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Mitotane has been used for the treatment of adrenocortical cancer (ACC) for over 50 years.
Despite its widespread use both inmonotherapy and in combinationwith chemotherapeutics,
our knowledge of its mechanism of action and therapeutic efficacy is scarce. The number of
patientswith advanced ACCwho have achieved complete remission documented by detailed
clinical data is below ten.We report a case of a 64-year-oldwomanwith a non-functional ACC.
Histological examination showed vascular invasion, Ki67 of 10% and a mitotic count of 3/10
high-power field. Immunohistochemistry revealed p53 positivity. Pathological TNM gradewas
reported as T2N0M0, ENSAT stage 2. Nine months after the initial diagnosis, re-staging CT
revealed multiple peritoneal nodules, lymph node and kidney metastases confirmed by
histologic examination. Mitotane monotherapy was started with a maintenance dose
between 2.0 and 2.5 grams/day. Partial remission was established at six months.
Subsequently, for another 12 months, each of the three-monthly CT scans confirmed
complete remission. Nineteen months after the initiation of mitotane, an unexpected
sudden death occurred. A detailed autopsy work-up, performed in the full awareness of
oncological history, confirmed complete remission. The authors review the molecular
biomarkers and clinical features reported as predictors of response tomitotanemonotherapy.

Keywords: adrenocortical cancer, complete remission, predictive markers, mitotane, monotherapy
INTRODUCTION

Nowadays, mitotane is the only compound registered to treat adrenocortical cancer (1). Despite its
use of over 50 years, the exact mechanism of action is mostly unknown (2). Mitotane is most
frequently used in combination with chemotherapeutics. For recurrent or advanced adrenocortical
cancer, etoposide-doxorubicin-cisplatin therapy combined with mitotane (EDP-M) is
Abbreviations: ACC, adrenocortical carcinoma; ACTH, adrenocorticotropic hormone; CT, computed tomography; FDG-
PET-CT, fluoro-deoxyglucose positron emission tomography; ENDO-ERN HCP, European Reference Network on Rare
Endocrine Conditions, Health Care Provider.
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Tőke et al. Case Report: Complete Remission of Advanced Adrenocortical Cancer
recommended as the first-line treatment of choice. In second-
line settings, gemcitabine plus capecitabine or streptozocin could
be possible options with continued mitotane treatment (3). In
patients with low tumour load or poor performance status,
mitotane can be initiated as monotherapy (4). Although
mitotane is not registered for adjuvant purposes, it is used with
increasing frequency in the adjuvant setting (5–7).

The efficacy of EDP-M is limited in general; however,
favourable response is obtained in a few cases. Terzolo et al.
reported their single-centre experiences with 180 metastatic ACC
patients treated with EDP-M therapy over 20 years. Four patients
(2.2% of all) exhibited progression-free survival for five years.
Two patients showed complete remission after EDP-M
chemotherapy (8). In another single-institution series, surgery
identified complete pathological response in 4 (7%) out of 58
consecutive metastatic ACC patients following EDP-M. None of
them had recurred at the last follow-up (9).

Despite its widespread use in the therapy of ACC, we have
limited knowledge about its efficacy as monotherapy. The most
extensive study to date reported experiences with 127 patients
from a German multicentre study (10). In this retrospective
analysis, 26 patients (20,5%) exhibited objective response; three
of them had a complete response (10). Another study from the
Memorial Sloan-Kettering Cancer Center from the period between
1989 and 2015 showed that only 4 out of the 36 patients (11%) had
an objective response to mitotane monotherapy; however, 3 of
them showed complete response (11).

Concerning complete remission achieved by mitotane
monotherapy in patients with advanced-stage ACC, there is a
remarkable paucity of reported patients. El Ghorayeb et al.
summarized all the nine adult patients with advanced ACC
having achieved complete remission with mitotane
monotherapy, published between 1974 and 2014 (12). Since
this publication, we are aware of six other cases reported
without further details in the two aforementioned retrospective
clinical studies (10, 11). Besides reporting a new patient, we
review the molecular and clinical predictors of response to
mitotane monotherapy in advanced ACC patients.
CASE DESCRIPTION

A 64-year-old woman was referred to our adrenocortical cancer
referral centre following left adrenalectomy. The adrenal tumour,
9.5 cm in its largest diameter, was detected incidentally during
investigations for an unexplained rash (Figure 1). Preoperative
hormonal measurements including plasma cortisol, aldosterone,
ACTH, and plasma renin activity resulted in the diagnosis of a
non-functional adrenal tumour. Chest and abdominal computed
tomography revealed discrete peritumoral adipose tissue
infiltration without pathological lymph nodes or distant
metastases. The native density of the tumour on CT was +40
Hounsfield unit. Histological examination showed vascular
invasion, Ki67 of 10% and a mitotic count of 3/10 high-power
field. Immunohistochemistry revealed p53 positivity. Pathological
TNM grade was reported as T2N0M0, ENSAT stage 2.
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2,5 months following adrenalectomy, the tumour bed was
irradiated using a Varian Clinac iX 6 MV photon beam
instrument with a total dose of 50.5 Gy. The postoperative 3-
and 6-month re-staging CT did not show any tumour lesion. Nine
months after the initial diagnosis, abdominal ultrasonography and
re-staging CT revealed multiple peritoneal nodules raising the
suspicion of peritoneal carcinomatosis, a periventricular lymph
node, and a left kidney metastasis (Figures 2 and 3). The maximal
tumoral diameter was 12 mm. Laparoscopic tissue sampling from
the ascending colon and sigmoid intestine resulted in the
histological diagnosis of peritoneal carcinomatosis from ACC.
Therefore, twelve months following adrenalectomy, mitotane
monotherapy was started according to a high-dose regimen (13).
FIGURE 1 | Left adrenal tumour, 9.5 cm in its largest diameter. Unenhanced
computed tomographic scan. Native density 40 Hounsfield unit.
FIGURE 2 | 8 mm metastasis within the left perirenal fat. Ultrasonographic image.
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Tőke et al. Case Report: Complete Remission of Advanced Adrenocortical Cancer
Mitotane plasma levels were monitored by the Lysosafe service
(www.lysosafe.com). Therapeutic mitotane concentration was
achieved within two months. Mitotane, with a maintenance dose
between 2.0 and 2.5 grams/day, was well tolerated during the
whole course of its administration. The patient was substituted
with hydrocortisone, 30 mg/day. She was educated for signs and
symptoms of adrenal failure and supplied with an emergency card
and parenteral hydrocortisone KIT.

Re-staging CT performed three months following the
initiation of mitotane therapy revealed stable disease, while
partial remission was reported at six months. After that, each
three-monthly CT confirmed complete remission.

Two and a half years following the adrenalectomy and nineteen
months after the initiation of mitotane, the lone-living patient was
found dead in her flat. A detailed pathological work-up, performed
in the full awareness of oncological history, confirmed complete
remission. Special attention was paid to the peritoneal surfaces and
the liver, which was sliced into 5-mm slices. Lesions suspected of
metastatic disease were not found anywhere. The autopsy could
not give a definite answer regarding the cause of death. Because of
the influenza epidemic at that time, a viral infection could be
Frontiers in Oncology | www.frontiersin.org 3
suspected as a cause of death. Other alternatives as possible
explanations for the unexpected sudden death include adrenal
insufficiency and long Q-T syndrome caused by mitotane therapy.

According to our in-house ACC registry, out of 48 patients
with advanced ACC, 15 patients were initially treated with
mitotane monotherapy. The patient reported here is the only
one who achieved complete remission on mitotane monotherapy.
DISCUSSION

Mitotane causes selective damage to adrenocortical cells, acting
primarily by the disruption of mitochondria and activating
apoptosis (14). Regarding the potential molecular biomarkers
of the efficacy of mitotane therapy, data are scarce. Maintaining
serum mitotane levels in the target range of 14 to 20 mg/L is a
strong predictor of effectiveness (15). However, we have several
hints that objective response to mitotane can be achieved with
lower plasma mitotane concentrations (10, 11). The human
cytochrome P450 2W1 enzyme (CYP2W1) was suggested to
be involved in the metabolism of mitotane. CYP2W1
immunoreactivity was associated with longer overall survival
and time to progression in ACC patients treated with mitotane
monotherapy (16). A recent multicentre study suggested that a
specific combination of single nucleotide polymorphisms of two
mitochondrial enzymes (CYP2W1 and CYP2B6) may predict
therapeutic response to mitotane monotherapy (17). Next-
generation sequencing proved unsuccessful in predicting
response to mitotane monotherapy in two out of the three
complete responders to mitotane (11). Mitotane is an inhibitor
of sterol-O-acyl transferase 1 (SOAT1), which was postulated to
be a key molecular target of mitotane. However, SOAT1
expression has not been correlated with clinical endpoints in a
study with ACC patients on mitotane monotherapy (18). Despite
numerous efforts, none of the studies established clinically useful
biomarkers having the potential for predicting response to
mitotane therapy. The results of these studies are summarized
in Table 1.

Similarly to potential biochemical markers, to date, we do not
have firm clinical markers predicting response to mitotane (12).
Two extensive retrospective studies were published with mitotane
monotherapy in their focus (10, 11), and only one paper
summarized individual case reports to date (12). Table 2 updates
the main clinicopathological features of each patient reported with
FIGURE 3 | 7.4 mm metastasis in the left renal cortex. Contrast-enhanced
computed tomographic scan.
TABLE 1 | Molecular markers tested so far for a response to mitotane monotherapy in patients with advanced ACC.

Presumed biomarker No of the tested patients Result Reference

DNA repair enzymes RRM1 and
ERCC1

92 RRM1 expression was associated with DFS and OS Volante et al. (19)

Germline DNA 2 NGS was negative in complete responders Reidy-Lagunes et al. (11)
CYP2W1 expression 25 CYP2W1 predicts response to mitotane Ronchi et al. (16)
SNPs (CYP2W1*2, CYP2W1*6,
CYP2B6*6 and CYP2B6 rs4803419)

182 CYP2W1*6 and CYP2B6*6 may predict individual response Altieri et al. (17)

Sterol-O-acyl transferase 1 (SOAT1) 231 no correlation with clinical endpoints Weigand et al. (18)
May 2021 | Vo
DFS, disease-free survival, ERCC1: excision repair cross-complementation group 1; NGS, next-generation sequencing; OS, overall survival; RRM1, Ribonucleotide reductase large
subunit 1; SNP, single nucleotide polymorphism.
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complete response to mitotane monotherapy. In these publications,
a common clinical parameter predicting response to mitotane was
the tumour burden itself, expressed either as the number of sites
involved or tumoral diameter or number of tumoral lesions. Late
versus early recurrence of advanced disease (cut-off at 360 days)
proved to be another highly significant clinical parameter (10).
According to these clinical reports, hormonal activity of the primary
tumour is not an important feature influencing response to
mitotane as complete remission could be achieved both in
functioning and in non-functioning adrenocortical cancers. The
metabolic response to mitotane on FDG-PET scan was suggested to
be a potential radiologic predictor of response to mitotane
monotherapy (12).

Concerning the suggested clinical predictors of a favourable
response to mitotane, our patient fulfilled three out of the four
parameters listed in Table 3. She was in good condition at the
tumour’s recurrence; she had a non-functional tumour and had a
low tumour burden with less than ten lesions at recurrence. Only
one criterion was not fulfilled; namely, her tumour relapsed after
270 days.

Our case presentation has limitations. First, the cure of
peritoneal carcinomatosis was initially diagnosed and followed
with computed tomography scans which could not imply a
complete pathological response in vivo. Nevertheless, the
autopsy findings, including the inspection of the peritoneal
surfaces, should be considered as strong indicators of complete
remission. In addition, the follow up of this patient was short
(19 months) due to the occurrence of the sudden death.

The optimal length of mitotane monotherapy following
achievement of complete response is unknown. Within El
Ghorayeb’s compilation of patients with complete remission,
Frontiers in Oncology | www.frontiersin.org 4
disease-free survivals were between 4 and 25 years. Regarding the
length of mitotane therapy following CR, we do not have any
guidance. In some patients, mitotane was administered lifelong;
however, long-lasting disease-free intervals were reported in
patients with discontinued mitotane therapy.
CONCLUDING REMARKS

The few reported cases of patients with advanced ACC achieving
complete remissions on mitotane monotherapy are strong pieces
of evidence for the therapeutic efficacy of mitotane.
Molecular biomarkers predicting the success of mitotane are
desperately needed.
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TABLE 2 | Clinicopathological features of adult patients with metastatic adrenocortical cancer reported as complete responders to mitotane monotherapy.

Reference No of patients
reported with
CR to mitotane

Timing of mitotane initiation Tumour burden at
mitotane initiation

Hormonal excess

Megerle et al. (10) 3 ≥360 days since initial diagnosis (3/3) < 10 tumor lesion (2/3) Cortisol (1/3)
≥ 10 tumor lesion (1/3)

Reidy-Lagunes et al. (11) 3 ND Tumors in one site with low (< 3 cm) Nonfunctional (3/3)
tumor volume (3/3)

El Ghorayeb et al. (12) 9 At initial diagnosis (6/9) ND Nonfunctional (3/9)
2 years since initial diagnosis (1/9) Cortisol (1/9)
ND (2/9) Androgens (3/9)

Cortisol and androgens (2/9)
Our patient, 2021 1 1 year since initial diagnosis (1/1) < 10 tumor lesion, low tumor burden

(maximum tumor diameter 12 mm)
Non-functional (1/1)
May 2021
ND, no data.
TABLE 3 | Clinical parameters suggested predicting favourable response to mitotane monotherapy in patients with advanced ACC.

Reidy-Lagunes et al., 2017 (11) Megerle et al., 2018 (10)

Endocrine activity non-functional tumours probably respond better not a predictive factor
Performance status Patients with ECOG 0-1 probably respond better not investigated
Tumour burden disease limited to one site < 10 tumoral lesions

low volume disease (< 3 cm)
Timing of recurrence not investigated delayed (>360 days) advanced recurrence
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