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Simple Summary: Granulomatosis is commonly observed in patients receiving immune checkpoint
inhibitors (ICIs) for melanoma and other cancers. Recognizing this reaction early is critical to avoid
confusing it with cancer progression. Our objectives were to characterize instances of granulomatosis
triggered by immunotherapy, to question their relationship with sarcoidosis, to explore their potential
pathophysiological mechanisms and to address the possibility of an association between such events
and response to immunotherapy. Our work is based on a retrospective study of 18 cases and on a thor-
ough review of the literature of melanoma patients developing ICI-associated granulomatosis. After
analyzing the clinical, histopathological and biological results, we propose that immuno-induced
granulomatosis corresponds to an experimental sarcoidosis and should be considered as an ICI-
associated effect rather than a severe immune-related event. Indeed, ICI-associated granulomatosis
seems to be associated with a good ICI response and usually does not require ICI interruption or
symptomatic treatment.

Abstract: We aimed to review the clinical and biological presentation of granulomatosis associated
with immune-checkpoint inhibitors (ICI) in patients with melanoma and to explore its association
with classical sarcoidosis as well as with cancer response to ICI. To this end, a retrospective study on
18 melanoma patients with histologically proven ICI-induced granulomatosis over a 12-year period
in a single center, as well as on 67 similar cases reported in the literature, was conducted. Results
indicate ICI-induced granulomatosis is an early side effect (median time to onset: 2 months). Its
clinical presentation, with predominant (90%) thoracic involvement, histopathological appearance
and supposed underlying biology (involving the mTOR pathway in immune cells, Th17 polarization
and TReg dysfunction) are indistinguishable from those of sarcoidosis. Moreover, it appears to
be associated with ICI benefit (>65% objective response rate). Evolution is generally favorable,
and symptomatic steroid treatment and/or ICI discontinuation are rarely necessary. ICI-associated
granulomatosis is critical to explore for several reasons. Practically, it is essential to differentiate it
from cancer progression. Secondly, this “experimental” sarcoidosis brings new elements that may help
to address sarcoidosis origin and pathophysiology. Its association with ICI efficacy must be confirmed
on a larger scale but could have significant impacts on patient management and biomarker definition.

Keywords: melanoma; immunotherapy; immune checkpoint inhibitor; granulomatosis;
sarcoidosis; mTOR
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1. Introduction

Immunotherapy using immune checkpoint inhibitors (ICIs) has been a major thera-
peutic breakthrough in the treatment of melanoma over the past decade, and its indications
are now being gradually broadened to a wide spectrum of other cancers. The anti-CTLA-4
ipilimumab was the first ICI approved for metastatic melanoma, with an objective response
rate of 11–15% and a median overall survival (OS) of 20 months, whereas anti-PD-1s, such
as pembrolizumab or nivolumab, demonstrated an objective response rate around 43% and
a median OS of 37 months [1,2]. Finally, combined anti-CTLA-4 and anti-PD-1 (ipilimumab
and nivolumab) has a response rate around 58% and a median OS of 72 months [3]. Never-
theless, the enthusiasm generated by these latter results must be balanced by the 60% risk
of grade 3/4 toxicity associated with the immunotherapy combination [4].

Among ICI adverse events, immunological reactions referred to as “sarcoidosis” or
granulomatosis are increasingly reported. These ICI-induced granulomatoses have been
described with anti-PD-1, anti-CTLA-4 as well as with their combination. In fact, a non-
random association between sarcoidosis and cancer, and melanoma in particular, has been
reported for a long time [5]. First, sarcoidosis is associated with an increased risk of devel-
oping cancer, particularly melanoma [6,7]. The underlying pathophysiological mechanisms
proposed for this association remain unclear. On the other hand, granulomatosis and
sarcoidosis seem to be more frequent in patients with cancers, including melanoma [8,9].
These melanoma-associated granulomatous reactions were reported before the advent
of ICI and were described as a particular T-cell-mediated immune response occurring in
response to tumor cells, either at their contact, in the tumor-draining lymph nodes or at dis-
tant sites [10–12]. In some cancer types, such as lymphomas and gastric cancers, sarcoidosis
is considered a favorable prognostic factor [13]. Finally, granulomatous reactions have been
reported during various therapies, especially when using immunomodulatory drugs such
as antiretroviral therapies, TNF-alpha antagonists, interferon therapies, immunotherapies
and targeted therapies. More rarely, it has also been reported with anti-CD20, anti-CD25,
anti-IL6 and anti-IL12/23 antibodies. In melanoma patients, aside from the cases associated
with IFN-alpha and more recently with ICI, drug-induced granulomatous reactions have
also been reported with chemotherapy as well as with targeted anti-BRAF and anti-MEK
therapies [14].

The diagnosis of sarcoidosis is based on a combination of clinical, biological and
radiological findings, the demonstration of non-caseous granuloma on histology and the
exclusion of other causes of granulomatosis, including iatrogenic causes. Therefore, since
ICI-induced granulomatosis is by definition secondary to a therapy, it should, in theory, be
considered as an iatrogenic event and should therefore represent an exclusion criteria for
the diagnosis of sarcoidosis.

Currently, the proposed mechanisms underlying the occurrence of sarcoidosis involve
both innate and adaptive immune responses to a yet unknown antigen resulting in the
accumulation of activated CD4 T cells and M1 macrophages in the affected organs with the
formation of the characteristic epithelioid granuloma.

In addition, several genetic and environmental factors have been linked to sarcoidosis.
Indeed, some familial forms of sarcoidosis have been reported, and various genes are

associated with the phenotypes, severity and clinical course of sarcoidosis. In particular,
there is an association between clinical presentation of sarcoidosis and several genes coding
for MHC (HLA A, B, DQ and DR) or for proteins involved in apoptotic, enzymatic, regu-
latory or immune functions (NOD2, NOTCH4, BTNL2, TAP2, TNF, VEGF, PTGS/COX2,
IL1A, IL23R, CCR5, etc.) [15–17].

In addition, two types of environmental factors have been identified, one microbial, the
other work-related. Thus, many sources support the involvement of mycobacteria and/or
propionibacteria (Proprionibacterium acnes or granulosum) in the formation of sarcoidosis.
Some studies reveal a marked overlap between the transcriptomic signatures of tuberculosis
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and sarcoidosis [18]. Others have reported positive mycobacterial PCR in 26% of patients
with sarcoidosis and suggest that residual mycobacterial catalase-peroxidase could be
the tissue antigen triggering sarcoidosis [19,20]. However, because mycobacteria cultures
remain negative, an active infection is excluded [21]. Other studies found a positive PCR
for P. acnes and P. granulosum in the lymph nodes of patients with sarcoidosis, and a
specific response directed against a P. acnes antigen was reported in Japanese sarcoidosic
subjects [22,23]. Moreover, sarcoidosis-like granulomatosis could be induced through
increased IL17 secretion in Propionibacterium acnes carrier mice models [24]. Nevertheless,
the pathogenic role of P. acnes in sarcoidosis remains unclear, as other studies suggest
that P. acnes is a commensal organism frequently detected in the lungs and lymph nodes
of healthy individuals [25]. Thus, sarcoidosis does not appear to be caused by an active
infection, and the exact microbial pathogenic mechanisms remain unknown.

Finally, certain environmental occupations or exposure to toxic substances have been
associated with sarcoidosis, such as agricultural employment, insecticides or microbial
(mold/mildew) bioaerosols [26,27].

Therefore, to date, the pathophysiology of sarcoidosis remains unclear. The main
hypothesis is that sarcoidosis represents an immune reaction to various environmental
factors that trigger inflammation in patients with a predisposed genetic background.

In this study, we analyzed a series of patients who developed granulomatosis during
anti-CTLA-4 and/or anti-PD-1 immunotherapy administered for melanoma and performed
a review of the literature on this subject.

The aim of this study was to characterize immuno-induced granulomatosis and to eval-
uate the impact of this event on the outcome of melanomas. Our secondary objective was
to propose pathophysiological hypotheses that could explain the occurrence of ICI-induced
granulomatosis in order to see whether these reactions could be defined as sarcoidoses.

2. Materials and Methods

We first conducted a single-center retrospective observational study (Gustave Roussy
Cancer Campus) from May 2007 to October 2019 to include all adult patients who de-
veloped a granulomatosis reaction during ICI treatment for melanoma. Patients were
eligible for inclusion if they had a confirmed diagnosis of melanoma, received anti-PD-1
and/or anti-CTLA-4 immunotherapy and developed a granulomatosis during treatment.
Our diagnostic criteria for sarcoidosis-like granulomatosis were: suggestive radiological
and/or clinical signs confirmed by the presence of tuberculoid granulomas without caseous
necrosis on pathological examination and the absence of other causes of granulomatosis,
such as infectious disease. The diagnosis of sarcoidosis was systematically validated in a
multidisciplinary board meeting involving internists, anatomopathologists, oncologists,
radiologists and pneumologists.

Exclusion criteria included patients presenting with granulomatosis prior to the start
of immunotherapy as well as lack of histological confirmation of granulomatosis.

In order to compile the data, we interrogated the Gustave Roussy computer software
“AMBRE”, which includes all the patients treated in the institution, and more particularly
the search module entitled “AMBRE SEARCH” using the search criteria: “melanoma”,
“anti-CTLA-4”, “anti-PD-1”, “granulomatosis”, “sarcoidosis”.

Tumor responses to immunotherapy were evaluated by computed tomography (CT)
or positron emission tomography–computed tomography (PET/CT) according to the Re-
sponse Evaluation Criteria in Solid Tumours (iRECIST) and Positron Emission Tomography
Response Criteria in Solid Tumors (PERCIST) evaluation criteria, respectively.

A centralized review of all CT and FDG PET/CT imaging was performed at the time of
collection, both in terms of imaging description of granulomatosis and oncologic responses.

Continuous data are presented using median, minimum and maximum values. Cat-
egorial data are described using percentages. Overall survival, defined as the time from
diagnosis of granulomatosis to death from any cause, was estimated using log-rank
survival analysis.
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Following that, we reviewed the published literature on immunotherapy-treated
melanoma patients who developed ICI-induced granulomatosis and whose oncological
outcome was reported. The PubMed search equation performed on 26 February 2022 was as
follows: (“sarcoidosis” OR “Sarcoid-like” OR “granulomatosis”) AND (“ipilimumab” OR
“nivolumab” OR “pembrolizumab” OR “Anti-CTLA-4” OR “anti-PD-1” OR “checkpoint
inhibitors” or “immune checkpoint” OR “melanoma treatment”).

3. Results

Eighteen patients were included with a mean age at diagnosis of melanoma of 47 years
[22–73 years] (Figure 1).
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Figure 1. PRISMA study–Patient selection flow chart.

The female-to-male ratio was 1.6. Patient characteristics are reported in Table 1. Three
patients (16.7%) had stage III and 15 patients (83.3%) stage IV melanoma. Sixteen patients
received immunotherapy for unresectable melanoma: twelve as a 1st-line treatment and
four as 2nd- or 3rd-line treatment. Two patients with stage IIIC and stage IV melanoma
(TxN0M1d) received adjuvant immunotherapy after lymph node resection and neuro-
surgery followed by conformal radiotherapy under stereotactic conditions, respectively.
Two patients received intravenous ipilimumab, seven received intravenous anti-PD-1
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alone, and nine patients underwent dual immunotherapy with anti-PD-1 nivolumab +
anti-CTLA-4 ipilimumab.

Table 1. Gustave Roussy’s patient characteristics.

Patient Characteristics (N = 18)

Gender N = 18
Female 11 (61%)
Age
Mean age at melanoma diagnosis (min–max) (years) 47 (22–73)
Melanoma medical history
Melanoma type

Cutaneous 14 (78%)
Mucosal 2 (11%)
Unknown primitive 2 (11%)

Oncological approach
Adjuvant 2 (11%)
Metastatic 16 (89%)

1st line of treatment 12 (75%)
2nd or 3rd line of treatment 4 (25%)

Type of immunotherapy
Anti-CTLA-4 monotherapy 2 (11%)
Anti-PD-1 monotherapy 7 (39%)
Anti-CTLA-4 + Anti-PD-1 combined 9 (50%)

Immune-induced granulomatosis
Clinical features 10 (56%)
Median time since ICI initiation (min–max) (months) 2 (1–11)

Thoracic 6 (33%)
Dermatological 2 (11%)
Ophthalmologic 2 (11%)
Hepatic 2 (11%)
Renal 1 (6%)

Radiological features
Consistent radiological signs 17 (94%)
Median time since ICI initiation (min–max) (months) 2 (1–10)
18-FDG PET/CT; n = 14

Mediastino-hilar nodes 14 (100%)
Interstitial involvement 6 (43%)
Subcutaneous nodules 4 (29%)

CT scanner; n = 15
Mediastino-hilar nodes 11 (73%)
Interstitial involvement 1 (7%)
Subcutaneous nodules 1 (7%)

Biological features
Lymphopenia 5 (28%)
Anicteric cholestasis 4 (22%)
Hypergammaglobulinemia; n = 7 1 (14%)
Elevated angiotensin converting enzyme; n = 8 2 (25%)
Hypercalcemia 0 (0%)

Histological confirmation 18 (100%)
Median time since ICI initiation (min–max) (months) 4 (1–11)

Therapeutic management
Systemic corticosteroids 7 (39%)
Discontinuation of immunotherapy 7 (39%)

Granulomatosis outcome
Regression of clinical/biological features 18 (100%)
Radiological outcome of granulomatosis; n = 16

Stability 8 (50%)
Partial or complete regression 8 (50%)
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Table 1. Cont.

Patient Characteristics (N = 18)

Oncological outcome at the time of granulomatosis
Patient in adjuvant condition N = 2

Relapse 0 (0%)
Patients in metastatic stage N = 16

Objective response 12 (75%)
Complete response 5 (42%)
Complete or partial response 2 (17%)
Partial response 5 (42%)

Stability 2 (13%)
Progression 2 (13%)

Oncological outcome at data collection
Mean follow-up time for melanoma (min–max) (months) 22 (6–50)
Patient in adjuvant condition N = 2

Relapse 0 (0%)
Patients in metastatic stage N = 16

Objective response 8 (50%)
Complete response 5 (63%)
Partial response 3 (38%)

Stability 0 (0%)
Progression 8 (50%)

Death 3 (38%)

All patients developed clinical (55.6%), biological (55.6%) or radiological (94.4%) signs
consistent with sarcoidosis shortly after the introduction of immunotherapy.

The clinical manifestations, observed in 10 patients, appeared concomitantly with the
radiological signs within a median period of 2 months (1–11) following the introduction
of immunotherapy.

Six patients developed respiratory symptoms such as dyspnea, cough or chest pain. In
addition, five out of seven patients had lymphocytic alveolitis on bronchoalveolar lavage
fluid (BAL) analysis, and four out of thirteen patients showed abnormalities on pulmonary
function tests, including obstructive syndrome in one, restrictive syndrome in one and
diffusion disorder in two patients. Chest CT scans were compatible with sarcoidosis and re-
vealed mediastinal adenopathies in all patients and interstitial involvement in nine patients.
However, no pulmonary fibrosis was observed. In addition, hepatic (grade 2–3 cytolysis),
ophthalmologic (uveitis and keratoconjunctivitis) and dermatologic (sarcoidosis papules
and nodules) involvement were present in 11.1% of cases. Finally, one patient (5.6%)
presented an isolated grade 2 acute renal failure related to granulomatosis.

Laboratory tests showed lymphopenia in 5/18 patients, anicteric cholestasis in 4/18,
hypergammaglobulinemia in 1/7 and elevated angiotensin-converting enzyme in 2/8. No
hypercalcemia was reported, and the QuantiFERON was systematically negative.

Granulomatosis was suspected on imaging in 17 patients, during a routine oncological
re-evaluation in 8 patients and when exploring biological or clinical abnormalities, eventu-
ally linked to granulomatosis, in 9 patients. Positron emission tomography (PET)–computed
tomography (CT), performed in 14 patients, systematically revealed inflammatory mediastino-
hilar or internal mammary nodes, pulmonary infiltrate, nodules of the upper lobes or
pleural lesions. Subcutaneous lesions of various topographies were also found in 4 patients.
CT scanners showed mediastinal lymph nodes, scissural nodules and subcutaneous nodules
in 73% of cases (11 of 15 patients). For three patients, progression or pseudo-progression
were initially suspected. Overall, the onset of radiological signs of granulomatosis was
predominantly precocious, with a median time of 2 months (1–10) following the start
of immunotherapy.

Histological confirmation of granuloma was obtained by biopsy of mediastinal nodes
in 13 patients, liver in 2, kidney in 1, skin in 1, and supraclavicular nodes in 1. The median
time from initiation of treatment to histological diagnosis was 4 months (1–11 months).
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Ten patients had their management modified. Seven patients (39%) received systemic
corticosteroid therapy with a median dose of prednisone of 1 mg/kg/day, six of whom
had symptomatic granulomatosis and one of whom had a concomitant immuno-induced
neuropathy. The decision to discontinue or maintain immunotherapy was made after a
case-by-case discussion, weighting, in a multidisciplinary board meeting, the risk versus the
benefit of continuing ICI treatment. It depended on the severity of the granulomatosis and
expected oncologic benefit of pursuing ICI treatment. Immunotherapy was discontinued
in seven patients after a decision by the immunotoxicity review committee. Of these,
five patients were receiving dual immunotherapy and two were able to continue the
anti-PD-1 therapy alone. In total, four of the above ten patients simultaneously received
corticosteroids and stopped ICI treatment. All granulomatosis-related organ abnormalities,
clinical or biological, eventually regressed within a median of 17 weeks (2–43.3).

Regarding oncologic response at the time of the diagnosis of granulomatosis, 12 of
the 16 patients (75%) with unresectable or metastatic melanoma had an objective response:
5 complete responses, 2 complete or partial responses depending on the method of assess-
ment and 5 partial responses. Two patients had stable disease, and only two patients had
a progressive disease. Overall, 87.5% (14/16) of the patients had disease control. When
we analyze the response by treatment type, both patients treated with ipilimumab showed
oncologic stability, 89% (8/9) of the patients treated with the ipilimumab + nivolumab
combination presented with an objective response (3 complete responses, 4 partial re-
sponses and 1 partial or complete response based on reassessment modality) and 1 patient
progressed. With anti-PD-1 monotherapy, 4 patients (80%) showed an objective response
(2 complete responses, 1 partial response and 1 partial or complete response according
to the method of reassessment), and 1 patient experienced progression. Furthermore,
all patients treated in the adjuvant setting were free of relapse. Changes in LDH levels
were noted during granulomatosis. Among 11 patients with metastatic or unresectable
melanoma who had blood LDH measured, 5 had an elevated LDH level prior to ICI. All of
them normalized this dosage during the treatment and the sarcoidosis reaction while they
developed a complete or partial response. Two patients had elevated LDH levels at the
time of granulomatosis. For one patient, it likely resulted from hepatic cytolysis secondary
to granulomatosis, and from melanoma progression for the other.

Regarding the patients’ outcome at the time of data collection, i.e., within a median
follow-up time of 22 months (6–50 months), eight had progressed, and of these, three had
died of melanoma. In addition, all patients treated in the adjuvant setting were free of
relapse. The overall survival rate of the patients with metastatic/unresectable melanoma
was 75%, and their progression-free survival rate was 50% (Figure 2).

In the second part of our study, we conducted a literature review of cases of immuno-
induced granulomatosis during melanoma management. A total of 183 articles matched
the search equation. Of these, 45 were related to cases of granulomatosis occurring during
ICI treatment for melanoma with information on oncologic follow-up [28–72]. A total of
67 patients were described, with a majority of men (55%) and a mean age at diagnosis of
melanoma of 58 years. Forty-two patients were receiving ICIs for unresectable melanoma,
and 25 were receiving them as adjuvant therapy. Patient characteristics are reported
in Table 2. The median time to onset of granulomatosis-related symptoms following
the introduction of immunotherapy was 3 months (1–43). Thoracic involvement was
present in 91% of cases, followed by dermatological and lymph node involvement in 48%
and 12%, respectively. Other organs were less frequently affected. Twenty-five patients
(37%) received systemic corticosteroid therapy, and immunotherapy was discontinued
in thirty-three (49%) patients. Radiological reassessment of the granulomatous reaction
was provided for 62 (93%) patients. Of these, 87% (54/62) showed partial or complete
regression of the granulomatosis radiological signs, 13% (8/62) were stable, and no further
radiological deterioration was recorded. Regarding the oncologic response at the time of
granulomatosis, 29 patients (69%) out of 42 followed for unresectable melanoma had an
objective response, and 34 (81%) had disease control. Eight (19%) showed progression.
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In addition, 3 out of the 25 patients treated in adjuvant therapy had relapsed. Regarding
the oncological response at the time of the last re-evaluation, i.e., after a mean duration
of 8 months, 24 (57%) of the 42 patients followed up for unresectable melanoma had
an objective response, and 28 (67%) had disease control. Fourteen patients (33%) had
progressed. Three out of 25 patients treated in adjuvant therapy had relapsed.
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Table 2. Literature Review–Patient characteristics.

LITERATURE REVIEW: PATIENT CHARACTERISTICS (N = 67)

Gender N = 67
Male 37 (55%)
Age
Mean age at melanoma diagnosis (min–max) (years) 58 (26–83)
Melanoma medical history
Oncological approach

Adjuvant 25 (37%)
Metastatic 42 (63%)

Type of immunotherapy
Anti-CTLA-4 monotherapy 19 (28%)
Anti-PD-1 monotherapy 27 (40%)
Anti-CTLA-4 + Anti-PD-1 combined 10 (15%)
Anti-PD-1 +/− Anti-CTLA-4 11 (16%)
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Table 2. Cont.

LITERATURE REVIEW: PATIENT CHARACTERISTICS (N = 67)

Immune-induced granulomatosis
Median time since initiation of ICI (min–max) (months) 3 (1–43)
Thoracic involvement 61 (91%)

Grade 1 impairment 38 (63%)
Grade 2 impairment 17 (28%)
Grade 3 or 4 impairment 6 (10%)

Dermatological involvement 32 (48%)
Lymph node invasion 8 (12%)
Hepatic involvement 2 (3%)
Bone involvement 5 (7%)
Histological confirmation 62 (93%)
Therapeutic management

Systemic corticosteroids 25 (37%)
Discontinuation of immunotherapy 33 (49%)

Granulomatosis outcome
Radiological outcome of granulomatosis N = 62

Stability 8 (13%)
Partial or complete regression 54 (87%)

Oncological outcome at the time of granulomatosis
Patient in adjuvant condition N = 25

Relapse 3 (12%)
Patients in metastatic stage N = 42

Objective response 29 (69%)
Complete response 16 (55%)
Partial response 13 (45%)

Stability 5 (12%)
Progression 8 (19%)

Oncological outcome at last reported evaluation
Mean follow-up time for melanoma (min–max) (months) 8 (1–34)
Patient in adjuvant condition N = 25

Relapse 3 (12%)
Patients in metastatic stage N = 42

Objective response 24 (57%)
Complete response 16 (67%)
Partial response 8 (33%)

Stability 4 (10%)
Progression 14 (33%)

4. Discussion

Our series and the literature review present similar characteristics, namely the appear-
ance, early after ICI initiation, of clinical, biological and radiological symptoms associated
with a granulomatous reaction and preeminent thoracic involvement (Figure 3). These
results also suggest that the appearance of granulomatosis during ICI treatment could be
associated with a clinical benefit. Indeed, the response rates observed in our series as well as
in the literature (75% and 69%, respectively) are higher than the ones usually reported with
ICI (around 43% for anti-PD-1 and 58% with the combination of ipilimumab + nivolumab).
In addition, it is noteworthy that a favorable outcome was observed in our cohort of pa-
tients in spite of poor prognostic factors such as multiple metastatic locations and high
LDH levels.

The majority of the cases of granulomatosis were not severe and did not necessitate
ICI treatment interruption. The management of ICI-associated granulomatosis is usually
discussed on a case-by-case basis. As more and more cases are reported, and patient out-
comes are rather reassuring, physicians are less prone to stop ICI, and it seems reasonable
to advise corticosteroid use only for symptomatic cases [14].
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Figure 3. Typical findings of pulmonary sarcoidosis. Axial contrast enhanced computed tomography
(CT) shows no mediastinal lymph node enlargement (a) and no parenchymal disease (c) before treat-
ment. Five months after immunotherapy, axial enhanced CT shows typical bilateral and symmetric
hilar and subcarinal lymph nodes (b) and multiple micronodules with a perilymphatic distribution
(subpleural and perifissural nodules) (black arrows-d).

As the use of immunotherapies is rapidly increasing, it is essential for clinicians to di-
agnose this lateral effect of immunotherapy in order to avoid diagnostic errors. Indeed, one
of the main issues when ICI-associated granulomatosis occurs is the differential diagnosis
with progression or pseudo-progression of the melanoma.

The actual frequency of granulomatous reactions following melanoma immunotherapy
remains uncertain, ranging from 2% to 22.2% of cases, according to several studies [47,73,74].
In our series and our review of the literature, it seems that mediastinal lymph node involve-
ment is particularly frequent. Harsha Tirumani et al. described mediastinal and hilar nodes
in 5% of patients treated with anti-CTLA-4 that were asymptomatic and spontaneously
resolutive [75]. However, appearance or enlargement of mediastinal nodes can of course
be due to a progressive melanoma or to a pseudo-progressive disease that will eventually
respond to ICI [76]. Although there is ongoing research in nuclear medicine to target
specific immune cells in order to discriminate between an inflammatory response such as
pseudo-progression and a true progression, to date, there is no marker to distinguish these
two entities [77]. Therefore, although radiological interpretation may suggest a diagnosis
of granulomatosis, these different entities remain challenging to distinguish. Multidisci-
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plinary evaluation combined with pathological confirmation is of critical importance before
considering a patient to be progressing, as it can have deleterious consequences in term of
melanoma management. Indeed, wrongly considering that a patient is progressing when
he has granulomatosis would lead to a therapeutic error by prescribing another anti-cancer
treatment when the patient may be responding to immunotherapy. In terms of manage-
ment, if the mediastinal granulomatous lymph nodes are isolated and asymptomatic, there
is no need to interrupt ICI treatment or to prescribe systemic steroids. If there are signs
of interstitial pneumonitis and/or respiratory symptoms in addition to the lymph node
involvement, a functional respiratory test should be performed, and bronchoalveolar lavage
should be considered after discussion with pneumologists or internists. Depending on
these results, interruption of ICIs and systemic steroids can be advised. In all cases, a close
follow-up with clinical evaluation, functional tests and a CT scan should be performed.
In many centers, multidisciplinary board meetings dedicated to immune toxicity have
been created and can help in the difficult situations. In the case of discontinuation of ICIs,
it is advised to ensure that there is a real oncological progression before considering a
re-challenge with ICIs or a new treatment initiation.

While anti-PD-1 +/− CTLA-4 immuno-induced granulomatous lesions have often
been described as authentic sarcoidosis because of their clinical, biological, histological and
radiological presentation and their sensitivity to corticosteroid therapy, we can challenge
this assertion and refer to the definition of sarcoidosis. It relies on three criteria: (1) a
compatible clinical and radiologic presentation, (2) pathologic evidence of noncaseating
granulomas and (3) exclusion of other diseases with similar findings, such as infections or
malignancy [78,79].

Indeed, the diagnosis of sarcoidosis is based on the exclusion of other possible causes
of granulomatosis, notably cancers or iatrogenic causes. Thus, granulomatous reactions
occurring under immunotherapy for melanoma should not theoretically be qualified as
true sarcoidosis. However, we propose to address this question after exploring the current
knowledge on sarcoidosis pathophysiology as well as on granulomatosis induced by
anti-tumor immunotherapy.

The pathophysiology of sarcoidosis is complex and still inadequately comprehended.
Several immunological hypotheses based on different mathematical or experimental models
have been formulated in the past few years without being able to establish, with certainty,
the exact role and order of the immunological events [80]. As in many inflammatory dis-
eases, this pathology is characterized by a close collaboration between innate and adaptive
immunity following environmental antigenic exposure in a favorable genetic context [81,82].
After antigenic stimulation, whose infectious origin (e.g., mycobacteria or propionibacteria) is
uncertain, the antigen-presenting cells (macrophages, dendritic cells) induce a Th1/Th17
oriented immune T-cell response as well as a dysfunction of T Reg lymphocytes, which is
triggered by numerous cytokines and proinflammatory chemokines [83–85].

Histology reveals a non-caseating epithelioid granuloma associated with CD4+ T cell
infiltration in the affected organs. In peripheral blood, there is a consistent depletion of
CD4+ T cells and B cells. CD4+ T cells in blood and BAL are predominantly polarized
Th1 (express IFN-γ, TNF-α and IL-2), to a lesser extent Th17 and Th17.1 (synthesize IL17,
IFN-γ, CCR6) [86]. The Th17/T Reg ratio is increased in the peripheral blood and BAL of
patients with sarcoidosis. This disbalance between these populations is further marked by
a decrease in the suppressive function of T Reg lymphocytes [87,88]. Moller et al. point out
the numerous gaps concerning the pathophysiological aspects of sarcoidosis, in particular
the role of macrophages and their polarization, as well as the role of T Reg, Th17 and B
lymphocytes, and attribute this lack of knowledge to the inability to create an animal or
in vitro model on account of insufficient data on the concerned antigens [89].

The specific immunological pathways responsible for granuloma formation in cancer
have not been established. One hypothesis is that the immune response occurring during
cancer immunosurveillance induces the activation of pro-inflammatory innate immune
cells as well as Th1 and Th17 effector T cells, which are involved in granulomatous reactions.
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However, the possible causative tumor-associated antigens remain unknown. Concerning
the potential role of ICIs, several hypotheses can be formulated [90]. First, anti-CTLA-4
immunotherapy restores the activation, proliferation and polarization of CD4+ T cells into
pro-inflammatory lymphocytes such as Th1 and Th17 and is responsible for an alteration
of T Reg cell function [91]. It also leads to an increase in Th17 cells in the peripheral blood
of patients with metastatic melanoma [92]. Moreover, T Regs and Th17 cells found in
lymph nodes of patients with sarcoidosis have decreased CTLA-4 expression, leading to an
altered balance of T Helper/T Reg and to an increased proportion of Th17. This observation
suggests a critical role of CTLA-4 in sarcoidosis pathogeny and is in agreement with the
finding that anti-CTLA-4 treatment can increase Th17 and induce sarcoidosis [93].

For anti-PD-1-induced granulomatosis, the involvement of the mTOR signaling path-
ways in lymphocytes and macrophages is suspected [94]. The pathophysiological link
between the PD-1/PD-L1 pathway and both T Reg and Th17 lymphocytes has been es-
tablished, notably in the field of gynecology-obstetrics through studies on maternal–fetal
tolerance and in particular in the article by Zhang et al. on treating pre-eclampsia [95,96].
This study highlights the essential role of PD-1/PD-L1 in the regulation of T Reg and
Th17 cells. Indeed, the PD-1/PD-L1 signaling pathway is associated with an increase in
T Reg lymphocytes, whereas its blockage leads to an immunological response similar to
that found in sarcoidosis. In fact, the PD-1/PD-L1 interaction causes a decrease of PI3K
expression in T lymphocytes, along with a decrease of AKT and mTOR, leading to a T
Reg-type polarization of the lymphocytes. Conversely, in the case of PD-1/PD-L1 dysfunc-
tion, increased expression of PI3K/AKT/mTOR induces a conversion of T Reg cells into
Th17 cells. Therefore, when the PD-1/PD-L1 pathway is blocked (i.e., during anti-PD-1
immunotherapy), the mTOR pathway is activated, Th17 lymphocytes are abundant, and T
Reg lymphocytes are less present. Moreover, Th17 (CCR6 + CCR4 + CXCR3 secreting IL17)
and Th17.1 (CCR6 + CCR4-CXCR3 + CCR10 secreting IFN gamma and IL17) lymphocytes
are involved in the development of sarcoid-type granulomatous reactions, and the latter
cell population is notably found in BAL. Both populations are also found in patients with
melanoma and ICI-induced granulomatosis [86,97].

Thus, blocking the PD-1/PD-L1 pathway induces, via activation of the mTOR pathway
in lymphocytes, dysfunction of T Reg and a Th17 type T-cell response, leading to granuloma
formation through IL17 secretion [98,99]. This hypothesis is supported by the work of
Linke et al. concerning the role of the mTOR pathway in macrophages, whose activation
is associated with active sarcoidosis [100]. It reports the development of granuloma in
a mouse model with constitutive activation of mTORC1 in myeloid cells and thus in
macrophages (obtained by deletion of tsc2). In vivo, mTORC1 activation induces excessive
granuloma formation, and its inhibition, by adding everolimus, leads to clinical resolution
of the granulomas. Furthermore, this study indicates, via gene set enrichment analysis
(GSEA), that both activation of mTORC1 and macrophage proliferation are associated
with disease progression in humans with active sarcoidosis. Overall, blockading of the
PD-1/PD-L1 pathway by immunotherapy may promote granuloma formation through
activation of the PI3K/mTOR pathway in macrophages and T cells, resulting in regulatory
T-Reg-cell dysfunction and polarization of lymphocytes into IL17-secreting Th17, similarly
to what can be described in sarcoidosis.

This suggests that prospective studies using mTOR inhibitors could be evaluated in
symptomatic immune granulomatosis, especially since mTOR inhibitors also have anti-
cancer properties.

Altogether, granulomatosis induced by ICIs and real sarcoidosis not only share clinical
and pathology criteria, but they also have common biological mechanisms involving Th1
and Th17 and possibly the PI3K/mTOR pathway in macrophages and T cells. Never-
theless, the nature of the triggering antigens remains mysterious in both sarcoidosis and
ICI-induced granulomatosis. Finally, these hypotheses need to be further explored and
demonstrated by more in vitro and in vivo studies.
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As a result, we propose that ICI-associated granulomatosis could be considered as real
experimental sarcoidosis that is facilitated or amplified by the use of ICI. The latter could,
in a way, lower the threshold for the appearance of sarcoidosis in certain individuals.

Finally, the immunological events detailed above leading to granuloma formation and
immuno-induced granulomatosis are also associated with anti-tumor activity, which could
explain the positive anti-tumor impact observed in cases of immuno-induced granulomato-
sis. Thus, the cascade of immune events induced by ICIs and leading to sarcoidosis in a
subpopulation of patients could in fact represent a virtuous anti-tumor loop.

5. Conclusions

ICI-induced granulomatosis is an insufficiently documented side effect occurring
in approximately 5% of patients, with a clinical, biological, radiological and histological
presentation comparable to sarcoidosis. ICI-induced granulomatosis can affect multiple
organs, although bronchopulmonary involvement clearly dominates. Patients may be
asymptomatic or have clinical or laboratory abnormalities related to the affected organs.
However, because imaging interpretations (radiography, CT, or PET/CT) are generally
unable to distinguish malignant from inflammatory processes, misdiagnoses of recurrent,
progressive or pseudo-progressive disease are likely to be misleading. Therefore, multidis-
ciplinary discussion and histologic confirmation of each case are required, and additional
nuclear medicine studies to differentiate progression, intra-tumor lymphocytic infiltration
or granulomatous reaction should be considered. Management of this adverse event should
be discussed on a case-by-case basis to assess the benefit of systemic corticosteroid therapy
and to consider discontinuation of immunotherapy. This decision is all the more complex
while the spontaneous evolution (remission, stabilization or evolution towards fibrosis) of
this immuno-induced reaction remains unknown. Thus, the use of corticosteroids should be
reserved for symptomatic cases only, in order to avoid excessive administration. Similarly,
discontinuation of immunotherapy must be non-systematic and justified through dedicated
multidisciplinary meetings on the management of immuno-induced toxicities. In case of
recommended discontinuation, ensuring real oncological progression is encouraged before
considering further alternative treatments.

Our review of the literature shows that sarcoidosis and immunotherapy-induced
granulomatosis share a common pathophysiology, though it is still insufficiently compre-
hended. This adverse event would appear to be an immune response involving the mTOR
pathway in macrophages and CD4 T cells leading to a polarization into Th1 and Th17 and
to a dysfunction of the T Reg cells. Genetic polymorphisms and microbiological factors
(e.g., mycobacteria, propionibacteria) associated with sarcoidosis have, to our knowledge,
never been studied in cases of immuno-induced granulomatosis, in which the facilitating
factors remain unknown.

Finally, these results suggest that the development of granulomatosis in patients
treated with immunotherapy for melanoma is associated with clinical benefit. The oc-
currence of granulomatosis may thus be an early marker of tumor response, but larger
prospective studies are needed to validate this hypothesis.
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