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Abstract: Background: Immune checkpoint inhibitors (ICIs) have widened the therapeutic scenario
of different solid tumors over the last ten years. Gastrointestinal (GI) adverse events (AEs), such
as diarrhea and colitis, occur in up to 50% of patients treated with ICIs. Materials and methods:
We conducted a single-center retrospective analysis in patients with solid tumors treated with ICIs
in a 6-year period, from 2015 to 2021, developing GI AEs, for which an endoscopic analysis was
performed, with available histological specimens or surgery. Results: Twenty-one patients developed
GI AEs under ICIs. The median time from the start of ICIs to the onset of GI AEs was 5 months.
Diarrhea was the most frequent symptom (57.2%), upper GI symptoms presented in four patients
(19%), while three patients (14.3%) had no symptoms and were diagnosed occasionally. Two patients
underwent surgical resection for acute abdomen. Histological findings observed in endoscopic
sampling were eosinophilic-pattern gastro-enterocolitis, apoptotic damage, IBD-like features, and
ischemic-like changes. Histological damage was also documented in patients with unremarkable
endoscopy. Conclusions: Under ICI therapy, GI toxicity is an expected event. Since GIAEs can mimic
a broad range of primary GI diseases, a multidisciplinary approach is advocated with upper and
lower GI mucosal sampling to remodel therapy and avoid complications.

Keywords: immune checkpoint inhibitor; ICI; diarrhea; colitis; PD1; PD-L1; apoptotic colitis;
eosinophilic colitis

1. Introduction

Over the last ten years, the therapeutic scenario of many solid tumors has been
reshaped by immunotherapy, particularly with immune checkpoint inhibitors (ICIs). ICIs
consist of monoclonal antibodies targeting programmed death 1 (PD-1), programmed death
ligand 1 (PD-L1), or cytotoxic T-lymphocyte-associated antigen 4 (CTLA4), unleashing an
anti-tumor immune response: nivolumab, pembrolizumab, and cemiplimab are directed
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against PD1; atezolizumab, avelumab, and durvalumab target PD-L1; and ipilimumab
binds CTLA4 [1-14] (Supplementary Table S1).

Gastrointestinal (GI) adverse events (AEs) occur in up to 50% of patients treated with
ICIs, and affect different tracts of the GI system. Among lower GI toxicity, diarrhea and
colitis represent the most frequent AEs, sometimes leading to ICI delay or discontinuation,
steroids, or other immunosuppressive drugs. Anti-CTLA4 agents have been reported
to be more frequently associated with GI AEs than anti-PD1/PD-L1 agents, and double
ICI combinations often cause more GI AEs than single agents. Diarrhea is reported in
23-33% of patients receiving anti-CTLA4, 10-20% of patients receiving anti-PD1/PD-L1,
and 40-45% of patients treated with the combination of anti-CTLA4 and anti-PD1 agents.
Colitis is reported in 7-9% of patients receiving anti-CTLA4, 1-4% of patients receiving anti-
PD1/PD-L1, and 26% of patients treated with the combination. Severe colitis and diarrhea
occur in 8-9% of ipilimumab-treated patients, around 1% of patients receiving PD1/PD-
L1 inhibitors, and 9% of patients treated with the combination. Nausea and vomiting
represent some of the most common upper GI symptoms [15-17]. GI AEs typically occur
within the first two months from the start of ICIs, notwithstanding the fact that they
can develop any time, even after ICIs discontinuation [15-20]. The pathophysiology
of GI AEs involves several mechanisms, including those immune-related, due to the
pharmacodynamics of the drugs, as well as gut microbiome (e.g., patients treated with
ipilimumab can produce antibodies against enteric flora). Genetic predisposition and
underline autoimmune conditions are other risk factors [15-17,21].

ICI-related diarrhea usually presents as a frequent stool associated with urgency
and sometimes with abdominal pain. Bloody diarrhea is far less frequent, as well as
symptoms of concurrent involvement of the upper GI tract, such as nausea/vomiting.
However, the progression of symptoms is sometimes very rapid and potentially life-
threatening after complications such as bowel perforation, toxic megacolon, occlusion,
or ileus develop [15-17]. The severity of diarrhea and colitis is commonly evaluated
following the Common Terminology Criteria for Adverse Events (CTCAE) (Table 1) [22].

Table 1. Common Terminology Criteria for Adverse Events (CTCAE) for diarrhea and colitis (vers.
5.0). ADL: activity of daily living.

Grade Diarrhea Colitis

Increase in stool frequency

<4/day over baseline; mild

increase in ostomy output
compared to baseline

Asymptomatic; clinical or
diagnostic observation only;
intervention not indicated

Increase in stool frequency
4-6/day over baseline;
2 moderate increase in ostomy
output compared to baseline;
limiting instrumental ADL

Abdominal pain; mucus or
blood in stool

Increase in stool frequency
>7/day over baseline; severe
3 increase in ostomy output
compared to baseline; limiting
self-care ADL

Severe abdominal pain;
peritoneal signs

Life-threatening consequences;
urgent intervention indicated

Life-threatening consequences;
urgent intervention indicated

Death

Death

Collaboration between oncologists and gastroenterologists is fundamental in facing
these patients. Despite having limitations, an early access to a flexible sigmoidoscopy must
be considerate for any patients with CTCAE > G2 diarrhea. In fact, endoscopic assessment
is more accurate than CTCAE for assessing disease activity and outcome [18]. The finding
of a deep ulcer, for example, could be associated with a steroid-refractory colitis, which
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requires infliximab, vedolizumab, or other immunosuppressive agents [23]. Conversely,
the severity of symptoms does not necessarily correlate with the degree of inflammation as
evaluated on endoscopy and histology [24].

In this context, pathologists should be able to recognize ICI-related histologic al-
terations in GI biopsies for the start of early treatment. Recently, the main histologic
patterns of ICI-related esophagitis, gastritis, and colitis have been described. In detail,
the patterns of esophageal ICI injury consist of lymphocytic inflammation and ulcerative
esophagitis; gastric injuries include chronic active gastritis, lymphocytic gastritis, and
focal enhancing gastritis; and duodenal injury may present as duodenitis with villous
blunting and granulomas. In the large bowel biopsies, the histologic patterns were iden-
tified as active colitis, lymphocytic and collagenous colitis (microscopic colitis), chronic
active colitis, increased apoptosis colitis, ischemic colitis, and non-specific inflammatory
reactive changes colitis [25]. As predicted, ICI-related histologic features in GI samples
are non-specific and can mimic other types of gastro-enterocolitis, including infectious
etiology, inflammatory-bowel disease (IBD), graft versus host disease (GVHD), and other
drug-induced gastro-enterocolitis [26]. Therefore, clinical presentation and medical history
are indispensable to distinguish between ICI-related colitis and mimics.

In this study, we aimed to describe the clinical, endoscopic, and histologic character-
istics of a mono-institutional cohort of patients who developed diarrhea, colitis, or other
GI AEs after treatment with anti-CTLA-4 or anti-PD-1/PDL1 drugs. Furthermore, we
describe peculiar clinical and histological findings with ICI therapy that have never been
reported before.

2. Materials and Methods

We conducted a retrospective single-center study at our institution, investigating adult
patients diagnosed with solid tumors who received treatment with ICls in a 6-year period,
from 2015 to 2021. Inclusion criteria were: >18-year-old patients diagnosed with solid tu-
mors; treated with approved anti-PD1, anti-PD-L1, or anti-CTLA4 in first-line therapy or af-
ter failure of previous therapies; and the onset of diarrhea, colitis, or other signs/symptoms
of GI toxicity during ICI therapy. Only patients that underwent endoscopy with biopsies
or surgery during ICI treatment were admitted. Exclusion criteria were: patients with
etiologies of diarrhea/GI symptoms different from ICIs (e.g., infective etiology) when
endoscopic features and histologic specimens were not available.

Once the study cohort was identified, the following data were recorded for every
patient: demographics, oncologic history (site of tumor, histology, age at diagnosis, ad-
ministered ICI), GI AEs characteristics (time from ICIs start to GI AE onset, symptoms
at diagnosis, AE grade according to CTCAE, treatments for AEs, ICI delay/interruption,
resolution of AE), as well as endoscopic and histologic findings.

All information regarding human material was managed using anonymous numerical
codes, and all samples were handled in compliance with the Declaration of Helsinki
(https:/ /www.wma.net/what-we-do/medical-ethics /declaration-of-helsinki/ (accessed
on 23 Semptember 2021)).

2.1. Endoscopy

After patients’ conscious sedation, an endoscopic examination with high-definition
instruments (Olympus Medical Systems, Tokyo, Japan) was performed. Esophago-gastro-
duodenal endoscopy, colonoscopy/ileo-pancolonoscopy, flexible sigmoidoscopy, or both
upper and lower examinations were performed, according to the oncologist request and
patients” symptoms.

Side gross visual findings as well as inflammatory patterns of the lesions were de-
scribed in the endoscopic report. In the lower GI involvement, we distinguished left-sided
colitis and extensive colitis, depending on the absence or presence of lesions proximal to
the splenic flexure, respectively. Gross visual findings were described as mucosal ulceration
(of any morphology, size, and depth), nonulcerative inflammation (erosions, erythema,
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exudates, loss of vascular pattern, friability, edema, mucosal hemorrhage), or normal find-
ings. Inflammatory patterns were divided into diffuse, patchy, or segmental groups. Given
the similarity between ICI-associated colitis and inflammatory bowel disease (IBD), as re-
ported in other studies, we sometimes used the most commonly applicated IBD endoscopic
score [22].

2.2. Histopathology

Biopsies were fixed in 10% buffered formalin, embedded in paraffin, sectioned at
3 um thickness, and stained with hematoxylin and eosin. All histological samples were
reviewed by two expert pathologists (PP and GI), and detailed histopathologic characteri-
zation was performed on each bioptic sampling. The following lesions were assessed: the
extent of GI involvement (focal, patchy, or diffuse); the presence of neutrophils within lam-
ina propria and/or crypt epithelium (cryptitis); the presence of crypt pseudo-abscesses; the
mononuclear expansion of the lamina propria; the presence of basal lympho-plasmacytosis;
crypt architectural distortion (crypt branching) or irregularity (glands smaller than usual)
and/or glandular loss (atrophy); the presence of Paneth cell metaplasia in the distal
colon beyond the splenic flexure; increased crypt epithelial cell apoptosis (>3 apoptotic
figures/10 crypts); the presence of increased intraepithelial lymphocytes within surface
epithelium (>20/100 enterocytes); superficial epithelial pseudo-detachment; eosinophils
count >60/10 HPF [27]; and villous blunting in duodenum.

Combining these histological features, we aimed to classify our cases into the following:
eosinophilic pattern gastro-enteritis; ischemic pattern gastro-enteritis; apoptotic pattern
gastro-enteritis; IBD-like gastro-enteritis; and lymphocytic gastro-enteritis. The presence of
cryptitis and/or pseudo-abscess also defined each patter, such as ‘active gastro-enteritis’.
Finally, if more than one pattern was observed in some cases, we recorded both (or more).

Citomegalovirus (CMV) detection was performed in apoptotic and /or IBD-like pattern
by the immunohistochemistry method on paraffin embedded sections.

3. Results
3.1. Patients” Characteristics

A total of 180 patients were treated at our center between 2015 and 2021. Diarrhea or
other symptoms of GI toxicity were reported in 37 cases (21%). Among them, 21 patients
who underwent an endoscopic exam with biopsies at our endoscopy unit or a surgical
procedure were included in our analysis. The other 16 patients referred to external center
for therapeutic management. Patients’ characteristics are shown in Table 2.

There were 17 male and 4 female patients. The median age at diagnosis was 63 years
(range 50-75). Melanoma was the most frequently diagnosed tumor (1 = 10), followed by
renal cell carcinoma (1 = 4), non-small cell lung cancer (1 = 3), squamous head and neck
carcinoma (n = 2), urothelial carcinoma (n = 1), and colon cancer (n = 1).

Regarding the administered ICIs, anti-PD1 were employed in 16 patients. More
precisely, 11 patients (52.4%) received nivolumab, 4 patients received pembrolizumab
(19%), and 1 patient (4.8%) received the combination of nivolumab plus ipilimumab. The
anti-PD-L1 agent atezolizumab was administered to two patients (9.5%), while two other
patients (9.5%) received ipilimumab alone. Among them, ipilimumab was administered
after progression to nivolumab in two cases. The median time from the start of ICls to the
occurrence of a GI AE was 5 months (range 1-24 months).

Twelve patients developed diarrhea; among them, bleeding diarrhea was reported in
four cases. In two cases (9.5%), abdominal pain was reported, and was the only presentation
symptom in one of them. The severity of diarrhea and colitis was graded according to the
CTCAE criteria (vers. 5.0). There were three G1, three G2, six G3, and one G4 diarrhea. In
two cases (9.5%), a G4 colitis was diagnosed. One patient developed acute peritonitis, and
another retrieved intestinal occlusion. Upper GI symptoms developed in four cases, with
dysphagia (1 = 3) and nausea/vomiting (n = 1) being the most frequent. Three patients
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(14.2%) were occasionally diagnosed (in one case after evidence of colitis at a CT scan and
in two cases after surgical resection).

Table 2. Characteristics of the included patients. AE: adverse event; CTLA4: cytotoxic T-lymphocyte-
associated protein 4; GI: gastro-intestinal; ICI: immune checkpoint inhibitor; PD1: programmed death
1; PD-L1: programmed death-ligand 1.

Patients” Characteristics Values

No. of patients 21
- Male, nr. (%) 17 (81%)
- Female, nr. (%) 4 (19%)
Age at diagnosis—years, median (range) 63 (50-75)
Types of diagnosed tumors:
- Melanoma, nr. (%) 10 (47.6%)
- Renal cell carcinoma, nr. (%) 4 (19%)
- Non-small cell lung cancer, nr. (%) 3 (14.3%)
- Head and neck carcinoma, nr. (%) 2 (9.5%)
- Urothelial carcinoma, nr. (%) 1 (4.8%)

Colon cancer, nr. (%) 1 (4.8%)
Adm1n1stered ICIs:
- Nivolumab, nr. (%) 11 (57.2%)
- Pembrolizumab, nr. (%) 4 (19%)
- Atezolizumab, nr. (%) 2 (9.5%)
- Ipilimumab, nr. (%) 3 (14.3%)
- Nivolumab + Ipilimumab, nr. (%) 1 (4.8%)
ICI target:
- PD1,nr. (%) 15 (71.4%)
- PD-L1,nr. (%) 2 (9.5%)
- CTLA4, nr. (%) 3(14.3%)
- PD1 + CTLA4, nr. (%) 1 (4.8%)
Symptoms of GI AEs:

Diarrhea, nr. (%) 12 (57.2%)
- Bleeding diarrhea, nr. (%) 4 (19%)
- Abdominal pain, nr. (%) 3 (14.3%)
- Dysphagia, nr. (%) 3(14.3%)
- Nausea/vomiting, nr. (%) 1 (4.8%)
- Acute abdomen, nr. (%) 2 (9.5%)

No symptoms, nr. (%) 3 (14.3%)
Grade of reported GI AEs:
- Gl diarrhea, nr. (%) 3 (14.3%)
- G2 diarrhea, nr. (%) 1(33.3%)
- G3diarrhea, nr. (%) 6 (28.7%)
- G4 diarrhea, nr. (%) 1 (4.8%)
- G4 colitis, nr. (%) 2 (9.5%)
Time from ICIs start to GI AE onset—months, median (range) 5 (1-24)
AEs management:
- Steroids, nr. (%) 4 (19%)
- Biological agents, nr. (%) 2 (9.5%)
- Symptomatic drugs, nr. (%) 15 (71.5%)
- Antibiotics, nr. (%) 2 (9.5%)
Action taken with ICIs:
- Delayed, nr. (%) 3 (14.3%)
- Interrupted, nr. (%) 5 (23.8%)
- None, nr. (%) 13 (61.9%)

The ASCO guidelines were followed for treating patients” AEs. The majority of
patients (15-71.5%) required only symptomatic therapy, such as anti-diarrheic drugs, anti-
spastic agents, or analgesics. In four patients (19%), high-dose steroids were employed.
Two patients recovered with steroids; however, (9.5%) biological agents (infliximab and
vedolizumab, respectively) were needed for AE management in two patients, due to the
worsening symptoms under steroids. Antibiotic treatment was given to two patients with
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CMV detection. Due to the severity of diarrhea or colitis, ICIs were delayed in three cases
(14.3%) and interrupted in five patients (23.8%). Thirteen patients (61.9%) did not require
any dose delay or interruption.

3.2. Endoscopic Findings

A total of 21 examinations were performed in 19 patients: 8 with ileo-pancolonoscopy,
4 with colonoscopy, 1 with flexible sigmoidoscopy, and 8 with gastroscopy. Two patients
underwent surgical resection for acute abdomen without endoscopic investigations. Con-
versely, two patients underwent both the upper and lower procedure.

In 6 of 21 endoscopies, mucosal lining results were normal. Incidentally, four colonic
adenomas were detected. Endoscopic lesions were localized as follows: 1/15 (7%) in the
esophagus, 5/15 (33%) in the stomach, 3/15 (20%) in the duodenum, 1/15 (7%) in the
ileum, and 6/15 (40%) in the colorectal tract. For the latter, one was a pancolitis (17%),
three were extensive colitis with rectal sparing (50%), one was a left-sided colitis (17%),
and one was limited to rectum (17%). The gross visual findings were ulcers (1 = 6; 40%),
erosions (n = 9; 60%), erythema (n = 9; 60%), exudates (n = 2; 13%), loss of vascular pat-
tern (n = 3; 20%), friability (n = 3; 20%), edema (n = 7; 47%), and mucosal hemorrhage
(n =2;13%). In one patient, a voluminous fistula was present in the recto-sigmoidal tract.
Some of these features are depicted in Figure 1. Among the six patients with colorectal
involvement, inflammatory pattern was diffused in four of them (67%) or was segmental in
two ones (33%). No patchy endoscopic pattern was observed.

v

B

Rk,

Figure 1. Spectrum of endoscopic findings. (A) Deep colonic ulceration. (B) Colonic fistula, demon-
strated by double lumen. (C) Esophageal exudates not associated with Candida infection. (D) Colonic
erythema, with friability and reduction in the vascular pattern. (E) Colonic exudates and mucosal
hemorrhage. (F) Gastric erythema. (G) Duodenal erosions. (H) Ileal erosions.

3.3. Histopathological Pattern of ICI Injury

Of the 21 patients, 8 underwent ileo-pancolonoscopy with whole mucosal sampling.
Among these, apoptotic combined with ischemic and eosinophilic pattern colitis was
observed in two patients, an apoptotic pattern was observed in two patients (Figure 2),
apoptotic combined with an IBD pattern was observed in one patient, and apoptotic
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combined with an ischemic pattern was observed in another patient (Table 3). Eosinophilic
pattern colitis was documented in one patient (Figure 3). One patient showed only active
colitis. In two patients, the villous blunting of ileal mucosa was documented. CMV was
found in two patients.

Figure 2. Apoptotic pattern colitis: (A) right colon, 9, showing glandular atrophy and distortion;
(B) apoptotic bodies in the glandular element, 25x (hematoxylin and eosin).

Table 3. Histological pattern observed in ICI patients. GI: gastro-intestinal.

Histological Pattern Upper GI Tract Lower GI Tract Total %
Ischemic pattern 3/21 3/21 6/21 28.5%
Ischemic + apoptotic + eosinophilic pattern 0 2/21 2/21 9.5%
Ischemic + apoptotic pattern 0 1/21 1/21 4.7%
Apoptotic pattern 0 3/21 3/21 21.35%
Apoptotic + IBD-like pattern 0 1/21 1/21 4.7%
Eosinophilic pattern 0 4/21 4/21 5.2%
Active colitis 0 1/21 1/21 4.7%
Normal mucosa 2/21 1/21 3/21 21.35%

Figure 3. Eosinophilic pattern colitis: (A) left colon, 6, showing a dense inflammatory infiltrate in
the lamina propria with middle glandular distortion; (B) eosinophils > 60/HPF in the lamina propria
(hematoxylin and eosin).

Four patients underwent endoscopic intestinal polypectomy, due to endoscopic normal
examen. An eosinophilic pattern was documented in three patients, while an apoptotic
pattern was documented in one patient.
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One patient underwent esophageal and rectal sampling after finding deep ulcers. In
both histological samples, an ischemic pattern with ulcers was documented and CMV was
documented by immunohistochemistry in intestinal biopsies.

Five patients underwent only gastro-esophageal endoscopy. An ischemic pattern was
found in three cases, though two cases were histologically unremarkable.

Two patients underwent surgical resection of the left colon for acute abdomen due
to an intestinal perforation; moreover, in one patient, unsuspected double synchronous
colorectal cancer was found. Both patients were scheduled with PD1 therapy from 5 months
and 2 months, respectively. From an histological point of view, intestinal mucosa showed
an extensive and severe ischemic pattern colitis (Figure 4).

Figure 4. Ischemic colitis (intestinal perforation): (A) distal colon, showing flattened mucosa and
thinned wall, 6 x; (B) ischemic changes, consisting of extensively necrotic mucosa and neutrophilic
infiltrate with blood vessels ectasia, 25x (hematoxylin and eosin).

One patient underwent surgical resection of ileal segment due to a neoplastic mass; in
this case, apart from neoplasia, histology was unremarkable.

4. Discussion

ICIs represent a groundbreaking treatment for many solid tumors, having deeply
modified the treatment strategy in oncology over recent decades, with several ICIs that
approved by the regulatory agencies. After binding PD1, PD-L1, or CTLA4, ICIs remove
the block for the immune system, reversing neoplastic immune evasion and promoting
anti-tumor response in many solid tumors. However, an off-target effect of the activation of
the immune system is the development of immune-related toxicity. The risk of AEs differs
between ICIs and regimens. GI tract is often involved in ICI-mediated AEs, and colitis has
been reported to represent the most common cause of ipilimumab interruption [18-22].
With single-agent ipilimumab, diarrhea has been reported in 27.5-41% of patients (>G3 in
4.6-9.8%), while colitis has been reported in 7.6-15.5% (severe in 5.3-8.2%). Ipilimumab-
related GI AEs usually occur within 2-3 months of treatment starting. Patients receiving
anti-PD1 agents, such as nivolumab or pembrolizumab, develop diarrhea in 6-19% of
cases and colitis in 1-4% of cases, among which severe grades occur in around 1%. The
majority of GI AEs are reported within the first 6 months after the start of treatment. The
toxicity profile is similar with PD-L1 antibodies. In patients treated with the combination
of nivolumab and ipilimumab, diarrhea developed in 16-45% of cases and was severe in
2-9%, while colitis was diagnosed in 1-13% with severe grade in 0.5-8% [15-17,28,29].

Due to the onset of GI AEs, some patients undergo endoscopic examination with a
wide range of mucosal injury documented in the upper and lower GI tract. Sometimes,
a mucosal sampling is performed, frequently in cases with macroscopical alterations.
Endoscopic findings often overlap with other primitive intestinal diseases, such as IBD
(ulcerative colitis and Crohn disease). In this context, the pathologist is asked to define
mucosal injury and make a histologic diagnosis. Recently, histologic features of GI mucosal
tract in ICI-treated patients have been described. In a series of patients treated with PD1
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inhibitors, the seven duodenal biopsies were characterized by a dense lymphoplasma-
cytic and eosinophilic infiltrate, villous blunting, and neutrophilic villitis. Intra-epithelial
lymphocytes and apoptosis were less common findings and one case was histologically
unremarkable. The six gastric samples also often demonstrated lamina propria expansion
with intra-epithelial neutrophils and pseudo-abscesses; crypt apoptosis and eosinophils
were observed in only one case, and one case was completely unremarkable histologically.
Among five cases with ileo-colic sampling, the terminal ileum specimens showed villous
blunting, increased apoptosis, lamina propria expansion, and neutrophilic villitis in three
cases, whereas erosion/ulceration and increased eosinophils were documented in the other
two cases. In large bowel biopsies, increased inflammation in the lamina propria and
neutrophilic cryptitis was seen in the majority of cases, whereas glandular architectural
distortion, neutrophilic crypt abscesses, and increased apoptosis were documented in
approximately half of cases. Three patients showed an ischemic-like pattern colitis. Fur-
thermore, thickening of the subepithelial collagen, reminiscent of collagenous colitis, was
observed in one case. CMV was negative [30].

In a small case report, active colitis with apoptotic pattern was the most common docu-
mented during anti-PD-1 therapy (5/8 cases), whereas IBD pattern colitis was not observed.
The distribution of the colitis was diffuse in four cases and patchy in one. In the remaining
three cases, a lymphocytic colitis pattern was documented. CMV immunostaining was
negative in all cases. No patients showed ischemic pattern colitis [31].

In the larger cohort of 115 patients treated with anti-CTLA-4 agent for metastatic
melanoma, 85% showed an increased chronic and neutrophilic inflammatory infiltrate
within the lamina propria, without chronic architectural changes in the majority of cases
(61%). Apoptotic pattern was observed in a minority of cases (31%). No patients showed
ischemic pattern colitis [32].

Zhang et al. described the histological features in a series of 39 patients treated with
anti PD1/PDL1 and/or anti CTLA4. Peri-glandular inflammation in gastric biopsies with
lymphoplasmacytic infiltrate was found in 39% of cases. Interestingly, non-necrotizing
granulomas in gastric mucosa were documented in 31% of cases. Five patients showed
active gastritis with neutrophilic abscesses, whereas the other five presented with a promi-
nent reactive gastropathy pattern of injury (i.e., chemical gastritis), respectively. Thirty-six
per cent showed villous blunting in duodenal biopsies and the other thirty-six showed an
increase in mononuclear cells in the lamina propria. About 31 patients with concomitant
intestinal sampling, acute colitis with apoptotic pattern, and lymphocytic colitis were the
most common (both in 26% of cases), followed by collagenous colitis (6%) and apoptotic
colitis inactive (6%). In 11 (36%) patients, the colonic mucosa was histologically unremark-
able. CMV immunostaining was negative in all cases. No patients showed ischemic pattern
colitis [33].

In our study, we analyzed the clinical, endoscopic, and histological findings of patients
with solid tumors that were treated with ICIs in a 6-year range period in our institution.
Compared to the whole cohort of treated patients, the incidence of lower GI AEs was in
line with other reports (20%). Among 21 included patients, the symptomatic spectrum
ranged from asymptomatic patients to the occurrence of complications, such as peritonitis,
perforation, or intestinal occlusion, with diarrhea being the most frequent symptom (57.2%).
Six out of twenty-one patients (28.6%) were managed with steroids or biological agents in
the case of steroid-refractory diarrhea. In 8 out of 21 patients (38%), an ICI delay or even an
interruption was necessary.

Our endoscopic findings were partially in line with the literature [25,34]. Unlike what
was reported about the colon, we found a more frequent involvement of the right colon.
These results prove that, when ICI-related colitis is suspected, a flexible sigmoidoscopy may
not be sufficient. Furthermore, three of our patients had a pancolitis with rectal sparing,
without any previous topical treatment. Finally, according to our knowledge, we found a
case of colonic fistula associated to ICI treatment for the first time.
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Histologically, we described an ischemic pattern, an apoptotic pattern, an eosinophilic
pattern, and an IBD-like pattern, in isolated or combined form, in upper and lower endo-
scopic samples. The most frequent histologic alteration observed was an ischemic pattern
(9/21 cases, 43%), an isolated form was observed in 6/21 cases (3/16 cases of intestinal
bioptic sampling and 3/5 cases of gastro-esophageal bioptic sampling), and a combination of
an apoptotic and an eosinophilic pattern was observed in 3/21 cases. The second most
frequent histologic alteration was an apoptotic pattern (7/21 cases, 33%), in isolated form
(3/21 cases of lower endoscopy) and combined with ischemic and eosinophilic or IBD-like
pattern (4/21 cases). In 4/21 cases, we described a ‘combined’ pattern (apoptotic + ischemic
+ eosinophilic in 2/21 cases; apoptotic + IBD-like in 1/21 cases; apoptotic + ischemic in
1/21 cases). With respect to the literature, we found an higher percentage of ischemic
alterations in GI mucosae. Interestingly, for the first time, we described the occurrence of
ischemic colitis, with histologic documentation, complicated by intestinal perforation in
two patients under PD1 therapy. Unfortunately, we are unable to describe hematological
assessment in these patients with particular regard in the platelets’ count and proteins
involved in the coagulation process; however, 43% are in high incidence and hematological
data in patients with ICI therapy are lacking in all studied reported. Finally, we showed
unsuspected CMV infection in 3/5 cases tested. This finding should keep in mind when
steroid therapy is planned in ICI patients. The limited number of included cases is a strong
limitation of our study. Furthermore, the histologic findings of mucosal damage in all
patients, the unsuspected CMV detection, the previously undescribed intestinal perforation
due to ischemic colitis and colonic fistula in patients with ICI therapy, and the need to
indicate scheduling endoscopy with biopsies in all oncologic patients developing GI AEs
are all other limitations.

Herein, we reported a mono-institutional series of GI biopsies from patients with
suspected ICI-related GI AEs, drawing upon the following conclusions: (i) histologic
abnormalities are often found in endoscopically normal mucosa; (ii) concurrent upper and
lower GI biopsies should be obtained; (iii) ICI-associated histologic changes can mimic a
broad range of primary GI diseases, including IBD and infectious enterocolitis; and (iv) in
patients with intestinal comorbidities (diverticular disease, angiodysplasia), an adequate
follow-up during ICI therapy is needed to avoid complications.

5. Conclusions

As knowledge about ICI mechanisms of action and efficacy in cancer has progressed,
toxicity emerges as a potential refinement, starting from a correct and agreed diagnostic tool.
GI toxicity significantly impacts the management of patients treated with ICIs for different
subtypes of solid tumors; therefore, more research is warranted. In GI-symptomatic
patients, an upper and lower endoscopy is indicated and, as described, an endoscopic
‘normal mucosa’ can show the histopathologic features of ICI injuries. Moreover, the
ischemic mucosal damage is frequent and can lead to surgical emergencies, such as acute
abdomen, which can be fatal in these patients. For this reason, biopsies of the whole
GI tract are recommended for the correct assessment when ICI-related damage is clinically
suspected. The recognition of histopathologic patterns of ICI-induced damage helps to form
a timely and accurate pathologic diagnosis for the effective management among patients.
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/ /www.mdpi.com/article/10.3390/diagnostics12030685/s1, Table S1: Immune checkpoint inhibitors
used in clinical practice for solid tumors.

Author Contributions: Conceptualization, PP, B.A.M. and EB.; methodology, P.P, B.AM., D.C, EC,,
G.I. and EB,; validation, PP, B.AM., D.C,, EC., G.I. and EB,; formal analysis, PP, BA.M. and EB.;
investigation, P.P,, BAM., D.C,, EC., G.I. and EB.; resources, P.P; data curation, PP, B.A.M. and EB.;
writing—original draft preparation, PP, B.AM., D.C., EC. and F.B.; writing—review and editing, all
authors; supervision, P.P,, B.A.M. and EB. All authors have read and agreed to the published version
of the manuscript.


https://www.mdpi.com/article/10.3390/diagnostics12030685/s1
https://www.mdpi.com/article/10.3390/diagnostics12030685/s1

Diagnostics 2022, 12, 685 11 of 12

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki.

Informed Consent Statement: Informed consents was waived due to the retrospective nature of
the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Buqué, A.; Bloy, N.; Aranda, E; Castoldi, F; Eggermont, A.; Cremer, I.; Fridman, W.H.; Fucikova, J.; Galon, J.; Marabelle, A ; et al.
Trial Watch: Immunomodulatory Monoclonal Antibodies for Oncological Indications. Oncolmmunology 2015, 4, e1008814.
[CrossRef] [PubMed]

Francisco, L.M.; Sage, P.T.; Sharpe, A.H. The PD-1 Pathway in Tolerance and Autoimmunity: PD-1 Pathway, Tregs, and
Autoimmune Diseases. Immunol. Rev. 2010, 236, 219-242. [CrossRef] [PubMed]

Tarhini, A.; Lo, E.; Minor, D.R. Releasing the Brake on the Immune System: Ipilimumab in Melanoma and Other Tumors. Cancer
Biother. Radiopharm. 2010, 25, 601-613. [CrossRef] [PubMed]

Hodi, ES.; O'Day, S.J.; McDermott, D.E,; Weber, RW.; Sosman, J.A.; Haanen, ].B.; Gonzalez, R.; Robert, C.; Schadendorf, D.;
Hassel, ].C.; et al. Improved Survival with Ipilimumab in Patients with Metastatic Melanoma. N. Engl. |. Med. 2010, 363, 711-723.
[CrossRef] [PubMed]

Robert, C.; Long, G.V.; Brady, B.; Dutriaux, C.; Maio, M.; Mortier, L.; Hassel, J.C.; Rutkowski, P.; McNeil, C.; Kalinka-
Warzocha, E.; et al. Nivolumab in Previously Untreated Melanoma without BRAF Mutation. N. Engl. . Med. 2015, 372, 320-330.
[CrossRef] [PubMed]

Robert, C.; Schachter, J.; Long, G.V.; Arance, A.; Grob, ].J.; Mortier, L.; Daud, A.; Carlino, M.S.; McNeil, C.; Lotem, M.; et al.
Pembrolizumab versus Ipilimumab in Advanced Melanoma. N. Engl. ]. Med. 2015, 372, 2521-2532. [CrossRef]

Wolchok, ].D.; Chiarion-Sileni, V.; Gonzalez, R.; Rutkowski, P.; Grob, J.-J.; Cowey, C.L.; Lao, C.D.; Wagstaff, J.; Schadendorf, D.;
Ferrucci, P.F; et al. Overall Survival with Combined Nivolumab and Ipilimumab in Advanced Melanoma. N. Engl. |. Med. 2017,
377, 1345-1356. [CrossRef]

Reck, M.; Rodriguez-Abreu, D.; Robinson, A.G.; Hui, R; Cs6szi, T.; Fiilop, A.; Gottfried, M.; Peled, N.; Tafreshi, A.; Cuffe, S.; et al.
Pembrolizumab versus Chemotherapy for PD-L1-Positive Non-Small-Cell Lung Cancer. N. Engl. ]. Med. 2016, 375, 1823-1833.
[CrossRef]

Gandhi, L.; Rodriguez-Abreu, D.; Gadgeel, S.; Esteban, E.; Felip, E.; De Angelis, F; Domine, M.; Clingan, P.; Hochmair, M.J.;
Powell, S.F; et al. Pembrolizumab plus Chemotherapy in Metastatic Non-Small-Cell Lung Cancer. N. Engl. |. Med. 2018,
378, 2078-2092. [CrossRef]

Paz-Ares, L.; Luft, A.; Vicente, D.; Tafreshi, A.; Glimiis, M.; Mazieres, ].; Hermes, B.; Cay Senler, F.; Cs6szi, T.; Fiilop, A.; et al.
Pembrolizumab plus Chemotherapy for Squamous Non-Small-Cell Lung Cancer. N. Engl. |. Med. 2018, 379, 2040-2051. [CrossRef]
Hellmann, M.D.; Paz-Ares, L.; Bernabe Caro, R.; Zurawski, B.; Kim, S.-W.; Carcereny Costa, E.; Park, K.; Alexandru, A,;
Lupinacci, L.; de la Mora Jimenez, E.; et al. Nivolumab plus Ipilimumab in Advanced Non-Small-Cell Lung Cancer. N. Engl. ].
Med. 2019, 381, 2020-2031. [CrossRef] [PubMed]

Motzer, R.; Alekseev, B.; Rha, S.-Y;; Porta, C.; Eto, M.; Powles, T.; Griinwald, V.; Hutson, T.E.; Kopyltsov, E.; Méndez-Vidal, M.].; et al.
Lenvatinib plus Pembrolizumab or Everolimus for Advanced Renal Cell Carcinoma. N. Engl. J. Med. 2021, 384, 1289-1300.
[CrossRef] [PubMed]

Powles, T.; Park, S.H.; Voog, E.; Caserta, C.; Valderrama, B.P.; Gurney, H.; Kalofonos, H.; Radulovi¢, S.; Demey, W.; Ullén, A.; et al.
Avelumab Maintenance Therapy for Advanced or Metastatic Urothelial Carcinoma. N. Engl. J. Med. 2020, 383, 1218-1230.
[CrossRef] [PubMed]

Ciardiello, D.; Maiorano, B.A.; Parente, P.; Rodriquenz, M.G.; Latiano, T.P,; Chiarazzo, C.; Pazienza, V.; Guerrera, L.P.; Amoruso, B,;
Normanno, N.; et al. Immunotherapy for Biliary Tract Cancer in the Era of Precision Medicine: Current Knowledge and Future
Perspectives. Int. ]. Mol. Sci. 2022, 23, 820. [CrossRef] [PubMed]

Wang, D.Y,; Salem, ].-E.; Cohen, J.V,; Chandra, S.; Menzer, C.; Ye, E; Zhao, S.; Das, S.; Beckermann, K.E.; Ha, L.; et al. Fatal Toxic
Effects Associated with Immune Checkpoint Inhibitors: A Systematic Review and Meta-Analysis. JAMA Oncol. 2018, 4, 1721.
[CrossRef] [PubMed]

Tandon, P.; Bourassa-Blanchette, S.; Bishay, K.; Parlow, S.; Laurie, S.A.; McCurdy, ].D. The Risk of Diarrhea and Colitis in Patients
With Advanced Melanoma Undergoing Immune Checkpoint Inhibitor Therapy: A Systematic Review and Meta-Analysis. J.
Immunother. 2018, 41, 101-108. [CrossRef] [PubMed]

Soularue, E.; Lepage, P.; Colombel, ].F.; Coutzac, C.; Faleck, D.; Marthey, L.; Collins, M.; Chaput, N.; Robert, C.; Carbonnel, F.
Enterocolitis due to immune checkpoint inhibitors: A systematic review. Gut 2018, 67, 2056-2067. [CrossRef] [PubMed]


http://doi.org/10.1080/2162402X.2015.1008814
http://www.ncbi.nlm.nih.gov/pubmed/26137403
http://doi.org/10.1111/j.1600-065X.2010.00923.x
http://www.ncbi.nlm.nih.gov/pubmed/20636820
http://doi.org/10.1089/cbr.2010.0865
http://www.ncbi.nlm.nih.gov/pubmed/21204754
http://doi.org/10.1056/NEJMoa1003466
http://www.ncbi.nlm.nih.gov/pubmed/20525992
http://doi.org/10.1056/NEJMoa1412082
http://www.ncbi.nlm.nih.gov/pubmed/25399552
http://doi.org/10.1056/NEJMoa1503093
http://doi.org/10.1056/NEJMoa1709684
http://doi.org/10.1056/NEJMoa1606774
http://doi.org/10.1056/NEJMoa1801005
http://doi.org/10.1056/NEJMoa1810865
http://doi.org/10.1056/NEJMoa1910231
http://www.ncbi.nlm.nih.gov/pubmed/31562796
http://doi.org/10.1056/NEJMoa2035716
http://www.ncbi.nlm.nih.gov/pubmed/33616314
http://doi.org/10.1056/NEJMoa2002788
http://www.ncbi.nlm.nih.gov/pubmed/32945632
http://doi.org/10.3390/ijms23020820
http://www.ncbi.nlm.nih.gov/pubmed/35055006
http://doi.org/10.1001/jamaoncol.2018.3923
http://www.ncbi.nlm.nih.gov/pubmed/30242316
http://doi.org/10.1097/CJI.0000000000000213
http://www.ncbi.nlm.nih.gov/pubmed/29401166
http://doi.org/10.1136/gutjnl-2018-316948
http://www.ncbi.nlm.nih.gov/pubmed/30131322

Diagnostics 2022, 12, 685 12 of 12

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Grover, S.; Rahma, O.E.; Hashemi, N.; Lim, R.M. Gastrointestinal and Hepatic Toxicities of Checkpoint Inhibitors: Algorithms for
Management. In American Society of Clinical Oncology Educational Book; American Society of Clinical: Alexandria, VA, USA, 2018;
pp. 13-19. [CrossRef]

Schneider, B.].; Naidoo, J.; Santomasso, B.D.; Lacchetti, C.; Adkins, S.; Anadkat, M.; Atkins, M.B.; Brassil, K.J.; Caterino, ].M.;
Chau, L; et al. Management of Immune-Related Adverse Events in Patients Treated With Inmune Checkpoint Inhibitor Therapy:
ASCO Guideline Update. J. Clin. Oncol. 2021, 39, 4073-4126. [CrossRef]

Hashash, J.G.; Francis, FF; Farraye, F.A. Diagnosis and Management of Immune Checkpoint Inhibitor Colitis. Gastroenterol.
Hepatol. 2021, 17, 358-366.

Collins, M.; Soularue, E.; Marthey, L.; Carbonnel, F. Management of Patients with Immune Checkpoint Inhibitor-Induced
Enterocolitis: A Systematic Review. Clin. Gastroenterol. Hepatol. 2020, 8, 1393-1403. [CrossRef]

Cheung, V.T.E; Brain, O. Immunotherapy induced enterocolitis and gastritis e What to do and when? Best Pract. Res. Clin.
Gastroenterol. 2020, 48—49, 101703. [CrossRef] [PubMed]

Savarese, D. Common Terminology Criteria for Adverse Events. UpToDate. Available online: https://www.uptodate.com/
contents/common-terminology-criteria-for-adverse-events (accessed on 10 January 2022).

Darnell, E.P.; Mooradian, M.].; Baruch, E.N.; Yilmaz, M.; Reynolds, K. Inmune-Related Adverse Events (irAEs): Diagnosis,
Management, and Clinical Pearls. Curr. Oncol. Rep. 2020, 22, 39. [CrossRef] [PubMed]

Kroéner, PT.; Mody, K.; Ferraye, F.A. Immune checkpoint inhibitor-related luminal GI adverse events. Gastrointest. Endosc. 2019,
90, 881-892. [CrossRef]

Patil, P.A.; Zhang, X. Pathologic Manifestations of Gastrointestinal and Hepatobiliary Injury in Immune Checkpoint Inhibitor
Therapy. Arch. Pathol. Lab. Med. 2021, 145, 571-582. [CrossRef] [PubMed]

Villanacci, V.; Reggiani-Bonetti, L.; Leoncini, G.; Parente, P.; Cadei, M.; Albarello, L.; Mandelli, G.; Caputo, A. Histopathology of
Non-IBD Colitis. A Practical Approach from the Italian Group for the Study of the Gastrointestinal Tract (GIPAD). Pathologica
2021, 113, 54-65. [CrossRef] [PubMed]

Wang, Y.; Abu-Sbeih, H.; Mao, E.; Ali, N.; Qiao, W.; Trinh, V.A.; Zobniw, C.; Johnson, D.H.; Samdani, R.; Lum, P; et al. Endoscopic
and Histologic Features of Immune Checkpoint Inhibitor-Related Colitis. Inflamm. Bowel Dis. 2018, 24, 1695-1705. [CrossRef]
[PubMed]

Martins, E; Sofiya, L.; Sykiotis, G.P,; Lamine, F; Maillard, M.; Fraga, M.; Shabafrouz, K.; Ribi, C.; Cairoli, A.; Guex-Crosier, Y.; et al.
Adverse Effects of Inmune-Checkpoint Inhibitors: Epidemiology, Management and Surveillance. Nat. Rev. Clin. Oncol. 2019,
16, 563-580. [CrossRef] [PubMed]

Gonzalez, R.S,; Salaria, S.N.; Bohannon, C.D.; Huber, A.R.; Feely, M.M.; Shi, C. PD-1 Inhibitor Gastroenterocolitis: Case Series and
Appraisal of Immunomodulatory Gastroenterocolitis’. Histopathology 2017, 70, 558-567. [CrossRef] [PubMed]

Chen, ].H.; Pezhouh, M.K,; Lauwers, G.Y.; Masia, R. Histopathologic Features of Colitis Due to Immunotherapy with Anti-PD-1
Antibodies. Am. |. Surg. Pathol. 2017, 41, 643-654. [CrossRef]

Nahar, K.J.; Rawson, R.V.; Ahmed, T.; Tattersall, S.; Sandanayake, N.; Kiely, C.J.; Lo, S.; Carlino, M.; Palendira, U,
Scolyer, R.A ; et al. Clinicopathological Characteristics and Management of Colitis with Anti-PD1 Immunotherapy Alone or in
Combination with Ipilimumab. J. Immunother. Cancer 2020, 8, e001488. [CrossRef]

Zhang, M.L.; Neyaz, A ; Patil, D.; Chen, J.; Dougan, M.; Deshpande, V. Immune-related Adverse Events in the Gastrointestinal
Tract: Diagnostic Utility of Upper Gastrointestinal Biopsies. Histopathology 2020, 76, 233-243. [CrossRef] [PubMed]

Collins, M.; Michot, J.M.; Danlos, EX.; Mussini, C.; Soularue, E.; Mateus, C.; Loirat, D.; Buisson, A.; Rosa, I.; Lambotte, O.; et al.
Inflammatory gastrointestinal diseases associated with PD-1 blockade antibodies. Ann. Oncol. 2017, 28, 2860-2865. [CrossRef]
[PubMed]


http://doi.org/10.1200/EDBK_100013
http://doi.org/10.1200/JCO.21.01440
http://doi.org/10.1016/j.cgh.2020.01.033
http://doi.org/10.1016/j.bpg.2020.101703
http://www.ncbi.nlm.nih.gov/pubmed/33317787
https://www.uptodate.com/contents/common-terminology-criteria-for-adverse-events
https://www.uptodate.com/contents/common-terminology-criteria-for-adverse-events
http://doi.org/10.1007/s11912-020-0897-9
http://www.ncbi.nlm.nih.gov/pubmed/32200442
http://doi.org/10.1016/j.gie.2019.09.009
http://doi.org/10.5858/arpa.2020-0070-RA
http://www.ncbi.nlm.nih.gov/pubmed/32338534
http://doi.org/10.32074/1591-951X-234
http://www.ncbi.nlm.nih.gov/pubmed/33686310
http://doi.org/10.1093/ibd/izy104
http://www.ncbi.nlm.nih.gov/pubmed/29718308
http://doi.org/10.1038/s41571-019-0218-0
http://www.ncbi.nlm.nih.gov/pubmed/31092901
http://doi.org/10.1111/his.13118
http://www.ncbi.nlm.nih.gov/pubmed/28000302
http://doi.org/10.1097/PAS.0000000000000829
http://doi.org/10.1136/jitc-2020-001488
http://doi.org/10.1111/his.13963
http://www.ncbi.nlm.nih.gov/pubmed/31361907
http://doi.org/10.1093/annonc/mdx403
http://www.ncbi.nlm.nih.gov/pubmed/29045560

	Introduction 
	Materials and Methods 
	Endoscopy 
	Histopathology 

	Results 
	Patients’ Characteristics 
	Endoscopic Findings 
	Histopathological Pattern of ICI Injury 

	Discussion 
	Conclusions 
	References

