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ARTICLE INFO ABSTRACT

Keywords: Introduction: Patients with sarcoidosis have a lower survival rate than the general population, in part due to
Sarcoidosis cardiovascular disease, infections and neoplasms. Our objective was to evaluate the impact of haematological
Haematological neoplasm neoplasms (HN) and lymphomas on sarcoidosis patient mortality in a nation-wide analysis conducted in Spain, a
Lymph,oma country with a population of 47 million.

Mortality

Methods: Retrospective and observational comparison of the HN related deaths in sarcoidosis patients and the
general Spanish population reported in the Spanish Hospital Discharge Database. To determine the impact of
sarcoidosis on the risk of dying from each HN lineage, a binary logistic regression considering age, female sex,
tobacco and alcohol consumption, was performed.

Results: In the period 2016 and 2019, 139,531 in-hospital deaths from neoplasms were certified in Spain (77 in
patients with sarcoidosis). Patients with sarcoidosis died at younger age than the general Spanish population
(72.9 vs 77.6, p<0.001). Sarcoidosis patients presented a higher mortality risk from HN (20.8% vs 8.9%,
p=0.001, OR=2.64, 95% CI 1.52-4.59), attributable to the higher proportion of deaths from non-Hodgkin
lymphoma (NHL), (9.2% vs 2.9%, p=0.006, OR= 3.33, 95% CI 1.53-7.25) from both B cell (6.6% vs 2.5%,
p=0.044, OR= 2.62, 95% 1.06-6.5) and T/NK cell lineages (2.6% vs 0.3%, p=0.024, OR= 7.88, 95% CI 1.92-
32.29) as well as HN with uncertain behavior and myeloproliferative disorders (2.6% vs 0.3%, p=0.018, OR=
11.88, 95% CI 2.88-49.02). The mean age of sarcoidosis patients who died from HN (63.6 vs 71.9, p=0.032) and
non-Hodgkin lymphoma (56.9 vs 71, p=0.009) was lower than that of the general population

Conclusion: Patients with sarcoidosis present a higher risk of premature death from HN, including NHL from B, T/
NK cell lineage and myeloproliferative disorders in comparison with the general Spanish population. In addition
to developing strategies that might help to attenuate their occurrence and impact, such as decreasing the
immunosuppressive burden, specific early-detection programs for these conditions should be investigated and
considered carefully.

Sarcoidosis-lymphoma syndrome

unknown. However, some reports have suggested that sarcoidosis might
be a dysregulated antigenic response to certain environmental expo-
sures, for example to microorganisms [2,4,5]. Therefore, the
pathogen-associated molecular patterns of phagocytosed and partly
degraded microbial antigens, such as mycobacteria and propionibac-
teria, can trigger or amplify inflammation, leading to granuloma for-
mation and the heterogeneous clinical phenotype of sarcoidosis in lungs,
lymphatic system, eyes and skin, among others tissues [1].

1. Introduction

Sarcoidosis is a systemic chronic autoimmune disease characterized
by the formation of non-caseating granulomas [1-3]. The cause of
sarcoidosis, and the exaggerated immune response in which activated
macrophages and dendritic cells shift the T-cell pathways towards Thl
differentiation, leading to subsequent granuloma formation, is still
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Abbreviations
AS Ankylosing spondylitis
CT Computed tomography

DM/PM Dermato-polymyositis
FDG Fluorodeoxyglucose

HN Haematological neoplasm.

IBD Inflammatory bowel disease

ICD International Classification of Diseases
MG Myasthenia gravis

NHL: Non-Hodgkin lymphoma

PET positron emission therapy

RA Rheumatoid arthritis

SjS Sjogren’s syndrome

SLE Systemic lupus erythematosus

SNHDD  Spanish Hospital Discharge Database

SON Solid organ neoplasm.
SSc Systemic sclerosis

Patients with sarcoidosis have a lower survival rate than the general
population, mostly due to advanced pulmonary fibrosis, respiratory
failure, pulmonary hypertension and, less commonly, from cardiac,
central nervous system and hepatic involvement [2,6-8]. Moreover, a
higher risk of cardiovascular disease, infections and neoplasms, has been
recently highlighted as an important cause of premature death in this
population [1-3,6,7].

Previous reports have identified an association between sarcoidosis
and lymphoma, which led Bricker, to propose the term ‘sarcoidosis-
lymphoma syndrome’ [9-11]. However, solid information on this as-
sociation is lacking, since most reports are based on small-size, mono-
centric and retrospective studies from previous decades [9,12-14].
Hence, other reports have failed to confirm this hypothesis [15-17].
Furthermore, to date there are a lot of unanswered questions regarding
the haematological neoplasms (HN) and lymphoma risk on sarcoidosis
patients, including if both entities truly coexist or if sarcoidosis could be
indeed a long-term risk factor for HN and lymphoma, for example [5,
18]. Finally, the impact of HN and lymphomas on the mortality of
sarcoidosis patients has not been defined.

In light of the above, our objective was to evaluate the impact of HN
and lymphomas on sarcoidosis patient mortality in a nation-wide anal-
ysis conducted in Spain, a country with a population of 47 million.

2. Materials and methods

We performed an analysis on data extracted from the Spanish Hos-
pital Discharge Database (SNHDD), a public access registry belonging to
the Spanish Government. The SNHDD includes demographic and
epidemiological data and up to 20 discharge diagnoses carried out
during admission and defined from January 1st, 2016 by the Interna-
tional Classification of Diseases (ICD-10). We compared the proportion
and lineage of the HN related deaths of sarcoidosis patients and the
general Spanish population.

2.1. Study population

We selected hospital admissions, from 2016 to 2019 for patients with
a diagnosis within the ICD-10-CM code D86 (sarcoidosis) at any position
in the diagnostic list. Organ involvement (lung, nodal, skin, central
nervous system, eye, kidney, heart, joint and myositis) were also
retrieved according to the D86 code subsections. Cases with limited
cutaneous sarcoidosis (D86.3), without affecting any other organ or
presenting systemic features, were not included. Furthermore, patients
who presented any other autoimmune disease which might impact the
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neoplasm related risk in the sarcoidosis population were also excluded
[19-22]. These conditions were also identified according to the
respective ICD-10-CM diagnostic codes, including systemic lupus ery-
thematosus (SLE) (M32), Sjogren’s syndrome (SjS) (M35), systemic
sclerosis (SSc) (M34), dermato-polymyositis (DM/PM) (M33), rheuma-
toid arthritis (RA) (M05 and M06), ankylosing spondylitis (AS) (M45),
psoriasis (L40), myasthenia gravis (MG) (G70.0) or inflammatory bowel
disease (IBD) (K50 and K51). All in-hospital deaths notified in Spain
during 2016-2019 were retrieved from the SNHDD, and were used as
the control group to compare with the sarcoidosis patients.

2.2. Variables and neoplasm-related deaths

According to the database structure and design, the main diagnosis
was the defining reason for admission, and the cause of death if that
occurred. Therefore, all main diagnoses of the deceased patients were
decodified, analyzed and clustered. Only those admissions and deaths
attributable to neoplasms (from ICD-10-CM code C.00 to D.49), other
than sarcoidosis itself (D86), were analyzed.

Following the ICD-10-CM coding criteria, neoplasm related deaths
were classified as malign neoplasms, which include solid organ malign
neoplasms (C00-C80), haematological malign neoplasms (C81-C96), in
situ neoplasms (D00-D09), benign solid organ neoplasms (D10-D36 and
D3A), and unknown or non-specified behavior neoplasms (D37-D49), in
turn also including solid organ and HN. Myelodysplastic syndromes
(MDS), based on their worse prognosis and mortality rate, were
considered malign haematological neoplasms. Finally, the main HN
lineages, and subsequent subclassifications, such as lymphoma, leuke-
mia or MDS, among others, were considered and analyzed separately.

2.3. Statistical analysis

The epidemiological and demographic data, as well as the proportion
of deaths attributable to the distinct neoplasm types and lineages, with
the main focus on HN, were compared between sarcoidosis patients and
the general Spanish population. Categorical variables were reported as
frequencies and percentages while continuous variables were presented
as mean and standard deviation. The significance of differences between
the two groups was determined by the Chi-square or Student’s t-test, as
appropriate. In addition, we performed a binary logistic regression
analysis for each HN group and lineage to determine the impact of
sarcoidosis on the risk of dying from each HN group and lineage. Age,
female sex, tobacco and alcohol consumption (according to ICD-10 CM
codes F17 or Z72.0 and F10, K70 or 142.6, respectively) were adjusted
for. For all the analyses, a significance level of 0.05 was set. Statistical
analysis was performed using SPSS version 26.0 (IBM, Spain).

2.4. Ethics

The study complies with the Declaration of Helsinki and was
approved by the local research ethics committee (Expedient number PI
237-23). The data were provided after all potential patient identifiers
had been deleted and data were given anonymously. Due to the design of
the study, and according to Spanish law, informed consent was not
required.

3. Results
3.1. Sarcoidosis patient characteristics

Between 2016 and 2019, 12,267 hospital admissions of patients with
sarcoidosis were identified in the Spanish National Registry (Fig. 1). The
admissions of patients with other autoimmune diseases related to a
potential higher malignancy risk (716, 5.8%), as well as those with
isolated sarcoidosis skin involvement (282, 2.3%) were excluded as
discussed above.
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Hospital admissions of patients with sarcoidosis in Spain between 2016 and 2019
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Fig. 1. Flow chart of the study population.

Out of 11,294 admissions in patients with sarcoidosis, 52.9 % were
female, with a mean age of 62.8 years (Table 1). Sarcoidosis organ
involvement was as follows: lung in 4921 (43.6%), nodal in 1397
(12.4%), skin in 238 (2.1%), central nervous system in 60 (0.5%), eye in
53 (0.5%), kidney in 93 (0.8%), heart in 151 (1.3%), articular in 106
(0.9%), myositis in 29 (0.3%) and others, including hepatitis or Heer-
fordt syndrome, in 1609 (9.5%)

Regarding outcomes, 643 (5.7%) patients were admitted to the
Intensive Care Unit (ICU) and 496 (4.4 %) died (Table 1, Fig. 1). The
2001 patients (17.7%) admitted due to sarcoidosis activity were
younger than the 759 patients (6.7%) admitted due to neoplasms (53.9
vs 63.8, p < 0.001). On the other hand, only 43 patients (8.7%) died as a
result of sarcoidosis activity but 77 (15.5%) from neoplasms (p = 0.001).

3.2. Differences in neoplasm related deaths in sarcoidosis patients and the
general Spanish population

The mean Spanish population between 2016 and 2019 was
46,704,229 inhabitants. In this period, 705,557 in-hospital deaths were
identified. These patients died at older age than the sarcoidosis patients
who died during in-hospital admission (77.6 vs 72.9, p < 0.001).

Overall, 139,531 (19.8%) of all deaths identified in Spain in this
period were attributable to neoplasms. Table 2 identifies several

differences when the proportion of neoplasm related deaths in sarcoid-
osis patients was compared with the general Spanish population. In
sarcoidosis patients, 78.9% of neoplasm related deaths were attributable
to solid organ neoplasm (SON) (vs 91.1% in the general Spanish popu-
lation, p = 0.001) and 20.8% to HN (vs 8.9% in the Spanish population,
p = 0.001). In addition, the mean age of sarcoidosis patients who died
from neoplasm (67.4 vs 70.7, p = 0.034), and from HN (63.6 vs 71.9, p
= 0.032) was lower than that of the general population. No age differ-
ences were found between the two groups for SON (68.8 vs 70.6, p =
0.296).

3.3. Haematological neoplasms in sarcoidosis patients

As the rate of HN deaths in patients with sarcoidosis and the general
Spanish population differed, a more detailed comparison, considering
the different HN lineages, was performed (Table 3). In order to deter-
mine the impact of sarcoidosis on the risk of death from each HN, a
binary logistic regression analysis, taking into account age, sex, alcohol
and tobacco consumption, was carried out for each neoplasm lineage.

The adjusted multivariate analysis confirmed that sarcoidosis pa-
tients presented a higher mortality rate from HN (20.5% vs 8.9%, p =
0.001, OR = 2.64, 95% CI 1.52-4.59) than the general Spanish popu-
lation. This difference was attributable to the higher proportion of
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Table 1
Patient characteristics.

Admissions of patients with Sarcoidosis (N = 11,294)

Patients/admissions characteristics

Female, N (%) 5975 (52.9)
Age (years) (Mean, SD) 62.8 (15.8)
Ethnicity, N (%)
Arabic 263 (2.3)
Asian 22(0.2)
Black 152 (1.3)
Caucasian 8568 (75.9)
Hindu 12 (0.1)
Latin/Hispanic 115(1)
Sarcoidosis activity-related admission, N (%) 2001 (17.7)
Age (years) (Mean, SD) 53.9 (15.8)
Neoplasm-related admission, N (%) 759 (6.7)
Age (years) (Mean, SD) 63.8 (13.4)
Sarcoidosis organ involvement, N (%)
Lung 4921 (43.6)
Nodal 1397 (12.4)
Skin 238 (2.1)
Central nervous system 60 (0.5)
Eye 53 (0.5)
Kidney 93 (0.8)
Heart 151 (1.3)
Articular 106 (0.9)
Myositis 29 (0.3)
Others 1609 (9.5)
Outcomes
Deaths, N (%) 496 (4.4)
Age (years) (Mean, SD) 72.9 (12.2)
From sarcoidosis activity 43 (8.7)
Age (years) (Mean, SD) 70 (11.3)
From neoplasms 77 (15.5)
Age (years) (Mean, SD) 67.7 (13.3)
Admission-length (days), (Mean, SD) 8.4 (10)
ICU admission, N (%) 643 (5.7)
ICU admission length (days), (Mean, SD) 5.7 (9.3)

SD: Standard deviation, ICU: Intensive care unit.

deaths from non-Hodgkin lymphoma (NHL), (9.2% vs 2.9%, p = 0.009,
OR = 3.33, 95% CI 1.53-7.25) from both B cell (6.6% vs 2.5%, p =
0.044, OR = 2.62, 95% 1.06-6.50) and T/NK cell lineages (2.6% vs
0.3%, p = 0.024, OR = 7.88, 95% CI 1.92-32.29) as well as HN with
uncertain behavior (2.6% vs 0.3%, p = 0.018, OR = 11.88, 95% CI
2.88-49.02). Finally, it is noteworthy that the sarcoidosis patients who
died from NHL were younger (56.9 vs 71, p = 0.009) than those in the
general Spanish population.

4. Discussion
This large nationwide epidemiological study analyses the impact of

HN on patients with sarcoidosis and reveals that mortality due to HN is

Table 2
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up to three times higher than in the general population. In addition, the
early-age mortality from HN and lymphomas in our study supports that
both have a strong impact on the premature death of sarcoidosis
patients.

In 1986, Brincker reported an analysis of 17 patients with sarcoidosis
who presented lymphoproliferative disorders years after sarcoidosis
onset and diagnosis [10]. Given this association, the author proposed the
term ‘sarcoidosis-lymphoma syndrome’. Since them, several studies
have tried to assess this issue and this concept has been nuanced [1,6,7,
9,12]. Thus, the higher lymphoproliferative disease risk in patients with
sarcoidosis seen in later studies has been related to chronic active dis-
ease, extra-thoracic involvement, the development of new organ
involvement, recurrent disease or even to the persistence of high levels
of angiotensin-converting enzyme. However, other authors have shown
conflicting results [15-17]. Romer et al. did not find any association
between lymphoma and sarcoidosis after a more rigorous pathologic
confirmation of sarcoidosis. Similarly, a very recent study from
Ungprasert et al. neither showed a higher risk of haematological or
lymphoproliferative malignancy in patients with sarcoidosis compared
to non-sarcoidosis subjects [23]. Finally, a population-based study from
Korea published in 2021, despite confirming a higher risk from lym-
phoma in patients with sarcoidosis, showed that lymphoma diagnosis
practically coincided with sarcoidosis onset and diagnosis, unlike lym-
phoma in patients with rheumatoid arthritis or Sjogren’s syndrome [20].
The above differences probably reflect the complex relationship be-
tween the two entities and the ‘sarcoidosis-lymphoma syndrome’
concept ambiguity. We believe our study helps to clarify this.

Our nation-wide population study showed an up to 3-fold mortality
risk from HN in patients with sarcoidosis, mostly related to NHL from B
cell and T/NK cell lineages, as well as to other HN such as myelopro-
liferative disorders. To our knowledge, only the Swedish group pointed
out that patients who were previously admitted owing to sarcoidosis
presented a higher mortality rate from NHL than the patients not
admitted because of sarcoidosis [14,24]. Therefore, our results not only
confirm the association of sarcoidosis and lymphoma but also determine
its significance in terms of mortality. Other than B and T/NK cell lineage
lymphomas, myeloproliferative disorders were responsible for the
higher death rate due to HN.

Another important point arising from our study is the early age at
which patients with sarcoidosis died from HN and lymphomas. While
the mean age of the patients admitted because of sarcoidosis activity and
diagnosis was 53.9 years, similar to previously described [1,2], the
sarcoidosis patients who died from HN and lymphomas were even 9 and
15 years younger, respectively, than the general population who died
from the same cause. Therefore, and obviously taking into account the
limitations of our study design and the lack of certain data, these results
suggest that sarcoidosis is indeed a risk factor for both HN and lym-
phoma development and mortality. Hence, HN and lymphomas should

Differences in neoplasm related deaths for Sarcoidosis patients and the general Spanish population for the period 2016-2019.

Neoplasm-related deaths N (%)

Mean age (years), (SD)

Non-sarcoidosis Sarcoidosis p Non-sarcoidosis Sarcoidosis )

Total 139,453 77 - 70.7 (13.5) 67.4 (13.3) 0.034

SON 127,093 (91.1) 60 (78.9) 0.001 70.6 (13.3) 68.8 (13.5) 0.296

HN 12,360 (8.9) 16 (20.7) 0.001 71.9 (15.5) 63.6 (12.5) 0.032

Malign neoplasm 136,807 (98.1) 73 (96.1) 0.176 70.6 (13.5) 67.6 (13.6) 0.064
Malign SON 124,843 (89.5) 59 (77.6) 0.002 70.5 (13.3) 68.9 (13.6) 0.375
Malign HN 11,989 (8.6) 14 (17.9) 0.003 71.7 (15.6) 62.2 (12.8) 0.023

Benign SON 727 (0.5) 0 1 72.3 (13.5) - -

UB neoplasm 1695 (1.2) 3(3.9) 0.066 78.7 (13.9) 68.3 (8.1) 0.196
UB SON 1326 (1) 1(1.3) 0.516 78.6 (14.7) 59 0.182
UB HN 369 (0,3) 2 (2.6) 0.018 79 (10.6) 74 (2) 0.419

In situ carcinoma 187 (0.1) 0 1 73.4 (12.4) - -

SD: Standard deviation, SON: Solid organ neoplasm, HN: Haematological neoplasm, UB: Uncertain behaviour.

Values in bold highlight statistically significant difference.
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Table 3
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Differences in Haematological neoplasm related deaths for Sarcoidosis patients and the general Spanish population by lineage.

Neoplasm-related deaths N (%)

Mean age (years), (SD)

Non-sarcoidosis Sarcoidosis P Non-sarcoidosis Sarcoidosis p OR (95% CD*
Haematological 12,362 (8.9) 16 (20.5) 0.001 71.9 (15.5) 63.6 (12.5) 0.032 2.64 (1.52-4.59)
Malign haematological 11,993 (8.6) 14 (18.49) 0.006 71.7 (15.6) 62.32 (12.8) 0.023 2.30 (1.28-4.11)
Lymphoma 4241 (3) 7(9.2) 0.008 70.7 (14.7) 56.9 (14) 0.013 3.09 (1.42-6.73)
Hodgkin Lymphoma 261 (0.2) 0 1 65.5 (18.4) - - -
Non-Hodgkin Lymphoma 3980 (2.9) 7(9.2) 0.006 71 (14.4) 56.9 (14) 0.009 3.33 (1.53-7.25)
B cell lineage 3541 (2.5) 5 (6.6) 0.044 71.7 (14.2) 59 (10.1) 0.046 2.62 (1.06-6.50)
T/NK cell lineage 439 (0.3) 2(2.6) 0.024 65.6 (14.6) 51.5(26.1) 0.174 7.88 (1.92-32.29)
Leukemia 4627 (3.3) 4(5.3) 0.322 70.2 (18.1) 70.5 (10.8) 0.972 1.50 (0.55-4.10)
Myeloid lineage 3193 (2.3) 2 (2.6) 0.694 71.2 (15.5) 61.5 (0.71) 0.377 1.09 (0.27-4.45)
Lymphoid lineage 1005 (0.7) 1(1.3) 0.423 64.7 (24.3) 83 0.452 1.56 (0.22-11.30)
Multiple myeloma 2163 (1.6) 2(2.6) 0.342 74 (11) 68 (5.7) 0.445 1.70 (0.42-6.93)
Myelodisplastic syndrome 885 (0.6) 1(1.3) 0.384 78.7 (12) 55 0.049 2.37 (0.33-17.16)
Others 77 (0.1) 0 1 71 (17.1) - - -
Unknown behaviour 369 (0.3) 2(2.6) 0.018 79 (10.5) 73 0.419 11.88 (2.88-49.02)
Myeloproliferative disorders 242 (0.2) 1(1.3) 0.124 78.4 (10.1) 75 0.592
Others 127 (0.1) 1(1.3) 0.067 80.2 (11.3) 73 0.528 -

SD: Standard deviation, OR: Odds ratio, CI: Confidence interval.
Values in bold highlight statistically significant differences.
? After adjustment for age, sex, alcohol and tobacco consumption.

be contemplated as long-term complications of sarcoidosis that have to
be considered seriously in the management and surveillance of this
population [5,7,9,12]. By contrast, no age differences were found
regarding SON and therefore our results do not support that SON lead to
premature death of patients with sarcoidosis. Unfortunately, and despite
these sound figures, we were not able to clarify important questions
about the ‘sarcoid-lymphoma syndrome’ and the sarcoidosis-like dis-
eases, as well as the diagnostic complexity and frequent misclassification
of both [5,6,12]. Accordingly, further prospective studies, evaluating
histological features, disease course, immunosuppression, chemo-
therapy and check-point inhibitors drugs will have to confirm our
findings.

Several limitations of this study have to be considered. As
mentioned, important information regarding disease course (early vs
late disease), clinical features and histopathologic data, as well as
immunosuppression drugs, could have allowed more solid conclusions.
Secondly, this analysis was restricted to hospital admissions, with the
resultant limitation in power and the potential selection bias. However,
we mainly evaluated categorical variables such as deaths from HN,
which are difficult to misclassify. Third, the prevalence of sarcoidosis
could not be properly assessed in the databases. Therefore, the rate, risk
or incidence of each neoplasm could not be calculated and only deaths
could be compared. Hence, deaths from neoplasm type or lineage in
sarcoidosis patients and the general Spanish population were compared
in terms of deaths from neoplasm, giving an estimated proportion and
death risk and not an absolute risk ratio. This type of analysis might
produce slight variations in the death risk from each neoplasm type in
sarcoidosis patients. Thus, and despite the previous reservations, we
believe that our study from a nationwide analysis of a large sample size
and for a long study period, yields consistent results which confirm those
seen in smaller studies and evaluates a robust outcome such as mortality
and not incidence.

In conclusion, patients with sarcoidosis present a higher risk of
premature death from HN, including NHL from B, T/NK cell lineage and
myeloproliferative disorders in comparison with the general Spanish
population. In addition to developing strategies that might help to
attenuate their occurrence and impact, such as decreasing the immu-
nosuppressive burden, specific early-detection programs for these con-
ditions should be investigated and considered carefully.

For this purpose, other authors have described that there are certain
clinical, analytical or radiological features that can suggest lymphoma
development or onset within sarcoidosis [1,9,12,18]. Accordingly,
chronic active, recurrent or refractory disease, extra-thoracic or atypical

manifestations, new organ involvement after remission, rising or sus-
tained angiotensin-converting enzyme, lactate dehydrogenase, beta-2
macroglobulin levels and serum cryoglobulins, are red flags suggesting
a more exhaustive assessment. Otherwise, Fluorodeoxyglucose (FDG)
positron emission therapy (PET)/computed tomography (CT) is a very
useful tool used for both sarcoidosis diagnosis and monitoring [9].
However, both sarcoid and lymphoma are FDG avid and the distinction
between benign and malignant disorders on the basis of a PET scan is
difficult. Current reports have shown that this imaging technique can
correctly characterize sarcoidosis and lymphoma lesions with very good
performance, sometimes supported by machine learning combined with
radiomics [25]. Despite the above, histopathology remains to date the
sarcoidosis diagnosis cornerstone, given that correct classification based
on imaging can create a diagnostic challenge and misclassification it is
still not infrequent and has important consequences [1].
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