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Abstract

Background: The impact of primary tumor resection (PTR) on the prognosis of unresectable metastatic colorectal
cancer (mCRQ) patients remains debatable. We aimed to develop several prognostic nomograms which could be
useful in predicting whether patients might benefit from PTR or not.

Methods: Patients diagnosed as mCRC without resected metastasis were identified from the Surveillance Epidemiology and
End Results database and randomly assigned into two groups: a training cohort (6369 patients) and a validation cohort
(2774 patients). Univariate and multivariable Cox analyses were performed to identify the independent predictors and
construct nomograms that could independently predict the overall survival (OS) of unresectable mCRC patients in PTR and
non-PTR groups, respectively. The performance of these nomograms was assessed by the concordance index (C-index),
calibration curves, and decision curve analysis (DCA).

Results: Based on the result of univariate and multivariable Cox analyses, two nomograms were respectively constructed to
predict the 1-year OS rates of unresectable mCRC patients when receiving PTR and not. The first one included age, gender,
tumor grade, proximal colon, N stage, CEA, chemotherapy, radiotherapy, histology type, brain metastasis, liver metastasis,
lung metastasis, and bone metastasis. The second nomogram included age, race, tumor grade, primary site, CEA,
chemotherapy, brain metastasis, and bone metastasis. These nomograms showed favorable sensitivity with the C-index
range of 0.700-0.725. The calibration curves and DCAs also exhibited adequate fit and ideal net benefits in prognosis
prediction and clinical application.

Conclusions: These practical prognosis nomograms could assist clinicians in making appropriate treatment decisions to
effectively manage the disease.
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Introduction
Colorectal cancer (CRC) is one of the most frequently
diagnosed malignancies and is ranked second common
cause of cancer-related death worldwide [1]. Although
remarkable progress has been made in the development
of chemotherapy and molecular targeting drugs in recent
years [2], surgical resection remains the prioritize option
for non-metastatic CRC [3]. Nevertheless, approximately
22% of CRC patients have diagnosed with synchronous
distant metastasis [4], and more than 70% of distant
metastatic disease could not be radically resected [5].
Given that most mCRC are currently incurable, treat-
ment is meant to help patients achieve a high quality of
life and increased life expectancy. According to the
American Society of Colon and Rectal Surgeons (ASCRS)
and National Comprehensive Cancer Network (NCCN)
guidelines, the standard treatment for unresectable mCRC
is systemic chemotherapy, and primary tumor resection
(PTR) is only recommended for patients with fatal compli-
cations, such as bleeding, perforation, or obstruction [6,
7]. Although chemotherapy regimens and new targeted
agents may be effective controlling the primary lesions for
most mCRC patients, disease progression has been re-
ported in many patients after several months or 1-2 years.
Previous studies suggest that PTR can effectively prevent
and reduce the serious tumor-related complications,
thereby reducing the risk of death [8—12]. However, some
factors which seriously affect survival, such as the delay of
chemotherapy and postoperative complications, should
also be taken into consideration [13—16]. So far, mixed
conclusions have been reported regarding the PTR
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procedure [5, 8-12, 17-22]. Besides, clinicians are still
ambivalent about the effect of PTR in unresectable mCRC
patients. Therefore, a practical and customized ap-
proach is needed to enable clinicians to make accur-
ate treatment decisions by considering the potential
risks and benefits of PTR.

Therefore, this study used a large population-based data
to determine independent prognostic predictors of unre-
sectable mCRC patients who underwent PTR and who did
not, respectively. Several individualized nomograms were
further developed based on these factors to respectively
predict the survival of unresectable mCRC patients with
or without PTR. It is expected that those practical prog-
nostic nomograms may assist in personalized predictions
of the survival of patients when receiving and not receiv-
ing PTR before surgery, thereby indicating whether the
patients may benefit from the PTR.

Materials and methods

Database and patient selection

We retrieved data from the American National Cancer
Institute Surveillance, Epidemiology, and End Results
(SEER) database, which covers more than 28% of the
American population. Patients with mCRC cancer who
were pathologically confirmed diagnosed from 2010 to
2015 were identified in the present study. The Inter-
national Classification of Diseases for Oncology 3rd edi-
tion (ICD-O-3) was used to limit the pathology types to
adenocarcinoma (8140-8147, 8210-8211, 8220-8221, and
8260-8263), mucinous adenocarcinoma (MAC) (8480-
8481), and signet ring cell carcinoma (SRCC) (8490).

Patients with metastatic colon cancer
diagnosed between 2010 and 2015 in
SEER database
(n=40,093)

Patients excluded (n = 30,950), including:
Tis, TO or Tx (n =9, 305)
Nx (n=831)
Race unknown (n = 44)
Grade unknown (n = 4,536)
CEA unknown (n = 4,636)

Patients in analysis

Bone metastasis unknown (n = 781)
Brain metastasis unknown (n = 179)
Liver metastasis unknown (n= 115)
Lung metastasis unknown (n = 251)

(n=9,143) Multiple primary cancer (n = 5,801)
I Incomplete follow-up (n=237)
! 1 Surgery information unknown (n = 11)
Other pathological type (n = 831)
Training set Validation set Diagnosed based on autopsy or the death
(n=16,369) (n=2,774) certificate (n = 40)
Surgery of metastatic lesions unreported or
\L I l \L ‘ \L performed (n = 3,352)
Primary tumor No primary tumor Primary tumor No primary tumor
resection resection resection resection
(n=4,561) (n=1,808) (n=2,008) (n=766)

Fig. 1 Flowchart of data selection from Surveillance, Epidemiology, and End Results (SEER) database
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Table 1 Difference of patient characteristics in training and validation cohorts
Variables Total population Training cohort Validation cohort p
(n=9143) (n = 6369) (n = 2774) value
Age n (%)
<60 3891 (42.56%) 2700 (42.39%) 1191 (42.93%) 0.630
260 5252 (57.44%) 3669 (57.61%) 1583 (57.07%)
Gender n (%)
Male 5145 (56.27%) 3595 (56.45%) 1550 (55.88%) 0.614
Female 3998 (43.73%) 2774 (43.55%) 1224 (44.12%)
Race n (%)
Black 6838 (74.79%) 4771 (74.91%) 2067 (74.51%) 0919
White 1441 (15.76%) 1000 (15.70%) 441 (15.90%)
Other 864 (9.45%) 598 (9.39%) 266 (9.59%)
Grade n (%)
I'and Il 6614 (72.34%) 4613 (7243%) 2001 (72.13%) 0.772
IIhand IV 2529 (27.66%) 1756 (27.57%) 773 (27.87%)
Primary site n (%)
Proximal colon 3830 (41.89%) 2653 (41.65%) 1177 (42.43%) 0.630
Distal colon 2441 (26.70%) 1690 (26.53%) 751 (27.07%)
Rectum 2694(29.47%) 1903 (29.88%) 791(28.51%)
Other 178 (1.95%) 123 (1.93%) 55 (1.98%)
Histology type n (%)
AC 8314 (90.93%) 5784 (90.81%) 2530 (91.20%) 0379
MAC 655 (7.16%) 469 (7.36%) 186 (6.71%)
SRCC 174 (1.90%) 116 (1.82%) 58 (2.09%)
CEA n (%)
Normal 1763 (19.28%) 1227 (19.27%) 536 (19.32%) 0.949
Abnormal 7380 (80.72%) 5142 (80.73%) 2238 (80.68%)
Radiotherapy n (%)
No 7930 (86.73%) 5483 (86.09%) 2447 (88.21%) 0.006
Yes 1213 (13.27%) 886 (13.91%) 327 (11.79%)
Chemotherapy n (%)
No 2461 (26.92%) 1681 (26.39%) 780 (28.12%) 0.087
Yes 6682 (73.08%) 4688 (73.61%) 1994 (71.89%)
Surgery type n (%)
Non-PTR 2574 (28.15%) 1808 (28.39%) 766 (27.61%) 0.449
PTR 6569 (71.85%) 4561 (71.61%) 2008 (72.39%)
T stage n (%)
T1 and T2 1374 (15.03%) 969 (15.21%) 405 (14.60%) 0450
T3 and T4 7769 (84.97%) 5400 (84.79%) 2369 (85.40%)
N stage n (%)
NO 2398 (26.23%) 1685 (26.46%) 713 (25.70%) 0.753
N1 3511 (38.40%) 2439 (38.29%) 1072 (38.64%)
N2 3234 (35.37%) 2245 (35.25%) 989 (35.65%)
Bone metastasis n (%)
No 8740 (95.59%) 6087 (95.57%) 2653 (95.64%) 0.888
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Table 1 Difference of patient characteristics in training and validation cohorts (Continued)

Variables Total population Training cohort Validation cohort p

(n=9143) (n = 6369) (n = 2774) value

Yes 403 (4.41%) 282 (4.43%) 121 (4.36%)

Liver metastasis n (%)
No 2402 (26.27%) 1670 (26.22%) 732 (26.39%) 0.867
Yes 6741 (73.73%) 4699 (73.78%) 2042 (73.61%)

Lung metastasis n (%)
No 6967 (76.20%) 4850 (76.15%) 2117 (76.32%) 0.864
Yes 2176 (23.80%) 1519 (23.85%) 657 (23.68%)

Brain metastasis n (%)
No 9058 (99.07%) 6309 (99.06%) 2749 (99.10%) 0.852
Yes 85 (0.93%) 60 (0.94%) 25 (0.90%)

AC adenocarcinoma, MAC mucinous adenocarcinoma, SRCC signet ring cell carcinoma, PTR primary tumor resection

Exclusion criteria consisted of the following: (1) stage
Tis, TO, Tx, or NX; (2) unknown histological grade; (3)
unknown race; (4) unknown CEA status; (5) unknown
information of distant metastasis; (6) incomplete follow-
up; (7) multiple primary cancer; (8)unknown surgery in-
formation; (9) diagnosis based on autopsy or the death
certificate; (10) other pathological types; and (11) surgery
of metastatic sites unreported or performed. Finally, we
recruited 9143 mCRC patients in this study, who were
divided randomly into two cohorts (7:3): the training co-
hort (6369 patients), and the validation cohort (2774 pa-
tients). Each cohort was further divided into two groups
according to the PTR status. The patient selection
process was shown in Fig. 1. Given that the SEER data-
base is an open-access cancer database that only con-
tains de-identified patient data, this study was exempted
from the approval of the institutional review board of
the First Affiliated Hospital of Soochow University.

Variables and outcomes

Data on demographic characteristics of patients (age at
diagnosis, gender, race, and year of diagnosis), tumor
and treatment characteristics (tumor grade, histology
types, primary tumor sites, distant metastatic sites, T
and N stage, CEA, radiotherapy, chemotherapy, and sur-
gery), and survival data (survival time, survival status,
and cause of death) were analyzed. Patients’ follow-up
ended in December 2016 or upon death. Age, as a con-
tinuous variable, was divided into two categories (< 60
and > 60). We classified primary tumor sites as proximal
colon (C18.0, C18.2-18.5), distal colon (C18.6-18.7), rec-
tum (C19.0-C19.9), and other sites (C18.8-18.9). The
outcomes were overall survival (OS) and cancer-specific
survival (CSS), which were respectively defined as the
time from diagnosis to death for any reason and the time
from diagnosis to death for mCRC.

Statistical analysis

Chi-square test was used to compare the difference of
baseline clinical characteristics between the training and
validation cohorts, as well as PTR and non-PTR groups.
Kaplan—Meier method and the log-rank test were used
to compare the statistical difference of OS and CSS be-
tween PTR and non-PTR groups. Multivariable Cox pro-
portional hazard regression analyses containing the
covariates, including age at diagnosis, gender, race, T
and N stage, tumor grade, histology types, primary
tumor sites, distant metastatic sites (liver, bone, brain,
and lung), CEA level and treatment characteristics
(radiotherapy and chemotherapy), were used to assess
the survival benefits of PTR. Further, univariate and
multivariable Cox regression analyses were used to iden-
tify independent prognostic factors based on the training
cohort. Variables in the nomograms were selected based
on the multivariable Cox regression analyses and the
minimum Akaike Information Criterion (AIC) values.

Several nomograms were developed to predict 1-year
OS and CSS in PTR and non-PTR groups, respectively.
The predictive performances of these nomograms, in-
cluding predictive accuracy and calibration, were evalu-
ated both in the training and validation cohorts. The
concordance index (C-index) was employed to measure
the predictive accuracy. The calibration was assessed
graphically by calibration curves, which represented the
agreement between observed outcome and predicted
probabilities. We also used the decision curve analysis
(DCA) to evaluate the clinical usefulness in all patients,
thereby quantifying the net benefits at different thresh-
old probabilities.

The data was extracted using the SEER*Stat software
(version 8.3.5; http://seer.cancer.gov/seerstat/). All statis-
tical analyses were performed using the R software (ver-
sion 3.5.2; http://www.r-project.org) and the SPSS
statistics software (version 21; IBM Corp, Armonk, NY).
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Table 2 Demographics and disease characteristics of patients in the training cohort
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Variables PTR Non-PTR p value
(n = 4561) (n = 1808)

Age n (%)
<60 1881 (41.24%) 819 (45.30%) 0.003
260 2680 (58.76%) 989 (54.70%)

Gender n (%)
Male 2496 (54.72%) 1099 (60.79%) < 0.001
Female 2065 (45.28%) 709 (39.21%)

Race n (%)
Black 3424 (75.07%) 1347 (74.50%) 0.859
White 714 (15.65%) 286 (15.82%)
Other 423 (9.27%) 175 (9.68%)

Grade n (%)
I'and Il 3226 (70.73%) 1387 (76.71%) < 0.001
IIhand IV 1335 (29.27%) 421 (23.29%)

Primary site n (%)
Proximal colon 2210 (845%) 443 (24.50%) < 0.001
Distal colon 1335 (29.27%) 355 (19.63%)
Rectum 921 (20.19%) 982 (54.31%)
Other 95 (2.08%) 28 (1.55%)

Histology type n (%)
AC 4071 (89.26%) 1713 (94.75%) < 0.001
MAC 412 (9.03%) 57 (3.15%)
SRCC 78 (1.71%) 38 (2.10%)

CEA n (%)
Normal 990 (21.71%) 237 (13.11%) < 0.001
Abnormal 3571 (78.29%) 1571 (86.89%)

Radiotherapy n (%)
No 4103 (89.96%) 1380 (76.33%) < 0001
Yes 458 (10.04%) 428 (23.67%)

Chemotherapy n (%)
No 1272 (27.89%) 409 (22.62%) < 0.001
Yes 3289 (72.11%) 1399 (77.38%)

T stage n (%)
T1 and T2 207 (4.54%) 762 (42.15%) < 0.001
T3 and T4 4354 (95.46%) 1046 (57.85%)

N stage n (%)
NO 796 (17.45%) 889 (49.17%) < 0001
N1 1656 (36.31%) 783 (43.31%)
N2 2109 (46.24%) 136 (7.52%)

Bone metastasis n (%)
No 4421 (96.93%) 1666 (92.15%) < 0001
Yes 140 (3.07%) 142 (7.85%)

Liver metastasis n (%)
No 1254 (27.49%) 416 (23.01%) < 0.001
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Table 2 Demographics and disease characteristics of patients in the training cohort (Continued)
Variables PTR Non-PTR p value
(n = 4561) (n =1808)
Yes 3307 (72.51%) 1392 (76.99%)
Lung metastasis n (%)
No 3683 (80.75%) 1167 (64.55%) < 0.001
Yes 878 (19.25%) 641 (35.45%)
Brain metastasis n (%)
No 4531 (99.34%) 1778 (98.34%) < 0.001
Yes 30 (0.66%) 30 (1.66%)

AC adenocarcinoma, MAC mucinous adenocarcinoma, SRCC signet ring cell carcinoma, PTR primary tumor resection

The two-tailed p value < 0.05 was set as the statistical
significance level for all statistics.

Result

Patient clinicopathological characteristics

After the strict selecting, a total of 9143 unresectable
mCRC patients without radical resection from 2010 to
2015 in the SEER database were finally included. The
median age was 62 years (interquartile range, 53-72),
and gender distribution was 5145 males (56.27%) and
3998 females (43.73%). For the sites of metastasis,
73.73%, 0.93%, 23.80%, and 4.41% of the patients had
liver metastasis, brain metastasis, lung metastasis, and
bone metastasis, respectively. Through random assign-
ment, 6369 patients were enrolled in the training cohort
and 2774 in the validation cohort. A significant differ-
ence was observed only in the distribution of radiother-
apy between the two cohorts (p = 0.006). The clinical
data of these two cohorts are shown in Table 1.

Among the 6369 unresectable mCRC patients in the
training cohort, 4561 patients had received PTR, while
1808 patients did not receive any cancer-directed surgery
(Table 2). Race did not differ between the PTR group and

non-PTR group (p = 0.859); however, there were signifi-
cant differences between the two groups for age, gender,
tumor grade, primary site, histology type, lung metastasis,
liver metastasis, brain metastasis, and bone metastasis (all
p < 0.05). The patients who received PTR were more likely
to be higher T stage, higher N stage, and the normal level
of CEA (all p < 0.05) compared to patients who did not.
The significant differences were also observed in the
chemotherapy and radiotherapy between the PTR group
and non-PTR group (all p < 0.05).

Analysis of survival benefits from surgery

At the time of the last follow-up, 4762 patients had died,
with CRC being the cause of death in 4505 cases. The
Kaplan—-Meier curves demonstrated that patients with
PTR had a better OS (Fig. 2a, p < 0.001) and CSS (Fig.
2b, p < 0.001) compared with the non-PTR group. After
adjusting for age at diagnosis, gender, race, T and N
stage, tumor grade, histology types, primary tumor sites,
distant metastatic sites (liver, bone, brain, and lung),
CEA level, and treatment characteristics (radiotherapy
and chemotherapy), PTR was associated with approxi-
mately 54.2% and 54.8% relative reduction in overall

~+ PTR -~ Non-PTR

A.

100%

75%

50%

Overall survival

25%

0%

0 12 2 36 48 60 72
Follow-up (months)

Fig. 2 Effect of primary tumor resection on a overall survival and b cancer-specific survival in unresectable metastatic colorectal cancer

+ PTR
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B.

100%
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Table 3 Subgroup multivariable Cox analyses of the impact of primary tumor resection on overall survival and cancer-specific
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survival
Variables 0S P CsS P
HR (95% Cl) value HR (95% Cl) value

Total 0458 (0.422-0.497) < 0.001 0452 (0415-0492) < 0001
Age

< 60 0477 (0421-0.542) < 0.001 0477 (0419-0.542) < 0.001

260 0449 (0.402-0.500) < 0001 0438 (0.392-0491) < 0001
Gender

Male 0453 (0.408-0.504) < 0.001 0444 (0.398-0.495) < 0.001

Female 0464 (0.407-0.529) < 0001 0463 (0.404-0.530) < 0001
Race

Black 0459 (0.417-0.505) < 0.001 0453 (0411-0.499) < 0001

White 0419 (0.340-0.516) < 0.001 0424 (0.341-0.526) < 0001

Other 0.510 (0.385-0.675) < 0.001 0476 (0.356-0.635) < 0.001
Grade

l'and Il 0449 (0.408-0.494) < 0.001 0443 (0.401-0.489) < 0001

lIhand IV 0477 (0404-0.562) < 0.001 0473 (0.399-0.561) < 0.001
Primary site

Proximal colon 0.395 (0.341-0.458) < 0.001 0.389 (0.335-0.453) < 0.001

Distal colon 0.359 (0.302-0.426) < 0.001 0.345 (0.289-0412) < 0.001

Rectum 0.563 (0.499-0.637) < 0.001 0.558 (0.492-0.634) < 0.001

Other 0341 (0.186-0.627) 0.001 0358 (0.193-0.666) 0.001
Histology type

AC 0455 (0418-0.496) < 0.001 0448 (0410-0.489) < 0.001

MAC 0.386 (0.262-0.569) < 0.001 0396 (0.265-0.591) < 0001

SRCC 0.396 (0.204-0.769) 0.006 0.384 (0.195-0.758) 0.006
CEA

Normal 0336 (0.272-0415) < 0001 0320 (0.258-0.398) < 0001

Abnormal 0484 (0.442-0.529) < 0.001 0481 (0.439-0.528) < 0.001
Radiotherapy

No 0464 (0423-0.509) < 0.001 0453 (0412-0.498) < 0001

Yes 0420 (0.348-0.507) < 0.001 0435 (0.358-0.529) < 0.001
Chemotherapy

No 0471 (0401-0.554) < 0.001 0454 (0.384-0.537) < 0001

Yes 0469 (0427-0.516) < 0.001 0466 (0422-0.514) < 0.001
T stage

T1 and T2 0436 (0.351-0.541) < 0.001 0429 (0.343-0.536) < 0001

T3 and T4 0463 (0.422-0.507) < 0.001 0457 (0416-0.502) < 0.001
N stage

NO 0.394 (0.342-0.455) < 0.001 0.383 (0.330-0.444) < 0001

N1 0451 (0.399-0.510) < 0.001 0.445 (0.393-0.505) < 0.001

N2 0.649 (0.519-0.812) < 0.001 0.663 (0.527-0.836) < 0.001
Bone metastasis

No 0455 (0.418-0.496) < 0.001 0448 (0.411-0.489) < 0.001

Yes 0426 (0.295-0.616) < 0.001 0453 (0.310-0.662) < 0.001
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mortality (HR = 0.458, 95% CI 0.422-0.497; p < 0.001)
and cancer-specific mortality (HR = 0.452, 95% CI
0.415-0.492; p < 0.001), respectively (Table 3). To fur-
ther confirm the impact of PTR on the survival in differ-
ent specific subgroups, multivariable Cox analyses by
subgroups were conducted (Table 3). The results of the
subgroup analyses demonstrated that PTR exerted sig-
nificantly improved OS and CCS in almost all subgroups
except for OS in the brain metastasis group (p = 0.065).

Risk factors related to survival in cohorts with and
without PTR

Univariate Cox regression analyses revealed that age at
diagnosis, tumor grade, primary site, CEA, radiotherapy,
chemotherapy, N stage, histology type, bone metastasis,
and brain metastasis were correlated with OS and CCS
in both PTR group and non-PTR group (all p < 0.05,
Table 4). In addition, race was only a risk factor for
poorer OS and CSS in the non-PTR group, while gender,
T stage, liver metastasis, and lung metastasis were only
the significant prognostic factors (OS and CCS) in the
PTR group (all p < 0.05, Table 4).These significant fac-
tors associated with OS and CSS identified in univariate
Cox regression analyses were further subjected to multi-
variable analyses. In the non-PTR group, multivariable
Cox regression analyses revealed eight variables (age,
race, tumor grade, primary site, CEA, chemotherapy,
brain metastasis, and bone metastasis) were significantly
associated with OS of patients, and seven variables (age,
race, tumor grade, primary site, CEA, chemotherapy,
and bone metastasis) were significantly associated with
CCS (all p < 0.05, Table 5). In PTR group, 13 variables
(older age, female, poorer tumor grade, proximal colon,
higher N stage, the abnormal value of CEA, no chemo-
therapy, no radiotherapy, MAC and SRCC, brain metas-
tasis, liver metastasis, lung metastasis, and bone
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metastasis) were identified as the independent risk fac-
tors associated with OS and CCS (all p < 0.05, Table 5).

Individualized construction of nomograms

Based on aforementioned independent prognostic factors in
multivariable Cox analyses and the minimum AIC values,
two nomograms were constructed to predict the 1-year OS
in PTR group and non-PTR group, respectively (Fig. 3). The
prediction websites of the nomograms predicting the 1-year
OS in PTR group and non-PTR group are https://crcnomo-
grama.shinyapps.io/NomogramIVCRCPTR/ and https://
crcnomogramb.shinyapps.io/NomogramIVCRCnon-PTR/.
By adding up the scores of the factors included in the nomo-
grams, each patient could get two total scores from these sep-
arate nomograms that could evaluate the probabilities of 1-
year OS of patients when receiving PTR or not, respectively.
In additionally, two nomograms predicting the 1-year CSS of
patients when receiving PTR and not receiving PTR are
shown in Additional file Figure 1. The prediction websites of
the nomograms predicting the 1-year CSS in PTR group and
non-PTR group are https://crcnomograma.shinyapps.io/
NomogramIVCRCPTRCSS/ and https://crcnomogramb.shi-
nyapps.io/NomogramIVCRCnon-PTRCSS/. By comparing
the probabilities of survival predicted by those nomograms,
we could further predict whether patients might benefit from
PTR.

Efficacy of the predictive models

The C-indices of the nomograms to separately predict the
OS and CSS in PTR group were 0.719 (95% CI 0.710—
0.729) and 0.720 (95% CI 0.710—0.729) in the training co-
hort and 0.725 (95% CI 0.711-0.739) and 0.722 (95% CI
0.708-0.736) in the validation cohort, respectively.
Furthermore, the C-indices that corresponded to the no-
mograms in non-PTR group were 0.701 (95% CI 0.687—
0.717), 0.700(95% CI 0.684-0.715), 0.706 (95% CI 0.684—

Table 3 Subgroup multivariable Cox analyses of the impact of primary tumor resection on overall survival and cancer-specific

survival (Continued)

Variables 0S P CsS P
HR (95% C1) value HR (95% Cl) value
Liver metastasis
No 0371 (0.312-0.440) < 0.001 0358 (0.299-0.428) < 0001
Yes 0493 (0.449-0.542) < 0.001 0.488 (0.443-0.538) < 0001
Lung metastasis
No 0423 (0.384-0.466) < 0.001 0420 (0.380-0.464) < 0001
Yes 0.567 (0.485-0.664) < 0.001 0.550 (0.468-0.646) < 0001
Brain metastasis
No 0457 (0421-0.497) < 0.001 0452 (0415-0492) < 0.001
Yes 0400 (0.151-1.060) 0.065 0.338 (0.122-0.932) 0.036

All HRs refer to surgery versus non-surgery (reference) in the subgroup analysis

Cl confidence interval, AC adenocarcinoma, MAC mucinous adenocarcinoma, SRCC signet ring cell carcinoma

*Multivariant Cox regression model


https://crcnomograma.shinyapps.io/NomogramIVCRCPTR/
https://crcnomograma.shinyapps.io/NomogramIVCRCPTR/
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https://crcnomogramb.shinyapps.io/NomogramIVCRCnon-PTR/
https://crcnomograma.shinyapps.io/NomogramIVCRCPTRCSS/
https://crcnomograma.shinyapps.io/NomogramIVCRCPTRCSS/
https://crcnomogramb.shinyapps.io/NomogramIVCRCnon-PTRCSS/
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Table 5 Multivariable Cox regression analyses for metastasis colorectal cancer patients in PTR and non-PTR groups

Variables Overall survival Cancer-specific survival
Non-PTR PTR Non-PTR PTR
HR (95% Cl) p value  HR (95% Cl) p value  HR (95% Cl) p value  HR (95% Cl) p value

Age

<60 Reference Reference Reference Reference

260 1.363 (1.224-1517) < 0.001 1.265 (1.175-1.361) < 0.001 1.342 (1.203-1.498) < 0.001 1.240 (1.150-1.337) < 0.001
Gender

Male - Reference - Reference

Female - 1.082 (1.009-1.160)  0.026 - 1.081 (1.006-1.161)  0.033
Race

Black Reference - Reference Reference

White 1.192 (1.037-1371) 0014 - 1.177 (1.019-1359)  0.027 1.049 (0951-1.157) 0338

Other 0.837 (0.699-1.004)  0.055 - 0.860 (0.715-1.033)  0.107 0.930 (0.819-1.057)  0.270
Grade

land Il Reference Reference Reference Reference

lIhand IV 1632 (1439-1.851) < 0.001 1601 (1.483-1.729) < 0.001 1.638 (1.440-1.864) < 0.001 1620 (1.497-1.752) < 0.001
Primary site

Proximal colon  Reference Reference Reference Reference

Distal colon 0.785 (0.670-0.919)  0.003 0.766 (0.704-0.833) < 0.001  0.769 (0.654-0.904)  0.001 0.748 (0.686-0.816) < 0.001

Rectum 0628 (0.547-0.720) < 0.001  0.830 (0.746-0.922)  0.001 0614 (0.534-0.707) < 0.001  0.809 (0.725-0.903) < 0.001

Other 1.156 (0.769-1.739) 0486 1.099 (0.882-1.370)  0.399 1.147 (0.756-1.740) 0519 1.131 (0904-1413)  0.281
Histology type

AC Reference Reference Reference Reference

MAC 1.091 (0.825-1.443)  0.539 1.235 (1.100-1.387) < 0.001 1.055 (0.789-1411)  0.717 1.263 (1.122-1422) < 0.001

SRCC 1.133 (0.805-1.596) 0474 1.720 (1.335-2.215) < 0.001 1.163 (0.821-1.647) 0395 1.748 (1.348-2.266) < 0.001
CEA

Normal Reference Reference Reference Reference

Abnormal 1.357 (1.156-1592) < 0.001 1.554 (1419-1.703) < 0.001 1.365 (1.158-1.610)  <0.001 1.533 (1.396-1.683) < 0.001
Radiotherapy

No Reference Reference Reference Reference

Yes 0.983 (0.856-1.129)  0.807 0.819 (0.710-0.945)  0.006 0.952 (0.825-1.099)  0.501 0.838 (0.723-0.970)  0.018
Chemotherapy

No Reference Reference Reference Reference

Yes 0.304 (0.268-0.344) <0001 0382 (0.354-0412) <0001 0305 (0.268-0.347) < 0.001 0389 (0.359-0421) < 0.001
T stage

T1 and T2 - Reference - Reference

T3 and T4 - 1.152 (0.960-1.382)  0.128 - 1.149 (0.951-1.388)  0.150
N stage

NO Reference Reference Reference Reference

N1 1.045 (0.935-1.167) 0439 1.170 (1.051-1.301)  0.004 1.044 (0932-1.170) 0455 1.203 (1.076-1.345)  0.001

N2 0934 (0.759-1.150)  0.521 1482 (1.336-1.644) <0001 0922 (0.743-1.143) 0457 1.551 (1.393-1.728) < 0.001
Bone metastasis

No Reference Reference Reference Reference

Yes 1.751 (1454-2.108) < 0001 1653 (1.379-1.980) <0001 1722 (1421-2088) <0001 1668 (1.386-2.008) < 0.001

Liver metastasis
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Table 5 Multivariable Cox regression analyses for metastasis colorectal cancer patients in PTR and non-PTR groups (Continued)

Variables Overall survival Cancer-specific survival
Non-PTR PTR Non-PTR PTR

No - Reference - Reference

Yes - 1.380 (1.269-1.501) <0001 - 1408 (1.290-1.535) < 0.001
Lung metastasis

No - Reference - Reference

Yes - 1.366 (1.251-1492) <0001 - 1.375 (1.255-1.506) < 0.001
Brain metastasis

No Reference Reference Reference Reference

Yes 1420 (0.959-2.101)  0.080 1483 (0.983-2.236)  0.060 1483 (0.995-2.212)  0.053 1462 (0.952-2.246)  0.083

Cl confidence interval, AC adenocarcinoma, MAC mucinous adenocarcinoma, SRCC signet ring cell carcinoma, PTR primary tumor resection

0.729), and 0.705 (95% CI 0.682—0.727). Calibration curve
for the two nomograms predicting the OS showed pro-
nounced agreement between prediction and observation
in both training and validation cohorts (Fig. 4). Addition-
ally, the DCAs exhibited the ideal net benefits in all
patients for predicting OS, an indication that these nomo-
grams had good clinical value (Fig. 5). The calibration
curves (Additional file Figure 2) and the DCAs (Additional
file Figure 3) for the two nomograms predicting the CSS
suggested the models had good performance.

Discussion

In this study, we identified independent risk factors asso-
ciated with the prognosis of unresectable mCRC patients
in PTR group and non-PTR group. In addition, we
established and validated several customized nomograms
to predict survival of patients when receiving PTR or
not, respectively. These nomograms could help clinicians
predict whether patients could obtain survival benefit
from PTR by comparing the predictable survival of unre-
sectable mCRC patients when receiving PTR or not be-
fore surgery, thereby making reliable clinical decisions
and optimize disease management.

Generally, PTR is recommended for patients with fatal
complications. A previous meta-analysis including 1062
patients reported 87% of unresectable stage IV patients
with tumor-related complication required surgical inter-
vention, thereby underlining the importance of PTR to
such patients [23]. However, emergent surgery has been
proved to be associated with the great risk and poor
oncological outcome [24-26]. Besides, a symptomatic
obstruction that requires surgery occurs in approxi-
mately 20% of patients before death [11, 18]. PTR prior
to the onset of symptoms may effectively reduce the
tumor volume to prevent future morbidity and mortality
associated with these tumor-related complications [6, 7].
PTR can also decrease protumorigenic mediators in cir-
culation, which may affect tumor growth and angiogen-
esis [27]. A recent meta-analysis of unresectable mCRC

patients from 17 retrospective studies by Ha et al. re-
vealed significantly improved survival associated with
PTR [28]. Despite the benefits of PTR, it may delay
the time in the administration of chemotherapy and
increases the potential risk of surgery-related compli-
cations, which may subsequently increase death risk
[13-16].

The impact of PTR on the prognosis of unresectable
mCRC patients remains controversial [5, 8-12, 17-22].
Our study showed that not all patients are guaranteed of
the survival benefits. Considering that all existing studies
assessing the impact of PTR on the prognosis, including
our study, are retrospective with selection biases and
heterogeneity, the impact of surgery on the prognosis
was still unable to be accurately assessed. Some authors
have attributed the different survival benefits after PTR
to disparities in characteristics of the patients [29].
Therefore, accurate and feasible prognostic models
based on the characteristics of the patients are needed as
a reference to help clinicians identify candidates who are
likely to get survival benefit from PTR. However, it
should be noted that these models cannot replace the
outcome of prospective randomized clinical trials.

To better know the prognosis of the patients with and
without PTR, we identified the relationship between clini-
copathologic characteristics and survival of unresectable
mCRC patients in PTR and non-PTR groups, respectively.
There were some differences in prognostic factors between
PTR group and non-PTR group. Eight variables (age, race,
tumor grade, primary site, CEA, chemotherapy, brain me-
tastasis, and bone metastasis) and seven variables (age,
race, tumor grade, primary site, CEA, chemotherapy, and
bone metastasis) were separately identified to be associ-
ated with the OS and CCS of unresectable mCRC patients
without surgery respectively, while 13 variables (age, gen-
der, tumor grade, tumor site, N stage, CEA, chemotherapy,
radiotherapy, histological type, brain metastasis, liver me-
tastasis, lung metastasis, and bone metastasis) were identi-
fied to be related to the survival in the PTR group.
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Fig. 3 Nomograms for predicting 1-year overall survival (OS) in patients with unresectable metastatic colorectal cancer. a OS for patients with
primary tumor resection. b OS for patients without primary tumor resection
.

Intriguingly, radiotherapy was only a protective factor in

the PTR group. Preoperative radiotherapy can improve
the primary tumor to make lesions more resectable [30—
32]. Radiotherapy combined with PTR is feasible and can
improve the survival of mCRC. However, we found

radiotherapy did not improve the survival of patients with-
out PTR. The mechanism behind this finding remains un-
clear and requires further examination. Therefore,
cautious interpretation of this result needs to be war-
ranted. Chemotherapy, as an important and effective
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method, is preferentially recommended for mCRC pa-
tients by various guidelines [6, 7], which were proved to
be the protective factor in both PTR and non-PTR groups
in our study. Although PTR may delay chemotherapy,
which could decrease the latter’s efficacy [13-16], PTR
could also reduce tumor loading to improve response
rates to chemotherapy [27]. Therefore, decision-making
should balance the surgery-related benefits and risk.

Based on the results of multivariable Cox analyses and
the minimum AIC values, we constructed several indi-
vidualized nomograms in the training cohort to predict
the survival of unresectable mCRC patients in the PTR
and non-PTR groups, respectively. From the perspective
of C-index and the calibration plots in the training and
validation cohorts, the nomograms exhibited reliable dis-
crimination and calibration ability. Moreover, these no-
mograms showed good clinical value, as revealed by
DCA. Individualized risk predictive models with great
predictive performance could assist clinicians and pa-
tients in deciding whether or not PTR would be the best
choice with reference to predictable survival. Therefore,
clinicians may select candidates likely to get survival
benefit from PTR before the surgery.

Several prognostic prediction models for unresectable
mCRC patients have been previously reported [33-35]. Li
et al. developed a prognostic scoring system known as AAAP
including age, ALP, ascites, and PLR based on 110 patients
[33]. Cao et al. developed another scoring system including
four variables (CEA, NLR, LDH, and CA19-9) based on 138
patients [34]. Variables, such as NLR, LDH, and PLR, might
be easily influenced by infection. In addition, Dorajoo and
the colleagues developed a scoring model including some
clinicopathological characteristics to predict the survival of
patients with PTR based on the 379 patients [35]. However,
all these previous studies were conducted from respective
single-centers and had small sample sizes [33—35]. Besides,
they lacked a comparison group to predict the survival of pa-
tients without PTR. We constructed nomograms that could
independently predict the survival of patients in PTR and
non-PTR groups. By comparing the predictable survival of
patients when receiving PTR or not, clinicians may predict
the patients whether could get survival benefit from the PTR.
In addition, the large sample size utilized to make our nomo-
grams more practical, reliable, and accurate compared with
the previous models. To the best of our knowledge, this is
the first study using nomograms to predict the survival of
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unresectable mCRC patients. A nomogram is a practical tool
that can present a wide range of threshold probabilities and
output the patient’s prognosis visually.

Despite the advantages of our study, several potential
limitations should also be considered. First, the SEER
database lacked detailed information, such as the phys-
ical conditions, molecular-targeted therapy, the sequence
of chemotherapy, and peritoneal metastasis. Secondly,
given that this was a retrospective study, selection bias
might be inherent. Besides, we speculate that retrospect-
ive studies might not fully assess the survival benefits of
PTR to unresectable mCRC. Therefore, future prospect-
ive randomized controlled trials should focus on provid-
ing more valuable evidence on this phenomenon.
Thirdly, our nomograms were only validated in an in-
ternal cohort. Therefore, external validation of these no-
mograms and the prospective evaluation of their clinical
translation are required.

Conclusions

Our findings suggested most patients with unresectable
mCRC had potential survival benefits to PTR. However,
given the retrospective nature of our study, we were un-
able to fully assess the impact of PTR on the survival of

unresectable mCRC patients. Therefore, we further de-
veloped and validated several individualized nomograms
that could separately predict 1-year survival of unresect-
able mCRC patients with or without PTR, respectively.
These nomograms could assist clinicians in making ap-
propriate treatment decisions to effectively manage the
disease by comparing the predictable survival of patients
with and without PTR before surgery.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512957-020-01972-y.

Additional file 1: Fig S1. Nomograms for predicting 1-year cancer-
specific survival (CSS) in patients with unresectable metastatic colorectal
cancer (a) CSS for patients with primary tumor resection (b) CSS for pa-
tients without primary tumor resection.

Additional file 2: Fig S2. Calibration curves of the nomograms for
predicting 1-year cancer-specific survival (CSS) (a) for patients with pri-
mary tumor resection (PTR) in training cohort, (b) for patients without
PTR in training cohort, (c) for patients with PTR in validation cohort, and
(d) for patients without PTR in validation cohort.

Additional file 3: Fig S3. Decision curve analyses for the nomograms

in regard to 1-year cancer-specific survival (CSS) (a) for patients with pri-
mary tumor resection (PTR) in training cohort, (b) for patients without
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PTR in training cohort, (c) patients with PTR in validation cohort and (d)
for patients without PTR in validation cohort.

Acknowledgements
None

Authors’ contributions

Yi Yang and Su Yan conceived of the presented idea. Yi Yang, Yujie Lu, and
Jinzhou Zhu conducted all statistical analyses. Yi Yang, Yujie Lu, and Su Yan
took the lead in writing the manuscript. The authors read and approved the
final manuscript.

Funding
This work was supported by the Science and Technology Foundation,
Suzhou, Jiangsu [grant numbers SYS2019054].

Availability of data and materials
The data for constructing model were obtained from the SEER database.

Ethics approval and consent to participate

The SEER database is an open-access cancer database that only contains de-
identified patient data. Therefore, this study was exempted from the ap-
proval of the institutional review board of the First Affiliated Hospital of Soo-
chow University.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Gastroenterology, The First Affiliated Hospital of Soochow
University, 899 Pinghai Road, Suzhou 215006, Jiangsu, China. ZDr:\parWﬂent of
Oncology, The First Affiliated Hospital of Soochow University, 899 Pinghai
Road, Suzhou 215006, Jiangsu, China.

Received: 27 May 2020 Accepted: 28 July 2020
Published online: 03 August 2020

References

1. Siegel RL, Miller KD, Fedewa SA, Ahnen DJ, Meester RGS, Barzi A, et al.
Colorectal cancer statistics, 2017. CA: a cancer journal for clinicians. 2017;
67(3):177-93.

2. Mocellin S, Baretta Z, Roqué | Figuls M, Sola I, Martin-Richard M, Hallum S,
et al. Second-line systemic therapy for metastatic colorectal cancer.
Cochrane Database Syst Rev. 2017;1(1):CD006875. Published 2017 Jan 27.

3. Guraya SY. Pattern, stage, and time of recurrent colorectal cancer after
curative surgery. Clin Colorectal Cancer. 2019;18(2):e223-8.

4. Chun VS, Vauthey JN. Extending the frontiers of resectability in advanced
colorectal cancer. Eur J Surg Oncol. 2007;33(Suppl 2):552-8.

5. Park JH, Kim TY, Lee KH, Han SW, Oh DY, Im SA, et al. The beneficial effect
of palliative resection in metastatic colorectal cancer. Br J Cancer. 2013;
108(7):1425-31.

6. Benson AB 3rd, Venook AP, Cederquist L, Chan E, Chen YJ, Cooper HS, et al.
Colon cancer, version 1.2017, NCCN clinical practice guidelines in oncology.
Journal of the National Comprehensive Cancer Network: JNCCN. 2017;15(3):
370-98.

7. Vogel JD, Eskicioglu C, Weiser MR, Feingold DL, Steele SR. The American
Society of Colon and Rectal Surgeons clinical practice guidelines for the
treatment of colon cancer. Diseases of the colon and rectum. 2017;60(10):
999-1017.

8. Maroney S, de Paz CC, Reeves ME, Garberoglio C, Raskin E, Senthil M, et al.
Benefit of surgical resection of the primary tumor in patients undergoing
chemotherapy for stage IV colorectal cancer with unresected metastasis.
Journal of gastrointestinal surgery: official journal of the Society for Surgery
of the Alimentary Tract. 2018;22(3):460-6.

9. Mik M, Dziki L, Galbfach P, Trzcinski R, Sygut A, Dziki A. Resection of the
primary tumour or other palliative procedures in incurable stage IV
colorectal cancer patients? Colorectal disease: the official journal of the

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Page 16 of 17

Association of Coloproctology of Great Britain and Ireland. 2010;12 (7
Online): e61-e67.

Gulack BC, Nussbaum DP, Keenan JE, Ganapathi AM, Sun Z, Worni M, et al.
Surgical resection of the primary tumor in stage IV colorectal cancer
without metastasectomy is associated with improved overall survival
compared with chemotherapy/radiation therapy alone. Diseases of the
colon and rectum. 2016;59(4):299-305.

Ruo L, Gougoutas C, Paty PB, Guillem JG, Cohen AM, Wong WD. Elective
bowel resection for incurable stage IV colorectal cancer: prognostic
variables for asymptomatic patients. J Am Coll Surg. 2003;196(5):722-8.
Ishihara S, Hayama T, Yamada H, Nozawa K, Matsuda K, Miyata H. Prognostic
impact of primary tumor resection and lymph node dissection in stage IV
colorectal cancer with unresectable metastasis: a propensity score analysis
in a multicenter retrospective study. Annals of surgical oncology. 2014;21(9):
2949-55.

Leijssen LGJ, Dinaux AM, Kunitake H, Bordeianou LG, Berger DL. The impact
of postoperative morbidity on survival in patients with metastatic colon and
rectal cancer. J Surg Oncol. 2019;120(3):460-72.

Fakih MG. Metastatic colorectal cancer: current state and future directions.
Journal of clinical oncology: official journal of the American Society of
Clinical Oncology. 2015;33(16):1809-24.

Gustavsson B, Carlsson G, Machover D, Petrelli N, Roth A, Schmoll HJ, et al.
A review of the evolution of systemic chemotherapy in the management of
colorectal cancer. Clinical colorectal cancer. 2015;14(1):1-10.

Tominaga T, Nonaka T, Shiraisi T, Hamada K, Noda K, Takeshita H, et al.
Factors related to short-term outcomes and delayed systemic treatment
following primary tumor resection for asymptomatic stage IV colorectal
cancer. Int J Colorectal Dis. 2020;35(5):837-46.

Alawadi Z, Phatak UR, Hu CY, Bailey CE, You YN, Kao LS, et al. Comparative
effectiveness of primary tumor resection in patients with stage IV colon
cancer. Cancer. 2017;123(7):1124-33.

Matsumoto T, Hasegawa S, Matsumoto S, Horimatsu T, Okoshi K, Yamada M,
et al. Overcoming the challenges of primary tumor management in patients
with metastatic colorectal cancer unresectable for cure and an
asymptomatic primary tumor. Diseases of the colon and rectum. 2014;57(6):
679-86.

Massarweh NN, Li LT, Sansgiry S, Berger DH, Anaya DA. Primary tumor
resection and multimodality treatment for patients with metastatic colon
cancer. Annals of surgical oncology. 2016,23(6):1815-23.

Cirocchi R, Trastulli S, Abraha |, Vettoretto N, Boselli C, Montedori A, et al.
Non-resection versus resection for an asymptomatic primary tumour in
patients with unresectable stage IV colorectal cancer. Cochrane Database
Syst Rev. 2012;(8):CD008997. Published 2012 Aug 15.

Yun JA, Huh JW, Park YA, Cho YB, Yun SH, Kim HG, et al. The role of palliative
resection for asymptomatic primary tumor in patients with unresectable stage
IV colorectal cancer. Dis Colon Rectum. 2014;57(9):1049-58.

Pedziwiatr M, Mizera M, Witowski J, Major P, Torbicz G, Gajewska N, et al.
Primary tumor resection in stage IV unresectable colorectal cancer: what
has changed? Med Oncol. 2017;34(12):188.

Stillwell AP, Buettner PG, Ho YH. Meta-analysis of survival of patients with
stage IV colorectal cancer managed with surgical resection versus
chemotherapy alone. World journal of surgery. 2010;34(4):797-807.

Xu Z, Becerra AZ, Aquina CT, Hensley BJ, Justiniano CF, Boodry C, et al.
Emergent colectomy is independently associated with decreased long-term
overall survival in colon cancer patients. J Gastrointest Surg. 2017,21(3):543-53.
Kundes F, Kement M, Cetin K, Kaptanoglu L, Kocaoglu A, Karahan M, et al.
Evaluation of the patients with colorectal cancer undergoing emergent
curative surgery. Springerplus. 2016;5(1):2024. Published 2016 Nov 28.
McArdle CS, Hole DJ. Emergency presentation of colorectal cancer is
associated with poor 5-year survival. Br J Surg. 2004;91(5):605-9.

Kim MY, Oskarsson T, Acharyya S, Nguyen DX, Zhang XH, Norton L, et al.
Tumor self-seeding by circulating cancer cells. Cell. 2009;139(7):1315-26.

Ha GW, Kim JH, Lee MR. Meta-analysis of oncologic effect of primary tumor
resection in patients with unresectable stage IV colorectal cancer in the era
of modern systemic chemotherapy. Ann Surg Treat Res. 2018,95(2):64-72.
Runkel NS, Hinz U, Lehnert T, Buhr HJ, Herfarth C. Improved outcome after
emergency surgery for cancer of the large intestine. Br J Surg. 1998,85(9):
1260-5.

Van Cutsem E, Cervantes A, Adam R, Sobrero A, Van Krieken JH, Aderka D,
et al. ESMO consensus guidelines for the management of patients with
metastatic colorectal cancer. Ann Oncol. 2016,27(8):1386-422.



Yang et al. World Journal of Surgical Oncology

31

32.

33.

34.

35.

(2020) 18:193

Van de Velde CJ, Boelens PG, Borras JM, Coebergh JW, Cervantes A,
Blomaqvist L, et al. EURECCA colorectal: multidisciplinary management:
European consensus conference colon & rectum. Eur J Cancer, 2014, 1.e34.
50(1):1el.

Takada T, Tsutsumi S, Takahashi R, Ohsone K, Tatsuki H, Suto T, et al. Control
of primary lesions using resection or radiotherapy can improve the
prognosis of metastatic colorectal cancer patients. J Surg Oncol. 2016;
114(1):75-9.

Li ZM, Peng YF, Du CZ, Gu J. Colon cancer with unresectable synchronous
metastases: the AAAP scoring system for predicting the outcome after
primary tumour resection. Colorectal Dis. 2016;18(3):255-63.

Cao G, Zhou W, Chen E, Wang F, Chen L, Chen M, et al. A novel scoring
system predicting survival benefits of palliative primary tumor resection for
patients with unresectable metastatic colorectal cancer: a retrospective
cohort study protocol. Medicine. 2019;98(37):17178.

Dorajoo SR, Tan WJ, Koo SX, Tan WS, Chew MH, Tang CL, et al. A scoring
model for predicting survival following primary tumour resection in stage IV
colorectal cancer patients with unresectable metastasis. International journal
of colorectal disease. 2016;31(2):235-45.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 17 of 17

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Database and patient selection
	Variables and outcomes
	Statistical analysis

	Result
	Patient clinicopathological characteristics
	Analysis of survival benefits from surgery
	Risk factors related to survival in cohorts with and without PTR
	Individualized construction of nomograms
	Efficacy of the predictive models

	Discussion
	Conclusions
	Supplementary information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

