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Simple Summary: Pediatric adrenocortical tumors have a poor prognosis. The EXPeRT consortium
recently published recommendations for their management. In this study, we report on 161 pediatric
ACT patients registered with the German Malignant Endocrine Tumor studies and explore those
recommendations. The median age at the diagnosis was 4.3 years, and the mean follow-up was 4.5 years.
The 3-year overall (OS) and event-free survival (EFS) estimates were 65.5% and 50.6%. The clinical
presentation and prognosis were defined by age. The OS was impaired for patients aged ≥ 4 years,
following the initial biopsy, tumor spillage, and incomplete tumor resection, with unfavorable histology,
according to the five-item microscopic score and COG stages III and IV. COG stages III and IV and
unfavorable histology were impacted as negative prognostic factors upon the EFS and OS.

Abstract: Background: Adrenocortical tumors (ACTs) encompassing the adrenocortical adenoma (ACA),
carcinoma (ACC), and tumors of undetermined malignant potential (ACx) are rare endocrine neoplasms
with a poor prognosis. We report on pediatric ACT patients registered with the Malignant Endocrine
Tumor studies and explore the EXPeRT recommendations for management. Patients: Data from the ACT
patients (<18 years) were analyzed. For the risk prediction, the patients were retrospectively assigned to
the COG stages and the five-item score. Results: By December 2021, 161 patients with ACT (ACA n = 51,
ACx n = 19, and ACC n = 91) had been reported (the median age at the diagnosis was 4.3 years with
a range of 0.1–17.8), with lymph node and distant metastases in 10.7% and 18.9% of the patients with
ACC/ACx. The mean follow-up was 4.5 years (with a range of 0–16.7). The three-year overall (OS) and
event-free survival (EFS) rates were 65.5% and 50.6%. In the univariate analyses, the OS was impaired
for patients aged ≥ 4 years (p = 0.001) with the initial biopsy (p = 0.016), tumor spillage (p = 0.028),
incomplete tumor resection (p < 0.001), unfavorable histology (p = 0.047), and COG stages III/IV (p = 0.002).
Multivariate analysis revealed COG stages III/IV and an unfavorable five-item score as independent
negative prognostic factors for the EFS and OS. Conclusions: Age defines the clinical presentation and
prognosis in pediatric ACTs. The outcome is best predicted by the COG stage and five-item score.
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1. Introduction

Adrenocortical tumors (ACTs) are rare endocrine neoplasms arising from the cortex
of the adrenal gland. The estimated incidence is 0.2–0.3 cases per million children and
adolescents per year [1,2]. A uniquely high population incidence of 3.4 cases/million
children/year is seen in Southern Brazil due to the endemic pathogenic TP53 p.R337H
founder variant [3–6]. Germline TP53 variants are reported in 50–65% of children with
ACTs and in 95% of those in Southern Brazil [3,7].

Completely resectable tumors have a favorable prognosis if they are small, whereas
disease recurs in 50% of patients with large, localized tumors [8,9]. Patients with metastatic
disease have a poor outcome, with an overall survival of less than 20% [8,10]. It still
remains to be defined which patients benefit from more aggressive therapy in addition to
complete tumor resection. Yet, effective therapies for children with advanced and even
metastatic diseases are still missing. On the one hand, the overestimation of malignancy
is possible since distinguishing highly malignant adrenocortical carcinoma (ACC) from
benign adrenocortical adenoma (ACA) in children still is difficult [11].

To identify children with an unfavorable prognosis and, thus, a potential indication
for systemic therapy, the use of a pediatric pathology score, i.e., the Wieneke index [12]
together with clinical risk factors, was proposed [13–16]. An initiative by the European
Cooperative Study Group for Pediatric Rare Tumors (EXPeRT) defined a subset of ‘high-
risk’ tumors, in which the presence of distant metastases and a tumor volume > 200 cm3

(without accounting for age and body mass, respectively) were identified as independent
factors associated with a poor prognosis [10,17,18]. The American National Cancer Data
Base reported age as the most important determinant of disease-specific survival [19]. In
this series, young patients were more likely to present with favorable features, including
local disease and small tumor size. The International Pediatric Adrenocortical Tumor
Registry determined the disease stage, presenting signs of endocrine dysfunction, and age
as independent factors associated with a prognosis [6].

To further elucidate the significance of the various clinical risk factors for a prognosis,
Zambaiti and colleagues conducted a meta-analysis of clinical prognostic factors in pediatric
ACC [13]. They identified an age > 4 years, secreting tumors, an incomplete surgical
resection, cut-of-values of the tumor volume (200 cm3), tumor weight (100 g or 400 g), and
the maximum tumor diameter (<5 cm, 5–10 cm, and >10 cm), a >stage I disease, and the
presence of Cushing syndrome as predictors of a poorer outcome. In addition, the metastatic
spread is universally considered a highly unfavorable prognostic factor [6,10,19,20].

The role of adjuvant therapy in children with ACCs remains still unclear. In the
risk-stratified interventional Children’s Oncology Group’s (COG’s) ARAR0332 study, the
failure rates of surgery alone in children with localized large tumors were high (a 5-year
event-free survival (EFS) of 53.3%), whereas patients with stage III ACC had an excellent
outcome with combined surgery and chemotherapy (EFS 81%) [20]; however, the latter
comprised mitotane and resulted in significant toxicity. The outcome for children with
metastatic disease remained dismal (an EFS of 7.1%). These data corroborate the results
of earlier European groups (TREP, Tumori Rari in Età Pediatrica; FRACTURE, Groupe
FRAnCais des TUmeurs Rares de l’Enfant) [2,18]. In 2021, the EXPeRT group within the
EU-funded project, PARTNER (the Pediatric Rare Tumors Network—European Registry),
published diagnostic and therapeutic recommendations for children and adolescents with
ACTs [21]. The EXPeRT recommendations propose using the five-item microscopic score
described by Picard and colleagues, especially for the stratification of localized ACTs. The
five-item score includes adrenal capsular and venous invasion, tumor necrosis, >15 mitoses,
and a Ki67 index of >15%. ACTs with more than two features are considered ‘unfavorable’.

We report on children and adolescents with adrenocortical tumors (ACTs) registered
with the German Pediatric Oncology Hematology-Malignant Endocrine Tumor (GPOH-MET)
trial center since 1997. We explored the use of the EXPeRT/PARTNER recommendations
for the management of pediatric ACT patients. We aim to contribute to the improvement of
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individual treatment decisions and discuss the implications of our findings for future clinical
strategies, including international, collaborative, prospective, and randomized trials.

2. Materials and Methods

Our cohort included all children and adolescents aged 0–<18 years with histologically
confirmed ACAs, adrenocortical tumors of uncertain malignant potential (ACx), and ACCs
reported to the MET study center between January 1997 and December 2021. Some patients
in this case series were reported on previously [22,23].

The GPOH-MET 97 protocol and the GPOH-MET registry were approved by the
ethics committees of the University of Luebeck (Approval number 97–125) and Otto-von-
Guericke-University Magdeburg (Approval number 174/12), Germany. Informed consent
from the patient, parent, or guardian was obtained.

2.1. The German MET Studies

Details of the GPOH-MET 97 study protocol, the GPOH-MET registry, and the data
collection are provided elsewhere [10,23]. Briefly, no additional therapy was recommended
for patients with completely resected stage I, II, and III (T3, N0, M0) tumors (AJCC 7th
staging system). Four cycles of chemotherapy (alternating NN-1: vincristine, ifosfamide,
doxorubicin, and NN-2: carboplatin and etoposide) with mitotane over a nine-month
period were advised for patients with stage III (T1-2, N1, and M0) tumors, while patients
with stage IV tumors should have received eight cycles of chemotherapy with mitotane over
an 18-month period. The GPOH-MET protocol recommended 2–4 cycles of neoadjuvant
chemotherapy with mitotane for patients with primary unresectable tumors. Re-evaluation
of operability was advised after each cycle of chemotherapy.

For the purpose of this analysis, we defined tumors as secreting if plasma hormone
levels and/or urinary-free cortisol were elevated according to local reference ranges and/or if
clinical signs of hormone excess were present. Functional activity was determined as Cushing
syndrome, virilization, or both. Age-dependent symptoms of virilization included premature
pubarche, acne, voice changes, and hirsutism, and were subsequently referred to as virilization.

Tumor volume, tumor weight, and tumor maximum diameter were extracted from the
histo-pathologic reports in the case of tumor resection (without neoadjuvant chemotherapy)
or estimated from radiological images in the case of inoperability. Lymph node involvement
and the Ki-67 index were defined histopathologically. For the Ki-67, the number of positive
cells was counted for 100 cells per high-power field, and a percentage cut-off of >15% was
used according to the five-item microscopic score [17,21].Distant metastases were detected
by computed tomography and/or magnetic resonance imaging.

Complete remission (CR) was defined as the absence of any structural or functional evi-
dence of disease. The COG staging system was used for the post-surgical tumor status [8,21,24].
Tumors were retrospectively stratified to ‘favorable’ (≤2 features) or ‘unfavorable’ (≥3 fea-
tures) histology, according to the five-item microscopic score described by Picard et al. [17] and
recommended by the EXPeRT group [21].

Data were included from 1997 until the 31st of December 2021.

2.2. Statistical Analyses

Kaplan–Meier estimates were used to calculate the overall survival (OS) and event-free
survival (EFS), calculated from diagnosis to death of the disease without regard to other
causes (OS) and to the event (EFS), defined as progression, relapse, or death of disease.
Times for living patients were censored at the last follow-up.

A log-rank test was used to compare the groups. Categorical data were compared
using a chi-squared test. The mean difference between subgroups was compared using a
t-test, as appropriate, and in all other cases, the Mann–Whitney U was used.

Univariate and multivariate analyses were done utilizing the Cox proportional hazards
model with the OS and EFS as the outcome of interest. The multivariate model included
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prognostic factors analyzed in the univariate analysis. P-values ≤ 0.05 were considered
evidence of a statistically significant association.

All analyses were performed using SPSS software, version 26.

3. Results

The MET database registered 161 patients with ACTs [ACA n = 51 (31.7%), ACx n = 19
(11.8%), and ACC n = 91 (56.6%)] with a median age at diagnosis of 4.3 years (a range of
0.1–17.8) and a female to male ratio of 2.4:1. Retroperitoneal lymph node involvement and
distant metastases were present in 11 (of 103; 10.7%) and 20 (of 106; 18.9%) of patients with
ACCs/ACx. The patients aged ≥ 4 years more frequently presented with distant metastases
compared to patients < 4 years (30.9% vs. 5.9%, p = 0.002). No difference was observed for
retroperitoneal lymph node involvement in these age groups (8.2% vs. 13.0%, p = 0.640). The
patient characteristics are detailed in Table 1, and the patient characteristics by age are in Figure 1.

Table 1. Patient characteristics of 161 children and adolescents with adrenocortical tumors.

Characteristics <4 Years ≥4 Years Total
p-Value

n % n % n %

Diagnoses
ACC 37 47.4 54 65.1 91 56.5 0.009
ACx 15 19.2 4 4.8 19 11.8
ACA 26 33.3 25 30.1 51 31.7

Sex
Female 48 61.5 65 78.3 113 70.2 0.031
Male 30 38.5 18 21.7 48 29.8

Age (years) at diagnosis
Median 1.4 11.3 4.3
Range 0.1–3.9 4.1–17.8 0.1–17.8

Distant metastases in
ACC/ACx 3 5.8 17 29.3% 20 18.2 0.003
Lung 3 15 18
Liver 0 5 5
Bone 0 3 3
Central nervous system 0 1 1
No 49 41 90
Not reported 0 0 0

Symptomatic interval (months)
prior to diagnosis

Median 3.6 6.0 4.8 0.002
Range 0–30.0 0–169.2 0–169.2

Endocrine phenotype
Cushing syndrome 2 3.4 11 18.0 13 10.9 0.004
Virilization * 33 56.9 17 27.9 50 42.0
Combined 9 15.5 16 26.2 25 21.0
Silent 14 24.1 17 27.9 31 26.1
Not reported 20 22 42

* Symptoms of virilization were age-dependent, including premature pubarche, acne, hirsutism, and voice changes.

The median time between the first symptoms and diagnosis was 8.8 months in the
females and 16.3 months in the males (p = 0.155). The time to diagnosis was shorter in
patients < 4 years compared to patients ≥ 4 years (5.5 months vs. 15.5 months, p = 0.002).
The time to diagnosis increased linearly with age (0.5 months per year of age at diagnosis,
R2 = 0.945, and p < 0.001). Virilization was more frequently present in patients < 4 years
compared to patients ≥ 4 years (72.0% vs. 60.3%, p = 0.173), whereas Cushing syndrome
was more frequent in patients ≥ 4 years (21.2% vs. 37.0%, p = 0.013). The details of the
endocrine phenotype by age are given in Figure 1.
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3.1. Neoadjuvant Treatment

In 20 (of 161; 12.4%) patients, one to six cycles of neoadjuvant chemotherapy [NN-
1/NN-2, n = 15; cisplatin/etoposide/doxorubicin, n = 2; SIOP nephroblastoma, n = 2 (initially
mistaken as nephroblastoma); SIOPEL hepatoblastoma, n = 1 (mistaken as hepatoblastoma)],
with or without mitotane, were administered. In 16 (of 20; 80.0%) patients, tumor resection
was performed after a median of four cycles of chemotherapy. The response evaluation after
two to four cycles of chemotherapy demonstrated a partial response in 7 (of 19; 36.8%), stable
disease in 4 (21.1%), and progressive disease in 8 (42.1%). In 4 (of 20; 20.0%) patients, neoad-
juvant chemotherapy failed to achieve operability, and they received chemotherapy only.

3.2. Surgical Management, Histopathological Evaluation, and Post-Surgical Staging

In 21 (of 155; 13.0%) patients, a biopsy was performed prior to resection. Biopsies were
just as frequent in patients ≥ 4 years compared to patients < 4 years (16.3% vs. 10.7%, p = 0.435).

A microscopically complete (R0) tumor resection was achieved in 124 (of 146; 84.9%)
patients, whereas microscopic (R1) and macroscopic (R2) residues were left in 15 (10.3%) and 7
(4.8%) patients, respectively. The details of the histopathological evaluation are given in Table 2.
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R0 resection was achieved less frequently in patients ≥ 4 years compared to patients < 4 years
(74.4% vs. 91.7%, p = 0.001). Intraoperative tumor spillage occurred in 21 (of 146; 14.4%)
patients. Spillage was more frequent in patients ≥ 4 years (20.0% vs. 8.5%, p = 0.080).

Table 2. Histopathological features and COG stage in 110 children and adolescents with an ACC
and ACx.

<4 Years ≥4 Years Total p-Value

n % n % n %

Tumor volume (cm3)
Median 113.0 336.5 160.8 <0.001
Range 0.5–1260.0 11.4–3645.0 0.5–3645.0

Tumor weight (g)
Median 123.5 303.5 215.0 0.008
Range 9.0–1214.0 11.7–3300.0 9.0–3300.0

Tumor diameter (cm)
maximum
Median 7.4 10.5 8.5
Range 1.0–19.5 4.0–30.0 1.0–30.0 <0.001

Resection status
Complete 43 89.6 35 64.8 78 76.5 0.023
Microscopic residue 3 6.3 10 18.5 13 12.7
Macroscopic residue 2 4.2 5 9.3 7 6.9
No surgery 0 4 7.4 4 3.9

Vena cava invasion
Yes 9 18.0 16 29.1 25 23.8
No 41 82.0 39 70.9 80 76.2 0.270

Venous invasion
Yes 26 30 56 70.9
No 13 66.7 10 75.0 23 29.1 0.570
Not reported 13 33.3 18 25.0 31

Tumor necrosis
Yes 34 40 74
No 12 73.9 7 85.1 19 79.6 0.280
Not reported 6 26.1 11 14.9 17 20.4

Ki-67 index
≤15% 22 48.9 17 37.8 39 43.3 0.395
>15% 23 51.1 28 62.2 51 56.7

Wieneke score
<3 11 45.8 7 26.9 18 36.0
=3 6 25.0 3 11.5 9 18.0 0.069
>3 7 29.2 16 61.5 23 46.0

Five-item score
≤2 features 11 32.4 9 25.0 20 28.6
>2 features 23 67.6 27 75.0 50 71.4 0.677

COG stage for ACC/ACx
Stage I 16 35.6 4 8.0 20 21.1
Stage II 11 24.4 7 14.0 18 18.9
Stage III 15 33.3 22 44.0 37 38.9
Stage IV 3 6.7 17 34.0 20 21.1 <0.001

The median tumor volume was 160.8 cm3 (with a range of 0.5–3645.0), with signifi-
cantly larger tumors in children ≥ 4 than <4 years of age (p < 0.001). The tumor volume
increased linearly by 14.5 mL per year of age at diagnosis (R2 = 0.962, p < 0.001). On the
histopathology, the Ki-67 index was >15% in 52 (of 133; 39.1%) patients, without differences
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between patients aged < 4 years and ≥4 years (35.8% vs. 42.4%, p = 0.547). The Wieneke
index classified 56 (of 88; 63.6%) tumors as benign and 23 (26.1%) as malignant, while 9
(10.2%) tumors remained undetermined. The malignant histology was more frequent in
patients aged ≥ 4 years compared to those <4 years (65.1% vs. 47.4%, p = 0.036). According
to the five-item microscopic score, 62 (of 112; 55.4%) tumors were allocated to favorable
and 50 (44.6%) to unfavorable histology. Unfavorable histology was just as frequent in
patients ≥ 4 years compared to patients < 4 years (48.2% vs. 41.1%, p = 0.569).

The post-surgical COG staging system in patients with ACCs and ACx allocated 20 (of 95;
21.1%) patients to stage I, 18 (18.9%) to stage II, 37 (38.9%) to stage III, and 20 (21.1%) to stage
IV. Stage IV patients were older when compared to those with stages I, II, and III (p < 0.001).

3.3. Adjuvant Treatment in Patients with ACCs and ACx

In stage III patients with ACCs/ACx, the combination of chemotherapy and mitotane
was given to seventeen (of thirty-five; 48.6%) patients and chemotherapy alone to two (5.7%).
No adjuvant treatment was administered in 16 (45.7%) patients. In metastatic disease (stage
IV), adjuvant treatment encompassed chemotherapy and mitotane in 9 (of 15; 60.0%) patients,
chemotherapy alone in 2 (13.3%), and mitotane alone in 3 (20.0%). No adjuvant treatment
was given to one (6.7%) stage IV patient. In 3 stage II cases with T4 tumors, mitotane was
given postoperatively. Mitotane was administered over a median duration of 10.8 months
(with a range of 0.5–21.6) in stage III and 4.2 months (with a range of 0.2–30) in stage IV cases.
Adjuvant therapy was terminated due to side effects in 5 (of 34; 14.7%) patients.

The response evaluation after two to four cycles of adjuvant chemotherapy in 20 pa-
tients with residual tumor lesions demonstrated CR in one (5.0%), a partial response in 8
(40.0%), stable disease in 2 (10.0%), and progressive disease in 9 (45.5%). In 19 patients,
adjuvant chemotherapy was given without a residual tumor.

3.4. Outcome and Subsequent Events in ACCs and ACx

The median duration of the follow-up was 2.6 years (with a range of 0–16.7) and
a mean duration of 4.5 years. The three-year OS and EFS estimates were 65.5% and 50.6%
(Figure 2).
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Figure 2. Probabilities of overall and event-free survival in 110 children and adolescents with ACCs
and ACx.

Thirty (of 110; 27.3%) patients died due to the ACC/ACx after a median time of 17.2 months
(with a range of 0.5–44.4) after diagnosis, including those 4 patients with inoperable tumors
following neoadjuvant chemotherapy. Patients succumbing to the disease were significantly
older than the surviving patients (median 11.1 vs. 3.2, p < 0.001). Progression or relapse occurred
at a median of 7.2 months (with a range of 0–15.4) and 8.2 months (with a range of 1.0–37.9)
after diagnosis in 47 (42.7%) patients.
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The events were locoregional recurrences in 8 (of 110; 7.3%) patients, distant metastases
in 18 (16.4%), combined relapses in 6 (5.5%), and progression in 15 (13.6%). The events
following complete tumor resection (R0) were locoregional recurrences in 8 (of 110; 7.3%)
patients, distant metastases in 18 (16.4%), and combined relapses in 6 (5.5%).

Of 34 patients with R1/2 tumor resection and/or tumor spillage, 22 (64.7%) patients
suffered from a subsequent event, which was a locoregional relapse in 6 (of 22; 27.3%) patients,
a distant relapse in 3 (13.6%), a combined relapse in 2 (9.1%), and progression in 11 (50.0%).

3.5. Outcome for the Clinical Factors and Assessment of Risk Factors in Patients with ACCs
and ACx

In the univariate analysis, age at diagnosis ≥ 4 years, an unfavorable five-item micro-
scopic score, tumor spillage, incomplete tumor resection, a tumor volume of ≥ 200 mL,
a Ki67 index of >15%, and COG stages III/IV significantly impacted the negative prognostic
factors upon the OS and EFS (Figure 3, Table 3). The initial biopsy represented a significant
determinant of the OS (HR 2.5, a 95% CI, 1.2–5.3, and p = 0.016) but not of the EFS (HR 1.8,
a 95% CI, 1.0–3.5, and p = 0.068).
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Table 3. Univariate analysis for risk factors for unfavorable overall survival (OS) and event-free
survival (EFS) for 110 children and adolescents with ACCs and ACx.

OS EFS

Univariate Analysis HR 95% CI p HR 95% CI p

Age at diagnosis ≥ 4 years 5.4 2.1–14.1 0.001 3.0 1.6–5.9 0.001

Virilization 0.6 0.3–1.3 0.205 0.8 0.4–1.6 0.562

Cushing syndrome 1.6 0.8–3.4 0.217 1.5 0.8–2.8 0.165

Five-item score, unfavorable 7.5 1.0–58.2 0.047 4.6 1.4–15.2 0.012

Initial biopsy 2.5 1.2–5.3 0.016 1.8 1.0–3.5 0.068

Tumor spillage 2.4 1.1–5.4 0.028 2.2 1.1–4.4 0.019

R1/2 resection or no surgery 4.0 1.9–8.4 <0.001 2.7 1.5–5.0 0.001

Tumor volume ≥ 200 mL 8.0 2.8–23.0 <0.001 3.7 1.9–7.1 <0.001

Ki67 index > 15% 2.9 1.1–8.0 0.034 3.3 1.5–7.2 0.003

COG stage III or IV 10.3 2.4–43.7 0.002 6.4 2.5–16.4 <0.001

COG stage IV 10.6 4.7–23.7 <0.001 5.2 2.7–9.9 <0.001

The Cox regression determined that the risk of death was 8-fold higher for a tumor
volume of ≥200 mL compared to that of <200 mL (p < 0.001). The overall survival of patients
with COG stage III decreased linearly by 1.5% per year of age at diagnosis (R2 = 0.662,
p < 0.001) and in stage IV patients by 2.9% (starting at 3.2 years of age; R2 = 0.850, p < 0.001)
(Figure 4).
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Figure 4. Overall survival in COG stage III (a) and stage IV (b) patients by age.

The age at diagnosis, five-item score, and COG III/IV stages were considered in a
multivariate Cox regression model. An unfavorable five-item score and COG stage IV
significantly impacted the prognostic factors upon the EFS and OS in the final model
(Table 4).

Table 4. Cox regression analyses for overall and event-free survival in children and adolescents with
ACCs and ACx.

OS EFS

Multivariable Analysis HR 95% CI p HR 95% CI p

Age at diagnosis ≥ 4 years 2.8 0.8–10.3 0.127 1.7 0.7–4.2 0.285

Five-item score > 2 features 7.5 1.0–58.2 0.047 5.8 1.4–24.8 0.018

COG stage III 2.7 0.5–14.3 0.231 3.2 1.0–10.9 0.057

COG stage IV 10.5 2.1–52.8 0.004 7.6 2.2–26.0 0.001
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4. Discussion

Herein, we have reported the outcome of children and adolescents with ACTs regis-
tered in the MET studies. Our data confirm that ACCs/ACx in children and adolescents
are associated with unfavorable outcomes (3-year OS: 65.5%; EFS: 50.6%) [6,10,18]. An
age ≥ 4 years, the initial biopsy, tumor spillage, incomplete resection, unfavorable histology,
and COG stages III and IV impacted the negative prognostic factors upon the OS and EFS.

Age defines the clinical presentation and prognosis in children and adolescents with
ACTs [17,19,20,25,26]. Patients aged ≥ 4 years more frequently presented with advanced
tumor stages, including distant metastases, compared to younger patients. Noteworthy is
that complete tumor resection was more frequently achieved in younger patients, while
tumor spillage occurred with increasing frequency in older patients.

Tumor spillage has previously been associated with a worse prognosis and almost
fatal outcomes [19,27]. In line with this, tumor spillage negatively impacted the overall
and event-free survival in our study. The impact of an initial biopsy is still under debate.
In adults, an initial biopsy does not affect survival [28], while poorer outcomes following
a biopsy were reported in children [18,23]. The EXPeRT/PARTNER guideline strongly
recommends avoiding an initial tumor biopsy whenever possible. This is corroborated by
our data; an initial biopsy significantly impacted the overall survival.

Different series have shown that complete tumor resection is a major prognostic factor
and may cure the patient [6,13,29]. Incomplete resection was also associated with worse
outcomes in our study (an OS of 33.8%). The resection status has been incorporated into
the modified postsurgical COG staging system [8]. It relies on the tumor size, status of
resection, and status of metastases. It, thereby, encompasses most clinical prognostic factors
in children and adolescents with ACTs [10,13,25,26]. Accordingly, in our study, the COG
stage correlated with the outcome (OS COG I 100%, COG II 87.5%, COG III 69.5%, and
COG IV 19.7%), confirming previous studies [18,20]. However, in the ARAR0332 study, the
overall survival of stage II patients with completely resected large tumors was only 78.8%.

This nicely illustrates the extraordinary challenge in children and adolescents with
ACTs: the pathological stratification of pediatric ACTs is difficult, which hinders therapeutic
stratification. In the ARAR0332 study, the pathology review was based on the Wieneke
index stratification [12]. However, the Wieneke index considers a number of criteria and is
observer-dependent [21]. Picard and colleagues described a five-item microscopic score
classifying ACTs in ‘favorable’ and ‘unfavorable’ histology [17]. The EXPeRT/PARTNER
guideline recommends exploring the five-item score in pediatric ACTs [21]. This is linked
to the hope of improving the stratification of localized pediatric ACTs: on the one hand,
to limit the use of systemic treatment in patients with favorable tumor histology and,
on the other hand, to explore systemic treatment regimens in patients with unfavorable
histology, and indeed, unfavorable histology by means of the five-item microscopic score
was associated with inferior overall and event-free survival in our cohort. It should not
go unmentioned that the score was calculated retrospectively in our study. Based on a
systematic review of the literature, Riedmeier and colleagues recently assessed a modified
S-GRAS score for pediatric ACTs [25]. The final score encompassed the tumor stage, grade
(Ki67 index/rate of mitosis), resection status, age, and hormone-related symptoms. The
pediatric S-GRAS score stratifies pediatric ACT patients into four groups. However, the
correlation of these groups with clinical outcomes needs to be confirmed in future studies.

In the EXPeRT/PARTNER guideline, therapeutic recommendations allow for a resec-
tion status and COG stage and, thus, distinguish between resected and advanced-stage
ACTs [21]. Starting with stage II patients and non-benign histology, mitotane therapy
should be considered. In patients with R1/2 resection and/or spillage, as well as in stage III
and IV patients, chemotherapy plus mitotane is recommended. In contrast, the MET studies
advised systemic therapy only for metastatic patients (locoregional lymph nodes and/or
distant metastases). The MET studies were not designed and powered to prove the efficacy
of chemotherapy plus mitotane. In particular, the type and length of therapy were virtually
decided on an individual basis by treating physicians, as the GPOH-MET 97 study was
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not an interventional study according to modern standards. We previously reported on
children and adolescents with ACCs and mitotane therapy [30]. Especially in patients with
advanced disease, the treatment was not administered as advised, due to inefficacy and/or
toxicity. Our analyses showed a survival benefit for patients receiving mitotane therapy
(OS HR 3.6, a 95% CI 1.6–8.1, and p = 0.002; EFS HR 1.9, a 95% CI 1.0–3.5, and p = 0.037).
These data need to be interpreted carefully; only patients in good clinical condition re-
ceived chemotherapy plus mitotane. In the ARAR0332 protocol, with the combination of
chemotherapy plus mitotane, the 5-year overall survival in stage III patients was excellent
(94.7%) but poor (7.1%) in stage IV patients receiving the same regimen [20]. This clearly
demonstrates the important limitations of systemic therapy in terms of efficacy and toxicity.

To better define the biology of the disease is of crucial importance for the best prognos-
tic stratification and ultimately for improving the outcome in children and adolescents with
ACTs. Thus, progress in our understanding of pathogenesis, as well as additional therapeu-
tic avenues, are needed. Recent findings suggest that somatic mutations and methylation
markers may predict prognosis [20,26,31]. Comprehensive genetic and molecular analyses
were not yet included in the MET studies.

In summary, international prospective studies are needed to explore important, open
questions in children and adolescents with ACTs, such as the role of adjuvant/neo-adjuvant
chemotherapy, the best chemotherapy regimen, the best indications, and treatment of poor-
responding, metastatic, and relapsed ACT patients.

5. Conclusions

Age defines the clinical presentation and prognosis in children and adolescents with
ACTs. The outcome in patients with advanced and metastatic ACTs was poor and was
best predicted by the COG stage and five-item microscopic score. International efforts
are needed to improve our understanding of the pathogenesis, introduce new therapeutic
avenues, and ultimately increase survival in children and adolescents with ACTs.
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