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Abstract

Objectives: The prevalence of celiac disease (CD) among cancer patients is unknown, yet new cases of
CD occur after cancer therapy exposure. The aim of this study was to describe the clinical course and
endoscopic features of patients with positive celiac serology (PCS) post-cancer therapy exposure (PCTE)
as compared to those with no cancer therapy exposure (NCTE).

Methods: A retrospective study of adult patients with PCS at MD Anderson Cancer Center between
March 2009 and May 2020. Patients with positive tTG IgA, tTG IgG, and/or_EMA IgA were categorized
into cases with NCTE and PCTE. Clinical course, endoscopic and histologic features, and treatments
were compared between the two groups.

Results: Of the 4,345 patients screened for celiac serology, 21 (0.5%) met inclusion criteria. 12 were
PCTE, with a median time of 258 days (173-930 days) from initiation of the last cancer therapy. Those
PCTE had a higher rate of diarrhea (75% vs 22%, p = 0.030), malnutrition and death. A gluten-free diet was
initiated in 82% PCTE vs 89% NCTE, with the majority experiencing symptom resolution. There were no
significant differences in endoscopic and histologic features. 17 patients met criteria for CD diagnosis.

Conclusions: Our findings suggest that CD may be under-diagnosed in cancer patients. Patients with
PCS after cancer therapy may present with diarrhea, nutritional deficiencies, and malnutrition, yet a
gluten-free diet may be efficacious in treatment management. Therefore, CD should be considered when
treating cancer patients. Given the relative proximity of PCS to cancer therapy exposure, future studies
should investigate the association of cancer and cancer therapy with the development of CD.
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Introduction

Celiac disease (CD) is a systemic immune-
mediated disease that leads to small bowel
malabsorption after exposure to dietary gluten in
genetically predisposed people [1]. Although gluten is
a known environmental trigger for CD, the time from
gluten exposure to the development of autoantibodies
and clinical manifestations of CD is variable. It is
unclear what other environmental factors can trigger
the development of CD, current studies have reported

a possible association with a history of gastro-
intestinal infections, gluten exposure in early age,
medications and more recently changes in the gut
microbiome [2-4]. At this time, data is still lacking
regarding the association between cancer, cancer
therapy and the development of CD, especially in a
genetically susceptible population. Patients with CD
commonly present with fatigue, weight loss, diarrhea,
and nutritional deficiencies due to malabsorption as a
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result of autoimmune destruction of the intestinal villi
in the presence of gluten [5,6]. CD diagnosis is based
on serology and biopsy of the duodenum with the
ultimate treatment being a gluten free diet [7].

Diarrhea is also a common adverse effect of
cancer therapy, with severe grade 3 to 4 diarrhea
occurring in up to 47% of patients undergoing
chemotherapy, this can affect cancer treatment and
ultimately survival [8,9]. The pathophysiology of
chemotherapy-induced diarrhea is not fully
understood but thought to be multifactorial, from
mucosal injury resulting in ulceration and atrophy to
alterations in enzymatic function and changes in the
microbiome [9,10]. Chemotherapy also leads to
immunosuppressive and immunomodulatory effects
[11], which may be implicated in the immunologic
and inflammatory damage that occurs in the small
intestine in the presence of gluten [12]. Consequently,
although unproven, it remains plausible that cancer
therapy may promote gut mucosal autoimmunity.

CD diagnosed after exposure to cancer therapy
has been reported in the literature after evaluation of
refractory diarrhea, with diarrhea improving and
resolving after initiation of a gluten-free diet based on
limited evidence [13-15]. Furthermore, the true
prevalence and natural history of CD in patients being
treated for cancer is unknown, as is the effect of CD on
cancer treatment and long-term outcomes.

We performed a retrospective descriptive study
on the clinical course, endoscopic features, and out-
comes of cancer patients with positive celiac serology
(PCS) with and without cancer therapy exposure.

Materials and methods

Study Design and Population

This retrospective, descriptive, single-center
study included adult patients with PCS at The
University of Texas MD Anderson Cancer Center
between March 2009 and May 2020. The study was
conducted with approval from the Institutional
Review Board at MD Anderson. Informed consent
from patients was waived for this study. We
identified patients aged 18 years or older who tested
positive for anti-tissue transglutaminase (tTG)
immunoglobulin A (IgA) antibody with a value
greater than 10 U/mL, tTG immunoglobulin G (IgG)
antibody with a value greater than 9 U/mL, and/or
positive anti-endomysial (EMA) IgA antibody. These
test were conducted with Inova Diagnostics” ELISA
testing. Patients were excluded if they had received a
transplant or had been diagnosed with gastro-
intestinal graft-versus-host disease.

Patients were categorized into two groups:
patients with PCS with no cancer therapy exposure

(NCTE) and those with PCS post-cancer therapy
exposure (PCTE). In addition to the tTG IgA, tTG IgG
and EMA IgA celiac serologies, we collected data on
deaminated gliadin peptide (DGP) IgG and IgA
antibodies (ELISA test by Inova Diagnostics) and the
genetic haplotypes of HLA-DQ2 and HLA-DQS8 when
available. CD diagnosis was defined as PCS with
histologic findings from esophagogastro-
duodenoscopy (EGD) duodenal biopsies consistent
with CD including intraepithelial lymphocytosis,
crypt hyperplasia, and villous atrophy [1]. The
protocol at MD Anderson for the endoscopic
assessment for CD is in alignment with the standard
protocol for celiac biopsy sampling.

Patients demographic information, medical, and
oncologic history were collected. Medical history
included comorbid conditions, history of autoimmune
diseases, family history of CD and use of proton
pump inhibitors (PPIs), nonsteroidal anti-
inflammatory drugs (NSAIDs), or steroids. Oncologic
history included cancer type and staging. Cancer
therapy was classified as chemotherapy, hormonal or
immunomodulator therapy. Cancer therapy-related
adverse events, mortality, and cause of death were
also collected.

CDh related manifestations, endoscopic
evaluation, treatments and outcomes were collected.
Clinical manifestations included diarrhea, weight
loss, and nutritional deficiencies. Severity of diarrhea
was defined based on the National Cancer Institute’s
Common Terminology Criteria for Adverse Events
version 5 (CTCAE) [16]. EGD features suggestive of
CD included the presence of mucosal changes such as
scalloping, fissures, nodularity, atrophy, ulceration
and non-ulcerative inflammation including erythema,
friability, erosions, inflammatory exudate, loss of
vascular pattern, and edema. Histologic features
included intraepithelial lymphocyte infiltration, crypt
hyperplasia, villous blunting and atrophy. Treatment
including a  gluten-free diet, antidiarrheal
medications, and immunosuppressant agents were
reported. Outcomes included symptom resolution,
hospitalization, need for nutritional support and
mortality.

Statistical analysis

A descriptive statistical analysis was performed.
The distribution of continuous variables was
summarized by using means and standard deviations.
The distribution of categorical variables was
summarized by using frequencies and percentages,
and the associations of these variables were evaluated
with the Fisher exact test. All statistical evaluations
were 2-sided, and p values of less than 0.05 were
considered statistically significant.

https://lwww.jcancer.org



Journal of Cancer 2022, Vol. 13

817

Table 1. Demographics and Cancer Characteristics of Patients
with Positive Celiac Serologies Stratified by Cancer Therapy
Exposure

Characteristics at time of CD No. Patients (%) 14
NCTE, n=9 (%) PCTE, n=12(%)

Age?, mean (SD), y 47 (10.5) 58 (8.5) 0.019

Male sex 4 (44) 7 (58) 0.523

Female sex 5 (55) 5 (42)

Caucasian race 7 (78) 10 (83) 0.670

Black 0(0) 1(08) 1.000

Hispanic 2(22) 0(0) 0172

Asian 0(0) 1(08) 1.000

Co-morbidities 5 (56) 10 (83) 0.331

Other autoimmune diseases 2(22) 2(17) <0.001

Family history of celiac disease 0 (0) 2(17) 0.486

Risk Factors

NSAID® 1(11) 1(8) 1.000

PPI® 1(11) 5 (42) 0.178

Steroid b 0(0) 1(08) 1.000

H. pylori infection at the time of 1 (11) 0 (0) 0.429

celiac diagnosis

Cancer ¢

Solid 3 11 (92)

Head and neck 1 0(0)

Breast 0 5(42)

GI - 6 (50)

Melanoma 1 0(0)

Skin 1 0(0)

Hematologic - 1(8)

No cancer 6 (67) 0(0)

Cancer Stage

<II 3(33) 2(17)

1I/1v 0 (0) 10 (83)

aMean age at Diagnosis of Positive Celiac Serology;

bTherapy used within 3 months prior to EGD at time of celiac screening or positive
serology if no EGD available;

¢For the NCTE group, 3 cases were diagnosis with solid cancers including head and
neck, skin and melanoma however none of these cases received cancer therapy
prior to CD diagnosis;

Abbreviations: NCTE: No cancer therapy exposure; PCTE: post cancer therapy
exposure; GI: gastrointestinal; GU: genitourinary.

Results

Between March 2009 and May 2020, 4,345
patients at MD Anderson were tested for tTG IgA

Tested for celiac serology at MD
Anderson 03/2009 - 05/2020

tTG IgA/1gG tested Endomysial Ab tested
n=339% n=951

l l

antibody, tTG IgG antibody, and/or EMA IgA
antibody. 21 patients (0.5%) met the inclusion criteria
for PCS (Figure 1). Of the 21, 15 (71%) were cancer
patients; 12 (57%) were PCTE and 9 (43%) had NCTE.
Of the patients screened, 17 (0.4%) met criteria for CD
diagnosis; 9 were PCTE and 8 had NCTE.

Patient Characteristics

Patients with PCS in the PCTE group were
significantly older than those with NCTE (58 vs 47
years, p = 0.019) (Table 1). Although not significant,
the PCTE group were predominantly male (58%) and
had higher rates of comorbidities (83%), but similar
rates of autoimmune diseases (17%) and family
history of CD (17%). Only 1 case had a co-infection at
the time of endoscopic evaluation, which was
Helicobacter pylori in the NCTE group.

Oncologic History

Of the 9 NCTE patients, 3 were diagnosed with
stage I or II solid tumors prior to PCS (Table 1). Of the
12 PCTE patients, 11 (92%) had solid tumors and 83 %
of the cases had stage III or IV cancer at the time of
PCS. The 12 PCTE patients had PCS at a median of 875
days (336-2572 days) after cancer diagnosis, 258 days
(173-930 days) after initiation of the last cancer
therapy, and 117 days (1-393 days) after the last cancer
therapy exposure (9 had PCS within 1 year of the last
cancer therapy exposure). All 12 patients were
exposed to more than one cancer therapy agent. 11 of
the 12 cases were exposed to chemotherapy, 5 cases
were exposed to immunomodulator therapy and 1
case had hormone therapy exposure (Table 2).

Celiac Serology

All 9 patients with NCTE had positive tTG IgA,
with 3 having an additional PCS. 11 of
12 PCTE patients tested positive for
tTG-IgA with 5 having more than one
PCS test. Additional celiac serology
included tTG IgG antibody, EMA IgA
antibody and DPG IgA or IgG
antibody. Only 4 patients, all in the
PCTE group, had HLA DQ2 and DQ8

I Excluded available, with 3 of the 4 being
Lack of critical test at iti
l time of CD diagnosis posituve.
n=3

Positive tTG-IgA/IgG or Endomysial Ab
n=2]

! !

Celiac-related Symptoms

Diarrhea was more frequently
reported among PCTE patients than
in NCTE (75% vs 22%, p = 0.030).
Although not statistically significant,

Positive celiac serology in non-cancer
patients or prior to cancer therapy

n=9 n=12

Positive celiac serology in cancer
patients post cancer therapy

PCTE patients had a lower rate of
reported nutritional deficiencies (67 %

Figure 1. Patient allocation flowchart.

vs 78%) but higher rates of weight loss
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(50% vs 11%) and malnutrition (25% vs 0%) (Table 3).

Endoscopic and Histologic Features

Of the 21 patients with PCS, 20 had EGD results
available, with all but 1 EGD performed within 6
months of PCS. Eight of nine NCTE patients had an
EGD with duodenal biopsies, of these, 7 had
abnormal endoscopy features, while all had abnormal
histology (Table 2). One patient was initiated on a
gluten-free diet 5 months before the EGD. All 12 PCTE
patients underwent EGD, and 10 had duodenal
biopsies. Of these 12, 7 had normal duodenal mucosa,
yet all 10 with biopsy had abnormal histology. One
patient was initiated on a gluten-free diet 3 months
before the EGD, and 8 were exposed to cancer therapy
within 12 months of the EGD. Of the 12 PCTE
patients, those with normal and abnormal EGD
findings had similar exposure to the type of cancer
therapy, occurrence of diarrhea, and resolution of
diarrhea on a gluten-free diet (Table 4). Endoscopic

and histologic images are shown in Figures 2 and 3.

Table 2. Description of the Last Cancer Therapy Received prior
to Positive Celiac Serology in Patients Post Cancer Therapy
Exposure

Therapy No. Patients (%),
PCTE, n=12
Chemotherapy 11 (92)
Antimicrotubule Agents (docetaxel, paclitaxel, vincristine) 5 (42)
Topoisomerase inhibitors (Irinotecan) 1(8)
Anti-metabolites (5-fluorouracil, capecitabine) 5(42)
Anthracyclines (doxorubicin, epirubicin) 4 (33)
Alkylating Agents (carboplatin, cisplatin, oxaliplating, 9 (75)
cyclophosphamide)
Kinase Inhibitors (lenvatinib?, dabrafenib®) 2(17)
Immunomodulator therapy 5(12)
Lenolidomine, rituximab, bevacizumab, trastuzumab,
pentuzumab, panitumumab, nivolumab
Hormone Therapy 1(8)

Leuprolide, tamoxifen

2 VEGF tyrosine kinase inhibitor;

b BRAF kindase inhibitor;

A total of 10 patients out of 12 were on multiple agents;
Abbreviations: PCTE: post cancer therapy exposure.

Figure 3. Pathology images of duodenal epithelium (H&E) at magnification 40X. A) Villous atrophy. B) Villous blunting. Increased epithelial lymphocytes are seen in both images.
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Table 3. Clinical Characteristics at the Time of Positive Celiac
Serologies Stratified by Cancer Therapy Exposure

Table 4. Characteristics of Positive Celiac Serology Cases in the
Post Cancer Therapy Exposure Group Stratified by EGD Findings

Characteristics NCTE, n=9 PCTE,n=12 P
Symptoms n=9 (%) n=12 (%)
Diarrhea 2(22) 9 (75) 0.030
Grade 1-2 (< 6 BM/day above baseline) 1 7
Grade 3-4 (> 6 BM/day above baseline) 1 2
Nutritional deficiencies 2 7 (78) 8 (67) 0.659
Weight loss 1(11) 6 (50) 0.087
Malnutrition diagnosis 0 (0) 3 (25) 0.229
Celiac Diagnosis 8 (89) 9 (75) 0.603
EGD Features n=38 (%) n=12 (%)
Normal 1(13)° 7 (58) 0.067
Inflammatory changes 3(33)¢® 3(25) 1.000
Scalloping, fissures, nodularity 3(38)° 3(25) 0.642
Atrophy 2(25)® 1(8) 0.537
Histology Features n=38 (%) n =10 (%)
Intraepithelial lymphocytosis 8 (100) » 9 (90) © 1.000
Crypt hyperplasia 1(13)® 1(10) < 1.000
Villous atrophy 8 (100) b 8 (80) « 0.477
Treatment n=9 (%) n=12 (%)
Gluten-free diet 8(89) 9(82) 0.603
Anti-diarrheal 0 (0) 7 (64) 0.007
Steroids 0 (0) 1 (08) 1.000
Symptom Outcomes 4
Diarrhea resolved n=2(%),2 n=9(%),8(89)  1.000
(100)

Nutritional deficiency resolved
Hospitalization

Median follow-up duration (IQR), y
Overall mortality

n=7(%),686) n=8(%),5(63) 1.000
n=9(%),0(0) n=12(%),1(08) 1.000
71(60-85)  3.8(0.9-5.3) <0.001
n=9(%),00) n=12 (%), 4(33) 0.104

Characteristics Normal EGDs, n=7 Abnormal EGDY, n =5
Symptoms n=7(%) n=>5 (%)
Diarrhea 5(71) 5 (100)
Nutritional deficiencies 3 (43) 4 (80)
Weight loss 4 (57) 2 (40)
Histology Features ¢ n=>5 (%) n=>5 (%)
Intraepithelial lymphocytosis 5 (100) 4 (80)
Crypt hyperplasia 0(0) 1(20)
Villous atrophy 4 (80) 4 (80)
Cancer Therapy Exposure n=7(%) n=>5 (%)
Chemotherapy 6 (86) 5 (100)
Hormone therapy 1(14) 0 (0)
Immunomodulator therapy 3 (43) 2 (40)
Any cancer therapy ¢ 5(71) 3 (60)
Other cancer therapy related GI 5 (71) 1(20)

adverse effects ¢
Symptom Outcomes f
Diarrhea resolved n=>5 (%), 5 (100)
n=3(%),2(67)
n=7(%),0(0)

n="5(%), 4 (80)
n=4(%),2 (50)
n="5(%),1(20)

Nutritional deficiency resolved
Hospitalization

aNutritional deficiencies included micronutrient deficiencies, such as iron
deficiency and vitamins deficiencies;

PEGD and histological features are of the 8 cases in which EGD and histology
reports were available among the 9 patients with NCTE;

cHistological features are of the 10 reports available from the 12 PCTE patients who
underwent EGD;

dThe percent resolution is the proportion of the patients with symptoms;

Multiple symptoms can be presented among same patients.

Abbreviations: EGD, esophagogastroduodenoscopy; IQR, Interquartile Range.

Treatment and Outcome

Nearly all of the patients with diarrhea at the
time of evaluation had symptom resolution on a
gluten-free diet. Antidiarrheal medication was
administered to seven patients and systemic steroid to
one patient in the PCTE group. Of the six patients
who received cancer therapy at the time of PCS, three
had therapy held due to diarrhea. Other cancer
therapy-related GI adverse effects such as pancreatitis
and liver toxicity were documented in 6 of 12 patients
with PCTE, yet none were diagnosed with ileitis or
colitis. Only one patient (in the PCTE group) had
severe malnutrition necessitating hospitalization and
treatment with total parenteral nutrition and systemic
steroid.

A total of 4 patients, all in the PCTE group, died
during the study window. All deaths were related to
underlying malignancy, with one case associated with
superimposed fungemia and multiorgan failure
related to prolonged total parenteral nutrition therapy
for severe malnutrition.

aNormal EGD refers to endoscopic duodenal evaluation;

b Abnormal EGD refers to duodenal evaluation with findings reported as
inflammation, scalloping, fissures, nodularity or atrophy;

< Percentages are out of 5 cases that had duodenal biopsy with normal EGD features
and 5 cases that had duodenal biopsy with abnormal EGD features;

d Patients who received any cancer therapy within 12 months of positive celiac
serology;

e Other cancer therapy related GI adverse effects included liver toxicity, pancreatic
toxicity, proctitis and oral mucositis. No cases were diagnosed with ileitis or colitis;
f The percent resolution is out of the patients with symptoms;

Multiple symptoms and histology features can be presented among same patients.

Discussion

To date, there are limited data on the clinical
course of Celiac Disease in cancer patients. Although
cancer therapy is known to cause systemic changes, it
remains unclear whether it triggers the autoimmunity
seen in CD. The findings from this study suggest that
screening for CD remains important when evaluating
patients with cancer therapy exposure who present
with gastrointestinal symptoms and nutritional
deficiencies given the unique and efficacious
treatment of CD with a gluten-free diet.

Currently, the prevalence of CD in cancer
patients is unknown. In this study of 4,345 patients
with manifestations suggestive of CD who completed
serologic screening, approximately 0.5% had positive
serology and 0.4% met criteria for CD diagnosis. This
is lower than the estimated prevalence of CD in the
general population, which is 0.7%-1.0% in the United
States [17,18]. We suspect the lower rate of CD in our
cohort to be multifactorial. The primary
manifestations of CD that prompted celiac screening
among PCTE patients were nutritional deficiencies,
weight loss, and diarrhea, however these do not
encompass all the manifestations of CD. Furthermore,
recent studies have reported that the collective
symptoms of CD aside from diarrhea outnumber the
cases presenting with diarrhea [4]. Diarrhea,
nutritional deficiencies and weight loss also overlap
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with various conditions including cancer itself,
adverse effects of cancer therapy and other
co-morbidities. It is therefore possible that not all
patients with these manifestations on cancer therapy
have been screened for CD at MD Anderson. Of
clinical importance, the findings of nutritional
deficiencies, weight loss, and malnutrition in a mostly
older patient population correlated with the rising
recognition of these findings as CD manifestations
among the elderly [19-21]. Yet, studies continue to
demonstrate that CD is often missed in the elderly
population and therefore there should be a high index
of suspicion for CD in these patients [22]. Lastly, not
all patients in our study had biopsy for histologic
review. While our study raises concerns for the need
to consider CD in cancer patients, given the
retrospective and single center design of this study,
our cohort does not provide a full representation of
the manifestations of CD or the prevalence of CD
amongst patients with cancer. For the aforementioned
reasons, we suspect our cohort study likely
underestimates the prevalence of CD at our
institution. Future prospective studies are warranted
to further clarify the prevalence, clinical management
of CD and its outcome among cancer patients on
therapy if clinical manifestations raise the suspicion of
CD.

While the association between CD and the
development of cancer has been investigated, the
prevalence of malignancy before and after CD
diagnosis is unknown. In one meta-analysis, those
with CD were at increased risk of developing cancer
with an odds ratio of 1.25 [23]. Rampertab et al. [5]
reported malignancy in 9.3% of CD patients, with 64%
diagnosed with cancer before and 27% after CD
diagnosis. In our study, 71% of patients had a cancer
diagnosis before PCS, however our study has inherent
selection bias being at a cancer center. In a recent
study of 47,241 patients with CD, there was a 1.11 fold
increased risk of cancer which was primarily
encountered within the first year after CD diagnosis
and  primarily involved  hematologic  and
gastrointestinal cancers [24]. This increased risk of
cancer including gastrointestinal cancers are also
supported by other studies [23,25]. We found that 50%
of the PCTE group in our cohort had gastrointestinal
malignancies including colon, esophageal and hepatic
cancers. However, similar to Lebwohl et al., we are
unable to determine whether these patients had
gastrointestinal malignancies in the setting of
unrecognized CD or developed CD after cancer
diagnosis or cancer therapy exposure.

Small bowel histologic features such as intra-
epithelial lymphocytosis and villous atrophy are
hallmark findings for CD [26,27]. Yet, these findings

are present in other conditions including infections,
autoimmune diseases, radiation injuries, and
drug-induced injuries such as those from NSAIDS,
PPIs, and chemotherapy [28-33]. While 14 of 21 cases
had other risk factors for gastrointestinal injury
(cancer therapy, PPI, NSAIDs, H. pylori), they all had
PCS and most experienced clinical improvement on a
gluten-free diet. Furthermore, the presence of
histologic abnormalities was not associated with
endoscopic duodenal findings. Endoscopic features
have a sensitivity of 82%-94% for CD-related
histologic abnormalities in patients suspected of
having CD compared to 59%-88% in those
undergoing EGD for any reason [34-37]. In our study,
87% of NCTE patients and 42% of PCTE patients had
abnormal endoscopic features despite all patients
having abnormal histologic findings. This illustrates
the importance of obtaining endoscopic biopsies.

Of particular clinical relevance is the association
between cancer therapy and CD manifestations. To
date, there are limited data on CD in patients post
cancer therapy exposure. Of our 21 cases, 12 (57%)
were PCTE. They were older, had more advanced
cancers, and exposure to various cancer therapies,
although no specific cancer therapy was found to be
associated with PCS. Furthermore, PCS occurred at a
median time of 875 days after cancer diagnosis and
258 days after initiation of last cancer therapy.
Interestingly, Robinson et al. [13] found that 12 out of
27 cancer patients were diagnosed with CD after
cancer therapy. Recent data have also demonstrated
an association between CD and exposure to immune
checkpoint inhibitors, which are used in various
cancer treatments [15, 38-42]. Immune checkpoint
inhibitors cause an upregulation of the immune
system with studies showing inflammatory changes
in duodenum that are distinct from celiac disease.
Interestingly there are reports of new diagnosis of CD
post immune checkpoint inhibitor exposure requiring
a gluten free diet for treatment as well as duodenitis
with negative celiac serology testing however with
response to gluten free diet after failed steroid and
biologic therapy. While in our study there was only
one case of CD post immune checkpoint inhibitor
treatment, larger studies are needed to evaluate if
there is a causal relationship. In addition to the
potential immunologic changes in the gut mucosa
associated with cancer therapy, studies have also
raised the concern that cancer therapy can alter the
microbiome and there is evidence suggesting the
potential role of the microbiome in the pathogenicity
of CD [10, 24]. Given the relative proximity of PCS to
cancer therapy and the similarity of histologic
changes from cancer therapy to CD, future research
are needed to determine whether cancer or cancer

https://lwww.jcancer.org



Journal of Cancer 2022, Vol. 13

821

therapy can incite environmental changes that can
lead to CD in predisposed patients, a celiac-related
enteropathy with PCS, or if therapy is simply
unmasking undiagnosed CD.

While CD manifestations overlap with the
adverse effects of cancer therapy, most patients had
resolution of diarrhea and nutritional deficiencies
after initiation of a gluten-free diet. This raises the
need to consider CD and possible gluten-sensitivity
during cancer therapy. Also of clinical significance is
that malnutrition in cancer patients may range from
30% to 90% and is associated with inferior response to
therapy and survival [43,44]. There was one death in
the PCTE group associated with malnutrition,
highlighting the importance of considering CD-
associated malabsorption in exacerbating the adverse
effects of cancer treatment and ultimately mortality.
Lastly, it is imperative to further evaluate the role of
CD in cancer patients as there are newer medical
therapies being studied such as transglutaminase 2
inhibitors which may be of value in cancer patients
who are already at risk for malnutrition and
decreased food intake [45].

Our study had certain limitations. Its retro-
spective nature, single-center study design, and small
sample size lacked the power to ascertain the
prevalence and incidence of CD among cancer
patients at our institution and to make definitive
conclusions. Given multiple confounding factors
related to cancer and cancer therapy and cases lacking
histology, definitive diagnoses of CD could not be
made for all cases. Furthermore, the overlapping
manifestations of CD and the adverse effects of cancer
therapy and advanced malignancy, it is likely that not
all patients at risk for CD or with CD manifestations
were actually screened for CD. Given the small cohort
number and inability to determine the true prevalence
of CD, we were unable to make definitive statements
on the sensitivity, specificity and predictive values of
serology testing on this patient population. Finally,
the control group is a biased patient population at a
cancer institution and do not represent the general
population with CD. Despite our limitations and
inability to determine causality, our findings expand
on the limited data available regarding the potential
effect that cancer therapy may have on CD.

Conclusions

Our findings suggest that CD may be
underdiagnosed in cancer patients and that patients
with PCS after cancer therapy may present with
diarrhea, nutritional deficiencies, and malnutrition.
Given the unique and efficacious treatment of CD
with a gluten-free diet, clinicians should consider CD
when evaluating cancer patients with gastrointestinal

symptoms and nutritional deficiencies. Future studies
are warranted to determine the prevalence of CD in
cancer patients and the association of cancer therapy
with the development of CD.
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