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【 CASE REPORT 】
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Abstract:
A 69-year-old woman presented with appetite loss, fatigue, and a low-grade fever. She had been receiving

certolizumab pegol for rheumatoid arthritis for six years. Computed tomography of the chest showed multiple

micronodules in both lungs and bilateral hilar and mediastinal lymphadenopathy. An ophthalmic examination

showed the findings of uveitis. Lymphocytosis with an increased CD4/CD8 ratio was seen in the bronchoal-

veolar lavage fluid. Video-assisted thoracoscopic biopsy specimens obtained from the right lung and a right

hilar lymph node showed noncaseous epithelioid cell granulomas. Anti-tumor necrosis factor-α-induced sar-

coidosis was diagnosed, and she was successfully treated with cessation of certolizumab pegol and systemic

corticosteroid therapy.
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Introduction

Sarcoidosis is a systemic granulomatous disease of un-

known etiology, and most patients are asymptomatic and do

not require treatment. However, some patients with sympto-

matic, active sarcoidosis require immunosuppressive treat-

ment, such as methotrexate and anti-tumor necrosis factor-α
(TNF-α) agents, in addition to systemic corticosteroid treat-

ment (1, 2). Further complicating matters is the fact that

previous reports have shown that anti-TNF-α treatment can

also induce sarcoidosis and/or a sarcoid-like reaction in pa-

tients with autoimmune diseases such as rheumatoid arthritis

(RA), psoriatic arthritis (PsA), ankylosing spondylitis (AS),

and inflammatory bowel diseases (IBD) (3-68). In addition,

information on the clinical features and the pathogenesis of

anti-TNF-α agent-induced sarcoidosis is still limited (69).

A case of sarcoidosis occurring during certolizumab pegol

(CZP) treatment in a patient with rheumatoid arthritis is pre-

sented, and the clinical features and pathogenesis of anti-

TNF-α agent-induced sarcoidosis are discussed along with a

review of the English-language literature.

Case Report

A 69-year-old woman with a 1-month history of appetite

loss, general fatigue, and a low-grade fever was referred to

our hospital for a detailed examination. She had never

smoked. Her history included rheumatoid arthritis since 60

years old. She did not have a history of tuberculosis. She

was then treated with salazosulfapyridine and low-dose oral

corticosteroids, and her polyarthralgia resolved. However,

two years later, because of worsening of polyarthritis,

adalimumab was initiated, and her symptoms resolved with

discontinuation of systemic corticosteroids. One year later,

adalimumab was switched to etanercept because of an injec-

tion site reaction, and six months later, etanercept was

switched to CZP because her polyarthritis had not improved

sufficiently. She had been receiving CZP treatment for six

years, and her RA activity decreased.

The results of a whole blood IFN-γ release assay for My-
cobacterium tuberculosis antigens before the initiation of
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Figure　1.　A chest radiograph taken at the first visit to our hospital showing bilateral hilar lymph-
adenopathy (A). Computed tomography of the chest showing bilateral hilar and mediastinal lymph-
adenopathy (B) and multiple micronodules distributed predominantly in both upper lobes (C, D). 

adalimumab were negative. On admission, her temperature

was 37.4℃. A physical examination showed ulnar deviation

of the fingers of both hands. There were no abnormalities

on chest auscultation, and superficial lymph node swelling

and skin eruptions were not evident.

The laboratory data showed an elevated serum level of

rheumatoid factor (40 IU/mL). Serum levels of C-reactive

protein, anti-cyclic citrullinated peptide antibody, and an-

giotensin converting enzyme were normal. Hypoxemia was

not evident on an arterial blood gas analysis. The results of

respiratory function testing were as follows: vital capacity

1.64 L (75.9% predicted), forced vital capacity 1.60 L

(74.1% predicted), forced expiratory volume in 1 second

1.30 L (86.7% predicted), and diffusion capacity of the lung

for carbon monoxide 8.42 mL/min/mmHg (67.7% pre-

dicted).

The electrocardiogram and echocardiogram findings were

normal. She denied any ocular symptoms, but an ophthalmic

examination showed findings of granulomatous uveitis, such

as corner nodules and snowball opacities of vitreous bodies,

in both eyes. A chest radiograph showed bilateral hilar lym-

phadenopathy (Fig. 1A). Computed tomography (CT) of the

chest showed bilateral hilar and mediastinal lymphadenopa-

thy (Fig. 1B) and multiple micronodules distributed pre-

dominantly in both upper lobes (Fig. 1C, D). No findings of

old pulmonary tuberculosis were evident on chest CT. Gal-

lium (Ga) scintigraphy showed an increased uptake of 68Ga

in the bilateral hilar and mediastinal lymph nodes (Fig. 2).

A bronchoalveolar lavage fluid (BALF) analysis showed a

cell count of 2.43×105mL, with a cell differential of 68.0%

macrophages, 25.0% lymphocytes, and 1.0% neutrophils,

and a CD4/CD8 ratio of 99.0. No microorganisms, including

Mycobacteria and Propionibacterium acnes, were detected

on BALF culture. A transbronchial lung biopsy specimen

obtained from the right upper lobe showed no significant

findings.

On suspicion of sarcoidosis associated with an anti-TNF-

α agent and to exclude malignancies such as anti-TNF-α
agent-associated malignant lymphoma, since she had sys-

temic symptoms that are not usually seen in sarcoidosis, and

uveitis is known to be an ocular manifestation of malignant

lymphoma, a video-assisted thoracoscopic biopsy was per-

formed. Specimens obtained from the right upper lobe

(Fig. 3A) and a right hilar lymph node (Fig. 3B) showed

noncaseous epithelioid cell granulomas consistent with sar-

coidosis. Gram staining of lung and hilar lymph node speci-

mens did not show any bacteria. Tissue cultures of lung and

hilar lymph node specimens grew no microorganisms, in-

cluding Mycobacteria and P. acnes. While awaiting the

pathological results of the video-assisted thoracoscopic bi-

opsy, she noticed a subcutaneous nodule in her right knee; a

biopsy specimen obtained of the subcutaneous nodule also

showed noncaseous epithelioid cell granulomas.

Based on the diagnosis of sarcoidosis associated with an

anti-TNF-α agent, CZP was discontinued, and systemic cor-

ticosteroid therapy with oral prednisolone (20 mg per day)
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Figure　2.　Gallium (Ga) scintigraphy showing an increased uptake of 68Ga in the bilateral hilar and 
mediastinal lymph nodes. 

Figure　3.　Biopsy specimens obtained from the right upper 
lobe (A, Hematoxylin and Eosin staining, ×200) and a right hi-
lar lymph node (B, ×100) showing noncaseous epithelioid cell 
granulomas.  

was started because she was exhausted due to prolonged

systemic symptoms, although discontinuation of CZP with-

out systemic corticosteroid therapy was considered first. She

then became asymptomatic, and the radiological findings

and restrictive and gas transfer impairments on respiratory

function testing improved, as well as the ophthalmic find-

ings and the subcutaneous nodule of her right knee. Six

months later, prednisolone was tapered to 10 mg daily with-

out recurrence of sarcoidosis. Her RA is controlled with

abatacept treatment. While paying attention to worsening of

her RA, we are considering further prednisolone tapering.

Discussion

Recently, anti-TNF-α agents have been used for the treat-

ment of severe/refractory sarcoidosis despite potential ad-

verse effects and the lack of unequivocal evidence of their

efficacy in clinical trials (1, 2). However, cases of sarcoido-

sis in patients with autoimmune diseases who were receiving

anti-TNF-α agents have been reported (3-68). TNF-α, which

is released by alveolar macrophages, is known to play an

important role in promoting inflammation and Th1-driven

granuloma formation and propagation (1). The pathogenesis

by which anti-TNF-α agents induce sarcoidosis and the

clinical features of anti-TNF-α agent-induced sarcoidosis

have not been fully clarified. Therefore, previously reported

cases of anti-TNF-α agent-induced sarcoidosis were identi-

fied using the PubMed search term “sarcoidosis, sarcoid re-

action, tumor necrosis factor, and TNF” and reviewed.

A total of 85 previously reported cases of anti-TNF-α
agent-induced sarcoidosis were found (3-68). The clinical

features of these cases are summarized in Table. The sub-

jects included 30 men and 55 women, with a mean age of

49.5 years old, ranging in age from 6 to 81 years old. Most

underlying diseases for which anti-TNF-α agents were ad-

ministered were RA, followed by PsA, AS, and IBD. More

than half of the patients had been receiving etanercept, fol-
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Table.　Reported Cases of Anti-TNF-α Agents-induced Sarcoidosis.

Age (y) 49.5 (6-81)*

Sex (male/female) 30/55**

Underlying diseases (RA/PsA/AS/IBD/JRA/Others) 38/14/11/8/6/6**

Anti-TNF-α agents (etanercept/adalimumab/infliximab/certolizumab pegol) 45/21/17/2**

Duration of anti-TNF-α agent treatment (months) 18 (1-84)*

Involved organs

One organ (lung:L/hilar and mediastinal lymphonodes:H/skin:S/eye:E/other site:O) 2/ 4/ 9/ 1/4**

Two organs (L+H/L+S/H+S/H+E/H+O/S+E/S+O/E+O/O) 21/ 2/ 5/ 3/ 1/ 3/1/1/2**

Three organs (L+H+S/ H+S+E/ L+O/ L+H+Heart/ L+H+O/ H+E+O/ H+O/ H+S+O/O) 9/ 1/ 1/ 1/ 1/1/ 3/ 1/ 2**

Four or more organs (L+H+S+E/ L+H+S+O/ H+O/ H+S+O/ O) 2/ 2/ 1/ 1**

Treatment (discontinuation of anti-TNF-α agent without SC/ discontinuation of anti-TNF-α agent 

with SC/continuation of anti-Anti-TNF-α agent with SC/switching to other anti-TNF-α agent/NA)

38/ 33/ 9/ 2/ 3**

Outcome (resolved/stable/NA) 81/3/1**"

TNF: tumor necrosis factor, RA: Rheumatoid arthritis, PsA: Psoriatic arthritis, AS: Ankylosing spondylitis, IBD: Inflammatory bowel diseas-

es, JRA: Juvenile rheumatoid arthritis, Ohters: spondyloarthropathy, psoriasis vulgaris, SAPHO syndrome, polymyalgia rheumatica, plaque 

psoriasis, other site: lymphnodes except hilar and mediastinal lymphnodes, muscle, kidney, nervous system, bone marrow, parotid gland, sal-

ivary gland, tongue, pharynx, liver, colon, SC: systemic corticosteroid treatment, NA: not available, *: data expressed as means (range), **: 

data expressed as numbers of cases

lowed by adalimumab and infliximab. Only two patients had

been receiving CZP. Patients who had CZP-induced sarcoi-

dosis had single- organ involvement, such as uveitis and cu-

taneous lesions (52, 67). The present case is the first case of

CZP-induced typical systemic sarcoidosis.

The mean duration of anti-TNF-α agent treatment before

the onset of sarcoidosis was 18 months, ranging from 1 to

84 months. In the present case, sarcoidosis developed six

years after switching from etanercept to CZP. The differ-

ences in the characteristics of these two drugs, such as their

immunogenicity (70), which are described below, may have

been involved in the development of sarcoidosis in the pre-

sent case. Thirty-six of the 85 patients with anti-TNF-α
agent-induced sarcoidosis had cutaneous involvement, while

only 1 of the 85 patients had cardiac involvement (55). In

ordinary sarcoidosis, which is not related to anti-TNF-α
agent treatment, cutaneous involvement is seen in up to one-

third of patients, and the frequency of cardiac involvement

ranges from 1% to 23% (2). It appears that cutaneous in-

volvement is more common and cardiac involvement less

common in anti-TNF-α agent-induced sarcoidosis than in

ordinary sarcoidosis. However, because the reported number

of anti-TNF-α agent-induced sarcoidosis cases is too small

compared to ordinary sarcoidosis cases, these observations

remain inconclusive.

In 71 of the 85 cases with anti-TNF-α agent-induced sar-

coidosis, the anti-TNF-α agents were discontinued, and the

sarcoidosis resolved in 36 cases, but it remained stable in 2

cases. The other 33 cases required systemic corticosteroid

treatment, and the sarcoidosis resolved in 32 cases, but it re-

mained stable in 1 case. In 9 of the 85 patients, the anti-

TNF-α agents were continued with systemic corticosteroid

treatment, and the sarcoidosis improved in all 9 cases (7, 12,

18, 22, 24, 39, 46, 50, 57). In two cases in which sarcoido-

sis developed during etanercept treatment, switching from

etanercept to adalimumab resulted in regression of sarcoido-

sis (36, 45). Given these observations, anti-TNF-α agent-

induced sarcoidosis appears to be manageable with discon-

tinuation of the anti-TNF-α agents with or without systemic

corticosteroid treatment in most cases. If anti-TNF-α agents

are indispensable for the treatment of underlying autoim-

mune diseases, anti-TNF-α agents can be continued with

systemic corticosteroid treatment, and etanercept-induced

sarcoidosis may be resolved by switching to other anti-TNF-

α agents. However, further investigations are needed to con-

firm this notion, as the number of such cases is too small.

The pathogenesis of anti-TNF-α agent-induced sarcoidosis

is not fully understood. However, several mechanisms based

on the different biological properties of anti-TNF-α agents

have been suggested. First, etanercept consists of soluble

TNF-α receptors, while other anti-TNF-α agents are mono-

clonal antibodies. Soluble TNF-α receptors bind only to the

soluble form and do not induce cytotoxic complement-

induced lysis of cells expressing membrane-linked TNF-α,

whereas anti-TNF-α antibodies bind to both soluble and

membrane forms of TNF-α and can cause cytotoxic

complement-induced cell lysis. In addition, the partial neu-

tralization of TNF-α by etanercept results in the redistribu-

tion of bioavailable TNF-α into sites with lower concentra-

tions, such as the lung (61), because synovial macrophages,

which do not lyse under etanercept treatment, can continue

to secrete TNF-α. Thus, the concentration of TNF-α in un-

involved sites may reach the same degree as in involved

sites, resulting in granuloma formation on etanercept treat-

ment. Furthermore, infliximab inhibits interferon (IFN)-γ ex-

pression, which is important in granuloma formation, as

well as TNF-α, while etanercept does not (71). The facts

that most cases of anti-TNF-α agent-induced sarcoidosis are

induced by etanercept and that switching from etanercept to

adalimumab resulted in regression of sarcoidosis in two

cases support these hypotheses. In addition, cases of sarcoi-

dosis induced by golimumab, which has higher affinity for
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TNF-α and lower rates of neutralizing antibodies formation

and can neutralize it more completely than other anti-TNF-α
antibodies (70, 72), have never been reported.

Second, TNF-α can activate nuclear factor (NF)-κB in

leukocytes, which results in leukocyte recruitment during the

onset of inflammation and the induction of apoptosis during

the resolution of inflammation. Reduced apoptosis caused

by anti-TNF-α agents such as infliximab may lead to the

development of sarcoidosis (70). Furthermore, it has been

reported that TNF-α usually inhibits transforming growth

factor (TGF)-β, which can inhibit the production of Th1 cy-

tokines such as IFN-γ and interleukin-12, but inhibition of

NF-κB by anti-TNF-α agents can paradoxically suppress the

production of TGF-β, leading to increased Th1 cytokines

and, causing sarcoidosis (70). CZP is a recombinant, poly-

ethylene glycolylated, antigen-binding fragment of a human-

ized monoclonal antibody that selectively targets and neu-

tralizes TNF-α, and it is essentially different from other

anti-TNF-α agents because it is not a full antibody and does

not include an Fc portion that may be immunogenic (52).

Therefore, CZP cannot induce cytotoxic complement-

induced cell lysis, similar to etanercept. This phenomenon

may be involved in the mechanisms underlying the develop-

ment of sarcoidosis induced by CZP. As another possibility,

it is thought that neutralizing antibodies to CZP may be in-

volved in the development of sarcoidosis through insuffi-

cient TNF-α blockade (70), although serum titers of neutral-

izing antibodies to CZP were not measured in the present

case. However, further investigations will be needed to clar-

ify the precise pathogenesis of CZP-induced sarcoidosis.

This case study has some limitations. First, in this article,

single case reports and case series of anti-TNF-α agents-

induced sarcoidosis were reviewed. Therefore, the actual

situation of anti-TNF-α agents-induced sarcoidosis may dif-

fer from the results of the literature review due to reporting

bias. The actual number of cases of anti-TNF-α agent-

induced sarcoidosis is thought to be more than the number

of reported cases (73, 74). Second, immunohistochemical

staining of lung and hilar lymph node tissue for P. acnes
was not performed in the present case. Therefore, possible

involvement of P. acnes in the development of sarcoidosis in

the present case cannot be fully excluded, although P. acnes
did not grow from BALF and lung and hilar lymph node

tissue cultures.

In conclusion, the first case of typical systemic sarcoido-

sis during CZP treatment for RA was reported. A review of

English-language case reports of anti-TNF-α agent-induced

sarcoidosis showed that the clinical features of anti-TNF-α
agent-induced sarcoidosis, such as the frequency of involved

organs, may be different from those of ordinary sarcoidosis,

and discontinuation of anti-TNF-α agents with or without

systemic corticosteroid treatment will result in regression of

sarcoidosis in most cases. To clarify the precise pathogenesis

of anti-TNF-α agent-induced sarcoidosis, further investiga-

tions are needed.
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