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Background: The prognosis of rectal cancer patients with different metastatic status was significantly
different. Our aim was to identify prognostic factors for metastatic rectal cancer (mRC) patients with
different metastatic status and to construct specific nomograms to predict overall survival (OS).

Methods: This study retrospectively analyzed mRC patients from 2010 to 2016 in the Surveillance,
Epidemiology, and End Results Program database. All patients were ultimately divided into four groups:
synchronous liver metastasis, synchronous lung metastasis, synchronous other organs metastasis and
synchronous multiple metastases. Univariate and multivariate cox analyses were performed to screen out
independent factors for each group. Individualized nomograms were constructed in different metastatic
modes. The concordance index (C-index), decision curve analysis (DCA), time-dependent receiver operating
characteristic (ROC) curve and calibration curve were performed to verify these nomograms.

Results: Finally, 10,407 mRC patients were included in this study. Age, tumor grade, surgery of primary
tumor, and chemotherapy were identified as common independent prognostic factors for each subgroup
(all P<0.05). Other independent prognostic factors specific to each group included radiotherapy and marital
status in the liver metastasis group, race, N stage, and the presence or absence of site-specific metastases in
the multiple metastases group (all P<0.05). Higher T staging suggested worse OS in the group with liver,
lung, and multiple site metastases. Individualized nomograms predicting 1-, 2-, and 3-year OS for each group
were constructed by combining all independently significant risk factors in each group. The area under the
curve (AUC) values and C-indexes of these nomograms created by each subgroup were greater than 0.7. All
calibration curves and DCA curves showed that these nomograms had good clinical application significance.
Conclusions: Individualized prognostic nomograms were constructed for mRC patients with different
metastatic status based on different prognostic factors. These nomograms presented satisfactory predictive
effects, which helps to provide survival assessment and individualized treatment decision-making for mRC

patients with different metastatic status.
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Introduction

Colorectal cancer (CRQ) is the third most common cancer
worldwide and the second leading cause of cancer-related
death (1). Almost one third of newly diagnosed CRC is
rectal cancer (RC), which is equivalent to approximately
730,000 new cases worldwide in 2020 (2). Even worse,
synchronous distant metastasis occurred in approximately
20% of RC patients at initial diagnosis (3). The most
commonly involved organs of distant metastasis in rectal
cancer are the liver and lungs, with incidence of 12.3% and
5.6-7.5%, respectively (3,4).

Despite the rapid development of immunotherapy,
chemotherapy and targeted agents, the outcome of
metastatic rectal cancer (mRC) is still dissatisfactory in
the past few decades (5,6). The 5-year survival rate for
RC patients with distant metastases has been reported to
be only 14.0% (7). Previous study has confirmed that the
location and number of metastases plays an important role
in the course of treatment and overall prognosis of RC (8).
Accurate identification of metastatic patterns will help
clinicians make correct treatment decisions and optimize
follow-up strategies. Other prognostic factors affecting
stage IV RC patients have been preliminarily investigated in
previous studies, such as age at diagnosis, lymph metastasis,
tumor size, carcinoembryonic antigen (CEA) levels,
resectability and chemoradiotherapy (9-13).

Nomogram quantifies risk by integrating important
prognostic factors, on which a model can be built, and the
overall probability of specific survival for any individual
patient can be calculated by adding up these scores (14).
Therefore, it is widely used as a practical tool in clinical
oncology. Existing studies (15,16) lack of further stratified
analysis on the prognosis of patients with distal metastasis,
such as the differences in prognostic factors and models at
different sites of metastasis, and the differences between
patients with single metastasis and patients with multiple
metastasis. What’s more, the rectum has embryological
origins, anatomy, and functions that differ from the colon.
RC is biologically different from colon cancer, leading to
differences in clinical treatment and prognosis (17). Hence,
individualized nomograms including as many necessary
predictors as possible are urgently needed to accurately
estimate the current survival of stage IV RC with different
metastatic status.

The aim of this study was to determine prognostic factors
in RC patients with different metastatic status according
to the data from the Surveillance Epidemiology and End
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Results (SEER) database. Then, based on these prognostic
factors, nomograms were constructed to predict overall
survival (OS) in different metastatic modes. We present the
following article in accordance with the TRIPOD reporting
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-22-436/rc).

Methods
Data extracting and screening

Patients diagnosed with mRC from 2010 to 2016 in the
SEER database were retrospectively analyzed. Since the
1970s, the SEER database, part of the National Cancer
Center, has been collecting data on all aspects of clinical
cancer management, which covers about 30% of the U.S.
population. This program began registering information
about specific sites of metastasis in 2010. We extracted a
total of 12,487 patients with mRC by using the SEER-
Stat software (version 8.3.5, http://seer.cancer.gov/seerstat/
software/). The ICD-O-3 codes for specific pathological
tissue types are as follows: 8140, 8144, 8201, 8210, 8211,
8220, 8221, 8253, 8255, 8260-8263, 8310, 8323, 8480, 8481
and 8490. Exclusion criteria for this study included: (I) the
diagnosed at autopsy or death certificate (n=8); (II) survival
months is 0 (n=850); (III) M1=NOS, T stage is T0 and
blank(s) in AJCC stage (n=736); (IV) The metastatic status
of liver, lung, bone and brain is unknown or N/A (n=486).
Finally, the patients were divided into four groups according
to their different metastatic status: synchronous liver
metastasis, synchronous lung metastasis, synchronous other
organs metastasis and synchronous multiple metastases.
The specific exclusion process of this study can be seen in
Figure 1.

Our study was a retrospective study, and its data were
mainly from the SEER database, so patients’ informed
consent was not required. The study was conducted in
accordance with the Declaration of Helsinki (as revised in

2013).

Clinical variables and outcome

The extracted basic demographic indicators were as follows:
insurance and marital status, age, gender and race. Insurance
and marital status were classified as insured and uninsured,
married and unmarried, respectively. Age at diagnosis
was divided into three levels: <50, 51-65 and >65. Race
was categorized into the white, the black and the others.
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Exclusion criteria:
¢ The diagnosed at autopsy or death certificate (n=8);
® Survival months is 0 (n=850);

Y

The final study sample (n=10,407)

Y

* M1NOS, TO and blank(s) in AJCC stage (n=736);
* The metastatic status of liver, lung, bone and brain is
unknown or N/A (n=486).

Y

M1a rectal cancer (n=5,727)
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Creating Nomograms
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Figure 1 The specific exclusion process of this study. NOS, not otherwise specified; NA, not applicable; ROC, receiver operating

characteristic; DCA, decision curve analysis; C-index, concordance index.

The extracted clinicopathological indicators included:
tumor grade (Grade I/1I: well differentiated/moderately
differentiated, Grade III/IV: poorly differentiated/
undifferentiated, and unknown), histology [adenocarcinomas
and mucinous carcinoma (MCC)/signet ring cell carcinoma
(SRCCO)], T stage (T'1-3, T4 and unknown), N stage (NO,
N1 and unknown), M stage (Mla: synchronous liver/
lung/other organs metastasis, M1b: synchronous multiple
metastases), surgery for primary tumors, regional nodes
examined (RNE), chemoradiotherapy (yes and no), sites
of metastasis and CEA (negative, positive and unknown).
Surgery for primary tumors was classified into standard
proctectomy (RNE >12), simplified proctectomy (RNE
<12) and non-proctectomy [RX Summ--Surg Prim Site
(1998+): 0, 90 and 99] according to the number of lymph
nodes examined.

The OS, the time from initial diagnosis of rectal cancer
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to death from all causes, was used as the primary outcome
in this study.

Statistical analysis

Subgroups with different metastasis status were randomly
divided into training and validation cohorts in a 2:1 ratio.
Univariate and multivariate logistic regression analyses were
performed to determine predictors, risk ratios (HR) and
95% confidence intervals (Cls) for each group. Variables
with P value less than 0.05 in univariate analysis met the
criteria for inclusion in multivariate analysis, so as to
determine independent prognostic factors. In addition, the
Kaplan-Meier (K-M) survival curve was used for survival
analysis. Then, based on these independent prognostic
factors, nomograms were developed employing the survival
package in R. Each of the included predictors has a row
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in nomograms, and different prediction quantities are
represented by corresponding number of points. The end
of nomograms was set with an axis of accumulation points,
and the higher total points finally accumulated indicate the
worse survival.

In this study, the concordance index (C-index) and
receiver operating characteristic (ROC) curve analysis were
used to evaluate the discrimination of these nomograms.
This means that the larger the area under the curve (AUC)
in the ROC curve and the larger the C-index value,
indicating that this model has a strong discriminative ability.
The calibration capability of nomograms was evaluated
using calibration curves. Furthermore, we performed the
decision curve analysis (DCA), a new tool for evaluating
the clinical application value of nomograms, to evaluate the
effect of clinical benefit. All P values in the analysis were
two-side and less than 0.05 were defined as statistically
significant.

Results
Patient characteristics

Ultimately, 10,407 patients with mRC were included in the
research, of which 4,061 (39.02%) had synchronous liver
metastasis, 850 (8.17%) had synchronous lung metastasis,
816 (7.84%) had other sites metastasis and 4,680 (44.97%)
had synchronous multiple metastases. The total population
was mainly composed of patients aged >50 years (78.52%),
with a median survival time of 14 months. Briefly, patients
who underwent surgery for primary tumors accounted for
45.29% of patients with liver metastasis, 38.12% of patients
with lung metastasis, 53.06% of patients with other sites
metastasis, and 25.32% of patients with multiple metastases,
respectively. In addition, the data of patients receiving
radiotherapy in each group were as follows: 32.04% of
patients with liver metastasis, 45.88% of patients with lung
metastasis, 56.86% of patients with metastasis to other
sites, and 29.59% of patients with multiple metastasis. The
detailed basic information and clinical characteristics of
each group can be seen in Tuble 1.

Effects of different metastatic status on survival

The median OS for mRC patients with liver-limited
metastasis, lung-limited metastasis, other sites-limited
metastasis and multiple metastases was 24, 26, 29 and
15 months. The K-M survival analysis and Log-rank tests

© Translational Cancer Research. All rights reserved.

Ge et al. Nomograms for stage IV rectal cancer

showed significant differences in OS among different
metastatic status (P<0.001, Figure 2). The 1-, 2- and 3-year
OS rates were 72.00% (95% CI: 70.53-73.41%), 49.76%
(95% CI: 48.04-51.46%) and 33.01% (95% CI: 31.27-
34.75%) in the liver-limited metastasis group, 74.90%
(95% CI: 71.69-77.80%), 53.33% (95% CI: 49.45-57.06%)
and 37.64% (95% CI: 33.59-41.69%) in the lung-limited
metastasis group, 73.92% (95% CI: 70.61-76.93 %),
55.03% (95% CI: 51.13-58.75%) and 42.78% (95% CI:
38.73-46.83%) in the other sites-limited metastasis group
and 55.43% (95% CI: 53.92-56.91%), 30.09% (95% CI:
28.00-31.58%) and 17.30% (95% CI: 15.99-18.65%) in

multiple metastases group , respectively.

Prognostic factors and construction of the nomogram in
each group

Univariate and multivariate cox analyses were performed to
screen out independent factors for each group. Finally, the
following eight factors were associated with OS in the liver-
limited metastasis group: marital status, age, tumor grade,
T stage, surgery, chemotherapy, radiotherapy and CEA.
Only five variables including age, tumor grade, T stage,
surgery and chemotherapy were identified as independent
prognostic factors in the lung-limited metastasis group.
The independent prognostic factors associated with OS
in the other sites-limited metastasis group included age,
tumor grade, surgery, chemotherapy and CEA. Similarly,
we revealed that age at diagnosis, tumor grade, T and
N stage, surgery, chemotherapy, CEA, bone metastasis,
liver metastasis and brain metastasis were identified as
independent risk variables of multiple metastases group.
Further details of the Cox analysis for each group were
shown in Table 2.

Individualized nomograms predicting 1-, 2-, and 3-year
OS for each group were constructed by combining all
independently significant risk factors in each group (Figure 3).

Validation of nomograms

For the liver metastasis patients, the C-indexes for the
nomogram to predict OS were 0.742 (95% CI: 0.729-0.754)
and 0.739 (95% CI: 0.720-0.757) in the training and the
verification cohort (7ible 3). The AUCs of 1-, 2- and 3-year
OS were 81.05%, 78.79% and 76.49% in the training
group. The AUC values of 1-, 2- and 3-year survivals were
81.51%, 76.60% and 77.28% in the verification group
(Figure 44,4B).
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Table 1 The characteristics of mRC patients in the total population and each subgroup
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Characteristics

Entire population
(N=10,407), n (%)

Synchronous liver metastasis, n (%)

Synchronous lung metastasis, n (%)

Synchronous other organs metastasis, n (%)

Synchronous multiple metastases, n (%)

Total (N=4,061)

Training group

Validation group

Total (N=850)

Training group

Validation group

Total (N=816)

Training group

Validation group

Total (N=4,680)

Training group

Validation group

(N=2,707) (N=1,354) (N=567) (N=283) (N=544) (N=272) (N=3,120) (N=1,560)

Insurance status

Insured 9,708 (93.28) 3,808 (93.77) 2,542 (93.90) 1,266 (93.50) 788 (92.71) 528 (93.12) 260 (91.87) 763 (93.50) 509 (93.57) 254 (93.38) 4,349 (92.93) 2,895 (92.79) 1,454 (93.21)

Uninsured/NOS 699 (6.72) 253 (6.23) 165 (6.10) 88 (6.50) 62 (7.29) 39 (6.88) 23 (8.13) 53 (6.50) 35 (6.43) 18 (6.62) 331 (7.07) 225 (7.21) 106 (6.79)
Marital status

Married 5,237 (50.32) 2,150 (52.94) 1,409 (52.05) 741 (54.73) 405 (47.65) 279 (49.21) 126 (44.52) 402 (49.26) 284 (52.21) 118 (43.38) 2,280 (48.72) 1,537 (49.26) 743 (47.63)

Unmarried/NOS 5,170 (49.68) 1,911 (47.06) 1,298 (47.95) 613 (45.27) 445 (52.35) 288 (50.79) 157 (55.48) 414 (50.74) 260 (47.79) 154 (56.62) 2,400 (51.28) 1,583 (50.74) 817 (52.37)
Age at diagnosis (years)

<50 2,235 (21.48) 899 (22.14) 601 (22.20) 298 (22.01) 120 (14.12) 75 (13.23) 45 (15.90) 178 (21.81) 122 (22.43) 56 (20.59) 1,038 (22.18) 695 (22.28) 343 (21.99)

51-65 4,343 (41.73) 1,742 (42.90) 1,153 (42.59) 589 (43.50) 319 (37.53) 195 (34.39) 124 (43.82) 313 (38.36) 216 (39.71) 97 (35.66) 1,969 (42.07) 1,306 (41.86) 663 (42.50)

>65 3,829 (36.79) 1,420 (34.96) 953 (35.21) 467 (34.49) 411 (48.35) 297 (52.38) 114 (40.28) 325 (39.83) 206 (37.86) 119 (43.75) 1,673 (35.75) 1,119 (35.86) 554 (35.51)
Race

White 8,170 (78.50) 3,236 (79.69) 2,154 (79.57) 1,082 (79.91) 671 (78.94) 446 (78.66) 225 (79.51) 636 (77.94) 419 (77.02) 217 (79.78) 3,627 (77.50) 2,442 (78.27) 1,185 (75.96)

Black 1,182 (11.36) 416 (10.24) 281 (10.38) 135 (9.97) 96 (11.29) 67 (11.82) 29 (10.25) 100 (12.25) 66 (12.13) 34 (12.50) 570 (12.18) 363 (11.63) 207 (13.27)

Other/NOS 1,055 (10.14) 409 (10.07) 272 (10.05) 137 (10.12) 83 (9.77) 54 (9.52) 29 (10.24) 80 (9.81) 59 (10.85) 21(7.72) 483 (10.32) 315 (10.10) 168 (10.77)
Sex

Female 4,003 (38.46) 1,344 (33.10) 904 (33.39) 440 (32.50) 393 (46.24) 263 (46.38) 130 (45.94) 353 (43.26) 221 (40.63) 132 (48.53) 1,913 (40.88) 1,276 (40.90) 637 (40.83)

Male 6,404 (61.54) 2,717 (66.90) 1,803 (66.61) 914 (67.50) 457 (53.76) 304 (53.62) 153 (54.06) 463 (56.74) 323 (59.37) 140 (51.47) 2,767 (59.12) 1,844 (59.10) 923 (59.17)
Grade

Grade /Il 6,397 (61.47) 2,699 (66.46) 1,785 (65.94) 914 (67.50) 561 (66.00) 375 (66.14) 186 (65.72) 495 (60.66) 325 (59.74) 170 (62.50) 2,642 (56.45) 1,796 (57.56) 846 (54.23)

Grade IlI/IV 1,694 (16.28) 574 (14.13) 383 (14.15) 191 (14.11) 103 (12.12) 71 (12.52) 32 (11.31) 178 (21.82) 117 (21.51) 61 (22.43) 839 (17.93) 563 (18.05) 276 (17.69)

NOS 2,316 (22.25) 788 (19.41) 539 (19.91) 249 (18.39) 186 (21.88) 121 (21.34) 65 (22.97) 143 (17.52) 102 (18.75) 41 (15.07) 1,199 (25.62) 761 (24.39) 438 (28.08)
Histology

Adenocarcinomas 9,829 (94.45) 3,945 (97.14) 2,630 (97.16) 1,315 (97.12) 813 (95.65) 542 (95.59) 271 (95.76) 746 (91.42) 502 (92.28) 244 (89.71) 4,325 (92.41) 2,881 (92.34) 1,444 (92.56)

MCC/SRCC 578 (5.55) 116 (2.86) 77 (2.84) 39 (2.88) 37 (4.35) 25 (4.41) 12 (4.24) 70 (8.58) 42 (7.72) 28 (10.29) 355 (7.59) 239 (7.66) 116 (7.44)
T stage

T1-3 5,404 (51.93) 2,399 (59.07) 1,591 (58.77) 808 (59.68) 520 (61.18) 355 (62.61) 165 (58.30) 450 (55.15) 306 (56.25) 144 (52.94) 2,035 (43.48) 1,347 (43.17) 688 (44.10)

T4 2,050 (19.70) 604 (14.87) 398 (14.71) 206 (15.21) 167 (19.64) 103 (18.17) 64 (22.61) 242 (29.66) 159 (29.23) 83 (30.51) 1,037 (22.16) 707 (22.66) 330 (21.15)

Tx 2,953 (28.37) 1,058 (26.06) 718 (26.52) 340 (25.11) 163 (19.18) 109 (19.22) 54 (19.08) 124 (15.19) 79 (14.52) 45 (16.55) 1,608 (34.36) 1,066 (34.17) 542 (34.75)
N stage

NO 3,599 (34.58) 1,462 (36.00) 1,010 (37.31) 452 (33.38) 326 (38.35) 218 (38.45) 108 (38.16) 254 (31.13) 168 (30.88) 86 (31.62) 1,557 (33.27) 1,051 (33.69) 506 (32.44)

N+ 5,630 (54.10) 2,178 (53.63) 1,417 (52.35) 761 (56.21) 446 (52.47) 296 (52.20) 150 (53.00) 517 (63.36) 351 (64.52) 166 (61.03) 2,489 (53.18) 1,659 (63.17) 830 (53.20)

Nx 1,178 (11.32) 421 (10.37) 280 (10.34) 141 (10.41) 78 (9.18) 53 (9.35) 25 (8.84) 45 (5.51) 25 (4.60) 20 (7.35) 634 (13.55) 410 (13.14) 224 (14.36)

Table 1 (continued)
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Table 1 (continued)

Synchronous liver metastasis, n (%) Synchronous lung metastasis, n (%) Synchronous other organs metastasis, n (%) Synchronous multiple metastases, n (%)

Entire population

Characteristics
(N=10,407). n (%) Total (N=4,061)

Training group Validation group Training group Validation group Training group Validation group Training group Validation group

Total (N=850) Total (N=816) Total (N=4,680)

(N=2,707) (N=1,354) (N=567) (N=283) (N=544) (N=272) (N=3,120) (N=1,560)

Surgery

Standard proctectomy 2,747 (26.40) 1,398 (34.43) 926 (34.21) 472 (34.86) 227 (26.71) 149 (26.28) 78 (27.56) 300 (36.76) 209 (38.42) 91 (33.46) 822 (17.56) 563 (18.04) 259 (16.60)

Simplified proctectomy 1,034 (9.94) 441 (10.86) 293 (10.82) 148 (10.93) 97 (11.41) 70 (12.35) 27 (9.54) 133 (16.30) 81 (14.89) 52 (19.12) 363 (7.76) 256 (8.21) 107 (6.86)

Non-proctectomy 6,626 (63.66) 2,222 (54.71) 1,488 (54.97) 734 (54.21) 526 (61.88) 348 (61.37) 178 (62.90) 383 (46.94) 254 (46.69) 129 (47.42) 3,495 (74.68) 2,301 (73.75) 1,194 (76.54)
Radiation

Yes 3,540 (34.02) 1,301 (32.04) 859 (31.73) 442 (32.64) 390 (45.88) 256 (45.15) 134 (47.35) 464 (56.86) 312 (57.35) 152 (55.88) 1,385 (29.59) 914 (29.29) 471 (30.19)

No 6,867 (65.98) 2,760 (67.96) 1,848 (68.27) 912 (67.36) 460 (54.12) 311 (54.85) 149 (52.65) 352 (43.14) 232 (42.65) 120 (44.12) 3,295 (70.41) 2,206 (70.71) 1,089 (69.81)
Chemotherapy

Yes 8,175 (78.55) 3,294 (81.11) 2,205 (81.46) 1,089 (80.43) 654 (76.94) 423 (74.60) 231 (81.63) 641 (78.55) 422 (77.57) 219 (80.51) 3,586 (76.62) 2,390 (76.60) 1,196 (76.67)

No 2,232 (21.45) 767 (18.89) 502 (18.54) 265 (19.57) 196 (23.06) 144 (25.40) 52 (18.37) 175 (21.45) 122 (22.43) 53 (19.49) 1,094 (23.38) 730 (23.40) 364 (23.33)
CEA

Negative 1,372 (13.18) 503 (12.39) 332 (12.26) 171 (12.63) 175 (20.59) 117 (20.63) 58 (20.49) 177 (21.69) 119 (21.88) 58 (21.33) 517 (11.05) 358 (11.47) 159 (10.19)

Positive 6,245 (60.01) 2,474 (60.92) 1,663 (61.43) 811 (59.50) 428 (50.35) 292 (51.50) 136 (48.06) 378 (46.32) 256 (47.06) 122 (44.85) 2,965 (63.35) 1,943 (62.28) 1,022 (65.51)

NOS 2,790 (26.81) 1,084 (26.69) 712 (26.31) 372 (27.47) 247 (29.06) 158 (27.87) 89 (31.45) 261 (31.99) 169 (31.06) 92 (33.82) 1,198 (25.60) 819 (26.25) 379 (24.30)

mRC, metastatic rectal cancer; NOS, not otherwise specified; CEA, carcinoembryonic antigen; MCC, mucinous carcinoma; SRCC, signet ring cell carcinoma.
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The overall survival of mRC patients

100 7 —— Synchronous liver metastasis
c,\':’ 80 Synchronous lung metastasis
§ —— Synchronous other organs metastasis
g 60 Synchronous multiple metastases
7]
£ 40 P<0.001
Q
g 20
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0 12 24 36 48

Survival time, months

Figure 2 The K-M survival analysis of OS among different
metastatic status. mRC, metastatic rectal cancer; K-M, Kaplan-

Meier; OS, overall survival.

The C-indexes of the nomogram for lung metastasis
patients were 0.742 (95% CI: 0.713-0.771) in the training
and 0.716 (95% CI: 0.671-0.761) in the verification group.
In addition, the AUCs for 1-, 2- and 3-year OS were
76.19%, 77.95%, 77.17% (the training cohort) and 74.41%,
76.29%, 72.23% (the verification cohort) (Figure 4C,4D).

The C-indexes of the OS nomogram for other sites
metastasis were 0.722 (95% CI: 0.689-0.755) and 0.735
(95% CI: 0.691-0.779) in the training and verification
cohort, respectively. The AUCs were 76.96%, 72.09%,
74.93% the training group and 84.47%, 76.79%, 74.81% in
the verification group (Figure 4E,4F).

Similarly, for patients with multiple metastases, the
C-indexes were 0.710 (95% CI: 0.699-0.722) and 0.713
(95% CI: 0.696-0.730) in the training and verification
group. The AUCs for the nomogram in predicting 1-, 2-
and 3-year OS were 75.33%, 75.18%, 73.04% the training
group and 76.86%, 73.48%, 75.85% % in the verification
cohort (Figure 4G,4H).

All calibration curves were close to the 45-degree line,
indicating good calibration capability (Figure 5). Moreover,
the DCA curves of these nomograms created in this study
indicated superior net benefits, which demonstrating good
clinical application significance (Figure 6).

Discussion

RC and colon cancer are usually studied as one entity.
However, primary RC and colon cancer require different
stages and different neoadjuvant therapies (for example,
neoadjuvant radiotherapy or chemoradiotherapy is only
used for rectal cancer), due to differences in anatomy and
prognosis (17). Moreover, RC patients are more likely to
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have extra-abdominal metastases than patients with colon
cancer because of venous drainage from the rectum into
the systemic circulation (18). Most importantly, study has
shown that there are significant differences in the prognosis
of mRC patients with different metastatic status (8). Our
research, consistent with previous studies (19,20), showed
that the most common metastatic site of RC is the liver
(39.02%), followed by the lung (8.17%). Similarly, the
present study revealed that survival outcomes of mRC
patients varied according to the metastatic status. Versus
the patients with liver metastasis, the patients with isolated
lung metastases manifested a significantly better OS. Also,
an obviously worse OS was identified for the patients with
multiple organ involvement compared with patients with a
single metastatic site. So, this study explored the prognostic
factors for mRC patients with different metastatic status
and established the corresponding individualized prognostic
nomograms.

In this study, a number of variables were identified as
independent prognostic factors shared by each subgroup,
including age at diagnosis, tumor grade, surgery for
primary site and chemotherapy. The current treatment
for mRC is mainly chemotherapy, and the improvement
of chemotherapy has extended the survival time of mRC
patients (8). The OS rate in CRC patients with and without
chemotherapy was 62.1% and 40.4% in a retrospective
study of stage IV CRC after therapeutic resection (13).
Chemotherapy was the most sensitive predictor for the
liver-limited metastasis group and the other sites-limited
metastasis group in the current study. Even the 3-year OS
of triple chemotherapy plus bevacizumab is only 40% (21),
so chemotherapy alone seems to be insufficient. Our study
indicated that surgery for the primary tumor is another
independent prognostic variable for all mRC. Similarly,
in a previous study, the status of no surgery was related
with a 2.807-fold increased risk of death (22). Moreover,
adequate lymph node removal seems to yield better
survival outcomes than tumor removal alone. Combined
with previous study (23), these findings suggested that
patients with metastatic CRC should also try RO resection
and radical lymphadenectomy, if possible. However,
the predictive sensitivity of surgery in each prognostic
model was different. In patients with non-hepatic isolated
metastases, especially isolated lung metastases, surgery is
the most sensitive predictor in the current study. Lung
metastases grow more slowly than liver metastases, which
may provide a relatively sufficient time gap for patients to
undergo surgery on the primary tumor and achieve a better
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Table 3 The C-indexes for predicting OS in each group

oS
Groups
C-index 95% CI
Synchronous liver metastasis
Training group 0.742 0.729-0.754
Validation group 0.739 0.720-0.757
Synchronous lung metastasis
Training group 0.742 0.713-0.771
Validation group 0.716 0.671-0.761
Synchronous other organs metastasis
Training group 0.722 0.689-0.755
Validation group 0.735 0.691-0.779
Synchronous multiple metastases
Training group 0.710 0.699-0.722
Validation group 0.713 0.696-0.730
OS, overall survival; C-index, concordance index; Cl, confidence interval.
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Figure 4 The calibration curves regarding the nomograms. (A) The training group of liver-limited metastasis; (B) the verification group
of liver-limited metastasis; (C) the training group of lung-limited metastasis; (D) the verification group of lung-limited metastasis; (E) the
training group of another sites-limited metastasis; (F) the verification group of another sites-limited metastasis; (G) the training group of

multiple metastases; (H) the verification group of multiple metastases.
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Figure 5 The AUC values of ROCs of the nomograms. (A) The training group of liver-limited metastasis; (B) the verification group of liver-

limited metastasis; (C) the training group of lung-limited metastasis; (D) the verification group of lung-limited metastasis; (E) the training

group of another sites-limited metastasis; (F) the verification group of another sites-limited metastasis; (G) the training group of multiple

metastases; (H) the verification group of multiple metastases. AUC, area under the curve; ROC, receiver operating characteristic.
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Figure 6 Decision curve analysis regarding the nomograms. (A) The training group of liver-limited metastasis; (B) the verification group

of liver-limited metastasis; (C) the training group of lung-limited metastasis; (D) the verification group of lung-limited metastasis; (E) the

training group of another sites-limited metastasis; (F) the verification group of another sites-limited metastasis; (G) the training group of

multiple metastases; (H) the verification group of multiple metastases. CEA, carcinoembryonic antigen.
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prognosis (24). Additionally, research confirmed surgical
resection of CRC appears to be useful for distant metastases
beyond the liver or lungs (25).

Radiotherapy and marital status were unique independent
prognostic factors in patients with liver metastasis. Our
study was the first to demonstrate that radiotherapy is an
independent predictor of prognosis in patients with RC
with liver metastasis and to include it in a predictive model.
Systemic chemotherapy following short-term radiotherapy
was demonstrated to be an effective and safe regimen in
a retrospective study of RC patients with liver metastases
in the Netherlands (26). Thus, multimodal therapy is
associated with better survival in patients with liver
metastasis. In addition, study confirmed that depression and
stress are strongly associated with cancer-related deaths.
Unmarried patients who are diagnosed with advanced
cancer are more likely to develop depression and stress,
leading to a poor prognosis (27). Some previous studies
have reported that elevated CEA levels usually indicated a
poor prognosis and were included in the prognosis model
of CRC patients (28,29). In the present study, CEA was
closely correlated with the prognosis of mRC patients in
the other three groups except the lung metastasis group. In
addition, consistent with other nomograms (30,31), higher
T staging suggested worse OS in the group with liver, lung,
and multiple site metastases.

Factors specific to the prognosis of mRC patients
with multiple metastases included race, N stage, and the
presence or absence of site-specific metastases. Previous
study also confirmed that the black race seems to be
associated with poorer OS compared to the white race (32).
Similarly, higher N staging predicted worse survival (33).
Furthermore, in the multi-site metastasis group, patients
with brain metastasis had the worst prognosis, followed by
patients with bone metastasis and liver metastasis.

Although previous models have been created to
predict the prognosis of stage IV CRC, these nomograms
have shortcomings. Firstly, most of these studies have
been conducted in relatively small populations, such as
fewer than 1,000 cases in both Liang’s (34) and Beppu’s
nomograms (35). Secondly, previous nomograms for
the mCRC patients after liver metastases resection were
presented, but the C-index was relatively low (about
0.6) (28). Most important, the remaining studies missed
important variables and did not stratify prediction models
by metastatic status specifically for RC (15,16,36). Our
study, to compensate for the above deficiencies, estimated
more prognostic factors based on the SEER database with
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a larger sample size to reduce selection bias. Furthermore,
specific nomograms for RC patients based on different
metastatic status were tested by a variety of methods
in this study. The C-index and AUC values of all the
queues were greater than 0.7, indicating that the model
had strong discrimination ability. The calibration curves
and DAC curves proved that the model had good clinical
practicability.

Although our research has certain advantages, it also has
certain limitations inevitably. First, as a large retrospective
study, there must be an inherent selection bias. Secondly,
the SEER database does not provide the specific regimen,
quantity and toxic and side effects of chemotherapy and
radiotherapy. Moreover, the database only provides the site
of metastases, and there is no specific data on the number of
metastases. Therefore, it is impossible to determine whether
it is oligometastatic cancer, which is of great significance
for clinical treatment. Additionally, the expression status of
several important biomarkers closely associated with rectal
cancer metastasis, such as MSI, RAS, and BRAF, could not
be obtained from the SEER database.

Conclusions

Individualized prognostic nomograms were constructed
for mRC patients with different metastatic status based
on different prognostic factors. These nomograms
presented satisfactory predictive effects, which helps to
provide survival assessment and individualized treatment
decision-making for mRC patients with different
metastatic status.
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