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Abstract

Background: Crohn disease is a chronic inflammatory disease that
can affect the entire gastrointestinal tract. The pathophysiology of this
disease characteristically involves transmural inflammation, which
predisposes patients to various gastrointestinal cancers such as co-
lon cancer. Although the increased risk of gastrointestinal cancers in
Crohn disease has been well established, the risk of extra-gastrointes-
tinal cancers remains unknown. We sought to study the risk of breast
cancer in patients with Crohn disease.

Methods: The data for this retrospective study were compiled using the
International Classification of Disease Ninth Revision (ICD-9) and ICD
10th Revision (ICD-10) codes from the national Health Insurance Port-
ability and Accountability Act (HIPAA)-compliant PearlDiver database
from 2010 to 2019. Patients were matched for age, sex, and Charlson
Comorbidity Index (CCI). Statistical analyses were implemented to as-
sess Chi-squared, logistic regression, and odds ratio.

Results: The database query resulted in 70,027 patients in both the con-
trol and Crohn disease groups. The incidence of breast cancer was 4,087
in the control group compared to 654 in the Crohn disease group. The
P value was < 2.2 x 1071¢ and the odds ratio was 0.15 (95% confidence
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interval (CI)). Patients without Crohn disease had an increased preva-
lence of breast cancer throughout all age ranges compared to patients
with Crohn disease. Additionally, patients without Crohn disease had
higher rates of breast cancer throughout the four major regions of the
United States. In terms of healthcare costs, patients with breast cancer
and a history of Crohn disease paid $23.87 more per hospital visit com-
pared to patients with breast cancer and no history of Crohn disease.

Conclusions: The results of this study indicate a statistically signifi-
cant correlation between Crohn disease and a reduced incidence of
breast cancer. This finding is true across all age groups and across
the United States. Further study is required to investigate a possible
mechanism between the pathophysiology of Crohn disease ultimately
leading to reduced tumorigenesis in the breast.

Keywords: Crohn disease; Breast cancer; Inflammation; Oncogen-
esis; Immunology

Introduction

Crohn disease (CD) is a chronic inflammatory disease of the
gastrointestinal tract that affects approximately half a million
Americans [1]. There is no cure for this disease and the qual-
ity of life for patients with CD is exceedingly poor. CD ex-
hibits a bimodal distribution of disease onset, peaking around
age 20 and again around age 50 [2]. This may reflect different
phenotypes of the disease and/or the diverse influence of en-
vironmental or genetic factors on disease presentation and pro-
gression. The established risk factors for this disease include
smoking, positive family history, and genetic mutations such
as in NOD? [3, 4].

CD can involve any portion of the gastrointestinal tract
and is characterized by skip lesions and transmural inflam-
mation. The pathophysiology of CD remains poorly under-
stood but likely involves a complex interplay between genetic
makeup, environmental influences, and the gut microbiome
[5]. Patients with CD commonly experience periods of remis-
sion interspersed between disease flares, which often occur at
unpredictable times [6]. These flares are characterized by the
release of proinflammatory cytokines which provoke a height-
ened immune response, ultimately producing the characteristic
symptoms of the disease such as diarrhea, rectal bleeding, and
abdominal pain [7]. This inflammatory response is the target of
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numerous therapies for CD, many of which have been success-
ful at reducing symptoms and preventing remission.

The persistence of localized inflammation in CD is thought
to increase the risk of various gastrointestinal cancers through
alteration of the composition of the gut mucosa. For instance,
diseased small bowel in CD has been shown to display various
molecular abnormalities, even before evidence of dysplasia or
neoplasia is present [8]. Colon cancer is the most commonly
diagnosed cancer in these patients and is a leading cause of
mortality. The risk of colon cancer is thought to increase with
various factors, such as longer duration of disease, extent of
bowel involvement, and concomitant inflammatory conditions
[8-10]. The link between CD and gastrointestinal cancers has
been readily established, but the same cannot be said for extra-
gastrointestinal cancers.

Breast cancer (BC) is the most commonly diagnosed type
of cancer worldwide [11]. It is estimated that 297,790 women
will be newly diagnosed with BC in the United States in 2023.
Moreover, the rate of incidence of BC has been steadily increas-
ing in females since the mid-2000s [12]. Numerous risk factors
have been established for the development of BC, including
smoking, obesity, mammographic density, positive family his-
tory, and prolonged exposure to estrogen [13-15]. It has been
proposed that chronic inflammation, which is an important fac-
tor in the development of many cancers, may be an additional
risk factor for breast carcinogenesis [16]. As CD is a disease that
manifests with local in addition to systemic chronic inflamma-
tion, we hypothesized that patients with CD may have a different
risk of developing BC compared to the general population [17].

Despite the predominance of both CD and BC, current liter-
ature on this topic fails to establish a strong association between
CD and the development of BC. While some studies find a
positive association between CD and BC development [18, 19],
others find a negative association [20] or even no association
[21-23] between the two, making this relationship all the more
unclear. Furthermore, the majority of studies researching this as-
sociation do not take place in the United States and thus may not
be truly representative of the desired population. Finally, many
studies look at both CD and its sister disease, ulcerative colitis
(UC), together through the lens of irritable bowel disease (IBD),
and therefore do not stratify BC risk based solely on the disease
of interest. For these reasons, we chose to study the large-scale
association of CD and BC in the United States. The overall pur-
pose of this study was to assess the correlation between prior
history of CD and risk of BC development.

Materials and Methods

Patient cohort

Access to a Humana Health Insurance Portability and Account-
ability Act (HIPAA) compliant national database was provided
by Holy Cross Health, Fort Lauderdale, Florida, for the sole
purpose of academic research. The data were analyzed retro-
spectively from January 2010 to December 2019 using the Inter-
national Classification of Disease Ninth Revision (ICD-9) and
ICD 10th Revision (ICD-10) codes for CD and BC. The control
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group consisted of patients without a history of CD while the
experimental group consisted of patients with a history of CD.
Both groups were then matched by age range, sex, and Charl-
son Comorbidity Index (CCI). The incidence of BC among the
control and experimental groups was then assessed. Statistical
analysis was performed using the PearlDiver Mariner database.
PearlDiver contains over 41 billion HIPPA-compliant patient
records compiled from various insurance organizations such
as Humana, United Healthcare, and Medicare claims. To meet
the inclusion criteria, patients required active status in the data-
base for at least 8 years. BC incidence was the primary outcome
measure of this study. Additionally, the demographics of the pa-
tient population were assessed and analyzed. Females and males
were grouped together for analysis due to the small sample size
of males preventing individual analysis by gender. Chi-square
analyses, relative risk, and odds ratios (ORs) were utilized to an-
alyze the database results and assess the statistical significance.

Literature review

A literature review was conducted to establish previous re-
search on CD, BC, and their possible association. The re-
view was conducted using Google Scholar and PubMed, and
included papers published from 2000 to present. The review
was guided using the following search terms: “Crohn disease”,
“cancer”, “breast”, “inflammation”, and “carcinogenesis”. The
literature review resulted in a diverse array of findings. A small
majority of papers found no association between CD and BC.
The remainder of the papers found either a positive or nega-
tive association between CD and BC. Ultimately, the review
revealed a lack of consensus on this topic.

Institutional Review Board (IRB) approval

This study is exempt from IRB approval due to the use of a
deidentified patient database. Ethical compliance with human
study was not applicable.

Results

Patients with a history of CD had a significantly lower
incidence of BC

Initial matching resulted in 70,027 patients without a history of
CD and 70,027 patients with a history of CD. The total num-
ber of 70,027 matched patients was the largest sample of CD
matched with control that was computed by the PearlDiver da-
tabase. In the control group (light blue flowchart on left in Fig.
1), 4,087 out of 70,027 patients (5.84%) subsequently devel-
oped BC. Of these 4,087 patients, 3,993 were female and 94
were male. In the experimental group (dark blue flowchart on
right in Fig. 1), 654 out of 70,027 (0.93%) patients subsequent-
ly developed BC. Of these 654 patients, 638 were female and
16 were male (Fig. 1). The difference in BC incidence between
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Figure 1. Analysis of the incidence of breast cancer in patients with (dark blue) and without (light blue) a history of CD, matched
by age range and CCl score. From the total of 53,000,000 patients in the database, 70,027 patients were matched into either the
group of patients with (dark blue) and without (light blue) CD. The incidence of breast cancer was then subsequently measured
in each group. The gender breakdown of these cases was then evaluated. CD: Crohn disease; CCl: Charlson Comorbidity Index.

the control (light blue column on left in Fig. 2) and experimen-
tal groups (dark blue column on right in Fig. 2) was statistical-
ly significant (P < 2.2 x 10-1%) (Fig. 2). Logistic regression also
indicated that CD was associated with a decreased incidence
of BC (OR =0.15, 95% confidence interval (CI): (0.14, 0.17)).

Patients with CD of all ages had a consistently decreased
prevalence of BC

Age stratification of the data revealed a difference in the preva-
lence of BC between patients with and without a history of
CD. In both the control and experimental groups, the number
of BC cases increased throughout adulthood, peaked at ages
60 - 64, and then declined. Our data indicate that patients with
CD (dark blue columns in Fig. 3) display a markedly decreased
prevalence of BC throughout all age groups compared to pa-
tients without CD (light blue columns in Fig. 3) (Fig. 3). Addi-
tionally, the number of BC cases in patients with CD remained
more stable over various age groups, as opposed to the sharp
increase and decrease in the number of BC cases in patients’
lifetimes in those without CD.

The incidence of BC in patients with CD displays demo-
graphic disparities

Further analysis of the data revealed various similarities and
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differences in demographic data among the control and experi-
mental groups. Across all four regions of the United States,
patients without a history of CD (light blue columns in Fig. 4)
had higher rates of BC compared to patients with a history of
CD (dark blue columns in Fig. 4) (Fig. 4). Interestingly, this
difference was most apparent in the Southern United States
compared to the Midwest, Northeast, and Western regions.

Patients with CD and BC face a higher healthcare cost
burden

Finally, a cost analysis revealed a disparity in healthcare costs
between patients with a history of CD who later developed BC
compared to patients without a history of CD who later devel-
oped BC. As expected, patients without a history of CD who
later developed BC (light blue column on left in Fig. 5) paid
less in healthcare costs on average compared to patients with a
history of CD who also later developed BC (dark blue column
on right in Fig. 5). This difference was quantified as $23.87 per
hospital visit (Fig. 5).

Discussion

CD is a chronic inflammatory disease with multifactorial etiol-
ogy. The inflammation in CD characteristically affects local-
ized areas of the gastrointestinal tract. Additionally, CD also
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Figure 2. Incidence of breast cancer in patients with (dark blue) or without (light blue) a prior history of CD. Significance was
measured using the Student’s t-test. *P < 0.05. CD: Crohn disease.

results in a systemic inflammatory response characterized by
extraintestinal symptoms such as enteropathic arthritis, uvei-
tis, and erythema nodosum [17]. This chronic widespread in-
flammation may alter the risk of various extragastrointestinal
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cancers in CD patients, namely, BC. The data gathered in this
study ultimately demonstrates an increased need to investigate
the association between CD and BC.

Our data indicate a statistically significant correlation be-
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Figure 3. Prevalence of breast cancer by age group and presence (dark blue) or absence (light blue) of CD. *Number of patients
< 11. The exact number of patients could not be provided due to HIPAA constraints. CD: Crohn disease; HIPAA: Health Insurance

Portability and Accountability Act (HIPAA).
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Figure 4. Regions of breast cancer development in the USA amongst individuals with (dark blue) and without (light blue) CD.

CD: Crohn disease.

tween CD and a reduced incidence of BC. Further data are
needed to understand the pathophysiology underlying this
finding. A proposed mechanism that may explain this may in-
volve the presence of a subpopulation of CD4* T-helper cells
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called T-helper 17 (Th17) cells. These cells are thought to play
a role in numerous autoimmune and inflammatory conditions
such as rheumatoid arthritis, multiple sclerosis, psoriasis, and
inflammatory bowel disease [24]. The dysregulation of Th17
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Figure 5. Average paid per visit for a breast cancer patient with (dark blue) or without (light blue) a prior history of CD. CD: Crohn

disease.
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cells in CD is believed to promote the localized proinflamma-
tory response characteristic of the disease [6].

The role of Th17 cells in cancer is poorly understood. Liter-
ature reveals that these cells may have a protumor or antitumor
effect depending on the specific cancer phenotype. For instance,
a study of patients with gastric cancer found a significantly in-
creased expression of interleukin (IL)-17 in patients with highly
advanced gastric cancers, with the level of expression corre-
lating with disease severity [25]. Contrastingly, another study
found that Th17 cells were instrumental in the eradication of
lung metastatic tumors in a murine model [26]. The plasticity
of these cells is largely dependent on the stimuli they face and
contributes to their divergent role in tumor immunity [27, 28].

In CD, these cells have been shown to be specifically re-
cruited to breast tissue by cytokines secreted from the intesti-
nal tract through the IL-17 and nuclear factor kappa B (NF-
«B) signaling pathways, which are common pathways shared
by both CD and BC [29]. We hypothesize that the Th17 cells
recruited to the site of the breast may be of an antitumor phe-
notype, ultimately decreasing the risk of BC in these patients.
Ultimately, the immunomodulatory role of Th17 cells is likely
to be dependent on the specific cancer phenotype. Given these
findings, future studies are recommended to investigate the
role of the immune system and specifically Th17 cells in the
prevention and treatment of BC.

Inherent limitations were sustained due to this study be-
ing of retrospective observational design. Potential limitations
faced in our study include selection bias and data stratification
limitations; for instance, the inability to determine the sever-
ity of CD, differentiate the specific subtype of BC diagnosis,
and quantify the duration of CD before BC diagnosis. Having
this information may allow us to better understand the nuances
of the association between these two diseases and establish a
timeframe between diagnoses. Patients with CD were also un-
able to be matched by the duration or type of treatment they
received. This may introduce confounding variables, such as
anti-inflammatory therapy, which may impact the incidence
of BC but were unable to be controlled for in this study. Fur-
thermore, although large, the PearlDiver database is limited
by specific insurance types and may not accurately represent
the entire population of interest. The database is also heavily
dependent on meticulous record-keeping by healthcare profes-
sionals and insurance companies to gather accurate data for this
study. Future studies should focus on obtaining large-scale yet
detailed patient data in order to capture the fullest picture of CD
and how it may influence the risk of subsequent BC diagnosis.
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