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Background: In Saudi Arabia, there is no population-based colorectal cancer (CRC)
screening, and more than two-thirds of patients are diagnosed with a late stage. We assessed
the association between sex and distant metastasis CRC and hypothesize that females,
younger age, non-married, and patients with colon cancer would present with metastatic
tumors.

Patients and Methods: The retrospective cohort study used data from the Ministry of
National Guard Cancer Registry. Logistic regression was used to assess the association
between sex and metastatic CRC adjusting for patient covariates. In a sensitivity analysis,
the association between sex and late-stage CRC was evaluated.

Results: A total of 1016 CRC patients met the eligibility criteria, with 37.59% of females
and 30.26% of males diagnosed with metastatic CRC. After adjusting for marital status,
grade, and morphology, females were 20% more likely than males to present with
a metastatic tumor 1.20 (95% CI, 1.04—1.38).

Conclusion: Although the entire Saudi population would benefit from CRC screening,
women may benefit the most from targeted screening.
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Background
Colorectal cancer (CRC) is the third most common cancer and the second cause of
cancer death globally."* CRC risk factors, including poor diet, smoking, alcohol
intake, and visceral fat, are more common in males and reflects the higher CRC
morbidity and mortality in males compared to females. In Saudi Arabia, CRC
remains the most prevalent cancer in males and the third most prevalent in females
causing 2047 new cases and 1090 deaths in 2014.*°® Despite the higher CRC
incidence in Saudi males, the increased consumption of fatty diet, the increased
percentage of overweight, and the lower rates of physical activities in Saudi females
are characteristics more frequently associated with poor CRC outcomes.®

CRC survival, as a critical CRC outcome, is determined by several factors,
including demographics (age, sex, and marital status), tumor characteristics (size,
grade, and stage at diagnosis), comorbidities, treatment, and the existence of
population-based screening.> Currently, there is no population-based CRC screen-
ing in Saudi Arabia. Of all the other factors contributing to CRC survival, the most
determinant factor is the stage at diagnosis, a more predictive CRC survival factor
than treatment.” Evidence indicates that lower CRC survival is associated with
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a later stage at diagnosis, and there is an inverse relation-
ship between an advanced stage at diagnosis and CRC
survival.**?

Previous studies in the Saudi population reported a 9.6%
sex difference in the 5-year overall survival in CRC patients,
favoring females.'™'! However, after adjustment for patient
characteristics, the same studies reported a survival advan-
tage in males, an obscure finding. Whether there is
a difference between Saudi males and females in terms of
the stage at diagnosis, remains unknown.

Prior international research reported controversial results
regarding the association between sex and stage at diagnosis.
In the US, Nguyen et al conducted a systematic review and
meta-analysis to assess the association between sex and
advanced colorectal neoplasia. They found that males had
an 83% higher risk of developing advanced neoplasia com-
pared to females.'> However, a UK-based national study
assessing the same association found no overall differences,
but males were more likely to be diagnosed at Stage
I compared to females.'* A possible explanation that males
are more likely to be diagnosed at an earlier stage is they have
higher distal colon cancer that is characterized by polypoid
tumors, opposed to flat tumors that is more common in the
proximal colon and prevalent in females and easily missed on
the initial colonoscopy.'*™!” Evidence is unclear about the
association between sex and the stage at diagnosis, especially
in a population with no systematic CRC screening such as the
Saudi population.

Our objective was to study the association between sex
and distant metastasis (ie, late-stage) versus non-
metastasis (ie, early-stage) CRC diagnosis, after adjusting
for other independent patient-related covariates. Our pri-
mary hypothesis was that women because they have less
access to healthcare, would be more likely than men to be
diagnosed at a late rather than the early stages of CRC.
Secondly, based on prior literature, we expected a late-
stage CRC diagnosis to be more frequent in younger

19,20

patients,'® in non-married patients, and colon cancer

patients due to fewer visible bleeding symptoms before

diagnosis compared with rectal cancer patients.*'**

Patients and Methods

Data Sources

The current study is a retrospective cohort study using data
from the Cancer Registry of the Ministry of National
Guard-Health Affairs (MNG-HA). The registry captures
cancer information about patient demographics, clinical

characteristics such as cancer type, location, and extent
at the time of diagnosis. The registry records all cases
diagnosed and treated at King Abdulaziz Medical City
(KAMC) in Riyadh. King Abdullah International Medical
Research Center approved this study (IRB#RC19/029/R).

Study Population

Patients included in the current study were all from the
MNG-HA population with histopathologically confirmed
CRC diagnosis between January 1, 2009,
December 31, 2017, and >18 years old at the time of
diagnosis. The MNG-HA population consists of military

and

service members and their dependents, civilian workforce,
and healthcare students from the MNG-HA healthcare
system. The population of more than one million indivi-
duals is served by tertiary care hospitals and four main

primary and secondary care clinics.

Study Variables

Patient and Tumor Characteristics

The patient demographics retrieved from the medical
records include age at diagnosis, sex, and marital status.
The clinical variables, including tumor topography, mor-
phology, behavior, grade, and extent, were extracted from
the pathology reports and surgical specimens. The ana-
tomic tumor location was categorized according to the
ICD for Oncology-third edition topography as follows:
right colon (ie, cecum, ascending colon, hepatic flexure
of the colon and transverse colon), left colon (ie, splenic
flexure of the colon, descending colon, and sigmoid),
rectum (rectosigmoid junction and rectum) and colon not
otherwise specified (NOS).2 %

Outcome Variable

The outcome of the study was the stage at diagnosis.
Distant metastasis at the time of diagnosis designates non-
curable disease, and the goal of treatment is palliative.
However, an in-situ, localized, or regional stage at diag-
nosis is considered curable.’® Given the distinction
between a treatable vs curable stage at diagnosis, patients
diagnosed with distant metastasis were categorized as late-
stage-at-diagnosis, and patients presenting with an in situ,
localized, or regional stage were classified as early-stage-
at-diagnosis. The Surveillance, Epidemiology, and End
Results (SEER) Summary Staging (In situ, localized,
regional, distant metastasis) was used in this study.?’
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Sensitivity Analysis

Two sensitivity analyses were conducted. Firstly, to com-
pare our findings with prior studies, the outcome variable
was also categorized as follows: In-situ and stage I were
considered early tumors while stages II, III and IV were
considered late-stage tumor.”® Secondly, the anatomic
tumor location was defined differently in three separate
models. For the first model, the right bowel segment
(cecum, appendix, ascending colon, hepatic flexure, trans-
verse colon, and splenic flexure) and the left bowel seg-
ment (descending colon, sigmoid, rectosigmoid, and
rectum) definitions were used. In the second model, the
proximal colon (cecum, appendix, ascending colon, hepa-
tic flexure, transverse colon, splenic flexure, and descend-
ing colon) and the distal colon (sigmoid, rectosigmoid, and
rectum) definition were used. For the third model, the
cecum and appendix were designated as one category
with the distal (sigmoid, rectosigmoid, and rectum)
bowel in the other category. The two sensitivity analyses
were used to assess the robustness of our results under

various definitions.

Data Analysis

The demographic and clinical characteristics were
assessed using chi-square statistics, and Wald tests were
used to determine the association between covariates and
stage at diagnosis. Logistic regression models were used to
determine the univariate association between the stage at
diagnosis and covariates, and the multivariate association
between stage at diagnosis and sex adjusting for all poten-
tial covariates. Backward elimination was used during the
multivariate analysis to retain all variables with a P<0.20.
These variables were marital status, topography, grade,
and morphology. We assessed the interaction between
sex and other covariates and found no significant interac-
tion. All statistical tests were 2-sided, and findings were
considered statistically significant at P < 0.05. All analyses
were conducted using SAS statistical software version 9.4

(SAS Institute Inc. Cary, NC).

Results

After applying the eligibility criteria, the total sample was
1016 CRC patients diagnosed between 2009 and 2017.
Table 1 displays the demographic and clinical features of
the patients according to sex. Women were diagnosed at

a younger age but were less married compared to men.

Table 2 displays the results of the univariate and multi-
variate logistic regression analyses. At the univariate level,
patients who presented with moderately differentiated
tumors were 41.40% less likely to be diagnosed at the
metastatic stage (OR= 0.586; 95% CI: 0.452, 0.760),
compared to patients diagnosed with poorly differentiated
tumors.

At the multivariate level, after adjustment for marital
status, topography, grade, and morphology, women were
20% more likely than men to be diagnosed with metastatic
stage tumors (OR= 1.204; 95% CI: 1.048, 1.384). Patients
who presented with moderately differentiated tumors were
44% less likely than patients with poorly differentiated
tumors to be diagnosed at a metastatic stage (OR= 0.562;
95% CI: 0.424, 0.747). Moreover, compared with patients
diagnosed with signet ring cell carcinoma, patients diag-
nosed with adenocarcinoma, mucinous adenocarcinoma,
adenocarcinoma with villous/tubulovillous adenoma, and
others were 77.1%, 86.0%, 86.7%, and 87.3% less likely
to present with metastatic stage tumors, respectively.
Table 3 displays the significant increase in a metastatic
stage diagnosis in both sexes throughout the diagnosis
periods. In the sensitivity analyses (Supplementary Table

1 and 2), we found no differences in metastatic stage at
diagnosis according to tumor subsites.

Discussion

In a population with no systematic CRC screening, we
investigated the association between sex and metastatic
stage at diagnosis after controlling for potential covariates.
We hypothesized that because women have less access to
healthcare, they were more likely than men to be diag-
nosed with distant metastatic CRC. We also hypothesized
that younger patients, non-married, and patients with colon
cancer (compared to rectal cancer patients) would be more
likely to be diagnosed at a metastatic stage. We reported an
increase in the diagnosis of distant metastatic CRC
between 2009 and 2017 in both sexes, with a higher pro-
portion of metastatic or late-stage diagnosis in women. We
also demonstrated that women were 20% more likely than
men to be diagnosed at a metastatic stage. We were unable
to detect a difference in the diagnosis of metastatic CRC
by age and marital status, as reported previously.'®?!>2
A diagnosis of CRC at the metastatic stage, especially
non-resectable metastatic tumors, is associated with
increased morbidity and mortality® and is a substantial

burden to healthcare.>*>!
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Table | Demographic and Clinical Characteristics by Sex, MNG-HA, 2009-2017 *

Characteristics Total (n=1016) Women (n=431) Men (n=585) P
N %, SD N %, SD N %, SD
Age (years)
Mean (SD) 60.46 14.28 59.09 13.94 61.46 14.45
<40 84 8.27 39 9.05 45 7.69 0.04
41-50 142 13.98 65 15.08 77 13.16
51-60 293 28.84 138 32.02 155 26.50
61-70 242 23.82 102 23.67 140 23.93
71-80 178 17.52 58 13.46 120 20.51
28| 77 7.58 29 6.73 48 821
Marital status
Married 760 74.80 300 69.61 460 78.63 <0.01
Non-married 256 25.20 131 30.39 125 21.37
Tumor site
Right colon 182 17.91 77 17.87 105 17.95 0.66
Left colon 291 28.64 132 30.63 159 27.18
Colon-non specified 168 16.54 69 16.01 99 16.92
Colon (all) 641 63.09 278 64.51 363 64.05
Rectum 375 36.91 153 35.50 222 37.95
Tumor morphology
Adenocarcinoma (AC) 857 84.35 362 83.99 495 84.62 0.48
Mucinous AC 63 6.20 27 6.26 36 6.15
Mucin-producing AC 12 1.18 0.70 9 1.54
Signet ring cell 14 1.38 0.93 10 1.71
AC in villous adenoma 16 1.57 9 2.09 7 1.20
Others 54 5.31 26 6.03 28 479
Tumor grade
Well differentiated 33 3.25 16 3.71 17 291 0.73
Moderately differentiated 776 76.38 326 75.64 450 76.92
Poorly differentiated 68 6.69 32 742 36 6.15
Unknown 139 13.68 57 13.23 82 14.02
Stage at diagnosis
In situ 3 0.30 2 0.46 | 0.17 0.06
Localized 228 23.22 83 19.26 145 24.79
Regional 412 41.96 169 39.21 243 41.54
Distant metastasis 339 3452 162 37.59 177 30.26
Missing 34 335 15 3.48 19 3.25

Note: *Bold numbers indicate significant results at p=0.05.

The majority of prior research found no significant
differences in metastatic or late-stage diagnosis by sex,
contrary to other studies.'*'®*®3273% Congruent with our
findings, Charlton et al assessed the association between
sex and late-stage diagnosis in a Medicare population and
found women to be 64% more likely than men to be
diagnosed at a late stage. However, the association was
reduced to a non-significant 3% when the authors stratified

the results by having had a colonoscopy, differentiating

patients diagnosed with a colonoscopy from others (eg,
emergency admission).”® Similarly, Morgan et al reported
that Californian women had a 6% higher odds of late-stage
after adjustment for age, race, SES, and bowel segment.29
In contrast, Amri et al compared the odds of a metastatic
stage diagnosis by sex and found no significant difference;
however, other authors reported unscreened women are
more likely to be diagnosed at a metastatic stage than
screened women.*? Given the fact that our population is
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Table 2 Logistic Regression of Metastatic vs Non-Metastatic Colorectal Cancer Diagnosis by Sex and Other Determinants, MNG-HA,

2009-2017*
Characteristics Univariate Multivariate
OR 95% CI P OR 95% ClI
Sex
Male 1.0 0.01 1.0
Female 1.182 (1.035,1.350) 1.204 (1.048,1.384)
Age
<40 1.0 0.40 - -
41-50 1.037 (0.753,1.429) - -
51-60 0.855 (0.663,1.102) - -
61-70 1.110 (0.856,1.440) - -
71-80 1.025 (0.760,1.383) - -
28| 0.851 (0.554,1.306) - -
Marital status
Married 1.0 0.17 - -
Non-married 1.109 (0.954,1.290) - -
Tumor site - -
Right colon 1.0 0.25 - -
Left colon 1.021 (0.820,1.272) - -
Rectum 0.840 (0.681,1.037) - -
Colon-non specified 1.193 (0.918,1.549) - -
Colon (all) 1.0 0.10 - -
Rectum 0.894 (0.779,1.027)
Tumor grade
Poorly differentiated 1.0 <0.01 1.0
Moderately differ. 0.586 (0.452,0.760) 0.562 (0.424,0.747)
Well differ. 0.789 (0.453,1.372) 0.898 (0.508,1.588)
Unknown 1.603 (1.141,2.253) 1.855 (1.275,2.699)
Morphology
Signet ring cell carc. 1.0 0.11 1.0
Adenocarcinoma (AC) 0.687 (0.467,1.011) 0.987 (0.648,1.503)
Mucin-producing AC 1.340 (0.495,3.621) 1.491 (0.529,4.203)
Mucinous AC 0.591 (0.330,1.058) 0.554 (0.300,1.023)
AC Villous, Tubuvillous adenoma 0.447 (0.165,1.207) 0.572 (0.203,1.609)
Others 0.835 (0.460,1.517) 0.514 (0.268,0.984)

Note: *Bold numbers indicate significant results at p=0.05.

an unscreened population, a null association between sex
and metastatic diagnosis could be expected, because the
women in the study, compared to men, presented with
fewer rectal tumors and had slightly better tumor charac-
teristics (less signet ring cell carcinoma and more well-
differentiated tumors). It remains unclear why more
women present at metastatic stage. The reason for this
disparity cannot be inferred from the current study data,
as it may range from behavioral, cultural (eg, inability for

women to drive causing a delay or even lack of access to

healthcare), and socioeconomic factors, to sex-specific
factors such as fewer communication with the provider
during a clinic visit.*

We also hypothesized that younger patients, the non-
married, and patients diagnosed with colon cancer would
be more likely than their counterparts to present at
a metastatic stage. With regard to age, we did not find
a difference in a metastatic diagnosis by age, a finding similar
to several studies,”'**> but not to others.'® The hypothesis
that younger patients are more likely to be diagnosed at a late
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Table 3 CRC Among Women and Men by Year and Stage at Diagnosis, 2009-2017

Sex Stage Diagnosis Year
2009 2010 2011 2012 2013 2014 2015 2016 2017 P
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Women
Non-Metastatic 26 (77.22) | 23 (63.89) | 30 (56.60) | 25 (58.14) | 36 (69.23) | 34 (56.67) | 31 (62.00) | 33 (62.26) | 16 (48.48) | 0.21
Metastatic 10 (27.78) | 13 (36.11) | 23 (43.40) | 18 (41.86) | 16 (30.77) | 26 (43.33) | 19 (38.00) | 20 (37.74) | 17 (51.52)
Men
Non-Metastatic 42 (80.77) | 33 (60.00) | 33 (64.71) | 65(77.38) | 54 (70.13) | 45 (64.29) | 37 (61.67) | 52 (74.29) | 28 (59.57) | 0.24
Metastatic 10 (19.23) | 22 (40.00) | 18 (35.29) | 19 (22.62) | 23 (29.87) | 25(35.71) | 23 (38.33) | 18 (25.71) | 19 (40.43)
Women
Early stages 9 (25.00) 12 (33.33) | 12 (22.64) | 8 (18.60) 15 (28.85) | 13 (21.67) | 9 (18.00) 4(7.55) 3(9.09) 0.002
(In situ, localized)
Late stage 27 (75.00) | 24 (66.67) | 41 (77.36) | 35 (81.40) | 37 (71.15) | 47 (78.33) | 41 (82.00) | 49 (92.45) | 30 (90.91)
Men
Early stages 15(28.85) | 14 (25.45) | 13 (25.49) | 25 (29.76) | 31 (40.26) | 20 (28.57) | 10 (16.67) | 11 (15.71) | 7 (14.89) 0.0l
(In situ, localized)
Late stage 37 (71.15) | 41 (74.55) | 38 (74.51) | 59 (70.24) | 46 (59.74) | 50 (71.43) | 50 (83.33) | 59 (84.29) | 40 (85.11)

stage is based on prior findings that younger patients (<50
years) tend to present with aggressive disease that develops
into an advanced stage faster than the older population,*'**
however; this was not found in the current study. The uni-
variate analysis indicated that non-married patients were
more likely to be diagnosed at a metastatic stage compared
to married patients, but the finding was insignificant. Prior
research showed that social support through marriage
is positively associated with CRC detection and
treatment.'>** In terms of tumor location (ie, left vs right,
etc.), the analyses showed no differences between men and
women who presented with left-sided-colon or rectal-tumor
and metastatic stage, inconsistent with prior literature.'* In
a sensitivity analysis that is limited to individuals presenting
with right-sided or left-sided tumors and proximal or distal

tumors (Supplementary Table 1), there was also no signifi-

cant association between tumor location and metastatic stage.
It should be noted that in the current study, in addition to sex,
other tumor characteristics were associated with a metastatic
stage at diagnosis, including tumor grade and morphology.
Patients diagnosed with moderately differentiated tumors or
non-signet ring cell carcinoma were less likely to be diag-
nosed at a metastatic stage compared to their counterparts.
In a sensitivity analysis (Supplementary Table 2), we

categorized the stage at diagnosis in early-stage (in situ
and localized tumors) and late-stage (regional and distant
metastasis) similar to a previous publication,”® and the

proportion of patients classified as late-stage exceeded

76%. Considering that the stage at diagnosis is the most
predictive factor for CRC outcome, it is disheartening that
the majority of our population present at a late stage, in
view of the preventive nature of CRC. The prognosis of
late-stage CRC is poor because it is associated with
increased morbidity and mortality, irrespective of the
patient’s characteristics. On a positive note, though
women tend to present with more metastatic disease than
men, the survival rates are similar, suggesting an improve-
ment in CRC treatment.

Evidence suggests a link between the lack of popula-
tion-based CRC screening and the detrimental CRC
outcomes.***” Not only does the absence of CRC screen-
ing prevent the detection of polyps and CRC during the
early development, but it has a negative impact on the
entire continuum of CRC, especially among female.** For
instance, during the diagnosis phase, 86.1% of the non-
screened women and 4.2% of the screened women present
with symptoms. Likewise, while 13.6% of the non-
screened women undergo emergency admission, only
2.5% of the screened women do. During the treatment
phase, compared to non-screened women, screened
women suffer from longer surgery duration and subse-
quent longer length of hospital stay (118 vs 105 minutes),
higher multivisceral resections (20% vs 5%), higher node
involvement (47.6% vs 21%) and higher distant metastasis
(12.3% vs 1.7%). The long-term benefits of CRC screen-
ing are, in essence, pertinent to the medical and surgical
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oncologists since positive CRC outcomes are higher
among screened patients.

While there is no population-based screening in Saudi
Arabia, different groups endorsed screening for average-
risk asymptomatic patients 45-70 years old.*** They
have also recommended the use of a colonoscopy every
10 years, followed by sigmoidoscopy every 5 years with
Guaiac Fecal Occult Blood Test (gFOBT) or Fecal
Immunochemical Test (FIT). Nonetheless, the implemen-
tation of screening in Saudi Arabia is challenging because
of the several factors influencing the screening. Among the
known factors are age, gender, race, socioeconomic status,
the availability of health insurance, the usual source of
care, level of communication with the provider, knowledge
of CRC screening, and geographic access to screening
centers.**->°

While the effective implementation of screening
requires a usual source of care, Primary Care Physician
(PCP) is the source of care associated with the increased
uptake of CRC screening.*’ For instance, a 10% increase
in PCP supply is associated with a 5% reduction in late-
stage CRC. PCP initiates the discussion and recommenda-
tion about screening, perform the non-invasive stool-based
tests (eg, FOBT), and do a specialist referral for endo-
scopic testing.”' However, not all PCPs are alike since
evidence suggests that male PCPs are less likely than
female PCPs to practice patient-centered communication
or spend more time with the patient during clinic visits to
discuss preventive services such as screening.’>>> Given
the higher proportion of male healthcare providers in
Saudi Arabia pertinent to the existing culture,”® the chal-
lenge will remain in the uptake of screening. Accordingly,
policies advocating for increasing the number of female
PCP should be prioritized.

A strength of the current study is the use of the Cancer
Registry from a diverse population diagnosed with CRC.
Although most of the MNG-HA population are military
personnel, some are professional workers or students. The
study has some limitations that should be considered when
interpreting the findings. Firstly, the generalizability of the
results should be limited to an MNG-HA population or
other similar populations. Secondly, we were unable to
assess the reasons for the differences in stage at diagnosis.
However, given the absence of population-based screening
and the fact that none of our samples was diagnosed with
a death certificate, the potential explanations for the differ-
ences in stage at diagnosis could be whether individuals
were diagnosed during an emergency or elective visit,

a delay due to a long waiting time or GP referral, factors
that should be explored in future studies. Thirdly, our
registry lacks information about potential confounders
such as socioeconomic status. However, given the univer-
sal access to healthcare in our population, these factors
should have a negligible effect on our findings. Fourthly,
there were also limitations to the classification of the
metastatic stage at diagnosis, a classification that was
solely based on treatable versus curable disease. This
classification would have been problematic had there
been referral bias (eg, more severe cases referred to our
institutions), and the distribution of metastatic stage was
higher among women.

Nonetheless, the sensitivity analysis corroborated our
main findings and showed that women still present with
late-stage tumors compared to men. Lastly, covariates such
as BMI, comorbidities, and physical activities were not
captured in the data. Therefore, we were unable to com-
pare these characteristics by sex. Nonetheless, prior stu-
dies showed that 40% of Saudi women and approximately
30% of Saudi men were considered obese (BMI > 30).*
Moreover, 50% of Saudi men and 66% of Saudi women
were found to be physically inactive.

Conclusion

Although a preventable disease, we have shown that 34.56%
of our sample presented with metastatic CRC, 76% pre-
sented with late-stage CRC, and the majority of late-stage
cases were women. The findings clearly show the disparities
in CRC stage at diagnosis in the Saudi population. The
current study, therefore, provides a framework for future
population-based screening by extending the positive impact
of the overall CRC screening to people with the highest
likelihood of presenting with late-stage CRC.
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