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A Surgical Approach to Adrenocortical Tumors in Children:
The Mainstay of Treatment

By Jessica N. Stewart, Helene Flageole, and Petr Kavan
Montreal, Quebec
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ackground: Adrenocortical tumors (ACTs) are rare in the
ediatric population. The pathogenesis, prognostic indica-
ors, and management of these tumors are still unclear
ecause of its infrequent occurrence. This case series pre-
ents the surgical experience of the authors’ center over 29
ears.

ethods: The medical records of children treated for ACTs
etween 1974 and 2003 were reviewed. Information on age,
ex, presenting symptoms, hormonal levels, pathology,
tage, treatment, and outcome was obtained.

esults: Nine children (5 girls, 4 boys) were treated for ACTs.
he median age at presentation was 29 months (range, 5
onths to 11 years). Endocrine dysfunction was found in 8

atients. Four presented with virilizing symptoms, 4 pre-
ented with both virilizing and Cushing’s symptoms, and 1
atient with Beckwith-Wiedemann syndrome was identified
uring routine screening. One was an adenoma, and 8 were
arcinomas. Of the carcinomas, 3 were stage I, and 5 were

tage II. The mean tumor weight was 125 g (range, 42 g to h
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36 g) with a mean volume of 139 cm3 (range, 30 cm3 to 626
m3). All patients had complete excision of the tumor with
pillage occurring in 2 cases. Lymph node biopsies were
one in all but 2 patients. Two patients were treated with
hemotherapy because of large tumor size and nodal in-
olvement. All patients are doing well including those with
umor spillage.

onclusions: This study shows that surgical excision contin-
es to be the mainstay of treatment for ACTs. Extensive

ymph node biopsy in small ACTs can probably be avoided
iven the generally good outcome with surgery alone. The
ole of adjuvant chemotherapy remains unclear because most
f the children in our series were effectively treated with surgi-
al resection only. Patients should be enrolled in multicenter
rials to assess the added value of chemotherapy.

Pediatr Surg 39:759-763. © 2004 Elsevier Inc. All rights
eserved.

NDEX WORDS: Adrenal carcinoma, adrenal adenoma, child-

ood adrenocortical tumor.
OTH ADRENOCORTICAL adenomas and carcino-
mas are considered in the literature under the

eading of adrenocortical tumors. It often is difficult to
istinguish between these 2 entities based on histopatho-
ogic features alone.1 These tumors are rare in the pedi-
tric population, comprising less than 0.2% of all pedi-
tric neoplasms and 6% of all pediatric adrenal tumors.2

he incidence of this disease varies depending on geo-
raphic location with one region of Brazil having the
ighest frequency.3 Malignant adrenocortical tumors are
hought to have a poor prognosis in both adults and
hildren.4 These tumors are more likely to be functional
n children presenting with symptoms caused by in-
reased levels of adrenal hormones. The heterogeneous
ature and infrequency of this tumor have made it diffi-
ult to identify clear prognostic factors.5 Surgical resec-
ion plays an important role in the treatment of adreno-
ortical tumors. The added benefit of chemotherapeutic
gents remains unclear given the low incidence of this
alignancy.6 The goal of this study is to describe the

resentation, management, and long-term outcome of
atients who presented with adrenocortical tumors in our
nstitution. In particular, the focus was on assessing the
ffectiveness of surgical excision and the need for lymph
ode biopsy in all patients.
MATERIALS AND METHODS
The records of all children with adrenocortical tumors treated at the
ontreal Children’s Hospital between 1974 and 2003 were reviewed

etrospectively. A total of 9 children presented during this 29-year
eriod. Information recorded for each patient included age, sex, pre-
enting symptoms, diagnostic features, hormonal status, pathologic
ndings, stage of disease, treatment, and outcome. The tumors were
lassified as adrenocortical adenomas or carcinomas using previously
eported classification schemes.7-9 The tumors were staged according to
he system initially proposed by Sandrini et al6 and modified to put
ore emphasis on tumor weight (Table 1).

RESULTS

Five girls and 4 boys were treated for adrenocortical
umors within this period. The median age at presenta-
ion was 29 months (range, 5 months to 11 years). Eight
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760 STEWART, FLAGEOLE, AND KAVAN
atients showed signs of endocrine dysfunction. Four
atients presented with virilizing symptoms alone. The
ther 4 had a mix of virilizing and Cushingoid symp-
oms. Symptoms of virilization include hirsutism, growth
f pubic hair, acne, voice changes, clitoromegaly, and
enile enlargement. The most common Cushingoid
ymptoms seen were hypertension, central obesity, buf-
alo hump, and a moon face. Patient 3 also had an
bdominal mass on presentation. One patient with Beck-
ith-Wiedemann syndrome was identified during imag-

ng done for screening purposes. The average duration of
ymptoms was 6 months (range, 2 to 12 months). The
ormonal levels correlated with the clinical profile in all
atients. Diagnosis of adrenal tumor was made using
ltrasound imaging and computed tomography (CT)
can.

All neoplasms were unilateral, with 6 presenting on
he left side and 3 on the right side. All patients under-
ent resection of the tumor, with spillage occurring in 2
atients. The mean tumor weight was 125 g (range, 42 g

Table 1. Staging Criteria for Pediatric Adrenocortical Tumors

Stage Description

Stage I ● Complete surgical resection
● Tumor �100 g or �200 cm3

● Absence of metastasis
● Normal hormone levels postoperatively

Stage II ● Microscopic residual tumor
● Tumor �100 g or �200 cm3

● Tumor spillage during surgery
● Abnormal hormone levels postoperatively

Stage III ● Gross residual or inoperable primary tumor
Stage IV ● Metastatic disease

Table 2. Patie

Patient
No

Age at
Diagnosis (yr) Sex

Duration of
Symptoms (mo)

Clinical
Presentation

1 0.6 M 2 Virilization,
Cushing

2 1 F 9 Virilization,
Cushing,
abdominal
mass

3 1 F 3 Virilization,
Cushing

4 11 F 12 Virilization

5 1.6 M 4-6 Virilization

6 2.4 M 8 Virilization

7 1.5 F 3-4 Virilization,
Cushing

8 2 M 0 Asymptomatic
(screening)

9 1.6 F 2 Virilization
Abbreviations: AC, Adrenocortical carcinoma; AD, adrenocortical adenom
o 336 g) with a mean volume of 139 cm3 (range, 30 cm3

o 626 cm3). Lymph node biopsies were done in all but
patients, with positive findings in 2 patients. One was
patient with a large tumor size (336 g). The other was

ound in a patient with a relatively small primary tumor
70.2 g).

One patient was found to have an adrenocortical ade-
oma. Three patients had stage I carcinomas, and 5
atients had stage II carcinomas. Hormonal levels re-
urned to normal postoperatively in all patients. In the
ast 2 years, we had 2 patients whose tumors were
lassified as stage II because of tumor size. However,
hey also had positive lymph nodes. These patients un-
erwent a radical retroperitoneal lymph node dissection
ased of the belief that local control is important, and the
ole of chemotherapy is unclear at this time (Raul Ri-
eiro, personal communication). These 2 patients also
eceived cisplatin and etoposide for a total of 8 cycles
ased on the protocol utilized at St Jude Children’s
esearch Hospital in Memphis.
All of our patients are alive with no recurrence of

isease. One of the patients who received chemotherapy
ompleted treatment more than 1 year ago, and the other
atient just finished recently. The mean length of fol-
ow-up is 5.3 years, with a range of 6 months to 11 years.
able 2 details patient demographics.

DISCUSSION

The current study confirms the literature findings with
egard to the epidemiology of adrenocortical tumors. In a
eview of 520 cases, Ribeiro et al5 found that the median
ge at diagnosis of adrenocortical tumors in the pediatric

mographics

mor Size
Weight Diagnosis Treatment Follow-Up

37cm3

70.2g
AC Stage II � Lymph

node � Spillage
Surgery �

chemotherapy
6 mo

26cm3

36 g
AC Stage II � Lymph

node
Surgery �

chemotherapy
2 yr

13cm3

60.2g
AC Stage II �

Spillage
Surgery 6 mo

77cm3

05.5g
AC Stage II Surgery 3 yr

20cm3

19 g
AC Stage II Surgery 10 yr

3cm3

43 g
AD Surgery 11 yr

5cm3

42 g
AC Stage I Surgery 7 yr

0cm3

-
AC Stage I Surgery 4 yr

1.5cm3

-
AC Stage I Surgery 10 yr
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761ADRENOCORTICAL TUMORS
opulation was 3 years, with less than 10% of tumors
resenting in patients 15 years or older. In our study, 8 of
he 9 patients were less than 3 years of age. Adrenocor-
ical tumors are more common in girls than in boys with
2.5:1 female to male ratio.10 In our study, there was a

light female predominance.
Predisposing genetic factors can be found in certain

atients with adrenocortical tumors. Two syndromes in
articular have a clear association with this type of
umor. Li-Fraumeni syndrome is associated with muta-
ions of the p53 gene. Beckwith-Wiedemann syndrome is
ssociated with mutations in the 11p15 region.10 One
atient in our series had Beckwith-Wiedeman syndrome.
is tumor was identified during imaging done for screen-

ng purposes. The presence of p53 mutations was not
ooked at in our patients.

Unlike in the adult population, most adrenocortical
umors in children are hormonally active.1 All of our
atients except for one presented with evidence of a
ormonally active tumor. It may be postulated that the
atient with Beckwith-Wiedeman might have had symp-
oms had his tumor not been detected early by routine
creening. The presenting symptoms vary depending on
he specific hormones secreted by the tumor. This may
ead to a wide range of presenting signs and symptoms.
ther studies have shown that 80% to 90% of patients
resent with virilizing features, either alone or in com-
ination with Cushingoid features.5,6,11 Isolated hypera-
renocorticalism was present in only 8% of patients.5

ldosterone- and estrogen-secreting tumors are rare in
hildren.9,12 The presentation of our patients is consistent
ith these literature findings, with the overwhelming
ajority of patients presenting with a virilizing syn-

rome, either alone or in combination with Cushing’s
yndrome. None of our patients had increased cortisol
evel in isolation. One patient had increased levels of
strogen as well as increased cortisol and androgens.

The diagnosis of adrenocortical tumors is based on
linical findings, biochemical abnormalities, and radio-
ogic imaging. Laboratory tests are done to measure
evels of hormones secreted by the tumor. These are
seful both for diagnostic purposes and for follow-up.
arious imaging modalities have been used in the past to

stablish the diagnosis of adrenocortical tumors. Cur-
ently, CT and ultrasound scans are the principal diag-
ostic modalities used. CT scan has been shown to be
ore sensitive than ultrasonography in tumor identifica-

ion and localization. In one series of 28 patients, ultra-
ound scan did not identify the mass in 11% of cases.6

owever, ultrasound scan is useful to evaluate tumor
xtension into the inferior vena cava and right atrium.5 In
ur series of patients, ultrasound imaging was done in 6
atients with identification of all 6 tumors. Magnetic

esonance imaging (MRI) is also being used increas- e
ngly, although its benefit over CT scan remains to be
etermined. MRI can be used to differentiate between
drenal adenomas and carcinomas, although this distinc-
ion can be difficult in some cases.13 On MRI, adenomas
sually have a higher fat content than carcinomas. As
ell, the entire lesion in adenomas loses signal on
pposed-phase T1 images compared with carcinomas, in
hich only a portion of the lesion shows a signal loss.14

Surgical treatment has long been the cornerstone of
herapy for adrenocortical tumors. It is the only therapy
hat unquestionably cures or prolongs survival signifi-
antly.15 It is important to remember that these patients
eed perioperative steroid coverage. All of our patients
nderwent complete surgical resection, which was com-
licated by spillage in 2 of our patients. In one study,
umor friability led to rupture of the capsule and tumor
pillage in 20% of cases.6 The need for lymph node
iopsy for staging and for prognosis has not been ad-
ressed clearly in the literature. In our patient series,
ymph node biopsy was done in all but 2 patients with
ositive nodes found in 2 patients. One patient had a
arge primary tumor (336 g) with extensive nodal in-
olvement. The other patient had a fairly small tumor
70.2 g). The former patient currently is free of disease;
owever, given his relatively recent diagnosis, his long-
erm outcome remains to be seen.

According to the experience at St Jude (R. Ribiero,
ersonal communication), the presence of positive lymph
odes portends a poor prognosis, and the recommenda-
ion is to widely sample the lymph nodes at the time of
rimary tumor excision and to proceed with radical
ymph node dissection (RLND) when the biopsy result is
ositive. The last 2 patients we had with positive nodes
ave been treated in this manner.
Other adjunctive therapeutic modalities have been

ried in the treatment of adrenocortical tumors. Radio-
herapy was shown to have limited success in one
tudy.16 Given the relatively small number of patients
ith such tumors, the optimal use of chemotherapy has
et to be determined. Mitotane, an insecticide derivative
hat causes adrenocortical necrosis, has been used in
dults, but its efficacy in children has not been well studied.

This drug has significant toxicity, affecting mostly the
astrointestinal and neurological systems. After its use,
teroid markers in the blood cannot be followed as an
ndication of tumor relapse because mitotane interferes
ith steroid metabolism. A response rate of 30% to 38%
as been shown in a few small studies, although these
esults have not been consistent.16-18 Chemotherapy with
ombinations of other agents has been tried. A combi-
ation of etoposide and cisplatin was used successfully
n a small series of 5 patients.19 Chemotherapy generally
s reserved for patients with recurrent or metastatic dis-

10
ase or those at high risk of relapse. St Jude Children’s
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762 STEWART, FLAGEOLE, AND KAVAN
esearch Hospital currently has an open protocol for
hese patients, in which mitotane, cisplatin, and etopo-
ide are the chemotherapeutic agents used for high-risk
atients. We currently are in the process of opening this
rotocol in our institution, and we treat our patients
ccording to it. Two of our patients had stage II disease
ith extensive lymph node involvement and received 8

ycles of cisplatin and etoposide.
Differentiation between benign and malignant adreno-

ortical tumors is difficult.10 Various histologic classifi-
ation systems based on cytologic abnormalities have
een proposed.7-9 Prognostic factors have been difficult
o determine given the rarity of adrenocortical tumors. A
oung age at diagnosis seems to be a good prognostic
actor, with an 82% long-term survival rate in children
ess than 2 years of age.6,20 In contrast, children older
han 2 years of age have a survival rate of 29%.21 Most
f the patients in our study were less than 2 years of age,
hich may contribute to the good overall outcome of our
atients. The other factor explaining our results is that
one of our patients presented with advanced disease.
From previous reports it is clear that incomplete re-

ection has a negative effect on outcome.21,22 In children,
he 2-year survival rate jumped from 46% for all adre-
ocortical tumors to 67% for those who underwent a
omplete surgical excision.22 All of the patients in our
eries underwent complete surgical excision. The 2 pa-
ients with intraoperative spillage have no evidence of
ecurrence; however, the duration of follow-up has been

hort. o
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n patients with metastatic stage IV disease.
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eed for lymph node biopsy and RLND has not been
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umors given the good prognosis for early-stage disease.
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