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ABSTRACT

Introduction/Aims: Glucocorticoid (GC)-related adverse reactions and risks are commonly seen during the treatment of
immune-mediated and inflammatory neuromuscular disorders. There is wide variation in the management of associated com-
plications. The aim of this study is to develop international consensus guidance on the management of GC-related complications
in neuromuscular disorders.

Methods: Through the American Association of Neuromuscular and Electrodiagnostic Medicine (AANEM), an international
task force of 15 experts was convened to develop clinical guidance for the management of GC-related complications in neuromus-
cular patients. The RAND/UCLA appropriateness method (RAM) was used to develop consensus guidance statements. Initial
guidance statements were crafted after a thorough literature review and were modified after anonymous panel input, with up to
three rounds of voting via email to achieve consensus.

Results: Statements were developed and achieved consensus for general care, monitoring of patients while on GC, osteoporosis
prevention, vaccinations, infection screening, and Pneumocystis jiroveci pneumonia prophylaxis. A multidisciplinary approach
to the management of GC-related complications was emphasized.
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Discussion: These formal consensus statements provide guidance to clinicians who use GC in the treatment of neuromuscular

diseases regarding prevention and management of the more common associated adverse events and risks that arise with long and
short-term GC use and serve as a springboard for investigation and updates.

1 | Introduction

Autoimmune neuromuscular disorders (NMD), such as myas-
thenia gravis (MG), chronic inflammatory demyelinating poly-
radiculoneuropathy (CIDP), and inflammatory myopathies,
often require long-term immune suppression. Although new
classes of immune therapies are being developed to treat these
conditions, glucocorticoids (GC) remain first-line and subse-
quent treatments in many cases [1-3]. The ongoing use of GC
stems from good clinical effectiveness, longstanding familiarity
with their use, universal availability, and low cost.

The multitude of adverse reactions (ARs) from GC therapy is
well-known to healthcare professionals and patients and can
occur with short- and long-term use, limiting their tolerability in
many patients. Some of the potential ARs may require ongoing
monitoring or preventive prophylactic treatments [4]. Despite the
ubiquitous use of GC to treat autoimmune NMD and the known
risks of such treatment, there remains high variability in how
neuromuscular specialists monitor for and manage potential
complications of chronic GC, and no neurology-specific guide-
lines exist [5]. In fact, even a universal definition of “chronic” or
“high dose” GC therapy is lacking, further hampering standard-
ization of the management of GC complications.

In a survey of neuromuscular neurologists conducted in Canada,
over 90% of respondents expressed the desire for neurology-
specific guidelines for managing GC complications. Over one-
third of those surveyed were not aware of published guidelines
in other specialties related to the prevention of specific GC
complications (e.g., prevention of osteoporosis) [5-7]. There is
a small number of publications that synthesize some data sur-
rounding the risks of GC treatment in NMD or attempt to pro-
vide an opinion regarding the management of specific risks, but
no formal guidelines exist in the neurological or neuromuscular
literature [8, 9]. The lack of evidence-based or consensus-based
guidance on managing chronic GC complications is a quality
gap that may contribute to nonstandardized care and possibly
adverse outcomes for patients. This gap partly stems from a lack
of high-quality evidence to inform practice, as one would re-
ceive from randomized controlled treatment trials or long-term
prospective studies.

An interdisciplinary, international task force was established
by the AANEM, consisting of experts from various fields. The
goal of the AANEM task force was to develop consensus-based
guidance to serve as a practical guide for neuromuscular clini-
cians in the prevention and management of many GC-induced
complications and ARs. As with all such guidance documents,
this guidance is not meant to be comprehensive or prescriptive,
or to provide a single definitive algorithm, but rather to provide
overall guidance which will be modified by local practice pat-
terns and resource availability and will serve as a starting point
for further research and future modification.

2 | Methods
2.1 | Topic Selection and Definitions

The task force co-chairs (RSL, CDK, CB) selected the following
topics for investigation, considering their practical significance
and the absence of existing consensus within neuromuscular
practice concerning the use of GC: Pneumocystis jiroveci pneu-
monia (PJP) prophylaxis, vaccination, osteoporosis and bone
health, ocular health, gastrointestinal prophylaxis, hyperten-
sion, and hyperglycemia.

For the purposes of these guidelines, we have defined chronic GC
treatment as > 2.5 mg/day prednisone equivalent for >3 months.
However, the duration of GC treatment to define chronic is not
consistent in the literature as different specialties use different
definitions or thresholds [6, 7, 10, 11]. For alternate-day dosing,
the following example of equivalence has been used: 40 mg pred-
nisone every other day=20mg prednisone daily [12-15]. Here,
dosing refers to the dose of prednisone, but the recommendation
applies to the equivalent dose of other GC (whether oral or intra-
venous). The recommendations assume the use of systemic GC
and do not apply to inhaled or topical formulations.

2.2 | Search Strategy

A comprehensive search of OVID Medline was performed to
complete a scoping review for the relevant topics limited to ar-
ticles published since 2010. Potential articles were selected with
specified indexed words and keywords with the search terms ap-
plied to the title, abstract, and author-supplied keywords to en-
sure a comprehensive scoping review (Supporting Information,
Appendix A).

2.3 | Article Selection

The initial search yielded a total of 1531 studies. After remov-
ing 109 duplicate articles, 1422 unique studies remained. Each
abstract was independently screened by two reviewers to assess
their potential relevance. The full-text articles of 284 abstracts
were retrieved for evaluation by two independent reviewers.
Disagreements were reconciled by a third reviewer. One hun-
dred ninety studies were excluded for assorted reasons (Figure 1,
and also see Supporting Information, Appendix A). In total, 94
articles were included in the development of the scoping review
(Figure 1).

2.4 | Data Extraction

These studies were summarized by the two independent re-
viewers into a narrative review on each topic. The summaries
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FIGURE1 | PRISMA flow diagram of narrative review.

included relevant study characteristics and key findings to ad-
dress the topics of the consensus guidance.

2.5 | Task Force

The task force comprised five neuromuscular specialists and
one of each of the following: general neurologist, neuroimmu-
nology specialist, infectious disease specialist, endocrinolo-
gist, rheumatologist, gastroenterologist, ophthalmologist, and

Included studies ongoing (n = 0)
Studies awaiting classification (n = 0)

general internist. For each topic under investigation, relevant
experts were selected to participate in the development of con-
sensus statements, ensuring that the expertise aligned with the
specific subject matter.

2.6 | Development of Consensus Statements

The task force co-chairs (CDK, CB, RSL) drafted initial state-
ments based on the narrative review for each topic (Supporting
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Information, Appendix B). The RAND/UCLA appropriateness
method (RAM) for formal consensus was employed to establish
agreement on each statement. Before voting, all voting task mem-
bers received the relevant narrative review. The voting process
was conducted through anonymous email communication. The
methodologist (PN) solely collected the voting materials for anal-
ysis and did not participate in the voting. Panel members rated
statements on a 9-point scale, with scores ranging from 1 to 9 (1-3:
inappropriate, 4-6: uncertain, and 7-9: appropriate). The median
and range of ratings were calculated for each recommendation to
evaluate the appropriateness and the level of agreement for each
statement was determined based on the RAM process [16].

Based on the consensus and feedback from task force mem-
bers, the co-chairs and methodologists revised the statements
after each round for subsequent rounds of voting. Before the
subsequent round, each voting member received the results of
the voting, anonymous comments, and suggestions from other
voters from the previous round. This process was repeated up to
three rounds for each statement to achieve consensus as needed.
Any recommendation that did not achieve consensus after three
rounds of voting was excluded.

3 | Results
3.1 | General Consideration for GC Management

Chronic GC exposure has a multitude of systemic ARs with no uni-
versal agreement on the duration or dose of GC at which these AEs
may occur [4, 17]. The most common side effects of GC are outlined
in Table 1. There is no single “correct” GC tapering regimen, with
multiple different regimens described in the literature, including
alternate-day or every-day tapering, slower or more rapid methods,
and the choice of taper may depend on the disease, disease activity,
and comorbidities [13, 14, 18]. We did not evaluate or vote upon any
specific GC tapering regimens in this guidance document.

3.1.1 | Consensus Recommendations for General
Care and Screening During Chronic GC Therapy

1. In patients receiving chronic GC therapy, a multidiscipli-
nary approach involving the primary care clinician and
relevant specialists should be established early to effec-
tively monitor, prevent, and manage the general medical
issues and potential adverse events associated with GC ex-
posure (median 9, range 8-9).

2. Patients starting chronic GC should be counseled on the
common and serious side effects of GC therapy (median 9,
range 9).

3. Glycemic control should be checked before initiation of GC
therapy and at regular intervals thereafter, in coordination
with the primary care clinician, endocrinologist, or the
multidisciplinary team (median 8, range 6-9).

4. Blood pressure should be monitored and managed regu-
larly for patients on GC therapy in coordination with the
primary care clinician or multidisciplinary team (median
8, range 8-9).

TABLE1 | Common side effects of glucocorticoids.

System Side effects
Endocrine Cushingoid appearance (facial plethora,
violaceous striae, central adiposity,
dorsocervical fat accumulation),
hyperglycemia, diabetes mellitus,
adrenal insufficiency, amenorrhea
Musculoskeletal Osteoporosis, muscle weakness
(proximal myopathy), avascular
necrosis, tendon rupture
Gastrointestinal Peptic ulcers, gastrointestinal bleeding
Cardiovascular Hypertension, fluid retention
(edema), dyslipidemia, increased
risk of cardiovascular disease
Psychiatric/ Mood swings (euphoria,
neurological depression), psychosis,

insomnia, cognitive impairment,
pseudotumor cerebri, tremor

Immune system Increased risk of infections,

immunosuppression
Ophthalmic Cataracts, glaucoma
Dermatologic Skin thinning, easy bruising, striae
(stretch marks), delayed wound healing
Metabolic Increased appetite, weight gain,

fluid and electrolyte imbalance
(hypokalemia, hypernatremia),
peripheral edema

5. In patients on chronic GC who have risk factors for peptic
ulcer disease (PUD), such as chronic or frequent NSAID
use, pharmacologic therapy for PUD prophylaxis should
be prescribed, unless there is a contraindication (median 8,
range 8-9).

6. Ophthalmological examination is recommended for pa-
tients on GC therapy for >6 months, and annually there-
after, or in clinical situations where there is a concern for
cataracts or glaucoma (median 8, range 5-9).

7. To avoid GC treatment withdrawal, chronic glucocorticoid
therapy should be tapered slowly, and not stopped abruptly
(median 9, range 8-9).

3.2 | Bone Health

Multiple publications report best practice guidelines for the
screening and prevention of GC-induced osteoporosis, par-
ticularly the American College of Rheumatology (ACR), with
details of risk stratification and pharmacological treatment
[6, 7, 19]. As with the other statements in this document, we
aimed to develop statements that were within the scope of
knowledge and practice of most neuromuscular specialists.
For example, details of the tools for fracture risk stratification
and pharmacologic agents for treatment or prevention of oste-
oporosis (other than calcium and Vitamin D supplementation)
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are outside the scope of neurologic practice. The most recent
2022 ACR guidelines for the prevention of GC-induced osteo-
porosis are a resource [6].

There is an increased risk of vertebral fracture with GC dos-
ing as low as 2.5mg/day of prednisone, with the highest risk
of bone loss being within the first 3 to 6 months [7, 20, 21]. For
simplicity and because daily GC doses in NMD are usually
higher than 2.5mg, the task force statements recommend oste-
oporosis prevention strategies at any dose of GC used for greater
than 3 months. For patients in whom the likelihood of being on
GC for over 3months is high (i.e., most NMD), these strategies
should be implemented at the onset of GC therapy.

3.2.1 | Consensus Recommendations for Bone Health
and GC-Induced Osteoporosis Prevention

1. At the start of treatment and during active treatment with
GC at any dose for >3 months, screening for GC-induced
osteoporosis should be recommended in coordination with
the primary care clinician, and other appropriate special-
ists (e.g., endocrinology and rheumatology) (median 9,
range 8-9).

2. Preventative management of GC-induced osteoporosis
should be instituted at any dose of glucocorticoid when
used for >3 months (median 9, range 6-9).

3. Patients of any age who require chronic (>3 months) GC
treatment should have a fracture risk assessment at base-
line, in coordination with the primary care clinician or rel-
evant specialist (e.g., endocrinologist and rheumatologist)
(median 8, range 8-9).

4. Lifestyle modifications should be recommended to all
patients on any dose of GC for >3 months. These include:
a balanced diet, smoking cessation, limiting alcohol in-
take, and regular weight-bearing exercise (median 9,
range 7-9).

5. Vitamin D supplementation at 600-8001U/day should
be recommended to all patients on any dose of GC for
>3 months (median 9, range 3-9).

6. Dietary or supplemental calcium intake of 1000-1200 mg/
day should be recommended to all patients on any dose of
GC for >3 months unless there are contraindications (me-
dian 9, range 8-9).

7. Ifnecessary, input regarding the need for and choice of pre-
scription pharmacologic treatment for GC-induced osteo-
porosis should be obtained from the primary care clinician
and/or other appropriate specialists (e.g., endocrinology
and rheumatology) (median 9, range 8-9).

3.3 | Vaccination Considerations

The following recommendations pertain to vaccination deci-
sions beyond standard age-appropriate vaccinations. The U.S.
Centers for Disease Control and Prevention (CDC) influences
these guidelines, but local and regional regulations should be
followed when available.

3.3.1 | Consensus Recommendations for Vaccinations
During Chronic GC Therapy

1. Vaccination before and during long-term GC therapy
(=2weeks) should be coordinated with the primary care cli-
nician or by infectious disease consultation. Immunization
recommendations for immunocompromised patients from
local and regional agencies should be consulted and fol-
lowed (median 9, range 5-9).

2. Live attenuated vaccinations should not be given to pa-
tients being treated with GC at doses of >20mg/day (pred-
nisone equivalent) for >2weeks (median 8, range 4-8).

3. For patients who have been treated with GC at doses
>20mg (prednisone equivalent) for >2weeks, live attenu-
ated vaccines should be deferred for 1 month after GC has
been discontinued or 1 month after the dose has been re-
duced below the 20 mg threshold (median 8, range 6-8).

4. In patients who are not on GC and require GC initiation
(or re-initiation), treatment should be deferred for 4 weeks
after live attenuated vaccinations and 2weeks after inacti-
vated vaccination, unless treatment with GC is emergently
required (median 7, range 5-9).

5. Herpes Zoster (HZ) vaccination should be recommended
before starting GC therapy if possible. For those on >20mg
of prednisone for >2weeks, the recombinant HZ vaccine
should be used (median 8, range 5-9).

6. Annual influenza vaccination (with inactivated vaccine)
should be recommended to all patients on GC therapy un-
less there is a contraindication (median 9, range 8-9).

7. Pneumococcal vaccinations should be recommended to
adult patients 19—65years of age and who are on > 2 weeks
of GC therapy (median 8, range 6-9).

3.4 | Infectious Disease Prophylaxis

PJP is a fungal infection associated with immunocompromised
individuals, including those receiving GC therapy [22, 23]. It
is also important to consider prophylaxis for other conditions
including tuberculosis (TB), human immunodeficiency virus
(HIV), hepatitis, and strongyloides, based on geography and
patient demographics. Recommendations for infection prophy-
laxis vary and there are no neurology specific recommendations
[8-10, 24-26].

There remains controversy as to when it is appropriate to initiate
PJP prophylaxis. Factors that are reported to increase the risk
for PJP in patients on GC include lymphopenia, interstitial lung
disease, active malignancy, organ dysfunction, and low CD4
count [8, 9, 22, 24, 27]. These risk factors should be taken into
account when deciding whether to recommend prophylaxis.
Initiation of PJP prophylaxis when chronic GC is used at a dose
>20mg/day has been recommended in the infectious disease
literature and is not specific to the underlying indication for GC
treatment [10, 23, 24]. However, the risk for PJP infection ap-
pears to vary and generally is low in the neuromuscular patient
population [8, 9, 25, 28]. Disease state, concomitant use of other
immunosuppressive agents, or dose of GC may account for this

50f 8

85U80 17 SUOWIWOD BAITeaID 9|geoi[dde au Ag peusenob ae sojile YO ‘8sn JO SN oy AkelqiT auljuQ 481 UO (SUOIIPUOD-pUe-SLLBlWoo" 8| IM ARelq Ul |UO//SANyY) SUONIPUCD pUe SWe | 8y1 88S *[SZ02/T0/LT] uo Akiqiauluo A1 'S3d VO Ad 82€8Z 'SNW/Z00T 0T/I0p/W0d" A3 imAkelq1puljuoy/:sdny wouy pepeojumod ‘0 ‘865i.60T



variability [8, 25]. Therefore, individualized assessment is nec-
essary when considering PJP prophylaxis for patients with NM
disorders treated with GC.

3.4.1 | Consensus Recommendations for Infectious
Disease Prophylaxis During Chronic GC Therapy

1. PJP is a rare but serious complication of long-term GC
therapy. The underlying disease itself likely influences
the risk of PJP. The risk of PJP and the benefit of proph-
ylaxis should be balanced with the adverse effects of
prophylactic treatments. PJP prophylaxis should be used
when the annual incidence of PJP for a given disease and
treatment modality is >3.5%; however, there are limited
data regarding the incidence of PJP in NMD (median 8,
range 5-9).

2. GC monotherapy:

a. There are no published guidelines for PJP prophy-
laxis in individuals with NMD receiving GC or other
immunosuppressive agents. If the annual incidence
of PJP for a particular disease and treatment are
not known, prophylaxis may be offered to patients
receiving >20mg/day of prednisone equivalent for
>1month (as monotherapy). Given the paucity of
data, shared decision-making is important (median
7, range 2-9).

Combination therapy of GC and additional GC sparing

agent:

b. There are no published guidelines for PJP prophylaxis
in individuals with NMD receiving GC or other immu-
nosuppressive agents. If the annual incidence of PJP
for a particular disease and treatment are not known,
prophylaxis should be offered for patients receiving
>20mg of prednisone equivalent for >1month if a
second immunosuppressive (IS) agent is added. Given
the paucity of data, shared decision making is import-
ant (median 8, range 6-9).

3. Trimethoprim-Sulfamethoxazole (TMP-SMX) one single-
strength tablet daily, or one double-strength tablet three
times a week is the recommended regimen for PJP proph-
ylaxis in patients with normal renal function, or adjusted
for renal function (median 9, range 8-9).

4. For patients with allergies to TMP-SMX, alternative op-
tions include desensitization or another antimicrobial (in-
cluding atovaquone [1.5g daily], dapsone [100 mg daily],
or aerosolized pentamidine [300 mg monthly]) (median 8,
range 3-9).

5. Patients from endemic regions or those who have unex-
plained eosinophilia should be screened for Strongyloides
stercoralis infection with serum IgG antibody levels to
Strongyloides before initiation of GC therapy (median 8,
range 7-9).

6. Screening for latent tuberculosis (TB) is recommended for
all patients who will receive >15mg prednisone equiva-
lent for 2-4weeks or more and are at highest risk for re-
activation of TB (those born in or frequently traveling to
countries with high TB rates, or residents /employees of

homeless shelters or correctional facilities) (median 8,
range 7-9).

7. Patients with a positive TB screen test should be referred
for infectious disease consultation for treatment before
GC is initiated (median 9, range 6-9).

8. Hepatitis B screening is recommended in patients with
NMD who will receive GC at a dose of > 10 mg prednisone
equivalent for >4 weeks (median 8, range 5-9).

9. Insituations in which GC needs to be started emergently
or urgently, testing for hepatitis B and TB should be
performed as soon as possible, and if abnormal, treat-
ment should be instituted as early as possible with the
involvement of the appropriate specialists (median 8,
range 5-9).

10. Screening for Hepatitis C is universally recommended by
the US CDC for all people born between 1945 and 1965.
There are insufficient data regarding hepatitis C screen-
ing in patients with NMD treated with GC. However, the
risks of testing are low and testing may be offered to pa-
tients with NMD who will receive GC for 4 weeks or more.
Shared decision-making is important (median 8, range
6-9).

11. Patients with positive hepatitis B/C screens should be
referred for subspecialty consultation before starting
chronic GC and should be comanaged for the duration of
GC therapy (median 9, range 6-9).

12. Screening for HIV may be offered for all patients with
NMD who will receive GC at a dose of >20mg per day
for >4weeks, and if positive, they should be referred
to Infectious Disease before starting GC and should
be comanaged for the duration of GC therapy. Shared
decision-making is important given the paucity of data
(median 8, range 7-9).

4 | Discussion

Glucocorticoids remain an effective treatment option for many
autoimmune NMD, with a paucity of high-quality literature
specific to the management of GC ARs in patients with NMD.
This consensus guidance addresses the prevention and manage-
ment of GC complications with a primary focus on NMD. In the
process of developing the statements and voting to achieve con-
sensus, the importance of a multidisciplinary approach became
clear. The involvement of the primary care clinician and other
relevant specialists is essential to the effective management of
GC-related risk and ARs.

These recommendations are evidence-informed and consensus-
based; they are therefore subject to the conscious and uncon-
scious biases of the panel members. We attempted to mitigate
this by selecting panel members from different institutions and
countries to have broad and varied input and by using an anon-
ymous formal process for consensus.

Although we have attempted to be comprehensive, because of
the paucity of relevant evidence to inform strong recommen-
dations, there are multiple areas and opportunities for future
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research and updates. For example, the value of checking vita-
min D levels to determine fracture risk or need for supplemen-
tation remains unclear and controversial. Although consensus
was achieved, one of the more controversial areas was the state-
ments related to PJP prophylaxis. More prospective data from
clinical practice to inform decisions regarding the timing of PJP
prophylaxis would help to inform future updates. Prospective
work may also look to evaluate the practicality, usefulness and
validity of these recommendations in clinical practice.
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