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Abstract: Background/Objectives: The relationship between sarcoidosis and the occurrence of
neoplasia deserves to be investigated, but this relation has been observed in different and hetero-
geneous populations, leading to conflicting data. To clarify the causal relationship between these
two diseases, different risk factors (e.g., smoking), concurrent comorbidities, corticosteroid ther-
apy, and metastasis development—as an expression of cancer aggressiveness—were investigated.
Methods: In a retrospective study on 287 sarcoidosis outpatients at the Pneumological Department of
the Gemelli Foundation (Rome, Italy) between 2000 and 2024, the diagnosis of cancer was recorded
in 36 subjects (12.5%). Results: The reciprocal timeline of the diseases showed three different sce-
narios: (1) cancer preceding sarcoidosis or sarcoid-like reactions (63.8%); (2) cancer arising after
sarcoidosis diagnosis (8.3%); and (3) sarcoidosis accompanying the onset of malignancy (27.8%). Only
two subjects with sarcoidosis and cancer showed metastasis, and one of them was affected by lym-
phoma. Conclusions: These data suggest that granulomatous inflammation due to sarcoidosis
may assume an ambivalent role as a “double-edged sword”, according to the M1/M2 macrophage
polarization model: it represents a protective shield, preventing the formation of metastasis through
the induction of immune surveillance against cancer while, on the other hand, it can be a risk factor
for carcinogenesis due to the persistence of a chronic active inflammatory status. Low-dose steroid
treatment was administered in only 31.6% of the cancer–sarcoidosis subjects for less than six months
to control inflammation activity, with no promotive effect on carcinogenesis observed.

Keywords: sarcoidosis; granulomatous reaction; cancer

1. Introduction

Sarcoidosis is a chronic disease of unknown origin characterized by granulomatous
inflammations in the lymph nodes and in virtually all tissues and organs of the body [1]. It
can affect people of any age, gender, and racial origin, although its prevalence in women
and young people is greater [2].

The etiopathogenesis of sarcoidosis remains elusive, as the exact stimulus that initiates
the disease process is not certain; however, there are many hypotheses, with all having
a common denominator in the exposure to certain antigens in genetically predisposed
individuals. Potential triggers can be PAMPs (pathogen-associated molecular pattern
molecules) derived from various infections (mycobacteria, cutibacterium acnes), antigens
of the Kveim–Siltzbach reagent, vimentin, or environmental substances, such as organic
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dust or inorganic chemicals (Berilllium or Silica) coming from occupational exposure [3–5].
Other potential triggers of an exaggerated granulomatous response mimicking sarcoidosis
are certain classes of drugs, such as alpha interferon (in hematological patients or those
with chronic hepatitis C virus infection) [6], immune checkpoint inhibitors, highly active
antiretroviral therapy, and tumor necrosis factor-α antagonists [7–9]. These sarcoid reac-
tions that occur in a temporal relationship with the initiation of an offending drug have
been named drug-induced sarcoid-like reactions (DISLRs), which tend to spontaneously
regress after drug discontinuation. Bone marrow transplantation has been associated with
donor-acquired sarcoidosis [10,11]. The association between sarcoidosis and smoking
appears complex, with contradictory results reported in different studies, but it appears to
be influenced by geographic factors [12,13].

Interestingly, environmental triggers appear to be more important than genetic factors
at adult ages. At pediatric ages, prototypical models of sarcoidosis have been described; one
of them is the NOD-2-associated Blau syndrome, whereas another that has a sporadic form
is early-onset sarcoidosis. Usually, in adults, sarcoidosis appears in the sporadic form but
rarely does so in familiar clusters. Indeed, a genetic association has been demonstrated in
Löfgren’s syndrome, whereas susceptibility appears to be linked to the major histocompati-
bility complex (MHC), as suggested by different studies [14,15]. Some identified genes that
may be associated with increased susceptibility to sarcoidosis are butyrophilin-like 2 gene
(BTNL2), annexin A11 (ANXA11), and angiotensin-converting enzyme (ACE) variants;
these associations, however, show high variability across populations [16,17].

From an immunopathogenic point of view, granuloma formation represents a patho-
logical response initiated by CD4 T cells engaged by antigen-presenting cells. The contact
with different antigens engages their phagocytosis and presentation by antigen-presenting
cells, such as macrophages or dendritic cells, to CD4+ T helper lymphocytes. The immune
response is then amplified through a highly polarized Th1-type cytokine cascade, such
as that of interleukin (IL)-2, tumor necrosis factor (TNF-α), and other players, including
T regulatory cells (Tregs), which also produce interferon-gamma (γ-INF) [4,18,19]. The
release of γ-IFN and TNF-α, in turn, promotes macrophage accumulation, activation, and
aggregation, leading to the development of granulomatous inflammation [20]. Granuloma
formation would represent a barrier to the isolation of antigen material. Granulomas show a
concentric structure; the internal part is formed by macrophages, epithelioid cells, and giant
multinucleated cells. This central area of the granuloma is surrounded by a mixture of CD8-
and CD4-positive T lymphocytes, B lymphocytes, monocytes, mast cells, and fibroblasts
which, in turn, are surrounded by lamellar rings of hyaline collagen. Overall, the initiation
of granuloma formation and the perpetuation of the disease process are characterized by
Th1 cytokines, whereas regulatory T cells (Tregs; activating immunoregulation) and the
Th17 response have been proposed to play a role in the maintenance of granulomas [21,22].

Sarcoidosis may also be observed in association with neoplasia, but this relation
has been investigated in different and heterogeneous populations, leading to
conflicting data; moreover, investigative studies have often focused on different types of
cancers [23–25] without considering the immunosuppressive role of steroid treatment.
A retrospective systematic overview of the literature in Pubmed over the last thirty years
allowed for the extrapolation of at least three causal connections between sarcoidosis and
neoplasia (Table 1).
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Table 1. Causal links between cancer and sarcoidosis.

Timing Evidence-Based
Associations

Reported Data Rationale References

Sarcoidosis
(several years

before)
↓

Lymphoma

Sarcoidosis-
lymphoma
syndrome.

An increased risk of cancer (by
30–40%) was observed in skin
cancers, hematological
malignancies, and leukemias.

Elevation of pro-proliferative
cytokines such as BAFF for B
lymphocytes could be a possible
explanation for the emergence of
clonal proliferation in sarcoidosis
subjects in comparison with other
autoimmune diseases.

[12,26–28]

Sarcoidosis
↓

Cancer

Increased risk of
neoplasia in
sarcoidosis subjects—
paraneoplastic
sarcoidosis.

Contradictory data according
to the different types of cancer
(lymphoma, testicular cancer,
digestive cancers, breast cancer,
and so on).

(A) A persistent environmental
trigger in a genetically
predisposed patient can
increase the probability of
developing both sarcoidosis
and cancer.

(B) Steroid-related
immunosuppression can
increase the risk of neoplasia.

[29–34]

Cancer
↓

Sarcoidosis-
Like

Reactions

Sarcoidosis-like
reactions (SRLs)

(A) The presence of
cancer-associated
reactions (SLRs) could be
a marker of good
prognosis, indicating a
strong immune response
to tumor cells.

(B) Induced by sarcoidosis
drugs (TCZ, PDL1, TNFi,
and so on).

(C) Sarcoidosis in allogenic
(D) or autologous bone

marrow transplantation:
“donor-acquired
sarcoidosis”.

The modulation of the immune
system due to immunotherapies,
the presence of cancer, or as a
consequence of bone marrow
transplantation may explain SLRs
that are mainly diagnosed within 1
year from the trigger.

[10,11,26,
27,35–42]

A strong relationship linking chronic active sarcoidosis to malignant lymphoprolifera-
tive disease was first highlighted by Brincker [27], who named it sarcoidosis–lymphoma
syndrome (the scenario n 1). The activation of the lymphocyte–macrophage axis observed
in active sarcoidosis may be the main trigger of the malignant proliferation of lymphoid
cells in these subjects [43,44]. This causal evidence has been further reinforced by the recent
observation of an increased risk of developing hematological malignancies, especially
lymphomas, in sarcoidosis subjects [45]. A second scenario shows an increased risk of
associated neoplasia in the form of breast and testicular cancers and lymphoma [26,46–48]
in sarcoidosis subjects, opening up at least two subsets: (a) the probability of developing
cancer in subjects with sarcoidosis could be a consequence of a persistent environmental
trigger in a genetically predisposed population; (b) reduced immune surveillance due to
immunosuppressive corticosteroid treatment can increase the probability of developing
different malignancies. Data on this second clinical scenario are heterogeneous accord-
ing to the different types of cancer (Hodgkin lymphoma and non-Hodgkin lymphoma
are equally represented, in addition to testicular cancer, digestive cancers, breast cancer,
and so on) [23–25,44,45]. Moreover, while some authors have suggested that sarcoidosis
worsens the prognosis of subsequent cancers [49], on the other hand, Chopra and Judson
concluded that the available data do not support routine screening for cancer in sarcoidosis
subjects [50]. (3) A third scenario of a causal relationship with cancer can occur when
sarcoidosis precedes or immediately accompanies the onset of a neoplasm, indicating a
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particular type of sarcoidosis called sarcoid-like reactions (SLRs) [41,45,51,52]. Moreover,
there is recent evidence that oncological immunostimulating therapies induce SLRs, usually
within one year from neoplasia. In this scenario, for SLRs, the classification should be
drug-induced sarcoidosis when drugs represent the triggering factors of sarcoidosis [53,54].

2. Aim

The present work aims to shed light on this complex mosaic through studying the
prevalence of cancer in a population at a sarcoidosis-focused day hospital. Moreover, we
searched for clinical evidence of subjects who developed antecedent/concurrent/subsequent
malignancies. Risk factors (e.g., smoking), concurrent comorbidities, corticosteroid therapy,
and metastasis development—as an expression of cancer aggressiveness—were specifically
investigated to clarify the relationship between the two diseases.

3. Subjects and Methods

A retrospective overview of the literature in PubMed from the last thirty years using
the keywords “cancer” and “sarcoidosis” was conducted to select the most relevant papers
on the subject. In particular, some reviews [45] were interestingly focused on the different
possible scenarios that were revealed over the years as more data on this issue and possible
causal links started to accumulate.

This investigation was performed on subjects who were routinely referred to a sar-
coidosis outpatient/day hospital at the Pneumology Department of the A. Gemelli Founda-
tion of Rome (Italy) from 2000 to 2024.

The definitions used in this report are the following: (1) cancer preceding sarcoidosis
was defined when the onset of cancer preceded sarcoidosis by at least 1 year; (2) diagnosis
of cancer onset succeeding sarcoidosis; (3) contemporaneity was defined with sarcoidosis
simultaneously arising with malignancy (less than 1 year). Within the group of simultane-
ous diagnoses, subjects had different primary tumors over time: 4 subjects developed more
than 1 cancer; only in 1 case did the sarcoidosis develop immediately after the first tumor.

Diagnosis of sarcoidosis was established through a specific diagnostic investiga-
tion (BGA, PFT, BAL, CT, or FDG-PET/CT) and a biopsy of the nodules found during
the investigation.

All subjects were followed in the same oncological department of the Gemelli Foun-
dation. When necessary, CT or a chest X-ray and PET-CT were performed. ACE and
chitotriosidase assays were routinely investigated in the presence of fever and sarcoidosis.
Hematological data on CBC were recorded only in the case of abnormal values.

The steroid treatment duration was guided by acute-phase reactants and symptoms,
and it was always brief and less than 6 months. Follow-up was conducted every six to
twelve months through clinical and functional assessments.

The clinical data were retrospectively collected from the electronic informatic system
of the Gemelli Foundation with respect for privacy since 2000. The follow-up of all cancer
patients was updated until July 2024. The following markers or parameters were recorded:
type and date of chemotherapy, presence of metastases and their localization, smoking
habits, presence of fever during sarcoidosis diagnosis, comorbidities, and presence and
dose of corticosteroid treatment. The onset of cancer and sarcoidosis and the number of
sarcoidosis subjects with or without cancer were accurately recorded.

Statistical analysis was performed with a t-test, with a p-value of <0.05 indicating
statistically significant results.

4. Results

A total of 287 sarcoidosis subjects were identified (161 females and 126 males,
F:M = 1.3, mean age: 61.5 years), of whom 36 were associated with a cancer diagno-
sis (28 females and 8 males, F:M = 3.5). The mean age of the first tumor diagnosis was
54.4 ± 12.0 years; the mean age of sarcoidosis diagnosis was 56.4 ± 12.0 years. The average
follow-up duration was 78.1 ± 62.7 months. The population of 36 sarcoidosis–cancer
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subjects was heterogeneous, with 11 breast cancer subjects (30.5%), four melanoma subjects
(11.1%), four Hodgkin subjects and one Waldenstrom macroglobulinemia subject (a total of
five subjects, 13.9%), three thyroid cancer subjects (8.3%), three endometrial cancer subjects
(8.3%), two ovarian cancer subjects (5.5%), and other types of tumors (Table 2).

Table 2. Subjects divided by cancer type.

Cancer Number of Subjects Sex
1 F:M

Age 2

(Year)

Breast 11 11:0 50.5 ± 13.0

Melanoma 4 2:2 54.5 ± 5.0

Lymphoma di Hodgkin 3 4 3:1 44.0 ± 5.0

Waldenstrom’s
macroglobulinemia 1 0:1 75

Thyroid 3 3:0 55.0 ± 14.0

Endometrial cancer 3 3:0 57.7 ± 6.0

Ovary cancer 2 2:0 56.0 ± 4 6.0

Kidney 1 0:1 66

Adenocarcinoma 1 1:0 68

Choriocarcinoma 1 1:0 56

Cervical cancer 1 1:0 53

Rectum 1 0:1 72

Myeloproliferative neoplasm 1 1:0 78

Seminoma 1 0:1 42

Urothelial 1 0:1 58
1 ratio of female over male is indicated; 2 age is in years ± SD; 3 t-test for Lymphoma di Hodgkin vs. all other
cancer p = 0.015; 4 SE.

The prevalence of gynecological cancers (47.2% of the total sarcoidosis population)
was due to the sex distribution in the studied population (77.8% female with respect
to male).

Steroid treatment was administered only in one-third of the cases in our study group,
with the same percentage in all subsets (Table 3).

Table 3. Subjects were grouped according to the timeline of cancer and sarcoidosis diagnoses.

Cancer-
Sarcoidosis 1 N Subjects ∆Yrs 2 %

Mean Age
at Cancer Onset

(Years)

Mean Age
at Sarcoidosis Onset (Years) F:M Steroid

Treatment

Preceding 23 2.1 63.9 54.7 ± 11.0 56.8 ± 11.0 17:6 8 *

Concomitant 10 0.1 27.8 57.4 ± 13.0 57.5 ± 13.0 10:0 3

Posterior 3 6 8.3 67.7 ± 7.0 61.7 ± 3.0 1:2 1
1 anterior, concomitant and posterior was considered cancer diagnosis timing with respect to sarcoidosis onset.
2 Difference in years between the mean ages of the two diagnosis onsets. * One out of eight subjects took steroid
therapy for 6 consecutive months before sarcoidosis onset.

Different comorbidities are reported in Table 4.
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Table 4. Comorbidities observed.

Comorbidity 1 Number of Subjects

Hypertension 8

Diabetes 4

Liver steatosis 2

Dyslipidemia 2

Autoimmunity (thyroid 2, lichen and mixed connectivitis) 6

Allergy 3 2

Cutaneous Mycosis, Acne 2

Favism 1

Osteoporosis 2

Arthrosis 2

Guillain-Barré Syndrome 1

Prostatic hypertrophy 1

Migraine 1

Peripheral venous insufficiency 1

Ischemic Heart disease 1

Sciatica 1

Depression 1

None 7
1 More of one pathology was shown by the majority of our subjects. 2 Thyroid pathologies: hypothyroidism,
thyroiditis, thyroid adenoma. 3 Allergy: pollen, nickel, ibuprofen.

Only two subjects with sarcoidosis and cancer showed metastasis, and one of them
was affected by lymphoma. Regarding the timing of cancer and sarcoidosis onset, 63.9% of
the subjects in the present study showed cancer preceding the sarcoidosis diagnosis, while
27.8% showed sarcoidosis and cancer during the same period (concomitant), and only 8.3%
showed cancer after the sarcoidosis diagnosis (Figure 1).
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Cancer was diagnosed in 36 subjects (12.5%) of the total sarcoidosis population
(287 subjects); it preceded in 8% and was concomitant in 3.5% of the subjects, but it
followed sarcoidosis only in 1% of the total sarcoidosis population (a rare event) (Figure 2).
Four subjects with sarcoidosis showed multiple cancers.
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One subject developed an IgM gammopathy after sarcoidosis diagnosis, which slowly
evolved over 10 years towards an overt Waldenstrom macroglobulinemia.

The t-test on the age of the Hodgkin lymphoma subjects (mean age: 42.2 ± 8.0)
vs. the cancer–sarcoidosis population (mean age 55.9 ± 17.0) demonstrated a significant
correlation: p < 0.015.

In the group of sarcoidosis and neoplasia subjects, one subject had skin localization
(who developed Waldenstrom), two had erythema nodosum, and another had arthralgias in
undifferentiated connective tissue disease with MGUS. Seven subjects had extrapulmonary
(abdominal) lymph node localizations. The other 22 subjects did not have extrapulmonary
and extra-lymph node localizations, such as uveitis and arthritis.

Among the subjects with sarcoidosis and cancer, only four had fever, and smoking
habits were present in 85 sarcoidosis subjects and in 13 subjects in the sarcoidosis + cancer
group; the p-value was not significant (see Supplementary Table S1). The data on ACE and
chitotriosidase assays and CBC are not included in the results because statistical significance
between different groups was not achieved. We observed the appearance of sarcoidosis in
15/36 subjects after different chemotherapies (CHTs); 3/15 were treated with antiestrogen
(AE) drugs, 10/15 were treated with multiple CHTs, 2/15 were treated with CHT + AE,
and one of them developed sarcoidosis after pembrolizumab.

5. Discussion

When investigating sarcoidosis, there is often a risk of selection bias; indeed, many
studies addressing the cancer–sarcoidosis connection have been conducted on hospitalized
sarcoidosis subjects, leading to the probability of bias due to the presence of diseases other
than cancer [50]. Then, the question of whether sarcoidosis might play a protective role,
rather than representing a risk factor for the development of neoplasia, is still considered
to be open [55,56].

The strength of the present series is that it comes from a specific outpatient clinic for
sarcoidosis subjects and does not have the bias observed among inpatients. We observed
three different subsets: (1) the diagnosis of cancer preceded that of sarcoidosis in 63.9% of
the cases; (2) cancer and sarcoidosis diagnoses were simultaneous in 27.8% of the cases;
(3) cancer succeeded sarcoidosis in 8.3% of the cases. In one case, sarcoidosis was diagnosed
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after the use of pembrolizumab for breast cancer while, in another, it was diagnosed after
methotrexate therapy for choriocarcinoma (cancer preceding sarcoidosis); in a third case, it
was diagnosed after chemotherapy (ABVD) plus COVID-19 vaccination. In our series, we
observed a subset of 13.9% (5/36) with lymphoma (four Hodgkin and one Waldenstrom).
All Hodgkin subjects preceded sarcoidosis by 3 years, and three of them reached remission,
while one had recurrence after 17 months. The Hodgkin lymphoma subjects (mean age:
42.2 ± 8.0) were significantly younger (p < 0.015) than the other cancer subjects (mean age:
55.9 ± 17.0), according to a t-test.

The observation that the immune system is involved in both cancer and sarcoidosis
addresses the question of possible links between them. Indeed, the following data have
been reported on immune dysregulation and chronic inflammation in vitro: (a) myeloid
dendritic cell dysfunction possibly leading to decreased tumor immune surveillance [12,57];
(b) an increase in mitotic activity and uncontrolled cellular proliferation [58,59]; and (c) un-
controlled production of inflammatory cytokines (e.g., tumor necrosis factor-α, interleukin-
6 and transforming growth factor-β, nitric oxide, and vascular endothelial growth factor)
which, in turn, may promote angiogenesis, cellular proliferation, stromal growth, and
tissue remodeling and may further increase the risk of malignancy [59–61]. Macrophage
polarization is the common denominator of inflammation and tumor progression, since
it is considered a key player in immune processes, engaging both the innate immune
response and adaptive immunity [62]. The polarization status in the macrophage M1-like
(“killer” macrophages) and M2-like (“healer” macrophage) axis in humans is considered a
dichotomy underlying the balance between homeostasis and chronic inflammation and
disease (disequilibrium) [63]. However, the M1/M2 paradigm applies to a “continuum” of
activation states playing an important dynamic role during inflammation and its resolution.
A fine-tuned balance and switching back and forth between the M1 and M2 polarization
states are necessary to allow the beneficial processes of stress, inflammation, resolution,
and repair.

The inflammatory environment is dominated by a wide range of different Toll-like re-
ceptors (TLR 1–9) and IFN signaling. The first line of defense against intracellular pathogens
is represented by classically activated or M1 macrophages, which exhibit a high level of
phagocytic activity and promote the Th1 polarization of CD4 cells. Depending on the nature
of the M1 stimulus, a different level of expression of CD64 and CD80 markers has been
described. They produce proinflammatory mediators, such as cytokines, chemokines, and
reactive oxygen and nitrogen intermediates, which induce the activation of various antimi-
crobial mechanisms. The Th1 response activation and complement-mediated phagocytosis
lead to pathogen killing, the final resolution of inflammation [64], and cancer cell cytolysis.
However, in order to prevent tissue damage to the host and avoid severe immunopatholo-
gies, such responses must be controlled by M2-polarized macrophages (CD163+) through
the production of anti-inflammatory cytokine mediators [65,66], as is common in sar-
coidosis. There are subpopulations of polarized M2-like (M2a, M2b, M2c, and M2d or
TAM) macrophages that are particularly involved during parasitic, helminthic, and fun-
gal infections. Unlike classically activated M1-like macrophages, M2-like macrophages
play a modulatory role, inducing the production of anti-inflammatory mediators such
as IL-4, IL-10, and TGF-β [67]. Further, M2-like macrophages are highly endocytic and
partially phagocytic and are involved in a variety of functions, such as repair mechanisms,
metabolic processes, and different pathogenetic pathways that evolve toward granuloma
formation (Figure 3).



J. Clin. Med. 2024, 13, 5232 9 of 15
J. Clin. Med. 2024, 13, x FOR PEER REVIEW 9 of 15 
 

 

 
Figure 3. Summary of the main macrophage polarization states of activated macrophages in relation 
to functional roles and human diseases. M1-like or M2-like activation states can be induced by dif-
ferent stimuli and signaling pathways. In humans, distinct defensive or healing schemas are re-
ported to be related to M1-like or M2-like polarization. Inducing factors are indicated on the arrows; 
antigens and receptors expression is represented in red; cytokines and chemokines production is 
shown in bold. LPS: lipopolysaccharide; MR: mannose receptor; TNF: tumor necrosis factor; TLR: 
Toll Like Receptor; Arg 1: arginase 1; IFNγ: interferon gamma; IL: interleukin; MCP: monocyte 
chemoattractant protein; TGF: transforming growth factor; MCSF: macrophage colony stimulating-
factor; ROS: reactive oxygen species; MHC: major histocompatibility complex; VEGF: vascular en-
dothelial growth factor. Modified from J. Novais Barbosa, D. Pereira Vasconcelos, Macrophage re-
sponse to biomaterials, Handbook of Biomaterials Biocompatibility, 2020 [68]. 

It is important to point out that a strictly clear-cut dichotomy is not always observed 
during infections; rather, each pathogen promotes a “tailored” inflammation. The spatio-
temporal orchestration of the resolution of the inflammation process can take minutes to 
a few days to resolve minor damage (acute inflammation); otherwise, major damage can 
engage excessive or subnormal inflammatory responses, which can be prolonged for 
months to years, causing non-resolving inflammation, such as in cancer, inflammatory 
autoimmune diseases, or chronic inflammation due to infection. In cancer, inflammation 
is important for tumor progression, and the predominance of either M1-like or M2-like 
populations has been described in different tumors [69,70]. The development of a suffi-
cient and adequate type 1 immune response, where macrophages and lymphocytes may 
play a regulatory and protective role, is pivotal for eliciting anti-inflammatory mecha-
nisms that are necessary to suppress inflammation in tissue, promote remodeling, retain 
homeostasis, and assure the survival of the host [71]. Heterogeneous TAMs, through the 
regulation of their own polarization profile triggered by different exogenous or endoge-
nous stimuli and through reprogramming and continuous plasticity, can either be the in-
itiators of the inflammatory response or participate in its resolution and the maintenance 
of homeostasis. TAMs arise from adult myeloid precursors found in circulation; in cases 
involving bone marrow transplantation, macrophages associated with lymphoma also de-
velop from these bone marrow precursors. Most TAMs are thought to resemble M2 mac-
rophages; they express higher levels of anti-inflammatory cytokines and angiogenic fac-
tors than their M1-polarized counterparts. They can reprogram the immunosuppressive 
microenvironment and promote the proliferation, invasion, and metastasis of cancer cells 
[72]. Furthermore, macrophages and M2 polarization may induce the transition to fibrosis 
in the advanced disease stage of sarcoidosis [73,74]. The causal relationships between sar-
coidosis and cancer can, therefore, be reviewed on the basis of the common denominator 
of the inflammation status and upon the dynamic and continual M1–M2 switch. Indeed, 

Figure 3. Summary of the main macrophage polarization states of activated macrophages in relation to
functional roles and human diseases. M1-like or M2-like activation states can be induced by different
stimuli and signaling pathways. In humans, distinct defensive or healing schemas are reported to be
related to M1-like or M2-like polarization. Inducing factors are indicated on the arrows; antigens and
receptors expression is represented in red; cytokines and chemokines production is shown in bold.
LPS: lipopolysaccharide; MR: mannose receptor; TNF: tumor necrosis factor; TLR: Toll Like Receptor;
Arg 1: arginase 1; IFNγ: interferon gamma; IL: interleukin; MCP: monocyte chemoattractant protein;
TGF: transforming growth factor; MCSF: macrophage colony stimulating-factor; ROS: reactive oxygen
species; MHC: major histocompatibility complex; VEGF: vascular endothelial growth factor. Modified
from J. Novais Barbosa, D. Pereira Vasconcelos, Macrophage response to biomaterials, Handbook of
Biomaterials Biocompatibility, 2020 [68].

It is important to point out that a strictly clear-cut dichotomy is not always observed
during infections; rather, each pathogen promotes a “tailored” inflammation. The spa-
tiotemporal orchestration of the resolution of the inflammation process can take minutes
to a few days to resolve minor damage (acute inflammation); otherwise, major damage
can engage excessive or subnormal inflammatory responses, which can be prolonged for
months to years, causing non-resolving inflammation, such as in cancer, inflammatory
autoimmune diseases, or chronic inflammation due to infection. In cancer, inflammation
is important for tumor progression, and the predominance of either M1-like or M2-like
populations has been described in different tumors [69,70]. The development of a sufficient
and adequate type 1 immune response, where macrophages and lymphocytes may play a
regulatory and protective role, is pivotal for eliciting anti-inflammatory mechanisms that
are necessary to suppress inflammation in tissue, promote remodeling, retain homeostasis,
and assure the survival of the host [71]. Heterogeneous TAMs, through the regulation
of their own polarization profile triggered by different exogenous or endogenous stimuli
and through reprogramming and continuous plasticity, can either be the initiators of the
inflammatory response or participate in its resolution and the maintenance of homeostasis.
TAMs arise from adult myeloid precursors found in circulation; in cases involving bone
marrow transplantation, macrophages associated with lymphoma also develop from these
bone marrow precursors. Most TAMs are thought to resemble M2 macrophages; they
express higher levels of anti-inflammatory cytokines and angiogenic factors than their M1-
polarized counterparts. They can reprogram the immunosuppressive microenvironment
and promote the proliferation, invasion, and metastasis of cancer cells [72]. Furthermore,
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macrophages and M2 polarization may induce the transition to fibrosis in the advanced
disease stage of sarcoidosis [73,74]. The causal relationships between sarcoidosis and cancer
can, therefore, be reviewed on the basis of the common denominator of the inflammation
status and upon the dynamic and continual M1–M2 switch. Indeed, the administration of
ibiquimod (a TLR 7/8 agonist) induces an M1 re-education and enhances the development
of the anticancer microenvironment [75].

In our series, cancer arose after the diagnosis of sarcoidosis in only 8.3% of cases;
the low rate of this subset is consistent with the observation that a significant association
between sarcoidosis and malignancy was excluded by a systematic review after accounting
for possible detection biases and publication biases [31]. A meta-analysis of 16 cohorts
and case–control studies reported a moderate association between sarcoidosis and malig-
nancy [32]; however, this meta-analysis had severe limitations related to heterogeneity
in sample sizes and designs, as well as the case selection criteria; further, the data were
retrieved through record linkages between various healthcare databases, such as hospital
discharge datasets and national registers, which usually do not report information on
relevant covariates or clinical details. As a consequence, information on organ-specific
involvements in sarcoidosis, as well as relevant confounding or modifying factors, such
as smoking habits and previous immunosuppressive therapies, could not be evaluated.
A concomitant review also argued that, apart from the risk of hematological diseases, it
is not possible to establish the existence of a net risk for neoplasia in sarcoidosis; only the
association with scleroderma appears to be clearly defined [50].

However, in our series, strictly based on homogenous criteria, the most prevalent subset
(23/36) was that in which cancer preceded sarcoidosis (63.9%); sarcoidosis developed after
the diagnosis of a tumor or in conjunction with it, emphasizing the difference between “true”
sarcoidosis and SLRs, a secondary event triggered by neoplastic proliferation [41,76,77] or in
response to chemotherapeutic agents that increased immunoreactivity, such as interferon
or PDL1 inhibitors [78–80] to counteract neoplastic proliferation. During a long follow-up
period (78.1 ± 62.7 months), only two subjects with cancer had a recurrence of the disease
(one of them was affected by lymphoma), which is consistent with the observation of
low incidence of cancer after sarcoidosis [31,81]. SLRs may be considered a marker of
a strong immune response and may play a barrier role against cancer cells [82–84] and
improve the prognosis. Two of the 36 subjects belonged to the same family (father and
daughter) in a family cluster; the father developed Waldenstrom’s macroglobulinemia
many years after the onset of sarcoidosis, while the daughter developed sarcoidosis two
years after an ovarian cancer diagnosis. Furthermore, in one patient, sarcoidosis devel-
oped several months before cancer relapse, playing a sentinel role during the follow-up.
Overall, all four subjects with sarcoidosis who showed multiple cancers over time did not
develop metastasis.

Eventually, in these series, the steroid treatment was always found to be brief and less
than 6 months; it was administered in only eight cases (31.6%), a restricted group, with a
similar percentage to that in the preceding subset, indicating that this treatment was only
aimed at controlling inflammatory activity; therefore, it did not have an immunosuppres-
sive or promotive effect on carcinogenesis.

At present, the differentiation between “true” sarcoidosis and SLRs triggered by
malignancy relies only upon clinical findings; that is, SLRs lack other common and specific
clinical features of typical sarcoidosis. This hypothesis is consistent with the prevalence
of sarcoidosis among juveniles and females. Indeed, our data confirmed that there was a
female/male ratio of 1.3 in the global sarcoidosis population and 3.5 in the subgroup of
cancer–SLR subjects. Brito-Zerón et al. [85] have observed that the frequency of immune-
mediated diseases (IMDs) in a group of subjects with sarcoidosis was 1.64-fold higher than
that reported in the general population. They concluded that women with sarcoidosis have
a two-fold higher frequency of concomitant IMDs, as sarcoidosis was observed to be more
prevalent in women than in men in some studies [86].
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6. Take-Home Messages

Clinicians should be aware that sarcoidosis and cancer can coexist and that granulo-
matous reactions are not uncommon in the course of solid neoplasia and hematological
malignancies. Furthermore, cancer treatments, such as immunotherapies, may induce
SLRs, as already observed with some therapeutic approaches (e.g., interferon, Pd-1, and
PdL-1 inhibitors) [78]. However, differentiating sarcoidosis from cancer-associated granulo-
matosis is not easy, due to their similar histological features; moreover, 18FDG PET-CT is
used more and more frequently, whereas the biopsy [87,88] remains the gold standard for
differentiating sarcoidosis lymph nodes from metastatic ones.

The results of this investigation support the conclusion that sarcoidosis is almost a
benign disease, but it plays an ambivalent role as a “double-edged sword”: on one hand,
its protective role is characterized by the fact that sarcoidosis can limit cancer progression
and may be considered as a model of a natural immune barrier to tumors; on the other
hand, the prolonged immune overdrive with M2 macrophages can lead to hematological
lymphoproliferation, such as lymphoma, MGUS, and macroglobulinemia, according to
Brincker’s observation [26,27]. Then, M1 and M2 macrophage polarization represents an
inflammatory microenvironment [89], in which M1 macrophages have anticancer proper-
ties in SLRs [90], while M2 macrophages can induce lymphoproliferation. Future drugs
promoting M1 re-education, as data on ibiquimod already suggest [75], will result in new
anticancer strategies.

Finally, prolonged corticosteroid treatment has an immunodepressive effect and is,
thus, a risk factor for tumor development. Therefore, it should be used for a minimal
duration to control sarcoidosis symptoms.
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