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Abstract
Background To investigate the impact of concurrent chemoradiotherapy (CCRT) on stage IV rectum cancer.
Methods Between 2000 and 2011, 297 consecutive patients diagnosed with stage IV rectum cancer (synchronous metastasis)
were enrolled. Cox proportional hazard analyses were used for prognostic factors determination, and the Kaplan–Meier
method was used for survival analyses. Propensity scores with the one-to-one nearest-neighbor matching model were used to
select matched patients for validation studies.
Results In total, 63 patients received CCRT and 234 did not. The patients in the CCRT group were younger, had more low-
lying lesions, and had more T4 lesions, lung metastases, metastasectomies, and oxaliplatin-based upfront chemotherapy.
Before propensity-score matching, a younger age (HR00.662, P00.016), lower carcinoembryonic antigen (CEA) level
(≤20 ng/ml) (HR00.531, P00.001), no metastasectomy (HR03.214, P<0.001), and no CCRT (HR01.844, P00.019) were
independent prognostic factors after controlling for other confounding factors. After matching, only CEA and metastasec-
tomy, but not CCRT, were independent prognostic factors. The survival benefit of CCRT was restricted to patients who
undergo subsequent metastasectomy.
Conclusions Upfront CCRT only provided a survival benefit in patients with stage IV rectum cancer who undergo
subsequent metastasectomy.
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Introduction

Colorectal cancer is the third most common malignancy
worldwide and the leading malignancy in Taiwan. One third
of cases are of rectum cancer. Unfortunately, one quarter of
rectum cancer cases are of metastatic rectum cancer (stage
IV) in Taiwan (Department of Health, Executive Yuan
2008).1 Despite advances in multiple-modality treatment,
the median overall survival (OS) of patients with stage IV
rectum cancer is only around 20–28 months.2–6

The optimal treatment strategy in stage IV rectum cancer
remains unclear, and most recommendations are based on
extrapolation from metastatic colon cancer and stage II–III
rectum cancer. According to the National Comprehensive Can-
cer Network (NCCN) guidelines (V1. 2012), upfront systemic
chemotherapy followed by concurrent chemoradiotherapy
(CCRT) or not and upfront CCRT followed by systemic che-
motherapy are considered equal by consensus; no treatment
strategy is better than another. Data to guide decisions regarding
the optimal approach in this population were limited until now.

Pre-operative (pre-op) CCRT is the standard of care for
patients with stage II–III rectum cancer. Advancements in-
clude significant improvement in local control and sphincter
preservation, as reported in the German CAO/ARO/AIO
Rectum Cancer Trial.7 In clinical practice, physicians often
incorporate CCRT into the treatment plan of patients with
stage IV rectum cancer. However, as we know, CCRT only
decreases local recurrence; it does not improve OS in stage
II–III rectum cancer,8 and no trials have evaluated the effi-
cacy of CCRT in stage IV rectum cancer.

We conducted a retrospective study to examine the impact
of upfront CCRTonOS in patients with stage IVrectum cancer.
All patients with stage IV rectum cancer had synchronous
metastasis. We aimed to identify the potential subpopulation
who obtained a survival benefit after upfront CCRT followed
by systemic chemotherapy in order to avoid unnecessary ad-
verse events of CCRT in those patients who will not benefit.

Materials and Methods

Study Population and Data Collection

This cohort study retrospectively reviewed patients with
clinical stage IV (metastatic) rectum cancer who underwent
CCRT or did not undergo CCRT in Taipei Veterans General
Hospital from January 2000 to September 2011. Rectum
cancer was defined as a cancerous lesion located within
15 cm of the anal verge.9 The inclusion criteria was rectum

cancer with solitary or multiple metastasis proved by pathol-
ogy (primary or metastatic lesion, type: adenocarcinoma) and
imaging studies (computed tomography, magnetic resonance
imaging, or positron emission tomography/computed tomog-
raphy (CT)). Finally, 297 patients were enrolled. Tumors were
staged according to the American Joint Committee on Cancer
Staging system, 6th edition. The general characteristics and
clinicopathological staging of patients were obtained from a
computer database containing detailed information of all
patients, including the pathological type and treatment modal-
ity. Follow-up information and survival data were obtained
from hospital records. Follow-up was continued until October
2011 or the time of death. Patients were followed up at 3-
month intervals from the time of diagnosis for the first 2 years
and then at 6-month intervals for 5 years and thereafter,
annually. Examinations at follow-up included physical exam-
ination, rectodigital examination, carcinoembryonic antigen
(CEA, in nanograms per milliliter) levels, chest X-rays, and
abdominal CT scans. Decisions regarding resection of meta-
static lesions in both groups were made on an individual
patient basis according to the patient’s will, at the discretion
of the attending physicians, and according to resectability as
evaluated by surgeons and radiologists.

The upfront chemotherapy was determined by the attending
physicians including a medical oncologist and a surgical on-
cologist. The complex cases warranting metastasectomy were
discussed in multidisciplinary conference in the presence of
colorectal, liver, and lung surgeons; radiologists; medical
oncologists; radiation oncologists; and pathologists. The stan-
dard systemic chemotherapy we used included 5-fluorouracil
(5-FU)/leucovorin/oxaliplatin (FOLFOX4/FOLFOX6), 5-FU/
leucovorin/irinotecan (FOLFIRI), and 5-FU/leucovorin
(HDFL/DeGramont), and cetuximab or bevacizumabwas used
with one of above regimens. Cetuximab was used in patients
with the wild-type KRAS gene (codons 12 and 13). Palliation
meant that the patient refused chemotherapy, and not available
(n.a.) meant that the patient received treatment in another
hospital and we obtained the survival status by telephone.

In the CCRT group, all patients had the primary lesion
located <12 cm from anal verge. The “sandwich” approach
was as follows: an upfront systemic chemotherapy 1–2
courses, followed by CCRT (in which the chemotherapy
was the same as the upfront chemotherapy, with a dose
intensity of around 80–100% individually) and continuation
of the same chemotherapy. The radiation dosage was 45–
50 Gy in 25–28 fractions to the pelvis (long-course CCRT).10

Statistical Analysis

The Kaplan–Meier method was used for survival analysis,
and cancer-specific mortality was the event used for OS
analysis. Patients who remained alive at the end of the
follow-up period were censored. OS was defined as the time
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from diagnosis of rectum cancer to death from cancer. The
cause of death was determined by the primary physicians or
by a review of the medical chart.

Categorical variables were compared using the χ2 test
between patients who received CCRT and those who did not.
The Cox proportional hazards model was applied for univariate
and multivariate analyses to determine the prognostic influence
of clinicopathological factors and CCRTon survival endpoints.

Propensity scores were used to control for selection bias 11

and derived using binary logistic regression to generate a
propensity score for each patient who underwent CCRT or
did not. The variables entered in the propensity model were
age, gender, pathology, location (distance from anal verge, ≤7
or >7 cm), pre-op T, N, M stage, CEA level, metastasectomy,
and upfront chemotherapy regimens. Subsequently, a one-to-
one match between patients who received CCRT and those
who did not receive CCRT was obtained using the nearest-
neighbor matching method.11

A P value<0.05 was regarded as statically significant.
All statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS 16.0 for Windows; SPSS
Inc, Chicago, IL).

Results

Baseline Clinical Characteristics

In total, 297 patients with stage IV rectum cancer were
enrolled. The baseline demographic data are shown in
Table 1. Sixty-three (21.2%) patients received CCRT, and
234 (78.8%) patients did not receive CCRT. The patients in
the non-CCRT group were older than those in the CCRT
group (P00.010). In both groups, there was a male predom-
inance, with a similar male-to-female ratio. The pathology
in both groups was mainly adenocarcinoma (93.6% in the
CCRT group and 92.0% in the non-CCRT group), with a
few cases of mucinous adenocarcinoma, signet ring cell
carcinoma, and carcinoma. The location of the tumor in
the non-CCRT group was mainly at a distance >7 cm from
the anal verge (66.7%), whereas in CCRT group the location
of the tumor was mainly at a distance ≤7 cm from the anal
verge (73.0%) (P<0.001). The pre-op T stage in the CCRT
group contained more T4 lesions than the non-CCRT
group (38.1% vs. 23.1%, P00.016). A similar frequency
of pre-op N2 status was noted in both groups (56.8% vs.

Table 1 Comparison of the
baseline demographics of
patients with stage IV rectum
cancer who underwent CCRT or
did not undergo CCRT

CCRT concurrent chemoradio-
therapy, CEA carcinoembryonic
antigen, CT chemotherapy, n.a.
not available, pre-op pre-
operative, 5-FU 5-fluorouracil

*P<0.05

Total, N0297 No CCRT, n0234 (%) CCRT, n063 (%) P value

Age (years) ≤70 133 (56.8) 47 (74.6) 0.010*
>70 101 (43.2) 16 (25.4)

Gender Male 171 (73.1) 44 (69.8) 0.610
Female 63 (26.9) 19 (30.2)

Pathology Adenocarcinoma 219 (93.6) 58 (92.0) 0.335
Mucinous adenocarcinoma 9 (3.8) 5 (8.0)

Signet cell carcinoma 4 (1.7) 0 (0.0)

Carcinoma 2 (0.9) 0 (0.0)

Distance from anal
verge (cm)

>7 156 (66.7) 17 (27.0) <0.001*
≤7 78 (33.3) 46 (73.0)

Pre-op T Non-T4 180 (76.9) 39 (61.9) 0.016*
T4 54 (23.1) 24 (38.1)

Pre-op N N 0-1 101 (43.2) 24 (38.1) 0.470
N2 133 (56.8) 39 (61.9)

Pre-op M Liver 142 (60.7) 31 (49.2) 0.040*
Lung 28 (11.9) 16 (25.4)

Liver and lung 25 (10.7) 4 (6.4)

Others 39 (16.7) 12 (19.0)

CEA (ng/ml) ≤20 81 (34.6) 29 (46.0) 0.096
>20 153 (65.4) 34 (54.0)

Metastasectomy Without 176 (75.2) 39 (61.9) 0.036*
With 58 (24.8) 24 (38.1)

Upfront regimen Bevacizumab-based 11 (4.7) 1 (1.6) <0.001*
Cetuximab-based 7 (3.0) 8 (12.7)

Oxaliplatin-based 90 (38.5) 40 (63.5)

Irinotecan-based 33 (14.1) 1 (1.6)

5-FU-based 24 (10.3) 13 (20.6)

Palliation 41 (17.5) 0 (0)

n.a. 28 (11.9) 0 (0)
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61.9%, P00.470). Pre-op liver metastasis was more com-
mon in the non-CCRT group than in the CCRT group
(60.7% vs. 49.2%, P00.040). The CEA distribution (CEA>
20 ng/ml) was similar (65.4% vs. 54.0%, P00.096) in both
groups. Fewer patients in the non-CCRT group underwent
metastasectomy than in the CCRT group (24.8% vs. 38.1%,
P00.036). Eighty-two patients underwent metastasectomy:
five who received CCRT only and 77 who underwent surgery
for the primary tumor and metastasectomy (60 patients under-
went concurrent resection of the primary and metastatic
tumors, while 17 underwent sequential resection of the
primary and metastatic tumors). Palliative treatment was
common in the non-CCRT group, and the most commonly
used upfront chemotherapy was an oxaliplatin-based regimen,
especially in the CCRT group (P<0.001).

Factors Associated with OS

For the whole population (stage IVrectum cancer), the median
OS was 21.3 months. One hundred fifty-six patients died, and
141 patients were still alive for their last follow-up visit. The
median survival in the non-CCRT group was 19.5 months,
and the median survival in the CCRT group was 37.4 months
(Fig. 1a, P00.004). Among the 234 patients who did not
receive CCRT, 136 (58.1%) died during the follow-up period.
Of the 63 patients who underwent CCRT, 20 (31.7%) died.

An older age (>70 years), higher location of the tumor
(>7 cm from the anal verge), advanced pre-op N stage (N2),
higher CEA level (>20 ng/ml), no metastasectomy, and no
CCRT were found to be associated with poor overall
survival by univariate analysis (Table 2). In multivariate
analysis, only a younger age (HR00.662, P00.016), lower
CEA level (≤20 ng/ml) (HR00.531, P00.001), no metasta-
sectomy (HR03.214, P<0.001), and no CCRT (HR01.844,
P00.019) were found to be independent prognostic factors
that influenced overall survival after controlling for other
confounding factors (Table 2).

Figure 1b, c shows the impact of upfront chemotherapy
on OS. The median survival for bevacizumab/cetuximab,
oxaliplatin/irinotecan, 5-FU, no chemotherapy, and n.a was
27.1, 27.0, 20.5, 7.5, and 10.6 months, respectively (P<
0.001) (Fig. 1b). However, after excluding the group that
did not undergo chemotherapy and the data n.a. group, there
was no difference in OS between the different upfront
regimens of bevacizumab/cetuximab vs. oxaliplatin/irinotecan
vs. 5-FU, P00.342) (Fig. 1c).

According to the RECIST criteria, we subdivided the
patients in the CCRT group into two subgroups: responders
(at least partial remission; n037) and non-responders (stable
or progressing disease; n026). The overall median survival
of the non-responders was 23.5 months; the same could not
be calculated in the responders because most patients in this
group were still alive (P00.067).

Factors Associated with OS After Propensity Score
Correction with the One-to-One Nearest-Neighbor
Matching Method

A severe discrepancy in the upfront chemotherapy was
present between the two groups. In the non-CCRT group,
11 patients (4.7%) received bevacizumab vs. 1 (1.6%) in the
CCRT group; 33 patients (14.1%) in the non-CCRT group
received irinotecan vs. 1 (1.6%) in the CCRT group; and 69
patients (29.4%) in the non-CCRT group received palliation
or n.a. vs. 0 (0.0%) in the CCRT group. These patients were

Fig. 1 a Overall survival (OS) of patients with stage IV rectum cancer
by concurrent chemoradiotherapy (CCRT) status. b, c OS of patients
with stage IV rectum cancer by chemotherapy regimen: b palliation,
5-flurouracil (5-FU), oxaliplatin/irinotecan, bevacizumab/cetuximab,
and not available (n.a.), and c 5-FU, oxaliplatin/irinotecan, and
bevacizumab/cetuximab
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excluded from this study initially (Fig. 2a). Subsequently,
propensity analysis with the one-to-one nearest-neighbor
matching method was applied to minimize the confounding
factors including age, gender, pathology, tumor location
(distance from the anal verge), pre-op T, pre-op N, pre-op
M, CEA level, metastasectomy, and upfront chemotherapy
(Fig. 2a). Finally, 40 patients were matched in each group,
and the abovementioned factors appeared to be well-
matched between these two groups (Table 3). After match-
ing, under univariate and multivariate analysis, only a
higher CEA level (>20 ng/ml) and no metastasectomy were
found to be associated with poor OS, but not CCRT (Table 4)
(Fig. 2b, P00.501). In subgroup analysis, patients who
underwent CCRT followed by metastasectomy had a supe-
rior survival curve as compared with patients who received
CCRT without undergoing subsequent metastasectomy or
patients who did not receive CCRT (Fig. 2c, P00.025).
The median OS in the non-CCRT group was 25.5 months,
while that in the CCRT group who did not undergo resection
of metastatic lesions was 18.9 months. No median survival
data were obtained for the CCRT group who underwent
resection of metastatic lesions because only two of ten
patients died during the period of follow-up. In contrast,
the CEA level did not have an impact on the OS of patients
who underwent CCRT (Fig. 2d, P00.690). Then, in order to
validate the potential benefits of CCRT in stage IV rectum
cancer patients who underwent subsequent metastasectomy
(Fig. 2c), we selected stage IV rectum cancer patients who
underwent metastasectomy and applied propensity analysis
with the one-to-one nearest-neighbor matching method to
minimize the confounding factors previously mentioned,

with the exception of CCRT. Eighteen patients were selected
in each group (with or without CCRT) (Fig. 2e). We found
that the patients in the CCRT group still had a superior
survival curve as compared with the patients in the non-
CCRT group (Fig.2f, P00.037).

Complications After Surgical Resection of the Primary
Rectal Tumor

The incidence of treatment mortality (death within 30 days
of operation) was 11/266 (4.1%). Complications after resec-
tion of the primary rectal tumor included myocardial infarc-
tion (1/266), atelectasis of the lungs (3/266), pulmonary
embolism (1/266), pneumonia (5/266), respiratory failure
(6/266), sputum impaction (1/266), pneumothorax (1/266),
postoperative jaundice (1/266), renal failure (1/266), stress
ulcer with upper gastrointestinal bleeding (4/266), deep vein
thrombosis (1/266), wound infection (30/266), wound dis-
ruption (5/266), urinary tract infection (12/266), urinary
retention (urinary catheterization>2 weeks) (6/266), intra-
abdominal abscess (3/266), anastomotic bleeding (2/266),
anastomotic leakage (23/266), intestinal obstruction (1/266),
and stomal complication (3/266). The complications did not
influence the subsequent chemotherapy schedule.

Discussion

The optimal treatment strategies for patients with stage IV
rectum cancer are difficult to determine. In clinical practice,
medical, surgical, and radiation oncologists often arrange

Table 2 Prognostic factors for survival in patients with stage IV rectum cancer according to univariate and multivariate analyses in the Cox
proportional hazards model

Variable Univariate analysis Multivariate analysis

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

Age 0.692 0.502~0.954 0.025* 0.662 0.473~0.927 0.016*
≤70 vs. >70 years

Distance from anal verge (cm) 1.439 1.034~2.002 0.031* 0.973 0.680~1.392 0.882
>7 vs. ≤7 cm

Pre-op T 0.720 0.507~1.022 0.066 0.705 0.484~1.028 0.069
T4 vs. non-T4

Pre-op N 1.415 1.027~1.949 0.034* 1.369 0.981~1.911 0.065
N2 vs. N0-1

CEA (ng/ml) 0.429 0.304~0.607 <0.001* 0.531 0.370~0.763 0.001*
≤20 vs. >20

Metastasectomy 3.989 2.577~6.174 <0.001* 3.214 2.047~5.044 <0.001*
Without vs. with

CCRT 1.954 1.220~3.128 0.005* 1.844 1.107~3.071 0.019*
Without vs. with

CCRT concurrent chemoradiotherapy, CEA carcinoembryonic antigen, pre-op pre-operative

*P<0.05
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CCRT for patients with stage IV rectum cancer in addition to
systemic chemotherapy. In the NCCN guidelines (V 1.
2012), radiotherapy is advised to be considered in highly
selected cases in which patients have a limited number of
liver or lung metastases (category 3 recommendation) or in
the setting of a clinical trial.12,13 It seems reasonable that
CCRT is incorporated into the treatment strategy in cases of

potentially curable stage IV rectum cancer to strengthen
local control, but there are no definite indications and no
randomized trials to prove the efficacy of CCRT in this
population. To our knowledge, our retrospective analysis is
the first large-scale study in the literature to examine the role
of CCRT in stage IV rectum cancer. We found that CCRT
followed by metastasectomy could improve the OS in

Fig. 2 a In all, 234 patients
did not undergo CCRT, and
63 patients underwent CCRT.
Patients who received upfront
chemotherapy with irinotecan,
bevacizumab, and those
undergoing palliation or
with data not available (n.a.)
were excluded initially.
Subsequently, 40 pairs of
matched patients were selected
for analysis by the propensity
score model using the one-to-
one nearest-neighbor matching
method to minimize the
confounding factors previously
mentioned, with the exception
of CCRT. b Forty patients were
selected in each group (with or
without CCRT), and CCRT did
not provide a survival benefit in
the stage IV rectum cancer
patients. c In subgroup analysis,
CCRT provided a survival
benefit only in stage IV rectum
cancer patients who underwent
subsequent metastasectomy. d
In subgroup analysis, a low
CEA level did not have the
impact on CCRT. e To validate
the findings shown in c, we
selected stage IV rectum
cancer patients who underwent
metastasectomy and applied
propensity analysis and the
one-to-one nearest-neighbor
matching method to minimize
the confounding factors
previously mentioned, with the
exception of CCRT. Eighteen
patients were selected in each
group (with or without CCRT).
f We found that stage IV rectum
cancer patients who underwent
metastasectomy in the CCRT
group still had a superior
survival curve as compared
with those patients who did
not undergo CCRT
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patients with stage IV rectum cancer. The CCRT did not
improve the OS in patients with ultimately unresectable
stage IV rectum cancer and should be omitted to avoid
unnecessary adverse events of CCRT.

In our population, CCRT was prone to be performed in
patients of a younger age, T4 lesions, low-lying lesions, and
those with non-disseminated metastasis (Table 1). This strat-
egy is largely based on extrapolation from CCRT in stage
II–III rectum cancer and limited stage IV colon cancer

analysis, and this concept is used in clinical practice
worldwide.7,8,14–16 In our study, age, CEA, metastasectomy,
and CCRT were found to be significant prognostic markers
according to multivariate analyses in the Cox proportional
hazards model, but not the location of the primary tumor,
pre-op clinical T, and N. The significant survival benefit of
CCRT obtained by the selection bias in patients undergoing
CCRT that were younger and had less-disseminated metas-
tasis, aggressive chemotherapy, and more metastasectomies

Table 3 Comparison of the
baseline demographics of
patients with stage IV rectum
cancer who underwent CCRT or
who did not in the propensity
score model

CCRT concurrent chemoradio-
therapy, CEA carcinoembryonic
antigen, n.a. not available,
pre-op pre-operative, 5-FU
5-fluorouracil

*P<0.05

Total, N080 Without CCRT, n040 (50%) CCRT, n040 (50%) P value

Age (years) ≤70 28 (70.0) 28 (70.0) 1.000
>70 12 (30.0) 12 (30.0)

Gender Male 27 (67.5) 28 (70.0) 0.809
Female 13 (32.5) 12 (30.0)

Pathology Adenocarcinoma 39 (97.5) 38 (95.0) 0.556
Mucinous
adenocarcinoma

1 (2.5) 2 (5.0)

Distance from anal
verge (cm)

>7 17 (42.5) 16 (40.0) 0.820
≤7 23 (57.5) 24 (60.0)

Pre-op T Non-T4 27 (67.5) 26 (65.0) 0.813
T4 13 (32.5) 14 (35.0)

Pre-op N N 0-1 23 (57.5) 26 (65.0) 0.491
N2 17 (42.5) 14 (35.0)

Pre-op M Liver 18 (45.0) 23 (57.5) 0.204
Lung 13 (32.5) 5 (12.5)

Liver and lung 3 (7.5) 4 (10.0)

Others 6 (15.0) 8 (20.0)

CEA (ng/ml) ≤20 24 (60.0) 16 (40.0) 0.074
>20 16 (40.0) 24 (60.0)

Metastasectomy Without 24 (60.0) 26 (65.0) 0.644
With 16 (40.0) 14 (35.0)

Upfront regimen Cetuximab-based 3 (7.5) 3 (7.5) 1.000
Oxaliplatin-based 27 (67.5) 27 (67.5)

5-FU-based 10 (25.0) 10 (25.0)

Table 4 Prognostic factors for survival in patients with stage IV rectum cancer according to univariate and multivariate analyses in the propensity
score model

Variable Univariate analysis Multivariate analysis

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

Age, ≤70 vs. >70 years 0.552 0.283~1.074 0.080 0.832 0.360~1.922 0.666

Distance from anal verge (cm), >7 vs. ≤7 cm 0.957 0.492~1.863 0.898 0.952 0.467~1.940 0.892

Pre-op T, T4 vs. non-T4 0.939 0.477~1.847 0.855 0.965 0.434~2.145 0.930

Pre-op N, N2 vs. N0-1 0.131 0.586~2.183 0.713 1.505 0.679~3.332 0.314

CEA (ng/ml), ≤20 vs. >20 0.425 0.217~0.834 0.013* 0.414 0.188~0.909 0.028*

Metastasectomy, without vs. with 3.621 1.632~8.037` 0.002* 3.031 1.259~7.296 0.013*

CCRT, without vs. with 0.793 0.404~1.560 0.502 1.113 0.542~2.284 0.771

Regimen, 5-FU-based vs. oxaliplatin-based
vs. cetuximab-based

1.220 0.887~1.679 0.221 1.358 0.900~2.048 0.144

CCRT concurrent chemoradiotherapy, CEA carcinoembryonic antigen, pre-op pre-operative, 5-FU 5-fluorouracil

*P<0.05
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(Fig. 1a and Tables 1 and 2). Our results were similar to
those of the retrospective studies of Radu et al.17 They
found that patients with stage IV rectum cancer who under-
went CCRT followed by systemic chemotherapy and sur-
gery or not have a better OS than patients undergoing
palliative chemotherapy alone (contraindication to CCRT
due to being more elderly or having more comorbidities).
The impact of CCRT could not be assessed due to the small
population size (n022) and the heterogeneous characteris-
tics in their study. The above results encouraged us to assess
the actual impact of CCRT on stage IV rectum cancer using
the propensity score model (Table 3 and Fig. 2a). However,
we found that only metastasectomy and CEA but not CCRT
were independent prognostic markers in the propensity
score model (Table 4). This observation is partially sup-
ported by previous studies, which have indicated that CCRT
reduces local recurrence only in stages II and III rectum
cancer.7,16,18 Furthermore, we examined the impact of meta-
stasectomy and CEA on CCRT (Fig. 2c, d). Interestingly, in
the subgroup analysis, only CCRT followed by metastasec-
tomy improved the OS in patients with stage IV rectum
cancer, and CCRT without sequential metastasectomy did
not improved the OS (Fig. 2c). As we know, metastasec-
tomy is the standard treatment for resectable or potentially
resectable metastatic or recurrent colorectal cancer. The 5-
year survival rate in patients after metastasectomy is around
50% worldwide.19–21 It appears that upfront chemotherapy
eradicates the micrometastasis, CCRT reduces local recur-
rence, and macrometastasis is eradicated by metastasec-
tomy. This multiple-modality approach results in the
greatest survival benefit in stage IV rectum cancer patients.
Based upon our findings and previous reports,17 we propose
a new theoretical concept that CCRT should be used in cases
of resectable or convertible stage IV rectum cancer, and
CCRT should be omitted to avoid adverse events of CCRT
in ultimately unresectable patients.

With respect to the dose intensity of chemotherapy dur-
ing a long course of CCRT, the systemic chemotherapy dose
was reduced by around 0–20% in our study, which was
similar to previous reports.15 The adverse events have been
manageable in our experience.

There were some limitations in our analysis. First, our
results were based on oxaliplatin and/or cetuximab, not irino-
tecan, and the impact of irinotecan and bevacizumab on CCRT
was therefore not able to be assessed. Second, short-course
radiotherapy (RT) was not performed, and we were therefore
unable to compare long-course CCRTwith short-course RT in
patients with stage IV rectum cancer.8,17,22 Long-course
CCRT or short-course RT with or without delayed surgery is
best reserved for patients whose cancers respond to systemic
chemotherapy. The advantage of this strategy includes
avoiding unnecessary adverse events of RT and maintaining
the dose intensity of systemic chemotherapy.17,22,23

Conclusions

The role of CCRT in stage IV rectum cancer continues to
evolve. CCRT only provided a survival benefit in stage IV
rectum cancer patients who underwent subsequent metasta-
sectomy in our study. We suggest that CCRT is restricted to
cases of resectable and potentially convertible stage IV
rectum cancer after effective upfront systemic chemotherapy
and is followed by metastasectomy if possible.
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