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Abstract: When sarcoidosis needs treatment, pharmacotherapy is usually required. Although glu-
cocorticoids work reliably and relatively quickly for sarcoidosis, these drugs are associated with
numerous significant side effects. Such side effects are common in sarcoidosis patients, as the disease
frequently has a chronic course and glucocorticoid treatment courses are often prolonged. For these
reasons, corticosteroid-sparing and corticosteroid-replacing therapies are often required for sarcoido-
sis. Unfortunately, many healthcare providers who care for sarcoidosis patients are not familiar
with the use of these agents. In this manuscript, we provide a review of the pharmacotherapy of
sarcoidosis. We discuss the mechanism of action, dosing, side-effect profile, approach to monitoring
and patient counselling concerning glucocorticoids, and the common alternative drugs recommended
for use in the recent European Respiratory Society (Lausanne, Switzerland) Sarcoidosis Treatment
Guidelines. We also discuss the use of these agents in special situations including hepatic insuf-
ficiency, renal insufficiency, pregnancy, breastfeeding, vaccination, and drug–drug interactions. It
is hoped that this manuscript will provide valuable practical guidance to clinicians who care for
sarcoidosis patients.
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1. Introduction

Sarcoidosis is a multisystem granulomatous disease of unknown cause. Sarcoidosis is
usually treated with pharmacotherapy. The treatment of sarcoidosis is nuanced because the
disease outcome varies from an asymptomatic state to a life-threatening disease, therapeutic
agents are associated with significant toxicity, the prognosis of the disease is problematic
to predict, and the effectiveness of specific drugs is dependent upon the specific organs
involved. All these issues are discussed in detail in the recent European Respiratory Society
(ERS) Clinical Practice Sarcoidosis Treatment Guidelines [1].

The ERS guidelines review the indications for numerous drugs used for the treatment
of sarcoidosis. Many healthcare providers who care for sarcoidosis patients are not fa-
miliar with the use of these agents. Many are primary care physicians or subspecialists
such as pulmonologists, ophthalmologists, and dermatologists who are unaccustomed
to using many of these drugs in their routine practice. In this manuscript, we review
characteristics of the pharmacologic agents that are most often used for the treatment of sar-
coidosis. We will focus on the proper use and monitoring of these pharmacologic agents in
clinical practice.
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2. Glucocorticoids
2.1. Mechanism of Action

There are numerous mechanisms responsible for the anti-inflammatory effects of
glucocorticoids including its inhibitory effects on a vast number of mediators such as tumor
necrosis factor alpha (TNFa), various interleukins (IL), endothelial leukocyte adhesion
molecule 1 (ELAM-1), and intercellular adhesion molecule 1 (ICAM-1), which are impaired
by glucocorticoids [2].

2.2. General Treatment Indications for Glucocorticoids in Sarcoidosis

Glucocorticoids are considered the drug of choice for most forms of sarcoidosis [3].
These drugs are recommended as first-line agents for pulmonary, skin, cardiac, and neuro-
logic sarcoidosis in the European Respiratory Society (ERS) Clinical Practice Sarcoidosis
Treatment Guidelines [1]. However, because of the myriad of potential side effects from
glucocorticoids, several other drugs are considered for the treatment of sarcoidosis for their
glucocorticoid-sparing or glucocorticoid-replacing effects [3].

2.3. Dosing

Glucocorticoid dosing in sarcoidosis is not standardized. For symptomatic pulmonary
sarcoidosis, the recent European Respiratory Society (ERS) Sarcoidosis Treatment Guide-
lines recommend an initial daily prednisone dose of 20 mg. However, glucocorticoid
dosing in sarcoidosis varies based on the severity of disease, the organ involved, the risk
of glucocorticoid side effects, the risk of leaving sarcoidosis partially treated or untreated,
and the efficacy of concomitant corticosteroid-sparing medications. Various glucocorticoid
preparations and potencies are listed in Table 1.

Table 1. Frequently used glucocorticoids and their comparative potency.

Compounds Anti-Inflammatory Potency Equivalent Dose (mg)

Cortisone 0.8 25

Hydrocortisone 1 20

Prednisolone 4 5

Prednisone 4 5

Methylprednisolone 5 4

Triamcinolone 5 4

Betamethasone 25 0.75

Dexamethasone 25 0.75
From references [2,4].

Although glucocorticoids are primarily metabolized in the liver as they are substrates
for CYP3A4, hepatic dose adjustment is not required. Renal dose adjustment is also
not required.

2.4. Side Effects and Monitoring

Glucocorticoids have numerous side effects such as gastritis, weight gain, hyperten-
sion, fluid retention, hyperglycemia, skin atrophy, impaired wound healing, osteoporosis,
depression, mood change, adrenocortical insufficiency (when glucocorticoids are tapered
or withdrawn), Cushing syndrome, decreased growth in children, myopathy, glaucoma,
cataract, and an increased risk of infection. The risk for developing these side effects is
dependent upon individual patient factors such as comorbidities. Clinicians may alter glu-
cocorticoid regimens based on individual patient risks. Glucocorticoid side effects are also
dose dependent, and it is recommended to use the smallest dose for the shortest duration
possible. In the case of sarcoidosis, which is often a chronic condition, glucocorticoid-
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sparing agents should be considered in patients requiring glucocorticoid therapy for more
than a few months [5,6].

Some glucocorticoid side effects can be detected by eliciting symptoms from the pa-
tient such as gastrointestinal discomfort or mood change. However, many glucocorticoid
side effects may not be detected at an early stage because they do not result in apprecia-
ble symptoms; therefore, patients receiving glucocorticoids must be monitored for the
development of potential side effects while they are asymptomatic. The developments of
weight gain, hypertension, hyperlipidemia, and diabetes (components of the metabolic
syndrome) are serious glucocorticoid complications for which the patient should regularly
be evaluated. Side effects that the patient cannot easily perceive, such as osteoporosis
and eye disease, need to be regularly monitored. Table 2 lists parameters that should be
assessed at the initiation of glucocorticoid therapy as well as those that should be monitored
during therapy.

Table 2. Prednisone monitoring parameters.

Monitoring Parameter Monitoring Time Frame Reference

Body weight Baseline, frequently. [6]

Height Baseline, annually. [6,7]

Blood pressure Baseline, frequently. [5,6]

HbA1C Baseline, every 3~6 months. [6]

Blood glucose Baseline, frequently. [6]

CBC Baseline, frequently. [6]

Lipid profile Baseline, one month after initiation of glucocorticoid
therapy, then every 6–12 months. [5,6,8]

Bone-mineral density Baseline, every 1–2 years. [7]

Fracture history Baseline, then at routine follow up visits. [6]

Joint pain Baseline, then at routine follow up visits. [6,9]

Infection Baseline, then at routine follow up visits. [5,6]

Eye exam Baseline, then annually or as recommended by an
ophthalmologist. [5,6]

Healthy lifestyle inventory and education
Baseline documentation of patient’s lifestyle and
awareness. After initial counseling, reinforce healthy
lifestyle choices at routine follow up visits.

[6]

Perceived fatigue Baseline, then at routine follow up visits. [6,10]

Adrenal insufficiency

Measure serum cortisol or perform an ACTH
stimulation test in patients with symptoms of adrenal
insufficiency (or withdrawal) who have been tapered to
a low dose or off corticosteroids.

[6]

Anginal symptoms
(cardiovascular events)

Baseline, at routine follow up visits, educate the patient
concerning these symptoms. [6,11]

ACTH: adrenocorticotropic hormone.



J. Clin. Med. 2024, 13, 1250 4 of 32

The American College of Rheumatology guidelines recommend osteoporosis moni-
toring for all adults initiating glucocorticoid therapy or continuing glucocorticoid therapy
≥2.5 mg/day for more than three months. [7] An initial fracture-risk assessment using the
clinical fracture-risk factor assessment (FRAX®, https://frax.shef.ac.uk/FRAX/tool.aspx,
accessed on 20 November 2023) is strongly recommended for all such patients, including
for those who have never had a fracture-risk assessment or have been previously treated
for osteoporosis. FRAX® estimates the fracture risk based on many factors including alco-
hol use, smoking history, hypogonadism, history of prior fractures, body weight, height,
parental history of hip fracture, fall history, rheumatoid arthritis, thyroid disease, hyper-
parathyroidism, malabsorption, chronic liver disease, inflammatory bowel disease, and
height loss. Treatment recommendations for loss of bone density are based on the FRAX®

score. If available, bone-mineral density (BMD) testing with vertebral-fracture assessment
(VFA) or spinal x-ray is recommended as soon as possible after starting glucocorticoid
therapy as a baseline measurement, and then every 1–2 years thereafter while continuing a
glucocorticoid regimen [7].

2.5. Drug Interactions

Concomitant use of glucocorticoids and fluoroquinolones increases the risk of ten-
donitis and tendon rupture [12]. There are inconsistent reports regarding drug interac-
tion between glucocorticoids and antacids; while some studies reported that concomitant
antacid use may decrease glucocorticoid’s bioavailability by 40–75%, [13,14] others reported
no change in bioavailability [15,16]. Careful monitoring of the international normalized
ratio (INR) is required with concomitant use of warfarin and glucocorticoids, as glucocorti-
coids may increase the INR [17].

Glucocorticoids are metabolized in the liver via the CYP450 3A4 enzyme (CYP3A4).
Therefore, concomitant use of CYP3A4 inhibitor(s) or inducer(s) may change glucocorti-
coid metabolism: CYP3A4 inhibitors may decrease glucocorticoid metabolism leading to
increased anti-inflammatory effectiveness with an increased risk of side effects. Conversely,
CYP3A4 inducers can increase prednisone metabolism, which can lead to diminished
glucocorticoid effectiveness (Table 3). The effects of CYP3A4 inhibitors and inducers on
glucocorticoid potency and side effects are often clinically significant [18–20].

Table 3. Examples of CYP3A4 inhibitors and inducers.

CYP450 3A4 Inhibitors CYP450 3A4 Inducers

INCREASED GLUCOCORTICOID EFFECTIVENESS
INCREASED GLUCOCORTICOID SIDE EFFECT RISK

DECREASED GLUCOCORTICOID EFFECTIVENESS
DECREASED GLUCOCORTICOID SIDE EFFECT RISK

Moderate Effect Strong Effect Moderate Effect Strong Effect

Diltiazem
Verapamil
Erythromycin
Fluconazole
Isavuconazole
Cyclosporine
Dronedarone

Clarithromycin
Erythromycin
Itraconazole
Ketoconazole
Voriconazole
Posaconazole
Ritonavir
Indinavir
Darunavir
Nelfinavir
Saquinavir

Rifapentine
Rifabutin
Efavirenz
Bosentan

Phenobarbital
Phenytoin
Fosphenytoin
Primidone
Rifampicin
Rifampin
Carbamazepine
Eslicarbazepine
Lumacaftor
Lumacaftor-ivacaftor

https://frax.shef.ac.uk/FRAX/tool.aspx
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2.6. Special Situations

Pregnancy: Because sarcoidosis frequently occurs in women of childbearing age, glu-
cocorticoid use during pregnancy is a clinically relevant issue. Prednisone and methyl-
prednisolone are non-fluorinated glucocorticoids and are therefore the preferred oral gluco-
corticoids during pregnancy because the placental barrier limits its transport to the fetus,
while fluorinated glucocorticoids such as dexamethasone and betamethasone can readily
cross the placenta [21]. Conflicting data have been reported regarding the associations
between systemic glucocorticoid use during the first trimester of pregnancy and the devel-
opment of cleft lip and palate as well as low birth rate [22,23]. These associations appear
to be influenced by the glucocorticoid dose, duration of use, frequency, and indication for
use [23–25]. The general recommendation for glucocorticoid use during pregnancy is to
use prednisone at the lowest effective dose for shortest duration possible, and to avoid
high doses, particularly during the first trimester [24,26].

Breastfeeding: Mothers should be counselled that glucocorticoids are present in breast
milk. Although glucocorticoids are generally well tolerated by the child receiving breast
milk from mothers using standard glucocorticoid doses, it is recommended to monitor
the infant for adverse events such as growth suppression. The European Respiratory
Society/Thoracic Society of Australia and New Zealand (ERS/TSANZ) task force team
recommended waiting 3–4 h after a prednisone dose to begin breastfeeding to minimize
the potential glucocorticoid exposure to the breastfeeding child [27]. Based on pred-
nisone’s half-life, approximately 87–94% of the drug is eliminated from mother’s plasma by
this time.

Osteoporosis: For the prevention and treatment of glucocorticoid-induced osteoporosis,
the American College of Rheumatology guidelines suggest specific recommendations for
adults who are taking a prednisone equivalent of ≥2.5 mg daily for >3 months, based
on the individual patient’s level of risk: low risk, moderate, high, and very high risk,
respectively [7]. These levels of risk are based on the glucocorticoid dose, dual-energy
X-ray absorptiometry (DEXA) T score and Z score, FRAX® score, and a prior history of
osteoporosis-related fracture. Specific details can be found in the 2022 American College
of Rheumatology Guideline for the Prevention and Treatment of Glucocorticoid-Induced
Osteoporosis [7].

Pneumocystis jirovecii pneumonia (PJP) prophylaxis: PJP Prophylaxis with trimethoprim
and sulfamethoxazole (TMP/SMX) is often used in patients receiving high-dose gluco-
corticoid therapy. Although there is no consensus on a specific glucocorticoid dose that
requires TMP/SMX for PJP prophylaxis, most reports recommend PJP prophylaxis in
patients receiving a prednisone equivalent ≥20~30 mg daily [28–30]. In clinical practice,
PJP prophylaxis with TMP/SMX is generally not used in sarcoidosis patients unless they
are receiving concomitant immunosuppressive medication.

Glucocorticoid interaction with the QuantiFERON test: The QuantiFERON test is an
interferon gamma (IFN-γ) release assay (IGRAs) that measures an immunologic response
to TB antigen exposure [31]. This test involves a positive control tube to measure IFN-γ
release in blood in response to a non-specific lymphocyte activator, i.e., phytohemagglu-
tinin [32]. High doses of glucocorticoids (≥20 mg/day of prednisone equivalent) and other
immunosuppressants often cause an inadequate IFN-γ release in the phytohemagglutinin-
stimulated tube, which leads to an “indeterminate” QuantiFERON test result. If an inde-
terminate QuantiFERON test result is obtained while the patient is receiving high-dose
glucocorticoids, then a repeat QuantiFERON test is recommended after tapering glu-
cocorticoids to <20 mg of daily prednisone [33,34]. Because of this potential effect of
high-dose glucocorticoids on the QuantiFERON test result, it is prudent to perform this
test prior to initiating high-dose corticosteroids in patients with severe sarcoidosis who are
thought likely to be prescribed biologic therapy that requires prior latent tuberculosis (TB)
infection screening.
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Vaccination: Influenza vaccine can be administered while patients are receiving glu-
cocorticoids at any dose. Other non-live-attenuated vaccines are recommended when the
prednisone equivalent dose is <20 mg daily. However, for prednisone equivalent doses of
≥ 20 mg daily, other non-live-attenuated vaccines are recommended to be deferred until the
glucocorticoid dose is tapered to <20 mg prednisone daily equivalent. For live-attenuated
vaccines, glucocorticoids are recommended to be held from four weeks before until four
weeks after vaccination. For patients receiving a lower dose of glucocorticoids (<20 mg
prednisone equivalent), glucocorticoid therapy may be continued while the patient receives
a live-attenuated vaccine [35]. The following glucocorticoid regimens may be continued
while receiving a live vaccine: short-term use of glucocorticoid <14 days, low-to-moderate
dose prednisone (defined as <20 mg/day or <2 mg/kg/day for a child), long-term but
alternate day glucocorticoids, daily use of topical glucocorticoids, inhaled corticosteroids,
and localized glucocorticoid injections into joints [36].

The Centers for Disease Control and Prevention (CDC), in January 2022, updated their
recommendation on Shingrix® Recombinant Zoster Vaccine (RZV) such that all individu-
als ≥19 years old who have an immunocompromised condition or who will imminently
receive immunocompromised medication are eligible for RZV administration [37]. This rec-
ommendation applies not only to glucocorticoids but also to all other immunosuppressants
that are discussed in this review.

2.7. Counseling Points for a Patient Receiving Glucocorticoid(s)

• Take glucocorticoids with food to prevent gastrointestinal discomfort.
• Take glucocorticoids in the morning time to minimize insomnia.
• Educate the patient concerning potential glucocorticoid side effects including hy-

perglycemia, osteoporosis, adrenocortical insufficiency, weight gain, fluid retention,
hypertension, mood change, myopathy, glaucoma, cataract, and infections.

• Contact the healthcare provider if an infection occurs, or if an invasive procedure is
planned that may increase the risk of infection. Glucocorticoids may have to be held
temporarily in this instance.

• Encourage vaccination prior to initiating glucocorticoids, as vaccination is a highly
effective infection mitigation strategy.

• Patients receiving glucocorticoids or another immunosuppressive medication are
eligible for RZV, Shingrix® (GlaxoSmithKline, Durham, NC, USA).

3. Methotrexate

Methotrexate (MTX) is a disease modifying anti-rheumatic drug (DMARD) that is
effective for many rheumatologic and inflammatory conditions, including sarcoidosis.
Originally, MTX was used for childhood leukemia in the 1940s. Placebo-controlled clinical
trials in the 1980s demonstrated MTX’s effectiveness for the treatment of rheumatoid
arthritis [38–41], which currently is the first-line therapy [42].

3.1. Mechanism of Action

MTX’s therapeutic effectiveness is achieved by inhibiting the enzyme dihydrofolate
reductase (DHFR). DHFR reduces dihydrofolate to tetrahydrofolate, which is necessary
during DNA synthesis.

3.2. General Treatment Indications for Methotrexate in Sarcoidosis

MTX is regarded as a second-line agent for sarcoidosis. MTX is specifically recom-
mended as a second-line agent for pulmonary, skin, cardiac, and neurologic sarcoidosis
in the European Respiratory Society (ERS) Clinical Practice Sarcoidosis Treatment Guide-
lines [1]. The drug is often effective as a glucocorticoid-sparing agent and, in approximately
25% of cases, as a glucocorticoid-replacing agent [43]. Because of drug accumulation
with renal insufficiency (vide infra), MTX is not recommended for the treatment of renal
sarcoidosis [44].
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3.3. Dosing

Various MTX dosing regimens have been used for different medical conditions. We
will review the clinical approach concerning the most recent and generally accepted low-
dose MTX regimens for the treatment of sarcoidosis. Higher doses of MTX regimen for
oncology will not be discussed in this review.

It is important to immediately stress that patients should be specifically counselled
to take MTX once weekly, and not daily. Dosing error is one of the major causes of MTX
overdose [45]. The usual MTX dose for the treatment of sarcoidosis is between 5 mg and
25 mg, with this total dose given once per week. The usual starting dose ranges from
5 mg to 12.5 mg, and then can be titrated up by 2.5~5 mg every 1–2 weeks to reach the
desired target dose. Dosing above 25 mg per week has minimal additional benefit and is
not routinely recommended [46].

The oral bioavailability of MTX is significantly reduced with oral doses of ≥15 mg
per week, as there is a plateau of absorption above that dose [47]. Therefore, when an
oral MTX dose above 15 mg weekly is needed, a split oral dosing strategy can be used
to increase bioavailability: administer half of the weekly oral dose in the morning, and
the remaining half in the evening on the same day (12 h apart). A split dose of oral MTX
regimen is conditionally recommended over switching to an alternative DMARD(s) for
patients not tolerating oral weekly MTX per 2021 ACR rheumatoid arthritis guidelines [42].
This approach can be extrapolated for the treatment of sarcoidosis. We acknowledge that
practice varies geographically and that guidelines from other regions may not explicitly
comment on the split dosing recommendation.

MTX can be administered by the subcutaneous route. Subcutaneous administration
bypasses the gastrointestinal (GI) tract such that patients who have GI side effects may
better tolerate the drug. Subcutaneous administration of MTX also results in improved drug
bioavailability compared to the oral route. The issues of inadequate oral bioavailability
for MTX doses above 15 mg can also be avoided by administering MTX by subcutaneous
injection [47–49]. The oral-to-subcutaneous dose conversion is 1:1.

MTX is hepatically metabolized to polyglutamate MTX, which is an active metabolite.
Because polyglutamate MTX is excreted renally, individuals with compromised renal
function may have a high risk of side effects from accumulation of this metabolite. Therefore,
when the estimated glomerular filtration rate (eGFR) is <50~60 mL/min, the MTX dose
needs to be reduced appropriately (Table 4) [50]. MTX is contraindicated in patients
receiving hemodialysis and peritoneal dialysis [51]. MTX is also contraindicated in patients
with a chronic pleural effusion, which acts as a drug sanctuary and increases the risk of
side effects [52].

Table 4. Methotrexate dose adjustment by eGFR, adopted from Kintzel, 1995 [50].

CrCl Methotrexate Dose

CrCl > 60 mL/min No dose adjustment necessary.

46 ≤ CrCl < 60 mL/min 65% of normal dose.

31 ≤ CrCl < 45 mL/min 50% of normal dose.

CrCl < 30 mL/min Avoid use.
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3.4. Side Effects and Monitoring

MTX may cause folate deficiency. Folic acid at a dose of 1 mg to 4 mg daily is
recommended for patients receive MTX [53]. Folic acid can prevent MTX toxicity without
affecting the effectiveness of MTX. In contrast, folinic acid, an active form of folic acid
also known as leucovorin, is a reduced folate that can negate the beneficial effects of MTX.
Therefore, folic acid can be dosed daily, seven days per week, even on the day of the MTX
dose, whereas leucovorin should be administered at least 12 h after MTX use to preserve
MTX’s therapeutic effect [53].

Leucovorin is a valuable agent to rescue patients from MTX toxicity. Leucovorin
may provide a significant benefit in patients who have known methylenetetrahydrofolate
reductase (MTHFR) deficiency or in those have developed MTX side effects daily while
receiving a high dose of folic acid supplementation (3–4 mg daily) [54].

Although MTX is usually well tolerated, gastrointestinal side effects, fatigue, headaches,
and dizziness may occur. MTX is immunosuppressive and increases the risk of infection.
Hepatotoxicity may occur. Reductions in blood cell lines due to bone-marrow suppression
may develop and may require a reduction of the MTX dose or discontinuing the drug if
bone-marrow suppression is severe. Folic acid supplementation can mitigate these MTX
toxicities. Therefore, folic acid should be prescribed along with MTX.

Blood labs such as complete blood count (CBC), serum renal function tests, serum
liver function tests, and viral hepatitis serologies are recommended prior to initiation of
MTX. CBC, renal, and hepatic function tests are required frequently as often as every two
to four weeks initially for at least the first two to three months and every three months
thereafter [55].

Patients receiving MTX should have their mean corpuscular volume (MCV) monitored,
as it may be an early sign of MTX-induced vitamin B12 or folate deficiency. However, a high
MCV is not an indication to adjust the MTX dose if the blood cell lines are not significantly
reduced. When significant bone-marrow suppression develops, leucovorin rescue therapy
and switching to an alternative drug should be considered.

MTX rarely causes interstitial lung disease. A persistent cough and unexplained
dyspnea may be the first symptoms of this complication. A baseline chest radiograph
is recommended as it may be used for comparison if MTX pulmonary toxicity is even-
tually considered [56]. If MTX pulmonary toxicity is confirmed, then the drug should
be discontinued.

Patients should abstain from alcohol consumption while receiving MTX. The use
of broad-spectrum sunscreen is advised, and sun exposure needs to be limited because
of photosensitivity.

3.5. Drug Interactions

Although trimethoprim-sulfamethoxazole (TMP-SMX) is often used for prophylaxis
against pneumocystis jiroveci pneumonia (PJP) in patients who are significantly immuno-
compromised, it is not recommended to be used in conjunction with MTX. Even with
a small dose of MTX, this combination increases the risk of MTX side effects such as
bone-marrow suppression [57–61]. TMP-SMX reduces renal excretion of MTX metabolites,
and both TMP-SMX and MTX can cause folate deficiency that may potentiate the risk of
MTX toxicity [62,63]. Alternative oral agents for PJP prophylaxis include dapsone, [64,65]
atovaquone, [64], intravenous and aerosolized pentamidine, [64] or a combination of pri-
maquine and clindamycin [64,66].
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Treatment with multiple DMARDs are acceptable for the treatment of some forms
of sarcoidosis [1]. However, it is recommended to avoid the concomitant use of MTX
and leflunomide because they share similar side effects such that the likelihood of bone-
marrow suppression and liver toxicity are significantly increased when these drugs are used
concomitantly [67,68]. Drug databases or some institution’s medication ordering systems
may flag non-steroidal anti-inflammatory drugs (NSAIDs) or proton pump inhibitors when
concomitantly used with MTX. However, this interaction is significant only with a high dose
of MTX and is usually not relevant in the case of sarcoidosis treatment (≤25 mg/week).

3.6. Special Situations

Pregnancy and breastfeeding: MTX is contraindicated in pregnancy and while breastfeed-
ing. Women of child-bearing age should use contraception while they are using MTX. If
pregnancy is planned, then MTX should be discontinued three months prior to conception
for a woman [69]. In men, although MTX labeling suggests discontinuing MTX prior to
attempting pregnancy, clinical data show no such risks that the continued use of MTX is
conditionally recommended for men planning to father a child [69–73].

Swallowing difficulties: For patients with swallowing difficulties, a parenteral solution
preparation (25 mg/mL) of MTX can be used orally with a 1:1 conversion ratio.

Preexisting hepatic or renal conditions: Patients with preexisting hepatic and renal con-
ditions who receive MTX should be monitored closely, and alternative treatment agents
should be considered.

Vaccination: Influenza vaccine and other non-live vaccines can be administered while
MTX is used. Although holding MTX for two weeks after vaccination can increase the
immunologic response to the vaccine, this is recommended only when the patient’s risk of
a disease flare is low [35]. For live-attenuated vaccines, MTX is recommended to be held
from four weeks prior to the vaccination until four weeks after vaccination [35].

3.7. Counseling Points for a Patient Receiving MTX

• Take MTX “one day per week”.
• Take folic acid daily seven days per week, including the day of MTX use.
• Use split dosing for weekly MTX doses of >15 mg weekly: “half of the dose in the

morning then half of the dose in the evening, 12 h apart, within one day every week”.
• MTX takes up to 3~6 months of use with good adherence to reach its steady state of

clinical effectiveness. Encourage the patient to take MTX as prescribed despite the
drug’s initial minimal efficacy.

• Contact the healthcare provider if unexplained cough develops.
• Potential MTX side effects include birth defects, liver toxicity, bone-marrow suppres-

sion, photosensitivity (use sunscreen, wear hat and long sleeves), hair loss, mouth
ulcer etc.

• Frequent blood test monitoring (CBC, serum liver, and renal function tests) is required
while receiving MTX.

• Hold two doses of MTX after receiving an annual influenza vaccination to maximize
vaccine efficacy if sarcoidosis symptoms are minimum and the risk of a sarcoidosis
exacerbation is low.

• Contact the healthcare provider if an infection occurs, or if an invasive procedure or
surgery is planned. MTX may have to be held temporarily in this instance.

• Encourage vaccination prior to initiating MTX, as vaccination is a highly effective
infection mitigation strategy.

• With drug-induced immunocompromised condition, the patient is eligible for RZV,
Shingrix®.
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4. Leflunomide
4.1. Mechanism of Action

LEF is a prodrug that is converted in the gut and liver to teriflunomide, its active
form. This conversion is almost complete such that its original form of LEF is practi-
cally undetectable in the serum [74,75]. LEF’s pharmacologic effectiveness is achieved
by the inhibition of dihydroorotate dehydrogenase (DHODH) in the de novo synthesis
of pyrimidines.

4.2. General Treatment Indications for Leflunomide in Sarcoidosis

LEF is regarded as a second-line agent for sarcoidosis. LEF is specifically recommended
as a second-line agent for pulmonary and cardiac sarcoidosis in the European Respiratory
Society (ERS) Clinical Practice Sarcoidosis Treatment Guidelines [1]. LEF has also been
used successfully for skin, eye, and sinus sarcoidosis [76].

4.3. Dosing

The typical dose of LEF is 10 mg to 20 mg daily. Although some experts have recom-
mended a 100 mg daily loading dose for the initial three days, this can increase the risk
of drug toxicity without a substantiated clinical benefit. LEF does not require a dosage
adjustment in patients with renal insufficiency.

4.4. Side Effects and Monitoring

Toxicities from LEF include teratogenicity, bone-marrow suppression, serious infec-
tion, reactivation of latent TB infection, interstitial lung disease, peripheral neuropathy,
dermatologic reactions, hypersensitivity reactions, hepatotoxicity, alopecia, gastrointestinal
symptoms (nausea, diarrhea, pain, ulcer), headache, hypertension, and dizziness.

Drug monitoring should include surveillance for signs and symptoms of the above-
mentioned side effects. CBC and LFT blood tests should be performed at drug initiation,
then every 2 to 4 weeks during the first 3–6 months, and then extended to every 2 to
3 months in stable patients [55].

When LEF toxicity is suspected, an accelerated elimination procedure should be per-
formed with charcoal or cholestyramine. The oral administration of activated charcoal
powder (in the form of a suspension) is 50 g every 12 h for 11 days. Cholestyramine
is administered orally: 8 g three times daily for 11 days. These accelerated elimination
procedures effectively block the LEF’s active metabolite, teriflunomide, from being recy-
cled through enterohepatic pathways and force its excretion. After one day of the above
regimen with cholestyramine or charcoal, teriflunomide concentration can be reduced by
approximately 40% [75]. After 11 days of the accelerated elimination procedure, if the
teriflunomide plasma concentration is higher than 0.02 mg/L, then the above procedure
should be repeated [77]. An alternative accelerated elimination procedure of cholestyra-
mine, 4 g every 6 h for 2 weeks has been recommended by the European Association for
the Study of the Liver [78].

4.5. Drug Interactions

Because teriflunomide is highly protein bound (99%) [75], there is a theoretical risk
that drugs used concomitantly with LEF may be displaced from their protein-bound state,
leading to excessive plasma concentrations. Tolbutamide is a highly protein-bound drug
where this may occur. Concomitant use of LEF and methotrexate is generally avoided
because they have similar toxicities (vide supra, MTX section).

Because LEF is a CYP2C8 inhibitor, serum levels of CYP2C8 substrates such as piogli-
tazone, repaglinide, rosiglitazone, and selexipag may be increased in patients receiving LEF
concomitantly [79–81]. Patients receiving LEF and warfarin concomitantly require close
INR monitoring as LEF may potentiate warfarin’s effectiveness, increasing the INR [82,83].
Paradoxically, the prescribing information cautioned that the combination of LEF and
warfarin may decrease peak INR by 25% without clear explanation of the mechanism [77].
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We recommend that providers closely monitor the INR in patients receiving LEF and
warfarin concomitantly.

4.6. Special Situations

Pregnancy: LEF is teratogenic, and therefore it is contraindicated in pregnancy. Preg-
nancy should be excluded prior to the initiation of LEF. Woman with reproductive potential
should be advised to use effective contraception while receiving LEF. If a woman receiving
LEF is found to be pregnant, an accelerated elimination procedure (vide supra) is recom-
mended, [84]. No increased rate of birth defects has been observed with paternal exposure
of LEF [85].

Breastfeeding: Although there is no information available concerning the concentration
of LEF or its metabolites in breast milk [85], it is recommended that women not breastfeed
while they are receiving the drug. There is a great potential for LEF to accumulate in breast
milk because of its enterohepatic circulation. As LEF is an immunosuppressant, there is
concern that the nursing baby’s immune function and immunization efficacy could be
affected if their breastfeeding mother is receiving LEF.

Renal adjustment: Unlike MTX, LEF does not require a dose adjustment in patients
with compromised renal function; therefore, LEF has a potential advantage over MTX in
such patients. In dialysis patients, the terminal clearance half-life of LEF is similar to that
of healthy volunteers such that there is no need for a dose adjustment [75,86].

Hepatic adjustment: LEF is not recommended in patients with severe hepatic insuffi-
ciency or hypoproteinemia. LEF should be discontinued if the serum ALT is >3 times of the
upper limit of normal, and an accelerated elimination procedure may be indicated [77].

Vaccination: Influenza vaccine and other non-live vaccines can be administered while
LEF is used. For live-attenuated vaccines, LEF is recommended to be held from four weeks
prior until four weeks after the vaccination [35].

4.7. Counseling Points for a Patient Receiving LEF

• Potential side effects include birth defects, liver toxicity, bone-marrow suppression,
neuropathy, blood-pressure increase, and hair loss.

• It may take up to 3~6 months of use to reach its steady state of clinical effectiveness.
Encourage the patient to take LEF as prescribed with good adherence despite the
LEF’s initial minimal efficacy.

• Frequent blood-test monitoring is required while receiving LEF.
• Contact the healthcare provider if an infection occurs, or if a procedure or surgery is

planned that may increase the risk of infection. LEF may have to be held temporarily
in this instance.

• Encourage vaccination prior to initiating LEF, as vaccination is a highly effective
infection mitigation strategy.

• With drug-induced immunocompromised condition, the patient is eligible for RZV,
Shingrix®.

5. Azathioprine
5.1. Mechanism of Action

Azathioprine (AZA) is a cytotoxic immunosuppressive agent that inhibits purine
nucleic acid metabolism, which ultimately suppresses cellular immunity. AZA is a prodrug
of 6-mercaptopurine (6-MP), which is then further metabolized to its major active metabo-
lite, 6-thioguanine (6-TG), which can be directly incorporated into DNA as a thioguanine
nucleotide causing DNA damage (Figure 1) [87]. AZA has been used in many areas of
medicine including organ transplantation, oncology, and inflammatory conditions includ-
ing sarcoidosis.
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5.2. General Treatment Indications for Azathioprine in Sarcoidosis

AZA is regarded as a second-line agent for sarcoidosis. AZA is specifically recom-
mended as a second-line agent for pulmonary, cardiac, and neurologic sarcoidosis in the
European Respiratory Society (ERS) Clinical Practice Sarcoidosis Treatment Guidelines [1].
AZA has also been used successfully for eye sarcoidosis [88].

5.3. Dosing

For sarcoidosis, the initial AZA dose is usually 25 to 50 mg once daily, which is then
increased by 50 mg every two to four weeks as clinically indicated and tolerated. The
maximum daily AZA dose for the treatment of sarcoidosis has not been established but
it should not exceed 250 mg/day, based on expert consensus [1]. The manufacturer has
recommended to use the lower end of the therapeutic dosing range of AZA in patients
with kidney impairment but did not supply specific guidance [89]. Some experts have
recommended using significantly lower AZA doses in patients with renal impairment [90].

Thiopurine methyltransferase (TPMT) and nucleoside diphosphate-linked moiety
X motif 15 (NUDT15) pharmacogene phenotype testing needs to be performed prior to
initiation of AZA [89,91,92]. The test classifies TPMT and NUDT15 phenotypes as “normal
metabolizers”, “intermediate metabolizers”, or “poor metabolizers”. Poor and intermediate
metabolizers are likely to have an increased concentration of active metabolites of AZA
(Figure 1), which can increase drug toxicity. Prescribing information and Clinical Pharma-
cogenetics Implementation Consortium (CPIC) guidelines recommend not using AZA for
non-oncologic conditions in patients who are poor TPMT and/or NUDT15 metabolizers.
Patients who are intermediate TPMT and/or NUDT15 metabolizers should receive AZA
dosing that is 30% to 80% less than the normal [89,92].

5.4. Side Effects and Monitoring

The toxic effects of AZA include bone-marrow suppression (leukopenia, anemia,
thrombocytopenia), hepatic dysfunction, pancreatitis, nephrotoxicity, lymphoma, fever,
gastrointestinal intolerance (nausea, vomiting, and diarrhea), skin rash, and jaundice,
particularly in patients who have preexisting hepatic dysfunction, and, rarely, hepatic
sinusoidal obstruction syndrome (SOS, also called veno-occlusive disease, VOD). Skin
cancer has been reported to be associated with AZA [93].

Baseline CBC, renal, and hepatic-function blood tests should be obtained before
initiating AZA. These tests should be monitored every two weeks while doses are being
titrated and then every three months thereafter. Clinical signs and symptoms of drug
toxicity should be monitored during every visit. Because individuals receiving AZA have a
higher risk of non-melanoma skin cancer, close surveillance is recommended [94].
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5.5. Drug Interactions

Xanthine oxidase inhibitors such as allopurinol and febuxostat increase the risk of
AZA toxicity by inhibiting the conversion of 6-MP to inactive metabolites. This can cause
the accumulation of 6-MP. Therefore, xanthine oxidase inhibitors are avoided with AZA;
alternative immunosuppressives to AZA should be considered in this situation. The
concomitant use of AZA with other immunosuppressant drugs such as tumor necrosis
alpha inhibitors can increase the risks of infection and malignancy [94].

5.6. Special Situations

Pregnancy and breastfeeding: AZA is a pregnancy category D drug, meaning there
is evidence of fetal risk [95]. The category D status was given to AZA based on stud-
ies concerning high-dose AZA treatment of leukemia [96]. However, data from clinical
trials and case series suggest that anti-inflammatory doses of AZA are safe with mini-
mal risks in pregnancy and with breastfeeding; therefore, the drug may be used in these
situations [68,69,97].

Children whose mothers received AZA while they were in utero were found not
to have a decrement in long-term immune function [98]. The concentration of AZA in
breast milk is low enough that breastfeeding is acceptable in nursing mothers receiving this
drug [99]. Men who are planning to father a child may continue receiving AZA according
to the American College of Rheumatology guidelines [69,100].

Renal impairment: Patients receiving AZA with a CrCl <30 mL/min or receiving
dialysis require a 25% to 50% dose reduction.

Hepatic impairment: Although AZA can cause significant hepatotoxicity, there is no
standard recommendation for adjusting the AZA dose based on hepatic impairment.
When AZA hepatotoxicity occurs, treatment should be paused, and a dose reduction or
discontinuation of AZA should be considered. If a patient receiving AZA develops a
hepatic sinusoidal obstruction syndrome (SOS; veno-occlusive disease), the drug should be
permanently discontinued.

Combination therapy of AZA with other immunosuppressants: Because AZA, LEF, and MTX
have overlapping side effects of liver toxicity, bone-marrow suppression, and increased
risk of infection, patients receiving at least two of these drugs concomitantly need close
observation. AZA and tumor necrosis factor alpha inhibitor (TNFi) coadministration may
lead to a higher rate of malignancy compared with monotherapy [68].

Vaccination: Influenza vaccine and other non-live vaccines can be administered while
AZA is used. For live-attenuated vaccines, AZA is recommended to be held from four
weeks prior to vaccination until four weeks after vaccination [35].

5.7. Counseling Points for a Patient Receiving AZA

• The potential side effects of AZA include liver toxicity and bone-marrow suppression.
• It takes up to 3~6 months of use to reach its steady state of clinical effectiveness.

Encourage the patient take AZA as prescribed with good adherence despite the drug’s
initial minimal efficacy.

• Frequent blood-test monitoring is required while receiving AZA.
• Contact the healthcare provider if an infection occurs, or if a procedure or surgery is

planned that may increase the risk of infection. AZA may have to be held temporarily
in this instance.

• Encourage vaccination prior to initiating AZA, as vaccination is a highly effective
infection-mitigation strategy.

• With a drug-induced immunocompromised condition, the patient is eligible for RZV,
Shingrix®.
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6. Mycophenolate (Mycophenolate Mofetil, Mycophenolate Sodium)
6.1. Mechanism of Action

Mycophenolate exhibits its immunosuppressive action by inhibiting inosine
5-monophosphate dehydrogenase (IMPDH), an enzyme involved with de novo purine
nucleotides synthesis. This eventually leads to a reduction in lymphocyte proliferation,
chemotaxis, and antibody production [101].

6.2. General Treatment Indications for Mycophenolate in Sarcoidosis

Mycophenolate is regarded as a second-line agent for sarcoidosis. Mycophenolate
is specifically recommended as a second-line agent for pulmonary, cardiac, and neuro-
logic sarcoidosis in the European Respiratory Society (ERS) Clinical Practice Sarcoidosis
Treatment Guidelines [1]. MPA has also been used successfully for eye sarcoidosis [102].

6.3. Dosing

Mycophenolate is available in two forms: mycophenolate mofetil (MMF) and enteric
coated (EC)-mycophenolate sodium. Both are hydrolyzed to the active form, mycophenolic
acid (MPA). The usual daily dose of MMF is 500 mg to 3000 mg in divided doses, usually
given 1500 mg twice daily. MMF 500 mg is considered equivalent to 360 mg of EC-
mycophenolate sodium. MMF is converted to MPA more quickly than EC-mycophenolate
sodium, and therefore it is the preferred form of the drug. It is recommended to initiate
MMF at a low dose then to up-titrate to the target maintenance dose to minimize GI
intolerance. There is a higher incidence of GI side effects with MMF than EC-mycophenolate
sodium. Therefore, if a patient experiences GI side effects with MMF, switching to EC-
mycophenolate sodium can be considered. A suspension formula (MMF, 200 mg/mL) is
available that can be used in patients who have swallowing difficulties. Suspension MMF
contains aspartame and is therefore contraindicated in patients with phenylketonuria.

6.4. Side Effects and Monitoring

Gastrointestinal complaints are the most common side effects of MMF. Often, this com-
plication is severe enough to result in discontinuation of the drug. Patients receiving MMF
are at an increased risk of infection. Due to its teratogenicity, mycophenolate preparations
are contraindicated in pregnancy [101,103].

Other adverse reactions to MMF include fever, arthralgia, arthritis, myalgias, increased
liver enzymes, anemia, leukopenia, thrombocytopenia, possible reactivation of hepatitis,
lymphoproliferative disorders, skin cancers, hypertension, edema, dyslipidemia, renal
insufficiency, and John Cunningham (JC) virus-associated progressive multifocal leukoen-
cephalopathy (PML).

CBC, LFT, and serum renal-function tests should be performed at drug initiation, then
every two to four weeks until the patient reaches a stable maintenance dose. At that point,
these blood tests should be monitored every three months. For those patients with an ANC
of <1.3 × 103/mcL, MMF therapy should be interrupted, and the maintenance dose should
be reduced, or drug discontinuation should be considered [104].

Although some studies showed benefits from monitoring MMF serum levels via thera-
peutic drug monitoring (TDM), optimal serum levels have not been established [105,106].
Therefore, TDM of MMF is not currently a routine practice.

6.5. Drug Interactions

Concomitant use of antacids containing magnesium or aluminum decreases the
bioavailability of MMF because of increased gastric pH caused by antacids. It is rec-
ommended to take MMF at least 2 h after antacid use. Proton pump inhibitors (PPI),
such as omeprazole, pantoprazole, and lansoprazole, may decrease MMF’s bioavailability;
therefore, careful assessment of the effectiveness of MMF is warranted in this situation.
Phosphate binders such as sevelamer also decrease MMF’s bioavailability. Doses of these
two medications should be separated by >2 h in order to optimize the clinical effect of MMF
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therapy [107]. Antibiotics such as aminoglycosides, cephalosporins, fluoroquinolones, and
penicillins may interfere with the enterohepatic recirculation of MMF and its metabolites,
resulting in a reduction in MMF bioavailability by 30~50% [108,109]. Therefore, patients
receiving these antibiotics may require higher doses of MMF [110,111]. Concomitant use of
rifampin may decrease MMF bioavailability by >70% [110–112].

6.6. Special Situations

Pregnancy: MMF is teratogenic and is contraindicated with pregnancy. MMF is incor-
porated in the Risk Evaluation and Mitigation Strategy (REMS) program required by the
Food and Drug Administration (FDA). This program informs doctors, nurses, pharmacists,
and patients about the increased risks of taking mycophenolate during pregnancy. The
American College of Rheumatology guidelines recommend that women treated with MMF
who plan to conceive should stop taking MMF >6 weeks prior. For men who plan to
father a child, the ACR conditionally recommends continuing MMF [69], whereas the
manufacturer’s prescribing information recommends discontinuing mycophenolate at least
90 days before a trial of conception or sperm donation [104]. We recommend conducting
an informed shared decision-making process with these men and considering alternative
agents to MMF.

Breastfeeding: The manufacturer’s prescribing information states that no harmful effects
have been reported in breastfeeding children based on limited clinical data. Due to lack of
sufficient evidence, the American College of Rheumatology guidelines recommend against
the use of MMF while breastfeeding [69].

Renal or hepatic impairment: The manufacturer does not recommend a MMF dosage
adjustment for patients with hepatic dysfunction or renal insufficiency. However, experts
have recommended limiting MMF use to a maximum dose of 1 g twice daily if the patient’s
eGFR is <25 mL/min [113].

Vaccination: Influenza vaccine and other non-live vaccines can be administered while
MMF is used. For live-attenuated vaccines, mycophenolate is recommended to be held
from four weeks prior until four weeks after the vaccination [35].

6.7. Counseling Points for a Patient Receiving MMF

• Educate the patient concerning the potential side effects of MMF including gastroin-
testinal intolerance, liver toxicity, and bone-marrow suppression.

• Educate the patient that MMF takes up to 3~6 months of use to reach its steady state
of clinical effectiveness. Encourage the patient take MMF as prescribed with good
adherence despite the drug’s initial minimal efficacy.

• The 500 mg MMF tablets or capsules may be too big to swallow for some patients.
Inform the patient that a smaller size (250 mg) capsule formulation is available. Also,
suspension formulation can be considered.

• Frequent blood-test monitoring is required while receiving MMF.
• Contact the healthcare provider if an infection occurs, or if a procedure or surgery is

planned that may increase the risk of infection. MMF may have to be held temporarily
in this instance.

• Encourage vaccination prior to initiating MMF, as vaccination is a highly effective
infection-mitigation strategy.

• With drug-induced immunocompromised condition, the patient is eligible for RZV,
Shingrix®.

7. Hydroxychloroquine
7.1. Mechanism of Action

Hydroxychloroquine (HCQ) is an antimalarial drug with immunosuppressive activity
that has been used for many inflammatory diseases including sarcoidosis. The mechanism
of action of HCQ is poorly understood. HCQ is thought to increase the pH in lysosomes,
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causing suppression of intracellular antigen processing that subsequently leads to decreased
T-lymphocyte activation and leukocyte chemotaxis [114,115].

7.2. General Treatment Indications for Hydroxychloroquine in Sarcoidosis

HCQ is regarded as a second-line agent for sarcoidosis. HCQ is specifically recom-
mended as a second-line agent for pulmonary, skin, and neurologic sarcoidosis in the
European Respiratory Society (ERS) Clinical Practice Sarcoidosis Treatment Guidelines [1].
Despite the European Respiratory Society (ERS), it is the authors’ experience that HCQ
has inadequate potency to be effective for pulmonary sarcoidosis. Because of the risk of
retinopathy from HCQ (vide infra), the drug is not recommended for the treatment of
eye sarcoidosis.

7.3. Dosing

The usual immunosuppressive dose of HCQ is ≤5 mg/kg/day (actual body weight),
with a maximum daily dose of 400 mg in two divided doses [116]. No specific adjustment
is required for hepatic or renal impairment.

7.4. Side Effects and Monitoring

Retinopathy is a common and potentially serious toxicity of HCQ. The risk of HCQ-
associated retinopathy is dependent upon the daily dose and the duration of use. At
the recommended HCQ dose of ≤5 mg/kg/day, the risk of retinopathy is less than 1%
during the first five years of use and increases to almost 2% over the subsequent 10 years.
However, subsequently, the risk of retinopathy accelerates to 20% after 20 years of HCQ
use [116]. Other HCQ side effects include cardiomyopathy [117], hemolysis in those with
G6PD deficiency [118], neuropsychiatric manifestations (agitation, anxiety, depression,
psychosis, and psychomotor agitation), sleep disorders (hypersomnolence, insomnia, night
terrors, and nightmares) [119,120], skin toxicities (exacerbations of psoriasis and dermatitis),
gastrointestinal discomfort, and QT prolongation. Hypoglycemia may occur with HCQ
use in both diabetic and non-diabetic patients, especially in those receiving concomitant
drugs that have hypoglycemic effects [121,122].

Baseline retinopathy screening should include a funduscopic examination within the
first year of HCQ use. Visual fields and spectral domain optical coherence tomography
(SD-OCT) should be performed if maculopathy is present at baseline [116]. Annual oph-
thalmology screening is recommended to begin after five years of HCQ use [116]. More
frequent ophthalmology evaluations may be warranted if the patient is using HCQ in a
high dose range (>5 mg /kg actual body weight), has a diminished estimated glomerular
filtration rate (eGFR), or has a history of previous retinal disease. It is recommended that
patients receiving HCQ be monitored every 6 to 12 months with the following laboratory
tests: CBC, serum liver-function and renal-function tests, and serum glucose.

7.5. Drug Interactions

As both tamoxifen and HCQ may cause retinal toxicity, the risk of eye complication
increases greatly when both drugs are used concomitantly [123]. Concomitant use of
dapsone and HCQ should be prescribed with caution because of a higher risk of hemolytic
reactions especially in patients with glucose-6-phosphate dehydrogenase (G6PD) deficiency
or methemoglobin reductase deficiency.

With high-dose aspirin (>3 g daily) or other salicylates such as bismuth subsali-
cylate and salsalate, HCQ may cause hypoglycemia in both diabetic and non-diabetic
patients [124,125]. HCQ can increase the blood concentration of digoxin [126]; therefore,
careful monitoring is needed when these drugs are given concomitantly. Drugs that pro-
long the EKG QT-interval, such as ciprofloxacin, norfloxacin, sertraline, escitalopram,
trazodone, and IV haloperidol, require regular EKG monitoring of the QT-interval when
used concomitantly with HCQ.
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7.6. Special Situations

Per the manufacturer’s prescribing information, HCQ dose adjustment is not required
for patients with renal or hepatic insufficiency. However, the American Academy of Oph-
thalmology identified compromised renal function as one of the risk factors for retinopathy
in long-term use patients. Therefore, some clinicians recommend to reduce the daily HCQ
dose in patients with a low eGFR [127], although explicit guidance has not been established.

HCQ is safe to continue in women and men planning to have children, throughout
pregnancy, and breastfeeding [69].

Vaccination: HCQ is considered as non-immunosuppressive by expert opinion that
there are no limitations to vaccine administration [35].

7.7. Counseling Points for a Patient Receiving HCQ

• Educate the patient concerning potential side effects of HCQ, especially retinal toxicity,
gastrointestinal intolerance, liver toxicity, and bone-marrow suppression.

• It takes up to 3~6 months of use to reach its steady state of clinical effectiveness.
Encourage the patient to take HCQ as prescribed with good adherence despite the
drug’s initial minimal efficacy.

• Counsel the patient that ophthalmology evaluations as surveillance for retinopathy is
required while receiving HCQ.

• Educate the patient to monitor his/her body weight. Individuals weighing <80 kg
(177 pounds) should receive a weight-based daily dose (not to exceed 5 mg/kg/day).
Counsel the patient to report to their healthcare provider if significant weight change
occurs, as HCQ dose adjustment is needed. Individuals who weigh more than 80 kg
should not exceed a daily dose of 400 mg. The maximum dose of HCQ is 400 mg daily,
in divided dose, regardless of the patient’s weight.

• Educate the patient that a psoriatic rash can develop or worsen while receiving HCQ,
and the patient should contact their provider if such a skin reaction occurs.

8. Tumor Necrosis Factor Alpha Inhibitors (TNFi)
8.1. Mechanism of Action

Tumor necrosis factor alpha (TNFα) is a proinflammatory cytokine involved with
coordination of the immune response. There is a sound rationale for this therapy in
sarcoidosis, [128] because TNFa is thought to be integrally involved in the development of
the sarcoid granuloma [129]. Dysregulation of TNFα production and signaling has been
associated with immune-mediated disorders. Therefore, inhibition of TNFα can be an
effective strategy for the treatment of sarcoidosis. The recent ERS sarcoidosis treatment
guidelines recommend two tumor necrosis alpha inhibitors (TNFi), infliximab (IFX) and
adalimumab (ADA), as third-line treatment options [1]. The other three marketed TNFi
drugs (etanercept, certolizumab, and golimumab) either failed to demonstrate efficacy for
the treatment of sarcoidosis or have not been studied [130,131].

IFX is a chimeric antibody against TNFα, containing both human and murine protein
within the bioengineered antibody [132]. ADA, in comparison, is composed of 100% human
protein. Fully human antibody has lower immunogenicity.

8.2. General Treatment Indications for Tumor Necrosis Factor Alpha Inhibitors in Sarcoidosis

IFX and ADA are regarded as third-line agents for sarcoidosis. Both IFX and ADA are
specifically recommended as a third-line agent for pulmonary, skin, cardiac, and neuro-
logic sarcoidosis in the European Respiratory Society (ERS) Clinical Practice Sarcoidosis
Treatment Guidelines [1]. IFX is specifically recommended over ADA as a third-line agent
for cardiac sarcoidosis. IFX and ADA are also recommended for the treatment of eye
sarcoidosis [88]. IFX and ADA are particularly useful agents for the lupus pernio form of
skin sarcoidosis, [133] cardiac sarcoidosis, [134] and neurosarcoidosis [135,136].
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8.3. Dosing

The optimal dosing of TNFi for sarcoidosis is not currently standardized. Based on
expert opinion, IFX and its biosimilars are usually dosed at 3–5 mg/kg via intravenous
infusion at weeks 0 and 2, then once every 4–6 weeks. ADA is typically dosed at 40 mg
subcutaneously every one to two weeks.

Unexpected anaphylactic reaction may occur in both IFX and ADA. Severe infusion
reactions can occur with IFX that can be life threatening. Premedication with IV glucocorti-
coids, acetaminophen, and antihistamines are usually given prior to each IFX infusion.

8.4. Side Effects and Monitoring

IFX and ADA are immunosuppressive agents that increase the risk of infection includ-
ing tuberculosis and hepatitis [137–140]. Prior to the initiation of IFX or ADA, the patient
should have documented negative serologies for hepatitis B, hepatitis C, and negative
screening for latent tuberculosis by QuantiFERON-GOLD or tuberculosis skin testing.

Both IFX and ADA can potentially develop anti-drug antibodies, but this is more
common with IFX than ADA because of the chimeric design of IFX, which includes a
murine protein portion. When anti-drug antibodies are formed, the TNFi treatment may be-
come ineffective or can cause adverse reactions such as fever, rash, or bronchospasm [141].
There may be no clinical consequence from developing TNFi anti-drug antibodies; there-
fore, detection of anti-drug antibody is not a reason to stop the TNFi if the treatment is
effective without side effects [141]. To mitigate anti-drug antibody development, concomi-
tant use of methotrexate has been shown to be effective lowering the frequency of this
complication [142].

Although the clinical data are inconsistent, TNFi drugs may increase the risk of malig-
nancy, particularly lymphoma [143]. The American College of Rheumatology guidelines
recommend that if an individual has history of solid tumor that has been cured for >5 years,
then a TNFi agent can be used [55]. TNFi agents are used to treat autoimmune disorders
but, paradoxically, the patient may develop autoimmune disorders by using TNFi, with
symptoms such as lupus-like syndrome, skin rash, or fever [55,144–149]. TNFi drugs may
cause heart failure, demyelinating disease, or worsen these conditions if those conditions
were present prior to TNFi use [42,150].

If an infusion reaction occurs during IFX administration, the infusion rate may be
reduced, or the infusion may be terminated if it is suspected to be an anaphylaxis event.
Warning signs for anaphylaxis (hives or a choking sensation in the throat) that develop
during an IFX infusion should be taken seriously and termination of the infusion should be
considered.

Other side effects from TNFi include diverticulitis, autoimmune hepatitis, optic neu-
ritis, hematologic symptoms (such as leukopenia, pancytopenia, and thrombocytopenia),
headache, confusion, and tremor.

ADA injection-site reactions may occur, but in most cases these reactions have minimal
consequences [151]. CBC and LFT is recommended to be obtained every six months while
receiving a TNFi to monitor liver function and blood counts.

8.5. Drug Interactions

IFX and ADA should not be used with other immunosuppressive biologic medications
or Janus Kinase inhibitors (JAKi) due to the profound immunosuppression caused by
using these drugs concomitantly. Live vaccines are contraindicated during TNFi use.
Drug-database interaction checkers may indicate significant drug interactions between
oral DMARDs such as MTX or LEF and TNFi due to a concern of increased infection risks.
However, combination therapy with a biologic and oral DMARDs is considered safe and
efficacious in clinical practice with routine monitoring.
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8.6. Special Situations

Pregnancy: Both IFX and ADA cross the placenta. However, they can be used dur-
ing the first two trimesters of the pregnancy. At the third trimester, IFX and ADA are
recommended to be discontinued to avoid significant drug concentration in neonate [69].

Breastfeeding: IFX and ADA are large protein molecules. It is very unlikely for these
TNFi agents to reach appreciable levels in the nursing child’s blood stream via oral intake.
Therefore, TNFi is considered safe to continue with breastfeeding [69].

Compromised renal function: No adjustment is needed for IFX or ADA because of
renal dysfunction.

Compromised hepatic function: There are no established recommendations for adjusting
IFX or ADA in patients with hepatic insufficiency.

IFX may cause elevations of serum liver enzymes, especially in patients with elevated
transaminases at baseline or with metabolic dysfunction-associated steatotic liver disease
(MASLD, formerly known as non-alcoholic fatty liver disease). Some experts recommend
continuing IFX if the serum AST and ALT are elevated but <5 times upper limit of normal
(ULN), with frequent LFT monitoring [152]. If AST and ALT are ≥5 times ULN then
discontinuation of IFX may be considered [153].

Vaccination: Annual influenza vaccine and other non-live vaccines can be adminis-
tered without interruption of IFX or ADA treatment. For live vaccines, the American
College of Rheumatology recommends that IFX and ADA be held for one dose before the
administration of live vaccine until four weeks after the live vaccine administration [35].

8.7. Counseling Points for a Patient Receiving TNFi

• Educate the patient concerning potential TNFi side effects, infections, malignancy,
possible onset or worsening of congestive heart failure, or demyelinating diseases
such as multiple sclerosis.

• Educate the patient that IFX or ADA may take up to three to six months to reach their
steady states of clinical effectiveness. Encourage the patient take these medications as
prescribed with good adherence despite the drugs initial minimal efficacy.

• ADA is a subcutaneous injection medication that can be used at home.
• IFX is administered via intravenous infusion at a clinic setting, and it typically takes

several hours.
• For ADA, educate the patient on the injection technique. The first injection should be

conducted in the presence of a health care professional for patient safety.
• For IFX, educate the patient that (s)he will receive pre-medications per the institution’s

protocol to prevent an IFX infusion reaction.
• Inform the patient not to compensate for a missed ADA dose with an additional dose.

If the patient forgets an ADA injection, the patient should perform that injection as
soon as possible and consider that day as the start of a new injection cycle.

• Contact the healthcare provider if an infection occurs, or if a procedure or surgery is
planned that may increase the risk of infection. The TNFi agent may have to be held
temporarily in this instance.

• Three to six months may take for the medication to build up to reach its maximum
effectiveness. Be patient and adhere to the medication.

• The patient should inform the healthcare provider if there is a previous history of
tuberculosis, hepatitis B, or hepatitis C infection.

• Emphasize that TNFi drugs are immunosuppressants and encourage vaccine adher-
ence to mitigate risks of vaccine-preventable diseases.

• Live vaccine is contraindicated with TNFi agents.
• With drug-induced immunocompromised conditions, the patient is eligible for RZV,

Shingrix®.
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9. Rituximab
9.1. Mechanism of Action

Rituximab (RTX) is a chimeric antibody [154] that has affinity for the CD20 receptor
on subpopulations of B cells and thereby leads to their depletion via cell-mediated and
complement-dependent cytotoxicity, which promotes their apoptosis [155]. CD20 is only
expressed on pre-B cells and mature B cells but not on progenitor (stem) cells or plasma
cells [156]. Although sarcoidosis is thought to be a T-cell mediated disease, heightened
B-cell activity is also seen in active sarcoidosis, including the development of a polyclonal
gammopathy [157].

9.2. General Treatment Indications for Rituximab in Sarcoidosis

RTX is regarded as a fourth-line agent/salvage therapy for sarcoidosis. RTX is specif-
ically recommended as a fourth-line agent for pulmonary sarcoidosis in the European
Respiratory Society (ERS) Clinical Practice Sarcoidosis Treatment Guidelines [1].

9.3. Dosing

The optimal dose of RTX for sarcoidosis has not been established. The usual dose of
RTX for autoimmune conditions is 1 g IV at week zero and week two, and this schedule is
repeated every six months. However, for sarcoidosis, the decision to repeat this schedule
is iterative and based on the treatment response. Because RTX is a chimeric molecule, it
has high immunogenicity and pre-medications with IV glucocorticoids, along with oral
acetaminophen and antihistamine agents, are typically administered prior to infusion. No
dosage adjustment of the RTX dose is needed for hepatic or renal impairment, or dialysis.

9.4. Side Effects and Monitoring

Boxed warnings include infusion-related reactions, severe mucocutaneous reactions,
progressive multifocal leukoencephalopathy (PML), and tumor lysis syndrome. The fol-
lowing side effects are rare but can be severe: diverticulitis (including bowel perforation),
infection-like symptoms (fever, chills), palpitations, dizziness, high or low blood pressure,
chest pain, and pulmonary and hepatic toxicity [158].

Prior to RTX administration, patients should be screened serologically for hepatitis B
and hepatitis C, and for latent tuberculosis infection via a QuantiFERON-GOLD assay or a
tuberculin skin test. Infusion-reaction monitoring is required during RTX administration.
As RTX is contraindicated during pregnancy (vide infra), women receiving the drug who
have reproductive potential require monitoring of their pregnancy status. PML signs and
symptoms (such as hemiparesis, visual field deficits, cognitive impairment, aphasia, and
ataxia cranial nerve deficits) also need to be monitored.

9.5. Drug Interactions

Combined use with other immunosuppressive biologics should be avoided due to the
profound immunosuppression.

9.6. Special Situations

Pregnancy: The manufacturer recommends effective contraception during therapy and
for 12 months following the last RTX dose for women who have reproductive potential.
The American College of Rheumatology guidelines recommend that RTX be discontinued
if the patient becomes pregnant unless patient is being treated for a life-threatening or
organ-threatening situation [69].

Breastfeeding: Breastfeeding while receiving RTX is considered acceptable [69].
Compromised renal function: No adjustment is needed.
Compromised hepatic function: No adjustment is needed.
Vaccination: Because RTX is an anti-CD20 B-cell depleting agent, the therapeutic effect

of vaccines can be diminished. If a live vaccine is indicated, it should be given more
than six months after the most recent RTX dose, and further RTX doses should be held
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for four more weeks after the live vaccine administration. Influenza vaccine and other
non-live-attenuated vaccines can be administered in patients who have received RTX. It is
recommended to time these vaccinations until just prior to when the next RTX dose is due,
then to hold RTX for at least two weeks to enhance vaccine effectiveness [35].

9.7. Counseling Points for a Patient Receiving RTX

• Educate the patient concerning potential side effects of RTX.
• RTX is an intravenous infusion medication, which may take several hours to infuse.
• Contact the healthcare provider if an infection occurs while receiving RTX, or if a

procedure or surgery is planned that may increase the risk of infection and follow
their recommendation.

• Before you receive RTX, inform your provider if you have untreated hepatitis B,
hepatitis C, tuberculosis, or previous infections that have been treated.

• Educate the patient that RTX is contraindicated in pregnancy. Pregnancy should be
avoided while receiving RTX, and the patient will be monitored for pregnancy while
receiving the drug.

• Emphasize that RTX is an immunosuppressant and encourage the patient to
receive vaccines.

• Live vaccine is contraindicated with RTX.
• With a drug-induced immunocompromised condition, the patient is eligible for RZV,

Shingrix®.
• Counsel the patient concerning PML symptoms such as loss of coordination, loss of

language ability, memory loss, vision problems, and progressive weakness in arms
and legs.

10. Repository Corticotropin Injection
10.1. Mechanism of Action

Repository corticotropin injection (RCI) is adrenocorticotropin hormone (ACTH) in-
jected subcutaneously that activates corticotrophin receptors and melanocortin receptors
(MCs). RCI activates all five subtypes of melanocortin receptors, MC1 through MC5. MC1
exists on melanocytes and macrophages and stimulates increased pigmentation. MC2 is
the ACTH receptor that stimulates adrenal steroidogenesis. The side effects of RCI are
therefore, not surprisingly, consistent with those caused by glucocorticoids. MC3 and MC4
are located at the CNS and spinal cord, associated with energy, food intake, and satiety
control. MC5 regulates sebogenesis in lymphocytes and exocrine cells [159].

It is unclear if the mechanism of action of RCI works primarily through stimulation
of corticotrophin receptors, melanocortin receptors, or both [159,160]. Stimulation of both
receptors results in down regulation of several inflammatory cells involved in the formation
of the sarcoid granuloma [161]. By using RCI, steroid dosages were reduced by >50% in
three clinical trials such that RCI has been referred to as “a steroid sparing agent,” [162]
although it is unclear if stimulation of corticotrophin receptor results in anti-inflammatory
properties and side effects similar to those of glucocorticoids.

10.2. General Treatment Indications for Repository Corticotropin Injection in Sarcoidosis

RCI is regarded as a fourth-line agent or salvage therapy for sarcoidosis. RCI is
specifically recommended as a fourth-line agent for pulmonary sarcoidosis in the European
Respiratory Society (ERS) Clinical Practice Sarcoidosis Treatment Guidelines [1].

10.3. Dosing

The manufacturer’s prescribing information recommends “individualized dosing”
for sarcoidosis, without specific guidance. Per expert opinion, the usual dose of RCI for
pulmonary sarcoidosis is 40–80 units twice a week [1]. No dosage adjustment is needed for
hepatic or renal impairment.
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10.4. Side Effects and Monitoring

The side effects of RCI are similar to those from glucocorticoids: infection including
hepatitis B or latent TB, adrenal suppression, electrolyte abnormalities, immunosuppres-
sion, psychiatric change (mood instability, depression, euphoria, insomnia, irritability,
psychosis), fluid retention, hirsutism, hypertension, hyperglycemia, and gastrointestinal
toxicities (gastritis, diverticulitis, ulcer, perforation). RCI may also cause cardiovascular
complications (atrial fibrillation, heart failure, palpitations), dizziness, fatigue, headache,
and malaise. An additional potential side effect from RCI is hyperpigmentation of the skin
by MC1 receptor stimulation from the drug.

The monitoring of RCI use is identical to that with glucocorticoids (vide infra). Because
RCI is an injectable medication, patients should be monitored for injection-site reactions.

10.5. Drug Interactions

RCI virtually shares the same drug interaction with glucocorticoids.

10.6. Special Situations

Pregnancy and breastfeeding: The manufacturer’s prescribing information states that
the published literature on systemic corticosteroid use during pregnancy may be relevant
for RCI use, suggesting similar concerns. With the current data and level of evidence, we
believe that it is reasonable to consider the management of women receiving RCI during
pregnancy and while breastfeeding similar to those receiving glucocorticoids.

Compromised renal function: No adjustment is needed.
Compromised hepatic function: No adjustment is needed.
Vaccination: Live and live-attenuated vaccines are contraindicated for patients receiv-

ing “immunosuppressive doses” of RCI per the manufacturer’s prescribing information.
However, the cut-off of an immunosuppressive dosing level was not specified. RCI specific
information regarding vaccination recommendation is scarce.

10.7. Counseling Points for a Patient Receiving RCI

• Educate the patient concerning potential side effects of RCI, which are practically the
same as glucocorticoids plus increased pigmentation.

• RCI is a subcutaneous injection.
• RCI should be stored in a refrigerator.
• Contact the healthcare provider if an infection occurs, or if a procedure or surgery is

planned that may increase the risk of infection. RCI may have to be held temporarily
in this instance.

• The patient should inform the healthcare provider if there is a previous history of
untreated or previously treated tuberculosis, hepatitis B, or hepatitis C infection.

• Emphasize that RTX is an immunosuppressant and encourage the patient to re-
ceive vaccines.

• Live vaccine is contraindicated in patients receiving RCI, per prescribing information.
• With drug-induced immunocompromised conditions, the patient is eligible for RZV,

Shingrix®.

11. Summary

We have provided an overview of the common pharmacologic agents used for the
treatment of sarcoidosis. The dosing, side effects, and monitoring of sarcoidosis drugs
are summarized in Table 5. Table 6 summarizes the use of these agents in special situa-
tions. Sarcoidosis may require treatment to prevent organ-threatening or life-threatening
complications of the disease. However, sarcoidosis is most commonly treated for quality-of-
life [163]; in such patients, avoidance of drug side effects and drug-induced adverse events
is of paramount importance. We believe that optimal use of these agents will improve
sarcoidosis patient care and patient well-being.
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Table 5. The dosing, side-effects, and contraindications of common sarcoidosis medications.

Drug Dosage Form Dosing Side Effects Contraindications per US
or Canadian Label

Renal Dose
Adjustment
Required

Hepatic
Dose
Adjustment
Required

PGx Dose
Adjustment
Required

Prednisone
(FDA approved as
“systemic
rheumatic
disorders”)

Oral Varies.
5–30 mg daily in single
or divided doses.
Higher dose may be
needed for severe
diseases.

gastritis, nausea and other GI effects, osteoporosis, weight gain,
diabetes, hypertension, fluid retention, hyperglycemia, skin
atrophy, impaired wound healing, depression, mood change,
adrenocortical insufficiency with inappropriate tapering, Cushing
syndrome, decreased growth in children, myopathy, glaucoma,
cataract, risk of infection

Herpes simplex of the eye,
measles, or chickenpox
(except for short term or
emergency), peptic ulcer,
diverticulitis, viral or
bacterial infections not
controlled by anti-infective
treatment.

No No No

Methotrexate Oral, SC 5-25 mg/week
Split dosing for ≥15 mg
for oral dosing. Split
dosing in not needed
for SC.

Mouth sores, bone marrow suppression, hepatotoxicity, nausea
and other GI effects, hair loss, pneumonitis, photosensitivity

Pregnancy, severe hepatic
insufficiency, alcohol use
dialysis, chronic pleural
effusion

Yes Yes No

Leflunomide Oral 10~20 mg daily Mouth sores, bone marrow suppression, hepatotoxicity, nausea
and other GI effects, hair loss, peripheral neuropathy, increased
blood pressure

Pregnancy
Severe hepatic insufficiency
Alcohol use

No Yes No

Hydroxychloroquine Oral 5 mg/kg/day with a
maximum of 400 mg
daily given in divided
doses

Retinopathy, QT prolongation, psoriasis, nausea, and other GI
effects

No No No

Azathioprine Oral 50~250 mg daily in
divided doses

Bone marrow suppression, nausea and other GI effects,
hepatotoxicity

No (manufac-
turer)

Yes (experts)
No Yes

Mycophenolate
Mofetil

Oral tablet,
capsule, and
suspension

Start with 500 mg BID.
Max maintenance dose
1500 mg BID. Do so
slowly to avoid GI side
effects

Bone marrow suppression, nausea and other GI effects, fever,
arthralgia, myalgias, liver, hematological, dermatological toxicity,
malignancy, hypertension, John-Cunningham (JC) virus
associated Progressive Multifocal Leukoencephalopathy (PML)

Pregnancy No No No

Infliximab IV Induction: 3–5 mg/kg
at week 0, 2, 6.
Maintenance: 3–5
mg/kg every 4–8 weeks
after induction.

Serious infection, malignancy, lymphoma, heart failure,
demyelinating disease, autoimmune disorder (e.g., lupus-like
syndrome, fever), reactivation of latent infections such as
Hepatitis B, Tuberculosis, infusion related reactions (e.g.,
angioedema, bronchospasm)

Severe heart failure No No No

Adalimumab SC 40 mg every week or
every other week

Serious infection, malignancy, lymphoma, heart failure,
demyelinating disease, autoimmune disorder (e.g., lupus-like
syndrome, fever), reactivation of latent infections such as
Hepatitis B, Tuberculosis,
injection site reaction

Severe heart failure No No No
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Table 5. Cont.

Drug Dosage Form Dosing Side Effects Contraindications per US
or Canadian Label

Renal Dose
Adjustment
Required

Hepatic
Dose
Adjustment
Required

PGx Dose
Adjustment
Required

Rituximab IV 1 gram two weeks apart
(week 0 and 2). Repeat
every 6 months if
clinically needed.

Serious infection, PML, reactivation of Hepatitis B, infusion
related reactions (e.g., angioedema, bronchospasm), flushing,
hypertension, edema, pruritis, hematologic side effects (anemia,
neutropenia, hypogammaglobulinemia, leucopenia,
thrombocytopenia), dyspnea

Severe, active infection,
PML, hypersensitivity or
anaphylactic reaction to
murine proteins

No No No

Repository
corticotropin
injection (FDA
approved)

SC 40–80 units twice
weekly

Same as glucocorticoids
Hyperpigmentation

Same as glucocorticoid
assumed

No No No

PGx: Pharmacogenomics.

Table 6. The use of common sarcoidosis in special situations.

Drug Safe to Administer
Non-Live Vaccine,
Influenza Vaccine

Safe to Administer live or
Live-Attenuated Vaccine

Safe to Use during
Pregnancy

Safe to Use during
Breastfeeding

Drug to be Avoided for
Concomitant Use

Cautions

Prednisone
(FDA approved as
“systemic rheumatic
disorders”)

Yes Depends on dose Yes Yes Use steroid sparing agents as
possible to avoid long term side
effects of glucocorticoids.

Methotrexate Yes,
hold for 2 weeks after
vaccination if possible.

Hold 4 weeks prior and 4
weeks after

No No Sulfamethoxazole/
trimethoprim

Folic acid supplement daily (1~4 mg
daily) recommended.
Leucovorin rescue in case of toxicity.

Leflunomide Yes Hold 4 weeks prior and 4
weeks after

No No Enterohepatic recycling occurs:
Accelerated clearance process with
cholestyramine or charcoal needed
in case of toxicity or unplanned
pregnancy

Hydroxychloroquine Yes Yes Yes Yes Yearly eye exam

Azathioprine Yes Hold 4 weeks prior and 4
weeks after

Yes Yes Allopurinol
Febuxostat

TPMT and/or NUDT15 deficiency

Mycophenolate Mofetil Yes Hold 4 weeks prior and 4
weeks after

No No Avoid use with azathioprine (↑ risk
myelosuppression)
Oral suspension formulation useful
for patients with swallowing issues
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Table 6. Cont.

Drug Safe to Administer
Non-Live Vaccine,
Influenza Vaccine

Safe to Administer live or
Live-Attenuated Vaccine

Safe to Use during
Pregnancy

Safe to Use during
Breastfeeding

Drug to be Avoided for
Concomitant Use

Cautions

Infliximab Yes Hold 1 dose prior and 4
weeks after

OK 1st and 2nd trimester
Hold for 3rd trimester

Yes Other immunosuppressive
biologic DMARD or Janus
Kinase inhibitors

Monitor for anaphylaxis, severe
infusion reaction.
Consider antibody formation if
efficacy wanes.

Adalimumab Yes Hold 1 dose prior and 4
weeks after

OK 1st and 2nd trimester
Hold for 3rd trimester

Yes Other immunosuppressive
biologic DMARD or Janus
Kinase inhibitors

Rituximab Yes Hold 6 months prior and 4
weeks after

Discontinue at conception
unless life or organ
threatening condition

Yes Other immunosuppressive
biologic DMARD or Janus
Kinase inhibitors

Monitor for anaphylaxis, severe
infusion reaction.
Consider antibody formation if
efficacy wanes.

Repository corticotropin
injection (FDA
approved)

No specific
recommendationSame as
glucocorticoid assumed

No specific
recommendation
Same as glucocorticoid
assumed

No specific
recommendation
Same as glucocorticoid
assumed

No specific
recommendationSame
as glucocorticoid
assumed

No specific
recommendation
Same as glucocorticoid
assumed

Same as glucocorticoid assumed

DMARD: disease modifying anti-rheumatic drug.
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