Medical Oncology (2021) 38:29
https://doi.org/10.1007/512032-021-01477-y

REVIEW ARTICLE q

Check for
updates

Sarcoid-like reaction in cases treated by checkpoint inhibitors
Semra Paydas’

Received: 4 January 2021 / Accepted: 29 January 2021/ Published online: 18 February 2021
© Springer Science+Business Media, LLC, part of Springer Nature 2021

Abstract

Sarcoidosis is a multisystem granulomatous disorder characterized by helper T cell inflammation. Sarcoid-like reaction
(SLR) is a well-defined entity and may be related with several malignant disorders and/or their therapies. SLR has been
reported more than 20 years ago and in recent years in cases treated by checkpoint inhibitors (CPIs). Better outcome has been
reported in cases developing granulomatous reaction and/or SLRs during CPI treatments. However, these lesions clinically
may be thought as disease progression and may cause to stop treatment or alterations. These therapeutic manipulations may
be harmful for the patients. Clinicians should be aware of SLRs in cases treated by CPIs and tissues must be sampled and

reviewed by an experienced pathologist to avoid misdiagnosis and also unnecessary CPI treatment cessations.

Significance Statement

Clinicians should be aware of sarcoid-like reactions in cases treated by checkpoint inhibitors and tissues must be sampled
and reviewed by an experienced pathologist to avoid misdiagnosis and CPI treatment stops.
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Definition and history

Sarcoidosis (S) is a systemic disease characterized by
inflammation-associated helper T cell reaction. Sarcoid-like
reaction (SLR) is a term used to describe granulomatous
inflammation detected in the setting of active cancer or after
effective anti-neoplastic treatments [1]. Firstly, this terminol-
ogy has been used in cases with acquired immunodeficiency
syndrome (AIDS) treated by anti-retroviral treatment. After
anti-retroviral treatment in cases with AIDS, this entity has
been reported in cases with cancer treated by interferon,
anti-neoplastic drugs, and lastly in cases treated by check-
point inhibitors, CPIs [2, 3]. Interferon and intravesical BCG
are other drugs causing granulomatous reactions [4, 5]. First
case of CPI-related SLR has been reported in 2008 in a case
with malignant melanoma (MM) treated by ipilimumab [6].
PD-1 inhibitor nivolumab-related SLR has been reported
at 2016 [7].
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Frequency

There is no clear data about the frequency of SLR in cases
treated by CPIs. The cause of this situation is the low aware-
ness of this entity among clinicians and also misdiagnosis of
this entity in many patients due to mimicking progression in
posttreatment imagings, especially in FDG PET/CT scans.
In a retrospective study, sarcoid-like lymphadenopathy has
been reported in 5% of 147 patients treated by ipilimumab
for MM [8]. However, higher frequency of this entity will be
diagnosed in next years and clinicians must be aware of this
unique complication/adverse effect in cases treated by CPIs.

Pathogenesis

Sarcoidosis (S) is a systemic inflammatory disease and
its pathogenesis is not clear enough. However, there is a
hypothesis that T cells cause inflammation by the production
of proinflammatory cytokines including interferon gamma
and interleukin-17 [9, 10]. When we look the history of
SLR, severe pulmonary granulomatous reaction named as
sarcoid-like process has been reported in cases with AIDS.
This entity has been reported more than 20 years ago after
successful anti-retroviral treatment in 2 cases with AIDS at
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the time of peripheral blood CD4™" T cell recovery. This
condition has been a suggested relationship between highly
active anti-retroviral treatment and sarcoid-like process.
Typical CT findings showing micronodules with diffuse
and perilymphatic distribution in a case with AIDS after
highly active anti-retroviral treatment have been shown in
Fig. 1 [11].

The exact mechanism of SLR is not known. Granuloma-
tous inflammation associated with active cancer suggests
the struggle of the host against the cancer. For example,
granulomatous inflammation in a case with lymphoma
after chemotherapy suggests the immune reconstitution of
the patient [12]. Chemokine receptors have been shown to
play a role in the pathogenesis of S. It has been shown that
CCR6, CCR4, CCR10, CXCR3, and CXCR are expressed on
T cells and produce proinflammatory cytokines [13, 14]. T
cells with CCR6"CCR4-)CXCR3™), CCR10™ phenotype
named as Th17.1 have been found in cases with S and these
cells have been proposed for the pathogenesis of S [15].
Interestingly, Th17.1 cells with this phenotype have been
shown in 15 melanoma cases developing SLR associated
with CPI treatment [16].

It is well known that PD-1/PD-L1 pathway controls T
cell/Th17 cell balance. Blockade of this pathway may cause
Th17 cell hyperactivity and an increase in IL-17 expression
[17]. In pre-clinical studies, it has been shown that PD-1
blockade reinvigorates exhausted T cells which have been
suppressed by repeated exposure to PD-L1 ligand. It is sug-
gested that this phenomenon has a capacity to restore T cell
cytotoxicity and other immune functions [18]. PD-1 block-
ade causes an increase in mixed lymphocyte reaction and
interferon gamma release which are essential for granuloma
formation [19]. These results suggest that PD-1 blockade
increases interferon gamma secretion from memory T cells
and causes SLR. PD-1 blockade also awakens the memory T

Fig.1 Chest CT showing micronodules with a diffuse and perilym-
phatic distribution in case with AIDS after successful HAART treat-
ment. Figure has been reprinted from [11]
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cells against previous targets and reactivates previous granu-
lomatous disease [20]. Reactivation of previous granuloma-
tous reaction has been reported in some cases developing
SLR after CPI and this is an interesting point and requires
further evaluation [20-23]. However, if this hypothesis is
completely true, so far we had to see too much SLRs asso-
ciated with PD-1 blockers. In summary, CPIs block the
inhibitory signal of CD4™) Th1 cells and this causes T cell
activation and proliferation, and also macrophage activa-
tion, aggregation, and induction of granuloma formation
[24]. On the other hand, it has been proposed by Saidha S
et al. that sarcoidal reaction can be a response of the host to
cancer antigens. These antigens are secreted to the blood or
adverse effect of the chemotherapy causes damage to tissues.
Granulomatous inflammation may develop as a result of this
tissue damage [19].

Demographic findings

Age for SLR has been found between 26 and 83 with female
predominance. SLR has been reported most commonly in
cases with MM and this is followed by non-small cell lung
cancer (NSCLC). There are very little cases with ovarian
cancer, urothelial cancer, Hodgkin lymphoma, endometrial
cancer, leiomyosarcoma, breast cancer, and urinary blad-
der cancer [20, 25-31]. There may be two reasons for this
condition: firstly, MM is the most common disease treated
by CPIs from the beginning of CPI era, and secondly, MM
is one of the most immunogenic tumors among malignant
tumors and there is high potential for the development of
immune events like SLR.

The most commonly used CPIs causing SLR at the begin-
ning was ipilimumab and in recent years pembrolizumab,
nivolumab, and also combination of PD-1 and CTLA-4
blockade. Probably, these CPIs are the most commonly used
in clinical practice and SLR has been reported most fre-
quently with these agents. In a review covering 43 cases, the
most commonly used CPI was pembrolizumab followed by
ipilimumab, nivolumab, and ipilimumab-nivolumab combi-
nation. On the other hand, a few cases with SLR treated by
PD-L1 blockers including durvalumab, atezolizumab, and
avelumab have been reported [25-28].

Clinical findings

First cases with SLR have been presented associated with
CTLA-4 blocker ipilimumab. SLR related with PD-1 block-
ers nivolumab and pembrolizumab have been reported in
later years. The most commonly involved organs are lung,
mediastinum, and skin. Multiple sites involving trunk, lymph
nodes, extremities, and face have been reported in some
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cases treated by CPIs [22, 26, 32-35]. Indurated and tender
papules and plaques on the lower legs have been detected
in a case with endometrium cancer treated by pembroli-
zumab [34]. Cutaneous granulomatous reaction involving
trunk, extremities, and face after 18 months of ipilimumab
treatment has been presented by Cervantes. Figure 2 shows
facial lesions associated with ipilimumab [33]. Arthralgia
may be seen [32]. Renal injury is a late complication of
CPIs and granulomatous reactions may be seen. Critical
point is the early detection of this reaction and to prevent
the irreversible changes in kidney [36]. Dry eye and parotid
and salivary gland involvements have been reported. Isolated
spleen involvement has been reported in a case treated with
ipilimumab after 20 months of therapy [37].

In some cases, reactivation of previous granulomatous
reaction has been reported after CPI treatment [20-23].
Granulomatous inflammation has been reported in a case
with squamous cell cancer at the site of previously treated
tumor and the presence of keratinous material within the
granulomas. This finding may suggest an immune response
against the tumor [36]. These points are important for the
clinicians during CPI treatment.

Nine SLR cases with MM treated by ipilimumab have
been reviewed by Danlos et al. Pulmonary involvement has
been found to be the most prominent finding in these cases:

Fig.2 Grouped crusty inflammatory papules distributed symmetri-
cally on the face. Figure has been reprinted from [30]

8 cases had lung lesions, 4 had skin lesions, 1 had cerebral,
and 1 had spleen involvement. Granulomatous reactions
have been found to be developed between 1 and 20 months
of CPI treatments [7]. Lastly, 20 cases with SLR associated
with ipilimumab have been reviewed by Cervantes et al.
Sixteen of these cases had MM and one case in each: colon
cancer, urothelial cancer, castration resistant prostate cancer,
and NSCLC. Among these cases, 12 had skin, 14 had medi-
astinal and hilar lymph nodes, and 9 had skin involvement.
In some of these cases, multiple organ involvements includ-
ing lymph nodes, bronchial epithelium, spleen, liver, cella,
and kidney have been found in 9 cases [30].

In the literature review, time to development of granuol-
matous reaction has been found between 1 and 20 months.
Informative excellent clinical/demographic findings for the
clinicians using CPIs and development of SLR have been
summarized in Tables of Hiraki’s and Cervantes’s papers
[7, 25, 26, 30]. Median interval from the beginning of the
therapy and the development of granulomatous reaction has
been found as 3.2 months in a retrospective analysis. Reso-
lution time of these reactions has been found as 3.1 months
[8, 38].

Diffuse alveolar damage, pulmonary fibrosis, lymphocytic
myocarditis, and also SLR has been found in central nervous
system, liver, and bone marrow which were clinically unap-
parent and interestingly progressive disease has been found
at small bowel, peritoneum, and brain in an autopsy case
[39]. This case suggests that CPIs may cause widespread
SLR not detected in clinical follow-up and clinicians must
be aware of this situation and minimal symptoms must be
alerted while their patients are receiving CPI.

Histopathologic findings

Histopathologic findings of granulomatous reaction and also
terminology are highly variable: SLR, granulomatous pan-
niculitis, granuloma annulare, granulomatous dermatitis,
interstitial granulomatous dermatitis, granulomatous for-
eign body reactions, dermal granulomatous reaction, and
non-necrotizing/non-caseating granulomas have been used.
For this reason, SLR may be found to be lower than its real
frequency due to chaotic terminology [7, 22, 25, 29, 30, 40].

Biopsy is essential point for diagnosis of SLR and shows
sarcoid-like granulomas which include epithelioid histio-
cytes, lymphocytes, and multinucleated giant cells. There
may be translucent amorphous crystal-like foreign bodies
with 20-80 pm surrounded by histiocytes and phagocyt-
ized by giant cells [25, 32, 41]. Interestingly granulomatous
melanosis mimicking underlying MM has been reported in a
case treated with pembrolizumab. Figure 3 shows melanosis
associated with CPI usage.
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Fig.3 Dermal nodule consisting of well-formed sarcoid-like granulo-
mas with pigment-laden melanophages consistent with tumoral mela-
nosis. Melanocytes were absent. Figure has been reprinted from [47]

Histopathological findings have been evaluated in an
autopsy study with an excellent detail by Koelzer et al.
[39]: in myocardium,patchy fibrosis and diffuse mononu-
clear infiltrates up to 45 CD3™ lymphocytes/mm? (normal
range 5.3 +5.7/mm?) and up to 18 CD68") macrophages
(normal range 9.3 +4.3/mm?) have been found. CDS8 expres-
sion has been detected in 65% of infiltrating lymphocytes:
PD-1 expression has been detected 85% of T cells and
TIA-1 expression has been found in 35% of these cells.
These findings are similar to PD-1-associated myocarditis.
These results may suggest that myocarditis is a type of SLR
in cases treated by CPIs and clinically fatal myocarditis
requires further evaluation with the possibility of SLR. In
brain, severe aseptic lymphocytic meningitis and mononu-
clear infiltrates in brain parenchyma have been found. T cell
subtype was CD8™); up to 180 cells have been found in
meninges and 15 cells in periventricular brain parenchyma;
respectively. Among these cells, 45% had PD-1 and 60%
showed TIA expression and concomitant CD68™ histio-
cyte infiltration. Interestingly there was hypercellularity in
bone marrow with diffuse lymphocytosis: 15% of these cells
had CD3 and 10% had CD79 expression, and only 15% of
these cells had CD8™ expression. Lymphocytic infiltration
in liver has been found.

Diagnosis

Diagnostic approach is biopsy from radiographically detected
lesions and pathologic evaluation by a pathologist who is
expert in sarcoidosis [25, 26]. Lymph node biopsy sample
showing granulomas has been seen in Fig. 4. Of course in
a case where granulomatous reaction and bacterial and fun-
gal cultures are detected, polymerase chain reaction for viral
agents and also gram stains must be done to exclude the infec-
tious etiology. Silver stain for Pneumocystis jiroveci, auramine
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Fig.4 Lymph node biopsy showing well-formed giant cell granulo-
mas. Figure has been reprinted from [32]

stain for acid-fast bacilli, and M Tuberculosis must be ruled
out [7, 26, 30, 40]. Angiotensin-converting enzyme levels may
be normal or high. CD4/CD8 ratios may be normal or high in
bronchoalveolar lavage [26, 30, 31, 42, 43].

Thirty papers published between 2009 and 2018 and pre-
sented as granulomatous/SLRs associated with CTLA-4 and
PD-1 inhibitors have been reviewed by Hiraki et al. These
lesions had been named as SLR in 4 cases, granulomatous
panniculitis in 4 cases, granuloma annulare in 4 cases, gran-
ulomatous dermatitis in 1 case, and granulomatous foreign
body reaction in 1 case. Table 1 of Hiraki’s paper is informa-
tive for clinicians and pathologists [25].

Radiologic findings

There are no specific radiologic findings. Mediastinal/hilar
lymphadenopathies suggesting typical S are the most fre-
quently seen findings. Septal thickening and nodules in
subpleural and fissure regions have been reported [27, 31,
32]. An important point to differentiate from S may be the
presence of pleural fluid which is not seen in classical S
[20]. Pituitary involvement mimicking neurosarcoidosis in
addition to mediastinal involvement due to granulomatous
reaction has been reported in a case with MM treated by
ipilimumab [44]. Figure 5 shows pituitary involvement.

Prognostic importance

It is very well known that the majority of immune-related
adverse events associated with CPIs have been found to
be related with better clinical outcome. In a similar way,
better outcome has been reported in cases developing
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Fig.5 Pituitary and infundibu-
lar lesions before and after ster-
oid treatment (a and b). Figure
has been reprinted from [44]

granulomatous/SLRs during CPI treatments by many
authors [17, 38, 44, 45]. In a review covering 43 cases, clini-
cal response has been found in more than half of the cases (8
complete response, 3 partial response and 10 stable disease)
and this is better than normal population [25]. However,
these lesions clinically could be diagnosed as disease pro-
gression and can cause treatment cessations or alterations
which are harmful for the patients. Clinicians must be aware
of these reactions and have to avoid from unnecessary drug
changes or discontinuations [7, 25, 38, 43, 44, 46].

Treatment

There is no specific treatment for SLR. Asymptomatic cases
do not need treatment. Discontinuation is important choice
to decrease the severity of reactions. Generally, granuloma-
tous reactions resolve after cessation of CPI [26, 33, 48, 49].
However, some cases do not require to stop CPI treatment
[41].

Steroids must be used in cases not responding to discon-
tinuation of CPIs and/or having severe symptoms and signs.
Steroids may be used by local, systemic, or intralesional
route. Hydroxychloroquine may be a choice in cases not
responding to steroid. Excision of local lesion may be an
option in some cases. Outcome of SLR is generally improve-
ment and/or resolution of the lesions in about all of the cases
[7,25,30, 33, 43].

Clinical importance and future directions

Clinicians should be aware of SLRs in cases treated by CPIs
and tissues must be sampled and reviewed by an experienced
pathologist to avoid misdiagnosis and CPI treatment stops.
As a clinician we must consider that with the increased and
widespread use of CPIs we will see more SLR and other
immune reactions in clinical practice (Fig. 6).

FDG PET/CT is the most frequently used imaging to
measure the response to CPIs, but is not sensitive enough
to predict atypical immune-related adverse events including
pseudoprogression and SLR. At this point, newer imaging
modalities including '8F-fluorothymidine (FLT) PET imag-
ing may be useful. It is known that FLT is a substrate for thy-
midine kinase which is transported into the cell during DNA
synthesis and trapped, but not incorporated into the DNA.
With these properties, FLT uptake is a suitable marker of
active DNA synthesis in vivo [50]. It has been hypothesized
that FLT/PET is an important tool to show the proliferative
activity of the tumor and has advantage to detect differenti-
ate tumor progression from pseudoprogression associated
with tumor infiltrating immune cells which have low pro-
liferative capacity than tumor cells. This imaging has been
used to detect the early response at 6 weeks to CPI than
FDG/PET [51, 52]. By analogy, it can be proposed that FLT/
PET may be used in cases with good clinical outcome in
spite of progression detected by FDG/PET.

@ Springer



29 Page6of8

Medical Oncology (2021) 38:29

Fig.6 PET/CT before and after
2 months of pembrolizumab
treatment in a case showing
hypermetabolic mediastinal and
hilar lymph nodes. Figure has
been reprinted from [32]
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