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Abstract: Sarcoidosis and lymphoma share immunopathological characteristics that suggest a complex,
interconnected relationship. This article examines the multi-faceted mechanisms linking sarcoidosis to
lymphoma, a phenomenon referred to as sarcoidosis-lymphoma syndrome (SLS). SLS is hard to diagnose,
requiring distinct criteria and imaging to differentiate overlapping features and histological differences. The
co-occurrence of these diseases may be explained by genetic predispositions, immune dysregulation, and
environmental factors that together enhance malignancy risk. In active sarcoidosis, chronic inflammation and
granuloma formation induce the production of cytokines that can contribute to lymphoma development. The
role of macrophage polarization is also discussed. Immunosuppressive treatment prescribed in sarcoidosis
patients, particularly corticosteroids and biological agents, may inadvertently increase further the
susceptibility to lymphoproliferative malignancies. These common mechanisms emphasize the need for
vigilant monitoring of lymphoma in patients with sarcoidosis as this granulomatous disease can not only
mimic but also promote the development of lymphoma.

Keywords: sarcoidosis; lymphoma; differential diagnosis; immunopathogenesis; genetics; risk
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1. Introduction

Sarcoidosis-lymphoma syndrome was first described in 1986 by Brincker in a study of 46 cases
that demonstrated a relationship between sarcoidosis and the development of lymphoproliferative
disease. Lymphoma may develop either years after a sarcoidosis diagnosis or even before.
Additionally, cases have been reported in which sarcoidosis coexists with lymphoma, presenting as
a paraneoplastic syndrome [1]. The average interval between the onset of sarcoidosis and lymphoma
is estimated to be 24 months, although cases have been documented where the interval spans
decades. Middle-aged individuals with chronic active sarcoidosis have a five-fold higher incidence
of lymphoproliferative diseases, with half of these cases involving low-grade lympho-mas located in
the lungs. Solid tumor frequency is also elevated, particularly involving the cervix, liver, lungs, skin,
testicles, and uterus [1].

The median age of sarcoidosis onset in patients who develop lymphoma is over 40 years,
approximately 10 years older than in those with sarcoidosis unaccompanied by cancer. Other
hematologic malignancies documented in patients with a prior sarcoidosis diagnosis exceeding one
year include myeloma, acute myelogenous leukemia, hairy cell leukemia, chronic myelogenous
leukemia, Epstein-Barr virus—associated lymphoproliferative disease, lymphoproliferative disorders,
myeloproliferative disorder, chronic lymphocytic leukemia, mycosis fungoides, and T-cell granular
lymphocytic leukemia [2].
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2. Epidemiology

Various hypotheses describe the complicated relationship of sarcoidosis and cancer or
lymphoproliferative diseases in particular. Notably, sarcoidosis is often diagnosed following
malignancy, although it can also coincide with or even precede cancer onset [3]. In a recent study by
Di Frances-co et al. (2024), 63.9% of cases showed sarcoidosis preceding cancer, while in 27.8%, both
were discovered simultaneously, and in 8.3%, sarcoidosis followed cancer [4,5]. The majority of cases
of sarcoidosis occurring after lymphoma seem to be of mild intensity or even self-healing [5].

A meta-analysis of studies conducted in Japan, the UK, the USA, and Scandinavia reported a
pooled relative risk (RR) of 1.19 (95% CI, 1.07-1.32) for all invasive cancers. The highest observed risk
occurred within the first four years following a sarcoidosis diagnosis (RR, 1.41; 95% CI, 1.27-1.56),
followed by the period between five- and nine-years post-diagnosis (RR, 1.31; 95% CI, 1.15-1.48).
After 10 years, the risk decreased to 1.06 (95% CI, 0.93-1.21). Notably, the analysis revealed an
approximately twofold increased risk for developing hematologic cancers (lymphomas, Hodgkin's
lymphoma, leukemia), skin cancers (melanoma, nonmelanoma), and cancers of specific organs
(upper digestive tract, kidney, liver, colorectal, bladder) [6]. A different study further suggested that
a prior diagnosis of sarcoidosis negatively impacts cancer prognosis, particularly in younger patients
[7].

In sarcoidosis-lymphoma syndrome, lymphoma typically appears 2-8 years after sarcoidosis
diagnosis, primarily in chronic sarcoidosis patients [8]. A really interesting addition to current
bibliography is the claim that spleen and bone marrow involvement are risk factors for hematological
malignancies development [9].

Sarcoidosis is often misdiagnosed with hematological diseases, namely granulomatous-
lymphocytic interstitial lung disease accompanying Common Variable Inmunodeficiency and also
lymphocytic granulomatosis, highlighting the affinity of both entities to the reticulo-endothelial
system, innate and adaptive immunity [10].

3. Differential Diagnosis

Establishing a definitive diagnosis of sarcoidosis-lymphoma syndrome through clinical and
radiological findings is challenging, and an optimal diagnostic approach has yet to be determined.
Sarcoidosis is notable for its wide range of clinical presentations. Whether symptomatic or
asymptomatic, acute or chronic, sarcoidosis can affect various organs, with clinical impacts ranging
from benign to severe [11].

The diagnosis of sarcoidosis is based on three primary criteria: a compatible clinical
presentation, evidence of non-caseating granulomas on histological examination, and the exclusion
of alternative diagnoses [12]. On the other hand, the diagnosis of lymphoma is established through a
lymph node biopsy, which utilizes morphological analysis, immunohistochemistry, and flow
cytometry. Although fine-needle aspiration and core needle biopsy are often employed during the
initial evaluation of adenopathy, these methods do not provide sufficient tissue for a definitive
lymphoma diagnosis, particularly for verifying Hodgkin lymphoma, which requires the
identification of Reed Sternberg cells [13].

CT imaging is the preferred method for evaluating sarcoidosis and differentiating it from other
mediastinal abnormalities based on the presence of mediastinal lymph node enlargement. Previous
studies have highlighted the critical role of CT in diagnosing both sarcoidosis and Hodgkin's
lymphoma by assessing mediastinal lymph node enlargement. However, these studies primarily
focused on qualitative analysis of imaging characteristics rather than quantitative assessments.
Significant differences exist between Hodgkin's lymphoma and sarcoidosis regarding mediastinal
lymph node enlargement. Sarcoidosis is characterized by non-caseating granulomas composed of
epithelioid cells, whereas lymphomatous nodes primarily consist of lymphocytes and Reed Sternberg
cells. Consequently, distinct absorption characteristics can be observed in imaging, reflecting the
histological differences between Hodgkin's lymphoma and sarcoidosis [14].

Both sarcoidosis and lymphoma can lead to increased FDG uptake in mediastinal lymph nodes;
thus, FDG-PET-CT cannot eliminate the need for histological verification [15]. In the case of Hodgkin
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Lymphoma, accurate interpretation of FDG-PET/CT findings is essential for determining the
prognosis of the disease and selecting appropriate treatments. FDG-PET/CT scans post-
chemotherapy showing persistent symmetrical bilateral mediastinal and hilar lymphadenopathy,
coupled with interval progression in metabolic and morphologic features, as well as associated lung
parenchymal changes, further supported the diagnosis of concurrent sarcoidosis [16].

Echo features of lymph nodes (LNs) observed through endoscopic ultrasound (EUS), combined
with fine needle aspiration (FNA), provide a less invasive alternative for diagnosing the etiology of
mediastinal lymphadenopathy (MLAD). While benign MLAD tends to involve smaller lymph nodes
compared to other etiologies, echo features alone are not a reliable diagnostic tool. Therefore, FNA is
recommended whenever feasible. However, due to the relatively low sensitivity of FNA, lymph
nodes with benign FNA results should undergo further evaluation if clinical suspicion persists [17].

Previous studies have successfully utilized MR, particularly diffusion-weighted imaging (DWI)
and apparent diffusion coefficient (ADC) measurements, to differentiate between malignant and
benign lymph node pathologies. Diffusion reflects the mobility of water molecules Despite its utility,
MRI does not effectively differentiate between neoplasm subtypes. Findings confirm that ADC values
in lymph nodes affected by malignant lymphoma are significantly lower than those in nodes affected
by sarcoidosis. Diffusion measurements also revealed lower values in sarcoidosis-affected nodes
compared to those with malignant lymphoma. MRI-based diffusion and T2 ratio indicators facilitate
differentiation between sarcoidosis-related and lymphoma-related lymphadenopathy. While the T2
ratio demonstrated higher specificity but lower accuracy compared to ADC values, their combined
application offers a valuable diagnostic advancement. This distinction is particularly significant for
younger patients presenting with similar symptoms of sarcoidosis or lymphoma [18].

Accurate diagnosis is crucial, as both lymphoma and sarcoidosis can present with B symptom:s,
diffuse lymphadenopathy, and hepatosplenic involvement. Differentiating between these two
diseases is particularly challenging, as lymphoma and sarcoidosis can, albeit rarely, coexist [19].

One of the prominent features of sarcoidosis is high Angiotensin-Converting Enzyme (ACE)
levels [4]. According to a study conducted by Cerri et. al. (2019) patients with SLS exhibit even higher
levels of ACE in comparison to patients with sarcoidosis or lymphoma alone. This phenomenon may
be explained by the hypothesis that ACE reflects the intensity of lymphocytic activation. During the
follow-up period of patients with sarcoidosis excessively high levels of ACE should raise suspicion
of malignancy [20].

An associated lymphoma should be considered in all patients with suspected sarcoidosis,
particularly those who fail to respond to treatment, or who exhibit persistent hematological
abnormalities. In cases of splenomegaly, splenectomy should be performed to rule out lymphoma if
less invasive diagnostic methods prove [21]. The persistence and progression of lymphoma following
the discontinuation of prednisone may contribute to a recurrence of sarcoidosis. Conversely, effective
lymphoma treatment through splenectomy has been associated with favorable sarcoidosis outcomes,
with no recurrence observed seven months posttreatment. It is hypothesized that these two
conditions may exhibit a synergistic relationship, necessitating comprehensive and targeted
management to achieve resolution [18].

4. Immunopathogenesis

4.1. Granuloma Formation

According to published literature, sarcoidosis arises in genetically predisposed individuals as a
result of a cell-mediated immunological reaction to one or more antigens, most of which are analyzed
in this article. Well-formed granulomas are the outcome of this cell-mediated response to antigenic
stimuli [22].

From an immunopathogenic perspective, granuloma formation represents a pathological
reaction initiated by CD4+ T cells that interact with antigen-presenting cells. When antigens are
encountered, they are phagocytosed and presented by cells like macrophages or dendritic cells to
CD4+ T helper cells. This interaction triggers an immune response characterized by a strong Thl-type
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cytokine cascade, including interleukin (IL)-2, tumor necrosis factor (TNF-a), and other contributors
like T regulatory cells (Tregs), which also produce interferon-gamma (y-INF). The release of y-IFN
and TNF-a subsequently drives macrophage accumulation, activation, and clustering, leading to
granulomatous inflammation. Granulomas form as a barrier around antigenic material, with a
layered structure: the core contains macrophages, epithelioid cells, and multinucleated giant cells,
surrounded by CD8+ and CD4+ T cells, B cells, monocytes, mast cells, and fibroblasts. These are
further encased in rings of hyaline collagen. Overall, granuloma initiation and disease progression
are driven by Thl cytokines, while dysfunctional Tregs (which support immune regulation) and
enhanced Th17 response may contribute to granuloma persistence [3].

Sarcoid granulomas can develop in patients with malignant tumors, such as carcinoma and
malignant lymphoma, through the establishment of a cell-mediated immune response against tumor
antigens produced by granulomas within the tumor. Sarcoidosis and lymphoma share numerous
immunological traits, including cutaneous anergy, peripheral lymphadenopathies, and increased T-
helper cell infiltration in tissues [23]. Additionally, patients with chronic sarcoidosis have a higher
likelihood of developing lymphoproliferative diseases, most likely due to immunological
abnormalities, such as B-cell system hyperactivity, a decrease in circulating T-helper cells, and an
increase in T-helper cells in granulomatous tissues [24]. Sarcoidosis is frequently associated with
hypergammaglobulinemia suggesting B-cell hyperreactivity, in up to 80% of cases [25].

4.2. Pathophysiology

Immunopathogenic pathways in both sarcoidosis and cancer involve immune dysregulation
and chronic inflammation as the main triggers [3,23]. Below, some of these mechanisms are discussed
and then summarized in Figure 1.

Three mechanisms have been proposed to broadly explain the relationship between sarcoidosis
and cancer [3].

1.  Genetic Predisposition and Environmental Triggers: Genetically predisposed individuals with
sarcoidosis may develop malignancies after persistent environmental exposure;

2. Immunosuppressive Treatment Risks: Corticosteroid treatment, often required in sarcoidosis,
can reduce immune surveillance, potentially in-creasing cancer risk (discussed further in a later
chapter);

3. Sarcoid-Like Reactions (SLRs): Some malignancies can trigger sarcoidosis-like responses in
tissues without systemic sarcoidosis, particularly when malignancy predates sarcoidosis [3]).

Inflammatory cytokines (e.g., tumor necrosis factor-a, interleukin-6 and transforming growth
factor-{3, nitric oxide, and vascular endothelial growth factor) can increase the risk of malignancy
when produced excessively as they may promote angiogenesis, cellular proliferation, stromal
growth, and tissue remodeling. Dysfunctional myeloid dendritic cells may further impair tumor
immune surveillance [26-28].

The role of macrophage polarization is also significant. The macrophage is a common dominator
in the processes of inflammation and tumor formation and engages in both innate and adaptive
immune response [29]. The states of homeostasis, chronic inflammation and disequilibrium are
regulated by the dynamic switch between M1 and M2 polarization [3].

M1 (“killer”) macrophages, the first line of defense against intracellular pathogens, induce Thl
CD4+ response and complement-mediated phagocytosis. According to the stimuli the suitable level
of CD64 and CD80 markers is expressed. Various antimicrobial mechanisms are also activated due
to the production of proinflammatory agents e.g. cytokines, chemokines, reactive oxygen and
nitrogen intermediates. Eventually, the M1-like macrophage eliminates the antigen, resolves the
inflammation and induces cancer cell cytolysis [30].

M2 (“healer”) macrophages (CD163+) produce anti-inflammatory cytokines, such as IL-4, IL-10,
and TGEF-f, in order to modulate the inflammation and protect the organism [31]. Repair mechanisms,
metabolic processes, but also granulomatosis formation are some of the other pathways that these
macrophages contribute to [3]. In advanced stages of sarcoidosis, M2-activation can even cause
fibrosis [32,33].
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The subpopulations of these cells are of particular interest in the topic of malignancies even
though their role usually involves parasitic, helminthic and fungal infections [31]. The M2d
population, also referred to as Tumor Associated Macrophages (TAMs), arises from adult myeloid
precursors found in circulation and may induce inflammatory response or its resolution. The
different behavior of TAMs depends on the reprogramming, the continuous plasticity and the present
stimuli that concludes to its self-regulating polarization. The reprogramming of an
immunosuppressive microenvironment results is proliferation, invasion, and metastasis of cancer
cells [34].

The specific equilibrium between M1 and M2 polarization is unique for different neoplasms and
is decisive for the tumor progression [35,36].

In sarcoidosis’ microenvironment, M1- and M2- macrophages have distinct roles. M1-
polarization’s anticancer properties in SLR may act as natural barrier to a neoplasm. M2-like
populations on the other hand can lead to hematological lymphoproliferation, such as lymphoma,
MGUS, and macroglobulinemia [3]. For lymphoma formation in particular, the activation of the
lymphocyte-macrophage axis - such as the one observed in active sarcoidosis —is a main driver of the
malignant proliferation [5,37].

Elevated mitotic activity and unregulated cellular proliferation can occur after a specific trigger
[3] increasing simultaneously the risk for mutation and malignant transformation [2]. In sarcoidosis
lymphocytes undergo multiple mitoses response to inflammation [2]. In addition, BAFF, a pro-
proliferative cytokine for B lymphocytes is elevated (in correlation with ACE levels) and could act as
a trigger for clonal proliferation [3,8]. Interestingly, in patients with sarcoidosis-lymphoma syndrome
a higher CD4/CD8 lymphocyte ratio is observed in BALF, compared to other patients [8].

According to another hypothesis, sarcoidosis induces regulatory T cell amplification. As a result,
naive and effector T cells proliferate and increase the production of IL-2, a B cell growth factor. This
might explain the observation of altered B cell subtypes in the peripheral blood of sarcoidosis patients
[38].

In a study conducted by Hachisu et al. (2022), the potential role of Th17-dominant immune
response was discussed. Th17 balance seems to be elevated in the state of tumor immunity in patients
undergoing ICI treatment [39] and in BALF from active sarcoidosis [40,41]. When sarcoidosis
subsides and Th17 balance lowers, a greater likelihood of neoplasm onset was observed, implying
that the remission stage of sarcoidosis may be the most susceptible to tumor development.

Cytokines ITh7

Inflammation ~ — SN 1BCols €— BAFF
Dendritic Cell
M2, TAM dysfunction
g o EIrL;o:Is 4 Immune ¢ Immunosuppressive
Growth Factor Surveillance Treatment
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Figure 1. Summary of the immunopathogenic mechanisms leading sarcoidosis to lymphoma.

5. Epigenetics

The molecular and genetic foundation of any disease provides an excellent lens through which
to understand the associated pathogenetic mechanisms. A comparison of the genetic background of
sarcoidosis and lymphoma suggests that microRNAs, HLA status, differentially expressed proteins,
epigenetic mechanisms, and oxidative stress may play a role in Sarcoidosis-Lymphoma Syndrome.

Recent research indicates that microRNAs may potentially be linked to various forms of
lymphoma, in addition to sarcoidosis. MicroRNAs (miRNAs) are small noncoding RNAs that post-
transcriptionally regulate mRNAs expressed in the human genome. They offer insights into disease-
specific gene pathways [42].

In sarcoidosis, microRNAs have been associated with the regulation of the TGFf3 and “wingless
and integrase-1” pathways [43]. The latter pathway is active during embryogenesis and in processes
of tissue homeostasis and healing [44]. Extracellular vesicles from bronchoalveolar lavage (BAL) of
sarcoidosis samples exhibited higher levels of miR-146a and miR-150 than those in healthy controls,
with even higher levels found in cases with Scadding Stage II radiographs compared to Stage I. Lung
function metrics, such as vital capacity and the FEV1/FVC ratio, are inversely correlated with these
microRNAs, indicating that their expression is linked to a more severe disease phenotype. The study
also found that miR-146a may act as an inhibitor, with increased expression induced by TNF-a and
IL-18 in the context of NF-«kB activation, while miR-150 may be involved in the activation of
CD3+CD4+ T cells via NOTCH3. Other microRNAs linked to inflammation and angiogenesis may
further influence the disease phenotype [42].

The role of miRNAs in lymphoma has also been documented. In human B-cell non-Hodgkin
lymphoma (B-NHL) xenograft mouse models, therapeutic potential has been demonstrated by
altering the expression of tumor suppressor miRNAs such as miR-144/451, miR-181a, miR-27, miR-
28-5p, and miR-34a, as well as the oncomiRs miR-17-92, miR-21, and miR-155. Modifying the
expression of specific miRNAs has shown potential to increase sensitivity to R-CHOP chemotherapy
components and B-NHL-targeted drugs like bortezomib and imatinib. Additionally, miRNAs
regulate the inhibitory receptor programmed cell death-1 (PD-1) and its ligand PD-L1 [45]. Another
study suggested a link between miR-155-5p expression and the prognosis of Mantle Cell Lymphoma,
with high miR-155-5p levels possibly indicating a poor prognosis [46]. Therefore, the simultaneous
influence of miRNAs in both sarcoidosis and lymphoma suggests a potential interaction between the
two diseases.

Differentially expressed proteins (DEPs) may also contribute to Sarcoidosis-Lymphoma
Syndrome. A proteomic analysis comparing the DEPs in vitreoretinal lymphoma (VRL) with those
in sarcoidosis and controls identified 1,594 proteins in the vitreous humor of the samples. In VRL,
282 DEPs were found compared to controls, with 249 upregulated and 33 downregulated.
Enrichment pathway analysis revealed changes in proteasome-related pathways, with 14 DEPs
significantly upregulated in VRL compared to controls and sarcoidosis. Proteins like HMGB2 (related
to mitochondrial energy metabolism) and PSAT1 (linked to serine biosynthesis) showed notably
higher expression in VRL, suggesting a connection to tumor cell metabolism. Pathway analysis using
Reactome and KEGG identified significant modifications, with the “proteasome” pathway and the
“citrate cycle (TCA cycle)” among the most altered. Reactome analysis highlighted “nuclear events
mediated by NFE2L2” and changes in cell proliferation pathways, such as “programmed cell death”
and “cellular responses to stimuli,” which may contribute to tumor cell growth. Key proteins
involved in these changes include PSMA7, PSMB6, PSMA5, PSMA6, PSMB4, PSMA3, PSMB5,
PSMA4, PSMB2, and PSMA2 [47].

Over the past two decades, studies have increasingly demonstrated that persistent oxidative
stress can lead to chronic inflammation, which may underlie numerous chronic diseases, including
diabetes, cancer, heart disease, neurological disorders, lung conditions, and hematologic disorders
like lymphoma. Oxidative stress activates transcription factors such as NF-kB, AP-1, p53, HIF-1q,
PPAR-vy, p-catenin/Wnt, and Nrf2, leading to the expression of over 500 genes related to growth
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factors, inflammatory cytokines, chemokines, cell cycle regulation, and anti-inflammatory responses
[48].

Even though oxidative stress is not directly considered as a genetic factor, genetics can
significantly influence the cell’s susceptibility to oxidation. In sarcoidosis, oxidative stress appears to
play a key role in pathophysiology and disease progression. Elevated markers of oxidative stress,
such as oxidatively damaged macromolecules and lipid peroxidation products, have been reported
in sarcoidosis patients, generating interest in non-invasive predictive tools for disease outcomes.
Disruptions in antioxidant defense systems, such as glutathione, superoxide dismutase, and
paraoxonase-1, are linked to disease development. Disturbed mitochondrial homeostasis, leading to
reactive species, also impacts cellular health [49]. This evidence suggests that oxidative stress may
connect sarcoidosis and lymphoma, explaining Sarcoidosis-Lymphoma Syndrome.

Epigenetic mechanisms, including DNA and histone methylation, as well as molecular
pathways like JAK/STAT, may further contribute to sarcoidosis development, though additional
research is needed [50,51]. Epigenetic mechanisms, including DNA and histone methylation, are also
implicated in lymphoma. Moreover, abnormal JAK/STAT signaling is observed in various T-cell
malignancies, suggesting another potential link to sarcoidosis [52,53].

5.1. Genetics

Finally, shared HLA status between sarcoidosis and lymphoma may contribute to Sarcoidosis-
Lymphoma Syndrome progression. A study on HLA variation in NHL among transplant-indicated
patients identified statistically significant associations, such as between Follicular Lymphoma and
HLA-DRB10701 among Caucasians [54]. Similarly, HLA-DRBI1 is the most common allele associated
with sarcoidosis, with different alleles linked to distinct sarcoidosis phenotypes, such as DRB103 with
Lofgren’s syndrome and DRB1*04 with ocular sarcoidosis [55,56]. The shared HLA-DRBI status in
both diseases points to a possible common pathogenetic mechanism.

These are the predominant genetic and molecular mechanisms that may connect sarcoidosis to
lymphoma and they are summarized in Figure 2.

Differentially
microRNAs Expressed

Proteins

DNA/histone methylation
JAK/STAT

Transcription
Factors

T

Oxidative Stress

HLA-DRB1

Figure 2. Genetic and molecular mechanisms that connect sarcoidosis to lymphoma.
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6. Environmental and Infectious Factors

6.1. Common Environmental Triggers

Several studies have reviewed the environmental factors that predispose individuals to or
prevent the formation of lymphoma and sarcoidosis separately.

There have been described four different pathophysiological pathways by which the
environment can affect the pathogenesis of sarcoidosis in particular [57].

The first mechanism involves exposure of the organs -mainly the lungs and skin- to the antigen,
where it is captured and bound to the HLA II molecules of APCs. The antigen is then presented to
CD4+ T-cells, resulting in a Th1/Th17 response and, ultimately, the formation of sarcoid granulomas.
Various HLA polymorphisms alter this interaction and influence the disease phenotype. Certain
polymorphisms can even protect the individual from the granulomatous disease [57].

The second mechanism proposes that following the exposure to the antigen and the subsequent
immune system dysregulation, through molecular mimicry, autoreactive B- and T- cells are
produced. Specifically for Lofgren Syndrome (a manifestation of sarcoidosis), vimentin is believed to
be the autoantigen. Overlap with certain connective tissue diseases is possible as antinuclear
antibodies have been detected in some cases [57].

The third mechanism, that may explain the pathogenesis of Drug Induced Sarcoidosis (DISR),
can be divided into two phases. In the first phase an external factor affects the individual’s immune
system in a way that in the second phase it is more susceptible to another agent that concludes to
sarcoidosis formation. For instance, in DIRS, certain drugs (e.g. Immune Checkpoint Inhibitors [ICIs])
increase the risk of sarcoidosis in “susceptible” individuals [57].

Lastly, authors suggest that external factors can have an association with sarcoidosis without
necessarily actually causing it [57]. These mechanisms are mainly proposed based on in vitro studies,
and they may all contribute to persistent granulomatous disease.

In Tables 1 and 2 the different risk and protective factors are listed.

Here, we will briefly review some of the factors that are in common between the different
entities.

Table 1. In this table the different risk factors of NHL, HL and Sarcoidosis are listed. For certain risk
factors associated with lymphoma, the specific type of malignancy they predispose to is indicated in
parentheses. Abbreviations used: NHL: Non-Hodgkin Lymphoma, HL: Hodgkin Lymphoma, FL:
Follicular Lymphoma, CLL: Chronic Lymphocytic Leukemia, TCE: trichloroethylene, UV: Ultraviolet,
BMI: Body Mass Index. According to references: [57-61].

NHL HL Sarcoidosis

Smoking (FL) Smoking Decreased sun exposure

Inhalation of organic bioaerosols
Hair Dye ' (FL, CLL) Eczema (musty odors, industrial organic
dusts)

Ionizing Radiation (especially  Inhalation of inorganic aerosol

UV Radiation
Uranium) exposures (several metal dusts)?
Dietary Fat Wood stove, Fireplace use
Dessert Foods Exposure to photocopier tone

Carbohydrates (B-cell

lymphoma) Silica exposure
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Man-made

Broiled meat , .
mineral fiber exposure

Solvents (especially benzene and Silicate exposure

TCE)
Some pesticides Working with vegetable dust
Higher BMI Higher BMI Higher BMI
Farmers? Living/Working in a Farm?

Blood Transfusion (nodal B-CLL,
high-grade extranodal Working with high humidity
lymphomas)

! Frequent use before 1980 for over 25 years and especially permanent, dark dye.2In relation to occupation,
farmers and agricultural workers have the strongest evidence for elevated NHL risk, suggesting that chemical
exposure or viral agents are to blame. 3beryllium, zirconium, titanium, nickel, chromium, cobalt, silicon, earth

elements, and aluminum.

Table 2. In this table the different protective factors of NHL, HL and Sarcoidosis are listed. For certain
lymphoma-related factors, the specific type of malignancy they are known to prevent is noted in
parentheses. Abbreviations used: DLBCL: Diffuse Large B-cell Lymphoma, FL: Follicular Lymphoma,
EBV: Epstein-Barr Virus, BMI: Body Mass Index. According to references: [59-62].

NHL HL Sarcoidosis
V Radiation (B-cell
v adlatlg;; C(Iie) subtypes, UV Radiation (EBV-positive HL) Smoking
Vitamin C (L) Physical activity (younger
women)
Dietary B12 Higher BMI (Older Women)
Vitamin B6, Methionine, Folate Low-dose aspirin use!

Other Antioxidants: Dietary
Manganese, Proanthocyanidins,
alpha-carotene

High intake of some vegetables
(cruciferous vegetables) and
fruits

Sun Exposure
Atopic Diseases

Blood Transfusion
Alcohol

! Protective factor only for never/rare users of nonaspirin Nonsteroidal Anti-Inflammatory Drugs (NSAIDs).

Firstly, the striking difference regarding the effect of smoking is worth noting. Cigarette smoking
is linked to lymphoma formation (NHL and HL) and especially to the follicular form [59,60]. Not the
same can be told for sarcoidosis as it was more common for non-smokers to develop the disease [62].

Sun exposure appears to protect against both lymphoma and sarcoidosis [57,60]. Decreased sun
exposure causing 1,25-diydroxyvitamin D deficiency (the biologically active form of vitamin D) has
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been interlinked to reduced production of cathelicin, an antimicrobial peptide. This mechanism is
known to predispose to infectious granulomatous diseases (e.g. tuberculosis) [57].

Moreover, those who work in the field of agriculture or live in a farm are at high risk for
sarcoidosis and lymphoma. This may be due to environmental factors, such as pesticides, or
infections associated with livestock farming [59]. Also, obesity and high BMI has a positive
association to both sarcoidosis and lymphoma [59-61].

6.2. Infectious Diseases

Infectious risk factors have been associated with both sarcoidosis and lympho-ma. These factors
are briefly analyzed.

6.2.1. NHL

Research suggests that the etiology of non-Hodgkin lymphoma involves infections - mainly viral
- and immunosuppression. Human herpes virus 8, hepatitis C (HCV) [59,60] hepatitis B (HBV),
human T-cell lymphotropic virus 1(HTLV-1) [59], Epstein-Barr virus, Human Immunodeficiency
Virus (HIV), Helicobacter pyloris (linked to gastric MALT lymphoma) [59,60] are all linked to the
pathogenesis of NHL. Also, some bacterial agents have been suspected, such as Campylobacter jejuni
(contained in animal feces), Chlamydia psittaci (infection via contact with birds) and lastly Borrelia
burgdorferi, which is associated with rare MALT lymphomas [59].

Patients infected by HIV present different kind of malignancies. Specifically, Kaposi's sarcoma
and NHL are the first and second most common type of cancers that these patients develop [60],
while HIV is the most well-characterized infectious factor for NHL [59]. HIV infection can affect the
pathophysiology of NHL indirectly by prolonged activation B-cells and poor immunological control
of oncogenic viruses (e.g. EBV) because of the induced systemic immunosuppression [13,59], or
directly by encoding HIV proteins which promote B-cell clonogenesis and chromosomal
translocations [60]. AIDS related NHL lymphomas also may manifest in HIV-negative patients and
they usually are heterogenous. Duration of high viral load and the current CD4+ T-cell count can
serve as prediction factors for the risk of lymphoma [59].

Epstein-Barr virus (EBV), is also known to cause numerous NHL subtypes, such as Burkitt
lymphoma, sinonasal, angiocentric T-cell lymphoma, and immunosuppression-related NHL, as it is
also recognized as a class 1 carcinogen [60]. Approximately half of DLBCL cases associated with HIV
infection are EBV-positive, while around 30% of Burkitt's lymphoma cases are linked to EBV. In
immunocompetent hosts, EBV is primarily associated with rare NK/T cell subtypes, and nearly all
cases (>95%) of endemic Burkitt's lymphoma in Northern Africa are EBV-positive [59]. The virus,
after the primary infection, stays in a latent state in patient’s lymphocytes enabling the possibility of
reactivation in cases of systemic immunosuppression or another co-infection (such as malaria). The
mechanisms that provide the viruses’ onco-genic properties include the immortalization of B cells
and encoding specific gene products. As a result of the latter genomic instability and cell proliferation
are induced and apoptosis is blocked [13,60].

6.2.2. HL

The development of HL seems to be the outcome of the interaction of genetics, environmental
factors and the likely impaired immune system. An abnormal response of the latter to various
infectious agents may trigger oncogenic processes. Although the exposure to infections from a young
age can be a protective factor against HL [60,61] — because of the premature maturation of cellular
immunity [60] and the subsequent cytokine balance [61] —, early exposure to EBV does not follow the
same path. Infectious Mononucleosis (IM) especially when it is caused by EBV increases the risk for
HL and the young age of infection elevates even more the relative risk [60]. EBV seems to prevent the
apoptosis of BCR-mutated GC B-cells through the expression of the Latent Membrane Protein 2A
(LMP2a). In the EBV-positive Hodgkin and Reed/Sternberg (HRS) cell LMP2a is a BCR mimic, while
Latent Membrane Protein 1 (LMP1) mimics CD40 receptors. This mechanism shows that the virus
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induces cancer cell proliferation. It is important to note that EBV-negative HL originates from
different pathophysiological paths [61].

Additionally, studies have shown that EBV-positivity in children under 15 years old had better
survival than individuals from 45 to 96 years old with the nodular sclerosis subtype, whose risk of
death was double. The survival rate of the age group 15 to 44 years old either stays unaffected or is
protected [61].

Immunosuppression plays also a role in the pathogenesis, but to a smaller extent that in NHL.
HIV infection does increase the risk for HL, while the majority of the patients are also EBV positive
[60]. Usually, HIV-HL is associated with more advanced stages of the disease with extranodal
involvement and B-symptoms. The rise of antiretroviral therapy has decreased the number of cases
caused by the virus [61].

6.2.3. Sarcoidosis

Although evidence is conflicting, mycobacteria have been linked to sarcoidosis [57,63,64] with
the suggested mechanism being that, mycobacterial antigens - in the absence of viable mycobacterial
organisms — may trigger the immune process of sarcoidosis [57]. This claim is supported, by the
identification of different myco-bacterial components [57,63]. One of these components,
mycobacterial catalase-peroxidase protein (mKatG), was found in sarcoidosis lesions, alongside with
T-cell responses to mKatG in the peripheral blood of sarcoidosis patients [57]. Inmune responses to
mycobacteria have been reported in BAL samples as well [63,64]. It is noteworthy that a reagent that
induces almost exclusively the granulomatous inflammation in sarcoidosis (Kveim-Siltzbach)
imitates the physicochemical behavior of mKatG [57].

Bacteria (e.g. Borrelia [57], Propionibacterium acnes [57,63,64]) and fungi [57,63] are the other
organisms that have been blamed. Propionibacterium acnes, a skin commensal bacterium, is the only
documented microorganism that has been cultured from sarcoid tissues. Here also, specific immune
responses to the bacterium in sarcoidosis patients have been recognized [57,64].

Some studies suggest that alterations in gut and respiratory microbiota might play a role in the
development of the disease, since human microbiota contributes to immune homeostasis. In
bronchoalveolar lavage (BAL) of sarcoidosis patients a less diverse and abundant microbiota was
determined [57]. Other studies have also observed an increased incidence of Atopobium and
Fusobacterium presence in pathological BAL fluid [57,65]. Opposite results have been though
reported, where no significant difference between the lung microbiota of healthy and non-healthy
subjects was observed [63].

While infectious agents play a role in the pathogenesis of both lymphoma and sarcoidosis, a
common link is not evident. Lymphoma’s development is more associated to viral agents and
immunosuppression, while sarcoidosis seems to have a stronger link towards bacterial and
mycobacterial agents.

Weak evidence supports that some bacteria may cause rare subtypes of MALT lymphoma and
Borrelia burgdorferi is mentioned [59]. Lyme borreliosis, a multisystemic disorder caused by Borrelia
burgdorferi (Bb) has been related to NHL subtypes — and not overall risk for NHL — via self-reported
history of infection and seropositivity for anti-Borrelia antibodies. Mantle cell lymphoma, a rare B-
cell NHL, was the specific subtype where the link was determined [66].

In regions where Lyme borreliosis is endemic, anti-Borrelia antibodies were detected at a higher
rate in sarcoidosis patients in relation to healthy subjects and individuals in non-endemic regions
[67]. Interestingly, Lyme disease is included in the differential diagnosis of extra-pulmonary
sarcoidosis. Non-specific positive test for anti-Bb has been reported again in a previous evaluation,
where the researchers doubted the association [68]. A pathophysiological causation is considered
possible by Ishihara et al., but cross-reactivity between Borrelia and other agents suspected to trigger
the development sarcoidosis (molecular mimicry) was not excluded [67]. In another study, DNA of
Bb was identified, by the use of PCR, in a minority of sarcoidosis patients and a possible etiologic
role was suggested for these cases [69].
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A further evaluation of infectious factors that contribute to the formation of lymphoma and
sarcoidosis separately, but also the examination of possible common risk factors is needed.

7. Effects of Inmunosuppressive Treatment

Immunosuppression’s role in malignancy development, especially in organ transplant
recipients, is well-documented. In patients undergoing long-term immunosuppressive treatment,
such as those with organ transplants, viral and non-viral agents elevate the risk of virus-related
cancers and B-cell non-Hodgkin lymphoma. Newly formed neoplastic cells can no longer be detected
by the patient’s immune system, and in the case of transplant recipients, the risk of malignancy
depends on the intensity and the duration of immunosuppressive treatment [70]. Within the first year
following solid organ transplantation, Epstein-Barr virus (EBV)-related diffuse large B-cell
lymphoma (DLBCL) is the most common type of lymphoma associated with immunosuppression
[71]. So, the question arises whether the immunosuppressive treatment of sarcoidosis can potentially
lead to lymphoma.

7.1. Immunosuppressants Used in Sarcoidosis

Not all patients with sarcoidosis require treatment, as 30% of cases will subside without any
intervention [72]. Reducing morbidity and mortality risk, and improving quality of the life (QoL)
constitute the main goals of treatment and on that ground their assessment is crucial in decision-
making [73]. The guidelines also differ according to the phase of the disease (acute, chronic or acute
on chronic) [72] and its manifestations (pulmonary, cardiac, neurosarcoidosis) [72,73].

The main treatments prescribed include:

Corticosteroids (e.g. Prednisone): These remain the first-line of treatment in patients with sarcoidosis
[72,73]. For long-term maintenance, the lowest possible dosage of corticosteroids (CS) is preferred,
which is achieved by adding second- and third- line agents [72].

Methotrexate (MTX) and anti-TNF-a antibodies (Infliximab-IFX): the second- and third-line
treatment. These are used in cases of unacceptable toxicity of CS, in refractory or relapsing disease
and as steroid-sparing agents [72].

Other drugs: Azathioprine (AZA), Leflunomide and Rituximab, an anti CD20 B-lymphocyte antibody
used as a third-line drug [72].

Pulmonary Fibrosis: antifibrotic treatment (nintedanib) may be added to the therapeutic regimen and
in severe cases lung transplantation might be necessary [72].

7.2. CS and Lymphoma

Although oral corticosteroids are frequently used in sarcoidosis, their role in lymphoma
formation remains controversial.

Some authors have concluded that topical steroids may serve as an independent risk factor for
HL that depends on the dosage, the duration and the potency of the treatment [74,75]. Others have
refuted this claim [71,76], while the former study accepts the association of topical treatment only
due to systemic immunosuppression. These findings are worth noting in this analysis since topical
treatment may be used in cases of anterior uveitis and skin lesions [77].

Regarding the oral administration, there have been results in favor of their involvement in
lymphoma formation [71], but also against it [70,78].

In a case-control study that collected data from the UK Clinical Practice Re-search Datalink
(CPRD), the authors suggested that all routes of administration were associated with increased risk
of lymphoma, especially HL and in patients younger than 50 years old. Intravenous and
intramuscular administration affect-ed predominantly the relative risk followed by oral, topical, and
then inhaled steroids [79].

7.3. MTX, Anti-TNF-a Agents and Lymphoma
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The effects of MTX and anti-TNF-a were studied in patients suffering from rheumatoid arthritis
and no elevation of relative risk in lymphoma formation was documented [80-82].

Likewise, patients with Inflammatory Bowel Disease (IBD) receiving anti-TNF-a treatment were
not more at risk of lymphoma than other IBD patients [83].

In spite of these observations, Hepatosplenic T-cell Lymphoma (HSTCL), a rare and lethal
disease, was associated with IFX and primarily with Thiopurine use (AZA or 6- mercaptopurine) [83].

7.4. AZA and Lymphoma

The risk of NHL and squamous cell skin cancer was found to be elevated in non-transplant
patients under AZA treatment.

Azathioprine, a 6-mercaptopurine derivative, may promote cancer development via two
mechanisms:
its immunosuppressant abilities, particularly after viral exposure in post-transplant patients, can
promote lymphoproliferative disorders;
it can directly damage DNA through 6-thioguanine accumulation [70].

Moreover, as mentioned above AZA is also linked to HSTCL [83].

Given these variable risks associated with immunosuppressive therapies, ongoing assessment
of lymphoma risk is crucial in sarcoidosis patients requiring long-term immunosuppression.

However, the reverse phenomenon has been also described. Systemic sarcoidosis or only local
reactions, as described below, may occur after immuno-suppressants or chemotherapy, as published
in a series of sarcoidosis flaring after breast cancer treatment [84].

8. Sarcoid-Like Reactions

The development of noncaseating epithelioid cell granulomas in oncologic patients that do not
fulfill the criteria for systemic sarcoidosis, is defined as sarcoid-like reaction [2]. SLR develop as a
result of neo-plastic proliferation.

Recent evidence suggests that oncological immunostimulating therapies (such as interferon,
PDL1 inhibitors, anti-TNF-a) may be responsible for granuloma formation [3,5,39], especially in
patients with hematologic malignancies, such as non-Hodgkin lymphoma, chronic myelogenous
leukemia, multiple myeloma, essential thrombocytosis and predominantly Hodgkin disease [2].
When drug-induced, these reactions are known as Drug-Induced Sarcoidosis (DIRS) [3]. Alpha
interferon is the most common therapeutic agent that causes sarcoidosis in oncologic patients but
also poses as a risk factor for patients without malignancies [2,5].

Immune Checkpoint Inhibitor (ICI) treatment which includes PD-1, PDL-1 and CTLA-4
inhibitors [85] is known to cause Sarcoid-like granulomas [39] through the induced predomination
of Th1 response. CTLA-4 and PC-1 inhibitors provoke IL-17 secretion by CD4+ cells and increase the
Th17/T regulatory cells ratio. CTLA-4 blockade also contributes to the increase of Th1-related markers
[39]. Figure 3 depicts the mechanisms analyzed above.
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Figure 3. Summary of the immunopathogenic mechanisms that cause Sarcoid-Like Reaction
formation.

This reaction should not be considered as a negative prognostic factor, on the contrary it can
mark a strong immune response and be a barrier to cancer cells [3,5,8]. SLR can mainly be seen in
lymphoma and testicular cancer [8].

9. Conclusion

In conclusion, the complex relationship between sarcoidosis and lympho-ma, known as
Sarcoidosis-Lymphoma Syndrome, reveals a multifaceted interplay of genetic, environmental, and
immunological factors. Distinguishing sarcoidosis from lymphoma is challenging due to overlapping
clinical and imaging features. While advanced imaging techniques like FDG-PET/CT and MRI offer
valuable insights, histological confirmation remains crucial. The coexistence of both conditions
complicates diagnosis and management, requiring a multidisciplinary approach to ensure accurate
diagnosis and effective treatment. Evidence suggests that chronic inflammation, immune
dysregulation, and specific genetic predispositions, including shared HLA alleles and microRNA
patterns, may contribute to this association. Additionally, environmental exposures and infectious
agents, while not conclusively linked to both conditions, appear to influence disease susceptibility.
Immunosuppressive therapies, essential for managing sarcoidosis, introduce potential risks of
malignancy, particularly in individuals with pro-longed exposure. Furthermore, sarcoid-like
reactions (SLRs) highlight the possibility of paraneoplastic manifestations and stress the importance
of distinguishing true sarcoidosis from granulomatous responses associated with malignancy. A
deeper understanding of the shared molecular pathways, such as the JAK/STAT and oxidative stress
mechanisms, may not only elucidate the development of Sarcoidosis-Lymphoma Syndrome but also
improve therapeutic approaches, including targeted immunomodulatory treatments. This highlights
the necessity for vigilant monitoring and personalized management in patients with sarcoidosis,
especially those requiring long-term immunosuppression, to balance therapeutic benefits with cancer
risk.

10. Key Points

Sarcoidosis-Lymphoma Syndrome describes the link between sarcoidosis and lymphoproliferative
diseases, often seen in middle-aged individuals, with Hodgkin disease being the most common
lymphoma type;
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Differentiating sarcoidosis from lymphoma is challenging due to overlapping features, requiring a
combination of advanced imaging techniques, histological verification, and careful clinical
assessment;

Sarcoidosis may develop before, after, or alongside cancer. Key contributing factors include genetic
predisposition, immunosuppressive treatment, and sarcoid-like reactions (SLRs) triggered by
tumors;

Granulomas form in sarcoidosis due to a cell-mediated immune response, which can also occur
around tumor antigens, showing immunological overlap with lymphoma;

Chronic inflammation and immune dysregulation drive both sarcoidosis and cancer risk, with
macrophage polarization (M1/ M2 types) and cytokine elevations playing significant roles;

SLRs are granulomas in cancer patients without systemic sarcoidosis, often triggered by cancer
therapies, and may indicate an immune response to cancer;

Shared genetic markers like microRNAs and HLA alleles link sarcoidosis and lymphoma, suggesting
common immunological pathways;

Risk factors like smoking, obesity, and certain infections (e.g., EBV, HIV for lymphoma, bacteria for
sarcoidosis) influence disease development in each condition;

Long-term use of corticosteroids and other immunosuppressants in sarcoidosis may increase
lymphoma risk, necessitating close monitoring in treat-ed patients. These points summarize the
complex interactions between sarcoidosis, lymphoma, immune responses, genetic predispositions,
and environmental influences.
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