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Case report

Atypical presentation of a hormonally active adrenocortical
tumor in an adolescent leading to delayed diagnosis
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ABSTRACT

Adrenocortical tumors are rare in children and present with variable signs depending on the
type of hormone excess. We herein describe the unusual presentation of a child with adrenocor-
tical tumor and introduce the concept of in vitro chemosensitivity testing. CASE REPORT: A
10.5-year-old girl presented with hypertrichosis/hirsutism and weight loss. The weight loss and
behavioral problems, associated with halted puberty and growth, led to the initial diagnosis of
anorexia nervosa. However, subsequent weight gain but persisting arrest in growth and puberty
and the appearance of central fat distribution prompted further evaluation. RESULTS AND
FOLLOW-UP: 24h-urine free cortisol was elevated. Morning plasma ACTH was undetectable,
while cortisol was elevated and circadian rhythmicity was absent. Thus a hormonally active
adrenal cortical tumor (ACT) was suspected. On magnetic resonance imaging (MRI) a unilat-
eral, encapsulated tumor was found which was subsequently removed surgically. Tissue was
investigated histologically and for chemosensitivity in primary cell cultures. Although there were
some risk factors for malignancy, the tumor was found to be a typical adenoma. Despite this
histology, tumor cells survived in culture and were sensitive to cisplatin in combination with
gemcitabine or paclitaxel. At surgery, the patient was started on hydrocortisone replacement
which was unsuccessfully tapered over 3 months. Full recovery of the hypothalamus-pituitary-
adrenal axis occurred only after 3 years. CONCLUSIONS: The diagnosis of a hormonally active
adrenocortical tumor is often delayed because of atypical presentation. Cortisol replacement
following unilateral tumor excision is mandatory and may be required for months or years.
Individualized chemosensitivity studies carried out on primary cultures established from the
tumor tissue itself may provide a tool in evaluating the effectiveness of chemotherapeutic drugs
in the event that the adrenocortical tumor may prove to be carcinoma.
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INTRODUCTION

Adrenocortical tumors are rare in children. The
first case of an adrenocortical tumor in childhood was
reported in 1865.! The worldwide incidence of adre-
nal tumors in children younger than 15 years ranges
from 0.3 to 4 cases per million/per year.>®* However,
incidence shows a broad geographic variation with a
high rate in Brazil (3.4-4.3 cases per million/per year)
and a low rate in Europe and the USA (0.3-0.38 cases
annually per million).>* The female to male ratio
varies slightly (1.6-1.9:1).>¢ Adrenocortical tumors
derive from the cortical cells of the adrenals and may
produce steroids autonomously.*’ In children, unlike
in adults, about 90% of all adrenocortical tumors are
hormonally active.*

The clinical presentation of hormonally active
adrenocortical tumors is related to the type of excess
steroid hormones produced.” Onset is mostly insidi-
ous.? Signs and symptoms of mixed steroid hormone
excesses may also be present if tumors secrete more
than one type of hormone; however, one type of
hormone excess may predominate over time. The
variations in clinical manifestations are multiple and
often delay diagnosis.**

Overall, Cushing’s syndrome is the most com-
mon initial clinical manifestation of adrenocortical
tumors in children leading to the typical combination
of distinct clinical findings, namely rapid weight gain
associated with growth retardation or growth arrest.®
In children, a significant number of adrenocortical
neoplasms presenting with Cushing’s syndrome are
malignant, while the opposite is true for adults.®
Treatment of malignant tumors of the adrenal cortex
in childhood is still ineffective'® with reported 5-year
event-free survival rates of 35-55%.%>¢

This report aims to raise awareness of the broad
clinical spectrum of Cushing’s syndrome in child-
hood as well as to discuss challenges in diagnosis and
management. In addition, the concept is introduced
of in vitro chemosensitivity testing as a tool to design
drug treatment for highly malignant tumors such as
the adrenocortical carcinoma.

CASE REPORT

Initial presentation

A 10.5-year-old girl was examined by a general
pediatrician in private practice for hypertrichosis/
hirsutism and weight loss (4-2-3 kg). Her weight was
32.2 kg (-0.4 SD), her height was 142.1 cm (0.2 SD)
and her BMI was 15.7 kg/m? (-1.5 SD) (Figure 1). On
physical exam she presented with excess lanugo hair
on her limbs and on her back. Pubic and axillary hair
corresponded to Tanner stage 3. She had no breast
development and a normal, prepubertal external geni-
talia. Past medical history was unremarkable except
for a post-streptococcal glomerulonephritis diagnosed
at the age of 2 years with prolonged hematuria for the
subsequent two years. Because of excess hair for age,
laboratory investigations were performed (Table 1)
which revealed no abnormalities other than slightly
elevated androstenedione and cholesterol. On follow-
up, the girl had a further weight loss of about 3 kg,
with weight 29.7 kg (-1.5 SD) and BMI of 14.7 kg/m?
(-1.8 SD). Growth arrest persisted over the following
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Figure 1. Growth chart of the reported patient showing height
and weight before and after diagnosis and treatment for Cush-
ing’s syndrome.
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Table 1. Laboratory findings before and after diagnosis and treatment for adrenocortical tumor
Baseline Parameters Metyrapone Test

Age (years) 10.7 12.2 12.3 12.5 12.7 12.9 15.2 15.2
Event Normal  Initial Suspicious Before 3 5 6 36 8hafter =~ Normal
Description Values presenta- for Cush- adrena- months months months months metyra- after me-

Baseline tion ing’s lectomy  post post post post pone tyrapone
ACTH 9.0-50.0 <0,2 <9 14.1 37.3 12.4 562 >100
(ng/l)
Cortisol 137-600 562 774 642 1.6 15 32 253 92 <138
(nmol/l)
DHEA-S <3 0.43 0.97 0.6 1.4
(umol/l)
Androstendion  1.5-6.6 3.5 6.8 4.6
(nmol/l)
Free 0.6-6.2 2.8 1.3
Testosteron
(pmol/l)
Testosterone <2.94 2.07
(nmol/l)
11DOC <12 4.1 344 >210
(nmol/l)
Urinary Free 10.0-40 1547.4 798
Cortisol
(nmol/24h)

months and she developed behavioral problems which
were associated with eating abnormalities. Thus, she
was diagnosed with anorexia nervosa and treated with
a diet regimen and special psychological counseling.
Over the following 5 months the patient gained 4 kg
(Figure 1). One year after the initial presentation, she
was examined by the general pediatrician who found
an arrest in growth and puberty development, a ‘moon
face’, central fat distribution and very slim arms and
legs with poor muscle mass, and Cushing’s syndrome
was suspected. The patient was then referred to our
University hospital for further investigations. Repeat
laboratory testing revealed undetectable basal ACTH
but elevated cortisol and androstenedione values
(Table 1). Circadian rhythm of cortisol secretion
was absent and 24h urine free cortisol was grossly
elevated, confirming the diagnosis of primary hyper-
cortisolism. A high-dose dexamethasone overnight
suppression test showed no suppression of morning

cortisol (768 nmol/l, cut-off <138). As serum ACTH
was suppressed, the patient was diagnosed with ACTH
independent cortisol excess. Ultrasound revealed
an intraabdominal mass in the upper part of the left
kidney. MRI confirmed an adrenal tumor 2.5x2.4x3.2
cm in size on the left side and showed a normal right
adrenal (Figure 2). The patient was now 12 years
old so that the risk for malignancy of this tumor was
uncertain.! The father of the girl suggested consid-
ering chemosensitivity testing of the tumor tissue
after surgical removal in a specialized laboratory to
search for chemotherapeutic treatment options in the
event of malignancy. Unilateral adrenalectomy was
performed under pre- and perioperative protection
with stress-dose hydrocortisone (100mg/m?) replace-
ment. An encapsulated 9.92 g adrenal tumor was
removed (Figure 3). Part of the tumor was sent to
Portsmouth for chemosensitivity testing of cultured
tumor cells. Histological analysis demonstrated an



320 K. HAGEMANN ET AL

adrenocortical adenoma (Figure 3). One mitotic figure
in 50 HPF, 10% clear cells and absence of atypical
mitotic figures, necrosis or capsular invasion resulted
in a modified Weiss score of 2.2 The proliferation
index using MIB1 staining was 2% (Figure 3). The
surrounding non-neoplastic adrenal cortex revealed
an atrophy of the zona fasciculata, consistent with
hypercorticism (Figure 3).

Follow-up

After adrenalectomy, hydrocortisone at a dose
of 50mg/m?d was initiated and slowly tapered over
the next 3 months. Nevertheless, the girl developed
clinical symptoms of cortisol deficiency manifesting
as fatigue and weakness. Low basal serum cortisol

Figure 2. Abdominal MRI showing an adrenal mass above the
left kidney.
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Figure 3. A: Macroscopic appearance upon surgery. B: Overview with adrenocortical tumor on the right side and atrophic non-

neoplastic adrenal cortex missing the zona fasciculata on the left side. C: High power of a field without clear cells and with cytologic
atypia, without mitoses. D: Ki-67 staining.
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was confirmed (Figure 4, Table 1). Therefore, hy-
drocortisone substitution was reinstalled at a dose
of 30mg/m?/d and slowly diminished over the next 18
months. Basal serum ACTH, cortisol and DHEA-S
levels were measured at 8 am every 3 months (Figure
4). Over this time period basal ACTH and cortisol
levels were noted to normalize and hydrocortisone
was discontinued. One month after cessation of hy-
drocortisone supplementation, a low-dose ACTH
test revealed normal basal values but an insufficient
rise in cortisol upon stimulation. Thus, the patient
was given an emergency pass for steroid substitution
in situations of stress such as fever, severe illness or
operations. Three years after tumor extirpation, me-
tyrapone and low-dose ACTH tests showed normal
response in both tests. Thus steroid substitution in
stress situations was suspended.

METHODS

Biochemical testing

To characterize the form of hypercortisolism
(pituitary versus adrenal disease) in our patient, we
performed a high (single)-dose 8 mg/1.73m? dexa-
methasone overnight suppression test as described.®
By contrast, we used the low-dose (500ng/1.73m? iv)
ACTH test and the overnight metyrapone test (30mg/
kg;) to assess adrenal recovery after tumor surgery."
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Figure 4. Plasma cortisol and ACTH profile from diagnosis to
final testing.

Establishment of primary cultures
of the adrenal tumor and chemosensitivity
studies

Chemosensitivity testing was performed using
the standardized ATP-based chemosensitivity assay
(ATP-TCA) as previously described." This involved
setting up a short-term primary cell culture from the
biopsy material and exposing the growing cells to sin-
gle agents and combinations of anticancer drugs for
6 days, following which the inhibition (% of control,
untreated cells) at all 6 concentrations of each agent
or combination tested was obtained by the luciferin-
luciferase assay.!*

DISCUSSION

The challenge to diagnose Cushing’s syndrome

In many patients the onset of Cushing’s is insidi-
ous® and the clinical manifestations variable. In our
patient initial presentation with hypertrichosis, weight
loss and behavioral problems led to the erroneous
diagnosis of eating disorder. This diagnosis was only
reconsidered when subsequent weight gain was not
followed by improved growth and pubertal devel-
opment as well as signs of Cushing’s syndrome. In
children, leading signs of Cushing’s are rapid weight
gain (92%) and growth arrest (84%) followed by os-
teopenia, fatigue, arterial hypertension and delayed
or arrested puberty.”> By contrast, essential obesity
in children is characterized by a continuous weight
gain which is accompanied by excessive growth. In
our patient the initial laboratory work-up for hir-
sutism revealed a high-normal cortisol and a slightly
elevated androstenedione and cholesterol. Clearly,
these findings are not sufficiently specific to suspect
the diagnosis. To diagnose hypercortisolism, the first
two screening tests are serum or salivary cortisol pro-
file measurements to assess circadian rhythm and/or
24 hours urine free cortisol.'*!” While early morning
basal serum/salivary cortisol levels may remain in
the normal range in patients with cortisol-producing
tumors, cortisol levels often remain high in tumor pa-
tients during the day differing clearly from the tightly
regulated circadian rhythm of cortisol production
that reaches a nadir around midnight.'®' If clinical
suspicion for hypercortisolism is high and screen-
ing tests are negative, one should insist and repeat
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the screening tests. In androgen producing adrenal
tumors, one may find grossly elevated levels of the
normally produced adrenal androgens DHEA/-S and
androstenedione; but such tumors may also produce
the more potent androgen testosterone, which is not
normally produced in the human adrenal cortex.’*
Depending on the hormonal production of the adrenal
tumor as well as the responsiveness/resistance of the
individual system to these hormones, patients will
present with very subtle to severe signs of hormonal
excess, this accounting for the delay in the diagnosis
of the disease in many patients, including ours.

The challenge to avoid adrenal crisis
after hypercortisolism

At the time of diagnosis of Cushing’s syndrome
when our patient presented with characteristic symp-
toms, urinary free cortisol (UFC) secretion rate in-
creased more than 10-fold to 1547 nmol/24h (normal
range 10-40). This corresponds to a prednisone therapy
of about 1 mg/kg/d, which is a recommended dose
for the treatment of inflammatory or immunologic
disorders in pediatrics.

Supraphysiologic glucocorticoid exposure, exog-
enous or endogenous, bears the risk of shutting down
the hypothalamic-pituitary adrenal axis completely
over a period of time. Thus, it is common practice to
taper GC therapy if used at supraphysiologic doses
for more than 2-4 weeks; similar tapering schemes
are found in all endocrine textbooks.”??* When re-
moving the adrenal tumor in patients with Cushing’s
syndrome, the patient is at great risk for Addison’s
crisis because of the sudden lack of endogenous cor-
tisol and the increased need to respond to the acute
stress of anesthesia and surgery. Therefore, patients
with CS need stress-dose cortisol replacement before
being taken to the operating room. Thereafter, they
need cortisol replacement therapy and emergency
stress-dose adjustments lifelong if bilateral adrenalec-
tomy was performed. With unilateral adrenalectomy,
replacement therapy is mandatory until recovery of
the HPA axis is confirmed. In our patient, we started
hydrocortisone replacement therapy at a dose of
50mg/m?d post surgery and tapered the dose over
3 months. Nevertheless, she developed symptoms
of adrenal insufficiency, prompting us to restart re-
placement and taper dose at a much lower pace over

the next 18 months. Finally, 21 months after tumor
removal, her HPA axis had recovered fully based on
clinical presentation and biochemical testing. In fact,
although Addison’s crisis is a rare event, it occurs
most often after GC dose reduction or owing to lack
of stress-related dose adjustments.* It is not always
easy to anticipate the optimal duration and dosing
scheme of steroid substitution, especially after Cush-
ing’s syndrome, due to tumors of unknown onset and
rate of cortisol production. Certainly, recovery time
was initially underestimated in our patient. Recovery
of the HPA axis and resumption of normal cortisol
production by the contra-lateral adrenal cortex after
unilateral adrenalectomy may take up to 3 years.**

Adrenal tumors of the cortex and their
treatment

Adrenocortical tumors are mostly benign. Cush-
ing’s syndrome due to benign adrenal tumors may
be caused by adenomas or by bilateral hyperplasia
histologically manifesting as primary (non-)pigmented,
micro- or macronodular disease.?® For a comprehen-
sive overview of the different forms of benign adrenal
hyperplasias, their histopathologic as well as genetic
characteristics and the genetic syndromes associated,
we refer the reader to detailed reviews by Stratakis.??

At any age, adrenal Cushing’s syndrome is most
often caused by a unilateral adenoma, although in
about 10% bilateral adenomas may be found.*3!
Malignant tumors are rare both in adults and chil-
dren’** Characteristics associated with an increased
risk for malignancy include female sex, young/old
age (<5/>80 years), unilateral tumor and tumor
size >5-7 cm.>*?%3* Other risk factors for an adverse
outcome include urinary excretion of 17-OHCS of
>4 mg/m?*d, age older than 3.5 years, an interval of
more than 6 months between first signs and diagnosis
and virilization at clinical diagnosis.>*** However, the
most important single risk factor seems to be tumor
size. Thus, our patient presented with some risk fac-
tors for potential malignancy of her adrenal tumor.

The most successful treatment of adrenocortical
tumors (ACT) is surgery. However, until the end of
the 1940s, most children undergoing adrenalectomy
for a hormone-secreting ACT died postoperatively
due to acute adrenocortical crisis. Only when cortisone
became widely available did the outcome improve
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dramatically. Today, unilateral as well as bilateral
adrenalectomy is mostly performed laparascopically
with good postoperative outcome. Nevertheless,
longterm outcome of malignant tumors, especially
with metastatic disease or incomplete tumor resec-
tion, is poor.>** In addition, heterogeneity and rar-
ity of the disease make it very difficult to establish
prognostic factors and evaluate adjuvant treatment
modalities. To date, mitotane (o,p’-DDD) is the
most widely studied drug used adjuvant to surgical
treatment or in inoperable patients.** In patients
with progression of disease despite mitotane and
surgery, cytotoxic therapy may be added. However,
chemotherapy resistance is an issue, as adrenocortical
tissue produces high levels of the multi-drug resistance
protein MDR1 (P-glycoprotein) which functions as
a drug efflux pump.?” So far, the best response rate
achieved in adult patients has been reported with
etoposide, doxorubicin and cisplatin in combination
with mitotane.*® Although the efficacy of chemothera-
peutic agents as single or combination therapies in
pediatric patients was uncertain,*'*** newer results
involving 254 cases from the International Pediatric
Adrenocortical Tumor Registry suggest a role for
chemotherapeutic agents in the treatment of patients
with advanced disease.’ Novel drugs directed against
targets altered in adrenocortical carcinomas such as
epidermal growth factor receptor (EGFR; ErbB-1;
HER1), Insulin-like Growth Factor 1 (IGF-1) Recep-
tor, Vascular endothelial growth factor ( VEGF) are
currently under investigation in ongoing randomized
international trials in adults.?#4

Chemosensitivity studies of primary tumor cell
cultures

To our knowledge, our patient is the first pediatric
ACT to undergo chemosensitivity testing. Establishing
primary cell cultures from malignant tumor tissues
to test for specific drug responsiveness in vitro is a
potentially useful approach, especially when dealing
with rare tumors for which no optimized treatment
protocols exist. The role of chemotherapy in the
management of childhood ACT has not been fully
established, 83340 aglthough some tumors are respon-
sive to mitotane- or cisplatin-containing regimens
like EDP (Etoposide, Doxorubicin and Cisplatin).’

In our patient, the scientist father had some experi-

ence with chemosensitivity testing of tumors in vitro
and discussed with us the possibility of sending tumor
tissue for performance of chemosensitivity studies
to intervene in the event that we were faced with an
adrenocortical carcinoma. Thus primary cultures
were established and drug cocktails were designed
and tested on the basis of published literature. 3343642
The results (Figure 5) showed cisplatin to be the most
effective single agent tested, though combinations
including cisplatin were more inhibitory than cisplatin
alone and cisplatin with gemcitabine might have been
a potentially useful treatment option if the tumor had
proved to be malignant. Chemosensitivity testing us-
ing the ATP-TCA depends on the survival of tumor
cells in a serum-free culture medium with or without
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Figure 5. ATP-based tumor chemosensitivity assay. Inhibition
of cell survival (%) in serum-free medium for (A) single agents
and (B) combinations tested at six dilutions. Cisplatin is the
most active single agent tested and cisplatin combinations show
the greatest activity of those tested. The 100% test drug con-
centrations were as follows: 5-FU - 45 pg/ml, cisplatin - 3.80 pg/
ml, docetaxel - ug/ml, doxorubicin x3 - 1.5 ug/ml, gemcitabine -
12.5 pg/ml, paclitaxel - 6.8 pg/ml, and vinorelbine 12 pg/ml. For
combinations, drugs were added at these concentrations and
diluted together from 200 - 6.25% in the assay.
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drugs and is not a test for malignancy. Accordingly,
in our case the ATP-TCA revealed results, although
the histological investigations showed that the tumor
was neoplastic but unlikely to be malignant.

In summary, patients with Cushing’s syndrome
often present with atypical and subtle symptoms.
Therefore, if CS is clinically suspected, it should be
searched via several biochemical screening tests and,
if necessary, on more than one occasion. In pediatric
patients most adrenal tumors are benign. Malignant
adrenal tumors are rare and have a poor prognosis.
Surgery is the treatment of choice for adrenal tumors,
while chemotherapeutic options are scarce. Chemo-
sensivity studies using primary cultures established
from tumor tissue may provide an additional option
when searching for effective drugs against individual
cancers.
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