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Background: Postoperative recurrence was a life-threatening condition for patients with rectal cancer.
Due to the heterogeneity of locally recurrent rectal cancer (LRRC) and controversy of the optimal treatment
for patients, it was difficult to predict the prognosis of LRRC. This study aimed to develop and validate a
nomogram that could accurately predict the survival probability of LRRC.

Methods: Patients diagnosed with LRRC between 2004 and 2019 from the Surveillance, Epidemiology,
and End Results (SEER) database were included in the analysis. Multiple imputations with chained equations
were used for missing values. These patients were further randomized into training set and testing set. Cox
regression was used for univariate and multivariate analysis. Potential predictors were screened by the least
absolute shrinkage and selection operator (LASSO). The Cox hazards regression model was constructed
and it was visualized by nomogram. C-index, calibration curve, and decision curve were used to evaluate the
model’s predictive ability. Then X-tile was used to calculate the optimal cut-off values for all patients and the
cohort was divided into three groups.

Results: A total of 744 LRRC patients were enrolled and allocated to the training set (n=503) and the
testing set (n=241). Cox regression analysis of the training set yielded meaningfully clinicopathological
variables. A survival nomogram was created based on the identification of ten clinicopathological features in
the LASSO regression analyses of the training set. The C-index of 3-, 5-year survival probabilities were 0.756,
0.747 in training set, and 0.719, 0.726 in testing set, respectively. The calibration curve and decision curve
both demonstrated the satisfactory performance of the nomogram for prognosis prediction. Moreover, the
prognosis of LRRC could be well distinguished according to the grouping of risk scores (P<0.001 in three
groups).

Conclusions: This nomogram was the first prediction model to preliminarily evaluate the survival of

LRRC patients, which could provide more accurate and efficient treatment in clinical practice.
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Introduction

Colorectal cancer is currently one of the most common
tumors worldwide, with an estimated 151,030 new cases
in America in 2022, with rectal cancer accounting for
approximately 30% (1). With the introduction of total
mesorectal excision, the application of perioperative
chemoradiotherapy, and the progression of multidisciplinary
treatment strategies, the incidence of locally recurrent rectal
cancer (LRRC) has decreased to less than 5% in recent
randomized control trials (2,3). However, the postoperative
recurrence of rectal cancer remains a thorny problem.

Treatment of LRRC is challenging. Radical resection
is considered to be the preferred treatment for LRRC.
Radiotherapy, especially neoadjuvant radiotherapy for
LRRC has been gradually valued by specialists (4,5).
Chemotherapy, immunotherapy, and hyperthermia are
commonly used in patients with nonsurgical treatment.
However, the impact of these non-surgical treatments is
inconclusive due to the limited evidence of prospective
studies. There is still no “gold standard” therapeutic
strategy for LRRC.

It is difficult to estimate the survival of LRRC after
treatment. Although it has been reported in studies that
types of recurrence (6), surgery (7,8), neoadjuvant therapy
(9,10), age (11,12), carcinoembryonic antigen (CEA) (13),
systemic inflammatory-related parameters (14), and other
indicators are associated with survival rate, their predictive
power has not been widely recognized. Therefore, there
is an urgent need for a simple and sensitive assessment
model to allow the prediction of therapy outcomes and to
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individualize therapeutic protocols.

As a prognostic tool, the nomogram incorporates
important clinicopathological factors to predict individual
survival outcomes by quantifying the impact of each variable
and presenting the results graphically. In this current study,
the clinicopathological factors of LRRC from the National
Cancer Institute’s Surveillance, Epidemiology, and End
Results (SEER) database were analyzed, and the predictive
ability of these factors was evaluated. A novel nomogram
was built to assess survival prognosis in LRRC and validate
its predictive power. We present this article in accordance
with the TRIPOD reporting checklist (available at https://
jgo.amegroups.com/article/view/10.21037/jgo-22-995/rc).

Methods
Patient cobort

This study population was assembled from the SEER
database. SEER*Stat version 8.4.0 (http://www.seer.cancer.
gov/seerstat). was applied to retrospectively search patients
with LRRC from the SEER database. LRRC was defined
as the presence of a tumor with high biological similarity
to the primary tumor in the surgical field after radical
surgical treatment of rectal cancer, with or without distant
metastasis. A total of 1,120 patients, according to the 3rd
Edition of the International Classification of Diseases for
Oncology (ICD-0O-3) of the rectum (C19.9, C20.9) who had
a local recurrence between 2004 and 2019, were identified.
The variable for local recurrence was identified by creating
a cohort of patients who had a primary tumor site meeting
the inclusion criteria and who had the same tumor at the
same site during follow-up. The inclusion criteria were (I)
pathologically diagnosed rectal cancer (ICD-03: C19.9,
C20.9). (II) Complete follow-up and survival data. (IIT) The
histology was adenocarcinoma, mucinous adenocarcinoma,
or signet-ring cell carcinoma. The exclusion criteria: (I)
the M stage of primary tumor was M1/unknown. (II)
Concomitant history of other tumors. (II) Multiple tumor
recurrence (22). The final analytic sample comprised 744
individuals. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013).

The following clinicopathological variables were
identified from the dataset: age, gender (male or female),
race (white, black, or others), marital status (married,
unmarried, or unknown), histological type of primary
tumor or recurrent tumor (adenocarcinoma, mucinous
adenocarcinoma or signet ring cell carcinoma), grade
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of the primary tumor or recurrent tumor (I/1I, II1/
IV or unknown), M stage of recurrent tumor (M rc)
(MO, M1 or unknown), stage of primary tumor (0/I, II/
III or unknown), chemotherapy of the primary tumor
or recurrent tumor (no/unknown or yes), surgery of the
primary tumor or recurrent tumor (no surgery, local tumor
excision, wedge or segmental resection, resection with
other organs or unknown), radiotherapy of the primary
tumor (no radiotherapy, radiotherapy before surgery,
radiotherapy after surgery or other types), radiotherapy
of recurrent tumor (no radiotherapy, radiotherapy before
surgery, radiotherapy after surgery or other types), systemic
therapy of recurrent tumor (no systemic therapy, systemic
therapy before surgery, systemic therapy after surgery or
other types), treatment gap (the interval from the detection
of relapse to the initiation of treatment), regional nodes
examined of primary or recurrent tumor (n<12 or n>12),
perineural invasion of primary or recurrent tumor (negative,
positive or unknown), time of recurrence, tumor size
(<3 cm, >3 cm or unknown), CEA {positive [>5 ng/mL
(for smokers) and >2.5 ng/mL (for nonsmokers)], negative
or unknown}, tumor deposits (TD) (negative, positive or
unknown), survival information. The primary endpoint
outcome of the study was 3-, 5-year overall survival (OS).
OS was defined as the time from diagnosis until death or
last follow-up.

Based on the advantage of a relatively larger sample
size of SEER database, the cohort was randomly split into
a 70% training sample (n=503) for model development
and a 30% test sample (n=241) for model evaluation in R.
Multiple imputations by chained equations (MICE) were
used to replace missing value and maintain the stability of
the model. Imputed variables were marital status, grade
of the primary tumor or recurrent tumor, M yc stage,
stage of primary tumor, surgery of the primary tumor or
recurrent tumor, systemic therapy of recurrent tumor,
treatment gap, regional nodes examined of primary or
recurrent tumor, time of recurrence, tumor size, perineural
invasion of primary or recurrent tumor. After imputation,
univariate and multivariate analyses were performed to find
correlations between the clinicopathological variables and
OS in training set.

Establishing the nomogram

The least absolute shrinkage and selection operator
(LASSO) regression is a type of linear least-squares
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regression that includes a regularization penalty for non-
zero coefficients. As the LASSO regression was used to
select the most valuable predict factors associated with OS
by effectively avoiding redundancy or over-fitting. Before
further construction of the Cox proportional hazards model,
all the included variables must satisfy the proportional
hazards assumption. Nomogram was used to predict 3-
and 5-year survival in LRRC. The effectiveness of the
nomogram was tested by determining its discriminatory
ability by Harrel’s concordance index (C-index), calibration
curve, and decision curve analysis. The closer C-index
was to 1, the more accurate nomogram predictions would
be. The calibration curve, which was based on a random
resampling procedure with 1,000 resamples, intuitively
displayed the consistency between the predicted survival
rate and the actual survival data, the calibration plots
resembled a 45-degree line in a well-calibrated model.
Decision curve analysis was used to evaluate the clinical
utility of the nomogram, the curve with the high benefit was
the great option, which meant that it was of great clinical
utility. Then the nomogram was used to calculate the risk
scores of all patients, and according to the above scores, the
patients were divided into three groups: high-risk, medium-
risk, and low-risk by the X-tile software (15).

Statistical analysis

Count and percentage were used to describe categorical
measurements, while mean and range were applied to
present continuous measurements. The Chi-squared test
was used to compare the categorical measurements, while
the 7-test or Mann-Whitney U-test was used to compare
continuous variables. Survival analysis was performed by the
Kaplan-Meier (KM) analysis and log-rank test. All analyses
were double-sided, and a P value lower than 0.05 was
deemed statistically significant. All analyses were performed
using the statistical software R version 4.1.2 (https://www.
r-project.org/) (for Windows). The “mice”, “survival”,

”» o«
)

“glmnet”, “rms”, “pec”, “ggDCA”, “nomogramFormula”,

and “survminer” packages in R were used to perform the
analyses above.

Results
Patient demographics

A total of 744 patients, diagnosed with LRRC from 2004
to 2019, were included in the study (Figure I). Data on age,
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Patients with a history of two or more tumors
in the rectum in SEER (2004-2019)
(n=1,120)

Huang et al. Nomogram for locally recurrent rectal cancer

y

Y

¢ Patients with a history of other tumors or
multiple recurrences (=2) (n=122)

* The pathological types did not meet the
requirements (adenocarcinoma, mucinous
adenocarcinoma and signed-ring cell
carcinoma) (n=222)

* M of primary tumor: M1/unknown (n=32)

Recurrent rectal cancer
(n=744)

v v

Training set
(n=5083)

Testing set
(n=241)

Figure 1 Flowchart of the selection process of included patients. SEER, Surveillance, Epidemiology, and End Results.

gender, marital status, tumor size, surgery, radiotherapy,
and other clinicopathological factors were obtained from
the SEER database. These populations were randomized
into the training set (503 patients) and the validation set (241
patients). The 1-, 3-, 5-year survival rates of all patients
were 75%, 37.9%, and 20.8%. The 1-, 3-, 5-year survival
rates in the training set were 73.3%, 38.6%, 21.4%; the
1-, 3-, 5-year survival rates in the testing set were 78.6%,
36.3%, 19.7%. No significant difference was observed
between the two sets and the overall data. The demographic
characteristics are summarized in Table S1.

Independent predictors for OS of LRRC

In the training set, all the clinicopathological factors
were extracted to construct a Cox regression model
(1able 1, detailed information is provided in Table S2). The
univariate analysis demonstrated that age, marital status,
histological type of primary tumor and recurrent tumor,
M, pre stage, surgery, stage of primary tumor, radiotherapy
of primary tumor and recurrent tumor, systemic therapy,
regional nodes examined, tumor size, CEA, and TD were
correlated with OS (all P<0.05). The variables were further
used for the multivariate analysis, which demonstrated
that age [hazard ratio (HR) =1.0189; 95% CI: 1.0089-
1.029; P<0.001], marital status (HR =1.3454; 95% CI:
1.0443-1.7334; P=0.0217), stage of primary tumor (HR
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=1.6906; 95% CI: 1.2712-2.2473; P<0.001), M, xx¢ stage
(HR =1.9461; 95% CI: 1.4349-1.2.6394; P<0.001), surgery
(HR =0.4789; 95% CI: 0.3317-0.6914; P<0.001), tumor
size (HR =1.4434; 95% CI: 1.102-1.8905; P=0.0077),
CEA (HR =1.8954; 95% CI: 1.4491-2.479; P<0.001) were
independent prognostic factors of OS.

Construction and validation of the nomogram

Based on the result of LASSO regression (Figure 2A4,2B),
ten factors (age, marital status, My stage, stage of
primary tumor, surgery, radiotherapy, systemic therapy,
CEA, regional nodes examined, tumor size) were finally
incorporated into the development of a survival nomogram
of the training set. The complex Cox regression formulas
were transformed into intuitive visual graphics (Figure 3).
The C-index was used to judge the predictive ability of
the prediction model. The C-index of the nomogram of
3-, S-year OS in the training set was 0.756 and 0.747,
respectively, and it was 0.719 and 0.726 in the testing set
(Figure 4). As shown in Figure 5, good concordance between
the predicted probabilities and actual outcomes was showed
by the calibration curves of the survival nomogram. The
decision curves for models are provided in Figure 6, which
could verify the effectiveness of the survival nomogram.
These results implied that the nomograms were practical
and reliable.
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Table 1 The univariate and multivariate analyses of factors associate with overall survival in training set
Variable Univariate Cox regression Multivariate Cox regression
HR (95% Cl) P value HR (95% Cl) P value

Age 1.025 (1.015-1.035) <0.001 1.0189 (1.0089-1.029) <0.001
Marital status

Married 1 1

Unmarried 1.497 (1.183-1.895) <0.001 1.3454 (1.0443-1.7334) 0.0217
Histology type

Adenocarcinoma 1 1

Mucinous adenocarcinoma and signet 1.518 (1.027-2.243) 0.0364 1.3143 (0.8707-1.984) 0.1933

ring cell carcinoma
P. Histology type

Adenocarcinoma 1 1

Mucinous adenocarcinoma and signet 2.653 (1.681-4.189) <0.001 1.5389 (0.9299-2.5466) 0.0934

ring cell carcinoma
P. Stage

0,1 1 1

I, 1 1.602 (1.245-2.06) <0.001 1.6906 (1.2712-2.2473) <0.001
M, grc Stage

Mo 1 1

M1 2.889 (2.206-3.783) <0.001 1.9461 (1.4349-2.6394) <0.001
Surgery

No surgery 1 1

Local tumor excision 0.4249 (0.2824-0.6395) <0.001 0.7774 (0.4815-1.2553) 0.3031

Wedge or segmental resection 0.2644 (0.2040-0.3426) <0.001 0.4789 (0.3317-0.6914) <0.001

Resection with other organs 0.4146 (0.1688-1.0184) 0.0548 0.8412 (0.3208-2.2057) 0.7251
Radiotherapy

No radiotherapy 1 1

Radiotherapy before surgery 0.374 (0.2435-0.5745) <0.001 0.6695 (0.3168-1.4147) 0.2932

Radiotherapy after surgery 0.5821 (0.3949-0.8580) 0.00626 0.9466 (0.5708-1.5699) 0.8317

Other types 0.3311 (0.106-1.0347) 0.05727 0.4837 (0.1246-1.877) 0.2938
P. Radiotherapy

No radiotherapy 1 1

Radiotherapy before surgery 1.093 (0.7956-1.502) 0.5825 1.1391 (0.7899-1.6426) 0.4858

Radiotherapy after surgery 0.847 (0.5795-1.238) 0.3911 0.848 (0.566-1.2703) 0.4239

Other types 3.644 (1.155-11.496) 0.0274 2.6543 (0.8181-8.6115) 0.104
Systemic therapy

No systemic therapy 1 1

Systemic therapy before surgery 0.3786 (0.2393-0.599) <0.001 0.866 (0.4021-1.8652) 0.7133

Systemic therapy after surgery 0.5608 (0.4008-0.7848) <0.001 0.8176 (0.5204-1.2844) 0.3821

Other types 0.3932 (0.2085-0.7416) 0.0039 1.095 (0.4316-2.7559) 0.8546

Table 1 (continued)

© Journal of Gastrointestinal Oncology. All rights reserved.
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Table 1 (continued)

Variable Univariate Cox regression Multivariate Cox regression
HR (95% ClI) P value HR (95% ClI) P value

Regional nodes examined

<12 1 1

>12 0.4538 (0.3247-0.6342) <0.001 0.6816 (0.462-1.006) 0.0533
Tumor size (cm)

<3 1 1

>3 1.958 (1.528-2.508) <0.001 1.4434 (1.1020-1.8905) 0.0077
CEA

Negative 1 1

Positive 2.126 (1.678-2.695) <0.001 1.8954 (1.4491-2.479) <0.001
Tumor deposits

Negative 1 1

Positive 1.719 (1.034-2.86) 0.0369 1.0867 (0.6359-1.8572) 0.761

HR, hazard ratio; Cl, confidence interval; P., the indicators are related to the primary tumor; M gsc, M stage of recurrent tumor; LRRC,
locally recurrent rectal cancer; CEA, carcinoembryonic antigen.
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Figure 2 The LASSO regression model was used to select characteristic impact factors: (A) LASSO coefficients of 26 features; (B) selection
of the tuning parameter (1) for OS. LASSO, least absolute shrinkage and selection operator; OS, overall survival.
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Figure 3 Prognostic nomogram of LRRC patients based on 10 risk factors. M, grc, M stage of recurrent tumor; LRRC, locally recurrent

rectal cancer; P, the indicators are related to the primary tumor; CEA, carcinoembryonic antigen.

Development of risk stratification system

Based on the established prediction model, the risk scores
of all patients were calculated, X-tile was used to calculate
two cutoff values, and all patients were divided into three
groups (Figure 7), a low-risk group (score <261, n=433), a
medium-risk group (score 261-320.3, n=138), and a high-
risk group (score >320.3, n=163). The 3-, 5-year survival
rates in the low-risk group were 53.3%, 32.3%, while
these rates were 28.4%, 10.1% in the medium-risk group,
and 5.5%, 0% in the high-risk group. The difference was
statistically significant (P<0.001). Likewise, we divided the
training set and testing sets into low-risk (n=298 in training
set and n=135 in testing set), medium-risk (n=98 in training

set and n=50 in testing set), and high-risk groups (n=114 in

© Journal of Gastrointestinal Oncology. All rights reserved.

training set and n=49 in testing set), respectively (Figure §).
In the training set, the 3-, 5-year survival rates in the low-
risk group were 56%, 33.6%, the 3-, 5-year survival rates
were 24.5%, 9.2% in the medium-risk group, and 5.3%,
0% in the high-risk group. The difference was statistically
significant (P<0.001); in the testing set, the 3-, 5-year
survival rates in the low-risk group were 47.4%, 29.6%,
36%, 12% in the medium-risk group, and 6.1%, 0% in the
high-risk group. The difference was statistically significant
(P<0.001).

Discussion

Despite the progression of surgical techniques and
improvement of multidisciplinary treatment, LRRC is
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Figure 4 C-index of OS for patients in our study. (A) Training set. (B) Testing set. OS, overall survival.

still a major concern for colorectal specialists due to the
poor prognosis and massive damage to quality of life. In
recent years, the type of recurrent tumor and RO resection
has been often used to evaluate the survival prognosis of
patients. RO resection is recognized as an independent
predictor of postoperative survival of LRRC (7,16).
Nevertheless, due to the surgical history of the primary
tumor, radiation, and large tumor size, the plane of the
operation might be distorted, which might raise the risk of
R+ resection. Coupled with the inconsistency of treatment
strategies among current medical centers, clinical efficacy
is always mixed. Considering that RO resection is the most
important prognostic factor for survival, it is reasonable to
combine neoadjuvant therapy to improve the RO resection
rate. A retrospective study of 152 patients with LRRC at
the National Cancer Institute of Milan (NCIM) found
that patients who received neoadjuvant therapy combined
with surgery achieved better OS (1-, 3-, 5-year OS: 90.7%,
56.4%, 46.3% in neoadjuvant chemoradiotherapy plus
surgery vs. 80.4%, 48.1%, 21.9% in upfront surgery,
P=0.048) (9). In Nordkamp’s (10) study, patients were
divided into three groups (full-course chemoradiotherapy
group, re-radiotherapy group, and radiotherapy solely
for primary tumor group) for survival analysis, and found
that patients who received full-course chemoradiotherapy
had the highest OS (full-course chemoradiotherapy wvs.
reirradiation, P=0.005; full-course chemoradiotherapy
vs. radiotherapy solely for primary tumor, P=0.003). The

© Journal of Gastrointestinal Oncology. All rights reserved.

European Society for Medical Oncology (4) and the Beyond
TME Collaborative group (5) recommended the use of
neoadjuvant therapy in combination with other therapies
for LRRC patients as much as possible. However, the gold
standard treatment for LRRC remains undefined, and the
specific treatment still needs to be explored, which is not
conclusive enough for doctors and patients to judge the
prognosis of survival. Several phase III trials are searching
for the optimal perioperative treatment (17), and the result
are being anticipated.

The single predictive factor is sometimes discriminative
but usually not a good predictor. Tanaka et 4/. (18) found
that a high level of CEA was associated with worse
progression-free survival (PFS) (HR =1.82; 95% CI:
1.29-2.58; P=0.01) in their study on the prognosis of
LRRC patients undergoing radical surgery, and CEA
was an independent predictor of OS (HR =1.86; 95% CI:
1.21-2.84; P=0.004). Sakamoto et al. (13) proposed the
CEA doubling time (CEA-DT) for LRRC prognosis, and
the 3-year recurrence-free survival (RFS) was significantly
better in the long CEA-DT group than in the short CEA-
DT group (58.8% wvs. 25.0%, P=0.0063). Similarly, in the
current study, univariate results revealed CEA was related
to OS (HR =1.8954; 95% CI: 1.4491-2.479; P<0.001).
Synchronous distant metastasis was one of the major
problems in LRRC, with a distant metastasis rate as high
as 48% (19). Due to the poor therapeutic effect of LRRC
with distant metastasis, it was considered an absolute
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Figure 5 Calibration curves of OS for patients in our study. (A) Train set, 3-year. (B) Train set, 5-year. (C) Test set, 3-year; (D) Test set, 5-year.

OS, overall survival.

contraindication for surgical treatment in the past, but
the results varied by Cyr’s research, there was a significant
difference in median disease-specific survival (DSS) between
MO and M1 after surgical treatment (60 vs. 21 months,
P=0.002) (7). However, in Voogt’s study, although patients
with synchronous metastasis tended to have worse OS
than patients without synchronous metastasis (HR =1.43;
95% CI: 0.98-2.11), the history of metastasis did not affect
OS (20). Both studies were based on large referral centers

© Journal of Gastrointestinal Oncology. All rights reserved.

and excluded unresectable M1 patients, whereas patients
were based on broader inclusion criteria. We found that
there was a significant difference in survival between M0
and M1 in multivariate analysis (HR =1.9461; 95% CI:
1.4349-2.6394; P<0.001). In general, not all M1 patients
were equal. But few studies have focused on the survival
difference of LRRC with different metastasis. Because most
specific metastasis of LRRC in SEER database is in missing
value, we did not further explore the effect of different
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metastatic site. We looked forward to future studies to
improve this point. Surgical treatment was still the preferred
treatment for resectable LRRC. RO resection could improve
OS significantly. Hagemans er a/. (8) reported 447 LRRC
patients in their center from 2000 to 2015. The 5-year
OS of patients with RO/R1 resection was significantly
better than that of non-surgical patients (RO: 51% wvs. 4%,
P<0.001; R1: 34% vs. 4%, P<0.001). Similar results were
seen in another ultra-long-term study (7), in which patients
after surgery had 41%, 33%, and 31% DSS at 5, 10, and
15 years. And if the patient achieved RO resection, the DSS
at 5, 10, and 15 years was as high as 58%, 47%, and 44%.
In this study, the survival advantage of surgery was validated

© Journal of Gastrointestinal Oncology. All rights reserved.

again (HR =0.4789; 95% CI: 0.3317-0.6914; P<0.001).
Radical surgery should still be the first consideration for
most patients. However, the wide range of procedures
would also increase the risk of complications, such as “empty
basin syndrome” that result from pelvic resection. In our
multivariate analysis, there was no significant difference
in survival prognosis between patients who underwent
resection with other organs and those who did not undergo
surgery (HR =0.8412; 95% CI: 0.3208-2.2057; P=0.7251).
This might be related to the serious complications caused
by the combined resection of organs.

Anatomic classification systems and novel clinical
markers had also been used to predict the survival of LRRC.
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Surgeons often used the classification system of LRRC to
predict the probability of RO resection, thereby indirectly
predicting patient survival prognosis. A variety of LRRC
classification models were proposed by scholars from
different countries in different eras. In 2021, Sorrentino
et al. (6) evaluated nine different classification systems for
LRRC, by analyzing 152 LRRC from their center. Four
of the NCIM patterns (Sla: P=0.04, S1b: P=0.002, S2b:
P=0.004, S3: P=0.01) were significantly correlated with
the resection status, and the NCIM was considered the
most predictive classification for RO surgery. However,
the defect of this study was that patients in that research

© Journal of Gastrointestinal Oncology. All rights reserved.

were screened according to the NCIM system proposed by
their center. This might partly explain the better predictive
effect of the NCIM classification system for RO resection.
It was recognized that the anatomical classification of
preoperative imaging was correlated with survival prognosis.
Unfortunately, these classification data, which might
increase the predictive power of the model, were lacking
in the database. Systemic inflammatory-related parameters
as potential prognostic factors were also used to predict
the prognosis of LRRC, neutrophil-to-lymphocyte ratio
>3.9 (HR =3.96; P=0.049) and platelet-to-lymphocyte ratio
>275 (HR =5.39; P=0.002) were considered to be associated
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with poorer OS (14). However, these predictors could only
provide rough estimates of patient survival prognosis, not
survival rates. It is necessary to establish a prediction model
based on preoperative clinical data to determine whether
OS is beneficial. Our study used a large sample database
to screen for factors associated with the OS of LRRC, and
then a nomogram was constructed to assess the patient’s
survival rate to provide accurate and personalized treatment
options for LRRC.

A growing body of research reported the value of
nomogram that has been widely used in clinical oncology,
with intuitive graphs simplifying the use of prediction
models (21,22). But it was absent in the nomogram for
LRRC. In our study, based on LASSO regression, we
identified age, marital status, M ggc stage, stage of primary
tumor, surgery, radiotherapy, systemic therapy, CEA,
regional nodes examined, and tumor size as informative
factors, and incorporated them in the establishment of the
prediction model. Both in the training set and the testing
set, the C-index of the new model was greater than 0.7 each
time, indicating that the model had excellent discrimination
ability. Calibration diagrams and decision curve analysis
also demonstrated better accuracy and clinical applicability.
Then the nomogram was used to score all the patients and
divided them into three groups: low-risk, medium-risk, and
high-risk group. From the survival analysis, we could find
that there were significant differences in survival prognosis
among the three groups (P<0.001), indicating that our risk
stratification was reasonably valid. The nomogram was
valuable for patient counseling, helping clinicians predict
the likelihood of improvement in the clinical outcomes
of each patient. In addition, all the variables contained
in models can be easily obtained, which facilitated the
application of nomograms in clinical practice. Although
we intended to consider all the predictors of survival, some
important predictors were missing in the database, like
preoperative imaging classification, specific application of
neoadjuvant therapy, etc. In the future, LRRC prognosis-
related genes and tumor immune microenvironment could
also be considered for model establishment. Guinney (23)
summarized four consensus molecular subtypes (CMS) with
distinguishing features: CMS1: hypermutated, microsatellite
unstable, strong immune activation; CMS2: epithelial,
chromosomally unstable, marked WN'T and MYC
signaling activation; CMS3: epithelial, evident metabolic
dysregulation; and CMS4: prominent transforming growth
factor P activation, stromal invasion, and angiogenesis. And
CMS?2 had a higher survival rate after tumor recurrence,

© Journal of Gastrointestinal Oncology. All rights reserved.
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and CMS1 had a poor survival rate.

This study had several limitations. First, this study was
a retrospective study, and some patients were not included
in this study due to a lack of data, which might be biased.
Second, although MICE was a good imputation technique,
since the data might not be missing at random, and this
might introduce some bias. Third, due to limitations of
the SEER database, some interesting indicators, such as
the detailed treatment protocol and specific metastasis,
were lacking. We looked forward to building models based
on these indicators. Currently, no prognostic survival
nomogram exists that could incorporate the above clinical-
pathological factors. Developing such a nomogram
is important because it can help to stratify the risk of
patients and provide individualized guidance for clinical
management of LRRC.

Conclusions

In conclusion, a nomogram for predicting OS in patients
of LRRC was first being developed and validated in this
study. This nomogram showed sufficient predictive power,
discrimination, and good clinical application value and
might help clinicians provide personalized treatment and
clinical decisions in LRRC.
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Supplementary

Table S1 Characteristics of patients

Characteristics

Training set (n=503)

Testing set (n=241)

Total (n=744)

Age
Mean [SD]
Median [Min, Max]
Gender
Male
Female
Race
White
Black
Other
Marital status
Married
Unmarried
Histological type

Adenocarcinoma

Mucinous adenocarcinoma and signet ring cell

P. Histological type

Adenocarcinoma

Mucinous adenocarcinoma and signet ring cell

Grade
(]
I, Iv
P. Grade
I,
I, Iv
M stage
MO
M1
P. Stage
0,1
I, 1
Surgery
No surgery
Local tumor excision
Wedge or segmental resection
Resection with other organs
P. Surgery
Local tumor excision
Wedge or segmental resection
Resection with other organs
Treatment gap
Mean [SD]
Median [Min, Max]
Radiotherapy
No radiotherapy
Radiotherapy before surgery
Radiotherapy after surgery
Other type
P. Radiotherapy
No radiotherapy
Radiotherapy before surgery
Radiotherapy after surgery
Other type
Systemic therapy
No therapy
Systemic therapy before surgery
Systemic therapy after surgery
Other type
Chemotherapy
No/unknown
Yes
P. Chemotherapy
No/unknown
Yes
Regional nodes examined
<12
>12
P. Regional nodes examined
<12
>12
Tumor size
<3cm
>3 cm
CEA
Negative
Positive
Tumor deposits
Negative
Positive
Perineural invasion
Negative
Positive
P. Perineural invasion
Negative
Positive
Time of recurrence
Mean [SD]
Median [Min, Max]
1-year survival
Death
Alive
3-year survival
Death
Alive
5-year survival
Death

Alive

65.9 [12.7]

66.0 [26.0, 96.0]

322 (63.1%)
188 (36.9%)

390 (76.5%)
55 (10.8%)
65 (12.7%)

318 (62.4%)
192 (37.6%)

471 (92.4%)
39 (7.6%)

483 (94.7%)
27 (5.3%)

441 (86.5%)
69 (13.5%)

456 (89.4%)
54 (10.6%)

421 (82.5%)
89 (17.5%)

386 (75.7%)
124 (24.3%)

199 (39%)
47 (9.2%)
256 (50.2%)
8 (1.6%)

185 (36.3%)
316 (62%)
9 (1.8%)

1.23 [1.37]
110, 9]

379 (74.3%)
72 (14.1%)
48 (9.4%)
11 (2.2%)

367 (72%)

87 (17.1%)

52 (10.2%)
4(0.8%)

341 (66.9%)
62 (12.2%)
78 (15.3%)
29 (5.7%)

254 (49.8%)
256 (50.2%)

339 (66.5%)
171 (33.5%)

401 (78.6%)
109 (21.4%)

262 (51.4%)
248 (48.6%)

204 (40%)
306 (60%)

265 (52%)
245 (48%)

483 (94.7%)
27 (5.3%)

468 (91.8%)
42 (8.2%)

497 (97.5%)
13 (2.5%)

38.4 [26.9]
311, 163]

136 (26.7%)
374 (73.3%)

313 (61.4%)
197 (38.6%)

401 (78.6%)
109 (21.4%)

66.5 [13.0]

67.0 [33.0, 95.0]

147 (62.8%)
87 (37.2%)

185 (79.1%)
26 (11.1%)
23 (9.8%)

148 (63.2%)
86 (36.8%

217 (92.7%)
17 (7.3%)

229 (97.9%)
5 (2.1%)

206 (88%)
28 (12%)

211 (90.2%)
23 (9.8%)

196 (83.8%)
38 (16.2%)

176 (75.2%)
58 (24.8%)

95 (40.6%)
19 (8.1%)
118 (50.4%)
2 (0.9%)

71 (30.3%)
157 (67.1%)
6 (2.6%)

1.32 [1.65]
1[0, 10]

180 (76.9%)

32 (13.7%)
19 (8.1%)
3 (1.3%)

163 (69.7%)

37 (15.8%)

34 (14.5%)
0 (0.0%)

165 (70.5%)
21 (9%)
34 (14.5%)
14 (6%)

124 (63.2%)
110 (36.8%)

148 (63.2%)
86 (36.8%)

184 (78.6%)
50 (21.4%)

113 (48.3%)
121 (51.7%)

95 (40.6%)
139 (59.4%)

134 (57.3%)
100 (42.7%)

220 (94%)
14 (6%)

205 (87.6%)
29 (12.4%)

224 (95.7%)
10 (4.3%)

40.7 [30.1]
32.5[1, 167]

50 (21.4%)
184 (78.6%)

149 (63.7%)
85 (36.3%)

188 (80.3%)
46 (19.7%)

66.1[12.8]
66.0 [26.0, 96.0]

469 (63%)
275 (37%)

575 (77.3%)
81 (10.9%)
88 (11.8%)

466 (62.6%)
278 (37.4%)

688 (92.5%)
56 (7.5%)

712 (95.7%)
32 (4.3%)

647 (87%)
97 (13%)

667 (89.7%)
77 (10.3%)

617 (82.9%)
127 (17.1%)

562 (75.5%)
182 (24.5%)

294 (39.5%)
66 (8.9%)
374 (50.3%)
10 (1.3%)

256 (34.4%)
473 (63.6%)
15 (2%)

1.26 [1.46]
110, 10]

559 (75.1%)
104 (14%)
67 (9%)
14 (1.9%)

530 (71.2%)

124 (16.7%)

86 (11.6%)
4(0.5%)

506 (68%)
83 (11.2%)
112 (15.1%)

43 (5.8%)

378 (50.8%)
366 (49.2%)

487 (65.5%)
257 (34.5%)

585 (78.6%)
159 (21.4%)

375 (50.4%)
369 (49.6%)

299 (40.2%)
445 (59.8%)

399 (53.6%)
345 (46.4%)

703 (94.5%)
41 (5.5%)

673 (90.5%)
71 (9.5%)

721 (96.9%)
23 (3.1%)

39.1 [28]
31[1, 167]

186 (25%)
558 (75%)

462 (62.1%)
282 (37.9%)

589 (79.2%)
155 (20.8%)

SD, standard deviation; P,, the indicators were related to the primary tumor; CEA, carcinoembryonic antigen.
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Table S2 The univariate and multivariate analyses of factors associated with overall survival in training set

Univariate Cox regression

Multivariate Cox regression

Variable
HR (95% ClI) P value HR (95% CI) P value

Age 1.025 (1.015-1.035) <0.001 1.0189 (1.0089-1.029)  <0.001
Gender

Male 1

Female 0.8916 (0.6987-1.138) 0.357
Race

White 1

Black 1.037 (0.7187-1.498) 0.844

Other 1.195 (0.8482-1.684) 0.308
Marital status

Married 1 1

Unmarried 1.497 (1.183-1.895) <0.001 1.3454 (1.0443-1.7334)  0.0217
Histology type

Adenocarcinoma 1 1

Mucinous adenocarcinoma and signet ring cell carcinoma 1.518 (1.027-2.243) 0.0364 1.3143 (0.8707-1.984)  0.1933
P. Histology type

Adenocarcinoma 1 1

Mucinous adenocarcinoma and signet ring cell carcinoma 2.653 (1.681-4.189) <0.001 1.5389 (0.9299-2.5466) 0.0934
Grade

I 1

I, v 1.226 (0.8832-1.701) 0.223
P. Grade

I, 1 1

I, v 1.328 (0.9316-1.892) 0.117
P. Stage

0, I 1 1

I, 1 1.602 (1.245-2.06) <0.001 1.6906 (1.2712-2.2473)  <0.001
M stage

MO 1 1

M1 2.889 (2.206-3.783) <0.001 1.9461 (1.4349-2.6394) <0.001
Surgery

No surgery 1 1

Local tumor excision
Wedge or segmental resection
Resection with other organs
P. Surgery
Local tumor excision
Wedge or segmental resection
Resection with other organs
Radiotherapy
No radiotherapy
Radiotherapy before surgery
Radiotherapy after surgery
Other type
P. Radiotherapy
No radiotherapy
Radiotherapy before surgery
Radiotherapy after surgery
Other type
Systemic therapy
No systemic therapy
Systemic therapy before surgery
Systemic therapy after surgery
Other type
Chemotherapy
No/unknown
Yes
P. Chemotherapy
No/unknown
Yes
Regional nodes examined
<12
>12
P. Regional nodes examined
<12
>12
Treatment gap
Perineural Invasion
Negative
Positive
P. Perineural invasion
Negative
Positive
Tumor size (cm)
<3
>3
CEA
Negative
Positive
Tumor deposits
Negative
Positive

Time of recurrence(months)

0.4249 (0.2824-0.6395)  <0.001
0.2644 (0.2040-0.3426)  <0.001
0.4146 (0.1688-1.0184)  0.0548

1
1.107 (0.8629-1.42) 0.424
1.586 (0.6928-3.632) 0.275

1
0.374 (0.2435-0.5745) <0.001
0.5821 (0.3949-0.8580) <0.001

0.3311 (0.106-1.0347) 0.05727

1

1.093 (0.7956-1.502) 0.5825
0.847 (0.5795-1.238) 0.3911
3.644 (1.155-11.496) 0.0274

1
0.3786 (0.2393-0.599) <0.001
0.5608 (0.4008-0.7848) <0.001
0.3932 (0.2085-0.7416) 0.0039

1
0.8097 (0.6417-1.022) 0.0752

1
1.145 (0.8972-1.462) 0.276

]
0.4538 (0.3247-0.6342)  <0.001

1

0.8283 (0.6559-1.046) 0.114

1.027 (0.9472-1.113) 0.519
1

0.8644 (0.5537-1.35) 0.522
1

1.604 (0.8778-2.932) 0.124
1

1.958 (1.528-2.508) <0.001
1

2.126 (1.678-2.695) <0.001
1

1.719 (1.034-2.86) 0.0369

1.003 (0.9981-1.008) 0.232

0.7774 (0.4815-1.2553)  0.3031
0.4789 (0.3317-0.6914)  <0.001
0.8412 (0.3208-2.2057)  0.7251

1
0.6695 (0.3168-1.4147)  0.2932
0.9466 (0.5708-1.5699) 0.8317
0.4837 (0.1246-1.877)  0.2938

1
1.1391 (0.7899-1.6426) 0.4858

0.848 (0.566-1.2703) 0.4239
2.6543 (0.8181-8.6115)  0.104

1
0.866 (0.4021-1.8652)  0.7133
0.8176 (0.5204-1.2844) 0.3821
1.095 (0.4316-2.7559)  0.8546

1
0.6816 (0.462-1.006) 0.0533

1
1.4434 (1.1020-1.8905)  0.0077

1
1.8954 (1.4491-2.479)  <0.001

1
1.0867 (0.6359-1.8572)  0.761

HR, hazard ratio; Cl, confidence interval; P, the indicators were related to the primary tumor; CEA, carcinoembryonic antigen.
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