Open access Original research

Immune checkpoint inhibitor-associated

0o
*°" Journal for
... ImmunoTherapy of Cancer

To cite: Badran YR, Shih A,
Leet D, etal. Immune
checkpoint inhibitor-associated
celiac disease. Journal for
ImmunoTherapy of Cancer
2020;8:¢000958. doi:10.1136/
jitc-2020-000958

» Additional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/jitc-
2020-000958).

YRB and AS contributed equally.

MM-K and MD contributed
equally.

Accepted 23 May 2020

‘ '.) Check for updates

© Author(s) (or their
employer(s)) 2020. Re-use
permitted under CC BY.
Published by BMJ.

'Department of Medicine,
Massachusetts General Hospital,
Boston, Massachusetts, USA
2Harvard Medical School,
Boston, MA, USA

*Department of Pathology,
Massachusetts General Hospital,
Boston, Massachusetts, USA
“Division of Oncology,
Department of Medicine,
Massachusetts General Hospital,
Boston, Massachusetts, USA
SDepartment of Medicine,
Columbia University, New York,
New York, USA

®Biostatistics Center,
Massachusetts General Hospital,
Boston, MA, USA

"Division of Gastroenterology,
Department of Medicine,
Massachusetts General Hospital,
Boston, Massachusetts, USA

Correspondence to
Dr Michael Dougan;
midougan@partners.org

celiac disease

Yousef R Badran,'? Angela Shih,?® Donna Leet,?> Meghan J Mooradian @ ,

2,4

Alexandra Coromilas,® Jonathan Chen,??® Marina Kem,?® Hui Zheng,®

Jennifer Borowsky,® Joseph Misdraji,>® Mari Mino-Kenudson © |

Michael Dougan © 27

ABSTRACT

Background Rare cases of immune checkpoint

inhibitor (ICl)-associated celiac disease (ICI-CeD) have
been reported, suggesting that disruption of tolerance
mechanisms by ICIs can unmask celiac disease (CeD).
This study aims to characterize the clinicopathological and
immunophenotypic features of ICI-CeD in comparison to
ICl-associated duodenitis (ICI-Duo) and usual CeD.
Methods A medical and pathological records search
between 2015 and 2019 identified eight cases of ICI-
CeD, confirmed by tTG-IgA. Nine cases of ICI-Duo, 28
cases of moderate CeD, as well as 5 normal controls
were used as comparison groups. Clinical information
was collected from the electronic medical records.
Immunohistochemistry for CD3, CD8, T-cell receptor
gamma/delta (y5), programmed death ligand 1 (PD-L1),
and programmed death 1 (PD-1) were performed, with
quantification of intraepithelial lymphocyte (IEL) subsets
in three well-oriented villi. CD68, PD-L1, and PD-1 were
assessed as a percentage of lamina propria surface area
infiltrated by positive cells. Statistical significance was
calculated by the Student’s t-test and Fisher’s exact test.
Results The eight patients with ICI-CeD (F:M=1:3) and
nine patients with ICI-Duo (F:M=5:4) presented similarly
with diarrhea (13/17) and abdominal pain (11/17) after a
median of 1.6 months on ICI therapy. In patients with ICI-
CeD, tTG-IgA ranged from 104 to >300 IU/mL. Histological
findings in ICI-CeD and ICI-Duo were similar and included
expansion of the lamina propria, active neutrophilic
duodenitis, variably increased IELs, and villous blunting.
Immunohistochemistry showed that the average number
of IELs per 100 enterocytes is comparable between
ICI-CeD and ICI-Duo, with increased CD3* CD8* T cells
compared with normal duodenum but decreased Yo T
cells compared with CeD. Average PD-L1 percentage
was 9% in ICI-CeD and 18% in ICI-Duo, in comparison

to <1% in CeD and normal duodenum; average PD-1
percentage was very low to absent in all cases (<3%). On
follow-up, five patients with ICI-CeD improved on a gluten-
free diet (GFD) as the sole therapeutic intervention (with
down-trending tTG-IgA) while the other three required
immunosuppression. All patients who developed ICI-Duo
received immunosuppression with variable improvement
in symptoms.

Conclusions ICI-CeD resembles ICI-Duo clinically

and histologically but shares the serological features

and response to gluten withdrawal with classic CeD.
Immunophenotyping of IELs in ICI-CeD and ICI-Duo also
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shows similar CD3, CD8, yd T cell subsets, and PD-L1
populations, all of which differed quantitatively from
usual CeD. We conclude that ICI-CeD is biologically
similar to ICI-Duo and is likely a variant of ICI-Duo, but
treatment strategies differ, with ICI-CeD often improving
with GFD alone, whereas ICI-Duo requires systemic
immunosuppression.

BACKGROUND

Celiac disease (CeD) is a systemic auto-
immune disease characterized by small
intestinal enteropathy precipitated and prop-
agated by dietary gluten in genetically suscep-
tible individuals.'”™ When immunogenic
gluten peptides traverse the intestinal lumen,
they can elicit both an innate and an adap-
tive immune response, leading to the clin-
ical and histological manifestations of CeD.*
Patients often present with a constellation of
intestinal and/or extraintestinal manifesta-
tions, although some may be asymptomatic
at diagnosis, and histological confirmation by
the presence of intraepithelial lymphocytes
(IELs) and villous atrophy is often neces-
sary.”® Measurement of serum IgA antibodies
to tissue transglutaminase (tTG-IgA; or IgG
class in patients with IgA deficiency) is the
first recommended screening test for patients
with suspected CeD.'*

The immune regulatory proteins cytotoxic
T lymphocyte antigen (CTLA)-4 as well as
programmed death (PD)-1 and its ligand
PD-L1 are important immune regulatory
proteins collectively referred to as immune
checkpoints receptors. Studies have shown
that these pathways can be appropriated by
malignant tumors as a mechanism to circum-
vent antitumoral immune responses.® Under-
scoring the importance of these pathways,
immune checkpoint inhibitors (ICIs) have
demonstrated impressive clinical activity, with
monoclonal antibodies targeting CTLA-4,
PD-1, and PD-L1 now approved for the treat-
ment of diverse cancers.”®
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Table 1 Demographics and baseline characteristics

Characteristics ICI-duodenitis (n=9) ICl-celiac disease (n=8) P value
Median age at presentation, years (range) 60 (29-71) 55 (44-73) 0.804
Sex (F:M) 5:4 2:6 0.334
Malignancy type, N (%)
Melanoma 8/9 (89) 4/8 (50) 0.131
Lung 0/9 (0) 2/8 (25) 0.205
Other 1/9 (11) 2/8 (25) 0.576
Stage at initiation of ICI
I 3/9 (33) 3/8 (37.5) >0.999
vV 6/9 (67) 5/8 (62.5)
Metastatic sites at ICl initiation
Lung 3/9 (33) 3/8 (37.5) >0.999
Liver 2/9 (22) 2/8 (25)
Brain 2/9 (22) 1/8 (12.5)
Other 4/9 (44) 0/8 (0)
None 3/9 (33) 3/8 (37.5)
History of prior immunotherapy use 5/9 (56) 1/8 (12.5) 0.132
Immunotherapy at time of symptom onset, N (%)
a-CTLA-4 4/9 (44) 1/8 (12.5) 0.294
o-PD-(L)1 3/9 (33) 5/8 (62.5) 0.346
Combined therapy 2/9 (22) 2/8 (25) 0.999
Autoimmune disease history, N (%) 0/9 (0) 0/8 (0) >0.999
Luminal Gl disease history
GERD 4/9 (44) 3/8 (37.5) >0.999
H.pylori PUD 0/9 (0) 0/8 (0) >0.999
IBD 0/9 (0) 0/8 (0) >0.999
Celiac disease 0/9 (0) 1/8 (12.5) 0.47
Family history of CeD 0/9 (0) 2/8 (25) 0.205

The p value was calculated by Student’s t-test and analysis of variance method for numerical covariates and Fisher’s exact for categorical
covariates where appropriate. Other malignancy types for immune checkpoint inhibitor-associated duodenitis (ICI-Duo): Hodgkin lymphoma
(n=1). Other malignancy types for ICI-CeD: extraskeletal myxoid chondrosarcoma (n=1) and tonsillar squamous cell carcinoma (n=1). Patients
with (none) listed for metastatic sites at therapy initiation had stage Il disease. Other metastatic sites for ICl-Duo: adrenal gland (n=1), bone
(n=2), and peritoneum (n=1). History of prior immunotherapy use was identified as any ICI used prior to the current regimen. Combined
therapy denotes that patients recieved ipilimumab and a programmed cell death receptor (ligand)-1 (PD-(L)1) inhibitor as standard of care or
on an investigational protocol. Family history of celiac disease denotes CeD in first or second degree relative.
CTLA-4, cytotoxic T cell associated antigen 4; GERD, gastroesophageal reflux disease; Gl, gastrointestinal; H.pylori, Helicobacter pylori; IBD,

inflammatory bowel disease; PUD, peptic ulcer disease.

Although ICIs demonstrate remarkable efficacy against
advanced cancers by enhancing antitumor effector func-
tions of T cells,” inhibition of these regulatory receptors
leads to loss of tolerance and a wide spectrum of inflam-
matory toxicities known as immune-related adverse
events (irAEs). When severe, irAEs can necessitate I1CI
therapy interruption, discontinuation, and treatment
escalation with powerful immunosuppressive agents.m_lg
Isolated ICl-associated duodenitis (ICI-Duo) has been
reported after treatment with different immunothera-
pies,'* ” often with non-specific histological features.'*"°
Interestingly, rare cases of patients with de novo elevation

of serum tTG antibodies in the setting of treatment with
ICIs have been reported.”‘19

The nature of the relationship between serum tT'G anti-
bodies and ICI-Duo is currently unclear, but it has been
hypothesized to reflect treatment-emergent CeD.'" 2
Whether ICl-associated celiac disease (ICI-CeD) reflects
new onset gluten sensitivity or is the first manifestation
of previously asymptomatic CeD remains an open ques-
tion. As the clinical and histological manifestations of
gastrointestinal (GI) irAE are broad and may mimic other
primary diseases (including CeD), this study aims to eluci-
date the clinicopathological and immunophenotypic
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Table 2 Immune checkpoint inhibitor-associated duodenitis (ICI-Duo) and ICl-associated celiac disease (ICI-CeD) clinical
course

Characteristics ICI-Duo (n=9) ICI-CeD (n=8) P value
Time to symptoms onset (median, days)
o-CTLA-4 41.5 (n=4) 31.0 (n=1) 0.616
o-PD-(L)1 221 (n=3) 119 (n=5) 0.79
Combined therapy 27.5 (n=2) 81 (n=2) 0.487
Overall 48 82.5 0.623
Symptoms at diagnosis
Abdominal pain 6/9 (67 %) 5/8 (62.5%) >0.999
Diarrhea 7/9 (78%) 6/8 (75%) >0.999
Nausea/vomiting 5/9 (56 %) 2/8 (25%) 0.314
Weight loss 0/9 (0%) 0/8 (0%) >0.999
BRBPR 1/9 (11%) 0/8 (0%) >0.999
Extraintestinal manifestations
Head fog/headaches 1/9 (11%) 1/8 (12.5%) >0.999
Fatigue 5/9 (56%) 2/8 (25%) 0.334
Dermatitis herpitiformis 0/9 (0%) 0/8 (0%) >0.999
B,, deficiency” 0/2 (0%) 1/6 (17%) >0.999
Vitamin D deficiency 0/0 (0%) 2/4 (50%) >0.999
Iron deficiency 1/3 (33%) 2/4 (50%) >0.999
Folate deficiency 0/2 (0%) 0/4 (0%) >0.999
Transaminase elevation 2/9 (22%) 1/8 (12.5%) >0.999
TTG IgA
Mean+SD 1.32£0.23 (n=6) 121.21+80.29 (n=8) 0.003
Median 1.23 105.3
IgA
Mean+SD 144.75+41.67 255.5+117.86 0.113
Median 152 233.5
Upper endoscopy features
Inflammation 6/9 (67 %) 2/6 (33%) 0.153
Mucosal atrophy 1/9 (11%) 2/6 (33%) 0.523
Mucosal ulcers/erosions 1/9 (11%) 2/6 (33%) 0.523
Scalloping 1/9 (11%) 0/6 (0%) >0.999
Normal duodenum 0/9 (10%) 1/6 (17%) >0.999
Histological features at diagnosis
Moderate-to-severe villous blunting 9/9 (100%) 5/6 (83%) 0.4
Increased IELs 2/9 (22%) 4/6 (67 %) 0.135
Increased LP cellularity 9/9 (100%) 6/6 (83%) >0.999
Neutrophilic duodenitis 9/9 (100%) 5/6 (83%) 0.4
Surface erosion/ulceration 5/9 (56%) 5/6 (83%) 0.58

*The p value was calculated by Student’s t-test and analysis of variance method for numerical covariates and Fisher’s exact for categorical covariates
where appropriate. Time to symptoms onset is defined as time between the first dose of ICI and the development of symptoms. Combined

therapy denotes that patients recieved ipilimumab and a programmed cell death receptor (ligand)-1 (PD-(L)1) inhibitor as standard of care or on an
investigational protocol. All laboratory testings listed under ‘extraintestinal manifestations’ were performed between 2 weeks prior to establishing the
diagnosis and 1year after. Vitamin B-12 deficiency was defined as a vitamin B-12 level less than 200ng/mL. Vitamin D deficiency was defined as a
25-0OH vitamin D level less than 20ng/mL. Iron deficiency was defined as a ferritin level less than 15ng/mL at any hemoglobin level or a transferrin
saturation less than 16%. Folate deficiency was defined as a serum folate concerntration of less than 2ng/mL. Transaminase elevation were defined
as alanine aminotransferase level higher than 33 units/L for males and 29 units/L for females. For patients with a tTG IgA level below the lower

limit of the assay (less than 1.21U/mL), a level of 1.21U/mL was used for statistical calculations. Endoscopic features were all assessed on the first
endoscopic evaluation of the patient at presentation. Features of inflammation included erythema, congestion, and granularity. Mucosal atrophy
includes features of atrophy and loss of mucosal folds. No pathological change denotes a normal duodenum. All of the boldfaced numbers should be
statistically significant and statistical significance is at p value of less than 0.05.

BRBPR, bright red blood per rectum; CTLA-4, cytotoxic T cell associated antigen 4; IEL, intraepithelial ymphocytes; IgA, immunoglobulin A level at
diagnosis; LP, lamina propria; tTG IgA, IgA antitissue transglutaminase antibodies at diagnosis.
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Figure 1 In a patient with immune checkpoint inhibitor
(ICl)-associated duodenitis, an endoscopic image of the
duodenum reveals diffuse inflammation characterized by
congestion, erosions, erythema, and granularity (A). On
biopsy, routine H&E showed a markedly active neutrophilic
duodenitis with mild-to-moderate villous blunting, marked
expansion of the lamina propria, and only mildly increased
intraepithelial lymphocytes (B, C). A patient with ICI-celiac
disease (CeD) showed endoscopic findings of diffuse
inflammation characterized by congestion, erythema, and
friability (D). Biopsy of the duodenum showed a mildly
active neutrophilic duodenitis with marked villous blunting
and increased intraepithelial lymphocytes (E). Intraepithelial
lymphocytosis, however, was not present in all ICI-CeD
biopsies (F).

characterizations of patients with ICI-CeD in comparison
to ICI-Duo and conventional CeD.

PATIENTS AND METHODS

Patients

A comprehensive search of the clinical and pathology
records at the Massachusetts General Hospital (MGH)
between the years 2015 and 2019 identified eight patients
with ICI-CeD (confirmed by serological testing for tTG-
IgA), along with nine patients with ICI-Duo defined as
pathologically confirmed duodenal inflammation while
on ICI therapy per routine standard of care or clin-
ical trial protocol. Patients with concurrent colitis were
excluded from the ICI-Duo cohort. All patients had
been referred to the gastroenterology service for new GI
problems after receiving ICIs. Positive infectious disease
testing was an exclusion criteria, and included Clostridium
difficile testing by toxin A/B immunoassay, stool ova and

parasites examination, stool culture, and serum cytomeg-
alovirus viral titers. This search was inclusive of a well-
defined cohort of 376 patients with melanoma treated
with ICI at the MGH Cancer Center between 2013 and
2017, which was used to calculate approximate frequen-
cies of specific luminal toxicities (Melanoma Cohort).
Additionally, a search of the pathology records identified
age-matched, otherwise healthy patient controls with
typical CeD (modified Marsh 3b) as well as non-CeD
controls with normal duodenum.

ICI-CeD and ICI-Duo definitions

ICI-CeD was defined as clinical evidence of duodenitis
with tTG antibody positivity that developed after ICI
administration, with histopathological confirmation when
available. ICI-Duo was defined as clinical and histolog-
ical evidence of duodenitis with a negative tT'G antibody.
Patients with duodenitis who did not have tTG antibody
measured and were treated with standard manage-
ment for immune-related enterocolitis with appropriate
response were included in the ICI-Duo group. Active
colitis was ruled out in patients presenting with diarrhea
through lower GI endoscopic evaluation.

Data collection

Details of the medical and oncological histories were
reviewed in the electronic medical record. Data pertaining
to ICI-Duo and ICI-CeD development and management
include: presenting symptoms, laboratory workup, corti-
costeroid dose and number of steroid taper attempts, and
infliximab use. Laboratory parameters including transferrin
saturation, vitamin D, vitamin B ,, and transaminases were
captured between 2weeks prior and 1year after diagnosis of
Gl toxicity. Antitumor outcomes including overall survival
(OS) and progression-free survival (PFS) were calculated
and reviewed by a medical oncologist (M]JM).

Histology and immunohistochemistry
Duodenal biopsies were reviewed by two GI pathologists
(AS and MM-K) and assessed for villous blunting, neutro-
philic duodenitis, expansion of the lamina propria,
intraepithelial lymphocytosis, and surface erosion or ulcer-
ation. An immunohistochemical panel was performed
on a representative slide of duodenum for each selected
case and control case, consisting of the following markers
and staining conditions: CD3 (Leica; RTU; ER2, 15min),
CD8 (Leica; RTU; ER1, 20min), T-cell receptor § (Santa
Cruz Biotech; 1:200; ER2, 40 min), PD-L1 (Cell Signaling;
1:200; ER2, 20min), PD-1 (Cell Marque; 1:200; ER2,
30min), and CD68 (Biocare; RTU; ER1, 20 min).
Quantification of the IELs is reported as an average
number of CD3, CD8, and 3y positive cells per 100 entero-
cytes in three well-oriented villi. Quantification of lamina
propria lymphocytes is reported as an average number
of CD3 and CD8 cells per high power field (HPF; 400x)
in three HPFs. Assessment of CD68, PD-L1, and PD-1 is
reported as a percentage of lamina propria surface area
infiltrated by positive cells in the biopsy.
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Figure 2 The immunophenotypic characteristics of immune checkpoint inhibitor-associated duodenitis (ICI-Duo) and ICI-
celiac disease (CeD) were assessed and quantified in comparison to CeD and normal duodenum. (A) Number of intraepithelial
lymphocytes expressed as an average number of CD3, CD8, and &y positive cells per 100 enterocytes in three well-oriented
villi. (B) Number of lamina propria lymphocytes reported as an average number of CD3 and CD8 cells per high power field (HPF;
400x) in three HPFs. (C) Percentage of lamina propria surface area infiltrated by positive cells in the biopsy stained for CD68,
programmed death ligand 1 (PD-L1), and programmed death 1 (PD-1). The p value was calculated by the Student t-test and the
Welch’s t test for unequal variance, as appropriate. *P<0.05. **P<0.01. ***P<0.001.

Statistical analysis

Patients were grouped in two primary groups for analysis:
ICI-Duo and ICI-CeD. Statistical analysis, including Fish-
er’s exact test, analysis of variance, and Student’s t-test,
was performed using GraphPad Prism V.8 (GraphPad
Software, La Jolla, California, USA) or Python SciPy
V.1.4.1. Data are expressed as “mean+SD,” “mean+SE,” or
“median (range)” where appropriate.

RESULTS

Demographics and baseline characteristics

We identified nine patients who developed ICI-Duo
(median age at presentation: 60 years; F:M=5:4) and
eight patients who developed ICI-CeD (median age at
presentation: 55 years; F:M=1:3; table 1). The majority
(71%) of patients received ICI for treatment of meta-
static melanoma. In the entire cohort, eight patients
received single-agent PD-(L)1 inhibition, five received
single-agent CTLA-4 inhibition, and four received combi-
nation anti-PD-(L)1/CTLA-4 inhibition. Prior to devel-
oping GI symptoms on the current ICI regimen, only
one patient had received a different ICI regimen in the
ICI-CeD group (n=1/8), compared with five patients in
the ICI-Duo group (n=5/9). Among the patients who
developed ICI-CeD, two had non-small cell lung cancer,
one had extraskeletal myxoid chondrosarcoma and one
had tonsillar squamous cell carcinoma. No patients had
known metastasis to the GI tract on initiation of immuno-
therapy (table 1).

The two groups had comparable histories of extraint-
estinal autoimmune disease and luminal GI disease, and
no patients had a history of liver disease. One patient who
developed ICI-CeD was known to have clinically asymp-
tomatic CeD that flared after ICI therapy. Of the eight
patients who developed ICI-CeD, two had a family history
of CeD in a first degree relative.

To determine an approximate frequency of ICI-CeD and
ICI-Duo, the Melanoma Cohort was used as a defined popu-
lation. Of the 376 patients in this cohort, 123 patients were
sent to endoscopy and 96 of these patients had symptoms
of possible ICI toxicity. Most patients with suspected toxicity
were found to have mucosal inflammation on biopsy (63,
65.6% of total). Of these 63 patients with inflammation, 49
had colitis or enterocolitis (77.8%), 8 had enteritis or gastro-
enteritis (12.7%), 3 had isolated gastritis (4.8%), 1 had
esophagitis (1.6%), 1 patient had new onset CeD (1.6%),
and 1 patient had unclassified inflammation (1.6%). The
patient with ICI-CeD represented 0.3% of the total Mela-
noma Cohort exposed to ICIs.

Clinical presentation

The most common presenting symptoms for both ICI-
CeD and ICI-Duo were diarrhea and abdominal pain.
The median time to symptom onset after ICI initiation
was 48 days (range 20-409 days) in patients with ICI-Duo,
compared with 82.5 days (range 18-679 days) in patients
with ICI-CeD. Monotherapy with PD-(L)1 blockade led
to a later onset of symptoms (median 159.5 days, range
19-679 days) compared with monotherapy with CTLA-4

Badran YR, et al. J Immunother Cancer 2020;8:6000958. doi:10.1136/jitc-2020-000958
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Figure 3 Representative images for (A-D) immune
checkpoint inhibitor-associated duodenitis (ICI-Duo), (E-H)
ICl-celiac disease (CeD), (I-L) CeD, and (M-P) normal
duodenum are shown for routine H&E and immunostains

for CD3, CD8, and T-cell receptor (TCR) v5, respectively. In
comparison to normal duodenum, ICI-Duo, ICI-CeD, and
CeD show marked villous blunting, with a variably increased
intraepithelial CD3+ CD8+ T cells. However, CeD is further
characterized by a marked increase in intraepithelial Yo T cells
compared with the other groups.

or combined therapy with CTLA-4 and PD-(L)1 blockade
(median 35 days, range 18-144 days; table 2). Extraint-
estinal manifestations including vitamin deficiencies,
dermatitis herpitiformis, transaminase elevations, and
constitutional symptoms, which were present between
2 weeks prior to diagnosis to 1year after diagnosis, are
reported in table 2.

The diagnosis of ICI-CeD was first established by
measurement of tT'G IgA (mean: 121.21+80.29IU/mL).
tIT'G IgA levels were higher in patients with ICI-CeD
compared with an in-house cohort of patients with CeD
(mean: 82.22+102.48IU/mL) (table 2 and online supple-
mentary table S1). Patients in the ICI-Duo cohort were
defined as having a tTG-IgA within normal limits, or did
not have a tT'G-IgA drawn and were treated with immu-
nosuppression. IgA levels were normal in all reported
patients.

A subset of patients who developed ICI-CeD had vitamin
D deficiency (n=2/4) and iron deficiency (n=2/4), while
one out of six tested had vitamin B, deficiency (table 2).
Additionally, the frequency of other irAEs in both patient
cohorts was variable (online supplementary table S2) but
notably, immune-related hepatitis was more commonly
seen in patients with ICI-CeD than in patients with
ICI-Duo.

Endoscopic findings

Patients presenting with upper GI symptoms (nausea,
vomiting, or epigastric pain) without diarrhea underwent
an initial upper endoscopy. Patients presenting with diar-
rhea underwent upper and lower GI endoscopy. Duodenal

congestion, nodularity, or erythema were seen on endos-
copy in 67% of patients with ICI-Duo, compared with
33% of patients with ICI-CeD (table 2 and figure 1). One
patient with ICI-CeD had a grossly normal duodenum on
endoscopic examination (table 2). Another patient had a
history of asymptomatic CeD and developed a flare after
ICI therapy; endoscopic evaluation was not performed
in this case, and the patient was managed empirically
through dietary modification.

Histological and immunohistochemical findings

Duodenal biopsies were performed in nine of nine patients
with ICI-Duo, and in six of eight patients with ICI-CeD.
Histological findings in patients with ICI-Duo universally
included moderate-to-severe villous blunting (n=9/9),
increased cellularity of the lamina propria (n=9/9), and
active neutrophilic duodenitis (n=9/9); surface erosion
and ulceration were seen in a slight majority (n=5/9),
and intraepithelial lymphocytosis was seen occasion-
ally (n=2/9). Histological findings in the duodenum of
patients with ICI-CeD were similar, including moderate-
to-severe villous blunting (n=5/6), increased cellularity of
the lamina propria (n=6/6), active neutrophilic duode-
nitis (n=5/6), surface erosion or ulceration (n=5/6), and
increased IELs (n=4/6; figure 1 and table 2). The absence
of active colitis was confirmed on the colon biopsies from
patients who underwent lower GI endoscopy.

The immunophenotypic characteristics of ICI-Duo and
ICI-CeD were further assessed and quantified in compar-
ison to CeD and normal duodenum (figures 2—4). In ICI-
Duo, the average number of IELs per 100 enterocytes
was 24CD3" T cells (+ 10 cells); 20CD8" T cells (+ 11
cells); and 1.3 ¥0 T cells (2 cells). ICI-CeD had compa-
rable numbers of average IELs per 100 enterocytes, with
25CD3" T cells (+ 11 cells); 20CD8" T cells (+ 19 cells);
and 0.2 ¥0 T cells (0.6 cells). There was no statistical
significance in any of these measures between ICI-Duo
and ICI-CeD (p=0.22to 0.97). However, in comparison to
ICI-Duo and ICI-CeD, usual CeD had increased numbers
of average IELs per 100 enterocytes, with 48CD3" T cells
(£ 19 cells; p=0.0036and 0.017, respectively); 33CD8" T
cells (= 7 cells; p=0.0058and 0.067, respectively); and 16
YO T cells (11 cells; p=0.00093 and 0.0036, respectively).
Normal duodenum had significantly fewer CD3" and
CDS8" T cells and similar numbers of Y3 T cells compared
with ICI-Duo and ICI-CeD, with 8CD3" T cells (+4 cells;
p=0.0046and 0.0093, respectively); 6CD8" T cells (+3
cells; p=0.013and 0.12, respectively); and 0.5 yd T cells
(0.5 cells; p=0.36and 0.55, respectively; figures 2 and 3).

Quantification of the inflammatory cells of the lamina
propria showed that ICI-Duo had an average of 203 CD3"
T cells/HPF (£70 cells) and 112CD8" T cells/HPF (+50
cells), which were similar to ICI-CeD with 189CD3" T
cells/HPF (+84 cells; p=0.72) and 113CDS8" T cells/HPF
(£68 cells; p=0.72). Compared with ICI-Duo and ICI-CeD,
usual CeD showed similar numbers of CD3" T cells at
169 CD3" T cells/HPF (£51 cells; p=0.24and 0.57, respec-
tively), but fewer CD8" T cells at 61 CD8" T cells/HPF (+34
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cells; p=0.017and 0.057, respectively). Normal duodenum
showed fewer lamina propria T cells compared with ICI-
Duo and ICI-CeD, with 109 CD3" T cells/HPF (+37 cells;
p=0.016and 0.08, respectively) and 39 CD8" T cells/HPF
(£14 cells; p=0.00085and 0.04, respectively; figure 2).

Assessment of CD68, PD-L1, and PD-1 was done
through an estimate of percent cellularity in the lamina
propria (percent lamina propria surface area infiltrated
by positive cells; figures 2 and 4). ICI-Duo had an average
CD68 percent cellularity of 39% (+22%); PD-L1 percent
cellularity of 18% (£19%); and PD-1 percent cellularity
of 3% (£7%). ICI-CeD had an average of CD68 percent
cellularity of 18% (+14%); PD-L1 percent cellularity of
9% (£8%); and PD-1 percent cellularity of 0.3% (+0.5%),
which are not statistically significant compared with ICI-
Duo across the board (p=0.27to 0.054). However, patients
with ICI-Duo and ICI-CeD had increased CD68 and PD-L1
populations with similar PD-1 populations compared
with CeD, which had an average CD68 percent cellularity
of 12% (+6%; p=0.0010and 0.18, respectively); PD-L1
percent cellularity of 0.8% (+2%; p=0.011and 0.0068,
respectively); and PD-1 percent cellularity of 0.7% (+2%;
p=0.40and 0.59, respectively). Normal duodenum showed
smaller CD68, PDL1, and PDI1 populations compared
with ICI-Duo and ICI-CeD, with an average CD68 percent
cellularity of 4.4% (+4%; p=0.06and 0.035, respectively);
PD-L1 percent cellularity of 0% (+0%; p=0.06and 0.035,
respectively); and PD-1 percent cellularity of 0% (+0%;
p=0.41and 0.19, respectively; figure 2).

Treatment and clinical follow-up
Among patients with ICI-CeD, a gluten-free diet (GFD)
was recommended to seven of eight patients (88%). Of
these seven patients, five patients were started on a GFD
on presentation with clinical remission of disease; in these
cases, follow-up endoscopies were not pursued (table 3).
The other two patients were administered steroids on
presentation, with clarification of diagnosis with subse-
quent biopsy and tT'G-IgA testing. On confirmation of
an ICI-CeD diagnosis, these patients were transitioned
to GFD alone, resulting in disease remission. In patients
with ICI-CeD, tTG-IgA levels down trended (and in one
patient decreased to undetectable levels) in response to
a GFD (table 3). The single patient who was not trialed
on GFD required steroids in addition to infliximab (anti-
tumor necrosis factor (TNF)) for symptom control. A
follow-up endoscopy in this patient showed duodenal
erosions, and ICI therapy was subsequently terminated.

Only two out of the eight patients who developed ICI-
CeD and subsequently received steroids and GFD (n=1)
or steroids and infliximab (n=1) were compelled to cease
ICI therapy due to the severity of intestinal symptoms. The
remaining six patients were able to continue ICI therapy
on a GFD. Of these six patients, four patients ultimately
discontinued ICI therapy due to disease progression.

In patients who developed ICI-Duo, eight out of nine
patients required corticosteroids for symptom control.
Four patients needed multiple doses of infliximab to

control their disease (median three doses). In six out of
nine patients who developed ICI-Duo, the ICI regimen
had to be stopped or changed due to the severity of symp-
toms. Five patients underwent repeat esophagogastrodu-
odenoscopy (EGD) and only two of those patients had
endoscopic remission.

Patients who developed ICI-CeD received a higher
median number of additional ICI doses administered
after development of symptoms compared with patients
with ICI-Duo (1 vs 0). One patient with ICI-CeD remained
controlled only with GFD and received five additional
doses of ICI with good tumor response and no symptom
recurrence. Median PFS was 7 months for both ICI-Duo
and ICI-CeD. Median OS was 20 months in ICI-Duo
compared with 28 months in ICI-CeD (table 3).

DISCUSSION

Current ICIs induce a wide spectrum of GI toxicities
affecting the entire GI tract.”! Colitis or enterocolitis
are the most frequent GI irAEs, affecting 15%-20% of
patients who undergo endoscopic evaluation.” ICI-CeD
is less commonly appreciated but has been previously
reported.'”” ¥ 2 Whether ICI-CeD represents de novo
disease, or an exacerbation of underlying inflammation
as can occur with inflammatory bowel disease, is unclear.

In this study, we provide a clinical and pathological
comparison between ICI-CeD and ICI-Duo, finding that
the clinical presentation of ICI-CeD and ICI-Duo is very
similar, with both pathologies presenting predominantly
with abdominal pain and diarrhea. Although ICI-CeD
does not appear to have the female predominance that
usual CeD has, 25% of patients with ICI-CeD had a family
history of CeD.** A personal history of autoimmune
disease was not predictive of the development of ICI-CeD,
although the size of this study precludes definitive assess-
ment. Similar to findings in published literature, prior
exposure to immunotherapy was associated with a higher
likelihood of developing ICI-Duo.'®*

The histological findings between ICI-Duo and ICI-CeD
were similar in the upper Gl tract, and in fact closely mimic
those of typical CeD with villous blunting, active duode-
nitis, and patchy increased IELs.*® Immunophenotypic
characterization showed that ICI-Duo and ICI-CeD have
similar quantities of intraepithelial and lamina propria
T cells, CD68" macrophages, and PD-(L)1 populations.
As expected, typical CeD also showed increased intraep-
ithelial CD3" and CD8" T cells, though with a marked
increase in intraepithelial ¥ T cells compared with both
ICI-Duo and ICI-CeD. Intraepithelial ¥3 T cells are known
to be highly characteristic of conventional CeD and have
been proposed as a diagnostic marker.? % Although the
exact role of these lymphocytes in pathogenesis is not
completely understood, the difference suggests that ICI-
CeD may have a distinct immune etiology, or may repre-
sent a distinct phase of CeD that is not typically captured
clinically. The pathological similarity between ICI-CeD
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Table 3 Immune checkpoint inhibitor-associated duodenitis (ICI-Duo) and ICl-celiac disease (CeD) treatment and survival
Characteristics ICI-Duo (n=9) ICI-CeD (n=8) P value
Remission-inducing therapy
GFD 0/9 (0%) 5/8 (62.5%) 0.009
Immunosuppression 9/9 (100%) 1/8 (12.5%) 0.0004
GFD + immunosuppression 0/9 (0%) 2/8 (25%) 0.205
Total duration on steroids if used (weeks)
Mean+SD 9.50+3.26 (n=38) 32.19+25.36 (n=3) 0.261
Number of steroid tapering attempts
0 1/9 (11%) 5/8 (62.5%) 0.049
1 5/9 (56%) 1/8 (12.5%) 0.131
2 2/9 (22%) 0/8 (0%) 0.47
>2 1/9 (11%) 2/8 (25%) 0.576
Doses of infliximab to remission (mean) 3 (n=4) 1 (n=1) N/A
Remission TTG IgA
Mean+SD N/A 37.9+57.87 (n=5) N/A
Median 585
Remission IgA
Mean+SD N/A 155.0+£57.17 (n=3) N/A
Median 173
Need to discontinue immunotherapy, N (%) 6/9 (67) 2/8 (25) 0.153
Number of additional ICI doses received after onset of symptoms
Mean+SD 0.44+0.73 1.38+1.69 0.151
Median (range) 0(0-2) 1 (0-5)
Malignancy restaging (best response)
Complete response/relapse-free 4/9 (44%) 3/8 (37.5%) >0.999
Objective response/partial response 1/9 (11%) 2/8 (25%) 0.576
Stable disease 0/9 (0%) 0/8 (0%) >0.999
Progressive disease/relapsed 4/9 (44%) 3/8 (37.5%) >0.999
Progression-free survival (months) Mean: 11+11.29; Mean: 13.75+16.39; 0.689
Median: 7; range: 1-29 Median: 7; range: 1-47
Overall survival (months) Mean: 22.44+9.70; Mean: 29.13+15.92 0.306

Median: 20; range: 13-41

Median: 28; range: 8-52

The p-value was calculated by Student’s t-test and analysis of variance method for numerical covariates and X2 test or Fisher’s exact

for categorical covariates where appropriate. Immunosuppression denotes the use of either corticosteroids or antitumor necrosis factor
medications. Remission tissue transglutaminase (tTG) IgA was defined as tTG IgA measured at the time of clinical symptomatic remission
or endoscopic remission. Need to discontinue immunotherapy: restricted to complications of ICI-CeD or ICI-Duo and not due to loss of
therapeutic effect or disease progression. Malignancy restaging after ICl was determined by the best response per Response Evaluation

Criteria In Solid Tumors.
GFD, gluten-free diet; N/A, not applicable.

and ICI-Duo suggest a common immunological mecha-
nism, though likely with distinct antigenic targets.
Patients with ICI toxicities showed a statistically signif-
icant increase in the presence of CD68" and PD-L1°
macrophages in the lamina propria, compared with both
CeD and normal duodenum. These quantitative findings
did not appear to correlate with any specific type of ICI
therapy, but are consistent with ongoing activation of
interferon secreting T cells. The findings of varying popu-
lations of immune cells compared with CeD, in addition

to the upregulation of PD-L1, also suggest that ICI-CeD
and ICI-Duo are mechanistically distinct from conven-
tional CeD. Alternatively, patients who develop ICI-CeD
may have a variant of CeD that is controlled by immune
checkpoint receptors and evolves to symptomatic disease
only in the setting of ICI therapy.

The role of immune checkpoints in CeD pathogenesis
has not been specifically studied. Nonetheless, murine
models have been used to understand the importance
of CTLA-4 and PD-1/PD-L1 in maintaining peripheral

8

Badran YR, et al. J Immunother Cancer 2020;8:6000958. doi:10.1136/jitc-2020-000958



ICI-Duo

1CI-CeD CeD Normal
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Figure 4 Representative images for (A-D) immune
checkpoint inhibitor-associated duodenitis (ICI-Duo), (E-H)
ICl-celiac disease (CeD), (I-L) CeD, and (M-P) normal
duodenum are shown for routine H&E and immunostains for
CD68, programmed death ligand 1 (PD-L1), and programmed
death 1 (PD-1), respectively. In comparison to normal
duodenum and CeD, patients treated with ICI (ICI-Duo and
ICI-CeD) show increased CD68+ macrophagesand PD-L1+
cells in the lamina propria. Immunohistochemical evidence

of PD-1 expression was uniformly low to absent across all
groups.

tolerance. The impact of PD-1 blockade on CD4 +T cells
was studied through adoptively transferring CD4 +T cells
harboring an ovalbumin (OVA) restricted T-cell receptor
into wild-type mice.” These mice were challenged with
OVA peptide to induce tolerance, or with OVA peptide
with lipopolysaccharide to induce an immune response
while simultaneously blocking PD-1. In these mice,
blockade of PD-1 did not prevent establishment of toler-
ance, nor did it overcome tolerance once it was estab-
lished. However, in mice that were challenged with OVA
and LPS, PD-1 blockade led to enhanced immunity, char-
acterized by increased CD4+ T cell proliferative responses
and interleukin 2 and interferon (IFN)-y production.30

In a model in which OVA was expressed as a self-antigen
in the small intestine, adoptively transferred naive OVA-
specific CD8+ T cells in the setting of a PD-(L) 1 blockade
led to a breach of self-tolerance. In this setting, OVA-
specific CD8+ T cells significantly expanded and produced
a proinflammatory signal that led to a histological appear-
ance similar to CeD in humans.?' Based on these studies,
PD-1/PD-L1 appears to be important in limiting T cell
activity in the gut. On the other hand, CTLA-4 is known
to be crucial for tolerance induction in the early stages of
the immune response as T cells are first presented with
antigens by antigen presenting cells (APCs).”

We hypothesize that the immune cell activation in the
setting of ICIs results in unmasking of gluten sensitivity
in genetically susceptible people, leading to expansion
of previously self-reactive CD4+ T cells and subsequent
CD8+ T cell-induced tissue destruction. Our data suggest

a role for both CTLA-4 and PD-1/PD-L1 in the immune
regulation of CeD, though the relative importance of
each regulatory pathways cannot be determined without
a larger cohort, which would likely require a multicenter
collaboration.

In the absence of pretreatment tTG-IgA titers, pretreat-
ment histological confirmation, and HLA genotyping, we
cannot definitively discern whether the patients in this
study had de novo CeD (asymptomatic or subclinical) that
progressed to symptomatic CeD in the setting of ICIs.”
Additionally, T-cell receptor sequencing to assess for clonal
expansion will be crucial in expanding our understanding
of ICI-CeD compared with usual CeD and ICI-Duo.

The onset of autoimmune diseases like CeD after
therapy with immunomodulatory medications has been
previously described.”® Some patients with hepatitis C
that were treated with IFN-o-based regimens similarly
developed CeD, with symptomatic improvement with
GFD and cessation of IFN therapy.** Additionally, Gentile
et al demonstrated the development of ipilimumab-
associated CeD in a patient with castration-resistant
metastatic prostate cancer, who presented with refrac-
tory diarrhea after 3 doses of a CTLA-4 antagonist.”
The patient was treated with GFD and immunosuppres-
sion with budesonide and prednisone. He was success-
fully tapered off corticosteroids, and the serum tTG-IgA
down trended appropriately. Another group reported
the development of ICI-CeD in a patient who received
pembrolizumab for locally recurrent melanoma.'” The
patient developed symptoms within a week of the first
infusion of pembrolizumab, and ICI-CeD was confirmed
by histology and serum tTG-IgA. ICI therapy was discon-
tinued due to persistence of symptoms, as the patient
was unable to adhere to a GFD. Ultimately, the patient’s
symptoms resolved with glucocorticoids administered for
postural hypotension management.'”

The responsiveness of ICI-CeD to GFD alone in five
out of the eight cases (62%) indicates that gluten is an
important antigen driving ICI-CeD, similar to standard
CeD, despite the noted phenotypic differences in the
immune infiltrate. Intriguingly, the similarities between
ICI-CeD and ICI-Duo suggest that duodenitis may result
from as of yet unidentified dietary triggers. A manage-
ment strategy that relies on gluten restriction with moni-
toring of tT'G-IgA and clinical symptoms may be sufficient
for patients with ICI-CeD in the absence of gastric or
colonic inflammation. Escalation to steroids and anti-TNF
therapy can be used as second-line options if GFD fails to
control disease activity.

The comparable clinical manifestations, time to
symptom onset, and pace of disease progression of the
different etiologies of ICI-induced GI toxicities support
rigorous diagnostic evaluation in these patients, as clinical
differences alone do not seem to be sufficient to deter-
mine etiology. The high sensitivity and specificity of tTG-
IgA for CeD provide a compelling rationale for testing in
all patients with suspected GI toxicities from ICIs early
after symptom onset in order to exclude new onset CeD.

Badran YR, et al. J Immunother Cancer 2020;8:6000958. doi:10.1136/jitc-2020-000958

9



We have found that severity of diarrhea assessed by
the Common Terminology Criteria for Adverse Events
is unable to distinguish the various etiologies of ICI-
induced GI toxicities from each other. For this reason,
endoscopic biopsies play an integral role in the diag-
nostic workup of patients with suspected ICI GI toxic-
ities; although most GI toxicities from ICIs occur in
the colon, the frequency of upper GI toxicities justifies
consideration of esophagogastroduodenocopy alongside
a flexible sigmoidoscopy or colonoscopy.” In addition to
(entero)colitis and CeD, patients receiving ICI are at risk
for pancreatic insufficiency and complications from GI
mucosal metastases.” *°

The identification of ICI-CeD early in presentation could
have substantial clinical implications. A GFD is a reasonable
treatment strategy for patients with ICI-CeD (either alone
or in combination with immunosuppression), and in many
cases may be sufficient as monotherapy. Thus, tailoring
therapy can enable patients to limit or avoid systemic
immune suppression, and prevent unnecessary premature
discontinuation of ICI treatment. Whether identification
and treatment of ICI-CeD will have an effect on tumor
outcomes is presently unclear, and will require establishing
larger, preferably prospective cohorts.

Correction notice Since the online publication of this article, the authors have
noticed that the middle initial for author Yousef R Badran was missing. This has
been corrected.

Twitter Yousef R Badran @YRBadran

Contributors YB, AS, DL, AC and MM-K compiled and reviewed all of the data.
MJM assessed and confirmed the accuracy of the details relating to the patients’
oncological history and treatment. AS and MM-K performed the histopathological
and immunohistochemical analysis of the patients’ samples. AS, JC, MK,

JB, JM, and MM-K collected patient samples and identified the appropriate
immunohistochemical panel. MD assessed and confirmed the accuracy of the
patients’ gastroenterological history, treatment, and endoscopy results. YB, AS, and
MD wrote the manuscript with contributions from all of the authors.

Funding Funding was provided by National Institutes of Health Mentored
Clinical Scientist Development Award 1K08DK114563-01 and the American
Gastroenterological Association Research Scholars Award (MD).

Competing interests MD is a consultant for Genentech-Roche, Tillotts Pharma,
and Partner Therapeutics. He received research funding from Novartis. He is on the
scientific advisory board for Neoleukin Therapeutics.

Patient consent for publication Not required.

Ethics approval This retrospective analysis was approved by the Partners Human
Research Committee and the Institutional Review Board of the Massachusetts
General Hospital (MGH).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data sharing not applicable as no datasets generated
and/or analyzed for this study.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs

Meghan J Mooradian http://orcid.org/0000-0002-8289-8015
Mari Mino-Kenudson http://orcid.org/0000-0002-9092-2265
Michael Dougan http://orcid.org/0000-0001-9266-2009

REFERENCES

1 Caio G, Volta U, Sapone A, et al. Celiac disease: a comprehensive
current review. BMC Med 2019;17:142.

2 Leonard MM, Sapone A, Catassi C, et al. Celiac disease and
Nonceliac gluten sensitivity: a review. JAMA 2017;318:647-56.

3 Ludvigsson JF, Leffler DA, Bai JC, et al. The Oslo definitions for
coeliac disease and related terms. Gut 2013;62:43-52.

4 Pagliari D, Urgesi R, Frosali S, et al. The interaction among
microbiota, immunity, and genetic and dietary factors is the
Condicio sine qua non celiac disease can develop. J Immunol Res
2015;2015:1-10.

5 Fasano A, Catassi C. Clinical practice. celiac disease. N Engl J Med
2012;367:2419-26.

6 Regulation and Function of the PD-L1 Checkpoint - PubMed.
Available: https://pubmed.ncbi.nim.nih.gov/29562194-regulation-
and-function-of-the-pd-11-checkpoint/?from_single_result=29562194
[Accessed 3 Mar 2020].

7 Ribas A, Wolchok JD. Cancer immunotherapy using checkpoint
blockade. Science 2018;359:1350-5.

8 Kruger S, limer M, Kobold S, et al. Advances in cancer immunotherapy
2019 - latest trends. J Exp Clin Cancer Res 2019;38:268.

9 Wei SC, Duffy CR, Allison JP. Fundamental mechanisms of immune
checkpoint blockade therapy. Cancer Discov 2018;8:1069-86.

10 Pauken KE, Dougan M, Rose NR, et al. Adverse events following
cancer immunotherapy: obstacles and opportunities. Trends
Immunol 2019;40:511-23.

11 Postow MA, Sidlow R, Hellmann MD. Immune-Related adverse
events associated with immune checkpoint blockade. N Engl J Med
2018;378:158-68.

12 Brahmer JR, Lacchetti C, Thompson JA. Management of immune-
related adverse events in patients treated with immune checkpoint
inhibitor therapy: American Society of clinical oncology clinical
practice guideline summary. J Oncol Pract 2018;14:247-9.

13 Abu-Sbeih H, Ali FS, Alsaadi D, et al. Outcomes of vedolizumab
therapy in patients with immune checkpoint inhibitor-induced colitis:
a multi-center study. J Immunother Cancer 2018;6:142.

14 Marthey L, Mateus C, Mussini C, et al. Cancer immunotherapy with
anti-CTLA-4 monoclonal antibodies induces an inflammatory bowel
disease. J Crohns Colitis 2016;10:395-401.

15 Collins M, Michot JM, Danlos FX, et al. Inflammatory gastrointestinal
diseases associated with PD-1 blockade antibodies. Ann Oncol
2017;28:2860-5.

16 Soularue E, Lepage P, Colombel JF, et al. Enterocolitis due to immune
checkpoint inhibitors: a systematic review. Gut 2018;67:2056-67.

17 Arnouk J, Mathew D, Nulton E, et al. A celiac disease phenotype
after checkpoint inhibitor exposure: an example of immune
dysregulation after immunotherapy. ACG Case Rep J 2019;6:e00158.

18 Alsaadi D, Shah NJ, Charabaty A, et al. A case of checkpoint
inhibitor-induced celiac disease. J Immunother Cancer 2019;7:203.

19 Schoenfeld SR, Aronow ME, Leaf RK, et al. Diagnosis and
management of rare immune-related adverse events. Oncologist
2020;25:6-14.

20 Gentile NM, D'Souza A, Fuijii LL, et al. Association between
ipilimumab and celiac disease. Mayo Clin Proc 2013;88:414-7.

21 Dougan M, Pietropaolo M. Time to dissect the autoimmune etiology
of cancer antibody immunotherapy. J Clin Invest 2020;130:51-61.

22 Hughes MS, Molina GE, Chen ST, et al. Budesonide treatment for
microscopic colitis from immune checkpoint inhibitors. J Immunother
Cancer 2019;7:292.

23 Abu-Sbeih H, Faleck DM, Ricciuti B, et al. Immune checkpoint
inhibitor therapy in patients with preexisting inflammatory bowel
disease. J Clin Oncol 2020;38:576-83.

24 Tye-Din JA, Galipeau HJ, Agardh D. Celiac disease: a review of
current concepts in pathogenesis, prevention, and novel therapies.
Front Pediatr 2018;6:350.

25 Geukes Foppen MH, Rozeman EA, van Wilpe S, et al. Immune
checkpoint inhibition-related colitis: symptoms, endoscopic features,
histology and response to management. ESMO Open 2018;3:e000278.

26 PubMed. Immune-Related adverse events in the gastrointestinal
tract: diagnostic utility of upper gastrointestinal biopsies. Available:
https://pubmed.ncbi.nim.nih.gov/31361907-immune-related-
adverse-events-in-the-gastrointestinal-tract-diagnostic-utility-of-
upper-gastrointestinal-biopsies/?from_single_result=31361907
[Accessed 3 Mar 2020].

27 Rust C, Kooy Y, Pefia S, et al. Phenotypical and functional
characterization of small intestinal TcR gamma delta + T cells in
coeliac disease. Scand J Immunol 1992;35:459-68.

28 Dunne MR, Elliott L, Hussey S, et al. Persistent changes in circulating
and intestinal y3 T cell subsets, invariant natural killer T cells and
mucosal-associated invariant T cells in children and adults with
coeliac disease. PLoS One 2013;8:e76008.

10

Badran YR, et al. J Immunother Cancer 2020;8:6000958. doi:10.1136/jitc-2020-000958


https://twitter.com/YRBadran
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-8289-8015
http://orcid.org/0000-0002-9092-2265
http://orcid.org/0000-0001-9266-2009
http://dx.doi.org/10.1186/s12916-019-1380-z
http://dx.doi.org/10.1001/jama.2017.9730
http://dx.doi.org/10.1136/gutjnl-2011-301346
http://dx.doi.org/10.1155/2015/123653
http://dx.doi.org/10.1056/NEJMcp1113994
https://pubmed.ncbi.nlm.nih.gov/29562194-regulation-and-function-of-the-pd-l1-checkpoint/?from_single_result=29562194
https://pubmed.ncbi.nlm.nih.gov/29562194-regulation-and-function-of-the-pd-l1-checkpoint/?from_single_result=29562194
http://dx.doi.org/10.1126/science.aar4060
http://dx.doi.org/10.1186/s13046-019-1266-0
http://dx.doi.org/10.1158/2159-8290.CD-18-0367
http://dx.doi.org/10.1016/j.it.2019.04.002
http://dx.doi.org/10.1016/j.it.2019.04.002
http://dx.doi.org/10.1056/NEJMra1703481
http://dx.doi.org/10.1200/JOP.18.00005
http://dx.doi.org/10.1186/s40425-018-0461-4
http://dx.doi.org/10.1093/ecco-jcc/jjv227
http://dx.doi.org/10.1093/annonc/mdx403
http://dx.doi.org/10.1136/gutjnl-2018-316948
http://dx.doi.org/10.14309/crj.0000000000000158
http://dx.doi.org/10.1186/s40425-019-0694-x
http://dx.doi.org/10.1634/theoncologist.2019-0083
http://dx.doi.org/10.1016/j.mayocp.2013.01.015
http://dx.doi.org/10.1172/JCI131194
http://dx.doi.org/10.1186/s40425-019-0756-0
http://dx.doi.org/10.1186/s40425-019-0756-0
http://dx.doi.org/10.1200/JCO.19.01674
http://dx.doi.org/10.3389/fped.2018.00350
http://dx.doi.org/10.1136/esmoopen-2017-000278
https://pubmed.ncbi.nlm.nih.gov/31361907-immune-related-adverse-events-in-the-gastrointestinal-tract-diagnostic-utility-of-upper-gastrointestinal-biopsies/?from_single_result=31361907
https://pubmed.ncbi.nlm.nih.gov/31361907-immune-related-adverse-events-in-the-gastrointestinal-tract-diagnostic-utility-of-upper-gastrointestinal-biopsies/?from_single_result=31361907
https://pubmed.ncbi.nlm.nih.gov/31361907-immune-related-adverse-events-in-the-gastrointestinal-tract-diagnostic-utility-of-upper-gastrointestinal-biopsies/?from_single_result=31361907
http://dx.doi.org/10.1111/j.1365-3083.1992.tb02881.x
http://dx.doi.org/10.1371/journal.pone.0076008

3

Open access

29

30

31

32

Nijeboer P, van Gils T, Reijm M, et al. Gamma-Delta T lymphocytes
in the diagnostic approach of coeliac disease. J Clin Gastroenterol
2019;53:€208-13.

Konkel JE, Frommer F, Leech MD, et al. PD-1 signalling in CD4(+) T
cells restrains their clonal expansion to an immunogenic stimulus,
but is not critically required for peptide-induced tolerance.
Immunology 2010;130:92-102.

Reynoso ED, Elpek KG, Francisco L, et al. Intestinal tolerance is
converted to autoimmune enteritis upon PD-1 ligand blockade.

J Immunol 2009;182:2102-12.

Fife BT, Bluestone JA. Control of peripheral T-cell tolerance and
autoimmunity via the CTLA-4 and PD-1 pathways. Immunol Rev
2008;224:166-82.

34

35

36

Dumoulin FL, Leifeld L, Sauerbruch T, et al. Autoimmunity induced
by interferon-alpha therapy for chronic viral hepatitis. Biomed
Pharmacother 1999;53:242-54.

Cammarota G, Cuoco L, Cianci R, et al. Onset of coeliac disease
during treatment with interferon for chronic hepatitis C. Lancet
2000;356:1494-5.

Blecker D, Abraham S, Furth EE, et al. Melanoma in the
gastrointestinal tract. Am J Gastroenterol 1999;94:3427-33.

Eshet Y, Baruch EN, Shapira-Frommer R, et al. Clinical significance
of pancreatic atrophy induced by Immune-Checkpoint inhibitors: a
case-control study. Cancer Immunol Res 2018;6:1453-8.

Badran YR, et al. J Immunother Cancer 2020;8:6000958. doi:10.1136/jitc-2020-000958

11


http://dx.doi.org/10.1097/MCG.0000000000001060
http://dx.doi.org/10.1111/j.1365-2567.2009.03216.x
http://dx.doi.org/10.4049/jimmunol.0802769
http://dx.doi.org/10.4049/jimmunol.0802769
http://dx.doi.org/10.1111/j.1600-065X.2008.00662.x
http://dx.doi.org/10.1016/S0753-3322(99)80095-X
http://dx.doi.org/10.1016/S0753-3322(99)80095-X
http://dx.doi.org/10.1016/S0140-6736(00)02880-4
http://dx.doi.org/10.1111/j.1572-0241.1999.01604.x
http://dx.doi.org/10.1158/2326-6066.CIR-17-0659

	Immune checkpoint inhibitor-­associated celiac disease
	Abstract
	Background
	Patients and methods
	Patients
	ICI-CeD and ICI-Duo definitions
	Data collection
	Histology and immunohistochemistry
	Statistical analysis

	Results
	Demographics and baseline characteristics
	Clinical presentation
	Endoscopic findings
	Histological and immunohistochemical findings
	Treatment and clinical follow-up

	Discussion
	References


