
Abstract. Sarcoidosis, a chronic inflammatory disorder,
results from increased immune responses. Its development
can be triggered in patients under immunotherapy, as
activation of the immune system in these patients is desired.
Since 1997, 249 patients with metastasized cutaneous
melanoma (stage III and IV, AJCC 2009) have been treated
with dendritic cell (DC)-based vaccines at our hospital.
Three out of these patients were diagnosed with sarcoidosis
after or during long-term DC vaccination therapy (1.20%).
Metastatic disease was initially suspected based on the
radiographic manifestation of lung masses or bilateral hilar
lymphadenopathy. Histological assessment, however,
revealed the appropriate diagnosis. Interestingly, all three
patients are long-term responders and have remained free of
metastatic or progressive disease for over a period of at least
4 years. In summary, sarcoidosis can occur in patients with
cancer who have benefited from DC-based therapeutic
vaccination and thus, its development, even with substantial
delay, may be associated with successful anticancer
immunotherapy. 

Firstly described by Ralph M. Steinman (1), dendritic cells
(DCs) are known to play a crucial role in immune responses
(2). The ex vivo generation of autologous DCs allows their
maturation and loading with e.g. tumor-specific antigens for
cancer immunotherapy (3-5). These DCs are then re-injected
into the patients in order to induce an antitumor immune
response (3-6). Indeed, clinical studies in patients suffering

from melanoma and other tumor types showed that patients
benefited from this approach (3, 4, 6-8). 

Adverse events in patients receiving DC-vaccination
therapy are commonly seen and include flu-like symptoms,
chills and fatigue, as well as local reactions, such as pruritus
at injection sites (3, 9). Compared to other immunotherapeutic
agents approved for advanced-stage malignancies, e.g.
antibodies for checkpoint blockade, where grade III-IV
adverse events are frequently seen (10-13), the adverse events
in DC vaccination therapy are mainly grade I-II (3, 9). Thus,
therapeutic DC vaccination represents a safe and well-
tolerated method.

Sarcoidosis, which is a chronic inflammatory disorder of
unknown etiology and which can affect any organ system
(14), has been described in patients under immunotherapy
(15-19).

Sarcoidosis is histologically characterized by accumulation
of T-lymphocytes, mononuclear phagocytes, and formation of
non-caseating granulomas (20, 21). Its incidence varies with
geographical regions and is described in Western countries at
10-20/100,000 inhabitants (14, 20-22). Young people between
20 and 50 years are mainly affected, male and female
similarly (14, 20-22). Other diseases that can clinically
present like sarcoidosis include tuberculosis, fungal
infections, primary neoplasms, and metastases (14, 20-22). 

As sarcoidosis is assumed to result from increased immune
responses and T-cell activation (14, 20-22), its development
can be triggered in patients under immunotherapy, as
activation of the immune system in these patients is induced.
Thus, the development of sarcoidosis may also be associated
with clinical benefit in these patients. In a study performed by
Lheure et al., five out of 70 patients with metastatic melanoma
under therapy with the B-Raf proto-oncogene (BRAF)-
inhibitor vemurafenib developed sarcoidosis (23). Indeed, all
five patients seemed to have better clinical outcomes: two
showed complete remission and three partial remission (23).
Bordry et al. described a long-term surviving patient with
metastatic melanoma who developed pulmonary sarcoid-like
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granulomas after multiple therapeutic cancer vaccinations
more than 10 years after the initiation of immunotherapy (19).
Similarly, it is known that the development of vitiligo or flu-
like symptoms under immunotherapy is associated with a
better clinical response rate (9, 24). 

Given these findings and observations, here we report the
development of sarcoidosis in three patients with metastatic
melanoma receiving DC-based vaccines at our hospital, which
could be associated with long-term anticancer response and
clinical benefit. Additionally, we wish to highlight the
significance of histopathological assessment in making the
correct diagnosis, as in patients with cancer especially, the
radiographic manifestation of sarcoidosis can mimic metastases.

Since 1997, we have treated a total of 249 patients with
metastasized cutaneous melanoma, stage III and stage IV
according to the American Joint Committee on Cancer
(AJCC) 2009 (25), with at least four cycles of DC-based
vaccines in different clinical trials or for compassionate use
at the Department of Dermatology, University Hospital
Erlangen, Germany. Clinical trials were approved by the
appropriate Medical Ethical Review Board and regulatory
authorities, and patients signed written informed consent
forms after detailed oral and written explanation of the
nature, significance, and consequence of the treatment. Every
3 months, follow-up imaging with magnetic resonance
imaging of the brain and computed tomographic  scan (CT)
of the neck, chest and abdomen, in addition to full-body skin
examinations and measurement of the serum tumor markers
S100 and melanoma inhibitory activity (MIA)- protein were
performed. Detailed analysis of medical reports revealed that
three out of the 249 patients developed sarcoidosis during or
after long-term vaccination therapy. 

Patients and Methods

Patient 1. A 65-year-old female patient with metastatic
melanoma was referred to our Department for DC

vaccination therapy (Table I). The patient was diagnosed
with melanoma lung metastases 3 years prior to this
presentation, which were surgically removed, while a
primary tumor was not identified. One year later, the patient
underwent further surgeries for right axillary lymph node
metastases (five out of 11 removed lymph nodes were
metastatic), followed by adjuvant chemotherapy with
dacarbazine. After 10 cycles of this therapy, however, the
patient showed progression of disease, with metastasis in the
left adrenal gland, underwent surgery, and presented at our
Department. Vaccination therapy with monocyte-derived
DCs loaded with mRNA encoding for melanoma-associated
antigen 3 (MAGE-A3), melan A, and survivin within a
clinical trial (NCT00074230) was started. At that time-point,
the patient had a lesion in the right adrenal gland and
enlarged abdominal lymph nodes. The patient received a
total of 25 vaccinations over a period of 10 years without
further progression of metastatic disease; the lesion in the
right adrenal gland and the abdominal lymph nodes remained
the same size. Vaccination therapy was ended and follow-up
imaging every 3 months was continued. Approximately 2
years later, a suspicious mass in the right lung and bilateral
hilar lymphadenopathy was noted on the CT scan of the chest
(Figure 1). Progression of metastatic disease was suspected
and surgical excision of the lung mass and hilar lymph nodes
was performed. Histological assessment, however, revealed
noncaseating epithelioid cell granulomas with Langhans giant
cells and Schaumann bodies in polarized light (Figure 2).
Ziehl Neelsen as well as Periodic acid–Schiff (PAS) and
Grocott’s methenamine silver staining excluded mycobacterial
and fungal infections, respectively. Pan-melanoma staining for
homatropine methylbromide 45 (HMB45), melan-A
(MART1), and tyrosinase remained negative, therefore
showing no evidence of melanoma metastases. Sarcoidosis
was diagnosed given the radiographic manifestations and
histological findings. As no clinical symptoms were reported
by the patient and lung-function tests showed normal
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Table I. Patient characteristics including features of their melanoma and dendritic cell (DC) vaccination therapy.

Patient, gender                        Disease                          Metastases             Age upon     Previous                     Total                         DC response, 
                                                                                                                      diagnosis      treatment                vaccination                           status
                                                                                                                                                                                cycles

Patient 1, female                Melanoma of             Lymph nodes, lung,      65 Years    Dacarbazine       25 (over a period of        Progression-free for 
                                        unknown primary                adrenal gland                                                            10 years; ended)            12 years, still alive
Patient 2, male            Superficial melanoma,                  Lung                   69 Years    Dacarbazine       21 (over a period of     Complete remission of 
                                right thigh, 0.8 mm, CL III                                                                                         10 years; ongoing)         lung metastases and 
                                                                                                                                                                                                           tumor-free for 4 years, 
                                                                                                                                                                                                                      still alive
Patient 3, female           Nodular melanoma,             Lymph nodes,           64 Years          None            21 (over a period of            Tumor-free for 
                               left scapula, 4.8 mm, CL IV               lung                                                                     5 years; ended)              8 years, still alive

CL: Clark level.



diffusion capacity, only close follow-up has been performed
to date. The patient remains free of symptoms or progression
of metastatic disease (Figure 3).

Patient 2. A 69-year-old male patient presented with a
superficial melanoma of the right thigh with a Breslow
thickness of 0.8 mm (Table I). After excision of the primary
tumor with a safety margin of 1 cm, bilateral lung masses
appeared on the CT scan of the chest only 3 months later. The
patient was started on dacarbazine and received a total of 12

cycles, after which further enlargement of the lung masses was
observed. Therefore, dacarbazine was stopped and vaccination
therapy within the same clinical trial as patient 1 with tumor-
antigen loaded monocyte-derived DCs was started
(NCT00074230). Under vaccination therapy, gradual tumor
regression of the lung masses was seen, with complete
remission after 5 years of DC vaccination therapy (Figure 3).
Another 3 years later, however, bilateral hilar
lymphadenopathy was noted on the CT scan of the chest.
Bronchoscopy with bronchoalveolar lavage (BAL), as well as
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Figure 1. Radiographic manifestation of sarcoidosis. Computed tomographic scan of the chest revealed a notable mass in the right lung (A) and
bilateral hilar lymphadenopathy (A, B) (arrows).

Figure 2. Histopathological assessment of tissue biopsy. Histology of biopsies showed at ×40 magnification non-caseating epitheloid cell granulomas
with Langhans giant cells by hematoxylin and eosin staining (A) and Schaumann bodies in polarized light (B), consistent with sarcoidosis.



transbronchial biopsy and needle aspiration was performed.
Histological assessment of lymph nodes revealed noncaseating
epithelioid granulomas negative by Ziehl Neelsen, PAS,
Grocott’s methenamine silver, and pan-melanoma stainings.
Additionally, the BAL showed an elevated CD4/CD8 ratio of
15.3, consistent with sarcoidosis. No clinical symptoms were
reported by the patient and lung function tests showed normal
diffusion capacity. Close follow-up has been maintained. To
date, the patient has received a total of 21 vaccinations over a
period of 10 years and his follow-up has not revealed any
signs of metastatic disease (Figure 3). 

Patient 3. A 64-year-old female patient presented with a
nodular melanoma of the left upper scapula with ulceration
and a Breslow thickness of 4.8 mm (Table I). Excision of the
primary tumor with a safety margin of 2 cm and a sentinel
lymph node (SLN) biopsy were performed and revealed a
positive left nuchal SLN. Adjuvant vaccination therapy with
tumor-peptide loaded monocyte-derived DCs was initiated
within a clinical trial (NCT00053391). Under vaccination
therapy, the patient developed lung masses three times: two
were treated with stereotactic radiation therapy and one was

surgically removed (Figure 3). Histology of the surgically
removed lung mass did not confirm melanoma metastasis, but
showed signs of fibrotic pneumonitis with secondary
bronchiectasis as a result of previous radiotherapy. Over a
period of 5 years, the patient received a total of 21
vaccinations. Vaccination therapy was ended and follow-up
imaging every 3 months was continued. Approximately 4
years later, a suspicious mass in the right lung was noted on
the CT scan of the chest without signs of enlarged hilar or
mediastinal lymph nodes. Surgical excision was performed.
Histological assessment excluded melanoma metastasis or
fungal infection and revealed noncaseating epithelioid cell
granulomas negative on Ziehl Neelsen staining, consistent
with sarcoidosis. No clinical symptoms were reported by the
patient and lung function tests showed a normal diffusion
capacity. The patient remains under close follow-up and free
of symptoms or manifestation of metastatic disease (Figure 3).

Discussion

Three out of a total of 249 patients with metastatic
melanoma have been diagnosed with sarcoidosis under or
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Figure 3. Clinical course of the individual patients. Black horizontal arrows indicate time from first melanoma diagnosis and dark gray bars mark
the period during which the patients received immunotherapy with dendritic cells. Boxes indicate the masses or metastases patients developed. At
time-points labeled with X, patients underwent surgical removal/stereotactic radiation therapy with complete remission of the metastases/masses. 



following immunotherapy with DC vaccines at our hospital,
which represents 1.20% of the study population. As the
prevalence for patients with melanoma to develop
sarcoidosis was reported to be 0.58%, and in the absence of
any immunotherapy only 0.42% (26), immune induction by
DC vaccination therapy could indeed have triggered the
development of this chronic inflammatory disorder in our
patients. It may be also possible that sarcoidosis could have
occurred coincidentally or in association with the tumor itself
and independent of the vaccination therapy (27). However,
prior studies and cases have been published reporting on
sarcoidosis development under immunotherapy with e.g.
checkpoint-blockade antibodies in combination with or
without DC vaccination therapy, as well as with interferon-
alpha (15-17). The true pathophysiological correlation
remains unclear (15-18). 

Although the etiology and pathogenesis of sarcoidosis is
unknown, it has been shown that type 1 T-helper cells (Th1)-
mediated responses to antigens results in e.g. increased
expression of interferon-γ and tumor necrosis factor-α (14,
20-22). This promotes macrophage accumulation, activation
and aggregation, and causes the development of
granulomatous inflammation (14, 20-22). The aim of DC
vaccination therapy is to induce an increased immune
response directed against the tumor (3, 4, 6-8). Thus, this
may trigger sarcoidosis development by increased cytokine
release of Th1 cells. As memory T-cell generation under DC
vaccination therapy can result in a long-lasting antitumor
effect and increased T-cell activity, sarcoidosis can occur,
even if therapy was ended months or years before (7, 28).
Indeed, all three patients reported here are long-term
responders with a disease-free or progression-free interval of
at least 4 years after therapy for advanced-stage melanoma
(Figure 3, Table I). One patient even showed complete
remission of his metastatic disease under vaccination therapy
and has remained tumor free (Figure 3, Table I). 

None of the three patients showed any clinical symptoms
of sarcoidosis. They were diagnosed given typical
radiographic manifestations on routine follow-up imaging
and histological assessment. Other differential diagnoses,
such as tuberculosis, fungal infection, and, most importantly,
metastatic disease were excluded. Thus, histopathological
assessment in addition to imaging and clinical findings is
needed to make the correct diagnosis (14, 20-22, 29, 30).
Upon sarcoidosis diagnosis, the risk–benefit balance should
be considered in order to evaluate the necessity for
discontinuation of anticancer therapy. In asymptomatic
patients, DC vaccination therapy can be continued under
regular follow-up. In the case of symptoms, however,
immunotherapy should be stopped and appropriate systemic
therapy (e.g. corticosteroids) should be started.  

In conclusion, it may be difficult in patients with cancer
with radiographic but asymptomatic manifestation of

sarcoidosis to distinguish between benign and malignant
disease. Histological assessment is needed to achieve this.
We and others observed sarcoidosis primarily in those
patients with metastatic melanoma who seemed to have
benefited from immunotherapy, making it possible that
development of sarcoidosis may be associated with effective
anticancer immune response and long-term survival. Hence
we encourage the reporting of further cases and studies since
they are required to provide further confirmation of our
observations.
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