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ABSTRACT

OBJECTIVE: Mitotane is an adrenocytolytic agent used in adrenocortical carcinoma, inducing
adrenal insufficiency, requiring replacement treatment. Such therapy is not easy to monitor
because of mitotane interference. Salivary cortisol reflects a free fraction of plasma cortisol
and may be useful in such patients. DESIGN: The aim of our study was to evaluate salivary
cortisol by HPLC coupled to tandem-mass spectrometry (LC-MS/MS) and by an electrochemi-
luminescence immunoassay (ECLIA) in patients treated with mitotane. We enrolled 6 patients
receiving mitotane and 2 Addison disease patients as negative controls and determined salivary
cortisol rhythm. We also determined the salivary cortisol rhythm in 8 healthy subjects. Salivary
samples (n=112) were assayed by ECLIA, using Roche Modular E170, and by LC-MS/MS.
RESULTS: The mean values obtained by ECLIA were significantly higher than those obtained
by LC-MS/MS in the mitotane group (p<0.001). In fact, in the group measured by LC-MS/
MS, we observed several peaks eluting at a retention time different from the cortisol group,
presumably due to cortisol-like analogues. In Addison disease, since steroidogenesis is absent,
salivary cortisol values measured by the two methods did not show any significant difference
(p=0.61). CONCLUSIONS: Salivary cortisol measured by LC-MS/MS is a selective method,
excluding cortisol analogues accumulating in treated patients. Therefore, LC-MS/MS offers
an effective system to monitor replacement therapy in mitotane treated patients.
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INTRODUCTION

Adrenocortical carcinoma (ACC) is a rare malig-
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treatment after complete resection and in recur-
rent, inoperable and/or metastatic ACC.>* Mitotane
blocks adrenocortical steroid synthesis by inhibiting
cholesterol side-chain cleavage (20, 22-desmolase)
and 11p-hydroxylase.* It also exerts a specific cyto-
toxic effect on adrenocortical cells and it is the only
adrenal-specific agent used for the treatment of ACC
as well as for other causes of Cushing’s syndrome.’
Mitotane induces adrenal insufficiency, requiring
hydrocortisone replacement therapy. For this reason,
cortisol levels must be frequently monitored to assess
therapy. One way to assess replacement therapy is to
evaluate the patient’s quality of life (QoL), using a
specific questionnaire, although QoL can be affected
both by the oncological status and by concomitant
chemotherapy. Moreover, sodium, potassium, ACTH,
serum cortisol as well as urinary free cortisol (UFC)’
can be measured. However, serum cortisol cannot be
used to monitor treatment efficacy, since mitotane
increases cortisol binding globulin (CBG), artificially
raising total cortisol;*’ plasma ACTH is a pulsatile
indirect measure of circulating corticosteroids levels
and may remain persistently suppressed in patients
with ACC long-standing hypercortisolism. Moreover,
mitotane leads to falsely elevated UFC values as it
alters steroid clearance (increased catabolism).® Sali-
vary cortisol (SC) is not affected by CBG alterations,
and reflects the free serum cortisol and may enable
a more accurate evaluation in monitoring steroid
replacement therapy in patients on mitotane and,
reflecting the free serum cortisol, may allow a more
accurate evaluation in monitoring steroid replace-
ment therapy in patients on mitotane.'” A comparison
between salivary and plasma cortisol in patients on
mitotane was first performed by Daffora et al. who
demonstrated a discrepancy between saliva and plasma
cortisol using a RIA method (Radim, Rome, Italy),
such a difference being considered to be due to the

CBG elevation induced by mitotane.'!

Several immunoassay methods have been pro-
posed to determine SC and various studies show a
general overestimation of SC values measured by
immunoassays compared with those measured by
mass spectrometry.'*!?

The purpose of our study was to assess SC during
the follow-up of patients treated with mitotane using
two different methods: the electrochemiluminescence
immunoassay (ECLIA), a widely employed method
in the clinical laboratory, and high-performance lig-
uid chromatography (HPLC) coupled with tandem
mass spectrometry (LC-MS/MS), considered as the
reference method.

SUBJECTS AND METHODOLOGY

We retrospectively evaluated 80 salivary samples
from 6 ACC patients (4 males and 2 females, mean
age 48+12yr) on hydrocortisone replacement therapy
treated with mitotane for a mean time of 4+3 years,
as well as from 2 patients affected by Addison disease
(AD) on replacement treatment with hydrocortisone
30 mg/day and fludrocortisone 0.1 mg/day, used as
negative controls. At the moment of the analysis all pa-
tients on mitotane had mitotanemia levels between 14
and 20 mg/l, within the therapeutic range (mean=SD
16.7+1.7 mg/1). Saliva samples were collected every 2
hours on the same day from 6:00 to 24:00 (Table 1).
We also determined the salivary cortisol rhythm in 8
healthy subjects (n=32 samples) at the following times:
8:00-12:00 — 16:00-24:00. Saliva was collected with a
commercially available device (Salivette, Sarstedt;
cotton swab without preparation no.51.1534). Sali-
vary samples were centrifuged at 4°C for 10 min and
stored at -80°C until assayed. Salivary cortisol was
determined by LC-MS/MS with a modified version

Table 1. Values of salivary cortisol (nmol/l) evaluated in 6 patients affected by ACC and in 2 patients affected by Addison disease (AD)
determined at different times on the same day by LC-MS/MS vs an ECLIA method

6.00 8.00 10.00 12.00 16.00 18.00 20.00 22.00 0.00

Lcmsivs [ECLIA [Lemsms [ECLIA [Lomsivs [ECLIA |Lomsms [ECLIA |ccmsms [ECLIA |icmsms [ECLIA [cmsms [ECLIA [Lomsmvs [ECLIA [Lemsimvs [ECLIA [icmsms [ECLIA
Patient 1 2207| 2588 2207 2000 21517 33655 4414] 4993 2759| 3669 12,138| BF34| 4965 5407 2207| 2298) 0552| 1539 0828 1688
Patient 2 1379)15641| 0552|10096| 58,206[137 406 14896 30014] 120827175833 2759[12469) 2207(10,869| 2,483|12,800| 3034|127 365] 1931(20,138
Patient 3 2521 6455 2400 5,131 20662 73489 3945 11421 10069 18979 7310|14,427| 3421| 6648] 1986| 7,007 1,324| 2,869 1.407| 7,007
Patient 4 1600) 1374] 1379 2648 13600 31724| 2097| 10924| 9655 23448 5407| 6952| 3p41| 5462| 4414) 6979] 1986) 4.441] 1379] 1879
Patient 5 0,054 1214 23260(17434| 18,732 35779 4,001 11641 58754| 579686 4948] 9269| 3184| 7752| 4039| 3641| 0779] 2750 0421| 6,703
Patient 6 551715862 1379 4414] 68413| 103,172 126,344| 152551 34.758| 58.234| 7.724/14538| 10,759|20276] 6,069|22676| 3862|22731| 3862|22,069
Patient 7 (AD)| 1,159 1434 1462 1269 10262 16,110| 4331| 6455 3917 6979 2510( 3090 1738 1959 3945 5710( 1545 1903| 1,021 1986
Patient8 (AD)| 1,103| 1738] 0992| 1652 6890 B8,110] 4414] 5131| 101593| 60634| 6621) 5490] 0925| 1600] 2517| 2897| 1867 1876] 0125 2290
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of a previously described method'® and also assayed
using an ECLIA method on Modular Analytics E170
(Roche® Diagnostics GmbH, Mannheim, Germany,
www.roche-diagnostics.com), without pretreating the
sample, as indicated by the manufacturer. Analytical
and functional sensitivities of the method were 0.6
and 1.9 nmol/L, respectively. Intra- and interassay
variation coefficient was <10%. Correlation between
variables was evaluated by linear regression analysis
and the differences between the two methods were
evaluated by Pearson’s coefficient; we also performed
a paired t-test between ECLIA and LC-MS/MS values.
Statistical significance in the results was accepted at
a p-value < 0.05. Statistical analysis was performed
using Microsoft Excel 2003 (Microsoft Office 2003).
Data are presented as mean= standard error (SE).

RESULTS

The linear regression analysis of the SC results
obtained by LC-MS/MS (x) and ECLIA (y) methods
in the AD group were correlated with a resulting
equation y=1.31x+0.12 (R2=0.88). On the other
hand, the mitotane group and healthy subjects were
also correlated, even though the resulting equations
were y=1.69x+3.59 (R2=0.53) and y=1.69x+5.03
(R2=0.68), respectively. However, the mean cortisol
concentration obtained by ECLIA (for the whole set
of samples) was significantly higher than the values
obtained by LC-MS/MS (p<0.001) for patients under-
going mitotane treatment (mean = SE 11.84 + 1.74
nmol/L vs 4.90 + (.75 nmol/L, respectively) as well as
for the healthy subjects group (mean * SE 10.88 =
1.16 nmol/L vs 3.47 = 0.57 nmol/L). In contrast, the
Addison group showed a non-significant difference
between the mean values obtained by both methods
(mean = SE 8.31« 3.08 vs 7.19 %£3.08; p=0.6). Fig-
ure 1 shows a typical LC-MS/MS chromatogram of
a healthy subject (Figure 1A), a mitotane treated
patient (Figure 1B) and an AD patient (Figure 1C). As
shown in the figure, no peaks are present at retention
times which differ from the cortisol ones in patients
with AD, whereas several other peaks appear in the
chromatogram of both mitotane treated patients and
healthy subjects. Moreover, we performed a paired
t-test between ECLIA and LC-MS/MS results in the
different subgroups showing a p<0.01 in the group
of patients treated with mitotane and a statistically

non-significant p value (p=0.63) in patients affected
by Addison disease.

DISCUSSION

Mitotane is the main drug for ACC treatment,
inducing steroidogenesis inhibition with adrenolytic
effects. Although not conclusively proven, metabolic
transformation and oxidative damage, induced by free
radicals, are generally accepted as mechanisms that
mediate mitotane cytotoxicity.’ Moreover, elevated
doses of mitotane, administered as a steroidogenesis
inhibitor, generate metabolites which bind macro-
molecules in adrenocortical cell mitochondria, finally
leading to their destruction and cellular necrosis."”

Patients on mitotane should be monitored in
order to adjust steroid replacement doses, but there
are important considerations regarding the choice
of the optimal test to perform. Mitotane leads to
a rise both in CBG levels (resulting in artificially
elevated serum cortisol values) and in glucocorti-
coids clearance,® so patients eventually require a 2
to 3-fold increase in hydrocortisone doses to achieve
adequate replacement. Plasma ACTH levels could
be useful for assessing glucocorticoid replacement
adequacy. However, these levels are pulsatile and are
an indirect evaluation of circulating corticosteroids.
Furthermore, ACC patients with long-standing hy-
percortisolism may present suppressed ACTH levels.
UFC requires an accurate daily collection performed
by the patient as difficulties in such collections are
frequently reported,'® although it still represents an
alternative. Moreover, UFC is affected by an increased
metabolic clearance of glucocorticoids and is influ-
enced by renal function. In such cases, neither serum
cortisol nor ACTH nor UFC may be used to assess
glucocorticoid sufficiency, suggesting the need for a
different test. Finally, SC sampling is promising as
samples are easy to obtain: this procedure does not
require hospitalization and samples are stable up to
7 days at room temperature, and up to 1 month or
more at 4°C." SC reflects a free fraction of plasma
cortisol and may thus be employed for a more accurate
evaluation of patient monitoring during mitotane
treatment. Indeed, salivary cortisol concentrations
reflect unbound plasma cortisol concentrations and
are therefore generally unaffected by variations in
CBG values.
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Figure 1. Typical HSRM chromatogram of salivary cortisol (363.2 — 121.1 and 363.2 — 327.0) of a control subject (A),

treated with mitotane (B) and of an Addison disease subject (C).Cortisol retention time: 10.60 min.

of a subject

Several immunoassay methods have been proposed concentration.” It should be noted that the measure-
for the determination of SC, although cross-reactivity ment of SC by immunoassays gives higher concen-
with endogenous cortisol precursors and metabolites trations compared to LC-MS/MS. These differences

significantly affected the results, especially for low probably result from immunoassay cross-reactivities
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with endogenous steroids such as 6f-hydroxycortisol,
21-deoxycortisol, corticosterone but mainly with
cortisol conjugated derivatives.”** Indeed antibodies
used with the ECLIA method significantly cross-react
with similar steroid compounds.*

In our study, the comparison of SC values obtained
by ECLIA and LC-MS/MS showed a significant over-
estimation of ECLIA results in patients on mitotane
treatment and in healthy subjects. On the other hand,
in AD patients, the values obtained between methods
did not show statistically significant differences. In these
subjects, in fact, only exogenous cortisol concentration
(due to therapeutic intake) was determined by both
methods, since steroidogenesis is completely absent
and there are no steroidogenesis intermediates and
cortisol-like analogues. In mitotane treated patients,
drug steroidogenesis inhibition leads to the accumula-
tion of intermediates and structurally similar steroids
which may explain the falsely elevated cortisol results
obtained by ECLIA. The same cross-reactivity, although
less evident, is also present in healthy subjects, this
probably related to the presence of the abovementioned
molecules and confirming the overestimation of ECLIA
with respect to LC-MS/MS. The analysis of LC-MS/
MS chromatograms represents another interesting is-
sue (Figure 1). Steroid analysis by LC-MS/MS could
be affected by the presence of possible interferences
such as cortisol isomers or isobars, thus a very efficient
chromatographic separation needs to be performed.
In the chromatogram of healthy subjects (Figure 1A)
and in that of patients treated with mitotane (Figure
1B), several peaks eluting at retention time different
from the cortisol one confirm the presence of such
interferences.

With our system it is not possible to identify these
compounds but they probably have a steroid related
structure (as fragmented in the same way). These
compounds could in part explain the cross-reactivity
of ECLIA vs LC-MS/MS. On the other hand, these
peaks are not present in the chromatograms of pa-
tients with Addison (Figure 1C). The daily salivary
cortisol profile for all patients parallels the normal
circadian cortisol rhythm, which in turn reflects the
hydrocortisone administration scheme.

In conclusion, salivary cortisol concentration seems
to be a promising tool for mitotane patient monitor-

ing. The preferential use of LC-MS/MS over ECLIA
salivary cortisol measurements may be useful to moni-
tor the steroid replacement therapy assays or for the
screening for Cushing syndrome in the presence of any
drug interference which may alter cortisol secretion
and metabolism, besides mitotane, i.e. ketoconazole
and anticonvulsants or other drugs inducing the liver
P450 cytochrome enzyme system.?

SC, measured by LC-MS/MS, a highly specific,
selective and interference-free method, allows specific
hydrocortisone quantifications, excluding cortisol
analogues that accumulate in patients in whom mi-
totane has not yet led to a complete adrenocytolitic
effect. For this reason, LC-MS/MS offers a reliable
system to monitor replacement therapy in mitotane
treated patients.

No grant was received.
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