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Abstract

Objective: When transsphenoidal surgery (TSS) does not cure Cushing’s disease (CD), 4 treatments are available: drug treatment (DT), second
TSS (2nd TSS), bilateral adrenalectomy (BA), and pituitary radiotherapy (PR). DT is attractive but supposes long-term continuation, which we
aimed to evaluate.

Design and Methods: Retrospective study, in a center prioritizing 2nd TSS, of 36 patients, including 19 with TSS failure and 17 with recurrence,
out of 119 patients with CD treated by a first TSS, average follow-up 6.1 years (95% confidence interval 5.27-6.91). Control was defined as
normalization of urinary free cortisol (UFC) and final treatment (FT) as the treatment allowing control at last follow-up. We also analyzed
discontinuation rates of DT in published CD prospective clinical trials.

Results: Control was achieved in 33/36 patients (92%). DT was initiated in 29/36 patients (81 %), allowing at least 1 normal UFC in 23/29 patients
(79%) but was discontinued before last follow-up in 18/29 patients (62%). DT was FT in 11/29 patients (38%), all treated with cortisol synthesis
inhibitors. Second TSS was FT in 8/16 (50%), BA in 14/14 (100%), and PR in 0/5. In published trials, discontinuation of DT was 11% to 51% at 1
year and 32% to 74% before 5 years.

Conclusion: DT allowed atleast 1 normal UFC in 23/29 patients (79%) but obtained long-term control in only 11/29 (38 %), as discontinuation rate

was high, although similar to published data. Interestingly, a successful 2nd TSS was the cause for discontinuing efficient and well-tolerated DT in
5 patients. Further studies will show whether different strategies with cortisol synthesis inhibitors may allow for a lower discontinuation rate in

patients not candidates for a 2nd TSS so that BA may be avoided in these patients.
Key Words: Cushing’s disease, osilodrostat, ketoconazole, metyrapone, pasireotide, cabergoline

Cushing’s disease (CD) is the consequence of the development
of a pituitary corticotroph adenoma, responsible for hyperse-
cretion of ACTH and cortisol, resulting in high morbidity and
mortality. It is widely accepted that the best treatment for CD
is removal of the pituitary adenoma: transsphenoidal surgery
(TSS) by an expert neurosurgeon allows postoperative remis-
sion in 80% to 90% of the patients (1) with a 10% to 20%
10-year recurrence rate (2). TSS is thus the first-line therapy
for most patients with CD, including those with a pituitary
corticotroph microadenoma that remains invisible at magnet-
ic resonance imaging (MRI) but whose existence is proved by
bilateral inferior petrosal sampling (3). Second-line treatments
are, however, required for the 10% to 20% patients who are
not in remission after a first surgery, as well as for the 15%
who develop a recurrence (4). For these patients, there are 4
treatment options: medical treatment using drugs (DT) that
target either the secretion of ACTH by the pituitary adenoma

or the synthesis of cortisol by the adrenal; a second TSS (2nd
TSS); bilateral adrenalectomy (BA); and pituitary radiother-
apy (PR), which has to be combined with another treatment
until its efficacy is obtained (5).

Each of these second-line treatments has its own limitations
and side effects. A 2nd TSS is possible only if there are
good reasons to believe that a pituitary microadenoma that
could not be entirely removed by a first TSS can still be re-
moved by a second pituitary surgery, and 2nd TSS exposes
the patient to the risk of pituitary insufficiency and other com-
plications of pituitary surgery (1). BA has the great advantage
to offer a nearly 100% remission rate of hypercortisolism but
at the cost of total and permanent adrenal insufficiency, a dis-
ease that has its own morbidity and mortality (6). In addition,
BA exposes the patient to the risk of developing corticotroph
tumor progression (7). PR has a delayed and incomplete effi-
cacy and carries a risk for long-term pituitary insufficiency,
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while the risk for development of meningioma and stroke,
probably very low with modern techniques of PR, remains de-
bated (35).

The limitations of 2nd TSS, BA, and PR, and the fact that
DT can be rapidly effective and that it is reversible, explain
why DT is such an attractive treatment for patients with CD
not cured by a first TSS. Indeed, DT has generated a lot of
attention in the past years as new drugs have been developed,
including pasireotide (8, 9), osilodrostat (10-12), and levoke-
toconazole (13, 14), while other previously available drugs,
such as ketoconazole (15), cabergoline (16), and mitotane
(17), benefitted from new large retrospective studies that
provided better evaluation of their efficiency. It should, how-
ever, be kept in mind that, with the exception of mitotane,
which can result in some cases in irreversible adrenal insuffi-
ciency, persistence of the efficacy of DT supposes that the
treatment be continued indefinitely: long-term control of CD
with DT requires that the long-term discontinuation rate of
DT be very low. This should put a focus on the discontinu-
ation rates of DT for CD. In retrospective studies, evaluation
of long-term discontinuation rates of DT in CD is uncertain,
as it is difficult to be sure that there was no omission bias
against patients who tried DT but abandoned it. This bias is
not present in published prospective studies on different
DTs for CD (8-14), where the data on the number of patients
who were started on the drug but then abandoned it are avail-
able to all.

In the present study, we took advantage of a large monocen-
tric series of 119 patients with CD treated by TSS, which in-
cluded 36 patients who either were not in remission after
TSS (19 patients, remission rate 84%) or recurred after remis-
sion (17 patients, recurrence rate 17%), with an average
follow-up of 6.1 years in the 119 patients [95% confidence
interval (CI) 5.27-6.91] and 6.7 year (95% CI 5.28-8.15, SD
4.41) in the group of 36 patients. We analyzed the different
therapeutic strategies used in these 36 patients and their final
treatment at last follow-up in order to better understand what
can be expected from DT in the long term. We paid special at-
tention to the discontinuation rate of DT in our series and also
in published data from clinical trials on CD.

Methods

Patients

The patients’ data were extracted from the medical record of
patients referred to the Department of Endocrinology of the
Grenoble Alpes University Hospital for pituitary surgery for
CD between February 1, 2001, and September 30, 2020.
Agreement of the National Commission on Informatics and
Liberty was obtained through a delegation of the Innovation
and Clinical Research Direction of Grenoble Alpes University
Hospital (“Research not involving human beings” protocol),
allowing the collection of personal and clinical data. In agree-
ment with French law, an information letter was displayed in
the Department of Endocrinology and an individual form was
available to patients who do not consent to the use of their
data. All 126 patients who benefitted from a first pituitary sur-
gery for CD between February 1, 2001 and September 30,
2020, were considered for inclusion, but 7 patients were ex-
cluded for the following reasons: in 2 patients with no cortico-
troph adenoma found at surgery postoperative follow-up was
consistent with pseudo Cushing’s syndrome; in 2 patients a
2nd TSS was performed but the patients did not have the

criteria for recurrence discussed later [they only had an elevated
midnight cortisol or abnormal response to desmopressin stimu-
lation but no urinary free cortisol (UFC) elevation]; in 3 patients
TSS was performed in Grenoble but they were then followed in
another center and it was not possible to obtain their follow-up
data.

The 119 patients included in this study were 97 women
(81.5%) and 22 men, and average age at TSS was 42.8 years
(including 7 children 15,15, 14,10, 7, 6, and 6 years old; aver-
age age of adults 44.8 years). The follow-up in years (95% CI,
SD) of the entire series of 119 patients was 6.1 years (95% CI
5.27-6.91).

As described in Cristante et al (3) and Lefournier et al (18), all
patients presented clinical signs of CS. Diagnosis of
ACTH-dependent CS was based on elevation of UFC, elevation
of midnight salivary cortisol, absence of suppression of cortisol
secretion after 1 mg of dexamethasone, and/or loss of cortisol
circadian pattern, as well as an unsuppressed or increased
ACTH level, as previously described (3). Pituitary origin was
assessed by a corticotrophin-releasing hormone test, a desmo-
pressin test, or an 8-mg dexamethasone test, combined with
the identification of an adenoma in MRI. When MRI was not
conclusive, bilateral inferior petrosal sinus sampling was per-
formed by our neuroradiologists, as described in Lefournier
et al (18), and CD diagnosis was established on either dynamic
tests and a typical image of adenoma at MRI or a bilateral
inferior petrosal sampling ACTH central to periphery gradient
>2 or >3 after stimulation by corticotrophin-releasing
hormone.

All patients were operated by the same expert neurosurgeon
(E.G.) both for their first TSS and, when needed, for their se-
cond TSS.

In all patients, the therapeutic choices between DT, 2nd
TSS, BA, and PR were made during multidisciplinary meetings
of a pituitary team involving endocrinologists, a neurosur-
geon, an endocrine surgeon, a radiotherapist. It has to be
noted that our pituitary team has a “prioritizing TSS strategy”
favouring TSS not only as a first-line therapy for most patients
with CD but also as a second-line therapy when it is believed
to have significant chances of success. This “prioritizing sur-
gery strategy” does have consequences on the continuation
rate of DT as, according to this strategy, a 2nd TSS will be pro-
posed to patients treated by DT even when the patient is con-
trolled by DT and has no intolerance to DT, as long as 2nd
TSS is believed to have significant chances of success.
Another strategy of this multidisciplinary group, which can
be debated, is that PR was performed only in patients where
a clear image of remnant/recurrency could be identified at
MRI

The follow-up of patients treated with DT and the choice of
the drugs used was made mostly by 1 senior endocrinologist

(0.C.).

Definition of Remission

Postoperative remission was defined as described previously
in Cristante et al (3) by a serum cortisol level at 8:00 am
<138 nmol/L (50 pg/L) in the days following pituitary sur-
gery, using the former Endocrine Society guidelines (19) or
by a normal UFC 3 months after surgery. We do recognize
that both criteria are weak with regards to the recent update
to the Endocrine Society Cushing guidelines (20), which
now define remission typically as a postoperative cortisol
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Figure 1. Flow chart of second-line treatments in 36/119 patients with CD not cured by a first TSS. A first TSS in 119 patients with CD resulted in 83
patients on long-term remission, while 19 patients were not in remission and 17 patients recurred. These 36 patients were treated by 1 or several
second-line treatments, including drug treatment, second transsphenoidal surgery, bilateral adrenalectomy, or pituitary radiotherapy. Most patients had
several consecutive treatments, including several different drug treatments. The red arrows show that in case of failure of a second-line treatment the
patient was offered another second-line treatment, and this process could be repeated several times. The green arrows indicate that after 1 or several
second-line treatments, the patient was finally controlled. This was not the case for 3 patients, who remained uncontrolled. For drug treatment, the
numbers on the left of the green arrows indicate that control was achieved after trial of either a first, second, third, or fourth, while the numbers at
the end of the green arrows indicate the number of patients in each of these first, second, third, or fourth drug trials. For each second-line treatment, the
number of patients finally controlled is then related to the total number of patients not cured by a first TSS (36 patients).

Abbreviations: CD, Cushing’s disease; TSS, transsphenoidal surgery.

<55 nmol/L while noting that occasionally, in specific situa-
tions, some patients can achieve remission without marked
postoperative hypocortisolism.

Of note, a normal 3-month postoperative UFC does not rule
out persistent mild hypercortisolism (a statement that also ap-
plies to any normal UFC obtained by DT). A normal 3-month
postoperative UFC also does not rule out early recurrence,
but, in this study, such recurrencies would be detected during
follow-up.

Postoperative Recurrence

Recurrence was defined either as (1) an elevated 24-hour UFC
with clinical Cushing syndrome or (2) 2 consecutive elevated
24-hour UFCs. In this latter case, the date for recurrence diag-
nosis was those of the second UFC.

Treatment Course and Disease Control

Four different treatment strategies were proposed to the pa-
tients not cured by a first TSS: DT, PR, 2nd TSS, and BA.
Drug treatment used either cortisol synthesis inhibitors (me-
tyrapone, ketoconazole, mitotane, osilodrostat) or drugs in-
hibiting ACTH secretion from pituitary corticotroph
adenomas (cabergoline, pasireotide). When a given treatment
strategy was not effective or not tolerated, an alternative treat-
ment strategy was proposed to the patient. For DT, several
drugs could be tried subsequently, so that during follow-up
any given patient could receive up to 4 different treatment
strategies including several drugs. Only 2 patients were
treated for some period of time by bitherapy (ketoconazole
and metyrapone). Disease control was defined as a normal
24-hour UFC. The final treatment was defined as treatment al-
lowing disease control at last follow-up.

Statistics

Statistical analyses were performed with the RStudio Software
(version 4.0.2).

Results

Short-term Control of CD With DT

Figure 1 illustrates the therapeutic course and outcomes of
119 patients with CD who underwent a first TSS in our insti-
tution between January 2001 and September 2020, resulting
in long-term remission for 83 patients, while 36 patients
were not cured by TSS. The follow-up in years of the entire
series of 119 patients was 6.1 years (95% CI 5.27-6.91, SD
4.57), whereas the follow-up of the 36 patients not in remis-
sion or recurring was 8.50 years (95% CI 6.81-10.18, SD
5.16) and the follow-up of the different treatment groups
were 2nd TSS: 8.92 years (95% CI 4.26-13.59, SD 6.73);
BA: 10.11 years (95% CI 8.19-12.03, SD 3.66); DT:
7.04 years (95% CI 3.81-10.28, SD 5.41); PR 6.84 years
(95% CI 5.02-8.66, SD 2.08); not controlled: 5.17 years
(95% CI 0-10.65, SD 4.89).

Interestingly, DT was the treatment most frequently used
in our 36 patients, as it was the first treatment initiated in
27 patients (75%), and, overall, 29 patients were treated
by DT during follow-up (81%). By comparison, 24 TSS
was the first treatment in only 5 patients, BA in only 3,
and PR in only 1 (Fig. 1 and Fig. 2). Most patients treated
with DT received more than 1 drug during their follow-up
(average 1.96 drug/patient), and, altogether, 23/29 patients
treated with DT (79%) achieved control (normal UFC) at
least 1 time during follow-up (Table 1, Fig. 2, Fig. 3A and
3B) demonstrating that, at least in the short term, DT is
often efficient. Ketoconazole was the treatment most
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Figure 2. Time course of second-line treatments in patients with CD not cured by a first TSS. The follow-up of each patient is illustrated by an individual
line that starts at the date of failure of the first TSS or at the date of recurrence and ends at last follow-up. The color of the line indicates that the patient is
receiving a drug treatment that controls hypercortisolism (green line) or a drug treatment that does not control hypercortisolism (red line) or that he is
receiving no drug treatment (black line). The color of the star at the end of the line defines whether the patient is controlled (green star) or not (red star).
The abbreviation name of the drug treatment is written above the green or red lines. The occurrence of second TSS, BA, and PR are represented by
small vertical bars included in the follow-up. The color of the vertical bar indicates whether the treatment was effective (green bar) or not (red bar).
Abbreviations: BA, bilateral adrenalectomy; CD, Cushing'’s disease; CG, cabergoline; DT, drug treatment; KE, ketoconazole; MP, metyrapone; OD,
osilodrostat; PA, pasireotide; PR, pituitary radiotherapy; TSS, transsphenoidal surgery.

frequently used, probably as it was perceived to be at least
as effective as metyrapone and easier to take (fewer tablets)
and for the longest duration (Table 1). Osilodrostat was the
treatment most frequently efficient, but its efficacy could be
evaluated only for a much shorter duration than ketocon-
azole, as it became available in France outside clinical trials
only in 2019.

Long-term Control of CD With DT

Despite its high short-term efficacy, DT proved to control only
11 patients at last follow-up, who were all treated by cortisol
synthesis inhibitors (6 with osilodrostat, 3 with ketoconazole,
1 with metyrapone, 1 with both ketoconazole and metyra-
pone) (Fig. 2). These 11 patients represent 38% of the 29 pa-
tients treated with DT or 30.5% of the 36 patients not cured
by pituitary surgery (Fig. 1). Among the 18/29 (62%) patients
treated with DT who abandoned DT before last follow-up, 5
were finally controlled by 2nd TSS and 10 by BA and 3 were
not controlled at last follow-up. Comparison of Fig. 3A-3B
and 3Cillustrates how the initially high number of DT treated
patients decreased, while the cumulated number of patients
with either 2nd TSS or BA increased, as some patients treated
with DT were switched to 2nd TSS or BA.

Discontinuation of DT for Lack of Efficiency, Poor
Tolerance, or Unavailibility

The main causes for discontinuation of DT were lack of
efficiency and/or poor tolerance. Table 1 summarizes the
data regarding the choice of drugs, duration of exposure,
and causes for discontinuation of the different drugs used in
DT, while Fig. 2 presents all individual treatment courses of
the patients, including the drugs used, their duration, and their
effectiveness.

The main reason for discontinuation of ketoconazole was
intolerance, reported in 12/22 (54%) patients (Table 1) for
doses ranging from 400 to 1000 mg: cytolysis (elevation of
alanine amino transferase or aspartate amino transferase hep-
atic enzymes at 3 to 8 times the upper limit of the normal range
(6 patients), digestive disorders (3 patients), other symptoms
(3 patients). Metyrapone was better tolerated but slightly
less efficient at the dosage used, and the lack of efficiency
was reported in 5 patients (42%) including 3 with overt
Cushing’s syndrome receiving doses of 2250 and 4000 mg.
Metyrapone continuation was also affected by its temporary
unavailability due to production issues in France and other
countries in 2019. Osilodrostat was both efficient and well
tolerated in 6 of the 8 patients who benefitted from this
drug (Table 2). It is not possible to compare its long-term
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Figure 3. Evolution of patients treated with DT with time. (A) Evolution of the total number of patients treated by DT at any given period of time,
including patients who never had a normal UFC. (B) Evolution with time of the cumulated number of patients treated with DT with at least 1 normal UFC.
(C) Cumulated number of patients with either DT, second TSS, or BA as final treatment.

Abbreviations: BA, bilateral adrenalectomy; DT, drug treatment; TSS, transsphenoidal surgery; UFC, urinary free cortisol.

these 5 patients had tumoral progression of their corticotroph
pituitary remnants or recurrencies, which is in favor of an
antitumoral effect of PR.

Uncontrolled Patients

Finally, 3/36 (8%) patients (patients 34, 35, 36), all treated by
DT were not controlled at the end of the study (Fig. 1, Fig. 2).

Clinical Results of Patients Treated by 2nd TSS or BA
Despite Being Controlled by DT

Because our definition of DT efficiency was limited to a nor-
mal UFC, which can be criticized, we also analyzed the clinical
evolution of patients who underwent 2nd TSS or BA despite
having a normal UFC with DT. To the 4 patients already men-
tioned (patients 14, 18, 22, 31) in whom DT was both
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Figure 4. Kaplan-Meier analysis of continuation of DT in the 29 patients treated with DT. Out of the 36 patients with CD not cured by pituitary surgery,
29 patients received DT, including 27 with DT as their first second-line treatment and 2 who received DT after failure of a second TSS.
Abbreviations: CD, Cushing's disease; DT, drug treatment; TSS, transsphenoidal surgery.

biochemically efficient and well tolerated, we added 3 patients
who were biochemically controlled but did not tolerate DT
(Table 2). Interestingly, at least 4 and maybe 5 of these 7 pa-
tients seemed to show a clinical benefit from 2nd TSS or BA
despite being previously “controlled” by DT.

Discontinuation of DT in This Series and in the
Literature

To better analyze discontinuation of DT, we plotted the
discontinuation rate using Kaplan—Meier analysis, which
allowed us to estimate that at 1 year the discontinuation
rate was 30% while the median 50% discontinuation rate
was achieved 38 months after initiation of DT (Fig. 4).
Interestingly the 30% 1-year discontinuation rate is in the
range of the 1-year discontinuation rates that can be calcu-
lated from the data available in publications of prospective
clinical trials of DT on CD using pasireotide (8, 9), osilodro-
stat (10-12), and levoketoconazole (13, 14) (Table 3).

To try to determine whether discontinuation of DT was
linked to specific characteristics of the patient, we compared
the group of 11 patients with long-term control by DT to
the group of 18 patients in whom DT had been abandoned
(Table 4). The patients of the first group were all treated
with cortisol synthesis inhibitors and were older than those

of the second group (55.9 vs47.9 years, P =.04). Both groups
were similar with respect to initial UFC and percentage of
women, but it is important to note that 12/15 women of child-
bearing age belonged to the group of patients who abandoned
DT, in keeping with the fact that DT does not allow consider-
ation of a pregnancy. Six patients who were not women of
childbearing age discontinued DT: these patients seems to
have higher UFC and more normal or uncertain MRI. The rea-
son for discontinuation in this subgroup was mainly intoler-
ance or inefficiacy (4/6 patients).

Discussion

When CD is not cured by pituitary surgery, DT is an attractive
option both for the patient and his endocrinologist because
the 3 other alternatives (2nd TSS, BA, or PR) each have their
own difficulties to accept or to perform. Indeed 2nd TSS,
which requires that a remnant or recurrence be clearly local-
ized and accessible to surgery, has a lower remission rate
than a first TSS and exposes the patient to the risk of pituitary
insufficiency. BA imposes that the patient accepts abandoning
his or her adrenals forever, taking a lifelong substitutive ther-
apy, and being exposed to a lifelong risk for adrenal crises and
a risk of corticotroph tumor progression. Finally, PR is ham-
pered by a delayed and incomplete efficiency, and it imposes
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Table 4. Comparison, for the 29 patients treated by DT, of the 11 patients with DT as final treatment vs the patients with either 2nd TSS (5
patients) or BA (10 patients) as a final treatment or not controlled (3 patients)

Final treatment DT
n=11 n=18

Final treatment not DT

Total

Women of childbearing
age (n=12)

Other patients
(n=6: 4 women and

2 men)

UFC nmol/24 hours 602.6 (345-860) 781.1 (307-1255) 526.7 (308-745) 1247.4 (0-2513)
mean (95% CI)
Age at start of care 48.0 (40.0-56.0) 35.1(26.4-43.7) 26.2 (19.1-33.2) 52.8 (39.3-66.3)
mean (95% CI)
% women 81.80 88.9 100 66.7
n women of childbearing age 3 12 12 0
(</= 40 years old)
MRI
Normal-uncertain (%) 18 39 25 67
Microadenoma image (%) 5§ 50 58 33
Macroadenoma image (%) 27 11 17 0
Average n drug tested 2.5(1.8-3.3) 1.7 (1.2-2.1) 1.7 (1.1-2.2) 1.7 (1.0-2.3)
mean (95% CI)
Average duration of DT 4.13 (1.49-6.77) 1.73 (0.74-2.72) 1.46 (0.84-2.08) 2.26 (0-5.07)

years: mean (95% CI)

Abbreviations: 2nd TSS, second transsphenoidal surgery; BA, bilateral adrenalectomy; CI, confidence interval; DT, drug treatment; MRI, magnetic resonance

imaging; UFC, urinary free cortisol.

acceptance of a risk of long-term pituitary insufficiency, while
the risk for stroke or radiation-induced tumor is probably very
low with modern techniques of PR but still a matter of
concern.

Indeed, DT has 1 major advantage: unlike the 3 alterna-
tives, DT is a reversible treatment, which can be tried before
considering 2nd TSS, BA, or PR should DT prove to be not ef-
ficient, not tolerated, or not observed. We, like many other en-
docrinologists involved in the care of patients with CD, were
very well aware of the potential interest in DT for treatment of
our patients, and this explains why in our series DT was, by
far, not only the most frequently used treatment but also the
most frequent first second-line treatment: indeed, after failure
of a first pituitary surgery or recurrence, the first treatment
proposed to our patients with CD was DT in 27/36 (75%),
whereas 2nd TSS was first proposed in 5/36 (14%), BA in 3/
36 (8%), and PR only in 1/36 (3%), and during follow-up a
total of 29/36 patients (80%) were treated at some time by
DT (Fig. 1). However, the endocrinologists in our team who
were following the patients had experienced that, for some pa-
tients, despite their best efforts in adapting the treatments,
they eventually had to abandon DT and switch to either 2nd
TSS or BA. This “clinical experience feeling” was the reason
for performing this systematic evaluation of our series of 36
patients with CD not cured by a first pituitary surgery so
that we could better evaluate what could be expected from
DT in the long term. This evaluation led us to conclude that,
out of the 29 patients treated with DT, only 11/29 patients
(38%) were still controlled at last follow-up by DT while
18/29 patients treated with DT (62%) had switched to either
BA or 2nd TS. This 62 % discontinuation rate was higher than
what we expected, which led us to question our ability to treat
our patients with DT. Interestingly, however, our systematic
analysis of the literature shows that the discontinuation rate
in this series is actually very similar to the 1-year

discontinuation rate observed in most prospective DT trials
in CD (Table 2), which shows a 1-year discontinuation rate
as high as 51% for pasireotide (8) and 35% for levoketocona-
zole (13), although it does seems lower for osilodrostat (11%
and 17%) (10, 11). It can be argued that it is difficult to com-
pare data from real-life patients to data from patients enrolled
in a clinical trial, as a clinical trial imposes some specific rules
to manage the drug that is tested. We think, however, that this
comparison is still relevant as, in both a clinical trial or in real
life, the main reasons for discontinuing a drug are a lack of ef-
ficiency and/or a lack of tolerance.

Still, to explain part of our high discontinuation rate of DT,
we have to acknowledge that, as a result of our “TSS prioritiz-
ing strategy,” we did perform a 2nd TSS in 2 patients (patient
14 and 18) who also had a normal UFC under DT but ap-
peared good candidates for 2nd TSS and were indeed in remis-
sion after 2nd TSS. We also performed BA in 2 patients
(patients 22 and 31) with a normal UFC under DT who
seemed to still carry clinical signs of CD: if these 4 patients
had kept DT and if DT was still effective at their last follow-
up, then we would not have 11 patients with DT at last follow-
up but 11 + 4 = 15 patients and the percentage of patients with
DT as final treatment would then have been 15/29 (52%) ra-
ther than 11/29 (38%). Interestingly however, the clinical
postoperative results of these 4 patients and of 3 additional
patients in whom DT was efficient but poorly tolerated
(Table 2) seem to validate our strategy and do question the
validity of UFC as a sole parameter for evaluation of DT.
This question has actually recently been addressed in the inter-
esting HairCush study by Mohammedi et al, who demon-
strated that patients with CD treated by DT with a normal
UFC showed higher hair cortisone levels and higher late-night
salivary cortisol and cortisone and proved to have a worse
clinical score and a higher need for antihypertensive drugs
than patients with CD in remission with TSS (22). Thus, the
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clinical results of 7 patients from our study (Table 2) fit per-
fectly with the HairCush study to suggest that, in patients
with CD treated by DT, a normal UFC is not sufficient to
prove control of CD.

It has to be noted that, in our series, the discontinuation
rates of the different drugs do not appear equivalent: first,
all patients who were still on DT at last follow-up were treated
by cortisol synthesis inhibitors rather than dopamine or som-
atostatin receptor agonists. This is likely related to a lower ef-
ficiency of the latter (Table 1). Of note, all but 1 of the 29
patients received at some time a steroidogenesis inhibitor, so
that the fact that dopamine and somatostatin receptor ago-
nists were discontinued more frequently did not significantly
impact the final efficiency of DT. Second, among cortisol syn-
thesis inhibitors, osilodrostat seemed to be continued more
frequently than ketoconazole or metyrapone, which might
suggest that osilodrostat could provide a lower discontinu-
ation rate. It must be stressed, however, that in this retrospect-
ive study, no treatment was randomized and the duration of
exposure to osilodrostat was much shorter than exposure to
other drugs (Table 1), as osilodrostat was made available
only recently. It must also be stressed that analysis of the lit-
erature on discontinuation of DT in the initial and extension
phases of prospective studies (Table 2) shows that after a first
year of treatment discontinuation rates run from 11% to 52%
and, longer term, from 23% for levoketoconazole (14) to
52% for pasireotide monthly (21). For osilodrostat, 32% of
patients abandoned the treatment during the extension period
before 3.8 years and 47% before 4.7 years (12). It can be ob-
jected that these long-term discontinuation rates might be
overestimated if some patients who abandoned the investiga-
tive drug during the extension period could receive the drug
out of the extension protocol if the drug became commercially
available. It might also be objected that the reason for discon-
tinuation of a treatment in a clinical trial is theoretically not
only lack of efficiency or adverse events but also other reasons
such as “patient’s or physician’s or guardian’s decision®
(Table 3), but one can still hypothesize that in at least some
cases the reason for these decisions to stop the treatment
may still have a link with the efficacy or tolerance of the drug.

One should stress that there is another factor that has
played a role in our 62% rate of discontinuation of DT: the
fact that we have a general therapeutic strategy that prioritizes
TSS over DT whenever TSS is believed to have interesting
chances of success. This strategy is first validated by our
good rate of remission at first TSS (100/119, 84%), and we be-
lieve it is also validated by the interesting results of remission
at 2nd TSS (8/16, 50%).

There are at least 3 weaknesses in our study: its retrospect-
ive design, its monocentric design, and the relatively small
number of patients with recurrence or absence of remission.
Regarding the monocentric effect, therapeutic decisions re-
garding the choices between DT, 2nd SS, BA, and PR were
made during multidisciplinary meetings involving endocrinol-
ogists, a neurosurgeon, an endocrine surgeon, and a radio-
therapist. However, this multidisciplinary team may have
developed with time an overall therapeutic strategy specific
to this team, including both strengths and weaknesses. The
strengths might include a resolute surgical strategy, which fa-
vors 2nd TSS whenever the location of the remnant or recur-
rence seems both clear and accessible, with a 50% chance of
remission. On the contrary, our radiotherapy strategy may
be considered somewhat weak as we do not perform

radiotherapy when there is no clear MRI image of adenoma
remnant or recurrence, whereas others advocate irradiation
of the whole pituitary when there is no clear target (23) as
long as the existence of a remnant/recurrency is certain. In
our study, the candidates for PR were restricted to patients
with a clear MRI target and not accessible to 2nd TSS. This
explains the rather small number of patients (5/36, 14%)
treated by PR in this study, while the rather poor results of
PR in these 5 patients might be explained by the fact that
our strategy probably selected more visible and more aggres-
sive tumors and by the fact that in 3 patients PR was associ-
ated with BA, so that PR could not be considered a final
treatment for control of CD.

It is possible that further studies will show that other teams
may achieve better long-term continuation rates of DT and
better control of CD by DT than what we achieved in this
study. Indeed, the results of a medical treatment depends
not only on the drug but also, to some extent, on the pre-
scriber, who may induce a better adherence of the patients
than what we achieved. A better adherence to DT might trans-
late into a lower rate of BA, which would be an interesting
goal, as BA imposes a risk for adrenal crises. Another possibil-
ity is that new strategies with DT might result in better clinical
control rates and thus lower the need for BA: as we have seen
in this study, some patients with a normal UFC under DT can
still show significant clinical improvement when they are put
in remission by a 2nd TSS or when BA is performed
(Table 3). This indirectly indicates that a normal UFC is not
the best parameter to evaluate control of CD and suggests
that a better result may be achieved when a normal cortisol
cycle is restored by 2nd TSS or even when hydrocortisone sub-
stitutive therapy after BA does not impose overexposure to
cortisol in the evening and first part of the night. It has to be
stressed that the strategy of titration using a steroidogenesis
inhibitor with a medium or long half-life like ketoconazole
or osilodrostat, which is the strategy that has been tested so
far in clinical trials, cannot suppress exposure to cortisol dur-
ing the evening and first part of the night unless it places the
patient with cortisol levels also low in the morning, thus cre-
ating adrenal insufficiency. There are currently no strategies
using DT that have been shown to achieve levels of cortisol
that are at the same time low enough in the evening and in
the first part of the night and high enough in the morning.
Further studies would be needed to determine whether these
goals might be better approached by new strategies, such as
a “block and replace” strategy (using a cortisol synthesis in-
hibitor at a dosage sufficient to obtain a complete blockade
of cortisol secretion and then adding a substitutive dose of
hydrocortisone) or a “combination” strategy (adding a short-
acting steroidogenesis inhibitor in the evening to a titrated
dose of a longer acting steroidogenesis inhibitor in the
morning).

It must be stressed, however, that BA will remain the only
possible alternative in women of childbearing age who desire
pregnancy. This explains that being of childbearing age was
the main factor linked to discontinuing DT (Table 4), al-
though it is possible that in patients not candidates for preg-
nancy, a higher UFC at baseline might also identify patients
more likely to abandon DT for lack of efficiency. These wom-
en represented 7/14 (50%) of the BA patients and 7/36 (19%)
of the whole group of 36 patients not cured by surgery, a sig-
nificant group that will probably stay forever out of reach of
any DT as one can expect that a woman with a strong desire
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for pregnancy will choose to have her adrenals removed rather
than to not have the prospect of a pregnancy. Finally, we do
want to underline again the importance of considering a 2nd
TSS: in this series, even though all our patients were operated
on by the same expert neurosurgeon (E.G.) for their first pitu-
itary surgery, a second pituitary surgery by the same surgeon
was successful in 8/16 patients, so we feel that a repeat pituit-
ary surgery by an expert surgeon should at least be considered
in any patients with CD who show failure or recurrence after a
first pituitary surgery.
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