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Summary

Objective Bilateral adrenalectomy (BADX) has become an inguartreatment of Cushing’s disease (CD), espsciall
when other treatment options have failed. The dithie study was to evaluate the long-term qualitiife (QoL) of
patients having undergone BADX for CD, in companmi$o other therapeutic options.

M ethods Thirty four patients with CD were identified in &#French centers: 17 underwent BADX and the remgini
17 one or more of the following treatments: surgemgdical therapy or radiotherapy. Three questizasavere filled
in by each patient in order to evaluate their @@hort Form-36 Health Survey (SF-36), Cushing Qoéstionnaire
and Beck depression inventory (BDI).

Results The mean age of patients was 49.31£15.2 years.afyediime lapse between diagnosis and BADX was 6.1
years. Results from each questionnaire adjustadecshowed a lower QoL among patients who underBamX.
These were significant in most aspects of the SEt&&tionnaire (bodily pain p<0.01, general hepdt@.01, vitality
p=<0.05, social functioning p=<0.05), as well asha Cushing QoL questionnaire (p<0.05) and BDK®#85).
Adrenal insufficiency appeared to be the major jwted of poor QoL whatever their initial treatment.

Conclusions Despite their clinical remission, patients who ergb BADX appear to be at a greater risk of sufigri
an impaired QoL due to more prolonged period oétimith imperfectly controlled hypercortisolism coiméd with

definitive adrenal insufficiency.



Introduction

Cushing’s disease (CD) is the consequence of ahexposure to glucocorticoids due to a pituitargraama. It
comprises a large spectrum of signs and symptorats dhuse an increased morbidity and mortality, and
deterioration in quality of life (QoL)[1,2]. The rfit-line treatment option is surgical resection thé
adenoma[3,4]. However, 31% of patients with CD wéfuire a secondary treatment option, either dua t
failure by a first pituitary surgery to control tegmptoms or due to recurrence[5].

Second-line treatment options are radiotherapydicaé treatment, repeated transsphenoidal surge®s)
and bilateral adrenalectomy (BADX)[4]. BADX is amcreasingly used and essential treatment optiorecant
study reported 18% of BADX in a large cohort of GP[Low morbidity and mortality rates have recertilyen
reported for BADX, with respective medians of 18%da3%][6]. However, this treatment implies lifelong
glucocorticoid substitution and the risk of devetmpNelson’s syndrome.

Patients in whom CD has been cured neverthelese laam altered QoL compared to the general
populatio[2,7]. The same holds true for patientseduby BADX, where the few existing studies repant
improved QoL in 82-89% of cases, that remains h@vegduced when compared to healthy control[8-16].
our knowledge, no studies have been published dbaipare long-term outcome of patients’ QoL follogvin
different treatment options; most studies have $eduon biochemical outcome, and the few concer@iog
have mostly compared patients to a healthy pouati

The objective of this study was to evaluate thgyterm QoL of patients who underwent BADX for Gind

to compare it to other therapeutic options.

Subjects and methods

Participants

Patients of two French centers were sent a letfeinformation about our study together with three

guestionnaires and a request for further medidalmmation, which they were asked to complete shahéy

agree to participate. Patients had to be in reonissir controlled by medical treatment. One of tleaters

recruited only BADX patients, which were all notred after at least a transphenoidal surgery. Thesew



identified using the endocrinology unit registendawere treated between 1990 and 2015. The otheerce
recruited CD patients with all kinds of treatmeBADX patients were identified using the surgerytuegister,
where the procedures were performed, and patientshad other type of treatment were identified gidime
register of the Federation of Endocrinology, tetieeferral center. Patients were treated betwe@®p0 2and
2015. CD patients who did not have BADX could hdeen treated with only one transphenoidal surgery,
several surgeries, radiotherapy or medical treatméfe excluded patients with missing data aboutiaini
information on the CD, or absence of an accuratetgboaddress. In total, 78 patients received the
guestionnaires. 36 patients gave written conséhtyith BADX and 18 without. Of these, two were exdéd:
one for incomplete response and the other forrkEgponse after the analysis had started. Patiets assigned
to one of two groups according to whether they ondat bilateral adrenalectomy or not. The otheatireent
options making up the second group of 17 patienésewTSS, repeated or not, medical treatment, and
radiotherapy. Some patients had undergone sevegtirtents. Medical records were retrospectivelyeresd
and entered into a database. Patients also procioleglementary information concerning their comditigs,
substitutive treatment, and eventual presentatibmadvsenal crisis, which was defined as the needi.far
glucocorticoid administration. Nelson’s syndromeswaported in patients treated for it by radiothbgrar
surgery as testified in their medical records.

Duration of exposure was defined as the time ldqetereen diagnosis and remission. Remission from
CD was defined by glucocorticoid substitution ortR4drinary free cortisol excretion within normatits, with
several controls. Patients who were under medrealtnent for their CD were considered stable ifrtBd-h
urinary free cortisol excretion was within normiahiks. To evaluate QoL in regards to duration gb@sure and
of remission, we divided each of the two treatnmgmoups according to duration of exposure and ofission:
the three subgroups for exposure duration wereyeat, 1-4 years anel5 years, based on the assumption that
patients affected less than a year by CD would laalvetter QoL. For remission duration, the subgsougre: <
2 years, 2-4 yearg, 5 years. The lower limit of 2 years was basedeaported long time lapse before symptom
resolution after surgery[11]. The upper limit wasosen for both groups based on the assumptionniat

difference in QoL will be measurable between 5 gediremission or exposure and longer durations.



Measures

The filled in questionnaires that were sent badknfithose patients who agreed to participate, usipgepaid
envelope provided with the letter sent to their bomere the following:
— A generic health-related QoL questionnaire: the rEGlrm-36 Health Survey (SF-36)[12]. This
consists of 36 items and 8 subscales: 4 constfatiphysical score (physical functioning, role pbgks
i.e. role limitations due to physical health, bgdilain and general health perception) and 4 a rhenta
score (vitality, social functioning, role emotionia. role limitations due to emotional problemagda
mental health). The score ranges from 0 to 100,bE)@g the best possible QoL.
— A disease-specific questionnaire: the Cushing Qoéstjonnaire (CushQoL)[13]. This consists of 12
items giving a total score for conversion onto 800- scale; the higher scores being defined asdake b
QoL. To fill in this questionnaire, patients hadctinsider the past 4 weeks and how CD had intetfere
with their usual activities. It covers several cepis including healing and pain, mood and self-
confidence, daily activities, social concerns ahgigical concerns, memory and worry about health in
the future.
— A depression-specific questionnaire: Beck depressiwentory (BDI)[14]. This consists of 21 items

giving a total score, with 17 representing the Iolirait for depression symptoms.

Statistical Analysis

The characteristics of the patients were describgdthe mean and standard deviation for quantitative
characteristics and by the absolute and relatieguiencies in each category for qualitative charaties. The
Qol scores were described by the quartiles. Thepanisons were carried out using the non-paramgst of
Mann-Whitney for the quantitative variables anchgsthe chi-squared or the Fisher exact test foqtladitative
variables. Furthermore, using linear regressiorhogtinfluence of age was investigated.

All the statistical analysis was carried out usihg statistical software SPSS for Windows, versi@nO.

Statistical significance was defined by a p-valu&G5.



Results

Patients’ characteristics

We identified 34 patients with CD. Figure 1 sumrpesi the treatments patients received. Sevente@nizat
underwent BADX, which was never as a first intentineatment. The average time between diagnosis and
BADX was 6.1 years. The 17 other patients weretécedy one or several of the following treatmefiSS,
repeated or not, medical treatment, radiotherapy.

The characteristics of patients with CD are shawhable 1. Twenty-six (76.5%) of the 34 patienithwCD
were women. The mean age was 49.3+15.2 years. VRHil¢70.6%) patients had received glucocorticoid
substitution, acute adrenal insufficiency only aced among patients having undergone BADX. Patierits
underwent BADX had a longer duration of exposuré£8.2 vs 1.3+2.3 yearpg0.01) and a longer duration of
remission (8.415,6 vs 2.7+2.5 years, p<0.01). Cdudities (diabetes mellitus, hypertension, depkessi

syndrome, osteoporosis) were relatively similameetn the two groups.

Comparison of QoL between BADX and other treatment groups

Table 2 shows the results of the different questiines addressed to the patients. Patients whorwede
BADX had lower QoL scores in each questionnaireisTlas significant in most aspects of the SF-36
guestionnaire (bodily pain p<0.01, general heatB.@1, vitality p=<0.05, social functioning p=<0)0%s well

as in the Cushing QoL questionnaire (p<0.05) antthiénBDI (p=<0.05). Linear regression analysis mtd find

an influence of age on QoL.

Comparison of QoL between different patient subgroups

Adrenal Insufficiency

An interesting aspect was the presence of adremaifficiency. Every questionnaire revealed a lov@erL
perceived by CD patients in remission but with adfénsufficiency whatever their initial treatmengmpared
to patients in remission without adrenal insufficig. The results were significant for SF-36 phyksica
functioning (p=<0.05), role physical (p<0.01), geaiehealth (p=<0.05), social functioning (p=0.04dle
emotional (p=<0.05) and BDI (p=<0.05). In lineagmession analysis, only the item social functionivas no

longer significant when adjusted to age.



Moreover, no significant differences could be oledrfor each aspect of the questionnaire betwedanis
who underwent BADX and those who did not but whd barenal insufficiency except for SF-36 bodilyrpai
(45 [35; 77.5] for BADX patients vs 100 [62.5; 100]), p=<0.05). When considering only those patients witb
not undergo BADX and comparing those with or withadrenal insufficiency, no significant differenassuld
be found between the groups, although the groupowtt adrenal insufficiency had an overall bettelQo

especially in the SF-36 items role physical (182.2; 100] vs 25 [0; 100]) and role emotional (10[200; 100] vs

66.7 [0; 100]).

Nelson’s syndrome, adrenal crisis

Nelson’s syndrome had a negative impact on Qoleakd especially by the BDI questionnaire for whinkre
was a significant difference between groups (p<0.0bcontrast, comparison of BADX patients whofetéd of

at least one adrenal crisis and those who didhmmtved no difference in QoL.

Exposure and remission duration, age, sex, radiaipyg comorbidities.

We found no statistical significant differences QoL in respect to duration of exposure, althougtread
showing that shorter exposure time favored the Qmild be observed., especially in CushQoL [®05; 65.5]
for the least exposed group vs 46 [31; 53] for the group exposed more than five years), bodily pain (80 [63.1;
100] vs 62.5 [45; 87.5]), general health (52.[14.8; 71.8] vs 41.7 [22.2; 62.5]) and social functioning (62.5[35;
61.2] vs 50 [22.5; 50]). No significant differences in QoL were found wittgards to remission duration. There

were no significant differences in QoL between raed women, or with regards to radiotherapy treatren

the presence of comorbidities.

Discussion

While the QoL among CD patients in remission is\wnao be reduced compared to the general population
only a few studies have evaluated the role of tneat received in determining this QoL. In the présstudy,
we compared 17 patients with CD who underwent BA&@j&inst those who underwent other treatment options

to determine any differences in detrimental impacQoL. In our study, patients who underwent BARX €D



had a lower QoL than patients who received andipe of treatment. The difference in QoL betweetiepds
who had adrenal insufficiency compared to those wad not was also very strong, reaching signifieaimc
almost every aspect of each questionnaire. Unfatély, the absence dedicated questionnaire evadudtie
QoL of adrenal insufficiency (Addi-QoL) representnajor limitation of our study. Moreover, we weneable to
show any significant differences with respect tmission and exposure duration. However, patients tdd
been less exposed to hypercorticism did tend te bawvetter QoL.

The second choice of treatment after TSS hasdfadlea challenging question. Among the severalonisti
BADX is a very effective one, with an immediateesff on hypercorticism and, in the light of devel@mts in
laparoscopy, with very low morbidity and mortalitpur results show a greater negative impact of BA®X
QoL compared to other treatment options. A few istuithave also focused on QoL following BADX[8-10,15
using mostly the SF-36 questionnaire to assessamgare it to that of the general population. Imparative
studies, we found similar or slightly lower SF-3¢orses for BADX patients[8,15,16], adding weight ttee
representativeness of our population. In theirystdhn Aken et al[16] compared against the gengoallation
the QoL of 58 patients in remission for CD, modtlated by TSS with a mean follow-up of 13.4 yedtwir
patients also answered questionnaires, includin@&mvith a high response rate of 95%. Apart fréwairt CD
population having a slightly better QoL than didgyuhe strongest difference being for role physidzich was
much lower in our population (54.4+43.3 vs 65+44)r results were quite similar. The lower QoL founaur
population can be explained by the higher numbepaifents in our study who received several treatme
compared to theirs where most patients only had 8. Concordantly, we also did not find a relathip
between duration of remission and QoL.

Our results indicate that patients having undeegBADX have a lower QoL compared to those having
received other treatment options. Such a resultdadigfavor use of BADX as a second line treatnfeowever,
considering the lack of studies comparing QoL ampaitients with CD receiving different treatmenty oesult
remains to be confirmed. Moreover it is importaminbte that only patient with severe Cushing disgago
failed to be controlled by TSS or any medical tmeatt and thus who had been exposed for a moreqyetb
period of time underwent BADX. In absence of BADKpse patients would have suffer from Cushingatise
morbidity and mortality. Although not statisticalljifferent to impact QoL, a mean exposure duraticas
longer in BADX group compare to the other treatngnoup (6.1+7.2 vs 1.3+£2.3 years). We cannot exchhat
it could affect the result. Should this durationgh®rtened, QoL may prove to be identical betwdenBIADX-

treated and other treatment groups of patients Staitement could not be proved in this study, @obbdue to



the size of our population, but exposure duratomost likely a very strong predictive factor oflQdndeed,
the difference between our two groups is high, ¢&&rs) in disfavor of BADX patients. This longespesition
and its physical and psychological consequencesyealk as the repeated treatment failures must play
important part in patient's QoL. We were also nbkeato show the impact of remission duration b two
groups were statistically different (8.4+5,6 vs £25 years, p<0.01). Only Wagenmakers et al[7], who
evaluated QoL in patients in long-term remissiorCohing’s syndrome compared to an age and sexigthtc
control group, were able to identify a significamfiluence of remission duration. The discrepancgun results
may come from a larger population (123 patientshenWagenmakers et al study which was also divigeth a
different manner (remission for 2-5 years, 5-10rged 10 years or longer) to our study populaffemission
under 2 years, 2-5 years and 5 years or longegy Hfso raise the hypothesis that the cause ofiregph&olL
could be the previous period of long-standing eyp@$o high cortisol levels.

Most studies about QoL in patients with CD condeeatment with TSS. Long-term data on other typles
treatment are lacking. Nelson et al[19] used thehQoL questionnaire to report on patients with CBow
participated in a phase 3 clinical trial designedassess the safety and efficacy of pasireotide. r€bults at
respectively months 6 and 12 showed a score of+20.4 and 52.5+19. In our study, patients who had
undergone BADX had a CushQoL score of 48.2+21.4e Trherpretation of the CushQoL score in patient
presenting adrenal with adrenal insufficiency mayt be adequate. Ideally, such evaluation wowdd b
performed prospectively pre and prost operativelgualuate the direct impact of the surgery ore GashQoL.
However, secondary adrenal insufficiency will alwaptroduce bias with specific symptoms associatéd
adrenal insufficiency in absence of good controlugr

One of the strengths of our study is the use odbua questionnaires, including one general and rveoe
specific ones: one concentrating on mental aspmuisthe other on disease-specific symptoms. Whilewa
studies have evaluated long-term QoL of patient® whderwent BADX, to our knowledge none directly
compared these patients to those treated diffgrentl

Our study also has some limitations. By its rgieative nature, it was impossible to achieve adstedized
follow-up and some data were sometimes difficultéoover. Moreover the non BADX group included only
41% patients with adrenal insufficiency, which liates the comparison. Other data like adrenalscvigre in
some cases only based on patients’ declarationshywvhile we did provide patients with a precisérndgon of
the term “adrenal crisis” to limit any false statams, could represent a limitation. Another pognthie fact that

we only obtained the QoL perceived by the patiemt® agreed to participate in the study, which larits



significance. One could argue that patients whovansd are the ones with a more altered QolL, leatiing
selection bias. Moreover, as we mentioned befo&DX® patients had an uncontrolled disease for a dong
period, BADX treatment being the last line treattmavhich might also interfere we the results. Agpective
study should provide more precision, although ateréng the rarity of the disease and of the treatme

implementing such a prospective study will be @rading.

Conclusion

BADX is an essential treatment option for CD, witigh rates of success. However, BADX did not restiie
QoL that we can expect for CD patient in remissiBlucocorticoid substitution seems to have an irtgmirrole
in this impairment, and may have a stronger implaah the type of treatment. Larger prospectiveistudre

needed to evaluate the impact on QoL of BADX for.CD
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Figures and legends

Fig. 1 Overview of the treatments received. MT: medicaatment; TSS: transsphenoidal surgery; RT:
radiotherapy; BADX: bilateral adrenalectomy

Cushing’s disease patients

n=34
BADX n=17 Other treatment n = 17
- 2" choice treatment after TSS n=5 -One TSS n=9
- TSS + RT before BADX n=4 - Two TSS n=2
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Table 1. Cushing’s disease patients’ characteristics

Bilateral ADX (n=17) Other treatments (n=17) pual

Age (years) 50+14.8 48.5+16 0.88
Gender (female) 14 (82.3%) 12 (70.6%) 0.69
Duration of exposure (years) 6.1+7.2 1.3+2.3 0.002
Duration of remission (years) 8.415,6 2.7£2.5 0.002
Nelson’s Syndrome 5 (29.4%) 0 0.04
Glucocorticoid substitution 17 (100%) 7 (41.2%) <0.001

Acute adrenal insufficiency 6 (35%) 0 0.02
Comorbidities 9 (52.9%) 10 (58.8%) 1

Diabetes mellitus 2 2

Hypertension 2 5

Depressive syndrome 4 2

Osteoporosis 2 1

Bold values indicate statistical significance, .85
ADX = Adrenalectomy



Table 2. Quality of life scores in Cushing’s disease patehilateral ADX versus other treatments

Bilateral ADX Other treatments p-value
(n=17) (n=17)
Median [Q1; Q3] Median [Q1; Q3]
SF-36
Physical Functioning 65 [52.5; 77.5] 90 [65; 95] 0.05
Role Physical 25 [0; 87.5] 100 [25; 100] 0.05
Bodily Pain 45 [29; 79] 90 [67.5; 100] 0.002
General Health 42 [27; 48] 54 [46; 73] 0.005
Vitality 35 [20; 50] 55 [42.5; 65] 0.02
Social Functioning 50 [50; 75] 75 [62.5; 94] 0.03
Role Emotional 67 [33; 100] 100 [67; 100] 0.13
Mental Health 56 [48; 72] 60 [52; 74] 0.62
Cush QoL 44 [31; 68.5] 65 [54; 74] 0.02
BDI 16 [9.5: 24] 9 [4; 14] 0.02

Bold values indicate statistical significance, p.€5

SF-36 Short Form-36 Health Survey, Cush QoL Cushumity of life questionnaire, BDI Beck depression

inventory





