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Abstract

Rare cases of co-existing sarcoidosis and carcinoid tumour have been
previously reported in the literature. Both diseases may have vague and
overlapping clinical presentations that can lead to delayed or missed diagno-
sis. To avoid this diagnostic pitfall, we discuss and compare the clinical pre-
sentations of all reported cases in the literature including our case. We also
provide hypothesis to explain the relationship between the two diseases.

Introduction

Sarcoidosis is a multisystem granulomatous disease of
unclear aetiology [1]. Sarcoidosis typically affects the lung
but almost any organ can be involved [1]. The association
between sarcoidosis and different types of malignancies
has been previously described [2–10]. Carcinoid or neuro-
endocrine tumours (NETs) are rare tumours and associa-
tion with sarcoidosis has been reported in the literature
[11–25]. NETs can arise from any organ but most com-
monly from lung and small intestine [26]. Only a small
percentage of patients with the carcinoid syndrome present
with the classical features characterized by the release of
vasoactive substances causing bronchospasm, skin flushing,
and diarrhoea [26].

In the current report, we describe a rare case diag-
nosed histologically with sarcoidosis and NET. We also
describe 23 similar cases previously reported in the lit-
erature. We discuss the clinical presentations of the
cases and possible hypothesis explaining the association
between the two diseases. Although co-existence of
these two diseases is extremely rare, understanding the
common clinical presentations and the relationship
between the two diseases is important as the diagnosis
can easily be missed.

Case Report

A 46-year-old man presented with abdominal pain and
was found to have intestinal intussusception from a mass
in the distal ileum. The mass was suspicious for NETs
because the patient had chronic diarrhoea and elevated
urine level of 5-hydroxyindoleacetic acid (5-HIAA)
(90.3 mg/24 h, reference range: 0.0–14.9 mg/24 h). Com-
puted tomography (CT) of the chest (Fig. 1) was done as
part of the staging workup and demonstrated bilateral sub-
centimetre nodules with bilateral hilar adenopathy. His
abdominal pain resolved with conservative therapy. Fur-
ther metastatic workup for NETs was planned after dis-
charge; however, the patient was lost to follow-up. Five
years later, the patient presented with a one-month history
of fatigue, cough, and shortness of breath. He also had
40-pound weight loss over six months. He had persistent
chronic diarrhoea and intermittent abdominal pain. He
smoked marijuana daily and had a five pack-year history
of smoking. Repeated CT of the chest (Fig. 2) showed left
supraclavicular lymphadenopathy, and once again demon-
strated bilateral subcentimetre lung nodules and bilateral
hilar adenopathy. Biopsy of the hilar lymph nodes revealed
non-caseating granulomas. QuantiFERON-TB Gold assay
was negative. Culture and Gram stain, as well as fungal
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and mycobacterial culture of bronchoalveolar lavage and
tissue specimen were negative. Pulmonary function test
(PFT) revealed forced expiratory volume in 1 sec (FEV1)

of 2.10 L (57% predicted), forced vital capacity (FVC)
3.92 L (86% of predicted), FEV1/FVC 54%, residual vol-
ume (RV) 2.38 L (104% predicted), total lung capacity

Figure 1. Computed tomography scan of the chest with contrast shows scattered pulmonary nodules (arrows) and hilar and mediastinal lymphade-
nopathy (stars).

Figure 2. Computed tomography (CT) scan of the chest with contrast, five years after the first CT (Fig. 1), shows scattered pulmonary nodules
(arrows) and hilar and mediastinal lymphadenopathy (stars).
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(TLC) 6.61 L(90% predicted), and diffusing capacity of
lung for carbon monoxide (DLCO) 16.6 mL/mmHg/min
(59% predicted), consistent with a moderate obstruction
ventilatory disease with no bronchodilator response. Diag-
nosis of sarcoidosis was made based on clinical,

radiological, and histopathological findings, and after other
aetiologies for granulomatous diseases had been ruled out.
His bilateral subcentimetre pulmonary nodules were attrib-
uted to sarcoidosis. There was no evidence of
extrapulmonary organ involvement of sarcoidosis. The

Figure 4. F-18 fluorodeoxyglucose (FDG) positron emission tomography (PET) demonstrated metabolically active supraclavicular, axillary, mediasti-
num, and hilar lymph nodes. There was also hypermetabolic activity in the left lung nodule and mesenteric mass in the abdomen.

Figure 3. Gallium-68 Dotatate positron emission tomography (PET)/computed tomography (CT) scan demonstrated metabolically active adenopathy
involving the supraclavicular, mediastinum, upper abdomen, and retroperitoneal locations, as well as metabolically active left liver lobe, right small
bowel mass, central calcified mesenteric mass, left and right lung nodules, and several lytic metastases in bone.
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patient was started on oral corticosteroids. He was also
diagnosed with chronic obstructive pulmonary disease
(COPD) given his smoking history and the PFT findings,
for which he was started on inhaled bronchodilator ther-
apy. Subsequently, the patient was referred to our sarcoid-
osis clinic. He continued to have poor appetite, fatigue,
wheezing, diarrhoea, and shortness of breath. As weight
loss and supraclavicular lymphadenopathy are not typical
manifestations of sarcoidosis, surgical lymph node removal
of supraclavicular lymph node was undertaken and con-
firmed the presence of an NET that was positive for
chromogranin A and synaptophysin by immunohisto-
chemistry. Semiquantitative proliferative rate (Ki-67) was
<5%. Metastatic workup with gallium-68 Dotatate positron
emission tomography (PET)/CT scan (Fig. 3) showed met-
abolically active left liver lobe, right small bowel mass, cen-
tral calcified mesenteric mass, and left and right lung
nodule. Also, metabolically active adenopathy involving
the supraclavicular, mediastinum, upper abdomen, and
retroperitoneal locations, as well as several lytic metastases
in bone were observed. This indicated that the small intes-
tine is likely the primary site of NETs with metastases to
liver, mesentery, lung, and bone. F-18 fluorodeoxyglucose
(FDG) PET (Fig. 4) was done to differentiate between sar-
coidosis and NETs and demonstrated metabolically active
supraclavicular, axillary, mediastinum, and hilar lymph
nodes. There was also hypermetabolic activity in the left
and right lung nodules. The mesenteric mass was posi-
tive but other abdominal sites previously demonstrated
in the Dotatate PET were negative. Subsequently, the
patient was referred to oncology and was started on
somatostatin analogue therapy for metastatic NETs.
In addition, for his persistent cough and shortness of
breath, the patient was also started on methotrexate for
sarcoidosis. Six months later, the patient started gaining
weight and his symptoms of diarrhoea, abdominal pain,
and wheezing have improved as well as his cough and
shortness of breath.

Discussion

We found 24 histologically confirmed cases of sarcoidosis
and NETs reported in the literature including our case
(Table 1). Sarcoidosis and NETs were mostly diagnosed
concurrently (cases 1–3, 9, 11–16, 18, 20–22, and 24) or
one to four years apart (cases 4, 5, 7, 8, and 19). In only
two cases, sarcoidosis was diagnosed 30 years (case 23) and
40 years (case 6) before the diagnosis of NETs. Patients’ age
ranged from 24 to 75 years. NETs commonly present with
gastrointestinal (GI) and lung involvement; in contrast, sar-
coidosis commonly presents with lung involvement.
Patients with lung carcinoid presented with respiratory
symptoms or were found to have incidental lung nodules

on imaging or endobronchial lesions during bronchoscopy.
Patients with GI NETs reported carcinoid symptoms (such
as flushing, diarrhoea, or bronchospasm) or were found to
have incidental abnormalities on imaging or endoscopy. In
all case reports, sarcoidosis involved the hilar and mediasti-
nal lymph nodes. In 16 out of the 24 cases, there was no
extrapulmonary involvement. The other eight cases (4, 5,
7, 8, 10, 15, 22, and 23) had extrapulmonary sarcoidosis
with the skin being involved in all these cases. Three cases
(4, 5, and 7) had Lofgren syndrome.
Gallium-68 Dotatate PET is the standard technique for

evaluating primary and metastatic NETs [15]. Gallium-68
Dotatate is a radiotracer that binds to somatostatin recep-
tor which is highly expressed in NETs [15]. In patients
with co-existing NETs and sarcoidosis, it is difficult to dis-
tinguish between the two entities using gallium-68 Dota-
tate PET as sarcoidosis may also express somatostatin
receptors and demonstrate high activity on gallium-68
Dotatate PET [19,27]. Therefore, granulomatous lesions
may be falsely diagnosed with metastatic NETs [19,27]. A
recent case report showed that using F-18 FDG PET, in
addition to gallium-68 Dotatate PET, may differentiate
granulomatous lesions from NETs [19]. F-18 FDG is a glu-
cose analogue used in PET scan to detect tissue uptake of
glucose; therefore, it detects hypermetabolic state of cells
due to either cancers or inflammation, including sarcoido-
sis granulomatous lesions [28]. In our case, F-18 FDG PET
had failed to differentiate between NETs and granuloma-
tous lesions, as numerous regions were expressed by both
types of radiotracers. Therefore, further studies are needed
to identify the sensitivity and specificity of using F-18
FDG PET to differentiate sarcoidosis from NETs.
Our literature review showed that metastatic workup of

GI NETs may show hilar-mediastinal lymphadenopathy
due to granulomatous reaction that can be mistaken for
metastatic NETs. It is important to know that GI NETs
can metastasize to supraclavicular or axillary lymph nodes
but unlikely to hilar-mediastinal lymph nodes. In contrast,
lung NETs often metastasize to hilar-mediastinal lymph
node; however, granulomatous reaction should also be
considered in differential diagnosis.
In patients with sarcoidosis, supraclavicular or axillary

lymphadenopathy and GI masses are uncommon manifes-
tations and warrants further investigation to rule out
malignancy. However, careful evaluation and biopsy are
needed to avoid misdiagnosis.
The proximity in time between the diagnosis of sarcoid-

osis and NETs raises the question about the relationship
between the malignancy and sarcoidosis. One hypothesis is
that tumour antigens induce local sarcoidosis-like reaction
in genetically predisposed patients [8–10]. Sarcoid-like
granulomatous reaction in primary tumour or its draining
lymph nodes is documented in the literature [8–10,28].
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This hypothesis may explain cases (1–3, 11–13, 16, and
18–20) in whom the lung carcinoid tumours (lung nodule,
endobronchial lesion, or mediastinal mass) presented with
sarcoidosis in locally drained lymph nodes (hilar-
mediastinal lymph nodes). Further support for this
hypothesis is that regional sarcoidosis lymphadenopathy
has been reported to resolve after surgical removal of car-
cinoid tumour without any sarcoidosis treatment.

This hypothesis cannot explain why cases (4–9, 14, 17, 21,
and 22) with GI NETs have sarcoidosis in hilar-mediastinal
lymph nodes but not in mesenteric lymph nodes where the
GI lymphatics drain. This raises an assumption that lymph
nodes are not genetically equally predisposed to form sar-
coidosis in response to foreign antigens.

The second hypothesis is that tumour antigens can
induce systemic sarcoidosis in genetically predisposed
patients [8–10]. Systemic sarcoidosis following diagnosis of
malignancy has also been reported in the literature [8–10].
This may explain why cases (4, 5, 7, 8, 10, 15, 22, and 23)
with carcinoid tumours of GI or lung had systemic sar-
coidosis with extrapulmonary involvement. Both hypothe-
ses may explain why most sarcoidosis and NETs are
diagnosed concurrently or few years apart.

The third hypothesis is that sarcoidosis increases the
risk of malignancy because of chronic inflammation in
the affected organs and/or immune dysregulation. Studies
provide inconsistent results regarding the incidence of
malignancy in sarcoidosis patients from no risk to signifi-
cantly elevated risk [2–7]. This hypothesis may explain
two cases (6 and 23) in whom NETs was diagnosed 30 or
40 years after sarcoidosis. However, in those two cases, the
possibility exists that NETs were present at the time of the
initial diagnosis of sarcoidosis.

In conclusion, hilar-mediastinal lymph nodes spread is
not typical for NETs and sarcoidosis should be in the dif-
ferential diagnosis. Also, supraclavicular lymphadenopathy
and GI masses are not typical manifestations of sarcoidosis
and warrant further investigations to rule out malignancy.
We believe that there is a real association between the two
entities. We hypothesize that carcinoid tumours induce
local and or systemic sarcoidosis. However, further
research is needed to understand the relationship between
sarcoidosis and NETs and other cancers.
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