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Colon Cancer Risk Following Intestinal Clostridioides difficile
Infection: A Longitudinal Cohort Study

David A. Geier?, Mark R. Geier®

Abstract

Background: The gut microbiome may play an important role in the
etiology and progression of colon cancer. The present hypothesis-
testing study compared the colon cancer incidence rate among adults
diagnosed with intestinal Clostridioides (formerly Clostridium) dif-
ficile (Cdiff) (the Cdiff cohort) to adults not diagnosed with intestinal
Cdiff infection (the non-Cdiff cohort).

Methods: De-identified eligibility and claim healthcare records with-
in the Independent Healthcare Research Database (IHRD) from a lon-
gitudinal cohort of adults (the overall cohort) enrolled in the Florida
Medicaid system between 1990 through 2012 were examined. Adults
with > 8 outpatient office visits over 8 years of continuous eligibil-
ity were examined. There were 964 adults in the Cdiff cohort and
292,136 adults in the non-Cdiff cohort. Frequency and Cox propor-
tional hazards models were utilized.

Results: Colon cancer incidence rate in the non-Cdiff cohort remained
relatively uniform over the entire study period, whereas a marked in-
crease was observed in the Cdiff cohort within the first 4 years of a
Cdiff diagnosis. Colon cancer incidence was significantly increased
(about 2.7-fold) in the Cdiff cohort (3.11 per 1,000 person-years)
compared to the non-Cdiff cohort (1.16 per 1,000 person-years). Ad-
justments for gender, age, residency, birthdate, colonoscopy screen-
ing, family history of cancer, and personal history of tobacco abuse,
alcohol abuse/dependence, drug abuse/dependence, and overweight/
obesity, as well as consideration of diagnostic status for ulcerative and
infection colitis, immunodeficiency, and personal history of cancer
did not significantly change the observed results.

Conclusions: This is the first epidemiological study associating Cdiff
with an increased risk for colon cancer. Future studies should further
evaluate this relationship.
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Introduction

Colon cancer is dependent upon multiple factors, including
chronic inflammatory processes, carcinogens, genetic suscep-
tibility, and microbiota [1-3]. The gut microbiome may play an
important role in the etiology and progression of colon cancer
[4]. Colon cancer is associated with fecal and mucosal dys-
biosis [5-7], and gavage with fecal/colonic mucosal slurries
from colon cancer patients induced colonic tumors in suscepti-
ble mouse model systems [8-10]. A recent study unexpectedly
demonstrated the ability of Clostridioides (formerly known as
Clostridium) difficile (Cdiff) and its cytotoxin, toxin B (TcdB)
to promote colonic carcinogenesis [11].

The present study evaluated the potential relationship be-
tween intestinal Cdiff infection and the subsequent colon can-
cer risk. A longitudinal cohort of adults enrolled in the Florida
Medicaid system between 1990 through 2012 was examined in
the Independent Healthcare Research Database (IHRD). The
incidence rate of colon cancer was compared among adults fol-
lowing an intestinal Cdiff infection (the Cdiff cohort) to adults
not diagnosed with intestinal Cdiff infection (the non-Cdiff
cohort).

Materials and Methods

IHRD

As described previously in great detail, the IHRD contains de-
identified healthcare records from the Florida Medicaid sys-
tem [12-18]. Unique recipient identifier codes for each person
allow for linkage of their eligibility and claim records. The
Liberty Institutional Review Board (IRB) (Deland, FL) ap-
proved data assembly and accessing of the IHRD. This study
was conducted in compliance with the ethical standards of the
responsible institution on human subjects as well as with the
Helsinki Declaration. The IHRD was examined using the SAS
system for Windows, version 9.4 (Cary, NC, USA).

Study participants

A schematic flowchart of the data examined within the IHRD
is shown in Figure 1. A cohort of 9,358,645 persons of all ages
with eligibility at specific times for Florida Medicaid from
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9,358,645 persons (all ages)

702,376 persons (enrolled for 96 months and > 8 outpatient office visits)

v

293,702 adults (> 20 years-old with known date of birth, gender, and county of residence)

v

293,123 adults (eliminate adults with colon cancer and/or Clostridioides difficile diagnosed within first year of enrollment)

v

293,100 adults (eliminate adults with colon cancer <60 days from Clostridioides difficile diagnosis)

v

964 adults diagnosed with Clostridioides difficile

\

8 adults
diagnosed with
malignant colon

cancer

¥

292,136 adults not diagnosed with Clostridioides difficile

\

2,361 adults
diagnosed with
malignant colon

cancer

Figure 1. A schematic flowchart of the data examined in the present study.

July 1990 through June 2012 was initially evaluated. Inclusion
criteria required that persons examined be > 20 years old with
a known date of birth, gender, county of residence at initial en-
rollment and county of residence at the end of enrollment, and
be continuously eligible for Florida Medicaid for 96 months
with > 8 outpatient office visits during their enrollment period.
This resulted in the cohort being reduced to 293,702 adults.

Cohorts examined

For this study, in order to capture newly diagnosed Cdiff (Inter-
national Code for Disease, 9th revision (ICD-9) code: 008.45),
only adults diagnosed with Cdiff on at least one filed claim
after the first year of enrollment were included. Those diag-
nosed with Cdiff in the first year of enrollment were excluded
from the study. Adults without a Cdiff diagnosis were assumed
to not have Cdiff and were included in the non-Cdiff cohort.

Outcomes

The outcome variable examined was colon cancer (ICD-9
code: 153.xx). The diagnoses examined were of the hepatitis
flexure, transverse colon, descending colon, sigmoid colon,
cecum, appendix vermiformis, ascending colon, splenic flex-
ure, other specified sites of large intestine, and unspecified site.
The date of onset for colon cancer was the date of service for
the first claim in chronological order specifying a colon cancer
diagnosis. In order to capture newly diagnosed colon cancer,
the study inclusion criteria required adults to be diagnosed
with colon cancer on at least one filed claim after the first year
of enrollment. Those adults diagnosed with colon cancer in the
first year of enrollment were excluded. Adults not meeting the
study inclusion criteria for a colon cancer diagnosis were as-
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sumed to not have colon cancer. Finally, for the Cdiff cohort,
adults diagnosed with colon cancer before their Cdiff (these
would not be informative as to the relationship between Cdiff
and subsequent colon cancer risk) or colon cancer within 60
days (2 months) after their Cdiff (these were deemed to be too
close in temporal proximity to allow for a biological plausible
relationship between Cdiff and colon cancer) were excluded. A
breakdown of the initial colon cancer diagnoses in the cohorts
examined were as follows: hepatitis flexure (Cdiff cohort =
1, non-Cdiff cohort = 81), transverse colon (Cdiff cohort = 0,
non-Cdiff cohort = 84), descending colon (Cdiff cohort = 0,
non-Cdiff cohort = 64), sigmoid colon (Cdiff cohort = 0, non-
Cdiff cohort = 341), cecum (Cdiff cohort = 0, non-Cdiff cohort
= 164), appendix vermiformis (Cdiff cohort = 0, non-Cdiff co-
hort = 14), ascending colon (Cdiff cohort = 0, non-Cdiff cohort
= 156), splenic flexure (Cdiff cohort = 0, non-Cdiff cohort =
21), other specified sites of large intestine (Cdiff cohort = 1,
non-Cdiff cohort = 124), and unspecified site (Cdiff cohort =
6, non-Cdiff cohort = 1,312).

Colon cancer screening procedures

In light of the potential importance of colon cancer screening
procedures to detect colon cancer, the total number of colon-
oscopy screening procedures was determined for each adult
examined. Colonoscopy screening procedures were identified
from claims that specified the current procedural terminology
(CPT) code of 45378. Colonoscopy screening procedures in
the non-Cdiff cohort were counted from the end of the first
year of enrollment until the end of the enrollment period for
those without colon cancer and from the end of the first year of
enrollment until the date of a colon cancer diagnosis for those
with colon cancer. Colonoscopy screening procedures were
counted in the Cdiff cohort from the initial Cdiff diagnosis un-
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til the end of the enrollment period for those without colon
cancer and from the initial Cdiff diagnosis until the data of a
colon cancer diagnosis for those with colon cancer.

Medical diagnoses potentially influencing colon cancer
risk

In light of the potential for previous medical diagnoses to in-
fluence the risk for colon cancer [19-22], the diagnostic status
for each adult examined was determined for ulcerative colitis
(ICD-9 code: 556.xx), infectious colitis (ICD-9 code: 009.0),
immunodeficiency (ICD-9 code: 279.0x, 279.1x, 279.2, 279.3,
or 279.8), personal history of any types of cancer, except colon
cancer (ICD-9 code: 140.xx through 194.xx, 200.xx through
209, and 233.xx), tobacco abuse (ICD-9 code: 305.1x), drug
abuse/dependence (ICD-9 code: 304.xx, 305.2x, 305.3x,
305.34, 305.5x, 305.6x, 305.7x, 305.8x or 305.9x), alcohol
abuse/dependence (ICD-9 code: 303.xx or 305.0x), over-
weight/obesity (ICD-9 code: 278.00, 278.01, or 278.02), and
family history of any type of cancer (ICD-9 code: V16.xx).
In the non-Cdiff cohort, within the period of enrollment ex-
amined, the diagnostic status (diagnosed or undiagnosed) for
each person was determined for ulcerative colitis, infectious
colitis, immunodeficiency, and cancer, except for those diag-
noses occurring after a colon cancer diagnosis. In the Cdiff
cohort, within the period of enrollment examined, the diag-
nostic status (diagnosed or undiagnosed) for each person was
determined for ulcerative colitis, infectious colitis, immunode-
ficiency, and cancer, except for those diagnoses occurring after
a Cdiff diagnosis. In both the non-Cdiff and Cdiff cohorts, the
diagnostic status (diagnosed or undiagnosed) for each person
was determined (diagnosed at any time during enrollment) for
family history of cancer and personal history of tobacco abuse,
drug abuse/dependence, alcohol abuse/dependence, and over-
weight/obesity.

Statistical analyses

In statistical analyses, the statistical package in SAS and Stats-
Direct version 3.3.5 (Birkenhead, UK) were utilized, and a
two-sided P-value < 0.05 was considered statistically signifi-
cant. The null hypothesis was that there would be no differ-
ence in the incidence rate of colon cancer in the Cdiff cohort
as compared to the non-Cdiff cohort. The study size was suf-
ficient to ensure adequate statistical power for the statistical
analyses undertaken.

In order to consider differences in follow-up time in the
Cdiff cohort as compared to the non-Cdiff cohort, person-
years of follow-up for each adult examined were calculated.
Follow-up time began in the non-Cdiff cohort at the end of the
first year of enrollment. For adults in non-Cdiff cohort without
colon cancer, the end of follow-up time was the end of the en-
rollment period. For adults in the non-Cdiff cohort with colon
cancer, the end of follow-up time was the initial date of a colon
cancer diagnosis. Follow-up time in the Cdiff cohort began af-
ter the initial diagnosis of Cdiff. For adults in the Cdiff cohort

312 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

without colon cancer, the end of follow-up time was the end of
the enrollment period. For adults in the Cdiff cohort with colon
cancer, the end of follow-up time was the initial date of a colon
cancer diagnosis.

Frequency modeling using an exact Fisher statistical test
in StatsDirect was utilized to evaluate the incidence rate of
colon cancer per person-year in the Cdiff cohort as compared
to the non-Cdiff cohort. The risk ratio and the attributable rate
per 1,000 person-years were also calculated. An assessment of
the data examined showed that the power of the present study
to detect an association based upon a normal approximation
was 82.7%.

Cox proportional hazards models in SAS were also con-
structed to evaluate the incidence rate of colon cancer per
person-year in the Cdiff cohort as compared to the non-Cdiff
cohort. The models constructed were unadjusted and adjusted.
The overall hazard ratio (HR) for each model constructed was
determined.

In adjusted model I, the covariates of gender (categori-
cal variable: female versus male), date of birth in years (con-
tinuous variable), age in years at initial enrollment (continuous
variable), and county of residency at initial enrollment and at
the end of enrollment (continuous variable) were included.
There are a total of 67 counties in the state of Florida and each
was assigned a numeric value between 1 and 67. The counties
are grouped by the state of Florida based upon geographical
areas into 11 districts, with each district containing several
counties located in a similar geographical area in the state of
Florida. In adjusted model II, all of the covariates from model
I were included, but an additional covariate was created for
colonoscopy screening status. The colonoscopy screening var-
iable was defined as those adults receiving > 1 colonoscopy
screening procedures as compared to those adults receiving no
colonoscopy screening procedures (categorical variable: yes
versus no). In adjusted model III, all of the covariates from
model I were included, but an additional covariate was cre-
ated to reflect the number of colonoscopy screening proce-
dures (continuous variable). In adjusted model 1V, all of the
covariates from adjusted model III were included, but family
history of any type of cancer diagnoses (categorical variable:
diagnosed vs. not diagnosed), tobacco abuse (categorical vari-
able: diagnosed vs. not diagnosed), alcohol abuse/dependence
(categorical variable: diagnosed vs. not diagnosed), and drug
abuse/dependence (categorical variable: diagnosed vs. not di-
agnosed) were included as covariates. In adjusted model V, all
of the covariates and exclusion criteria from adjusted model IV
were applied, but anyone counted with diagnoses of ulcerative
colitis, infectious colitis, immunodeficiency, or any types of
cancer (except for colon cancer) were excluded.

In light of significant reductions in colon cancer surviva-
bility within the first 8 years post-colon cancer diagnosis [23],
the mean follow-up period from a colon cancer diagnosis until
the end of the enrollment period for the Cdiff cohort (1.73 +
1.03 years, n = 8) as compared to the non-Cdiff cohort (3.46
+ 2.16 years, n = 2,361) revealed significant differences (un-
paired ¢-test statistic, assuming unequal variances, P < 0.05).
As a result, the initial period (from 1 to 4 years) of excluding
adults diagnosed with Cdiff and/or colon cancer for both co-
horts was increased. The consequence of this adjustment was
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that the mean follow-up period from a colon cancer diagnosis
until the end of the enrollment period for the Cdiff cohort (1.46
+ (.77 years, n = 5) as compared to the non-Cdiff cohort (1.85
+ 1.12 years, n = 1,374) were similar (unpaired #-test statistic,
assuming equal variances, P = 0.44). The methodology em-
ployed previously was utilized to examine the remaining data
in adjusted statistical models II -V.

Results

A demographic overview of the overall cohort (n = 293,100)
examined is presented in Table 1. A total of 964 adults were
diagnosed with Cdiff and 292,136 adults were not diagnosed
with Cdiff. An examination of the overall cohort revealed the
Cdiff incidence rate was 0.47 per 1,000 person-years (95%
confidence interval (CI) = 0.44 to 0.50 per 1,000 person-years)
and the colon cancer incidence rate was 1.16 per 1,000 person-
years (95% CI = 1.11 to 1.21 per 1,000 person-years). In both
the Cdiff cohort and the non-Cdiff cohort, there was a female
preponderance (female/male ratio of about 2:1) and the mean
age in years at initial enrollment was similar (about 50 years
old). In addition, the distribution of residency locations for
both cohorts was similar at initial and final enrollment. The
mean follow-up period in years was significantly greater in the
non-Cdiff cohort (6.97 £ 0.37) as compared to the Cdiff cohort
(2.67 £ 1.97).

An overview of adults diagnosed with colon cancer ex-
amined is shown in Table 2. The incidence rate of diagnosed
colon cancer was 1.16 per 1,000 person-years in the non-Cdiff
cohort as compared to 3.11 per 1,000 person-years in the Cdiff
cohort. The mean onset for diagnosed colon cancer after Cdiff
was 564 + 434 days. The mean age of initial colon cancer di-
agnosis (about 61 years old) and the female preponderance
(female/male ratio of about 2:1) was similar in both cohorts
examined. The percentage of adults administered > 1 colonos-
copy screening procedure (about 7%) and the mean total num-
ber of colonoscopy screening procedures per person (about
0.11) were similar in both cohorts examined. As for the loca-
tion of the initial colon cancer diagnoses most adults received
a diagnosis of colon, unspecified in the Cdiff cohort (75%) and
the non-Cdiff cohort (55.57%).

Frequency modeling revealed that the risk ratio for the in-
cidence rate of colon cancer in the Cdiff cohort was 2.68-fold
(95% CI=1.16 to 5.29) significantly increased as compared to
the non-Cdiff cohort (Table 3). The attributable rate per 1,000
person-years for colon cancer post-Cdiff was 1.95 per 1,000
person-years (95% CI = 0.63 to 3.26 per 1,000 person-years).

Cox proportional hazards modeling revealed the incidence
rate of colon cancer in the Cdiff cohort as compared to the non-
Cdiff cohort was about 2.6-fold significantly increased in the
unadjusted and adjusted models (Table 4). The result of a life-
test model examining the same data to compare the incidence
rate of colon cancer in the Cdiff cohort as compared to the non-
Cdiff cohort overtime is shown in Figure 2. The results of the
life-test model showed that most colon cancer was diagnosed
from about 3 months through 4 years post-Cdiff.

As shown in Table 5, adjusted model II and model III re-
vealed that colonoscopy screening procedure status did not im-
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pact the significant association between Cdiff and colon cancer
risk. In addition, adjusted model IV revealed that consideration
of the diagnostic status for family history of any type of cancer
and personal history of tobacco abuse, drug abuse/dependence,
or alcohol abuse/dependence did not impact the significant
association between Cdiff and colon cancer risk. Similarly,
adjusted model V revealed that the covariates considered in
adjusted model IV, with the additional exclusion of persons
previously diagnosed with ulcerative colitis, infectious colitis,
immunodeficiency, or any type of cancer did not impact the
significant association between Cdiff and colon cancer risk.

Table 6 shows that by increasing the initial enrollment pe-
riod without a Cdiff and/or colon cancer diagnosis from 1 to
4 years in adjusted models II-V, the risk for a colon cancer
diagnosis following Cdiff was significantly increased, and the
magnitude of the association was several-fold higher as com-
pared to the HRs observed in Tables 3-5. The greatest risks
for colon cancer after Cdiff were observed in adjusted models
IV-V (HR = about 4.0). None of the covariates, colonoscopy
procedure variables, or other diagnosis variables impacted the
association between Cdiff and colon cancer.

Discussion

The observed study results provide important, new insights
into the potential association between Cdiff and the risk of
colon cancer. The longitudinal cohort design employed al-
lowed for an evaluation of the relationship between Cdiff and
its association with colon cancer over a multi-year period. As
shown in Figure 2, the incidence rate of colon cancer over time
in the non-Cdiff cohort remained relatively uniform over the
entire study period. By contrast, also shown in Figure 2, the
Cdiff cohort experienced a marked initial increase in colon
cancer diagnoses from 60 days through 4 years and a leveling
off from 4 to 7 years. The observed clustering of colon cancer
diagnoses within the first 4 years may indicate a temporal win-
dow, in which Cdiff infection exerts its physiological effects
on the host. In the alternative, the clustering observed may re-
flect that there were relatively few persons in the Cdiff cohort
with more than 4 years of follow-up post-Cdiff diagnosis, and,
hence, the study sample was underpowered to detect additional
colon cancers from 4 to 7 years after a Cdiff diagnosis.

The statistical models utilized considered numerous po-
tential confounders such as gender, age in years, date of birth
in years, residency, and colonoscopy screening status. In ad-
dition, exclusion of persons with medical diagnoses such as
ulcerative colitis, infectious colitis, immunodeficiency, previ-
ous history of any type of cancer, as well as considering the
impact of a family history of any type of cancer and a personal
history of tobacco abuse, drug abuse/dependence, alcohol
abuse/dependence, and overweight/obesity, all which may sig-
nificantly impact colon cancer risk, did not alter the significant
association observed between Cdiff and colon cancer. Finally,
consideration of colon cancer survivability revealed that by
ensuring that the period of follow-up between a colon cancer
diagnosis and the end of the enrollment period in the Cdiff
and non-Cdiff cohorts was similar, the risk of a colon cancer
diagnosed after Cdiff actually increased relative to the other
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Table 1. Demographic Characteristics of the Adults Examined?

Parameter examined

Non-Cdiff cohort (n = 292,136)

Cdiff cohort (n = 964)

Gender (%)
Male
Female

Date of birth in years, mean + SD (range)
Age in years at initial study enrollment, mean + SD (range)
Residency at initial enrollment (%)®

District 1
District 2
District 3
District 4
District 5
District 6
District 7
District 8
District 9
District 10
District 11

Residency at the end enrollment (%)

District 1
District 2
District 3
District 4
District 5
District 6
District 7
District 8
District 9
District 10
District 11
Personal history

Tobacco abuse (%)°

Alcohol abuse/dependence (%)¢
Drug abuse/dependence (%)®

Overweight/obesity (%)f
Family history

Cancer (%)
Person-years

Total

Mean + SD (range)

83,473 (28.57%)

208,663 (71.43%)

1942 £+ 18.27 (1,898 - 1,984)
51.24 +17.96 (20 - 96)

13,356 (4.57%)
18,296 (6.26%)
27,652 (9.47%)
23,551 (8.06%)
17,663 (6.05%)
31,024 (10.62%)
23,647 (8.09%)
11,817 (4.04%)
15,682 (5.37%)
14,522 (4.97%)
94,926 (32.50%)

13,352 (4.57%)
18,359 (6.28%)
28,369 (9.71%)
23,740 (8.13%)
17,919 (6.13%)
30,980 (10.60%)
23,843 (8.16%)
12,030 (4.12%)
15,714 (5.38%)
14,853 (5.08%)
92,977 (31.83%)

1,938 (0.66%)

17,475 (5.98%)
17,088 (5.85%)
15,287 (5.23%)

2,684 (0.92%)

2,036,767
6.97 +£0.37 (0.008 - 7.00)

337 (34.96%)
627 (64.97%)

1947 + 14.47 (1,901 - 1,982)
50.11 + 14.18 (20 - 91)

39 (4.05%)
60 (6.22%)
111 (11.52%)
105 (10.89%)
89 (9.23%)
82 (8.51%)
91 (9.44%)
51 (5.29%)
49 (5.08%)
52 (5.39%)
235 (24.38%)

41 (4.25%)
58 (6.02%)
118 (12.24%)
103 (10.69%)
91 (9.44%)
86 (8.92%)
89 (9.23%)
51 (5.29%)
46 (4.77%)
47 (4.88%)
234 (24.27%)

11 (1.14%)

153 (15.87%)
159 (16.49%)
162 (16.80%)

24 (2.49%)

2,575
2.67 +1.98 (0.003 - 7.00)

aAll adults were enrolled for 96 consecutive months. All adults had = 8 outpatient office visits during their enroliment period. All adults diagnosed
with Cdiff and/or colon cancer within the first year of enroliment were excluded. PAll adults were specified to have a county of residence at the time
of initial enrollment and at the end of the enroliment period. There are a total of 67 counties in the state of Florida, which are grouped by the state of
Florida based upon geographical areas into 11 districts. °Personal history of tobacco abuse (ICD-9 code: 305.1x). 9Personal history of alcohol abuse/
dependence (ICD-9 code: 303.xx or 305.0x). ®Personal history of drug abuse/dependence (ICD-9 code: 304.xx, 305.2x, 305.3x, 305.34, 305.5x,
305.6x, 305.7x, 305.8x or 305.9x). fPersonal history of overweight/obesity (ICD9 code: 278.00, 278.01, or 278.02). 9Family history of any type of
cancer (ICD-9 code: V16.xx). Cdiff: Clostridioides (formerly known as Clostridium) difficile; Cl: confidence interval; SD: standard deviation.
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Table 2. Demographic Characteristics of the Adults Diagnosed With Colon Cancer? Examined®

Date of birth, mean Age of initial diagnosis, Incidence rate per

DTG ermicni() I Er () + SD (range) mean + SD (range) 1,000 person-years (n)
All adults (n = 293,100) Male: 753 (31.79%) 1933 +15.3 (1,899 - 1,980) 61.76 £13.77 (21 -92)  1.16 (2,369)
Female: 1,616 (68.21%)
Non-Cdiff cohort (n =292,136) Male: 751 (31.81%) 1933 +£15.1(1,899-1,979) 61.78£13.77(21-92)  1.16(2,361)
Female: 1,610 (68.19%)
Cidff cohort (n = 964) Male: 2 (25.00%) 1943 £10.5 (1,924 - 1,955)  61.9+12.9 (47 - 85) 3.11(8)

Female: 6 (75.00%)

aAdults diagnosed with colon cancer were diagnosed according to the International Code for Disease 9th revision with the code 153.xx. PAll adults
were enrolled for 96 consecutive months. All adults had = 8 outpatient office visits during their enroliment period. All adults diagnosed with Cdiff and/
or colon cancer within the first year of enroliment were excluded. Cdiff: Clostridioides (formerly known as Clostridium) difficile; SD: standard deviation.

Table 3. Frequency Modeling Results to Evaluate the Incidence Rate of Colon Cancer? in the Cdiff Cohort as Compared to the
Non-Cdiff Cohort?

. Cdiff cohort Non-Cdiff cohort  Risk ratio (95% CI)
Parameter examined
(n =964) (n =292,136) Attributable rate per 1,000 person-years (95% CI)
Colon cancer (n) 8 2,361
Incidence rate per 1,000 person-years 3.11 1.16 2.68 (1.16 to 5.29)*

1.95 (0.63 to 3.26)

*P < 0.05. 2Adults diagnosed with colon cancer were diagnosed according to the International Code for Disease 9th revision with the code 153.xx.
bAll adults were enrolled for 96 consecutive months. All adults had = 8 outpatient office visits during their enroliment period. All adults diagnosed
with Cdiff and/or colon cancer within the first year of enrollment were excluded. Cdiff: Clostridioides (formerly known as Clostridium) difficile; Cl:
confidence interval.

models constructed.

In evaluating the results observed, at present, there are no
dedicated epidemiological studies examining the potential as-
sociation between Cdiff and the risk of colon cancer [24, 25].
The results of the present study provide the first longitudinal
cohort epidemiological data associating Cdiff with a long-term
increased risk for colon cancer. Despite the lack of previous
epidemiological studies, the results observed in the present
study are biologically plausible. For example, investigators

analyzed data from a population-based case-control study of
colon cancer and measured antibody levels against flagellin of
salmonella (F1iC). These investigators observed FliC antibody
levels were significantly higher in patients with colorectal pol-
yps and cancer than in controls [26]. Another study examined
the potential link between Fusobacterium nucleatum intestinal
infection and the risk of colon cancer [27]. The investigators
observed that the amount of F. nucleatum DNA in colorectal
cancer tissue was associated with shorter colon cancer sur-

Table 4. Cox Proportional Hazards Model Results Examining Colon Cancer? Diagnoses in the Cdiff Cohort as Compared to Non-

Cdiff Cohort?
Model type Variable Hazards ratio (95% CI)
Unadjusted model
Cdiff (diagnosed vs. not diagnosed) 2.646 (1.321 to 5.301)*
Adjusted model I

Cdiff (diagnosed vs. not diagnosed)

Gender (female vs. male)
Date of birth in years
Residency at initial enrollment

Residency at end of enrollment

2.657 (1.325 to 5.330)*
0.840 (0.770 to 0.917)**
1.034 (1.024 to 1.043)**
1.000 (0.995 to 1.006)
0.997 (0.991 to 1.003)

Age in years at initial enrollment 1.072 (1.062 to 1.082)**

*P < 0.01. **P < 0.001. 2Adults diagnosed with colon cancer. PAll adults were enrolled for 96 consecutive months. All adults had 2 8 outpatient of-
fice visits during their enroliment period. All adults diagnosed with Cdiff and/or colon cancer within the first year of enroliment were excluded. Cdiff:
Clostridioides (formerly known as Clostridium) difficile; Cl: confidence interval.
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Figure 2. A life-test model summary of the relationship between the incidence rate of colon cancer in the Clostridioides difficile

cohort as compared to the non-C. difficile cohort.

vival. Other investigators undertook a retrospective study on
hospitalized adults with bacteremia but without a previous
colorectal cancer diagnosis and compared them to a group of
patients not diagnosed with bacteremia [28]. These investiga-
tors observed that several strains of bacteria identified were
associated with marked increases in the risk for the patients
subsequently being diagnosed with colorectal cancer.

It is also important to consider that the present study de-
sign addressed many of the common potential limitations of
epidemiological studies. The diagnoses/procedures examined
were performed prospectively on the adults examined as part
of their routine medical care, and were undertaken indepen-
dently of the present study design. As a result, phenomena such
as recall bias or post hoc assumptions by researchers as to pre-
sumed associations or lack of associations from retrospective
interpretations of previously collected data were minimized.

All diagnoses examined were made by licensed medical
staff using ICD-9 coding. This helps to minimize potential dif-
ferences induced by changing diagnostic criteria and allows the
present study results to be comparable with many other sources
of medical data. Previous studies also revealed high accuracy
between ICD-9 coded colon cancers as compared to chart re-
view [29] and between ICD-9 coded Cdiff as compared to mi-
crobiological test results [30]. Further, for countries presently
utilizing ICD-10 diagnostic codes, the types of colon cancer ex-
amined in this study using ICD-9 coding are virtually identical
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to the types of colon cancer present in ICD-10 coding.

The cohorts examined were demographically similar, and
covariates such as age, date of birth, gender, residency, colon-
oscopy screening status, and prior personal and family medical
histories were considered in the statistical models constructed.
It is important to note that the phenomena observed in this
study with covariates, such as more recent dates of birth, older
ages, and male as compared to female gender are all signifi-
cant risk factors for a colon cancer diagnosis, consistent with
previous studies [31, 32]. It was also observed that personal
histories of overweight/obesity, tobacco abuse, alcohol abuse/
dependence, and drug abuse/dependence were more common
in the Cdiff cohort as compared to the undiagnosed cohort,
but consideration of these variables in the statistical models
constructed did not alter the association between Cdift infec-
tion and colon cancer risk. Finally, the cohorts examined were
continuously enrolled in the Florida Medicaid system for an
8-year period, actively utilizing the Florida Medicaid system,
and extensive measures were employed to ensure that only
new cases of Cdiff and colon cancer were examined.

Conclusion

This retrospective cohort study of healthcare data from the
IHRD provides important, new evidence supporting the hy-
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Table 5. Cox Proportional Hazards Model Results Examining Colon Cancer?2 Diagnoses in the Cdiff Cohort as Compared to Non-
Cdiff Cohort® When Excluding Adults Diagnosed With Cdiff and/or Colon Cancer Within the First Year of Enrollment

Model type Variable Hazards ratio (95% CI)
Adjusted model 11
Cdiff (diagnosed vs. not diagnosed) 2.673 (1.333 to 5.360)**
Gender (female vs. male) 0.836 (0.767 to 0.913)***
Date of birth in years 1.031 (1.022 to 1.041)***
Residency at initial enrollment 1.000 (0.995 to 1.006)
Residency at end of enrollment 0.997 (0.991 to 1.003)
Age in Years at Initial Enrollment 1.069 (1.059 to 1.080)***
> 1 colonoscopy screening procedure® (yes vs. no) 1.210 (1.059 to 1.381)**
Adjusted model 11T
Cdiff (diagnosed vs. not diagnosed) 2.667 (1.3330 to 5.348)**
Gender (female vs. male) 0.836 (0.767 to 0.913)***
Date of birth in years 1.031 (1.022 to 1.041)***
Residency at initial enrollment 1.000 (0.995 to 1.006)
Residency at end of enrollment 0.997 (0.991 to 1.003)
Age in years at initial enrollment 1.069 (1.059 to 1.080)***
Total colonoscopy screening procedures? 1.161 (1.048 to 1.285)**
Adjusted model IV
Cdiff (diagnosed vs. not diagnosed) 2.471 (1.232 to 4.958)*
Gender (female vs. male) 0.821 (0.752 to 0.897)***
Date of birth in years 1.024 (1.015 to 1.034)***
Residency at initial enrollment 1.000 (0.994 to 1.006)
Residency at end of enrollment 0.997 (0.991 to 1.003)
Age in years at initial enrollment 1.064 (1.054 to 1.075)***
Total colonoscopy screening procedures? 1.105 (0.996 to 1.226)
Family history of any type of cancer 3.547 (3.589 to 5.534)***
Personal history of tobacco abuse 0.996 (0.516 to 1.923)
Personal history of alcohol abuse/dependence 1.195 (0.975 to 1.466)
Personal history of drug abuse/dependence 1.121 (0.892 to 1.409)
Personal history of overweight/obesity 1.251 (1.043 to 1.500)3*
Adjusted model V¢

Cdiff (diagnosed vs. not diagnosed)
Gender (female vs. male)

Date of birth in years

Residency at initial enrollment

Residency at end of enrollment

Age in years at initial enrollment

Total colonoscopy screening proceduresd
Family history of any type of cancer
Personal history of tobacco abuse

Personal history of alcohol abuse/dependence
Personal history of drug abuse/dependence
Personal history of overweight/obesity

2.970 (1.478 to 5.970)**
0.758 (0.681 to 0.844)%**
1.027 (1.015 to 1.039)%***
1.000 (0.993 to 1.007)
0.997 (0.990 to 1.004)
1.071 (1.058 to 1.084)***
1.082 (0.946 to 1.237)
5.242 (3.975 to 6.913)***
1.075 (0.480 to 2.405)
1.217 (0.944 to 1.570)
1.153 (0.866 to 1.535)
1.242 (0.990 to 1.560)

*P < 0.05. **P < 0.01. ***P < 0.001. 2Adults diagnosed with colon cancer. PAll adults were enrolled for 96 consecutive months. All adults had = 8
outpatient office visits during their enrollment period. “Adults were assessed to determine whether at least one colonoscopy screening procedure
was undertaken within the appropriate study period. 9Adults were assessed to determine the total number of colonoscopy screening procedures
undertaken within the appropriate study period. ®Adults diagnosed with ulcerative colitis, infectious colitis, immunodeficiency, or any type of cancer
before a Cdiff diagnosis were excluded. Adults diagnosed with ulcerative colitis, infectious colitis, immunodeficiency, or any types of cancer before a
colon cancer diagnosis were excluded. Cdiff: Clostridioides (formerly known as Clostridium) difficile; Cl: confidence interval.
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Table 6. Cox Proportional Hazards Model Results Examining Colon Cancer?2 Diagnoses in the Cdiff Cohort as Compared to Non-
Cdiff Cohort® When Excluding Adults Diagnosed With Cdiff and/or Colon Cancer Diagnoses Within the First 4 Years of Enrollment

Model type Variable Hazards ratio (95% CI)
Adjusted model 11
Cdiff (diagnosed vs. not diagnosed) 4.064 (1.686 to 9.800)**
Gender (female vs. male) 0.790 (0.705 to 0.885)***
Date of birth in years 1.023 (1.011 to 1.035)***
Residency at initial enrollment 1.001 (0.994 to 1.009)
Residency at end of enrollment 0.995 (0.988 to 1.003)
Age in years at initial enrollment 1.062 (1.048 to 1.076)***
> 1 colonoscopy screening procedure® (yes vs. no) 1.468 (1.189 to 1.811)***
Adjusted model 11T
Cdiff (diagnosed vs. not diagnosed) 4.039 (1.675 to 9.739)**
Gender (female vs. male) 0.790 (0.705 to 0.885)***
Date of birth in years 1.023 (1.010 to 1.035)***
Residency at initial enrollment 1.001 (0.994 to 1.009)
Residency at end of enrollment 0.995 (0.988 to 1.003)
Age in years at initial enrollment 1.062 (1.048 to 1.075)***
Total colonoscopy screening proceduresd 1.353 (1.140 to 1.605)***
Adjusted model IV
Cdiff (diagnosed vs. not diagnosed) 3.761 (1.559 to 9.078)**
Gender (female vs. male) 0.786 (0.700 to 0.881)***
Date of birth in years 1.016 (1.004 to 1.029)*
Residency at initial enrollment 1.001 (0.994 to 1.009)
Residency at end of enrollment 0.995 (0.988 to 1.003)
Age in years at initial enrollment 1.057 (1.043 to 1.071)***
Total colonoscopy screening procedures? 1.302 (1.095 to 1.547)**
Family history of any type of cancer 3.387 (2.427 to 4.725)***
Personal history of tobacco abuse 0.929 (0.384 to 2.243)
Personal history of alcohol abuse/dependence 1.369 (1.060 to 1.770)*
Personal history of drug abuse/dependence 1.082 (0.799 to 1.465)
Personal history of overweight/obesity 1.329 (1.047 to 1.686)*
Adjusted model V¢

Cdiff (diagnosed vs. not diagnosed)
Gender (female vs. male)

Date of birth in years

Residency at initial enrollment

Residency at end of enrollment

Age in years at initial enrollment

Total colonoscopy screening proceduresd
Family history of any type of cancer
Personal history of tobacco abuse

Personal history of alcohol abuse/dependence
Personal history of drug abuse/dependence
Personal history of overweight/obesity

4.562 (1.885 to 11.041)%**
0.735 (0.638 to 0.848)***
1.019 (1.004 to 1.035)*
0.999 (0.990 to 1.008)
0.997 (0.988 to 1.007)
1.064 (1.047 to 1.081)***
1.320 (1.061 to 1.644)*
4.402 (2.954 to 6.559)***
1.231 (0.458 to 3.306)
1.377 (0.995 to 1.905)
1.086 (0.739 to 1.596)
1.357 (1.010 to 1.825)*

*P < 0.05. *P < 0.01. ***P < 0.001. 2Adults diagnosed with colon cancer. ? All adults were enrolled for 96 consecutive months. All adults had = 8
outpatient office visits during their enrollment period. “Adults were assessed to determine whether at least one colonoscopy screening procedure
was undertaken within the appropriate study period. 9Adults were assessed to determine the total number of colonoscopy screening procedures
undertaken within the appropriate study period. ®Adults diagnosed with ulcerative colitis, infectious colitis, immunodeficiency, or any type of cancer
before a Cdiff diagnosis were excluded. Adults diagnosed with ulcerative colitis, infectious colitis, immunodeficiency, or any types of cancer before a
colon cancer diagnosis were excluded. Cdiff: Clostridioides (formerly known as Clostridium) difficile; Cl: confidence interval.

318 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ www.jocmr.org



Geier et al

J Clin Med Res. 2023;15(6):310-320

pothesis that Cdiff is associated with an increased risk of colon
cancer. In light of the importance of Cdiff infection in the etiol-
ogy of colon cancer, future studies should elucidate potential
risk factors for Cdiff infections. It is also recommended that
future studies should focus on various types of infections (in-
cluding recurrent infections) on colon cancer risk, and consid-
eration given to the importance of changing screening guide-
lines for these patient populations.
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