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MECHANISMS OF DISEASE

Antiinflammatory Action of Glucocorticoids —
New Mechanisms for Old Drugs

Turk Rhen, Ph.D., and John A. Cidlowski, Ph.D.

NFLAMMATION IS A REFLEXIVE RESPONSE TO INFECTION, THE BINDING

of antibodies to antigens within the body, mechanical irritation, or injury.* Mi-

crobes that breach epithelial barriers, for instance, directly activate complement
and toll-like receptors, two principal components of the innate immune system. The
activation of these sentinels triggers the synthesis and release of inflammatory media-
tors with acute effects on the vasculature. Localized vasodilation, increased vascular
permeability, extravasation of plasma (and humoral) proteins, and migration of leuko-
cytes into the affected tissue produce the classic signs of inflammation: calor, dolor,
rubor, tumor, and functio laesa. A positive feedback loop initiates the production of ad-
ditional inflammatory cytokines once infiltrating leukocytes become activated. Antiin-
flammatory homeostatic mechanisms reverse these processes as the infectious agent
is cleared by the innate and adaptive immune systems. The hypothalamic—pituitary-
adrenal axis and glucocorticoids in particular are essential in limiting and resolving the
inflammatory process.?
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MECHANISMS OF DISEASE

Figure 1. Pathways of Communication among the Immune System, the Hypothalamic-Pituitary-Adrenal Axis, and Other Tissues Influenced
by Immune Signals and Glucocorticoids.

The diagram also shows other important influences on the hypothalamic-pituitary-adrenal axis. Red lines denote inhibition, and blue

and black arrows activation,
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Mayo Clinic Contributions to Medicine

1950: Mrs. G Gets Compound E - Mayo Clinic
Researchers Receive Nobel Prize

After years of collaborative research, a Mayo Clinic team was the first to isolate cortisone, a
hormone from the adrenal glands. They administered it to a patient in 1948 — and received a
Nobel Prize for their discovery just two years later. Cortisone is an iconic example of Mayo's
philosophy of going from “bench to bedside” - translating laboratory discoveries into
effective treatments for patients.

The two Mayo Clinic staff members, rheumatologist Dr. Philip S. Hench and biochemist
Dr. Edward C. Kendall, shared the 1950 Nobel Prize for Medicine or Physiology for their
co-discovery of the structure and biology of cortisone, along with a Polish-Swiss chemist,
Professor Tadeus Reichstein of the University of Basel. Dr. Kendall had already achieved
international recognition for isolating another hormone, from the thyroid, in 1914.

The adrenal glands are small, triangular-shaped glands that sit atop each kidney.
Researchers in the early 20th century studied their potential for treating inflammatory
diseases such as rheumatoid arthritis. In this common, chronic and painfully debilitating
disease, the body’s immune system mistakenly attacks the body’s joints.

Relief of pain

The Mayo team’s laboratory discovery gained speed on Sept. 4, 1948, when Dr. Hench
wrote to Merck & Co, Inc., manufacturers of a Mayo experimental compound. He asked
for permission to administer what researchers called “Compound E” to a patient with
rheumatoid arthritis in the hope of relieving her disabling pain and impaired movement.

Permission was granted. On Sept. 21, Dr. Hench and his colleague Dr. Charles H. Slocumb
administered 100 mg of the adrenal gland corticosterone Compound E to the 29-year-

old patient known as Mrs. G. This was the first use of the substance in history. Results
were dramatic. By the third day, only few symptoms remained. Dr. Hench coined the term
“cortisone” to describe the active agent in Compound E. More patients and positive results
followed, along with increasing refinement of standards for administering the drug and
controlling its side effects.

Mayo Clinic rheumatologist Dr. Howard F. Polley had medical responsibility for most of the
patients in the initial trial of cortisone, capably assisted at Saint Marys Hospital by Sister
Pantaleon Navratil, who served as nursing supervisor. In the team culture of Mayo Clinic, Dr.
Hench shared the money he received as part of his Nobel Prize with colleagues who worked
with him on the project. Because of her vow of poverty, Sister Pantaleon could not accept
such a gift. Dr. Hench described Sister Pantaleon as “my valuable colleague” and, ever-
resourceful, established a travel fund for her to visit Europe and have an audience with the
Pope.

The Nobel Prize ceremony in Stockholm, Sweden, was a memorable event for Drs. Kendall

MAYO
CLINIC

1950: Nobel Prize for
discovery of cortisone

Drs. Edward Kendall (left), a
laboratory scientist, and Philip
Hench (right), a rheumatologist,
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Comparison of systemic glucocorticoid preparations

Equivalent doses (mg)

Antiinflammatory activity relative
to hydrocortisone*

Duration of action (hours)

Glucocorticoids

Short acting
Hydrocortisone (cortisol)
Cortisone acetate

Intermediate acting
Prednisone
Prednisolone
Methylprednisolone
Triamcinolone

Long acting
Dexamethasone

Betamethasone

20

25

0.75
0.6

0.8

30
30

8to 12

8to 12

12 to 36

12to 36

12to 36

12to 36

36to 72

36to72
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Figure 1 Relative potencies of
various glucocorticoids to produce
genomic and non-specific
non-genomic effects. The figure shows
a comparison between genomic and
non-genomic potencies of various
glucocorticoids. (A) Data for classic
(genomic) effects were taken from
Goodman and Gilman® and are relo-
13.3 tive to cortisol. (B) Data for non-
specific non-genomic effects were
taken from Schmid et aF and are rela-
tive to prednisolone. The value for
rednisolone was set to 4 and values
or the other glucocorticoids were

20

4 scaled accordingly to allow direct

<2.7 comparison with the classic poten-
cies. It should be noted that non-

anti-inflammation is the therapeutically desired effect. In
humans, hydrocortisone (cortisol) is the main glucocorticoid,
and aldosterone is the main mineralocorticoid.® Glucocorti-
coids in therapeutic use for anti-inflammatory and immuno-
suppressive effects are nowadays exclusively synthetic mol-
ecules that have pronounced anti-inflammatory potencies
compared to relative weak or even zero Na’ retaining
potencies.

specific non-?encmic effects are
especially relevant in higher doses.

usable for daily clinical work in terms of general therapeu-
tic guidelines, but their dogmatic use should be avoided. We
suggest therefore that (1) these values continue to be used
until more exact data are available and (2) doses of different
glucocorticoids are expressed by converting them into doses of
“prednisone equivalent”; in other words to express doses of
different glucocorticoids in mg prednisone (=mg pred-
nisolone, as prednisone is equally as potent as prednisolone)
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Non-genomic
effects _ _ .

/ Genomic
, effects

Therapeutic effect
s

=/.5 >7.5-=30 >30-<100 >100 =250
low  Medium High Very high Pulse therapy

Dose (mg prednisone equivalent)

Figure 2 Current view on the dose dependency of genomic and
non-agenomic effects providing arquments for the description of

Buttgereit, da Silva, Boers, et al

Note that (1) each period of glucocorticoid treatment
(“treatment schedule”) should be described in these terms,
and (2) “tapering” the dose is a frequent procedure either to
approach the maintenance dose or to stop the glucocorticoid
therapy.

Cumulative dose

Many adverse effects of glucocorticoid treatment (such as
glucose intolerance and osteoporosis) are related to cumula-
tive tissue exposure. We therefore suggest describing the
cumulative dose, especially in long term therapy. Currently the
calculation of cumulative doses is used rather for scientific
reasons.

In summary, we suggest that an appropriate description of
a given glucocorticoid therapy regimen should follow this
example:

Initially x mg prednisone orally once a day (at 8 00 am) for
two weeks, then reduced to y mg prednisone a day, followed
by . . .(describe each step of reduction in terms of mg and
time) reaching zero after for example, one year (overall dura-
tion). The cumulative dose was z mg prednisone.

WHAT SHOULD BE THE DEFINITION OF
CONVENTIONAL TERMS FOR GLUCOCORTICOID
DOSES?
Answer
We suggest the following terminology:

e Low dose =7.5 me prednisone equivalent a dav
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EXTENDED REPORT

Standardised nomenclature for glucocorticoid dosages
and glucocorticoid treatment regimens: current questions
and tentative answers in rheumatology

F Buttgereit, J A P da Silva, M Boers, G-R Burmester, M Cutolo, J Jacobs, J Kirwan,

L Kéhler, P van Riel, T Vischer, J W J Bijlsma

.............................................................................................................................

See end of article for
authors’ affiliations

Ann Rheum Dis 2002;61:718-722

----------------------- In rheumatology and other medical specialties there is a discrepancy between the widespread use and

Correspondence fo: the imprecise designation of glucocorticoid treatment regimens. Verbal descriptions of glucocorticoid
Dr F Butigereit, Department  treatment regimens used in various phases of diseases vary between countries and institutions. Given
of Rheumatology and this background, a workshop under the auspices of the EULAR Standing Committee on International

Clinical Immunology,
Charité University Hospital,

Clinical Studies including Therapeutic Trials was held to discuss this issue and to seek a consensus on

Schumannstrasse 20/21, nomenclature for glucocorticoid treatment. This report summarises the panel’s discussion and
10117 Berlin, Germany; recognises that answers derived from consensus conferences are not definitive. Nevertheless,
frank.buttgereit@charite.de  recommendations on glucocorticoid treatment are presented that (1) reflect current and best knowledge
Accepted available and (2) take into account current clinical practice. A question-answer rationale presentation
25 February 2002 style has been chosen to convey the messages, to summarise the meeting in a readable format, and to

....................... avoid dogmatism.

lucocorticoids have profound anti-inflammatory and
immunosuppressive actions when used therapeuti-
cally. The therapeutic dose is very wide and depends on
the indication for treatment, but can vary more than 200-fold.
Clearly, different dosages and dosing regimens have distinct

dom, Italy, Portugal, Switzerland and The Netherlands who
met in Berlin on 7 April 2001 for the First European Workshop
on Glucocorticoid Therapy. This report summarises the panel’s
discussion and recognises that answers derived from consen-
sus conferences are not definitive. Nevertheless, we present
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ycorticoids have profound anti-inflammatory and
nunosuppressive actions when used therapeuti-
y. The therapeutic dose is very wide and depends on
ion for treatment, but can vary more than 200-fold.
ferent dosages and dosing regimens have distinct
cally relevant effects mediated by genomic and
1ic actions. Genomic actions involve the binding to
ucocorticoid receptors, occur at any therapeutically
sage, and are seen not earlier than 30 minutes after
nding. In contrast, non-genomic actions are medi-
logical membranes, and are seen at higher concen-
d within seconds or minutes (see below). However,
or the use of different dosages in different clinical
is essentially empirical as the evidence to support
s in specific clinical settings is very scarce. This is
by the discrepancy between the widespread use
nprecise designation of glucocorticoid treatment
n rheumatology, as in other medical specialties.
ure and terminology of glucocorticoid treatment
1sed in various indications and phases of diseases
een countries and institutions. The current termi-
onfusion is exemplified by the different interpreta-
e various terms used to describe dosage (very low,
mild to moderate, moderate, high, very high, ultra-
negadoses) and by the great variation in interpret-
e terms “low dose therapy”, “high dose therapy”,
therapy”. A clarification of this situation is needed,
scientific conciseness in clinical terms to compare
, secondly, because glucocorticoid actions are

dom, Italy, Portugal, Switzerland and The Netherlands who
met in Berlin on 7 April 2001 for the First European Workshop
on Glucocorticoid Therapy. This report summarises the panel’s
discussion and recognises that answers derived from consen-
sus conferences are not definitive. Nevertheless, we present
recommendations on glucocorticoid treatment that (1) reflect
current and best knowledge available and (2) take into
account current clinical practice. We have chosen a question-
answer rationale presentation style to convey the messages, to
summarise our meeting in a readable format, and to avoid
dogmatism.

WHAT TERM SHOULD BE USED TO DESCRIBE THIS
CLASS OF DRUGS (STEROIDS, CORTICOSTEROIDS,
CORTICOIDS, GLUCOCORTICOSTEROIDS,
GLUCOCORTICOIDS)?

Answe
We suggest the use of the term glucocorticoids.

Rationale

The term steroids is too broad as it simply describes chemical
compounds characterised by a common multiple ring struc-
ture that include molecules such as cholesterol, sex hor-
mones, and corticosteroids. The terms corticosteroids and
corticoids are insufficiently exact as the adrenal cortex syn-
thesises two classes of steroids: the corticosteroids in the
narrower sense, which have 21 carbon atoms, and androgens,
which have 19 carbon atoms. The adrenal corticosteroids in
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varies between countries and institutions. The current termi-
nological confusion is exemplified by the different interpreta-
tions of the various terms used to describe dosage (very low,
low, mild, mild to moderate, moderate, high, very high, ultra-
high, and megadoses) and by the great variation in interpret-
ation of the terms “low dose therapy”, “high dose therapy”,
and “pulse therapy”. A clarification of this situation is needed,
firstly, for scientific conciseness in clinical terms to compare
trials and, secondly, because glucocorticoid actions are
strongly dose dependent in both a quantitative and qualitative
manner.' ° Moreover, it should be noted that there is currently
a renewed interest in glucocorticoids based on studies
describing their disease modifying effects in rheumatoid
arthritis.””

Given this background, a workshop was held to discuss this
issue and to seek a consensus on nomenclature for glucocorti-
coid treatment. A panel of experts was convened under the
auspices of the EULAR Standing Committee on International
Clinical Studies including Therapeutic Trials. The panel
comprised rheumatologists from Germany, the United King-

www.annrheumdis.com

Rationale

The term steroids is too broad as it simply describes chemical
compounds characterised by a common multiple ring struc-
ture that include molecules such as cholesterol, sex hor-
mones, and corticosteroids. The terms corticosteroids and
corticoids are insufficiently exact as the adrenal cortex syn-
thesises two classes of steroids: the corticosteroids in the
narrower sense, which have 21 carbon atoms, and androgens,
which have 19 carbon atoms. The adrenal corticosteroids in
the narrower sense differ in their relative glucocorticoid (car-
bohydrate metabolism regulating) and mineralocorticoid

(electrolyte balance regulating) activity and were, therefore,
historically ~ described ~ as ¢ glucocorticoids™> and
mineralocorticoids.® Corticosteroids are grouped according to

their relative potencies in Na" retention, effects on carbohy-
drate metabolism (hepatic deposition of glycogen and
glucogenesis), and anti-inflammatory effects.® Potencies based
on_effects on glucose metabolism (but not effects on Na*
retention!) closely parallel those for anti-inflammatory effects.
This was the reason for using the term glucocorticoids where

Standardised nomenclature for glucocorticoid doses and glucocorticoid treatment regimens 719

Figure 1 Relative potencies of
various glucocorticoids to produce
~ N o
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anti-inflammation he _therapeutically desired effect. In
human is the main glucocorticoid,
and aldosterone 1s_the main mineralocorticoid.® Glucocorti-
coids in therapeutic use for anti-inflammatory and immuno-
suppressive effects are nowadays exclusively synthetic mol-
ecules that have pronounced anti-inflammatory potencies
compared to relative weak or even zero Na' retaining
potencies.

For these reasons the terms glucocorticoid(s) or gluco-
corticosteroid(s) are scientifically correct and appropriate to
describe the use of these drugs for the treatment of rheumatic
diseases and other conditions where anti-inflammatory and
immunomodulatory effects are desired. However, the term
“glucocorticosteroids” is not very often used (only 368
citations in Medline 1994-2000) compared to the term
“glucocorticoids” (11 178 citations). In summary, we suggest
generally the use of the term glucocorticoid(s).

HOW CAN GLUCOCORTICOID THERAPY
SCHEDULES BE DESCRIBED AS PRECISELY AS
POSSIBLE?

Answer

We suggest a description that is precise regarding (a) the drug,
(b) the dosage, (c) the route of administration, and (d4) the
timing of administration (timing, frequency, duration, some-
times cumulative dosage where appropriate).

especially relevant in higher doses.

usable for daily clinical work in terms of general therapeu-
tic guidelines, but their dogmatic use should be avoided. We
suggest therefore that (1) these values continue to be used
until more exact data are available and (2) doses of different
glucocorticoids are expressed by converting them into doses of
“prednisone equivalent”; in other words to express doses of
different glucocorticoids in mg prednisone (=mg pred-
nisolone, as prednisone is equally as potent as prednisolone)
by using the relative potencies given above. The suggestion for

further using the term prednisone equivalent is recommended
for historical reasons because¢prednisone “was the first
synthetic, pharmacologically relevan corticoid drug to

be introduced into clinical medicine.

However, (1) It should be noted that the use of equivalent
dosages is according to recent data only a valid procedure if
doses of less than 100 mg prednisone are considered. At
higher doses non-genomic effects come into play. This is
important because the relative potencies of different glucocor-
ticoids producing these non-genomic effects are completely
different from their classic genomic effects.”®” Figure 1B
shows the data that rationalise the empirical use of glucocor-
ticoids for high dose therapy. For instance, for pulse therapy
methylprednisolone is often preferred to prednisolone in
exacerbated immunologically mediated disorders. The two
drugs have similar genomic potency but in high dose therapy
the non-specific non-genomic effect of methylprednisolone is

more than threefold stronger. This may explain the empirical
clinical nreference for methvlorednicolone Another evamnle
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<7.5 >7.5-<30 >30-<100 >100
low  Medium High Very high
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= 250
Pulse therapy

Dose (mg prednisone equivalent)

Figure 2 Current view on the dose dependency of genomic and
non-genomic effects providing arguments for the description of
glucocorticoid dosages. Figure 2 summarises the current knowledge
on the occurrence o? genomic and non-genomic effects in terms o?a
dose-response relationship.' 2 This provided the basis for our rec-
ommencr:ltions on how to describe glucocorticoid doses; however,
arguments concerning clinical feasibility have been taken into
account. Against this background we stress that neither for genomic
nor for non-genomic effects is there an exact knowledge of the relo-
tionship between dosage, concentration, and cellular and clinical
effects (see text). However, this figure represents the result of our
interpretation of currently available information on basic research
results and clinical practice.

concentrations are reached that can, in addition to the most
important genomic effects, also exert non-genomic effects. It
should be noted that the range of glucocorticoids available for
intra-articular administration is larger than the range for sys-
temic use. Moreover, these intra-articular glucocorticoids dif-
fer significantly in structure with important consequences on
their therapeutic effects.

S Y &

tion). The cumulative dose was z mg prednisone.
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WHAT SHOULD BE THE DEFINITION OF
CONVENTIONAL TERMS FOR GLUCOCORTICOID
DOSES?
Answer
We suggest the following terminology:
® Low dose <7.5 mg prednisone equivalent a day
® Medium dose >7.5 mg, but <30 mg prednisone equiva
ent a day
® High dose >30 mg, but <100 mg prednisone equivaler
a day
® Very high dose >100 mg prednisone equivalent a day
¢ Pulse therapy =250 mg prednisone equivalent a day fc
one or a few days.

Rationale

As mentioned above glucocorticoids act via genomic and nor
genomic effects.' * 7 For genomic effects the degree of cytosoli
receptor saturation is considered as a direct modulator of th
intensity of (therapeutic) glucocorticoid effects. Unfortu
nately, there are no precise data available that describe th
relationship between administered glucocorticoid dose an
consequent occupation of the receptors. Moreover, it has to b
taken into account that there is a wide interindividus
variation in plasma concentrations where the same sing]

- s 4 el £l P



“National Institute of Rheumatic
Diseases Piest’any, Slovakia
0Department of Rheumatology,
University Hospitals KU Leuven,
Belgium

Correspondence to

Marlies C van der Goes,
Department of Rheumatology
and Clinical Immunology
(F02.127), University Medical
Center Utrecht, P 0 Box
85500, Utrecht 3508 GA, The
Netherlands;
m.c.vandergoes@umcutrecht.
nl

Accepted 9 March 2010

0 og o 6 o g piDMARDS 5 {

extended for patients on low-dose GC therapy, except for
osteoporosis (follow national guidelines), and baseline
assessments of ankle edema, fasting blood glucose and
risk factors for glaucoma.

Conclusion Given the incompleteness of literature data,
consensus-based recommendations on monitoring for
GC-related AEs were created, separately for daily practice
and clinical trials.

Since their discovery, glucocorticoids (GCs) are
being widely used in different diseases.! 2 Their
effects are mediated by genomic and non-ge-
nomic mechanisms.? GCs are beneficial in many
inflammatory and rheumatic diseases, because of
their anti-inflammatory and immunosuppressive
actions, reducing disease activity and pain. In the
long term, GCs exhibit disease-modifying capaci-
ties in rheumatoid arthritis (RA), such as protective
effects on joint destruction.* However, their use
is restrained by the occurrence of adverse events
(AEs).>10

Despite the established use, there is no defi-
nite consensus on the relevant AE-profile of this
medication. A common misconception is that AEs

Ann Rheum Dis 2010;69:1913-1919. doi:10.1136/ard.2009.124958

important in daily practice. Currently, great efforts
are being made to develop innovative GCs or GC
receptor ligands that have an improved thera-
peutic effect/AE ratio.!® 16 So for obtaining a true
AE-profile of (conventional) GCs and for compar-
ing AEs of innovative GCs with those of conven-
tional GCs, clear guidance and consensus on the
monitoring of AEs are desirable.

The aim of this study was to develop recom-
mendations for the monitoring of GC-related AEs
of low-dose GC treatment in rheumatic diseases (1)
in clinical trials for obtaining high-quality data on
the occurrence of AEs and (2) in daily practice for
treating patients safely. These recommendations
should state which AEs to monitor, how to monitor
them and in what frequency.

METHODS

Literature search

A review of the published evidence on GC-related
AEs in rheumatic diseases was performed using
the bibliographic databases PubMed, EMBASE and
Cochrane Library in order to provide data for group
discussions and make the recommendations as

1913
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Kirwan JR, Bijlsma JW, Boers M, et al. Effects of glucocorticoids on radiological
progression in rheumatoid arthritis. Cochrane Database Syst Rev 2007;CD006356.
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EULAR recommendations for the management of
rheumatoid arthritis with synthetic and biological
disease-modifying antirheumatic drugs
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ABSTRACT

Treatment of rheumatoid arthritis (RA) may differ among
rheumatologists and currently, clear and consensual
international recommendations on RA treatment

are not available. In this paper recommendations for
the treatment of RA with synthetic and biological
disease-modifying antirheumatic drugs (DMARDs)
and glucocorticoids (GCs) that also account for
strategic algorithms and deal with economic aspects,
are described. The recommendations are based on
evidence from five systematic literature reviews
(SLRs) performed for synthetic DMARDs, biological
DMARDs, GCs, treatment strategies and economic
issues. The SLR-derived evidence was discussed and
summarised as an expert opinion in the course of a

Nalnhi-like nrnrace | auale nf avidanra etrannth nf

during the past decade, providing previously unfore-
seen therapeutic dimensions. New and highly
effective DMARDs have continued to emerge
until the most recent years—in particular, biologi-
cal agents which target tumour necrosis factor, the
interleukin 1 (IL-1) receptor, the IL-6 receptor, B
lymphocytes and T-cell costimulation.! In addition,
a chemical DMARD, leflunomide, has become
available and compounds which have been in use
for many decades, such as methotrexate (MTX)
and sulfasalazine (SSZ), as well as GCs, have been
re-examined in order to achieve better efficacy.
For example, the use of high dose MTX? and the
disease-modifying effects of GCs, especially when
combined with traditional DMARDs,>” are now
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