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Abstract. Adrenocortical carcinoma (adrenal cortex‑derived 
cancer), an orphan malignancy, is a very aggressive disease that 
affects both adults and children with an annual incidence of 
1‑2 adult and 0.2‑0.38 pediatric cases/million (in the pediatric 
population it represents 0.2% of all cancers), with a female 
predominance. A total of 80‑90% of cases have hormonal 
imbalances such as Cushing syndrome, virilization, and puberty 
anomalies. Precocious puberty (PP) of iso‑ or hetero‑sexual 
pattern is independent of gonadotropin‑releasing hormone 
(GnRH) (high testosterone/estrogens and low FSH/LH) but 
post‑operative activation of GnRH may be expected (central 
PP). PP is accompanied by accelerated growth while Cushing 

syndrome by reduced growth velocity. Pure androgen‑secreting 
tumors have been exceptionally described. A total of 50‑80% of 
children have different genetic/epigenetic anomalies involving 
tumor protein p53 (most often, almost half of the cases; with a 
population cluster in Southern Brazilian children), insulin‑like 
growth factor, multiple endocrine neoplasia type 1 (MEN1), 
PRKAR1A, dysfunctional alternative lengthening of telomeres. 
Hereditary syndromes associated to adrenocortical carcinoma 
include Li‑Fraumeni, Beckwith‑Wiedemann, MEN1, and 
Lynch. Recently, mutations in epidermal growth factor receptor 
have been reported in teenagers, suggesting the future use of 
tyrosine kinase inhibitors. Adrenalectomy is the first line 
therapy offering the best prognosis if complete tumor removal 
is achieved; genetic testing is recommended before surgery. 
Adjuvant therapies are less standardized in children (mitotane is 
a key adjuvant drug in addition with different regimes of chemo‑
therapy such as etoposide, Adriamycin and cisplatin). A Ki‑67 
value of at least 15% is a predictor of poor outcome. Weiss score 
also serves as a prognostic factor, as well as the tumor size at 
diagnosis. The prognosis of adrenocortical carcinoma is poor 
with an overall 5‑year survival rate of 55%; a Weiss score of 
at least 6 is associated with a 2‑year survival rate of 35%. At 
present, pediatric adrenocortical carcinoma still represents a 
severe condition that requires prompt intervention and a multi‑
disciplinary team. Further development of molecular markers 
is required for an improved understanding of the disease thus 
improving the protocols of approach and the prognostic.
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1. Introduction

Adrenocortical carcinoma (adrenal cortex‑derived cancer), 
an orphan malignancy, is a very aggressive disease that 
affects both adults and children with an annual incidence 
of 1‑2 cases/million for adults vs. 0.2‑0.38 cases/million in 
children, except for markedly higher rates in Southern Brazil 
due to high prevalence of tumor protein (TP53) p. R337H 
(R337H) mutation (1‑3). It has a female predominance based 
on most studies (1‑3). A strong genetic background for adre‑
nocortical carcinoma in the pediatric population has been 
described (1,2). A total of 50‑80% of cases involve anomalies 
of genes such as TP53 (in half of the cases), formerly known 
as p53, insulin‑like growth factor 2 (IGF2) overexpression, 
IGF1R, ZNRF3, CTNNB1, multiple endocrine neoplasia 
type  1 (MEN1), PRKAR1A, 11p15.5 (chromosome 11 
anomalies)  (3,4). Recently, mutations in epidermal growth 
factor receptor (EGFR) have been reported in teenagers and 
young children diagnosed with adrenocortical carcinoma, 
indicating the potential future use of tyrosine kinase inhibi‑
tors in addition to traditional medication such as mitotane 
and chemotherapy regimens which are introduced at different 
stages during management, pre and post‑tumor removal if 
surgery is feasible (1,5). Adrenalectomy is the first line therapy 
offering the best prognosis, while the adjuvant therapies are 
less standardized in children; genetic testing is recommended 
before surgery and lifelong follow‑up is required (6,7). The 
tumor rapidly spreads at the local level and to distant sites (6,8). 
In general, the pattern of this condition renders it a rather 
distinct entity than the same tumor identified in adults, despite 
the fact than even in pediatric cases the disease is extremely 
severe (for instance, in children the 5‑year survival rate is 
46‑55%) (9). In addition, the prognostic factors described in 
adults are not necessarily similar in children (10). Further 
markers of abnormal pathways in adrenal cancer such as IGF 
or mechanistic target of rapamycin (mTOR) are required for an 
improved therapeutic intervention (11). The aim of the present 
review was to focus on adrenocortical carcinoma based on 
a multi‑disciplinary approach, particularly in the pediatric 
population. The present review represents an assessment of 
literature using PubMed database. Researched key words in 
different combinations included ‘adrenocortical carcinoma’, 
‘adrenal cancer’, ‘adrenal tumor’, ‘children’ and ‘pediatric’. A 
total of 70 references are cited (between 2009 and 2021) based 
on their clinical relevance. The level of statistical evidence 
varies from case reports, cases series to different types of 
studies. The majority of them are retrospective cohort/obser‑
vational studies, population‑based studies, certain are National 
Registry‑based analyses, and also a meta‑analysis that was 
published in 2021 was included.

2. Presentation

Adrenocortical carcinoma in children, representing 0.2% of all 
cancers in children, is considered rather a standalone condition 
when compared with adults with the same diagnosis (12,13). 
A total of 80‑90% of cases have an adrenal‑related endocrine 
dysfunction (indicating that 10‑20%, or even 43% of the tumors, 
depending on the study, are non‑functional) such as Cushing 
syndrome, virilization (single or associated with Cushing 

syndrome), or pubertal anomalies which are due to androgen 
with or without glucocorticoid excess (Fig. 1) (12‑14). The 
incidentaloma scenario of detection is rarer than in adults (15). 
Precocious puberty (PP) of iso‑ or hetero‑sexual pattern is 
independent of gonadotropin‑releasing hormone (GnRH) with 
high testosterone or estrogens (with consecutive low FSH and 
LH) but post‑operative activation of GnRH may be expected 
with central (hypothalamic) PP (16‑18). PP is accompanied 
by accelerated growth while Cushing syndrome by arrest 
growth (19,20). Breast development may appear in both males 
and females (19,21). Abnormally high levels of dehydroepi‑
androsterone (DHEAS) have also been reported (22). Pure 
androgen‑secreting tumors underlying an adrenocortical 
carcinoma are exceptionally observed  (23). Steroidogenic 
machinery may be provided by fetal adrenal tissue or even by 
Leydig cells as they have been revealed in isolated cases (24). 
As expected, hypercortisolemia of adrenal cause needs to be 
confirmed by specific tests (25). Another type of presentation 
is not related to endocrine features, but with the presence of a 
very large abdominal mass causing local pain and weight loss 
or associated metastases of the lung or liver (26,27).

3. Associated genetic background

Genetic anomalies are more important in pediatric than adult 
cases of adrenocortical carcinoma and they ideally need to 
be evaluated before surgery  (28). A potential involvement 
in adrenal cancer as well as certain types of renal cancer 
and meningioma have been described in association with 
ubiquitin‑proteasome system (UPS) as a regulator of the 
Armadillo repeat containing (ARMC5) gene system  (29). 
ARMC5 anomalies have also been described in bilateral 
adrenal hyperplasia of macronodular type associated with 
endocrine dysfunctions such as glucocorticoid with or without 
mineralocorticoid excess (30,31). Adrenocortical carcinoma is 
part of a more complex tumorigenesis process in patients with 
Li‑Fraumeni syndrome also introducing sarcomas of both bone 
and soft tissues, breast cancer at a young age, gastrointestinal 
cancers particularly of the colon and stomach, leukemia, and 
brain cancer (32,33). The underlying mutation is TP53 (32). 
This is most frequently observed in the pediatric population 
confirmed with adrenocortical cancer (34). A retrospective 
single‑centric study involving 23 patients admitted between 
1977 and 2017 revealed a 50% prevalence of the mutation 
(10 out of 20 tested patients) on a cohort with a female/male 
ratio of 3.6:1 and a bimodal incidence (one peak incidence 
earlier in life between the age of 0 and 6 years and the other 
one after the age of 12 years) (34). TP53 R337H mutation is 
very frequent in Brazil where large population studies have 
been developed with a reported incidence of adrenocortical 
tumors of 4.8 in adults, and 6.4/million/year (depending on 
geographic area) in children younger than 10 years old (35). 
Another study including data from 19 population‑based regis‑
tries of Brazil revealed an incidence of adrenocortical cancer 
of 4 cases/million/year in individuals younger than 10 years 
old (36). In one study on TP53 R337H carriers, a higher count 
of cytotoxic T lymphocytes (CD8‑CTL) was correlated with 
the diagnosis of adrenocortical cancer at very young age and 
stage I of the disease while the Ki‑67 value and Weiss score 
were not survival predictors (37). Adrenocortical carcinoma 
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has an extremely low prevalence of 0.47‑3.2% in subjects with 
Lynch syndrome. However, in other cancers, such as colorectal 
cancer and endometrial cancer, Lynch sundrome has a very 
high prevalence underlying the mutation of MMR (DNA 
mismatch repair) gene (38,39). Due to poor prognosis and 
the importance of early recognition that offers an improved 
prognosis via adrenalectomy, screening of adrenocortical 
carcinoma in patients diagnosed with Lynch syndrome is 
recommended (38,39).

In addition, alternative lengthening of telomeres (ALT) 
represents a potential dysfunctional mechanism in cancerous 
cells of adrenal cancer  (40). Murine experiments revealed 
that besides the p53/Rb pathway, the Wnt/β‑catenin signaling 
pathway may also be involved  (41). Clinical studies on 
β‑catenin/N‑cadherin indicated the potential role of this 
pathway in tumorigenesis underlying adrenal cortex‑derived 
carcinoma  (41,42). β‑Catenin activity in association with 
CTNNB1 genes has been reported in relation to sclerosing 
bone dysplasia with adrenal tumors  (43). A retrospective 
cohort study based on the German Childhood Cancer Registry, 
published in 2020, involving 321 subjects diagnosed with 
Beckwith‑Wiedemann syndrome (which is associated with 
anomalies of chromosome 11p15.5.) revealed a 33‑fold higher 
risk for different cancers such as hepatoblastoma, nephroblas‑
toma but also, more rarely, adrenocortical carcinoma (44). In 
addition, the association of 11p15 or TP53 genes with abnormal 
activity of phosphodiesterases has been reported  (45). 
Genome‑wide association studies (GWAS) based on single 
nucleotide polymorphism (SNP) assays identified retinoic acid 
pathway anomalies in adrenocortical carcinoma (46). MEN 
type  1 syndrome caused by MEN1 gene mutation, which 
is associated with pituitary tumors or gastrointestinal and 
pancreatic neuroendocrine neoplasia has been reported to be 
present in adrenal tumors (47‑49). However, pediatric adreno‑
cortical carcinoma is rarer than adult adrenal cancer in MEN1 
syndrome (50).

4. Management and prognostic

Weiss score, rather than I‑IV staging according to the 
European Network for the Study of Adrenal Tumors (ENSAT) 
is essential for prognosis  (51). A retrospective case series 

published in 2021 on 8 patients (male/female ratio of 2:6; 
median age of 6 years) revealed that survival for the next 2 years 
after diagnosis was 100% for stage II and 75% for stage IV 
(without achieving statistical significance), but in patients with 
a Weiss score <6 the 2‑year survival rate was 100% which 
was statistically significantly higher when compared with the 
subjects with a Weiss score at least 6 or more who had a 2‑year 
survival rate of 35% (P=0.043); Weiss score being considered 
the most important prognostic factor (51). The combination of 
mitotane, etoposide, Adriamycin and cisplatin was revealed to 
be most useful in improving the prognosis (51). A compara‑
tive study from 2021, evaluated adults (n=146) vs. children 
<15 years old (n=44), and the results revealed: Female preva‑
lence (more evident in adults: 84 vs. 61%); adrenal Cushing 
syndrome more often observed in adults while virilization 
was more frequently identified in children (both clinical 
features with statistically significant differences between the 
two studied populations); and a Ki‑67 index of proliferation 
based on the immunohistochemistry report which was higher 
in children compared with adult correspondents, emerging as 
a useful prognostic marker, as well as the Weiss score (52). 
A Ki‑67 value of least 15% represents a powerful predictor 
of poor outcome in the pediatric population (52). Ki‑67 is an 
independent prognostic factor in adults as well (53). An exten‑
sive German study suggested the following Ki‑67 cut‑offs: 
<10%, 10‑19%, and ≥20% (54). Another study revealed that 
a Ki‑67 cut‑off value of 10% was useful for prediction (55). 
Variations between manual/digital assessments of Ki‑67 
have been reported (with digital assessment superior to 
manual analysis which displays less reproducible values) (56). 
Surgical removal of the tumor, if feasible, remains the first 
line of therapy; procedures of approach vary, but successful 
tumor removal represents a major predictor of favorable 
outcome (57,58). Metastases removal may be useful in addition 
to mitotane, although chemotherapy regimens in children are 
less clear when compared to adults (59). A retrospective study 
from 2021 on 24 children with adrenal tumors (median age at 
diagnosis, 78 months; confirmed adrenocortical carcinoma in 
14 cases) reported the use of a transabdominal approach (in 
combination with chemotherapy in certain cases), but also an 
additional thoraco‑abdominal approach which was applied if 
the tumor had spread to the lungs or the primary adrenal tumor 
was extensive (57). A complex meta‑analysis published in 2021 
based on 42 studies between 1994 and 2020 (including a total 
of 1,006 children aged <18 years) highlighted the following 
factors of favorable outcome with statistical significance: Age 
at diagnosis <4 years old, complete tumor surgical removal, 
decreased tumor volume, size, and weight, adrenal cancer 
without hormonal burden (the presence of adrenal Cushing 
syndrome was an indicator of poor prognosis) and stage  I 
disease (60). A previous study revealed that virilization was 
a favorable prognostic factor (12). In addition, the control of 
tumor‑related Cushing syndrome may be achieved not only 
through mitotane, but also by using other adrenal blockers 
that are mostly used in adults, and only exceptionally used in 
children to date (61). In 2020, a case of a 2‑month‑old female 
treated with etomidate (0.03 mg/hg/h) to control high cortisol 
levels was published, and further implementation of the 
mentioned drug in complex regimes is required (61). Mitotane, 
an adrenolytic chemotherapeutic, causes adrenal insufficiency 

Figure 1. Brief presentation of adrenocortical carcinoma in children.
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which requires glucocorticoid and mineralocorticoid substitu‑
tion, increased liver enzymes, high cholesterol, gynecomastia, 
and primary hypothyroidism in adults and children (62). An 
estrogen‑like effect was suggested as a possible cause of 
PP (62). An analysis from Mayo Clinic between 1950 and 2017 
included 41 subjects with adrenal cortex carcinoma having an 
onset before the age of 21 years (63). The study revealed: A 
median age at diagnosis of 15.7 years; 54% of children had at 
least one hormonal dysfunction; metastases were more often 
identified in children older than 12 years (particularly at the 
hepatic and pulmonary level); the 2‑year survival rate was 
61%, while the 5‑year survival rate was 46% (63). Metastases 
represent an independent factor of poor outcome (63). The 
European Cooperative Study Group for Pediatric Rare Tumors 
(EXPeRT) revealed in a multi‑centric‑based European study 
that included individuals younger than 18 years diagnosed 
with adrenocortical carcinoma (n=82) that the 3‑year progres‑
sion‑free survival rate was 51%, while the overall survival 
rate was 55% (64). Poor prognostic factors were: Vascular 
invasion and incomplete surgery, co‑presence of metastases; 
large tumor volume if the disease was localized (64). The 
‘Helsinki score’, a model of prediction for metastases in 
adrenocortical carcinomas, combines pathological data and 
immunohistochemistry data (Ki‑67) (65). A previous study 
on 255 adrenal cortex carcinomas confirmed a good equiva‑
lence of the Helsinki score with the Weiss score and a good 
predictive value  (65). A retrospective, observational study 
based on the Brazilian National Institute of Cancer, between 
1997 and 2015 included 27 pediatric (median age, 3.6 years) 
adrenocortical carcinomas with a median carcinoma diameter 
of 8.2 cm (66). The most frequent medical drug that was used 
as adjuvant medication was mitotane (66). Poor prognostic 
factors included increased tumor size, a high Weiss score, 
incomplete surgery, and histological data revealing capsular 
invasion (66). The National Cancer Data Base (NCDB)‑related 
study on 111 subjects (18 years or younger) confirmed with 
adrenocortical cancer (between 1998 and 2011) revealed a 
median age at diagnosis of 4 years (48% of the patients were 
younger than 3 years old); female sex predominance (69%); a 
median diameter of 9.5 cm; and 1‑ and 3‑year survival rates 
of 70 and 64%, respectively (67). Survival depended on the 
initial tumor size, associated metastases, local spreading 
of the disease and the success of the surgical procedure as 
reflected by the margin status (67). Another pediatric study 
on 27 cases revealed an increased expression of endoglin 
MVD (intra‑tumoral microvessel density) and a low expres‑
sion of CD34 MVD as poor prognostic factors while vascular 
endothelial growth factor (VEGF) was not relevant (68). The 
routine use of growth factors as prognostic factors is currently 
under evaluation.

5. Future considerations

Multiple aspects of adrenocortical carcinoma remain poorly 
understood. Another clinical association, probably less relevant 
in every day practice, is the co‑presence of pulmonary arterio‑
venous malformation (based on a case report with statistical 
evidence), however, the current level of statistical evidence 
is low (69). Uncommon predictors of poor outcome such as 
Fetal and Adult Testis‑Expressed 1 (FATE1) expression have 

been revealed in adults, not in children and further studies are 
necessary (70).

6. Conclusions

At present, pediatric adrenocortical carcinoma still represents 
a severe condition that requires prompt intervention and a 
multidisciplinary team. Further development of molecular 
markers is required for a deeper understanding of the disease 
thus improving the protocols of approach and the prognosis.
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