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Abstract

Background/Aims: Adrenocortical carcinoma (ACC) isan ag-
gressive childhood cancer. Limited evidence exists on a def-
inite histopathological criterion to differentiate ACC from
adrenocortical adenoma. The aim of this study was to inves-
tigate the clinicopathological data of children with ACC,
identify prognostic factors, and validate a histopathological
criterion to differentiate ACC from adrenocortical adenoma.
Methods: This retrospective cohortincluded 41 children, fol-
lowed at the Mayo Clinic from 1950 to 2017 (onset of symp-
toms <21 years). Outcomes of interest were: alive with no
evidence of disease, alive with evidence of disease, and dead
of disease. Results: Median age at onset of symptoms was
15.7 years (n = 41; range, 0.2-21 years). Female:male ratio
was 3.6:1. Mixed symptomatology (>1 hormone abnormali-

ty) was the most common presentation (54%, n = 22). Sixty-
six percent of patients (n = 27 out of 41) underwent total
adrenalectomy. Metastatic disease was more common in
children aged >12 years (p = 0.002 compared to <4 years).
The most common sites of metastases were the liver and
lungs. Overall 2-year and 5-year survival rates were 61%
(95% Cl 45-77) and 46% (95% Cl 30-62), respectively. Metas-
tasis at the time of diagnosis was independently associated
with poor prognosis (risk ratio 13.7%; 95% Cl 3.9-87.7). Weiss
criteria (29%) and modified Weiss criteria (33%) were less ac-
curate in younger patients (<12 years), compared to the
Wieneke index (100%). Conclusion: The presence of metas-
tases was an independent prognostic factor. The Wieneke
index was the most accurate in predicting clinical outcomes

in younger children. © 2018 S. Karger AG, Basel
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Introduction

Adrenocortical carcinoma (ACC) isarare but aggres-
sive childhood cancer with a reported incidence of 0.2—
0.3 new cases per 1 million children per year [1-4].
There is remarkable geographical variation with the in-
cidence in Southern Brazil being 12-18 times higher
than in the United States, likely due to the high preva-
lence of a founder TP53 mutation in Brazil [2, 5]. ACC
commonly presents with virilization and Cushing syn-
drome and rarely with feminization and hyperaldoste-
ronism [1, 6-8]. ACC can also be nonfunctional and di-
agnosed incidentally during the evaluation of abdomi-
nal pain, fatigue or other nonspecific symptoms [9]. The
majority of ACC are sporadic, but some are associated
with a genetic defect. Individuals with the Li-Fraumeni
syndrome [10], Beckwith-Wiedemann syndrome [11],
multiple endocrine neoplasia type 1 [12], and familial
adenomatous polyposis [13] have an increased risk of
ACC.

Surgery is the mainstay of treatment. Even after com-
plete resection, a high risk of recurrence of ACC re-
mains. Age <4 years, tumor size <10 cm [14], virilization
alone [15], tumor volume <200 cm?® [16, 17], tumor
weight and stage [18], metastatic disease [14], and qual-
ity of surgery [14, 19] have been suggested as important
prognostic markers. Despite multimodality approaches
including mitotane [an adrenolytic drug: (o,p’-DDD:
1,1-dichloro-2-o-chlorophenyl)-2-(p-chlorophenyl)
ethane], chemotherapy with cisplatin, etoposide and
doxorubicin (CED), and radiotherapy, prognosis of pe-
diatric ACC remains poor with an estimated 5-year sur-
vival rate ranging from 30 to 90% [2, 4, 15, 18, 20].

There is considerable overlap in clinical, radiological
and histological features of ACC and adrenocortical ad-
enoma, which makes decision-making challenging. Due
to the rarity and heterogeneity of pediatric ACC, limited
evidence exists on a definite histopathological criterion
to differentiate ACC from adrenocortical adenomas.
The Weiss score is widely used to assess ACC in adults
[21]. The modified Weiss score [9, 22] and the Wieneke
index [18] have been proposed for assessing ACC in pe-
diatrics.

We reviewed the clinicopathological features of 41
pediatric patients with ACC that have been evaluated at
the Mayo Clinic over the last 67 years (1950-2017). We
also evaluated the validity of the Weiss score, modified
Weiss score, and the Wieneke index, all of which have
so far been validated in limited pediatric studies [1, 16,
23].
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Materials and Methods

Mayo Clinic Adrenal Disorders Database

The Mayo Clinic Adrenal Disorders Database is a retrospective
registry of patients (n = 3,348) of any age with adrenal disorders,
evaluated at the Mayo Clinic since January 1, 2000. Data on pa-
tients from 1950 to 1999 were obtained through the Division of
Biomedical Statistics and Informatics at the Mayo Clinic.

Eligibility and Exclusion Criteria

We searched for patients with clinically and/or pathologically
confirmed (based on the Weiss score) diagnosis of ACC (Interna-
tional Classification of Diseases Code ICD-9-CM 194.0 [before
September 30, 2015] and ICD-10-CM C74.00, C74.01, C74.02 [af-
ter October 1, 2015]) with age at onset of symptoms <21 years.
Patients evaluated at the Mayo Clinic from January 1, 1950 to Oc-
tober 31, 2017 were included. Patients with adrenocortical adeno-
ma, neuroblastoma, pheochromocytoma, and other tumors of the
adrenal medulla were excluded.

Search Methods

Electronic medical records were available for patients evalu-
ated from 1997 to 2017. Paper medical records were obtained for
patients evaluated from 1950 to 1996. Demographics, clinical fea-
tures, family history, laboratory analysis, radiological findings,
surgical data, pathology reports, treatment description, and long-
term outcomes were extracted for each patient. Available ar-
chived pathology slides (n = 25) were reviewed by an expert pa-
thologist (M.R.) and the Weiss score, modified Weiss score, and
Wieneke index were determined (see online suppl. Table 1; see
www.karger.com/doi/10.1159/000488855 for all online suppl.
material) [9, 18, 21]. The pathologist was blinded to patient out-
come information. Complete follow-up data were available for 32
patients. Vital statistics of 28 patients were obtained from elec-
tronic/paper medical records, of 2 patients from the National
Death Index [24], and of 2 patients from direct patient contact.
Of the 9 patients who were lost to follow-up, 3 patients were from
outside the United States. This study was conducted in accor-
dance with the guidelines of the Code of Federal Regulations
(CFR), Title 45, Part 46 and the Institutional Review Board at the
Mayo Clinic, Rochester, MN, USA. The requirement to obtain
informed consent and assent was waived in accordance with 45
CFR 46.116.

Tumor Staging and Outcome Definitions

Disease staging was defined according to the European Net-
work for the Study of Adrenal Tumors (ENSAT) classification,
i.e,, stages I and II were defined as localized tumors <5 or >5 cm,
respectively (stage I, T1NoMy; stage II, T,NoM,); stage III was de-
fined as tumors that infiltrated surrounding tissue or displayed
positive regional lymph nodes or tumor thrombus in the vena
cava /renal vein (T} ,N;M,or T3 4No_;M); stage IV consisted of
tumors with distant metastases (T;_4No_;M;) (see online suppl.
Table 2) [3, 25].

Three outcomes of interest were: alive with no evidence of dis-
ease, alive with evidence of disease, and dead of disease. The pri-
mary endpoints of this study were overall 2-year survival and over-
all 5-year survival. Time to event was defined as the interval be-
tween date of onset of symptoms and date of death resulting from
any cause or date of last follow-up.
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Table 1. Clinical features at presentation of 41 pediatric patients with adrenocortical carcinoma

Clinical feature Age <4 years Age>=4to<l12years Age>12years All patients
(n=10) (n=4) (n=27) (n=41)
Age at onset of symptoms, years
Median 0.5 7.9 16.5 15.7
Range 0.2-2.2 6.5-10.0 12.5-21.0 0.2-21.0
Sex, n
Female 7 3 22 32
Male 3 1 5 9
Female:male ratio 2.3:1 3:1 4.4:1 3.6:1
Type of presentation, n
Virilization only 3 2 2 7
Feminization only® 0 0 0 0
Cushing syndrome only 1 0 1 2
Hypertension only 1 0 2 3
Mixed tumor® 4 1 17 22
Nonfunctional tumor 1 1 4 6
Unknown® 0 0 1 1
Duration of symptoms, months
Median 3.3 5.4 2.4 3.0
Range 1.2-12 1.2-14.4 1.2-14.4 1.2-144

*Indicated by the presence of gynecomastia in males and premature thelarche in females. ® Indicated by clin-
ical and/or laboratory evidence of abnormal production of more than one hormone, including aldosterone or
estrogen. € The patient was diagnosed at another institution and the initial medical records could not be accessed.

Statistical Analysis

Descriptive analyses were used to present clinical and macro-
scopic features. Two-year survival and 5-year survival rates were
estimated using the Kaplan-Meier method. Heterogeneity in sur-
vival among strata of selected variables was assessed using the log-
rank test. A multivariate Cox proportional hazards model was used
to identify factors associated with the risk of mortality. Multivariate
hazard ratios, with 95% CI, were computed considering factors that
turned out to be statistically significant at univariate analysis, apply-
ing a forward stepwise regression method. Age, disease stage, and
metastatic disease were the variables utilized in multivariate regres-
sion analysis because complete data on 41 patients were available for
these three variables only. Sensitivity, specificity, and accuracy of the
Weiss score, modified Weiss score, and Wieneke index were esti-
mated. Clinically benign versus malignant outcomes were com-
pared with pathologically benign versus malignant outcomes. Sta-
tistical analysis was performed using JMP Pro version 10.0.0.

Results

Clinical Features

Forty-one patients met the prespecified inclusion cri-
teria (Table 1). Median age of all patients at onset of
symptoms was 15.7 years (range, 0.2-21 years). High fe-
male preponderance was noted in all age categories with
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an overall female:male ratio of 3.6:1. Mixed symptom-
atology representing more than one hormonal abnormal-
ity was the most common presentation (54%, n = 22) fol-
lowed by virilization alone (17%, n = 7). Evidence of iso-
lated feminization in males or premature thelarche in
females was not noted, except in 1 male patient who pre-
sented at 18 years of age with gynecomastia and hyperten-
sion. Isolated hyperaldosteronism was reported in 2 pa-
tients with onset of symptoms at 16.5 and 19.8 years, re-
spectively. Precocious pubarche was noted in 8 patients,
of which 4 were less than 1 year of age, 3 were 1.5-2.2
years and 1 was 7 years old.

Median duration of symptoms before diagnosis of
ACC was made was 3.0 months (range, 1.2-14.4 months)
(p = 0.609 between the three age groups). None of the 41
patients had a known family history of ACC. One patient
tested positive for Beckwith Wiedemann syndrome and 1
tested negative for any associated genetic syndromes

(Fig. 1).

Macroscopic Features
Sixty-six percent of the patients (n = 27 of 41) under-
went total adrenalectomy (Table 2). ACC was described

Gupta/Rivera/Novotny/Rodriguez/
Bancos/Lteif



Fig. 1. Photograph of our patient. A 3-year-
old girl with adrenocortical carcinoma. She
presented at 1.8 years of age with pubic
hair, body odor, exponential weight gain,
and stunting of growth velocity. a At 2
years of age prior to right adrenalectomy.
b Patient 1 year later with no recurrence. c,
d Surgical specimen of resected and en-
capsulated adrenocortical carcinoma. The
tumor measured 6.2 x 5.8 x 4.1 cm and
weighed 93 g.

as inoperable in 4 patients, all of whom were >12 years
old. Patients aged <4 years had a smaller median tumor
diameter and lower median tumor weight as compared to
those aged >12 years (tumor diameter: 6.4 vs. 10.8 cm;
tumor weight: 80 vs. 435 g, p < 0.005 for both). The tumor
was localized to the adrenal gland in 15 out of the 36 pa-
tients (42%) for whom these data were available.

Metastatic disease was less frequent in patients aged
<4 years (2 out of 10; 20%), compared to those aged >12
years (22 out of 27; 81%) (p = 0.002). Overall, the most
common sites of metastases were the liver (73%), lungs
(69%), and retroperitoneal lymph nodes (27%). A major-
ity of patients (n = 26, 63%) were classified by the ENSAT
system as stage IV (T;_4No_ 1 M,).

Pediatric Adrenocortical Carcinoma

Treatment Outcomes

Stage I (n=2)

After resection of the primary spinal adrenocortical
tumor at 5 months and recurrent spinal lesion at 11
months, 1 patient was treated with mitotane and 8 cycles
of CED. She was in complete remission at 6.3 years. The
second patient underwent surgery at 1.8 years, manifest-
ed high-grade chondroblastic osteosarcoma of the right
sacroiliac area at 16 years, and was treated with hemipel-
vectomy, cisplatin, doxorubicin, and methotrexate.

Stage II (n = 11)

All patients were treated with surgery only. Six pa-
tients are alive with no evidence of disease (outcome un-
known for 4 patients). One patient developed local recur-
rence and died a year after resection of recurrent lesion.
One patient was diagnosed with familial adenomatous
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Table 2. Macroscopic features of 41 pediatric patients with adrenocortical carcinoma

Macroscopic feature Age <4 years Age >4 to <12 years Age >12 years  All patients
(n=10) (n=4) (n=27) (n=41)
Surgery, n
Partial adrenalectomy 1 0 2 3
Total adrenalectomy 7 3 17 27
Radical resection 1 1 4 6
Inoperable 0 0 4 4
Other 1 0 0 1
Primary site, n
Right 5 1 11 17
Left 4 3 16 23
Other 1? 0 0 1
Maximum tumor diameter<, cm
Median 6.4 9.8 10.8 9.5
Range 2.0-11.0 6.0-14.0 4.0-20.0 2.0-20.0
Tumor weight?, g
Median 80 515 435 276
Range 20-250 180-712 25-1,046 20-1,046
Tumor extension, n
Localized to adrenal gland 5 2 8 15
Extending into adjacent tissue 3 2 11 16
Extending into adjacent organ 0 0 5 5
Other 2eb 0 3b 5
Vena cava invasion, n
Present 0 0 5 5
Absent 7 3 10 20
Other 30 1° 12° 16
Metastatic disease, n
No metastases 8 2 5 15
Lung only 0 0 3 3
Liver only 1 0 4 5
Lung and liver only 0 1 3 4
Multiple sites 1€ 1f 128 14
Recurrent disease®, n
Present 1 1 8 10
Absent 9 3 19 31
Tumor stage!, n
Stage I 2 0 0 2
Stage IT 5 2 4 11
Stage III 1 0 1 2
Stage IV 2 2 22 26
Type of treatment, n
Surgery only 8 2 10 20
Surgery + chemotherapy 2 2 13 17
Inoperable (chemotherapy + radiotherapy) 0 0 4 4

Resection of primary spinal adrenocortical carcinoma in 1 patient. ® Data not available. ¢ Based on operative or pathology report;
estimated from imaging if tumor was inoperable. ¢ Data was available for: age group <4 years, n = 9; for age group >4 to <12 years, n = 3,
for age group >12 years, n = 14, for all patients, n = 26. ¢ Brain; cervical and thoracic spinal cord. ! Liver, lumbar spine
and parietal bone. 8 Included combinations of >2 of these sites: lung (n = 11), liver (n =10), thoracic vertebrae (n = 2), bones (n = 2),
kidney (n = 2), spleen (n = 2), brain (n = 1), ovary (n = 1), retroperitoneum (#n = 4), retroperitoneal lymph nodes (n = 7), mediastinal
lymph nodes (n = 3), supraclavicular lymph nodes (n = 1), left pulmonary artery (n = 1). " At the site of the primary tumor. ' ENSAT,
European Network for the Study of Adrenal Tumors. Stage I, T{NoMy; stage II, T,NoMy; stage III, T; ,N; Mg or T35 4Ny_1My; stage IV,
T1-4No_1M;.
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Table 3. Kaplan-Meier analysis for 2-year survival and 5-year survival (univariate analysis)

Feature Number®  2-year survival, 5-year survival, log-rank
% (95% CI) % (95% CI) p value

All patients 41 61 (45-77) 46 (30-62)

Age
<4 years 10 100 (-) 100 (-) 0.002*
>4 to <12 years 4 75 (32-100) 75 (32-100)
>12 years 27 43 (23-63) 21 (5-37)

Sex
Female 32 63 (45-81) 48 (30-66) 0.654
Male 9 56 (23-89) 42 (9-75)

Type of presentation
Virilization only 7 86 (61-100) 86 (61-100) 0.352
Mixed tumor 22 56 (34-78) 28 (8-48)
Nonfunctional 6 50 (11-89) 50 (11-89)

Maximum tumor diameter
<10 cm 18 87 (69-100) 80 (60-100) 0.001*
>10 cm 21 46 (24-68) 26 (6-46)

Tumor weight
<400 g 16 93 (81-100) 85 (67-100) 0.002*
>400 g 10 50 (19-81) 20 (0-45)

Tumor extension
Localized to adrenal gland 15 86 (68-100) 78 (56-100) 0.001*
Extending into adjacent tissue 16 48 (23-73) 27 (5-49)
Extending into adjacent organ 5 40 (0-83) 0(-)

Metastatic disease
Yes 26 39 (19-59) 18 (0.4-36) <0.0001*
No 15 93 (81-100) 86 (68-100)

Tumor stage
I-1I 13 100 (-) 92 (76-100) <0.001*
II-1v 28 40 (20-60) 21 (3-39)

* Missing values were excluded. * p < 0.05.

polyposis, which was treated with subtotal colectomy and
chemotherapy.

Stage I1I (n = 2)

One patient with the Beckwith-Wiedemann syndrome
was treated with surgery at 6 months and is alive with no
evidence of disease. The second patient received surgery
and mitotane and died 5 months after diagnosis, at 21
years.

Stage IV (n = 26)

Four patients had inoperable, metastatic ACC and
died of disease 1-8 months after diagnosis (adjuvant ther-
apy: radiotherapy in 2, mitotane in 1, mitotane, cisplatin
and etoposide in 1). Three patients were treated with sur-
gery and died at 10-17 years (0.6-9.4 years after diagno-
sis). After resection of the primary tumor, the remaining

Pediatric Adrenocortical Carcinoma

19 patients received chemotherapy (mitotane in 6; vary-
ing combinations of CED, mitotane, paclitaxel, mitoxan-
trone, 5-fluorouracil, gemcitabine, bleomycin, docetaxel,
cyclophosphamide, carboplatin, and ifosfamide in 13). Of
these 19 patients, 14 died at a median age of 1.35 years
from diagnosis (range, 0.2-7.8 years), 1 is alive without
evidence of disease, and outcome is unknown for 4.

Survival Analysis

Overall 2-year survival rate was 61% (95% CI 45-77).
Overall 5-year survival rate was 46% (95% CI 30-62) (Ta-
ble 3). In univariate analysis, age <4 years, maximum tu-
mor diameter <10 cm, tumor weight <400 g, tumor local-
ization to adrenal gland, absence of metastatic disease at
the time of diagnosis, and low stage (I/II) were associated
with better 2-year survival and 5-year survival. Kaplan-
Meier survival curves are shown in Figure 2. Applying a
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Table 4. Clinical outcomes in patients considered to have malignant versus benign pathology based on three histopathological criteria**

Criteria Age <12 years Age >12 years All patients

n AND AWD DOD n AND AWD DOD n AND AWD DOD
Patients considered to have malignant pathology
Weiss 6 5 - 1 14 1 1 12 20 6 1 13
Modified Weiss 5 4 - 1 11 1 2 8 16 5 2 9
Wieneke index 1 - - 1 10 - 1 9 11 - 1 10
Patients considered to have benign pathology
Weiss 1 1 - - 0 . - - 1 1 - -
Modified Weiss 1 1 - - 0 - - - 1 1 - -
Wieneke index 5 5 - - 2 2 - - 7 7 - -

AND, alive with no evidence of disease; AWD, alive with evidence of disease; DOD, dead of disease. * Malignant pathology was de-
fined by Weiss score >3, modified Weiss score >3, Wieneke index score >4. ® Data are presented only for patients on whom complete
histological and clinical outcomes were known. € Age groups “<4 years” and “>4 to <12 years” were combined due to limited sample size

in the latter age group.

1.0 1.0 -
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a Survival time, years b Survival time, years

Fig. 2. Probability of 2-year survival and
5-year survival of 41 pediatric patients with
adrenocortical carcinoma. a All patients;
2-year survival 61% (95% CI 45-77); 5-year

*a Stage I-Il (n = 13)

survival 46% (95% CI 30-62). b Survival
according to age at the time of onset of
symptoms. ¢ Survival according to pres-
ence of metastases at the time of diagnosis.
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Survival time, years

d Survival according to disease stage at the
time of diagnosis.

forward stepwise regression method using age, disease
stage, and metastatic disease, presence of metastases at
the time of diagnosis of ACC was the only independent
factor associated with poor prognosis (risk ratio 13.7%;
95% CI 3.9-87.7).

Accuracy of Histopathological Criteria
Outcomes that were clinically benign versus malig-
nant were analyzed based on the pathological features of
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the tumor (Table 4). A malignant pathology was defined
by a Weiss score >3, modified Weiss score >3, and
Wieneke index score >4. Data on clinical outcomes as
well as pathology were available for a smaller number of
patients (n = 21 for Weiss criteria, n = 17 for modified
Weiss criteria, n = 18 for Wieneke index). Therefore, a
clear assessment of performance of each criterion could
not be made. However, certain trends were noted (Table
5). Weiss criteria were less accurate in the younger pa-
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Table 5. Accuracy of the three histopathological criteria

Criteria Age <12 years Age >12 years
sensitivity, specificity, PPV, NPV, accuracy, sensitivity, specificity, PPV, NPV, accuracy,
% % (95% CI) % % % % % (95% CI) % % %
Weiss 100 17 (1-64) 17 100 29 100 0 (0-97) 93 - 93
Modified Weiss 100 20 (1-72) 20 100 33 100 0 (0-98) 91 - 91
Wieneke index 100 100 (48-100) 100 100 100 100 100 (16-100) 100 100 100

PPV, positive predictive value; NPV, negative predictive value; —, insufficient n.

tients (29% in <12 years vs. 93% in >12 years). Modified
Weiss criteria were also less accurate in the younger pa-
tients (33% in <12 years vs. 91% in >12 years). The
Wieneke index was more accurate than Weiss and mod-
ified Weiss criteria in both age groups. A significant
overlap in 95% CI for specificity was noted for all three
criteria, thereby limiting the interpretation of these re-
sults.

Discussion

The findings from this study provide strong evidence
that the natural course of ACC is significantly different
and favorable in children younger than 4 years of age
compared to those older than 12 years of age. Presence of
metastases at the time of diagnosis of ACC is an indepen-
dent prognostic factor for survival. Histopathological
classification of ACC in pediatrics remains controversial.
The Wieneke index was the most accurate in predicting
clinical outcomes in younger children in our study.

Biphasic Age Distribution

Adrenocortical tumors (ACT) have been reported to
have either early age of onset (<4 years) [3, 9, 14-16] or
biphasic age distribution (<5 years and >10 years) [18,
26]. These studies included patients from Brazil [9, 15],
the USA [14, 18], the Netherlands [3], Turkey [26], and
other countries [27], thereby disputing any geographical
pattern. A majority of our patients, which was primarily
an American cohort, had onset of symptoms after 12
years of age.

Limited data are available on the onset and course of
ACT during early infancy [28-33]. In the International
Pediatric Adrenocortical Tumor Registry (IPACTR),
12% of cases (adenomas and carcinomas combined) were
diagnosed during the first year of life [15]. Seven of our

Pediatric Adrenocortical Carcinoma

patients (17%) had onset of symptoms within the first
year of life. Three of these patients are alive with no evi-
dence of disease (at 3 years, 18 years and 38 years of age),
1 died at 10 years, and outcome was not known on the
remaining 3 patients. Previous reports have suggested fa-
vorable outcomes after treatment in infantile ACC [30,
31, 33]. A newborn girl had spontaneous regression of
skin metastases and cerebral lesion by 4 months of age
following surgical resection of right adrenal primary tu-
mor [29]. On the other hand, poor clinical outcomes were
described by Satge et al. [28] in 14 children with congen-
ital ACT.

Variability in Clinical Presentation

Consistent with previous studies [3, 9, 15, 16, 26, 34],
mixed symptomatology (virilization, Cushing syndrome,
and hyperaldosteronism) was the most common presen-
tation of ACC across all age groups in our cohort. One
patient presented at 5 months of age with lower extrem-
ity weakness and was diagnosed with ectopic extramedul-
lary intradural ACC with 2 intact adrenal glands. Ectopic
ACT are rare and have been described previously in the
spinal canal [35] and intrathoracic cavity [36].

Nonfunctional tumors comprised 12% of our patients.
Fifteen percent of patients older than 12 years had non-
functional presentation, compared to only 0.1% nonfunc-
tional tumors in less than 4-year-olds. About 20-30% of
adult ACC present as nonfunctional tumors [37], sug-
gesting likely resemblance of the natural course of ACC
in adults with that in older children, compared to young-
er children. This further supports the hypothesis pro-
posed by Michalkiewicz et al. [15] that “ACTs comprise
at least two distinct subtypes based on age at onset.” In
IPACTR, nonfunctional tumors were observed in 10.2%
of patients (median age 3.2 years; range, 0-19 years);
however, data included adrenal adenomas and carcino-
mas [15].
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Treatment Strategies and Outcomes

Our patients were treated with adjuvant therapy in set-
tings of metastatic, recurrent, inoperable or stage IV dis-
ease. In IPACTR [15], for localized disease, surgery alone
was recommended. However, 12% of patients with stage
I or II received adjuvant chemotherapy including CED
and mitotane. Stage III or IV tumors were treated with
intensive chemotherapy. Recurrent disease was treated
with surgical resection, if feasible, always followed by che-
motherapy. A similar treatment approach was employed
by Dall'Igna et al. [16] in 58 Italian children enrolled in a
prospective national study (TREP; Rare Tumors in Pedi-
atric Age). In a cohort of 111 children with ACC from the
National Cancer Database (NCDB), adjuvant systemic
therapy was utilized in 30% of children who underwent
surgical resection [14].

Redlich et al. [38] described treatment outcomes of 60
German patients (age 0.24-17.8 years) treated according
tothe nonrandomized, single-arm study GPOH-MET-97.
Chemotherapy with vincristine, ifosfamide, carboplatin,
etoposide, and doxorubicin was provided to 34 patients
(56.6%) and mitotane therapy to 32 patients (53.3%). Mi-
totane treatment longer than 6 months and mitotane lev-
els greater than 14 mg/L were found to be associated with
significantly better survival. Radiation therapy alone or in
combination with chemotherapy has rarely been used in
previous studies 3, 15, 18].

Mitotane has been associated with significant gastro-
intestinal, neuropsychiatric and hepatic toxicity [38, 39].
Twenty patients in our study were treated with mitotane
in different settings (neoadjuvant, adjuvant, and salvage),
with doses ranging from 0.5 to 10 g per day. Of these 20
patients, 15 died of disease, 1 is alive with no evidence of
disease and outcome is unknown for 4 patients. Adverse
effects noted in our patients included sedation, depres-
sion, blurred vision, gastrointestinal symptoms, extrem-
ity weakness, ototoxicity, mild renal insufficiency, bone
marrow suppression, and drug reaction. Mitotane had to
be discontinued within 6 weeks to 6 months in 7 patients
due to intolerable side effects. Godil et al. [33] reported
multiple additional complications including seizures, gy-
necomastia, and abnormal thyroid function tests in a ne-
onate with metastasizing congenital ACC. These issues
resolved after discontinuation of mitotane.

Survival and Prognosis

Opverall 2-year and 5-year survival rates (61 and 46%,
respectively) of our patients were comparable to those re-
ported previously [4, 14, 15, 17]. In IPACTR [15], at a
median follow-up of 2 years and 5 months, 61.8% patients
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remained alive. The 5-year overall survival estimate was
54.7% (95% CI 48.7-60.7). The age at which survival de-
clines remains unclear. Results from the Surveillance, Ep-
idemiology, and End Results (SEER) database indicated
that overall 5-year survival for patients younger than 4
years was 91.1% (95% CI 74.8-97.1) and that it reduced
significantly for patients aged 5-19 years to 29.8% (95%
CI 16.8-44.1) [4]. Age less than 4 years was an important
predictor of survival in our patients as well as in several
other cohorts [3, 14-16]. This was likely related to a
smaller tumor size (<10 cm) [18], lower tumor weight
(<400 g), lower tumor volume (<200 cm?) [16], disease
localized to adrenal gland [14, 18], less advanced disease
(stage I/II) [15], and lower incidence of metastatic disease
in younger children compared to older ones [14].

Histopathological Classification

Rarity of ACC and lack of data on association between
histopathological features and clinical outcomes contrib-
ute to this puzzle. We found that the majority of our pa-
tients younger than 12 years of age had a clinically benign
outcome despite malignant histological features based on
Weiss criteria [21] and modified Weiss criteria [8, 22].
Investigators have reported similar discrepancy between
correlation of histological classification of ACC based on
adult criteria (specifically Weiss criteria) and patient out-
comes [16, 18, 40]. Correlation between high Weiss score
and worse clinical outcomes was not observed in 12
Dutch children (median age 4.1 years); however, stronger
correlation was noted with application of the Wieneke
index instead, though their sample size was small 3, 18].

Validity of the Wieneke index was further demonstrat-
ed by Chatterjee et al. [1, 41], in a group of 13 children
with ACT (mean age 2.9 years). Applying the Wieneke
index, 6 patients were assigned to benign, 1 to the inter-
mediate, and 6 to the malignant pathology group, which
was eventually consistent with the clinical behavior of
these tumors. However, when Weiss criteria were ap-
plied, 3 tumors with benign clinical behavior were as-
signed to malignant pathology. The Wieneke index was
applied in 24 Italian children (median age 5 years) with
good significance [16]. Our findings corroborated that
the Wieneke index was more accurate in predicting clin-
ical outcomes at least in younger children. However, con-
sidering that adrenocortical adenomas were excluded
from the study, false-positive cases may have been under-
estimated.

Gupta/Rivera/Novotny/Rodriguez/
Bancos/Lteif



Limitations and Strengths

Our study had certain limitations including the retro-
spective nature of the data. Genetic testing was not per-
formed on the majority of the patients (except 2), primar-
ily due to lack of availability of genetic testing over the
study period. Therefore, no conclusion regarding asso-
ciation of TP53 mutations with ACC could be made. In-
formation on immunohistochemical staining was lack-
ing, though validity of these stains in pediatrics has not
been established [18]. As mentioned previously, histo-
pathological and mortality data were available for a lim-
ited number of patients, which made definite validation
of histopathological criteria challenging. Data on growth
abnormalities and endocrine laboratory evaluation were
available for a limited number of patients as well.

The Mayo Clinic is a tertiary care referral center. Our
cohort included local, regional and international patients
over the last 6 decades, some of whom had undergone
initial diagnostic evaluation and management elsewhere.
These patients might have received treatment that differs
from current practice at the Mayo Clinic. In pediatric
ACC, various registries have utilized either the IPACTR
or ENSAT staging system [3, 15, 16]. We did not use the
IPACTR staging system because that requires data on
postoperative hormonal levels, tumor margin status, and
presence of microscopic residual tumor [2]. These data
were not available for a majority of our patients.

The strengths of our study relate to the measures un-
dertaken to reduce the effect of bias in histological inter-
pretation of archived pathological slides. We acknowl-
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