Pre prints.org

Article Not peer-reviewed version

Differences in Prevalence of Colorectal
Carcinoma by Gender and Marital
Status and Expression of DNA
Mismatch Repair Proteins

Peilin Zhang i , Omid Bakhtar, Chris Wixom , Brian Cox , John Lee , Saha Sadeghi, Aidan Clement,
Lana Kabakibi , Madeleine Schwab

Posted Date: 18 July 2024
doi: 10.20944/preprints202407.1460v1

Keywords: Colorectal Cancer, DNA Mismatch repair enzyme, Gender and Marital status

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3590644

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 July 2024 d0i:10.20944/preprints202407.1460.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
Differences in Prevalence of Colorectal Carcinoma by

Gender and Marital Status and Expression of DNA
Mismatch Repair Proteins

Peilin Zhang *, Omid Bakhtar, Chris Wixom, Brian Cox, John Lee, Saha Sadeghi, Aidan Clement,
Lana Kabakibi and Madeleine Schwab

Department of Pathology, Sharp Healthcare Hospital Laboratories 5651 Copley Drive San Diego, CA 92111
* Correspondence: peilin.zhang@sharp.com

Abstract: Background: Gender dimorphism and marital status on colorectal cancer mortality have been
previously documented, but the relationship between these factors and DNA mismatch repair protein (MMRP)
expression status is unknown. Methods: Colectomy specimens were reviewed retrospectively for patients
between 2018 to 2023 with demographics including race/ethnicity, gender, marital status, faith, body mass
index, pathologic staging, and MMRP expression status. Statistical analyses were performed by using
baseline characteristics tables and various programs in R-package. Results: A total 1018 colectomies were
reviewed, and the tumor stages were significantly higher in right colon (stage 3 and 4) than those in left colon
and rectosigmoid colon (p<0.01). Marital status was significantly associated with patients” gender, age, tumor
size and tumor stages (all p<0.01). MMRP status were available in 775 cases, and 139 (17.9%) were MMRP
deficient, and 636 (82%) MMRP proficient. MMRP deficiency was significantly associated with older female
patients, larger tumor in size, higher tumor stages, higher histologic grade and more common in right colon
(all p<0.01). Inaddition, MMRP deficiency was statistically associated with higher percentage of divorced and
widowed patients (p<0.01). Multivariate linear regression analysis revealed persistent association of MMRP
deficiency with tumor size, tumor grade, tumor stage and nodal metastasis, but the associations with gender
and marital status no longer existed. Conclusion: The differences in prevalence of CRC by gender and marital
status and tumor MMRP status illustrate the importance of these factors on tumor stages and nodal metastasis
but these associations were more complex with other confounding factors.

Keywords: colorectal cancer; DNA mismatch repair enzyme; gender and marital status

Introduction

Colorectal carcinoma (CRC) is one of the most common malignancies worldwide with increasing
incidence due to dietary and lifestyle changes and population screening by colonoscopy in recent
decades [1-5]. Significant age and gender differences in colorectal carcinoma regarding morbidity
and mortality have been previously documented through large series of epidemiology studies [6-9].
Marital status also plays important roles in cancer mortality overall [10-13]. However, the difference
between the gender and marital status and DNA mismatch repair protein expression (MMRP) is
unknown. MMRP by immunohistochemistry has been validated to reflect the status of
microsatellites stability (MSI) of tumors in clinical setting, and it is generally accepted that MMRP
deficient tumors are MSI-high and MMRP proficient tumors are MSI-low (stable) [14]. MSI-H tumors
were known to be more responsive to immune therapy (check point inhibitor therapy) through large
clinical trials in clinically important tumors [15-18]. CRC is one of the earliest cancer type to adopt
MSI testing (MMRP) as standard practice not only for therapeutic purpose but also for screening for
Lynch syndrome, a genetic condition with susceptibility to various cancers especially in patients with
family history of colon cancer [19]. MMRP testing results have been incorporated into clinical
decision making for all newly diagnosed CRC patients [20].
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Our previous study on relationship between endometrial carcinoma and MMRP status of tumor
raised a question of mental health on MMRP gene expression manifested through standard marital
status reporting in the medical records [21]. As MMRP testing by IHC was originally adopted in
CRC, we sought to see if the relationship between marital status and MMRP status on endometrial
carcinoma can be repeated in CRC. Our current data illustrated the importance of mental health not
only on patients’ mental wellbeing, but also physically tumor gene expression, tumor staging, nodal
metastasis and ultimately patient’s therapeutic planning and prognosis.

Materials and Methods

The Study Patients

The retrospective study is exempt from institutional review board approval according to section
46.101(b) of 45CFR 46, which states that research involving the study of existing pathologic and
diagnostic specimens in such a manner that subjects cannot be identified is exempt from the
Department of Health and Human Services Protection of Human Research Subjects. It was performed
in accordance with STROBE guideline in reporting for cohort study. Colectomy specimens for
neoplasia were searched in the medical record from 2018 to November 2023 and included in the study
using the routine hematoxylin-eosin (H&E) stain. The clinical patients’ information including
demographics was obtained from the medical records and entered in Excel spreadsheet, together
with pathologic staging information including tumor type, histology, lymph node status. ~ The data
were collected in blind fashion and no randomization or preference was given in the entire dataset.

Inclusion and Exclusion Criteria

Only invasive carcinomas were included in the study and high grade dysplasia/intraepithelial
(intramucosal) carcinoma were excluded. Patients with missing data (attrition) were excluded from
the study.

Race/Ethnicity, Patients” Demographics and Body Mass Index (BMI)

The patients’ racial/ethnic data were retrieved from the electronic medical record (Cerner
System) according to the Center for Medicare and Medicaid Services (CMS) criteria as Asian, non-
Hispanic Black, Hispanic, and non-Hispanic White. The racial/ethnic data also included “unknown”,
“others”, or “declined” as one group without further information. Patients gender (sex) was
retrieved from the medical record as female and male, and marital status were defined as Married,
Single, Divorced/separated, and Widowed. Patients who declined to answer the marital status
questions were recorded as “Other” including “decline”, “others” and “unknown”. Religious belief
was recorded in binary fashion as “Yes” or “No”, and no specific religious type was used for analysis.
The patients” age and body mass index (BMI) were retrieved from the medical record, and patients’
body weights were not used for analysis.

Data Availability

The entire dataset will be available upon reasonable request for research only after the
manuscript is published.
Statistical Analysis

Statistical analysis was performed by using various programs of R-Package including baseline
characteristic table and multi-variant ANOVA tests. p<0.05 is considered statistically significant in
all tests (http://statistics4everyone.blogspot.com/2018/01/fathers-data-visualization.html).

DNA Mismatch Repair Protein Expression (MMRP)

Immunostaining for DNA mismatch repair proteins including MLH1, MSH2, MSH6 and PMS2
was performed by using Ventana Benchmark Ultra instrument (Roche Corporation). Pathology
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reporting of tumors was performed as standard practice by using software of standard synoptic
format from College of American Pathologists (CAP) updated and maintained by CAP.

Results

Distribution of CRC Based on Anatomic Sites and Tumor Stages

A total 1018 CRC cases from colectomy specimens were reviewed with clinical and pathologic
characteristics as well as patients’ race/ethnicity, marital status, faith (religious belief), patient’s age,
body mass index (BMI) and MMRP status. There were significant variations in frequencies of CRC
of different anatomic sites (Figure 1). These CRC distribution results in various anatomic sites were
similar to those described previously [1]. Based on the tumor size (tumor TNM staging), CRC was
divided into four T-stages (Table 1). Stage 1 represented 15.3%, stage 2 14%, stage 3 48.7% and stage
421.9%. The tumor stages were significantly higher (stages 3 and 4) in right colon (ascending colon
and cecum) than those of left colon or rectosigmoid colon p<0.01). Tumor stages were significantly
positively correlated with histologic grade and lymph node metastasis (p<0.01), as expected. High
tumor stages were significantly associate with lower patients” BMI (p<0.01). There was no significant
association between the race/ethnicity and gender (sex) and the tumor stages (Supplementary Table
1).

Table 1. Tumor Stage of Colorectal Carcinoma.

T-stage T1 T2 T3 T4 P

(N=156))(15.3% (N=143)(14%) (N=496))(48.7% (N=223))(21.9%

Marital status <0.01

- Divorced 10 ( 6.4%) 17 (11.9%) 61 (12.3%) 33 (14.8%)

- Married 96 (61.5%) 81 (56.6%) 244 (49.2%) 103 (46.2%)

- Other 1(0.6%) 1(0.7%) 5 (1.0%) 2 (0.9%)

- Single 41 (26.3%) 32 (22.4%) 103 (20.8%) 60 (26.9%)

- Widowed 8 (5.1%) 12 ( 8.4%) 83 (16.7%) 25 (11.2%)
BMI 26.0 [23.0;31.0] 27.0 [23.0;30.0] 25.0 [22.0;30.0] 24.0 [21.0;29.0] <0.01
MMRP status <0.01

- Proficient 83 (91.2%) 97 (89.8%) 309 (78.0%) 147 (81.7%)

- Deficient 8 (8.8%) 11 (10.2%) 87 (22.0%) 33 (18.3%)
Faith (religious belief) 88 (59.9%) 85 (60.7%) 324 (66.8%) 141 (64.7%)  0.34
Sex (gender) 0.65

- Female 82 (52.6%) 69 (48.3%) 269 (54.2%) 116 (52.0%)

- Male 74 (47.4%) 74 (51.7%) 227 (45.8%) 107 (48.0%)
Patient's age (year) 63.0 [54.5;72.0] 65.0 [55.0;78.0] 70.0 [60.0;81.0] 67.0 [59.0;76.5] <0.01
Tumor size (cm) 1.0[0.5;2.0] 3.0[15;40] 4.6[3.3,58 51[3.8;7.3] <0.01
Histologic grade <0.01

- Grade 1 82 (52.6%) 50 (35.0%) 118 (23.8%) 37 (16.6%)

- Grade 2 70 (44.9%) 87 (60.8%) 332 (66.9%) 141 (63.2%)

- Grade 3 4 (2.6%) 6 (4.2%) 46 (9.3%) 45 (20.2%)
Lymph node number 17.0 [12.0;21.0] 17.0 [14.0;23.0] 19.0 [14.0;26.0] 18.0[14.0;,25.0] <0.01
N stage (TNM-N) <0.01

- No data 12 (7.7%) 9 (6.3%) 2 (0.4%) 3(1.3%)


https://doi.org/10.20944/preprints202407.1460.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 July 2024 d0i:10.20944/preprints202407.1460.v1

- No nodal metastasis 124 (79.5%) 100 (69.9%) 264 (53.2%) 55 (24.7%)

-1a 9 (5.8%) 20 (14.0%) 70 (14.1%) 37 (16.6%)

-1b 6 (3.8%) 6 (4.2%) 69 (13.9%) 42 (18.8%)

-1c 1(0.6%) 0 (0.0%) 14 (2.8%) 7 (3.1%)

-2a 1(0.6%) 5 (3.5%) 43 (8.7%) 36 (16.1%)

-2b 3(1.9%) 3(2.1%) 34 (6.9%) 43 (19.3%)

BRAF 1(14.3%) 2 (40.0%) 26 (49.1%) 10 (30.3%)  0.17
MLH 2 (66.7%) 6 (100.0%) 32 (91.4%) 8(80.0%)  0.35
Lynch syndrome 4 (50.0%) 3 (27.3%) 16 (18.4%) 5 (15.2%) 0.14
Figure 1
Distribution of Colorectal Carcinoma (N=1018)
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Figure 1. Distribution of CRC based on the anatomic sites. ~Left panel showed the percentage of CRC
at each anatomic locations. The right panel showed distribution of CRC in right colon, transverse

colon, left colon, and rectosigmoid colon. .

Sex and Marital Status Differences in CRC

There were 536 female patients (52.7%) and 482 male patients (47.3%) with CRC in our cohort.
Statistically significantly more female patients were divorced and widowed (Table 2). There
appeared more BRAF gene mutations in tumors from female patients than those from male patients
(p=0.01)(Table 2). Marital status was statistically significantly associated with tumor stages, and the
divorced and the widowed patients were significantly associated with higher tumor stages (stage 3
and 4) than the married patients (Table 1 and Table 3). The divorced and widowed patients were
older, more females, with larger tumor size (all p<0.01, Table 1 and Table 3). Faith (religious belief)
was more common in female patients (p<0.01) (Table 3).

Table 2. Gender Differences in Colorectal Carcinoma.

Gender Female Male Total )
(N=536)(52.7%)  (N=482)(47.3%) (N=1018)
Marital status <0.01
- Divorced 72 (13.4%) 49 (10.2%) 121 (11.9%)
- Married 238 (44.4%) 286 (59.3%) 524 (51.5%)

- Other 6 (1.1%) 3(0.6%) 9 (0.9%)
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- Single 120 (22.4%) 116 (24.1%) 236 (23.2%)
- Widowed 100 (18.7%) 28 ( 5.8%) 128 (12.6%)
BMI 25.0[22.0;30.0]  26.0[23.0;30.0]  26.0[22.0;30.0] 0.10
MMRP <0.01
- Proficient 329 (78.0%) 307 (87.0%) 636 (82.1%)
- Deficient 93 (22.0%) 46 (13.0%) 139 (17.9%)
Faith (religious belief) 369 (70.3%) 269 (57.8%) 638 (64.4%) <0.01
Patient's age (year) 69.0 [56.0,79.0]  67.0[59.0,77.0]  68.0[58.0;78.0] 0.55
Tumor size (cm) 4.0[2.5;5.7] 4.1[2.2;5.5] 4.0[2.3;5.6] 0.75
Histologic grade 0.06
- Grade 1 138 (25.7%) 149 (30.9%) 287 (28.2%)
- Grade 2 336 (62.7%) 294 (61.0%) 630 (61.9%)
- Grade 3 62 (11.6%) 39 (8.1%) 101 (9.9%)
Tumor stage (TNM-T) 0.65
-1 82 (15.3%) 74 (15.4%) 156 (15.3%)
-2 69 (12.9%) 74 (15.4%) 143 (14.0%)
-3 269 (50.2%) 227 (47.1%) 496 (48.7%)
-4 116 (21.6%) 107 (22.2%) 223 (21.9%)
Nodal stage (TNM-N) 0.59
- No data 10 (1.9%) 16 (3.3%) 26 (2.6%)
- No nodal metastasis 282 (52.6%) 261 (54.1%) 543 (53.3%)
-1la 74 (13.8%) 62 (12.9%) 136 (13.4%)
-1b 70 (13.1%) 53 (11.0%) 123 (12.1%)
-1c 9 (1.7%) 13 (2.7%) 22 (2.2%)
-2a 46 ( 8.6%) 39 (8.1%) 85 (8.3%)
-2b 45 (. 8.4%) 38 (7.9%) 83 (8.2%)
Table 3. Marital Status and Colorectal carcinoma.
Marital Status Divorced  Married Other Single @ Widowed p
(N=121) (N=524) (N=9) (N=236) (N=128)
25.0 26.0 25.0 25.0 25.5
BMI [22.0;31.0] [22.0;30.0] [21.0;27.0] [22.0;29.5] [22.0;30.0] 077
MMRP <0.01
- Proficient 67 (76.1%) 347 (85.9%) 6 (75.0%) 155(87.1%) 61 (62.9%)
- Deficient 21 (23.9%) 57 (14.1%) 2(25.0%) 23 (12.9%) 36 (37.1%)
Faith (religious belief) 68 (57.6%) 346 (67.7%) 2 (28.6%) 126 (54.5%) 96 (78.0%) <0.01
Sex (gender) <0.01
- Female 72 (59.5%) 238 (45.4%) 6 (66.7%) 120 (50.8%) 100 (78.1%)
- Male 49 (40.5%) 286 (54.6%) 3(33.3%) 116 (49.2%) 28 (21.9%)
Patient's age (year) 66.0 67.0 77.0 64.0 84.0 <001
[569.0,75.0] [56.5,76.0] [77.0;81.0] [54.0;73.0] [76.0;90.0]
Tumor size (cm) 48[3.3;6.5]39[2.1;54]5.2[3.5,5.5]3.5[ 2.0, 5.1] 4.5 [ 3.3; 6.4] <0.01
Histologic grade 0.56
- Grade 1 31 (25.6%) 150 (28.6%) 1(11.1%) 72(30.5%) 33 (25.8%)
- Grade 2 77 (63.6%) 325 (62.0%) 6 (66.7%) 145 (61.4%) 77 (60.2%)
- Grade 3 13 (10.7%) 49 (9.4%) 2(222%) 19(8.1%) 18 (14.1%)
T stage (TNM-T) <0.01
-1 10(8.3%) 96 (18.3%) 1(11.1%) 41(17.4%) 8(6.2%)
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-2 17 (14.0%) 81 (155%) 1(11.1%) 32(13.6%) 12 (9.4%)
-3 61 (50.4%) 244 (46.6%) 5 (55.6%) 103 (43.6%) 83 (64.8%)
-4 33 (27.3%) 103 (19.7%) 2(22.2%) 60 (25.4%) 25 (19.5%)
N stage (TNM-N) 0.64
- No data 4(33%) 15(29%) 0(0.0%) 5(21%) 2(1.6%)
- No nodal metastasis 59 (48.8%) 290 (55.3%) 5 (55.6%) 117 (49.6%) 72 (56.2%)
-1a 19 (15.7%) 67 (12.8%) 1(11.1%) 32 (13.6%) 17 (13.3%)
-1b 16 (13.2%) 58 (11.1%) 0(0.0%) 29 (12.3%) 20 (15.6%)
-1c 0(0.0%) 13(25%) 0(0.0%) 8(3.4%) 1(0.8%)
-2a 8(6.6%) 41(7.8%) 2(222%) 25(10.6%) 9 (7.0%)
-2b 15 (12.4%) 40 (7.6%) 1(11.1%) 20(85%) 7(5.5%)
BRAF mutation 5(41.7%) 15(34.9%) 0(0.0%) 6(28.6%) 13 (61.9%) 0.17

MLH gene methylation 7 (77.8%) 15(83.3%) 1(100.0%) 9 (90.0%) 16 (100.0%) 0.43
Lynch syndrome 4(19.0%) 17 (29.8%) 0(0.0%) 521.7%) 2(5.6%) 0.07

MMRP Status in CRC

MMRP status by immunohistochemistry was available in 775 cases, and there were 139 cases
(17.9%) with MMRP deficient tumors, and 636 cases (82%) with MMRP proficient tumors. There
were 28 cases (3.6% of total, 20% of MMRP deficient tumors) with features consistent with Lynch
syndrome, and the remaining 111 cases (80% of MMRP deficient tumor) were consistent with
sporadic mutations/MLH1 gene methylations. MMRP deficiency was significantly associated with
marital status (p<0.01), female gender (p<0.01), older patient age (p<0.01), tumor size (p<0.01), tumor
anatomic location (p<0.01), tumor stage, tumor histologic grade and nodal metastasis (all p<0.01)
(Table 4). MMRP deficient tumors were significantly larger in size, more common in right colon
(ascending colon and cecum), higher histologic grade and higher tumor stages, as expected. MMRP
deficient tumors were more common in divorced and widowed patients (Table 3 and table 4). After
removal of probable Lynch syndrome patients from the cohort, MMRP deficiency due to sporadic
mutation/MLH1 gene methylations showed similar results as described above (Table 4). The
remaining 28 probable Lynch syndrome patients showed higher histologic grade, larger tumor in size
and more common in the right colon, as previously described (data not shown). No significant
associations between MMRP deficiency due to Lynch syndrome and marital status, gender, tumor
stage and nodal metastatic stages were observed (data not shown). There was no significant
difference in race/ethnicity, faith (religious belief) and BMI and MMRP status. Multivariate linear
regression analysis using MMRP status revealed persistent association between MMRP deficiency
and tumor size, tumor grade, tumor stage and lymph node metastasis (Figure 2). The associations
between gender and marital status and MMRP status no longer existed.

Race/ethnicity was significantly associated with marital status, BMI, patients’ age, and faith
(religious belief); and faith was found more common in female patients (supplementary Tables 1, 2
and 3). Approximately 10% CRC in our data were from patients younger than 50 (10.1%)
(supplementary Table 3), and racial/ethnic minority groups including Asian, Black and Hispanic
groups were more affected younger than the racial/ethnic White patient population (supplementary
Table 3). The age-adjusted higher prevalence of CRC in male patients previously demonstrated was
only showed in the age group of 60-69 in our dataset, and significantly higher prevalence of CRC was
observed in female patients younger than 40 years (Supplementary Table 3).

Table 4. CRC and MMRP Status (excluding Lynch syndrome).

MMRP status Proficient Deficient Total )
(N=636) (N=111) (N=747)
Race /ethnicity 0.04
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- Asian
- Black
- Hispanic
- Other
- White
Marital status
- Divorced
- Married
- Other
- Single
- Widowed
BMI
Faith (religious belief)
Gender (sex)
- Female
- Male
Patient age (year)
Anatomic site
- Right colon
- Left colon
- Sigmoid & Rectum
- Transverse
Tumor size (cm)
Histologic grade
- Grade 1
- Grade 2
- Grade 3
Tumor stage (TNM-T)
-1
-2
-3
-4
Nodal stage (TNM-N)
No data
NO
-1a
-1b
-1c
-2a
-2b
BRAF

91 (14.3%)
25 (3.9%)
121 (19.0%)
90 (14.2%)
309 (48.6%)

67 (10.5%)
347 (54.6%)
6 (0.9%)
155 (24.4%)
61 (9.6%)
26.0 [22.0;30.0]
388 (62.7%)

329 (51.7%)
307 (48.3%)
65.5+14.0

182 (28.7%)
54 (8.4%)
364 (57.2%)
36 (5.7%)
40[2.5;5.5]

180 (28.3%)
411 (64.6%)
45 (7.1%)

83 (13.1%)
97 (15.3%)
309 (48.6%)
147 (23.1%)

12 ( 1.9%)
304 (47.8%)
107 (16.8%)
76 (11.9%)

14 ( 2.2%)

60 (9.4%)

63 (9.9%)

7 (14.9%)

6 ( 5.4%)
3(2.7%)
17 (15.3%)
16 (14.4%)
69 (62.2%)

17 (15.3%)
40 (36.0%)
2 (1.8%)

18 (16.2%)
34 (30.6%)
25.0 [22.0;28.5]
68 (63.6%)

77 (69.4%)
34 (30.6%)
743 +£13.2

80 (72.0%)
6 (5.4%)
9 (8.1%)
16 (14.4%)
6.0 4.5; 7.5]

17 (15.3%)
60 (54.1%)
34 (30.6%)

4(3.6%)
8 (7.2%)
71 (64.0%)
28 (25.2%)

0 (0.0%)
68 (61.3%)
6 (5.4%)
18 (16.2%)
2 (1.8%)
7 (6.3%)
10 ( 9.0%)
32 (65.3%)

97 (13.0%)
28 (3.7%)
138 (18.5%)
106 (14.2%)
378 (50.6%)

84 (11.2%)
387 (51.8%)
8 (1.1%)
173 (23.2%)
95 (12.7%)
26.0 [22.0;30.0]
456 (62.8%)

406 (54.4%)
341 (45.6%)
67.9+14.2

262 (35.1%)
60 (8.0%)
373 (49.9%)
52 (7.0%)
4.01[2.3;5.5]

197 (26.4%)
471 (63.1%)
79 (10.6%)

87 (11.6%)
105 (14.1%)
380 (50.9%)
175 (23.4%)

12 ( 1.6%)
372 (49.8%)
113 (15.1%)
94 (12.6%)

16 ( 2.1%)

67 (9.0%)

73 (9.8%)
39 (40.6%)

<0.01

0.43
0.95
<0.01

<0.01
<0.01

<0.01

<0.01

<0.01

0.01

<0.01
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Figure 2
Multivariate linear regression model of CRC and MMRP status
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Figure 2. Multivariate linear regression model of MMRP status in CRC patients. p<0.05 is considered

statistically significant.

Discussion

We have showed the clinical and pathologic characteristics of CRC in our institution from 2018
to November 2023. Despite decades of population screening by colonoscopy, the high stages CRCs
(stage 3 and 4, 70.6%) in our dataset were more than doubled than those of low stage tumors (29.4%).
It is difficult to determine the etiology of this variation in tumor stage of CRC, especially the overall
number of low tumor stage CRCs (N=299 stage 1 and 2) was less that that of high stage CRCs (N=719).
However, it is worth noting that our dataset contained invasive carcinomas only (T1 or higher), and
intraepithelial carcinomas/intramucosal carcinomas (Tis) were not included in our study.

Our data also showed that there were significant gender and marital status differences in tumor
sizes and tumor stages by single variate analysis, and the divorced or widowed patients were
significantly more likely to have larger tumors and higher stage CRCs. Moreover, divorced or
widowed patients had significantly more MMRP deficient tumors. These associations between
gender/marital status and MMRP status were no longer identified by multivariate linear regression
analysis, suggesting more complex multifactorial/biological process. MMRP deficiency in CRC has
been extensively studied in Lynch syndrome and in predicting therapeutic efficacies using
checkpoint inhibitors [22,23]. Our data showed that MMRP deficient tumors were significantly
more common in right colon and transverse colon, as previously demonstrated [19], and MMRP
deficiency was associated with larger tumor size, higher histologic grade, higher tumor stages, more
nodal metastasis. Our data also showed that 20% of MMRP deficient tumors by IHC were Lynch
syndromes, and the remaining 80% MMRP deficient tumors were sporadic due likely to MLH gene
methylations [24]. MLH gene methylation is epigenetic event that can be affected by lifestyle
modification. Current CRC data confirmed our previous finding that divorce or loss of life partner
(widowed) exerted significant effects on MMRP gene expression, likely through methylation of MLH
gene promoters [21]. It is also important to note that the relationship between divorced or widowed
patients and MMRP deficiency was more significant in older female patients in CRC. These results
indicated that socioemotional and psychological health of cancer patients plays an important role in
tumor gene expression, tumor pathology and tumor stage, ultimately affecting the prognosis and
treatment of cancer patients.
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Conclusions

Socioemotional and psychological health of cancer patients is important for tumor gene
expression, tumor pathology and tumor stages, ultimately affecting the prognosis and therapy of
cancer patients.
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