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Abstract

Immune checkpoint inhibitors (ICls) have provided an additional treatment option for
various types of human cancers. However, ICls often induce various immune-related
adverse events (irAEs). Enterocolitis is a major irAE with poorly understood histo-
pathological characteristics. In this study, we retrospectively investigated the histo-
pathology of colon tissue samples from 17 patients treated with ICls. There were two
major histological patterns of colitis: an ulcerative colitis-like pattern and a graft vs
host disease-like pattern. Although these two patterns of colitis were mutually exclu-
sive, both patterns often showed a characteristic that we call “subepithelial surface
granulomatosis” (SSG), which has not been reported in other types of colitis. SSG
was found even in colon tissue without symptoms or endoscopic findings of colitis.
Given the increasing reports of sarcoid reaction or exacerbation of tuberculosis after
treatment with ICls, granuloma formation could be a histological hallmark of systemic
immune activation by ICls. Although statistical significance was not obtained, prob-
ably because of the small sample size, SSG may be a surrogate biomarker of systemic
anticancer immune activation. We propose that a prospective study with larger sam-

ple size be performed.
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1 | BACKGROUND

The increasing adoption of cancer immunotherapy with immune
checkpoint inhibitors (ICls) has given us an additional therapeutic
option for various types of malignant tumors. However, the consid-
erable success of ICls has unfortunately increased immune-related
adverse events (irAEs).! Enterocolitis is a relatively frequent irAE,
particularly in patients treated with ipilimumab, an anticytotoxic T
lymphocyte-associated protein 4 (CTLA-4) antibody. Diarrhea oc-
curs in 12%-13% of patients administered antiprogrammed death
receptor-1 (PD-1), 30%-35% of those administered anti-CTLA-4,
and 10% of those treated with combination therapy.? Because
irAEs greatly reduce quality of life and often show a clinical course
different from that of ordinary autoimmune diseases, their appro-
priate diagnosis and treatment are important subjects. Based on
our current understanding, irAE-associated enterocolitis does not
show specific histological findings—any type of inflammation can
be found.?®

As described in this brief report, we investigated the his-
topathology of colon tissue from patients treated with ICls.
Interestingly, we discovered a characteristic feature that was a
specific finding for the colon after treatment with ICls. In addition,
the theoretical mechanism of this feature would be consistent
with efficient cancer immunity. In other words, this novel feature
could be a potential surrogate marker of systemic anticancer im-

mune activation.

2 | METHODS
2.1 | Patients and specimens

With approval of the institutional review board (322-134:
Clinicopathological investigation of irAE caused by immune check-
point inhibitors), the formalin-fixed, paraffin-embedded mate-
rial archives of Sapporo Medical University Hospital, Hakodate
Goryoukaku Hospital, Sunagawa City Medical Center, Asahikawa
Red Cross Hospital, Otaru City General Hospital, and Kushiro City
General Hospital were searched for colorectal biopsy or surgical
resection specimens from patients administered ICls. Informed
consent was obtained through an opt-out on the website accord-
ing to the guidelines of the Declaration of Helsinki. A total of 17
specimens were available: 16 were biopsies and one was a surgical
resection specimen that was independent of the primary tumor.
Patient histories were examined for relevant clinicopathological
factors, including age, sex, primary tumor, type of ICI, intestinal
symptoms, endoscopic findings, and other irAEs. The clinical ef-
fects of ICls were evaluated according to RECIST (Response
Evaluation Criteria in Solid Tumors) criteria. In each evaluation, the
best clinical response before intestinal symptoms was analyzed.
To obtain concordant results regarding the histological analysis,
each slide was examined on a multiheaded microscope by three

pathologists.
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2.2 | IHC staining

Tumor tissues were fixed in 10% buffered formalin and embedded in
paraffin. Sections (4 pm thick) of formalin-fixed paraffin-embedded
tumor tissues were stained with the following monoclonal antibodies
after epitope retrieval using Target Retrieval Solution pH 9 (DAKO):
mouse anti-CD4 monoclonal antibody (clone 4B12; Thermo Fisher
Scientific), mouse anti-CD8 monoclonal antibody (clone C8/144B;
DAKO), and mouse anti-CD68 monoclonal antibody (clone PG-M1,;
Nichirei Biosciences). These antibodies were used according to the

manufacturers’ instructions.

3 | RESULTS
3.1 | Patient characteristics

We analyzed colon tissue samples from 17 patients treated with
ICls. Clinicopathological and histopathological features are summa-
rized in Table 1. The patients comprised eight men and nine women
with a median age of 69 (range, 58-86) years. Six were receiving ICls
for lung adenocarcinoma, three had lung squamous cell carcinoma,
three had urothelial carcinoma of the urinary bladder, two had malig-
nant melanoma, and one each had lung carcinosarcoma, renal tumor
(no histological confirmation was performed), and mucoepidermoid
carcinoma. Most patients underwent chemoradiotherapy before
treatment with ICls (data not shown). Nine patients were adminis-
tered pembrolizumab and six received nivolumab. One patient re-
ceived atezolizumab and one received a combination of ipilimumab
and nivolumab. In response to ICls, five patients had progressive dis-
ease, whereas the others had disease control (complete response, six
patients; partial response, five; stable disease, two). No patient had
a history of inflammatory bowel disease, including ulcerative colitis

(UC) or Crohn's disease.

3.2 | Clinical presentation and endoscopic findings

The most common symptom was diarrhea, reported by 13 of the 17
patients. Five patients had melena and one had abdominal pain. One
patient had uveitis and one had dermatitis in addition to intestinal
symptoms. Colonoscopy findings were typical for nonspecific colitis
and UC-like severe inflammation. There was no tendency for a fre-
qguent inflamed region between the rectum and cecum.

3.3 | Histopathological findings

There were two major histological patterns of colitis: an UC-like
pattern or a graft vs host disease (GVHD)-like pattern (Figure 1A).
Remarkable crypt atrophy or distortion, implying chronic inflamma-
tion, was not clear in either pattern. The UC-like pattern exhibited an

increased number of neutrophil and frequent cryptitis and/or crypt
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FIGURE 1 Histopathological images of the two patterns of
immune-related adverse event (irAE)-associated enterocolitis. A,
Two major histological patterns of irAE-associated enterocolitis.
Left panel: ulcerative colitis (UC)-like pattern. Arrows and the
arrowhead indicate crypt abscesses and cryptitis, respectively.
Right panel: graft vs host disease (GVHD)-like pattern. Arrows and
the arrowhead indicate lymphocyte infiltrates and an apoptotic
body, respectively. Bar = 50 pm. B, Lymphocyte subtypes in
GVHD-like pattern. Lymphocytes infiltrating into epithelial cells are
CD8 positive (arrows), whereas CD4-positive cells are located in
the interstitial region. Bar = 50 pm

abscess. On the other hand, lymphocyte infiltration into the epithe-
lium and occasional apoptotic bodies were characteristic findings in
the GVHD-like pattern. Lymphocytes infiltrating into epithelial cells
were CD8 positive, whereas CD4-positive cells were located in in-
terstitial lesions of the lamina propria (Figure 1B). We could not find
statistically significant difference in clinical effect of ICls between
these two groups (P = .27, Fisher's exact test).

Interestingly, nine of the 17 patients showed a characteristic
mucosal lesion involving subepithelial aggregation of cells with oc-
casionally elongated ovoid pale nuclei and abundant eosinophilic
cytoplasm (Figure 2A). Importantly, this feature was recognized by
standard hematoxylin and eosin staining. It sometimes mimicked
the morphological characteristics of collagenous colitis, although
no apparent collagen band was identified (Figure 2B). In addition,
this lesion is often confusing with the aggregation of vascular endo-
thelium. We therefore performed immunohistochemical detection
of CD31 and CD34, the well-recognized makers of vascular endo-
thelium. They were positive only in the interstitial blood vessels
(Figure 2C). On the other hand, this feature was positive for CD68,
indicating a monocyte/macrophage lineage (Figure 2D). Together
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FIGURE 2 Histopathological image of the subepithelial surface
granulomatosis (SSG) found in the colon tissue after immune
checkpoint inhibitor treatment. A, Representative histopathological
image of SSG (arrows). Dotted lines indicate the epithelial-
subepithelial margin. Bar = 50 pm. B, SSG may sometimes mimic
the collagenous band. Bar = 50 um. C, SSG (arrows) may sometimes
mimic the aggregation of vascular endothelium. SSG is negative

for CD31 and CD34. Bar = 50 pm. D, SSG lesions diffusely express
CDé68, implying a histiocytic lineage (arrows). Bar = 50 pm

with these morphological and immunohistochemical findings, these
formations were identified as granuloma-like lesions at the surface
of the colon. We named this feature “subepithelial surface granulo-
matosis” (SSG), which is not found another type of colitis. Notably,
these surface granulomas were located beneath the epithelium and
often along the basal membrane, whereas small rounded granulomas
are found deep in the colon in Crohn's disease. Cheese-like necro-
sis, a typical histological feature of tuberculosis, was also not ob-
served. While the UC-like and GVHD-like patterns were mutually
exclusive, surface granuloma was found in both types of colitis. In
addition, surface granuloma was observed even in a patient without
significant symptoms or histological evidence of colitis other than
granuloma (Case 9). Interestingly, eight of the nine patients with SSG
achieved disease control (complete response, partial response, or
stable disease). Moreover, eight of the 12 patients with disease con-
trol exhibited SSG in the colon tissue. However, likely because of the
small sample size, this finding did not reach statistical significance
(P = .13, Fisher's exact test).
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4 | DISCUSSION

In this study, we investigated histopathological findings in irAE-
related colitis. The histological patterns of UC-like and GVHD-like
pattern colitis have also been reported in some previous studies,
although the differential mechanisms and clinicopathological im-
portance of these patterns were unclear.*® We identified SSG as
a novel feature that was specific to colon tissue after ICl adminis-
tration. PD-1/programmed death-ligand 1 (PD-L1) inhibition some-
times complicates granuloma formation disorders, including sarcoid
reaction and exacerbation of tuberculosis.”® SSG formation ap-
pears to be a more frequent event than these granuloma-forming
adverse events. Granuloma formation after IClI administration can
be attributed to a cellular immunity mechanism similar to that in
mycobacterium tuberculosis infection. We assume that interferon-
gamma (IFNy) is the key factor underlying the granuloma formation
induced by ICls (Figure 3). Indeed, IFNy is an essential cytokine for
granuloma formation in mycobacterium infection.? In addition, my-
cobacterium tuberculosis-specific peripheral T lymphocytes release
alarge amount of IFNy, which is used to diagnose tuberculosis infec-
tion. On the other hand, tumor antigen-specific activated cytotoxic
T lymphocytes (CTLs) produce abundant IFNy, which leads to cancer
cell death. Type 1 helper T cells would also be involved. The surface
location of the SSG could be due to a reaction to enteric contents,
including commensal bacteria, a potential determinant of clinical ef-
ficacy of ICls. Consequently, SSG formation can be a hallmark of
systemic CTL activation. Therefore, the histological finding of SSG
may be useful as a surrogate marker for estimating the clinical ef-
fects of ICls. Further clinicopathological investigation is required to
determine the clinical significance of SSG in irAE histology.

Our study has some limitations. First, this study is based on a ret-
rospective review of a limited number of medical records. The eval-
uation time points of the clinical response to the ICls varied among
patients. Grades of the intestinal symptoms were not available. In
addition, multiple types of malignant tumors were included in the
study. To obtain more reliable evidence, an appropriately designed
prospective study is required, as well as a larger sample size and
optimal control group. In addition, the appropriate biopsy timing or
site should be identified. Second, even though SSG may a surrogate
marker of systemic immune activation induced by ICls, this marker
might not necessarily reflect clinical efficacy. Immune activation may

be a necessary but not sufficient condition. Although the immune

system is activated, other immune escape mechanisms can inhibit
cancer immunity. Third, only one patient who received a CTLA-4
inhibitor was included in this study. CTLA-4 inhibition may show a
histology similar to that of autoimmune colitis in immunodysregu-
lation polyendocrinopathy enteropathy X-linked (IPEX) syndrome, a
disease associated with regulatory T cell deficiency.'® Further devel-
opment of relevant biomarkers and their combination may provide a
valid biomarker for estimating the clinical efficacy of ICls.

In conclusion, we identified SSG as a characteristic histopathological
feature of irAE-associated enterocolitis. Because this was a pilot study
with a small sample size, further investigation in a larger population is re-
quired, particularly in terms of the type of ICl, clinical efficacy for cancer,
or other parameters. However, we believe that the results of this pilot
study are valuable and indicate a promising direction of future research.

DISCLOSURE

The authors declare that they have no competing interests.

ORCID
Terufumi Kubo https://orcid.org/0000-0001-9274-2551
Yoshihiko Hirohashi https://orcid.org/0000-0002-0608-3914

Tomohide Tsukahara https://orcid.org/0000-0002-3678-4359

REFERENCES

1. Postow MA, Sidlow R, Hellmann MD. Immune-related adverse
events associated with immune checkpoint blockade. N Engl J Med.
2018;378:158-168.

2. Bellaguarda E, Hanauer S. Checkpoint inhibitor-induced colitis. Am
J Gastroenterol. 2020;115:202-210.

3. Som A, Mandaliya R, Alsaadi D, et al. Inmune checkpoint inhibi-
tor-induced colitis: a comprehensive review. World J Clin Cases.
2019;7:405-418.

4. Gonzalez RS, Salaria SN, Bohannon CD, Huber AR, Feely MM,
Shi C. PD-1 inhibitor gastroenterocolitis: case series and ap-
praisal of 'immunomodulatory gastroenterocolitis'. Histopathology.
2017;70:558-567.

5. Chen JH, Pezhouh MK, Lauwers GY, Masia R. Histopathologic fea-
tures of colitis due to immunotherapy with anti-PD-1 antibodies.
Am J Surg Pathol. 2017;41:643-654.

6. Yanai S, Nakamura S, Kawasaki K, et al. Inmune checkpoint inhib-
itor-induced diarrhea: clinicopathological study of 11 patients. Dig
Endosc. 2020;32:616-620.

7. Barber DL, Sakai S, Kudchadkar RR, et al. Tuberculosis follow-
ing PD-1 blockade for cancer immunotherapy. Sci Transl Med.
2019;11:eaat2702.


https://orcid.org/0000-0001-9274-2551
https://orcid.org/0000-0001-9274-2551
https://orcid.org/0000-0002-0608-3914
https://orcid.org/0000-0002-0608-3914
https://orcid.org/0000-0002-3678-4359
https://orcid.org/0000-0002-3678-4359

KUBO ET AL.

8.

10.

Chorti E, Kanaki T, Zimmer L, et al. Drug-induced sarcoidosis-like
reaction in adjuvant immunotherapy: increased rate and mimicker
of metastasis. Eur J Cancer. 2020;131:18-26.

Asano M, Nakane A, Minagawa T. Endogenous gamma inter-
feron is essential in granuloma formation induced by glyco-
lipid-containing mycolic acid in mice. Infect Immun. 1993;61:
2872-2878.

Patey-Mariaud de Serre N, Canioni D, Ganousse S, et al. Digestive histo-
pathological presentation of IPEX syndrome. Mod Pathol. 2009;22:95-102.

Cancer Science BNuIia aa==

How to cite this article: Kubo T, Hirohashi Y, Keira Y, et al.
Identification of characteristic subepithelial surface
granulomatosis in immune-related adverse event-associated
enterocolitis. Cancer Sci. 2021;112:1320-1325. https://doi.
org/10.1111/cas.14773



https://doi.org/10.1111/cas.14773
https://doi.org/10.1111/cas.14773

