
fmed-09-977652 August 16, 2022 Time: 15:59 # 1

TYPE Original Research
PUBLISHED 22 August 2022
DOI 10.3389/fmed.2022.977652

OPEN ACCESS

EDITED BY

Sanjit Mukherjee,
National Institutes of Health (NIH),
United States

REVIEWED BY

Kondapa Bobba,
University of California, San Francisco,
United States
Asit Kumar Manna,
The University of Utah, United States

*CORRESPONDENCE

Rui Sun
sunr@sysucc.org.cn
Weiwei Xiao
xiaoww@sysucc.org.cn

†These authors have contributed
equally to this work and share first
authorship

SPECIALTY SECTION

This article was submitted to
Gastroenterology,
a section of the journal
Frontiers in Medicine

RECEIVED 24 June 2022
ACCEPTED 02 August 2022
PUBLISHED 22 August 2022

CITATION

Liu S, Yang S, Yu H, Luo H, Chen G,
Gao Y, Sun R and Xiao W (2022) A
nomogram for predicting 10-year
cancer specific survival in patients with
pathological T3N0M0 rectal cancer.
Front. Med. 9:977652.
doi: 10.3389/fmed.2022.977652

COPYRIGHT

© 2022 Liu, Yang, Yu, Luo, Chen, Gao,
Sun and Xiao. This is an open-access
article distributed under the terms of
the Creative Commons Attribution
License (CC BY). The use, distribution
or reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

A nomogram for predicting
10-year cancer specific survival
in patients with pathological
T3N0M0 rectal cancer
Shuang Liu1,2,3†, Shanfei Yang1,2,3†, Haina Yu1,2,3†,
Huilong Luo1,2,3, Gong Chen2,3,4, Yuanhong Gao1,2,3,
Rui Sun1,2,3* and Weiwei Xiao1,2,3*
1Department of Radiation Oncology, Sun Yat-sen University Cancer Center, Guangzhou, China,
2State Key Laboratory of Oncology in South China, Sun Yat-sen University Cancer Center,
Guangzhou, China, 3Collaborative Innovation Center for Cancer Medicine, Sun Yat-sen University
Cancer Center, Guangzhou, China, 4Department of Colorectal Surgery, Sun Yat-sen University
Cancer Center, Guangzhou, China

Background: The pathological T3N0M0 (pT3N0M0) rectal cancer is the

earliest stage and has the best prognosis in the locally advanced rectal cancer,

but the optimal treatment remains controversial. A reliable prognostic model

is needed to discriminate the high-risk patients from the low-risk patients, and

optimize adjuvant chemotherapy (ACT) treatment decisions by predicting the

likelihood of ACT benefit for the target population.

Patients and methods: We gathered and analyzed 276 patients in Sun Yat-

sen University Cancer Center from March 2005 to December 2011. All

patients underwent total mesorectal excision (TME), without preoperative

therapy, and were pathologically proven pT3N0M0 rectal cancer with negative

circumferential resection margin (CRM). LASSO regression model was used

for variable selection and risk factor prediction. Multivariable cox regression

was used to develop the predicting model. Optimum cut-off values were

determined using X-Tile plot analysis. The 10-fold cross-validation was

adopted to validate the model. The performance of the nomogram was

evaluated with its calibration, discrimination and clinical usefulness.

Results: A total of 188 patients (68.1%) had ACT and no patients had adjuvant

radiotherapy. Age, monocyte percentage, carbohydrate antigen 19–9, lymph

node dissection numbers and perineural invasion (PNI) were identified as

significantly associated variables that could be combined for an accurate

prediction risk of Cancer Specific Survival (CSS) for pT3N0M0 patients. The

model adjusted for CSS showed good discrimination with a C-index of 0.723

(95% CI: 0.652–0.794). The calibration curves showed that the nomogram

adjusted for CSS was able to predict 3-, 5-, and 10-year CSS accurately.

The corresponding predicted probability was used to stratify high and low-

risk patients (10-year CSS: 69.1% vs. 90.8%, HR = 3.815, 95%CI: 2.102–6.924,

P < 0.0001). ACT improved overall survival (OS) in the low-risk patients (10-

year OS: 91.9% vs. 83.3%, HR = 0.338, 95% CI: 0.135–0.848, P < 0.0001), while

it did not exhibit a significant benefit in the high-risk patients.
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Conclusion: The present study showed that age, monocyte percentage,

carbohydrate antigen 19–9, lymph node dissection numbers and PNI

were independent prognostic factors for pT3N0M0 rectal cancer patients.

A nomogram based on these prognostic factors effectively predicts CSS

in patients, which can be conveniently used in clinical practice. ACT may

improve overall survival in the low-risk patients. But the benefit of ACT was

not seen in the high-risk patients.
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Background

The pathological T3N0M0 (pT3N0M0) rectal cancer is the
earliest stage and the best prognosis in the locally advanced
rectal cancer. Although neoadjuvant chemoradiotherapy plus
interval chemotherapy is the treatment for clinical T3N0M0
patients recommended by the guidelines (1), many patients
do not receive neoadjuvant therapy due to the adverse
symptoms and high costs. In addition, due to the inaccuracy
of the image, some patients who were diagnosed clinical
T1-2 might be confirmed T3 after total mesorectal excision
(TME) surgery. For pT3N0M0 patients, positive circumferential
resection margin (CRM) after surgery was considered to be
an independent prognostic factor of clinical outcome (2, 3),
and these patients require adjuvant chemoradiotherapy. As for
pT3N0M0 patients with negative CRM, there has been little
data to guide recommendations in adjuvant chemoradiotherapy.
It was crucial to optimize and guide personalized treatment
through further effective risk stratification for these patients.

Although it is difficult to stratify patients based on the
traditional TNM staging system for pT3N0M0 rectal cancer
with negative resection margin, clinical features and several
potential prognostic factors warrant further studies. For the
TNM staging system, the N factor depends on whether there
is regional lymph node metastasis and the extent of metastasis
The inadequate lymph nodes dissection examined results in
an inaccurate number of positive lymph nodes and inaccurate
staging (4, 5). Current guidelines especially recommended that
at least 12 lymph nodes be resected and histologically evaluated
(6–8). Furthermore, the adjuvant chemotherapy (ACT) regimen
is determined by the number of lymph node dissection
metastases (9).

The prognosis of rectal cancers is correlated with host-
and tumor-related factors (10–12). Peripheral blood monocyte
was one of the well-known indicators of the immune status
of cancer patients (13, 14). Existing studies suggest that a
decreased lymphocyte-to-monocyte ratio before treatment was
independently associated with worse overall survival in rectal

cancers who underwent surgery (15). Pretreatment lymphocyte
count was also independently associated with ACT efficacy for
the high-risk patients in Stage II rectal cancers (16). Further, we
attempted to investigate other potential blood biomarkers and
pathologic conditions included surgical margin status, tumor
thrombus, perineural invasion (PNI) of patients’ related disease
outcomes in this study.

A previous study based on the Surveillance, Epidemiology,
and End Results (SEER) database developed a risk-stratification
model for pT3N0 rectal patients, which was composed of age,
tumor differentiation, and the number of nodes resected (17).
The long-term survival was better for low-risk patients than for
high-risk patients (5-year CSS: 92.13% vs. 72.55%, P < 0.001).
The sequential radiotherapy after surgery doubled 5-year CSS in
high-risk patients (42.06% vs. 91.26%, P = 0.001), while showed
no obvious survival benefit in the low-risk patients (93.36% vs.
96.38%, P = 0.182). The model may not be able to inaccurately
predict clinical outcomes in the Chinese population because of
ethnical diversity and environmental exposures. The 5-year CSS
of overall cohort from SEER database was 86.31%, while the 5-
year CSS in our study was 89.5%.

In this study, we combined the common clinical variables
with potential prognostic indicators to develop a nomogram
to predict CSS in patients with pT3N0M0 rectal cancer
with negative CRM. We aimed to provide clinicians with
more guidance to stratify those high-risk score patients who
need more comprehensive treatment and closer follow-up to
improve survival.

Patients and methods

Patients

We collected retrospective data about 276 patients with
rectal cancer who underwent standard TME at Sun Yat-sen
University Cancer Center from March 2005 to December
2011. The inclusion criteria were as follows: (1) pathological
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diagnosis of rectal cancer; (2) postoperative pathological stage
of pT3N0M0; (3) complete surgical resection; and (4) no
preoperative therapy. Patients were excluded if they died of
postoperative complications within 30 days or with positive
surgical margins. This research was approved by the Ethical
Committee of Sun Yat-sen University Cancer Center (B2022-
005-01), and written informed consent was obtained from
participants for the use of their clinical records in this study.

Preoperative examination and
assessment

All eligible patients received complete preoperative
evaluation. The clinical TNM (8th edition) stage was assessed
according to endorectal ultrasound (EUS) and magnetic
resonance imaging (MRI) and computed tomography (CT)
scan in all patients.

The laboratory tests including routine blood tests,
blood biochemistry, and assessment for tumor markers
[carcinoembryonic antigen (CEA) and carbohydrate antigen
19-9 (CA199) level]. To exclude the influence of various
comorbidities or other disease states, all included patients
had no self-reported acute infections or colorectal disorders,
indicating that the hematologic markers could represent
the baseline value.

Surgical specimen and pathological
assessment

Surgical resection was defined as radical when there was no
evidence of distant metastases and tumor clearance was both
macroscopically and histologically complete. All operations are
performed by experienced colorectal surgeons in accordance
with TME principles, and the surgical approaches included
Hartmann, Dixon, and Miles surgery.

Two pathologists who were blinded to the clinical outcomes
of the patients assessed all the resection specimens according to
the eighth edition of the American Joint Committee on Cancer
(AJCC) TNM staging category. Pathologic assessment included
surgical margin status, tumor thrombus, PNI, positive lymph
node numbers, and lymph node dissection numbers (LNDs).

Follow-up

The first follow-up evaluation was underwent 3–5 weeks
after TME surgery. Follow-up after surgery was conducted
every 3–6 months for the first 2 years after treatment, every
6 months for next 3 years, and annually after 5 years. Follow-up
data were obtained from medical records, telephone calls, and
the population death information registration system. CSS was

defined as the time from initial diagnosis until the date of cancer-
specific death. OS was calculated from initial diagnosis to death
due to any cause or the last follow-up.

Statistical analysis

The least absolute shrinkage and selection operator (LASSO)
method for features selection in Cox regression analysis
was used to determine the most meaningful predictive
clinicopathological factors. Statistical significance was defined as
P < 0.05. X-tile software (Version 3.6.1) was used to determine
the optimal cut-off values for continuous variables, including
age, CA199, monocyte percentage (MONO%), and LNDs (18).
The optimal cut-off values were 67 years for age, 27 U/ml for
CA199, 7.6% for MONO%, and 12 for LNDs according to the
X-tile software recommendation.

Nomogram model was utilized to generate the probability
of 3, 5, and 10-year CSS. The “rms” package1 within R project
was utilized for nomogram model building and visualization.
Candidate models were constructed for all possible feature
combinations, and the final model with the highest C-index
was chosen. Internal validation of the model was evaluated by
bootstrapping using 1,000 samples. Calibration curves for 3-,
5-, and 10-year CSS were drawn to investigate the closeness
between predicted survival and the actual survival. According
to the nomogram model, we calculated the total points of each
patient were by plus point from each characteristic. We further
classified the patients into high-risk subgroup and low-risk
subgroup based on the total points. All statistical tests in this
study were performed in IBM SPSS statistics (Version 23.0), R
project (Version 3.6.0), and X-tile (Version 3.6.1).

Results

Clinicopathologic characteristics of
patients

A total of 276 patients were included in this study, 68.1%
(n = 188) received ACT and 31.9% (n = 88) had no adjuvant
chemotherapy (non-ACT). 138 patients received single-agent
ACT (5-FU/LV: 5-fluorouracil/leucovorin or capecitabine) and
50 patients received multi-agent ACT (FOLFOX: 5-fluorouracil
with oxaliplatin or Capeox: capecitabine with oxaliplatin). Fifty-
one patients received ACT for 3 months or less, and 137 patients
received ACT for more than 3 months. The mean duration
of follow-up was 141.02 ± 6.12 years. The 10-year OS was
78.6% (217/276) and the 10-year CSS was 81.2% (224/276) for
the whole population. Table 1 presents the clinicopathologic

1 https://cran.r-project.org/web/packages/rms/index.html
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TABLE 1 Baseline clinicopathologic characteristics of the patients with pT3N0M0 rectal cancer.

Characteristics Total, n (%) non-ACT, n (%) ACT, n (%) P-value

Total 276 (100%) 88 (31.9%) 188 (68.1%)

Gender 1

Female 170 (61.6%) 54 (61.4%) 116 (61.7%)

Male 106 (38.4%) 34 (38.6%) 72 (38.3%)

Age 0.005

≤67 years 187 (67.8%) 49 (55.7%) 138 (73.4%)

>67 years 89 (32.2%) 39 (44.3%) 50 (26.6%)

Distance to anal verge 0.457

≤5 cm 66 (23.9%) 24 (27.3%) 42 (22.3%)

>5 cm 210 (76.1%) 64 (72.7%) 146 (77.7%)

Monocyte percentage (MONO%) 0.61

≤7.6% 152 (55.1%) 46 (52.3%) 106 (56.4%)

>7.6% 124 (44.9%) 42 (47.7%) 82 (43.6%)

Carcinoembryonic antigen (CEA) 0.034

Normal (≤ 5 ng/ml) 171 (62.0%) 63 (71.6%) 108 (57.4%)

Elevated (> 5 ng/ml) 105 (38.0%) 25 (28.4%) 80 (42.6%)

Carbohydrate antigen 19-9 (CA199) 0.01

≤27 U/ml 225 (81.5%) 80 (90.9%) 145 (77.1%)

>27 U/ml 51 (18.5%) 8 (9.09%) 43 (22.9%)

Surgery approach 0.958

Dixon 219 (79.3%) 71 (80.7%) 148 (78.7%)

Miles 50 (18.1%) 15 (17.0%) 35 (18.6%)

Hartmann 7 (2.54%) 2 (2.27%) 5 (2.66%)

Lymph node dissection numbers (LNDs) 0.917

≤12 122 (44.2%) 38 (43.2%) 84 (44.7%)

>12 154 (55.8%) 50 (56.8%) 104 (55.3%)

Perineural invasion (PNI) 0.257

Negative 183 (66.3%) 63 (71.6%) 120 (63.8%)

Positive 93 (33.7%) 25 (28.4%) 68 (36.2%)

characteristics of all patients. Of all patients, 61.6% (n = 170)
of patients were female and 67.8% (n = 187) patients were
aged ≤ 67 years. The patients with low rectal cancer (distance to
anal verge less than 5 cm) were 23.9% (n = 66). 79.3% (n = 219)
patients received Dixon surgery, and 18.1% (n = 50) patients
received Miles surgery.

ACT was more common among patients aged ≤ 67 years
than among patients aged > 67 years (P = 0.005), among
patients with CEA > 5 ng/ml than among those with ≤ 5 ng/ml
(P = 0.034), and among patients with CA199 > 27 U/ml than
among those with ≤ 27 U/ml (P = 0.01).

Independent prognostic factors of
cancer specific survival

Univariate analysis was performed on all collected variables.
The results revealed that age (P = 0.005), monocyte percentage
(MONO%) (P < 0.001), carbohydrate antigen 19-9 (CA199)
(P = 0.003), lymph node dissection numbers (LNDs) (P = 0.004),
and PNI (P = 0.004) were considered significant predictors
for CSS (Table 2). Multivariate Cox regression analysis
showed age (HR = 1.877, 95%CI: 1.085–3.249, P = 0.024),
MONO% (HR = 2.496, 95%CI: 1.415–4.403, P = 0.002),
CA199 (HR = 2.306, 95%CI: 1.284–4.142, P = 0.005), LNDs

(HR = 0.442, 95%CI: 0.251–0.778, P = 0.005), and PNI
(HR = 2.126, 95%CI: 1.244–3.632, P = 0.006) were significantly
associated with CSS (Table 2).

Subgroup analysis

Kaplan-Meier analysis showed that patients aged ≤ 67 years
had a better prognosis than those aged > 67 years (10-year
CSS: 85.6% vs. 71.9%, P = 0.004; Figure 1A). The patients
with MONO% ≤ 7.6% had better outcomes than patients with
MONO% > 7.6% (10-year CSS: 88.2% vs. 72.6%, P = 0.001;
Figure 1B). The patients with CA199 ≤ 27 U/ml had an obvious
advantage in survival than patients with CA199 > 27 U/ml
(10-year CSS: 84.4% vs. 66.7%, P = 0.002; Figure 1C). The
patients for whom ≤ 12 nodes had been resected had a poorer
prognosis than patients for whom > 12 nodes had been resected
(10-year CSS: 74.6% vs. 86.4%, P = 0.003; Figure 1D). The
positive PNI was detrimental for patient survival (10-year CSS:
negative vs. positive, 86.3% vs. 71.0%, P = 0.003; Figure 1E).
However, no survival difference was observed between the
patients who received ACT and those who did not (10-year CSS:
81.9% vs. 79.5%, P = 0.523; Figure 1F). These variables were also
assessed when using OS as an endpoint. Similar findings were
obtained (Supplementary Figures 1A–F).
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TABLE 2 Prognostic factors of 10-year CSS in univariate analysis and multivariate analysis.

Characteristics 10-year CSS Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Gender (Male vs. Female) 0.608 (0.339–1.090) 0.095

Age (≤67 years vs. > 67 years) 85.6% vs. 71.9% 2.140 (1.254–3.651) 0.005 1.877 (1.085–3.249) 0.024

Distance to anal (≤5 cm vs. > 5 cm) 84.4% vs. 80.0% 1.118 (0.589–2.124) 0.733

Monocyte percentage (MONO%) (≤7.6%
vs. > 7.6%)

88.2% vs. 72.6% 2.510 (1.435–4.390) 0.001 2.496 (1.415–4.403) 0.002

Carcinoembryonic antigen (CEA) (≤5
ng/ml vs. > 5 ng/ml)

82.5% vs. 79.9% 1.340 (0.784–2.293) 0.285

Carbohydrate antigen 19-9 (CA199) (≤ 27
U/ml vs. > 27 U/ml)

84.4% vs. 66.7% 2.417 (1.359–4.296) 0.003 2.306 (1.284–4.142) 0.005

Surgery approach

Dixon 81.3% —

Miles 82.0% 1.150 (0.591–2.239) 0.680

Hartmann 71.4% 1.998 (0.482–8.275) 0.340

Lymph node dissection numbers (LNDs)
(≤12 vs. > 12)

74.6% vs. 86.4% 0.444 (0.257–0.767) 0.004 0.442 (0.251–0.778) 0.005

Perineural invasion (PNI) (Negative vs.
Positive)

86.3% vs. 71% 2.182 (1.279–3.722) 0.004 2.126 (1.244–3.632) 0.006

Adjuvant chemotherapy (ACT) 79.5% vs. 81.9% 0.809 (0.463–1.416) 0.459

Construction and internal validation of
the nomogram for cancer specific
survival

Based on the results of the LASSO regression and
multivariate COX regression, the nomogram incorporating five
predictors was established to predict CSS in pT3N0M0 rectal
cancer patients following TME surgery (Figure 2A). According
to our nomogram plot, total points of each pT3N0M0 rectal
cancer patients was calculated as follows: Age > 67 years (69
points), CA199 > 27 U/ml (91 points), MONO% > 7.6% (100
points), LNDs ≤ 12 (89 points), and positive PNI (82 points).
Each of these variables was assigned a score based on the point
scale. By adding up the total point from all the variables, we
could estimate 3-, 5-, and 10-year CSS probability. The C-index
for the nomogram model was 0.723 (95% CI: 0.652–0.794). The
calibration plots for 3-, 5-, and 10-year CSS probability also
exhibited good internal consistency between the predicted CSS
and the actual CSS (Figures 2B–D).

We used total point = 170, corresponding to a 5-year CSS
probability of 80%, as a cut-off value to stratify patients. In our
study, 123 patients with total point > 170 were classified as
high-risk group (44.6%), and 153 patients with total point ≤ 170
were classified as low-risk group (55.4%). CCS was significantly
higher in the low-risk group than in the high-risk group
(10-year CSS: 69.1% vs. 90.8%, HR = 3.815, 95%CI: 2.102–
6.924, P < 0.0001; Figure 3A). OS was also significantly
higher in the low-risk group than in the high-risk group (10-
year OS: 65.9% vs. 88.9%, HR = 3.485, 95%CI: 2.038–5.961,
P < 0.0001; Figure 3D). And our model was superior to the
previous model (17) (10-year CSS: 87.8% vs. 74.8%, HR = 2.445,
95%CI: 1.353–4.418, P = 0.003; 10-year OS: 87.8% vs. 69.6%,

HR = 2.971, 95% CI: 1.696–5.204, P < 0.0001; Supplementary
Figures 2A,B).

In the low-risk patients, the application of ACT could
benefit the patient’s survival (10-year CSS: 92.9% vs. 87%,
HR = 0.411, 95% CI: 0.148–1.146, P = 0.089; 10-year OS:
91.9% vs. 83.3%, HR = 0.338, 95% CI: 0.135–0.848, P < 0.0001;
Figures 3B,E). However, no survival difference was observed
between high−risk patients who treated with surgery plus ACT
vs. those who treated with surgery alone (10-year CSS: 67.6% vs.
69.7%, HR = 0.94, 95% CI: 0.468–1.887, P = 0.861; 10-year OS:
58.8% vs. 68.5%, HR = 0.814, 95% CI: 0.433–1.531, P = 0.523;
Figures 3C,F).

Further analysis showed that there was no significant
difference in survival between single-agent chemotherapy and
multi-agent chemotherapy regimen (10-year CSS: 71.6% vs.
63.6%, HR = 1.609, 95%CI: 0.641–4.039, P = 0.311; 10-year OS:
70.1% vs. 63.6%, HR = 1.438, 95% CI: 0.586–3.529, P = 0.380);
Supplementary Figures 3A,C). There was no apparent survival
benefit between 3 months or less of ACT vs. more than 3 months
of ACT (10-year CSS: 72.2% vs. 69.0%, HR = 1.095, 95%CI:
0.426–2.819, P = 0.850; 10-year OS: 72.2% vs. 67.6%, HR = 1.145,
95% CI: 0.453–2.894, P = 0.783; Supplementary Figures 3B,D).

Discussion

Firstly, to our knowledge, this was the first and only study
of a nomogram for predicting CSS in patients with pT3N0M0
rectal cancer. Secondly, this model is established by screening
the complete common preoperative laboratory test indicators
and pathological outcomes, which makes it more accurate and
more targeted. Age, MONO%, CA199, LNDs, and PNI were
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FIGURE 1

Kaplan-Meier analysis of cancer specific survival according to (A) age (≤67 years vs. > 67 years, 10-y CSS: 85.6% vs. 71.9%, P = 0.004); (B)
monocyte percentage (MONO%) (≤ 7.6% vs. > 7.6%, 10-year CSS: 88.2% vs. 72.6%, P = 0.001); (C) carbohydrate antigen 19-9 (CA199) (≤27 U/ml
vs. > 27 U/ml, 10-year CSS: 84.4% vs. 66.7%, P = 0.002); (D) lymph node dissection numbers (LNDs) (≤ 12 vs. > 12, 10-year CSS: 74.6% vs. 86.4%,
P = 0.003); (E) perineural invasion (PNI) (negative vs. positive, 10-year CSS: 86.3% vs. 71%, P = 0.003); (F) adjuvant chemotherapy (ACT)
(non-ACT vs. ACT, 10-year CSS: 79.5% vs. 81.9%, P = 0.458).

performed as independent factors to construct our prognostic
nomogram model. Our nomogram had good discrimination
(C-index = 0.723, 95% CI: 0.652–0.794; Figure 2A), which
provided a convenient and feasible tool for predicting the risk of
pT3N0M0 patients. Thirdly, our model effectively distinguishes
high-risk and low-risk groups, which could guide the choice of
postoperative treatment for T3N0M0 colorectal cancer patients.
For Chinese patients, our nomogram (10-year CSS: 69.1% vs.
90.8%, HR = 3.815, 95%CI: 2.102–6.924, P< 0.0001; 10-year OS:
65.9% vs. 88.9%, HR = 3.485, 95%CI: 2.038–5.961, P < 0.0001;
Figures 3A,D) had a better prediction effect than the previous
risk-stratification model (17) (10-year CSS: 87.8% vs. 74.8%,
HR = 2.445, 95%CI: 1.353–4.418, P = 0.003; 10-year OS: 87.8%
vs. 69.6%, HR = 2.971, 95% CI: 1.696–5.204, P < 0.0001;
Supplementary Figures 2A,B).

Over the years, several studies have focused on the role of
adjuvant treatment including chemotherapy and radiotherapy
in T3N0 patients (17, 19–21). Luke C. Peng et al. collected
4,724 patients with T3N0M0 rectal cancer diagnosed between
1998 and 2008 in the SEER database. The results demonstrated
that adjuvant radiotherapy was significantly associated with
improved CSS compared with surgery alone (HR = 0.688, 95%
CI: 0.578–0.819, P < 0.001), while neoadjuvant radiotherapy
had no significant benefits (HR = 0.863, 95% CI: 0.715–1.043,
P = 0.127) (19). Another study reported that postoperative
concurrent chemoradiotherapy could significantly decrease

locoregional recurrence rate in patients with CRM- but having
one risk factor (distance from anal verge ≤ 5 cm or distal
resection margin ≤ 2 cm) (5-year locoregional recurrence free
survival: 98.9% vs. 87.4%, P = 0.006) (21). Unlike these prior
studies, our study focused on the effect of ACT alone. In the
patients who were classified as low-risk patients according to
this model (total points ≤ 170), the application of ACT after
surgery could benefit the patient’s survival (10-year OS: 91.9%
vs. 83.3%, HR = 0.338, 95% CI: 0.135–0.848, P < 0.0001;
Figure 3E), whereas high-risk patients had no significant
survival benefit (10-year OS: 58.8% vs. 68.5%, HR = 0.814,
95% CI: 0.433–1.531, P = 0.523; Figure 3F). ACT alone might
be insufficient for high-risk patients, and the combination of
radiotherapy and chemotherapy should be considered.

In high-risk stage II colon cancer, the addition of oxaliplatin
to fluoropyrimidine did not improve overall survival (22). For
duration of ACT, the IDEA study showed that 6 months of
ACT was not superior to 3 months of ACT in high-risk stage
II colon cancer patients [5-year DFS: 3 months group vs.
6 months group = 80.7% vs. 83.9%, HR = 1.17, 80%CI: 1.05–
1.31, P (for non-inferiority) = 0.39] (23, 24) Similar to these
results, we did not find a population of high-risk patients who
benefited from adjuvant therapy and regimens after grouping
according to the existing model. Therefore, risk stratification
by identifying precise predictors of adjuvant therapy benefit in
the context of patient individualization is necessary for high-risk
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FIGURE 2

Construction and validation of Nomogram for cancer specific survival probability in pT3N0M0 rectal cancer patients. (A) The nomogram was
developed with age, monocyte percentage (MONO%), carbohydrate antigen 19-9 (CA199), lymph node dissection numbers (LNDs), and
perineural invasion (PNI); (B–D) calibration curves of the CSS nomogram, indicating the consistency between predicted and observed 3-, 5-,
and 10-year outcomes.

patients. Mismatch repair (MMR) status may be considered one
of the most powerful prognostic indicators (25). Detection of
circulating tumor DNA (ctDNA) is also currently considered a
useful tool to guide the application of ACT (26).

The TNM system is based on the depth of invasion, distant
metastases and the number of positive lymph nodes. Indeed,
accumulating studies have noted the predictive value of the
lymph node status and lymph node ratio (LNR) in CRC.
Notably, the 5-year survival of patients with negative lymph
nodes (80%) was significantly higher than that (45%) of those
with positive nodes (P < 0.05) (27). While the number of
retrieved LNs is influenced by various factors including age
and gender, the experience or skill of the surgeon and even
the ethnicity of patients. Kidner et al. found that the 5-year
survival rate of stage I/II patients with 1–4 lymph nodes

removed was 48%, while that of patients with more than 20
lymph nodes removed was 65% (28). Another survival analysis
determined that in patients with CRC without metastatic
lymph nodes, the CSS of patients with 1–11 lymph nodes
removed was significantly worse than that of patients with
more than 12 lymph nodes removed (CSS: 62.3% vs. 75.1%,
HR = 0.59, 95%CI: 0.41–0.84, P = 0.004) (29). In addition, Sarli
et al. found that patients with no more than 9 lymph nodes
examined have a similar 5-year survival rate to patients with
1–3 positive lymph nodes (51.3% vs. 52.6%), and postoperative
chemotherapy recommend for N0 patients with only a few
nodes examined (30). The NCCN and AJCC/UICC guidelines
recommend at least 12 lymph nodes should be examined as the
current standard for pathological examination in CRC surgery
(31). Reviewing the presented data, 12 assessable lymph nodes
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FIGURE 3

Kaplan-Meier analysis estimates. Cancer specific survival according to (A) risk stratifications (low-risk vs. high-risk, 10-year CSS: 69.1% vs. 90.8%,
HR = 3.815, 95%CI: 2.102–6.924, P < 0.0001); (B) adjuvant chemotherapy (ACT) for low-risk patients (non-ACT vs. ACT, 10-year CSS: 92.9% vs.
87%, HR = 0.411, 95% CI: 0.148–1.146, P = 0.089); (C) adjuvant chemotherapy (ACT) for high-risk patients (non-ACT vs. ACT, 10-year CSS: 67.6%
vs. 69.7%, HR = 0.94, 95% CI: 0.468–1.887, P = 0.861); Overall survival according to (D) risk stratifications (low-risk vs. high-risk, 10-year OS:
65.9% vs. 88.9%, HR = 3.485, 95%CI: 2.038–5.961, P < 0.0001); (E) adjuvant chemotherapy (ACT) for low-risk patients (non-ACT vs. ACT,
10-year OS: 91.9% vs. 83.3%, HR = 0.338, 95% CI: 0.135–0.848, P < 0.0001); (F) adjuvant chemotherapy (ACT) for high-risk patients (non-ACT
vs. ACT, 10-year OS: 58.8% vs. 68.5%, HR = 0.814, 95% CI: 0.433–1.531, P = 0.523).

retrieved as adequate lymph node count could be a biomarker to
evaluate the prognosis of pT3N0M0 rectal cancer. In our study,
the 12 lymph nodes minimum for adequacy was achieved in over
50% of the total study cohort, and in the previous study, the rate
ranged from 36 to 67% (32).

The expression of CA 199 occurs as a result of the
presence of sialylated Lewis a blood group antigen, is a tumor-
associated antigen elevated in many types of cancer (33).
CA199 levels have also been demonstrated to be predictive
of malignancy in numerous previous studies (34, 35). Several
studies have expressed concern that it was one of the best
available prognostic indicators in colorectal cancers (36, 37).
Especially, Zheng et al. showed that a higher level of serum levels
of CA19-9 may serve as a useful marker effective in identifying
node-negative CRCs had a poor prognosis after surgery and
chemotherapy (38).

PNI can occur when neoplastic cells are missed since they
can travel along nerves far from the primary lesion. This hinders
surgery’s ability to establish local control over malignancy (39,
40). PNI is a strong prognostic factor for colorectal cancer, which
is generally associated with worse oncological outcomes. In the
eighth edition of TNM, PNI was introduced as a supporting
factor (41). This study showed that PNI was an independent
prognostic factor for cancer-specific survival in multivariate

analysis (HR = 2.126, 95% CI: 1.244-3.632, P = 0.006) (42).
A comprehensive meta-analysis has also shown that PNI was an
independent prognostic factor for 5-year overall, 5-year disease-
free, and 5-year cancer-specific survival in multivariate analysis
(HR = 1.85, 95% CI: 1.63–2.12; HR = 2.35, 95% CI: 1.97–3.08;
and HR = 1.91, 95% CI: 1.50–2.42, respectively) (42). And in
our study, the overall incidence of PNI was found to be 33.7%,
similar to the 33% found in a previous review (43).

Recent research revealed that cancer-associated
inflammation may play an important play in rectal cancer
progression and prognosis (44–46). Guo et al. proposed that
inflammatory cells included monocyte and related cytokines
infiltrate in the tumor microenvironment, which promotes
tumor angiogenesis and proliferation, survival, and migration
(47). In Hu et al. study, higher peripheral monocyte counts as
a useful predictor of postoperative prognosis in CRC patients
and were associated with a worse 5-year disease-free survival
rate (48). An elevated preoperative peripheral blood monocyte
count might reflect a high degree of immune suppression and
high levels of inflammatory cytokines. Similar to our results,
Liu et al. constructed and validated a nomogram included
monocyte count (cut off value 0.43 in the validation set) to
predict individual survival probability for stage II–III colorectal
cancer (49).
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This study is subject to two major limitations. First, it was
a retrospective study involving a single institution. Second, it
would be not feasible to perform an external validation cohort
study limited by sample size now. Further study should focus
on validating the model by building multicenter normalized
database, which includes complete laboratory examination
and pathological outcomes. It should be noted that the
reference standards of the variables may be slightly different in
multicenter data, due to the application of different equipment
and technologies in different centers. The model may have to
be carefully optimized by slightly adjusting the cut-off values
of some variables.

Conclusion

Regardless of the above limitations, our study showed that
age, preoperative monocyte percentage, preoperative CA199,
lymph node dissection numbers, and PNI were considered
significant predictors for CSS. ACT was associated with
improved survival compared with TME alone in the low-
risk patients. Appropriate intensive treatment and follow-up
may improve the efficacy of treatment and survival for high-
risk patients.
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SUPPLEMENTARY FIGURE 1

Kaplan-Meier analysis of overall survival according to (A)
age (≤ 67 vs. > 67 years, 10-y OS: 85.6% vs. 64%, P < 0.0001); (B)
monocyte percentage (MONO%) (≤ 7.6% vs. > 7.6%, 10-year
OS: 96.8% vs. 68.5%, P < 0.0001); (C) carbohydrate antigen 19-9
(CA199) (≤27 U/ml vs. > 27 U/ml, 10-year OS: 81.8% vs. 64.7%,
P = 0.003); (D) lymph node dissection numbers (LNDs) (≤12 vs. > 12,
10-year OS: 72.1% vs. 83.8%, P = 0.005); (E) perineural invasion (PNI)
(negative vs. positive, 10-year OS: 83.1% vs. 69.9%, P = 0.013); (F)
adjuvant chemotherapy (ACT) (non-ACT vs. ACT, 10-year OS: 73.9% vs.
80.9%, P = 0.113).

SUPPLEMENTARY FIGURE 2

Kaplan-Meier analysis estimates of the previous risk-stratification model
(17) in our patients. (A) Cancer specific survival according to risk
stratifications (low-risk vs. high-risk, 10-year CSS: 87.8% vs. 74.8%,
HR = 2.445, 95%CI: 1.353–4.418, P = 0.003); (B) overall survival
according to risk stratifications (low-risk vs. high-risk, 10-y OS: 87.8% vs.
69.6%, HR = 2.971, 95% CI: 1.696–5.204, P < 0.0001).

SUPPLEMENTARY FIGURE 3

Kaplan-Meier analysis estimates for high-risk patients. Cancer specific
survival according to (A) adjuvant chemotherapy (ACT) for single-agent
chemotherapy vs. multi-agent chemotherapy regimen, (10-year CSS:
71.6% vs. 63.6%, HR = 1.609, 95%CI: 0.641–4.039, P = 0.311); (B) ACT for
3 months or less (≤3 months) vs. more than 3 months (>3 months),
(10-year CSS: 72.2% vs. 69.0%, HR = 1.095, 95%CI: 0.426–2.819,
P = 0.850); Overall survival according to (C) ACT for single-agent
chemotherapy vs. multi-agent chemotherapy regimen, 10-year OS:
70.1% vs. 63.6%, HR = 1.438, 95% CI: 0.586–3.529, P = 0.380); (D) ACT
for ≤ 3 months vs. >3 months, (10-year OS: 72.2% vs. 67.6%, HR = 1.145,
95% CI: 0.453–2.894, P = 0.783).
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