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Glucocorticoids in rheumatology: myths vs. reality

Summary

Glucocorticoids (GC) have been the mainstay of practicing rheumatologists since the Nobel
Prize was awarded for the discovery of cortisone in 1950. It has been proven that GC have
highly effective anti-inflammatory and immunosuppressive properties. Identification of
genomic and non-genomic effects, which directly affect most pathogenetic processes in the
course of rheumatic diseases, served as the basis for the implementation of GC in routine
rheumatological therapy. The further widespread introduction of GC into rheumatology
practice is due to low cost, high availability, quick onset of action, and activity aimed
at preventing organ damage. The optimal choice for the use of GC in the treatment of
rheumatic diseases is a specific and individual approach in dosage and routine monitoring.
To date, there are no reliable tools for determining the toxicity of GC, which is associated
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Introduction

Adrenal hormones differ in their relative glucocorticoid (regulates
carbohydrate metabolism) and mineralocorticoid (regulates electrolyte
balance) activities and have therefore historically been differentiated
according to their relative efficacy in sodium retention, effects on
carbohydrate metabolism and anti-inflammatory effects. For these
reasons, the terms “glucocorticoids” or “glucocorticosteroids” are
scientifically correct and appropriate to describe the use of these
drugs for the treatment of rheumatic diseases (RD).! However, the
term «glucocorticosteroids (GCS)» is not used very often, comparing
to the term «glucocorticoids (GC)», which is more common in the
professional environment.?

Cortisol (hydrocortisone) is the main human endogenous
glucocorticoid. This steroid hormone is produced in a circadian
rhythm (high in the morning before waking up and very low
around midnight). Synthesis significantly increases during stressful
conditions.!?® The synthetic GC most commonly used to treat systemic
inflammation are structurally very similar to cortisol, with relatively
modest modifications that affect the steroid’s ability to bind to the GC
receptor and reduce or eliminate intrinsic mineralocorticoid activity.**

GC has been the most important support of practicing
rheumatologists since the Nobel Prize for the discovery of cortisone
was awarded in 1950 to E. Kendall, P. Hench and T. Reichstein.®

Approximately one in three patients with inflammatory RD is
treated for a short or longer period with the use of GC.™® The debate
regarding the acceptable balance between efficacy and safety (often
of low doses) of GC in the treatment of inflammatory RD is as old as
the treatment itself.!

Dosage, time and route of administration

To unify the evaluation about the dose of various drugs, it is
recommended to express it in mg of «prednisone equivalent», using
information about the relative strength of classical genomic action.*
This data roughly corresponds to the accepted values of therapeutically
equivalent doses: prednisolone - 5 mg, methylprednisolone - 4 mg,
triamcinolone - 4 mg, dexamethasone - 0.75 mg, betamethasone -

0.75 mg. The potency of prednisone and prednisone is simsilar, but
the term «prednisone equivalent» is preferred for historical reasons:
prednisone was the first synthetic GC implemented into clinical
practice. So, today we can distinguish the following doses, equivalent
to prednisone:

* Low dose <7.5 mg prednisone equivalent per day

When given at a low dose: less than 50% of receptors are bound,
quite often the dose range is often used for chronic therapy, rare side
effects

e Average dose > 7.5 mg but < 30 mg prednisone equivalent
per day

GC in medium doses are prescribed for the treatment of moderate
disease activity or for the initial treatment

¢ High dose > 30 mg but < 100 mg prednisone equivalent per
day

High doses of GC are used as the initial treatment, in patients
with severe activity, require optimal correction when a clinical and
laboratory response is achieved

¢ Very high dose > 100 mg prednisone equivalent per day

Recently, it is used very rarely, for the management of severe
manifestations of RD, as a treatment for patients who do not respond
to standard therapy, with a threat to life or an unfavorable prognosis

e Pulse therapy > 250 mg of prednisone equivalent per day for
one or more days

It is used for acute or life-threatening course of RD with the
damage of kidneys, brain, etc.

It is known that the dose determines the strength of the effects and
adverse events (AE). This is related to the saturation of GC receptors
(the more receptors are bound, the stronger the effect is) and very
likely to the appearance of additional non-genomic effects at higher
doses.!”?
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The route of administration is necessary for predicting the
effectiveness of GC therapy: oral, intravenous, intramuscular or
intra-articular.'’ It should be noted that intra-articular administration
is more effective because, provided local therapeutic concentrations
are reached, GC can exert both the most important genomic and
non-genomic effects.® The range of GC available for intra-articular
administration is greater than the range for systemic use. In addition,
these intra-articular GC differ significantly in structure with important
implications for their therapeutic effects.!

The prescribing time is extremely important, taking into account
the circadian rhythm of endogenous cortisol production, which can be
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changed in various RD, as well as taking into account the daily change
of symptoms, in particular, morning stiffness, which is inherent, in
particular, in rheumatoid arthritis (RA). Therefore, the management
of RD should be based on the earliest possible appointment of GC, for
example, once between 6:00 and 8:00 in the morning.

In routine rheumatology practice we use some tools which
can minimize the risks and emphasize the benefits of the adequate
continuous GC management. The brilliant option, we think, are
European Alliance of Associations for Rheumatology (EULAR)
2013 evidence-based and consensus-based recommendations on the
management of medium to high-dose GC therapy in RD (Table 1)."

Table | The recommendations with strength of recommendation and level of evidence (Duru N et al)"?

Proposition SOR
VAS: mean (95% CI) A+B % LoE
Education and prevention
I.  Discuss measures to mitigate such risks, including diet, regular exercise and appropriate wound care 75 (57 to 93) 75 v
2. Patients leth, orat r|§k of, GC-induced osteoporosis should receive appropriate preventive/ 91 (84 t0 99) 100 LA
therapeutic interventions
3. Patients and the patients’ treatment teams should receive appropriate, practical advice on how to
- . R - . 84 (67 to 101) 92 v
manage with GC-induced hypothalamic-pituitary-adrenal axis suppression
4. Prov.lde arT accessible resource to promc'nt.e best practice in the management of patients using 80 (69 to 91) 75 v
medium/high-dose GCs to general practitioners
Dosing/risk-benefit
5.  Before starting medium/high-dose GC treatment consider comorbidities predisposing to AEs.These
include diabetes, glucose intolerance, cardiovascular disease, peptic ulcer disease, recurrent infections,
. : . : . . S 85 (76 to 94) 83 v
immunosuppression, (risk factors of) glaucoma and osteoporosis. Patients with these comorbidities
require tight control to manage the risk/benefit ratio
6.  Select the appropriate starting dose to achieve therapeutic response, taking into account the risk of 85 (76 to 95) 9 LAV
undertreatment
7.  Keep the requirement for continuing GC treatment under constant review, and titrate the dose
. - - 82 (72 to 94) 92 v
against therapeutic response, risk of undertreatment and development of AEs
8.  If long-term medium/high-dose GC therapy is anticipated to be necessary, actively consider GC-
. REJECTED
sparing therapy
Monitoring
9.  All patients should have appropriate monitoring for clinically significant AEs. The treating physician
should be aware of the possible occurrence of diabetes, hypertension, weight gain, infections, v

osteoporotic fractures, osteonecrosis, myopathy, eye problems, skin problems and neuropsychological

AEs

A+B %, percentage of the task force members that strongly to fully recommended this proposition based on an A—E ordinal scale (A, fully recommended, B,
strongly recommended); AEs, adverse effects; Cl, confidence interval; GC, glucocorticoid; LoE, level of evidence (table 1); SOR, strength of recommendation;VAS,
visual analogue scale (0—100 mm 0= not recommended at all, 100, fully recommended).

These recommendations, as a guide for daily practice, are
an attempt to promote safer use of GC in the management of RD.
Important aspects of the guidelines are the broad participation of
experts and patients, the use of research data, however limited, and
the use of an evidence-based format. A significant body of textbooks
and reviews focuses on the use of GC based on traditional clinical
practice and common beliefs that developed before due attention was
paid to the quality of the evidence base. This reflects changes in the
approach to science-based rheumatology practice. It should be noted
that systematic reviews and randomized clinical trials (RCTs) are
considered the highest quality evidence, but these studies often focus
on the effectiveness of treatment.'? In the entire observational (ie, non-
randomized) studies, the problem of bias/confounding by indication
seriously impairs or excludes the ability to draw conclusions.
Therefore, the greater the activity of inflammation, the higher the
chance to start GC; however, due to the design, it is not possible to
conclude a causal relationship between therapy and AE.

In addition, quite heterogeneous studies (eg, different diseases,
ages, GC regimens and co-treatment) were pooled to obtain at least
an overall impression of the occurrence of AEs. In these trials, almost
all patients with most inflammatory RD received multiple drugs,
which obviously prevents a separate study of the risk-benefit ratio of
GCs. The presented recommendations relate to issues of GC therapy
from a general point of view, that is, not a specific disease or patient.
However, appropriate treatment varies considerably for different
indications for such treatment, as discussed for initial doses in the
guidelines.”® It is clear that individual patient characteristics may
require dosage adaptation or more frequent and longer monitoring for
AEs.>7

Clinical application of glucocorticoids

GCs have many therapeutic effects, ranging from pain relief to
disease-modifying properties. Depending on the main disease and the
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desired therapeutic goal (Table 2), the route of application, the type of
GC, the dose and the duration of the selected therapy. All of the above
determines the magnitude of the clinical effect and speed of action,
but also the risk of developing side effects.

* initial doses: dose at the start of treatment will often decreased
over time depending on disease activity; doses in prednisone
equivalents a day: low, <7.5 mg, medium, >7.5 but <30 mg, high >30
mg but <100 mg, very high >100 mg
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- indicates rare use; 1, infrequent use, for treatment-resistant
disease, complications, severe flare, major exacerbation and for
bridging the lag time of recently started treatment, 2, frequently
added tojused as the basis therapeutic strategy; 3, basic part of the
therapeutic strategy.

*CPP, calcium pyrophosphate

Table 2 General use og glucocorticoids in rheumatology, initial doses* (Bijlsma JW et al)®

Oral

Intravenous

Low*

Medium#* High* Very high dose|/pulse

Arthritides -
Gouty arthritis

Acute juvenile idiopathic arthritis -
Osteoarthritis -
Acute CPP* crystal arthritis

Psoriatic arthritis -
Reactive arthritis Rheumatic fever -
Rheumatoid arthritis -

Collagen disorders

Dermatomyositis, Polymyositis

Mixed connective tissue disease
Polymyalgia rheumatica Sjogren's syndrome,
primary

Systemic lupus erythematosus

Systemic sclerosis

Systemic vasculitides
In general

According to existing practically-oriented recommendations, only
a few nosologies require short-term appointment of GC in an average
or even high dose. Among the most common are acute gouty arthritis,
in which it is advisable to prescribe oral GC (30-35 mg/day of
prednisone equivalent for 3—5 days), according to the recommendations
of EULAR 2016." Contemporary approaches to the management of
RD also include the possibility of intra-articular administration of GC.
Such interventions are appropriate for gout'* osteoarthritis,'* psoriatic
arthritis,'° reactive arthritis,'” axial spondyloarthritis.'®

It should be noted that the management of connective tissue
diseases (CTD) has undergone significant changes. EULAR 2023
guidelines for the treatment of systemic lupus erythematosus (SLE)
for the first time stated that GCs, if necessary, are dosed depending
on the type and severity of organ damage, and should be reduced to
a maintenance dose of <5mg/day (equivalent to prednisone) and, if
possible, discontinued; in patients with moderate and severe disease,
pulse intravenous methylprednisolone (125-1000 mg per day, for 1-3
days) can be considered.!**

Systemic GC prescription in primary care for systemic scleroderma
(SSc) should also be done very carefully, monitoring blood pressure,
renal function and careful analysis of the required dose, as there is
some evidence that GCs are associated with a higher risk of renal
crisis. In contrast to other CTDs, in polymyositis, dermatomyositis,

and antisynthetase syndrome, prednisone is usually prescribed orally
at a dose of 0.5-1.0 mg/kg per day, and in particularly acute and
severe cases, therapy is started with intravenous administration of a
high dose of GC (250-1000 mg).*!

RA therapy is traditionally associated with the appointment of GC.
Currently, the implemented standards are considered to be: «bridge
therapy» when verifying the diagnosis, in case of flare and the need to
change treatment.?>* The possibilities of rational GC therapy have been
confirmed in a number of RCTs. Thus, in CAPRA-2, reduce of disease
activity (low doses of prednisone with the addition of conventional
synthetic disease-modifying antirheumatic drugs (csDMARDs)) was
diagnosed during 12 weeks compared to placebo.**

In another study, CareRA, patients with early RA were randomized
into 2 groups: in one group, patients received GC with methotrexate
(MTX) with a gradual reduction of GC to 5 mg/day, while in the other
group, MTX was initiated without GC. According to the data after 1
and 2 years, the rates of those who achieved remission were higher in
the group of MTX with GC than MTX alone.*

Well, of course, it is impossible to recall the ten-year observation
data of BeSt. The researchers randomized 508 patients with early
RA into 4 groups: MTX monotherapy, MTX and sulfasalazine
monotherapy, MTX and GC initially 60 mg/day, with progressive
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tapering to 7.5 mg/day over 6 weeks, and the MTX and infliximab
group. When summing up the data, greater efficiency is shown in the
group of GC.”7

However, the latest updates of the European guidelines for the
treatment of RA emphasize an even greater need to focus on the
benefits and risks of GC treatment, compared to previous versions. For
example, the updated recommendations of EULAR 2022% underline
that short-term therapy with low doses of GC should be considered
as part of the initiation or replacement of traditional DMARDs, in
different doses and routes of administration, but correction in side or
withdrawals should be made as quickly as clinically possible.

Nevertheless, we strongly believe that GCs have been, are, and will
be a part of contemporary RA management, because the optimized use
of GCs in RA has led to significant savings, especially at the expense
of delaying or needing to exclude expensive biological drugs. The
most up-to-date basic work that allows us to make this assessment,
examining the harms, benefits, and side effects of low-dose GC, the
GLORIA study, was presented in 2022. The goal of GLORIA is to
demonstrate that the duration of low-dose GC to current antirheumatic
therapy is highly cost-effective and safe for elderly RA care. And
this goal was achieved, as the results show that adding a low-dose
prednisolone has beneficial long-term effects in senior patients with
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established RA, with a trade-off 0f24% increase in patients with mostly
non-severe AE; this suggests a favourable balance of benefit and
harm. The resulting data, which were presented in two presentations
on EULAR 2022 congress, also show that GC can be successfully
reduced after 2 years, with only modest increases in disease activity,
risk of flare, and no evidence of adrenal insufficiency.?

Glucocorticoid toxicity and side effects

GC toxicity is one of the most common causes of iatrogenic
disease associated with chronic RD. The side effects of GC have
been known for decades. But the exact risk-benefit ratio is incomplete
and/or controversial because it is usually difficult to distinguish the
effects of GC from the effects of underlying comorbidities, other
comorbidities, or other medications. AE associated with GCs depend
on both the average dose and the duration of therapy. In general, it can
be said that long-term use is a high risk factor, while the total dose is
of secondary importance. Even with therapy with low doses of GC
can lead to serious AE. Severity ranges from more cosmetic aspects
(eg, telangiectasia, hypertrichosis) to serious, disabling and even life-
threatening situations (eg, gastric bleeding). One or more side effects
may occur.?>* Side effects of GCs are the main limiting factor for the
use of these agents. An overview of the most common and serious AE
of GCs is given in Table 3.

Table 3 Common adverse effects of glucocorticoid therapy (McDonough AK et al)®

Onset early in therapy, essentially unavoidable

. Emotional lability
. Enhanced appetite, weight gain, or both

° Insomnia

Enhanced in patients with underlying risk factors or concomitant use of other drugs

. Acne vulgaris
. Diabetes mellitus

° Hypertension
° Peptic ulcer disease

When supaphysiologic treatment is sustained

. Cushingoid appearance
. Hypothalmic—pituitary—adrenal suppression
. Impaired wound healing

Myopathy
Osteonecrosis
®  Increased susceptibility to infections

Delayed and insidious, probably dependent on cumulative dose

. Atherosclerosis
. Cataracts
. Fatty liver

®  Growth retardation
®  Osteoporosis
Skin atrophy

Rare and unpredictable

. Glaucoma
. Pancreatitis

Pseudotumor cerebri
®  Psychosis

Glucocorticoid-induced osteoporosis

Osteoporosis (OP) induced by GC is the most common type of
iatrogenic OP and a frequent cause of secondary OP.3! Approximately
50% of patients who take gc for more than 6 months develop secondary
OP.» A key point in the pathogenesis of GC-induced OP is the direct
inhibitory effect of GC on osteoblasts, which leads to a decrease
in bone formation. At the same time, GCs reduce the absorption of
calcium in the intestine and the reabsorption of calcium in the renal
tubules. This leads to a negative balance of calcium in the body and
transient hypocalcemia, which, in turn, stimulates the secretion of
parathyroid hormone and enhances the resorption of bone tissue.*?

The simultaneous use of oral GCs and a proton pump inhibitor
(PPI) is associated with an increased risk of OP fractures. At the same
time, there are statistically different risks of OP fractures associated
with oral GC or only with the use of PPIs. Therefore, it is emphasized
that the risk of OP fracture increases with the simultaneous use of oral
GCs and PPIs.’

It is quite “difficult to find” a dose of GC that is safe for bones
in RD. Thus, in the study by Adami et al.® in patients who were
prescribed long-term GC therapy without anti-OP drugs, a decrease
in bone mineral density (BMD) was observed. A 4% loss in BMD
was associated with a 30-40% increase in fracture risk. There are
suggestions that patients on a dose of 5mg/day and less mg, based
on prednisone, will have no changes in BMD. Nevertheless, the
recommendations of the American College of Rheumatology (ACR)
indicate the need to take oral bisphosphonates in patients who have
been taking GC for a long time.**

Glucocorticoids and infectious complications

As is known, high doses of GC can increase the risk of infectious
complications. In a prospective cohort study of 2108 patients with
inflammatory polyarthritis from the Mayo Clinic registry, the rate of
hospitalization due to the infection was more than 2.5 times higher
than in the general population. The use of GC was determined as an
independent risk factor for hospitalization.*
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Herrinton LJ, et al.’ reported the risk of serious infection for
patients with SLE starting GC. Obtained data on a 4-fold increase
in the risk of serious infections for GC patients who do not take
hydroxychloroquine.

A lot of data emphasizes the relationship between GC use and
increased infection rates and became especially relevant during the
COVID-19 pandemic, which was reflected in the specially developed
recommendations of the EULAR.? For real-world clinical practice,
the recommendation on the importance of suspending or GC cessation
associated with disease flares should be the management cornerstone,
as this may have a huge impact on possible AEs of COVID-19.

Glucocorticoids and cardiovascular risk

Previous studies have shown that high-dose GC therapy is
associated with a more than 2.5-fold increased risk of cardiovascular
disease (CVD).® And what’s more, only 30 days of taking GC in
RA can increase risk of CVD by 15% within 6 months. Such data
were obtained by Wallace B et al.* In particular, it was shown that
the relationship between GC intake and the occurrence of acute
myocardial infarction, stroke, transient ischemic attack, cardiac
arrest or coronary revascularization does not depend on the initial
level of risk, as well as indicators of disease activity and the use of
bDMARDs, MTX.

In one of the largest analyzes of dose- and duration-dependent
short-term risk of cardiovascular events (CVE) in GC-naive RA
patients enrolled in the CorEvitas RA registry, strong evidence was
presented for no association of CVE risk with daily using prednisolone
<4mg or shorter cumulative doses and duration, as opposed to dosing
> 5 mg per day.®

Similar data were also obtained by So H. et al..*!, when analyzing the
data of 12,233 patients with RA without major adverse cardiovascular
events (MACE) from 2006 to 2018 and with an average follow-up of
8.7 years, 7% developed MACE, and in patients who received daily
prednisolone > 5 mg, the risk of MACE increased by 7% per month.
Therefore, the use of GCs is associated with a duration- and dose-
dependent increased risk of MACE, for example, very low doses of
prednisolone (<5 mg/day) do not confer an excess risk.

Tapering and discontinuation of glucocorticoids

GC therapy, despite its important role in the successful treatment
of RD, can cause significant morbidity among long-term users and at
high doses. Physicians should constantly try to reduce the excessive
dose of GCs by implementing GC-sparing therapy and gradually
tapering the dosasge to the minimum effective.” Thus, as part of a
treatment-to-target (T2T) strategy, GC tapering should be considered
once the treatment goal of remission or at least low disease activity is
achieved. However, when GC therapy is restarted due to a flare, it is
unclear whether a second attempt to taper and discontinue is likely to
be successful. Maassen JM et al. examined first- or second- attempt
GC successful discontinuation and assessed patient characteristics
associated with successful discontinuation in two T2T studies.* In the
BeSt trial, 40% of patients experienced a flare after initial withdrawal
of prednisone, and of the other 60%, 38% had to be re-treated later.!
Of those who restarted (secondary cessation), 47% relapsed. In the
IMPROVED study, 39% of flares occurred after initial discontinuation,
and of the other 61%, 40% had to resume treatment later. After
secondary termination - 49% of RA exacerbations. Therefore, the
standard basic characteristics are not sufficient for personalization.

Considering that patients with SLE are usually treated with GC
even during periods of remission, it is a practical necessity to assess
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the frequency of flares and progression of organ damage in patients
who have gradually reduced the dosage of GC. Among 204 patients
with SLE who participated in the trial by Tselios K et al.* flare
rates were lower in the withdrawal group at both 12 and 24 months.
Moderate and severe flares did not differ at 12 months, but were less
frequent at 24 months. It was concluded that gradual withdrawal of
GC is safe in clinically inactive SLE and is associated with fewer
exacerbations and less organ damage at 24 months.*

In an interesting paper, patients with RA who started GC therapy
and concomitant csDMARD therapy were again treated. The results
of the changes in GC dosage and disease activity, the frequency of
discontinuation of GC, as well as the frequency of flares within 6
months after cessation of GC were obtained.*”’

Among the conclusions, it should be noted that patients with
RA who start taking GCs, in addition to csDMARDs, cessation
can be reached, provided that the disease activity is controlled
in real life, preferably without a short-term flare. But the time and
duration to withdrawal of GC is far from recommended, indicating
a gap between the routine clinical practice and the current scientific
recommendations.*-5

Conclusion

1. GCs are  highly effective  anti-inflammatory  and
immunosuppressive drugs, but their use is limited by fears of
AEs.

2. Many AEs can be avoided or successfully treated, provided an
adequate and prudent approach.

3. The optimal choice for the use of GCs in the treatment of RD
is a specific and individual approach in dosage and routine
monitoring.

4. Advantages and disadvantages must be evaluated individually for
each patient.

5. Prednisone 5mg equivalent is effective and safe over a longer
period of time, except in patients with high cardiovascular risk
factors.
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