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Abstract

Purpose The purpose of this study was to review the clinical characteristics and prognosis of children with adrenocortical
tumors (ACT).

Methods We retrospectively reviewed the medical records of 28 patients with ACT at our hospital between March 2010
and March 2017.

Results The main clinical presentations were sexual prematurity (n=17) and Cushing’s syndrome (n=15). All patients
without metastasis underwent complete resection by laparotomy (n = 19) or laparoscopic surgery (n=9). Pathological diag-
nosis confirmed adrenocortical carcinomas (ACC, n=12) and adrenocortical adenomas (ACA, n=16). Dehydroepian-
drosterone (939.4 + 148.2 pg/dl vs 630.9 +376.3 pg/dl; p=0.031) and testosterone (235.7 +89.1 ng/dl vs 164.6 +47.5 ng/
dl; p=0.012) were significantly increased in ACC compared with ACA. The ACC tumor volumes were larger than those
in ACA (107.5+69 vs 25.5+23.1 cm?; average diameter 6 cm vs 4 cm p=0.001) and the immunochemical expression of
Ki-67 was higher in ACC than in ACA (30.2+22.7 vs 9.9+4.9 p=0.013). The mean follow-up of patients with ACA was
40+ 23 months without recurrence. Seven patients with ACC had postoperative distant metastases and five patients died
within 2 years. Five patients with ACC survived with a median follow-up of 27 months. The 2-year overall survival was
44.6%.

Conclusions Patients with ACC had significantly larger tumor volumes than those with ACA. The discordantly elevated
serum levels of sexual corticosteroid hormones and lactate dehydrogenase may predict the malignant nature of these tumors.
The prognosis of patients with ACA was good, while those with ACC had high postoperative metastasis and mortality rates.
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Introduction

Pediatric adrenocortical tumors (ACT) are rare but aggres-
sive endocrine malignancies and account for approximately
0.38% of all childhood cancer cases [1]. ACT comprise
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benign adrenocortical adenomas (ACA) and highly malig-
nant adrenocortical carcinomas (ACC) whose pathogenesis
is incompletely understood. ACC develop from the adrenal
cortex, with an estimated incidence of one per million each
year [2]. Patients with ACC generally have a poor clinical
outcome. There is no effective therapy for advanced and
metastatic ACC. The 5-year overall survival is less than 40%
[3]. ACA histology is associated with excellent prognosis,
but only about 20% of pediatric ACT are classified as ACA.
Moreover, the distinction between adenoma and carcinoma
is difficult [4]. Following the observed discrepancy between
clinical outcome and histological characteristics, there are
no clear-cut pathological criteria for malignancy in pediat-
ric ACT, whereas adult tumors can be adequately classified
based on the Weiss or Van Slooten scores [5]. The Wieneke
criteria, which include tumor size, local invasion, and other
histological features, have been suggested to distinguish
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benign from malignant forms and predict the prognosis of
ACT in children. Our patients were diagnosed based on the
Wieneke index. The prognosis of ACT is also very hetero-
geneous and difficult to predict in clinical practice. Signifi-
cant variability in clinical presentation has been observed,
ranging from tumors with an indolent clinical course to
aggressive tumors with fatal outcome. In the present study,
to examine disease features, imaging characteristics, treat-
ment approach, and outcomes in children with ACT, a retro-
spective analysis was performed to describe the management
and prognosis of children with ACT in a single institution.

Methods

28 patients with a diagnosis of ACT attending the Children’s
Hospital between March 2010 and March 2017 were identi-
fied, and the clinical charts were reviewed retrospectively to
document presentation, treatment, and follow-up subsequent
to obtaining approval from the local Research Ethics Com-
mittee of the Children’s Hospital of Fudan University and
conducted in accordance with approved guidelines. Writ-
ten informed consent was obtained from the parents of each
patient. An independent-sample T test was used to compare
ACC with ACA. Overall survival (OS) was estimated using
the Kaplan—Meier method. SPSS 17.0 software was used
for data analysis.

Results
Demographics

The participants included 10 male and 18 female patients.
The ages of the patients at the time of diagnosis ranged from
10 months to 13 years, with a mean age of 5.25 years. The
average age of patients with ACA was 6.8 +3.7 years and
the average age of patients with ACC was 2.7 + 1.5 years
(p=0.001) Tumor locations included the following uni-
lateral and bilateral anatomic sites: 16 right-sided tumors
(ACA =11, ACC=5); 10 left-sided tumors (ACA =4,
ACC=06); 2 both right-sided and left-sided tumors
(ACA=1, ACC=1) (Table 1,2).

Clinical signs and symptoms
21 patients showed signs of endocrine dysfunction. Viri-
lization was the most common presentation and was

observed in 17 patients (60.7%), who demonstrated the fol-
lowing symptoms: precocious development of pubic and
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Table 1 Demographics and clinical presentation of ACA

Age Gender  Location  Virilization  Cushing’s
syndrome
1 5 years Female  Right + +
2 13 years Female  Left - +
3 5 years Female  Right - -
4 5 years Female  Right + +
5 2 years Female  Right + -
6 2 years Male Left + -
7 7 years Female  Left + -
8 12 years Female  Right - -
9 9 years Male Right - -
10 9 years Male Right + +
11 10 years  Male Right - +
12 1 year Female  Right + +
13 4 years Female  Right + +
14 5 years Male Left - -
15 10 years  Female  Right + +
16 10 years  Male Bilateral - +
Table 2 Demographics and clinical presentation of ACC
Age Gender Location Virilization  Cushing’s
syndrome
1 3 years Male Left + +
2 4 years Female  Left - -
3 2 years Male Left + +
4 2 years Male Bilateral  + -
5 4 years Female Right - -
6 2 years Female Right + +
7 3 years Female  Left + -
8 5 years Female Right - +
9 10 months  Female Right + +
10 5 years Female  Left + +
11 7 months Male Right - -
12 13 months  Female Right + -

axillary hair, deepening of the voice, accelerated height,
acne, and enlargement of the genitals (Fig. 1a). The sec-
ond most frequent presentation was Cushing’s syndrome
(Fig. 1b), consisting of hypertension, central obesity,
buffalo hump, and moon face, which was observed in 15
patients (53.5%). 11 patients (39.2%) had mixed signs of
both virilization and Cushing’s syndrome. Five patients
presented (17.8%) with symptoms of hyperaldosteronism
with hypertension. Two patients presented to our hospital
with an asymptomatic abdominal mass. To assess these
patients, we performed a computed tomography (CT) scan,
which revealed an adrenal mass.
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Fig. 1 a Precocious develop-
ment showed pubic and axillary
hair, deepening of the voice,
accelerated height, acne, and
enlargement of the genitals. b
Cushing’s syndrome, consisting
of hypertension, central obesity,
buffalo hump, and moon face

Laboratory investigations

Not all patients underwent complete testing and the eval-
uated patients had signs and biochemical findings sug-
gestive of endocrine dysfunction. 25 of 28 patients had
functional tumors (Table 3). Elevated serum levels of
testosterone were found in 16 (84.2%) of the 19 patients
tested. Testosterone (235.7 +89.1 ng/dl vs 164.6 +47.5 ng/
dl; p=0.012) was significantly increased in patients with
ACC compared to those with ACA. Dehydroepiandros-
terone (DHEAS) levels were in accordance with the tes-
tosterone levels in these patients. DHEAS levels were
tested in seven patients with ACC, six of whom (85.7%)
had serum levels > 1000 ug/dl, which is the upper limit
of the laboratory test. DHEAS expression was signifi-
cantly higher in ACC than in ACA (939.4 +148.2 pg/dl vs

630.9 +376.3 pg/dl; p=0.031). In addition, patients with
ACC had an excess of 17A-hydroxyprogesterone (170HP)
compared to those with ACA (1.7 +1.8 vs 8.5+4.4 ng/
ml; p=0.001). Lactate dehydrogenase (LDH) levels were
above the upper limits of normal (range 110-290 IU/ml)
in 88.9% (8/9) of ACC patients and 20% (2/10) of ACA
patients. The mean serum LDH level was 1118 +890 TU/
ml (range 263-3050 IU/ml) in ACC and 375 +250 IU/ml
(range 157-906 1U/ml) in ACA. Serum LDH level was
significantly different between ACC and ACA patients
(p=0.021). There were no significant differences in fol-
licle-stimulating hormone (FSH), human chorionic gon-
adotropin (HCG), luteinizing hormone (LH), estradiol
(E2), adrenocorticotrophic hormone (ACTH), prolactin,
progesterone (PROG) and neuron-specific enolase (NSE)
between the ACC and ACA patients.

Table 3 Results of laboratory

A Groups
examination

Dehydroepiandrosterone (DHS)
Testosterone (TES)
17A-Hydroxyprogesterone (170HP)
Follotropin (FSH) (Miu/MI)

Human chorionic gonadotropin (HCG)
Luteinizing hormone (LH) (Miu/MI)
Estradiol (E2)

Adrenocorticotrophic hormone (ACTH) (Pg/Ml)
Prolactin PRL (Ng/MI)

Progesterone (PROG) (Ng/Ml)
Neuron-specific enolase (NSE) (Ng/MI)
Lactic dehydrogenase (LDH) (IU/MI)

ACA ACC p
5034400 (n=12) 948+ 137 (n=7) 0.003
1854168 (n=11) 4364223 (n=8) 0.012
17+18(n=10)  8.5+44(n=7) 0.001
14+1.6 (n=8) 0.78+095 (n=4) 0481
0.33+0.09 (n=5)  0.4+0.53 (n=5) 0.8
0244022 (n=8) 0464026 (n=5)  0.17
23.1+12.1 (n=9)  34.6+22.8 (n=6)  0.226
144+68 (n=10)  11.4+6.1 (n=8) 0.401
21+12.1 (n=6)  144+102 (=5 0292
1.89+1.49 (n=7)  3+2.4 (n=4) 0.347
25+7.4 (n=8) 403+362 (n=10) 026
3754250 (n=10) 11184890 (n=9)  0.021
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Imaging analysis

All patients (100%) underwent CT or MRI diagnostic
imaging, and 22 (30%) underwent ultrasound (US). These
techniques provided detailed information on tumor size,
homogeneity, presence of calcifications, areas of necrosis,
extent of local invasion, and status of vascular structures.
MRI showed heterogeneous enhancement using gadolin-
ium, and diffuse and homogeneous intensity signal decay
on T1-weighting out-of-phase imaging. Typical CT imaging
findings of pediatric ACT consisted of a large, well-defined
suprarenal tumor containing calcifications with a thin cap-
sule and central necrosis or hemorrhage. US revealed that
ACT were solid tumors, which had heterogeneity accompa-
nied by hypoechoic areas and abundant blood flow signals
with or without a capsule.

Pathological analysis

28 patients were identified with ACT, 12 with ACC and
16 with ACA. Mean tumor size was 25.5+23.1 cm® with
an average diameter of 4 cm in ACA, and 107.5 +69 cm®
with an average diameter of 6 cm in ACA. The size differ-
ence between ACA and ACC was statistically significant
(p=0.001). A grossly lobulated cut surface, presence of
necrotic areas, calcifications, and hemorrhages were noted
in ACC. In general, ACA were encapsulated, and well

Table 4 Characteristics of pathology

Groups ACA ACC p

Tumor volumes 25.5+23.1 107.5+69 0.001
(em’)

Ki-67 9.9+4.9 30.2£22.7 0.013

%39
HEiR 10

C 430
W 860
ABDOMEN

circumscribed with a homogeneous texture and color. The
cellular proliferation index, Ki-67, was significantly different
between ACC and ACA (p=0.013). The mean Ki-67 level
was 30.2 +£22.7% (range 7-80%) in ACC and 9.9+4.9%
(range 2-20%) in ACA (Table 4).

Management and outcomes

All patients underwent complete tumor resection via a
transabdominal approach with laparoscopic adrenalectomy
in 12 (ACA=11, ACC=1) and laparotomy in 16 (ACA =8,
ACC=2_8) (Fig. 2). Patients with ACA were successfully
treated by total excision without concomitant therapy and
survived tumor free. Hormonal and clinical investigations
showed that endocrine symptoms involving both cortisol and
androgen returned to normal. The mean follow-up of patients
with ACA was 40+ 23 months without recurrence. Adjuvant
chemotherapy was commenced postoperatively in the ACC
group (n=35), who were treated with the CYVADIC regi-
men (cyclophosphamide + vincristine + adriamycin + dacar-
bazine) or the IVA regimen (ifosfamide + vincristine + actin-
omycin D). Seven patients with ACC had postoperative
distant metastases (7/12; 58.3%) consisting of lung (n=4),
liver (n=2), kidney (n=1), brain (n=1), retroperitoneum
(n=1) and pelvic cavity (n=1) (Fig. 3). Five patients with
ACC died within 3 months to 2 years. Seven cases with ACC
survived with a median follow-up of 27 months. The 2-year
OS was 44.6% (Fig. 4).

Discussion
Our patient population consisted of children with ACT

treated at a single institution over a 7-year period. The cur-
rent study confirmed the following literature findings with

Fig.2 a Computed tomography (CT) shows a thin capsule and central necrosis or hemorrhage in the primary lesion. b Hepatic metastasis. ¢ Pul-

monary metastasis
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Fig.3 Adrenocortical carcinomas (ACC) in the right side measuring
12X 12X 16 cm treated by complete surgical resection

K-M survival curve
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Fig.4 K-M survival curve shows that the 2-year OS in patients with
adrenocortical carcinomas (ACC) was 44.6%

regard to epidemiologic data: ACT are more common in
girls and mostly occur before the age of 10 years [6]. There
were only two patients over the age of 10 years at diag-
nosis in this study. Michalkiewicz et al. found that in 254
patients with ACT the median age was 3.2 years [7], and
some researchers reported that the age at peak incidence was
younger than 5 years [8]. The average age of the patients in
the present study was 5.2 years. Although some reports have
suggested that age is a prognostic factor, we did not find
an outcome or survival benefit related to age. However, the
average age of patients with ACA was significantly younger
than the average age of patients with ACC. Some reports
have indicated that the predominantly affected site is the
right adrenal gland [9], which was in accordance with our
findings. Virilization was the most common presentation
in our series followed by Cushing’s syndrome. This was in

agreement with the literature findings [10]. However, in our
series, the most common tumor was ACA, which was con-
trary to the literature findings [11].

The clinical features of ACT can vary from abdominal
pain and fatigue to hormonal symptoms. Most ACT are
functional and secrete excessive androgens and/or gluco-
corticoids that lead to clinical symptoms such as virilization
or Cushing’s syndrome [8]. Ciftci et al [9] found that 83%
of their patients presented with endocrine dysfunction, and
virilization symptoms were prevalent. Michalkiewicz et al
[7] investigated a group of 254 patients and 90% had an
endocrine syndrome. In this series, 89.2% of tumors were
functional, which triggered the diagnostic workup that led to
the identification of ACT. ACC can also be found acciden-
tally as an adrenal incidentaloma. Calissendorff et al. found
that ACC showed an excess of androgens including testoster-
one and/or DHEAS [12]. Ribeiro et al. suggested that higher
urinary levels of 17-OH-corticosteroids were associated with
more aggressive disease [13]. Chen et al. reported that LDH
level was higher in ACC than in ACA [14]. We found that
the serum levels of DHEAS, testosterone, 170HP and LDH
in ACC were significantly elevated, although the degree of
elevation was discordant.

The distinction between ACA and ACC can be prob-
lematic. In fact, adenoma and carcinoma appear to share
multiple genetic aberrations and may represent points on
a continuum of cellular transformation. Various p53 gene
mutations and p-arm defects of chromosome 11 have been
identified in ACT. Li Fraumeni and Beckwith-Wiedemann
syndromes are common anomalies associated with ACT
[15, 16]. The pathogenesis of ACC has progressed over the
past decades, and molecular studies have demonstrated that
TP53, CTNNBI1, and IGF2 overexpression, ZNRF3, and
high-level amplification of TERT are common and key driv-
ers of ACC [17, 18]. Recently, Agosta et al. demonstrated
that miR-483-5p and miR-139-5p promoted adrenocorti-
cal cancer cell migration and invasion by suppressing the
expression of NDRG2 and NDRG4 [17, 18]. Thus, these
genes may be potential molecular markers for distinguish-
ing ACC from ACA and require large-scale investigations.

The presence of metastases and/or vascular invasion is
highly suggestive of malignancy. Large tumor size, often
more than 5 cm [20], internal necrosis, and/or hemorrhage
are radiological features suggestive of malignant lesions
rather than benign lesions [21]. Consistent with the lit-
erature, the average tumor size in patients with ACC was
statistically significantly larger than those with ACA in the
present study. CT or MRI demonstrated that ACC were
larger, more heterogeneous, and more often calcified than
ACA [22]. This was also the predominant pattern in the
large masses in our series. However, there was overlap in
their imaging appearances and the imaging characteristics
of different adrenal tumors were very similar. It is difficult to
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make a correct diagnosis, especially to determine the nature
and differentiation of a benign or malignant tumor by imag-
ing alone [14]. The proliferative activity measured by immu-
nostaining with the antibody MiB-1 could help to distin-
guish benign ACA from ACC [23]. In addition, Beuschlein
et al. reported that the Ki-67 index was superior to different
histological scores such as those proposed by Weiss, van
Slooten or Hough that are currently in clinical use for the
differential diagnosis of adrenal tumors [24]. Ki-67 is a cel-
lular proliferation marker, and in adults, it has a well-defined
role as a prognostic marker. Patients with a high Ki-67 value
showed worse prognosis, given that this index is a good pre-
dictor of recurrence [25].

Surgical resection is the cornerstone of treatment. Most
reports have shown favorable outcomes in patients whose
tumors were completely excised [4, 7]. Complete resec-
tion of the tumor results in complete cure in ACA patients;
however, 30-50% of patients with ACC have local or dis-
tant recurrences despite apparently curative surgery [9] as
observed in our series. Lung and liver were the major sites
of metastases in our series as mentioned in the literature
[10]. Laparoscopic adrenalectomy for ACC is controversial.
Brix et al [26] found that laparoscopic adrenalectomy by an
experienced surgeon for localized ACC with a diameter of
<10 cm was not inferior to open adrenalectomy with regard
to oncologic outcome. The recurrence rate was 77% for the
laparoscopic adrenalectomy group and 69% for the open
adrenalectomy group. No significant differences in OS or
recurrence-free survival were found. However, Miller et al.
[27] suggested that laparoscopic resection should not be
attempted in patients with tumors suspicious for or known
to be ACC, due to an increased risk of positive surgical mar-
gins or tumor spill, peritoneal carcinomatosis, and earlier
recurrence. Porpiglia et al. [28] reviewed the published lit-
erature and concluded that poor outcomes in patients with
ACC were the result of inadequate surgery, whether per-
formed by an open or laparoscopic approach. Therefore,
laparoscopic adrenalectomy for suspected ACC should only
be performed in specialized centers by a skilled specialist
following special criteria. In our series, only one patient
with ACC underwent laparoscopic adrenalectomy which
was considered a benign tumor measuring 3 X2 X5 cm in
size. However, tumor spill was observed during surgery and
the patient died within 1 year. Laparoscopic adrenalectomy
is not recommended for patients with suspected ACC.

Adjuvant therapies for ACC have been unsuccessful,
both radiation and chemotherapy are largely ineffective,
and the role of mitotane is unproven. Due to the possibility
of recurrence and metastases, careful clinical, radiographic,
and endocrine evaluation follow-up is required after surgi-
cal resection. Although ACC are known to be radiotherapy-
resistant tumors, as another adjuvant therapy, radiotherapy
of the tumor bed is recommended postoperatively in patients
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who have undergone microscopically incomplete resec-
tion [29]. Palliative radiotherapy is also quite effective for
pain relief or for improving neurologic symptoms due to
metastasis [30]. A comprehensive review showed that cur-
rent evidence suggests that adjuvant mitotane significantly
decreased the recurrence rate and mortality after resection
in patients with ACC but without distant metastasis [28].
Mitotane has been used to treat ACC for more than five
decades, often in combination with systemic chemotherapy
[32]. Platinum-based chemotherapy is often used to sterilize
micrometastases, although postoperative chemotherapy has
not been reported to be consistently effective against this
aggressive tumor [30]. A multicenter prospective clinical
trial is warranted to ascertain whether the use of adjuvant
chemotherapy in ACC is efficacious.

In conclusion, ACA was satisfactorily treated by total
resection without complications. Total excision is the most
important aspect of therapy for ACC. The most frequent
presentation in children with ACT is peripheral precocious
puberty. Laboratory tests usually reveal discordantly ele-
vated serum levels of sexual corticosteroid hormones and
LDH which may predict the malignant nature of the tumor.
ACC tumor volumes are significantly larger than those of
ACA. The prognosis of ACA was good while ACC had high
postoperative metastatic and mortality rates.
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