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KEY POINTS

� Biologic response modifiers (BRMs), which target specific mediators or cells involved in
immunity and inflammation, have improved outcomes in childhood rheumatic diseases;
they may be used in combination with nonsteroidal anti-inflammatory drugs, disease-
modifying antirheumatic drugs, or glucocorticosteroids.

� Physicians caring for children with rheumatic disease should be aware of possible toxic,
metabolic, neoplastic, and infectious side effects of these different medications.

� Children on antirheumatic treatment are susceptible to unusual and opportunistic infections,
and usual childhood infections, for which they should receive the usual immunizations with
non-live vaccines.

� Medical care providers should consult with the rheumatologist immediately for potentially
serious illness, which could represent a complication of treatment, disease flare, or both.
INTRODUCTION

The medications typically prescribed to treat various childhood rheumatic diseases
have been discussed in previous articles in this issue. As a group, these medications
are associated with risks for noninfectious and infectious side effects. Naturally, par-
ents and patients worry about the possible side effects of medications1 but do not al-
ways sufficiently appreciate the entire spectrum and severity of consequences of
undertreated or untreated rheumatic disease. Nor do they always appreciate that,
despite possible side effects, most medications prescribed for childhood rheumatic
disease by pediatric rheumatologists have an acceptable to excellent benefit/risk ra-
tio. Primary care providers (PCPs) are often consulted about the advisability of taking
medications recommended by subspecialists. Along with emergency physicians and
hospitalists, the PCP may be the first medical care provider who sees the rheumatic
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disease patient with a possible medication side effect. These providers are likely not
well acquainted with all risk factors and potential toxicities associated with disease
andmedications. This article provides an easy-to-read reference on these morbidities.
It consists of three parts:

1. First there is a general discussion of possible medication side effects and the po-
tential difficulties in assignment of causality in individual children with rheumatic
diseases.

2. The second section discusses potential side effects of medications individually and
is organized by category of medications rather than by disease. This arrangement
was chosen because the same medications may be used for treatment of more
than one disease, and potential side effects are generally similar among children
irrespective of their specific rheumatic disease. In this section, toxic/metabolic
and infection-related side effects are discussed.

3. Finally, of special interest to the PCP, individual immunizations are discussed
relative to contraindications, timing, and likelihood of protective response.
MEDICATION SIDE EFFECTS
Association Versus Causality

Large population studies can measure the incidence of various signs and symptoms in
patients who take a medication versus those who do not. However, it can be difficult to
determine the cause of a new symptom in an individual child or adolescent with rheu-
matic disease, particularly if it is a common symptom, such as rash, abdominal discom-
fort, headache, or behavioral change. There may be little information available to decide
if the symptom is a new manifestation of the disease itself, a treatment side effect, or
something unrelated. In the labeling information for medications, the designation of
certain signs and symptoms as “associated” speaks to the difficulty of assigning cau-
sality. In an individual patient, sometimes a careful interval history can tease out the
cause. Other times, it may be safe to stop a medication and later restart it to demon-
strate correlation with signs and symptoms, providing evidence of causality.

Degree and Type of Risks

It is important to understand that for any one patient, the absolute risk of any adverse
event caused by any medication can be difficult to determine. Type and degree of risk
are related not only to the mechanism of action of an individual drug but also to medi-
cation dose and duration, concomitant use of other medications or substances, the
disease for which it is given, age, lifestyle, and hereditary factors. Side effects of
medications used to treat rheumatic diseases can be generally divided into metabolic,
toxic, neoplastic, and infectious. The metabolic adverse effects include conditions like
weight gain, fatigue, and decreased bone density. Toxic side effects result in injury to
tissues and organs (eg, skin, liver, kidney). These types of side effects are more com-
mon with older, less specific treatments, such as nonsteroidal anti-inflammatory drugs
(NSAIDs), glucocorticosteroids (GCS), and nonbiologic disease-modifying antirheu-
matic drugs (DMARDs). Infection is almost never a side effect of NSAIDS, but is of
concern, to varying degrees, with GCS, DMARDSs and biologic response modifiers
(BRMs). Neoplasms have also been associated with DMARDs and BRMs. The cate-
gories of neoplastic and infectious risks are discussed in more detail next.

More about risk for neoplasms
Because immunosuppressive medications can interfere with immune surveillance,
neoplasms are on the list of possible side effects of some medications used for
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rheumatic diseases. However, it has been shown that children with juvenile idiopathic
arthritis (JIA) have an increased baseline risk of malignancy related to their autoim-
mune disease alone, irrespective of treatment.2–4 It is likely that other childhood rheu-
matic diseases also confer increased baseline risk of neoplasms.
Many DMARDs currently used for rheumatic diseases were originally developed to

suppress immune responses to transplanted organs, or for cancer chemotherapy.
Some nonbiologic DMARDs, such as cyclophosphamide, are known to increase the
risk of certain cancers in the long term, especially at the higher doses used for chemo-
therapy. However, such potent medications are typically used when the children are at
risk for severe organ damage or death because of rheumatic disease, situations that
clearly affect the benefit/risk ratio. BRMs are the newest type of antirheumatic medi-
cations, and have fewer and less frequent side effects in general compared with many
DMARDs.5 Because it has been less than 20 years since the first BRM (etanercept, a
tumor necrosis factor [TNF] inhibitor) was approved for children with polyarticular JIA
in North America, and because there are several different kinds of BRMs available for
treatment of children currently, their effects on cancer risk have not been clearly quan-
tified. However, in the case of TNF inhibitors (TNFi), their contribution to cancer risk
seems to be small.3

More about risk for infections
Because virtually all rheumatic diseases are associated with overactive immunity
against self, and/or dysregulated inflammation (see Kathleen E. Sullivan’s article,
“Pathogenesis of Pediatric Rheumatologic Diseases,” in this issue), most treatments
are intended to suppress and control these processes. Given that the immune system
is responsible for defending against pathogens, the frequency and severity of certain
infections is increased as a result of immunosuppression. However, it is clear that
rheumatic diseases themselves confer a baseline increased risk of infection, unrelated
to treatment, in adults and children6–8 Even patients with polyarticular JIA, whose
routine laboratory tests typically reveal little to no laboratory evidence of immune
dysfunction, have a disease-related component of infection risk. Using a nationwide
Medicaid database, an increased baseline risk for serious bacterial infections was re-
ported for patients with JIA not treated with either methotrexate (MTX) or BRMs, with a
hazard ratio (HR) for serious bacterial infection of 2.0 (95% confidence interval [CI],
1.5–2.5) compared with the general population of children of similar age.8 Lupus pa-
tients with active disease also have an increased baseline risk of infections even
before immunosuppressive treatment.7,9

How can autoimmunity cause an increased risk for infection? Simplistically, one could
imagine that immune and inflammatory pathways are focused on attacking parts of
one’s own body, so the machinery may be “working beyond capacity” or “fail to recog-
nize” microbial invaders. Alternately, the immune system itself may be a target of auto-
immunity. This concept is perhaps best understood by thinking about certain common
features of active lupus, such as autoimmune lymphopenia and neutropenia, aberrant
white blood cell functioning, and low complement levels caused by consumption (see
Stacey E. Tarvin and Kathleen M. O’Neil’s article, “Systemic Lupus Erythematosus,
Sjögren Syndrome, and MCTD in Children and Adolescents,” in this issue). In such sit-
uations, immunosuppressive medications that allow the patient’s own immune system
to function more normally may not always cause increased infection risk.
Most infections in children treated for rheumatic disease are usual childhood infec-

tions of usual severity. However, GCS, certain DMARDS (eg, cyclophosphamide), and
perhaps certain BRMs confer some risk of greater severity of typical childhood infec-
tions, and of infection by unusual or opportunistic organisms. In an acutely ill patient
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with rheumatic disease, both infection and disease flare should always be considered.
Suspicion should be heightened for unusual or opportunistic infections, such asmyco-
bacterial and fungal diseases (tuberculosis [TB], histoplasmosis, Pneumocystis jiro-
veci, cryptococcosis, blastomycosis, and coccidiomycosis) based on possible
exposure history and prevalence in the local environment. In addition, previous infec-
tions in a latent phase can be reactivated (eg, cytomegalovirus, hepatitis B, TB, vari-
cella, and herpes simplex).

Laboratory Monitoring for Medication Side Effects and Disease Activity

Patients with rheumatic disease typically have laboratory tests checked regularly to
monitor for medication side effects. Difficulties with attribution can occur in interpreting
these results, whether in the presence or absence of new symptoms. For example, in a
patient with lupus the complete blood count may show new onset of cytopenias
because of disease flare or incipient macrophage activation syndrome (MAS) (see Sta-
cey E. Tarvin and Kathleen M. O’Neil’s article, “Systemic Lupus Erythematosus,
Sjögren Syndrome, and MCTD in Children and Adolescents,” in this issue), or suppres-
sion by a common viral infection, or a medication side effect. As a second example, in
several rheumatic diseases elevation of transaminases (aspartate aminotransferase
[AST], alanine aminotransferase [ALT]) might be caused by damage from autoimmune
liver disease, or a viral hepatitis, or medication. Consultation with the patient’s rheuma-
tologist helps other physicians caring for the patient to differentiate the cause. It is also
important to cast the net widely when looking for causes of laboratory abnormalities.
For example, AST and ALT (common on general chemistry profiles) are not strictly liver
enzymes because they are also released from inflamed or damaged muscle. In a pa-
tient with elevated transaminases who has had, or could develop, muscle inflammation
or damage based on their rheumatic disease, an infection, or their physical activities, it
is next appropriate to check creatine kinase (CK, from muscle) and g-glutamyltransfer-
ase (from liver) to help differentiate the source.

Response to Signs and Symptoms Perceived to Be Medication Side Effects

In general, for mild to moderate signs and symptoms that seem to be caused by med-
ications, dosage can often be adjusted to allow ongoing use of antirheumatic medica-
tions. However, in the case of patients on long-term systemic GCS, the possibility of
adrenal insufficiency should be considered and caution should be exercised in
reducing dosage abruptly.
Because of their impaired immunity, rheumatic disease patients can sometimes

become sick quickly from infections, or their disease may suddenly flare in association
with infection. Their other medical caregivers should promptly discuss with the pa-
tient’s rheumatologist, or an on-call rheumatologist, any illness that seems unusual
or more severe than expected, and any possible changes to rheumatic disease treat-
ment regimen. If there is a high likelihood of a serious infection or medication reaction,
some or all anti-rheumatic medications may be held. When a serious infection is sus-
pected, following collection of appropriate samples for pathogen identification, it is
seldom wrong to treat empirically with antimicrobials based on clues from history
and physical examination. Transfer to a tertiary center (particularly one where the pa-
tient’s rheumatologist has privileges) should be considered on a case-by-case basis.

POSSIBLE SIDE EFFECTS ACCORDING TO MEDICATION

Tables 1 and 2 list individual drugs or groups of drugs, some potential adverse effects,
and recommended safety monitoring. These tables are intended more as handy
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Table 1
Common and rare potential side effects and safety monitoring of medications for childhood
rheumatic disease

Category: Drug
Intervals, Routes

Frequent or Serious Potential Side
Effects (from Package Inserts)

Monitoring, Precautions (from
Package Insert or References)

NSAIDs
Oral, interval
depending
on drug, or
as needed

GI: nausea, vomiting, diarrhea,
ulcerations

Liver: injury
Kidney: injury
Skin: rash, photosensitivity
Hematologic: platelet inhibition

(bruising, bleeding)
Neuropsych: behavior changes

CBC, diff, plts, Cr, AST, ALT q 3
mo27

Consider antacid, PPI or H2

blocker for GI complaints

Glucocorticosteroids
Oral q d, q od.
i.v. pulse various
intervals

Intermittent
intra-articular
steroids have
minimal side
effects when
injected properly

GI: ulcerations, nausea, hyperphagy
Growth: obesity, short stature
Bone: osteopenia, osteoporosis,

fractures, osteonecrosis
Liver: fat accumulation
Muscle: weakness
Skin: fragility, striae, purpura
Metabolic: hypertension,

dyslipidemia, atherosclerosis
Endocrine: adrenal suppression,

hypertension, hyperglycemia,
diabetes

Ophthalmologic: cataracts,
glaucoma

Neuropsych: mood and behavior
changes, psychosis

Immune: serious infections (signs/
symptoms may be masked)

Bone mineral density baseline
and up to yearly for chronic
use, preferably by DXA using
pediatric protocol and
comparing to pediatric norms

Monitor height velocity, weight
Lipid panel baseline, 1 mo, and q

6–12 mo
Fasting glucose yearly and prn
Eye examination yearly and

prn13

DMARD
Methotrexate
Oral or

subcutaneous,
once weekly

GI: nausea, vomiting, oral
ulcerations

Liver: injury
Bone marrow: cytopenias
Skin: hair loss, rash, photosensitivity
Reproductive: teratogenicity
Neuropsych: anticipatory nausea
Constitutional: fatigue
Immune: serious infections

CBC, diff, plts, Cr, AST, ALT; 1 mo
from start, then q 3 mo27

Supplement folic acid
Avoid alcohol ingestion
Limit sun exposure
Hold for serious infections
Negative pregnancy test at start,

reliable birth control, hold
DMARD for late menses

DMARD
Lefunomide
Oral, weekly

GI: nausea, oral ulceration
Liver: injury
Bone marrow: cytopenias
Skin: rash, hypersensitivity reaction
Reproductive: teratogenicity
Metabolic: long persistence in

tissues; toxicity or pregnancy may
require “wash out” with
cholestyramine

Respiratory: interstitial lung disease
(mainly adults)

Immune: serious and opportunistic
infection especially TB
reactivation, Pneumocystis
jiroveci, aspergillus

CBC, diff, plts, Cr, AST, ALT q mo
� 6 at start or dose increase,
then q 6–8 wk

Avoid alcohol ingestion
Hold for serious infections
Pregnancy precautions as for

MTX; continue birth control
until after “wash-out” with
cholestyramine

(continued on next page)
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Table 1
(continued )

Category: Drug
Intervals, Routes

Frequent or Serious Potential Side
Effects (from Package Inserts)

Monitoring, Precautions (from
Package Insert or References)

DMARD
Sulfasalazine

Oral, twice daily

GI: nausea, ulceration
Liver: injury
Hematologic: cytopenias, hemolytic

anemia (unusual) with G6PD
deficiency

Skin: rash, photosensitivity,
hypersensitivity reactions

Kidney: injury

CBC, diff, plts, Cr, AST, ALT, UA at
start, q 2 wk � 3 mo, then q
4 wk � 3 mo, then q 3 mo

Contains sulfa and salicylate
moieties; avoid if sulfa allergy

DMARD
Hydroxychloroquine

Oral, daily

Eye: retinal deposition and toxicity
(dose related), vision changes

Skin: photosensitivity,
hyperpigmentation, other rashes

Hematologic: hemolytic anemia
with G6PD deficiency

GI: nausea, abdominal pain
Muscle: weakness

New recommendations35: full
ophthalmology examination
before 1 y of treatment, then
electroretinography or
spectral domain optical
coherence tomography (see
text for schedule)

DMARD
Azathioprine

Oral, q d or bid

GI: nausea, diarrhea
Liver: injury
Hematologic: cytopenias, perhaps

more severe with low TPMT
activity

Reproductive: teratogenicity
Immune: serious infections
Neoplastic: lymphoma, skin cancer

CBC, diff, plts q wk x 1 mo, then
q 2 wk � 2 mo, then q mo

AST, ALT, alk phos, bili
“periodically”

Check TPMT activity or alleles
Limit sun exposure
Avoid alcohol ingestion
Hold for serious infections
Negative pregnancy test at start,

reliable birth control, hold
DMARD for late menses

DMARD
Mycophenolate

mofetil,
mycophenolic
acid
Oral or i.v. bid

GI: naurea, diarrhea, vomiting
Skin: rashes
Hematologic: cytopenias
Reproductive: teratogenicity,

decreases effectiveness of oral
contraceptives

Immune: serious infections
(especially herpes reactivation,
CMV), opportunistic infections,
very rare PML

Neoplastic: lymphoma,
lymphoproliferative disorders,
skin cancer

CBC, diff, plts q wk x 1 mo, q
2 wk � 2 mo, then q mo

Limit sun exposure
Avoid alcohol ingestion
Hold for serious infections
Negative pregnancy test at start,

abstinence or 2 methods of
birth control concurrently
4 wk before start (if possible)
and for 6 wk after stopping
med, hold DMARD for late
menses

DMARD
Calcineurin

inhibitors:
Cyclosporine A
Tacrolimus
Oral or i.v.

Endocrine, renal: nephrotoxicity,
severe hypertension

GI: nausea, vomiting
Liver: damage
CNS: headaches
Skin: hirsutism, gum dysplasia
Metabolic: hypomagnesemia,

hyperkalemia
Reproductive: prematurity,

complicated pregnancy
Immune: serious infections

BUN, Cr at start, then q 2 wk for
3 mo, then q mo

Potassium, AST, ALT, magnesium
q mo

Timed drug levels
Monitor blood pressure
Limit sun exposure
Hold for serious infections
Multiple drug interactions
Avoid pregnancy

(continued on next page)
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Table 1
(continued )

Category: Drug
Intervals, Routes

Frequent or Serious Potential Side
Effects (from Package Inserts)

Monitoring, Precautions (from
Package Insert or References)

Opportunistic infections: P jiroveci,
CMV, rare PML

Neoplastic: Lymphomas (especially
in organ transplant patients)

DMARD:
Cyclophosphamide,
i.v. q mo to q
3 mo, oral daily

Kidney, urinary tract: injury,
hemorrhagic cystitis

Hematologic: cytopenias
GI: nausea, vomiting, mucositis
Skin: rashes, hair loss
Reproductive: infertility (may be

irreversible), teratogenicity,
fetal loss

Immune: serious and opportunistic
infections

Neoplastic: leukemia, lymphoma,
sarcomas, carcinomas (especially
bladder cancer)

CBC, diff, plts predose and at
nadir (1–2 wk postdose) for
i.v., or q mo for oral

Lytes, BUN, Cr, UA “frequently”
Take orally in morning with

copious fluids, give i.v. with
fluids and MESNA to protect
bladder

PJP oral prophylaxis
Hold for serious infections
Females: avoid pregnancy,

consider IM leuprolide q mo;
may protect from infertility

Males: consider sperm banking

DMARD
Tofacitinib, oral
twice daily

Not approved, but being studied,
for poly and systemic JIA

In adults with RA:
GI: diarrhea, nausea
Hematologic: cytopenias
Metabolic: hyperlipidemia
CNS: headache
Immune: serious and

opportunistic infections (TB,
cryptococcus, P jiroveci, CMV,
varicella zoster)

Neoplastic: malignancies
including lymphomas

CBC, diff, plts at start, 4–8 wks,
then q 3 mo

Lipids at start, then 3–6 mo
TB test at start, and periodically
Hold for serious infections
Avoid pregnancy

Biologic response
modifiers
See Table 2 for
individual
medications

Infusion or injection site reactions,
hypersensitivity

Immune: serious infections,
opportunistic infections

Neoplastic: various malignancies

See Table 2 for details regarding
individual medications

Note: (1) Not all potential side effects are listed. In some cases, association does not signify causal-
ity. For more information, consult package inserts (available online) or references provided in table
or text. Common potential side effects that can range from mild to severe are listed in plain text.
Rare potential side effects that are typically serious, and may be associated with disease itself, are
listed in italics. (2) Risk of side effects and severity are related to dose of medication, duration of
treatment, concomitant use of other medications that can cause the same or related side effects,
environmental exposures, and pre-existing conditions. Stop medication for suspicion of serious
side effects except under special circumstances (eg, steroids and adrenal suppression). (3) Safety
monitoring listed is the minimum required, assuming that no signs or increased risk of toxicity
are present.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood-
urea-nitrogen; CBC, complete blood count; CMV, cytomegalovirus; CNS, central nervous sys-
tem; Cr, creatinine; DXA, dual X-ray absorptiometry; GI, gastrointestinal; i.v., intravenously;
JIA, juvenile idiopathic arthritis; PJP, Pneumocystis jiroveci pneumonia; plts, platelets; PML,
progressive multifocal leukoencephalopathy; PPI, proton pump inhibitor; RA, rheumatoid
arthritis; TB, tuberculosis; TPMT, thiopurine S-methyltransferase; UA, urinalysis.
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Table 2

Common and rare potential side effects and safety monitoring of biologic response modifiers for childhood rheumatic disease

Target –

Medication Route, Frequency Typical Uses (Diseases)

Associated Infections and Other Risks

(TB, Varicella, Hepatitis B, Fungal and

Opportunistic Infections for All)

Monitoring and Precautions

(TB Test, and Serology for Varicella and

Hepatitis B for All, Before Initiating Treatment)

TNF-a

Etanercept

Adalimumab

Infliximab

Golimumab

Subcu 1–2 times weekly

Subcu q 2 wk

Subcu/i.v. q 4 wk

I.v. infusion being studied

for JIA

Polyarticular JIA

Extended oligoarticular JIA

Psoriatic arthritis

Spondyloarthropathy

Uveitis

Some autoinflammatory diseases

Serious bacterial infections, lymphoma,

other cancers

Routine laboratory studies only as indicated for

disease and other medications

IL-1 receptor

Anakinra

Subcu daily Systemic JIA

MAS

Neutropenia

Serious bacterial infections

CBC, diff, plts q mo � 3, then q 3 mo

IL-1a
Canakinumab

Subcu q 4 wk Systemic JIA

Some autoinflammatory diseases

Serious bacterial infections Routine laboratory studies only as indicated for

disease and other medications

IL-6 receptor

Tocilizumab

IV infusion monthly, or

subcu q wk-2wk

Polyarticular and systemic JIA

MAS

Cytopenias, hepatic injury

Hyperlipidemias

CBC, diff, plts, AST, ALT, cholesterol, triglycerides

4–8 wk after start, then q 3 mo

Serious bacterial infections

T-cell

costimulation

Abatacept

IV infusion monthly, or

subcu weekly

Polyarticular JIA

Extended oligoarticular JIA

Serious bacterial infections Routine laboratory studies only as indicated for

disease and other medications

CD20 B cells

Rituximab

IV infusion, various intervals Lupus

Severe vasculitis

Serious bacterial infections

Fungal infections

Mucocutaneous reactions

Renal toxicity

CBC, diff, BUN, Cr before and at intervals after

dosing

Quantitative immunoglobulins, B cells and

subsets as indicated

PML caused by JC virus

B-lymphocyte

stimulator

Belimumab

IV infusion or subcu; various

intervals

Lupus Serious bacterial infections

Fungal infections

Depression

CBC, diff, before and at intervals after dosing

Quantitative immunoglobulins, B cells and

subsets as indicated

PML caused by JC virus

Note: (1) Not all potential side effects are listed. In some cases, association does not signify causality. For more information, consult package inserts (available online) or references provided

in text. All intravenous and subcutaneous medications can cause infusion or injection site reactions. Common potential side effects that can range frommild to severe are listed in plain text.

Rare potential side effects that are typically serious, and may be associated with disease itself, are listed in italics. (2) Risk of side effects and severity are related to dose of medication,

duration of treatment, concomitant use of other medications that can cause the same or related side effects, environmental exposures, and pre-existing conditions. Stop medication

for suspicion of serious side effects including infection. (3) Safety monitoring listed is the minimum required, assuming that no signs or increased risk of toxicity are present.

Abbreviations: IL, interleukin; MAS, macrophage activation syndrome; PML, progressive multifocal leukoencephalopathy; subcu, subcutaneous.
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reference in the context of patient care, than as text to read through. They list potential
side effects that are common (plain text), and those that are rare but serious (italics).
Even though the tables do not list every possible side effect of medication, the number
and variety listed for somemedications may still seem alarming. However, most children
taking these medications for rheumatic disease do not experience serious side effects.
The most common medications used for pediatric rheumatic disease patients, and
some relevant possible side effects, are discussed individually in more detail next.
(Also see Table 1).

Nonsteroidal Anti-inflammatory Drugs

Long themainstay of childhoodchronic arthritis treatment, chronicNSAIDs are nowbe-
ing used less frequently, and for shorter time periods, because of much more effective
treatment of disease by othermedications. They are still useful for relief of pain and stiff-
ness, but they do little to retard joint or tissuedamage.10 Theirmajormode of action is to
block cyclooxygenases, thereby inhibiting prostaglandin synthesis. This action is
related to the favorable result of analgesia, but also the unfavorable result of gastroin-
testinal (GI) irritation or damage (abdominal pain, nausea, diarrhea, peptic ulcer dis-
ease), and to hepatic and renal toxicity, which are less common in children than
adults. Taking these medications with food, staying well hydrated, and avoiding inges-
tion of other substances with similar effects reduces such problems. Prescribing a gas-
troprotective agent, such as an antacid, H2 blocker, or proton pump inhibitor,11 is a
strategy used to reduce GI side effects of NSAIDs. Acute kidney injury is a possible
side effect of NSAIDs in children, especially in the setting of dehydration, but is much
less common than in adults.12 NSAIDs do not increase risk of infections.

Glucocorticosteroids

Steroids alter the production of a myriad of proteins involved in immunity and inflamma-
tion, andmetabolismandgrowth; therefore, theyhavewidespreadeffects. Their powerful,
broad-spectrum suppression of immune and inflammatory processes has been used to
treat a multitude of allergic, rheumatic, autoimmune, and other diseases. Intravenous,
oral, and topical GCS are used for rheumatic diseases. Systemic GCS are life-saving for
initial treatmentof severediseaseandcanhold inflammationatbayuntil othermedications
have had time towork. However, chronic use of systemicGCS in supraphysiologic doses
is well known to be associated with numerous toxic and metabolic side effects including
excessive weight gain, growth retardation, adrenal insufficiency, osteoporosis, avascular
necrosis of bone, skin fragility and striae, atherosclerosis, hyperlipidemia, hypertension,
hyperglycemia or steroid-induced diabetes, fatty liver, gastritis, cataracts, mood disor-
ders, and psychosis, in addition to significantly increased incidence of infections.8,13–16

Because of their many side effects, long-term systemic dosing should be avoided if
possible, or kept as low as possible if required for disease control. Changing oral dosage
(prednisone, prednisolone) from daily to alternate day, resulting in lower risk of side ef-
fects, can sometimes be effective in patients with less active rheumatic disease.17 Inter-
mittent intravenous steroid (methylprednisolone) pulses may be associated with fewer
metabolic and growth side effects than daily oral steroids. Tapering of systemic steroids
should bedoneonlybyorwith the guidanceof a child’s rheumatologist because tapering
too rapidly may precipitate adrenal crisis or flare of rheumatic disease.
Intra-articular injections of long-acting depot corticosteroids are often used for JIA,

with possible side effects of local infection, avascular necrosis of bone, and tissue at-
rophy. However, such side effects are rare with use of good technique.18 Systemic ef-
fects of intra-articular injection are rare. Many kinds of autoimmune eye disease (eg,
uveitis/iritis, scleritis, episcleritis, keratitis), whether idiopathic or a manifestation of
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systemic rheumatic disease, are treated with topical steroids. Possible side effects of
prolonged ocular steroids include glaucoma and cataracts.19 Refractory eye disease
and optic neuritis may require systemic medications.

Nonbiologic Disease-Modifying Antirheumatic Drugs

Nonbiologic DMARDs are chemical compounds that have a wide array of possible
metabolic and immunologic effects. Among the most commonly used in pediatric
rheumatology are MTX, azathioprine, mycophenolate mofetil/mycophenolic acid,
and cyclophosphamide. They are often used initially in combination with systemic cor-
ticosteroids to treat serious rheumatic disease manifestations. Some DMARDs are
used for ongoing treatment or maintenance of remission.

Methotrexate
MTX is the DMARD used most frequently for childhood rheumatic diseases and is dis-
cussed indetail here.LikemanyotherDMARDs,MTXwasborrowed fromcancerchemo-
therapy, but it is used inmuch lowerdoses and is only dosed intermittently (typically once
weekly) for rheumatic diseases, such as JIA, psoriatic arthritis, dermatomyositis, lupus,
sclerodermas, and autoimmune eye disease. Because of the comparatively decreased
doses, it is not considered chemotherapy when used for rheumatic diseases.
When used in high doses for cancer chemotherapy, MTX is an antimetabolite. By

inhibiting the enzyme tetrahydrofolate reductase, it causes a severe deficiency of folic
acid needed for purine synthesis and cell proliferation.20 However, in the doses used
to treat rheumatic diseases, this effect does not seem to be the major mechanism of
action, and supplementary folic acid is given to counteract symptoms of folate defi-
ciency without altering efficacy. Supplemental folic acid reduces the incidence or
severity of possible MTX side effects such as nausea, oral ulcerations, anemia, leuko-
penia, and hair loss.20 One important mechanism of MTX in rheumatic diseases is to
increase levels of adenosine, which downregulates several pathways of inflammation.
Some other side effects of MTX, such as fatigue and possibly the rare occurrence of
hepatic fibrosis in children, are likely caused by increased adenosine.21

Subcutaneous dosing of MTX results in more reliable absorption and drug levels,
sometimes with fewer GI complaints, compared with the oral route,22 although children
often prefer the oral route to injections. Despite individual patient experiences of better
disease control on subcutaneous MTX,22 in a retrospective registry review from 2005 to
2012, patients with JIA taking oral versus subcutaneous MTX had a comparable clinical
response and an insignificant difference in the number of adverse events.23

Risk of new infections or reactivation of old infections (including varicella zoster)
does not seem to be increased in adults taking MTX for rheumatoid arthritis (RA), ac-
cording to systematic literature reviews.6,24 Likewise, most children taking MTX in
doses used for rheumatic disease do not seem to be at increased risk for infections.
In a US Medicaid database over a 5-year period, patients with JIA taking MTX, or tak-
ing no DMARD, had similar rates of hospitalized bacterial infections.8 Opportunistic in-
fections occur occasionally in children takingMTX at rheumatic disease doses, but not
with sufficient frequency to know if they are more related to immune suppression from
rheumatic diseases themselves, or MTX treatment.
In patients taking high-dose MTX for lymphomas and other malignancies, there is a

variable risk of secondary malignancies, particularly secondary lymphomas, depend-
ing on many other factors. However, MTX treatment of childhood rheumatic diseases
does not appear to further increase the known increased baseline risk of cancers.2

Rare cases of lymphoproliferative disorders that regress after discontinuing MTX
have been reported in children taking this medication for rheumatic disease.25
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There are other particularly important side effects of MTX that medical care pro-
viders should know about. It is a teratogen and should be stopped before pregnancy.
Females of reproductive age should have a negative pregnancy test before starting
MTX. Adequate birth control (which can include abstinence) must be practiced, and
the drug should be held for suspicion of pregnancy. Alcohol ingestion, which increases
the potential for liver damage from MTX, should be avoided. Although it has been re-
ported that concomitant administration of MTX and the antibiotic trimethoprim sulfa-
methoxazole (TMP-Sx) can result in a serious increase in MTX toxicity, particularly
cytopenias, there was no significant risk to rheumatic disease patients taking MTX
with the lower doses of TMP-Sx used routinely for P jiroveci prophylaxis.26

The American College of Rheumatology has published a schedule of regular labora-
tory monitoring (see Table 1) recommended for children taking MTX for JIA, and guide-
lines for reducing dose, holding, and discontinuing MTX treatment based on laboratory
results.27 Usually, laboratory abnormalities resolve with holding doses and/or reducing
the weekly dose ofMTX. Although transaminases aremonitored for potential hepatotox-
icity, one study found that AST and ALT elevations greater than twice the upper limit of
normal were rare in JIA, similar in frequency whether or not patients were taking MTX,
and generally attributable to other causes, such as infections or systemic antibiotics.28

Routine liver biopsies are no longer performed in adults29 or children taking MTX for
rheumatic disease because of the low incidence of hepatic fibrosis.

Leflunomide
As listed in Table 1, leflunomide is an inhibitor of pyrimidine synthesis, which seems to
have efficacy similar to MTX for treatment of JIA30 and is sometimes used in place of
MTX. It has a similar side effect profile, including teratogenicity. Leflunomide has not
been studied or used in children as extensively as MTX. Guidelines for use are similar
to those for MTX, but persistence in tissues is a unique problem.

Sulfasalazine and hydroxychloroquine
The generally weaker DMARDs sulfasalazine and hydroxychloroquine are considered
to be immunomodulators rather than immunosuppressants, and increased risk for
infection is not considered to be a side effect. Sulfasalazine is most often used for
RA in adults31 and is occasionally used for JIA. It contains a salicylate and a sulfa moi-
ety, and is contraindicated in patients with sulfa allergy.32 Hydroxychloroquine is used
to treat skin disease in lupus and juvenile dermatomyositis (JDM). In children, it is most
commonly used to reduce the risk of flares in patients with lupus while other, more
toxic, medications are being tapered, and for maintenance of remission.33 It is consid-
ered first-line immunomodulatory therapy for Sjögren syndrome34 and is also used in
combination therapy for adults with for RA.33 Hydroxychloroquine has potential cumu-
lative retinal toxicity, which is minimized by appropriate dosing and timely recognition
with appropriate ophthalmologic examinations.35,36 Recent new guidelines for toxicity
monitoring include a full ophthalmology examination before the end of 1 year of treat-
ment, followed by electroretinography or spectral domain optical coherence tomogra-
phy every 1 to 5 years based on risk for the next 5 years, and then yearly thereafter.35

Azathioprine and mycophenolates
The immunosuppressive drugs azathioprine, mycophenolatemofetil, and mycophenolic
acid are used mainly for systemic lupus, vasculitic diseases including polyarteritis
nodosa and anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis, idio-
pathic inflammatory myopathies, and scleroderma. Mycophenolates may be superior
to azathioprine in maintenance of lupus remission.37,38 However, mycophenolates are
teratogenic and must be avoided during pregnancy, whereas azathioprine is not known
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to harm the developing fetus.39,40 Thiopurines, such as azathioprine and its product
6-mercaptopurine, are associated with an increased rate of malignancy in children
with inflammatory bowel disease (IBD).3,41

Cyclosporine A and tacrolimus
The calcineurin inhibitors cyclosporine A and tacrolimus are sometimes used for treat-
ment of autoimmune renal disorders, severe vasculitis, and macrophage activation
syndrome (MAS), but use is often limited by hepatotoxicity,42 and renal toxicity man-
ifesting as severe hypertension.43

Cyclophosphamide
The alkylating agent cyclophosphamide is a strong chemotherapeutic and immuno-
suppressive medication. It preferentially kills cells that have low levels of aldehyde de-
hydrogenase, the enzyme that inactivates the drug. Cyclophosphamide binds to, and
cross-links, DNA in susceptible cells, causing cell death. Leukocytes, especially T lym-
phocytes, are susceptible to this effect, which explains how it works to suppress the
immune system, and why a major side effect is leukopenia.44 Cyclophosphamide is
used primarily for severe lupus nephritis or lupus cerebritis, for severe vasculitis of
other types including central nervous system vasculitis, and for pulmonary disease
in systemic sclerosis. Doses are lower than those used for cancer chemotherapy,
but secondary malignancy from a variety of cancers is still a concern.45,46 It is given
intravenously at intervals of several weeks to months, or in smaller doses by mouth
daily. In pediatrics, intravenous dosing is almost always used, with vigorous hydration,
plus medications to reduce nausea and bladder toxicity. Cyclophosphamide treat-
ment is associated with a higher rate of infection than mycophenolate mofetil or
azathioprine in patients with lupus,14 which is further increased by concomitant treat-
ment with GCS, as is used for severe disease.
Cyclophosphamide can cause infertility in males and females. Gonadotropin-

releasing hormone analogues may protect against premature ovarian failure in young
women receiving cyclophosphamide therapy for lupus,47 and sperm banking has been
recommended for adolescent and adult male patients.48 Despite the concerns about
fertility, pregnancy can occur in females taking cyclophosphamide, but should be
avoided because of high risk of teratogenicity.

New nonbiologic disease-modifying antirheumatic drugs
New nonbiologic DMARDs that inhibit specific pathways involved in autoimmunity
have recently been developed for rheumatic and other related diseases, such as pso-
riasis. These medications are not to be confused with BRMs, another new class of
medications discussed next. So far, the new nonbiologic DMARDs are only approved
in North America for treatment of rheumatic diseases in adults. One new class is the
phosphodiesterase inhibitors (eg, oral apremilast, which is currently used for psoriasis
and has been effective in adults with psoriatic arthritis in clinical trials).49 Another new
class of DMARDs is Janus kinase (JAK) inhibitors, including oral tofacitinib. This medi-
cation has been approved in North America for adults with RA and is being studied
internationally in children with polyarticular JIA50 (https://clinicaltrials.gov/ct2/show/
NCT02592434) and systemic JIA (https://clinicaltrials.gov/ct2/show/NCT03000439).
Biologic Response Modifiers

GCS and strong immunosuppressive drugs have widespread effects on cells involved
in immunity and inflammation, and on other kinds of cells.5,51 In contrast, the newer
BRM medications exhibit greater specificity for suppression of individual types of
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cells, or inhibition of their immune or inflammatory mediators, and generally have less
frequent side effects (See Table 2).5

BRMs are technically DMARDs, because they are powerful in modifying the course
of rheumatic disease, but they are considered a separate class of medications. They
differ from traditional DMARDs because they are proteins that are synthesized by living
cells in culture, then highly purified, and sometimes chemically modified. They are
monoclonal antibodies, soluble receptors, or chimeric proteins that bind specific cyto-
kines or other proteins that are part of immune and inflammatory pathways, and inhibit
their function (see Kathleen E. Sullivan’s article, “Pathogenesis of Pediatric Rheumatic
Diseases,” in this issue).More than oneBRMshould not be used concurrently, because
of higher risk for infectionwithout obvious efficacy benefit, as described in the prescrib-
ing information (package inserts) for these drugs. However, a BRM is sometimes used
in conjunction with certain of the nonbiologic DMARDS, especially MTX. The advent of
BRMsbrought the expectation thatmore targeted immunemodulationwould result not
only in better treatment, but also in fewer toxic side effects. When BRMs are used as
monotherapy, the prediction of decreased organ toxicity has certainly been correct.
In general, health care plans require patients to fail treatment with traditional DMARDs
before the much more expensive BRMs will be covered. Because of previous or
concomitant use of other DMARDs, it is not necessarily easy to assign a degree of
risk conferred by BRMs alone. After 18 years of experience with TNFi, the first type
of BRM approved for children, initial concerns about possible increased rates of infec-
tion and malignancy have been reduced (discussed next).
Tumor necrosis factor inhibitors: Etanercept, adalimumab, infliximab
In 1999, etanercept was the first BRM approved for the treatment of polyarticular JIA in
the United States and Canada. It works by binding to TNF-a, a proinflammatory cyto-
kine that participates in a multitude of inflammatory pathways. Etanercept-bound TNF
is prevented from binding to its cellular receptors and activating immune or inflamma-
tory pathways (see Kathleen E. Sullivan’s article, “Pathogenesis of Pediatric Rheumatic
Diseases,” in this issue). Unlike many BRMs, etanercept is not an anticytokine anti-
body. Instead, it is a fusion protein composed of two naturally occurring soluble TNF
receptor moieties (which bind TNF-a), covalently linked to the constant (nonantigen-
binding) region of IgG1. Monoclonal antibody TNFi that are also used for children,
especially those with JIA, are adalimumab (monoclonal human anti-TNF-a), and inflix-
imab (a mouse-human chimeric anti-TNF-a, not US Food and Drug Administration
[USFDA] approved for children with JIA). Another human monoclonal anti-TNF anti-
body, golimumab, is currently being studied for use in children.52 TNFi BRMs, espe-
cially adalimumab, are used off-label for treatment of JIA-associated uveitis.53

Infection risk with tumor necrosis factor inhibitors Because of the much larger num-
ber of adults taking BRMs for rheumatic disease (eg, for RA, psoriatic arthritis, and
ankylosing spondylitis), the data on infection risk in adults are more robust. However,
these studies may not be entirely applicable to children because of differences in
comorbidities and risk factors.
In an analysis of children in a USMedicaid database, the rate of hospitalized (serious)

infections in 8459 patients with JIA taking various medications was determined over the
course of 5 years. Patients with JIA taking neither MTX nor TNFi had an increased rate of
hospitalization for infection compared with age-matched control subjects with attention
deficit hyperactivity disorder (without JIA), with an adjusted hazard ratio (HR) of 2.0 (CI,
1.5–2.5). These results demonstrated increased risk of infection on the basis JIA itself.
JIA patients taking MTX alone had a similar rate of hospitalized infection compared with
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those taking neither medication (HR, 1.2; CI, 0.9–1.7). Patients taking TNFi (with or
without MTX) had a similar serious infection rate (HR, 1.2; CI, 0.8–1.8). Not surprisingly,
those taking GCS (dose�10 mg/d of prednisone or equivalent) had an increased rate of
serious infection as comparedwith those not taking GCS (HR, 3.1; CI, 2.0–4.7).8 In a reg-
istry of patients with JIA in the United Kingdom, those treated with etanercept with or
without MTX had similar rates of serious (hospitalized) infection compared with those
treated with MTX alone, but higher rates of “significant” infection (not defined, but as
designated by their medical providers).54

These results differ from an analysis of the German Biologics in Pediatric Rheuma-
tology Registry, the largest registry of children taking TNFi for JIA. In this study, risk of
serious (hospitalized) infections in patients taking TNFi was increased compared with
those taking MTX only. Serious infections occurred in 21 of 1720 patients (1.2%) tak-
ing etanercept, 2 of 177 patients (1.1%) taking adalimumab (1.1%), and 5 of 1453 pa-
tients (0.3%) taking MTX alone. Relative risk of infection in those taking etanercept
alone was 3.3 (95% CI, 0.95–11.3), and in those taking etanercept plus MTX was
6.1 (95% CI, 2.2–16.7), compared with MTX therapy alone. Previous or concomitant
steroids at baseline across the entire registry increased the relative risk of serious
infection by approximately two-fold.55 In this study, the risk of serious infections
also correlated with the level of disease severity at start of treatment, suggesting
possible confounding by indication. This study was not designed to compare the
risk of infection with that of healthy children.
Comparison of the previously mentioned studies on serious infection is difficult,

because of their different methodologies. Lacking further evidence, available studies
disagree on whether patients with JIA taking TNFi alone have a similar8,56 or higher55

rate of serious infections compared with those taking MTX alone, and those taking
MTX plus TNFi may have similar8,56 or a higher55 rate of infection compared with those
taking MTX alone. In the two studies in which it was compared, the addition of concom-
itantGCSresulted in increased infection rates.8,55 Inall threestudies, theabsolute ratesof
serious infection were low. There are insufficient data to compare infection risks in chil-
dren taking any other BRMs versus traditional DMARDs for other rheumatic diseases.

Cancer risk with tumor necrosis factor inhibitors As summarized by Pisetsky,57 TNF
was so named following its identification in the 1970s as a substance capable of killing
tumor cells in mice. Although the doses needed for effective chemotherapy in humans
were found to be too toxic, its role as a mediator of inflammation was eventually eluci-
dated. It was found to be the same molecule as a substance produced by activated
macrophages causing, among other inflammatory responses, cachexia; hence, its
other name “cachexin.”57 Eventually, inhibitors of TNF were developed, tested, and
approved by regulatory agencies for treatment of inflammation in autoimmune dis-
eases: RA, ankylosing spondylitis (AS), and Crohn disease in adults, and later for poly-
articular JIA (etanercept 1999, adalimumab 2008) and childhood Crohn disease
(infliximab 2006). Because data suggested an increased risk of certain malignancies,
especially lymphoma, in adults treated with TNFi, the USFDA started collecting cases,
including those from the initial clinical trials. The 2009 analysis of these data in chil-
dren58 revealed 48 cases of malignancy and their associations with use of TNFi: 31
following infliximab use (mainly for Crohn disease), 15 following etanercept use (for
JIA and AS), and two following adalimumab use. Both cases involving adalimumab
use were confounded by previous use of nonbiologic DMARDs and infliximab. Pa-
tients taking infliximab had a higher reported rate than the childhood average rates
of lymphoma and of all malignancies, and those taking etanercept had a higher re-
ported rate than the childhood average rate of lymphoma, but not of all malignancies
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taken together. As a result, TNFi have a black box USFDA warning about possible
increased rates of malignancies.
It hadalreadybeenshownthatadultswithRA,especially thosewithseveredisease,have

an elevated rate of lymphomacomparedwith the general adult population. Similarly, Nord-
strom and colleagues,4 using a health plan database, found that biologics-naive children
diagnosedwithJIAbetween1998and2007hadanearly three-fold riskofcancercompared
withamatchedcohortofchildrenwithoutJIA.Ameta-analysisofsevenprospectivestudies
in adultswithRAshowednoevidence of increasedmalignancies in those treatedwith TNFi
compared with those who were not.59 Similarly, the recent study of Beukelman and col-
leagues3 examined cancer rates among children with JIA, IBD, and juvenile psoriatic
arthritis fromMedicaidandanotherUS insurancedatabaseover aperiodof14years. There
wasa two-fold higher cancer incidence in the childrenwith these autoimmunediseases, as
comparedwith children in general. A small, statistically insignificant increase in cancer risk
was associated with treatment with TNFi (infliximab, etanercept, and adalimumab.)
Comparing among subgroups, the only significant increase in cancer was found among
children with IBD treated with both a thiopurine (azathioprine or 6-mercaptopurine) plus a
TNFi, consistent with a previous report in children.41 In summary, current evidence does
not show an increased cancer risk for children taking TNFi for JIA, above their already
increased risk resulting from the disease itself. However, for childrenwith all rheumatic dis-
eases, ongoing surveillance for possible treatment-related side effects is essential.

Abatacept
This novel BRM is approved for treatment of polyarticular JIA. It is a fusion protein
composed of the extracellular domain of human CTLA-4 covalently linked to the IgG1
Fc (constant region) domain. The CTLA-4 moiety binds to CD 80/86 on antigen present-
ing cells, preventingCD80/86 frombindingCD28 onT cells (a process required for T-cell
activation). Therefore, abatacept is known as a T-cell costimulation inhibitor. Because
activated T cells contribute to production of autoantibodies and stimulation of macro-
phages to make proinflammatory cytokines, abatacept suppresses immune responses
and reduces autoimmunity. Given subcutaneoulsy or intravenously, it has been shown to
beeffective in biologic-naive patientswith JIA, and thosewhohavehadpoor response to
DMARDsor other BRMs.60 It has also been used off-label for JIA-associated uveitis.61 Its
general side effect profile seems to be similar to other BRMs.

Canakinumab and tocilizumab
Two BRMs, canakinumab and tocilizumab, have transformed treatment of systemic JIA
(sJIA), allowing for the use of significantly less or no corticosteroids. Canakinumab (hu-
man monoclonal antibody against interleukin-1b [IL-1b]) is given subcutaneously every
4 weeks, and is indicated for use in children with systemic JIA,62 cryopyrin-associated
periodic fever syndromes, and some other autoinflammatory syndromes (see Kathleen
E. Sullivan’s article, “Pathogenesis of Pediatric Rheumatologic Diseases,” in this issue).
Tocilizumab (human monoclonal anti-IL-6 receptor) is given subcutaneously or intrave-
nously, and is indicated for children with systemic JIA and polyarticular JIA.63 It has also
been successfully used off-label for severe JIA-associated uveitis refractory to TNFi.64

In clinical trials, MAS (a known severe complication of systemic JIA, see Jennifer J.Y.
Lee and Rayfel Schneider’s article, “Systemic Juvenile Idiopathic Arthritis (JIA), in this
issue) occurred in patients with sJIA treated with each of these medications. Expert
opinion is that these occurrences were most likely caused by underlying sJIA and often
by concurrent infections (known provokers of MAS) rather than directly by the treat-
ments themselves.65,66 Both of thesemedications are known to attenuate certain symp-
toms of MAS, making it more difficult to identify.67
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Anakinra
The other marketed inhibitor of IL-1 activity, anakinra, is not a monoclonal anti-
body; it is a nonglycosylated recombinant version of the naturally occurring regu-
latory protein, IL-1 receptor antagonist. It competitively inhibits binding of IL-1 to
cell-surface IL-1 type I receptors but does not transduce an IL-1 signal. Originally
developed and approved as a medication for adults with RA, it was later approved
for treating children with cryopyrin-associated periodic syndromes (see Kathleen
E. Sullivan’s article, “Pathogenesis of Pediatric Rheumatologic Diseases,” in this
issue). In North America, it is used off-label for treatment of systemic JIA, and
for MAS in children and adults. It seems to have similar efficacy to canakinumab
and tocilizumab for systemic JIA.68 Because of its short half-life anakinra must
be administered at least once daily, and subcutaneous injection is painful. Treat-
ment of MAS with anakinra typically requires significantly higher than standard
doses, but can be life-saving.69,70 Clinical trials of anakinra are underway for
treatment of MAS (https://clinicaltrials.gov/ct2/show/NCT02780583) and for treat-
ment of sJIA and adult-onset Still disease (https://clinicaltrials.gov/ct2/show/
NCT03265132).

Sekukinumab
A human monoclonal antibody against IL-17A, sekukinumab, is approved for adults
with psoriasis, psoriatic arthritis, and ankylosing spondylitis. It is mentioned here
because it is currently being studied for children with juvenile psoriatic arthritis and
enthesis-related arthritis (see Pamela F. Weiss and Robert A. Colbert’s article,
“Juvenile Spondyloarthritis: A Distinct form of Juvenile Arthritis,” in this issue)
(https://clinicaltrials.gov/ct2/show/NCT03031782).

Rituximab
This chimeric mouse-human anti-CD-20 monoclonal antibody depletes CD-20 posi-
tive B lymphocytes through antibody-mediated cytotoxicity. Rituximab (RTX) was
initially developed for treatment of certain lymphomas and leukemias bearing CD-
20. In rheumatology, its therapeutic effect is to deplete B lymphocytes including those
that would differentiate into plasma cells inappropriately secreting autoantibodies.
Although RTX does not directly affect antibody-secreting plasma cells (which lack
CD-20), it still confers an increased risk of infection71 related to general depletion of
B cells. It is given by intravenous infusion, and it is approved for treatment of severe
refractory RA and ANCA-associated vasculitis in adults. It has been studied and
used off-label in severe cases of lupus in adults and children, and other
autoantibody-mediated diseases, such as Sjögren syndrome and systemic sclerosis.
A trial of RTX in idiopathic inflammatory myositis, involving adults and children, did not
reach its primary or secondary end points. However, most patients had a favorable
response and it was found effective for refractory skin involvement.71 Other anti-
CD20 monoclonal antibodies that have been used much less frequently for rheumatic
diseases are not discussed here.

Belimumab
Excess soluble B lymphocyte stimulating factor (BlyS) is believed to allow survival of
autoreactive B cells, contributing to lupus activity. Belimumab, a human monoclonal
antibody against Blys, has been shown to decrease lupus activity.72 It is approved
in North America for adult lupus patients refractory to conventional therapy, and has
been used off-label in children with severe lupus. It also decreases CD-20 cells, but
not as extensively as RTX.73 Both RTX and belimumab have shown considerable
steroid-sparing effects in patients with lupus.74
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Unusual events associated with biologic response modifiers
Antidrug antibodies Because the adaptive immune system makes antibodies to
foreign proteins, one might expect that patients would make antibodies against
chimeric human-mouse BRMs. Indeed, anti-drug antibodies (ADAs) against infliximab
(a chimeric mouse-human monoclonal antibody TNFi), also known in this situation as
human antichimeric antibodies, were first identified during clinical trials.75 It seems not
so surprising that fusion proteins, which are combinations of parts of two or more
different human proteins (eg, the TNFi etanercept) could take on unusual configura-
tions that would stimulate the formation of ADAs. Even monoclonal antibodies with
fully human protein sequence, because they lack glycosylation in the normal locations,
(eg, the TNFi adalimumab) can stimulate ADAs. In a recent meta-analysis of 68 studies
of ADAs against the TNFi currently marketed in North America involving greater than
14,000 adult patients, it was calculated that overall approximately 13% of adults tak-
ing TNFi develop ADAs which may cause a decrease or loss of response to the drug,
infusion reactions, or injection site reactions. The frequency of ADAs was highest with
infliximab (25%), intermediate with adalimumab (14%), and lowest with etanercept
(1%). The use of concomitant DMARDs (MTX, azathioprine, and others) reduced the
likelihood of ADA formation overall by 74%.76 Much less is known about frequency
and effects of ADAs against other kinds of BRMs, which have not been on the market
as long as the TNFi.

Paradoxical autoimmune disease Sometimes patients diagnosed with one autoim-
mune disease later develop new manifestations of a different autoimmune disease.
Although this phenomenon was known to occur long before biologic response mod-
ifiers were introduced, there appears to be an increase in either incidence or report-
ing of change of rheumatic disease diagnosis. Recent cases have been reported
almost exclusively in adults being treated with TNFi, which may be a function of
the longer and more frequent use of TNFi compared with other BRMs, or increased
interest in the the phenomenon. As of 2017, the total number of cases of TNFi par-
adoxical inflammatory reactions in the peer-reviewed literature was 295 among
greater than 13,000 patients (about 2%), distributed almost equally among patients
treated with infliximab, etanercept, and adalimumab.77 The most commonly re-
ported association seems to be psoriasis or psoriasiform rash developing in adults
being treated with TNFi for IBD, RA, and AS.78,79 Some patients were able to
continue TNFi therapy with addition of topical psoriasis treatment, and most of those
who discontinued TNFi therapy had resolution of psoriasis. There is some evidence
for a genetic predisposition to this reaction.80 Conversely, other new-onset inflam-
matory disorders were described in patients being treated for psoriasis with inflixi-
mab, adalimumab, or etanercept in almost equal proportions.80 New-onset
autoimmune renal disease in adult patients taking TNFi for RA, AS, and psoriatic
arthritis has also been described.81

In the German biologics registry, only 11 of 3071 children with JIA (0.3%) developed
IBD while taking etanercept, and combination treatment with etanercept plus MTX
seemed to be protective. No patients with systemic JIA or rheumatoid factor positive
polyarticular JIA developed IBD.82 IBD-related arthropathy is considered a spondy-
loarthropathy (see Pamela F. Weiss and Robert A. Colbert’s article, “Juvenile
Spondyloarthritis: A Distinct form of Juvenile Arthritis,” in this issue), and is the most
common extraintestinal manifestation of IBD.83 It is well known that in patients with
IBD, arthritis and other extraintestinal symptoms can occur before onset of GI symp-
toms.83 IBD masquerading as JIA (then known as JRA and seronegative enthesitis
with arthritis) was a presentation recognized by pediatric rheumatologists long before
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the advent of BRMs (author, personal experience), and seems very unlikely to represent
the development of a paradoxical autoimmune disease.
The development of scleritis84 has been reported in adults with RA, AS, and psori-

atic arthritis taking TNFi. In addition, these investigators reviewed previous reports of
10 patients with JIA who developed uveitis while taking etanercept. Given the known
association of autoimmune eye disease with arthritis and particularly of uveitis in chil-
dren with JIA, most such occurrences seem unlikely to be paradoxical. Adalimumab
and infliximab are the preferred TNFi for JIA uveitis unresponsive to topical steroids
and MTX, because of an apparent lower success rate with etanercept, according to
ophthalmology expert panel recommendations,85 and some uveitis in JIA is refractory
to all TNFi treatment.64

There have been scattered reports of a few adult patients with paradoxical autoim-
mune disease while taking other BRMs including tocilizumab86 and rituximab.87 The
frequency of true paradoxical events, compared with how often such events would
occur in the absence of BRM therapy, has not been sorted out, and the pathogenesis
of such reactions has not been elucidated. Such observations highlight the many
poorly understood and complex interconnections between genetics, inflammatory
mediators, and manifestations of autoimmune disease.

Progressive multifocal leukoencephalopathy This rare, serious, and sometimes fatal
brain disorder has been associated with cancer chemotherapy, human immunodefi-
ciency virus infection, RTX treatment, and occasionally certain other BRMs given for
rheumatic disease. Progressive multifocal leukoencephalopathy (PML) is caused by
JC virus. (It is not Jakob-Creutzfeldt virus; rather, JC stands for the initials of the first
patient in which this virus was identified.) Primary JC virus infection is widespread
(present in about 75%–80% of adults, with about half of these infections having
occurred during childhood), usually causes minimal symptoms, and remains latent
in various tissues.88 Although PML also can occur in people who are not immunosup-
pressed, strong immunosuppression from disease or treatment can cause the virus to
become reactivated and, in rare instances, to also rearrange its genome such that it
can cause brain disease. PML has been diagnosed most frequently in patients treated
with natalizumab, a monoclonal antibody that inhibits a cell adhesion molecule, which
is used for treatment of multiple sclerosis.88

Disease screening before starting biologic response modifiers
Except under unusual circumstances, BRMs should not be started in a patient who
seems to have an infection of any kind. A careful family and exposure history should
be taken to assess risk for certain unusual or opportunistic infections. Risk assess-
ment for the most common of these infections in patients taking BRMs is described
next. Based on this information, an infectious disease consultation may be useful to
assess the risk of reactivation or initial infection with these organisms.

Mycobacteria Adults taking BRMs are known to be at increased risk for severe infec-
tions with Mycobacteria tuberculosis (reactivation or initial infection, pulmonary or
disseminated) and these infections have also been described in childhood cohorts.56,89

The American Academy of Pediatrics (AAP) has recommended screening for latent TB in
all children who are starting any BRM.56 Because granulomas serve to sequester latent
mycobacteria, the finding in mice that granuloma formation is dependent on TNF may
explain the higher apparent risk of TBwith TNFi compared with other BRMs. In children,
possible exposure to TB through close contacts (including former or current prisoners)
or travel should be carefully assessed. The recommended method of direct screening is
an interferon-g release assay (IGRA), although patients younger than age 5 years
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generally should be screened by a TB skin test because the IGRA performs less well in
this age group. Chest radiograph should be done on any patient with a positive TB test,
or with a risk factor for latent TB infection. Nontuberculous mycobacteria, such as
Mycobacterium avium, also cause opportunistic pulmonary and extrapulmonary infec-
tions in adults taking BRMs, but there is no accurate screening test. More detailed rec-
ommendations for various situations are given in the 2016 report of the AAP Committee
on Infectious Diseases.56

Hepatitis B Risk factors and immunization status for hepatitis B should be reviewed,
and serologies should be considered. In studies of adults taking BRMs, those with
positive hepatitis B surface antigen were at greatest risk for reactivation of disease.
Those with positive hepatitis B core antibody but negative hepatitis B surface antigen
(indicating immunity because of prior infection) were also at higher risk of reactivation.
More detailed recommendations about BRMs in children with previous evidence of
hepatitis B is given in the AAP Committee on Infections Diseases report.56 Specific
recommendations for children who test positive for past hepatitis C infection have
not been published by the committee. Consultation with an infectious disease
specialist may be helpful in cases of positive viral hepatitis screening.

Opportunistic infections Certain fungi cause usually mild or asymptomatic pulmonary
infection inhealthypersons,butcancausesevereor fatal infections (reactivated,primary,
or disseminated) in immunosuppressed patients. There may be evidence of previous
infection on chest radiograph. Some are known to be endemic in certain areas of North
America, so locations where the patient has resided or visited are relevant to infection
risk. Histoplasma capsulatum is a fungus abundant in bird droppings, which is present
in the soil of much of the AmericanMidwest and the central provinces of Canada, espe-
cially on current or former farmland. Two species of Coccidioides live in the soil of Cali-
fornia’s San Joaquin Valley, other areas of the American Southwest, and northern
Mexico. Blastomyces is a soil fungus that lives mainly in the soil in the United States
and Canada around the Great Lakes, and in the Ohio and Mississippi River valleys. All
three organisms cause pneumonitis after inhalation of airborne infectious spores or con-
idia from disturbed soil and old droppings of birds and bats. Because of the wide expo-
sure to all these organisms in local populations, no specific screening is recommended
before startingBRMs, but awareness of the possibility of primary infection or reactivation
should be high when caring for patients receiving treatment of rheumatic diseases.56

In contrast, the ubiquitous fungusP jiroveci is an airborneorganismcausing asymptom-
atic or mild infection in most people. As for the previously discussed fungal diseases,
routine screening is not recommended.56 TMP-Sxwas shown tobeeffective inpreventing
P jiroveci pneumonia (PJP) in adults with rheumatic diseases exposed to prolonged high-
dosesteroids.Although thereare littleprospectivedata,guidelines forprophylaxisaccord-
ing to expert opinion take into consideration the high mortality of infection in immunosup-
pressed patients90 leading to the suggestion that it be used in patients taking greater than
or equal to 20mg prednisone daily for 4 or more weeks. Adult rheumatic disease patients
receiving cyclophosphamide and less than 20 mg daily of prednisone were also at higher
risk for PJP infection, leading to the suggestion to also consider PJP prophylaxis in such
patients.91Nospecific recommendationshavebeenmade for childrenwith rheumaticdis-
eases taking steroid or cyclophosphamide. The AAP Red Book 2015 Report of the Com-
mittee on Infectious Diseases recommends the following prophylactic dosing for TMP-Sx
in children, unrelated to indication: TMP, 5 mg/kg, with Sx, 25 mg/kg orally, in divided
doses twice daily or a single dose once daily, three times per week on consecutive days
(eg, Monday-Tuesday-Wednesday). Other options for PJP prophylaxis are also provided.
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IMMUNIZATIONS IN CHILDREN WITH RHEUMATIC DISEASES
Why Immunize?

Protecting children with rheumatic diseases from infections is especially important, not
only because they may become sicker from infections than healthy children, but also
because infections may cause their rheumatic disease to flare. Protection afforded
by immunization in these patients may be less than in healthy children, because treat-
ments for disease suppress overall immune responses, not just those associated with
autoimmunity.92 The level and persistence of response to immunization likely varies
depending on treatment (eg, MTX seems to have less of an effect than BRMs).93

Various serologic studies in children with stable rheumatic diseases generally show a
rise in specific antibody after immunization, often into a “protective” range, although
average antibody levels are not as high as seen in healthy children.92 There are few
studies showing the actual incidence of disease following immunization in healthy chil-
dren versus those with rheumatic diseases, but the consensus among experts is, to
paraphrase, “some immunity is better than no immunity.” Children who are very ill
from their rheumatic disease do not respond as well as those who are stable, so in
sick patients it may be best to postpone immunizations until control of disease is better.

Is Immunization Safe in Children with Rheumatic Diseases?

In general, immunization of children with rheumatic disease does not cause exacerbation
of their disease. In the case of killed, inactivated, or subunit vaccines, the risk of adverse
outcome from immunization is considered to be significantly less than the risk of adverse
outcome from the corresponding infection. However, because of concern for possible
vaccine-related infection, experts in the United States56 and Canada (www.canada.ca/
en/public-health/services/immunization/vaccine-preventable-diseases.html) have rec-
ommended avoiding immunization with live attenuated vaccines. It is unusual for rheu-
matic diseases to be diagnosed in the first 6 months of life, so at least most of the
closely spacedmultiple dose vaccines will have already been given before onset of a dis-
ease for which immunosuppressive medication may be needed. Additional recommen-
dations on immunizations in children with altered immunocompetence, including which
vaccine for a specified disease is most appropriate for age, is found on the Centers for
Disease Control and Prevention Web site at www.cdc.gov/hcp/acip-recs/general-recs/
immunocompetence.html.
Immunization guidelines in other countries vary.94 Given the high risk of varicella

zoster in children who are immunosuppressed, one small study in Brazil investigated
the utility of administering live attenuated varicella zoster vaccine (VZV) during immu-
nosuppressive treatment. Of 49 children, mostly with JIA, who were all taking MTX
(and some taking steroids or BRMs) at the time of immunization, none developed dis-
ease flares, or vaccine-associated rash or illness. Their specific antibody levels and
their varicella virus–specific T-cell responses were increased by the immunization
and responses were similar to healthy control subjects. The study was not powered
to study rates of zoster after VZV immunization.95

When Should Immunizations Occur?

To achieve the best responses, the AAP recommends whenever possible to bring chil-
dren up to date on all age-appropriate immunizations (killed and live) before starting
immunosuppresant treatment. It is recommended to wait 2 weeks after inactivated or
subunit vaccines, and 1month after live vaccines before starting immunosuppression.56

This approach should be strongly considered in caseswhere systemic immunosuppres-
sive treatment can be postponed; for example, patients with JIA whose arthritis can be
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initially treated with NSAIDs or intra-articular steroid injections, or with uveitis being
treated initially with topical steroids. However, many children with rheumatic diseases
are so ill at diagnosis, or seem to have such rapidly worsening disease, that risks of
delaying treatment seem to outweigh risks of delaying immunization. Once a rheumatic
disease is brought under control and, when possible, DMARDs and/or GCS have been
tapered to lower doses or discontinued, it is assumed that disease-related and
medication-related immunosuppression will have been minimized. At that point, immu-
nizations with non-live vaccines should be given as appropriate (Table 3).56

How long to wait during or after immunosuppression before giving immunizations?
Little specific information is available about how low the doses of various immunosup-
pressive medications, alone or in combination, must be to achieve an effective
response to various immunizations. Different medications vary in the duration of resid-
ual immunosuppression following their complete discontinuation. Recommendations
vary, but at least with regard to GCS, it is generally considered that children can
develop protective vaccine responses on steroid doses equivalent to prednisone,
10 or 20 mg (or about 2 mg/kg) daily.56

Is it worthwhile to reimmunize later?
There is almost no information on whether children who received vaccines at a time
when their rheumatic disease was more active, and/or when they were taking more
immunosuppressive medications, would benefit from repeating selected immuniza-
tions when they are healthier and taking less medication. There are no official recom-
mendations on this topic. Reimmunization should be considered on a case-by-case
basis; consultation with a pediatric infectious disease specialist is recommended.

Who Is in Charge of Immunizations?

In addition to vaccines given by PCPs, children may receive vaccines at local health
departments, subspecialist offices, pharmacies, emergency departments, and during
inpatient hospitalizations. Nonetheless, the PCP is likely to have the most up-to-date
information about immunizations that have been given or are due. He or she should
take the lead in keeping track and discussing timing of immunizations with the rheu-
matologist. As in all aspects of health care for children with chronic diseases, excellent
communication among providers improves care. Parents, or older patients them-
selves, should be educated and encouraged to play a part in ensuring that such
communication exists.

Immunizing Family Members

Because immediate family members are in close contact with the patient, keeping
them up to date on all vaccines limits disease exposure. Live polio and smallpox vac-
cines are contraindicated for family members, but these vaccinations are not typically
given in North America anyway. Family members may receive other live virus vaccines,
but in such cases it is best to limit the patient’s exposure to the vaccine recipient as
much as possible during the time they might transmit disease (see Table 3).56 Rota-
virus from the live oral vaccine is transmissible and shed in the stool of infants for
up to 2 weeks.96 Varicella vaccine virus is shed (especially if the recipient has a
rash) for up to 4 weeks.97 Rash from varicella vaccine virus or from zoster (“shingles”)
vaccine virus, and “shingles” caused by local reactivation, should be covered until it
resolves, and contact with immunocompromised patients should be limited. Mumps,
measles, and rubella vaccine viruses are not typically transmitted by the recipient, but
exposure precautions should still be exercised. There has been some disagreement
and change of recommendations on whether live attenuated influenza virus can be
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Table 3
Routine Childhood Immunizations in Rheumatic Disease Patients receiving
Immunosuppressive Therapy (Steroids, DMARDs, BRMs)

Age Category:
Age Due

Non-live Vaccinesa

(Should Be Given)
Live Vaccinesb

(Should Not Be Given)

Infancy:

Birth, 1–2 mo HepB

2, 4 or 2, 4, 6 mo HiBd RVc,d

2, 4, 6 mo DTaPe, PCV13

2, 4, 6–18 mo IPV

�6 mo IIV (2 doses separated
by 4 wk, then 1 dose yearly)

6–18 mo HepB

12–15 mo PCV13, HiB MMRc, VARc

12–24 mo HepA (2 doses separated by 6–18 mo)

15–18 mo DTaPe

Childhood:

Yearly IIV LAIVc

�2 y PPSV23 #1 (�8 wk after PCV13)

�7 y PPSV23 #2 (5 y after dose #1)

4–6 y DTaPe, IPV, HepB MMRc, VARc

Adolescence:

Yearly IIV LIAVc

11–12 y MenACWY, Tdape

HPV (2 doses 6–12 mo apart)

16 y MenACWY

16–18 y MenB (2 doses, 1–6 mo apart)f

For catch-up vaccination schedules and special situations, see: https://www.cdc.gov/vaccines/
schedules/hcp/imz/child-adolescent.html.

Abbreviations: DTaP, Diphtheria and Tetanus toxoid, acellular Pertussus; HepA, Hepatitis A; HepB,
Hepatitis B virus; HiB, Hemophylus influenzae type B; HPV, human papillomavirus vaccine; IIV, Inacti-
vated Influenza Vaccine (or subunit vaccine); IPV, Inactivated Poliovirus; LAIV, Live Attenuated Influ-
enza Vaccine; MenA,C,W,Y, Meningococcus serotypes A,C,W,Y; MenB, Meningococcus serotypeB;
MMR, Measles, Mumps, Rubella; PCV13, Pneumooccal Conjugate 13-valent; PPSV23, Pneumococcal
Polysaccharide 23-valent; RV, Rotavirus; Tdap, Tetanus toxoid, diphtheria toxoid reduced dose, acel-
lular pertussis reduced dose; VAR, Varicella

a Non-live vaccines should be given �2 wk before starting immunosuppression, or when on sta-
ble or weaning dose of DMARD or BRM, dose of GCS �20 mg/day or 2 mg/kg/day if weight <10 kg,
and disease stable or improving. Suppression of vaccine response after stopping these medications
varies, and may be >6 mo after cessation of B-lymphocyte-depleting therapies.

b Live vaccines may be given �4 wk before starting immunosuppression.
c Avoid close contact with those who receive live vaccines, including Zoster vaccine in elderly.

Cover vaccine-related rashes until resolved.
d Number of doses depends on brand of these vaccines.
e For patients with autoimmune central nervous system disease, avoid pertussis vaccine; give DT

in place of DTap, or Td in place of Tdap.
f Interval between doses depends on brand of vaccine.
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given to family members, with some experts recommending killed or synthetic vac-
cines instead. It may be simpler and safer to give the entire family the intramuscular
killed influenza vaccine. Good hygiene, such as handwashing and sequestration of
body waste and fluids, should be practiced at all times.
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SUMMARY

Within the last 20 years, the options for treating children with rheumatic diseases have
expanded tremendously. Clinicians have begun to actualize the opportunity for more
effective treatment, with less morbidity and mortality, through the appropriate use of
BRMs alone or in combination with older antirheumatic drugs. Awareness, recognition,
andpreventionofpossible toxic,metabolic, and infectioussideeffects is essential for the
safe use of these therapies. Rheumatologists, PCPs, hospital providers, othermembers
of the health care team, and well-informed families all play a part in medication safety.
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