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Background: Ewing sarcoma (ES) with ectopic adrenocorticotropic hormone (ACTH) syndrome (ectopic
ACTH) is extremely unusual. This report details the first case in English literature of pediatric ES involving
the proximal aspect of the humerus with florid ectopic ACTH.
Case Report: A 9-year-old girl presented with mooning of the face and abdominal distension for the past
5 months with an unremarkable history. Her serum cortisol level measured at 8 AM was 42 mg/dL
(reference range, 4.3-22.4 mg/dL). Serum ACTH level of 225 pg/mL (reference range, 10-46 pg/mL) sug-
gested ACTH-dependent Cushing syndrome. Her serum cortisol level after the overnight dexamethasone
suppression test was 60 mg/dL (reference value, <1.8 mg/dL), suggesting nonsuppressibility. The high-dose
dexamethasone suppression test was nonsuppressible, suggesting ectopic ACTH secretion. Findings of
magnetic resonance imaging of the brain were normal. Chest x-ray demonstrated a lytic lesion in the left
humerus. Magnetic resonance imaging and 3-dimensional computed tomography scans of the left
shoulder showed an expansile lesion in the proximal aspect of the humerus. A tru-cut bone biopsy with
histopathology and immunostaining revealed clusters of small round cells with a mitotic index of 6/10
hpf to 8/10 hpf. CD99 staining confirmed ES. Ketoconazole was initiated. She received 1 cycle of
chemotherapy with cyclophosphamide, vincristine, and doxorubicin and succumbed to the illness 1
week after chemotherapy.
Discussion: Ectopic ACTH in the pediatric age group is rare and, coupled with the underlying etiology as
ES, makes this case unique. Only 4 cases of ectopic ACTH with ES have been previously reported in the
tibia, retroperitoneum, ischiopubic rami, and ribs. This is the first case of ES to have its origin in the
humerus with ectopic ACTH.
Conclusion: This case highlights an atypical presentation of ectopic ACTH caused by ES arising from the
humerus. The etiology of ectopic ACTH as ES was confirmed by chance radiographic evidence of a lytic
humerus lesion rather than symptoms.
© 2021 AACE. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Ewing sarcoma (ES) comes under a spectrum of malignancies
known as the ES family of tumors. The annual incidence of ES is
2.93 children per million. These develop most commonly in the
pelvis (25%), femur (16.4%), ribs (12%), and humerus (4.8%).1 A peak
incidence of ES occurs during the second decade of lifewith>90% of
mone; CRH, corticotropin-
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patients aged between 5 and 25 years.2 Tumors with ectopic ACTH
syndrome (ectopic ACTH) comprise <1% of all adolescents pre-
senting with Cushing syndrome.3 Neuroblastomas or neuroendo-
crine tumors in infancy and carcinoids, either sporadic or as part of
the spectrum of multiple endocrine neoplasias in adolescents, are
among the few cases of ectopic ACTH that have been reported at the
extremes of pediatric age. Ectopic ACTH caused by sarcomatous
tumors is still rarer.4,5 As far as we were able to determine, only 4
patients with ACTH-dependent Cushing syndrome caused by ES
have been reported to date.6e9

We report the first case of ectopic ACTH with ES arising
from the humerus. This case highlights this unique associa-
tion and the morbidity associated with such dual
presentations.
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Fig. 2. An x-ray of the anterior-posterior view of the proximal aspect of the left hu-
merus and shoulder showing a permeative lytic and sclerotic lesion.
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Case Report

A 9-year-old girl, a resident of Nepal, with an unremarkable
medical history presentedwith complaints of facial puffinesswith a
flushed appearance and gradually increasing abdominal distension
for the past 5 months. This was associated with progressive diffi-
culty in getting up from the sitting position over the previous 2
months. One week before admission, low backache developed in
her, and she became bedridden.

Clinical evaluation revealed generalized obesity with a height
of �2 SDS, a weight of þ1.5 SDS, and a body mass index of þ2 SDS
for her age. Her blood pressure was 130/80 mm Hg, which was
above the 95th percentile for her age, thereby suggesting hyper-
tension. Tanner staging was prepubertal for axillary, pubic hair, and
breast development. Therewas mooning of the face, facial plethora,
and acneiform eruptions over her forehead and cheeks along with
the cervicodorsal fat pad. (Fig. 1) There was no hyperpigmentation,
thinning of the skin, nevi, easy bruisability, or striae. Proximal
muscle weakness was evident predominantly in the lower limbs.
Spine tenderness was present over the dorsolumbar region, and
there were no bony deformities.

Her serum cortisol level measured at 8 AM was 42 mg/dL
(reference range for 8 AM serum cortisol, 4.3-22.4 mg/dL) with a
cortisol level measured at 11 PM of 60 mg/dL (reference range, 3.09-
16.66 mg/dL), suggesting a loss of circadian rhythm. Serum cortisol
after the overnight dexamethasone suppression test (15 mg/kg/
dose) was 60 mg/dL (reference value, <1.8 mg/dL), suggesting non-
suppressibility. Serum cortisol was also not suppressible (ie, 45 mg/
dL) to >50% from the baseline after the high-dose dexamethasone
suppression test (120 mg/kg/d in 4 divided doses over 2 days). Her
serum ACTH level was 225 pg/mL (reference range, 10-46 pg/mL). A
magnetic resonance imaging scan of the brain with pituitary
protocol-dynamic contrast enhancement revealed a normal shape
and size of the pituitary gland. Chest x-ray showed a suspicious,
lytic lesion in the proximal region of the left humerus (Fig. 2).
Magnetic resonance imaging and 3-dimensional computed to-
mography scans of the left shoulder and humerus showed a het-
erogeneous mixed lytic and sclerotic lesion with a spiculated
periosteal reaction with a multilobulated soft tissue lesion
extending from the bone into the soft tissue surrounding the bone
(Fig. 3). A computed tomographyeguided tru-cut biopsy of the
Fig. 1. Photograph of the patient showing mooning of the face and generalized obesity.
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lesion and histopathologic examination revealed clusters of small
round cells with individual cells showing scanty cytoplasm, small
round nuclei with vesicular chromatin, and inconspicuous nucleoli
with mitotic activity of 6/10 hpf to 8/10 hpf (Fig. 4). Findings of the
CD99 immunostainingwere positive and confirmed the presence of
primitive neuroectodermal tumor/ES. Findings of the ACTH im-
munostaining using the horseradish peroxidase polymer detection
system of the histopathologic sample were negative. Corticotropin-
releasing hormone (CRH) immunostaining was not available at our
Fig. 3. T2 axial magnetic resonance imaging scan of the left shoulder and humerus
showing a heterogeneous mixed lytic and sclerotic lesion with a spiculated periosteal
reaction with a multilobulated soft tissue lesion.



Fig. 4. Photomicrograph showing clusters of small round cells with individual cells
showing scanty cytoplasm, small round nuclei with vesicular chromatin, and incon-
spicuous nucleoli. The stroma shows hyalinization and congested blood vessels. (He-
matoxylin-eosin stain; magnification: x100.)
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center. Computed tomography scans of the chest, abdomen, and
pelvis with intravenous contrast were normal, and the computed
tomography scan of the bone did not reveal any bone metastasis.
Dorsolumbar spine x-ray revealed multiple wedge compression
fractures involving T12-L2.

The child was treated with amlodipine and spironolactone for
the control of hypertension and the correction of hypokalemia. She
had persistent dysglycemia in the overt diabetes range with a
fasting glucose level of 146 mg/dL and a postprandial glucose level
of 250 mg/dL, for which insulin therapy was administered. Medical
management of Cushing syndrome was started with ketoconazole
at 400 mg/d in divided doses. A lumbar brace with assisted
ambulation was provided for vertebral wedge compression frac-
tures. The child was initiated on a chemotherapeutic regimen of
cyclophosphamide, vincristine, and adriamycin alternating with
ifosfamide and etoposide. Intravenous zoledronic acid 4 mg was
administered for osteoporosis management. Seven days after
chemotherapy, she succumbed to her illness. The medical issues
were intractable vomiting and aspiration at the time of her death.

Discussion

Herein, we described the case of a 9-year-old girl with ectopic
ACTH that appeared to have been due to ES involving the left
humerus.

ES is a rare malignancy, involving the flat and long bones with a
5-year survival rate of 61%.1 Approximately 10% to 15% of ACTH-
dependent Cushing syndrome cases are due to ectopic ACTH. It is
classically described in adults with small cell cancers of the lung,
pancreatic neuroendocrine tumors, and bronchial carcinoids.10 In
children, ectopic ACTH is much rarer, and an extensive literature
search by More et al11 identified 48 cases with pancreatic neuro-
endocrine tumors and bronchial carcinoids predominantly.

The present case with ES and ectopic ACTH is based on non-
suppressibility of serum cortisol with the high-dose dexametha-
sone suppression test, normal pituitary on imaging, and severity of
clinical features. However, findings of the ACTH immunostaining
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were negative. Possible explanations include the following: (1) the
heterogeneous nature of malignant cells might have resulted in the
areas examined not containing positive staining cells, (2) rapid
secretion of ACTH might have exhausted the hormone stores that
could be stained, and (3) antibodies used for immunohistochem-
istry may not identify the high molecular weight ACTH precursors
or small ACTH-derived peptides.12 CRH immunostaining was not
performed as it was unavailable at our center. Ectopic secretion of
CRH by nonhypothalamic tumors is <1%, and most cases are caused
by neuroendocrine tumors of the lung, pancreas, or thymus. An
extensive literature search by Shahani et al13 revealed only 20 re-
ported cases of ectopic CRH. Karageorgiadis et al14 identified 7
patients with ACTH/CRH cosecreting tumors in a retrospective
study spanning over 5 years with tumors localized to the pancreas,
thymus, and liver. An argument could be made that our patient
could have been secreting CRH, and it would have been identified
had CRH staining been accessible; however, because of a normal-
sized pituitary gland, this possibility appears remote. An inferior
petrosal sinus sampling would have been more diagnostic in ruling
out a pituitary source of ACTH excess but was not performed in this
patient as her general condition did not permit the same. Addi-
tionally, serum dexamethasone levels, useful in the presence of
malabsorption, interfering drugs, or noncompliance, help in the
interpretation of suppression tests; however, as the patient was not
on any other medications and the compliancewas ensured as it was
under direct observation, we did not perform the estimation of
serum dexamethasone levels.

Given its rarity, ES presenting as ectopic ACTH has remained
poorly described in the literature, and to our knowledge, this is the
first case report of ES arising from the humerus presenting with
ectopic ACTH. As far as we were able to determine, only 4 cases of
ES presenting with ectopic ACTH have been described, and the
present case is the first pediatric case reported from the Indian
subcontinent.

The earliest report of ES leading to Cushing syndrome was
described in a 12-year-old girl from Thailand with CRH secretion
from the tumor in the tibia managed surgically with the resolution
of symptoms.6 Another case report from Turkey described a 9-year-
old girl with features of Cushing syndrome with a retroperitoneal
mass with histopathologically confirmed ES that was managed
successfully with chemotherapy as surgical resection was not
possible.7 The third case was of a 20-year-old man from
Switzerland with ES of the ribs, managed with surgical resection
and chemotherapy but later on relapsedwith pulmonary and costal
lesions with Cushing syndrome. He was managed medically but
succumbed to the illness on follow-up.8 The fourth casewas of a 10-
year-old boy from Italy with Cushing syndrome caused by ectopic
ACTH production from a metastatic ES tumor of the right ischio-
pubic rami with multiple secondaries who was managed with
chemotherapy but succumbed to the illness.9 The present case as-
sumes significance in view of being the first case of ES of the hu-
merus with ectopic ACTH.

The complete lack of local symptoms of the lesion and the
extremely rapid lethal progression of ectopic ACTH are peculiar to
this case. The previous cases described above did have local
symptoms. The average duration of symptoms before a diagnosis of
Cushing disease is approximately 2.5 years in children, whereas in
cases of pediatric ectopic ACTH, there is a paucity of literature to
derive a mean length.15 In the present case, the symptomatology
occurred 5 months prior to diagnosis. The hallmark of Cushing
syndrome in childhood is the deceleration of growth velocity and
associated unabated weight gain. Clinical features of ectopic ACTH
vary in comparison to those of classic Cushing syndrome with a
more rapid progression due to the nature of the underlying
neoplasm and probably the reason for the patient in the present
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case having no significant growth retardation or hyperpigmenta-
tion. Ectopic ACTH, in view of severe hypercortisolemia, has a
prominent dysglycemia, edema, and hypokalemia, with the latter
particularly suggestive of ectopic ACTH.16 The patient in the present
case had dysglycemia and hypokalemia.

Approximately 70% of patients with localized disease survive >5
years. Despite the patient in the present case having a localized
disease, the comorbidities associated with ectopic ACTH and the
simultaneous presence of an aggressive tumor led to an ominous
outcome.

Conclusion

We report this case of ES associated with ectopic ACTH and the
only presentation arising from the humerus. Managing the dual
pathologies with advanced disease is complex, and further research
into such rare presentations will help in the prompt identification
of the disease and the administration of appropriate therapy,
resulting in the best possible outcomes.

Disclosure

The authors have no multiplicity of interest to disclose.
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