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CASE PRESENTATION

A black woman in her sixth decade
presented 8 years earlier with a
chronic nonproductive cough, dys-
pnea, and fatigue and was suspected
to have sarcoidosis. An inguinal
lymph node biopsy demonstrated
noncaseating granulomas. A subse-
quent transbronchial lung biopsy
excluded infection and confirmed sar-
coidosis. She was treated with 2
courses of oral prednisone, lasting
approximately 3 months each. She
was reluctant to continue this therapy
because of associated mood changes.
Approximately 6 years after diagnosis,
she sought specialty care for progres-
sive fatigue, dyspnea on exertion, and
a chronic, nonproductive cough. Dur-
ing the evaluation, she was found to
have a reduced platelet count; aside
from the finding of splenomegaly, a
hematological workup for thrombocy-
topenia was nondiagnostic.

Physical examination established a
normal resting room air pulse oxim-
eter oxygen saturation of 95% and mild
bilateral expiratory wheezes. Labora-
tory testing reconfirmed thrombocy-
topenia (platelet count: 69 X 10°/pL
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Sarcoidosis is a multisystem granulomatous disorder that most often af-
fects the lungs and may cause significant morbidity. Sarcoidosis can mani-
fest as neurological disease, uveitis, blindness, end-stage pulmonary fibro-
sis, pulmonary hypertension, dysrhythmias, cardiomyopathy, hypercalcemia,
and renal failure. Sarcoidosis persists as chronic disease in approximately
one-third of those affected. Clinical pitfalls and misconceptions about the
course of disease place this population at risk for delayed or inadequate care.
While noncaseating granulomas are the histopathological hallmark of sar-
coidosis, they also are nonspecific. No pathognomonic diagnostic test ex-
ists for sarcoidosis, so the diagnosis remains one of exclusion. While the
etiology of sarcoidosis is still unknown, recent insights into its immuno-
pathogenesis have moved investigators closer to finding more effective treat-
ments. Corticosteroids remain the standard of care when treatment is indi-
cated, despite their adverse effect profile. Clinical investigations of novel
drugs and biological agents targeting mechanisms involving CD4 type 1 helper

T cells may provide more effective, better tolerated therapies.
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[range: 173-369 X 10%/pL]; to convert
to X 10%L, multiply by 1) and an el-
evated serum angiotensin-converting
enzyme level (232 U/L [range: 16-52
U/L]; to convert to nkat/L, multiply by
16.667). Pulmonary function testing
demonstrated moderate restriction
(total lung capacity: 2.33 L, which is
65% of the predicted level) and severe
diffusion impairment (4.86 mL/min/
mm Hg, which is 26.8% of the pre-
dicted level). The 6-minute walk test
showed a reduced walk distance (439
m) and oxygen desaturation to 76%. A
standard chest computed tomo-
graphic scan and prone high-resolu-
tion computed tomographic scan
(FIGURE 1) revealed marked intersti-

tial thickening, cystic changes predomi-
nantly affecting the upper lobes, mild
mediastinal adenopathy, and spleno-
megaly. Supplemental oxygen was ini-
tiated along with prednisone (30 mg/
d). She experienced an improvement in
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Figure 1. High-Resolution Chest Computed Tomography (HRCT)

The HRCT was performed on a black woman in her sixth decade with untreated pulmonary sarcoidosis. It re-
veals extensive cystic changes involving the upper lobes, bilaterally, as well as severe, interstitial thickening

and fibrosis, reflecting stage IV pulmonary sarcoidosis.

cough, dyspnea, and fatigue, and sub-
sequently self-tapered and discontin-
ued prednisone after approximately 6
months. She reported feeling de-
pressed.

Epidemiology
In 1899, Boeck! coined the term sar-
coidosis to name his findings of “epi-
thelioid cells with large pale nuclei and
also a few giant cells” found on skin bi-
opsy. Sarcoidosis can affect individu-
als at all ages, but most commonly af-
fects those in the third to fourth decades
of life.? In the United States, the ad-
justed annual incidence rate among
blacks is roughly 3 times than that
among whites (35.5 cases per 100 000
population vs 10.9 per 100 000 popu-
lation, respectively).? In blacks, sar-
coidosis is more likely to be chronic and
fatal

Because sarcoidosis most com-
monly involves the skin, eyes, and the
lungs, the cause of sarcoidosis is pre-
sumed to be airborne. Despite a large,
well-matched, multicenter, etiologic
study, no single predominant, environ-
mental, or occupational factor has been
identified, although modest risk was
found for exposure to moldy environ-
ments (odds ratio, 1.61; 95% confi-
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dence interval, 1.13-2.31) and insecti-
cides (odds ratio, 1.52; 95% confidence
interval, 1.14-2.04).*

Manifestations

Patients often report a prolonged
workup prior to receiving the diagno-
sis of sarcoidosis.’ Judson et al’ re-
ported that the diagnosis of sarcoid-
osis was made on the first physician visit
in only 15.3% of cases. The presence
of pulmonary symptoms was associ-
ated with a delayed diagnosis, often ex-
ceeding 6 months.

Thoracic involvement occurs in more
than 90% of patients with sarcoidosis.
Symmetrical hilar adenopathy is the
most common thoracic manifestation.
Unilateral hilar adenopathy occurs in
only 3% to 5% of patients. Mediastinal
lymphadenopathy without hilar lymph
node enlargement is rare and points to
an alternative diagnosis. Pulmonary
function tests yielding abnormal re-
sults most often demonstrate a de-
creased diffusion capacity and a restric-
tive ventilatory defect. At least 50% of
patients also have obstructive airways
disease.’ Pulmonary hypertension oc-
curs in 6% to 23% of patients at rest and
in more than 40% of patients during ex-
ercise.® Pulmonary hypertension com-

plicates pulmonary sarcoidosis more
frequently in advanced parenchymal
disease and significantly worsens
prognosis.”

While the thorax is the most com-
mon site of disease, skin involvement
occurs in at least 30% of patients and
is often missed. Cutaneous sarcoid-
osis presents as single foci or crops,
and is often attributed to other
causes, perhaps because of its highly
variable manifestations (eg, macular-
papular, nodular, psoriatic-like, and
hypomelanotic). Careful skin exami-
nation is warranted because biopsy
of a sarcoidal lesion has a high diag-
nostic yield. Erythema nodosum
occurs more commonly in women
and portends a good prognosis dur-
ing an acute presentation.

Eye involvement, including any ocu-
lar element potentially affected, oc-
curs in about 25% of patients. The pres-
ence of ocular sarcoidosis may precede
the actual diagnosis by years or even de-
cades. The more insidious-presenting
chronic anterior uveitis is more com-
mon than the acute pain and photo-
phobia of acute anterior uveitis. Thus,
examination with a slit lamp to iden-
tify the waxy precipitates of inflamma-
tory cells is essential in the initial evalu-
ation of patients who may have
sarcoidosis.®

Cardiac sarcoidosis is much more
common than clinically appreciated®
and is found at autopsy in up to 25%
of patients in the United States'’; in
Japan, the incidence is greater than
50%. Cardiac sarcoidosis can affect
any part of the heart and conduction
system. Sarcoidal granulomas and
subsequent fibrosis may induce com-
plete heart block and ventricular
arrhythmias. Patients may present
with syncope, heart failure, or sudden
death. No well-studied approach to
screen for cardiac sarcoidosis exists.
Screening at presentation should con-
sist of a detailed medical history,
physical examination, and an electro-
cardiographic examination. Abnormal
physical or electrocardiographic find-
ings or suggestive symptoms should
prompt further evaluation, which may
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include an echocardiogram, cardiac
event monitoring, and further
imaging.’ Positron emission tomo-
graphic (PET) scanning may be the
most sensitive test.!! Delayed-
enhancement cardiac magnetic reso-
nance imaging may detect minute
amounts of sarcoid-related cardiac
damage, and may be more widely
available and less costly than PET.?
In addition, anti-inflammatory agents
may reduce fluorodeoxyglucose
uptake, and theoretically reduce PET
sensitivity. While electrophysiological
studies should be used to evaluate
patients with syncope or significant
electrocardiographic abnormalities,
the sensitivity and ability to stratify
patients by risk is poorly defined. A
normal electrophysiological study at
any one point does not preclude
future granulomatous infiltration and
fibrosis in critical regions. Because
cardiac sarcoidosis often occurs in the
absence of apparent disease else-
where, sarcoidosis should be consid-
ered in any nonischemic form of car-
diomyopathy, particularly when
rhythm disturbances are prominent.

Neurosarcoidosis is detected at
autopsy in up to 25% of patients and
can occur in the absence of apparent
disease elsewhere. Neurological dis-
ease precedes the diagnosis of sarcoid-
osis in up to 74% of patients, and is
the only manifestation in 10% to 17%
of patients with sarcoidosis.’> Any
part of the nervous system may be
affected, although cranial nerve
involvement is the most common
form. Of the cranial nerves, the facial
and optic nerves are most commonly
involved. Pituitary involvement gen-
erally presents with diabetes insipi-
dus, and hypothalamic involvement
can cause pituitary insufficiency.'
Spinal cord involvement with paraple-
gia and quadriplegia is well recog-
nized and portends a poor prognosis.
Other common symptoms of neuro-
sarcoidosis include ataxia, cognitive
dysfunction, headache, seizures, and
weakness."

Depression and neuropsychiatric ill-
ness often accompany pulmonary sar-
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coidosis. The incidence of depression
has been reported to be between 13%
and 66%. The multicenter ACCESS (A
Case Control Etiologic Study of Sar-
coidosis) trial found that 46% of pa-
tients reported symptoms of depres-
sion compared with 27% of controls.'®
A lower quality of life has been associ-
ated with increased dyspnea and with
oral corticosteroid use. These studies
point to the need for greater attention
to this serious comorbidity and con-
sideration for a multidisciplinary man-
agement approach.

Diagnostic Pathway

The diagnosis of sarcoidosis is sup-
ported by a compatible clinical and
radiographic presentation, and histo-
logical evidence of noncaseating
granulomas on biopsy (without
organisms or particles). In patients
who present with Lofgren syndrome
(erythema nodosum, hilar adenopa-
thy, and polyarthralgias), a probable
diagnosis of sarcoidosis can be made
without biopsy. In all other cases, a
biopsy should be performed on the
most accessible organ, such as the
skin or peripheral lymph nodes. A
bronchoscopy along with a transbron-
chial biopsy has a diagnostic yield of
85% and is useful even in patients
with hilar lymphadenopathy alone
based on chest x-rays with Scadding
stage 1. The high diagnostic yield of
endobronchial ultrasound-guided
fine needle aspiration of intrathoracic
lymph nodes'” makes the use of medi-
astinoscopy mostly unnecessary. Sev-
eral reports have demonstrated the
value of PET scanning to detect occult
disease, which may help to determine
an accessible site for biopsy, particu-
larly in difficult cases such as cardiac
or neurological involvement.'8

Prognosis and Treatment

Remission occurs for more than half of
patients within 3 years of diagnosis, and
within a decade for two-thirds with few
or no consequences. Unfortunately, up
to one-third of patients have persis-
tent disease, leading to significant or-
gan impairment. Less than 5% of pa-

tients die of sarcoidosis, with death
usually the result of cardiac or neuro-
logical involvement, or respiratory
failure due to pulmonary fibrosis. Cor-
ticosteroids remain the principal treat-
ment. Both high-dose corticosteroids for
prolonged periods, and a burst-and-
taper approach as used for asthma,
should be avoided. In general, 6 to 9
months of treatment is required. Ex-
pert opinion recommends a dosing
schedule of 30 to 40 mg/d of predni-
sone with a biweekly taper of 5 mg/d
until 10 to 20 mg/d is reached and
maintained for a few months. Several
alternatives can be considered for those
who do not tolerate corticosteroids."
Many individuals with sarcoidosis
require no treatment. For pulmonary
sarcoidosis, there is no general con-
sensus regarding which subgroups
require treatment, the treatment type
and dose, or duration of therapy; even
among experts, there are few areas
of agreement.?® The decision to ini-
tiate treatment depends on the site
and severity of organ involvement
(TABLE 1). In pulmonary sarcoidosis,
therapy is often started for trouble-
some symptoms, such as an intrac-
table cough or dyspnea on exertion,
or for progressive pulmonary function
deterioration. There is somewhat
greater consensus regarding the treat-
ment of cardiac, ocular, and neurosar-
coidosis; however, there is no therapy
approved by the US Food and Drug
Administration for sarcoidosis.

Genetics

Familial clustering of sarcoidosis has
been well described.?! Having a first-
degree relative with sarcoidosis in-
creases the risk for disease by 5-fold.*
However, less than 1% of all first-
degree relatives of patients with sar-
coidosis have the disease, so screen-
ing for sarcoidosis among relatives is not
warranted. Genome-wide scanning for
sarcoidosis susceptibility genes has
identified a few candidate genes.”*" One
identified candidate gene, butyrophilin-
like 2, has been replicated in more than
1 population.?>?® Its role in sarcoid-
osis awaits further studies.
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]
Table 1. Approach to Treating Individual Organ Systems?

Treatment
INot Generally Sometimes GenerallyI
Clinically active disease

Neurological No No Yes
Ocular No No Yes
Cardiac No No Yes
Renal No No Yes
Hepatic No Yes No
Splenic No Yes No
Pulmonary

Stage 0 Yes No No

Stage | Yes No No

Stage Il No Yes No

Stage Il No Yes No

Stage IV No Yes No
Cutaneous No Yes No
Musculoskeletal No Yes No

Comorbid conditions

Depression No No Yes
Fatigue No Yes No
Pulmonary hypertension No No Yes

aTreatment is dependent on site and severity of organ involvement. In pulmonary sarcoidosis, therapy is often initiated
for significant symptoms and/or for functional deterioration. For cardiac disease and neurosarcoidosis, therapy is
essential. Treatment with doses higher than those used in patients with pulmonary sarcoidosis are generally re-

quired.

Immunopathogenic Mechanisms
Sarcoidosis is a multisystem inflamma-
tory disease of undetermined etiology,
characterized by T-lymphocyte infiltra-
tion, granuloma formation, and distor-
tion of normal microarchitecture. Sar-
coidosis results from an uncontrolled
cell-mediated immune reaction, mani-
fested by well-formed, noncaseating epi-
thelioid granulomas.' Immunological
findings, such as a restricted repertoire
of T-cell receptors and oligoclonal
T-cell expansion, suggest selective acti-
vation of the immune system and ste-
reotypically acquired and innate immu-
noresponses. Serum amyloid A may play
an important role in the innate im-
mune response in chronic sarcoidosis
(FIGURE 2).%" The prevailing theory
holds that sarcoidosis develops in ge-
netically predisposed hosts from a cell-
mediated immune response to 1 or
more unidentified antigens.?® Myco-
bacteria and propionibacteria have been
identified as possible causative agents.
Mycobacterial tuberculosis catalase-
peroxidase protein was identified in ap-
proximately 50% of sarcoidosis tis-
sues sampled in a 2005 study.*

394 JAMA, January 26, 2011—Vol 305, No. 4 (Reprinted)

Granuloma Formation

Immune granulomas have a central
follicle composed of epithelioid and
CD4 type 1 helper T cells (T,1) sur-
rounded by a ring of fibroblasts, B cells,
and CD8 T lymphocytes. Activated
tissue macrophages resemble epithe-
lial cells (hence the term, epithelioid
granulomas); these cells become the
primary sources for angiotensin-
converting enzyme.

Granuloma formation can be
divided into 4 stages: initiation, accu-
mulation, effector phase, and resolu-
tion (Figure 2).°° During initiation,
macrophages and monocytes are the
first cells to be recruited. Antigens are
internalized by macrophages, which
then process and present peptides to
CD4 T cells via class II major histo-
compatibility complex molecules
(FIGURE 3).*!' Interactions between
macrophages and T cells are essential
for T-cell activation and initiation
and development of granulomas.
Co-stimulatory molecules CD80,
CD83, CD86, and HLA-DR play
an important role in the interface
between antigen-presenting cells

and T cells. Following recruitment,
T cells and macrophages release
mediators that further amplify the
T,1 response, leading to greater pro-
liferation and recruitment. During
the final phase (resolution), there
is an increased production of
macrophage-generated cytokines
favoring fibrosis (eg, transforming
growth factor B).>

T-Cell Activation and Signaling

T lymphocytes may be activated via
several mechanisms, including T-cell
receptor complexes, toll-like recep-
tors, and cytokine or chemokine
receptors (Figure 3); the latter are
upregulated in both acute and
chronic inflammation. Cytokines and
chemokines not only activate CD4
Tyl cells, but also play important
roles in recruitment and migration.
Chemokines are small peptide cyto-
kines, which attract leukocytes and
influence their behavior.

The T-cell receptor complex is
comprised of clonally variable
antigen-binding chains (a and ) and
invariant signaling proteins. Antigens
binding to the T-cell receptor com-
mences protein tyrosine kinase activa-
tion that is mediated by kinase fami-
lies. The first phase of protein
tyrosine phosphorylation triggers
subsequent signaling pathways
(Figure 3), such as mitogen-activated
protein kinase, protein kinase C, and
increased intracellular free calcium.
These downstream pathways in turn
activate transcription factors such as
activating protein 1 and the nuclear
factor of activated T cells, which pro-
mote gene expression that controls
T-cell proliferation, differentiation,
apoptosis, and anergy.

Toll-like receptor binding with bac-
terial or viral products propagate in-
tracellular signaling cascades via mito-
gen-activated protein kinases and
nuclear factor k B (NF-«kB). This leads
to translocation of transcription fac-
tors, such as NF-kB, activating pro-
tein 1, and nuclear factor of activated
T cells to the nucleus, which induces
the transcription of genes encoding pro-

©2011 American Medical Association. All rights reserved.

Downloaded from jama.ama-assn.org at Bibliosan on January 26, 2011


http://jama.ama-assn.org/

CLINICAL PRESENTATION, IMMUNOPATHOGENESIS, AND THERAPEUTICS OF SARCOIDOSIS

inflammatory chemokines and cyto-
kines. In addition, NF-kB, nuclear fac-
tor of activated T cells, and activating
protein 1 induce new gene transcrip-
tion that leads to T-cell differentia-
tion, proliferation, and effector func-
tions. These T-lymphocyte signal
transduction pathways are potential
therapeutic targets in sarcoidosis.

Cytokines and Chemokines

In sarcoidosis, Ty1 cells spontaneously
release increased amounts of interleu-
kin 2 (IL-2) and interferon y (IFN-y) 333*
Interleukin 2 acts as a local growth factor
for T lymphocytes, whereas IFN-y en-
hances the accessory and cytotoxic func-
tions of T cells and regulates the secre-
tion of other lymphokines. Tumor
necrosis factor (TNF), IL-12, and IL-18
play critical roles in driving commit-
ment of T,1 cells. Interleukin 12 and
IL-18 induce IFN-y production and en-
hance T-cell cytotoxicity.?> Chemo-
kine regulation on activation normal
T-cell expression and secretion
(RANTES or CCL5), macrophage in-
flammatory protein 1 (MIP-18 or
CCL4), monocyte chemoattractant pro-
tein 1 (MCP-1 or CCL2), and IFN-y-
inducible protein 10 (CXCL10) are ex-
pressed in sarcoid granulomas and
enhance the migration of effector
cells.*® Interactions between chemo-
kines and receptors that activate mito-
gen-activated protein kinase pathways
play a major role in inflammation and
T-cell responses (Figure 3).

Clinical Trials

Despite the dearth of long-term effi-
cacy data and numerous adverse
effects, corticosteroids remain the
standard of care. More effective,
better-tolerated therapies are needed.
Agents modulating key CD4 T,1 cell
activities (TABLE 2) may have salutary
effects. It remains to be seen whether
B-cell inhibition has a role in the treat-
ment of sarcoidosis (NCT00855205).
Methotrexate, an antimetabolite,
interferes with DNA synthesis, repair,
and cellular replication via reversible
inhibition of dihydrofolate reductase.
Methotrexate also inhibits another

©2011 American Medical Association. All rights reserved.

Figure 2. Proposed Mechanisms of Sarcoid Granuloma Formation
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enzyme, which results in increased
concentrations of adenosine (a potent
anti-inflammatory mediator). Metho-
trexate inhibits cell-mediated immune
responses and has been used to treat
other granulomatous diseases. The
mechanism of action of methotrexate
in sarcoidosis is unknown, but may
involve both cytotoxic and anti-
inflammatory effects; the latter may in
part be related to suppression of TNF
and increased extracellular adeno-

sine.’” In a randomized, double-blind,
placebo-controlled trial, 24 patients
with acute sarcoidosis received pla-
cebo or methotrexate to determine
methotrexate’s steroid-sparing effect.*
At 12 months, the patients who
received methotrexate required sig-
nificantly less prednisone than the
patients in the placebo group (8.3
mg/d vs 16 mg/d of prednisone,
respectively; P<<.001). Methotrexate
appears to be a steroid-sparing agent;

Figure 3. T-Cell Signaling and Targets in Sarcoidosis

!
L

oAl
M Infliximab =
A Adalimumab

Bacterial and
viral proteins

./ e

/A

Ll

Activation adll e l

MAP3K
pathway

NUCLEUS

-~

Induction of
proinflammatory Ty1
cytokines and chemokines

[ OV
] ANTIGEN-PRESENTING
. CELL w‘- Therapeutic agents modulating
CD4 type 1 helper T cell (T,,1) activity
Un|.d - M Accepted as clinically effective
antigen

)

Activation of 4z
signaling pathways

PKC
pathway

Transcription factors
eg, AP-1, NF-kB, NFAT)

5 2%
. Transcription of
- immunoresponse-related
genes

® Inconclusive evidence
A Investigational

& 5
-

v

Sl CAMAA

). §
% 1]

Lipid bilayer
P LFA-
» v

A Statins

e

A

1 r
- 4 H"

b

A PDEI
@ Pentoxifylline

@
GTP-Bindiig
protein

T

Calcineurin
pathway

1
o

A Statins

M Methotrexate

N

T-cell activation,
differentiation,
and proliferation

T-cell activation may occur via the T-cell receptor (TCR), toll-like receptor (TLR), cytokine or chemokine receptors,
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however, larger studies are required
for validation.

Tumor necrosis factor is an impor-
tant cytokine in granulomatous inflam-
mation, and it exerts its action at mul-
tiple cellular and subcellular sites.
Selective inhibition of TNF has been in-
vestigated as a treatment strategy for sar-
coidosis. Etanercept (a dimeric fusion
protein) binds TNF and neutralizes it by
preventing interaction with cell-surface
TNF receptors. In an open-label study
with etanercept (dose: 25 mg/d twice
weekly), no clinical benefit and no de-
crease in serum or bronchoalveolar la-
vage TNF levels were demonstrated.*
Using a similar strategy, infliximab (a chi-
meric monoclonal antibody that inhib-
its TNF) was investigated in a multi-
center randomized, double-blind,
placebo-controlled trial. A total of 138
patients received infliximab (3 or 5 mg/
kg) or placebo. The patients in the in-
fliximab groups (3 or 5 mg/kg) had a
mean increase of 2.5% from baseline to
week 24 in the percentage of predicted
forced vital capacity compared with no
change in patients treated with placebo
(P=.04).” There were no significant dif-
ferences between the treatment groups
for any of the major secondary end
points. While the role of infliximab in
pulmonary sarcoidosis remains un-
clear, the results of this study support fur-
ther evaluation of anti-TNF therapy in
active pulmonary sarcoidosis. Thereisa
study under way for adalimumab (a TNF
inhibitor) as a treatment for cutaneous
sarcoidosis (NCT00274352).

Cyclosporine is a lipophilic, calcineu-
rin inhibitor, which impedes T-
lymphocyte activation and produces cal-
cium-dependent, reversible transcription
inhibition of IL-2, and decreases IL-6 and
IFN-y synthesis. Clinical trials with cy-
closporine in pulmonary sarcoidosis have
not shown benefit.**+

The cyclic nucleotides (adenosine 3’
5" cyclic monophosphate and guano-
sine 3" 5’ cyclic monophosphate) are
important intracellular second messen-
gers that regulate multiple critical path-
ways. Concentrations of adenosine 3’
5" cyclic monophosphate and guano-
sine 3’ 5’ cyclic monophosphate are
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]
Table 2. Potential Therapies for Sarcoidosis

Serious Adverse Effects and Warnings

I
US FDA Boxed Warning
Accepted as Effective

Key Mechanisms General Warnings

Methotrexate®”@ Interferes with dihydrofolate reductase, Myelosuppression (fatalities reported) Monitor closely to detect adverse effects
increases AICAR, and increases Interstitial pneumonitis (reported with doses =7.5 early
concentrations of adenosine, mg/wk; not always fully reversible) Complete blood counts monthly
which has numerous Immunosuppression Renal and liver function tests every 1-2 mo
anti-inflammatory effects Hepatic inflammation, cirrhosis, or necrosis Caution required with concurrent
May suppress TNF activity via Renal dysfunction administration of certain drugs (eg,
inhibition of TNF-induced Gastrointestinal tract toxicity, including perforation NSAIDs, salicylates, and penicillins)
activation of NF-kB Lymphoma (may occur with low dose) Transient liver function test abnormalities
Severe dermatologic reactions (fatalities reported) are common
Pregnancy category X (fetal death and anomalies) Consider relatively low doses in older
patients
Infliximalo®® Inhibits TNF by binding to the soluble  T-cell ymphoma and leukemia risk Hypersensitivity infusion reactions

and transmembrane forms
Inhibits the binding of TNF to its
receptors

Serious infection risk (tuberculosis, fungal)

Lupus-like syndrome
CHF decompensation
Cytopenias
Hepatotoxicity
Pregnancy category B

Pentoxifylling®+!

Inhibits phosphodiesterase and leads
to increased intracellular
adenosine monophosphate

Inhibits TNF

Inconclusive Evidence
None

Use in patients with recent cerebral or
ocular hemorrhage
Pregnancy category C

Investigational®

Anti-CD20 Inhibits CD20 and depletes B cells Infusion reactions (fatalities reported) Cardiac arrhythmias and angina
antibodies Fc receptor y-mediated Progressive multifocal leukoencephalopathy Severe infections
antibody-dependent cytotoxicity (fatalities reported) Hepatitis B reactivation (fatalities reported)
Severe mucocutaneous reactions (fatalities Bowel obstruction and perforation
reported) Severe cytopenias
Pregnancy category C
Statins*44 Interfere with HMG CoA reductase None Liver dysfunction
and decreases isoprenylation of Rhabdomyolysis
small G proteins Myalgias
Interferes with MHC Il and LFA-1 Pregnancy category X
Interferes with T-cell activation via
disruption of the lipid bilayer
on T cells
Phosphodiesterase  Inhibits phosphodiesterase and leads ~ Not approved for clinical use in the United States ~ Pregnancy category to be determined
inhibitors®*45 to increased intracellular
adenosine monophosphate®
Considered Clinically Ineffective for Pulmonary Sarcoidosis
Cyclosporing*47 Inhibits calcineurin Increased risk of lymphoma and other neoplasia ~ Hypertension
Alters LFA-1 and ICAM-1 expression  Increased infection risk Nephrotoxicity
Interferes with T-cell activation, IL-2 Pancreatitis
gene transcription, and reduces Hepatotoxicity
production of several other Hemolytic uremic syndrome
cytokines Posttransplant lymphoproliferative disorder
Inhibits activation and/or maturation of Pregnancy category C
cells involved in cell-mediated No role as first-line therapy in pulmonary
immunity sarcoidosis (based on expert
consensus)
Etanercept*® Binds to TNF, preventing its interaction Lymphoma and other malignancies Hypersensitivity infusion reactions
with cell surface receptors Serious infection risk (tuberculosis, invasive CHF decompensation
fungal, opportunistic infections) Cytopenias or anemias
Hepatotoxicity

Demyelinating disease, exacerbation, or
new onset

Hepatitis B virus carrier reactivation

Pregnancy category B

Not to be used for sarcoidosis (based on
expert consensus) unless future studies
demonstrate a favorable risk to benefit
profile

Abbreviations: AICAR, aminoimidazolecarboxamidoadenosineribonucleotide transformylase; CD20, cluster of designation 20; CHF, congestive heart failure; FDA, Food and Drug Admin-
istration; HMG CoA, 3-hydroxy-3-methylglutarly coenzyme A reductase; ICAM-1, intercellular adhesion molecule 1; IL-2, interleukin 2; LFA-1, leukocyte function-associated antigen 1
(also known as CD11a/CD18 and a8, integrin); MHC Il, major histocompatibility complex II; NF-kB, nuclear factor k B; NSAIDs, nonsteroidal anti-inflammatory drugs; TNF, tumor ne-

crosis factor.

2This drug is under study for sarcoid uveitis.
b Adalimumab (an anti-TNF antibody) is under investigation for cutaneous sarcoidosis. Atorvastatin and rituximab (anti-CD20 antibodies) are under study for pulmonary sarcoidosis.
CThis is animportantintracellular second messenger, which regulates multiple inflammatory activities including cell trafficking, celladhesion molecules, cytokines, and microvascular leakage.
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regulated by cyclases and the cyclic
nucleotide phosphodiesterases, which
cleave the 3" 5" cyclic phosphate bonds
of these 2 cyclic nucleotides.” Inflam-
mation is suppressed by increased levels
of adenosine 3’ 5’ cyclic monophos-
phate. Agents that increase adenosine 3’
5’ cyclic monophosphate, such as phos-
phodiesterase inhibitors, might be valu-
able in inflammatory conditions.” Phos-
phodiesterase 4 inhibitors may inhibit
T-cell activation and numerous T-cell
functions mediated via CD28 co-
stimulation; methotrexate and cyclo-
sporine may not be as effective in this
form of activation. Pentoxifylline (a non-
selective phosphodiesterase inhibitor)
has known anti-inflammatory proper-
ties and has been shown to inhibit
TNF.?® An open-label study in Ger-
many reported beneficial effects of pen-
toxifylline in patients with pulmonary
sarcoidosis.” A randomized, double-
blind, placebo-controlled trial was con-
ducted at the National Institutes of
Health to determine whether pentoxi-
fylline could be an alternative treat-
ment to prednisone. Patients with pul-
monary sarcoidosis were given 2000
mg/d of pentoxifylline (in divided doses)
as their baseline prednisone dose was ta-
pered or placebo. While the primary
analysis showed no difference between
the 2 study groups, a post hoc analysis
demonstrated fewer flares in the pa-
tients who received pentoxifylline com-
pared with those who received pla-
cebo. In addition, less prednisone was
used in the pentoxifylline group, sug-
gesting a steroid-sparing effect.*! This
study may provide a basis for using
more specific, better-tolerated phospho-
diesterase inhibitors in future clinical
trials.

Statins lower cholesterol levels and
have immunomodulatory proper-
ties,”* many of which result from in-
hibition of 3-hydroxy-3-methylglu-
taryl coenzyme A, which suppresses the
synthesis of isoprenoid intermediates
of cholesterol biosynthetic pathways.
Isoprenoid intermediates are neces-
sary for the posttranslational modifi-
cation (prenylation) of a variety of pro-
teins, which anchors them to cell

398 JAMA, January 26, 2011—Vol 305, No. 4 (Reprinted)

membranes. Interference with protein
prenylation can disrupt intracellular
targeting of important mediators of
inflammation, such as small guano-
sine triphosphate-binding proteins
and the -y subunit of heterotrimeric G
proteins.

Statins regulate transcription fac-
tors important in inflammation, includ-
ing NF-kB, activating protein 1, and
peroxisome proliferator—activated re-
ceptors, and decrease the expression of
co-stimulatory and activation mol-
ecules on dendritic cells. They sup-
press CD4 T,1 differentiation, limit
chemokine production in alveolar mac-
rophages, and disrupt the cell mem-
brane lipid bilayer on T cells, which in-
terferes with activation and signaling.
A randomized, double-blind, placebo-
controlled trial is under way at the
National Institutes of Health to deter-
mine if atorvastatin has steroid-
sparing effects in adults requiring
treatment for pulmonary sarcoidosis
(NCT00279708).

CONCLUSION

Sarcoidosis is a multisystem inflamma-
tory disorder of undetermined etiol-
ogy that has a myriad of manifesta-
tions. There are often delays in the
diagnosis and care because there is no
criterion diagnostic test. Patients are
without a treatment approved by the US
Food and Drug Administration, con-
sequently glucocorticoids remain the
standard of care. Given recent ad-
vances in the identification of molecu-
lar targets and the emergence of novel
therapeutic agents, investigations stra-
tegically directed at key immunopatho-
genic mechanisms should move for-
ward with exigency and resolve.
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