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There exists an inconsistency between stage and survival in the current American Joint Committee on Cancer (AJCC) staging
system for colon cancer. In this study, we compared the clinicopathological characteristics and prognosis of colon cancer patients
with stage II, IITA, and IIIB disease based on the surveillance, epidemiology, and end results (SEER) database. Kaplan-Meier
analysis was used to generate overall survival (OS) and cancer-specific survival (CSS) curves. The Cox regression was employed to
identify risk factors. The competing risk model was completed by the cumulative incidence function and Gray’s test. In the final
population of 31,361 colon cancer patients, Kaplan-Meier curve analysis showed that stage IITA had the highest OS and CSS,
followed by stage IIA and IIIB, and IIB and IIC showed the worst OS and CSS. In the Cox model, the stage was proven to be an
independent prognostic factor. In the competing risk model, stage IITA colon cancer patients had the lowest 5-year cancer-specific
death rate in stages II, IIIA, and IIIB. In conclusion, the prognosis of colon cancer patients in stage IIA was worse than that of

patients in stage IITA, while the survival rate of stage IIB and IIC was lower than that of stage IIIB.

1. Introduction

Colorectal cancer (CRC) is the second leading cause of
cancer-related death in the United States. It is estimated that
in 2022, approximately 151,030 people will be diagnosed
with CRC, and 52,580 people will die from this disease [1].
The tumor, node, and metastasis (TNM) stage of the
American Joint Committee on Cancer (AJCC) is the most
widely used CRC staging system. In the 6th edition of the
AJCC staging standard, stage II was divided into ITA and IIB
for the first time, and stage III included IIIA, IIIB, and IIIC.
The concept of stage IIC was added, and the subgroups of
stage III were adjusted in the subsequent 7th edition [2]. The
provisions for stages IT and III in the latest 8th edition have
not been changed compared with those in the 7th edition.
With the deepening understanding of CRC, the specific
substage has been redivided, but the criterion for dis-
tinguishing stage II from III has always been the presence of
lymph node metastasis.

There exist controversies about the current staging system
for CRC, and some researchers have reported inconsistencies
between stage and survival. For example, in some studies, the
prognosis of stage IITA rectal cancer patients was better than
that of stage II, and they believed this phenomenon was
related to the deficiency of the number of lymph nodes
harvested (LNH) [3, 4]. In another study comparing 359
colon cancer patients, Kim et al. found that the oncological
outcome of T4NO patients was worse than that of T1-2N1 [5].
Because of the standardized application of total mesorectal
excision (TME) and complete mesocolic excision (CME), the
treatment of lymph nodes in stage III colon cancer patients
was satisfactory, and the prognosis was improved [6].
However, stage II patients have a higher T stage than stage III,
which means a higher tumor load. Patients with locally ad-
vanced (especially T4) tumors have higher rates of local re-
currence and peritoneal metastasis. It has been reported that
peritoneal metastasis occurs in 15-20% of T4 colon cancer
operations and seriously affects prognosis [7].
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Inclusion criteria:
1.Diagnosed in 2010-2015
2.Primary colon cancer
3. 1L, ITIA and IIIB stage
n=48174

6.Patients with 2 or more malignant tumors (n=13953)

Exclusion criteria: (n=16813)
1.Race unknown (n=188)
2.T stage missing (n=238)
3.N stage missing (n=1)
4.No or unknown surgery (n=602)
5.End points missing (n=116)

7.Marriage unknown (n=31361)

Final population: (n=31361)
IIA stage: (n=14871) IIB stage: (n=1514) IIC stage: (n=1140)
IIIA stage: (n=1956) IIIB stage: (n=11880)

FIGURE 1: The selection criteria of the study population from the surveillance, epidemiology and end results database.

Due to the lack of multicenter, large population retro-
spective studies, the difference in the prognosis of patients
with stage I, IITA, and IIIB colon cancer is still unclear. The
surveillance, epidemiology, and end results (SEER) database
can provide a wealth of information about the pathology and
survival of cancer patients. Therefore, in this research, we
used the SEER database to compare the clinicopathological
characteristics and prognosis of colon cancer patients with
stage II, IIIA, and IIIB in the real world.

2. Materials and Methods

2.1. Data Resource. The SEER program, established by the
National Cancer Institute, collects demographic, clinico-
pathological, and survival information on tumors in repre-
sentative geographic regions of the United States. The SEER
database has gathered and published information about
cancer incidence and survival covering approximately 34.6%
of the population in the United States [8] and is the largest
public cancer database in the world. We extracted the relevant
data using SEER * Stat 8.3.8 software (https://seer.cancer.gov/
seerstat/). The Ethics Committee of the First Affiliated
Hospital of Xian Jiaotong University exempted the review of
the study because the SEER database is publicly available.

2.2. Population Selection. According to the SEER database,
we accepted the 8th edition AJCC staging system to de-
termine the tumor stage and identified 48,174 patients with

stage I1, IITA, or IIIB primary colon cancer between 2010 and
2015. The exclusion criteria were as follows: (1) race un-
known; (2) T stage missing; (3) N stage missing; (4) no or
unknown surgery; (5) endpoints missing; (6) patients with 2
or more malignant tumors; and (7) marriage unknown.
After the final screening, a total of 31,361 patients met the
criteria. There were 14,871 patients in stage IIA, 1,514 pa-
tients in stage IIB, 1,140 patients in stage IIC, 1,956 patients
in stage IITA, and 11,880 patients in stage IIIB. The detailed
selection process is shown in Figure 1.

2.3. Variables and Outcome. The following clinicopatho-
logical features were collected according to the SEER da-
tabase: sex, race, age, histological type, primary site, LNH,
TNM stage, radiation state, chemotherapy state, survival
months, vital status, cause of death, and marital status. On
the basis of the 8th AJCC staging system, T3NOMO is defined
as stage ITA, T4aNOMO is defined as stage IIB, T4bNOMO is
defined as stage IIC, T1-2N1MO or TIN2aMO is defined as
stage IITA, and T3-4aN1MO0, T2-3N2aMO, or T1-2N2bMO is
defined as stage IIIB. The ascending colon, hepatic flexure of
the colon, and transverse colon are considered to be the right
colon. Spiral flexibility of the colon, descending colon, and
sigmoid colon are regarded as the left colon. Overall survival
(OS) was measured from the date of diagnosis to the date of
death. Cancer-specific survival (CSS) and cancer-specific
death (CSD) referred to the date of diagnosis to the date
of death from cancer.
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2.4. Statistical Analysis. The baseline characteristics of the
patients were summarized by the frequency table, and the
differences were analyzed by the chi-square test. Kaplan-
Meier curves were used to analyze and generate OS and CSS
curves, while the log-rank test was performed to detect the
significant differences among the groups. The Cox pro-
portional hazard model was employed to identify the risk
factors affecting prognosis. The competing risk model
analysis was completed by the cumulative incidence function
(CIF) and Gray’s test. CIF is the probability of competitive
events, and Gray’s test is aimed at estimating the difference
between groups. In all statistical tests, bilateral P < 0.05 was
considered statistically significant. SPSS (version 22.0, IBM
Corporation, Armonk, NY, USA) and R (version 3.6, The R
Foundation for Statistical Computing, Vienna, Austria) were
applied to complete the calculation.

3. Results

3.1. Patient Characteristics. Of the 31,361 patients recruited
with a 44-month median follow-up time (interquartile
range, 26-64 months), 47.4% were in stage I1A, 4.8% were in
stage IIB, and 3.6% were in stage IIC. Stage IIIA accounted
for 6.2%, and stage I1IB accounted for 37.9%. In total, 15,674
(50.0%) patients were female, and 15,687 (50.0%) patients
were male. Among all patients, 24,275 (77.4%) were white,
and 17,131 (54.6%) were married. Regarding the histological
type, 28,168 (89.8%) patients had adenocarcinoma. A total of
15,715 (50.1%) had tumors located in the right colon, while
15,646 (49.9%) had tumors located in the left colon. The
number of LNH more than 12 was more common (87.3%). A
total of 442 (1.4%) patients were treated with radiotherapy,
and 11,697 (37.3%) were treated with chemotherapy. Among
the 5 groups, significant differences (P < 0.05) were found in
age, race, histological type, initial diagnosed site, radio-
therapy and chemotherapy, and marital status (Table 1).

3.2. Kaplan-Meier Curve Analysis. In the final population of
31,361, 7,478 died during follow-up, of which 4,498 died of
colon cancer and 2,980 died of other causes. The Kaplan-
Meier curve was drawn to display the survival rate of colon
cancer in stages IIA, IIB, IIC, IIIA, and IIIB (Figure 2).
Figure 2(a) shows the CSS of patients enrolled in the study.
The 5-year CSS rate of stage IIIA was 91.0%, followed by
stages ITA and IIIB (CSS was 87.6% and 72.9%, respectively).
The patients with stage IIB and IIC disease had worse CSS
than the other subgroups, with 5-year CSS rates of 68.9% and
65.6% (P <0.001). Figure 2(b) shows the OS rate of patients
with different stages. Similar to CSS, IIB and IIC stage had the
worst survival, with 5-year OS rates of 58.2% and 57.5%,
respectively. The 5-year OS rates of IIA and IIIB were 74.2%
and 64.0%, respectively. Stage IITA had the best CSS, for which
the 5-year CSS rate was 82.7% (P < 0.001). The AJCC suggests
that patients with colon cancer should evaluate at least 12
lymph nodes to determine the stage. Therefore, we divided the
whole population into LNH > 12 and LNH < 12 subgroups to
explore the relationship between stage and survival under the

condition of the different number of lymph nodes examined.
According to the Kaplan-Meier survival analysis, in the
LNH <12 subgroup, either for CSS (Figure 3(a)) or OS
(Figure 3(b)), stage IIA tended to have worse survival rates
than IITA, while the prognosis of stage IIIB was better than
that of stage IIB and IIC. The same tendency was also shown
in the LNH > 12 subgroup (Figure 4). Among patients with
stages II, IIIA, and IIIB disease, those with stage IITA disease
had the best prognosis, while those with stage IIB and IIC
disease had the lowest survival rates.

3.3. Cox Proportional Hazard Model. To further explore the
influence of multiple factors on CSS, we used the Cox
proportional risk model to evaluate risk factors and pro-
tective factors (Table 2). Univariate Cox model analysis
showed that female sex, older age, black race, LNH < 12, no
chemotherapy, and unmarried status were significant risk
factors for survival (hazard ratio [HR]>1, P<0.05). In
contrast, men, younger age, white and other races,
LNH > 12, chemotherapy, and married status tended to have
higher survival rates (hazard ratio [HR] <1, P <0.05). Re-
garding the influence of stage on CSS, compared with IIIA,
patients in stage IIA tended to have worse CSS (HR: 1.550,
95% CI: 1.290-1.862, P < 0.001). The HR of patients in stage
I11B was 3.480 (95% CI: 2.905-4.169, P <0.001), while the
prognosis of stage IIB and IIC was the worst, with HR values
of 4.232 (95% CI: 3.444-5.200, P < 0.001) and 5.163 (95% CI:
4.192-6.360, P <0.001), respectively. Multivariate Cox
analysis was then used to identify independent risk factors
for CSS in colon cancer. TNM stage was still proven to be an
independent prognostic factor for CSS after adjusting for
sex, age, race, histological type, initial diagnosed site, LNH,
radiotherapy, chemotherapy, and marital status. Compared
to patients with stage IIIA, there was no significant differ-
ence in CSS for stage ITA colon cancer (HR: 1.028, 95% CI:
0.854-1.239, P = 0.769). The CSS of stage IIB and IIC was
worse than that of IIIA, with HRs of 3.166 (95% CI:
2.573-3.895, P<0.001) and 4.314 (95% CI: 3.499-5.318,
P <0.001), respectively. Similarly, the multivariate Cox
analysis also suggested that the CSS of IIIB was relatively
poor (HR: 3.492, 95% CI: 2.914-4.185, P <0.001). In addi-
tion, race, age, histological type, LNH, chemotherapy, and
marital status were also independently associated with CSS
(P <0.001).

3.4. Competing Risk Model and the Gray’s Test. Among 7,478
deaths in the whole cohort, 60.15% (4,498/7,478) were CSD,
and 39.85% (2,980/7,478) were non-CSD. To reduce the bias
caused by other causes of death, we constructed a competing
risk analysis model investigating the effect of TNM stage on
CSD. As shown in Figure 5, after excluding the effect of non-
CSD on survival, stage IIIA had the lowest 5-year CSD
among all stages analyzed (8.21%, Gray’s test, P < 0.001). In
stage ITA, 11.59% of patients died in 5 years. The cumulative
CSD rates of stage IIB (28.34%, Gray’s test, P <0.001) and
IIC (32.64%, Gray’s test, P <0.001) were both higher than
that of IIIB (25.57%, Gray’s test, P < 0.001).
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TaBLE 1: Patient characteristics with stage II, IIIA and IIIB colon cancer in the SEER database.

Characteristics Total [N (%)] 1A 1IB I1C IIIA 11IB P
N 31361 14871 (47.4) 1514 (4.8) 1140 (3.6) 1956 (6.2) 11880 (37.9)
Sex 0.082
Female 15674 (50.0) 7359 (49.5) 762 (50.3) 603 (52.9) 950 (48.6) 6000 (50.5)
Male 15687 (50.0) 7512 (50.5) 752 (49.7) 537 (47.1) 1006 (51.4) 5880 (49.5)
Age at diagnosis (yr) <0.001
<60 9709 (31.0) 4024 (27.1) 434 (29.7) 374 (32.8) 795 (40.6) 4082 (34.4)
>60 21652 (69.0) 10847 (72.9) 1080 (71.3) 766 (67.2) 1161 (59.4) 7798 (65.6)
Race <0.001
White 24275 (77.4) 11800 (79.3) 1200 (79.3) 913 (80.1) 1434 (73.3) 8928 (75.2)
Black 3823 (12.2) 1680 (11.3) 150 (9.9) 139 (12.2) 269 (13.8) 1585 (13.3)
Other 3263 (10.4) 1391 (9.4) 164 (10.8) 88 (7.7) 253 (12.9) 1367 (11.5)
Histological type <0.001
Adenocarcinoma 28168 (89.8) 13333 (89.7) 1302 (86.0) 963 (84.5) 1851 (94.6) 10719 (90.2)
Other 3193 (10.2) 1538 (10.3) 212 (14.0) 177 (15.5) 105 (5.4) 1161 (9.8)
Initial diagnosed site <0.001
Right colon 15715 (50.1) 8321 (56.0) 730 (48.2) 436 (38.2) 699 (35.7) 5529 (46.5)
Left colon 15646 (49.9) 6550 (44.0) 784 (51.8) 704 (61.8) 1257 (64.3) 6351 (53.5)
LNH <0.001
<12 3969 (12.7) 1767 (11.9) 229 (15.1) 171 (15.0) 375 (19.2) 1427 (12.0)
>12 27392 (87.3) 13104 (88.1) 1285 (84.9) 969 (85.0) 1571 (80.8) 10453 (88.0)
Radiotherapy <0.001
Yes 442 (1.4) 96 (0.6) 47 (3.1) 121 (10.6) 18 (0.9) 160 (1.4)
No/unknown 30919 (98.6) 14775 (99.4) 1467 (96.9) 1019 (89.4) 1938 (99.1) 30919 (98.6)
Chemotherapy <0.001
Yes 11697 (37.3) 1902 (12.8) 519 (34.3) 533 (46.8) 1324 (67.7) 7419 (62.4)
No/unknown 19664 (62.7) 12969 (87.2) 995 (65.7) 607 (53.2) 632 (32.3) 4461 (37.6)
Marriage status <0.001
Married 17131 (54.6) 8030 (54.0) 781 (51.6) 530 (46.5) 1223 (62.5) 6567 (55.3)
Unmarried/DSW 14230 (45.4) 6841 (46.0) 733 (48.4) 610 (53.5) 733 (37.5) 5313 (44.7)

Note. LNH: number of lymph nodes harvested; DSW: divorced & separated &widowed.
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FIGURE 2: Kaplan-meier curve analyses of CSS and OS in colon cancer patients. CSS: cancer-specific survival, OS: overall survival.
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FIGURE 4: The CSS and OS of colon cancer patients with at least 12 lymph nodes harvested. CSS: cancer-specific survival, OS: overall survival.

4. Discussion

In this study, we evaluated the survival of 31,361 patients
with stage II, IIIA, and IIIB colon cancer and found
a contradiction between the prognosis and stage. Stage IIIA
had the lowest mortality rate, and stage IIIB had better
survival than IIB and IIC. The Kaplan-Meier method, log-
rank test, and Cox regression are widely used in survival
analysis. However, these statistical methods only involve one
type of endpoint. When multiple endpoints exist, compe-
tition events and events of interest form a competition re-
lationship, which makes Kaplan-Meier analysis and Cox
regression overestimate the probability of events of interest
or even obtain the opposite conclusion [9]. Therefore,

a competing risk model is needed to provide a better clinical
prediction [10]. After Gray’s test, when the risk of death
from other causes was removed, we still obtained a similar
survival tendency, which further confirmed our conclusion.
To our knowledge, this is the first and largest population-
based study to determine the relationship between survival
and stage in patients with stage II, IITIA, and IIIB colon
cancer.

It has been reported that the survival rate of rectal cancer
patients in stage IIA is lower than that of patients with stage
ITIA when there is not enough lymph node collection, and this
phenomenon may be related to stage migration [4]. Stage
migration refers to when the number of lymph nodes ex-
amined is insufficient; it may be misdiagnosed as “lymph
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TaBLE 2: Cox regression model analyses of cancer-specific survival in stage II, IIIA and IIIB colon cancer.
. Univariable analysis Multivariable analysis
Variable
HR 95% CI p HR 95% CI p
TNM stage <0.001 <0.001
IITA 1 1
IIA 1.550 1.290-1.862 <0.001 1.028 0.854-1.239 0.769
1IB 4.232 3.444-5.200 <0.001 3.166 2.573-3.895 <0.001
IIC 5.163 4.192-6.360 <0.001 4.314 3.499-5.318 <0.001
11IB 3.480 2.905-4.169 <0.001 3.492 2.914-4.185 <0.001
Sex 0.002
Female 1
Male 0.913 0.861-0.968
Age at diagnosis (yr) <0.001 <0.001
<60 1 1
>60 2.140 1.986-2.306 1.830 1.695-1.977
Race <0.001 <0.001
White 1 1
Black 1.110 1.019-1.210 0.017 1.094 1.003-1.193 0.042
Other 0.796 0.715-0.885 <0.001 0.786 0.706-0.874 <0.001
Histological type <0.001 <0.001
Adenocarcinoma 1 1
Other 1.323 1.211-1.444 1.230 1.126-1.343
Initial diagnosed site 0.020
Right colon 1
Left colon 0.933 0.880-0.989
LNH <0.001 <0.001
<12 1 1
>12 0.529 0.492-0.568 0.543 0.505-0.584
Radiotherapy 0.321
Yes 1
No/unknown 0.893 0.714-1.117
Chemotherapy <0.001 <0.001
Yes 1 1
No/unknown 1.538 1.444-1.639 2.139 1.992-2.296
Marriage status <0.001 <0.001
Married 1 1
Unmarried/ DSW 1.684 1.587-1.786 1.494 1.408-1.587

Note: LNH: number of lymph nodes harvested; DSW: divorced & separated &widowed.
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Figure 5: Cumulative incidence of colon cancer-specific deaths in
stage II, IITA and IIIB colon cancer patients.

node-negative” and reduce the stage, thus lacking necessary
adjuvant treatment and resulting in poor prognosis [11-13].
Therefore, in our study, the population was divided into
LNH> 12 and LNH < 12 subgroups. The results showed that
even in the LNH < 12 subgroup, the prognosis of the IIIA stage
was better than that of the II and IIIB stage, which indicated
that there was no significant correlation between this survival
contradiction and the number of LNH in colon cancer.
Although the AJCC staging system of CRC has been
constantly modified, the over-emphasis on the N stage has
always existed in various versions [14-16]. For a long time, as
long as lymph node metastasis is detected, it will be cataloged
into stage III, regardless of the size of the primary tumor. It
has been confirmed that the T stage has a greater proportion
of influence than the N stage in CRC [17]. Therefore, con-
sidering the contradiction between colon cancer stage and
survival in the 8th edition, the AJCC staging system needs to
reconsider the weight of the T and N stages and redefine the
classification criteria of colon cancer stages II and IIL
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The priority of chemotherapy in stage III is considered to
be a possible reason for the better prognosis of stage III
compared with T4NO colon cancer patients [18, 19]. Stage III
patients are often recommended to have a higher rate of
adjuvant chemotherapy, and postoperative adjuvant systemic
therapy can significantly improve the prognosis [20, 21]. With
the emergence of various new drugs, as well as the wide
application of immunotherapy and targeted therapy [22-25],
the prognosis of stage III patients is becoming increasingly
ideal. In our cohort, stage IITA had the highest chemotherapy
acceptance rate (67.7%), and the percentage of patients un-
dergoing chemotherapy in stage IIIB (62.4%) was also higher
than that in stages ITB (34.3%) and IIC (46.8%). Therefore, the
better prognosis of stage III may be attributed to the fact that
most patients with stage III colon cancer received adjuvant
chemotherapy. Whether patients with stage II colon cancer
should receive standard chemotherapy deserves further dis-
cussion in the latest guidelines.

The difference in biological characteristics may be the
internal mechanism of the survival contradiction [26-28].
Higher T staging not only means a larger primary tumor but
also reflects stronger aggressiveness [29]. At the same time,
the ratio of microsatellite instability [30-32] and perineural
invasion in T4NO colon cancer was significantly increased
[33], suggesting that stage IIB and stage IIC tumors may
have different biological behaviors compared with stage III.

There are some limitations in our study. First, as a ret-
rospective study, the inevitable selection bias should not be
ignored. Second, the SEER database does not include in-
formation on specific cancer-related biomarkers, which is
very important for prognosis prediction. Third, we only
studied the data from 2010 to 2015, which is a relatively short
follow-up period, and a longer follow-up time is needed to
confirm our results in the future.

5. Conclusions

The prognosis of colon cancer patients in stage IIA was
worse than that of patients in stage IIIA, while the survival
rate of colon cancer patients with stage IIB and IIC was lower
than that of patients in stage IIIB, and this contradiction
between survival and stage was not related to insufficient
LNH. In the future, we may need to evaluate and modify the
AJCC stage of colon cancer according to the prognostic
information to determine a more accurate and suitable new
staging system. This is a retrospective study, and large
prospective studies are needed to verify our results.

Data Availability

The datasets generated during and/or analyzed during the
current study are available in the SEER repository [https://
seer.cancer.gov/seerstat/].

Ethical Approval

The Ethics Committee of the First Affiliated Hospital of Xian
Jiaotong University exempted the review of the study be-
cause the SEER database is publicly available.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this article.

Authors’ Contributions

Jianjun He and Huimin Zhang also contributed equally to
this work.

Acknowledgments

Yijun Li would like to thank Professor Yongchun Song of the
Surgical Oncology Department of the First Affiliated Hos-
pital of Xi’an Jiaotong University in particular. Thanks to his
brilliant lectures, his ideas are so enlightening and give
a deep understanding of scientific research. The research was
supported by the Key Research and Development Project of
Shaanxi Province (No. 2020SF-294).

References

[1] R. L. Siegel, K. D. Miller, H. E. Fuchs, and A. Jemal, “Cancer
statistics,” CA: A Cancer Journal for Clinicians, vol. 72, no. 1,
pp. 7-33, 2022.

[2] S.B.Edgeand C. C. Compton, “The american joint committee
on cancer: the 7th edition of the AJCC cancer staging manual
and the future of TNM,” Annals of Surgical Oncology, vol. 17,
no. 6, pp. 1471-1474, 2010.

[3] B. Huang, S. Mo, L. Zhu, T. Xu, and G. Cai, “The survival and
clinicopathological differences between patients with stage
ITIA and stage II rectal cancer: an analysis of 12,036 patients in
the SEER database,” Oncotarget, vol. 7, no. 48, pp. 79787-
79796, 2016.

[4] S. Mo, W. Dai, W. Xiang et al., “Survival contradiction be-
tween stage ITA and stage IIIA rectal cancer: a retrospective
study,” Journal of Cancer, vol. 9, no. 8, pp. 1466-1475, 2018.

[5] M. J. Kim, S. Y. Jeong, S. J. Choi et al., “Survival paradox
between stage IIB/C (T4NO) and stage ITIA (T1-2N1) colon
cancer,” Annals of Surgical Oncology, vol. 22, no. 2,
pp. 505-512, 2015.

[6] W. Hohenberger, K. Weber, K. Matzel, T. Papadopoulos, and
S. Merkel, “Standardized surgery for colonic cancer: complete
mesocolic excision and central ligation-technical notes and
outcome,” Colorectal Disease, vol. 11, no. 4, pp. 354-364, 2009.

[7] C. Pedrazzani, H. J. Kim, E. J. Park et al., “Does laparoscopy
increase the risk of peritoneal recurrence after resection for
pT4 colon cancer? Results of a propensity score-matched
analysis from an international cohort,” European Journal of
Surgical Oncology, vol. 48, no. 8, pp. 1823-1830, 2022.

[8] B. Zhang, K. Guo, X. Zheng, L. Sun, M. Shen, and S. Ruan,
“Risk of second primary malignancies in colon cancer patients
treated with colectomy,” Frontiers Oncology, vol. 10, 2020.

[9] C. van Walraven and F. A. McAlister, “Competing risk bias
was common in kaplan-meier risk estimates published in
prominent medical journals,” Journal of Clinical Epidemiol-
ogy, vol. 69, 2016.

[10] Y. Li, R. Ma, H. Chen et al., “A novel risk-scoring system to
identify the potential population benefiting from adjuvant
chemotherapy for node-negative TNBC patients with tumor
size less than 1cm,” Frontiers Oncology, vol. 12, Article ID
788883, 2022.


https://seer.cancer.gov/seerstat/
https://seer.cancer.gov/seerstat/

[11] K. Derwinger, G. Carlsson, and B. Gustavsson, “Stage mi-
gration in colorectal cancer related to improved lymph node
assessment,” European Journal of Surgical Oncology, vol. 33,
no. 7, pp. 849-853, 2007.

[12] N. Duraker, Z. Civelek Caynak, and S. Hot, “The prognostic

value of the number of lymph nodes removed in patients with

node-negative colorectal cancer,” International Journal of

Surgery, vol. 12, no. 12, pp. 1324-1327, 2014.

B. Markl, “Stage migration vs. immunology: the lymph node

count story in colon cancer,” World Journal of Gastroenter-

ology, vol. 21, no. 43, pp. 12218-12233, 2015.

[14] Y. T. Lan, S. H. Yang, S. C. Chang et al., “Analysis of the
seventh edition of american joint committee on colon cancer
staging,” International Journal of Colorectal Disease, vol. 27,
no. 5, pp. 657-663, 2012.

[15] J. Li, C. H. Yi, Y. T. Hu et al., “TNM staging of colorectal
cancer should be reconsidered according to weighting of the
T stage: verification based on a 25-year follow-up,” Medicine
(Baltimore), vol. 95, no. 6, Article ID e2711, 2016.

[16] T. Mori, “A comparison of the new (planned) TNM classi-
fication and japanese general rule for staging colorectal
cancer,” Cancer Investigation, vol. 28, no. 4, pp. 387-392,
2010.

[17] J. Li, B. C. Guo, L. R. Sun et al., “TNM staging of colorectal
cancer should be reconsidered by T stage weighting,” World
Journal of Gastroenterology, vol. 20, no. 17, pp. 5104-5112,
2014.

[18] S.Y. Jeong, D. B. Chessin, D. Schrag, E. Riedel, W. D. Wong,
and J. G. Guillem, “Re: colon cancer survival rates with the
new american joint committee on cancer sixth edition stag-
ing,” Journal of the National Cancer Institute, vol. 97, no. 22,
pp. 1705-1706, 2005.

[19] J. B. O’Connell, M. A. Maggard, and C. Y. Ko, “Colon cancer
survival rates with the new american joint committee on
cancer sixth edition staging,” Journal of the National Cancer
Institute, vol. 96, no. 19, pp. 1420-1425, 2004.

[20] A. A. Bhat, S. Nisar, M. Singh et al, “Cytokine- and

chemokine-induced inflammatory colorectal tumor micro-

environment: emerging avenue for targeted therapy,” Cancer

Communications, vol. 42, no. 8, pp. 689-715, 2022.

R. Ranasinghe, M. Mathai, and A. Zulli, “A synopsis of

modern-day colorectal cancer: where we stand,” Biochimica et

Biophysica Acta (BBA)-Reviews on Cancer, vol. 1877, no. 2,

Article ID 188699, 2022.

[22] Y. Chen, B. Bai, K. Ying, H. Pan, and B. Xie, “Anti-PD-1

combined with targeted therapy: theory and practice in gastric

and colorectal cancer,” Biochimica et Biophysica Acta (BBA)-

Reviews on Cancer, vol. 1877, no. 5, Article ID 188775, 2022.

S. Dong, X. Guo, F. Han, Z. He, and Y. Wang, “Emerging role

of natural products in cancer immunotherapy,” Acta Phar-

maceutica Sinica B, vol. 12, no. 3, pp. 1163-1185, 2022.

A. Fan, B. Wang, X. Wang et al,, “Immunotherapy in co-

lorectal cancer: current achievements and future perspective,”

International Journal of Biological Sciences, vol. 17, no. 14,

pp. 3837-3849, 2021.

[25] S. Li, R. Na, X. Li, Y. Zhang, and T. Zheng, “Targeting
interleukin-17 enhances tumor response to immune check-
point inhibitors in colorectal cancer,” Biochimica et Bio-
physica Acta (BBA)-Reviews on Cancer, vol. 1877, no. 4,
Article ID 188758, 2022.

[26] P. Ahluwalia, R. Kolhe, and G. K. Gahlay, “The clinical rel-
evance of gene expression based prognostic signatures in
colorectal cancer,” Biochimica et Biophysica Acta (BBA)-Re-
views on Cancer, vol. 1875, no. 2, Article ID 188513, 2021.

(13

[21

(23

(24

Evidence-Based Complementary and Alternative Medicine

[27] N. Akimoto, T. Ugai, R. Zhong et al., “Rising incidence of
early-onset colorectal cancer-a call to action,” Nature Reviews
Clinical Oncology, vol. 18, no. 4, pp. 230-243, 2021.

[28] A.N.Burnett-Hartman, J. K. Lee, J. Demb, and S. Gupta, “An
update on the epidemiology, molecular characterization, di-
agnosis, and screening strategies for early-onset colorectal
cancer,” Gastroenterology, vol. 160, no. 4, pp. 1041-1049, 2021.

[29] L.S. Poritz, R. Sehgal, K. Hartnett, A. Berg, and W. A. Koltun,
“Tumor volume and percent positive lymph nodes as a pre-
dictor of 5-year survival in colorectal cancer,” Surgery,
vol. 150, no. 4, pp. 649-655, 2011.

[30] Z. Jin and F. A. Sinicrope, “Mismatch repair-deficient co-
lorectal cancer: building on checkpoint blockade,” Journal of
Clinical Oncology, vol. 40, no. 24, pp. 2735-2750, 2022.

[31] A. Puccini, A. Seeber, and M. D. Berger, “Biomarkers in
metastatic colorectal cancer: status quo and future perspec-
tive,” Cancers, vol. 14, pp. 4828-19, 2022.

[32] J. Taieb, M. Svrcek, R. Cohen, D. Basile, D. Tougeron, and
J. M. Phelip, “Deficient mismatch repair/microsatellite un-
stable colorectal cancer: diagnosis, prognosis and treatment,”
European Journal of Cancer, vol. 175, pp. 136-157, 2022.

[33] F. Benedix, F. Meyer, R. Kube et al., “Influence of anatomical
subsite on the incidence of microsatellite instability, and
KRAS and BRAF mutation rates in patients with colon car-
cinoma,” Pathology, Research ¢ Practice, vol. 208, no. 10,
pp. 592-597, 2012.





