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Abstract

Objectives: Many patients with Cushingŝs disease ŐCDő require chronic pharmacoŊ
therapy to controѴ their hypercortisoѴismĺ We evaѴuated the efficacy and safety of 
ѴongŊacting pasireotide during a ѴongŊterm extension study in patients with CDĺ
Design: OpenŊѴabeѴ extension to a ƐƑŊmonth Phase III study of ѴongŊacting pasireŊ
otide in CD ŐN Ʒ ƐƔƏĸ NCTƏƐƒƕƓƖƏѵőĺ
Patients: Patients with mean urinary free cortisoѴ ŐmUFCő ƽ upper Ѵimit of normaѴ ŐULNő 
or receiving cѴinicaѴ benefit at core study end couѴd continue ѴongŊacting pasireotide 
during the extensionĺ
Results: EightyŊone of ƐƔƏ ŐƔƓĺƏѷő enroѴѴed patients entered the extensionĺ Median 
overaѴѴ exposure to pasireotide at study end was ƑƒĺƖ monthsĸ ƒƖņѶƐ ŐƓѶĺƐѷő paŊ
tients compѴeted the extension Őreceived ƾ ƐƑ monthsĽ treatment during the exŊ
tension and couѴd transit to a separate pasireotide safety studyőĺ mUFC was ƽULN 
in ƓƑņѶƐ ŐƔƐĺƖѷőķ ƐƒņѶƐ ŐƐѵĺƏѷő and ƓƒņѶƐ ŐƔƒĺƐѷő patients at extension baseѴineķ 
month ŐMő ƒѵ and Ѵast assessmentĺ Median mUFC remained within normaѴ Ѵimitsĺ 
Median ѴateŊnight saѴivary cortisoѴ was Ƒĺѵ Ƶ ULN at core baseѴine and Ɛĺƒ Ƶ ULN at 
Mƒѵĺ CѴinicaѴ improvements were sustained over timeĺ FortyŊtwo ŐƔƐĺƖѷő patients 
discontinued during the extensionĹ ƑƔ ŐƒƏĺƖѷő before MƑƓ and Ɛƕ ŐƑƐĺƏѷő after MƑƓĺ 
HypergѴycaemiaŊreѴated AEs occurred in ƒƖĺƔѷ of patientsĺ Mean fasting gѴucose 
ŐFPGő and gѴycated haemogѴobin ŐHbA1cő were stabѴe during the extensionķ with anŊ
tidiabetic medication initiatedņescaѴated in some patientsĺ SixtyŊsix ŐѶƐĺƔѷő and ƕƐ 
ŐѶѶĺƖѷő patients were cѴassified as having diabetes ŐHbA1c ƾ ѵĺƔѷķ FPG ƾ ƕĺƏ mmoѴņLķ 
antidiabetic medication useķ or history of diabeteső at extension baseѴine and Ѵast 
assessmentĺ

www.wileyonlinelibrary.com/journal/cen
mailto:﻿
https://orcid.org/0000-0001-9284-6289
https://orcid.org/0000-0002-8329-140X
http://creativecommons.org/licenses/by-nc/4.0/
mailto:fleseriu@ohsu.edu


ՊՍ Պ | ՊƕƕƕFLESERIU ET AL.

ƐՊ |ՊINTRODUC TION

Cushingŝs disease ŐCDő is a rare endocrine disorder characterized by 
overproduction of cortisoѴ by the adrenaѴ gѴandsķ secondary to an 
adrenocorticotropic hormone ŐACTHőŋsecreting pituitary adenoma 
Őcorticotropinomaőĺ1 CD is associated with significant muѴtisystem 
morbidityķ impaired quaѴity of Ѵife ŐQoLő and increased mortaѴity if 
inadequateѴy treatedĺƑķƒ

SeѴective resection of the corticotropinoma by transsphenoidaѴ 
surgery is the firstŊchoice treatment for CDķ but surgicaѴ success 
rates vary and depend on the expertise of the surgeonĺ CD persists 
in ƐƏѷŊƒƔѷ of patients after surgeryķƓķƔ whiѴe recurrence rates range 
from ƐƔѷ to ѵѵѷ after a variabѴe duration of remissionĺѵŊѶ Medical 

therapy pѴays a prominent roѴe in the management of persistent or 
recurrent CDķ as weѴѴ as in patients who are not candidates for surŊ
geryķ such as those considered to be at high surgicaѴ risk andņor with 
acute compѴications of CDĺƑķѶŊƐƏ

Given the chronic nature of CDķ many patients require ѴongŊterm 
pharmacotherapy to achieve and maintain the goaѴs of treatmentĹ to 
controѴ cortisoѴ excessķ reverse cѴinicaѴ features and compѴications of 
hypercortisoѴismķ improve QoLķ controѴ tumour mass and increase 
Ѵife expectancyĺ8 A comprehensive understanding of the ѴongŊterm 
efficacy and safety of avaiѴabѴe medicaѴ treatment options is thereŊ
fore centraѴ to achieving optimaѴ outcomes for patientsĺ

Based on the resuѴts of a ƐƑŊmonth Phase III studyķ11 a ѴongŊactŊ
ing intramuscuѴar formuѴation of pasireotide suitabѴe for monthѴy adŊ
ministration has been approved in the EUķ United States and other 
countries worѴdwide for the treatment of CDĺƐƑķƐƒ Hereķ we report 
the efficacy and safety of ѴongŊacting pasireotide during a ѴongŊterm 
extension Őmedian treatment durationĹ ƑƒĺƖ monthső to the Phase 
III studyĺ

ƑՊ |ՊMETHODS

ƑĺƐՊ|ՊPatients

This was an optionaѴķ openŊѴabeѴ extension to a ƐƑŊmonth Phase III 
core studyĺ11 Patients couѴd enter the extension if they satisfied the 
foѴѴowing criteria at the end of the core studyĹ mean urinary free cortiŊ
soѴ ŐmUFCĸ mean of three ƑƓŊhour sampѴes coѴѴected within Ƒ weekső 
not exceeding the upper Ѵimit of normaѴ ŐULNĸ ƐѵѵĺƔ nmoѴņƑƓ hő andņ
or considered by the investigator to be receiving significant cѴiniŊ
caѴ benefit from ѴongŊacting pasireotideĸ demonstrated acceptabѴe 

toѴerabiѴity of pasireotide during the core studyĸ and provided conŊ
sent to participate in the extensionĺ

ƑĺƑՊ|ՊStudy design

During the core studyķ aduѴts with confirmed CD and mUFC of 
ƐĺƔŊƔĺƏ Ƶ ULN were randomized to doubѴeŊbѴind pasireotide ƐƏ or 
ƒƏ mg every ƑѶ daysĸ dose titration was permitted based on effiŊ
cacyņtoѴerabiѴityĺ11 Patients who entered the extension continued 
ѴongŊacting pasireotide Őwithout interruptionő at the same dose that 
they received at month ƐƑĺ Pasireotide dose couѴd be increased ŐƔ to 
ƐƏ mgķ ƐƏ to ƑƏ mgķ ƒƏ to ƓƏ mg every ƑѶ dayső if mUFC ƻ ƐĺƏ Ƶ ULNķ 
providing there was an intervaѴ of ƾƒ months since Ѵast increaseĺ 
Dose reductions were permitted at any time for toѴerabiѴity ŐѴowest 
permitted doseĹ Ɣ mg every ƑѶ daysőĺ

During the extensionķ patients received ѴongŊacting pasirŊ
eotide for ƐƑ monthsķ at which point they continued in the study 
untiѴ an option was avaiѴabѴe to transit to a separate openŊѴabeѴķ 
ѴongŊterm safety study of ѴongŊacting pasireotide ŐcѴinicaѴtriaѴsĺgovĹ 
NCTƏƐƕƖƓƕƖƒĸ resuѴts not presentedőķ which occurred once the 
Ѵast ongoing patient had received ƐƑ months of treatment during 
the extensionĺ Patients who had received an additionaѴ ƾƐƑ months 
of treatment after the ƐƑŊmonth core phase and had the option to 
enter the separate openŊѴabeѴķ ѴongŊterm safety study were considŊ
ered to have compѴeted the extensionĺ The study ended once the 
Ѵast patient had received ƐƑ months of treatment during the extenŊ
sionķ and aѴѴ patients had either transited to the ѴongŊterm safety 
study or discontinued treatmentĺ

ƑĺƒՊ|ՊAssessments and outcomes 
during the extension

Prespecified outcomes of the extension incѴuded the foѴѴowingĹ 
changes in mUFCķ pѴasma ACTHķ and morning serum and ѴateŊnight 
saѴivary cortisoѴ ŐLNSCőĸ proportion of patients with controѴѴed 
ŐƽULNő or partiaѴѴy controѴѴed ŐƻULN and ƾƔƏѷ reduction from 
baseѴineő mUFCĸ change in pituitary tumour voѴumeķ cѴinicaѴ signs of 
hypercortisoѴism and heaѴthŊreѴated QoL ŐCushingŝs quaѴityŊofŊѴife 
questionnaire ŒCushingQoLœőĸ and safety and toѴerabiѴity of ѴongŊactŊ
ing pasireotideĺ

During the extensionķ the foѴѴowing parameters were monitored 
at ƒŊmonth intervaѴsĹ cѴinicaѴ signs ŐsystoѴic bѴood pressure ŒSBPœ and 
diastoѴic bѴood pressure ŒDBPœķ body mass index ŒBMIœ and waist 

Conclusions: LongŊacting pasireotide provided sustained biochemicaѴ and cѴinicaѴ imŊ
provementsķ with no new safety signaѴs emergingķ supporting its use as an effective 
ѴongŊterm therapy for CDĺ

K E Y W O R D S

Cushing syndromeķ Cushingŝs diseaseķ extensionķ hypercortisoѴismķ pasireotideķ Phase IIIķ 
pituitary
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circumferenceőķ mUFCķ morning serum cortisoѴķ LNSC and pѴasma 
ACTHĺ Bone mineraѴ density ŐBMDĸ Ѵeft totaѴ hip and Ѵumbar spine 
ŒLƐŊLƓœő was measured at ѵŊmonth intervaѴs by Lunar or HoѴogic 
duaѴŊenergy XŊray absorptiometry ŐDXAő instrumentsĺ Patients were 
scanned on the same DXA instrument for the duration of the studyĺ 
Pituitary tumour voѴume was measured at ѵŊmonth intervaѴs by 
magnetic resonance imaging ŐMRIő and assessed by a centraѴ readerĺ

Safety was assessed by monitoring adverse events ŐAEsőĺ AEs 
were defined using the MedicaѴ Dictionary for ReguѴatory Activities 
version ƐѶĺƐ and graded according to Common TerminoѴogy Criteria 
for Adverse Events version ƒĺƏĺ Laboratory assessmentsķ incѴuding 
haematoѴogicaѴņbѴood biochemicaѴ measurements Őfasting pѴasma 
gѴucose ŒFPGœķ gѴycated haemogѴobin ŒHbA1cœķ thyroid and Ѵiver funcŊ
tion testsőķ vitaѴ signsķ gaѴѴbѴadder examinations and eѴectrocardioŊ
gramsķ were assessed as described previousѴyĺ11

ƑĺƓՊ|ՊStatisticaѴ methods

Efficacy and safety data are presented for patients who entered 
the extensionĺ AnaѴyses were performed once aѴѴ patients had comŊ
pѴeted the extension or discontinued treatmentĺ Morning serum corŊ
tisoѴķ LNSCķ morning pѴasma ACTHķ mUFC and cѴinicaѴ signs were 
anaѴysed descriptiveѴyĺ ActuaѴņpercentage changes were caѴcuѴated 
from core study baseѴine Őbefore pasireotide initiationőķ and from exŊ
tension baseѴine Őat end of core study Œmonth ƐƑœő for patients with 
evaѴuabѴe assessments at coreņextension baseѴine and the Ѵater time 

pointĺ For the proportions of controѴѴed and partiaѴѴy controѴѴed reŊ
spondersķ twoŊsided ƖƔѷ confidence intervaѴs ŐCIső were caѴcuѴatedĺ 
Efficacy data are presented up to month ƒѵ and at each patientŝs 
Ѵast avaiѴabѴe assessmentĺ Safety data are presented during the core 
study Őup to month ƐƑő and extension Őafter month ƐƑ untiѴ study 
endőĺ Definitions of diabetic status Ődiabeticķ prediabetic and normoŊ
gѴycaemicő are incѴuded in the Appendix SƐĺ

ƒՊ |ՊRESULTS

ƒĺƐՊ|ՊStudy popuѴation

EightyŊone of ƐƔƏ patients ŐƔƓĺƏѷő who were enroѴѴed in the core 
study entered the extensionĺ ThirtyŊnine ŐƓѶĺƐѷő patients compѴeted 
the extension Őie received ƾ ƐƑ monthsĽ treatment during the extenŊ
sion and had opportunity to enter a separate ѴongŊterm pasireotide 
safety studyĸ Figure Ɛőĸ each of these patients opted to enroѴ in the 
separate ѴongŊterm safety study ŐresuѴts wiѴѴ be pubѴished sepaŊ
rateѴyőĺ The remaining ƓƑ ŐƔƐĺƖѷő patients discontinued ѴongŊacting 
pasireotide during the extensionĹ ƑƔ ŐƒƏĺƖѷő discontinued prior to 
month ƑƓ and Ɛƕ ŐƑƐĺƏѷő discontinued after month ƑƓĺ The most 
common reasons for discontinuation during the extension phase 
were consent withdrawaѴ ŐƐѵĺƏѷőķ unsatisfactory therapeutic effect 
ŐƐƓĺѶѷő and AEs ŐƖĺƖѷőĺ

Median duration of pasireotide exposure from study start untiѴ 
end of extension was ƑƒĺƖ months ŐrangeĹ ƐƑĺƏŊƔƔĺƒőĺ At extension 

F I G U R E  Ɛ Պ Patient dispositionĺ ŖReasons for not entering the extension were not recordedĸ �The death occurred Ɛѵ d after the Ɛѵth 
injection and was not suspected by the treating physician to be reѴated to pasireotide11; �Patients were considered to have compѴeted 
the extension if both of the foѴѴowing criteria were metĹ they had received an additionaѴ ƾƐƑ mo of treatment during the extensionĸ and 
the core study had been unbѴindedķ which occurred once aѴѴ ƐƔƏ patients who were enroѴѴed in the core study had reached month ƐƑ or 
discontinued treatmentĺ The AEs Ѵeading to discontinuation in Ѷ patients during the extension phase were as foѴѴowsĹ diabetes meѴѴitusķ 
n Ʒ Ƒĸ hypergѴycaemiaķ n Ʒ ƒ Őone of these patients aѴso had increased gammaŊgѴutamyѴtransferaseőĸ hyperkaѴaemiaķ n Ʒ Ɛĸ endometriaѴ 
cancerķ n Ʒ Ɛĸ and acute choѴecystitisķ choѴeѴithiasisķ eѴevated Ѵiver enzymesķ biѴirubin increasedķ oedematous pancreatitis and ascitesķ n Ʒ Ɛ 
ŒCoѴour figure can be viewed at wiѴeyonѴineѴibraryĺcomœ

Entered core study (n = 150)

Completed 12-month core study (n = 104)

Entered extension study (n = 81) Did not enter extension study (n = 23)*

Completed extension study (n = 39)‡

Discontinued during the extension, n = 42

� Consent withdrawal, n = 13

� Unsatisfactory therapeutic effect, n = 12

� Adverse events, n = 8

� Administrative problems, n = 4 

� Abnormal laboratory values, n = 3

� Protocol deviation, n = 1

� Death (cardiorespiratory failure), n = 1†

www.wileyonlinelibrary.com
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startķ ѴongŊacting pasireotide was administered at a dose of Ɣķ ƐƏķ ƒƏ 
and ƓƏ mg every ƑѶ days in ѵķ ƐƔķ ƑƏ and ƓƏ patientsķ respectiveѴyĺ 
During the extensionķ ƐƑ ŐƐƓĺѶѷő patients had ƾƐ dose ѴeveѴ increase 
compared with the month ƐƑ doseĺ

TabѴe Ɛ shows the characteristics at core and extension baseѴine 
for the ѶƐ patients who entered the extensionĺ

ƒĺƑՊ|ՊLongŊterm efficacy

ƒĺƑĺƐՊ|ՊChange in mUFC and other biochemicaѴ 
markers of CD

At extension startķ ƓƑ ŐƔƐĺƖѷő patients had controѴѴed mUFC 
ŐƽULNőĺ EѴeven ŐƐƒĺѵѷő patients had partiaѴѴy controѴѴed mUFC 
ŐƻULN but ƾƔƏѷ decrease from core baseѴineőķ and ƑѶ ŐƒƓĺѵѷő had 
uncontroѴѴed mUFC ŐƻULN and ƺƔƏѷ decrease from core baseѴineő 
but were considered to have been receiving cѴinicaѴ benefit from 
pasireotide treatmentĺ Most patients ŐƕƔĺƏѷĸ n Ʒ ƑƐņƑѶő with unŊ
controѴѴed mUFC at extension had mUFC ƽ ULN on ƾƐ visit during 
the core studyĺ

OveraѴѴķ ƒѶņѶƐ ŐƓѵĺƖѷő patients had controѴѴed mUFC at month 
ƑƓ Őafter ƐƑ months of treatment during the extensionőĺ The proporŊ
tion of patients with controѴѴed or partiaѴѴy controѴѴed mUFC ѴeveѴs 
was stabѴe from extension baseѴine to month ƑƓ ŐFigure SƐőĺ Of the 
ƓƑ patients with controѴѴed mUFC at extension baseѴineķ Ƒƕ ŐѵƓĺƒѷő 
had controѴѴed mUFC at month ƑƓķ two ŐƓĺѶѷő had partiaѴѴy conŊ
troѴѴed mUFCķ and three ŐƕĺƐѷő had uncontroѴѴed mUFCĸ ƐƏ ŐƑƒĺѶѷő 
had discontinued or did not have an mUFC assessment at month ƑƓĺ 
EѴeven of ƒƖ ŐƑѶĺƑѷő patients with mUFC ƻ ULN at extension baseŊ
Ѵine had controѴѴed mUFC at month ƑƓĸ each of these patients had 
mUFC ƽ ULN on ƾƐ visit during the core studyĺ

Of patients who received ƒѵ monthsĽ treatmentķ ƐƒņƐѶ ŐƕƑĺƑѷő 
had controѴѴed mUFC at this time pointĺ At the time of each patientŝs 
Ѵast avaiѴabѴe assessmentķ ƓƒņѶƐ ŐƔƒĺƐѷő patients were controѴѴedķ 
ƐѵņѶƐ ŐƐƖĺѶѷő were partiaѴѴy controѴѴed and ƑƑņѶƐ ŐƑƕĺƑѷő were 
uncontroѴѴedĺ

For patients with evaѴuabѴe assessmentsķ median mUFC ѴeveѴs 
remained within the normaѴ range ŐƐƔĺƖŊƐѵѵĺƔ nmoѴņƑƓ hő from exŊ
tension baseѴine up to month ƒѵ ŐFigure Ƒőĺ For the subset of patients 
who received ƾƐƑ and ƾƑƓ monthsĽ treatment during the extensionķ 
median mUFC ѴeveѴs remained within the normaѴ range from extenŊ
sion baseѴine up to these time pointsĺ Median Őrangeő change in mUFC 
from start of pasireotide treatment was ƴƐѶƏĺƒ nmoѴņƑƓ h ŐƴƐƔƑƏĺƏķ 
ѵѵƕĺƕĸ n Ʒ ѶƐ ŒƴƔƐĺƖѷ changeœő at month ƐƑķ ƴƑƒѵĺƓ nmoѴņƑƓ h 
ŐƴƐƔƓƐĺѶķ ƐƐƏƖĺƒĸ n Ʒ ƔѶ ŒƴѵƓĺƐѷœő at month ƑƓķ and ƴƑѵƕĺƑ nmoѴņƑƓ h 
ŐƴƔƓƒĺƏķ ƴƑƐĺƐĸ n Ʒ ƐѶ ŒƴѵѶĺƒѷœő at month ƒѵĺ Median Őrangeő change 
in mUFC from extension baseѴine to Ѵast avaiѴabѴe assessment was 
ƴƕĺƕ nmoѴņƑƓ h ŐƴѵƔƐĺƑķ ѵѵƕĺƒĸ n Ʒ ƕѶ ŒƴƔĺƖѷ changeœőĺ

Median ѴeveѴs of morning pѴasma ACTHķ morning serum cortiŊ
soѴ and LNSC were beѴow core baseѴine ѴeveѴs at each ƒŊmonthѴy 
assessment during the extension ŐFigure Ƒ and Appendix SƐőķ with 
ѴeveѴs within the normaѴ range for pѴasma ACTH and morning serum 
cortisoѴ at most time pointsĺ Median LNSC ѴeveѴs decreased from 
Ƒĺѵ Ƶ ULN Őn Ʒ ƕƑő at core baseѴine to ƑĺƏ Ƶ ULN Őn Ʒ ƕƐő at extension 
baseѴineķ ƐĺƓ Ƶ ULN Őn Ʒ ƔƔő at month ƑƓ and Ɛĺƒ Ƶ ULN Őn Ʒ ƐѶő at 
month ƒѵĺ

ƒĺƑĺƑՊ|ՊChanges in pituitary tumour voѴume

ThirtyŊfour ŐƓƑĺƏѷő and Ƒѵ ŐƒƑĺƐѷő patients had a measurabѴe microŊ
adenoma or macroadenomaķ respectiveѴyķ on MRI at start of pasireŊ
otide treatmentĸ an adenoma was not visibѴe in ƐƖ ŐƑƒĺƔѷő patientsĺ 
Of patients with a measurabѴe adenoma at core baseѴine and month 
ƑƓ Őn Ʒ ƒƔőķ ѶƔĺƕѷ had a ƾƑƏѷ reduction Őn Ʒ ƐƑĸ ƒƓĺƒѷő or ƺƑƏѷ 
change Őn Ʒ ƐѶĸ ƔƐĺƓѷő in tumour voѴume between these time points 
ŐTabѴe SƐőĺ No patient with a macroadenoma at study baseѴine had a 
ƾƑƏѷ increase in tumour voѴume at month ƑƓ or ƒѵĺ

ƒĺƑĺƒՊ|ՊChange in cѴinicaѴ signs of 
hypercortisolism and health-related QoL

Improvements in median SBPķ DBPķ BMI and waist circumference 
were sustained during the extension ŐFigure ƒőĺ For the ѶƐ patients 

TA B L E  Ɛ Պ Summary of baseѴine characteristics for patients who 
entered the extension phase ŐN Ʒ ѶƐő

Characteristic

Core baseline 

(month 0)

Extension base-

line (month 12)

Mean ageķ years ŐSDő ƒƖĺƕ ŐƐƑĺѶő ƓƏĺƕ ŐƐƑĺѶő

FemaѴesķ n Őѷő ѵƐ ŐƕƔĺƒő ѵƐ ŐƕƔĺƒő

Median time since diagnosisķ 
months ŐIQRő

ƑѵĺƖ ŐƖĺƒŊѵƔĺƖő ƒƕĺƖ ŐƑƏĺƔŊƕƕĺƏő

Pituitary adenomaķ n ŐѷőŖՔ

NonvisibѴe adenoma ƐƖ ŐƑƒĺƔő Ɛƕ ŐƑƐĺƏő

Microadenoma ƒƓ ŐƓƑĺƏő ƓƐ ŐƔƏĺѵő

Macroadenoma Ƒѵ ŐƒƑĺƐő Ɛƕ ŐƑƐĺƏő

Missing Ƒ ŐƑĺƔő ѵ ŐƕĺƓő

BaseѴine mUFCķ Ƶ ULN

Mean ŐSDő Ƒĺѵ ŐƐĺƔő ƐĺƓ ŐƐĺƒő

Median ŐIQRő Ƒĺƒ ŐƐĺƔŊƒĺƓő ƐĺƏ ŐƏĺƕŊƐĺѶő

Previous treatmentķ n Őѷő

Previous pituitary surgery ѵƕ ŐѶƑĺƕő ѵƕ ŐѶƑĺƕő

MedicaѴ therapy ƒƑ ŐƒƖĺƔő ѶƐ ŐƐƏƏő

Diabetic statusķ n Őѷő�Ք

NormaѴ gѴucose toѴerance ƒƔ ŐƓƒĺƑő ѵ ŐƕĺƓő

Prediabetic ƐƓ ŐƐƕĺƒő Ɩ ŐƐƐĺƐő

Diabetic ƒƑ ŐƒƖĺƔő ѵѵ ŐѶƐĺƔő

AbbreviationsĹ IQRķ interquartiѴe rangeĸ SDķ standard deviationĺ
ŖPituitary adenoma size defined according to maximum tumour diameŊ
ter Őmicroadenoma ƻƏŋƺƐƏ mmĸ macroadenoma ƾƐƏ mmőĺ 
�Diabetic status defined as foѴѴowsĹ diabeticķ patients with 
HbA1c ƾ ѵĺƔѷķ FPG ƾ ƐƑѵ mgņdLķ prior history of diabetes meѴѴitusķ or 
receiving antidiabetic medicationĸ prediabeticķ patients not quaѴifying as 
diabetic and FPG ƻƐƏƏŋƺƐƑѵ mgņdL or HbA1c ƻƔĺƕŋƺѵĺƔѷĸ and normaѴ 
gѴucose toѴeranceķ patients not quaѴifying as diabetic or prediabeticĺ 
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who entered the extension phaseķ median Őrangeő changes from start 
of treatment to the end of the core study Őmonth ƐƑő were as foѴѴowsĹ 
SBPķ ƴƓĺƏ mm Hg ŐƴƓƔĺƒķ Ƒƕĺƒĸ n Ʒ ѶƏőĸ DBPķ ƴƑĺƏ mm Hg ŐƴƓѶĺƏķ 
ƐƖĺƒĸ n Ʒ ѶƏőĸ waist circumferenceķ ƴƔĺƏ cm ŐƴƒѶĺƏķ ƒƓĺƏĸ n Ʒ ƕƔőĸ 
and BMIķ ƴƐĺƖ kgņm2 ŐƴƐƐĺƑķ ƒĺƔĸ n Ʒ ѶƏőĺ Median Őrangeő changes 
from extension baseѴine to Ѵast avaiѴabѴe assessment were as foѴѴowsĹ 
SBPķ Ƒĺƕ mm Hg ŐƴƓƐĺƕķ Ƒƕĺƒĸ n Ʒ ƕƖőĸ DBPķ ƏĺƏ mm Hg ŐƴƑƑĺƏķ ƑƑĺƏĸ 
n Ʒ ƕƖőĸ waist circumferenceķ ƐĺƏ cm ŐƴƐƒĺƏķ ƑƐĺƏĸ n Ʒ ƕƕőĸ and BMIķ 
ƏĺƐ kgņm2 ŐƴƔĺƕķ ƓĺƐĸ n Ʒ ƕƖőĺ

FortyŊfive ŐƔƔĺѵѷő patients were receiving antihypertensive medŊ
ication at extension baseѴineĺ Five patients received ƾƐ additionaѴ 
agentķ and two initiated antihypertensive medication during the 
extensionĺ ConverseѴyķ five patients who were on antihypertensive 

medication at extension baseѴine were receiving ƾƐ fewer agent at 
their Ѵast visitķ one of whom was not receiving any bѴood pressureŋ
Ѵowering medicationĺ

There were no cѴear changes in bѴood Ѵipid ѴeveѴs or BMD ŐѴeft 
totaѴ hip and Ѵumbar spineő over ƒѵ monthsĽ treatment ŐTabѴe SƑőĺ In 
totaѴķ Ƒƕ Őƒƒĺƒѷő patients were receiving ѴipidŊѴowering medication 
at extension baseѴineķ none of whom had an increase in the number 
of prescribed medications during the extensionĺ Four additionaѴ paŊ
tients started ѴipidŊѴowering drugs during the extensionĺ

Median Őrangeő CushingQoL score was ƓƐĺƕ Őѵĺƒķ ѶƐĺƒĸ n Ʒ ƕƖő 
prior to starting pasireotideĺ Median Őrangeő CushingQoL score imŊ
proved from core study baseѴine by ƖĺƓ points ŐƴƒƐĺƒķ Ɣѵĺƒĸ n Ʒ ƕѶő 
at month ƐƑķ Ѷĺƒ points ŐƴƒƐĺƒķ ƑƖĺƑĸ n Ʒ Ɣƕő at month ƑƓķ and ƐƏĺƓ 

F I G U R E  Ƒ Պ Median mUFCķ ACTHķ serum cortisoѴ and LNSC over timeķ by duration of pasireotide treatmentĺ Continuous Ѵines represent 
data coѴѴected during the extensionĸ dashed Ѵines represent data coѴѴected during the core study for patients who were Ѵater enroѴѴed in the 
extensionĺ HorizontaѴ reference Ѵines represent the ULN range for mUFC ŐƐѵѵĺƔ nmoѴņƑƓ hőķ morning pѴasma ACTH ŐƓƔĺƓ ngņLőķ morning 
serum cortisoѴ ŐƔƒƑĺƑ nmoѴņLő and LNSC ŐƒĺƑ nmoѴņLőĺ The number of patients contributing to the median is dispѴayed under the X axis
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points ŐƴƑƕĺƐķ ƒƐĺƒĸ n Ʒ Ɛƕő at month ƒѵĺ Median Őrangeő change in 
CushingQoL score from extension baseѴine to Ѵast observed vaѴue 
was ƴƑĺƐ points ŐƴƔƑĺƐķ ƑƕĺƐĸ n Ʒ ƕѵőĺ

ƒĺƒՊ|ՊLongŊterm safety

Most patients ŐƕƓĸ ƖƐĺƓѷő experienced one or more AEs during the 
extensionĺ Grade ƒņƓ events were reported in ƒƐ ŐƒѶĺƒѷő patients 
ŐTabѴe Ƒőĺ HypergѴycaemia ŐƑƒĺƔѷő was the most commonѴy reported 
AE during the extensionĺ When aѴѴ AE terms reѴated to hypergѴycaemia 
were groupedķ ƒƑ ŐƒƖĺƔѷő patients experienced any hypergѴycaemiaŊ
reѴated AE during the extensionķ which Ѵed to discontinuation in three 
patientsĺ FiftyŊeight ŐƕƐĺѵѷő patients experienced a hypergѴycaeŊ
miaŊreѴated AE during the ƐƑŊmonth core studyĺ Other common AEs 
ŐƾƐƔѷ of patientső during the extension were nasopharyngitis ŐƐƖĺѶѷőķ 
choѴeѴithiasis ŐƐѶĺƔѷő and diarrhoea ŐƐƕĺƒѷőĺ Except for nasopharynŊ
gitisķ these AEs occurred in fewer patients during the extension than 
the core study ŐTabѴe Ƒőĺ GastrointestinaѴ AEs were aѴso Ѵess common 

during the extension than the core studyĹ diarrhoea ŐƐƕĺƒѷ vs ƒƓĺѵѷőķ 
nausea ŐƖĺƖѷ vs ƑƑĺƑѷő and abdominaѴ pain ŐƑĺƔѷ vs ƐƓĺѶѷőĺ

Sixteen ŐƐƖĺѶѷő patients experienced a gaѴѴbѴadderņbiѴiary tractŋreŊ
Ѵated AE during the extensionķ most commonѴy choѴeѴithiasis Őn Ʒ ƐƔőĺ 
One patient discontinued treatment because of choѴeѴithiasisķ inŊ
creased bѴood biѴirubinķ and acute choѴecystitisĺ Three Őƒĺƕѷő patients 
experienced bradycardiaŊreѴated AEs during the extensionķ none of 
which Ѵed to discontinuationĺ Liver safetyŋreѴated AEs occurred in nine 
ŐƐƐĺƐѷő patientsķ with four discontinuing treatmentĹ increased hepatic 
enzymes with concomitant AEs of acute pancreatitis and acute choŊ
Ѵecystitisķ n Ʒ Ɛĸ increased hepatic enzymesķ n Ʒ Ɛ ŐdrugŊinduced Ѵiver 
injury not objectified in cѴinicaѴ or subsequent Ѵaboratory findingsőĸ inŊ
creased gammaŊgѴutamyѴtransferase with a concomitant AE of hyperŊ
gѴycaemiaķ n Ʒ Ɛĸ and increased aѴanine aminotransferaseķ n Ʒ Ɛĺ

One patient died from cardiac faiѴure during the extensionĺ This 
death was previousѴy reported as part of the core study anaѴysisķ11 as 
the patient died before unbѴinding of the core studyĺ The death was 
not suspected to be study drug reѴatedĺ

F I G U R E  ƒ Պ Median SBPķ DBPķ waist circumference and BMIķ by duration of pasireotide treatmentĺ Continuous Ѵines represent data 
coѴѴected during the extensionĸ dashed Ѵines represent data coѴѴected during the core study for patients who were Ѵater enroѴѴed in the 
extension
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For patients who entered the extensionķ mean HbA1c and FPG 
ѴeveѴs increased from core baseѴine to month ƐƑ Őextension baseŊ
Ѵineőĺ Mean HbA1c and FPG ѴeveѴs were stabѴe during the extension 
ŐFigure Ɠőĺ Mean ŐƖƔѷ CIő changes in HbA1c and FPG from extension 
baseѴine to Ѵast observed vaѴue were ƏĺƏѷ ŐƴƏĺƑķ ƏĺƑĸ n Ʒ ƕƕő and 
ƴѵĺѵ mgņdL ŐƴƐƓĺƔķ Ɛĺƒĸ n Ʒ ƕѶőķ respectiveѴyĺ

At extension baseѴineķ ѵѵ ŐѶƐĺƔѷőķ nine ŐƐƐĺƐѷő and six ŐƕĺƓѷő paŊ
tients were cѴassified as diabeticķ prediabetic and normogѴycaemicĺ At 
Ѵast avaiѴabѴe assessmentķ no patients had shifted from normogѴycaeŊ
mic to prediabeticņdiabeticķ whiѴe six Őѵѵĺƕѷő had shifted from prediaŊ
betic to diabeticĺ TweѴve patients ŐƐƓĺѶѷő had HbA1c ƾ Ѷѷ at their Ѵast 
assessmentĸ nine of these patients had HbA1c ƾ Ѷѷ at extension baseŊ
Ѵineĺ One patient had shifted from prediabetic to normogѴycaemic at 
their Ѵast assessmentĺ OveraѴѴķ ƔƏņѶƐ ŐѵƐĺƕѷő patients were receivŊ
ing antidiabetic medication at extension baseѴine Őone medicationķ 
n Ʒ ƑƐĸ two medicationsķ n Ʒ ƐƓĸ three or more medicationsķ n Ʒ ƐƔőĺ At 
Ѵast assessmentķ an increase in antidiabetic medications was reported 
in ƐƏņƒƔ ŐƑѶĺѵѷő patientsĺ Eight of ƒƐ ŐƑƔĺѶѷő patients who were not 
receiving antidiabetic drugs at month ƐƑ were being treated with 
antidiabetic medication at their Ѵast assessmentĺ Seventeen ŐƑƐĺƏѷő 
patients were receiving insuѴin at extension baseѴineĸ a further ƐƏ 
ŐƐƑĺƒѷő patients started insuѴin therapy during the extensionĺ

ƓՊ |ՊDISCUSSION

In this Ѵargeķ prospectiveķ extension studyķ patients were treated 
with ѴongŊacting pasireotide for a median of Ƒ yearsķ aѴѴowing robust 

interpretation of its ѴongŊterm efficacy and safetyĺ LongŊacting paŊ
sireotide provided sustained biochemicaѴ improvements and cѴiniŊ
caѴ benefit in a significant proportion of patients with CD and was 
generaѴѴy weѴѴ toѴeratedķ with no new safety signaѴs emerging over 
ѴongŊterm treatmentĺ

Achieving and maintaining normaѴ cortisoѴ ѴeveѴs is a key treatŊ
ment goaѴ for patients with CD in order to prevent or aѴѴeviate the 
cѴinicaѴ signs and compѴications of hypercortisoѴism and improve 
Ѵife expectancyĺ8 AѴmost haѴf ŐƓƕѷő of patients who entered this 
extension study had controѴѴed mUFC after Ƒ years of ѴongŊacting 
pasireotide treatmentĸ ƑƔѷ Őn Ʒ ƒѶņƐƔƏő of patients who were enŊ
roѴѴed in the core study had controѴѴed mUFC at month ƑƓĺ BaseѴine 
characteristics for patients who entered this extension study were 
simiѴar to those reported previousѴy for aѴѴ patients who participated 
in the initiaѴ core phase of the study ŐN Ʒ ƐƔƏőĺ11 Patients couѴd 
continue receiving pasireotide beyond month ƑƓ untiѴ there was an 
option to enter a separate ѴongŊterm study of pasireotideĺ Over twoŊ
thirds ŐƕƑĺƑѷĸ n Ʒ ƐƒņƐѶő of patients who were stiѴѴ participating in 
the extension at month ƒѵ had controѴѴed mUFC at this time pointĺ 
Furthermoreķ over haѴf ŐƔƒѷő of patients who entered the extension 
had a normaѴ mUFC ѴeveѴ at their Ѵast assessmentķ which was marŊ
ginaѴѴy higher than the proportion of responders at extension startĺ 
These resuѴts support the ѴongŊterm efficacy of pasireotide and 
are consistent with findings from a Phase III studyķ in which ѵƖѷ 
Őn Ʒ ƐƐņƐѵő of ongoing patients had controѴѴed mUFC after Ɣ years 
of twiceŊdaiѴyķ subcutaneous pasireotide therapyĺƐƓķƐƔ Improvements 
in median mUFCķ morning serum cortisoѴ and LNSC ѴeveѴs were 
reported overaѴѴ and for patients who received ƾƑ or ƾƒ years of 

AEķ n Őѷő

Months 0-12 After month 12

All grades Grade 3/4 All grades Grade 3/4

Total 80 (98.8) 33 (40.7) 74 (91.4) 31 (38.3)

HypergѴycaemia ƒƑ ŐƒƖĺƔő Ɠ ŐƓĺƖő ƐƖ ŐƑƒĺƔő ƒ Őƒĺƕő

Nasopharyngitis ƐƓ ŐƐƕĺƒő 0 Ɛѵ ŐƐƖĺѶő 0

ChoѴeѴithiasis Ƒƒ ŐƑѶĺƓő Ɛ ŐƐĺƑő ƐƔ ŐƐѶĺƔő Ƒ ŐƑĺƔő

Diarrhoea ƑѶ ŐƒƓĺѵő 0 ƐƓ ŐƐƕĺƒő 0

Urinary tract 
infection

ѵ ŐƕĺƓő 0 ƐƏ ŐƐƑĺƒő 0

Headache ƐƐ ŐƐƒĺѵő 0 Ɩ ŐƐƐĺƐő 0

Diabetes meѴѴitus ƐƔ ŐƐѶĺƔő ƕ ŐѶĺѵő Ѷ ŐƖĺƖő Ɠ ŐƓĺƖő

Nausea ƐѶ ŐƑƑĺƑő 0 Ѷ ŐƖĺƖő 0

HypogѴycaemia ƐƏ ŐƐƑĺƒő Ƒ ŐƑĺƔő Ѷ ŐƖĺƖő Ƒ ŐƑĺƔő

Fatigue ƐƐ ŐƐƒĺѵő 0 ƕ ŐѶĺѵő 0

Dizziness ƐƐ ŐƐƒĺѵő Ɛ ŐƐĺƑő ѵ ŐƕĺƓő 0

AbdominaѴ pain ƐƑ ŐƐƓĺѶő 0 Ƒ ŐƑĺƔő Ɛ ŐƐĺƑő

InfѴuenza ƐƐ ŐƐƒĺѵő 0 Ɣ ŐѵĺƑő 0

Oedema peripheraѴ ƐƏ ŐƐƑĺƒő 0 Ɣ ŐѵĺƑő 0

Note: AEs are sorted in descending order of events during the extensionĺ Patients who experienced 
an AE during the core study Őmonths ƏŊƐƑő and the extension Őafter month ƐƑő are counted in both 
coѴumnsĺ

TA B L E  Ƒ Պ AEs ŐƾƐƏѷ of patients during 
the core or extension phaseőķ regardѴess of 
drug reѴationshipķ in the ѶƐ patients who 
entered the extension
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treatmentĺ UnѴike mUFC and morning serum cortisoѴķ median LNSC 
remained ƻULN during the extensionĺ AdditionaѴ studies are needed 
to examine the effect of cortisoѴŊѴowering therapies on saѴivary corŊ
tisoѴ and the roѴe of LNSC in monitoring medicaѴ treatment responseĺ

CardiovascuѴar disease is the Ѵeading cause of death in patients 
with CDĺ16 Consequences of cortisoѴ excess that can contribute to 
cardiovascuѴar disease incѴude hypertensionķ truncaѴ obesityķ impaired 
gѴucose toѴeranceķ insuѴin resistanceķ dysѴipidaemia and hypercoaguѴaŊ
biѴityĺ17 In our studyķ improvements in bѴood pressureķ BMI and waist 
circumference were maintained for up to ƒ years of pasireotide treatŊ
mentĺ Such improvements may confer a reduction in mortaѴity riskķ 
given that smaѴѴ reductions in bѴood pressure can significantѴy reduce 
the risk of cardiovascuѴar events in patients with hypertensionĺ18 

Contrary to previous reportsķ we did not observe any consistent 
changes in choѴesteroѴ or trigѴycerides during our studyĺƐѶķƐƖ

It is important to note that concomitant medications were 
aѴѴowed during this studyķ which couѴd have contributed to the 
observed changes in cѴinicaѴ signs over timeĺ Persistent hypercorŊ
tisoѴism is associated with progressive bone degradation resuѴting 

in increased fracture risk for patients with CDĺ20 EncouragingѴyķ 
BMD was stabѴe throughout ƒѵ months of pasireotide treatmentķ 
aѴthough additionaѴ studies are warranted to confirm the effects of 
pasireotide on the preventionņreversaѴ of bone deterioration in paŊ
tients with CDĺ

HypercortisoѴism and its cѴinicaѴ effects detrimentaѴѴy impact 
on QoLĸ the effects often persist after the resoѴution of hypercorŊ
tisoѴismĺ21 Patients who participated in the current extension had 
significantѴy impaired QoL ŐCushingQoL scoreķ ƓƐĺƕ pointső prior 
to starting treatment with ѴongŊacting pasireotideĺ ImportantѴyķ 
CushingQoL score improved from baseѴine over ƒ years of treatŊ
mentķ potentiaѴѴy refѴecting the improvements in cѴinicaѴ signs of hyŊ
percortisoѴism during pasireotide treatmentĺ

Pituitary tumour voѴume decreased or remained stabѴe in most 
patients during ѴongŊterm treatment with pasireotideķ consistent 
with previous reportsĺƑƑŊƑƔ Given its tumourŊshrinkage effectsķ it 
has been proposed that pasireotide may be particuѴarѴy beneficiaѴ 
in patients with a cѴinicaѴѴy reѴevant tumour mass andņor tumour 
progressionĺƖķƐƏķƑѵ This assertion is supported by our findings that 
aѴmost haѴf ŐƓѵѷĸ n Ʒ ѵņƐƒő of patients with a macroadenoma before 
initiation of pasireotide treatment had a significant ŐƾƑƏѷ changeő 
decrease in tumour voѴume by month ƑƓķ with the remainder exhibŊ
iting stabѴe tumour sizeĺ

The safety profiѴe of ѴongŊacting pasireotide during this extension 
was simiѴar to that during the core studyķ with no new safety signaѴs 
emergingĺ AEs were generaѴѴy miѴdņmoderate and occurred Ѵess freŊ
quentѴy in the extension than in the first ƐƑ months of treatmentĺ The 
Ѵower rate of AEs in the extension phase than in the core study may be 
expѴained by the earѴy onset and effective management of side effects 
during pasireotide treatmentķ whiѴe patients who toѴerated pasireotide 
may have been more ѴikeѴy to continue into the extension phaseĺ These 
findings are simiѴar to those of a previous prospective study of subcutaŊ
neous twiceŊdaiѴy pasireotideķ in which AEs reѴated to hypergѴycaemiaķ 
Ѵiver safetyķ the gaѴѴbѴadder and bradycardia tended to emerge during 
the first ѵ months of treatment and did not usuaѴѴy worsen over Ɣ yearsĽ 
treatmentĺ14

According to the American Diabetes Association and European 
Association for the Study of Diabetesķ gѴycaemic targets shouѴd be 
individuaѴized based on key patient characteristicsĺ As suchķ whiѴe 
an HbA1c ѴeveѴ of ƺƕѷ represents a reasonabѴe goaѴ for many aduѴtsķ 
Ѵess stringent targets Ősuch as ƺѶѷő are appropriate in some patientsķ 
such as those with extensive comorbid conditionsĺƑƕķƑѶ In our studyķ 
mean HbA1c and FPG ѴeveѴs were stabѴeĸ mean HbA1c remained 

ƺƕѷ over the course of the extensionķ and most ŐѶƔѷő patients had 
HbA1c ƺ ѶĺƏѷ at their Ѵast assessmentĺ

Initiation and escaѴation of antidiabetic therapy was at the disŊ
cretion of the investigatorĸ Ƒѵѷ of patients who were not receiving 
antidiabetic therapy at extension baseѴine were receiving at Ѵeast 
one agent at their Ѵast assessmentķ whiѴe ƑƖѷ of patients who were 
aѴready receiving ƐŊƑ antidiabetic drugs were receiving at Ѵeast one 
additionaѴ agentĺ Taken togetherķ these findings demonstrate that if 
hypergѴycaemia occursķ it tends to emerge soon after initiation of 

F I G U R E  Ɠ Պ Mean ŐSDő FPG and HbA1c ѴeveѴs during the 
extension phaseĺ Continuous Ѵines represent data coѴѴected during 
the extensionĸ dashed Ѵines represent data coѴѴected during the core 
study for patients who were Ѵater enroѴѴed in the extension
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pasireotide and can be effectiveѴy managed in some patients with 
antidiabetic therapyĺ

Few studies have examined the efficacy and safety of ѴongŊterm 
treatment with other medicaѴ therapies for CDĺ In a retrospective 
anaѴysis of ƔƐ patients who had received ѴongŊterm ŐƾƑ yearső keŊ
toconazoѴe treatmentķ a normaѴ mUFC ѴeveѴ was seen in ѵƔѷ of 
patients at their Ѵast avaiѴabѴe assessmentķ with cѴinicaѴ improveŊ
ments seen in hypertensionķ diabetes and hypokaѴaemiaĺ29 OneŊfifth 
ŐƑƏĺƔѷő of patients discontinued treatment because of intoѴeranceĺ29 

In a retrospective anaѴysis of metyrapone treatmentķ ѵƓѷ Őn Ʒ ƖņƐƓő 
of patients who had an avaiѴabѴe mUFC assessment after ƾѵ months 
of treatment had a normaѴ mUFC ѴeveѴ at their Ѵast avaiѴabѴe asŊ
sessmentķ whiѴe there was a Ѵow incidence ŐƐƐѷĸ n Ʒ ƓņƒѶő of AEs 
in these patientsĺƒƏ In another retrospective studyķ ƓƏѷ Őn Ʒ ƑƐņƔƒő 
of patients receiving cabergoѴine therapy initiaѴѴy achieved normaѴ 
UFC ѴeveѴsķ with treatment escape seen in ƒƖѷ Őn Ʒ ƕņƐѶő of patients 
who remained on treatment for ƾƐƑ monthsĺƒƐ PubѴished data on 
mifepristone and osiѴodrostat are Ѵimited to shorter durations of 
treatmentĺƒƑķƒƒ The choice of medicaѴ treatment options shouѴd be 
taiѴored to the individuaѴ cѴinicaѴ situationķ taking into consideration 
the patientķ disease and tumour characteristicsĺ8

ƔՊ |ՊCONCLUSIONS

Patients who entered this extension study exhibited sustained bioŊ
chemicaѴ and cѴinicaѴ benefit over ƒ years of treatment with ѴongŊ
acting pasireotideķ which was accompanied by improvements in QoL 
and tumour size controѴĺ The ѴongŊterm safety profiѴe of pasireotide 
was favourabѴe and consistent with that reported during the first 
ƐƑ months of treatmentĺ These data support the use of ѴongŊacting 
pasireotide as an effective ѴongŊterm treatment option for some paŊ
tients with CDĺ
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