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1. Methods for corticosteroid withdrawal

1.1. Review question

In people at risk of adrenal insufficiency because of prolonged corticosteroid use, what is the
best way to manage corticosteroid withdrawal when corticosteroids are no longer needed to
control disease activity?

1.1.1. Introduction

Exogenous glucocorticoids are used for their anti-inflammatory and immunosuppressive
properties across many conditions ranging from asthma, inflammatory bowel disease,
polymyalgia rheumatica and organ transplantation.

Mild symptoms during withdrawal of exogenous glucocorticoids are an expected and
common occurrence and generally do not indicate unmasked adrenal insufficiency. However,
if there is underlying adrenal insufficiency, either owing to adrenal suppression or because of
medication use or intrinsic pituitary/adrenal disease it is potentially life-threatening. The risk
of adrenal suppression depends on the dose and duration of the exogenous steroid therapy,
as well as individual factors.

Current practice is very variable. Some clinicians gradually reduce the exogenous
glucocorticoid dose over months, to a lower than physiological dose, and then provided that
the patient feels well on the low daily dose this is simply stopped. Other clinicians will
perform testing to check for adequate adrenal function before stopping glucocorticoids.

This evidence review considers what is the best way to manage glucocorticoid withdrawal
when glucocorticoids are no longer needed to control underlying disease activity.

1.1.2. Summary of the protocol

For full details see the review protocol in Appendix A.

Table 1: PICO characteristics of review question

Population Inclusion: People on long term glucocorticoids including oral, inhaled, intranasal,
topical, intra-articular, intra-muscular and intra-venous.

Examples of populations: people with asthma, chronic obstructive pulmonary
disease, rheumatoid arthritis, polymyalgia, lupus, or multiple sclerosis

The following stratifications will be applied:

- Adults (aged =16 years)

- Children aged > 5 to 16 years

- Infants aged 1-5 years

- Infants aged <1 year including neonates
Intervention(s) | Different methods of withdrawing glucocorticoids.

For example:

- Length of time at physiological doses

- Speed of reduction

- Tapering
Comparison(s) | Different methods of withdrawing compared to each other
Outcomes All outcomes are considered equally important for decision making and therefore

have all been rated as critical:
- Health related quality of life for example EQ-5D, SF-36
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- Incidence of adrenal insufficiency

- Incidence adrenal crisis

- Hospital admission

- Successful cessation of steroids as indicated by, for example, rate of relapse.
- Adverse events — as reported

Study design Systematic reviews of RCTs and RCTs will be considered for inclusion.

Cross-over trials will also be considered for inclusion regardless of washout
period as it is unsafe for patients to be completely free of background medication
especially glucocorticoids.

For a systematic review (SR) to be included it must be conducted in line with the
methodological processes described in the NICE manual. If sufficient details are
provided, reviewers will either include the SR fully or use it as

If insufficient RCT evidence is available for the committee to make
recommendations, a search for non-randomised studies will also be conducted.

The following study designs will be considered for inclusion:

- Prospective or retrospective cohort studies that have conducted a multivariate
analysis adjusting for at least age and sex and any of the following confounders
if appropriate (e.g., combined oral contraceptives in adults only):

- Oral hormone replacement therapy
- Combined oral contraceptive
- Oral oestrogens Published NMAs and IPDs will be considered for inclusion.

1.1.3. Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual. Methods specific to this review question are
described in the review protocol in appendix A and the methods document.

Declarations of interest were recorded according to NICE’s conflicts of interest policy.

1.1.4. Effectiveness evidence

1.1.4.1. Included studies.

Six randomised controlled trial studies were included in the review; ' 689 these are
summarised in Table 2 below. Evidence from these studies is summarised in the clinical
evidence summary (Table 3) below.

All studies were reported in adults apart from one study which looked at children (Gargiulo
2020%).

Population
Evidence came from a number of different populations including:

Acute asthma exacerbation = 2 studies (Cydulka 19983 and Karan 2002°)
Multiple Sclerosis relapses = 2 studies (Bazi 202" and Zecca 2021°)
Steroid sensitive nephrotic syndrome = 1 study (Gargiulo 20214).
Myasthenia Gravis = 1 study (Sharshar 20218)

Interventions

Withdrawal interventions varied between the studies.

Adrenal insufficiency: August 2024
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e Two studies (Cydulka, 1998%) and (Karan 2002°) compared 8-day courses of
prednisolone or prednisone treatment for asthma and compared an abrupt stop to the
treatment versus a slow taper.

e Two studies (Bazi 2021" and Zecca 2021°) compared 3 and 5 day courses of
treatment for MS relapses with intravenous methylprednisolone (IV-MP) and
compared a tapering regime with prednisone versus an abrupt stop.

e One study (Sharshar 20218) compared a rapid taper of prednisone versus a slow
taper in patients newly treated for Myasthenia gravis after disease control.

e One study (Gargiulo 2020%) compared a short versus long taper of prednisone in
children treated for releases with steroid-sensitive nephrotic syndrome.

Other considerations

The committee agreed to exclude studies that did not report any adrenal insufficiency-
specific outcomes as they do not directly answer our question.

Several studies did not report incidence of adrenal insufficiency or adrenal crisis. However,
adverse events which could be indicative of withdrawal syndrome were reported and these
outcomes were extracted.

Studies generally included small populations which ranged from 15 to 135 participants.
Follow-up periods in the studies varied between the studies and ranged from 12 days to 15
months.

Many of the included studies looked at the withdrawal of oral prednisone. While this is not
licenced for use in the UK the committee agreed that tapering strategies would not vary
greatly so would still be relevant to our protocol. Two studies looked at short-term treatment
with IV methylprednisolone which was then changed to oral prednisone in the control arm
and tapered.

Indirectness

A number of outcomes in this review were downgraded for indirectness. Four studies were
marked down for population indirectness. Two studies (Karan 2002¢ and Cydulka 1998°%)
excluded people who have taken long-term steroids (categorised as daily steroid use) and
two studies (Bazi 2021" and Zecca 2021°) excluded patients using any corticosteroids in the
last thirty days before entering the study.

See also the study selection flow chart in Appendix B, study evidence tables in Appendix C,
forest plots in Appendix D, and GRADE tables in Appendix F.

1.1.4.2. Excluded studies.

See the excluded studies list in Appendix J.
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1.1.5. Summary of studies included in the effectiveness evidence.

Table 2: Summary of studies included in the evidence review.

Study

Bazi 2021°

RCT
N=80

Conducted
in Iran

Cydulka
1998°

RCT
N=15

Conducted
in USA

Intervention and
comparison

Intervention:
Placebo/abrupt stop
(n=40). 1 g of
intravenous
methylprednisolone daily
for 5 days, followed by
placebo using the same
protocol as the
prednisolone group.

Comparison: Steroid
taper (n=40). 1 g of
intravenous
methylprednisolone daily
for 5 days, followed by
prednisolone, which was
administered orally
starting on day 6 and
concluding on day 25.
The tapering dose of
prednisone started at 50
mg on the first day and
tapered off with a 25%
decrease at a five-day
interval over 20 days.

Concomitant therapy:
not reported

Intervention:
Prednisone 40mg/day
for 8 days (no taper)
(n=7)

Comparison: 8-day
tapering course of
prednisone (40 mg to O
mg) (n=8). Beginning
with 40 mg/day and
tapering by 5 mg/day.
Patients were given
eight tablets to take
each day: 5-mg
prednisone tablets, up to
the daily dose of
prednisone, plus
placebo look-alike
tablets comprising the
remainder of the eight
tablets.

Concomitant therapy:
not reported

Adrenal insufficiency: August 2024

Population

Condition: Multiple
sclerosis (relapse)

Stratum: adults

Type of steroid:
Prednisolone and
v
methylprednisolone

Route of
administration: IV
and oral

Age (mean [SD]):
placebo/abrupt stop
33 (6.9) years,
steroid taper 33
(8.5) years

Condition: Asthma
(acute asthma
exacerbation
judged to be
suitable for
discharge from the
emergency
department)

Stratum: adults

Type of steroid:
Prednisone

Route of
administration: oral

Age (mean [SD]):
no taper 24.1 (5)
years, 8-day taper
32 (8.5) years

Outcomes
Incidence of
adrenal
insufficiency
(reported
narratively)

Adverse events
(nausea;
fatigue)

Follow up: 6
months

Incidence of
adrenal
suppression

Follow up: 12
days

Comments

Indirectness:
participants did
not use any
corticosteroids
in the last thirty
days before
entering the
study

Indirectness:
patients already
using inhaled or
oral steroids, or
those requiring
chronic steroid
use were
excluded
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Study

Gargiulo
20214

RCT
N=78

Conducted
in Italy

Intervention and
comparison

Intervention: Short
prednisone taper (n=38).
The induction dose of
PDN was 60 mg/m2/day
with a maximum dose of
60 mg. After 5 days on
remission, patients
received 18 doses of 40
mg/m2 of PDN on
alternate days, with a
maximum dose of 50
mg.

Comparison: Long
prednisone taper (n=40).
The induction dose of
PDN was 60 mg/m2/day
with a maximum dose of
60 mg. After 5 days on
remission, the 40 mg/m2
dose was tapered over
72 days by steps of 6
doses.

Concomitant therapy: All
patients received a full
induction dose of PDN in
2 separate daily doses
until remission was
achieved for 5
consecutive days.
Thereafter, PDN was
prescribed according to
protocol, and was given
as a single dose on
alternate days. The total
dose of PDN was the
same in both arms. The
dose of PDN was
estimated based on
weight, using published
formulas. For patients
treated with
maintenance PDN
therapy, doses were
calculated in the same
way regardless of the
maintenance dose,
which was incorporated
into the same final dose
for all patients.
Treatment with
maintenance PDN
therapy allowed if the
dose did not exceed 15
mg/m2 on alternate
days.

Adrenal insufficiency: August 2024

Population

Condition:
Nephrotic
syndrome (at least
one relapse in the
previous year, but
remission at
enrolment)

Stratum: children
(also included
infants)

Type of steroid:
Prednisone

Route of
administration: oral

Age (median
[interquartile
range)): short taper
7.1 (4.8t010.9
years), long taper
6.3 (3.9 t0 8.6)
years

Outcomes

Adverse events
(symptoms that
could be
attributed to
adrenal
suppression,
i.e., headache,
fatigue, poor
concentration,
low mood,
abdominal pain)

Successful
cessation of
steroids (relapse
during treatment
and at 6
months;
requirement for
maintenance
low dose PDN
treatment)

Follow up: 6
months

Comments

Prospective
Randomized
study to
Optimize
Prednisone
therapy for
relapses of
Idiopathic
Nephrotic
syndrome in
children
(PROPINE)
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Study
Karan
20026
RCT
N=26

Conducted
in India

Sharshar
20218

RCT
N=117

Conducted
in France

Intervention and
comparison

Intervention: 8-day non
tapering course (n=13).
40 mg/day prednisolone
abruptly terminated.

Comparison: 8-day
tapering course of
prednisolone (n=13).
Beginning with
40mg/day and tapering
by 5mg/day.

Concomitant therapy:
other anti-asthma
medications given
according to standard
practice. Medications
included inhaled B2-
agonist, inhalational
steroids and sustained
release theophylline.

Intervention: Rapid
tapering (n=59).
Immediate high-dose
daily administration of
prednisone, 0.75 mg/kg,
followed by an earlier
and rapid decrease once
improved MG status was
attained.

Comparison: Slow
tapering (n=58). Gradual
increase of the
prednisone dose to 1.5
mg/kg every other day
and a slow decrease
once minimal
manifestation status of
MG was attained.

Concomitant therapy:

In the event of an MG
exacerbation, the
participant was
hospitalised, and the
dose of prednisone was
routinely doubled. In the
event of a more
moderate aggravation,
the prednisone dose
was increased to the
previous dose
recommended in that
participant’s prednisone
tapering regimen.

Adrenal insufficiency: August 2024

Population

Condition: Asthma

(acute asthma
exacerbation

deemed suitable for

discharge)
Stratum: adults

Type of steroid:
Prednisolone

Route of

administration: oral

Age (mean [SD]):

no taper 43.9 (12.4)
years, 8-day taper

49.2 (12.1) years

Condition:

Myasthenia Gravis

Stratum: adults

Type of steroid:
Prednisone

Route of

administration: oral

Age (median
[interquartile

range)): rapid taper
56 (18 to 80) years,
slow taper 58 (22 to

81) years

10

Outcomes

Incidence of
HPA axis
suppression
(cortisol
<550nmol/L)

Successful
cessation of
steroid (relapse
rate)

Follow up: 12
days

Adverse events
(nausea;
diarrhoea;
hyperkalaemia;
hyponatremia)

Successful
cessation of
steroids
(attainment of
minimal
manifestation
status without
relapse or
prednisolone
resumption)

Follow up: 15
months

Comments

Indirectness:
asthmatics
already using
oral steroids, or
those requiring
chronic steroid
use were
excluded

Comparison of
Corticosteroid
Tapering
Regimens in
Myasthenia
Gravis
(MYACOR trial)
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Study

Zecca
2021°
RCT
N=125
Conducted

in
Switzerland

Intervention and
comparison

Azathioprine was started
at 50 mg/d for 1 week,
then increased by 50
mg/d weekly to a
maximum dose of 3
mg/kg/d, without
exceeding 200 mg/d.
Azathioprine therapy
was interrupted in the
event of severe adverse
effects and
recommended to be
replaced by
mycophenolate mofetil.
It was recommended
that the oral dose of
pyridostigmine did not
exceed 300 mg/d.
Plasmapheresis or
intravenous
immunoglobulin (IVIG)
therapy was permitted
for MG exacerbation but
not for maintaining
MMS.

Intervention:
Placebo/abrupt stop
(n=13) 1,000 mg IV/day
methylprednisolone for 3
consecutive days.
Placebo for 25 days.

Comparison: Steroid
taper (n=12). 1,000 mg
IV/day
methylprednisolone for 3
consecutive days. 60 mg
of oral prednisone per
day for 5+2 days, and
subsequently reduced
the dose to 40, 20, 10,
and 5 mg every 52
days (25 days in total).

Concomitant therapy:
Disease modifying
therapies were
continued.

Population

Condition: Multiple
sclerosis (acute
relapse)

Stratum: adults

Type of steroid: IV
methylprednisolone
and Prednisolone

Route of
administration: IV
and oral

Age (median
[interquartile
range)): placebo 43
(35 to 54) years,
steroid taper 40 (27
to 53.5) years

See Appendix D for full evidence tables.

Adrenal insufficiency: August 2024
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Outcomes

Adverse events
(nausea;
fatigue; total
adverse events)

Incidence of
adrenal
insufficiency
(reported
narratively as
median
[interquartile
range] so not
extractable)

Follow up: 6
months

Comments

Indirectness:
those with
steroid
treatment in the
previous 30
days were
excluded
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1.1.6. Summary of the effectiveness evidence

See Appendix F for full GRADE tables.

Table 3: Clinical evidence summary: rapid tapering versus slow tapering in

Myasthenia gravis

Outcomes

Treatment
success -
attainment of
minimal
manifestation
status without
prednisone
treatment at
12 months and
without
relapse or
prednisone
resumption at
15 months
(higher is
better)

Adverse
events -
Nausea (lower
is better)

Adverse event
- Diarrhoea
(lower is
better)

Adverse
events —
Hyperkalaemia
(lower is
better)

Adverse
events —
Hyponatremia
(lower is
better)

a. Downgraded by 1 increment as the majority of the evidence was of high risk of bias (due to missing outcome

data)

Ne of
participants
(studies)
Follow-up

117
(1 RCT)

12 months

117
(1 RCT)

15 months

117
(1 RCT)

15 months

117
(1 RCT)

at 15 months

117
(1 RCT)

at 15 months

Certainty
of the

evidence
(GRADE)

SO
Moderate?

®O00O

Very lowab

®O00O

Very lowab

®O00O

Very lowab

®O00O

Very lowab

Relative
effect
(95%
Cl)

RR 4.52
(1.84 to
11.09)

RR 0.98
(0.37 to
2.63)

RR 2.95
(0.32to
27.54)

RR 0.74
(0.38 to
1.42)

OR 7.26

(0.14 to
366.18

Anticipated absolute

effects

Risk with
low-
tapering
prednisone

86 per
1,000

121 per
1,000

17 per
1,000

276 per
1,000

17 per
1,000

Risk
difference
with
Myasthenia
gravis -
Rapid-
tapering
prednisone

303 more
per 1,000
(72 more to
870 more)

2 fewer per
1,000

(76 fewer to
197 more)

34 more
per 1,000
(12 fewer to
458 more)

72 fewer
per 1,000
(171 fewer
to 116
more)

20 more
per 1,000
(30 fewer to
60 more)°

b. Downgraded by 2 increments as the confidence interval crossed both MIDs (0.8, 1.25)

Adrenal insufficiency: August 2024
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c. Calculated with RD due to 0 events in one arm of a single study

Table 4: Clinical evidence summary: short taper versus long taper in steroid sensitive
nephrotic syndrome
Anticipated absolute

effects
Risk
difference
with
Steroid
Ne of Certainty  Relative sensitive
participants  of the effect nephrotic
(studies) evidence (95% Risk with syndrome -
Outcomes Follow-up (GRADE) Cl) long taper short taper
Successful
cessation of
steroids -
Maintenance 7 fewer per
low dose 1,000
PDN 78 ®®00  RRO98 555 per (164 fewer
treatment (0.53 to
: (1 RCT) Lowa 1,000 to 280
required at 6 1.80) more)
months
follow-up: 6
months
(higher is
better)
Adverse
events -
Adrenal 0 fewer per
suppression RD 0.00 1,000
specific at 6 (718 — %’?ggeb (-0.05to 0per1,000 (50 fewer to
months 0.05) 50 more)
follow-up: 6
months (lower
is better)

(a) Downgraded 2 increments as the confidence interval crossed both MIDs (0.8-1.25)
(b) Downgraded by 1 increment for imprecision due to zero events and small sample size

Table 5: Clinical evidence summary: taper after intravenous methylprednisolone
compared to no taper in multiple sclerosis.

Anticipated absolute

effects

No of Certainty Relative Risk

participants  of the effect Risk with difference

(studies) evidence (95% no taper with taper
Outcomes Follow-up (GRADE) Cl) after IV MP  after IV MP

0 fewer per
Incidence of 91
?dref’;.a! ( s) Very (-0.06to 0 per1,000 (60 fewerto
insufficiency - lowa:b.c 0.06) 60 more)
as reported 6 months
13
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Anticipated absolute

effects

Ne of Certainty  Relative Risk

participants  of the effect Risk with difference

(studies) evidence (95% no taper with taper
Outcomes Follow-up (GRADE) CI) after IV MP  after IV MP
(lower is
better)
Adverse 17 fewer
events - 91 oOOO RR0.60 per 1,000
Nausea (2RCTs) Very (0.08to 43 per 1,000 (40 fewer to
(lower is 6 months lowab.d 4.26) 142 more)
better)
Adverse 91 38 fewer
events - (2 RCTS) @OOO RR 0.42 per 1,000
Fatigue Very (0.07to 65 per 1,000 (61 fewerto
(lower is low?a-0.d 2.67) 109 more)
better) 6 months

(a) Downgraded by 1 increment as the majority of the evidence was of high risk of bias (due to missing outcome
data)

(b) Downgraded by 1 increment for population indirectness: The study excluded participants using any
corticosteroids in the last thirty days before entering the study.

(c) Downgraded by 1 increment for imprecision due to zero events and small sample size.

(d) Downgraded by 2 increments as the confidence interval crossed both MIDs (0.8-1.25)

Table 6: Clinical evidence summary: 8-day treatment with no taper vs. taper in acute

asthma
Anticipated absolute
effects
Risk
Ne of Certainty Relative difference
participants  of the effect with 8-day
(studies) evidence (95% Risk with treatment
Outcomes Follow-up (GRADE) Cl) taper no taper
adronal A
insufficiency- 40 ®0O00O RDO0.05 ?1e1r011:gv(\)/gr
HPA axis (2 RCTs) Very (-0.11to 50 per 1,000 4 51q
suppression 12 days lowab-cd 0.21) more)
(lower is
better)

(a) Downgraded by 2 increments as the majority of the evidence was of very high risk of bias (due to a mixture of
bias arising from the randomisation process and bias due to deviations from the intended interventions)

(b) Downgraded by 1 increment for heterogeneity due to conflicting number of events in different studies (zero
events in one or more studies)

(c) Downgraded by 1 increment for population indirectness: The study excluded patients already using oral
steroids, and those requiring chronic steroid use, as defined by daily steroid use. To eliminate subjects in
whom adrenal suppression might be present secondary to long-term steroid use.

(d) Downgraded by 1 increment for imprecision due to zero events and small sample size.

14
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1.1.7. Economic evidence

1.1.7.1. Included studies.

No health economic studies were included.

1.1.7.2. Excluded studies.

No relevant health economic studies were excluded due to assessment of limited
applicability or methodological limitations.

See also the health economic study selection flow chart in Appendix A.

1.1.8. Economic model

This area was not prioritised for new cost-effectiveness analysis.

1.1.9. Unit costs

Relevant unit costs are provided below to aid consideration of cost effectiveness.

Table 7: Unit costs

Resource Hourly costs Cost per minute
Band 5 Nurse £44 £0.73
Band 6 Nurse £54 £0.90
Band 7 Nurse £64 £1.07
Foundation Doctor FY1 £41 £0.68
Foundation Doctor FY1 £46 £0.77
Speciality registrar £69 £1.15
Associate specialist £144 £2.40
Consultant medical £153 £2.54

Source: Hospital based staff from PSSRU 20215, including qualification costs and excluding individual and
productivity costs.

1.1.10. Evidence statements

1.1.10.1. Economic
¢ No relevant economic evaluations were identified.

1.2. The committee’s discussion and interpretation of the
evidence

1.2.1. The outcomes that matter most

The committee included the following outcomes: health-related quality of life, incidence of
adrenal insufficiency, incidence of adrenal crisis, hospital admission, successful cessation of
steroids and adverse events. All outcomes have been rated as critical.

The committee agreed that outcomes reporting incidence of adrenal insufficiency/adrenal
crisis or adverse events which may indicate steroid withdrawal syndrome were of particular
interest. The committee decided to exclude studies that did not report any adrenal

15
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insufficiency-related outcomes or adverse event data as these were not relevant to the
research question.

The committee discussed the outcome of adverse events and agreed that this was very
broad and could encompass any adverse events related to the disease activity or the study
drug and not specifically related to steroid withdrawal. The committee, therefore, decided to
only include outcomes that specified adrenal insufficiency as an adverse event or adverse
events which could indicate steroid withdrawal syndrome or could be indicative of adrenal
suppression. These included: hyperkalaemia, nausea, hyponatremia, diarrhoea, vomiting,
lethargy, malaise, anorexia and myalgia.

The committee considered the outcome of the successful cessation of steroids and agreed
this outcome was also very broad and should only include data which could be relevant to
the research question. For example, outcomes reporting the resumption of steroids were
included as the reason for this could be due to symptoms of adrenal suppression. The
committee decided to exclude outcomes specifically related to the disease activity such as
relapse rates.

Due to the sparsity of the evidence, the committee decided to include any length of follow-up.

The evidence available was very limited, and this was in part due to the exclusion of studies
which did not report any adrenal insufficiency-related outcomes. Three of the included
outcomes were reported in the evidence. Four studies directly reported the incidence of
adrenal insufficiency, three studies reported successful cessation of steroids and three
studies reported adrenal insufficiency-relevant adverse events.

1.2.2. The quality of the evidence

Six randomised controlled trial studies were included in the review. Withdrawal interventions
varied between the studies and evidence was available for the following comparisons:

Two studies (Cydulka 1998%) and (Karan 2002°%) compared 8-day courses of prednisolone or
prednisone treatment for asthma and compared an abrupt stop to the treatment versus a
slow taper.

Two studies (Bazi 2021" and Zecca 2021°) compared 3- and 5-day courses of treatment for
MS relapses with intravenous methylprednisolone and compared a tapering regime with
prednisone versus an abrupt stop.

One study (Sharshar 20218) compared a rapid taper of prednisone versus a slow taper in
patients newly treated for Myasthenia gravis after disease control.

One study (Gargiulo 2020*) compared a short versus long taper of prednisone in children
treated for releases with steroid-sensitive nephrotic syndrome.

All studies were reported in adults apart from one study which looked at children (Gargiulo
2020%).

The evidence varied from moderate to very low quality, with the majority being of very low
quality. The majority of outcomes were downgraded for risk of bias and imprecision. Risk of
bias was commonly due to issues with the randomisation process, deviations from the
intended interventions or missing outcome data. A number of studies did not adequately
report the randomisation process or employ allocation concealment. The majority of studies
had very small sample sizes, which contributed to the imprecision in the outcomes. In most
cases, it was not possible to conduct a meta-analysis on outcomes as there was limited
outcome data reported by the studies that was comparable enough to be meta-analysed.

Due to the sparsity of evidence available, the inclusion of indirect evidence was common. A
number of outcomes in this review were downgraded for indirectness.
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Four studies were marked down for population indirectness. Two studies (Karan 2002° and
Cydulka 1998%) excluded people who had taken long-term steroids (categorised as daily
steroid use) and two studies (Bazi 2021") and Zecca 2021°) excluded patients using any
corticosteroids in the last thirty days before entering the study. Despite these studies
excluding people taking long-term steroids the committee decided to include them as indirect
evidence due to the lack of available evidence.

Several studies looked at the withdrawal of oral prednisone. While this glucocorticoid is not
licensed in the UK, the committee agreed that it would still be relevant to our protocol as the
withdrawal strategies would be similar. Two studies looked at short-term treatment with 1V
methylprednisolone, which was changed to oral prednisone in the control arm and then
tapered. There was no evidence available for other types of steroids or methods of
administration.

The committee concluded that the evidence was very limited and of low quality. They
acknowledged the effect the small sample sizes and risk of bias had on the quality rating and
they also considered the influence that the indirect populations may have had on the results.
The committee took this into consideration while interpreting the evidence.

1.2.3. Benefits and harms

The committee discussed the evidence available for the different corticosteroid withdrawal
regimes. All outcomes were considered of equal importance at the outset. However, the
committee agreed that the incidence of adrenal suppression/insufficiency was the most direct
and relevant outcome for decision making. This was deemed to be of particular importance
as the available studies were looking at steroid withdrawal in different populations across
different conditions and were not focused on adrenal insufficiency. Consequently, when the
incidence of adrenal insufficiency was reported it was the primary outcome available to
answer the research question.

The outcome incidence of adrenal insufficiency was reported in four studies and assessed in
two outcomes. One outcome reported the incidence of adrenal insufficiency after withdrawing
from methylprednisolone for the treatment of MS relapse and showed no clinically important
difference between the two tapering regimes. The other outcome reporting the incidence of
adrenal insufficiency, assessed tapering after an 8-day course of prednisolone versus an
abrupt stop for acute asthma. This outcome displayed a small reduction in the incidence of
HPA axis suppression in the slow tapering arm, however, it only just reached the MID for
clinical importance and was rated very low quality due to population indirectness,
imprecision, heterogeneity, and risk of bias. Consequently, the committee did not take this
finding into account in their decision making.

The committee also considered the incidence of specific adverse events that may be
indicative of steroid withdrawal syndrome in their decision-making. The incidence of
hyperkalaemia, hyponatraemia, nausea, fatigue, and diarrhoea were reported in the available
evidence. One study reported the incidence of hyperkalaemia and hyponatremia in adults
tapering prednisone after long-term treatment for myasthenia gravis. This showed a reduced
incidence of hyponatremia in the slow-tapering arm but an increased incidence of
hyperkalaemia. However, these outcomes were rated very low quality and reported in a very
specific population so did not influence the committee’s decision-making. Three studies,
(assessed in 2 outcomes) reported the incidence of nausea, 2 studies reported the incidence
of fatigue, and one study reported the incidence of diarrhoea, and all displayed no clinically
important difference between the different tapering regimes.

While these outcomes seem to indicate that rapid tapering regimes do not lead to an
increase in adverse events or incidence of adrenal insufficiency, the committee were
concerned with the reporting of adrenal insufficiency-related events in the studies. It was
often unclear whether these were self-reported based on symptoms or whether specific
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measures such as ACTH tests were performed. Therefore, due to this uncertainty and the
low quality of the evidence the committee did not take these outcomes into account in their
decision-making.

The success of steroid cessation in terms of reduction of the dose without the need for
resumption or maintenance dose of steroids was reported in three studies in three separate
outcomes. One showed a clinically important benefit in the rapid tapering arm at 15 months
while the others showed no difference. Due to the very specific population of Myasthenia
Gravis, risk of bias and small sample size, the committee again did not take this into account
in their decision making.

The duration, type of glucocorticoid being withdrawn, method of tapering, and the included
populations varied significantly between the studies. The duration of glucocorticoid use
varied from 3 days to several months, and the tapering regimes ranged from an abrupt stop
to tapering over many months. The majority of evidence was on the use of oral prednisone,
but it also included intravenous methylprednisolone use and prednisolone. Therefore, due to
the heterogeneous nature of the evidence, the pooling of the data was not possible in the
majority of cases, meaning that evidence was very limited and difficult to extrapolate to the
wider population of interest.

The committee also noted that the majority of studies did not provide enough detail on how
they tapered once down to the physiological dose which is the phase of tapering of particular
interest to answer this research question and when adrenal insufficiency-related adverse
events are most likely to occur.

Consequentially, the committee found it difficult to make recommendations and draw
conclusions on steroid withdrawal regimes based on the evidence currently available and
instead used their consensus opinion to formulate recommendations. They also discussed a
key paper (Bel 20142) that has influenced current practice and provides information on a
detailed tapering schedule with the use of Mepolizumab. Unfortunately, this paper could not
be included in the review as it did not compare two tapering regimes and consequently did
not fit the review protocol.

The committee agreed that the heterogeneity of the available evidence represents the reality
in clinical practice and that decisions around tapering are rarely straightforward and are
decided on a case-by-case basis assessing the individual patient needs. The committee
agreed that there is a need for additional guidance and a basic decision model for GPs and
other non-specialists to assist their practice.

Consequently, they decided that a tapering regime involving taking the physiological dose
every other day for 2 weeks, then taking the physiological dose twice a week for two weeks
and then stopping could be trialled initially. The committee reasoned that this is roughly the
equivalent to halving the dose for 2 weeks and then halving it again. They agreed that it is
simple for patients to understand and follow and has been widely used in clinical practice so
there should not be any safety concerns. However, they highlighted that if any symptoms of
adrenal insufficiency arise or if there is any uncertainty then a specialist should be contacted.

The committee discussed that the length of time people are taking glucocorticoids must be
taken into consideration and that people who have been on steroids for more than 12 weeks
need particular attention. This is because, the longer the duration of suppression of
hypothalamic pituitary adrenal axis, the slower the recovery is likely to be. The committee
therefore stipulated that a slower tapering regimen should be considered for people who
have had glucocorticoids for more than 12 weeks. For people taking prednisolone the
committee discussed a simple withdrawal table developed by the Imperial Centre for
Endocrinology Centre and agreed to refer to this.

The committee discussed the practice of switching to different types of glucocorticoids while
tapering. They agreed that in the majority of cases, people taking a course of

18
Adrenal insufficiency: August 2024



FINAL
Corticosteroid withdrawal

dexamethasone can have the dose tapered and stopped without any issues. However, if they
are taking dexamethasone for a longer duration or they encounter any difficulty while
tapering then clinicians should consider switching to prednisolone. For children,
hydrocortisone may be considered instead. This is due to dexamethasone being significantly
more potent than prednisolone or hydrocortisone and having a longer half-life, consequently,
it is difficult to give a steroid-free period over 24 hours which is not enough for the HPA axis
to recover.

The committee made a strong recommendation that adults and children should not be
routinely switched from prednisone to hydrocortisone when dose tapering below
physiological equivalent dose as there is no evidence to support this. The committee noted
this is occurring in current practice despite the lack of evidence of any clinical benefit. They
explained that this could have cost implications and would require referral to endocrinology to
manage the switch. In addition, the higher frequency of administration with hydrocortisone
presents an increased risk to successfully adhering medication.

The committee noted that there is an increased chance of difficulties withdrawing
glucocorticoids for people using multiple glucocorticoid preparations simultaneously, using
high dose inhaled glucocorticoids, or for those people who received intra-articular/intra-
muscular glucocorticoid injections in the previous 2 months, or receiving treatment with
strong cytochrome P450 3A4 inhibitors along with glucocorticoids.

The committee concluded that there is variation in practice on how glucocorticoid medication
is withdrawn when stopping treatment, and because of the lack of evidence, it is not clear
which is the most effective way to do this. This can lead to inappropriate testing of adrenal
function and also referrals to endocrinology. Due to the large number of people taking
glucocorticoids in the UK, this may have a significant resource impact. The committee
therefore decided to make a research recommendation on the best methods to manage
corticosteroid withdrawal when they are no longer needed (see Appendix K).

1.2.4. Cost-effectiveness and resource use

No health economic evidence was identified for this review question, therefore, the
committee made recommendations reflective of best practice.

The committee discussed resource use and costs and noted that the recommendations
made were primarily concerned with providing information and advice on how to manage
glucocorticoid withdrawal — and the subsequent appropriate course of action to take when
adrenal insufficiency or adrenal crisis is suspected due to glucocorticoid withdrawal.

The committee noted that although this provision of additional information may cost a couple
of minutes of extra staff time on top of existing appointments, the benefits of providing this
information are likely to outweigh the costs due to the likelihood of this information preventing
an adrenal crisis.

It was also noted that these recommendations could be associated with a cost in instances
where people withdrawing from their corticosteroids do not have enough of their
glucocorticoid prescription left to cover the tapering regime, doubling the physiological dose,
or initiating sick-day dosing if required. The committee noted however that in instances
where people do not have enough, an additional prescription is relatively cheap.

Overall, the committee considered that the recommendations generally reflect current
practice. A change in practice may occur because of the recommendation to not routinely
change from prednisolone to hydrocortisone to manage dose tapering below physiological
equivalent dose. Stopping this occurring in practice could result in cost savings to the NHS
as switching is costly both in terms of an unnecessary appointment to manage the switch
and additional drug costs as hydrocortisone is more costly than prednisolone.
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1.2.5. Recommendations supported by this evidence review.

This evidence review supports recommendations 1.9.1 — 1.9.10 and a research
recommendation on the best way to manage corticosteroid withdrawal when corticosteroids
are no longer needed to control underlying disease activity.
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Appendices

Appendix A Review protocols

A.1 Review protocol for corticosteroid withdrawal

ID

Field

Content
1. Review title How to withdraw exogenous steroids
2. Review question 3.1. In people at risk of adrenal insufficiency because of prolonged corticosteroid use, what is the best way
to manage corticosteroid withdrawal when corticosteroids are no longer needed to control disease activity?
3. Objective To determine the efficacy and safety of different glucocorticoid withdrawal regimens.
4. Searches

The following databases (from inception) will be searched:
Cochrane Central Register of Controlled Trials (CENTRAL)
Cochrane Database of Systematic Reviews (CDSR)
Embase

MEDLINE
Epistemonikos

Searches will be restricted by:

English language studies

Human studies

Any search filters applied (e.g., study design) will be found in the review appendix.

The searches may be re-run 6 weeks before the final committee meeting and further studies retrieved for
inclusion if relevant.

The full search strategies will be published in the final review.

Medline search strategy to be quality assured using the PRESS evidence-based checklist (see methods
chapter for full details).
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5. Condition or domain being
studied

Adrenal insufficiency

6. Population

Inclusion:

People on long term glucocorticoids including oral, inhaled, intranasal, topical, intra-articular, intra-
muscular and intra-venous.

Examples of populations: people with asthma, chronic obstructive pulmonary disease, rheumatoid arthritis,
polymyalgia, lupus or multiple sclerosis

The following stratifications will be applied:

e Adults (aged =16 years)
e Children aged > 5 to 16 years.

Infants aged 1-5 years.
e Infants aged <1 year including neonates.
Exclusion:

None identified

7. Intervention

Different methods of withdrawing glucocorticoids. For example:
e Length of time at physiological doses
e Speed of reduction
e Tapering

Exclusions

Fludrocortisone if used on its own

8. Comparator

Different methods of withdrawing compared to each other

9. Types of study to be
included

Systematic reviews of RCTs and RCTs will be considered for inclusion.

Cross-over trials will also be considered for inclusion regardless of washout period as it is unsafe for
patients to be completely free of background medication especially glucocorticoids.

If insufficient RCT evidence is available for the committee to make recommendations, a search for non-
randomised studies will also be conducted. The following study designs will be considered for inclusion:
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e Prospective or retrospective cohort studies that have conducted a multivariate analysis adjusting
for at least age and sex and any of the following confounders if appropriate (e.g., combined oral
contraceptives in adults only):

- Oral hormone replacement therapy
- Combined oral contraceptive.
- Oral cestrogens
Published NMAs and IPDs will be considered for inclusion.
10. Other exclusion criteria Non-English language studies.
Non comparative cohort studies
Before and after studies
Conference abstracts will be excluded as it is expected there will be sufficient full text published studies
available.
11. Context
12. Primary outcomes (critical All outcomes are considered equally important for decision making and therefore have all been rated as
outcomes) critical:

e Health related quality of life for example EQ-5D, SF-36

¢ Incidence of adrenal insufficiency

e Incidence adrenal crisis

e Hospital admission

e Successful cessation of steroids as indicated by, for example, rate of relapse.

e Adverse events — as reported.

Due to the sparsity of the evidence, we will include any follow up time

13. aD:;aci)éti;ag(;tion (selection EndNote will be used for reference management, citations, and bibliographies.
All references identified by the searches and from other sources will be uploaded into EPPI reviewer and
de-duplicated.
10% of the abstracts will be reviewed by two reviewers, with any disagreements resolved by discussion or,
if necessary, a third independent reviewer.
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The full text of potentially eligible studies will be retrieved and will be assessed in line with the criteria
outlined above.

A standardised form will be used to extract data from studies (see Developing NICE guidelines: the
manual section 6.4).

10% of all evidence reviews are quality assured by a senior research fellow. This includes checking:

papers were included /excluded appropriately.
a sample of the data extractions

correct methods are used to synthesise data.
a sample of the risk of bias assessments

Disagreements between the review authors over the risk of bias in particular studies will be resolved by
discussion, with involvement of a third review author where necessary.

Study investigators may be contacted for missing data where time and resources allow.

14. Risk of bias (quality) Risk of bias will be assessed using the appropriate checklist as described in Developing NICE guidelines:
assessment the manual. These will depend on the studied included in the review and may include:
Systematic reviews: Risk of Bias in Systematic Reviews (ROBIS)
Randomised Controlled Trial: Cochrane RoB (2.0)
Nonrandomised study, including cohort studies: Cochrane ROBINS-I
15. Strategy for data synthesis

Pairwise meta-analyses will be performed using Cochrane Review Manager (RevMan5). Fixed-effects
(Mantel-Haenszel) techniques will be used to calculate risk ratios for the binary outcomes where possible.
Continuous outcomes will be analysed using an inverse variance method for pooling weighted mean
differences.

For non-randomised studies, meta-analysis will be performed if more than one study reports the same
combination of population, adjusted covariates and outcomes. Where this is not possible, data will be
presented, and quality assessed individually per outcome.

Heterogeneity between the studies in effect measures will be assessed using the I? statistic and visually
inspected. An I? value greater than 50% will be considered indicative of substantial heterogeneity.
Sensitivity analyses will be conducted based on pre-specified subgroups using stratified meta-analysis to
explore the heterogeneity in effect estimates. If this does not explain the heterogeneity, the results will be
presented pooled using random effects.
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GRADEpro will be used to assess the certainty of evidence for each outcome, taking into account
individual study quality and the meta-analysis results. The 4 main quality elements (risk of bias,
indirectness, inconsistency and imprecision) will be appraised for each outcome.

Publication bias will be considered with the guideline committee, and if suspected will be tested for when
there are more than 5 studies for that outcome.

The risk of bias across all available evidence was evaluated for each outcome using an adaptation of the
‘Grading of Recommendations Assessment, Development and Evaluation (GRADE) toolbox’ developed by
the international GRADE working group http://www.gradeworkinggroup.org/

WinBUGS will be used for network meta-analysis, if possible, given the data identified.

16. Analysis of sub-groups

Subgroups that will be investigated if heterogeneity is present:
e Cystic fibrosis
e Type of steroid
¢ Route of administration
e People on enzyme-inducing medications

e People on enzyme- inhibiting medications

17. Type and method of review

Intervention

X

Diagnostic

Prognostic

Qualitative

Epidemiologic

Service Delivery

I D I 0 I

Other (please specify)

18. Language

English

19. Country

England
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20. Anticipated or actual start
date
21. Anticipated completion date
22. Stage of review at time of Review stage Started Completed
this submission
Preliminary searches [ [
Piloting of the study [ [
selection process
Formal screening of [ [
search results against
eligibility criteria
Data extraction [ [
Risk of bias (quality) [ |—
assessment
Data analysis - [
23. Named contact 5a. Named contact
Guideline Development Team NGC
5b Named contact e-mail
Hypoadrenalism@nice.org.uk
5e Organisational affiliation of the review
National Institute for Health and Care Excellence (NICE)
24, Review team members

From NICE:

Sharon Swain [Guideline lead]

Saoussen Ftouh [Senior Research Fellow]
Madelaine Zucker [Technical Analyst]
Alexandra Bannon [Health economist]

Stephen Deed [Information specialist
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25. Funding sources/sponsor Development of this systematic review is being funded by NICE.

26. Conflicts of interest All guideline committee members and anyone who has direct input into NICE guidelines (including the
evidence review team and expert witnesses) must declare any potential conflicts of interest in line with
NICE's code of practice for declaring and dealing with conflicts of interest. Any relevant interests, or
changes to interests, will also be declared publicly at the start of each guideline committee meeting. Before
each meeting, any potential conflicts of interest will be considered by the guideline committee Chair and a
senior member of the development team. Any decisions to exclude a person from all or part of a meeting
will be documented. Any changes to a member's declaration of interests will be recorded in the minutes of
the meeting. Declarations of interests will be published with the final guideline.

27. Collaborators Development of this systematic review will be overseen by an advisory committee who will use the review
to inform the development of evidence-based recommendations in line with section 3 of Developing NICE
guidelines: the manual. Members of the guideline committee are available on the NICE website:
https://www.nice.org.uk/guidance/indevelopment/gid-ng10237.

28. Other registration details _

29. Reference/URL for B

published protocol

30. Dissemination plans NICE may use a range of different methods to raise awareness of the guideline. These include standard
approaches such as:
notifying registered stakeholders of publication
publicising the guideline through NICE's newsletter and alerts
issuing a press release or briefing as appropriate, posting news articles on the NICE website, using social

media channels, and publicising the guideline within NICE.

31. Keywords B

32. Details of existing review of | _

same topic by same authors
33. Current review status O Ongoing
Completed but not published
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O Completed and published
| Completed, published and being updated
O Discontinued

34. Additional information _

35. Details of final publication www.nice.org.uk

Adrenal insufficiency: August 2024

29



http://www.nice.org.uk/

FINAL
Corticosteroid withdrawal

A.2 Health economic review protocol

Table 8: Health economic review protocol

Reweyv All questions — health economic evidence

question

Objectives To identify health economic studies relevant to any of the review questions.
Search e Populations, interventions and comparators must be as specified in the clinical
criteria review protocol above.

e Studies must be of a relevant health economic study design (cost—utility analysis,
cost-effectiveness analysis, cost—benefit analysis, cost—-consequences analysis,
comparative cost analysis).

o Studies must not be a letter, editorial or commentary, or a review of health
economic evaluations. (Recent reviews will be ordered although not reviewed. The
bibliographies will be checked for relevant studies, which will then be ordered.)

e Unpublished reports will not be considered unless submitted as part of a call for

evidence.
e Studies must be in English.
Search A health economic study search will be undertaken using population-specific terms
strategy and a health economic study filter — see appendix B below.
Review Studies not meeting any of the search criteria above will be excluded. Studies
strategy published before 2007, abstract-only studies and studies from non-OECD countries

or the USA will also be excluded.

Each remaining study will be assessed for applicability and methodological limitations
using the NICE economic evaluation checklist which can be found in appendix H of
Developing NICE guidelines: the manual (2014).”

Inclusion and exclusion criteria

e If a study is rated as both ‘Directly applicable’ and with ‘Minor limitations’, then it will
be included in the guideline. A health economic evidence table will be completed,
and it will be included in the health economic evidence profile.

e If a study is rated as either ‘Not applicable’ or with ‘Very serious limitations’, then it
will usually be excluded from the guideline. If it is excluded, then a health economic
evidence table will not be completed, and it will not be included in the health
economic evidence profile.

e If a study is rated as ‘Partially applicable’, with ‘Potentially serious limitations’ or
both then there is discretion over whether it should be included.

Where there is discretion

The health economist will make a decision based on the relative applicability and
quality of the available evidence for that question, in discussion with the guideline
committee if required. The ultimate aim is to include health economic studies that are
helpful for decision-making in the context of the guideline and the current NHS
setting. If several studies are considered of sufficiently high applicability and
methodological quality that they could all be included, then the health economist, in
discussion with the committee if required, may decide to include only the most
applicable studies and to selectively exclude the remaining studies. All studies
excluded on the basis of applicability or methodological limitations will be listed with
explanation in the excluded health economic studies appendix below.

The health economist will be guided by the following hierarchies.
Setting:
e UK NHS (most applicable).
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e OECD countries with predominantly public health insurance systems (for example,
France, Germany, Sweden).

e OECD countries with predominantly private health insurance systems (for example,
Switzerland).

e Studies set in non-OECD countries or in the USA will be excluded before being
assessed for applicability and methodological limitations.

Health economic study type:

o Cost-utility analysis (most applicable).

e Other type of full economic evaluation (cost—benefit analysis, cost-effectiveness
analysis, cost—consequences analysis).

e Comparative cost analysis.

e Non-comparative cost analyses including cost-of-illness studies will be excluded
before being assessed for applicability and methodological limitations.

Year of analysis:
e The more recent the study, the more applicable it will be.

e Studies published in 2007 or later but that depend on unit costs and resource data
entirely or predominantly from before 2007 will be rated as ‘Not applicable’.

e Studies published before 2007 be excluded before being assessed for applicability
and methodological limitations.

Quality and relevance of effectiveness data used in the health economic analysis:

e The more closely the clinical effectiveness data used in the health economic
analysis match with the outcomes of the studies included in the clinical review the
more useful the analysis will be for decision-making in the guideline.
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Appendix B Literature search strategies

The literature searches for this review are detailed below and complied with the methodology
outlined in Developing NICE guidelines: the manual.”

For more information, please see the Methodology review published as part of the
accompanying documents for this guideline.

Clinical search literature search strategy

Searches were constructed using a PICO framework where population (P) terms were
combined with Intervention (l) and in some cases Comparison (C) terms. Outcomes (O) are
rarely used in search strategies as these concepts may not be indexed or described in the
title or abstract and are therefore difficult to retrieve. Search filters were applied to the search

where appropriate.

Table 9: Database parameters, filters and limits applied.

Database
Medline (OVID)

Embase (OVID)

The Cochrane Library (Wiley)

Epistemonikos

(The Epistemonikos
Foundation)

Medline (Ovid) search terms

Dates searched
1946 — 26 September 2023

1974 — 26 September 2023

Cochrane Database of
Systematic Reviews to Issue 9
of 12, 26 September 2023

Cochrane Central Register of
Controlled Trials to Issue 9 of
12, 26 September 2023

Inception to 26 September
2023

Search filter used

Randomised controlled trials.
Systematic review studies

Exclusions (animal studies,
letters, comments, editorials,
case studies/reports)

English language
Randomised controlled trials.
Systematic review studies

Exclusions (animal studies,
letters, comments, editorials,
case studies/reports,
conference abstracts)

English language

Exclusions (clinical trials,
conference abstracts)

Systematic review

Exclusions (Cochrane reviews)

1. exp Adrenal Insufficiency/
2. Adrenal Hyperplasia, Congenital/
3. (addison* disease or addisonian*).ti,ab,kf.
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4, ((adrenal* or adrenocort* or adreno cort*) adj3 (insufficien* or inadequa* or deficien* or
suppress* or hypofunction* or disorder* or underactiv* or dysfunction* or abnormal* or
problem* or crisis or crises or dysgenesis or destruction or destroy* or hyperplasia or
hypoplasia or failure* or fails or failed or fatigue or inhibit* or damage* or
disruption*)).ti,ab,kf.

5. ((cortisol or aldosterone or adrenocorticotrop* or adreno corticotrop* or ACTH or
corticotropi* releas* or corticotrophi* releas* or corticoliberin or CRH) adj3 (insufficien* or
inadequa* or deficien* or suppress* or reduc* or decreas* or descend* or diminish* or lack*
or less or lessen* or low or lower* or limited)).ti,ab,kf.

6. (hypoadrenal* or hypo adrenal* or hypoadrenocorticism or hypo adrenocorticism or
adrenoleukodystrophy or adreno leukodystrophy or adrenomyeloneuropathy or adreno
myeloneuropathy or hypoaldosteronism or hypo aldosteronism).ti,ab,kf.

7. ((adrenogenital or adreno genital) adj (syndrome or disorder*)).ti,ab,kf.

8. ((haemorrhag* or hemorrhag* or bleed*) adj3 adrenal*).ti,ab,kf.

9. (Bronze Schilder* Disease or Melanodermic Leukodystrophy or Schilder-Addison* Complex or
Siemerling-Creutzfeldt* Disease).ti,ab,kf.

10. ((Allgrove or 3A or TripleA or AAA) adj syndrome).ti,ab,kf.

1. (CAH or X-ALD).ti,ab.

12. (Waterhouse-Friderichsen* syndrome or antiphospholipid syndrome).ti,ab,kf.

13. Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy.ti,ab,kf.

14. Chronic Disease/ or Inflammation/ or Autoimmune Diseases/

15. ((chronic adj2 (disease* or disorder*)) or (inflammation* or "autoimmune disease*" or
"autoimmune disorder*" or "auto immune disease*" or "auto immune disorder*")).ti,ab,kf.

16. or/1-15

17. letter/

18. editorial/

19. news/

20. exp historical article/

21. Anecdotes as Topic/

22. comment/

23. case reports/

24, (letter or comment*).ti.

25. or/17-24

26. randomized controlled trial/ or random*.ti,ab.

27. 25 not 26

28. animals/ not humans/

29. exp Animals, Laboratory/

30. exp Animal Experimentation/

31. exp Models, Animal/

32. exp Rodentia/

33. (rat or rats or mouse or mice or rodent*).ti.

34. or/27-33

35. 16 not 34

36. limit 35 to English language

37. exp Glucocorticoids/ or Adrenal Cortex Hormones/ or Steroids/ or Cortisone/ or exp
Hydrocortisone/ or exp Corticosterone/ or Fluticasone/ or Mometasone Furoate/

38. (corticosteroid* or glucocorticoid* or glucocorticosteroid* or prednisone* or prednisolone* or
triamcinolone* or methylprednisolone* or dexamethasone* or beclomethasone* or
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beclometasone* or betamethasone* or cortisone* or hydrocortisone* or fludrocortisone* or
corticosterone* or steroid* or budesonide* or deflazacort* or ciclesonide* or fluticasone* or
mometasone* or clobetasol* or diflucortolone* or fluocinonide* or fluocinolone*).ti,ab,kf.

39. 37 or 38

40. Substance Withdrawal Syndrome/ or Drug Tapering/

41. (withdraw* or "with-draw*" or wean* or stop* or "step* down" or ending or taper* or
termin® or sparing or discontinu* or cessation or "manag* strateg*" or eliminat*).ti,ab,kf.

42. 40 0r41

43. 36 and 39 and 42

44, ((corticosteroid* or glucocorticoid* or glucocorticosteroid* or prednisone* or prednisolone*
or triamcinolone* or methylprednisolone* or dexamethasone* or beclomethasone* or
beclometasone* or betamethasone* or cortisone* or hydrocortisone* or fludrocortisone* or
corticosterone* or steroid* or budesonide* or deflazacort* or ciclesonide* or fluticasone* or
mometasone* or clobetasol* or diflucortolone* or fluocinonide* or fluocinolone*) adj3
(withdraw* or "with-draw*" or wean* or taper* or discontinu* or cessation or "manag*
strateg*" or eliminat*)).ti,ab,kf.

45, 43 or 44

46. randomized controlled trial.pt.

47. controlled clinical trial.pt.

48. randomi#ted.ab.

49, placebo.ab.

50. randomly.ab.

51. clinical trials as topic.sh.

52. trial.ti.

53. cross-over studies/

54. (crossover or "cross over").ti,ab.

55. or/46-54

56. Meta-Analysis/

57. Meta-Analysis as Topic/

58. (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.

59. ((systematic* or evidence*) adj3 (review* or overview*)).ti,ab.

60. (reference list* or bibliograph* or hand search* or manual search* or relevant journals).ab.

61. (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

62. (search* adj4 literature).ab.

63. (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or psycinfo or
cinahl or science citation index or bids or cancerlit).ab.

64. cochrane.jw.

65. ((multiple treatment* or indirect or mixed) adj2 comparison*).ti,ab.

66. or/56-65

67. 45 and (55 or 66)

Embase (Ovid) search terms

1. exp Adrenal cortex insufficiency/

2. Congenital adrenal hyperplasia/

3. (addison* disease or addisonian®).ti,ab kf.

4 ((adrenal* or adrenocort* or adreno cort*) adj3 (insufficien* or inadequa* or deficien* or
suppress™ or hypofunction* or disorder* or underactiv* or dysfunction* or abnormal* or
problem* or crisis or crises or dysgenesis or destruction or destroy* or hyperplasia or
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hypoplasia or failure* or fails or failed or fatigue or inhibit* or damage* or
disruption*)).ti,ab,kf.

5. ((cortisol or aldosterone or adrenocorticotrop* or adreno corticotrop* or ACTH or
corticotropi* releas* or corticotrophi* releas™ or corticoliberin or CRH) adj3 (insufficien*
or inadequa* or deficien* or suppress* or reduc* or decreas* or descend* or diminish*
or lack* or less or lessen* or low or lower* or limited)).ti,ab,kf.

6. (hypoadrenal* or hypo adrenal* or hypoadrenocorticism or hypo adrenocorticism or
adrenoleukodystrophy or adreno leukodystrophy or adrenomyeloneuropathy or adreno
myeloneuropathy or hypoaldosteronism or hypo aldosteronism).ti,ab,kf.

7. ((adrenogenital or adreno genital) adj (syndrome or disorder*)).ti,ab,kf.

8. ((haemorrhag* or hemorrhag* or bleed*) adj3 adrenal*).ti,ab,kf.

9. (Bronze Schilder* Disease or Melanodermic Leukodystrophy or Schilder-Addison*
Complex or Siemerling-Creutzfeldt* Disease).ti,ab,kf.

10. ((Aligrove or 3A or TripleA or AAA) adj syndrome).ti,ab,kf.

11. (CAH or X-ALD).ti,ab.

12. (Waterhouse-Friderichsen* syndrome or antiphospholipid syndrome).ti,ab,kf.

13. Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy.ti,ab,kf.

14. *chronic disease/ or *inflammation/ or *autoimmune disease/

15. ((chronic adj2 (disease™ or disorder*)) or (inflammation* or "autoimmune disease™" or
"autoimmune disorder*" or "auto immune disease*" or "auto immune
disorder*")).ti,ab kf.

16. or/1-15

17. letter.pt. or letter/

18. note.pt.

19. editorial.pt.

20. case report/ or case study/

21. (letter or comment*).1i.

22. (conference abstract* or conference review or conference paper or conference
proceeding).db,pt,su.

23. or/17-22

24, randomized controlled trial/ or random*.ti,ab.

25. 23 not 24

26. animal/ not human/

27. nonhuman/

28. exp Animal Experiment/

29. exp Experimental Animal/

30. animal model/

31. exp Rodent/

32. (rat or rats or mouse or mice or rodent*).ti.

33. or/25-32

34. 16 not 33

35. limit 34 to English language

36. exp glucocorticoid/ or *prednisolone/ or *triamcinolone/ or *methylprednisolone/ or
*betamethasone/ or *corticosteroid/ or *steroid/ or *cortisone/ or *hydrocortisone/ or
*corticosterone/

37. (corticosteroid™ or glucocorticoid* or glucocorticosteroid* or prednisone* or
prednisolone* or triamcinolone* or methylprednisolone* or dexamethasone* or
beclomethasone* or beclometasone* or betamethasone* or cortisone* or
hydrocortisone* or fludrocortisone* or corticosterone* or steroid* or budesonide* or
deflazacort* or ciclesonide* or fluticasone* or mometasone* or clobetasol* or
diflucortolone* or fluocinonide* or fluocinolone*).ti,ab,kf.
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38. 36 or 37

39. withdrawal syndrome/ or drug withdrawal/

40. (withdraw™ or "with-draw*" or wean* or stop* or "step* down" or ending or taper* or
termin* or sparing or discontinu* or cessation or "manag* strateg*" or eliminat*).ti,ab,kf.

41. 39 or 40

42. 35 and 38 and 41

43. ((corticosteroid* or glucocorticoid* or glucocorticosteroid* or prednisone* or
prednisolone* or triamcinolone* or methylprednisolone* or dexamethasone* or
beclomethasone* or beclometasone* or betamethasone* or cortisone* or
hydrocortisone* or fludrocortisone* or corticosterone* or steroid* or budesonide™ or
deflazacort* or ciclesonide™ or fluticasone* or mometasone* or clobetasol* or
diflucortolone* or fluocinonide* or fluocinolone*) adj3 (withdraw* or "with-draw*" or
wean* or taper* or discontinu* or cessation or "manag* strateg*" or eliminat*)).ti,ab,kf.

44, 42 or 43

45. random®.ti,ab.

46. factorial®.ti,ab.

47. (crossover* or cross over*).ti,ab.

48. ((doubl* or singl*) adj blind*).ti,ab.

49. (assign* or allocat® or volunteer* or placebo*).ti,ab.

50. crossover procedure/

51. single blind procedure/

52. randomized controlled trial/

53. double blind procedure/

54. or/45-53

55. Systematic Review/

56. Meta-Analysis/

57. (meta analy” or metanaly* or metaanaly* or meta regression).ti,ab.

58. ((systematic* or evidence*) adj3 (review™ or overview*)).ti,ab.

59. (reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.

60. (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

61. (search* adj4 literature).ab.

62. (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.

63. cochrane.jw.

64. ((multiple treatment™ or indirect or mixed) adj2 comparison®).ti,ab.

65. or/55-64

66. 44 and (54 or 65)

Cochrane Library (Wiley) search terms

#1. MeSH descriptor: [Adrenal Insufficiency] explode all trees

#2. MeSH descriptor: [Adrenal Hyperplasia, Congenital] this term only

#3. ((addison* NEXT disease) or addisonian®):ti,ab,kw

#4. ((adrenal* or adrenocort* or adreno-cort*) near/3 (insufficien* or inadequa* or deficien*

or suppress* or hypofunction* or disorder* or underactiv* or dysfunction* or abnormal*
or problem* or crisis or crises or dysgenesis or destruction or destroy* or hyperplasia or
hypoplasia or failure* or fails or failed or fatigue or inhibit* or damage* or
disruption®)):ti,ab,kw

#5. ((cortisol or aldosterone or adrenocorticotrop® or adreno-corticotrop* or ACTH or
(corticotropi* NEXT releas™) or (corticotrophi* NEXT releas*) or corticoliberin or CRH)
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near/3 (insufficien* or inadequa* or deficien* or suppress* or reduc* or decreas* or
descend* or diminish* or lack* or less or lessen* or low or lower* or limited)):ti,ab,kw

#6. (hypoadrenal® or hypo-adrenal® or hypoadrenocorticism or "hypo adrenocorticism" or
adrenoleukodystrophy or "adreno leukodystrophy" or adrenomyeloneuropathy or
"adreno myeloneuropathy" or hypoaldosteronism or "hypo aldosteronism"):ti,ab,kw

#7. ((adrenogenital or "adreno genital") near/1 (syndrome or disorder*)):ti,ab,kw

#8. ((haemorrhag* or hemorrhag* or bleed*) near/3 adrenal*):ti,ab,kw

#9. ((Bronze NEXT Schilder*) or "Melanodermic Leukodystrophy" or (Schilder NEXT
Addison*) or (Siemerling NEXT Creutzfeldt*)):ti,ab,kw

#10. ((Allgrove or 3A or TripleA or AAA) near/1 syndrome):ti,ab,kw

#11. (CAH or "X-ALD"):ti,ab

#12. ((Bronze NEXT Schilder*) or "Melanodermic Leukodystrophy" or (Schilder NEXT
Addison*) or (Siemerling NEXT Creutzfeldt*)):ti,ab,kw

#13. "Autoimmune polyendocrinopathy candidiasis ectodermal dystrophy":ti,ab,kw

#14. MeSH descriptor: [Chronic Disease] this term only

#15. MeSH descriptor: [Inflammation] this term only

#16. MeSH descriptor: [Autoimmune Diseases] this term only

#17. (((chronic or autoimmune or auto-immune) NEXT (disease* or disorder*)) or
inflammation®):ti,ab,kw

#18. (or #1-#17)

#19. MeSH descriptor: [Adrenal Cortex Hormones] this term only

#20. MeSH descriptor: [Glucocorticoids] explode all trees

#21. MeSH descriptor: [Steroids] this term only

#22. MeSH descriptor: [Cortisone] explode all trees

#23. MeSH descriptor: [Hydrocortisone] explode all trees

#24. MeSH descriptor: [Corticosterone] explode all trees

#25. MeSH descriptor: [Fluticasone] this term only

#26. MeSH descriptor: [Mometasone Furoate] this term only

#27. (corticosteroid™ or glucocorticoid* or glucocorticosteroid* or prednisone* or
prednisolone* or triamcinolone* or methylprednisolone* or dexamethasone* or
beclomethasone* or beclometasone* or betamethasone* or cortisone* or
hydrocortisone* or fludrocortisone* or corticosterone* or steroid* or budesonide* or
deflazacort* or ciclesonide* or fluticasone* or mometasone* or clobetasol* or
diflucortolone* or fluocinonide* or fluocinolone*):ti,ab,kw

#28. (or #19-#27)

#29. MeSH descriptor: [Substance Withdrawal Syndrome] this term only

#30. MeSH descriptor: [Drug Tapering] this term only

#31. (withdraw™ or with-draw™ or wean™ or stop* or step-down or stepping down or ending or
taper* or termin* or sparing or discontinu* or cessation or managment-strateg* or
eliminat*):ti,ab,kw

#32. (or #29-#31)

#33. #18 and #28 and #32

#34. ((corticosteroid* or glucocorticoid* or glucocorticosteroid* or prednisone* or
prednisolone* or triamcinolone* or methylprednisolone* or dexamethasone* or
beclomethasone* or beclometasone* or betamethasone* or cortisone* or
hydrocortisone* or fludrocortisone* or corticosterone* or steroid* or budesonide* or
deflazacort* or ciclesonide* or fluticasone* or mometasone* or clobetasol* or
diflucortolone* or fluocinonide* or fluocinolone*) near/3 (withdraw™ or with-draw™ or
wean* or taper* or discontinu* or cessation or management-strateg* or
eliminat®)):ti,ab,kw

#35. #33 or #34

#36. conference:pt or (clinicaltrials or trialsearch):so
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#37. | #35 not #36

Epistemonikos search terms

1. (title:("adrenal insufficiency" OR "adrenal inadequacy" OR "adrenal deficiency" OR
"adrenal suppression" OR "adrenal hypofunction" OR "adrenal disorder" OR "adrenal
underactivity" OR "adrenal dysfunction" OR "adrenal crisis" OR "adrenal crises" OR
"adrenal hypoplasia" OR "adrenal congenital hyperplasia" OR "addison disease" OR
"addisons disease" OR "addison's disease" OR addisonian* OR hypoadrenal* OR
"hypo adrenalism" OR hypoadrenocorticism OR "hypo adrenocorticism" OR
adrenoleukodystrophy OR "adreno leukodystrophy" OR adrenomyeloneuropathy OR
"adreno myeloneuropathy" OR hypoaldosteronism OR "hypo aldosteronism" OR
chronic disease* OR chronic disorder* OR inflammation* OR autoimmune disease* OR
autoimmune disorder* OR auto immune disease* OR auto immune disorder*) OR
abstract:("adrenal insufficiency” OR "adrenal inadequacy" OR "adrenal deficiency"” OR
"adrenal suppression" OR "adrenal hypofunction" OR "adrenal disorder" OR "adrenal
underactivity" OR "adrenal dysfunction" OR "adrenal crisis" OR "adrenal crises" OR
"adrenal hypoplasia" OR "adrenal congenital hyperplasia" OR "addison disease" OR
"addisons disease" OR "addison's disease" OR addisonian* OR hypoadrenal* OR
"hypo adrenalism" OR hypoadrenocorticism OR "hypo adrenocorticism" OR
adrenoleukodystrophy OR "adreno leukodystrophy" OR adrenomyeloneuropathy OR
"adreno myeloneuropathy" OR hypoaldosteronism OR "hypo aldosteronism" OR
chronic disease* OR chronic disorder* OR inflammation* OR autoimmune disease* OR
autoimmune disorder* OR auto immune disease* OR auto immune disorder*)) AND
(title:(corticosteroid* OR glucocorticoid* OR glucocorticosteroid® OR prednisone* OR
prednisolone* OR triamcinolone* OR methylprednisolone* OR dexamethasone* OR
beclomethasone* OR beclometasone* OR betamethasone* OR cortisone* OR
hydrocortisone* OR fludrocortisone* OR corticosterone* OR steroid* OR budesonide*®
OR deflazacort* OR ciclesonide* OR fluticasone* OR mometasone* OR clobetasol*
OR diflucortolone* OR fluocinonide* OR fluocinolone*) OR abstract:(corticosteroid* OR
glucocorticoid* OR glucocorticosteroid* OR prednisone* OR prednisolone* OR
triamcinolone* OR methylprednisolone* OR dexamethasone* OR beclomethasone* OR
beclometasone* OR betamethasone* OR cortisone* OR hydrocortisone* OR
fludrocortisone* OR corticosterone* OR steroid* OR budesonide* OR deflazacort* OR
ciclesonide* OR fluticasone* OR mometasone* OR clobetasol* OR diflucortolone* OR
fluocinonide* OR fluocinolone*)) AND (title:(withdraw* OR "with-draw" OR "with-draws"
OR "with-drawal" OR "with-drawn" OR wean* OR stop* OR "step down" OR "stepping
down" OR ending OR taper* OR termin* OR sparing OR discontinu* OR cessation OR
"management strategy" OR "management strategies" OR eliminat*) OR
abstract:(withdraw™ OR "with-draw" OR "with-draws" OR "with-drawal" OR "with-drawn"
OR wean* OR stop* OR "step down" OR "stepping down" OR ending OR taper* OR
termin* OR sparing OR discontinu* OR cessation OR "management strategy" OR
"management strategies" OR eliminat*))

B.2 Health Economics literature search strategy

Health economic evidence was identified by conducting searches using terms for a broad
Adrenal Insufficiency population. The following databases were searched: NHS Economic
Evaluation Database (NHS EED - this ceased to be updated after 31st March 2015), Health
Technology Assessment database (HTA - this ceased to be updated from 31st March 2018)
and The International Network of Agencies for Health Technology Assessment (INAHTA).
Searches for recent evidence were run on Medline and Embase from 2014 onwards.
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Table 10: Database parameters, filters and limits applied

Search filters and limits

Database Dates searched applied
Medline (OVID) 1 January 2014 — 26 Health economics studies
September 2023
Exclusions (animal studies,
letters, comments, editorials,
case studies/reports)
English language
Embase (OVID) 1 January 2014 — 26 Health economics studies
September 2023
Exclusions (animal studies,
letters, comments, editorials,
case studies/reports,
conference abstracts)
English language
NHS Economic Evaluation Inception —31st March 2015

Database (NHS EED)

(Centre for Research and

Dissemination - CRD)

Health Technology Inception — 315t March 2018

Assessment Database (HTA)

(Centre for Research and

Dissemination — CRD)

The International Network of Inception - 26 September 2023  English language

Agencies for Health
Technology Assessment

(INAHTA)

Medline (Ovid) search terms

1. exp Adrenal Insufficiency/

2. Adrenal Hyperplasia, Congenital/

3. (addison* disease or addisonian®).ti,ab,kf.

4 ((adrenal* or adrenocort* or adreno cort*) adj3 (insufficien* or inadequa* or deficien* or
suppress* or hypofunction* or disorder* or underactiv* or dysfunction* or abnormal* or
problem* or crisis or crises or dysgenesis or destruction or destroy* or hyperplasia or
hypoplasia or failure* or fails or failed or fatigue or inhibit* or damage* or
disruption®)).ti,ab,kf.

5. ((cortisol or aldosterone or adrenocorticotrop* or adreno corticotrop* or ACTH or
corticotropi* releas* or corticotrophi* releas™ or corticoliberin or CRH) adj3 (insufficien*
or inadequa* or deficien* or suppress* or reduc* or decreas* or descend* or diminish*
or lack* or less or lessen* or low or lower* or limited)).ti,ab,kf.

6. (hypoadrenal® or hypo adrenal* or hypoadrenocorticism or hypo adrenocorticism or
adrenoleukodystrophy or adreno leukodystrophy or adrenomyeloneuropathy or adreno
myeloneuropathy or hypoaldosteronism or hypo aldosteronism).ti,ab,kf.
((adrenogenital or adreno genital) adj (syndrome or disorder*)).ti,ab,kf.

8. ((haemorrhag* or hemorrhag* or bleed*) adj3 adrenal*).ti,ab,kf.
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9. (Bronze Schilder* Disease or Melanodermic Leukodystrophy or Schilder-Addison*
Complex or Siemerling-Creutzfeldt* Disease).ti,ab,kf.
10. ((Aligrove or 3A or TripleA or AAA) adj syndrome).ti,ab,kf.
11. (CAH or X-ALD).ti,ab.
12. (Waterhouse-Friderichsen* syndrome or antiphospholipid syndrome).ti,ab,kf.
13. Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy.ti,ab,kf.
14. or/1-13
15. letter/
16. editorial/
17. news/
18. exp historical article/
19. Anecdotes as Topic/
20. comment/
21. case reports/
22. (letter or comment*).1i.
23. or/15-22
24. randomized controlled trial/ or random®.ti,ab.
25. 23 not 24
26. animals/ not humans/
27. exp Animals, Laboratory/
28. exp Animal Experimentation/
29. exp Models, Animal/
30. exp Rodentia/
31. (rat or rats or mouse or mice or rodent*).ti.
32. or/25-31
33. 14 not 32
34. limit 33 to English language
35. Economics/
36. Value of life/
37. exp "Costs and Cost Analysis"/
38. exp Economics, Hospital/
39. exp Economics, Medical/
40. Economics, Nursing/
41. Economics, Pharmaceutical/
42. exp "Fees and Charges"/
43. exp Budgets/
44, budget*.ti,ab.
45. cost*.ti.
46. (economic* or pharmaco?economic®).ti.
47. (price* or pricing*).ti,ab.
48. (cost* adj2 (effective™ or utilit* or benefit* or minimi* or unit* or estimat* or
variable*)).ab.
49. (financ* or fee or fees).ti,ab.
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50. (value adj2 (money or monetary)).ti,ab.
51. or/35-50

52. 34 and 51

53. limit 52 to yr="2014 -Current"

Embase (Ovid) search terms

1. exp Adrenal cortex insufficiency/

2 Congenital adrenal hyperplasia/

3. (addison* disease or addisonian*).ti,ab,kf.

4 ((adrenal* or adrenocort* or adreno cort*) adj3 (insufficien* or inadequa* or deficien* or

suppress* or hypofunction* or disorder* or underactiv* or dysfunction* or abnormal* or
problem* or crisis or crises or dysgenesis or destruction or destroy* or hyperplasia or
hypoplasia or failure* or fails or failed or fatigue or inhibit* or damage* or
disruption*)).ti,ab,kf.

5. ((cortisol or aldosterone or adrenocorticotrop* or adreno corticotrop* or ACTH or
corticotropi* releas™ or corticotrophi* releas™ or corticoliberin or CRH) adj3 (insufficien*
or inadequa* or deficien* or suppress* or reduc* or decreas* or descend* or diminish*
or lack* or less or lessen* or low or lower* or limited)).ti,ab,kf.

6. (hypoadrenal* or hypo adrenal* or hypoadrenocorticism or hypo adrenocorticism or
adrenoleukodystrophy or adreno leukodystrophy or adrenomyeloneuropathy or adreno
myeloneuropathy or hypoaldosteronism or hypo aldosteronism).ti,ab,kf.

((adrenogenital or adreno genital) adj (syndrome or disorder*)).ti,ab,kf.

((haemorrhag* or hemorrhag* or bleed*) adj3 adrenal*).ti,ab,kf.

(Bronze Schilder* Disease or Melanodermic Leukodystrophy or Schilder-Addison*
Complex or Siemerling-Creutzfeldt* Disease).ti,ab,kf.

10. ((Aligrove or 3A or TripleA or AAA) adj syndrome).ti,ab,kf.
11. (CAH or X-ALD).ti,ab.
12. (Waterhouse-Friderichsen* syndrome or antiphospholipid syndrome).ti,ab,kf.
13. Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy.ti,ab,kf.
14. or/1-13
15. letter.pt. or letter/
16. note.pt.
17. editorial.pt.
18. case report/ or case study/
19. (letter or comment™).ti.
20. (conference abstract* or conference review or conference paper or conference
proceeding).db,pt,su.
21. or/15-20
22. randomized controlled trial/ or random*.ti,ab.
23. 21 not 22
24, animal/ not human/
25. nonhuman/
26. exp Animal Experiment/
27. exp Experimental Animal/
28. animal model/
29. exp Rodent/
30. (rat or rats or mouse or mice or rodent*).ti.
31. or/23-30
32. 14 not 31
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33. limit 32 to English language

34. health economics/

35. exp economic evaluation/

36. exp health care cost/

37. exp fee/

38. budget/

39. funding/

40. budget*.ti,ab.

41. cost™ ti.

42. (economic* or pharmaco?economic*).ti.

43. (price* or pricing®).ti,ab.

44, (cost* adj2 (effective™ or utilit* or benefit* or minimi* or unit* or estimat* or
variable*)).ab.

45. (financ* or fee or fees).ti,ab.

46. (value adj2 (money or monetary)).ti,ab.

47. or/34-46

48. 33 and 47

49. limit 48 to yr="2014 -Current"

NHS EED and HTA (CRD) search terms

#1. MeSH DESCRIPTOR Adrenal Insufficiency EXPLODE ALL TREES

#2. MeSH DESCRIPTOR Adrenal Hyperplasia, Congenital EXPLODE ALL TREES

#3. (addison* disease or addisonian)

#4. (adrenal*) AND (insufficien* or inadequa* or deficien* or hypofunction* or disorder* or
underactiv* or dysfunction* or abnormal* or problem* or crisis or crises or dysgenesis
or destruction or destroy* or hyperplasia or hypoplasia or failure* or fails or failed)

#5. (cortisol or aldosterone or adrenocortical or adrenocorticotropi* or ACTH or
corticotropi* releas™ or corticotrophi* releas™ or corticoliberin or CRH) AND (insufficien*
or inadequac* or deficien* or reduc* or decreas* or descend* or diminish* or lack* or
less or lessen* or low or lower* or produc* or limited)

#6. (hypoadrenalism or hypoadrenocorticism or adrenoleukodystrophy or
adrenomyeloneuropathy or hypoaldosteronism)

#7. ((Bronze Schilder* Disease or Melanodermic Leukodystrophy or Schilder-Addison*
Complex or Siemerling-Creutzfeldt* Disease))

#8. (Aligrove or 3A or TripleA or AAA) AND (syndrome)

#9. (X-ALD)

#10. ((Waterhouse-Friderichsen* syndrome or antiphospholipid syndrome))

#11. ((Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy))

#12. (adrenogenital or adreno genital) AND (syndrome)

#13. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12

INAHTA search terms

1.

(("Adrenal Insufficiency"[mhe]) OR (hypoadrenalism) OR (addison*) OR (adrenal insufficiency)

OR (adrenal crisis))
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Appendix C Effectiveness evidence study selection

Figure 1: Flow chart of clinical study selection for the review of corticosteroid

withdrawal

Records identified through
database searching, n= 7044

Additional records identified through
other sources, n=0

\ 4

Records screened in 1st sift, n=
7044

Records excluded in 1st sift, n= 0

v

\ 4

Records screened in 2 sift, n=
7044

Records excluded in 2M sift, n=

\ 4

\ 4

Full-text papers assessed for
eligibility, n= 257

6787

‘L

/Papers included in review, n= A
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\ 4

ﬁapers excluded from review, n=251 \

Reasons for exclusion: see appendix J
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Appendix D Effectiveness evidence

Bazi, 2021

Bibliographic
Reference

Bazi, Aliyeh; Baghbanian, Seyed Mohammad; Ghazaeian, Monireh; Saeedi, Majid;
Hendoiee, Narjes; Efficacy and safety of oral prednisolone tapering following

intravenous methyl prednisolone in patients with multiple sclerosis relapses: A
randomized, double-blind, placebo-controlled trial.; Multiple sclerosis and related
disorders; 2021; vol. 47; 102640

Study details

Secondary publication NA

of another included
study- see primary
study for details

Other publications
associated with this
study included in
review

Trial name /
registration number

Study location
Study setting
Study dates

Sources of funding

Inclusion criteria

Exclusion criteria

Recruitment /
selection of
participants

Intervention(s)

NA

IRCT20120314009297N6

Iran
Single centre
October 2019 to June 2020.

Supported by a grant (NO. 5163) from the Research and Technology Center of
Mazandaran University of Medical Sciences, Sari, Iran.

18—-60-year-old men or women with moderate to severe MS-relapse who were
treated with 1g of IVMP pulse daily for 5 days. Patients who had an Expanded
Disability Status Scale (EDSS) score less than 5,1-3 months before relapse
confirmation and obtained a base on pre-relapse information were in patient
cases. They did not use any corticosteroids in the last thirty days before
entering the study.

Second relapse during the study or any worsening of relapse symptoms after
two weeks of plus therapy that required a change in treatment; other medical
conditions including pregnancy, breastfeeding, uncontrolled diabetes, and
infection, hypertension, optic neuritis, neuromyelitis Optica; history of a serious
adverse reaction of corticosteroids (such as gastrointestinal bleeding) or
hypersensitivity to prednisolone or placebo components.

Patients presenting with MS relapse meeting the inclusion and exclusion
criteria.

1 g of intravenous methylprednisolone daily for 5 days, followed by placebo
using the same protocol as the prednisolone group.

Population subgroups NA
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Comparator 1 g of intravenous methylprednisolone daily for 5 days, followed by
prednisolone, which was administered orally starting on day 6 and concluding
on day 25. The tapering dose of prednisone started at 50 mg on the first day
and tapered off with a 25% decrease at a five-day interval over 20 days.

Number of 80
participants

Duration of follow-up 6 months

Indirectness Participants did not use any corticosteroids in the last thirty days before
entering the study.

Additional comments NA

Study arms

Placebo/abrupt stop (N = 40)

1 g of intravenous methylprednisolone daily for 5 days, along with placebo.

Steroid taper (N = 40)

1 g of intravenous methylprednisolone daily for 5 days, followed by prednisolone, which was
administered orally starting on day 6 and concluding on day 25. The tapering dose of
prednisone started at 50 mg on the first day and tapered off with a 25% decrease at a five-day
interval over 20 days.

Characteristics

Study-level characteristics

Characteristic Study (N = 80)
Ethnicity NR

Custom value

Comorbidities NR

Custom value

Arm-level characteristics

Characteristic Placebo/abrupt stop (N = 40) Steroid taper (N = 40)
% Female 56.3 70.6
Nominal
Mean age (SD) 33 (6.9) 33 (8.5)
Mean (SD)
45
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Outcomes

Study timepoints
o Baseline
e 6 month

Dichotomous outcomes

Outcome Placebo/abrupt Placebo/abrupt Steroid Steroid
stop, Baseline, N = stop, 6 month, N = taper, taper, 6
40 32 Baseline, N = month, N =
40 34
Incidence of adrenal NA 0 NA 0
insufficiency

as reported narratively by the
study. No participants reported
symptoms of Al in the ARMS
questionnaire

Nominal

Adverse events NA 0 NA 1
nausea

Nominal

Adverse events NA 1 NA 1
fatigue

Nominal

Incidence of adrenal insufficiency - Polarity - Lower values are better.
Adverse events - Polarity - Lower values are better.

Adverse events - Polarity - Lower values are better.

Critical appraisal - 3.1 Cochrane Risk of Bias tool (RoB 2.0) Normal RCT

Dichotomous outcomes-Adverse Events-Nominal-Placebo/abrupt stop-Steroid

taper-t6

Section Question Answer

Overall bias and  Risk of bias Some concerns

Directness judgement

Overall bias and  Overall Partially applicable

Directness Directness (The study excluded participants using any
corticosteroids in the last thirty days before entering the
study.)
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Dichotomous outcomes-Adverse Events-Nominal-Placebo/abrupt stop-Steroid

taper-t6

Section Question
Overall bias and  Risk of bias
Directness judgement
Overall bias and  Overall
Directness Directness

Answer
Some concerns

Partially applicable

(The study excluded participants using any
corticosteroids in the last thirty days before entering the
study.)

Dichotomous outcomes- Incidence of adrenal insufficiency-Nominal-
Placebo/abrupt stop-Steroid taper-t6

Section Question
Overall bias and  Risk of bias
Directness judgement
Overall bias and Overall
Directness Directness

Cydulka, 1998

Bibliographic
Reference

Answer

Some concerns

Partially applicable

(The study excluded participants using any
corticosteroids in the last thirty days before entering the
study.)

Cydulka, R K; Emerman, C L; A pilot study of steroid therapy after emergency
department treatment of acute asthma: is a taper needed? The Journal of

emergency medicine; 1998; vol. 16 (no. 1); 15-9

Study details

Secondary
publication of
another
included
study- see
primary study
for details

Other
publications
associated
with this
study
included in
review

NR

NR

Trial name / NR

registration
number

Study location USA
Study setting Emergency department
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Study dates

Sources of
funding

Inclusion
criteria

Exclusion
criteria

Recruitment /
selection of
participants

Intervention(s)

Population
subgroups

Comparator

Number of
participants

Duration of
follow-up

Indirectness

Additional
comments

NR
NR

Asthmatic patients between 19 and 50 years of age with acute asthma exacerbation
presenting to the ED were eligible for entry into the study. Only those patients who were
judged well enough to be discharged from the ED were recruited. Patients were judged
suitable for discharge by the attending physician if they exhibited complete relief of
wheezing or improvement of FEV1 to 70% predicted, or if they reported significant
subjective improvement to near baseline.

Patients with a history of chronic obstructive pulmonary disease, acute congestive heart
failure, pneumonia, pneumothorax, or any other acute pulmonary disease, such as lung
cancer, tuberculosis, or sarcoidosis, that might confound the results were excluded
from the study. Asthmatics already using inhaled or oral steroids, those requiring
chronic steroid use, as defined by daily steroid use, or those who had required steroids
within 2 weeks of admission to the ED were also excluded from participating in the
study. This was done to eliminate subjects in whom adrenal suppression might be
present secondary to long-term steroid use, and to eliminate measurement of
exogenous steroids while performing the cortisol assays. In addition, patients with a
history of diabetes or severe hypertension were excluded.

Asthmatic patients between 19 and 50 years of age with acute asthma exacerbation
presenting to the ED were eligible for entry into the study. Only those patients who were
judged well enough to be discharged from the ED were recruited.

8-day course of 40 mg/day prednisolone (no taper).

Patients who were deemed stable for discharge from the ED after three aerosolized
albuterol treatments and who agreed to return on days 12 and 21 were randomized.
Patients in the non-taper group were given eight 5-mg tablets to take each day.

NR

8-day tapering course of prednisolone. Patients who were deemed stable for discharge
from the ED after three aerosolized albuterol treatments and who agreed to return on
days 12 and 21 were randomized. 8-day tapering course of prednisolone (tapering from
40 mg to 0 mg). Beginning with 40 mg/day and tapering by 5 mg/day. Patients in the
non-taper group were given eight 5-mg tablets to take each day. Patients in the taper
group were given eight tablets to take each day: 5-mg prednisone tablets, up to the
daily dose of prednisone, plus placebo look-alike tablets comprising the remainder of
the eight tablets.

15

21 days

Study excluded patients taking long term steroids. Asthmatics already using inhaled or
oral steroids, those requiring chronic steroid use, as defined by daily steroid use, or
those who had required steroids within 2 weeks of admission to the ED were also
excluded from participating in the study. This was done to eliminate subjects in whom
adrenal suppression might be present secondary to long-term steroid use, and to
eliminate measurement of exogenous steroids while performing the cortisol assays.

NR
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Study arms

8-day course of 40 mg/day prednisolone (no taper) (N =7)

Patients who were deemed stable for discharge from the ED after three aerosolised albuterol
treatments and who agreed to return on days 12 and 21 were randomized. Patients in the non-
taper group were given eight 5-mg tablets to take each day.

8-day tapering course of prednisolone (N = 8)

Patients who were deemed stable for discharge from the ED after three aerosolised albuterol
treatments and who agreed to return on days 12 and 21 were randomized. 8-day tapering
course of prednisolone (tapering from 40 mg to 0 mg). Beginning with 40 mg/day and tapering
by 5 mg/day. Patients in the non-taper group were given eight 5-mg tablets to take each day.
Patients in the taper group were given eight tablets to take each day: 5-mg prednisone tablets,
up to the daily dose of prednisone, plus placebo look-alike tablets comprising the remainder of
the eight tablets.

Characteristics

Arm-level characteristics

Characteristic 8-day course of 40 mg/day  8-day tapering course of
prednisolone (no taper) (N = prednisolone (N = 8)
7)

% Female n=2;%=29 n=2;%=25

Sample size

Mean age (SD) 24.1 (5) 32 (8.5)

Mean (SD)

Ethnicity NR NR

Nominal

Comorbidities NR NR

Nominal
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Outcomes

Study timepoints

Baseline

12 day

Dichotomous outcomes

Outcome 8-day course of 40 8-day course of 40 8-day tapering 8-day tapering
mg/day mg/day course of course of
prednisolone (no prednisolone (no prednisolone, prednisolone, 12-
taper), Baseline, N = taper), 12-day, N = 7 Baseline, N =8 day, N=38
7

Incidence of n=0;%=0 n=0;%=0 n=0;%=0 n=0;%=0

adrenal

suppression

No of events

Incidence of adrenal suppression - Polarity - Lower values are better.

Critical appraisal - 3.1 Cochrane Risk of Bias tool (RoB 2.0) Normal RCT

Dichotomousoutcomes-Incidenceofadrenalsuppression-NoOfEvents-8-day
course of 40 mg/day prednisolone (no taper)-8-day tapering course of
prednisolone-t21

Section Question  Answer

Overall bias Risk of bias High

and judgement

Directness

Overall bias Overall Indirectly applicable

and Directness  (Population taking chronic steroid use were excluded. - Asthmatics
Directness already using inhaled or oral steroids, those requiring chronic

steroid use, as defined by daily steroid use, or those who had
required steroids within 2 weeks of admission to the ED were also
excluded from participating in the study. This was done to
eliminate subjects in whom adrenal suppression might be present
secondary to long-term steroid use, and to eliminate measurement
of exogenous steroids while performing the cortisol assays)

Gargiulo, 2021

Bibliographic = Gargiulo, Antonio; Massella, Laura; Ruggiero, Barbara; Rava, Lucilla; Ciofi Degli Atti,
Reference Marta; Materassi, Marco; Lugani, Francesca; Benetti, Elisa; Morello, William; Molino,
Daniela; Mattozzi, Francesca; Pennesi, Marco; Maringhini, Silvio; Pasini, Andrea;
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Study details

Secondary
publication of
another
included
study- see
primary study
for details

Other
publications
associated
with this
study
included in
review

Trial name /
registration
number

Study type
Study location
Study setting
Study dates

Sources of
funding

Inclusion
criteria

Exclusion
criteria

Recruitment /
selection of
participants

Gianoglio, Bruno; Pecoraro, Carmine; Montini, Giovanni; Murer, Luisa; Ghiggeri, Gian
Marco; Romagnani, Paola; Vivarelli, Marina; Emma, Francesco; Results of the
PROPINE randomized controlled study suggest tapering of prednisone treatment for
relapses of steroid sensitive nephrotic syndrome is not necessary in children.; Kidney
international; 2021; vol. 99 (no. 2); 475-483

NA

NR

PROPINE - 2012-004326-16

Randomised controlled trial (RCT)
Italy

10 Italian pediatric nephrology units
March 2013 to November 2016

This study was supported by a grant from the independent research on drugs program
of the Italian Medicines Agency (AIFA: Agenzia Italiana del Farmaco; grant n
FARM93J3CJ).

Inclusion criteria included the following: age 3—17 years, at least one relapse of NS in
the previous year, normal renal function (creatinine clearance >90 ml/min per 1.73 m2),
remission of NS at enrolment.

Patients were excluded if they had comorbidities not related to their NS, if they had
achieved remission in >21 days at their last relapse, if they had relapsed in the previous
year while receiving more than 30 mg/m2 of PDN on alternate days, if they were treated
with immunosuppressive drugs other than PDN, or if they were treated with blood
pressure medications.

Patients were enrolled from 10 Italian paediatric nephrology units between 2013 and
2018. Patients had frequently relapsing NS or steroid-dependent NS.

Intervention(s) Short tapering arm: The induction dose of PDN was 60 mg/m2 per day with a maximum

dose of 60 mg. After 5 days on remission, patients randomized in the short arm
received 18 doses of 40 mg/m2 of PDN on alternate days, with a maximum dose of 50
mg.

Concomitant therapy - Upon relapse, patients were randomized within 48 hours to 1 of
the 2 arms. All patients received a full induction dose of PDN in 2 separate daily doses
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Population
subgroups

Comparator

Number of
participants

Duration of
follow-up

Indirectness

Additional
comments

Study arms

until remission was achieved for 5 consecutive days. Thereafter, PDN was prescribed
according to protocol, and was given as a single dose on alternate days. The total dose
of PDN was the same in both arms. The dose of PDN was estimated based on weight,
using published formulas that approximate the dose per body surface with an average
error of 3%. For patients that were treated with maintenance PDN therapy, doses were
calculated in the same way regardless of the maintenance dose, which was
incorporated into the same final dose for all patients. Treatment with maintenance PDN
therapy was allowed if the dose did not exceed 15 mg/m2 on alternate days.

NR

Long tapering arm: The induction dose of PDN was 60 mg/m2 per day with a maximum
dose of 60 mg. After 5 days on remission, patients randomized in the long arm, the 40
mg/m2 dose was tapered over 72 days by steps of 6 doses.

Concomitant therapy - Upon relapse, patients were randomized within 48 hours to 1 of
the 2 arms. All patients received a full induction dose of PDN in 2 separate daily doses
until remission was achieved for 5 consecutive days. Thereafter, PDN was prescribed
according to protocol, and was given as a single dose on alternate days. The total dose
of PDN was the same in both arms. The dose of PDN was estimated based on weight,
using published formulas that approximate the dose per body surface with an average
error of 3%. For patients that were treated with maintenance PDN therapy, doses were
calculated in the same way regardless of the maintenance dose, which was
incorporated into the same final dose for all patients. Treatment with maintenance PDN
therapy was allowed if the dose did not exceed 15 mg/m2 on alternate days.

78

6 months

NR
Data were evaluated by intention-to-treat analysis

Short tapering prednisone (N = 38)

Short tapering arm: The induction dose of PDN was 60 mg/m2 per day with a maximum dose of
60 mg. After 5 days on remission, patients randomized in the short arm received 18 doses of 40
mg/m2 of PDN on alternate days, with a maximum dose of 50 mg.

Long tapering arm (N = 40)

Long tapering arm: The induction dose of PDN was 60 mg/m2 per day with a maximum dose of
60 mg. After 5 days on remission, patients randomized in the long arm, the 40 mg/m2 dose was
tapered over 72 days by steps of 6 doses.
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Characteristics

Study-level characteristics
Characteristic

Ethnicity

Nominal

Comorbidities

Nominal

Arm-level characteristics
Characteristic

% Female n=14

Sample size
Mean age (SD)

Median (IQR)

Outcomes

Study timepoints
e Baseline
e 6 months

Dichotomous outcomes
Outcome

Adverse events - Adrenal
suppression specific

Reported narratively by the study as
symptoms that could be attributed to
adrenal suppression (i.e., headache,

fatigue, poor concentration, low
mood, abdominal pain)

No of events
Releapse at 6 months

No of events
Relapse during treatment

No of events

Adrenal insufficiency: August 2024

Short tapering prednisone (N = 38)

7.1 (4.8 t0 10.9)

Study (N =78)
NR

NR

Long tapering arm (N = 40)
n=17

6.3 (3.910 8.6)

Short tapering  Short tapering
prednisone, prednisone, 6-
Baseline, N = 38 month, N = 38

N=NA;%=NA n=0;%=0

N=NA; % =NA n=16;% =42

N=NA;%=NA n=0;%=0
53

Long Long
tapering tapering
arm, arm, 6-
Baseline, N = month, N =
40 40
N=NA;%= n=0;%=0
NA

N=NA; %= n=23;,%-=
NA 40

N=NA; %= n=7,%=
NA 18
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Outcome Short tapering  Short tapering Long Long
prednisone, prednisone, 6- tapering tapering
Baseline, N =38 month, N=38 arm, arm, 6-
Baseline, N = month, N =
40 40
Maintenance low dose PDN Nn=NA;%=NA n=13; % =34 N=NA;%= n=14;% =
treatment required. NA 35

No of events

Adverse events - Adrenal suppression specific - Polarity - Lower values are better.
Relapse at 6 months - Polarity - Lower values are better.

Relapse during treatment - Polarity - Lower values are better.

Maintenance low dose PDN treatment required - Polarity - Lower values are better.

Critical appraisal - 3.1 Cochrane Risk of Bias tool (RoB 2.0) Normal RCT

Dichotomousoutcomes-MaintenancelowdosePDNtreatmentrequired-NoOfEvents-
Short tapering prednisone-long tapering arm-t6

Section Question Answer
Overall bias and Directness Risk of bias judgement Low
Overall bias and Directness Overall Directness Directly applicable

Dichotomousoutcomes-Releapseatémonths-NoOfEvents-Short tapering
prednisone-long tapering arm-t6

Section Question Answer
Overall bias and Directness Risk of bias judgement Low
Overall bias and Directness Overall Directness Directly applicable

Dichotomousoutcomes-Adverseevents-Adrenalsupressionspecific-NoOfEvents-
Short tapering prednisone-long tapering arm-t6

Section Question Answer
Overall bias and Directness Risk of bias judgement Low
Overall bias and Directness Overall Directness Directly applicable

Dichotomous outcomes-Relapse during treatment-No of Events-Short tapering
prednisone-long tapering arm-t6

Section Question Answer

Overall bias and Directness Risk of bias judgement Low

Overall bias and Directness Overall Directness Directly applicable
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Karan, 2002

Bibliographic
Reference

Study details

Secondary
publication of
another
included
study- see
primary study
for details

Other
publications
associated
with this
study
included in
review

Trial name /
registration
number

Study location
Study setting
Study dates

Sources of
funding

Inclusion
criteria

Exclusion
criteria

Recruitment /
selection of
participants

Karan, R S; Pandhi, P; Behera, D; Saily, R; Bhargava, V K; A comparison of non-
tapering vs. tapering prednisolone in acute exacerbation of asthma involving use of
the low-dose ACTH test.; International journal of clinical pharmacology and
therapeutics; 2002; vol. 40 (no. 6); 256-62

NR

NA

NR

India
tertiary care
NR

NR

Asthmatic patients between 16 and 70 years of age with acute asthma exacerbation.
Only patients deemed well enough for discharge were recruited. Patients were deemed
suitable for discharge if they exhibited complete relief of wheezing or improvement of
FEV1 to 270% predicted of if they reported significant subjective improvement to near
baseline.

Patients with a history of chronic obstructive pulmonary disease, acute congestive heart
failure, pneumonia, pneumothorax or any other acute pulmonary disease, such as lung
cancer tuberculosis, sarcoidosis etc. that might confound the results of the study. Also
excluded were asthmatics already using oral steroids, those requiring chronic steroid
use, as defined by daily steroid use of those who had required steroids within 2 weeks
of admission to the chest clinic. this was done to eliminate subjects in whom adrenal
suppression might be present secondary to long-term steroid use. Patients with a
history of diabetes or secondary hypertension were excluded.

Patients presenting to the chest clinic of PGIMER, Chandigarh who met the inclusion
and exclusion criteria.
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Intervention(s) Patients who were deemed stable for discharge and who agreed to return on days 12

Population
subgroups

Comparator

Number of
participants

Duration of
follow-up

Indirectness

Additional
comments

Study arms

and 21 after discharge to the chest clinic were randomised to one of the regimes. 8-day
non tapering course of 40 mg/day prednisolone abruptly terminated.

Concomitant therapy- other anti-asthma medications were given according to standard
practice at the PGIMER. Medications included: inhaled B2-agonist, inhalational steroids
and sustained release theophylline.

NR

Patients who were deemed stable for discharge and who agreed to return on days 12
and 21 after discharge to the chest clinic were randomised to one of the regimes. 8-day
tapering course of prednisolone beginning with 40mg/day and tapering by 5mg/day.

Concomitant therapy- other anti-asthma medications were given according to standard
practice at the PGIMER. Medications included: inhaled B2-agonist, inhalational steroids
and sustained release theophylline.

26
21 days

Asthmatics already using oral steroids, those requiring chronic steroid use, as defined
by daily steroid use of those who had required steroids within 2 weeks of admission to
the chest clinic. this was done to eliminate subjects in whom adrenal suppression might
be present secondary to long-term steroid use.

NA

¢ 8-day non tapering course of 40 mg/day prednisolone abruptly terminated (N = 13)
¢ 8-day non tapering course of 40 mg/day prednisolone abruptly terminated
e 8-day tapering course of prednisolone beginning with 40mg/day and tapering by 5mg/day. (N

= 13)

¢ 8-day tapering course of prednisolone beginning with 40mg/day and tapering by 5mg/day.

Characteristics

Study-level characteristics

Characteristic

Ethnicity

Nominal

Comorbidities

Nominal

Study (N = 26)
NR

NR
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Arm-level characteristics

Characteristic 8-day non tapering course of 40
mg/day prednisolone abruptly
terminated (N = 13)

% Female % = 38

Sample size

Mean age
(SD)

43.9 (12.4)

Mean (SD)

Outcomes

Study timepoints
Baseline
12-day

Dichotomous outcomes

Outcome 8-day non 8-day non
tapering course of tapering course
40 mg/day of 40 mg/day
prednisolone prednisolone
abruptly abruptly
terminated, terminated, 12-
Baseline, N=13 day,N=13

Incidence of HPA
axis suppression
Cortisol
<550nmol/L)

n = NA; % = NA n=1,%=7.7

No of events

Successful n = NA; % = NA n=1,%=7.7
cessation of

steroid - relapse

rate

study reports this

patient was taking

long term steroids

so HPA

suppression may

have been pre-

existing.

No of events
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8-day tapering course of prednisolone
beginning with 40mg/day and tapering
by 5mg/day. (N = 13)

% = 31

49.2 (12.1)

8-day tapering
course of
prednisolone
beginning with

8-day tapering
course of
prednisolone
beginning with

40mg/day and 40mg/day and
tapering by tapering by
5mg/day., 5mgl/day., 12-day,
Baseline, N =13 N=13

n = NA; % = NA n=0;%=0

n = NA; % = NA n=0;%=0
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Incidence of HPA axis suppression - Polarity - Lower values are better.
Successful cessation of steroid - relapse rate - Polarity - Lower values are better.

Critical appraisal - 3.1 Cochrane Risk of Bias tool (RoB 2.0) Normal RCT

Dichotomous outcomes-Successful cessation of steroid-relapse rate-No of
Events- 8-day non tapering course of 40 mg/day prednisolone abruptly
terminated-8-day tapering course of prednisolone beginning with 40mg/day and
tapering by 5mg/day. -t21

Section Question Answer

Overall bias  Risk of bias High

and judgement

Directness

Overall bias  Overall Indirectly applicable

and Directness  (Study excluded patients already using oral steroids, and those
Directness requiring chronic steroid use, as defined by daily steroid use. To

eliminate subjects in whom adrenal suppression might be
present secondary to long-term steroid use.)

Dichotomous outcomes-Incidence of HPA axis suppression-No of Events- 8-day
non tapering course of 40 mg/day prednisolone abruptly terminated-8-day
tapering course of prednisolone beginning with 40mg/day and tapering by
5mg/day. -t21

Section Question Answer
Overall bias and Directness Risk of bias judgement High
Overall bias and Directness Overall Directness Directly applicable

Sharshar, 2021

Bibliographic = Sharshar, Tarek; Porcher, Raphael; Demeret, Sophie; Tranchant, Christine; Gueguen,

Reference Antoine; Eymard, Bruno; Nadaj-Pakleza, Aleksandra; Spinazzi, Marco; Grimaldi,
Lamiae; Birnbaum, Simone; Friedman, Diane; Clair, Bernard; Comparison of
Corticosteroid Tapering Regimens in Myasthenia Gravis: A Randomized Clinical Trial.;
JAMA neurology; 2021; vol. 78 (no. 4); 426-433

Study details

Secondary NA
publication of
another

included

study- see
primary study

for details

Other NA
publications
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associated
with this
study
included in
review

Trial name /
registration
number

Study type
Study location
Study setting
Study dates

Sources of
funding

Inclusion
criteria

Exclusion
criteria

Recruitment /
selection of
participants

Intervention(s)

NCT00987116. MYACOR trial

Randomised controlled trial (RCT)
France

7 specialized centres in France
June 2009 - February 2019

Dr Tranchant reported receiving nonfinancial support from Allergan and nonfinancial
support from Merz outside the submitted work. Dr Gueguen reported receiving grants
from French Ministry of Social Affairs and Health during the conduct of the study; has
received honoraria and consulting fees from Novartis, Roche, Merck-Serono, Sanofi-
Genzyme, Teva, and Mylan; and has received travel funding from Roche, Novartis,
Sanofi-Genzyme. A close relative is an Ipsen employee. No other disclosures were
reported.

Inclusion Criteria:

Written consent of the patient, after informing

Generalized MG of grade lll, IV or V - Classification MGFA
Follow-up on 15 months possible and accepted by patients

Exclusion Criteria:

Age<18 or >80 years

Pregnancy

Myasthenia of grade | or Il of MGFA

Patients already treated with prednisone or azathioprine.

Contraindication for prednisone or azathioprine

Other associated disease requiring a treatment with prednisone or azathioprine.
Weight >100kg

Invasive thymoma

NR

Initial dose - Immediately started at 0.75 mg/kg/day (without exceeding 100 mg)
Intake - Daily

Tapering protocol - 1) MMS reached at one month: reduction by 0.1mg/kg every 10
days to 0.45 mg/kg/day, then 0.05 mg/kg every 10 days to 0.25 mg/kg/day, then in
decrements of 1 mg

2) Improved status at one month decreased by 0.1 mg/kg every 20 days until 0.45
mg/kg/day then 0.05 mg/kg every 20 days up to 0.25 mg/kg/day then 1 mg per 1 mg. If
MMS is attained, then tapering is similar to the sequence 1).

3) If MMS and improvement not reached 0.75 mg/kg maintained for the first 3 months,
then after decrease of 0.1 mg/kg every 20 days up to 0.45 mg/kg/day, then by 0.05
mg/kg every 20 days up to 0.25 mg/kg/day 20 days. No further reduction. If
improvement is attained, the tapering follows the sequence described in 2).

59

Adrenal insufficiency: August 2024



FINAL

Corticosteroid withdrawal

Population
subgroups

Comparator

The rate of the decrease depends on the MGFA Post-intervention status attained by the
patient.

1. Minimal manifestation status: decrease every 10 days from 0.75 to 0.25 mg/kg/day
2. Improved status: decrease every 20 days from 0.75 to 0.25 mg/kg/day

3. No improvement: maintenance of the dose for at most 3 months then decrease every
20 days from 0.75 to 0.25 mg/kg/day

Concomitant therapy - Prednisone treatment was given orally and began in the
hospital. On discharge from the initial hospitalisation and at the end of each monthly
consultation, the necessary amount of prednisone for the following month was provided
by the hospital pharmacy. The patient was asked to record the daily tablets taken in an
adherence logbook and to return any tablets not taken. The tapering of the prednisone
dose depended on the MGFA postintervention status in both trial groups.

In the best-case scenario, prednisone would be discontinued on day 326 in the slow-
tapering regimen and before day 200 in the rapid-tapering regimen in a 60-kg patient.
In the event of an MG exacerbation, the participant was hospitalized, and the dose of
prednisone was routinely doubled. In the event of a more moderate aggravation, the
prednisone dose was increased to the previous dose recommended in that participant’s
prednisone tapering regimen.

For both groups, azathioprine was started at 50 mg/d for 1 week, then increased by 50
mg/d weekly to a maximum dose of 3 mg/kg/d, without exceeding 200 mg/d.
Azathioprine therapy was interrupted in the event of severe adverse effects and
recommended to be replaced by mycophenolate mofetil. It was recommended that the
oral dose of pyridostigmine did not exceed 300 mg/d. Plasmapheresis or intravenous
immunoglobulin (IVIG) therapy was permitted for MG exacerbation but not for
maintaining MMS.

Stratified on the group of centres and thymectomy before inclusion.
participants with MG duration of less than 2 years or 2 years or more at inclusion

Initial dose - Started 10 mg, then increased by increments of 10 mg every two days up
to 1.5 mg/kg (without exceeding 100 mg).

Intake - Alternate days

Tapering protocol - reduction by 10 mg every 2 weeks until 40 mg then reduction by 5
mg every month up to 0 mg 2) If MMS not maintained increase by 10 mg every 2 weeks
until MMS, and then tapering as described.

Concomitant therapy - Prednisone treatment was given orally and began in the
hospital. On discharge from the initial hospitalisation and at the end of each monthly
consultation, the necessary amount of prednisone for the following month was provided
by the hospital pharmacy. The patient was asked to record the daily tablets taken in an
adherence logbook and to return any tablets not taken. The tapering of the prednisone
dose depended on the MGFA postintervention status in both trial groups.

In the best-case scenario, prednisone would be discontinued on day 326 in the slow-
tapering regimen and before day 200 in the rapid-tapering regimen in a 60-kg patient.
In the event of an MG exacerbation, the participant was hospitalized, and the dose of
prednisone was routinely doubled. In the event of a more moderate aggravation, the
prednisone dose was increased to the previous dose recommended in that participant’s
prednisone tapering regimen.

For both groups, azathioprine was started at 50 mg/d for 1 week, then increased by 50
mg/d weekly to a maximum dose of 3 mg/kg/d, without exceeding 200 mg/d.
Azathioprine therapy was interrupted in the event of severe adverse effects and
recommended to be replaced by mycophenolate mofetil. It was recommended that the
oral dose of pyridostigmine did not exceed 300 mg/d. Plasmapheresis or intravenous
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immunoglobulin (IVIG) therapy was permitted for MG exacerbation but not for
maintaining MMS.

Number of 117
participants

Duration of 15 months
follow-up

Indirectness NA

Additional The primary analysis followed the intention-to-treat principle. Accordingly, missing
comments components for the primary outcome were handled by multiple imputation
Study arms

Rapid-tapering prednisone (N = 589)

The rapid-tapering arm consisted of immediate high-dose daily administration of
prednisone, 0.75 mg/kg, followed by an earlier and rapid decrease once improved MG
status was attained.

Slow-tapering prednisone (N = 58)

The slow-tapering arm included a gradual increase of the prednisone dose to 1.5 mg/kg
every other day and a slow decrease once minimal manifestation status of MG was
attained.

Characteristics

Study-level characteristics

Characteristic Study (N = 117)
Ethnicity NR
Nominal

Arm-level characteristics

Characteristic Rapid-tapering prednisone (N = 589) Slow-tapering prednisone (N = 58)
% Female n=20; % =34 n = 35; % = 60
Sample size
Mean age (SD) 56 (18 to 80) 58 (22 to 81)
Median (IQR)
Comorbidities n = NA; % = NA n = NA; % = NA
Sample size
Hypertension n=16; % =27 n=11; % =19
Sample size
61
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Characteristic

Rapid-tapering prednisone (N = 589)

Diabetes n=28;%=14
Sample size
osteoporosis n=2;%=3

Sample size

Psychological disorder n=1; % =2

Sample size

Outcomes

Study timepoints
« Baseline
e 15-month

Dichotomous outcomes
Outcome

Mortality

No of events
Adverse events - Nausea

No of events
Adverse event - diarrhoea

No of events

Adverse events -
Hyperkalaemia

No of events

Adverse events -
Hyponatremia

No of events

Treatment success
attainment of minimal
manifestation status without
prednisone treatment at 12

months and without relapse or
prednisone resumption at 15

months

No of events

Rapid-tapering

prednisone,
Baseline, N =
59

n =NA; % = NA
n=NA; % = NA
n =NA; % = NA
n =NA; % = NA
n=NA; % = NA
n =NA; % = NA

Adrenal insufficiency: August 2024

nN=2;%=3
n=4;%=7
n=1,%=2

Rapid-tapering

prednisone, 15-
month, N = 59
n=1,%=2
N=7;%=12
n=3;%=5
n=12; % =21
n=1,%=2
n=23; % =39
62

Slow-tapering

prednisone,
Baseline, N =
58

n = NA; % = NA
n = NA; % = NA
n = NA; % = NA
n = NA; % = NA
n = NA; % = NA
n = NA; % = NA

Slow-tapering prednisone (N = 58)

Slow-tapering
prednisone, 15-

month, N = 58
n=2;,%=3
n=7;,%=12
n=1;,%=2
n=16; % =29
n=0;%=0
n=5%=9
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Mortality - Polarity - Lower values are better.

Adverse events - Nausea - Polarity - Lower values are better.
Adverse event - diarrhoea - Polarity - Lower values are better.
Adverse events - Hyperkalaemia - Polarity - Lower values are better.
Adverse events - Hyponatremia - Polarity - Lower values are better.

Treatment success - Polarity - Higher values are better.

Critical appraisal - 3.1 Cochrane Risk of Bias tool (RoB 2.0) Normal RCT

Dichotomous outcomes-Mortality-Nom of Events-Rapid-tapering prednisone-
Slow-tapering prednisone-t15

Section Question Answer
Overall bias and Directness Risk of bias judgement Some concerns
Overall bias and Directness Overall Directness Directly applicable

Dichotomous outcomes-Treatment Success-No of Events-Rapid-tapering
prednisone-Slow-tapering prednisone-t15

Section Question Answer
Overall bias and Directness Risk of bias judgement Some concerns
Overall bias and Directness Overall Directness Directly applicable

Dichotomous outcomes-Adverse Events-Hyponatremia-No of Events-Rapid-
tapering prednisone-Slow-tapering prednisone-t15

Section Question Answer
Overall bias and Directness Risk of bias judgement Some concerns
Overall bias and Directness Overall Directness Directly applicable

Dichotomous outcomes-Adverse Events-Hypokalaemia-No of Events-Rapid-
tapering prednisone-Slow-tapering prednisone-t15

Section Question Answer
Overall bias and Directness Risk of bias judgement Some concerns
Overall bias and Directness Overall Directness Directly applicable

Dichotomous outcomes-Adverse event-diarrhoea-No of Events-Rapid-tapering
prednisone-Slow-tapering prednisone-t15

Section Question Answer
Overall bias and Directness Risk of bias judgement Some concerns
63
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Section Question Answer
Overall bias and Directness Overall Directness Directly applicable

Dichotomous outcomes — Adverse Events-Nausea-No of Events-Rapid-tapering
prednisone-Slow-tapering prednisone-t15

Section Question Answer
Overall bias and Directness Risk of bias judgement Some concerns
Overall bias and Directness Overall Directness Directly applicable

Zecca, 2021

Bibliographic  Zecca, Chiara; Disanto, Giulio; Riccitelli, Gianna C; Candrian, Ursula; Deandrea,

Reference Maurilio; Limone, Paolo Piero; Sacco, Rosaria; Gobbi, Claudio; A randomized pilot trial
of oral prednisone taper vs placebo following iv methylprednisolone for multiple
sclerosis relapses: Effects on adrenal function and clinical efficacy.; Multiple sclerosis
and related disorders; 2021; vol. 50; 102867

Study details

Secondary NA
publication of
another

included

study- see
primary study

for details

Other NA
publications
associated

with this

study

included in

review

Trial name / NR
registration
number

Study type Randomised controlled trial (RCT)
Study location Switzerland

Study setting NR

Study dates  September 2011 to January 2015

Sources of The study was funded by Advisory Board of Research Ente Ospedaliero Cantonale
funding (ABREOC), Bellinzona, Switzerland. Liliane Petrini, Ospedale Regionale di Lugano
Civico e ltaliano, performed technical editing and manuscript submission.

Inclusion Inclusion criteria were age 18-80 years; Expanded Disability Status Scale (EDSS) <8.0;
criteria diagnosis of clinically isolated syndrome, relapsing-remitting or relapsing-progressive
MS; experiencing an acute clinical relapse.
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Exclusion
criteria

Recruitment /
selection of
participants

Exclusion criteria were contraindication for steroids, MRI or gadolinium; pregnancy or
breast feeding; medical or psychiatric conditions compromising the informed consent;
drug abuse history during 6 months prior to screening, steroid treatment in the previous
30 days.

NR

Intervention(s) All patients received 1,000 mg IV/day methylprednisolone for three consecutive days.

Population
subgroups

Comparator

Number of
participants

Duration of
follow-up

Indirectness

Additional
comments

Study arms

Patients were randomized 1:1 to either corticosteroid (CS-GR) or placebo (PL-GR)
group. PL-GR patients received placebo for 25 days.

Concomitant therapy - Disease modifying therapies were continued.
NR

All patients received 1,000 mg IV/day methylprednisolone for three consecutive days.
CS-GR patients received 60 mg of oral prednisone per day for 5+2 days, and
subsequently reduced the dose to 40, 20, 10, and 5 mg every 512 days (25 days in
total).

125

6 months

NA
NA

Placebo/abrupt stop (N =13)

Steroid taper (N = 12)

Characteristics

Study-level characteristics

Characteristic
Ethnicity

Nominal

Comorbidities

Nominal

Study (N = 25)

Arm-level characteristics

Characteristic
% Female

NR
NR
Placebo/abrupt stop (N = 13) Steroid taper (N = 12)
n=28;%=615 n=9;%=75
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Characteristic
Sample size
Mean age (SD)

Median (IQR)

Outcomes

Study timepoints
Baseline

6-month

Dichotomous outcomes
Outcome

Adverse events

No of events
Nausea

No of events
Fatigue

No of events

total adverse events

No of events

Incidence of adrenal
insufficiency - as reported by
study

reported narratively by study as
data in median IQR so not
extractable. No patient showed

signs of adrenal insufficiency at any
time by cortisol response to ACTH.

No of events

Placebo/abrupt stop (N = 13)

43 (35 to 54)

Placebo/abrupt

stop, Baseline, N

=13

n =NA; % = NA

n =NA; % = NA

n =NA; % = NA

n =NA; % = NA

n=0;%=0

Steroid taper (N = 12)

40 (27 to 53.5)

Placebo/abrupt Steroid

stop, 6-month, N = taper,

13 Baseline, N
=12

n =NA; % = NA n=NA; % =
NA

n=0;%=0 n=NA; % =
NA

n=0;%=0 n=NA; % =
NA

n=>5 n=NA; % =
NA

n=0;%=0 n=0;%=0

Adverse events - Polarity - Lower values are better.

Steroid
taper, 6-
month, N
=12

n = NA; %
=NA

n=11

n=0; %=
0

Incidence of adrenal insufficiency - as reported by study - Polarity - Lower values are

better.

Critical appraisal - 3.1 Cochrane Risk of Bias tool (RoB 2.0) Normal RCT
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Dichotomousoutcomes-Adverseevents-totaladverseevents-NoOfEvents-
Placebo/abrupt stop-steroid taper-t6

Section Question Answer

Overall bias and  Risk of bias Some concerns

Directness judgement

Overall bias and  Overall Indirectly applicable

Directness Directness (The study excluded participants using any
corticosteroids in the last thirty days before entering the
study.)

Dichotomousoutcomes-Adverseevents-Fatigue-NoOfEvents-Placebo/abrupt stop-
steroid taper-t6

Section Question Answer
Overall bias and Directness Risk of bias judgement Some concerns
Overall bias and Directness Overall Directness Directly applicable

Dichotomousoutcomes-Adverseevents-Nausea-NoOfEvents-Placebo/abrupt stop-
steroid taper-t6

Section Question Answer
Overall bias and Directness Risk of bias judgement Some concerns
Overall bias and Directness Overall Directness Directly applicable

Dichotomousoutcomes-Incidenceofadrenalinsuffiecincy-asreportedbystudy-
NoOfEvents-Placebo/abrupt stop-Steroid taper-t6

Section Question Answer

Overall bias and Directness Risk of bias judgement Some concerns

Overall bias and Directness Overall Directness Directly applicable
67

Adrenal insufficiency: August 2024



FINAL
Corticosteroid withdrawal

Appendix E Forest plots

E.1 Rapid tapering versus slow tapering in Myasthenia
gravis
Figure 2: Successful attainment of minimal manifestation status without prednisone

treatment at 12 months and without relapse or prednisone resumption at 15
months (higher is better)

Rapid taper ~ Slow taper Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Sharshar 2021 23 59 5 58 4.52[1.84,11.09] —t
001 0 i 0 100

Favours slow taper Favours rapid taper

Figure 3: Adverse events - Nausea at 15 months (lower is better)

Rapid taper ~ Slow taper Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Sharshar 2021 7 59 7 58 0.98 [0.37, 2.63] -
001 01 1 10 100

Favours rapid taper Favours slow taper

Figure 4: Adverse event - Diarrhoea at 15 months (lower is better)

Rapid taper ~ Slow taper Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Sharshar 2021 3 59 1 58  2.95[0.32, 27.54] 1
001 01 1 10 100

Favours rapid taper Favours slow taper

Figure 5: Adverse events - Hyperkalaemia at 15 months (lower is better)

Rapid taper ~ Slow taper Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total M-H, Fixed, 95% Cl M-H, Fixed, 95% ClI
Sharshar 2021 12 59 16 58 0.7410.38, 1.42] —
001 01 i 10 100

Favours rapid taper Favours slow taper
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Figure 6: Adverse events - Hyponatremia at 15 months (lower is better)
Rapid taper ~ Slow taper Peto Odds Ratio Peto Odds Ratio
Study or Subgroup  Events Total Events Total Peto, Fixed, 95% CI Peto, Fixed, 95% CI
Sharshar 2021 1 59 0 58 7.26[0.14,366.18] t
0.001 01 1 10 1000

Favours rapid taper Favours slow taper

E.2 Short taper versus long taper in steroid sensitive
nephrotic syndrome

Figure 7: Successful cessation of steroids — Maintenance low dose PDN treatment
required at 6 months (higher is better)

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Gargiulo 2021 13 38 14 40 0.9810.53, 1.80] -1
001 01 1 0 100

Favours long taper Favours short taper

Figure 8: Adverse events - Adrenal suppression specific at 6 months (lower is better)

Experimental Control Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Gargiulo 2021 0 38 0 40 0.00[-0.05,0.05] +
4 05 0 05 1

Favours short taper  Favours long taper
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E.3 Taper after intravenous methylprednisolone compared
to no taper in multiple sclerosis.

Figure 9: Incidence of adrenal insufficiency - as reported by study at 6 months (lower
is better)s

No taper Taper Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bazi 2021 0 32 0 34 725% 0.00[-0.06, 0.06]
Zecca 2021 0 13 0 12 275% 0.00[-0.14,0.14]
Total (95% Cl) 45 46 100.0%  0.00[-0.06, 0.06]
Total events 0 0

Heterogeneity: Chi? = 0.00, df = 1 (P = 1.00); I = 0% I

4 05 0 05 1
Test for overall effect: Z=0.00 (P = 1.00) Favours no taper Favours taper

Figure 10:  Adverse events - Nausea at 6 months (lower is better)

No taper Taper Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Bazi 2021 1 32 1 34 384% 1.06[0.07,16.28]
Zecca 2021 0 13 1 12 61.6% 0.31[0.01, 6.94] ]
Total (95% CI) 45 46 100.0%  0.60 [0.08, 4.26] —al
Total events 1 2 . .

Heterogeneity: Chi? = 0.34, df = 1 (P = 0.56); I = 0%

Test for overall effect: Z = 0.51 (P = 0.61) 0.01 0.1 1 10 100

Favours no taper  Favours taper

Figure 11:  Adverse events - Fatigue at 6 months (lower is better)

No taper Taper Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Bazi 2021 1 3 1 34 272% 1.06[0.07,16.28] ——
Zecca 2021 0 13 2 12 728%  0.19[0.01,3.52] —i—
Total (95% Cl) 45 46 100.0%  0.42[0.07,2.67] o
Total events 1 3

Heterogeneity: Chi? = 0.74, df = 1 (P = 0.39); I*= 0%

Test for overall effect: Z=0.91 (P = 0.36) 0.001 0.1 1 10 1000

Favours no taper  Favours taper
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E.4 8-day treatment with no taper vs. taper in acute
asthma

Figure 12: Incidence of adrenal insufficiency- HPA axis suppression at 12 days
(lower is better)

8 day treatment no taper 8 day treatment taper Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Cydulka 1998 0 7 0 7 350%  0.00[-0.24,0.24]
Karan 2002 1 13 0 13 65.0%  0.08[-0.11,0.27]
Total (95% CI) 20 20 100.0%  0.05[-0.11,0.21]
Total events 1 0

Heterogeneity: Chi? = 0.25, df = 1 (P = 0.62); I?= 0% f

1 1
-1 05 0 0.5
Test for overall effect: Z = 0.60 (P = 0.55) Favours taper  Favours no taper
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Appendix F GRADE tables

Table 11: Clinical evidence profile: rapid tapering versus slow tapering in Myasthenia gravis

Certainty assessment Ne of patients Effect
Myasthenia e | t
o . ] ertainty Importance
Neof  Study Riskof . : " Other gravis Slow- — Relative .. o1ute
. . . Inconsistency Indirectness Imprecision . . Rapid- tapering (95% o

studies  design bias considerations . . (95% ClI)

tapering prednisone Cl)

prednisone

Treatment successful attainment of minimal manifestation status without prednisone treatment at 12 months and without relapse or prednisone resumption at 15
months (follow-up: 12 months) (higher is better)

1 randomised | serious?| not serious not serious | not serious none 23/59 5/58 (8.6%) | RR 4.52 [ 303 more | ®®dO CRITICAL
trials (39.0%) (1.84 to | per 1,000 | Moderate
11.09) | (from 72
more to
870
more)

Adverse events - Nausea at 15 months (follow-up: 15 months) (lower is better)

1 randomised | serious?| not serious not serious | very serious® none 7/59 7/58 RR0.98 | 2fewer | dOOO CRITICAL
(11.9%) (12.1%) (0.37 to | per 1,000 | Very low
2.63) (from 76
fewer to
197
more)

trials

Adverse event - Diarrhoea at 15 months (follow-up: 15 months) (lower is better)

Adrenal insufficiency: August 2024
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Certainty assessment Ne of patients Effect
Myasthenia caraine i t
= 5 : ertainty Importance
Neof  Study Riskof . : - Other gravis Slow- — Relative < olute
. . . Inconsistency Indirectness Imprecision . . Rapid- tapering (95%
studies  design bias considerations . . (95% ClI)
tapering prednisone Cl)
prednisone
1 randomised | serious?| not serious not serious | very serious® none 3/59 (5.1%) | 1/58 (1.7%) | RR 2.95 | 34 more | ®OOO | CRITICAL
trials (0.32 to | per 1,000 | Very low
27.54) | (from 12
fewer to
458
more)
Adverse events - Hyperkalemia at 15 months (lower is better)
1 randomised | serious?| not serious not serious | very serious® none 12/59 16/58 RR0.74 | 72 fewer | @OO0O CRITICAL
trials (20.3%) (27.6%) (0.38 to | per 1,000 | Very low
1.42) | (from 171
fewer to
116
more)
Adverse events - Hyponatremia at 15 months (lower is better)
1 randomised | serious?| not serious not serious | very serious® none 1/59 (1.7%) | 0/58 (0%) |OR 7.26 | 20 more | ®OOO | CRITICAL
trials per 1,000 | Very low
(0.14 to (from 30
366) fewer to
60 more)°

e CI: confidence interval; RR: risk ratio

Explanations

a. Downgraded by 1 increment as the majority of the evidence was of high risk of bias (due to missing outcome data)

b. Downgraded by 2 increments as the confidence interval crossed both MIDs (0.8, 1.25)
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c. Calculated with RD due to 0 events in one arm of a single study.

Table 12: Clinical evidence profile: short taper versus long taper in steroid sensitive nephrotic syndrome

Certainty assessment Ne of patients Effect
Steroid A i
i ertainty mportance
— ST L Inconsistency Indirectness Imprecision Lt ::n::'t(;‘tlii long taper AL Ll
studies  design bias y P considerations P gtap (95%Cl)  (95% CI)
syndrome -
short taper
Successful cessation of steroids - Maintenance low dose PDN treatment required at 6 months (follow-up: 6 months) (lower is better)
1 randomised | not serious | not serious not serious | very serious? none 13/38 (34.2%) | 14/40 (35.0%) RR 0.98 7 fewer $1]0]0) CRITICAL
trials (0.53 to 1.80) | per 1,000 Low
(from 164
fewer to
280 more)
Adverse events - Adrenal suppression specific at 6 months (follow-up: 6 months) (lower is better)
1 randomised | not serious | not serious not serious serious® none 0/38 (0.0%) 0/40 (0.0%) RD 0.00 0 fewer $11010) CRITICAL
trials (-0.05 t0 0.05) | per 1,000 Moderate
(from 50
fewer to
50 more)
¢ CI: confidence interval; RR: risk ratio
Explanations

a. Downgraded by 2 increments as the confidence interval crossed both MIDs (0.8-1.25)
b. Downgraded by 1 increment for imprecision due to zero events and small sample size.

Table 13: Clinical evidence profile: taper after intravenous methylprednisolone compared to no taper in multiple sclerosis.
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Certainty assessment Ne of patients Effect
Certainty Importance
Ne of Study Risk of Inconsistency Indirectness Imprecision Other MS - taper no taper Relative Absolute
studies  design bias y P considerations after IV MP P (95% Cl) (95% Cl)
Incidence of adrenal insufficiency - as reported by study at 6 months (follow-up: 6 months) (lower is better)
2 randomised |  serious? not serious serious? serious® none 0/45(0.0%) | 0/46 (0.0%) RD 0.00 0 fewer OO0 CRITICAL
trials (-0.06 to 0.06) | per 1,000 Very low
(from 60
fewer to
60 more)
Adverse events - Nausea at 6 months (follow-up: 6 months) (lower is better)
2 randomised |  serious? not serious serious® | very serious¢ none 1145 (2.2%) | 2/46 (4.3%) RR 0.60 17 fewer eO00O CRITICAL
trials (0.08 to 4.26) | per 1,000 Very low
(from 40
fewer to
142 more)
Adverse events - Fatigue at 6 months (follow-up: 6 months) (lower is better)
2 randomised |  serious? not serious serious® | very serious¢ none 1/45 (2.2%) | 3/46 (6.5%) RR 0.42 38 fewer eO00O CRITICAL
trials (0.07 to 2.67) | per 1,000 Very low
(from 61
fewer to
109 more)

¢ CI: confidence interval; RR: risk ratio

Explanations

a. Downgraded by 1 increment as the maijority of the evidence was of high risk of bias (due to missing outcome data)
b. Downgraded by 1 increment for population indirectness: The study excluded participants using any corticosteroids in the last thirty days

before entering the study.
c. Downgraded by 1 increment for imprecision due to zero events and small sample size.
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d. Downgraded by 2 increments as the confidence interval crossed both MIDs (0.8-1.25)

Table 14: Clinical evidence profile: 8-day treatment with no taper vs. taper in acute asthma

Certainty assessment Ne of patients Effect
Acute A i
. ertainty mportance
— ST L Inconsistency Indirectness Imprecision Lt aSﬂ::a ‘ taper AL Ll
studies  design bias y P considerations y P (95%Cl)  (95% CI)
treatment no
taper

Incidence of adrenal insufficiency- HPA axis suppression at 12 days (follow-up: 12 days) (lower is better)

2 randomised very serious? serious® serious? none 1/20 (5.0%) | 1/20 (5.0%) RD 0.05 50 fewer OO0 CRITICAL
trials serious? (-0.11t0 0.21) | per 1,000 Very low
(from 110
fewer to
210 more)

e CI: confidence interval

Explanations

a. Downgraded by 2 increments as the majority of the evidence was of very high risk of bias (due to a mixture of bias arising from the
randomisation process and bias due to deviations from the intended interventions)

b. Downgraded by 1 increment for heterogeneity due to conflicting number of events in different studies (zero events in one or more studies)

c. Downgraded by 1 increment for population indirectness: The study excluded patients already using oral steroids, and those requiring
chronic steroid use, as defined by daily steroid use. To eliminate subjects in whom adrenal suppression might be present secondary to
long-term steroid use.

d. Downgraded by 1 increment for imprecision due to zero events and small sample size.
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Appendix G Economic evidence study selection

Records identified through database Additional records identified through other sources:
searching, n=405 provided by committee members; n=2
y
< |
A 4
Records screened in 1%t sift, n=407
R Records excluded* in 15t sift, n=383
\ 4
Full-text papers assessed for eligibility
in 2nd sift, n=24
Papers excluded* in 2" sift, n=22
A 4 "
\
Full-text papers assessed for
applicability and quality of
methodology, n=2
\, J
\ 4 \ 4 \ 4
(F‘apers included, n=0 (zero studies) \ (F‘apers selectively excluded, n=0 (zero \ (F‘apers excluded, n=2 (two studies) \
studies)

Studies included by review: Studies excluded by review:

Studies selectively excluded by review:

e Information and support: n=0
.

e When should Al be suspected n=0

« |Initial investigations by the non- .
specialist: n=0
e When should people be referred for L

further investigation: n=0
e Managing corticosteroid withdrawal: n=0
e Pharmacological treatments for primary

Al (CAH): n=0 .
e Pharmacological treatments for primary
Al (non-CAH): n=0 .

e Pharmacological treatments for
secondary and tertiary Al: n=0

e DHEA: n=0

e When should adrenal crisis be .
suspected: n=0

e Emergency management of adrenal ©
crisis: n=0

e Pharmacological treatments for
managing periods of physiological

stress: n=0
e Pharmacological treatments for o
managing periods of psychological
stress: n=0 .
* Non-pharmacological strategies for
physiological stress: n=0 .

* Non-pharmacological strategies for
psychological stress: n=0

e Ongoing care and monitoring for people
with Al: n=0

« Ongoing care and monitoring for people
K with Al receiving end of life care: n=0 / \

Information and support: n=0

When should Al be suspected n=0
Initial investigations by the non-
specialist: n=0

When should people be referred for
further investigation: n=0

Managing corticosteroid withdrawal: n=0
Pharmacological treatments for primary
Al (CAH): n=0

Pharmacological treatments for primary
Al (non-CAH): n=0

Pharmacological treatments for
secondary and tertiary Al: n=0

DHEA: n=0

When should adrenal crisis be
suspected: n=0

Emergency management of adrenal
crisis: n=0

Pharmacological treatments for
managing periods of physiological
stress: n=0

Pharmacological treatments for
managing periods of psychological
stress: n=0

Non-pharmacological strategies for
physiological stress: n=0
Non-pharmacological strategies for
psychological stress: n=0

Ongoing care and monitoring for people
with Al: n=0

Ongoing care and monitoring for people
with Al receiving end of life care: n=0

J

Information and support: n=0

When should Al be suspected n=0
Initial investigations by the non-
specialist: n=0

When should people be referred for
further investigation: n=0

Managing corticosteroid withdrawal: n=0
Pharmacological treatments for primary
Al (CAH): n=2

Pharmacological treatments for primary
Al (non-CAH): n=0

Pharmacological treatments for
secondary and tertiary Al: n=0

DHEA: n=0

When should adrenal crisis be
suspected: n=0

Emergency management of adrenal
crisis: n=0

Pharmacological treatments for
managing periods of physiological
stress: n=0

Pharmacological treatments for
managing periods of psychological
stress: n=0

Non-pharmacological strategies for
physiological stress: n=0
Non-pharmacological strategies for
psychological stress: n=0

Ongoing care and monitoring for people
with Al: n=0

Ongoing care and monitoring for people
with Al receiving end of life care: n=0

* Non-relevant population, intervention, comparison, design or setting; non-English language
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Appendix H Economic evidence tables

None.

Appendix| Health economic model

No original economic modelling was undertaken for this review question.
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Appendix J

J.1 Clinical studies

Excluded studies

Table 14: Studies excluded from the clinical review

Study

(2000) A randomisedcontrolled comparison of
five days versus ten days of oral steroid therapy
inacute adult asthma. Thorax 55(Suppl 3): A30

Aaron, S D; Dales, R E; Pham, B (1998)
Management of steroid-dependent asthma with
methotrexate: a meta-analysis of randomized
clinical trials. Respiratory medicine 92(8): 1059-
65

Abe, Yoshiyuki, Fujibayashi, Kazutoshi,
Nishizaki, Yuji et al. (2020) Conventional versus
Rapid Glucocorticoid Tapering in Severe
Systemic Lupus Erythematosus Patients: A
Non-Blind, Randomized Controlled Trial. Acta
medica Okayama 74(2): 179-183

Ahsan, N, Hricik, D, Matas, A et al. (1999)
Prednisone withdrawal in kidney transplant
recipients on cyclosporine and mycophenolate
mofetil--a prospective randomized study. Steroid

Withdrawal Study Group. Transplantation
68(12): 1865-74

Akashi, Kenichi, Mezawa, Hidetoshi, Tabata,
Yuichi et al. (2016) Optimal step-down approach
for pediatric asthma controlled by
salmeterol/fluticasone: A randomized, controlled
trial (OSCAR study). Allergology international :
official journal of the Japanese Society of
Allergology 65(3): 306-11

Akdemir, Gulsah, Verheul, Marije K, Heimans,
Lotte et al. (2016) Predictive factors of
radiological progression after 2 years of
remission-steered treatment in early arthritis
patients: a post hoc analysis of the IMPROVED
study. RMD open 2(1): e000172

Alves, Cresio; Robazzi, Teresa Cristina Vicente;
Mendonca, Milena (2008) Withdrawal from
glucocorticosteroid therapy: clinical practice
recommendations. Jornal de pediatria 84(3):
192-202

Anonymous. (1995) Withdrawal of corticosteroid
therapy after acute asthma attacks. CMAJ :
Canadian Medical Association journal = journal
de I'Association medicale canadienne 153(10):
1471-1473
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Reason for exclusion

- Conference abstract

- Systematic review used as source of primary
studies

- Study design not relevant to this review
protocol

Protocol only

- Comparator in study does not match that
specified in this review protocol

- Study does not contain an intervention relevant
to this review protocol

- Study does not contain an intervention relevant
to this review protocol

- Review article but not a systematic review

- Review article but not a systematic review
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(2021) Does steroid-free immunosuppression
improve the outcome in kidney transplant
recipients compared to conventional protocols?.
World journal of transplantation 11(4): 99-113

Armstrong, D L, Penrice, J, Bloomfield, F H et
al. (2002) Follow up of a randomised trial of two
different courses of dexamethasone for preterm
babies at risk of chronic lung disease. Archives
of disease in childhood. Fetal and neonatal
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acid. Transplantation 83(12): 1571-6
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(1966) Corticosteroid withdrawal in rheumatoid
arthritis. Lancet (London, England) 2(7470):
935-7
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- Systematic review used as source of primary
studies

- Study does not contain an intervention relevant
to this review protocol

- Study does not contain an intervention relevant
to this review protocol

- Study design not relevant to this review
protocol

- Comparator in study does not match that
specified in this review protocol

- Study design not relevant to this review
protocol
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- Incorrect comparator

- Study design not relevant to this review
protocol

- Study does not contain an intervention relevant
to this review protocol

- No useable outcome data reported
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information

- No useable outcome data reported
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- No useable outcome data
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J.2 Health Economic studies

None.
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Appendix K Recommendation for research

K.1 Research question

In people at risk of adrenal insufficiency because of prolonged corticosteroid use, what is the
best way to manage corticosteroid withdrawal when corticosteroids are no longer needed to
control underlying disease activity?

K.1.1 Why this is important.

There are over 900 000 prescriptions for exogenous glucocorticoids (GC) in the NHS a year.
These including oral GC (hydrocortisone, prednisolone, and dexamethasone), inhaled,
topical and intra articular/intramuscular GC used in the management of non- endocrine
disorders such as inflammatory processes in rheumatology, gastroenterology, neurology,
respiratory medicine and as an antiemetic in oncology. In oncology dexamethasone is
frequently given cyclically every 1-3 weeks. Doses greater than or equivalent to 3-5mg
prednisone a day for over 4 weeks suppress the hypothalamo-pituitary-adrenal axis putting
the patient at risk of adrenal insufficiency. Some additional drugs potentiate the effect of GC
to do this including antiretrovirals and antifungals.

Every team has its own method to taper GC medication doses with a view to stopping GC
therapy. It is not clear which is the most effective way to do this, and if any methods are
associated with less risk of long-term adrenal insufficiency. Also, with repeated courses in
oncology it is not clear the impact of this or what to do when cyclical dexamethasone ends. Is
likely duration, dose, and pharmacodynamics of treatment with GC that determines risk of
adrenal insufficiency.

K.1.2 Rationale for the recommendation for research

Importance to ‘patients’ Uncertainty around how to withdraw glucocorticoids can lead to over

or the population treatment and increased risk of adrenal insufficiency. Patients can feel
tired and unwell when withdrawing GC. This can lead to inappropriate
testing of adrenal function and also, referrals to endocrinology. If there
were clear guidelines, GC withdrawal could be managed more

effectively.
Relevance to NICE As noted in the current guideline there is little evidence to support the
guidance recommendations on withdrawal of GC. Therefore, research will provide

data to inform future guidance. It may also show that there are no
concerns over any method of steroid withdrawal but help to give
principles of who may be at risk of adrenal insufficiency after GC
withdrawal.

Relevance to the NHS As described above there are a lot of people on exogenous steroids for
immune or inflammatory conditions. We do not know how to manage
them optimally when it comes to withdrawing GC.

National priorities This links in to the National Patient Safety Alert as an identified patient
safety concern https://www.england.nhs.uk/publication/national-patient-
safety-alert-steroid-emergency-card-to-support-early-recognition-and-
treatment-of-adrenal-crisis-in-adults/.

Current evidence base Minimal data. Bel 2014 looked indirectly with glucocorticoid withdrawal
but did not specify information about patients able to discontinue GC.
The other studies in this review were short term and so didn’t provide
evidence needed.

Equality considerations None known.
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K.1.3 Modified PICO table

Population

Intervention

Comparator
Outcome
Study design
Timeframe

Additional information

Defined groups of patients with varying underlying inflammatory
conditions (? Nephrotic syndrome, lung sarcoidosis, inflammatory
arthritis etc). To include children and elderly too.

Stepwise withdrawal of prednisolone with alternate day dosing
(predetermined weight-related dose reductions)

Stepwise withdrawal of prednisolone with daily dosing
Time to and proportion achieving full steroid withdrawal

Parallel groups, randomised

None
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