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RHEUMATOLOGY

Pathology of immune-mediated tissue lesions
following treatment with immune checkpoint
inhibitors

1,2

Hajir Ibraheim * Esperanza Perucha®* and Nick Powell'-2

Abstract

Immune check point inhibitor (CPI) therapy has revolutionized treatment paradigms for several cancers,
but at the cost of triggering a diverse spectrum of immune-mediated injury to non-cancer tissues.
The complex biology of these toxicities remains incompletely understood, partly because tissue acquisi-
tion from affected areas can be challenging to retrieve, thus hindering development of targeted therapy.
Here, we review the literature describing pathology of immune-mediated tissue lesions including gastro-
intestinal, skin, rheumatic, pulmonary, cardiac, renal and hepatic lesions and highlight key immunological
insights.
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Rheumatology key messages

o Whilst immunopathological mechanisms underpinning irAEs and their classical autoimmune counterparts overlap,

important differences also exist.

o Autopsy studies are a valuable way to comprehensively evaluate the immunopathological burden of irAEs.
o Investigating immune mediated lesions using a high-resolution unbiased immunological platform would advance

this evolving field.

Introduction

Whilst immune check point inhibitors (CPIs) induce dur-
able anti-cancer responses in a subset of patients, this
comes at the cost of incurring immune mediated toxicities
(immune related adverse events [irAEs]). These affect vir-
tually any organ system and can cause significant morbid-
ity, mortality and impaired quality of life. Accordingly,
there is a pressing need to understand the etiopathology
of irAEs in order to avoid interruption to CPI therapy and
offer a targeted approach to their management. Advances
in this emerging field are hampered by a paucity of data
examining immunopathological aspects of disease. This is
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partly related to inherent challenges in acquiring tissue
from affected areas. In this review, we offer pathological
insights into irAEs that have associated histological data
(summarized in Table 1).

Autopsy studies permit sampling of tissue that would
not otherwise be easily accessible (e.g. thyroid, brain),
and have been described in this context. Koelzer et al.
performed an autopsy study of a young patient treated
with anti-CTLA-4 and anti-PD-1 therapy, who developed
clinically apparent CPIl pneumonitis. Intriguingly, two dis-
tinct lung pathologies were found, as well as aseptic men-
ingoencephalitis and myocarditis, suggesting that
clinically or radiographically apparent irAE may only repre-
sent a small proportion of irAEs that actually occur [1].

Gastrointestinal toxicities

CPIl-induced enterocolitis is one of the most common rea-
sons for CPI discontinuation and treatment-related death.
The relative ease of tissue sampling of the Gl tract via
endoscopy offers valuable insights into the immunopatho-
logical aspects of this toxicity, as well as in advancing
mechanistic insights into CPI therapy.
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the myocardium also involving the cardiac sinus and

Combination regimen: patchy lymphocytic infiltrate within
atrioventricular nodes

CPI regimen/s

Reference

https://academic.oup.com/rheumatology

pression of inflammatory T-
cell cytokines and expression
of muscle-specific transcripts
in the tumour.

Whole transcriptome sequen-
cing showed increased ex-

aCombination regimen refers to concurrent use of anti-CTLA-4 and anti-PD-1. PLimited individual data for this regimen - literature often reports findings from a cohort of patients on

range of CPI. TEN: toxic epidermal necrolysis; N/A: not available.

Inflammation has been described along the entire
gastrointestinal (Gl) tract, from the oesophagus to the
colon, with a predilection for the colon- particularly the
left side [2-7]. Notably, this may be influenced by sam-
pling bias, as the left side of the colon is more accessible
via flexible sigmoidoscopy, whereas right-sided colonic
biopsies can only be sampled during colonoscopy
(which is more time consuming, costly and requires oral
bowel preparation, and hence has additional logistical
challenges). Endoscopic findings broadly resemble as-
pects of inflammatory bowel disease (IBD) including
oedema, loss of vascular pattern (in lower Gl tract), ery-
thema, erosions, ulcers and mucosal friability, including
frank luminal bleeding [2-7]. Necrotising gastritis has
also been described [7]. Continuous, confluent inflamma-
tion starting from the distal colon and mimicking ulcerative
colitis (UC) is typical, but diffuse patchy lesions with
normal-looking intervening colonic mucosa, reminiscent
of Crohn’s disease (CD) is also seen [3, 6].

Histologically, there is a wide spectrum of disease,
which does not appear to correlate with the type of CPI
agent used or whether patients are on immunosuppres-
sive therapy prior to biopsy [2, 8]. The most common find-
ings include an inflammatory infiltrate in the lamina
propria, composed of lymphocytes, neutrophils, eosino-
phils and plasma cells [2, 6, 9-11]. Neutrophilic infiltration
of the intra-epithelial compartment, and neutrophilic crypt
abscess formation are also common [2, 6, 9-11] (Fig. 1).
Increased apoptotic activity within the crypt epithelium,
reminiscent of graft vs host disease is a finding in up to
around half of cases. Crypt epithelial atrophy and crypt
dropout is also reported [11]. Granulomas, resembling
those seen in CD are very infrequent [12, 13].
Occasionally, features of chronic inflammation including
crypt distortion, basal plasmacytosis and Paneth cell
metaplasia, which can mimic IBD, have been reported,
although the prominent apoptosis and crypt atrophy or
dropout seen in CPl-enterocolitis would be unusual in
IBD [11, 12, 14]. To date, the temporal relationship be-
tween emergence of Gl toxicity and chronicity on biopsy
is unclear.

A microscopic colitis-like pattern of disease is being
increasingly described [7, 15, 16]. Classical microscopic
colitis encompasses lymphocytic colitis and collage-
nous colitis, both of which exhibit a normal endoscopic
appearance and are differentiated by histology. There is
some evidence that compared with classical micro-
scopic colitis, CPIl-microscopic colitis induces a more
aggressive disease course requiring more intensive im-
munosuppression and a greater need for hospitalization
[15].

Additional findings in the upper Gl tract include lympho-
cytic gastritis (>30 intraepithelial lymphocytes per 100
epithelial cells). In the duodenum, as well as chronic in-
flammation with a neutrophil, lymphocyte and plasma cell
infiltrate, villus blunting and atrophy have also been
described [7, 17].

It is worth highlighting that insights into pathology of
lesions mainly stem from mucosal biopsies. Because
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Fic. 1 Histology section from colonic biopsies in CPI enterocolitis patients showing neutrophil infiltration and crypt

abscess formation

colectomy is a rare event, data examining pathology
across the colonic walls is sparse. In one case of anti-
PD-1 perforating colitis, multiple ulcerations, transmural
inflammation and necrosis were described [18]. In four
colectomy specimens from patients with anti-CTLA-4 en-
terocolitis, all showed extensive acute severe colitis
with abrupt transition between ulcerations and normal
mucosae [12].

There are only a few studies that have characterized
histological and immunological features in parallel, but
predictably an abundance of CD3" T cells (and not B
cells) are commonly reported [19, 20]. In one study of
nine ipilimumab-treated patients with CPI enterocolitis,
colonic mucosal expression of the major T helper-1
(Th-1) and Th-17 pro-inflammatory cytokines IFN-y and
IL-17A, were significantly upregulated (>10-fold and
>5-fold, respectively). IL-17 has a critical role in regulating
colonic neutrophil recruitment [21], which may account for
the neutrophilic infiltrate frequently seen in this disease.
Patients with CPl-enterocolitis also have increased levels
of IL-17A in blood [22] suggesting the IL-17 axis, like in
IBD [23], may be a key driver of inflammation.

Given that CTLA-4 is constitutively expressed by
FoxP3* T regulatory (Treg) cells, it was initially postulated
that CPI toxicity is mediated by loss of this subset.
However, several studies have shown the converse to
be true: immunohistochemistry and flow cytometry ana-
lysis suggest mucosal Treg cells are not depleted and are
often increased [8, 9, 20, 24] along with the regulatory
cytokine IL-10 [19]. Further studies are needed to deter-
mine whether CPI therapy induces changes to Tregs on a
functional level, as has been demonstrated in murine
models [25].

vii22

Interestingly, there is a suggestion that anti-CTLA-4 and
anti-PD-1-induced enterocolitis have distinct immunolo-
gical characteristics. In a study investigating the mucosal
immunological profile (using immunohistochemistry and
flow cytometry) of 17 anti-CTLA-4 and five anti-PD-1
induced enterocolitis patients, colonic mucosal T-helper
CD4™" cells with high expression of the proinflammatory
cytokine TNFo were enriched in the former, whilst cyto-
toxic CD8* T cells were enriched in the latter [26]. Further
work is needed to develop this line of enquiry in order to
deliver a personalized medicine approach and answer
questions about the efficacy of anti-TNF therapy between
CPI regimens.

Skin toxicities

Dermatologic irAEs exhibit a myriad of clinical manifest-
ations, but most commonly involve pruritic, and/or macu-
lopapular eruptions. Biopsies are easily acquired from the
skin, explaining the relatively higher number of publica-
tions reporting on their pathological features. Curry et al.
categorises this toxicity into four groups, according to
their histological patterns: inflammatory, immunobullous,
alterations of epidermal keratinocytes and alterations of
epidermal melanocytes [27].

The inflammatory subtype, encompassing dermal
hypersensitivity reactions manifesting as maculopapular
eruptions, are the most commonly occurring cutaneous
irAE. Histologically, inflammatory lesions display a peri-
vascular lymphocytic infiltrate with eosinophils in the
superficial dermis (ranging from scattered to florid),
overlying epidermal spongiosis and patchy necrotic kera-
tinocytes [28-30]. Typically, these are managed with

https://academic.oup.com/rheumatology
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emollients, topical steroids, and anti—histamines, and do
not always necessitate discontinuation of CPI therapy.
Also within this category are the increasingly described
lichenoid dermatides, which are associated with anti-PD-
1/PD-L1 therapy [31-33]. Skin biopsies show a dense,
band-like lymphocytic infiltrate, hyperkeratosis, hypergra-
nulosis, saw-tooth ridge pattern, and dyskeratosis [33]. In
one case series of three anti-PD-1 treated patients, immu-
nohistochemical staining showed a predominance of the
CD4* component compared with CD8" and only 10% of T
cells staining positive for PD-1 [32].

More severe mucocutaneous skin reactions such as
Stevens-Johnson syndrome or toxic epidermal necrolysis
(TEN) have been described but are rare [30, 34-36]. In one
case of nivolumab-induced TEN, from initial biopsy of a
morbilliform pruritic skin eruption to TEN presentation,
there was an increase in the number of CD8" lymphocytes
within the dermal-epidermal junction and an increase of
PD-L1 expression in both lymphocytes and keratinocytes
[34].

Autoimmune blistering eruptions associated with
immune checkpoint blockade were initially thought to be
rare but are being increasingly reported [37-41]. Bullous
pemphigoid (BP), a disease characterized by formation of
sub-epidermal blisters as a result of auto-antibodies
against hemidesmosomal antigens, has been described
in this context. Interestingly, it has only been reported
with the anti-PD-1 or anti-PD-L1 regimens. Histology
and direct immunofluorescence show the pathognomonic
features seen in both classic and drug-induced BP, of
subepidermal cleft and linear deposition of IgG and C3
at the blister roof of the dermoepidermal junction
[37-39]. In one patient where serum ELISA was used as
part of the diagnostic work up, auto-antibodies to BP180
(typically seen in classic BP) were also found [39]. Patients
tend to respond to corticosteroid therapy but compared
with patients with other drug-induced BP, they appear
to have a prolonged course, possibly reflecting continued
in vivo immune activation.

Lesions associated with altered keratinocytes are un-
common and include Grover’'s disease (biopsies show
acantholytic dyskeratosis) and prurigo nodularis (histology
data not available) [27, 42, 43]. On the other hand, lesions
associated with altered melanocytes are more commonly
reported, including vitiligo, tumoral melanosis (pigmented
lesions that clinically resemble melanoma, but histologi-
cally show dense aggregates of melanin—laden benign
macrophages and no malignant cells) and regression of
melanocytic naevi [28, 30, 44-48].

Additionally, there is the emergence of a new CPI-derma-
tologic toxicity which does not fit into the categories above:
cutaneous interstitial granulomatous dermatitis. This mani-
fests as non-pruritic, often annular plaques involving the
inner aspects of the arms, thighs and intertriginous areas.
Histologically, granulomatous infiltrates of interstitial
lymphocytes and histiocytes are accompanied by fragmen-
tation of collagen and elastic fibres and overlying vacuolar
interface dermatitis [41, 49, 50].

https://academic.oup.com/rheumatology

There are at least several case reports of anti-CTLA-4
treated and anti-PD-1 treated patients developing pul-
monary sarcoidosis with cutaneous involvement.
Dermatologic lesions are either papular or nodular and
have been described on the forearms and face with
biopsy confirming non-caseating granulomas [51-53].

Characterizing the immunological properties of skin le-
sions may inform a more targeted therapeutic approach,
but data is lacking, especially high-resolution immunophe-
notyping. In one study, immunohistochemistry of 10 biop-
sies from nine melanoma patients who developed skin
irAEs from either anti-CTLA-4 or anti-PD-1 monotherapy
were assessed. Predictably, lymphocytes were mainly
CD3* T cells (isolated CD20* B cells were also present),
with a predominance of CD4* cells over CD8" cells. CD4*
cells tended to surround the vascular plexus, while CD8"*
cells were more loosely scattered in the dermis, some-
times affecting the epidermis (exocytosis). FoxP3* Treg
cells, representing 1-10% of the total lymphocytes were
located in the dermis with a perivascular distribution [50].

Rheumatic toxicities

Inflammatory arthritis

Inflammatory arthritis can affect both small and large
joints and be oligo or polyarticular. Radiographic and
ultrasound findings show joint effusions, synovial thicken-
ing and proliferation, and positive colour power doppler
on ultrasound in keeping with active inflammation [54-56].
Consistent with this inflammatory phenotype, synovial
fluid analyses show increased white cell counts with
high neutrophil infiltration, reminiscent of findings in RA
[54]. Interestingly, some CPI treated patients undergo
sero-conversion, becoming positive for anti-cyclic citrulli-
nated peptide (anti-CCP) antibodies and/or rheumatoid
factor [57].

Vasculitis, polymyalgia rheumatica and giant cell
arteritis (GCA)

The most common vasculitis associated with CPI therapy
are the large vessel vasculitides (including GCA, and aor-
titis) and vasculitis affecting the nervous system [58]. Of
interest, vasculitis is most commonly associated with anti-
PD-1 treatment. The PD-1/PD-L1 axis has recently been
reported to be deficient in GCA, with low expression re-
ported in affected tissue. Moreover, T-cell infiltration is
increased by CPI treatment in a humanized mouse
model of granulomatous vasculitis, with increased expres-
sion of inflammatory markers [59]. In a case report of CPI-
induced GCA, inflammatory infiltrate of the adventitia and
muscularis layers in the temporal artery was observed,
together with narrowing of the arterial lumen, consistent
with intima proliferation and active arteritis [60].

Myositis and myopathy

CPI myositis has been described in several case reports
and case series across a range of CPIl regimens [61-63]
and his associated with myocarditis [61, 63, 64]. In one
study, muscle biopsy in all six patients with CPI-myositis
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(anti-PD-1 monotherapy and combination regimen CPI)
showed multifocal necrotic myofibers, sarcolemmal MHC-
I, and endomysial inflammation consisting mainly of CD68*
cells (a marker for monocytes/macrophages) expressing
PD-L1, and CD8" cells expressing PD-1 [62]. An abundance
of CD4*, CD8* and CD68" cells (with absence of CD20* B
cells) was also noted in an autopsy study of two patients
[64]. Kimura et al. [61] report a severe case of CPl-induced
myositis, myocarditis and myasthenia gravis following one
dose of anti-PD-1, with biopsy revealing prominent CD4*
and CD8" T cells in muscle fibres.

Intriguingly, TCR repertoire analysis performed in the
latter two studies both showed clonal expansion in skel-
etal muscle, suggesting an active antigen-driven adaptive
immune response [61, 64].

CPl-induced dermatomyositis appears to be rare [65,
66], displaying classic features of a photosensitive cuta-
neous rash and elevated serum creatinine kinase. In one
case, features of inflammation were seen on muscle
biopsy [65], whilst in another, biopsies only showed
muscle atrophy [66]. The authors suggested this may be
because the biopsy was taken after corticosteroid treat-
ment, although in the majority of irAEs biopsies taken
whilst patients are on immunosuppressive therapy still
yields positive results.

In a cohort study of 1293 patients who received any CPI
agent, 10 had myopathy, with five of these undergoing
biopsy. Muscle fibre necrosis was reported in two, and
a non-specific myopathic process in the other three
patients [67].

Other rheumatic manifestations

CPIl-induced sicca syndrome has been described in a few
cases [54, 68, 69]. One case series (n=4), included ima-
ging findings of hypoechoic lesions of the glands with
lymphocytic aggregates, resembling those reported in
Sjogren syndrome. However, in contrast to classical
Sjogren syndrome, none of these patients were positive
for Ro or La serum antibodies [54]. Another key difference
relates to the predominance of T-cell infiltrates found in
CPIl-induced sicca compared [69] with B-cell infiltrates in
Sjogrens [70]. Taken altogether, this suggests that salivary
gland destruction in CPI mediated toxicity is mediated by
a distinct pathological mechanism.

Renal toxicities

Only a few studies have reported findings from renal biop-
sies in patients with CPl-induced kidney injury. Overall,
tubulointerstitial inflammation is the most common obser-
vation [71, 72] either alone or in combination with other
glomerular pathologies. Biopsy-proven acute interstitial
nephritis was found in 12/13 patients with CPI-kidney
injury (across a range of regimens). Acute interstitial neph-
ritis was characterized by diffuse interstitial inflammation
and focal severe tubulitis, with a predominantly CD4*
lymphocytic infilirate, and some eosinophils and plasma
cells. Granulomatous features were present in 3/12
patients [71].
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Other pathological findings include granulomatous for-
mations with multinucleated giant cells, lupus nephropa-
thy, thrombotic microangiopathy, nephrotic syndrome
focal segmental glomerulosclerosis, minimal-change dis-
ease, membranous nephropathy, pauci-immune glomer-
ulonephritis and IgA nephropathy [72]. Renal biopsy of
sicca-associated interstitial nephritis demonstrates a T-
cell rich infiltrate, suggestive of autoimmune interstitial
nephritis, and eosinophils, which are suggestive of a
hypersensitivity-like reaction [54].

Administering CPI in renal transplant patients and
indeed other recipients of solid organ transplants has
been a major concern, with limited data in this subgroup
given they are frequently excluded from clinical trials.
Similar transplant rejection rates have been reported in
both anti-PD-1 and anti-CTLA-4 treated patients [73,
74]. Where available, biopsy findings were consistent
with acute. .. with acute rejection, with a mixture of cellu-
lar and antibody mediated rejection.

Hepatic toxicities

Immune-mediated hliver injury most frequently manifests as
asymptomatic elevations in liver function tests, particularly
the transaminases, although fulminant hepatitis and death
has been reported [75]. Hepatitis occurs in ~5% of patients
on CPI monotherapy [11] and up to 30% on combination
therapy [76]. Histologically, this may manifest as a predom-
inant injury to hepatocytes (acute hepatitis pattern) or to bile
ducts (biliary pattern) [77]. In the former, findings can in-
clude panlobular hepatitis, perivenular infiltrate with
endothelialitis [77, 78]. In the latter, histological features in-
clude bile ductular proliferation and mild mixed portal in-
flammation with little lobular necroinflammation [77, 78].

Although liver biopsy is infrequently performed it can be
useful in discriminating between CPI-induced liver injury,
primary autoimmune hepatitis or drug induced liver injury-
the diagnosis of which influences management.
Eosinophilic infiltration and plasmacotyosis seems to
occur less frequently in CPI liver injury, with significantly
fewer CD20* or CD4* lymphocytes [79].

There appear to be differences in the histological pat-
terns between anti-CTLA-4 and anti-PD-1/PD-L1 therapy.
In a case series of 16 patients who underwent liver biopsy
for CPI hepatitis, anti-CTLA-4 treated patients (n=7) had
granulomatous inflammation, associated with severe
lobular necrotic and inflammatory activity and central
vein endotheliitis. Anti-PD-1/PD-L1 treated patients
(n=9) did not have granulomatous inflammation, and cen-
tral vein endotheliitis was infrequent. Immunostaining sug-
gested that lymphocytes in the portal tracts and lobules
were mainly represented by CD8" T cells in anti-CTLA-4
treated patients, whilst in the other group CD4* and CD8*
infiltrates were equally represented in the portal tract, with
CD8* cells dominating lobular infiltrates [78].

Pulmonary toxicities

Lung biopsy data in patients with CPl pneumonitis are
scarce, but where available show a range of findings,
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reflecting the variation in clinical and imaging findings.
This includes cellular interstitial pneumonitis, organizing
pneumonia, diffuse alveolar damage as well as no
abnormalities in some cases. The interstitial inflammatory
infiltrate includes poorly formed granulomas and eosino-
phils [80].

Sarcoid-like lung lesions have been described with
bronchoalveolar lavage showing an increased CD4* :
CD8" ratio, and bronchial biopsies revealing non-caseat-
ing epithelioid granulomas [1, 81, 82]. One study per-
formed immunophenotyping (mass cytometry) on
peripheral blood mononuclear cells prior to the first dose
of 15 anti-PD-1 treated melanoma patients, of whom two
developed sarcoidosis. These were compared with age—
and sex—matched healthy controls (n=15). Analysis
demonstrated abnormally high numbers of circulating
Th-1/17 T-cells (a subpopulation of human CD4* T cells
that co—produce IFN—y and IL—17) in five of 15 melan-
oma patients, including both patients who developed sar-
coidosis post CPI [83]. These findings support data that
implicates Th-1/17 cells in the pathogenesis of classic
sarcoidosis [84].

Cardiac toxicities

Cardiac irAEs are an uncommon but potentially fatal out-
come of CPI therapy. In one study where 11 patients with
CPI-myocarditis had a cardiac biopsy or autopsy, histolo-
gical findings included a patchy to florid T-cell-predomin-
ant lymphocytic infiltrate, with absence of granulomas or
giant cells [85]. Composition of the lymphocyte compart-
ment was not described. Johnson et al. offer further histo-
logical and immunological insights, through their autopsy
study on two combination-regimen treated (anti-CTLA-4
and anti-PD-1) patients who developed fatal myocarditis
[64].

Myocardial and skeletal T-cell infiltrates in both patients
showed abundant CD4* and CD8* T cells, as well as
CD68" cells. An absence of CD20" B cells was confirmed
with immunofluorescence studies. Immune infiltration was
limited to cardiac and skeletal muscle with no other af-
fected tissues, including adjacent smooth muscle. TCR
analysis of infiltrating lymphocytes in cardiac skeletal
muscle and tumour showed clonal expansion indicating
that antigens present in the muscle were identified by
the same T-cell clone. Whole transcriptome sequencing
of affected tissue demonstrated increased expression of
inflammatory T-cell cytokines as well as expression of
muscle-specific transcripts in the tumour, further support-
ing the existence of a common epitope between tumour
and striated muscle.

Conclusion

CPI therapy has revolutionized cancer care for many pa-
tients but is hindered by off-target immune-mediated
injury to non-cancer tissues often causing severe side ef-
fects. Importantly, as insights into the immunopathology
of these lesions continues to emerge, we are now learning
how best to manage these complications, bearing in mind
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they may be underpinned by pathological mechanisms
distinct to their classical autoimmune counterparts.

Interestingly, there is a hint that that the predominant
immune cell infiltrating irAE tissue may differ between toxi-
cities as well as between CPI regimens (e.g. CD4" vs
CD8" T cells). However, limitations include the fact that
most data arise from low-resolution techniques used to
identify only a subset of immune cells. Given the pivotal
role of the immune system in initiating emergence of
irAEs, there is a need to evaluate these further using
higher resolution unbiased techniques. This will harness
targeted therapies that effectively alleviate inflammation in
non-cancer tissues without impacting anti-cancer immun-
ity. Furthermore, insights into immune-mediated damage
following CPI exposure offers a unique opportunity to
understand the fundamental biology of checkpoint mol-
ecules and their role in immune tolerance and mainten-
ance of tissue homeostasis.
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