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Glucocorticoid replacement
Pending further studies of new agents, the old treatments are still the best
Anjali Amin clinical research fellow, Amir H Sam senior lecturer in endocrinology, Karim Meeran
professor of endocrinology
Imperial Centre for Endocrinology, Imperial College London, UK

Steroids are among the most commonly prescribed drugs.
Synthetic glucocorticoids such as prednisolone and
dexamethasone are commonly used as anti-inflammatory or
immunosuppressive agents in supra-physiological doses and
have longer half lives than the naturally occurring
hydrocortisone.

Patients with primary adrenal insufficiency require replacement
of both mineralocorticoid, in the form of fludrocortisone, and
glucocorticoid. All healthcare professionals should know how
to manage patients with hypocortisolaemia, some of whom will
be at risk of life threatening adrenal crises.1
In the United Kingdom, hydrocortisone is the most commonly
prescribed glucocorticoid for replacement therapy in both
primary and secondary hypocortisolaemia. Other glucocorticoids
are more often used for other conditions. Dexamethasone is the
most potent and is mainly used in intracranial and oncological
conditions. Prednisolone is the standard treatment for most
inflammatory conditions. Prednisone is also available as a
delayed release preparation and is converted to active
prednisolone by first pass metabolism in the liver.
In healthy humans, cortisol is secreted from the adrenal glands
in a distinct circadian rhythm, with peak levels in the early
morning, dropping to undetectable levels during the night.2 3
Hydrocortisone replacement therapy is tailored to mimic this
diurnal pattern. Hence, conventional treatment with
hydrocortisone for hypocortisolaemia is generally divided into
three daily doses, with a larger proportion of the total dose taken
in the morning.

In 2012 an oral modified release formulation of hydrocortisone,
Plenadren, was licensed in the UK. What are its advantages?

The basis for the licensing decision was a single non-blinded
crossover trial of 64 patients.4 In the trial, participants were
randomised to receive either a single daily dose of modified
release hydrocortisone or a standard immediate release
formulation in three divided doses for 12 weeks, followed by a
switch to the other formulation for a further 12 weeks. The study
showed that patients taking the once daily formulation had a
lower body weight, blood pressure, and glycated haemoglobin
concentration at 12 weeks compared with those taking

conventional doses of hydrocortisone. This was unsurprising,
however, as the doses of hydrocortisone were not comparable:
the 24 hour cortisol exposure was lower with the modified
release formulation than with the standard doses. Lower
hydrocortisone doses than the 20-30 mg daily usually prescribed
may therefore result in similar benefits to those seen with the
modified release formulation at a fraction of the cost.
Although Plenadren has been marketed as a convenient once
daily formulation and patients prefer a once daily formulation
to multiple daily doses, adherence did not differ between the
two formulations. Neither did quality of life scores.4

The cost of drugs is a consideration. Patients with adrenal
insufficiency are often young and will require lifelong
replacement treatment. Currently, Plenadren costs almost four
times as much as standard hydrocortisone (£224 (€283; $380)
compared with £60.70 for 28 tablets (20 mg)).5

If slow release formulations bring advantages then
glucocorticoids with longer half lives offer possible alternatives
in the treatment of hypocortisolaemia. Prednisolone has an ideal
half life, allowing once daily treatment,6 and patients with
adrenal insufficiency derive the same subjective benefit from
equivalent doses of prednisolone and hydrocortisone.7
Prednisolone costs £1.31 for 28 tablets at the 5 mg dose; data
on overtreatment with once daily prednisolone remain
inconclusive.8-10

Prednisone, an inactive drug precursor converted to active
prednisolone in the liver, offers no obvious added benefit to
prednisolone, and the modified release preparation is expensive.
Soluble prednisolone is also available, but at £39.93 for 28
tablets at the 5 mg dose5 is about 40 times more expensive than
standard prednisolone tablets. Dexamethasone is less commonly
used because of its longer duration of action.
We now need long term randomised clinical trials looking at
the efficacy and side effects of the available glucocorticoids in
the management of hypocortisolaemia. A further study
comparing truly equivalent doses of hydrocortisone,
prednisolone, and modified release hydrocortisone is required.
Current formulations of hydrocortisone do not fully replicate
the normal circadian rhythm of cortisol.11 Several centres
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measure levels of cortisol in patients who are taking
hydrocortisone and use these data to titrate dose and timing of
treatment. As a result some patients follow three times daily
regimens while others (presumably slower metabolisers) have
twice daily dosing. Other centres do not measure levels but treat
patients empirically.

Centres that titrate doses will want to measure levels of
prednisolone, and assays are being developed to enable this. At
present, however, there is no evidence of any difference between
the three replacement options, so it is logical to use the most
cost effective, which is prednisolone. Plenadren is the least cost
effective and hence has no current place in the treatment of
adrenal insufficiency. Hydrocortisone was the most cost
effective option until 2008, when its price increased 60-fold,12
but prednisolone should now be the first line option for
glucocorticoid replacement therapy.
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