
cancer.2 Several systematic reviews in the literature have also
evaluated the positive prognostic effects of resection of the pri-
mary tumor in unresectable stage IV colorectal cancer.18–20

These studies differ from the present study in the points that
they included patients not only in the old era of fluoropyrimidine
monotherapy, but also in the modern era when combination of
cytotoxic agents was popular and in the current era of targeted
therapies. The present study focused on patients who received
targeted therapies, and found that primary tumor resection has
only marginal impacts; this is in clear contrast to our previous
report.2 These opposing conclusions may be explained by a
greater efficacy of therapeutic combinations of multiple cytotox-
ic agents and targeted therapies, which might reduce the impact
of primary tumor resection. Even in the era of multiple cytotoxic
agents without target agents, one study showed a lower inci-
dence of major intestinal complications such as obstruction,
peritonitis, and gastrointestinal hemorrhage requiring hospital
admission, even in the non-resection group, and concluded that
chemotherapy may be successfully used as initial treatment for
unresectable colorectal cancer.21 Thus, the role of resection of
the primary tumor in unresectable stage IV colorectal cancer in
the current era of targeted therapies should be reexamined anew.
To this end, well-designed randomized clinical trials are current-
ly ongoing, and include the CAIRO4 study22 and the
JCOG1007 study (iPACS trial, UMIN000008147), both of
which define systemic therapy as fluoropyrimidine-based che-
motherapy in combination with bevacizumab.

There are some potential limitations to this study. First, since
the present study was retrospective in design, biases may exist.
However, this was one of the main reasons for conducting three
different propensity score analyses. Second, the sample size was
relatively small. Third, the chemotherapy regimen differed by
patient, with some being administered bevacizumab and others

administered cetuximab/panitumumab. This heterogeneity might
affect the efficacy of chemotherapy. Fourth, a significant propor-
tion of the cohort was enrolled in one of two randomized con-
trolled trials. Thus, the inclusion of data from study patients in
randomized controlled trials introduces some potential inconsis-
tencies in treatment decision-making processes throughout the
study period. Nonetheless, our observations warrant further con-
sideration and validation in a larger patient population with
unresectable colorectal cancer.

Conclusion

By minimizing selection bias through the use of propensity
score analyses, the present study revealed that, in the current
era of targeted therapies, primary tumor resection was not as-
sociated with improved OS. That is, the efficacy of palliative
surgery might be losing their impact, which might be surpassed
by that of targeted therapies. Our study indicated that systemic
chemotherapy without resection of the primary tumor might be
standard therapy for unresectable stage IV colorectal cancer in
the current era of targeted therapies. Even for symptomatic
patients, standard therapy might become not resection of the
primary tumor but just palliative surgery such as stoma con-
struction without primary tumor resection in order to minimize
the surgical risk and not to delay the start of systemic chemo-
therapy. Further investigations such as randomized trials are
needed to confirm this result.
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