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Abstract

Objective: Mitotane, a drug used to treat adrenocortical cancer (ACC), inhibits multiple enzymatic steps of 

adrenocortical steroid biosynthesis, potentially causing adrenal insufficiency. Recent studies in vitro have also 

documented a direct inhibitory effect of mitotane at the pituitary level. The present study was aimed to assess the 

hypothalamic–pituitary–adrenal axis in patients with ACC receiving mitotane.

Design and methods: We prospectively enrolled 16 patients on adjuvant treatment with mitotane after radical surgical 

resection of ACC, who underwent standard hormone evaluation and h-CRH stimulation. A group of 10 patients with 

primary adrenal insufficiency (PAI) served as controls for the CRH test.

Results: We demonstrated a close correlation between cortisol-binding globulin (CBG) and plasma mitotane levels, and a 

non-significant trend between mitotane dose and either serum or salivary cortisol in ACC patients. We did not find any 

correlation between the dose of cortisone acetate and either ACTH or cortisol levels. ACTH levels were significantly higher 

in patients with PAI than that in patients with ACC, both in baseline conditions (88.99 (11.04–275.00) vs 24.53  

(6.16–121.88) pmol/L, P = 0.031) and following CRH (158.40 (34.32–275.00) vs 67.43 (8.8–179.52) pmol/L P = 0.016).

Conclusions: The observation of lower ACTH levels in patients with ACC than that in patients with PAI, both in basal 

conditions and after CRH stimulation, suggests that mitotane may play an inhibitory effect on ACTH secretion at the 

pituitary levels. In conclusion, the present study shows that mitotane affects the HPA axis at multiple levels and no 

single biomarker may be used for the assessment of adrenal insufficiency.

Introduction 

Mitotane has been used in the treatment of adrenocortical 
cancer (ACC) over the last 50 years and is generally 
regarded as a toxic drug with a narrow therapeutic index 
(1, 2, 3, 4, 5, 6). It is well known that mitotane is able to 
inhibit multiple enzymatic steps of adrenocortical steroid 
biosynthesis and for this reason mitotane has been used to 
treat Cushing’s syndrome of different etiologies (7). After 
the demonstration that adjunctive mitotane treatment 

following radical extirpation of ACC extends disease-free 
survival (8), mitotane has been increasingly used in an 
adjuvant post-operative setting (9, 10, 11, 12).

It is anticipated that patients who had adjuvant 
mitotane treatment may develop adrenal insufficiency; 
thus, some clinicians prefer to initiate cortisol replacement 
concomitantly with mitotane (10, 12). However, there is 
still limited knowledge on the impact of chronic mitotane 

Correspondence 
should be addressed 
to S Puglisi 
Email 
sorayapuglisi@yahoo.it

European Journal of 
Endocrinology  
(2017) 177, 361–367

www.eje-online.org © 2017 European Society of Endocrinology

177:4 361–367G Reimondo and others Effects of mitotane on the 
HPA axis

177:4

10.1530/EJE-17-0452

Clinical Study

Downloaded from Bioscientifica.com at 05/22/2023 03:57:37PM
via free access

http://dx.doi.org/10.1530/EJE-17-0452
mailto:sorayapuglisi@yahoo.it
http://www.eje-online.org	©


Eu
ro

p
ea

n
 J

o
u

rn
al

 o
f 

En
d

o
cr

in
o

lo
g

y
177:4 362Clinical Study G Reimondo and others Effects of mitotane on the  

HPA axis

www.eje-online.org

treatment on the function of the hypothalamic–pituitary–
adrenal (HPA) axis. Since ACC is a very rare and aggressive 
tumor, the available studies did not focus on the consequences 
of chronic treatment with mitotane, but the issue of the 
mitotane-induced impairment of adrenal function is 
clinically relevant due to the improved prognosis of patients 
managed in referral centers following surgical removal of 
ACC (9, 11, 13). An obvious goal of steroid replacement is 
to avoid an adrenal crisis that may be difficult to recognize 
because symptoms of adrenal insufficiency mimic mitotane 
toxicity (e.g. asthenia, nausea) (14, 5). Although it is wise to 
err in favor of over-replacement, these patients should be 
spared from the complications of excessive steroid treatment; 
a challenging aim due to the usual practice of giving high 
doses of steroids in mitotane-treated patients. The rationale 
for this stands in the cytochrome P4503A4 induction by 
mitotane that results in rapid and massive inactivation of 
administered hydrocortisone (15).

We had previously investigated the effects of mitotane 
on the endocrine system in patients treated adjunctively 
after complete ACC removal (16), showing that the 
drug was able to impair adrenal hormone secretion 
and to increase cortisol-binding globulin (CBG). ACTH 
levels were found to be scattered with great individual 
variations. More recently, Gentilin et al. (17) showed that 
mitotane was able to affect corticotroph function and cell 
survival in the mouse pituitary cell line AtT20/D16v-F2 
and in the primary cultures of human ACTH-secreting 
pituitary adenomas. Mitotane reduced cell viability and 
ACTH secretion by blocking the stimulatory effects of 
corticotropin releasing hormone (CRH) on cell viability, 
ACTH secretion and POMC expression. These effects were 
apparent at mitotane doses greater than those usually 
necessary for reducing cortisol secretion in Cushing’s 
syndrome, but still in the therapeutic range for ACC 
treatment. This study coupled with previous evidence that 
mitotane was able to impair thyrotrope cell viability, TSH 
secretory activity, TSH expression and TRH responsivity 
in T–T1 cells (18), supports the hypothesis that mitotane 
may have direct inhibitory effects at the pituitary level.

Here, we did a comprehensive assessment of the 
HPA axis in patients receiving mitotane as adjuvant 
treatment after radical resection of ACC to get insights 
on the pathophysiology of the HPA axis in this condition 
looking for markers of potential clinical interest.

Subjects and methods

For the purpose of this study, we enrolled prospectively 
16 consecutive patients who were managed at our center 

for adjuvant mitotane treatment between 2013 and 2015. 
Patients had radical (R0) resection of ACC, performed 
at least 1 year before (median 41 months) and followed 
by adjuvant mitotane treatment for at least 1  year 
(median 31 months). This series was homogeneous and 
representative of patients in mitotane adjuvant treatment. 
All patients were on a program of regular follow-up at 
our center.

Patients were on stable mitotane dose and steroid 
supplementation for at least 6 months and were disease 
free at the time of evaluation. The institutional ethics 
committee of our hospital approved the study, and all 
patients provided written informed consent.

Inclusion criteria for the study were: age ≥18 years, 
pathologically confirmed diagnosis of ACC (diagnoses 
were done or confirmed by the pathologists of San 
Luigi Hospital), availability of pre-operative and post-
operative computed tomography (CT) scans, ACC 
stage I-III at diagnosis, R0 resection of primary tumor, 
complete follow-up information. Exclusion criteria were: 
incomplete tumor staging, ENSAT stage IV, history of 
other previous/concomitant malignancies, Rx or R1 
resection, follow-up of less than 12 months or incomplete 
follow-up information.

All patients received the same mitotane formulation 
(Lysodren, 500 mg tablets) orally at a starting dose of 
1 g daily, with progressive weekly increments up to 
4–6 g daily, or the highest tolerated dose, aiming to reach 
concentrations between 14 and 20 mg/L (19). When such 
or even higher concentrations were attained, doses were 
tapered with further individual dose adjustments guided 
by the results of mitotane measurement and toxicity 
assessment. From the time mitotane was commenced, 
all the patients received glucocorticoid replacement with 
a two-dose regimen of cortisone acetate (2/3 of dose 
in the morning at awakening, 1/3 of dose in the early 
afternoon). Due to the well-known enhanced metabolic 
clearance rate of glucocorticoids induced by mitotane 
(15), cortisone acetate was given at doses much higher 
than that in Addison’s disease. The dose of cortisone 
acetate was adjusted during mitotane treatment based 
on careful clinical assessment, according to our standard 
practice (14).

A group of 10 patients with primary adrenal insufficiency 
served as controls for the CRH test. In five patients 
hypoadrenalism had an autoimmune origin (Addison’s 
disease), whereas in five patients it was due to bilateral 
adrenalectomy done in patients with previous Cushing’s 
syndrome caused by ectopic ACTH-secreting tumors, which 
were found and radically removed after adrenalectomy.
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Study protocol

The study was done in an outpatient setting. A CRH 
test was performed between 08:30 and 09:00 h, after an 
overnight fast and omitting any hormone replacement in 
the morning. We deliberately set a minimum interval of 
12 h after the last dose of cortisone acetate. An antecubital 
vein was cannulated 30 min before the beginning of the 
test and blood samples were taken for measurement of 
plasma ACTH and serum cortisol at −15, 0, 15, 30, 45 and 
60 after injection of human CRH (Ferring Arzneimittel 
GesmbH, Wien, Austria; 100 μg as an intravenous bolus). 
The patients with ACC also underwent routine laboratory 
evaluation, monitoring of mitotane concentrations and a 
hormonal work-up including determination of morning 
salivary cortisol, dehydroepiandrosterone sulfate 
(DHEAS), aldosterone, plasma renin activity (PRA) and 
cortisol-binding globulin (CBG). In patients with ACC, 
ACTH and cortisol levels were measured in the previous 
12  months (a minimum of 6 measurements) and their 
correlations with supplemental glucocorticoid dose were 
analyzed. Patients with PAI underwent only a CRH test. 
Blood samples for serum and plasma hormone analyzes 
were collected in tubes that did not contain any additives 
or contained K2-EDTA, respectively. The serum was 
obtained by centrifuging the tubes at 3000 rpm for 15 min 
at room temperature, whereas the plasma was obtained 
by centrifuging the tubes at 3000 rpm for 15 min at 4°C. 
After separation from the red blood cells, serum and 
plasma were stored at 4–8°C if the assays were performed 
within 24 h while, for longer storage periods, they were 

aliquoted and frozen at −20°C until assayed. Saliva was 
collected by chewing a cotton swab (Salivette, Sarstedt, 
Nümbrecht, Germany) over a 1–3 min period, centrifuged 
at 2000 rpm for 10 min, aliquoted and frozen at −20°C. 
Hormones were measured in-house with commercially 
available reagents. Serum cortisol and serum DHEAS were 
measured using competitive chemiluminescent enzyme 
immunoassay (Immulite 2000, DPC, Los Angeles, CA, 
USA). The following hormones were measured using 
radioimmunoassay (RIA): salivary cortisol (Radim, 
Pomezia, Rome, Italy), PRA (Sorin Biomedica, Saluggia, 
Italy), Aldosterone (Adaltis, Bologna, Italy), CBG 
(DIAsource, Ottignies Louvain la Neuve, Belgium). ACTH 
was measured with immunoradiometric assay (IRMA-
Scantibodies Laboratory Inc., Santee, USA). The normal 
range and the detection limit of the different assays used 
in hormone monitoring were reported in Table 1. Intra- 
and inter-assay coefficients of variation for all hormone 
variables, performed in duplicate, were less than 5% and 
9%, respectively. Plasma mitotane was measured in-house 
by a HPLC assay, as described previously (20). Routine 
clinical chemistry variables were determined using 
standard enzymatic methods.

Statistical analysis

All statistical analyses were performed using Statistica 
(StatSoft) statistical software. For each patient, net 
and percentage ACTH and cortisol increments from 
baseline following CRH for both ACTH and cortisol were 

Table 1 Hormonal data of patients with ACC.

Characteristics Values, median (range) Normal range Detection limit

Serum cortisol (nmol/L) 42.49 (13.80–460.75) 248.31–689.75 13.80
Salivary cortisol (nmol/L) 4.97 (2.80–14.35) 13.80–27.60 2.80
Plasma ACTH (pmol/L) 24.53 (6.16–121.88) 1.32–13.20 1.10
Serum CBG (µmol/L) 2.92 (0.94–3.90)  0.01

Males 0.42–1.04
Females 0.76–2.91

Plasma PRA (µg/L/h) 1.80 (0.60–5.10) 0.80–6.00 0.20
Serum Aldosterone (nmol/L) 0.33 (0.18–0.66) 0.14–0.80 0.02
Serum DHEAS (µmol/L) <0.41 0.41

Males
30–39 years 2.99–10.04
40–49 years 1.22–9.36
50–59 years 0.68–6.51
60–69 years 0.68–2.58

Females
40–49 years 0.68–5.97
50–59 years 0.41–4.61
60–69 years < 5.02
70–90 years  < 2.44  

F, Female; M, Male; y, years.
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calculated. Rates and proportions were calculated for 
categorical data and medians and ranges for continuous 
data. Differences were analyzed by means of the chi-
square test, Fisher’s exact test and Mann–Whitney U test. 
Correlation analyses were determined by calculating the 
Spearman’s R coefficient. P values of less than 0.05 were 
considered to indicate statistical significance.

Results

The group of ACC patients included 10 men and 6 
women, aged between 35 and 70 years (median: 52 years). 
Their baseline characteristics are provided in Table 2. At 
the time of the study, 6 patients had mitotane levels 
within the therapeutic range (14–20 mg/L) (19) and 1 
had mitotane levels >20 mg/L, whereas 9 had mitotane 
levels <14 mg/L (<10 mg/L in 5 cases). The median dose 
of cortisone acetate was 62.5 mg daily (range: 50–100 mg 
daily), corresponding to 33.1 mg/m2 of body surface 
(24.9–50.4 mg/m2) or 0.8 mg/kg (0.6–1.2 mg/kg).

The group of patients with PAI included 4 men 
and 6  women, aged between 32 and 63  years (median: 
54.5 years). In this group, the median dose of cortisone 
acetate was 31.25 mg daily (range: 18.75–37.5 mg), 
corresponding to 15.9 mg/m2 of body surface 
(9.9–19.6 mg/m2) or 0.42 mg/kg (0.25–0.51 mg/kg).

Hormonal data of the patients with ACC are provided 
in Table 1. Basal serum cortisol was reduced in 14 (87.5%) 
patients, remained undetectable in 7 (43.8%) of them, and 
was in the normal range in only 2 (12.5%) patients; one 
of them had low mitotane concentrations. Basal salivary 
cortisol was reduced in 14 (87.5%) patients, remained 
undetectable in 8 (50.0%) of them, and was in the normal 
range in only 2 patients (the same cases as above). Only 
a non-significant trend between mitotane dose and either 
serum cortisol (Fig.  1) or salivary cortisol was evident. 
However, 9 of 11 patients with cortisol <100 nmol/L 
showed persistently elevated levels of mitotane (in the 
target range) for at least 12 months preceding the study. 
Plasma ACTH levels were elevated in 11 (68.7%) patients 
and normal in 5 (31.3%) patients. ACTH levels were not 
correlated with either plasma mitotane concentrations 
(Fig. 2) or serum or salivary cortisol. Median CBG levels 
were of 2.92 µmol/L (0.94–3.90) being supranormal in 11 
(68.7%) patients, whereas DHEAS levels were undetectable 
(<0.4 µmol/L) in all patients. CBG levels were positively 
correlated with plasma mitotane concentrations (r = 0.80, 
P = 0.003). Only one patient was on mineralocorticoid 
replacement and the remainders had normal PRA (1.80, 

0.60–5.10 µg/L/h) and aldosterone levels (0.33, 0.18–
0.66 nmol/L). ACTH and cortisol levels measured in the 
previous 12  months did not show any correlation with 
glucocorticoid dose in use at the time of sampling.

After CRH challenge, the median value of the net 
ACTH increment was 14.81 pmol/L (1.94–39.49) and the 
median value of percent ACTH increment was 85% (−7 to 
512); whereas the net cortisol increment was 41.38 nmol/L 
(13.79–402.81), and the percent cortisol increment was 0% 
(−35 to 246). The 2 patients with normal baseline cortisol 
levels showed no cortisol response to CRH whereas ACTH 
levels were elevated in one case and normal in the other 
and responding to CRH in both cases. An ACTH increment 
>35% was observed in 13 (81.2%) patients whereas only 3 
(18.8%) patients had a cortisol increment >20%, however, 
with negligible absolute values (<82.77 nmol/L). ACTH 
levels were significantly higher in patients with PAI than 

Table 2 Baseline characteristics of patients with ACC.

 
Characteristics

ACC patients  
(n=16)

Age (years) 53.5 (35–70)
Sex (n (%))

Men 10 (62.5%)
Women 6 (37.5%)

Functional status (n (%))
Overt Cushing 2 (12.5%)
Subclinical Cushing 3 (18.75%)
Non–functional tumors 11 (68.75%)

Duration of adjuvant mitotane (months) 31 (12–63)
Plasma mitotane levels (mg/L) 13.5 (5.7–24.3)
Mitotane dose (g/day) 2.0 (1.0–4.5) 
Cortisone acetate dose (mg/day) 62.5 (50–100)
Cortisone acetate dose (mg/m2/day) 33.1 (24.9–50.4)
Cortisone acetate dose (mg/kg/day) 0.8 (0.6–1.2)

Figure 1

Correlation between morning serum cortisol levels and plasma 

mitotane levels in patients with ACC. r = correlation coefficient.
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that in patients in ACC, both in baseline conditions 
(88.99 (11.04–275.00) vs 24.53 (6.16–121.88) pmol/L, 
P = 0.031) and following CRH (158.40 (34.32–275.00) vs 
67.43 (8.8–179.52) pmol/L P = 0.016).

The time-dependent ACTH curves are showed in 
Fig. 3.

Baseline cortisol levels were superimposable between 
both groups. After CRH, percent cortisol increment was 
lower in patients with ACC (P = 0.041).

Discussion

In the present study, we have thoroughly analyzed the 
HPA axis in 16 consecutive patients treated adjuvantly 
with mitotane at a stable dose following radical resection 
of ACC. The patients were free of tumor at the time of 
evaluation and showed no obvious clinical or biochemical 
sign of under- or over-dosing of glucocorticoid 
replacement. Patients treated adjuvantly with mitotane 
represent the best model to assess the clinical and 
biochemical alterations associated with mitotane use 
without confounding due to the systemic and endocrine 
effects of the tumor (16).

This study clearly shows that longstanding mitotane 
treatment almost invariably leads to adrenal insufficiency. 
Suppression of cortisol secretion was profound in most 
patients despite that a mitotane threshold >14 mg/L, 
which has been associated with the anti-neoplastic activity 
of the drug (19), was evident in only half of the patients. 
However, 9 of 11 patients with cortisol <100 nmol/L had 
persistently elevated levels of mitotane in the previous 
determinations, showing that adrenal suppression cannot 

be fully predicted by a single mitotane determination 
being more important the exposure to chronically elevated 
levels of mitotane. The present study also underlines how 
challenging it is to maintain mitotane concentrations in 
the therapeutic range (21).

We have also reported that mitotane enhances 
serum CBG levels (16, 22) and we have demonstrated 
a close correlation between CBG and mitotane levels. 
The  mitotane-induced increase in CBG may partially 
mask the degree of cortisol suppression; thus, serum 
cortisol is generally regarded as an unreliable marker 
in mitotane-treated patients (22). Therefore, we 
have also assessed salivary cortisol in our patients, as 
cortisol levels in saliva reflect free cortisol (23) and 
may give a more accurate estimate of cortisol secretion 
independently from variation in CBG. Nevertheless, 
in our study the measurement of salivary cortisol 
did not add useful information for assessing adrenal 
insufficiency in mitotane-treated patients with ACC. 
This is probably due to high levels of cortisone in 
salivary samples, because of the remarkable expression 
of 11β-hydroxysteroid dehydrogenase type 2 (11β-
HSD2) in salivary epithelium cell (24). It is known that 
in RIA-based cortisol assays, specificity is affected from 
cross-reactivity between cortisol and cortisone (25). We 
have deliberately excluded urinary free cortisol (UFC) 
from hormonal assessment, as in mitotane-treated 
patients UFC assessment is unreliable because of the 
possible cross-reactivity of immunoassays with different 
metabolites, such as 6β-hydroxycortisol, whose urinary 

Figure 2

Correlation between basal ACTH levels and plasma mitotane 

levels in patients with ACC. r = correlation coefficient. Figure 3

Comparison of time-dependent ACTH curves during CRH test 

between patients with ACC and patients with Addison disease. 

Data are expressed as mean + s.e.m.
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excretion is largely increased as a result of increased 
metabolic clearance of exogenous steroids on mitotane 
treatment (15). Our patients took a median daily dose 
of cortisone acetate, corresponding to 33.1 mg/m2 or 
0.8 mg/kg, which is higher than the median dose used in 
Addison’s disease (26). It is current practice to use much 
elevated cortisol doses to replace adrenal insufficiency 
in mitotane-treated patients because mitotane induces 
a strong induction of cytochrome P4503A4, leading to 
inactivation of exogenous steroids (15). We are aware 
that cortisone acetate is not the best drug for steroid 
replacement, but it was the most readily available 
exogenous steroid in Italy in the past years (27).

Undetectable DHEAS levels in all patients may herald 
that 17α-hydroxylase is particularly sensitive to mitotane 
inhibition, as it was shown in vitro (28). Conversely, we 
confirm that the zona glomerulosa is relatively spared 
by the cytotoxic effect of mitotane (10, 12), since a 
single patient needed mineralocorticoid replacement. 
However, assessment of the renin-aldosterone axis 
may be confounded by the current high-dose cortisol 
replacement.

ACTH levels were elevated in most but not all 
patients with ACC. However, ACTH median values 
were less increased at baseline and were less responsive 
to CRH stimulation in ACC than that in patients with 
PAI. We consider unlikely that the reduced rise of ACTH 
may be fully explained by the high-dose glucocorticoid 
replacement, as ACTH levels did not show any correlation 
with the dose of cortisone acetate over the previous 
12  months. Therefore, the pattern of ACTH release 
following CRH stimulation may result from an inhibitory 
effect of mitotane on pituitary ACTH in agreement with 
previous in vitro data (17).

In conclusion, our results show that mitotane affects 
the HPA axis at multiple levels and some of the induced 
alterations may confound interpretation of hormone tests. 
Therefore, it is impossible to identify a single biomarker 
that is useful for the assessment of adrenal insufficiency 
and to guide hormone replacement in ACC patients 
treated with mitotane. The observation of lower ACTH 
levels in patients with ACC than that in patients with 
PAI, both in basal conditions and after CRH stimulation, 
suggests that mitotane may play an inhibitory effect on 
ACTH secretion at the pituitary level.
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