
14 Received: 30.07.2023
Accepted: 3.11.2023

Conflict of interests: not declared.
Funding: no external funding.

Ethics approval: The study was approved by the Bioethics Committee  
Children’s Memorial Health Institute in Warsaw.

Marta Baszyńska-Wilk 
Department of Endocrinology and Diabetology, 

Children's Memorial Health Institute,  
Al. Dzieci Polskich 20, 

04-736 Warsaw, Poland
e-mail: mbasz@wp.pl

© Copyright by PTEiDD 2024
redakcja@pediatricendocrinology.pl
www.pediatricendocrinology.pl
www.pteidd.pl

Original paper | Praca oryginalna 
Pediatr Endocrinol Diabetes Metab 2024; 30 (1): 14-28
DOI: https://doi.org/10.5114/pedm.2023.133315

Precocious puberty and other endocrine disorders during mitotane treatment 
for paediatric adrenocortical carcinoma – case series and literature review
Przedwczesne dojrzewanie płciowe i inne zaburzenia endokrynologiczne jako powikłanie leczenia 
mitotanem z powodu raka kory nadnerczy – seria przypadków i przegląd literatury

1Elżbieta Moszczyńska, 1Marta Baszyńska-Wilk, 1Aleksandra Tutka, 1Agnieszka Bogusz-Wójcik, 
1Patrycja Dasiewicz, 2Olga Gryniewicz-Kwiatkowska, 3Małgorzata Walewska-Wolf, 
4Maria Stepaniuk, 4Dorota Majak, 4Wiesława Grajkowska

1Department of Endocrinology and Diabetology, The Children’s Memorial Health Institute, Warsaw, Poland
2Department of Oncology, The Children’s Memorial Health Institute, Warsaw, Poland
3Gynaecological Outpatient Clinic, The Children’s Memorial Health Institute, Warsaw, Poland
4Department of Pathology, The Children’s Memorial Health Institute, Warsaw, Poland

Abstract
Introduction: Adrenocortical carcinoma (ACC) is rare and an aggressive tumour. Mitotane is the mainstay adjuvant drug in treating ACC.
The study aimed to describe patients diagnosed with precocious puberty (PP) and other endocrinological complications during mi-
totane therapy.
Material and methods: This retrospective study enrolled 4 patients with ACC treated with mitotane therapy complicated by PP. We 
analysed clinical manifestations, radiological, histopathological findings, and hormonal results.
Results: The median age at the diagnosis of ACC was 1.5 years. All patients were treated with surgery and mitotane, accompanied by 
chemotherapy regimens in 2 cases. The median time from surgery to the initiation of mitotane therapy was 26 days. During mitotane 
treatment, PP was confirmed based on symptoms, and hormonal and imaging tests. In one patient, incomplete peripheral PP was 
followed by central PP. The median time from the therapy initiation to the first manifestations of PP was 4 months.
Additionally, due to mitotane-induced adrenal insufficiency, patients required a supraphysiological dose of hydrocortisone (HC), and 
in one patient, mineralocorticoid (MC) replacement with fludrocortisone was necessary. In 2 patients, hypothyroidism was diagnosed. 
All patients presented neurological symptoms of varying expression, which were more severe in younger children.
Conclusions: The side effects of using mitotane should be recognized quickly and adequately treated. In prepubertal children, PP 
could be a complication of therapy. The need to use supraphysiological doses of HC, sometimes with MC, should be highlighted. 
Some patients require levothyroxine replacement therapy. The neurotoxicity of mitotane is a significant clinical problem.
Key words: puberty, adrenocortical carcinoma, mitotane, virilization.

Streszczenie
Wstęp: Rak kory nadnerczy (ACC) jest rzadkim i agresywnym nowotworem. Mitotan jest podstawowym lekiem w terapii uzupeł-
niającej ACC.
Celem pracy była ocena pacjentów z rozpoznaniem przedwczesnego dojrzewania płciowego (PP) oraz innych powikłań endokryno-
logicznych w trakcie leczenia mitotanem.
Materiał i metody: Do retrospektywnego badania włączono 4 pacjentów, u których w trakcie terapii mitotanem zdiagnozowano PP. 
W pracy przeanalizowano objawy kliniczne, wyniki badań endokrynologicznych radiologicznych i histopatologicznych.
Wyniki: Mediana wieku w momencie rozpoznania ACC wynosiła 1,5 roku. Wszyscy pacjenci byli leczeni operacyjnie z następową terapią 
mitotanem, w dwóch przypadkach zastosowano również chemioterapię. Mediana czasu od operacji do rozpoczęcia leczenia mitotanem 
wyniosła 26 dni. Podczas terapii PP potwierdzono na podstawie objawów, badań hormonalnych i obrazowych. U jednego pacjenta po nie-
pełnym obwodowym PP wystąpiło centralne PP. Mediana czasu od rozpoczęcia terapii do wystąpienia pierwszych objawów PP wyniosła 
4 miesiące. Dodatkowo, z powodu niedoczynności kory nadnerczy wywołanej mitotanem, chorzy wymagali ponadfizjologicznych dawek 
hydrokortyzonu (HC), a u jednego pacjenta konieczna była suplementacja mineralokortykoidów (MC). U dwóch pacjentów rozpoznano 
niedoczynność tarczycy. Wszyscy pacjenci prezentowali objawy neurologiczne o różnym nasileniu, poważniejsze u młodszych dzieci.
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Introduction 

Adrenocortical carcinoma (ACC) is an aggressive and rare 
tumour, representing 0.2% of all childhood cancers [1]. Adre-
nalectomy remains the first-line therapy and offers the best out-
come. In contrast, the adjuvant treatment is less standardized 
in children [2]. The key adjuvant drug is mitotane with differ-
ent chemotherapy regimens, such as etoposide, adriamycin, 
and cisplatin. Mitotane is an adrenotoxic drug that blocks the 
synthesis of hormonal corticosteroids by inhibiting multiple en-
zymatic steps of steroidogenesis, and it has a direct cytotoxic 
effect on the adrenal cortex [3]. Treatment-related side effects 
frequently occur. The most common adverse events are gastro-
intestinal and hepatic disturbances or neurological symptoms. 
Endocrinopathies associated with using mitotane include ad-
renal insufficiency (AI), precocious puberty (PP), and hypothy-
roidism. The symptoms can lead to temporary or permanent 
discontinuation of the mitotane therapy [3].

Aim of the study

The study aimed to describe patients diagnosed with PP and 
other endocrinological complications during mitotane treatment 
due to adrenocortical carcinoma, and present a literature review 
on the possible adverse effects of this therapy among children.

Material and methods

Patients
We report 4 patients diagnosed with ACC at The Children’s 

Memorial Health Institute in Warsaw (Poland). We enrolled the 
patients with endocrinological complications like incomplete 
precocious puberty during adjuvant mitotane treatment of ACC. 

Clinical evaluation
The data of each patient were retrospectively analysed 

based on medical records: medical history, physical examina-
tion, neurological examination, results of hormonal tests be-
fore and after surgery, results of computed tomography (CT), 
ultrasound examinations, and histopathological, immunohisto-
chemical, and genetic studies.

Luteinizing hormone (LH), follicle-stimulating hormone 
(FSH), oestradiol, testosterone, androstenedione, dehydro-
epiandrosterone sulphate (DHEAS), prolactin (PRL), cortisol, 
thyroid-stimulating hormone (TSH), free triiodothyronine (FT3), 
and free thyroxine (FT4) were measured with the chemilumines-
cent immunoassay method (Alinity I/Abbot). In Patient 1, LH, 
FSH, oestradiol, testosterone, androstenedione, and DHEAS 
were analysed with the radioimmunoassay method.

Until May 2021, adrenocorticotropic hormone (ACTH) was 
measured with the radioimmunoassay method, and then with 
the chemiluminescent immunoassay method on the Cobas 
e411/ Roche analytical system. The 24-hour UFC excretion 
was evaluated by the gas chromatography-mass spectrometry 
(GC-MS) method, with the reference range varying by age.

Surgical procedures
All patients underwent lateral adrenalectomy. In 2 cases this 

was carried out by laparotomy, and in 2 cases by laparoscopy. 
After one year of follow-up, patient 2 underwent right adrenalec-
tomy due to the occurrence of a metastatic lesion. 

Histopathological evaluation
Each of the tumours was examined in its entirety so as to reveal 

subsequent cross-sections of the tumour along with the surround-
ing tissues. All resected specimens were subjected to a uniform 
protocol for formalin-fixed, paraffin-embedded (FFPE) specimens. 
All the haematoxylin-eosin (H&E) slides of the surgical specimen 
were reviewed and examined by 2 experienced pathologists. The 
tumours were graded into malignancy based on criteria according 
to the 2022 WHO classification of adrenal cortical tumours.

Immunohistochemical studies were performed on all the 
formalin-fixed paraffin-embedded sections using an automated 
stainer Ventana BenchMark ULTRA (Roche Diagnostics) system 
with Ventana and Celle Marque primary antibodies.

Genetic research
In 3 patients, germline TP53 gene mutation was evaluated; 

in 2 of them, tests for detecting somatic mutation of the TP53 
gene were also performed. Samples were analysed by direct 
Sanger sequencing.

Statistical analysis
The clinical data were analysed using Excel (Microsoft Of-

fice Professional Plus 2016, PL). 

Ethical standards
The study was approved by the Bioethics Committee Chil-

dren’s Memorial Health Institute in Warsaw. A written informed 
consent was obtained from the patient’s legal guardians.

Results

All 4 patients were female. The median age at the diagnosis 
was 1.5 years (minimum [min]: 0.75 years, maximum [max]: 
7.5 years). The first symptoms were hyperandrogenic signs in 
the form of the appearance of pubic hair and, in 2 cases, clitor-
omegaly. Any manifestations of cortisol excess were observed.

Wnioski: Skutki uboczne stosowania mitotanu powinny być szybko rozpoznane i odpowiednio leczone. U dzieci przed okresem 
dojrzewania PP może być powikłaniem terapii. Należy zwrócić uwagę na konieczność stosowania ponadfizjologicznych dawek HC, 
czasem z MC. Niektórzy pacjenci wymagają terapii substytucyjnej lewotyroksyną. Poza endokrynologicznymi objawami ubocznymi 
istotnym problemem klinicznym jest neurotoksyczność mitotanu.
Słowa kluczowe: dojrzewanie, wirylizacja, rak kory nadnerczy, mitotan.
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The median time between the first symptoms and diagnosis 
establishment was 1.5 months (min: 0.25 months, max: 5 months).

Abdominal CT was performed in all cases and revealed an 
adrenal tumour with a median diameter of 50 mm (min: 49.6 mm, 
max: 70 mm). The patients underwent lateral adrenalectomy, and 
histopathological examination confirmed ACC. All patients were 
treated with mitotane adjuvant therapy and, in 2 cases, with other 
chemotherapy regimens. The median time from surgery to the 
initiation of mitotane therapy was 26 days. During mitotane treat-
ment, PP was confirmed based on symptoms, and hormonal 
and imaging tests. The median time from the therapy initiation to 
the first symptoms of PP was 4 months. The median duration of 
mitotane treatment was 10.5 months.

Case 1

A 7.5-year-old girl was admitted to the Department of Endo-
crinology because of pubic hair and a tumour of the left adrenal 
gland (6–7 cm in diameter, with foci of necrosis, enlargement of 
the adrenal vein) detected by abdominal CT.

Upon admission, the patient’s height was 125.0 cm (25th–50th 
percentile, –0.28 SD), and her weight was 22 kg (25th percentile, 
–0.78 SD). Tanner’s stage 3 – pubic hair (P) and 1 – breast (B) 
were observed (pubic hair appeared 5 months prior). The labora-
tory tests revealed increased DHEA-S, androstenedione, testo-
sterone concentrations, and normal serum cortisol value (Table I). 
A steroid profile in urine showed an excess of steroid metabolites. 
The patient underwent a left-sided adrenalectomy carried out by 
laparotomy. Histopathological examination confirmed adrenocor-
tical carcinoma. Unfavourable histological features were present, 
including focally significant cell polymorphism, vascular (Fig-
ure 2A) and capsular invasion (Figure 2B), with few clear cells.

The tumour was classified as stage III according to the 
European Network for the Study of Adrenal Tumours (ENSAT) 
staging classification (T3, Nx, M0). One week after surgery, the 
patient was administered adjuvant therapy with mitotane initi-
ated at a dose of 500 mg/day (0.58 g/m2/day). It was gradually 
increased to 6 g/day with serum level monitoring (serum concen-
trations ranged from 3.89 to 50 µg/ml, and most of the treatment 
time was maintained within a target range). A supraphysiological 
dose of hydrocortisone (17.4 mg/m2/day) was also prescribed. 
Adrenal androgen concentrations controlled postoperatively 
were within normal limits (Table I).

Three months after surgery, the patient was readmitted to 
the Endocrinology Department due to early breast develop-
ment. Tanner’s stage P3, B2, and nipple hyperpigmentation 
were assessed. Pelvic ultrasonography showed 2 cm ovaries, 
with 4 mm in diameter follicles in both and an endometrium of 
4 mm. The  patient reported general weakness, vomiting, and 
drowsiness. Additionally, headaches, dysarthria, apathy, lethar-
gy, low mood, vision impairment, and muscular hypotonia were 
observed. Adrenal androgens concentrations were within the 
normal range, and the gonadotropin-releasing hormone (GnRH) 
stimulation test confirmed GnRH-independent PP. Her oestradiol 
level was low. The mitotane concentration was 36.86 μg/ml, and 
the dosage was decreased.Ta

bl
e 

I. 
R

es
ul

ts
 o

f l
ab

or
at

or
y 

te
st

s 
at

 d
ia

gn
os

is
 (I

) a
nd

 p
os

t-s
ur

ge
ry

 (I
I) 

D
H

EA
-S

 [μ
g/

dl
]

Te
st

os
te

ro
ne

 [n
g/

dl
]

An
dr

os
te

ne
di

on
e 

[n
g/

dl
]

M
or

ni
ng

 c
or

tis
ol

 
[μ

g/
dl

]
N

ig
ht

 
co

rti
so

l 
[μ

g/
dl

]

AC
TH

 [p
g/

m
l]

17
-O

H
P 

[n
g/

dl
]

I
II

I
II

 I
II

I
II

I
I

II
I

II

>
 1

00
0

(3
2.

3–
18

1.
1)

<
 5

.0
(3

2.
3–

18
1.

1)
10

6
(<

 7
– 

30
.4

9)
<

 5
.0

(<
 7

– 
30

.4
9)

22
3

(<
 5

1)
<

 1
0

(<
 5

1)
27

.0
1

(5
–2

5)
–

2.
99

(<
 4

.4
)

23
6

(1
0–

60
)

15 (1
0–

60
)

15
4

(1
1–

15
5)

–

78
0.

1
(3

–1
34

.5
)

50
.2

(3
–1

34
.5

)
13

0
(<

 7
.0

)
<

 7
(<

 7
.0

)
97

0
(<

 5
1)

8.
42

(<
 5

1)
23

.1
(5

–2
5)

20
.2

(5
–2

5)
–

–
15

.6
(1

0–
60

)
–

33
.6

(<
 3

1)

29
43

.2
5

(3
–1

34
.5

)
8.

8
(3

–1
34

.5
)

13
0.

8
(<

 7
.0

)
<

 7
.0

(<
 7

.0
)

99
1

(<
 5

1)
<

 1
5

 (<
 5

1)
13

.2
(5

–2
5)

6.
4

(5
–2

5)
8.

5
(<

 4
.4

)
9.

55
(1

0–
60

)
–

27
40

(<
 3

1)
49 (<

 3
1)

29
73

.5
(3

–1
34

.5
)

5.
2

(3
–1

34
.5

)
14

6
(<

 7
.0

)
<

 7
.0

(<
 7

.0
)

44
8

(<
 5

1)
<

 1
5

(<
 5

1)
17

.6
1

(5
–2

5)
18

.7
(5

–2
5)

4.
05

(<
 4

.4
)

60
.8

6
(1

0–
60

)
71

.8
9

(1
0–

60
)

28
40

(<
 3

1)
<

 3
1

(<
 3

1)

D
H

EA
-S

 –
 d

eh
yd

ro
ep

ia
nd

ro
st

er
on

e 
su

lp
ha

te
; A

C
TH

 –
 a

dr
en

oc
or

tic
ot

ro
pi

c 
ho

rm
on

e;
 1

7-
O

H
P 

– 
17

-h
yd

ro
xy

pr
og

es
te

ro
ne



Precocious puberty disorders during mitotane treatment
Przedwczesne dojrzewanie płciowe podczas leczenia mitotanem

Pediatr Endocrinol Diabetes Metab 2024

17© Copyright by PTEiDD 2024

Figure 1. Axial unenhanced abdomen computed tomography (CT) scans (1A, 1C, 2A, 3A) and enhanced CT scans (1B, 1D, 2B, 
3B) demonstrate adrenal tumours in our cases (min, max, and mean depict the respective values for the lowest, highest, and 
mean Hounsfield units (HU), as derived from the software for the region of interest marked by the investigator). A) Case 2, axial 
unenhanced CT scan demonstrates tumour act in the left adrenal gland, dimensions: 50 × 40 × 30 mm, mean 42 HU. B) Case 2, 
enhanced CT scan demonstrates tumour in the left adrenal gland, dimensions: 50  × 40 × 30 mm, mean 79 HU. C) Case 2 – 
axial unenhanced CT scan demonstrates metastases in the right adrenal gland, dimensions: 27 × 29 × 36 mm, mean 35 HU. 
D) Case 2, axial enhanced CT scan demonstrates metastases in the right adrenal gland, dimensions: 27 × 29 × 36 mm, mean 
81 HU. E) Case 3, axial unenhanced CT scan shows an inhomogeneous tumour in the right adrenal gland, dimensions: 53 × 
43 × 59 mm,  50 mm, mean 31 HU. F) Case 3, axial enhanced CT scan shows an inhomogeneous tumour in the right adrenal 
gland, dimensions: 53 × 43 × 59 mm,  50 mm, mean 83 HU. G) Case 4, axial unenhanced CT scan shows an inhomogeneous 
tumour, with peripheral calcifications in the left adrenal gland, dimensions: 49 × 39 × 45 mm,  45 mm, mean 33 HU. H) Case 4, 
axial enhanced CT scan shows an inhomogeneous tumour with peripheral calcifications in the left adrenal gland, dimensions: 
49 × 39 × 45 mm,  45 mm, mean 94 HU
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C D
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Vaginal bleeding appeared after 9 months of treatment, 
with the blood concentration of mitotane 46.35 μg/ml (dosage 
4 g/day). Repeated GnRH stimulation testing revealed that she 
had developed a secondary central precocious puberty (CPP). 
Oestradiol concentration was in the normal range (7.7 pg/ml), 
and her bone age was slightly advanced – 9 years (chronological 
age: 8.3 years). The dose of mitotane was reduced to 1.5 g/day,  
maintaining the target range of drug concentration. Brain mag-
netic resonance imaging (MRI) showed no pituitary abnormali-
ties. To suppress the progression of puberty, a GnRH analogue 
(triptorelin) treatment was introduced, which has been con-
tinued for 2.5 years. The patient had menarche at the age of 
11.4 years and reached normal final height in accordance with 
mid-parental height target. The patient was treated with mito-
tane for 5 years. After months of mitotane cessation, the girl 
completely recovered from AI, and hydrocortisone (HC) treat-
ment was withdrawn. Neurological symptoms regressed about 
6 months after discontinuation of mitotane. After 30 years of 
follow-up, the patient was recurrence-free. 

Case 2

An 18-month-old girl was admitted to the Endocrinology De-
partment due to an enlargement of the clitoris, development of 
pubic hair, and rapid weight gain (1 kg per month). The patient’s 
height was 80.5 cm (25th–50th percentile, –0.27 SD), and weight 
was 13.6 kg (90th–97th percentile, +1.95 SD). Tanner’s stage P3 
and B1 were observed (pubic hair appeared one month prior). 
Abdominal CT revealed the presence of a 50 × 40 × 30 mm tu-
mour in front of the left kidney with the left adrenal gland partially 
visible; no enlarged lymph nodes were visible (Figure 1.1A–D). 
Laboratory tests showed a significantly elevated concentration 
of DHEA-S, androstenedione, 17-hydroxyprogesterone (17-
OHP), and testosterone (Table I). Circadian cortisol rhythm, oes-
tradiol, LH, and FSH were within normal range. A steroid profile 
in urine showed an excess of steroid metabolites. Left-sided 
laparoscopic adrenalectomy was performed, and the patho-
logical diagnosis of high-grade ACC was confirmed. Histopath-
ological features like cytologic atypia, the presence of foci of 
necrosis, angioinvasion, and infiltration of the tumour capsule 
were observed. Mitotic activity was approximately 30 mitoses/50 
HPF, including single atypical mitoses (Figure 2c). Immunohis-
tochemical examination revealed the following: AE1/3(–), syn-
aptophysin (+) (Figure 2D), vimentin (+), CD34(–), epithelial 
membrane antigen (EMA) (–), chromogranin (+) focally, Ki-67 
up to 40% positive tumour cells (Figure 2E), and Melan A (+) 
(Figure 2F). The tumour capsule raptured during the resection, 
but inside the retrieval bag. The tumour could not be classi-
fied according to ENSAT staging classification (T1?, Nx, M0). 
Adjuvant chemotherapy with EDP (etoposide, doxorubicin, and 
cisplatin) was introduced, and after the treatment a CT of the 
abdomen and pelvis revealed no abnormalities. Control levels 
of adrenal androgens, cortisol, and ACTH were normal.

At the age of 2.5 years (one year after the surgery), in the 
control CT examination, an abnormal mass was described be-
tween the lower pole of the right kidney and the liver measuring 

27 × 29 × 36 mm. The concentrations of DHEA-S, testoster-
one, and androstenedione were significantly elevated. The pa-
tient was qualified for the surgery. A histopathological examina-
tion confirmed metastatic ACC. A genetic examination revealed 
germline mutation c. 538G>A p.(Glu180Lys) in exon 5 of TP53 
gene. The patient was administered adjuvant therapy (chemo-
therapy and mitotane). Mitotane was initiated at a dose of 1 g/day  
(1.78 g/m2/day). It was gradually increased to 2.5 g/day with 
serum level monitoring (maximum serum drug concentration: 
19.7 µg/ml, most of the treatment time was maintained with-
in a target range).

A substitutive dose of hydrocortisone (12.5–16.40 mg/m2/
day) and fludrocortisone (0.025–0.075 mg/day) was adminis-
tered for treatment. In addition, hypothyroidism was diagnosed 
(TSH 2.14 uIU/ml (N: 0.67–4.16 uIU/ml), fT4 0.69 ng/dl (N: 0.8–
1.7 ng/dl), fT3 2.93 pg/ml (N: 1.45–3.5 pg/ml), and anti-thyroid 
antibodies were negative. The patient required treatment with 
levothyroxine at a dose of 1.0 μg/kg/day. 

Five months after the start of mitotane therapy, the patient 
developed symptoms of adrenal crisis: weakness, nausea, 
vomiting, and 2 kg weight loss. In physical examination, dry, 
grey skin and excessive pigmentation of nipples were noticed. 
Laboratory tests revealed hyponatraemia (127 mmol/l) and 
hyperkalaemia (5.9 mmol/l). The dose of hydrocortisone was 
increased from 16 mg/m2/day to 40 mg/m2/day, and the treat-
ment with fludrocortisone was adjusted accordingly, improving 
the patient’s condition.

After more than 9 months of mitotane treatment, the 
3.5-year-old girl was readmitted to the Endocrinology Depart-
ment due to vaginal bleeding. Tanner’s stage was assessed as 
P1, B2. A GnRH test was performed, and the result was pre-
pubertal. The oestradiol concentration was within the normal 
range. Pelvic ultrasonography showed an anteverted uterus 
with an anteroposterior (AP) diameter of 15 mm and a length of 
26 mm. The endometrium measured 3.5 mm, and the cervical 
length was 23 mm. The right ovary measured 18 × 10 × 17 mm 
with a volume of 1.7 ml (no larger follicles were observed) (Fig-
ure 3A). The left ovary could not be visualized.

Additionally, asymmetrical development of breast tissue 
was noted. A recurrent episode of vaginal bleeding occurred 
one month after hospitalization, which lasted 3 days. Total body 
MRI did not reveal any signs of tumour regrowth but described 
an enlarged uterus with an endometrial thickness of 4 mm. Due 
to mitotane treatment complications and neoplastic disease re-
mission, it was decided that mitotane would be discontinued 
after 12 months. After mitotane cessation, there was no pro-
gression of maturation.

During mitotane treatment, we also observed speech 
regression, dysarthria, stuttering, apathy, irritability, and ex-
cessive sleepiness in the patient. Symptoms resolved about 
3–4 months after discontinuation of mitotane. Currently, she is 
experiencing symptoms of impaired concentration and memory 
disorders, which may also be related to her chemotherapy his-
tory. The follow-up period is 7.2 years, with no biochemical or 
radiological features of recurrence for 6 years.
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Figure 2. Histopathological examination. A) A group of cancer cells is visible in the lumen of one of the vessels. Haematoxylin 
and eosin (H&E) stain. B) Tumour cells infiltrating the tumour capsule made of connective tissue. H&E stain. C) Atypical mitotic 
figure. H&E stain. D) Immunohistochemistry examination revealed synaptophysin expression in tumour cells. E) High mitotic activ-
ity in tumour cells. Ki-67 positive tumour cells. (Immunohistochemistry staining). F) Immunopositivity for Melan A in tumour cells. 
G, H) Polymorphic cells. Cells of various shapes and sizes, including bizarre cells. H&E stain. I) A focus of neoplastic necrosis 
with the presence of calcifications. H&E stain. J) High mitotic activity in tumour cells. Three mitotic figures in one high-power field 
(HPF). H&E stain. K) Immunohistochemistry examination revealed Inhibin expression in tumour cells
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Case 3

A 1.5-year-old girl was admitted to the Department of En-
docrinology due to symptoms of hyperandrogenism (pubic hair 
and clitoromegaly), observed for 2 months. Upon admission, 
her height was 78 cm (25th percentile, –1.42 SD), and her body 
weight was 11.2 kg (50th percentile, +0.13 SD). Tanner’s stage 
was assessed as P2, B1. Enlarged labia majora with dark pig-
mentation, enlarged clitoris, and oestrogenisation of the vaginal 
mucosa was noted. DHEA-S, androstenedione, 17-OHP, and 
testosterone levels were significantly elevated. The diurnal corti-
sol rhythm was abnormal, while the ACTH level was at the lower 
limit of normal (Table I). The oestradiol concentration was in the 
normal range: 17.02 pg/ml. A steroid profile in urine showed an 
excess of steroid metabolites. In the examination of catecho-
lamines and their metabolites in urine, a slightly elevated level of 
homovanillic acid (HVA) at 1.6–2 mg/24 h (N < 1.0) was found. 
Abdominal ultrasound and CT scan revealed  a  heterogene-
ous tumour in the right adrenal gland, approximately 50  mm 
in diameter, bulging into the liver and compressing the upper 
part of the right kidney (Figure 1.2A, B). A right laparoscopic 
adrenalectomy was performed. Histopathological examination 
revealed adrenal cortical carcinoma composed of pleomorphic 
cells (Figure 2G, H) with increased mitotic activity and atypical 
mitoses. Necrotic areas (Figure 2I), angioinvasion, and loss of 
tumour capsule continuity were present. Tumour invasion was 
present in the kidney capsule and perinephric fat tissue. Immu-
nohistochemical staining showed Melan A (+), β-catenin (–), 
p53 (–), α-thalassemia/mental-retardation-syndrome-X-linked 
(ATRX) (+), and mitotic activity at approximately 50%. The tu-
mour was classified as stage III according to ENSAT staging 
classification (T3, Nx, M0). Genetic testing confirmed TP53 so-
matic and germline mutations - heterozygous carrier status for 
the molecular variant: c.455C>T, p.(Pro152Leu). Serum andro-
gen levels measured 9 days after surgery were within the nor-
mal range (Table I). 18F-fluorodeoxyglucose positron emission 
tomography/computed tomography (18F-FDG PET/CT) scan 

showed no evidence of highly metabolically active disease. 
After the surgery, hydrocortisone replacement therapy was in-
troduced, gradually increasing (the dose to 18.2 mg/m2/day). 
Adjuvant chemotherapy with EDP, and mitotane was chosen. 
Mitotane administration started 1.5 months after surgery, ini-
tially at a dose of 750 mg/day (1.44 g/m2/day) and then gradu-
ally increased while monitoring the drug concentration in the 
blood, up to a dose of 3.5 g/day.Four months after starting mi-
totane treatment, the girl’s mother reported increased vaginal 
discharge and hyperpigmentation of nipple-areola. Within the 
next month, the right breast tissue developed. Additionally, the 
patient began experiencing tremors in the limbs, unsteady gait, 
and leg pain. A pelvic ultrasound revealed an anteverted uterus 
with dimensions of 13 mm (AP), 24 mm (length), cervix length of 
21 mm, endometrial thickness of 4 mm, and right ovary meas-
uring 14 × 9 mm and left ovary measuring 9.5 × 6 mm (Fig-
ure 3B). During this period, the maximum serum concentration 
of mitotane was 17 μg/ml (3.5 g/day). The dose was reduced 
to 3 g/day. The patient was readmitted to the Department of 
Endocrinology at 2 years and 5 months. Physical examination 
revealed breast tissue development, hyperpigmentation of the 
perineal area, swelling of the labia majora with signs of oes-
trogenisation, and white vaginal discharge. According to the 
Tanner scale, the patient was P1, B2. The mitotane level was 
11.5 µg/ml. A GnRH test was performed, and the result indi-
cated a prepubertal state. The oestradiol level was 14.08 pg/ml 
(N < 11.8–62.7). Bone age was accelerated, corresponding to 
3 years and 9 months (chronological age: 2.4 years). A whole-
body CT scan did not show any signs of tumour regrowth. 
A  neurological examination confirmed weakened tendon re-
flexes in the lower limbs and dysmetria in the upper limbs. 
Considering the overall clinical status and adverse symptoms, 
the decision was made to discontinue mitotane after 9 months 
of treatment. Neurological symptoms have largely regressed 
about a month after discontinuation of mitotane. There are only 
limb tremors, only with precise movements. The follow-up pe-
riod is 1.1 years, with no features of recurrence.

Figure 3. Pelvic ultrasound performed during mitotane treatment presents signs of precocious puberty. A) Case 2: anteverted uterus 
with an anteroposterior (AP) diameter of 15 mm, and a length of 26 mm. The endometrial thickness is 3.5 mm, and the cervical 
length 23 mm. B) Case 3: anteverted uterus with AP dimensions of 13 mm, length of 24 mm, cervix length of 21 mm, and endome-
trial thickness of 4 mm. C) Case 4: anteverted uterus with AP diameter 14 mm, length 20 mm, and endometrial thickness 4.8 mm
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Case 4
A 9-month-old girl presented with the appearance of pubic 

hair and an enlarged clitoris for about a week. Upon admission 
she had a body length of 77 cm (> 97th percentile, +2.71 SD) 
and a body weight of 11.9 kg (90–97th percentile +3.79 SD). The 
Tanner stage was assessed as P2, B1. Significantly elevated 
levels of adrenal androgens were observed in the laboratory 
tests (Table I). Additionally, circadian cortisol rhythm was normal, 
neuron-specific enolase (NSE) 27.98 μg/l (N < 18.3). A urinary 
steroid profile indicated massive excretion of dehydroepiandros-
terone and its metabolites and increased excretion of cortisol me-
tabolites. Two 24-hour urine collections for catecholamines and 
their metabolites were also performed, revealing slightly elevated 
levels of noradrenaline in one collection (12.6 μg/24 h, N < 12.2), 
as well as elevated levels of HVA (1.6 mg/24 h, N < 1.0) and 
VMA (1.1 mg/24 h, N < 1.0) in both collections. Abdominal ul-
trasound and CT scan revealed an abnormal, heterogeneous, 
well-defined, calcified mass measuring 4.5 cm below the tail 
of the pancreas and anterior to the left kidney (Figure  1.3A, 
1.3B). The patient underwent  a  left-sided adrenalectomy car-
ried out by laparotomy. A histopathological examination re-
vealed adrenocortical carcinoma with cytologic atypia, area of 
necrosis, focal capsular infiltration, high mitotic activity (Figure 
2J), and angioinvasion. Immunohistochemical analysis showed 
focal NSE (+), p53 (+), weak synaptophysin reactivity, Melan 
A (+), inhibin (+) (Figure 2K), and focal Ki-67 staining in up to 
25% of cells. The tumour was classified as stage II according 
to ENSAT staging classification (T2, N0, M0). Follow-up serum 
androgen levels were within the normal range. 18F-FDG PET/CT 
scan showed no evidence of highly metabolically active disease. 
Genetic testing confirmed the TP53 gene somatic and germline 
mutation c.706T>G, p.(Tyr236Asp). Three months after the sur-
gery, treatment with mitotane was initiated at an initial dose of 
500 mg (0.9 g/m2/day), gradually increasing to 3 g/day. Con-
trolled blood levels of mitotane ranged from 3.1 to 15.1 μg/ml.  
HC was also administered at 10 mg/day (18 mg/m2).

At 16 months of age (4 months after starting mitotane treat-
ment), the girl was readmitted to the Department of Endocrinol-
ogy due to breast gland development and reoccurrence of pu-
bic hair growth observed for the past 2 weeks. Regression of 
development was also noted; she stopped walking and spoke 
less. She experienced limb tremors and had an unsteady gait. 
Furthermore, the parents reported daytime sleepiness, night ter-
rors, anxiety, decreased appetite, and weight loss. The puberty 
stage was assessed as P2 (sparse hair), B2. Labial hypertro-
phy, hyperpigmentation in the posterior labial commissure, and 
hyperpigmentation of the nipple-areolar complex were noticed. 
Laboratory tests revealed  a  decreased serum sodium level 
(133 mmol/l) with a potassium level of 5.36 mmol/l and an ACTH 
level of 671 pg/ml, and an undetectable cortisol level before ad-
ministration of the next dose of HC. The HC dose was increased 
to 15  mg/day (27.3 mg/m2). Based on the evaluation of thy-
roid function, hypothyroidism was diagnosed (TSH 6.5 uIU/ml  
(N: 0.87–6.15 uIU/ml), fT4 0.77 ng/dl (N: 0.94–1.44 ng/dl), 
fT3 3.63  pg/ml (N: 3.3–5.2 pg/ml), and anti-thyroid antibodies 

were negative. The patient required treatment with levothyrox-
ine at a dose of 1.13 μg/kg/day. Pelvic ultrasound revealed the 
following: uterine body length 20 mm, anterior-posterior diam-
eter 14 mm, endometrial thickness 4.8 mm, right ovary volume 
2.4 ml, left ovary volume 3.7 ml, and multiple follicles in the ova-
ries (Figure 3C). A GnRH test resulted in prepubertal findings 
with an oestradiol concentration of 21.30 pg/ml (N < 11.8–62.7). 
Bone age was assessed as 1 year and 6 months (consistent with 
chronological age). The controlled mitotane level was 21.4 μg/ml.  
Neurological examination revealed features of cerebellar ataxia. 
After 4 months of mitotane treatment, due to the increased se-
verity of side effects associated with mitotane, including PP and 
neurological disturbances, the decision was made to discon-
tinue the mitotane administration. Neurological symptoms have 
largely regressed about a month after mitotane cessation; there 
are only limb tremors, and only with precise movements. The 
follow-up period is 9 months with no features of recurrence.

Discussion

We present 4 patients with peripheral/central precocious 
puberty during adjuvant mitotane treatment of adrenocortical 
carcinoma. In addition to the symptoms of PP, the patients pre-
sented with AI, hypothyroidism, and neurological complications.

ACC is a rare but very aggressive childhood cancer with an 
annual worldwide incidence of 0.3–0.38 cases/million children 
below 15 years old, with female preponderance (0.2% of all can-
cers diagnosed in children) [4, 5]. About 65% of adrenocortical 
tumours occur at < 5 years of age [6]. Of note, in southern Brazil, 
the incidence of paediatric ACC is 10–15 times higher than the 
worldwide occurrence; this is thought to be related to a specific 
germline mutation at codon R337H in the TP53 gene [7, 8]. Only 
about 20% of paediatric adrenocortical tumours (ACTs) are clas-
sified as adrenocortical adenomas (ACA), and they are associ-
ated with an excellent prognosis. A total of 80–90% of cases are 
hormonally active, responsible for virilization, Cushing syndrome 
(CS), puberty anomalies (GnRH independent precocious puber-
ty – iso- or hetero-sexual pattern), and hyperaldosteronism [9]. 
Most young patients present with virilization (pubic hair, acceler-
ated growth, skeletal maturation, an enlarged penis or clitoris, 
hirsutism, and acne) due to excess androgen secretion alone 
or in combination with cortisol in more than 80% of patients [1].

The first symptoms in the study group were hyperandrogen-
ic signs in the form of the appearance of pubic hair and clitor-
omegaly. No manifestations of cortisol excess were observed. 
The median age at the time of diagnosis was 1.5 years. The me-
dian time between the first symptoms and diagnosis establish-
ment was 1.5 months (min: 0.25, max: 5 months). The median 
tumour diameter in CT examination was 50 mm (min: 49.6 mm, 
max: 70 mm) (Figure 1).

A total of 50–80% of children have genetic/epigenetic anom-
alies involving tumour protein TP53, IGF2 overexpression, IGF1R, 
ZNRF3, CTNNB1, menin, PRKAR1A, chromosome 11 anoma-
lies (11p15), and a recently discovered a mutation in the EGFR 
gene. Hereditary syndromes associated with adrenocortical 
carcinoma include Li-Fraumeni, Beckwith-Widemann, Carney 
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syndrome, multiple endocrine neoplasia type 1 (MEN1), familial 
adenomatous polyposis (FIPA), and Lynch syndrome [10].

Genetic testing is recommended before treatment. Germline 
mutation in the TP53 gene was found in 3 patients of our study 
group. Mutations were also confirmed in the fathers of 2 girls 
(one of them was Argentinian). In the first patient diagnosed in 
1992, genetic testing was not performed.

Adrenalectomy is the first-line therapy, offering the best prog-
nosis if complete removal is achieved. According to ESMO-EURA-
CAN (European Society for Medical Oncology – European Refer-
ence Network for Rare Adult Solid Cancers) guidelines, complete 
en bloc resection of all adrenal tumours suspected to be ACC 
by a surgeon experienced in adrenal and oncological surgery is 
the mainstay of a potentially curative approach. Open surgery is 
the standard treatment, but in small tumours (< 6 cm) without evi-
dence of local invasion, laparoscopic adrenalectomy is reason-
able if the surgeon has sufficient experience. Additionally, a loco-
regional lymphadenectomy is suggested [11, 12]. The preferred 
surgical approach in children should be an open approach. 
Minimally invasive surgery is strongly discouraged when malig-
nancy is strongly suspected. Minimally Invasive techniques in the 
surgical management of ACC are not recommended, even when 
feasible. They should only be considered in early childhood, and 
their use should be limited to small-volume localized tumours that 
are probably benign without invasion of surrounding structures 
and nodal involvement at preoperative imaging [13].

All patients underwent adrenalectomy – in 2 cases carried 
out by laparotomy with lymphadenectomy and in 2 patients by 
laparoscopy.

Even after complete resection, a high risk of recurrence of 
ACC remains. Age > 4 years, tumour size, presence of Cush-
ing syndrome at diagnosis, incomplete resection, and advanced 
stage have commonly been reported as adverse prognostic fac-
tors. It has been almost universally observed that children under 
4 years old have a better outcome than adolescents. A recent 
work published by the European Group (EXPeRT) tried to define 
“high-risk” tumours based on the presence of one of the fol-
lowing features: age at diagnosis, volume more than 200 cm3, 
Cushing syndrome, initial biopsy, surgical excision with micro-
scopic residuals or spillage (R1) or macroscopic residuals (R2), 
regional lymph node involvement, histologic vascular invasion, 
and distant metastases at diagnosis [14].

However, for localized disease, surgery alone is recom-
mended; in the International Paediatric Adrenocortical Tumours 
Registry (IPACTR), 12% of patients with stage I or II received ad-
juvant chemotherapy, including EDP and mitotane [6]. In a co-
hort of 111 children with ACC from the National Cancer Data-
base (NCDB), adjuvant systemic therapy was utilized in 30% of 
children who underwent surgical resection [15].

Chemotherapy with vincristine, ifosfamide, carboplatin, 
etoposide, and doxorubicin was provided to 56.6% and mito-
tane therapy to 53.3% of German patients with ACC (60 children, 
age 0.24–17.8 years) [16]. Redlich also concluded that mitotane 
treatment longer than 6 months and mitotane levels greater than 
14 μg/ml in children were associated with significantly better sur-
vival [16].

Depending on the extent of the surgery and the result of 
histopathological examination (modified Weiss score/Wieneke 
index), patients with ACC are treated with adjuvant treatment 
(etoposide, adriamycin, cisplatin, and mitotane). Thus far, no in-
ternational consensus has been reached on the best therapeu-
tic approach to ACC beyond surgery in children.

ESMO-EURACAN clinical practice guidelines indicate that 
adjuvant mitotane is generally recommended in adult patients 
at high risk of recurrence, like stage III or R1-RX resection and/
or Ki-67 index > 10%. However, adjuvant therapy should be dis-
cussed on an individual basis in patients with a low risk of recur-
rence (stage I/II, R0 resection, Ki-67 index < 10%) [11].

Chemotherapy, including mitotane in children, has been re-
ported for advanced stages, but the standardized implementa-
tion of druggable targets has not been described yet.

Rodriguez-Galindo et al. published in 2021 the results of the 
clinical management of 77 eligible patients with stage I–IV ACC 
treated in 3 different interventional cohorts within the Children’s 
Oncology Group ARAR0332 trial [7].

According to clinical stage, patients were addressed to re-
ceive surgery alone (stage I), surgery and retroperitoneal lymph 
node dissection (RLND) (stage II), surgery plus RLND plus EDP 
chemotherapy for 8 cycles, and mitotane for 8 months (stage 
III–IV). The 5-year event-free survival (EFS) and overall survival 
by clinical stages were, respectively, 82.2 and 95.2% (stage I), 
53.3 and 78.8% (stage II), 81 and 94.7% (stage III), and 7.1 and 
15.6% (stage IV). In contrast with the ARAR0332 trial, according 
to adult international guidelines, mitotane therapy in locally ad-
vanced/metastatic ACC is continued until disease progression 
in cases of advanced disease and for at least 2 years in the 
adjuvant setting [11, 17, 18].

However, according to Grissanti, the mitotane treatment pro-
posed by Rodriguez-Galindo for 8 months could be an under-
treatment considering that approximately 4 months are required 
to attain a therapeutic range in the plasma, and approximately 
10% and up to 40% of patients never reach the therapeutic 
range [19, 20].

The EXPeRT/PARTNER paediatric recommendation from 
2021 suggests mitotane treatment for 2 years, during the time 
with the highest recurrence risk.

However, it should be noted that only periods with adequate 
therapeutic plasma levels should be considered effective treat-
ment time [14].

In 2022, the results of the ADIUVO study were published. 
It is  a  randomized controlled study  comparing the efficacy of 
adjuvant mitotane treatment vs. observation in prolonging re-
currence-free survival (RSF) in adult patients at low-intermediate 
risk of recurrence adrenocortical carcinoma. A total of 91 pa-
tients were enrolled in ADIUVO, 45 in the mitotane and 46 in the 
observation arm. The main inclusion criteria were stage I-III ACC, 
R0 surgery, and Ki-67 ≤10%. The results of the ADIUVO study do 
not support the routine use of adjuvant mitotane in this subset of 
patients, who may thus avoid a potentially toxic treatment [21].

Clinical trials are underway testing the efficacy of mono-
clonal antibodies (pembrolizumab, nivolumab, ipilimumab) or 
multi-tyrosine kinase inhibitor (cabozantinib) in advanced ACC.
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Weiss’s scoring system seems unreliable for paediatric 
ACTs, but later the Wineke index was reported to have a prog-
nostic value more reliable than other histological prognos-
tic scores used in adults [22]. This index classifies ACTs into 
3 prognostic groups (benign, malignant, and of undetermined 
malignant potential) based on the number of present pathologic 
criteria (tumour size, tumour weight, extension into periadrenal 
soft tissues and/or adjacent organ, vena cava invasion, capsular 
invasion, necrosis, mitotic rate/atypical mitoses, and vascular 
invasion [≤ 2, benign; 3, undetermined malignant potential; ≥ 4, 
malignant]). More recently, Picard et al. described a 5-item mi-
croscopic score based on evaluating adrenal capsular invasion, 
venous invasion, tumour necrosis, mitosis >15/20 high-power 
fields, and Ki-67 index > 15%. ACTs with 2 or less features should 
be considered to show a “favourable histology”, and those with 
more than 2 features an “unfavourable histology” [23].

The Children’s Oncology Group Adrenocortical Tumours 
(COG ACT) Staging System for adrenal tumours contains 
stage  I: R0 (complete histological resection) and small local-
ized tumours (<100 gr or  <  200 cm3) with normalization of 
hormone levels after surgery; stage II: R0 and large localized 
tumours (≥ 100 gr or ≥ 200 cm3) with normalization of hormone 
levels after surgery; stage III: Unresectable tumours or gross/
macroscopic residual disease, tumour spillage, failure to nor-
malize hormone levels after exclusive surgery, retroperitoneal 
lymph nodes involvement; and stage IV: distant metastases.

In our study group, 2 patients were treated with chemo-
therapy. In one of them,  a  year after the adrenalectomy and 
chemotherapy, metastasis in the collateral adrenal gland was 
observed, and it was treated with surgery, adjuvant chemother-
apy, and mitotane. Mitotane was used in all patients, in one only 
in treating metastatic cancer.

Mitotane is an analogue of dichloro-diphenyl-trichlo-
roethane (DDT) insecticide, which has been used for ACC 
since 1959. It causes necrosis of cells in all layers of the adre-
nal cortex. Mitotane has a long half-life, from 18 to 150 days; it 
is stored in tissues with a high lipid concentration and then re-
leased. It is known to cause frequent side effects, including en-
docrine disorders such as AI, hypothyroidism, and precocious 
puberty, central nervous system toxicity (lethargy, somnolence, 
dizziness, vertigo), gastro and hepatic disturbances (anorexia, 
nausea, vomiting, diarrhoea, hepatitis, or liver enzyme eleva-
tion), and increased serum cholesterol or leukopaenia. Mito-
tane in adults is initiated at a low dose (1 g/day with progres-
sive weekly increases up to 2–3 g/day) or a high dose (3 g/day 
rapidly increasing to 6–9 g/day within 2 weeks) [24, 25]. Treat-
ment should be initiated in children with doses 1.5 g/m2/day, 
then increased progressively to 4 g/m2/day in 2–3  doses. 
At a daily low dose of mitotane, the target plasma concentra-
tion is usually reached within 3–5 months [24]. Mitotane plas-
ma levels in children should be monitored at frequent intervals 
(approximately every 2 weeks) until the therapeutic window has 
been reached; then they should be monitored every month. 
Mitotane is widely used in adults for adrenocortical carcinoma, 
and its efficacy for prolonging recurrence-free survival has 
been reported [26].

Adjuvant mitotane treatment in adults reduced postoperative 
recurrence by 38% and postoperative death by 31% [27]. There 
has been limited use of mitotane in children, and its usage re-
mains to be established. So far, complications after treatment 
with mitotane have been described only in a  few children who 
were treated with mitotane after surgery [28–30]. Monitoring the 
plasma level of mitotane is emphasized to exploit its therapeutic 
effects and avoid its toxic effects. Mitotane has a narrow therapeu-
tic range of between 14 and 20 μg/ml [31]. Like in adults, a wide 
range of doses is used depending on the individual. Monitor-
ing plasma levels of mitotane is necessary for effective and safe 
treatment, even after the determined dose. A mitotane level of 
more than 20 μg/ml is associated with neurological toxicity [31]. 
Endocrinopathies associated with use of mitotane include AI, PP, 
and hypothyroidism. Other adverse events are gastrointestinal, 
hepatic, and lipid disturbances or neurological symptoms.

Central/primary adrenal insufficiency
Mitotane has significant adrenolytic properties involving AI. 

Simultaneously with the start of mitotane treatment, glucocorti-
coid replacement therapy should be started; less often, miner-
alocorticoid treatment is necessary.

In vitro studies showed that mitotane causes interference 
with cholesterol metabolism and mitochondrial activity in adren-
ocortical cells, which often increases the apoptosis rate. It also 
reduces adrenal steroidogenesis by inhibiting key mitochondrial 
enzymes like CYP11B, which in turn reduces the conversion of 
hormone precursors into active hormones such as cortisol [32]. 
By comparing ACTH levels between patients treated with mi-
totane for ACC and patients with primary AI, it was also found 
that mitotane potentially interferes with pituitary function. Basal 
values and post-CRH stimulation test (100 μg) showed a statisti-
cally significant decrease in ACTH levels in patients treated with 
mitotane, suggesting an inhibitory effect at the hypothalamic-pi-
tuitary-adrenal axis [33]. In vivo studies revealed strong inhibition 
of 5∝-reductase activities and significant induction of hepatic 
CYP3A4/5 activities in mitotane-treated patients, with an obvi-
ous impact on the glucocorticoid and androgen replacement 
requirement during mitotane therapy [34, 35]. CYP3A4/5 are re-
sponsible for not only the conversion of cortisol to 6βOHF but 
also the 6β-hydroxylation of testosterone. The study conducted 
by Chortis, which analysed 24-h urine samples from 127 pa-
tients collected before and during mitotane treatment, demon-
strated a 10- to 15-fold increase in 6βOHF/F excretion, establish-
ing mitotane as one of the strongest inducers of CYP3A4 activity 
[34]. Mitotane increases the level of cortisol-binding globulin 
levels [36]. Both mechanisms mentioned above (hepatic en-
zyme induction and increased cortisol binding globulin [CBG]) 
suggested an increased dose requirement for glucocorticoid re-
placement in mitotane-induced AI.

In mitotane-treated patients, corticosteroids and ACTH val-
ues can be impaired by the interference of this drug. Serum 
cortisol cannot be considered as a valid parameter because mi-
totane increases CBG, which artificially raises total cortisol [37]. 
A more useful method can be represented by salivary cortisol 
(especially with tandem-mass spectrometry), which is unaffect-
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ed by CBG alterations and reflects the serum-free cortisol status 
[38]. A recent study proposed the utility of hair cortisol measure-
ment in mitotane-treated ACC patients for the long-term moni-
toring of hydrocortisone treatment [39].

Managing AI during mitotane treatment is a challenge. Chor-
tis et al. suggest that glucocorticoid replacement in mitotane-
treated patients should be initiated with at least double the dose 
normally used in primary AI, i.e. 40–50 mg hydrocortisone (equal 
to 75 mg cortisone acetate) rather than 20–25 mg hydrocorti-
sone (equal to 37.5 mg cortisone acetate) per day [34].

In the Porier et al. study, 22 patients received glucocortico-
steroids (GKS) (10-hydrocortisone, 10-cortisone acetate) during 
and after mitotane therapy. The mean maximal daily replace-
ment dose was 69.4 mg (50–87.5 mg) for cortisone acetate and 
51.6 mg (25–100 mg) for hydrocortisone during mitotane therapy. 
Mineralocorticoid replacement with fludrocortisone was neces-
sary for 8 patients (34.8%) [40]. Additionally, after mitotane ces-
sation, 18/23 (78.3%) patients achieved complete and 3/23 par-
tial recovery of the hypothalamic-pituitary-adrenal (HPA) axis. The 
median time between the end of mitotane and GKS treatment 
was 1012 days (2.8 years) (min: 106 days, max: 2991 days) [40].

Dexamethasone should be avoided because it ex-
erts  a  strong CYP3A4/5-inducing effect [41]. Oddie et  al. de-
scribed a 4-year-old girl after adrenalectomy due to ACC with 
adjuvant chemotherapy and mitotane treatment. As a result of 
adrenal insufficiency (AI), a hydrocortisone dose of 32 mg/m2/
day was used [30]. According to other reports concerning chil-
dren after surgical treatment due to ACC, followed by the use of 
mitotane, the dose of hydrocortisone was usually 30–50/m2/day 
[28]. LoGiurato et al. described a 2-year-old boy after surgical 
treatment for ACC. In this patient, the doses of hydrocortisone, 
up to 100–150 mg/m2/day, and fludrocortisone 0.5 mg/day, were 
used simultaneously with mitotane due to severe symptoms of 
AI. The change of the drug to prednisolone improved the pa-
tient’s condition [42].

In our study group, one patient presented symptoms of 
adrenal crisis after 5 months of mitotane treatment. Laboratory 
tests revealed hyponatraemia and hyperkalaemia. The dose of 
hydrocortisone was adjusted accordingly from 16 mg/m2/day to 
40 mg/m2/day, and the treatment with fludrocortisone was intro-
duced, improving the patient’s condition.

Mitotane and hydrocortisone (usually on  a  supraphysi-
ological dose) were used simultaneously in all presented chil-
dren. The  doses of mitotane were gradually increased, ob-
taining  a  therapeutic concentration of the drug in the blood 
(14–20 μg/ml). The mean maximal dose of hydrocortisone was 
21.72 mg/m2 (min: 17.4 mg/m2, max: 40.0 mg/m2). One patient 
received mineralocorticoid in a dose of up to 75 μg. The median 
duration of mitotane therapy was 10.5 months (min: 4 months, 
max: 55 months). The range of the initial dose of mitotane was 
from 0.5 g to 1 g, and the maximum dose was from 2.5 g to 6 g.

In 2 cases (1 and 2), no permanent adrenal damage oc-
curred; HC was discontinued 7 and 12 months after mitotane 
cessation. Other patients still receive HC replacement therapy; 
however, in these cases, the time of observation after discontinu-
ation of mitotane is short.

Central hypothyroidism
According to Poirier et al., mitotane therapy is frequently asso-

ciated with the new onset of central hypothyroidism, with a prev-
alence of 95.5%; the study included 66 adult patients treated with 
mitotane for ACC [43]. Most of the cases occurred in the first 
year of treatment, 33.3% during the first 3 months of treatment, 
3–6 months in 19.1%, 6–9 months in 14.3%, and 9–12 months 
in 9.5%; at least 14.3% of cases occurred after 12  months of 
exposure. Partial or full recovery of thyroid function occurred in 
65.4% of cases, mainly in the first 2 years after mitotane discon-
tinuation [43].

Another 4 studies reported hypothyroidism as an adverse 
event, identified by reduced FT3 serum levels, occurring in 68 of 
141 patients whose thyroid function was measured [44–47]. What 
is the possible mechanism of hypothyreosis during mitotane treat-
ment? Available data reported reduced total T4 (TT4) and FT4 
serum levels, with no change in FT3 and TSH. These changes oc-
curred after 3–6 months of treatment [44]. Mitotane can enhance 
the conversion of T4 to T3 by deiodinase, as confirmed by the 
FT3/FT4 ratio being in the upper reference range [48]. Moreover, 
mitotane could inactive TSH through abnormal glycosylation [49].

In vitro studies show that mitotane reduces the expression 
and secretion of TSH dose-dependently and blocks the TSH 
response to thyrotropin-releasing hormone (TRH), determining 
central functional hypothyroidism [50].

In our study, hypothyroidism was diagnosed in 2 patients. 
Test results showed decreased FT4 levels with normal FT3 levels 
and slightly elevated TSH concentration (Table II). The patients 
required temporary (up to 7 months) treatment with levothyroxine 
at the dose of 1.00 μg/kg/day and 1.13 μg/kg/day, respectively. 

Peripheral/central precocious puberty
Peripheral precocious puberty (PPP) is the most common 

clinical presentation of ACC, seen in 50–80% of cases. Symptoms 
of hyperandrogenism in the form of pubarche praecox, acne, hir-
sutism, acceleration of growth, and advanced bone age are most 
often presented. Children with ACC may be at higher risk of cen-
tral precocious puberty after treatment due to premature activa-
tion of the gonadotropin-releasing hormone pulse generator.

PPP may also be an adverse effect of mitotane use after sur-
gical treatment of ACC, and then, due to advanced bone age, 
central precocious puberty (CPP) may be observed.

Mitotane has an oestrogenic effect that is oestrogen recep-
tor α dependent (ER-α dependent) and mediated by mitotane-
dependent increased hepatic sex hormone binding globulin 
(SHBG) synthesis [36]. The research conducted by Rossini et al. 
demonstrated that mitotane also directly binds ER-α as an ago-
nist and suggested that selective oestrogen receptor modulators 
(SERM) or selective oestrogen receptor degrader (SERD) could 
be clinically useful to antagonize the oestrogen-like mitotane-in-
duced effects [51]. Mitotane also has oestrogenic action, possi-
bly impacting bone age advancement [30]. In the literature, there 
are only a few case reports of children in whom mitotane therapy 
recognized peripheral precocious puberty [28, 30]. To our knowl-
edge, our report of 4 patients with PP during the mitotane treat-
ment is the largest study.
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Neurotoxicity
Other adverse effects observed in our patients included neu-

rological complications.
All study group patients presented neurological symptoms 

of varying expression, which were more severe in younger chil-
dren. The following manifestations were observed: dysarthria, 
unsteady gait, muscular hypotonia, decreased tendon reflexes, 
and limb tremors.

In the first patient, all neurological symptoms resolved after 
6 months of mitotane treatment were discontinued. Complica-
tions were mainly connected with elevated serum drug concen-
tration above the range. 

Patient 2’s improvement in speech regression, dysarthria, 
stuttering, apathy, irritability, and excessive sleepiness occurred 
about 3–4 months after discontinuing mitotane. In patients 
3 and 4, the symptoms of walk regression and lower limb pain 
regressed after about  a  month. Significant alleviation of limb 
tremors was also noted, occurring only with precise move-
ments. Due to the short follow-up, we cannot determine the re-
versibility of symptoms in these 2 children.

Goto et  al. described reversible encephalopathy (memory 
disturbance, spastic quadriplegia, and ataxia, mild cerebral and 
cerebellar atrophy in MRI, diffuse slowing of background activity 
in electroencephalogram [EEG]) in a 4-year-old boy 5 months 
after the start of mitotane treatment [29]. De Leon et al. report-
ed a 15-year outcome in an infant with metastatic adrenocortical 
carcinoma treated with mitotane. The patient showed develop-
mental delay and growth arrest [52].

A 5-year-old girl described by You Joung Heo developed 
cognitive and concentration disturbances with behavior regres-
sion 2 months after the start of mitotane treatment; at the last 
follow-up (at the age of 6.6 years), she exhibited only mild sleep 
and memory disturbances [28]. Based on the analysed litera-
ture, neurological symptoms usually, but not always, occurred in 
children with mitotane levels above the therapeutic level. Neuro-
logical symptoms were most often fully reversible after discon-
tinuation of mitotane.

Gastrointestinal complications
Common side effects include lack of appetite, weight loss, 

nausea, vomiting, abdominal pain, and loose stools. Our pa-
tients presented similar symptoms. It is worth pointing out that 
common side effects of mitotane, such as gastrointestinal ad-
verse effects, are difficult to differentiate from side effects of che-
motherapy or signs of undertreated AI.

Hepatotoxicity
Both hepatocellular and cholestatic liver damage have been 

observed in patients treated with mitotane. Autoimmune hepatitis 
was also described [44]. It is probably due to direct hepatotoxicity. 
Mitotane is extensively metabolized in the liver via the microsomal 
enzyme system (predominantly 2C9) and producing a  toxic or 
immunogenic intermediate can trigger liver injury. The severity 
of liver injury linked to mitotane therapy was generally mild and 
transient. Liver function tests should be periodically monitored, 
especially during the first months of treatment when or increasing Ta
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the dose (Table II). In our study, alanine transaminase (ALT) was 
elevated in one patient, and aspartate transaminase (AST) con-
centrations were within the normal range during mitotane treat-
ment. The gamma-glutamyl transpeptidase level was increased 

in 2 patients, in one of them significantly (up to 126 UI/ml). In one 
of our patients, 6 weeks after the start of mitotane treatment, cho-
lelithiasis was confirmed using an abdominal ultrasound.

Lipid disturbances
Mitotane is a lipophilic agent that accumulates in circulating 

lipoprotein fraction and high-lipid-containing tissues. In adult 
patients during mitotane treatment, an increase in total cho-
lesterol (TC), high-density lipoprotein (HDL), low-density lipo-
protein (LDL), and triglyceride has been reported [44, 46, 53]. 
In the data of Vikner et al., a significant correlation was found 
between an absolute increase in HDL levels and mitotane con-
centration in plasma, but changes in total cholesterol, LDL, and 
triglycerides were not correlated with plasma mitotane [46].

In the study group, we observed slightly elevated TC levels 
in 2 patients (Table II). There are no data on lipid abnormali-
ties during treatment with mitotane in the paediatric population. 
The mechanism of lipid disorders under mitotane treatment is 
still unclear. Two different mechanisms to explain the rise in lip-
ids have been proposed: mitotane might stimulate the activity of 
3-hydroxy-3-methylglutaryl-coenzyme A reductase, which is the 
rate-limiting enzyme in cholesterol synthesis, and thus, mitotane 
increases levels by inducing endogenous synthesis [54].

Alternatively, it has been suggested that mitotane inhibits 
CYP11A1, which would decrease the cholesterol conversion 
rate to pregnenolone [34]. Recently, mitotane was shown to 
confer adrenal-specific cytotoxicity and downregulate steroido-
genesis by inhibiting sterol O-acyltransferase 1 (SOAT1), lead-
ing to lipid-induced ER stress [55]. Mitotane absorption also 
involves chylomicron binding, and mitotane binds to lipid mem-
branes, modifying its physiochemical properties depending on 
the membrane lipid composition [56].

Conclusions

Adrenocortical carcinoma requires further investigation in 
children, especially concerning effective and safe adjuvant 
therapies. It is a matter of debate how long to use mitotane in 
children and how to deal with patients at high risk of disease 
recurrence who present with severe side effects regardless of 
the therapeutic concentration of mitotane in the serum. 

It should be emphasized that the side effects associated with 
using mitotane should be recognized as soon as possible and 
adequately treated. The need to use supraphysiological doses 
of hydrocortisone, sometimes with mineralocorticoid, should be 
noted. Some patients require levothyroxine replacement therapy.

In the first patient’s case, mitotane treatment was maintained 
despite the increased symptoms of incomplete peripheral PP 
followed by central PP (GnRH analogue treatment was used and 
continued for 2.5 years). In 3 younger children, treatment was 
discontinued after one year, 8 months, and 4 months, respec-
tively, due to rapidly progressing PP and neurotoxic symptoms.

The authors propose an algorithm of follow-up examina-
tions in children treated with mitotane, considering possible 
side effects, i.e. PP, AI, hypothyroidism, neurotoxicity, and meta-
bolic disorders (Table III).

Table III. Algorithm for endocrine safety, metabolic, and neu-
rology assessment in children treated by mitotane

Assessment Time

Hypothyreosis FT4, TSH Every 2 months in 
the first 6 months, 
next every  
3–4 months

Adrenal 
insufficiency
(gluco-
corticoids)

Sign and symptoms, 
electrolytes, eventually 
ACTH and salivary/
serum cortisol

Every 3–4 weeks in 
the first 6 months,  
next every 
2–3 months

Adrenal 
insufficiency
(mineralo- 
corticoids)

Renin Every 2 months

Precocious 
puberty

LH, FSH, E2/T In symptomatic 
patients or every 
3 months

GnRH test If necessary

Neurological 
dysfunction

Sign and symptoms Every 1–2 months

Neurology 
examination

In symptomatic 
patients 

EEG If necessary

Brain MRI If necessary

Hepatotoxicity AST, ALT, GGTP Every 3–4 weeks in 
the first 6 months, 
next every  
3–4 months

USG abdomen After 1 month, next 
every 3 months

Lipid 
assessment

Cholesterol, LDL, HDL
Triglycerides

Every 2 months

TSH – thyroid-stimulating hormone; FT3 – free triiodothyronine, FT4 – 
free thyroxine; ACTH –adrenocorticotropic hormone; LH – luteinizing 
hormone; FSH – follicle-stimulating hormone; E2 – oestradiol; T – tes-
tosterone; GnRH – gonadotropin-releasing hormone; EEG – electro-
encephalogram; MRI – magnetic resonance imaging; ALT – alanine 
transaminase; AST – aspartate transaminase; GGTP – gamma-
glutamyl transpeptidase; TC – total cholesterol; HDL – high-density 
lipoprotein; LDL – low-density lipoprotein



Precocious puberty disorders during mitotane treatment
Przedwczesne dojrzewanie płciowe podczas leczenia mitotanem

Pediatr Endocrinol Diabetes Metab 2024

27© Copyright by PTEiDD 2024

References

1.	Pinto EM, Zambetti GP, Rodriguez-Galindo C. Pediatric adreno-
cortical tumours. Best Pract Res Clin Endocrinol Metab 2020; 34: 
101448. doi: 10.1016/j.beem.2020.101448.

2.	Sandru F, Petca RC, Carsote M, et al. Adrenocortical carcinoma: 
Pediatric aspects (Review). Exp Ther Med 2022; 23: 287. doi: 
10.3892/etm.2022.11216

3.	Bianchini M, Puliani G, Chiefari A, et al. Metabolic and Endocrine 
Toxicities of Mitotane: A Systematic Review. Cancers (Basel) 2021; 
13: 5001. doi: 10.3390/cancers13195001.

4.	Ilanchezhian M, Varghese DG, Glod JW, et  al. Pediatric adreno-
cortical carcinoma. Front Endocrinol (Lausanne) 2022; 13: 961650. 
doi: 10.3389/fendo.2022.961650.

5.	Ribeiro RC, Pinto EM, Zambetti GP, et al. The International Pediat-
ric Adrenocortical Tumor Registry initiative: contributions to clini-
cal, biological, and treatment advances in pediatric adrenocorti-
cal tumors. Mol Cell Endocrinol 2012; 351: 37–43. doi: 10.1016/j.
mce.2011.10.015.

6.	Michalkiewicz E, Sandrini R, Figueiredo B, et al. Clinical and Out-
come Characteristics of Children With Adrenocortical Tumors: A Re-
port From the International Pediatric Adrenocortical Tumor Registry. 
J Clin Oncol 2004; 22: 838–45. doi: 10.1200/JCO.2004.08.085.

7.	Rodriguez-Galindo C, Krailo MD, Pinto EM, et  al. Treatment of 
Pediatric Adrenocortical Carcinoma With Surgery, Retroperitoneal 
Lymph Node Dissection, and Chemotherapy: The Children’s On-
cology Group ARAR0332 Protocol. J Clin Oncol 2021; 39: 2463–
2473. doi: 10.1200/JCO.20.02871.

8.	Pinto EM, Billerbeck AE, Villares MC, et al. Founder effect for the 
highly prevalent R337H mutation of tumor suppressor p53 in Brazil-
ian patients with adrenocortical tumors. Arq Bras Endocrinol Me-
tabol 2004; 48: 647–650. doi: 10.1590/s0004-27302004000500009.

9.	Brondani VB, Fragoso MCBV. Pediatric adrenocortical tumor – re-
view and management update. Curr Opin Endocrinol Diabetes 
Obes 2020; 27: 177–186. doi: 10.1097/MED.0000000000000540.

10.	Zheng S, Cherniack AD, Dewal N, et al. Comprehensive Pan-Ge-
nomic Characterization of Adrenocortical Carcinoma [published 
correction appears in Cancer Cell 2016; 30: 363]. Cancer Cell 
2016; 29: 723–736. doi: 10.1016/j.ccell.2016.04.002.

11.	Fassnacht M, Assie G, Baudin E, et al. Adrenocortical carcinomas 
and malignant phaeochromocytomas: ESMO-EURACAN Clinical 
Practice Guidelines for diagnosis, treatment and follow-up [pub-
lished correction appears in Ann Oncol 2023; 34: 631]. Ann Oncol 
2020; 31: 1476–1490. doi: 10.1016/j.annonc.2020.08.2099.

12.	Cavallaro G, Tarallo M, Chiappini A, et al. Surgical Management of 
Adrenocortical Carcinoma: Current Highlights. Biomedicines 2021; 
9: 909. doi: 10.3390/biomedicines9080909.

13.	Fascetti-Leon F, Scotton G, Pio L, et al. Minimally invasive resec-
tion of adrenal masses in infants and children: results of a Euro-
pean multi-center survey. Surg Endosc 2017; 31: 4505–4512. doi: 
10.1007/s00464-017-5506-0.

14.	Virgone C, Roganovic J, Vorwerk P, et al. Adrenocortical tumours 
in children and adolescents: The EXPeRT/PARTNER diagnostic 
and therapeutic recommendations. Pediatr Blood Cancer 2021; 68 
Suppl 4: e29025. doi: 10.1002/pbc.29025.

15.	Gulack BC, Rialon KL, Englum BR, et al. Factors associated with 
survival in pediatric adrenocortical carcinoma: An analysis of the 
National Cancer Data Base (NCDB). J Pediatr Surg 2016; 51: 172–
177. doi: 10.1016/j.jpedsurg.2015.10.039.

16.	Redlich A, Boxberger N, Strugala D, et  al. Systemic treatment 
of adrenocortical carcinoma in children: data from the German 
GPOH-MET 97 trial. Klin Padiatr 2012; 224: 366–371. doi: 10.1055/
s-0032-1327579.

17.	Fassnacht M, Dekkers OM, Else T, et al. European Society of En-
docrinology Clinical Practice Guidelines on the management of 
adrenocortical carcinoma in adults, in collaboration with the Eu-
ropean Network for the Study of Adrenal Tumors. Eur J Endocrinol 
2018; 179: G1–G46. doi: 10.1530/EJE-18-0608.

18.	Puglisi S, Calabrese A, Basile V, et  al. Mitotane Concentrations 
Influence the Risk of Recurrence in Adrenocortical Carcinoma 
Patients on Adjuvant Treatment. J Clin Med 2019; 8: 1850. doi: 
10.3390/jcm8111850.

19.	Dehner LP, Hill DA. Adrenal cortical neoplasms in children: why so 
many carcinomas and yet so many survivors?. Pediatr Dev Pathol 
2009; 12: 284–291. doi: 10.2350/08-06-0489.1.

20.	Grisanti S, Cosentini D, Laganà M, et al. Different management of 
adrenocortical carcinoma in children compared to adults: is it time 
to share guidelines? Endocrine 2021; 74: 475–477. doi: 10.1007/
s12020-021-02874-z.

21.	Berruti A, Fassnacht M, Libè R, et al. First randomized trial on ad-
juvant mitotane in adrenocortical carcinoma patients: The Adjuvo 
study. J Clin Oncol 2022; 40 (6 suppl): 1–1.

22.	Das S, Sengupta M, Islam N, et al. Weineke criteria, Ki-67 index and 
p53 status to study pediatric adrenocortical tumors: Is there a cor-
relation?. J Pediatr Surg. 2016; 51: 1795–1800. doi: 10.1016/j.jped-
surg.2016.07.014.

23.	Picard C, Orbach D, Carton M, et  al. Revisiting the role of the 
pathological grading in pediatric adrenal cortical tumors: results 
from a national cohort study with pathological review. Mod Pathol 
2019; 32: 546–559. doi: 10.1038/s41379-018-0174-8.

24.	Terzolo M, Pia A, Berruti A, et  al. Low-dose monitored mitotane 
treatment achieves the therapeutic range with manageable side ef-
fects in patients with adrenocortical cancer. J Clin Endocrinol Me-
tab 2000; 85: 2234–2238. doi: 10.1210/jcem.85.6.6619.

25.	Faggiano A, Leboulleux S, Young J, et al. Rapidly progressing high 
o,p’DDD doses shorten the time required to reach the therapeu-
tic threshold with an acceptable tolerance: preliminary results. 
Clin Endocrinol (Oxf) 2006; 64: 110–113. doi: 10.1111/j.1365-
2265.2005.02403.x.

26.	Terzolo M, Angeli A, Fassnacht M, et al. Adjuvant mitotane treat-
ment for adrenocortical carcinoma. N Engl J Med 2007; 356: 2372–
2380. doi: 10.1056/NEJMoa063360.

27.	Tang Y, Liu Z, Zou Z, et  al. Benefits of Adjuvant Mitotane after 
Resection of Adrenocortical Carcinoma: A Systematic Review 
and Meta-Analysis. Biomed Res Int 2018; 2018: 9362108. doi: 
10.1155/2018/9362108.

28.	Heo YJ, Yoo JH, Choe YS, et al. Low-dose mitotane-induced neu-
rological and endocrinological complication in a 5-year-old girl with 
adrenocortical carcinoma. Ann Pediatr Endocrinol Metab 2022; 27: 
236–241. doi: 10.6065/apem.2142044.022.



28 © Copyright by PTEiDD 2024

Pediatr Endocrinol Diabetes Metab 2024
Moszczyńska E., Baszyńska-Wilk M., Tutka A., Bogusz-Wójcik A., Dasiewicz P.,  
Gryniewicz-Kwiatkowska O., Walewska-Wolf M., Stepaniuk M., Majak D., 
Grajkowska W.

29.	Goto T, Miyako K, Kuromaru R, et al. Case Report: Adjuvant Ther-
apy with  a  High Dose of Mitotane for Adrenocortical Carcinoma 
in a 4-year-old Boy. Clin Pediatr Endocrinol 2008; 17: 71–74. doi: 
10.1297/cpe.17.71.

30.	Oddie PD, Albert BB, Hofman PL, et a. Mitotane in the treatment of 
childhood adrenocortical carcinoma: a potent endocrine disruptor. 
Endocrinol Diabetes Metab Case Rep 2018; 2018: 18-0059. doi: 
10.1530/EDM-18-0059.

31.	Baudin E, Pellegriti G, Bonnay M, et al. Impact of monitoring plas-
ma 1,1-dichlorodiphenildichloroethane (o,p’DDD) levels on the 
treatment of patients with adrenocortical carcinoma. Cancer 2001; 
92: 1385–1392. doi: 10.1002/1097-0142(20010915)92: 6<1385:: 
aid-cncr1461>3.0.co; 2-2.

32.	Waszut U, Szyszka P, Dworakowska D. Understanding mitotane 
mode of action. J Physiol Pharmacol 2017; 68: 13–26.

33.	Reimondo G, Puglisi S, Zaggia B, et al. Effects of mitotane on the 
hypothalamic-pituitary-adrenal axis in patients with adrenocortical 
carcinoma. Eur J Endocrinol 2017; 177: 361–367. doi: 10.1530/
EJE-17-0452.

34.	Chortis V, Taylor AE, Schneider P, et al. Mitotane therapy in adre-
nocortical cancer induces CYP3A4 and inhibits 5α-reductase, ex-
plaining the need for personalized glucocorticoid and androgen 
replacement. J Clin Endocrinol Metab 2013; 98: 161–171. doi: 
10.1210/jc.2012-2851.

35.	van Erp NP, Guchelaar HJ, Ploeger BA, et al. Mitotane has a strong 
and a durable inducing effect on CYP3A4 activity. Eur J Endocrinol 
2011; 164: 621–626. doi: 10.1530/EJE-10-0956.

36.	Nader N, Raverot G, Emptoz-Bonneton A, et al. Mitotane has an 
estrogenic effect on sex hormone-binding globulin and corticoste-
roid-binding globulin in humans. J Clin Endocrinol Metab 2006; 91: 
2165–2170. doi: 10.1210/jc.2005-2157.

37.	van Seters AP, Moolenaar AJ. Mitotane increases the blood levels 
of hormone-binding proteins [published correction appears in Acta 
Endocrinol (Copenh) 1991; 125: 336]. Acta Endocrinol (Copenh) 
1991; 124: 526–533. doi: 10.1530/acta.0.1240526.

38.	Carrozza C, Lapolla R, Gervasoni J, et al. Assessment of salivary 
free cortisol levels by liquid chromatography with tandem mass 
spectrometry (LC-MS/MS) in patients treated with mitotane. Hor-
mones (Athens) 2012; 11: 344–349. doi: 10.14310/horm.2002.1363.

39.	Manenschijn L, Quinkler M, van Rossum EF. Hair cortisol meas-
urement in mitotane-treated adrenocortical cancer patients. Horm 
Metab Res 2014; 46: 299–304. doi: 10.1055/s-0034-1370961.

40.	Poirier J, Gagnon N, Terzolo M, et al. Recovery of Adrenal Insuffi-
ciency Is Frequent After Adjuvant Mitotane Therapy in Patients with 
Adrenocortical Carcinoma. Cancers (Basel) 2020; 12: 639. doi: 
10.3390/cancers12030639.

41.	Villikka K, Kivistö KT, Neuvonen PJ. The effect of dexamethasone 
on the pharmacokinetics of triazolam. Pharmacol Toxicol 1998; 83: 
135–138. doi: 10.1111/j.1600-0773.1998.tb01457.x.

42.	LoGiurato D, Antal Z, Zhou P. Long-term follow up and treatment 
outcomes of a 2 year-old-boy with metastatic testosterone-secret-
ing adrenocortical carcinoma. AACE Clin Case Rep 2020; 6: e300–
e304. doi: 10.4158/ACCR-2020-0354.

43.	Poirier J, Godemel S, Mourot A, et al. Central Hypothyroidism is 
Frequent During Mitotane Therapy in Adrenocortical Cancer Pa-
tients: Prevalence and Timeline. J Clin Endocrinol Metab 2023; 
108: 2336–2342. doi: 10.1210/clinem/dgad115.

44.	Daffara F, De Francia S, Reimondo G, et al. Prospective evaluation 
of mitotane toxicity in adrenocortical cancer patients treated adju-
vantly. Endocr Relat Cancer 2008; 15: 1043–1053. doi: 10.1677/
ERC-08-0103.

45.	van Slooten H, Moolenaar AJ, van Seters AP, Smeenk D. The treat-
ment of adrenocortical carcinoma with o,p’-DDD: prognostic impli-
cations of serum level monitoring. Eur J Cancer Clin Oncol 1984; 
20: 47–53. doi: 10.1016/0277-5379(84)90033-6.

46.	Vikner ME, Krogh J, Daugaard G, Andreassen M. Metabolic and 
hormonal side effects of mitotane treatment for adrenocortical car-
cinoma: A retrospective study in 50 Danish patients. Clin Endocri-
nol (Oxf) 2021; 94: 141–149. doi: 10.1111/cen.14345.

47.	Basile V, Puglisi S, Calabrese A, et  al. Unwanted Hormonal and 
Metabolic Effects of Postoperative Adjuvant Mitotane Treatment 
for Adrenocortical Cancer. Cancers (Basel) 2020; 12: 2615. doi: 
10.3390/cancers12092615.

48.	Russo M, Scollo C, Pellegriti G, et al. Mitotane treatment in patients 
with adrenocortical cancer causes central hypothyroidism. Clin En-
docrinol (Oxf) 2016; 84: 614–619. doi: 10.1111/cen.12868.

49.	Persani L, Ferretti E, Borgato S, et al. Circulating thyrotropin bioac-
tivity in sporadic central hypothyroidism. J Clin Endocrinol Metab 
2000; 85: 3631–3635. doi: 10.1210/jcem.85.10.6895.

50.	Zatelli MC, Gentilin E, Daffara F, et al. Therapeutic concentrations 
of mitotane (o,p’-DDD) inhibit thyrotroph cell viability and TSH ex-
pression and secretion in a mouse cell line model. Endocrinology 
2010; 151: 2453–2461. doi: 10.1210/en.2009-1404.

51.	Rossini E, Giacopuzzi E, Gangemi F, et al. Estrogen-Like Effect of 
Mitotane Explained by Its Agonist Activity on Estrogen Receptor-α. 
Biomedicines 2021; 9: 681. doi: 10.3390/biomedicines9060681.

52.	De León DD, Lange BJ, Walterhouse D, Moshang T. Long-term 
(15  years) outcome in an infant with metastatic adrenocortical 
carcinoma. J Clin Endocrinol Metab 2002; 87: 4452–4456. doi: 
10.1210/jc.2001-011978.

53.	Shawa H, Deniz F, Bazerbashi H, et al. Mitotane-induced hyperlipi-
demia: a retrospective cohort study. Int J Endocrinol 2013; 2013: 
624962. doi: 10.1155/2013/624962.

54.	Stacpoole PW, Varnado CE, Island DP. Stimulation of rat liver 
3-hydroxy-3-methylglutaryl-coenzyme A reductase activity by o,p’-
DDD. Biochem Pharmacol 1982; 31: 857–860. doi: 10.1016/0006-
2952(82)90474-9.

55.	Sbiera S, Leich E, Liebisch G, et al. Mitotane Inhibits Sterol-O-Acyl 
Transferase 1 Triggering Lipid-Mediated Endoplasmic Reticulum 
Stress and Apoptosis in Adrenocortical Carcinoma Cells. Endo-
crinology 2015; 156: 3895–3908. doi: 10.1210/en.2015-1367.

56.	Scheidt HA, Haralampiev I, Theisgen S, et al. The adrenal specific 
toxicant mitotane directly interacts with lipid membranes and alters 
membrane properties depending on lipid composition. Mol Cell 
Endocrinol 2016; 428: 68–81. doi: 10.1016/j.mce.2016.03.022.


