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Summary

We report on a boy of Albanian descent with the history of juvenile myelomonocytic leukemia (JMML). JMML was 

diagnosed at the age of 17 months and treated by hematopoietic stem cell transplantation (HSCT). At the age of 

14.3 years, about 12 years after HSCT, he was hospitalized with an adrenal crisis. Hormone findings were consistent with 

primary adrenal insufficiency. Autoimmune adrenalitis was confirmed by positive autoantibodies against 21-hydroxylase 

and adrenal tissue. Since autoimmune Hashimoto thyroiditis was already known from the age of 9 years, we assume 

that both diseases are part of the spectrum of autoimmune polyglandular syndrome (APS) type 2. APS type 2 is a rare 

endocrine disease characterized by Addison’s disease along with autoimmune thyroid disease and/or type 1 diabetes.

Background

Long-term survivors of pediatric hematopoietic stem 
cell transplantation (HSCT) are at risk for late morbidity 
and mortality (1, 2, 3). Endocrine late effects including 
pituitary, adrenal, thyroid and gonadal dysfunctions are 
common and can develop over a long period (4, 5, 6, 7, 
8). These sequelae are influenced by various factors such 
as the underlying pathological condition, the treatment 
regimen for the disease and the used therapeutic regimen 
before HSCT. Secondary adrenal insufficiency (SAI) is 
the most common form of adrenal insufficiency and 
mainly related to the duration and cumulative dose of 
corticosteroid treatment after HSCT (9). For example, SAI 
was reported in four subjects, who had been treated with 
corticosteroids for ≥10  months for chronic graft-versus-

host disease (GvHD) (10). It was also speculated that the 
age at HSCT might be an additional risk factor since late 
effects were more common in young children (2).

Reports on primary adrenal insufficiency (PAI) are 
extremely rare. To the best of our knowledge, we found 
only three reports on PAI in children after HSCT in the 
literature (11, 12, 13). In this report, we present the case 
of a boy with PAI and autoimmune adrenalitis after HSCT.

Case presentation

At the age of 17  months, the boy of Albanian descent 
was diagnosed with juvenile myelomonocytic leukemia 
(JMML). He was treated with allogenic HSCT at the 
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Learning points:

 • Endocrine sequelae after hematopoietic stem cell transplantation (HSCT) are common and can develop over a 

long period.

 • Primary adrenal insufficiency after HSCT is absolutely rare.

 • The combination of adrenal autoimmune disease and Hashimoto thyroiditis is consistent with autoimmune 

polyglandular syndrome type 2.
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age of 19  months after myeloablative conditioning 
chemotherapy with busulfan, cyclophosphamide, 
melphalan and antithymocyte immunoglobulin. Two 
months after HSCT, he developed a fulminant relapse of 
JMML. In order to induce a graft-versus-leukemia effect, 
all immunosuppressive drugs were stopped. Within 
weeks, life threatening GvHD of skin and gut developed. 
Concomitantly, the JMML disappeared. The boy was 
treated with 6-mercaptopurine until the age of 26 months 
in an attempt to control both the leukemia and the 
GvHD. The patient could be discharged and remains free 
of active GvHD and leukemia to this date. Thereafter, 
yearly follow-up visits were performed at our oncological 
outpatient clinic.

At the age of 9  years, he developed subclinical 
hypothyroidism and goiter. High thyroid autoantibodies 
led to the diagnosis of Hashimoto thyroiditis. At the age 
of 14.3 years, a routine follow-up was performed. At this 
time, the boy was in good clinical condition. Two weeks 
later, he was admitted to our hospital with complaints of 
nausea and weight loss of 1.3 kg. Fever was not reported.

The laboratory work up at emergency hospitalization 
showed low serum levels of sodium, high serum potassium 
levels, low-normal serum cortisol levels, in contrast to 
markedly elevated plasma adrenocorticotrophic hormone 
(ACTH) and serum renin levels. Clinical and laboratory 
data are shown in Table 1. The diagnosis of autoimmune 
adrenalitis was confirmed by positive adrenal 
autoantibodies and antibodies against 21-hydroxylase.

Therapy for adrenal crisis started with intravenous 
administration of hydrocortisone together with 
appropriate fluid substitution including 0.9% saline. 
After 24 h, therapy was shifted to oral substitution of 
hydrocortisone and fludrocortisone. The patient was 
discharged from hospital after 4 days in a good clinical 
condition.

Discussion

Endocrine dysfunctions such as growth hormone 
deficiency, hypogonadism, adrenal insufficiency and 
hypothyroidism have been reported in long-term 
survivors of pediatric HSCT for malignant diseases (9, 14, 
15, 16, 17). It has been suggested to classify the endocrine 
sequelae as hormonal deficiencies, autoimmune diseases, 
secondary tumors or metabolic complications (18).

SAI due to the suppression of the hypothalamo–
pituitary axis after long-term corticosteroid is the most 
common form of adrenal insufficiency. Corticotropin 
deficiency can also be caused by total body irradiation.

PAI or Addison’s disease due to destruction of the 
adrenal cortex by cell-mediated immune mechanisms is 
rare (19, 20). The occurrence of Addison’s disease with 
autoimmune thyroid disease and/or type 1 diabetes 
mellitus is known as autoimmune polyglandular 
syndrome type 2 (APS-2) (21). SAI is characterized by 
inadequate production of glucocorticoids, whereas PAI is 
characterized by inadequate production of glucocorticoids 
and mineralocorticoids. PAI is often diagnosed at the 
occasion of an adrenal crisis with nonspecific symptoms 
(19, 20, 22).

Two weeks before adrenal crisis, our patient was 
seen in our outpatient clinic in a good condition. At 
that time, a low-normal cortisol level was measured. The 
clinical signs that led to emergency hospitalization were 
nausea, hypotension and weight loss. Laboratory data of 
low serum sodium and potassium levels, elevated plasma 
ACTH and serum renin levels together with low-normal 
cortisol levels was consistent with PAI. Autoimmune 
Addison's disease was confirmed by positive adrenal and 
steroid 21-hydroxylase autoantibodies (23). Antibody-
associated organ-specific autoimmune diseases after 
HSCT have been reported in the literature for many years.  

Table 1 Clinical and laboratory data.

 Last outpatient 
visit

Adrenal crisis 
(2 weeks later)

Clinical data
 General Good condition Reduced 

condition, 
nausea, weight 
loss

 RR (mmHg) 122/76 99/61
 HR (/min) 73 116
Auxological data
 Height (cm) 165.5 (−0.4 SDS) 165.5
 Weight (kg) 46.8 45.5
 BMI 17.1 kg/m2 (−0.9 

SDS)
16.6 kg/m2 (−1.3 

SDS)
 Tanner pubertal 

stage
pH 3, testes sizes 

(mL) 8/8
Serum Na (mmol/L) 133 (132–141) 114 (132–141)
Serum K (mmol/L) 4.2 (3.3–4.6) 6.0 (3.3–4.6)
Cortisol (nmol/L); 

08:00–10:00 h
151 (<138) 264 (<138)

Plasma ACTH (pg/mL) ND 625 (<60)
Renin (pg/mL) ND 2550 (<75)
Antibodies
 Tg 2000 U/mL (<60)
 TPO 1941 U/mL (<60)
 21-Hydroxylase 57.6 (<10)
 Adrenal cortex 1:32 (<1:10)

Reference values are shown in brackets.
ACTH, adrenocorticotrophic hormone; HR, heart rate; ND, not 
determined; Tg, thyroglobulin; TPO, thyroidal peroxidase.
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Most common presentations are autoimmune 
cytopenias, Hashimoto thyroiditis or myasthenia gravis 
(24, 25, 26, 27, 28). Multiple autoantibodies have been 
associated with chronic GvHD (29, 30). Assessing the 
prevalence of autoimmune diseases after HSCT, it has to 
be considered that HSCT is a curative treatment for both 
malignant diseases and many nonmalignant disorders, 
such as autoimmune diseases (31). The cumulative 
incidence of secondary autoimmune disease after HSCT 
for primary autoimmune disease was 9.8% at 5 years (32). 
It has been speculated that dysregulation of the immune 
system after HSCT might trigger the development of 
autoimmune diseases (33, 34).

Reports on PAI are extremely rare. We identified only 
three children with PAI after HSCT in the literature (11, 12, 
13). PAI was reported in a 9-year-old girl approximately 
20  months after HSCT for myelodysplastic syndrome 
(11). The etiology for PAI was unclear; particularly, there 
was no evidence of autoimmune adrenalitis. PAI due to 
autoimmune adrenalitis was reported in a 10-year-old 
boy with familial Wiskott-Aldrich syndrome after bone 
marrow transplantation at the age of 9  months (13). 
PAI due to autoimmune adrenalitis was also diagnosed 
in an 11-year-old boy with homozygous sickle cell 
disease after allogeneic bone marrow transplant from 
his father (12). The symptoms of the father and his son 
occurred at the same time, suggesting disease transfer 
by pathogenic donor cells. In this case, autoimmune 
adrenalitis was identified as part of APS-2. Moreover, 
APS-3 (combination of autoimmune thyroid disorder 
and type 1 diabetes mellitus) has been diagnosed after 
haploidentical HSCT in a child with acute myeloid 
leukemia (21).

In our patient, Hashimoto thyroiditis was diagnosed 
at the age of 9 years and autoimmune adrenalitis at the age 
of 14.3 years. The co-occurrence of Hashimoto thyroiditis 
and autoimmune adrenalitis is consistent with the 
diagnosis of APS-2. Currently, the patient has no clinical 
evidence of type 1 diabetes; in particular, pancreas islet cell 
antibodies or antibodies to glutamic acid decarboxylase 
were negative. There is no family history of autoimmune 
disease, and APS-2 was not the result of the transplantation, 
because the donor was not affected. Currently, we cannot 
exclude that the connection between the HSCT and the 
development of Hashimoto thyroiditis and autoimmune 
adrenalitis might be coincidental. However, we can also 
not exclude that this connection exists. In conclusion, 
we report a rare autoimmune disease which developed 
12 years after HSCT.
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