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cancer with synchronous
liver-only metastases: a SEER
population-based study and
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Tao Li1,2, Yahang Liang1,2, Daqiang Wang1,2, Zhen Zhou1,2,
Haoran Shi1,2, Mingming Li1,2, Hualin Liao1,2, Taiyuan Li1,2*

and Xiong Lei1,2*

1Department of General Surgery, The First Affiliated Hospital of Nanchang University, Nanchang,
Jiangxi, China, 2Gastrointestinal Surgical Institute, Nanchang University, Nanchang, Jiangxi, China
Background: The morbidity and mortality of young-onset colorectal cancer

(YO-CRC) patients have been increasing in recent years. Moreover, YO-CRC

patients with synchronous liver-only metastases (YO-CRCSLM) have various

survival outcomes. Therefore, the purpose of this study was to construct and

validate a prognostic nomogram for patients with YO-CRCSLM.

Methods: The YO-CRCSLM patients were rigorously screened from the

Surveillance, Epidemiology, and End Results (SEER) database in January 2010

and December 2018 and then assigned to a training and validation cohort

randomly (1488 and 639 patients, respectively). Moreover, the 122 YO-

CRCSLM patients who were enrolled in The First Affiliated Hospital of

Nanchang University were served as a testing cohort. The variables were

selected using the multivariable Cox model based on the training cohort and

then developed a nomogram. The validation and testing cohort were used to

validate the model’s predictive accuracy. The calibration plots were used to

determine the Nomogram’s discriminative capabilities and precision, and the

decision analysis (DCA) was performed to evaluate the Nomogram’s net benefit.

Finally, the Kaplan-Meier survival analyses were performed for the stratified

patients based on total nomogram scores classified by the X-tile software.

Results: The Nomogram was constructed including ten variables: marital status,

primary site, grade, metastatic lymph nodes ratio (LNR), T stage, N stage,

carcinoembryonic antigen (CEA), Surgery, and chemotherapy. The Nomogram

performed admirably in the validation and testing group according to the

calibration curves. The DCA analyses showed good clinical utility values. Low-

risk patients (score<234) had significantly better survival outcomes than middle-

risk (234–318) and high-risk (>318) patients (P < 0.001).
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Conclusion: A nomogram predicting the survival outcomes for patients with YO-

CRCSLM was developed. In addition to facilitating personalized survival

prediction, this nomogram may assist in developing clinical treatment

strategies for patients with YO-CRCSLM who are undergoing treatment.
KEYWORDS
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Introduction

Colorectal cancer (CRC) is a prevalent and aggressive

malignancy of the gastrointestinal tract, ranking third in

morbidity and second in mortality among malignant tumors

globally (1). CRC patients aged 50 years and older have

experienced a reduction in the incidence and mortality rates due

to the general screening by colonoscopy (2), while the morbidity of

young-onset CRC (YO-CRC) patients age younger than 50 years

has been growing (3), with an increasing speeding at annually 3.2%

from 1974-2013. The average age of diagnosis for YO-CRC is 40

years, with a comparable incidence in men and women (4). In 2010,

the proportion of young-onset colon and rectal cancers was 4.8%

and 9.5%, respectively, and is expected to increase to 10.9% and

22.5% by 2030 (5).

YO-CRC is characterized by the presence of microsatellite

instability-high (MSI-H, 10%-30%), poorly differentiated tumor

cells, and an abundance of signet-ring cell components (6).

Especially, YO-CRC had a higher rate of synchronous liver

metastasis than later-onset colorectal cancer (LO-CRC) patients,

possibly due to diagnostic delays (7). A retrospective study by

Cheng et al. demonstrated that 12.2% of YO-CRC patients who

were under surgical resection developed liver metastases (8). James

et al. showed that the 5-year survival rate of young colorectal

patients with synchronous liver-only metastases was only 18%

(9). According to another study, the median survival time for

individuals with young-onset colorectal live metastases who

received both primary and metastatic resection was 35 months.

However, the median survival rate dropped to 18% for those

patients who did not have any surgery. The 5-year survival rate of

colorectal cancer with liver metastasis was only 28% (10). Radical

excision of the primary lesion and metastasis is the only method for

patients with liver metastases of colorectal cancer to achieve long-

term survival (11). Therefore, investigating the prognosis factor

affecting those patients is valuable. Previous research has

investigated factors affecting the prognosis of young colorectal

cancer with liver-only metastases. A retrospective study by Ding

et al. showed the 5-year cancer-specific survival rate was influenced

by some independent factors, such as primary tumor location,

chemotherapy, and histopathological grade (12). Another

indicated that the excision of the original tumor and liver

metastases was substantially linked with the OS for YO-CRCSLM

(9). However, a more effective model for long-term prognostic
02
factors regarding YO-CRC with synchronous Liver-Only metastasis

(YO-CRCSLM) needed to be explored.

Therefore, this study aimed to develop and evaluate a more

effective model that incorporates clinicopathological factors and

blood indicators to predict survival in YO-CRCSLM. Our findings

may offer clinicians a more individualized and thorough outlook for

YO-CRCSLM receiving treatment.
Methods

Study patients

YO-CRCSLM patients between January 2010 and December

2018 were retrospectively extracted from the SEER database. The

inclusion criteria include (1): CRC was the only primary tumor (2),

patients aged 18 to 49 at the time of diagnosis, and (3) complete

prognostic information. Patients who lacked or had insufficient

clinicopathological data of interest, such as age, gender, histological

differentiation, primary site, tumor size, and treatment, were

excluded. According to the above inclusion and exclusion criteria,

2127 pathologically proven YO-CRCSLM patients were ultimately

identified for model construction and were then randomly assigned

to the training cohort (approximately 70%, n = 1488) to create the

prediction model and the validation cohort (remaining 30%; n =

639). Moreover, 122 YO-CRCSLM patients recruited from the First

Affiliated Hospital of Nanchang University during January 2012 to

December 2020 were finally selected as a testing cohort. The First

Affiliated Hospital of Nanchang University Ethics Committee

approved this observational retrospective investigation, and

patients who participated in the study signed informed consent

forms (2022)CDYFYYLK(12-003).
Variables and outcomes

We collected the following sixteen demographic and

clinicopathologic variables: gender, age, marital status, tumor size,

primary site, histological type, grade, metastatic lymph nodes ratio

(LNR), perineural invasion, T stage, N stage, carcinoembryonic

antigen (CEA), Surgery, radiotherapy, and chemotherapy. The

patients were divided into three groups based on their primary

site: the right-side colon (cecum, ascending colon, hepatic flexure of
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the colon, transverse colon), the left-side colon (splenic flexure of

the colon, descending colon, sigmoid colon, rectosigmoid), and the

rectum. The variable of Surgery included primary site surgery (Surg

Prim Site), distant metastasis surgery (Surg Dis Site), primary and

distant metastasis site combined surgery Surg Com Site and no

surgery. Specifically, the information about R0 (Microscopically

negative margins) or R1(Microscopically positive margins)

resection performed on primary or metastasis sites is unavailable.

The LNR was defined as the ratio of the number of lymph nodes

with pathologically confirmed tumor infiltration to the total

number of lymph nodes cleared. The primary outcome was

overall survival (OS), defined as the time from diagnosis of YO-

CRCSLM to death from any cause or the last follow-up.
Develop and validate the prognostic model

Univariate Cox proportional hazards regression was used to

identify potential risk factors, and the statistically significant

variables were found as independent prognostic factors in a

multivariate Cox regression analysis, and a nomogram was

developed to predict the OS of patients with YO-CRCSLM.

The Nomogram ’s performance was evaluated using

discriminative ability and calibration (13). The calibration was

used to evaluate the predictive performance of the Nomogram.

The receiver operating characteristic (ROC) curve was used to

evaluate the discriminatory ability of the Nomogram. Kaplan-

Meier curves were drawn for additional examination based on the

nomogram-predicted score categorized by the X-tile software.

Finally, the decision curve analysis (DCA) was then utilized to

evaluate the model’s net benefit.
Frontiers in Oncology 03
Statistical analysis

The Chi-square test was utilized to compare categorical data

represented as numbers and percentages. A COX proportional risk

model was used to analyze the prognosis of YO-CRCSLM patients,

and a nomogram map was drawn using the R package “rms”.

Calibration curves were plotted using a bootstrap of 1000 samples

to evaluate the nomogram fit. Calibration plots were assessed using

the R package “rms”. The R package “DCA” was used for the net

benefits analysis of the model, and time points of 1, 2, and 3 years

were selected, respectively. R statistical software was used for

statistical analysis of the data, X-tile software was used for risk

stratification according to the Nomogram prediction score, and

survival curves were drawn to compare the prognosis of patients at

different risks. All tests were bilateral, and P < 0.05 was considered

statistically significant.
Results

Clinicopathological characteristics
of patients

Following the inclusion criteria, the SEER database was

eventually used to acquire 2127 eligible YO-CRCSLM patients,

who were then assigned into a training group (n=1488) and a

validation cohort (n=639) by the stratified random sampling

method at a 7:3 ratio. Moreover, a cohort of 122 CRCSLM

patients from the First Affiliated Hospital of Nanchang University

was defined as the testing cohort, among whom 70 patients died at
FIGURE 1

Flow chart for the selection of patients.
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the follow-up. Figure 1 shows a detailed flow chart of standard

procedures for the patient screening process.

Table 1 shows the baseline clinicopathological features of the

training and validation sets. Among all patients, the median follow-

up was 38 months (3-57 months). The vast majority of the age at

diagnosis was 40-49(74.89%), followed by 30-39(20.87%) and 18-29

(4.23%). The male patients were more than females (55.10% vs.

44.90%). The most common tumor location was the left-side colon,

which accounted for more than the right-sided colon and rectum

combined (50.68% vs. 49.32%). Most patients were colorectal

adenocarcinomas (89.89% vs 10.11%). Surgical resection of the

primary lesion is performed in most patients (85.00% vs 15.00%).

In contrast, Surgery for Liver-Only metastases is rare (19.00% vs

81.00%). Most patients received chemotherapy (88.34% vs 11.66%),

but fewer received radiation therapy (13.35% vs 86.65%). There was

no significant difference between the training and validation cohorts

in the baseline demographic and clinicopathological characteristics,

so the random of these two cohorts was comparable (Table 1). The

mortality was 69.34% and 57.38% for all YO-CRCSLM patients in

the SEER and testing cohorts, respectively (Supplemental Table 1).
Analysis of prognostic factors

Moreover, we included sixteen clinicopathological factors to

explore their association with overall survival in the training cohort

(Table 2). Finally, we obtained nine prognostic factors with

significant differences by multivariate Cox regression analysis.

The results showed poorly differentiated grade (HR = 2.14, 95%

CI = 1.52 – 3.01, P < 0.001), higher LNR (>0.6: HR = 1.92, 95%CI =

1.50 – 2.45, P < 0.001), higher N stage (N2: HR = 1.43, 95%CI = 1.12

– 1.82, P < 0.001) and positive CEA (HR = 1.26, 95%CI = 1.04 –

1.52, P = 0.019) were related to the worse prognosis. In addition, the

primary site (left-side colon: HR = 0.63, 95%CI = 0.54 – 0.72, P <

0.001; rectum: HR = 0.52, 95%CI = 0.41 – 0.65, P < 0.001), Surgery

(Surg Prim Site: HR = 0.46, 95%CI = 0.31 – 0.69, P < 0.001; Surg Dis

Site: HR = 0.54, 95%CI = 0.28 – 0.89, P < 0.001; Surg Com Site: HR

= 0.29, 95%CI = 0.19 – 0.45, P < 0.001) and chemotherapy (HR =

0.49, 95%CI = 0.40 – 0.60, P < 0.001) were significantly associated

with better survival outcome. Interestingly, married status was also

a protective factor for these patients’ prognosis.
Construction and validation
of the nomogram

Then a predictive nomogram model was established based on

the factors identified above (Figure 2). The risk score of each

variable was obtained according to this Nomogram and then

added to get the total score to predict the OS of each patient at 1,

2, and 3 years (Figure 2).

In this study, we evaluated the discriminatory ability of the

Nomogram by the ROC curve. In the training cohort, the AUC

values of the Nomogram for the probability of survival at 1-

(Figure 3A), 2- (Figure 3B), and 3- (Figure 3C) years had

excellent discriminatory power. Meanwhile, the AUC values of
Frontiers in Oncology 04
the monogram 0.778, 0.776, and 0.744 (Figures 3D–F) and 0.755,

0.885, and 0.908 in the validation and testing cohort, respectively

(Figures 3G–I), suggesting the model’s discriminatory ability. Then

we evaluated our Nomogram’s calibration using the calibration

plots, and the result indicated a good agreement between the actual

observation and the nomogram prediction in both the training and

validation cohorts (Figures 4A–I). Moreover, the DCA analyzed the

Nomogram’s clinical usefulness in the training, validation, and

testing cohort, indicating excellent positive net benefits

(Figures 5A–I).
The model’s risk scores and survival curves
based on risk stratification

The training cohort was analyzed using the R language to

calculate nomogram scores. Then, our nomogram scores for

clinicopathological variables are displayed in Table 3. Based on

the risk scores of patients in the Nomogram model, we divided

patients into a low-risk group (defined as a total score less than

234), a medium-risk group (defined as a total score from 234 to

318), and a high-risk group (Defined as a total score more than 318)

by x-tile software (Supplemental Figure 1). As expected, based on

risk stratification, we performed a Kaplan-Meier survival analysis

for the three groups. As expected, the result showed that the low-

risk cohort had better survival outcomes compared to the middle-

risk and high-risk groups in the training cohort (Figure 6A), testing

cohort (Figure 6B) and validation cohort (Figure 6C).
Discussion

The number of individuals diagnosed with EO-CRC has been

on the rise, in contrast to the declining trend seen in the elderly

since the middle of the 1990s. In addition, colorectal cancer

metastases occur most frequently in the liver, which is also a

common cause of cancer-related death (14). Therefore, to

determine patients’ prognoses and make individual treatment

decisions, it is essential to arrive at an accurate survival prediction

for YO-CRCSLM patients. To the best of our knowledge, this is the

first study to evaluate the prognosis of YO-CRCSLM patients and

develop an OS prediction model.

In this study, we evaluated the independent predictive factors

influencing survival in 2,127 YO-CRCSLM patients based on the

SEER database who were diagnosed between 2010 and 2018 and

then constructed a nomogram, including marital status, primary

site, grade, LNR, T and N stage, CEA, Surgery and chemotherapy.

In addition, 122 YO-CRCSLM hospitalized patients from our

hospital were collected and analyzed as external validation

cohorts to validate the established nomogram. Moreover, this

nomogram can be used as a practical and reliable predictive

model in clinical practice to assist doctors in decision-making.

Previous studies have predicted the survival outcomes in CRC

patients with liver metastasis (15). however, there is a vital problem

that has not received attention, which is that patients with liver

metastasis from CRC are susceptible to complicated metastasis
frontiersin.org
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TABLE 1 Clinicopathological characteristics of Young-onset colorectal cancer with synchronous liver metastasis patients from 2010 to 2018.

All patients training cohort validation cohort

p(n=2127) (n=1488) (n=639)

NO. (%) NO. (%) NO. (%)

Age

18-29 90 (4.23) 56 (3.76) 34 (5.32) 0.172

30-39 444 (20.87) 320 (21.51) 124 (19.41)

40-49 1593 (74.89) 1112 (74.73) 481 (75.27)

Gender

Male 1172 (55.10) 828 (55.65) 344 (53.83) 0.470

Female 955 (44.90) 660 (44.35) 295 (46.17)

Marital status

Single 623 (29.29) 444 (29.84) 179 (28.01) 0.688

Married 1194 (56.14) 830 (55.78) 364 (56.96)

Unknown 310 (14.57) 214 (14.38) 96 (15.02)

Primary site

Right-side colon 650 (30.56) 440 (29.57) 210 (32.86) 0.167

Left-side colon 1078 (50.68) 756 (50.81) 322 (50.39)

Rectum 399 (18.76) 292 (19.62) 107 (16.74)

Tumor size

≤5 1020 (47.95) 710 (47.72) 310 (48.51) 0.758

>5 871 (40.95) 608 (40.86) 263 (41.16)

Unknown 236 (11.10) 170 (11.42) 66 (10.33)

Histological type

Adenocarcinoma 1912 (89.89) 1344 (90.32) 568 (88.89) 0.354

Non-adenocarcinoma 215 (10.11) 144 (9.68) 71 (11.11)

Grade

Well 91 (4.28) 69 (4.64) 22 (3.44) 0.659

Moderately 1488 (69.96) 1038 (69.76) 450 (70.42)

Poorly 447 (21.02) 310 (20.83) 137 (21.44)

Undifferentiated 101 (4.75) 71 (4.77) 30 (4.69)

LNR

≤0.2 902 (42.41) 641 (43.08) 261 (40.85) 0.424

0.2-0.6 614 (28.87) 422 (28.36) 192 (30.05)

>0.6 245 (11.52) 163 (10.95) 82 (12.83)

Unknown 366 (17.21) 262 (17.61) 104 (16.28)

Perineural invasion

No 1110 (52.19) 789 (53.02) 321 (50.23) 0.129

Yes 607 (28.54) 429 (28.83) 178 (27.86)

Unknown 410 (19.28) 270 (18.15) 140 (21.91)

(Continued)
F
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TABLE 1 Continued

All patients training cohort validation cohort

p(n=2127) (n=1488) (n=639)

NO. (%) NO. (%) NO. (%)

T stage

T1 144 (6.77) 109 (7.33) 35 (5.48) 0.469

T2 80 (3.76) 57 (3.83) 23 (3.60)

T3 1188 (55.85) 825 (55.44) 363 (56.81)

T4 715 (33.62) 497 (33.40) 218 (34.12)

N stage

N0 375 (17.63) 274 (18.41) 101 (15.81) 0.277

N1 865 (40.67) 606 (40.73) 259 (40.53)

N2 887 (41.70) 608 (40.86) 279 (43.66)

CEA

Negative 333 (15.66) 224 (15.05) 109 (17.06) 0.393

Positive 1258 (59.14) 880 (59.14) 378 (59.15)

Unknown 536 (25.20) 384 (25.81) 152 (23.79)

Surgery

No 300 (14.10) 216 (14.52) 84 (13.15) 0.437

Surg Prim Site 1285 (60.41) 882 (59.27) 403 (63.07)

Surg Dis Site 19 (0.89) 14 (0.94) 5 (0.78)

Surg Com Site 523 (24.59) 376 (25.27) 147 (23.00)

Radiotherapy

No/Unknown 1843 (86.65) 1284 (86.29) 559 (87.48) 0.503

Yes 284 (13.35) 204 (13.71) 80 (12.52)

Chemotherapy

No/Unknown 248 (11.66) 178 (11.96) 70 (10.95) 0.555

Yes 1879 (88.34) 1310 (88.04) 569 (89.05)
F
rontiers in Oncology
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 frontier
CEA, carcinoembryonic antigen; Surg Prim Site, primary site surgery; Surg Dis Site, distant metastasis site surgery; Surg Com Site, primary and distant metastasis site combined surgery.
TABLE 2 Univariate and multivariate cox regression analysis of overall survival in the training cohort.

Characteristics
Univariate analysis

P
Multivariate analysis

P
Hazard ratio (95% CI) Hazard ratio (95% CI)

Age

18-29 Reference

30-39 0.78(0.57-1.08) 0.141

40-49 0.79(0.59-1.08) 0.137

Gender

Male Reference

(Continued)
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TABLE 2 Continued

Characteristics
Univariate analysis

P
Multivariate analysis

P
Hazard ratio (95% CI) Hazard ratio (95% CI)

Female 0.95(0.84-1.08) 0.434

Marital status

Single Reference

Married 0.70(0.61-0.80) <0.001 0.79(0.69-0.91) 0.002

Unknown 0.90(0.75-1.09) 0.299 0.94(0.78-1.15) 0.561

Primary site

Right-side colon Reference

Left-side colon 0.60(0.52-0.69) <0.001 0.63(0.54-0.72) <0.001

Rectum 0.56(0.47-0.66) <0.001 0.52(0.41-0.65) <0.001

Tumor size

≤5 Reference

>5 1.20(1.06-1.37) 0.006 1.05(0.91-1.20) 0.528

Unknown 1.56(1.29-1.89) <0.001 1.12(0.90-1.39) 0.314

Histological type

Adenocarcinoma Reference

Other 1.42(1.16-1.73) 0.001 0.97(0.77-1.22) 0.795

Grade

Well Reference

Moderately 1.04(0.77-1.40) 0.812 1.35(0.98-1.86) 0.068

Poorly 2.04(1.49-2.79) <0.001 2.14(1.52-3.01) <0.001

Undifferentiated 2.40(1.63-3.53) <0.001 2.94(1.95-4.42) <0.001

LNR

≤0.2 Reference

0.2-0.6 1.66(1.43-1.94) <0.001 1.30(1.06-1.60) 0.012

>0.6 2.54(2.08-3.09) <0.001 1.92(1.50-2.45) <0.001

Unknown 2.25(1.90-2.66) <0.001 1.21(0.81-1.82) 0.348

Perineural invasion

No Reference

Yes 1.29(1.12-1.48) 0.001 1.14(0.98-1.33) 0.082

Unknown 1.46(1.24-1.71) <0.001 0.99(0.81-1.20) 0.887

T stage

T1 Reference

T2 0.41(0.28-0.61) <0.001 0.50(0.33-0.76) 0.001

T3 0.49(0.39-0.61) <0.001 0.67(0.51-0.87) 0.003

T4 0.80(0.64-1.01) 0.056 0.86(0.65-1.12) 0.262

N stage

N0 Reference

(Continued)
F
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from other sites, including the lung, brain, and bone. If only

colorectal cancer liver metastasis is analyzed without eliminating

the combined metastasis of other organs, this will impact the

prognosis of survival for individuals with colorectal cancer liver
Frontiers in Oncology 08
metastasis. To further investigate the factors independently

determining the prognosis of patients with liver metastasis, we

analyzed 2,127 individuals with only liver metastasis to fill this gap.

Nine parameters were considered in our model and assigned to

various risk scores, which might reflect their influence on the

decision. The current findings confirmed our hypothesis and

made several important discoveries. Our Nomogram shared some

variables with earlier research on predicting the survival of CRC

with Liver-Only metastases. In our model, some characteristics,

such as grade, T stage, N stage, primary tumor location, and

chemotherapy, were assigned a high-risk score, which was also

acknowledged mainly in other research (15, 16).
In our Nomogram, marital status was revealed as a significant

prognostic factor, and the prognosis of married patients is better

than that of unmarried patients, which was similar to several

cancers in the previous study (17–19). The reason may be that

unmarried cancer patients exhibit more remarkable anguish,

sadness, and anxiety than their married counterparts (20), and

married patients are more likely to adhere to therapy, which may

improve cancer management (21). The T1 stage had the highest risk

ratings, indicating those patients had the poorest survival prognosis.

It is evident that this phenomenon is contrary to our common

sense. However, a study by Lupo Wu et al. also linked this

occurrence to the different genetic makeup of T1-stage tumors

(22). The results demonstrated the need for increased surveillance

and screening of YO-CRCSLM with an early T stage. Moreover, a

higher N stage and a poorer tumor grade predicted worse survival,
TABLE 2 Continued

Characteristics
Univariate analysis

P
Multivariate analysis

P
Hazard ratio (95% CI) Hazard ratio (95% CI)

N1 1.25(1.05-1.50) 0.013 1.39(1.15-1.68) 0.001

N2 1.54(1.29-1.84) <0.001 1.43(1.12-1.82) 0.004

CEA

Negative Reference

Positive 1.37(1.14-1.66) <0.001 1.26(1.04-1.52) 0.019

Unknown 1.48(1.20-1.82) <0.001 1.17(0.94-1.45) 0.155

Surgery

No Reference

Surg Prim Site 0.60(0.51-0.70) <0.001 0.46(0.31-0.69) <0.001

Surg Dis Site 0.49(0.26-0.73) 0.028 0.54(0.28-0.89) 0.041

Surg Com Site 0.34(0.28-0.42) <0.001 0.29(0.19-0.45) <0.001

Radiotherapy

No/Unknown Reference

Yes 0.68(0.56-0.81) <0.001 1.01(0.80-1.27) 0.943

Chemotherapy

No/Unknown Reference

Yes 0.51(0.42-0.61) <0.001 0.49(0.40-0.60) <0.001
CEA, carcinoembryonic antigen; Surg Prim Site, primary site surgery; Surg Dis Site, distant metastasis site surgery; Surg Com Site, primary and distant metastasis site combined surgery.
P values in bold indicate p < 0.05.
FIGURE 2

A nomogram for predicting 1-, 2- and 3-year overall survival of
patients with young-onset colorectal cancer with synchronous liver-
only metastases.
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which was similar to the previous study (23). The primary tumor

locations served were a significant risk factor that might impact

survival prognosis in this models, and this observation has also been

confirmed by other studies (24–26). One research showed that

patients with right-sided disease had worse survival outcomes than

those with left -sided disease (12). Moreover, according to Shida

et al.’s national multicenter retrospective study, right-sided CRC

(RCRC) patients had a significantly lower OS than left-sided CRC

(LCRC) patients (27). Several studies showed that this phenomenon

was influenced considerably by histology and molecular traits

because RCRC and LCRC have entirely different gene profiles

(27–29). RCRC tends to exhibit an advanced clinical behavior
Frontiers in Oncology 09
than LCRC due to it has more mucinous histopathology,

microsatellite instability, CpG island methylation, and BRAF

mutations. In contrast, LCRC features many p53 and KRAS

alterations (28, 30). Some previous studies demonstrated that

preoperative serum CEA significantly affected the prognosis of

CRC patients, which was consistent with our result (31, 32).

Therefore, CEA might be crucial in the prognosis of CRCSLM,

but more research was required to confirm the findings. This study

concurs with previous findings that a high lymph node ratio (LNR)

is strongly associated with poor overall and disease-free survival in

metastatic colorectal cancer (33, 34). Surgery is crucial to the

prognosis of cancer patients undergoing treatment. The
A B

D E F

G IH

C

FIGURE 3

The ROC curve of nomograms to predict 1-, 2-, and 3-year overall survival in the training cohort (A–C), validation cohort (D–F), and testing
cohort (G–I).
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advantages of primary tumor resection in CRCLM are still up for

debate. In fact, primary tumor surgery has been performed in more

than two-thirds of older individuals with stage IV CRC (35). This is

because primary tumors may stimulate the development of

metastasis and have severe consequences, such as obstruction,

perforation, and bleeding, that can dramatically diminish patients’

survival rates (36, 37). In addition, the CRC patients’ autoimmunity

may be enhanced through primary tumor resection (36). Previous

studies had demonstrated the benefit of removing the primary

tumor (10, 38, 39), while others had shown no clinical advantages

for primary tumor resection (40, 41). In our study, initial tumor

excision resulted in notable patient OS increases, which may

enhance the survival and quality of life of YO-CRCSLM patients.

Especially, our study suggests that performing surgery to remove

both the primary tumor and synchronous liver metastasis may

provide a substantial improvement in OS for YO-CRCSLM

patients, and Chua et al. demonstrated that there were no

significant statistical differences between simultaneous liver

resection and staged liver resection in terms of overall survival in

patients with synchronous liver metastasis from colorectal cancer

(42), which indicates that simultaneous resection of primary

colorectal cancer and liver metastases as a treatment strategy for

YO-CRCSLM is safe and effective. In addition, chemotherapy is

crucial in treating CRC patients and is one of the most prevalent

techniques for treating colorectal cancer metastases. A retrospective

study by Liu et al. indicated that CRCLM patients with

chemotherapy had a better prognosis than those not (43).

Similarly, in the current study, chemotherapy was demonstrated

beneficial to OS.

This study has several advantages over prior research. On the

one hand, our data underwent external validation in addition to

internal validation, which increased the model’s reliability.

Moreover, our Nomogram included distinct factors, such as LNR,

which were also found to be an important prognostic factor.

However, our current study still remained several limitations,

including its inevitable selection bias as a retrospective study.

First, some critical information, such as chemotherapy

medications and surgical procedures, was missing from the

predictive model, which could impact its accuracy. Second, we

developed the Nomogram from the extensive SEER database in the

training cohort, whereas the testing cohort remained relatively

small. Thus, large populations are needed to confirm the

Nomogram’s prediction capabilities. Third, it should be noted

that a significant number of variables require a high level of

information integrity in the constructed Nomogram, which may

compromise its usefulness.
TABLE 3 Score of each clinicopathological variable in our nomogram.

Nomogram score of liver metastasis

Marital Status

Single 22

Married 0

Unknown 16

Primary Site

Right-side colon 56

Left-side colon 16

Rectum 0

Grade

I 0

II 27

III 66

IV 99

LNR

x<=0.2 0

0.2-0.6 22

x>0.6 54

Unknown 17

T stage

T1 59

T2 0

T3 27

T4 49

N stage

N0 0

N1 26

N2 30

CEA

Negative 0

Positive 19

Unknown 14

Surgery

No 100

Sur prim Site 38

Sur Dis Site 50

Sur Com Site 0

Chemotherapy

(Continued)
TABLE 3 Continued

Nomogram score of liver metastasis

No/Unknown 63

Yes 0
CEA, carcinoembryonic antigen; Surg Prim Site, primary site surgery; Surg Dis Site, distant
metastasis site surgery; Surg Com Site, primary and distant metastasis site combined surgery.
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FIGURE 4

The calibration of nomograms to predict 1-, 2-, and 3-year overall survival in the training cohort (A–C), validation cohort (D–F), and testing cohort (G–I).
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FIGURE 5

The decision curve analysis of nomograms to predict 1-, 2-, and 3-year overall survival in the training cohort (A-C) validation cohort (D–F), and
testing cohort (G–I).
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In summary, a prognostic nomogram based on nine variables

was constructed to predict overall survival in YO-CRCSLM

patients, which could be a valuable tool for clinicians’ decision-

making. Finally, further research is needed in order to determine

whether it is applicable to other patient groups.
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FIGURE 6

Analysis of survival based on risk stratification. Kaplan-Meier for patients categorized as low-risk, medium-risk, or high-risk in the training cohort (A),
validation cohort (B), and testing cohort (C).
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Comparative proteogenomic analysis of right-sided colon cancer, left-sided colon
cancer and rectal cancer reveals distinct mutational profiles. Mol Cancer (2018)
17:177. doi: 10.1186/s12943-018-0923-9

29. Petrelli F, Tomasello G, Borgonovo K, Ghidini M, Turati L, Dallera P, et al.
Prognostic survival associated with left-sided vs right-sided colon cancer: a systematic
review and meta-analysis. JAMA Oncol (2017) 3:211–9. doi: 10.1001/
jamaoncol.2016.4227

30. Mukund K, Syulyukina N, Ramamoorthy S, Subramaniam S. Right and left-
sided colon cancers - specificity of molecular mechanisms in tumorigenesis and
progression. BMC Cancer (2020) 20:317. doi: 10.1186/s12885-020-06784-7

31. Sudo M, Furuya S, Shimizu H, Nakata Y, Iino H, Shiraishi K, et al. Long-term
outcomes after surgical resection in patients with stage iv colorectal cancer: a
retrospective study of 129 patients at a single institution. World J Surg Oncol (2019)
17:56. doi: 10.1186/s12957-019-1599-3

32. Kawai K, Ishihara S, Yamaguchi H, Sunami E, Kitayama J, Miyata H, et al.
Nomograms for predicting the prognosis of stage iv colorectal cancer after curative
resection: a multicenter retrospective study. Eur J Surg Oncol (2015) 41:457–65.
doi: 10.1016/j.ejso.2015.01.026

33. Ahmad A, Reha J, Saied A, Espat NJ, Somasundar P, Katz SC. Association of
primary tumor lymph node ratio with burden of liver metastases and survival in stage
iv colorectal cancer. Hepatobiliary Surg Nutr (2017) 6:154–61. doi: 10.21037/
hbsn.2016.08.08

34. Jiang C, Wang F, Guo G, Dong J, Liu S, HeW, et al. Metastatic lymph node ratio
as a prognostic indicator in patients with stage iv colon cancer undergoing resection. J
Cancer (2019) 10:2534–40. doi: 10.7150/jca.29216

35. Temple LK, Hsieh L,WongWD, Saltz L, Schrag D. Use of surgery among elderly
patients with stage iv colorectal cancer. J Clin Oncol (2004) 22:3475–84. doi: 10.1200/
jco.2004.10.218

36. Danna EA, Sinha P, Gilbert M, Clements VK, Pulaski BA, Ostrand-Rosenberg S.
Surgical removal of primary tumor reverses tumor-induced immunosuppression
despite the presence of metastatic disease. Cancer Res (2004) 64:2205–11.
doi: 10.1158/0008-5472.can-03-2646

37. van der Wal GE, Gouw AS, Kamps JA, Moorlag HE, Bulthuis ML, Molema G,
et al. Angiogenesis in synchronous and metachronous colorectal liver metastases: the
liver as a permissive soil . Ann Surg (2012) 255:86–94. doi: 10.1097/
SLA.0b013e318238346a

38. 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. J Gastrointest Surg (2018)
22:460–6. doi: 10.1007/s11605-017-3617-5

39. 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) 108:1425–31.
doi: 10.1038/bjc.2013.94

40. Massarweh NN, Li LT, Sansgiry S, Berger DH, Anaya DA. Primary tumor
resection and multimodality treatment for patients with metastatic colon cancer. Ann
Surg Oncol (2016) 23:1815–23. doi: 10.1245/s10434-015-5073-3

41. 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.
Dis Colon Rectum (2014) 57:679–86. doi: 10.1097/dcr.0000000000000025

42. Chua HK, Sondenaa K, Tsiotos GG, Larson DR, Wolff BG, Nagorney DM.
Concurrent vs. staged colectomy and hepatectomy for primary colorectal cancer with
synchronous hepatic metastases. Dis Colon Rectum (2004) 47:1310–6. doi: 10.1007/
s10350-004-0586-z

43. Liu Z, Xu Y, Xu G, Baklaushev VP, Chekhonin VP, Peltzer K, et al. Nomogram
for predicting overall survival in colorectal cancer with distant metastasis. BMC
Gastroenterol (2021) 21:103. doi: 10.1186/s12876-021-01692-x
frontiersin.org

https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.cgh.2016.08.037
https://doi.org/10.1056/NEJMra2200869
https://doi.org/10.1053/j.gastro.2017.11.004
https://doi.org/10.1001/jamasurg.2014.1756
https://doi.org/10.1053/j.gastro.2020.12.068
https://doi.org/10.1002/cncr.31994
https://doi.org/10.3389/fonc.2022.804038
https://doi.org/10.1002/jso.24181
https://doi.org/10.1097/dcr.0000000000000546
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1007/s00384-022-04175-x
https://doi.org/10.1001/jama.2017.12126
https://doi.org/10.1093/annonc/mdu260
https://doi.org/10.1007/s00384-020-03722-8
https://doi.org/10.1016/j.ijsu.2018.10.032
https://doi.org/10.1016/j.clinre.2017.02.008
https://doi.org/10.1038/srep41695
https://doi.org/10.1016/j.breast.2016.12.008
https://doi.org/10.1093/annonc/mdp398
https://doi.org/10.1016/s0277-9536(02)00546-4
https://doi.org/10.3389/fonc.2020.00716
https://doi.org/10.1007/s00384-019-03306-1
https://doi.org/10.3389/fonc.2021.709835
https://doi.org/10.1002/jso.24425
https://doi.org/10.1016/j.hpb.2019.03.365
https://doi.org/10.1007/s00535-020-01706-7
https://doi.org/10.1186/s12943-018-0923-9
https://doi.org/10.1001/jamaoncol.2016.4227
https://doi.org/10.1001/jamaoncol.2016.4227
https://doi.org/10.1186/s12885-020-06784-7
https://doi.org/10.1186/s12957-019-1599-3
https://doi.org/10.1016/j.ejso.2015.01.026
https://doi.org/10.21037/hbsn.2016.08.08
https://doi.org/10.21037/hbsn.2016.08.08
https://doi.org/10.7150/jca.29216
https://doi.org/10.1200/jco.2004.10.218
https://doi.org/10.1200/jco.2004.10.218
https://doi.org/10.1158/0008-5472.can-03-2646
https://doi.org/10.1097/SLA.0b013e318238346a
https://doi.org/10.1097/SLA.0b013e318238346a
https://doi.org/10.1007/s11605-017-3617-5
https://doi.org/10.1038/bjc.2013.94
https://doi.org/10.1245/s10434-015-5073-3
https://doi.org/10.1097/dcr.0000000000000025
https://doi.org/10.1007/s10350-004-0586-z
https://doi.org/10.1007/s10350-004-0586-z
https://doi.org/10.1186/s12876-021-01692-x
https://doi.org/10.3389/fonc.2023.1161742
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Development and validation of a clinical survival model for young-onset colorectal cancer with synchronous liver-only metastases: a SEER population-based study and external validation
	Introduction
	Methods
	Study patients
	Variables and outcomes
	Develop and validate the prognostic model
	Statistical analysis

	Results
	Clinicopathological characteristics of patients
	Analysis of prognostic factors
	Construction and validation of the nomogram
	The model’s risk scores and survival curves based on risk stratification

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


