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•  Studio multicentrico, fase 3  
•  150 pz m. di Cushing, persistente, recidivo o de-novo  
•  mUFC 24 ore: 1.5–5.0 ULN  
•  Mai trattati con pasireotide 
•  No mitotane negli ultimi 6 mesi 
•  No tp radiante ipofisaria negli ultimi 10 aa 
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Disegno dello studio 
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the most commonly reported SAE was cholelithiasis 
(two [3%] of 74 and two [3%] of 76). Eight (11%) of 
74 patients compared with four (5%) of 76 had an SAE 
that was suspected to be related to study drug. 
Hyperglycaemia-related AEs occurred in 53 (72%) of 
74 patients compared with 62 (82%) of 76; 17 (23%) of 
74 compared with 18 (24%) of 76 had grade 3–4 events. 
Four (5%) patients per group discontinued treatment 
because of hyperglycaemia-related AEs. No instances 
of diabetic ketoacidosis or hyperosmolar hyperglycaemic 
non-ketotic syndrome were reported.

Mean fasting plasma glucose concentration increased 
within 1 month of treatment: the concentration was 
93·9 mg/dL (SD 16·7) in the 10 mg group and 
95·8 mg/dL (20·4) in the 30 mg group at baseline 
compared with 113·5 mg/dL (33·9) and 138·5 mg/dL 
(50·0) at month 1. Mean HbA1c concentration increased 
from 5·7% (SD 0·6) at baseline in the 10 mg group 
and 5·7% (0·7) in the 30 mg group to 6·4% (1·1) and 
6·8% (1·3) at month 2, and to 6·9% (1·4) and 7·0% (1·4) 
at month 12. At month 12, 28 (58%) of 48 patients in the 

10 mg group and 32 (60%) of 53 in the 30 mg group had 
an HbA1c concentration of less than 7·0%. At baseline, 
27 (36%) of 74 patients compared with 33 (43%) of 76 had 
diabetes mellitus, 12 (16%) of 74 compared with 12 (16%) 
of 76 had prediabetes, and 35 (47%) of 74 compared with 
31 (41%) of 76 had normal glucose tolerance (the appendix 
contains definitions of diabetes categories). Of patients 
with normal glucose tolerance at baseline, 13 (37%) of 35 
in the 10 mg group and seven (23%) of 31 in the 30 mg 
group had a shift into the prediabetes category and 
19 (54%) of 35 compared with 21 (68%) of 31 had a shift 
into the diabetes category at least once during the study. 
Seven (58%) of 12 patients compared with 11 (92%) of 12 
who had prediabetes at baseline had a worst-reported 
shift into the diabetes category. Of patients with normal 
glucose tolerance at baseline, eight (23%) of 35 compared 
with 13 (42%) of 31 had a last available HbA1c concentration 
of 6·5% or higher; nine (75%) of 12 compared with seven 
(58%) of 12 patients who had prediabetes at baseline had 
a last available HbA1c concentration of 6·5% or higher 
(the appendix shows the shift in HbA1c concentration 
from baseline to the highest reported value). Of patients 
with normal glucose tolerance or prediabetes at baseline, 
18 (38%) of 47 compared with 22 (51%) of 43 were 
receiving antidiabetic medication at last assessment; 
eight (73%) of 11 compared with all 14 patients with 
diabetes who were not receiving antidiabetic medication 
at baseline were receiving it at last assessment. 
Nine (56%) of 16 patients compared with ten (53%) of 19 
on antidiabetic medication at baseline were receiving at 
least one additional agent at last assessment (the 
appendix contains HbA1c con centration changes by 
antidiabetic medication status).

Gallbladder or biliary-related AEs occurred in 18 (24%) 
of 74 patients in the 10 mg group and 34 (45%) of 76 in 
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Figure 2: Absolute change in individual mUFC concentrations from baseline to month 7
For patients without an mUFC measurement at month 7, only baseline values are shown. The dashed line represents the upper limit of normal (ULN) for urinary free 
cortisol. Five (7%) patients in the 10 mg group and six (8%) in the 30 mg group had an mUFC concentration of less than or equal to the ULN at baseline (each patient 
had an mUFC concentration of 1·5–5·0 × ULN [range 1·6–4·5 × ULN] at screening, thus meeting the eligibility criterion); of these patients, four (80%) met the primary 
efficacy endpoint in the 10 mg group compared with three (50%) in the 30 mg group. mUFC=mean urinary free cortisol.
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Figure 3: Proportion of patients with an mUFC concentration of less than or equal to the ULN at month 7, 
according to mUFC stratum
mUFC=mean urinary free cortisol. ULN=upper limit of normal.
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Entrambi	i	bracci	contengono	paz	con	uptitolazione	
Risposta	maggiore	nei	pz	con	più	basse	concentrazioni	di	mUFC	
		

Pasireotide LAR: normalizzazione CLU 
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La	UFC	media	è	diminuita	precocemente	(1	mese)	in	entrambi	i	gruppi	ed	è	
rimasta	inferiore	al	basale	fino	al	mese	12	

Articles

www.thelancet.com/diabetes-endocrinology   Vol 6   January 2018 23

the 30 mg group; two (3%) patients per group underwent 
cholecystectomy. Of patients with normal baseline 
ultrasound results, eight (13%) of 64 compared with 
24 (36%) of 67 had detectable sludge or gallstones at last 
assessment. 15 (20%) patients per group had liver safety-
related AEs; six (8%) of 74 compared with five (7%) of 76 
had grade 3–4 AEs, most commonly increased γ-glutamyl-
transferase concentration, which was reported in four 
(5%) compared with three (4%). Two (3%) patients per 
group discontinued treatment because of liver safety-
related AEs. At baseline, one of the patients in the 10 mg 
group had steatosis and elevated alanine aminotransferase 
concentration (53 units per L) and another in the 30 mg 
group had steatosis. Alanine aminotransferase concen-
trations remained elevated at last observation (42 days 
[82 units per L] and 54 days [166 units per L]) after last 
pasireotide dose in two (50%) of the four patients. No 
instances of jaundice or other symptoms of hepatic 
dysfunction were reported.

Two (3%) patients in the 10 mg group had a grade 1 AE 
of decreased insulin-like growth factor 1 (IGF1) concen-
tration without any associated symptoms; one (1%) of 
these patients initiated growth hormone (GH) replace-
ment 2·5 years after the onset of this AE. Another patient 
in the 30 mg group had an AE of GH deficiency (IGF1 and 
GH concentration less than the normal range); no 
associated symptoms were reported and treatment was 
not adjusted. Mean IGF1 concentration decreased during 
pasireotide treatment (appendix). The initial decrease, 
seen at month 1 and month 3 (before any dose uptitration), 
was greater in the 30 mg group than in the 10 mg group. 
By month 7 (3 months after the first permitted dose 
uptitration), mean IGF1 SD score was similar in both 
groups and remained stable to month 12. Mean IGF1 SD 
score was 0·4 (SD 1·4) in the 10 mg group at baseline and 
0·3 (1·3) in the 30 mg group, was –0·6 (1·5) compared 
with –1·5 (1·4) at month 3, was –1·1 (1·6) compared with 
–1·6 (1·4) at month 7, and was –1·1 (1·4) compared with 
–1·4 (1·6) at month 12. Most (>80%) patients continued to 
have IGF1 concentrations within the normal range at 
month 12 (appendix) and no clinical symptoms were 
reported. Newly occurring QTcF extension of greater than 
480 ms occurred in two (3%) patients in the 30 mg group; 
events were sporadic and resolved without treatment 
interruption. No patients with QTcF extension of greater 
than 480 ms had arrhythmias or clinical symptoms 
associated with episodes of QTcF extension. Two (3%) 
patients per group had injection site-related AEs; one 
event in the 10 mg group required temporary treatment 
interruption and medication for pain.

Discussion
This, to our knowledge, first prospective phase 3 trial of 
monthly pasireotide in Cushing’s disease met the 
prespecified threshold for the proportion of patients 
achieving the primary endpoint: pasireotide normalised 
mUFC concentrations in approximately 40% of patients at 

month 7. Excluding those patients who received a dose 
increase at month 4, around 30% of patients attained 
normal mUFC concentrations at month 7. A normal 
mUFC concentration was more likely to be achieved in 
patients with a lower screening mUFC concentration 
(1·5 to <2·0 × ULN) than in those with a higher 
concentration (2·0–5·0 × ULN). Nevertheless, pasireotide 
normalised mUFC concentration in greater than one-
third of patients with a higher screening mUFC 
concentration. The similar between-group response rates 
at month 7 could be due to dose uptitration at month 4; 
the proportion of patients with an mUFC concentration of 
less than or equal to the ULN was consistently higher in 
the 30 mg group at each month up to month 4 than in the 
10 mg group, but tended to be similar thereafter. Dose 
uptitration could be beneficial for some patients who do 
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Figure 4: Median mUFC concentration from baseline until month 12
Error bars represent IQRs. The dashed line represents the ULN for urinary free cortisol. mUFC=mean urinary free 
cortisol. ULN=upper limit of normal.

Pasireotide 10 mg Pasireotide 30 mg

≥20% 
reduction

<20% 
change

≥20% 
increase

≥20% 
reduction

<20% 
change

≥20% 
increase

<6 mm 3/8 (38%) 4/8 (50%) 1/8 (13%) 1/8 (13%) 4/8 (50%) 3/8 (38%)

6 to <10 mm 6/12 (50%) 5/12 (42%) 1/12 (8%) 12/17 (71%) 5/17 (29%) 0/17

≥10 mm 6/15 (40%) 8/15 (53%) 1/15 (7%) 5/13 (38%) 7/13 (54%) 1/13 (8%)

Overall 15/35 (43%) 17/35 (49%) 3/35 (9%) 18/38 (47%) 16/38 (42%) 4/38 (11%)

Data are n/N (%). We categorised patients according to maximum pituitary tumour diameter at baseline (range 3–54 mm). 
We calculated tumour volume changes for patients with evaluable measurements at both baseline and month 12.

Table 2: Proportion of patients with a 20% or greater reduction, 20% or greater increase, and less than 20% 
change (stable) in tumour volume from baseline to month 12, by maximum tumour diameter at baseline
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Pasireotide LAR e mUFC 
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Pasireotide LAR:  
ACTH, cortisolo pl e salivare 

90%	pz	basale:	cortisolo	
salivare	notturno	
elevato	

Riduzione	ACTH	vs	
basale	ad	1	m	e	
mantenimento	valori	≈	
ULN	a	12	m	
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the 30 mg group; two (3%) patients per group underwent 
cholecystectomy. Of patients with normal baseline 
ultrasound results, eight (13%) of 64 compared with 
24 (36%) of 67 had detectable sludge or gallstones at last 
assessment. 15 (20%) patients per group had liver safety-
related AEs; six (8%) of 74 compared with five (7%) of 76 
had grade 3–4 AEs, most commonly increased γ-glutamyl-
transferase concentration, which was reported in four 
(5%) compared with three (4%). Two (3%) patients per 
group discontinued treatment because of liver safety-
related AEs. At baseline, one of the patients in the 10 mg 
group had steatosis and elevated alanine aminotransferase 
concentration (53 units per L) and another in the 30 mg 
group had steatosis. Alanine aminotransferase concen-
trations remained elevated at last observation (42 days 
[82 units per L] and 54 days [166 units per L]) after last 
pasireotide dose in two (50%) of the four patients. No 
instances of jaundice or other symptoms of hepatic 
dysfunction were reported.

Two (3%) patients in the 10 mg group had a grade 1 AE 
of decreased insulin-like growth factor 1 (IGF1) concen-
tration without any associated symptoms; one (1%) of 
these patients initiated growth hormone (GH) replace-
ment 2·5 years after the onset of this AE. Another patient 
in the 30 mg group had an AE of GH deficiency (IGF1 and 
GH concentration less than the normal range); no 
associated symptoms were reported and treatment was 
not adjusted. Mean IGF1 concentration decreased during 
pasireotide treatment (appendix). The initial decrease, 
seen at month 1 and month 3 (before any dose uptitration), 
was greater in the 30 mg group than in the 10 mg group. 
By month 7 (3 months after the first permitted dose 
uptitration), mean IGF1 SD score was similar in both 
groups and remained stable to month 12. Mean IGF1 SD 
score was 0·4 (SD 1·4) in the 10 mg group at baseline and 
0·3 (1·3) in the 30 mg group, was –0·6 (1·5) compared 
with –1·5 (1·4) at month 3, was –1·1 (1·6) compared with 
–1·6 (1·4) at month 7, and was –1·1 (1·4) compared with 
–1·4 (1·6) at month 12. Most (>80%) patients continued to 
have IGF1 concentrations within the normal range at 
month 12 (appendix) and no clinical symptoms were 
reported. Newly occurring QTcF extension of greater than 
480 ms occurred in two (3%) patients in the 30 mg group; 
events were sporadic and resolved without treatment 
interruption. No patients with QTcF extension of greater 
than 480 ms had arrhythmias or clinical symptoms 
associated with episodes of QTcF extension. Two (3%) 
patients per group had injection site-related AEs; one 
event in the 10 mg group required temporary treatment 
interruption and medication for pain.

Discussion
This, to our knowledge, first prospective phase 3 trial of 
monthly pasireotide in Cushing’s disease met the 
prespecified threshold for the proportion of patients 
achieving the primary endpoint: pasireotide normalised 
mUFC concentrations in approximately 40% of patients at 

month 7. Excluding those patients who received a dose 
increase at month 4, around 30% of patients attained 
normal mUFC concentrations at month 7. A normal 
mUFC concentration was more likely to be achieved in 
patients with a lower screening mUFC concentration 
(1·5 to <2·0 × ULN) than in those with a higher 
concentration (2·0–5·0 × ULN). Nevertheless, pasireotide 
normalised mUFC concentration in greater than one-
third of patients with a higher screening mUFC 
concentration. The similar between-group response rates 
at month 7 could be due to dose uptitration at month 4; 
the proportion of patients with an mUFC concentration of 
less than or equal to the ULN was consistently higher in 
the 30 mg group at each month up to month 4 than in the 
10 mg group, but tended to be similar thereafter. Dose 
uptitration could be beneficial for some patients who do 
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Figure 4: Median mUFC concentration from baseline until month 12
Error bars represent IQRs. The dashed line represents the ULN for urinary free cortisol. mUFC=mean urinary free 
cortisol. ULN=upper limit of normal.

Pasireotide 10 mg Pasireotide 30 mg

≥20% 
reduction

<20% 
change

≥20% 
increase

≥20% 
reduction

<20% 
change

≥20% 
increase

<6 mm 3/8 (38%) 4/8 (50%) 1/8 (13%) 1/8 (13%) 4/8 (50%) 3/8 (38%)

6 to <10 mm 6/12 (50%) 5/12 (42%) 1/12 (8%) 12/17 (71%) 5/17 (29%) 0/17

≥10 mm 6/15 (40%) 8/15 (53%) 1/15 (7%) 5/13 (38%) 7/13 (54%) 1/13 (8%)

Overall 15/35 (43%) 17/35 (49%) 3/35 (9%) 18/38 (47%) 16/38 (42%) 4/38 (11%)

Data are n/N (%). We categorised patients according to maximum pituitary tumour diameter at baseline (range 3–54 mm). 
We calculated tumour volume changes for patients with evaluable measurements at both baseline and month 12.

Table 2: Proportion of patients with a 20% or greater reduction, 20% or greater increase, and less than 20% 
change (stable) in tumour volume from baseline to month 12, by maximum tumour diameter at baseline
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>	1/3	pz	macroadenoma:	>	20%	riduzione	nel	volume	tumorale	vs	basale	
	
	

Pasireotide LAR e dimensione 
tumorale 
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Pasireotide LAR: clinical score 

Miglioramento	PA,	PC,	BMI,	circonferenza	vita,	QOL	
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Iperglicemia:	49%	pz	10	mg,	47%	pz	30	mg	
Diabete:	19%	pz	10	mg,	24%	pz	30	mg	
	50%	tp	con	anti-diabetici	
Tolleranza	gastrointestinale	migliore	rispetto	al	Pasireotide	bid	
	

Pasireotide LAR ed effetti 
collaterali 
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WHAT’S NEW THIS YEAR IN ... ACROMEGALIA 
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•  35 pz acromegalici, con malattia attiva, resistenti alla 
terapia medica con SSA di prima generazione 

•  28 macroadenomi 
•  IGF-1 medio: 1.76 ± 0.9 ULNR prima dell’inizio di tp 
•  6/35 pz con cefalea severa  
•  Pasireotide 40 mg/4 weeks 

Endocrine.	2018	Nov;62(2):448-455.	doi:	10.1007/s12020-018-1690-5.	Epub	2018	Jul	26.	
	

Endocrine (2018) 62:448–455
https://doi.org/10.1007/s12020-018-1690-5

ORIGINAL ARTICLE

Efficacy and safety of long-acting pasireotide in patients with
somatostatin-resistant acromegaly: a multicenter study
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Abstract
Introduction Pasireotide, a multi-somatostatin receptor (SSTR)-ligand with high affinity for SSTR5 was recently approved
for acromegaly treatment.
Patients and methods A retrospective multicenter study investigating the efficacy and safety of long-acting (LAR) pasir-
eotide treatment in 35 patients (20 males) with active acromegaly (28 macroadenomas).
Results Mean baseline insulin-like growth factor-1 (IGF-1) at diagnosis was 3.1 ± 1.3 × ULN. All but five patients have
undergone pituitary surgery and six received sellar radiotherapy. All remained with active acromegaly despite first-
generation somatostatin analogue (SSA) treatment. Immediately before pasireotide-LAR initiation, eighteen patients were
under SSA monotherapy and one with pegvisomant. The remaining patients received combination therapy with SSA and
pegvisomant, n= 9 (two received cabergoline also); SSA and cabergoline, n= 4; pegvisomant and cabergoline, n= 1. Two
were untreated. Mean IGF-1 was 1.76 ± 0.9 ULN before pasireotide. Pasireotide-LAR starting dose was 40 mg/4 weeks in
most patients. IGF-1 normalized in 19 patients, IGF-1 between 1-1.2 × ULN was reached in five, and in additional two
patients IGF-1 was significantly suppressed. No effect was seen in nine patients. Pasireotide dose was reduced by 20 mg in
six patients with excellent response, with preserved IGF-1 control in five. Severe headaches in six patients disappeared or
improved with pasireotide. Side effects consisted of symptomatic cholelithiasis in one patient and deterioration of glucose
control in 22 patients, requiring initiation or intensification of antidiabetic treatment in seventeen. One patient developed
diabetic ketoacidosis.
Conclusions In the real-life scenario ~54% of patients with acromegaly resistant to first-generation SSA, may normalize
IGF-1 with pasireotide; however, 63% experienced glucose control deterioration.

Keywords Acromegaly ● GH ● IGF-1 ● Pasireotide ● Somatostatin

Introduction

Acromegaly is a rare condition caused by elevated circu-
lating growth hormone (GH) and insulin-like growth factor-
1 (IGF-1) levels. The disease is secondary to GH over-
secretion from a pituitary adenoma in almost all cases [1].
Uncontrolled acromegaly is associated with high morbidity
and mortality rates [2]. However, treatment mediated nor-
malization of GH and IGF-1 levels may restore mortality
rates of patients with acromegaly to those of the healthy
population [2]. Transsphenoidal surgery by an experienced
neurosurgeon is recommended as first-line therapy in most
cases [3], but up to 50% of operated patients will experience
persistent or recurrent disease, requiring medical treatment
to achieve hormonal remission [4].

* Ilan Shimon
ilanshi@clalit.org.il

1 Rabin Medical Center, Petah Tikva and Sackler School of
Medicine, Tel-Aviv University, Tel-Aviv, Israel

2 Zvulun Medical Center, Clalit Medical Services, Kiryat Bialik,
Israel

3 Soroka University Medical Center, Beer Sheva, Israel
4 Linn Medical Center, Clalit Medical Services, Haifa, Israel
5 Laniado Hospital, Netanya, The Rappaport Faculty of Medicine,

The Technion, Israel
6 Bnai-Zion Medical Center, Haifa, Israel
7 Tel-Aviv Sourasky Medical Center and Sackler School of
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•  IGF-1 normalizzato in 19/35 pz (54%) 
•  IGF-1 1-1.2  ULN in 5 pz 
•  IGF-soppresso in 2 pz 
•  Nessun effetto in 9 pz 
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biochemical responsiveness, as 6/13 patients with severe
disease and IGF-1 above 3 × ULN at diagnosis and 4/9
patients with ≥2 × ULN before being switched to pasireotide
achieved remission.

Six patients had severe headaches that resolved (n= 4)
or significantly improved (n= 2) with pasireotide. Four of
them achieved IGF-1 normalization, one had partial control,
but in one patient IGF-1 levels rose. Irrespective of their
hormonal response to pasireotide treatment, there was a

significant decrease in headache frequency and intensity in
all of them.

In six patients with excellent response to starting dose of
pasireotide, monthly dose could be reduced by 20 mg with
continuous IGF-1 control in five (Fig. 3). Importantly, IGF-
1 normalization could be already detected in responding
patients as early as after one or two pasireotide injections.

Two patients with mixed GH-TSH co-secreting adeno-
mas normalized IGF-1 with pasireotide. However, one of
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Fig. 1 IGF-1 levels presented as IGF-1 × ULN before (black bars) and
following pasireotide treatment (gray bars): a in each of the 35 patients
included in this study. *patients treated with SSA combined with
pegvisomant before being switched to pasireotide; b in 9 patients on

combination SSA with pegvisomant (black bars) and after being
switched to pasireotide (gray bars). IGF-1 normal range, ≤1 × ULN;
partial control, IGF-1 ≤ 1.2 × ULN
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them remained with elevated thyroid hormone levels when
switched to pasireotide.

Currently six, nine, and three patients are well controlled
with pasireotide doses of 20 mg, 40 mg, and 60 mg
respectively. One of the responders discontinued treatment
due to symptomatic cholelithiasis. Among patients partially
controlled, three continue with 40 and two with 60 mg.

Twenty six of the 35 patients included in this cohort con-
tinue with pasireotide injections (mean treatment interval,
13.1 ± 5.3 months; median, 12 months), and seven dis-
continued due to inefficacy.

Safety

Mean fasting glucose levels were 109 ± 28 mg/dl before and
138 ± 37 mg/dl after pasireotide initiation (p < 0.0001).
Mean HBA1C levels increased from 6.1 ± 1.1% (median,
5.9%) to 6.7 ± 1.3% (median 6.35%) (p= 0.07) while on
pasireotide treatment. Eleven patients with normal glucose
metabolism did not experience deterioration and two others
with mild impaired fasting glucose improved without spe-
cific treatment. Seventeen patients required initiation or
intensification of antidiabetic treatment among the twenty-
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The results of this retrospective study suggest that a con-
siderable number of acromegaly patients resistant to first-
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Abstract
Introduction Pasireotide, a multi-somatostatin receptor (SSTR)-ligand with high affinity for SSTR5 was recently approved
for acromegaly treatment.
Patients and methods A retrospective multicenter study investigating the efficacy and safety of long-acting (LAR) pasir-
eotide treatment in 35 patients (20 males) with active acromegaly (28 macroadenomas).
Results Mean baseline insulin-like growth factor-1 (IGF-1) at diagnosis was 3.1 ± 1.3 × ULN. All but five patients have
undergone pituitary surgery and six received sellar radiotherapy. All remained with active acromegaly despite first-
generation somatostatin analogue (SSA) treatment. Immediately before pasireotide-LAR initiation, eighteen patients were
under SSA monotherapy and one with pegvisomant. The remaining patients received combination therapy with SSA and
pegvisomant, n= 9 (two received cabergoline also); SSA and cabergoline, n= 4; pegvisomant and cabergoline, n= 1. Two
were untreated. Mean IGF-1 was 1.76 ± 0.9 ULN before pasireotide. Pasireotide-LAR starting dose was 40 mg/4 weeks in
most patients. IGF-1 normalized in 19 patients, IGF-1 between 1-1.2 × ULN was reached in five, and in additional two
patients IGF-1 was significantly suppressed. No effect was seen in nine patients. Pasireotide dose was reduced by 20 mg in
six patients with excellent response, with preserved IGF-1 control in five. Severe headaches in six patients disappeared or
improved with pasireotide. Side effects consisted of symptomatic cholelithiasis in one patient and deterioration of glucose
control in 22 patients, requiring initiation or intensification of antidiabetic treatment in seventeen. One patient developed
diabetic ketoacidosis.
Conclusions In the real-life scenario ~54% of patients with acromegaly resistant to first-generation SSA, may normalize
IGF-1 with pasireotide; however, 63% experienced glucose control deterioration.
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Introduction

Acromegaly is a rare condition caused by elevated circu-
lating growth hormone (GH) and insulin-like growth factor-
1 (IGF-1) levels. The disease is secondary to GH over-
secretion from a pituitary adenoma in almost all cases [1].
Uncontrolled acromegaly is associated with high morbidity
and mortality rates [2]. However, treatment mediated nor-
malization of GH and IGF-1 levels may restore mortality
rates of patients with acromegaly to those of the healthy
population [2]. Transsphenoidal surgery by an experienced
neurosurgeon is recommended as first-line therapy in most
cases [3], but up to 50% of operated patients will experience
persistent or recurrent disease, requiring medical treatment
to achieve hormonal remission [4].
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•  Cefalea regredita in tutti i pz sintomatici dopo inizio 
tp (4 regredita totalmente, 2 parzialmente) 

•  Effetti avversi:  
•  colelitiasi sintomatica in 1 pz 
•  peggioramento del metabolismo glicidico nel 63%    

(22/35) pz, con necessità di inizio/intensificazione           
terapia anti-diabetica in 17 

•  chetoacidosi in 1 pz 
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Andamento nel tempo (1987-1995 vs 2005-2013): 
•  mortalità ridotta nel tempo (SMR 3.45 1987-1995 vs 

1.86 2005-2013) 
•  tp chirurgica 58% 1987-1995 vs 72% 2005-2013 
•  tp medica 45% pz nella decade 2005-2013 
•  mortalità in pz trattati con tp medica > tp medica + 

radiante > tp chirurgica sola (SMR 2.03 vs 0.98 vs 
0.45) 

•  il numero di eventi è però troppo piccolo ed il quadro 
clinico di presentazione è stato eccessivamente 
variabile  

•  incidenza ipopituitarismo ridotta nel tempo (41% vs 
23%) 

Eur	J	Endocrinol.	2018	May;178(5):459-469.	doi:	10.1530/EJE-18-0015.	Epub	2018	Feb	26.	
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Decreasing mortality and changes in 
treatment patterns in patients with 
acromegaly from a nationwide study
Daniela Esposito1, Oskar Ragnarsson1, Daniel Granfeldt2, Tom Marlow2, 
Gudmundur Johannsson1 and Daniel S Olsson1

1Department of Endocrinology, Institute of Medicine, Sahlgrenska Academy, University of Gothenburg and 
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Abstract

Context: New therapeutic strategies have developed for the management of acromegaly over recent decades. 
Whether this has improved mortality has not been fully elucidated.
Objective: The primary aim was to investigate mortality in a nationwide unselected cohort of patients with 
acromegaly. Secondary analyses included time trends in mortality and treatment patterns.
Design: A total of 1089 patients with acromegaly were identified in Swedish National Health Registries between 1987 
and 2013. To analyse time trends, the cohort was divided into three periods (1987–1995, 1996–2004 and 2005–2013) 
based on the year of diagnosis.
Main outcome measures: Using the Swedish population as reference, standardized mortality ratios (SMRs) were 
calculated with 95% confidence intervals (CIs).
Results: Overall SMR was 2.79 (95% CI: 2.43–3.15) with 232 observed and 83 expected deaths. Mortality was mainly 
related to circulatory diseases (SMR: 2.95, 95% CI: 2.35–3.55), including ischemic heart disease (2.00, 1.35–2.66) and 
cerebrovascular disease (3.99, 2.42–5.55) and malignancy (1.76, 1.27–2.26). Mortality decreased over time, with an 
SMR of 3.45 (2.87–4.02) and 1.86 (1.04–2.67) during the first and last time period, respectively (P = .015). During the 
same time periods, the frequency of pituitary surgery increased from 58% to 72% (P < 0.001) and the prevalence of 
hypopituitarism decreased from 41% to 23% (P < 0.001).
Conclusions: Excess mortality was found in this nationwide cohort of patients with acromegaly, mainly related to 
circulatory and malignant diseases. Although still high, mortality significantly declined over time. This could be 
explained by the more frequent use of pituitary surgery, decreased prevalence of hypopituitarism and the availability 
of new medical treatment options.

Introduction

Acromegaly is a rare disease caused by growth hormone 
(GH) hypersecretion mainly due to a benign pituitary 
adenoma (1). According to recent epidemiological data, 
acromegaly has an estimated prevalence of 2.8–13.7 
cases/100 000 people and an annual incidence of 0.2–1.1 
cases/100 000 people (2, 3, 4).

Chronic excessive GH secretion leads to a 
multisystem disorder characterized by acral overgrowth, 
musculoskeletal disease, metabolic disorders, myocardial 
hypertrophy and respiratory dysfunction (1, 5, 6, 7). 
These multiple comorbidities result in impaired quality of 
life and reduced life expectancy (8, 9, 10).
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•  Studio retrospettivo, 105 pz acromegalici, tp 
chirurgica 

•  Trattamento medico pre-chirurgico: migliora l’outcome 
chirurgia nel lungo periodo 

•  Frequenza di remissione in pz pre-trattati con tp 
medica 61.1% vs 36.6% non pre-trattati, 
indipendentemente dalla durata di tp 

•  Trattamento medico pre-chirurgico migliora outcome 
soprattutto nei pz con adenoma invasivo e con GH > 
35 ng/mL 

Pituitary.	2018	Oct	26.	doi:	10.1007/s11102-018-0916-0.	[Epub	ahead	of	print]	
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Abstract
Purpose To determine whether pre-surgical medical treatment (PSMT) using long-acting Somatostatin analogues in acro-
megaly may improve long-term surgical outcome and to determine decision making criteria.
Methods This retrospective study included 110 consecutive patients newly diagnosed with acromegaly, who underwent sur-
gery in a reference center (Marseille, France). The mean long-term follow-up period was 51.4 ± 36.5 (median 39.4) months. 
Sixty-four patients received PSMT during 3–18 (median 5) months before pituitary surgery. Remission was defined at early 
(3 months) evaluation and at last follow-up by GH nadir after oral glucose tolerance test < 0.4 µg/L and normal IGF-1.
Results Pretreated and non-pretreated groups were comparable for the main confounding factors except for higher IGF-1 at 
diagnosis in PSMT patients. Remission rates were significantly different in pretreated or not pretreated groups (61.1% vs. 
36.6%, respectively at long-term evaluation). In multivariate analysis, PSMT was significantly linked to 3 months (p < 0.01) 
and long-term remission (p < 0.01). Duration of PSMT was not significantly different in cured or non-cured patients, at both 
evaluation times. PSMT appeared to be more beneficial for patients with an invasive tumor. No patient with a tumor greater 
than 18 mm or mean GH level exceeding 35 ng/mL at diagnosis was cured by surgery alone (vs. 8 and 9 patients in the pre-
treated group, respectively). Patients with PSMT showed more transient mild hyponatremia after surgery.
Conclusions PSMT significantly improved short and long-term remission in patients with acromegaly, independent of its 
duration, especially in invasive adenomas.

Keywords Acromegaly · Pre-surgical medical treatment · Long-term remission · Somatotroph adenoma · Invasive tumor

Introduction

Acromegaly is defined by growth hormone (GH) hyperse-
cretion, which is induced in more than 98% of cases by a 
secreting pituitary adenoma [1]. Acromegaly is considered 
a rare disease; it is associated with increased morbidity and 
mortality rates, and its prognosis is correlated with GH lev-
els [2] and cardiovascular complications [3, 4].

Transsphenoidal surgery is currently considered as first-line 
treatment in most patients with acromegaly [5–7]. In experi-
enced hands it allows immediate reduction of tumor volume, 
rapid control of GH levels, a decrease or even disappearance 
of clinical symptoms, combined with a very low risk of com-
plications [8]. Previously published studies from expert cent-
ers reported normalized IGF-1 levels in 75–95% of patients 
presenting with intrasellar microadenomas and in 40–68% of 
patients with non-invasive macroadenomas [9]. The overall 
remission rate for acromegaly patients who were operated 
on, defined by normalization of GH and/or IGF-1, is close to 
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•  Normalizzazione IGF-1: 53% al 1° anno, 73% al 10° anno 
•  Dose PEG 12.8 mg (1 anno) a 18.9 mg (10 anni)  
•  Eventi avversi seri nel 22% pz, correlati alla tp 2.3%  
•  Dimensioni tumore: 72.2% nessun cambio, 16.8% riduzione, 

6.8% aumento, 4.3% diminuzione/aumento 
•  AST/ALT > 3 ULN 3% pz  
•  CONCLUSIONI: i dati dello studio confermano che 

trattamento cronico con pegvisomant è un trattamento 
efficace e sicuro nei pz acromegalici 

•  Studio internazionale su 2090 pz acromegalici trattati con 
pegvisomant (2004-2016), 89% con IGF-1 elevata al baseline 

•  96% già trattati in precedenza con tp medica e/o radiante e/o 
chirurgica 

Eur	J	Endocrinol.	2018	Oct	1.	pii:	EJE-18-0616.	doi:	10.1530/EJE-18-0616.	[Epub	ahead	of	print]	
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179:6 419–427M Buchfelder and others Findings from pegvisomant use 
in ACROSTUDY

Long-term treatment with pegvisomant: 
observations from 2090 acromegaly patients 
in ACROSTUDY
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Abstract

Objectives: ACROSTUDY is an international, non-interventional study of acromegaly patients treated with 
pegvisomant (PEGV), a growth hormone receptor antagonist and has been conducted since 2004 in 15 countries to 
study the long-term safety and efficacy of PEGV. This report comprises the second interim analysis of 2090 patients as 
of May 12, 2016.
Methods: Descriptive analyses of safety, pituitary imaging and outcomes on PEGV treatment up to 12 years were 
performed.
Results: Prior to starting PEGV, 96% of patients had reported surgery, radiation, medical therapy or any combinations 
of those. At start of PEGV, 89% of patients had IGFI levels above the upper limit of normal (ULN). The percentage 
of patients with normal IGFI levels increased from 53% at year 1 to 73% at year 10, and the average daily dose of 
PEGV increased from 12.8 mg (year 1) to 18.9 mg (year 10). A total of 4832 adverse events (AEs) were reported in 1137 
patients (54.4%), of which 570 were considered treatment related in 337 patients (16.1%). Serious AEs were reported 
in 22% of patients, of which 2.3% were considered treatment related. Locally reported MRIs showed most patients 
(72.2%) had no change in tumor size relative to the prior scan; 16.8% had a decrease, 6.8% an increase and 4.3% 
both. In patients with normal liver tests at PEGV start, an ALT or AST elevation of >3× ULN at any time point during 
their follow-up was reported in 3%.
Conclusions: This second interim analysis confirms that long-term use of PEGV is an effective and safe treatment in 
patients with acromegaly.

Introduction

Acromegaly is a rare disease caused by hypersecretion of 
growth hormone (GH) and insulin-like growth factor I  
(IGFI) due to a GH-secreting pituitary adenoma (1). 

Pegvisomant (PEGV) is a pegylated GH analog with eight 
amino acid substitutions in growth hormone–binding site 1  
and the substitution of glycine for alanine at position 
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•  Target biochimico: normalizzare IGF-1 
             OGTT: cut-off GH di 0.4 ng/mL 
             aspettare almeno 12 settimane per    
          dosare IGF-1   
             non dosare GH durante tp con PEG 

•  										

•  Update sul target e sul management terapeutico 
dei pz acromegalici vs linee guida del 2014 

Acromegaly is caused by excess circulating levels of 
growth hormone (GH) and insulin- like growth factor 1  
(IGF1), which typically result from a GH- secreting 
pituitary adenoma1. Patients exhibit characteristic acral 
and soft tissue overgrowth (particularly in the face and 
hands), arthritis, jaw overbite, respiratory obstruction, 
hypertension and headache, as well as visual distur-
bances and cranial nerve palsy from tumour mass effects2. 
Metabolic dysfunction, including insulin resistance and 
elevated HbA1c, increases the risk of diabetes mellitus 
and cardiovascular- related morbidity and mortality3. 
Treatment of patients with acromegaly is aimed at nor-
malizing GH and/or IGF1 levels to ameliorate signs and 
symptoms of the disease2,4,5 and reduce excess mortality6–8.

Long- term biochemical control is achieved in fewer 
than 65% of patients following surgical resection of the 
tumour despite the use of novel surgical approaches9–15, and 
only approximately half of patients treated with medical 
therapy achieve control of IGF1 levels16–19. Radiation ther-
apy remains an option in patients with persistently active 
disease, but rates of control and safety have only marginally 
improved with the use of stereotactic radiosurgery instead of  
conventional fractionated radiotherapy20. Management  
of acromegaly and the comorbidities of the disorder is 
complex and requires a comprehensive approach coordi-
nated by a multidisciplinary team of physicians who are 
experts in the treatment of pituitary tumours21.

In April 2017, the Acromegaly Consensus Group 
convened to update the most recent consensus guide-
lines on the medical management of acromegaly, which 
were published in 2014 (REF.4). Since that publication,  
new pharmacological agents have been developed and new  
approaches to treatment sequencing have been considered. 
Thirty- seven experts in acromegaly management (BOX 1) 
reviewed the current literature and assessed changes in 
drug approvals, clinical practice standards and clinical 
opinion since the 2014 consensus publication. Discussions 
focused on treatment outcome goals; effects of pharmaco-
logical agents on biochemical, clinical, tumour volume 
and surgical outcomes; factors determining pharmaco-
logical choices; and the proposed place of available 
pharmacological agents in the guidelines. Updated con-
sensus recommendations on therapeutic outcomes for 
patients with acromegaly were graded using the Grading 
of Recommendations Assessment, Development and 
Evaluation system22,23 (BOX 2), and the key recommenda-
tions are presented in BOX 3. Key changes from the 2014 
consensus recommendations are presented in TABLE 1.

Methods
Meeting participants were assigned specific topics related  
to acromegaly treatment and outcomes. Literature 
searches were conducted using PubMed for English- 
language papers published between April 2013 and 

E X P E RT  C O N S E N S U S  D O C U M E N T

A Consensus Statement on 
acromegaly therapeutic outcomes
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•  Si raccomanda di seguire i pz in centri altamente 
specializzati nella gestione della patologia 
ipofisaria 

•  Target dimensioni tumore: riduzione dimensione 
tumore (cut-off  20–25% ! riduzione significativa)  

 
•  Ipointensità nelle sezioni T2!predice la probabilità di 

riduzione tumore nei pz trattati con SSA 
Acromegaly is caused by excess circulating levels of 
growth hormone (GH) and insulin- like growth factor 1  
(IGF1), which typically result from a GH- secreting 
pituitary adenoma1. Patients exhibit characteristic acral 
and soft tissue overgrowth (particularly in the face and 
hands), arthritis, jaw overbite, respiratory obstruction, 
hypertension and headache, as well as visual distur-
bances and cranial nerve palsy from tumour mass effects2. 
Metabolic dysfunction, including insulin resistance and 
elevated HbA1c, increases the risk of diabetes mellitus 
and cardiovascular- related morbidity and mortality3. 
Treatment of patients with acromegaly is aimed at nor-
malizing GH and/or IGF1 levels to ameliorate signs and 
symptoms of the disease2,4,5 and reduce excess mortality6–8.

Long- term biochemical control is achieved in fewer 
than 65% of patients following surgical resection of the 
tumour despite the use of novel surgical approaches9–15, and 
only approximately half of patients treated with medical 
therapy achieve control of IGF1 levels16–19. Radiation ther-
apy remains an option in patients with persistently active 
disease, but rates of control and safety have only marginally 
improved with the use of stereotactic radiosurgery instead of  
conventional fractionated radiotherapy20. Management  
of acromegaly and the comorbidities of the disorder is 
complex and requires a comprehensive approach coordi-
nated by a multidisciplinary team of physicians who are 
experts in the treatment of pituitary tumours21.

In April 2017, the Acromegaly Consensus Group 
convened to update the most recent consensus guide-
lines on the medical management of acromegaly, which 
were published in 2014 (REF.4). Since that publication,  
new pharmacological agents have been developed and new  
approaches to treatment sequencing have been considered. 
Thirty- seven experts in acromegaly management (BOX 1) 
reviewed the current literature and assessed changes in 
drug approvals, clinical practice standards and clinical 
opinion since the 2014 consensus publication. Discussions 
focused on treatment outcome goals; effects of pharmaco-
logical agents on biochemical, clinical, tumour volume 
and surgical outcomes; factors determining pharmaco-
logical choices; and the proposed place of available 
pharmacological agents in the guidelines. Updated con-
sensus recommendations on therapeutic outcomes for 
patients with acromegaly were graded using the Grading 
of Recommendations Assessment, Development and 
Evaluation system22,23 (BOX 2), and the key recommenda-
tions are presented in BOX 3. Key changes from the 2014 
consensus recommendations are presented in TABLE 1.

Methods
Meeting participants were assigned specific topics related  
to acromegaly treatment and outcomes. Literature 
searches were conducted using PubMed for English- 
language papers published between April 2013 and 
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•  Se fallimento tp medica: radiochirurgia o chirurgia 

corroborates the limitations of using areal BMD to assess 
fracture risk in these patients104.

Soft tissue and bony craniofacial overgrowth result in 
considerable airway obstruction and respiratory compli-
cations in at least 25% of patients with acromegaly and 
might not be reversible despite the achievement of ade-
quate biochemical control49 (MQ). We recommend that 
screening questionnaires for obstructive sleep apnoea 
are used in clinical practice, with sleep studies ordered 
as needed to confirm the diagnosis (SR). We also recom-
mend that management strategies such as continuous 
positive airway pressure therapy should be considered 
for patients with persistent symptoms independent of 
acromegaly treatment105 (DR).

Impaired glucose metabolism and diabetes mellitus, 
which are present in up to half of patients with acro-
megaly, are infrequently affected by treatment with 
first- generation SRLs106 (MQ) but can be exacerbated 
by pasireotide61,67. By contrast, pegvisomant might have 
a beneficial effect on insulin sensitivity, glucose tolerance 
and fatty acid metabolism, mainly owing to its conse-
quent suppression of hepatic glucose production107,108 
(MQ). Close monitoring of glycaemia is recommended 
for all patients and particularly for those treated with 
pasireotide (SR). We recommend that hyperglycaemia 
is treated promptly (SR).

Patients with acromegaly are at increased risk of 
colorectal adenomatous polyps and colorectal cancer109. 
However, a conclusive association between the frequency 
of colonoscopic surveillance and cancer- specific mortal-
ity in patients with acromegaly but not concurrent high- 
risk factors, such as known polyps or a family history of 
polyps, has not been shown110 (MQ). We recommend 
cancer screening be carried out as recommended for the 
general population (DR).

Tumour volume and surgical outcomes
SRLs induce tumour shrinkage via direct and indirect 
antiproliferative effects111. Approximately half of patients 
show considerable tumour reduction within the first few 
months of treatment with primary or adjuvant SRLs 
(MQ); these changes typically, but not necessarily, corre-
late with biochemical control46,47,112–115 (LQ). Pasireotide 
might exert a greater effect on tumour control than 
octreotide and lanreotide66 (LQ). Patients with acromeg-
aly owing to genetic causes, such as AIP mutations and 
X- linked acrogigantism, might exhibit larger tumours 
that could be less responsive to therapy than tumours in 
patients with sporadic acromegaly116–118 (VLQ).

Although preoperative treatment with SRLs can 
reduce tumour size and improve surgical cure rates in 
patients with macroadenomas119,120 (LQ), routine use of 

Inadequate GH and/or IGF1 control with first-generation SRL

• In partial responders (≥50% decrease
in GH and/or IGF1), increase SRL 
dose or increase dose frequency

• Add cabergoline to SRL if IGF1 
remains modestly elevated during 
SRL administration

Not controlled, tumour concern Not controlled, impaired 
glucose metabolism

Not controlled, tumour concern 
and impaired glucose metabolism

Pasireotide Pegvisomant First-generation SRL and pegvisomant

Well controlled Not controlled

Monitor IGF1 levels SRS or surgical intervention

Fig. 1 | A proposed algorithm for the treatment of acromegaly in patients inadequately controlled with first- 
generation somatostatin receptor ligands lanreotide autogel and octreotide long- acting release. In partial 
responders (≥50% decrease in growth hormone (GH) and/or insulin- like growth factor 1 (IGF1)), increase somatostatin 
receptor ligand (SRL) dose and/or dose frequency. If IGF1 remains modestly elevated during SRL administration, add 
cabergoline to SRL. If disease control is not achieved, patients should be switched to the second- generation SRL 
pasireotide if there is clinically relevant residual tumour on imaging and/or clinical concern of tumour growth (tumour 
concern). Patients with impaired glucose tolerance should be switched to the GH antagonist pegvisomant. Patients with 
impaired glucose tolerance and tumour concern should be treated with a combination of a first- generation SRL and 
pegvisomant. Those who remain uncontrolled despite second- line medical therapy should be considered for stereotactic 
radiosurgery (SRS) or surgical intervention.
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Acromegaly is caused by excess circulating levels of 
growth hormone (GH) and insulin- like growth factor 1  
(IGF1), which typically result from a GH- secreting 
pituitary adenoma1. Patients exhibit characteristic acral 
and soft tissue overgrowth (particularly in the face and 
hands), arthritis, jaw overbite, respiratory obstruction, 
hypertension and headache, as well as visual distur-
bances and cranial nerve palsy from tumour mass effects2. 
Metabolic dysfunction, including insulin resistance and 
elevated HbA1c, increases the risk of diabetes mellitus 
and cardiovascular- related morbidity and mortality3. 
Treatment of patients with acromegaly is aimed at nor-
malizing GH and/or IGF1 levels to ameliorate signs and 
symptoms of the disease2,4,5 and reduce excess mortality6–8.

Long- term biochemical control is achieved in fewer 
than 65% of patients following surgical resection of the 
tumour despite the use of novel surgical approaches9–15, and 
only approximately half of patients treated with medical 
therapy achieve control of IGF1 levels16–19. Radiation ther-
apy remains an option in patients with persistently active 
disease, but rates of control and safety have only marginally 
improved with the use of stereotactic radiosurgery instead of  
conventional fractionated radiotherapy20. Management  
of acromegaly and the comorbidities of the disorder is 
complex and requires a comprehensive approach coordi-
nated by a multidisciplinary team of physicians who are 
experts in the treatment of pituitary tumours21.

In April 2017, the Acromegaly Consensus Group 
convened to update the most recent consensus guide-
lines on the medical management of acromegaly, which 
were published in 2014 (REF.4). Since that publication,  
new pharmacological agents have been developed and new  
approaches to treatment sequencing have been considered. 
Thirty- seven experts in acromegaly management (BOX 1) 
reviewed the current literature and assessed changes in 
drug approvals, clinical practice standards and clinical 
opinion since the 2014 consensus publication. Discussions 
focused on treatment outcome goals; effects of pharmaco-
logical agents on biochemical, clinical, tumour volume 
and surgical outcomes; factors determining pharmaco-
logical choices; and the proposed place of available 
pharmacological agents in the guidelines. Updated con-
sensus recommendations on therapeutic outcomes for 
patients with acromegaly were graded using the Grading 
of Recommendations Assessment, Development and 
Evaluation system22,23 (BOX 2), and the key recommenda-
tions are presented in BOX 3. Key changes from the 2014 
consensus recommendations are presented in TABLE 1.

Methods
Meeting participants were assigned specific topics related  
to acromegaly treatment and outcomes. Literature 
searches were conducted using PubMed for English- 
language papers published between April 2013 and 
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treatment adverse effect profiles, is recommended before 
implementing such strategies (DR) (FIG. 1).

Second- generation somatostatin receptor ligands. 
Biochemical control rates with pasireotide LAR are 
higher than those achieved with octreotide LAR in 
patients who have not previously been treated with an 
SRL61 (MQ). However, normalized levels of IGF1 are still  
achieved in fewer than half of patients treated with pasi-
reotide LAR, and nearly 70% of patients treated with 
pasireotide LAR exhibited hyperglycaemia- associated 
adverse effects66 (MQ). As patients with inadequately 
controlled disease on octreotide LAR or lanreotide auto-
gel show improved biochemical control after switching 
to pasireotide LAR66, we recommend pasireotide LAR be 
considered a second- line therapy (SR) (FIG. 1). Elevated 
HbA1c and fasting plasma levels of glucose at baseline are 
strong predictors for developing hyperglycaemia during 
treatment with pasireotide LAR67 (MQ). We recommend 
that patients considered for treatment with pasireotide 
LAR should be carefully screened and monitored for 
glycaemic adverse effects (SR), and pasireotide LAR 
should preferably be used in those with normal glucose 
tolerance. Blood levels of glucose should be monitored 
weekly for the first 3 months of treatment and in the 
first 4–6 weeks after dose increases. Monitoring should 
continue throughout treatment, as clinically appropriate.

Somatostatin receptor ligands in development. New for-
mulations of SRLs are currently in clinical development, 
including oral octreotide capsules, parenteral octreotide 
bound in a liquid crystal mix and a parenteral multi- ligand 
SRL with high selectivity for GH suppression68,69. A phase III  
study of oral octreotide in patients well controlled on  
octreotide LAR showed that biochemical control rates 
were maintained after switching to oral octreotide, and 
patient acceptability and compliance were improved 
owing to route of administration70 (LQ). Additional 
studies with oral octreotide are currently underway71,72.

Dopamine agonist
Cabergoline monotherapy results in biochemical control 
rates of approximately 35%; similar benefits have also 
been seen with the addition of cabergoline to an SRL in 
patients with inadequate control on SRL therapy73 (LQ). 

However, the benefits are largely limited to patients 
with mildly elevated levels of IGF1 at baseline, with the 
greatest benefit seen in those with IGF1 levels ≤1.5 times 
the upper limit of normal (MQ). We recommend that 
cabergoline should therefore be considered as a first- line 
medical therapy or as an addition to first- generation SRL 
in patients with IGF1 levels <2.5 times the upper limit 
of normal (DR).

GH receptor antagonist
Pegvisomant monotherapy administered as second- 
line therapy yields biochemical control rates of 90% 
or more in clinical trials18,74 (HQ) and closer to 60% 
in real- world surveillance studies75,76 (MQ). This differ-
ence is probably primarily attributable to differences in 
doses, as patients in clinical practice are less likely to be 
uptitrated to the maximum dose despite higher efficacy 
rates being seen at higher doses77 (VLQ). Pegvisomant 
is approved for use at doses ranging from 10 mg per 
day to 30 mg per day, and we recommend that the daily 
dose should be increased to the recommended high-
est dose as needed (SR). Patient- specific factors such 
as age and BMI have been identified as predictive of 
the dose of pegvisomant that is required for normal-
ization of IGF1 levels78,79 (LQ), but we recommend 
that physicians should regularly monitor IGF1 levels 
throughout therapy to determine whether normaliza-
tion can be achieved by adapting the dose regimen59 
(SR). Surveillance studies show that high doses of up 
to 60 mg per day have been used in patients with per-
sistently elevated IGF1 levels80; however, use of doses 
above 30 mg per day is not approved, has not been pro-
spectively studied and therefore is not recommended in 
clinical practice (DR).

Similarly, pegvisomant has shown high efficacy rates 
when given in combination with an SRL and delivered 
once or twice weekly81,82 (MQ) and might show contin-
ued effectiveness after discontinuing the SRL83 (LQ). 
Analysis of surveillance data suggests a biochemical 
control rate of approximately 75% in patients treated 
with pegvisomant monotherapy as first- line therapy84, 
but prospective data are lacking (VLQ).

Oestrogens and SERMs
Oestrogens and selective oestrogen receptor modulators 
(SERMs) reduce levels of IGF1 in patients with acro-
megaly when used alone or in combination with  
an SRL or cabergoline85 (VLQ). SERMs might have an  
additional benefit in men with acromegaly and hypo-
gonadism, as these agents also increase levels of 
testosterone86,87 (VLQ). However, as published evidence 
is limited, optimal use of these agents remains unde-
termined, and sex- specific adverse effects should also  
be considered.

Clinical outcomes of medical therapy
Although biochemical control is the primary aim of 
acromegaly treatment, physicians should also consider 
the effect of therapy on disease- related morbidity and 
mortality. As a result, physicians should implement 
strategies to prevent, address and manage acromegaly 
complications.

Box 3 | Key 2018 consensus recommendations

• We recommend patients be treated at pituitary tumour centres of excellence, where 
possible, to receive the best and most cost- effective care.

• Surgical resection of the pituitary adenoma by an experienced neurosurgeon is 
recommended where possible and represents the best opportunity for cure.

• Medical therapy is recommended for patients with persistent disease despite surgical 
resection of the adenoma as well as patients in whom surgery is not appropriate.

• For patients with persistent disease after surgery, a first- generation long- acting 
somatostatin receptor ligand (SRL) is recommended as first- line therapy.

• If clinically relevant residual tumour that is unsuitable for resection is present, 
patients not adequately controlled on first- generation SRLs could be considered for 
switching to pasireotide long- acting release.

• If there is pre- existing clinically relevant impaired glucose metabolism, patients not 
adequately controlled on first- generation SRLs should be switched to pegvisomant.
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growth hormone (GH) and insulin- like growth factor 1  
(IGF1), which typically result from a GH- secreting 
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and soft tissue overgrowth (particularly in the face and 
hands), arthritis, jaw overbite, respiratory obstruction, 
hypertension and headache, as well as visual distur-
bances and cranial nerve palsy from tumour mass effects2. 
Metabolic dysfunction, including insulin resistance and 
elevated HbA1c, increases the risk of diabetes mellitus 
and cardiovascular- related morbidity and mortality3. 
Treatment of patients with acromegaly is aimed at nor-
malizing GH and/or IGF1 levels to ameliorate signs and 
symptoms of the disease2,4,5 and reduce excess mortality6–8.

Long- term biochemical control is achieved in fewer 
than 65% of patients following surgical resection of the 
tumour despite the use of novel surgical approaches9–15, and 
only approximately half of patients treated with medical 
therapy achieve control of IGF1 levels16–19. Radiation ther-
apy remains an option in patients with persistently active 
disease, but rates of control and safety have only marginally 
improved with the use of stereotactic radiosurgery instead of  
conventional fractionated radiotherapy20. Management  
of acromegaly and the comorbidities of the disorder is 
complex and requires a comprehensive approach coordi-
nated by a multidisciplinary team of physicians who are 
experts in the treatment of pituitary tumours21.

In April 2017, the Acromegaly Consensus Group 
convened to update the most recent consensus guide-
lines on the medical management of acromegaly, which 
were published in 2014 (REF.4). Since that publication,  
new pharmacological agents have been developed and new  
approaches to treatment sequencing have been considered. 
Thirty- seven experts in acromegaly management (BOX 1) 
reviewed the current literature and assessed changes in 
drug approvals, clinical practice standards and clinical 
opinion since the 2014 consensus publication. Discussions 
focused on treatment outcome goals; effects of pharmaco-
logical agents on biochemical, clinical, tumour volume 
and surgical outcomes; factors determining pharmaco-
logical choices; and the proposed place of available 
pharmacological agents in the guidelines. Updated con-
sensus recommendations on therapeutic outcomes for 
patients with acromegaly were graded using the Grading 
of Recommendations Assessment, Development and 
Evaluation system22,23 (BOX 2), and the key recommenda-
tions are presented in BOX 3. Key changes from the 2014 
consensus recommendations are presented in TABLE 1.

Methods
Meeting participants were assigned specific topics related  
to acromegaly treatment and outcomes. Literature 
searches were conducted using PubMed for English- 
language papers published between April 2013 and 
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•  Studio retrospettivo su 788 pz con adenoma ipofisario 
operati con TSS, per valutare l’efficacia della restrizione 
idrica (1 l/die per una settimana) sulla frequenza di 
iponatremia post-chirurgica vs introduzione di liquidi 
secondo sete (controllo) 

•  Nessun ricovero per iponatremia nella settimana 
successiva all’intervento nel gruppo restrizione idrica vs 
3.4% nel gruppo di controllo 

•  Sodio post-op: 140.1 mEq/L gruppo di intervento vs 
137.5 mEq/L gruppo di controllo 

 
•  La restrizione idrica è un intervento semplice ed 

economico, associato ad una ridotta frequenza di ricovero 
post-chirurgico per iponatremia nei pz sottoposti a TSS 

Pituitary.	2018	Feb;21(1):25-31.	doi:	10.1007/s11102-017-0843-5.	
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sodium levels (140.1 vs 137.5 mEq/L; p = 0.002). No fluid 
balance complications occurred in patients who followed 
this protocol.
Conclusion Hyponatremia can be a life-threatening com-
plication of TSS, and prevention of readmission for hypona-
tremia can help improve patient safety and decrease costs. 
Mandatory post-discharge fluid restriction is a simple and 
inexpensive intervention associated with decreased rates of 
readmission for hyponatremia and normal post-operative 
sodium levels.

Keywords Complications · Hyponatremia · Pituitary 
adenoma · Transsphenoidal surgery

Introduction

Patients undergoing transsphenoidal pituitary surgery 
(TSS) are at risk for several serious complications, some of 
which can be life-threatening and all of which delay patient 
recovery and increase healthcare costs [1–5]. Among these, 
one of the most common is the syndrome of inappropriate 
antidiuretic hormone secretion (SIADH), a disorder caused 
by overproduction of ADH. Although SIADH can be self-
limiting, serious cases can result in severe, life-threatening 
hyponatremia [6, 7]. The incidence of this problem after 
transsphenoidal surgery ranges from 3.6 to 19.8% [7–13]. 
Clinically significant hyponatremia after surgical interven-
tion typically occurs between post-operative day 4–7. This 
is often after discharge for those undergoing transsphenoi-
dal surgery, potentially placing patients at risk of serious 
electrolyte dysfunction without the availability of immediate 
medical attention [11, 14–17].

The cause of post-TSS hyponatremia is not fully 
understood, but it has been hypothesized that iatrogenic 

Abstract 
Introduction Patients undergoing transsphenoidal pituitary 
surgery (TSS) are at risk for several serious complications, 
including the syndrome of inappropriate antidiuretic hor-
mone and subsequent hyponatremia.
Objective In this study, we examined the effect of 1 week 
of post-discharge fluid restriction to 1.0 L daily on rates of 
post-operative readmission for hyponatremia.
Methods We retrospectively analyzed all patients under-
going TSS from 2008 to 2014 and prospectively recorded 
patient data from 2015 to 2017. Patients were divided into 
a control cohort (2008–2014), who were discharged with 
instructions to drink to thirst; and an intervention cohort 
(2015–2017) who were instructed to drink less than 1.0 L 
daily for 1 week post-operatively.
Results This study included 788 patients; 585 (74.2%) 
in the control cohort and 203 (25.8%) in the intervention 
cohort. Overall, 436 (55.3%) were women, the median age 
was 47 (range 15–89), and average BMI was 29.4 kg/m2 
(range 17.7–101.7). Patients were relatively well matched. 
Of patients in the intervention group, none was readmitted 
for hyponatremia (0/203), compared to 3.41% (20/585) in 
the control group (p = 0.003). Patients in the intervention 
group also had significantly higher post-operative week one 
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•  Studio retrospettivo 2008-2016, 522 pz con adenoma 
ipofisario operati con TSS 

•  56/522 (10.7%) pz riammessi entro 30 gg post TSS,  
iposodiemia in 14/56 (25%), sodio medio alla riammissione: 
122 nmol/L (± 5.7) 

Eur	J	Endocrinol.	2018	Mar;178(3):247-253.	doi:	10.1530/EJE-17-0879.	Epub	2017	Dec	20.	
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Results

From January 1, 2008, to March 1, 2016, 569 TSS 
procedures were performed at the John Radcliffe Hospital 
in Oxford, UK; for 43 individuals who had more than 
one TSS procedure performed during this period, only 
the most recent entry was included in the analysis. Four 
individuals with hyponatraemia prior to surgery were 
excluded (none of these required readmission), leaving 
522 individuals in Cohort 1. Between July 1,2011, and 
March 1, 2016, 332 TSS procedures were performed in 314 
individuals constituting Cohort 2, a subset of Cohort 2. 
None of these individuals in Cohort 2 had hyponatraemia 
prior to surgery. In Cohort 1, approximately half of the 
patients were women (262/522 (50.2%)) and the mean 
age was 52 (S.D. 16) years. The most common type of 
tumour was a non-functioning pituitary tumour in 
198/522 (37.9%), while 204/522 (39.1%) had tumours 
abutting the optic chiasm. The primary pituitary surgeon 
(SC) conducted 496/522 (95%) of these procedures. As 
shown in Table 1, there were no major discrepancies in 
demographic background or other variables between 
Cohort 1 and Cohort 2.

Readmission with hyponatraemia

After TSS, 58/522 (11.1%) patients were readmitted within 
30 days from the surgical procedure, with hyponatraemia 
responsible for 14/58 (24.1%) of readmissions (Table 2). 

Other causes are shown in Table 2. As shown in Fig.  1, 
readmissions with hyponatraemia were centred between 
days 7 and 10 and no one was readmitted after day 10 
with hyponatraemia. The mean serum sodium level 
at readmission was 122 mmol/L (S.D. 5.7). None of our 
explanatory variables was associated with readmission 
(Table 3).

As described previously, routine assessment of 
serum sodium level at day 7 post-op was introduced as 
a standard protocol from July 2011. In the period prior 
to July 2011, 5/208 (2.4%) patients were readmitted 
with hyponatraemia compared to 9/314 (2.7%) patients 
readmitted from the period between July 2011 and March 
2016 (P = 0.75). A similar proportion was seen in the small 
number of craniopharyngiomas (data not shown).

Hyponatraemia 1 week post surgery

To assess the number of patients with hyponatraemia one 
week after surgery, we used Cohort 2, consisting of 314 

Table 1 Baseline characteristics. Data are presented as n (%).

Cohort 1 (n = 522) Cohort 2 (n = 314)

Age, mean (S.D.) 52.0 (16.5) 53.1 (16.7)
Sex
 Female 262 (50.2) 161 (51.3)
Surgeon
 Primary surgeon 496 (95.0) 304 (96.8)
 Trainee surgeon 26 (5.0) 10 (3.2)
Tumour
 Macroadenoma 200 (38.3) 129 (41.1)
 Paracellar 77 (14.8) 33 (10.5)
 Chiasma pressure 204 (39.1) 119 (37.9)
Pathology
 Non-functioning 198 (37.9) 128 (40.8)
 Acromegaly 78 (14.9) 39 (12.4)
 Cushing’s disease 41 (7.9) 23 (4.4)
 Craniopharyngioma 32 (6.1) 20 (6.4)
 Rathke cleft cyst 28 (5.4) 19 (6.1)
 Prolactinoma 21 (4.0) 14 (4.5)
 Meningioma 12 (2.3) 10 (3.2)
 Other 112 (21.5) 61 (19.4)
Previous pituitary surgery
 Yes 73 (14.0) 49 (15.6)

Table 2 58/522 patients were readmitted within 30 days of 

transsphenoidal surgery. Values are presented as n (%). The 

listed causes are not exclusive, e.g. one patient could have 

both hyponatraemia and headache.

Main symptoms/findings at readmission Values

n 58 (11.1)
CSF leak 16 (3.1)
Headache 15 (2.9)
Hyponatraemia 14 (2.7)
Meningitis 5 (1.0)
DI 3 (0.6)
Epistaxis 2 (0.4)
Other 13 (2.5)

Figure 1
Distribution of 14 readmissions with hyponatraemia after 

transsphenoidal surgery in 522 patients.
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Abstract

Objective: A major cause of readmission after transsphenoidal surgery (TSS) is delayed hyponatraemia. The purpose of 
this study was to identify predictors of hyponatraemia one week post surgery and predictors of 30-day readmissions 
for hyponatraemia.
Design: A retrospective cohort study including patients who had TSS performed for pituitary lesions.
Method: The risk of readmission for hyponatraemia was assessed in consecutive patients between January 2008 and 
March 2016. The risk of hyponatraemia one week post surgery was assessed in patients admitted for TSS between July 
2011 and March 2016.
Results: Of all included patients, 56/522 (10.7%) were readmitted within 30 days. Hyponatraemia was found in 
14/56 (25%) of 30-day readmissions. We did not identify any predictive variable for hyponatraemia on readmission. 
The number of patients with hyponatraemia on the seventh post-operative day was 26/314 (8.3%). The risk of 
hyponatraemia one week post surgery was increased by an odds ratio of 2.40 (95% CI: 1.06–5.40) in patients with a 
tumour abutting the optic chiasm and by an odds ratio of 1.16 (1.04–1.31) per mmol/L decrease in sodium levels on 
the first post-operative day.
Conclusions: Hyponatraemia occurred in 25% of readmissions; however, we did not identify any predictive variable 
for readmission with hyponatraemia. One week post surgery, 8.9% had hyponatraemia. Tumours pressing on the 
optic chiasm as well as a fall in sodium levels on the first post-operative day were associated with an increased risk of 
hyponatraemia one week post surgery. We suggest that a day 7 serum sodium <130 nmol/L should lead to concern and 
the provision of patient advice.

Introduction

A common complication of transsphenoidal surgery 
(TSS) for pituitary adenomas is a disturbance in water 
and electrolyte balance with hyponatraemia reported as 
one of the most frequent post-operative complications 
and reasons for readmission (1, 2, 3). A systematic review, 

including 2974 patients from 10 case series, found that 
the frequency of reported delayed hyponatraemia ranged 
from 3.6% to 19.8% (1). In a large study extracting 1240 
cases from the American College of Surgeons NSQIP 
database, the 30-day readmission rate was 8.9%, and 
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•  Tumore a contatto con le vie ottiche: fattore 
predisponente (odds ratio 2.4) 

•  Rischio di iposodiemia > ogni riduzione di 1 mmol/l 
nel primo giorno post-op (odds ratio 1.16) 
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individuals. The number of patients with hyponatraemia 
at POD 1, POD2 and POD 7 was 4/314 (1.3%), 2/314 (0.6%) 
and 26/314 (8.3%). As illustrated in Fig. 2, patients who 
developed hyponatraemia at POD 7 had similar sodium 
levels pre-operatively, but significantly lower levels at 
POD 1 and POD 2 and borderline different sodium levels 
6 weeks post surgery. Furthermore, the serum osmolality 
appears to follow the same pattern as sodium levels in the 
two groups (Fig. 2).

The odds ratio for hyponatraemia was 2.40 (95% CI: 
1.06–5.40) in patients with a tumour abutting the optic 
chiasm. Also, each decrease in sodium levels on POD 
1 compared to pre-surgery levels increased the risk of 
hyponatraemia on POD 7 by an OR of 1.16 (1.04–1.29). 
As shown in Table 4, no other variable explained the risk 
of hyponatraemia at POD 7.

Post hoc, we assessed the risk of readmission for 
patients with hyponatraemia at POD 7 in Cohort 2. 
Of the 26 patients identified with hyponatraemia at 
POD 7, 8 of the patients were admitted. As shown in 
Supplementary Table 1 (see section on supplementary 
data given at the end of this article), neither sodium 
levels nor any of the other variables explained why 
these specific patients were readmitted. In addition, 
we also examined predictors for sodium levels 
below 135 mmol/L at POD 7, and as illustrated in 
Supplementary Table 2, the risk of hyponatraemia using 
this definition was increased in patients with a tumour 
abutting the chiasm as well as in patients having 
received desmopressin.

Hypernatraemia

As shown in Supplementary Fig. 1, the highest frequency 
of hypernatraemia was found on the first day after surgery, 
with 5/314 (1.6%) showing a serum sodium level above 
150 mmol/L.

Discussion

None of the variables included in this study predicted 
readmission for hyponatraemia, although a tumour 
pressing on the chiasm was associated with a 2- to 3-fold 
increase in the risk of hyponatraemia on day 7. Also, for 
each mmol/L decrease in sodium levels from pre-surgery 
to the first POD, the risk of hyponatraemia increased on 
day 7 by 16%.

In the current study, the frequency of readmission 
within 30  days was 11%, and hyponatraemia was 
responsible for readmission in 14 of 58 cases, accounting 
for 24% of readmissions. In the survey of 1200 TSS 
procedures in the US, they found that 8.5% were 
readmitted (2), whereas Bohl and coworkers found that 
8.9% were readmitted within 30 days (3). In the US Study, 

Table 3 Risk of readmission with hyponatraemia after transsphenoidal surgery in 522 patients.

 
Variable

 
Readmitted (n = 14)

 
Not-readmitted (n = 508)

Odds ratio

Model 1 Model 2

Age, mean (S.D.) 56.3 (16.0) 52.7 (16.3) 1.01 (0.98–1.05) 1.02 (0.98–1.05)
Female, n (%) 10 (71.4) 252 (49.6) 2.54 (0.79–8.20) 2.67 (0.82–8.66)
Macroadenoma 4 (28.6) 196 (38.6) 0.64 (0.20–2.01) 0.63 (0.19–2.10)
Chiasmal contact 2 (14.3) 202 (39.8) 0.25 (0.06–1.14) 0.25 (0.06–1.13)
Cushing’s disease 1 (7.1) 41 (8.1) 0.88 (0.11–6.87) 0.76 (0.09–6.06)
Hormone-producing tumour 3 (21.4) 128 (25.2) 0.81 (0.22–2.95) 0.77 (0.21–2.90)
Previous surgery 1 (7.1) 73 (14.4) 0.46 (0.06–3.56) 0.46 (0.06–3.55)
Trainee surgeon 2 (14.3) 24 (4.7) 3.36 (0.71–15.87) 3.11 (0.64–15.09)
Lumbar drain 0 (0.0) 41 (8.1) – –
Desmopressin use 1 (7.1) 65 (12.8) 0.52 (0.07–4.08) 0.57 (0.07–4.52)
Decrease in sodium POD1, mean (S.D.) −2.29 (4.1) −1.05 (4.4) 1.07 (0.94–1.22) 1.07 (0.93–1.22)

Figure 2
Mean sodium levels and mean plasma osmolality after 

transsphenoidal surgery stratified by normal sodium (n = 288) 

or low sodium (n = 26) levels at the 7th post-operative day 

(POD). A full colour version of this figure is available at http://

dx.doi.org/10.1530/EJE-17-0879.
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Abstract

Objective: A major cause of readmission after transsphenoidal surgery (TSS) is delayed hyponatraemia. The purpose of 
this study was to identify predictors of hyponatraemia one week post surgery and predictors of 30-day readmissions 
for hyponatraemia.
Design: A retrospective cohort study including patients who had TSS performed for pituitary lesions.
Method: The risk of readmission for hyponatraemia was assessed in consecutive patients between January 2008 and 
March 2016. The risk of hyponatraemia one week post surgery was assessed in patients admitted for TSS between July 
2011 and March 2016.
Results: Of all included patients, 56/522 (10.7%) were readmitted within 30 days. Hyponatraemia was found in 
14/56 (25%) of 30-day readmissions. We did not identify any predictive variable for hyponatraemia on readmission. 
The number of patients with hyponatraemia on the seventh post-operative day was 26/314 (8.3%). The risk of 
hyponatraemia one week post surgery was increased by an odds ratio of 2.40 (95% CI: 1.06–5.40) in patients with a 
tumour abutting the optic chiasm and by an odds ratio of 1.16 (1.04–1.31) per mmol/L decrease in sodium levels on 
the first post-operative day.
Conclusions: Hyponatraemia occurred in 25% of readmissions; however, we did not identify any predictive variable 
for readmission with hyponatraemia. One week post surgery, 8.9% had hyponatraemia. Tumours pressing on the 
optic chiasm as well as a fall in sodium levels on the first post-operative day were associated with an increased risk of 
hyponatraemia one week post surgery. We suggest that a day 7 serum sodium <130 nmol/L should lead to concern and 
the provision of patient advice.

Introduction

A common complication of transsphenoidal surgery 
(TSS) for pituitary adenomas is a disturbance in water 
and electrolyte balance with hyponatraemia reported as 
one of the most frequent post-operative complications 
and reasons for readmission (1, 2, 3). A systematic review, 

including 2974 patients from 10 case series, found that 
the frequency of reported delayed hyponatraemia ranged 
from 3.6% to 19.8% (1). In a large study extracting 1240 
cases from the American College of Surgeons NSQIP 
database, the 30-day readmission rate was 8.9%, and 
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•  Review su trattamento di prima e seconda 
linea nei tumori ipofisari aggressivi (recidive 
locali multiple > 2, 2.5-10% nelle serie 
chirurgiche) e nei carcinomi ipofisari 
(metastatici, 0.2% dei tumori ipofisari) 

•  14 studi (116 pz), la > su tp con 
temozolomide (11 pz, 106 pz): efficacia nel 
47% dei pz 

Eur	J	Endocrinol.	2018	Jan;178(1):G1-G24.	doi:	10.1530/EJE-17-0796.	Epub	2017	Oct	18.	
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European Society of Endocrinology Clinical 
Practice Guidelines for the management of 
aggressive pituitary tumours and carcinomas
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Sweden, 5Garvan Institute, Sydney, Australia, 6Department of Endocrinology, St Vincent’s Hospital, University of New South Wales, 
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The European Society of Endocrinology has initiated this guideline on the Management of Aggressive Pituitary

Abstract

Background: Pituitary tumours are common and easily treated by surgery or medical treatment in most cases. 
However, a small subset of pituitary tumours does not respond to standard medical treatment and presents with 
multiple local recurrences (aggressive pituitary tumours) and in rare occasion with metastases (pituitary carcinoma). 
The present European Society of Endocrinology (ESE) guideline aims to provide clinical guidance on diagnosis, 
treatment and follow-up in aggressive pituitary tumours and carcinomas.
Methods: We decided upfront, while acknowledging that literature on aggressive pituitary tumours and carcinomas 
is scarce, to systematically review the literature according to the GRADE (Grading of Recommendations Assessment, 
Development and Evaluation) system. The review focused primarily on first- and second-line treatment in aggressive 
pituitary tumours and carcinomas. We included 14 single-arm cohort studies (total number of patients = 116) most on 
temozolomide treatment (n = 11 studies, total number of patients = 106). A positive treatment effect was seen in 47% 
(95% CI: 36–58%) of temozolomide treated. Data from the recently performed ESE survey on aggressive pituitary 
tumours and carcinomas (165 patients) were also used as backbone for the guideline.
Selected recommendation: (i) Patients with aggressive pituitary tumours should be managed by a multidisciplinary 
expert team. (ii) Histopathological analyses including pituitary hormones and proliferative markers are needed for 
correct tumour classification. (iii) Temozolomide monotherapy is the first-line chemotherapy for aggressive pituitary 
tumours and pituitary carcinomas after failure of standard therapies; treatment evaluation after 3 cycles allows 
identification of responder and non-responder patients. (iv) In patients responding to first-line temozolomide, we 
suggest continuing treatment for at least 6 months in total. Furthermore, the guideline offers recommendations 
for patients who recurred after temozolomide treatment, for those who did not respond to temozolomide and for 
patients with systemic metastasis.
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Eur	J	Endocrinol.	2018	Jan;178(1):G1-G24.	doi:	10.1530/EJE-17-0796.	Epub	2017	Oct	18.	
	

•  Team multidisciplinare esperto 
•  Diagnosi di tumore ipofisario aggressivo basata su 

caratteristiche cliniche e comportamento tumore: 
•  tumore invasivo ≠ tumore aggressivo 
•  EI: valutazione immunoistochimica per identificare 

istotipi ormonali e valutazione di ki67: se ki67 > 3%, 
valutare anche p53 e conta mitotica. Ki67 > 
10%!malignità? 

•  Espressione di MGMT per predire risposta a 
temozolomide! bassa espressione di MGMT, alta 
risposta a TMZ 

•  Analisi genetica nei pz giovani, storia familiare di tumore 
ipofisario o neoplasia endocrina 
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•  Tp chirurgica ad opera di chirurgo esperto 
•  Tp medica standard nelle forme secretorie: alle 

dosi massime tollerate per controllare la crescita/
secrezione tumorale (cabergolina, SSA, PEG)  

•  Radiotp adiuvante nei casi resistenti alla tp medica 
e chirurgica o persistenza di malattia aggressiva 
post-chirurgia 

•  Radiotp frazionata o sterotassica ad opera di 
radiotp esperto 
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Abstract

Background: Pituitary tumours are common and easily treated by surgery or medical treatment in most cases. 
However, a small subset of pituitary tumours does not respond to standard medical treatment and presents with 
multiple local recurrences (aggressive pituitary tumours) and in rare occasion with metastases (pituitary carcinoma). 
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treatment and follow-up in aggressive pituitary tumours and carcinomas.
Methods: We decided upfront, while acknowledging that literature on aggressive pituitary tumours and carcinomas 
is scarce, to systematically review the literature according to the GRADE (Grading of Recommendations Assessment, 
Development and Evaluation) system. The review focused primarily on first- and second-line treatment in aggressive 
pituitary tumours and carcinomas. We included 14 single-arm cohort studies (total number of patients = 116) most on 
temozolomide treatment (n = 11 studies, total number of patients = 106). A positive treatment effect was seen in 47% 
(95% CI: 36–58%) of temozolomide treated. Data from the recently performed ESE survey on aggressive pituitary 
tumours and carcinomas (165 patients) were also used as backbone for the guideline.
Selected recommendation: (i) Patients with aggressive pituitary tumours should be managed by a multidisciplinary 
expert team. (ii) Histopathological analyses including pituitary hormones and proliferative markers are needed for 
correct tumour classification. (iii) Temozolomide monotherapy is the first-line chemotherapy for aggressive pituitary 
tumours and pituitary carcinomas after failure of standard therapies; treatment evaluation after 3 cycles allows 
identification of responder and non-responder patients. (iv) In patients responding to first-line temozolomide, we 
suggest continuing treatment for at least 6 months in total. Furthermore, the guideline offers recommendations 
for patients who recurred after temozolomide treatment, for those who did not respond to temozolomide and for 
patients with systemic metastasis.
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•  La temozolomide (TMZ) è la chemiotp di prima linea 

dopo il fallimento delle tp standard; dopo 3 cicli di 
trattamento (150–200 mg/m2 per 5 gg/mese) è 
possibile identificare responder/non responder sulla 
base della riduzione alla RM  

•  SAFETY: necessario follow-up periodico di  
emocromo, funzione epatica e quadro clinico  

•  Nei pz responder alla TMZ è raccomandata la tp per 
almeno 6 mesi; nei responder al primo ciclo di TMZ e 
recidivati successivamente, raccomandato ulteriore 
tentativo di tp 

•  Nei non responder indicati tentativi con altri chemiotp; 
considerando l’eterogeneità dei trattamenti disponibili 
e la mancanza di evidenze forti, non sono suggeriti 
schemi tp specifici Eur	J	Endocrinol.	2018	Jan;178(1):G1-G24.	doi:	10.1530/EJE-17-0796.	Epub	2017	Oct	18.	
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•  TMZ + RT in caso di rapida crescita tumorale 
•  TMZ + altri chemiotp in caso di resistenza alla sola TMZ 
•  In casi resistenti a TMZ: peptide receptor radionuclide 

therapy (PPRT)/ target tp (inibitori tirosin-chinasi/inib 
VEGF) 

•  Nei pz con metastasi: raccomandate tp loco-regionali 
 
•  Follow-up: life-long, radiologico ed ormonale, ogni 3-12 

mesi a seconda della clinica, della crescita tumorale e 
della localizzazione 

Eur	J	Endocrinol.	2018	Jan;178(1):G1-G24.	doi:	10.1530/EJE-17-0796.	Epub	2017	Oct	18.	
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•  Trial multicentrico su efficacia di pasireotide nella s di Nelson su 
ACTH e dimensione tumore 

•  3 steps/31 weeks: -1) test di risposta acuta a pasireotide 600 µg 
                       s.c. vs placebo;                                                        
        -2) pasireotide 300-600 µg s.c. x 2 vv/die (4 w)                           
        -3) pasireotide LAR 40-60 mg mensile (28 w) 

•  Riduzione di ACTH significativa 
•  Risposta acuta a Pasireotide sc predittiva della risposta a 

Pasireotide LAR 
•  Nessun effetto sul volume tumorale 
•  Iperglicemia in 6/7 trattati 
•  Drop-out in 4 pz 

Pituitary.	2018	Jun;21(3):247-255.	doi:	10.1007/s11102-017-0853-3.	
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A prospective longitudinal study of Pasireotide in Nelson’s syndrome
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Scott A. Akker4 · Ashley B. Grossman5 · Peter J. Trainer6 · John Newell-Price1
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Abstract
Purpose Nelson’s syndrome is a challenging condition that can develop following bilateral adrenalectomy for Cushing’s 
disease, with high circulating ACTH levels, pigmentation and an invasive pituitary tumor. There is no established medi-
cal therapy. The aim of the study was to assess the effects of pasireotide on plasma ACTH and tumor volume in Nelson’s 
syndrome.
Methods Open labeled multicenter longitudinal trial in three steps: (1) a placebo-controlled acute response test; (2) 1 month 
pasireotide 300–600 μg s.c. twice-daily; (3) 6 months pasireotide long-acting-release (LAR) 40–60 mg monthly.
Results Seven patients had s.c. treatment and 5 proceeded to LAR treatment. There was a significant reduction in 
morning plasma ACTH during treatment (mean ± SD; 1823 ± 1286 ng/l vs. 888.0 ± 812.8 ng/l during the s.c. phase vs. 
829.0 ± 1171 ng/l during the LAR phase, p < 0.0001). Analysis of ACTH levels using a random intercept linear mixed-
random effects longitudinal model showed that ACTH (before the morning dose of glucocorticoids) declined significantly 
by 26.1 ng/l per week during the 28-week of treatment (95% CI − 45.2 to − 7.1, p < 0.01). An acute response to a test dose 
predicted outcome in 4/5 patients. Overall, there was no significant change in tumor volumes (1.4 ± 0.9 vs. 1.3 ± 1.0, p = 0.86). 
Four patients withdrew during the study. Hyperglycemia occurred in 6 patients.
Conclusions Pasireotide lowers plasma ACTH levels in patients with Nelson’s syndrome. A longer period of treatment may 
be needed to assess the effects of pasireotide on tumor volume.
Trial registration: Clinical Trials.gov ID, NCT01617733

Keywords Nelson’s · Pasireotide · Medical therapy · Corticotroph pituitary adenoma

Introduction

Nelson’s syndrome is a very challenging condition that 
can develop following bilateral adrenalectomy (BLA) for 
Cushing’s disease (CD), and is due to the development 
of a progressive tumor of the corticotroph cells in the 
pituitary [1]. It occurs in up to 30% of patients with CD Electronic supplementary material The online version of this 

article (https://doi.org/10.1007/s11102-017-0853-3) contains 
supplementary material, which is available to authorized users.
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levels throughout the study; ACTH 0 h levels declined by 
26.1 ng/l per week (95% CI − 45.2 to − 7.1; p < 0.007). GLM 
analysis showed that plasma ACTH 2 h post-GC levels did 
not significantly change over time; ACTH 2 h levels declined 
by 4.0 ng/l per week, 95% CI − 12.58 to 4.49, p = 0.35.

Applying the a priori ACTH response criteria at the end 
of 4-week of s.c. pasireotide (or at the last visit if patient 
withdrew prior to the end of this phase) 5/8 patients had 
a complete response, 2/8 had a partial response while one 
patient did not respond (Table 1). The patient who did not 
respond withdrew very early from the study after one s.c. 
dose of pasireotide (patient 8). At the end of 24-week of 
pasireotide LAR treatment or at the last visit, 3/5 patients 
had a complete response, 1/5 a partial response and 1/5 
showed no response. Four patients completed the study; 3/4 
had a complete response at the end of the study and 1/4 
did not respond (Table 1). Overall, 6/8 patients had com-
plete or partial responses at their last biochemical assess-
ment (either at the end of the study or last visit before with-
drawal) (Fig. 3). There was no clear relationship between 
dose administered and effect.

Acute response to pasireotide test dose

Six patients received the pasireotide/placebo test dose while 
omitting their glucocorticoid treatment (Fig. 4); 5/6 patients 
showed a consistent reduction in plasma ACTH levels and 
one (patient 6) did not respond (patient 4 received her usual 
glucocorticoid dose during the test and is excluded). The 
mean relative decrease in plasma ACTH levels before and 
2-6hours after a pasireotide test dose in the five patients 
who showed a positive response to the test was between 25 
and 84% (patient 2—79%, patient 3—25%, patient 4—84%, 
patient 5—53%, patient 7—70%); all patients with a positive 

acute response (i.e. reduction in ACTH levels post pasire-
otide test dose) showed a positive response at the s.c. phase 
of treatment. The maximum reduction was observed between 
4 and 6 h for all patients; those with a maximum relative 
decrease of at least 42% of their baseline ACTH levels fol-
lowing a test dose showed some response (complete or par-
tial) to pasireotide treatment.

Change in tumor volume and skin pigmentation

Tumor volume

Five patients had MRIs at screening and at the end of the 
study; four patients completed the 28-week of the treatment 
protocol (patients 2, 3, 4, 6) and one patient (patient 7) with-
drew during the LAR phase. Overall, there was no signifi-
cant change in tumor volumes between the pre-treatment and 
post-treatment scans (1.4 ± 0.9 vs. 1.3 ± 1.0, p = 0.86).

Skin pigmentation

There was no evidence of a change in skin pigmentation 
during the study as assessed by the independent assessor, 
although the attending physicians at the centers felt there 
was an improvement in 3 patients (patients 3, 6, 7).

Hyperglycemia during treatment

Fasting blood glucose and Hba1c increased during therapy 
and 6 patients developed hyperglycemia (Fig. 5). Fasting 
glucose: mean at baseline 4.6 ± 0.6 vs. 6.9 ± 1.6 mmol/l 
during s.c. phase vs. 9.6 ± 2.9 mmol/l during LAR phase, 
p < 0.01, Hba1c in mmol/mol: mean at baseline 42.9 ± 7.8 
vs. 45.6 ± 8.5 during s.c. phase vs. 60.0 ± 13.6 during LAR 
phase, p < 0.01. Patient 7 withdrew from the study due to 
significant hyperglycemia after 16 weeks of treatment. 

Fig. 2  Mean plasma ACTH at 0 h prior to the morning dose of glu-
cocorticoids improved during pasireotide treatment (mean baseline 
1823 ± 1286 ng/l vs. 888.0 ± 812.8 ng/l during the s.c. phase and vs. 
829.0 ± 1171 ng/l during the LAR phase, p < 0.0001)

Fig. 3  Individual plasma ACTH changes during the study in eight 
patients (ACTH levels before the morning dose of hydrocortisone)
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Introduction

Nelson’s syndrome is a very challenging condition that 
can develop following bilateral adrenalectomy (BLA) for 
Cushing’s disease (CD), and is due to the development 
of a progressive tumor of the corticotroph cells in the 
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