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X-linked adrenoleukodystrophy (ALD) is a peroxisomal disorder characterized by
accumulation of saturated very long-chain fatty acids (VLCFA) primarily in the adrenal
cortex, central nervous system and testes. ALD results from mutations in the ABCD1 gene,
which encodes a peroxisomal membrane transport protein.1 The link between peroxisomal
dysfunction and accumulation of VLCFA is not completely understood. Although impaired
peroxisomal β-oxidation of VLCFA has been shown to have a role, mechanisms
independent of the peroxisomal β-oxidation have also been proposed.2
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The severity and tempo of progression of end-organ involvement vary among patients.
Neurological disease is the most devastating manifestation, presenting either during
childhood as rapidly progressive cerebral ALD or during adulthood as
adrenomyeloneuropathy, a slowly progressive disease of the spinal cord, or both. Adrenal
insufficiency (AI), either subclinical or overt, is found in the majority of patients with ALD,
and may be present in up to 92% of children with cerebral disease.3
Hematopoietic cell transplantation (HCT) is the only treatment definitively shown to halt
neurological disease progression if performed early in the disease process.4 Much less is
known about the effects of HCT on adrenal function. The goal of this study was to examine
if HCT can preserve normal adrenal function or reverse AI in ALD patients.
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We conducted a retrospective chart review of 50 consecutive patients with cerebral ALD,
who were transplanted between October 2001 and September 2010 at the University of
Minnesota and survived more than a year after HCT. The diagnosis of cerebral ALD was
based on the presence of increased plasma VLCFA levels and characteristic white matter
changes on MRI.5 A pre-transplant diagnosis of AI was made at either the referring
institutions or at our institution as recently published.5 A group of 20 ALD patients, who
returned for a follow-up visit, had a low-dose Cosyntropin (synthetic adrenocorticotropic
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hormone (ACTH) 1 - 24) stimulation test 1 - 7 years post HCT (one patient did not proceed
with the stimulation test because a random ACTH level was markedly elevated at 1749 pg/
mL). Cortisol level was measured at baseline and + 15, + 30, and + 60 min after i.v.
administration of 1 mcg of Cosyntropin,5 with AI diagnosed if the peak stimulated cortisol
level was less than 20 mg/dL. A low-dose ACTH stimulation test was chosen because it is
more sensitive for the diagnosis of subclinical AI than a standard dose (250 mcg) test. None
of the patients were receiving supraphysiologic doses of corticosteroids for GVHD at the
time of ACTH stimulation testing. For patients on physiological replacement hydrocortisone
doses, the morning dose was withheld before the test. The study was approved by the
University of Minnesota Institutional Review Board.
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Characteristics of the study population are shown in Table 1. Of the 20 evaluable patients
surviving 1 year post HCT, 16 patients manifested AI before HCT, and none of these
showed any recovery of adrenal function after HCT. Three of four patients that had normal
adrenal function before HCT progressed to AI within 1 - 2 years after HCT. Only one
patient had a normal adrenal function before and after HCT, with follow-up at 4 years. All
19 patients with AI were treated with hydrocortisone and 12 (63%) of them also required
fludrocortisone treatment initiated for elevated serum renin levels (usually mild) or unstable
blood pressure.
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The present study, although limited by its retrospective nature and a small sample size,
shows that ALD-associated AI persists after HCT performed for cerebral disease and
suggests that most patients without AI before HCT will develop AI after HCT. It seems
unlikely that HCT can reduce the risk of developing AI based on what is known about the
pathological findings and the biological effects of HCT in this disease. In ALD, the adrenal
cortex undergoes permanent atrophy. Although the mechanism is not completely
understood, in vitro studies have shown that accumulation of VLCFA appears to alter the
viscosity of the adrenocortical cell membrane, in which the ABCD1 gene product normally
resides, thus impairing binding of ACTH to its receptor.6 As ACTH is a trophic hormone, a
decrease in ACTH action would be expected to result in adrenocortical atrophy. In addition,
oxidative stress from lipid peroxidation may contribute to adrenocortical cellular apoptosis.7
As HCT does not seem to dramatically decrease plasma VLCFA burden, transplant may not
alter the risk of development of adrenal disease.
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Why would HCT halt the progression of neurological disease, but not adrenal disease? The
pathogenesis of cerebral disease, unlike adrenal disease, also involves strong immunological
and inflammatory responses, which are likely mitigated by HCT. In addition, donor-derived
microglial cells of hematopoietic origin may have a role in stabilizing the process of
demyelination within the central nervous system compartment.8 There is no evidence that a
similar metabolic process occurs in adrenocortical cells.
In summary, current data suggest that HCT does not reverse ALD-associated AI. Therefore,
once AI is diagnosed in patients with ALD, the patients are committed to hydrocortisone
treatment and do not need further ACTH stimulation testing. However, random ACTH
levels should be measured annually to ensure adequate supplementation with
hydrocortisone. Monitoring of electrolytes and renin levels should also continue as some

Bone Marrow Transplant. Author manuscript; available in PMC 2015 August 24.

Petryk et al.

Page 3

Author Manuscript

patients may require fludrocortisone. Patients who had normal adrenal function before HCT
should be monitored for the development of AI by random ACTH levels. Equivocal results
(elevated, but <500 pg/mL) should prompt ACTH stimulation testing.
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Characteristics of the study population of 20 surviving ALD patients with testing for adrenal insufficiency 1 7 years post transplantation
Variable

Adrenal function (pre-HCT/post-HCT)

N
Age at HCT (years), mean±s.d.
Years between HCT and ACTH stimulation test mean±s.d. (range)
Peak stimulated cortisol level (mg/dL) post HCT mean±s.d.

abnormal/abnormal

normal/abnormal

normal/normal

16

3

1

7.9±2.3

10.1±0.2

8.3

2.5±2.1 (1 - 7)

1.6±0.6 (1 - 2)

4 (NA)

4.0±5.3

12.4±3.4

21.2

Currently on hydrocortisone (N, %)

16 (100%)

3 (100%)

0 (0%)

Currently on fludrocortisone (N, %)

9 (56%)

3 (100%)

0 (0%)

Cord blood

7

2

0

Related marrow

7

1

1

Unrelated marrow

2

0

0

Myeloablative

12

2

0

Non-myeloablative

4

1

1

Donor type (N)
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Conditioning (N)

Abbreviations: ACTH=adrenocorticotropic hormone; ALD=adrenoleukodystrophy; HCT=hematopoietic cell transplantation; NA=not available.
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