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Cushing’s syndrome
_

( CS Is associated with \
excessive mortality mainly

caused by cardiovascular or
Infectious disease, and their

\systematic consequences!?,

1. Pivonello et Al, Endocrine Reviews, 2015
2. Pivonello et Al, Lancet Diabetes Endocrinol, 2016
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Mortality in Cushing’'s syndrome
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0.31-8.3 3) AC: SMR up to 48
y, N y, \ y,
o ) /" Main death causes: 4 )
Vain death causes: /1) B%nign Ieg'ilon:d(':am”o- Main death causes:
Cardiovascular disease, cerebrovascuiar disease, _ >
Sepsis, ‘“r°f‘"b°eglj?ggsem' Seps's’. Neoplastéce Brsti)sgressmn,
Suicide 2) Maanantesion, necplast
L J \. thromboembolism J \§ J

Pivonello et A|, Lancet Diabetes EﬂdOCfiﬂO', 2016 AA=adrenal adenoma, BAH=bilateral adrenal hyperplasia, AC=adrenal
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Studies showing similar SMR in overall CS

Cured/remission

(%)
Swearingen, CD (161) Retrospective  0.98 (0.44-2.2) Cardiovascular disease, stroke
1999 87% study
Pikkarainen, CS (74),CD (43) Retrospective +CS=1.68 Cardiovascular disease,
1999 NA single-center (0.81-3.09) pancreatitis
study *CD=2.67
(0.89-5.25)
Lindholm, CS (166), CD (73) National +CS=3.68 Stroke, sepsis, aortic
2001 81% registry study (2.34-5.33) aneurysm rupture
*CD=1.7 (0.68-
3.5)
Hammer 2004 CD (289) Retrospective  1.42 (0.95-2.1) Cardiovascular disease,
84% single-center
study

1. Pivonello et Al, Endocrine Reviews; 2015;
2. Pivonello et Al, Lancet Diabetes Endocrinol, 2016 NA: not available,



Survival rate of patients with CS according to etiology
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. SMR:1.7, p=0
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Adrenal adencma

oa— SMR: 3.48; p=0.04
£
=
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‘:§L = SMR:11.48; p<0.001
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O.Ewﬂ
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o 2 4 8 8 10 12
Years after initial admission
First yr 139 13 130.3 0.64 20.27
(10.8-34.7)
Following yr 126 10 863.6 5.6

Lindholm et Al., JCEM, 2001

CD=Cushing’s disease, CS=Cushing’s syndrome



Mortality in patients with more than 5 yrs from the
first operation

Grou No. M/F No. Cause of death Time at Expecte SMR P
p of ra* ~R% CI)

pts LIMITATIONS
45 * Retrospective study
« Small sample size
* No focus on active disease
* Different types and number of
treatments were not considered
c - sepgr.atel)./ <o.05]
 Hormonal deficiencies were not .
considered

Group e SO
Group B: cured by unilateral adrenalectomy because of benign
adenoma.

Lindholm et Al, JCEM, 2001




Studies showing increased SMR in overall CS

Cured/rem (%)

Extabe, 1994

Dekkers,2007

Clayton, 2011

Bolland, 2011

Hassan-Smith,
2012

Ntali, 2013

Yaneva, 2013

CD (49)
88%

CD (74)
93%

CD (60)
90%

CS (253),CD(188)
89%; 91%

CD (80)
65%

CS(209),CD(182)
79%; 77%

CS(386),CD (240)
NA;79%

Population based
study

Retrospective single
center study

Retrospective single
center study

Nationwide
retrospective survey

Retrospective single
center study

Retrospective
multicenter study

Retrospective single
center study

3.8 (2.5-17.9)

2.39 (1.22-3.9)

4.8 (2.8-8.3)

CS=4.1 (2.9-
5.6)
CD=Macro:3.5
(1.3-7.8),
micro: 3.2 (2-
4.8)

3.17 (1.7-5.43)

CD=9.3 (6.2-
13.4)
AC=5.3 (0.3
26)
ECS=68.5
(21.5-151.8)

CS=4.05 (2.5-
5.8)

CD=1.88
(0.69-4.08)

Cardiovascular & Infectious disease

Cardiovascular disease, malignancy,
infectious disease

Cardio-cerebrovascular disease,
malignancy, aortic aneurysm rupture

Malignancy, cardiovascular disease,
stroke, sepsis, pulmunary embolism

Cardiovascular disease, malignancy,
infectious disease

Cardiovascular diseas, infectious
disease & sepsis, malignancy

Cardio- & cerebrovascular disease,
infectious disease & sepsis

1 .Pivonello et Al, Endocrine Reviews, 2015; 2. Pivonello et Al, Lancet Diabetes Endocrinol, 201

MNA-TOtavaTtatte—
6 ACS=Adrenal CS
ECS=ectopic CS



Mortality and predictive factors in CD patients

Men ient death
ard ratio

LIMITATIONS ecl)
Women . 0.48-100)
Cardiovascul « Small sample size

: . : 0.36-75)
disease * No separate evaluation of active, cured
Infectious dis and relapsed CD

Post adrenal :

ol - Different types and number of treatments
Total popula were not considered separately

* Hormonal deficiencies were not

considered

Total

* Mortality
women (SM

Independen
* Older age
* Persistence of hypertension
» Persistence of glucose abnormalities after treatment

Etxabe et Al., Clinical Endocrinology, 1994 * SMR: Standardized Mortality Ratio



Survival rate of the entire cohort of CS

In active CS was 2.4

1.00 (p=0.013)
| SMR: 4.05, p<0.0001
c s In CS after remission SMR
'% 0.751 %N'ank— was 1.67 (p>0.05)
E 0.50 1 L
= “'L-»-olw In overall CD was 1.88
E (p>0.05)
2 0.25-
. In CD without initial
remission after TSA was
0.00 4 i . ; . : =
0 10 20 30 40 50 g 28, p=0.005.
Time (years)

Sex (M/F OR=1.93), age at diagnosis, duration of disease activity, etiology and the
current status at death (active or remission) correlated significantly with death

Yaneva et AI, EJE, 2013 CS= Cushing’s syndrome; SMR= Standardized Mortality Ratio



Survival rate of patients with different CS etiologies

1.0 —
z ny N\
= .
g LIMITATIONS
:  Retrospective study

 The SMRs of patients treated with

different types and number of approaches
were not considered separately
 Hormonal deficiencies were not

considered
Type_disease
1: Adenomas - — = 2: Bilateral hyperplasia = - =— 3: CD
—— — 4: Carcinoma — —-—- 5: Ectopic —— - - 6: Unknown

CS= Cushing’s syndrome; AA=adrenal adenoma,ANH=adrenal, nodular
Yaneva et A|_’ EJE ’2013 hyperplasia, AC=adrenal carcinoma, SMR= Standardized Mortality Ratio
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el SMR = (4)
Overall
Population SMR 1 (7)
i Active CS ISMR 1 (1) |
Persistent/ SMR = (1)
relapsed
CS SMR 1 (6)




Studies showing similar SMR in cured CD

Lindholm,
2001

Hammer,
2004

Dekkers,
2007

Yaneva, 2013

CS (166), CD
(73)

CD (289)

CD (74)

CS(386),CD
(240)

Naional
registry study

Retrospective
single center
study

Retrospective
single center
study

Retrospective
single center
study

0.31 (0.01-
1.72)

1.18 (0.7-1.9)

1.8 (0.71-3.37)

1.67 (0.61-
3.62)

Stroke, sepsis, aortic
aneurysm rupture

Cardiovascular disease

Cardiovascular disease,
malignancy, infectious disease

Cardio- & cerebrovascular
disease, infectious disease &
sepsis

1.Pivonello et Al, Endocrine Reviews; 2015; 2. Pivonello et Al, Lancet Diabetes Endocrinol, 2016



Mortality rate among patients in initial remission (A)
or initial persistent disease (B)

1.0+

W LIMITATIONS
' » Retrospective study
* Only CD patients treated with

0.6 -

Probability of Survival

04- transsphenoidal microsurgery were included
' « Different types and number of treatments

. were not considered separately

00-  Hormonal deficiencies were not considered

0.2 -

Hammer et Al, JCEM, 2004

Y FU= years of follow-up



Studies showing increased SMR in cured CS

Bolland,
2011

Clayton, 2011

Hassan-
Smith, 2012

Ntali, 2013

cS
(253),CD(188)

CD (60)

CD (80)

CS(209),CD(182)

Nationwide
restrospective
survey

Retrospective
single center
study

Retrospective
single center
study

Retrospective
multicenter
study

Macro:2.3 (0.4-
7.5), micro:
3.1(1.8-4.9)

3.3 (1.7-6.7)

2.47 (0.8-5.77)

8.3 (5.1-12.7)

Malignancy, cardiovascular
disease, stroke, sepsis,
pulmunary embolism

Cardio-cerebrovascular
disease, malignancy, aortic
aneurysm rupture

Cardiovascular disease,
malignancy, infectious disease

Cardiovascular diseas,
infectious disease & sepsis,
malignancy

1. Pivonello et Al, Endocrine Reviews; 2015; 2. Pivonello et Al, Lancet Diabetes Endocrinol, 2016



Mortality data for the entire cohort and by

diagnosis
Entire Cohort 89 4.1 <0.001
Adrenal adenoma 95 7.5 0.009
Bilateral nodular 56 14 0.001
hyperplasia
Pituitary 93 3.5 0.018
macroadenoma
Pituitary microadenoma 91 3.2 <0.001
Occult ectopic 70 27 <0.001
Probable ectopic 67 3.1 0.16

and in most of the individual subgroups of CS.

|: The SMR was significantly increased in the entire cohort :I

Bolland et Al, Clinical Endocrinology, 2011

CS= Cushing’s syndrome



Mortality data for the entire cohort and by

diagnosis
T

Entire Cohort

Pitutary

100 - 100- e
1 T Expected
[ -
= 804 = 804 ] e
2 2 | 2 | em——— T
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€ o- g 60- Macroadenoma
w /]
T 40 T 401
§ g Microadenoma
) Observed [
o 20 - o 20-
0 b L | 1 1 1 U 1 1 L I 1
0 10 20 30 40 50 0 10 20 30 40 50
No. at risk Follow up (years) No. at risk Follow up (years)
253 154 88 64 43 28 17 11 5 2 Macroadenoma30 21 8 6 3 2 2
Microadenoma 158 101 65 47 35 22 13 9 4 2
Adrenal Ectopic
................ Expected 100 Expected
_________________________ ]""ll .. DECTEE
T Adenoma S 80t —y Probable ectopic
E E [ —— 1
5 5 60+ |
7] 0 |
£ ; Ed 0000 -
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No. at risk Follow up (years) No. at risk Follow up (years)
Modular hyperplasia 9 9 3 2 2 2 2 2 1 Occult ectopic 10 6 5 4 3 2
Adenoma ST 3 2 Probable ectopic 9 5] 4 3

Bolland et Al, Clinical Endocrinology, 2011

Predictive factorﬁ
of mortality
in the entire cohort :
biochemical cure
hypertension

at last follow-up.

In CD:

* age at diagnosis,

* diabetes mellitus at
last follow-up

Qype of treatment. )

CS= Cushing’s syndrom, CD= Cushing’s disease



Mortality was elevated regardless cure was
achieved after the initial procedure

LIMITATIONS
» Retrospective study
Small sample size
*CD patients with microadenoma or
macroadenoma were considered separately
il *No focus on active disease
gl - Different types and number of treatments
Cure were not considered separately
Not ¢  Hormonal deficiencies were not
Relar considered

Pituit

Cure(
Not ¢

Relar

No rels

Bolland et Al, Clinical Endocrinology, 2011

CS= Cushing’s syndrome



Literature overview

@ D . w
Sk SMR = (4)

Overall ) g
\Populatlonj SMR 1 (7)
" Active CS | SMR 1 (1)
) : —— SMR = (4)
Cured CS | > ~

: : SMR 1 (4)




Studies showing similar SMR in

persistent/relapsed CS
S =

First Author Patient type (n) Study design SMR Main death causes

persistent/rec
urrent disease

Hassan- CD (80) Retrospective 4.12 (1.12- Cardiovascular disease,
Smith, 2012 single center 10.54) malignancy, infectious disease
study




Studies showing increased SMR in
persistent/relapsed CS patients

Lindholm,
2001

Hammer,
2004

Dekkers,2007

Clayton, 2011

Yaneva, 2013

Ntali, 2013

CS (166), CD
(73)

CD (289)

CD (74)

CD (60)

CS(386),CD
(240)

CS(209),CD(182)

National egistry
study

Retrospective
single center
study

Retrospective
single center
study

Retrospective
single center
study

Retrospective
single center
study

Retrospective
multi center
study

5.06 (1.86-11)

2.8 (1.35-5.9)

4.38 (1.38-9.07)

16 (6.7-38.4)

2.4 (0.87-8.19)

9.9 (3.6-21.9)

Stroke, sepsis, aortic aneurysm
rupture

Cardiovascular disease

Cardiovascular disease,
malignancy, infectious disease

Cardio-cerebrovascular
disease, malignancy, aortic
aneurysm rupture

Cardio- & cerebrovascular
disease, infectious disease &
sepsis

Cardiovascular diseas,
infectious disease & sepsis,
malignancy




Literature overview:
Meta-analyses &
Systematic Reviews



Meta-analysis: SMR in CD population

Study Standardized Mortality Ratios tality Ratlos for Cushing's disease
(ranc [95% CI]
s T STRENGHTS
Hammer 1.4 [1.0-2.1]
Systematic approach

Lindholm 1.70 [0.7-3.

LIMITATIONS
Pikkarainen 27 [0.8-5.

| * Limited number of studies
EahalEtaaE  -Absence of extended follow-up
o N Low number of studies in some
subgroups

Total 1.8[1.3-2.7] =

olavelsell v,

—

=F ! I bl

0.1 1 10
curopedrl Jouilrial Ol irmerridl ivieualicirie, PAVEW



SMR in cured and uncured CD patients was significantly
increased compared to general population

’ « Systematic approach
* Only studies with a minimum of 10 patients
and at least 1 year of follow-up were
considered
*Only studies with mortality expressed in SMR
and stratified by cure status were considered

Macroadenoma ()
Microadenoma (7)
(10)

(1)

(8)

(14,91)

1) L IMITATIONS 1153 1650
0 * Only biochemically cured patients after initial [REEE
1 neurosurgery were included A
o * No evaluation of impact of glucocorticoid pagz 13
Ovel (2 778% P=01 replacement treatment and pituitary

- deficiencies and treatment

Note: Weights are from random effeCls

an Haalen.,European E?J5E1, 2016" 05 1



Mortality of Long-term cured CD patients

Cause of death
Overall

Cancer
Circulatory

Sex

Male

Female

GC
replacement
therapy

No

Yes

1.61 (1.23-2.12)
0.79 (0.41-1.51)
2.72 (1.88-3.95)

1.11 (0.6-2.06)

1.81 (1.33-2.46)

1.01 (0.54-1.89)
1.99 (1.45-2.72)

0.0001
0.41
<0.0001

0.75

<0.0001

0.96
<0.0001

» Mortality  was significar@\
higher in patients with cured CD
than general population.

» Sex-related difference was not
significant.

» Pts taking glucocorticoids had

Clayton et Al, Lancet Endocrinolol Diabetes, 2016

Qsignificantly higher SMR. /

FACTORS WITH IMPACT ON MORTALITY:
Presence of diabetes had a mortality hazard
ratio of 2.82 (p<0.0096), for hypertension
hazard ratio was 1.59 (p=0.008).

SMR= Standardized Mortality Ratio; HR: hazard
ratio



Association between mortality and number of
treatments

100V = e Lreatrment

T D
ey

LIMITATIONS

*Only cured patients for a minimum

of 10 years with no relapse until
database was frozen or until death,
were included

HRs : 1-77 (95% CI 0-93-3-38) for two versus one treatments (p=0-08),
2:6 (1-15-5-87) for three versus one treatments (p=0-02).

Clayton et Al, Lancet Endocrinol Diabetes, 2016 SMR= Standardized Mortality Ratio; HR: hazard ratio
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Cushing’s disease vs adrenal CS

Pikkarainen, 1999

Lindholm, 2001

Bolland, 2011

Yaneva, 2013

Ntali, 2013

CS (74), CD (43)

CS (166), CD (73)

CS (253),CD(188)

CS(386),CD (240)

CS(209),CD(182)

SMR = (2.67)

SMR = (1.7)

SMR 1 (macro:3.5,

micro: 3.2)

SMR = (1.88)

SMR 1 (9.9)

SMR = (1.35)

SMR 1 (3.4)

SMR 1 (7.5; 14%)

SMR = (1.67; 1.14%)

SMR = (5.3)

ANH=Adrenal nodular hyperplasia
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