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Context: A diagnosis of Addison’s disease means lifelong dependence on daily glucocorticoid and
mineralocorticoid therapy and is associated with increased morbidity and mortality as well as a risk
of unexpected adrenal crisis.

Objective: The objective of the study was to determine whetherimmunomodulatory therapy at an
earlystage of autoimmune Addison’s disease could lead to preservation orimprovementin adrenal
steroidogenesis.

Design and Intervention: This was an open-label, pilot study of B lymphocyte depletion therapy
in new-onset idiopathic primary adrenal failure. Doses of iv rituximab (1 g) were givenond 1 and
15, after pretreatment with 125 mg iv methylprednisolone.

Patients and Main Outcome Measures: Six patients (aged 17-47 yr; four females) were treated
within 4 wk of the first diagnosis of idiopathic primary adrenal failure. Dynamic testing of adrenal
function was performed every 3 months for at least 12 months.

Results: Serum cortisol levels declined rapidly and were less than 100 nmol/liter (3.6 ng/dl) in all
patients by 3 months after Blymphocyte depletion. Serum cortisol and aldosterone concentrations
remained low in five of the six patients throughout the follow-up period. However, asingle patient
had sustained improvement in both serum cortisol [peak 434 nmol/liter (15.7 wg/dl)] and aldoste-
rone [peak 434 pmol/liter (15.7 ng/dl)] secretion. This patient was able to discontinue steroid
medications 15 months after therapy and remains well, with improving serum cortisol levels 27
months after therapy.

Conclusion: New-onset autoimmune Addison’s disease should be considered as a potentially re-
versible condition in some patients. Future studies of immunomodulation in autoimmune Addi-
son’s disease may be warranted. (J Clin Endocrinol Metab 97: E1927-E1932, 2012)

utoimmune Addison’s disease (AAD) is caused by im-
mune-mediated destruction of the steroid-produc-

ing cells of the adrenal cortex, leading to reduced circu-
lating cortisol and aldosterone concentrations (1-3).
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During the late 1940s, the availability of synthetic corti-
sone acetate transformed the prognosis of adrenal failure,
changing it from a lethal condition to a chronic and man-
ageable one (1). However, there have been no significant

Abbreviations: AAD, Autoimmune Addison’s disease; DHEAS, dehydroepiandrosterone
sulfate.
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treatment advances in AAD for the last 50 yr, and patients
with AAD have a lifelong dependency on daily treatment
with replacement glucocorticoid and mineralocorticoid
(1, 2). There is an ever-present risk of an unexpected ad-
renal crisis, and this curtails patients’ activities (4), con-
tributing to a reduction in the quality of life (5). In addi-
tion, there are specific complications associated with
chronic glucocorticoid use, including osteoporosis, frac-
ture, and impaired glucose tolerance (6, 7). Several longi-
tudinal surveys have also documented a reduced life ex-
pectancy in individuals with Addison’s disease (8, 9).
Thus, although current endocrine replacement therapy
makes patients with newly diagnosed AAD feel better al-
most immediately, in many cases, it does not fully restore
their well-being, nor does it lead to ideal long-term health.

With the above provisos in mind, we wanted to explore
novel therapeutic options for patients with newly diag-
nosed AAD. Type 1 diabetes has many pathophysiological
features in common with AAD (2, 3), including immune-
mediated destruction of hormone-secreting cells, circulat-
ing autoantibodies directed at tissue-specific antigens, and
a complex genetic basis with several shared susceptibility
alleles, notably those of the major histocompatibility com-
plex (3, 10). And in recent years, several studies have tar-
geted the autoimmune attack early on in the natural his-
tory of type 1 diabetes with some success, including with
B lymphocyte-depleting anti-CD20 antibodies (11, 12).
Importantly, adrenocortical plasticity is a regularly ob-
served clinical phenomenon. In patients being weaned
from chronic exogenous glucocorticoid therapy, there is
functional adrenal failure, which usually recovers over a
period of several months as secretion of the adrenocortical
master regulatory hormone, ACTH, is reestablished.
Thus, we hypothesized that if the immune attack in newly
diagnosed AAD could be effectively quashed, then adre-
nocortical steroidogenesis might similarly recover. This
manuscript reports on an exploratory, open-label study of
B lymphocyte depletion therapy in six patients with newly
diagnosed idiopathic Addison’s disease.

Patients and Methods

Patients

Six patients between the ages of 16 and 65 yr who had been
diagnosed with idiopathic primary adrenal failure within the pre-
vious 28 d were recruited, either in Newcastle upon Tyne (n = 5) or
Exeter, UK. Eligibility criteria included biochemical evidence of ad-
renocortical failure with subnormal serum cortisol response to 250
ug iv tetracosactide (synacthen; peak serum cortisol <350 nmol/
liter) with biochemical evidence to confirm elevated ACTH or ev-
idence of mineralocorticoid insufficiency. In addition, all patients
underwent adrenal computed tomography scan, and normal or
atrophic adrenal glands were confirmed before study medication
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was administered. Patients with active infective illness, other serious
cardiorespiratory, renal, or hepatic comorbidity, or pregnancy or
other condition that would preclude rituximab treatment were ex-
cluded (a full list of exclusion criteria is given in the Supplemental
Information, published on The Endocrine Society’s Journals Online
web site at http://jcem.endojournals.org). The recruitment algo-
rithm is shown as Supplemental Fig. 1. The study was registered as
NCT00753597. The Northern and Yorkshire Research Ethics
Committee gave approval (reference 08/H0903/32).

Design and treatment regimen

This was an open-label pilot study in which all participants
received active treatment and were followed up for at least 12
months, with outcome assessments of adrenal steroidogenesis
every 3 months. Ond 1 and 15, patients were pretreated with 1 g
oral paracetamol, 10 mg iv chlorpheniramine, and 125 mg iv
methylprednisolone, followed by 1 g iv rituximab infused over
5.25 h (13). At diagnosis, all patients had been treated with oral
hydrocortisone in doses ranging from 15 to 30 mg daily. After the
first rituximab infusion, oral glucocorticoid and mineralocorti-
coid replacement was continued for at least 12 months (detailed
in Supplemental Information).

Outcome measures and assessments

After baseline testing, outcome measurements were made at
the end of months 3, 6, 9. and 12 (during wk 13, 26, 39, and 52).
All steroid hormone measurements were made after 38—42 h of
withdrawal from regular glucocorticoid and fludrocortisone re-
placement therapy. The morning before the day of assessment,
all steroid replacement medication was omitted and patients
were observed in the research facility until dynamic testing was
complete on the following morning. Three of the 28 outcome
visits were delayed by a week due to intercurrentillness (common
cold, upper respiratory tract infection, urine infection), during
which patients were judged as being potentially unsafe to stop
medication. ACTH stimulation testing started between 0830
and 0900 h, with a basal serum sample for cortisol followed by
a250-pug iv bolus of tetracosactide and additional blood samples
at 30 and 60 min.

Statistical analysis

All probability values shown are two sided from paired ¢ tests,
except where stated. Changes in serum 21-hydroxylase antibody
concentration were analyzed by Wilcoxon ranked sign test (im-
plemented in the R package) (14).

Results

All patients presented with features of acute adrenal in-
sufficiency requiring hospitalization, associated with
chronic weight loss and pigmentation. Patient character-
istics are shown in Table 1.

Immune parameters

After the rituximab infusions, all patients had complete
depletion of circulating B lymphocytes by 28 d, which
lasted from 5 to 12 months (Fig. 1A). Serum IgM concen-
trations also declined [mean 1.09 g/liter at baseline to 0.78
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TABLE 1. Patient characteristics at diagnosis
Duration Serum Na*/K*
Patient Sex, ofillness at diagnosis Peak serum Plasma ACTH Adrenal 21-hydroxylase HLA-DRB1 Personal or family
ID age (yr) (months) (mmol/liter)? cortisol (nmol/liter)? (ng/liter)c  cell Ab? Ab (U/ml)e genotype autoimmunity
1 F 44 6 132/5.2 209 >1250 Neg 0.68 *0101/*1301 Graves' disease
2 F19 4 130/5.3 11 >1250 Pos 345 *0301/*0404 Grandmother hypothyroid
3 F38 12 132/4.4 80 ND Pos 1669 *0301/*0301 Graves' disease; mother celiac
4 M 25 1.5 116/5.4 145 430 Neg 1.29 *0101/*1501
5 F17 6 118/4.9 235 629 Pos 19200 *0301/*0801
6 M 47 4 130/5.0 70 >1250 Neg 6.3 *1301/*1501

F, Female; M, male; Neg, negative; Pos, positive; ND, not done.

@ Reference range for serum Na™ is 135-145 mmol/liter, K™ is 3.5-5.2 mmol/liter.

b Reference range after tetracosactide is greater than 550 nmol. To convert from nanomoles per liter to micrograms per deciliter, divide by 27.6.

 Reference range is 10-55 ng/liter.

9 Adrenal cell antibodies were measured by indirect immunofluorescence of patient sera on monkey adrenal slices (Prodiagnostics,

Huntington, WV).

€ 21-Hydroxylase antibodies were measured by immunoprecipitation.® Reference range is less than 1.0 U/ml.

g/liter at 12 months (P = 0.04)] (Fig. 1B). Five of six par-
ticipants had concentrations of 21-hydroxylase greater
than 1.0 U/ml (the threshold of normality) at baseline (Ta-
ble 1), and all patients had reductions in concentration
over follow-up (P = 0.031; Wilcoxon ranked sign test)
(Fig. 1C).

Steroidogenic function

Before any study intervention, peak serum cortisol con-
centrations decreased, from a mean of 141 = 28 (SEm)
nmol/liter (5.1 = 1.0 pg/dl) at the time of first clinical
diagnosis to 57 * 18 nmol/liter (2.1 = 0.65 ug/dl) (P =
0.004) at baseline retesting 14-22 d later (Fig. 1D). After
the trial therapy, five of six patients had serum cortisol
concentrations that remained below 100 nmol/liter (3.2
pg/dl) between 3 and 12 months’ follow-up. Similarly, five
of the six patients had serum aldosterone concentrations
below the threshold for detection [<70 pmol/liter (< 2.53
ng/dl)] from the 3-month assessment onward (Fig. 1E). In
contrast, patient 5 had a steady increase in both peak se-
rum cortisol and serum aldosterone after the 3-month visit
the current time. At 15 months after B cell depletion ther-
apy, her peak serum cortisol was 407 nmol/liter (14.7 ug/
dl) and serum aldosterone 434 pmol/liter (15.7ng/dl), so
steroid medications were progressively reduced and
stopped. She has remained well for 12 months without
medication, with current peak serum cortisol 434 nmol/
liter (15.7 pg/dl), serum aldosterone 316 pmol/liter (11.4
ng/dl), with a corresponding plasma ACTH of 569 ng/liter
(10-55) and renin activity 14.5 pmol/ml-h (1.0-5.5). Her
weight has progressively increased from 50.6 kg at diag-
nosis to a most recent weight of 64.6 kg. Serum dehydro-
epiandrosterone sulfate (DHEAS) concentrations re-
mained below the limit of detection in all female patients
and low in the male participants (Fig. 1F).

Safety and tolerability

The rituximab infusions were well tolerated with only
two minor infusion reactions during the first infusion in
different participants (headache, nausea; both grade 1).
There was one serious adverse event that may have been
causally related to the interventions (coliform urine
infection).

Discussion

This study is the first, to our knowledge, that has at-
tempted to modify the natural history of autoimmune Ad-
dison’s disease using an immunomodulatory treatment.
Although five of the six patients had an early and persis-
tent decline in adrenocortical steroidogenesis after the di-
agnosis of Addison’s disease, one patient had a steady
improvement in serum cortisol and aldosterone secretion
during the observation period. Fifteen months after ther-
apy, we were able to discontinue glucocorticoid and min-
eralocorticoid replacement, and this patient has now felt
well without medication for 12 months. Even though this
patient does not have entirely normal adrenal function, as
judged by a persistent elevation in plasma ACTH and
renin activity, such an improvement of adrenal steroido-
genic function is still remarkable. This has changed our
perception of autoimmune Addison’s disease from one of
a chronic but largely manageable autoimmune condition
to one in which disease-modifying therapy directed
against the immune-response could lead to a cure, at least
in the short term, in certain patients. A similar therapeutic
model has been investigated in type 1 diabetes for several
years, with some notable successes (11, 12).
Regeneration of adrenal steroidogenesis after the im-
munomodulation of autoimmune Addison’s disease might
be predicted from several observations. First, plasticity of
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FIG. 1. Serial measurements of immune and endocrine parameters. A, Absolute peripheral B lymphocyte numbers over time after rituximab
therapy. B lymphocytes were measured as CD19* cells at flow cytometry (10,000 lymphocyte events counted twice for each measurement;

complete depletion was judged as CD19" < 0.1% of lymphocytes) (Becton Dickinson Instruments, Oxford, UK). The reference range for CD19% is
90-660 cells/ul. B, The concentration of serum IgM, measured by immunometric nephelometry (BN2; Dade Behring, Surrey, UK), is shown over
time after rituximab therapy. The lower limit of the adult female reference range is shown at the top of the gray shaded box (0.72 g/liter), and the
lower limit of the adult male reference interval is shown at the top of the hatched box (0.24 g/liter). Three of the four female patients in the study
(patients 1, 2, and 5) developed subnormal IgM levels during follow-up. C, The concentration of serum 21-hydroxylase autoantibodies over time is
shown as a percentage of the baseline measurement. Measurements were made in duplicate by immunoprecipitation of radiolabeled recombinant
in vitro translated 21-hydroxylase protein (RSR Ltd.) (15). For patient 5, sera were diluted 100-fold to measure the concentration. Absolute values
of 21-hydroxylase antibody at baseline are shown for each subject in Table 1. D, Serial peak serum cortisol concentrations at diagnosis, at study
baseline, and after rituximab treatment. All steroid hormone measurements were made after 38—-42 h of withdrawal from regular glucocorticoid
and fludrocortisone replacement therapy. For each time point, the highest serum cortisol is recorded, either the baseline sample or after the iv
tetracosactide 250 g (30 or 60 min). The normal response to this stimulus is a peak cortisol concentration greater than 550 nmol/liter (20 wg/dl).
Measurements were made using a competitive chemoluminescent immunoassay on a Centaur platform (Siemens, Surrey, UK) with a limit of
detection (LD) of 25 nmol/liter (0.91 ug/dl), shown as the shaded horizontal area. To convert serum cortisol from nanomoles per liter to
micrograms per deciliter, divide by 27.6. E, Serial recumbent serum aldosterone concentrations at study baseline and after rituximab treatment.
The reference range for recumbent serum aldosterone is 100—450 pmol/liter. Measurements were made by solid-phase RIA (DPC Coat-a-Count
kit; Diagnostic Products Corp., Surrey, UK), with a LD of 70 pmol/liter, shown as the shaded horizontal area. Several patients’ data are
superimposed on this limit of detection line. To convert serum aldosterone from picomoles per liter to nanograms per deciliter, divide by 27.7. F,

Serial serum DHEAS concentrations at study baseline and after rituximab treatment. Measurements were made by solid-phase competitive
chemoluminescence on an Immulite platform (Siemens) with a LD of 0.4 umol/liter (shown as the shaded horizontal area). The four female
patients’ data are superimposed on this limit of detection line. The female reference interval is 1.5-10.5 wmol/liter, and the male reference interval
is 2.1-12.9 umol/liter. To convert serum DHEAS from micromoles per liter to micrograms per deciliter, divide by 0.0271.

adrenocortical function is regularly observed in clinical
practice in several situations. In Cushing’s disease and
congenital adrenal hyperplasia, excess ACTH stimulation
leads to adrenal growth and, in the former, excess gluco-
corticoid secretion. Conversely, after treatment with ex-
ogenous glucocorticoids, there is adrenal atrophy and
functional adrenal failure, which reverses as the exoge-
nous steroid therapy is withdrawn. Second, islands of hy-
perplastic adrenocortical cells were observed at postmor-
tem examination of Addisonian patients more than 80 yr
ago (16) and suggest that the plasticity of adrenal cortex
remains until late on in the natural history of the untreated
disease. Lastly, spontaneous recovery of Addison’s disease
has been reported in two cases, one with clear evidence of

autoimmune etiology (17, 18). In a third case, recovery of
early adrenal failure was observed after high-dose oral
steroid therapy for inflammatory thyroid orbitopathy
(19). Thus, the intrinsic plasticity of adrenal function
makes AAD an attractive theoretical target for disease-
modifying therapies. This study shows an important proof
of this concept, that such a therapeutic approach can be
successful in practice.

Although one patient has had a successful short-term
outcome from B cell depletion therapy in our study, five
patients had no benefit from the intervention. The iden-
tification of patients who are the most likely to benefit
from such a treatment is therefore a key issue for future
studies. Importantly, patient 5 had the highest concentra-
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tion of both cortisol and aldosterone at baseline testing of
all the patients, so her presentation with AAD may be
regarded as earlier on in the natural history of declining
steroidogenesis and hence more tractable to recovery. Pa-
tient 5 also had the highest level of circulating autoanti-
bodies to 21-hydroxlase. These antibodies may be con-
sidered as a biomarker for the humoral immune response
in AAD, and this may be a contributing factor to the ef-
ficacy of B lymphocyte depletion in her case. For future
clinical trials of disease-modifying therapy in AAD, we
would recommend an early assay of 21-hydroxylase an-
tibodies as well as commencing any disease-modifying
treatment as soon as possible.

The natural history of steroidogenesis in newly di-
agnosed AAD has not previously been studied in de-
tail. We were surprised by the rapid decline in circulat-
ing cortisol levels that, on average, more than halved
within 3 wk of diagnosis. We presume this is a combi-
nation of the continuing aggressive immune-mediated
destruction of the adrenal cortex, coupled with the loss
of tropic stimulation owing to reductions in plasma
ACTH, consequent to steroid replacement medication
resulting in less steroid biosynthesis. The previous report
of recovery of early Addison’s disease in a patient treated
with high-dose glucocorticoids for another indication was
consistent with a possible immunomodulatory effect of
glucocorticoid therapy in AAD, (19) as was a previous
study in adrenal cell antibody positive patients without
overt adrenal dysfunction (20). However, our data con-
cerning adrenocortical function after commencement of
replacement doses of glucocorticoid and mineralocorti-
coid suggest that at the symptomatic stage of AAD, this
likely contributes to a rapid decline in cortisol by removing
the tropic influence of ACTH. Having observed this phe-
nomenon in patients 1-4, we changed the study protocol
to give a much lower dose of glucocorticoid in the early
part of the study in the remaining two patients. This may
have contributed to the improved outcome in patient 5. In
future studies of new-onset Addison’s disease, we would
suggest that replacement steroid medications are carefully
titrated to avoid overtreatment and to maintain some en-
dogenous tropic drive to adrenal cortisol and aldosterone
production. AAD is generally assumed to be a monophasic
autoimmune disorder with an inevitable decline to com-
plete adrenocortical failure, and this is supported by a
study reexamining adrenal function in a cohort of 27 pa-
tients (21). Nevertheless, if the immune attack on the ad-
renal cortex was fluctuant, then a relapsing-remitting dis-
ease course could occur, which might also explain certain
of our findings.

In summary, we treated six patients with new-onset
Addison’s disease with B cell depletion therapy. One pa-

jcem.endojournals.org E1931

tient had a recovery of adrenal function. We believe that
autoimmune Addison’s disease should be considered as a
reversible condition in some patients and that future stud-
ies using immunomodulatory approaches in new-onset
disease are now warranted.
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