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Abstract
Transsphenoidal surgery is the first-line treatment for acromegaly. However, several factors can modify surgical remission rates, such as the 
initial hormone levels, the size and invasiveness of the tumor, and the degree of experience of the surgeon. Physicians treating patients with 
acromegaly should thus consider how to improve surgical remission rates. As stated in recent guidelines, the major point is to consider that 
any patient with acromegaly should be referred to an expert neurosurgeon to maximize the chances of surgical sure. The benefits of presurgical 
medical treatment, mainly using somatostatin receptor ligands (SRLs), given 3 to 6 months before surgery, remain controversial. By normalizing 
growth hormone and insulin-like growth factor 1 levels, SRLs may improve the overall condition of the patient, thus decreasing anesthetic and 
surgical complications. By decreasing the tumor size and modifying the consistency of the tumor, SRLs might also make surgical excision easier. 
This is however theoretical as published data are contradictory on both points, and only limited data support the use of a systematical presurgical 
medical treatment. The aim of this review is to analyze the potential benefits and pitfalls of using presurgical medical treatment in acromegaly 
in view of the contradictory literature data. We also attempt to determine the profile of patients who might most benefit from this presurgical 
medical treatment approach as an individualized therapeutic management of acromegaly.
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Acromegaly is a rare disease usually caused by a growth 
hormone (GH)–secreting pituitary tumor. It leads to several 
comorbidities, including left ventricular hypertrophy, hyper-
tension, diabetes, and sleep apnea. When left untreated (or 
undiagnosed), acromegaly leads to an increased mortality rate 
[1]. Over the last 20 years, therapeutic management of acro-
megaly has changed, with a reduction in the use of radiation 
techniques and increased use of a combination of medical 
treatments, as is shown by the French Acromegaly Registry 
[2]. However, transsphenoidal surgery still represents the first-
line treatment for acromegaly. It is a low-risk procedure when 
carried out by experienced surgeons [3, 4], with an efficacy 
that varies from 20% to 80%, depending on the size of the 
tumor, its invasiveness, the initial hormone levels (frequently 
correlated with tumor size), and the degree of experience of 
the surgeon. Surgery is currently the only treatment (apart 
from radiotherapy, which can lead to remission after a pro-
longed period) that can result in cure for the patient [5-7]. The 
aims of physicians treating patients with acromegaly should 
thus be to maximize the chances of obtaining a surgically in-
duced remission and to avoid prolonged and costly medical 

treatment, and this first requires an expert neurosurgeon in 
an expert center. Since the original description of the use of 
somatostatin receptor ligands (SRLs) before transsphenoidal 
surgery [8] more than 20 years ago, the benefits of presurgical 
medical treatment (PSMT) in improving the rate of surgical 
cure have remained controversial. This subject has been ex-
plored by several original papers and has remained a matter 
of discussion in all the guidelines published over the last 
15 years. The aim of this review will thus be to determine the 
potential benefits and pitfalls of using PSMT in patients with 
acromegaly.

First-generation SRLs represent the first-line medical treat-
ment of choice in acromegaly [5, 6]. They are recommended 
as first-line therapy in patients who are not suitable for sur-
gery or who are unlikely to be cured by surgery owing to the 
tumor invading the cavernous sinus [5]. Moreover, preopera-
tive SRLs are considered in cases of severe acromegaly-related 
comorbidities that increase the risk of anesthesia [9]. Their 
antisecretory and antitumor efficacy likely explains why they 
are considered as almost the sole option for PSMT. After a 
brief overview of their antisecretory and antitumor efficacy, 
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and their tolerance in acromegaly, we will focus on their po-
tential benefits for perioperative and postoperative outcomes 
of acromegaly. Cabergoline, a D2 receptor agonist, will also 
be briefly discussed as another potential PSMT.

Somatostatin Analogs: Overview of Efficacy 
and Tolerance in Acromegaly
While native somatostatin binds to the 5 different somato-
statin receptor subtypes (SST1-5), SRLs exhibit a strong 
binding affinity for SST2, and, to a lesser extent, for SST5 
and SST3 [10]. SST2 and SST5 are the most abundantly ex-
pressed subtypes of somatostatin receptor in GH-secreting pi-
tuitary tumors [11]. At the cellular level, binding of SRLs to 
SST2 results in inhibition of adenylyl cyclase and decreased 
cyclic adenosine monophosphate synthesis. This then leads to 
a reduction in the intracellular calcium concentration and in-
hibition of both GH secretion and somatotroph proliferation 
[12].

In acromegaly, the precise antisecretory efficacy of SRLs 
for the control of both GH and insulin-like growth factor 
(IGF)-1 secretion is still debated, as large differences in terms 
of hormonal efficacy have been reported between different 
case series, probably due to different patient profiles (naïve 
vs already treated), or to different remission criteria [13]. In 
a meta-analysis that included the largest population of acro-
megalic patients thus far (n = 4464), an overall biochemical 
control rate of 56% for GH and 55% for IGF-1 for SRLs was 
reported [14]. In a prospective study assessing the efficacy of 
lanreotide (120 mg every 28 days) as first-line therapy for pa-
tients with acromegaly (n = 90), a total of 35% and 43.5% of 
patients had both GH ≤2.5 µg/L and normalized IGF-1 levels 
after 24 and 48 weeks of treatment, respectively. However, 
when considering stringent criteria of cure (GH ≤ 1 µg/L and 
normalized IGF-1), biochemical control decreased to 23.4% 
and 30.6% of patients at 24 and 48 weeks, respectively [15]. 
Interestingly, the biochemical response to lanreotide occurred 
in the short term (12 weeks) and remained sustained over the 
long term. In cases of partial biochemical response to SRLs, 
increasing the dose and/or frequency is a potential option that 
may further improve biochemical control rates [16, 17].

The efficacy of SRLs is influenced by both clinical and para-
clinical parameters: for example, young male patients with 
high GH levels at diagnosis are usually less responsive to SRL 
[18]. Patients with T2 hypointense tumors on magnetic res-
onance imaging generally show a better response to SRLs 
than patients with iso- or hyperintense tumors [19, 20]. The 
explanation for this is that T2 hypointensity is a condition 
known to be associated with a densely granulated pattern of 
the tumor and a higher density of SST2 receptors on the cell 
membranes of somatotroph tumor cells [21].

Besides having antisecretory effects, SRLs also show 
antiproliferative actions. In vivo evidence for the 
antiproliferative effects of SRLs has been shown by a signifi-
cantly lower Ki-67 labeling index in somatotroph tumor tissue 
obtained from patients who were pretreated with octreotide 
compared with those patients who were not [22-25]. This ef-
fect could be observed in the first 3 months following the intro-
duction of octreotide [24]. In the clinical setting, a significant 
antitumoral effect (≥20% from baseline tumor volume) was 
achieved in 63% of patients with acromegaly treated with 
first-line subcutaneous lanreotide for a year [15]. More than 

half (54%) of patients benefited from this antitumoral effect 
in the first 12 weeks following the introduction of lanreotide. 
A  meta-analysis based on 41 studies, including a total of 
1685 patients, found a roughly similar proportion of patients 
(66%) who had a significant reduction in tumor volume with 
octreotide long-acting release. The mean percentage reduc-
tion in tumor size in these studies was reported to be 50.6% 
(95% CI 42.7-58.4%) [26]. The expected antitumoral effect 
observed with SRLs also depended on the sequence of treat-
ment in the patient. Primary therapy with either lanreotide 
or octreotide was accompanied by a higher degree of tumor 
shrinkage compared with secondary therapy (ie, after radio-
therapy or primary surgery) [27].

Side effects of SRLs consisted mostly of gastrointestinal 
symptoms (nausea, flatulence, cramps, and diarrhea), which 
occurred in around 30% of patients [28]; however, these 
were mostly transient and mild to moderate. Gallbladder ab-
normalities (sediment, sludge, microlithiasis, and gallstones) 
occurred in up to 35% of acromegalic patients treated with 
SRLs, usually after more than 3 to 6 months. However, they 
are seldom symptomatic and rarely prompt acute surgery. At 
the metabolic level, SRLs can impair insulin secretion [29, 
30], and hyperglycemia, usually mild in severity, is observed 
in about 15% of acromegalic patients treated with first-
generation SRLs [31]. Other side effects may be encountered, 
such as pain at the injection site [32]. Lastly, disturbances in 
liver function, hepatitis, hair loss, and anaphylaxis have been 
more rarely reported.

The use of a PSMT with SRLs would be expected to have 2 
potential types of benefits. Firstly, reducing the tumor volume 
and modifying its consistency could facilitate complete re-
moval accompanied by lower perioperative surgical compli-
cations. This is however controversial as only 50% of tumors 
will respond with a 20% shrinkage of the tumor after 3 to 
6 months of PSMT, a difference for which a change in sur-
gical outcome is uncertain. Secondly, lower presurgical GH 
levels could improve the surgical condition of the patient and 
decrease the risks of anesthesia, but this would concern pa-
tients with severe comorbidities at the time of surgery. While 
it could be assumed that the complete removal of a smaller 
lesion should be easier and less complicated for the neuro-
surgeon, a direct correlation between tumor shrinkage and 
complete resection has not yet been shown [33].

SRLs as PSMT in Acromegaly: 
Perioperative Outcome
The antitumor efficacy of SRLs was discussed in the first 
section of this review. A more controversial aspect is the way 
in which SRLs can modify the tumor consistency, and how this 
might impact on tumor removal [8, 34-38]. Indeed, while pre-
viously published observations have shown that PSMT made 
the adenoma softer [8, 35], 2 other studies have reported that 
PSMT may also increase the firmness of the tumor in some 
patients after 3 to 6 months of SRL treatment [38, 39]. For 
example, Li et al reported a difference in a prospective study 
on 49 patients with acromegaly (including 24 pretreated for 
3 months with lanreotide). In their study they reported 6/23 vs 
0/22 had a firm consistency in the pretreated vs nonpretreated 
tumors, respectively [39]. While the authors suggested that 
firmer tumors might make it easier to distinguish between 
the adenoma and surrounding tissue, they also showed that 
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this modified consistency did not increase the rate of surgical 
complications. Finally, in a recent retrospective study of 40 
patients with GH-secreting macroadenomas (including 17 
who had a PSMT), Araujo-Castro et al found no significant 
difference in tumor consistency, regardless of their PSMT 
exposure. Remission rates and surgical complications were 
similar between soft or firm tumors (45.5% vs 48.3% remis-
sion, and 18.2% vs 20.7% complications, in soft vs firm tu-
mors, respectively) [40].

Difficult intubation can occur in up to 20% of patients with 
acromegaly [41-43]. In selected patients, PSMT can allow a 
disinfiltration of the tissues, reducing tongue volume and la-
ryngeal edema and improving obstructive sleep apnea [44, 
45], which could facilitate anesthesia. Several studies have 
compared surgical complications in patients with or without 
PSMT. In a retrospective study on 286 patients (including 143 
who had PSMT), no significant difference was observed in 
terms of surgical morbidity, difficult intubation requiring a 
stay in an intensive care unit, or hypoxemia during anesthesia 
[34]. Mao et al found no significant difference in 98 patients, 
including 49 with PSMT: in the subgroup of 12 patients pre-
senting with perioperative morbidity, 14.3% had received a 
PSMT, while 10.2% had not [46]. A  similar result was re-
ported by Carlsen et al in 62 patients (n = 32 with 6 months 
of octreotide PSMT) [38], and by Li et al in 24 patients with 
PSMT vs 25 without [39]. Interestingly, in a prospective ran-
domized study on 39 patients, Shen et al reported a lower risk 
of cerebrospinal fluid leak in patients who had PSMT (2/19 
patients with PSMT vs 9/20 without, P = .031) [47]. In our ex-
perience of 110 operated patients with acromegaly of whom 
64 received PSMT, we observed no significant difference be-
tween patients with or without PSMT in terms of severe com-
plications, especially concerning cerebrospinal fluid leaks (in 
only 1 patient who had not had PSMT). Unexpectedly, we no-
ticed significantly more transient postoperative hyponatremia 
in patients with PSMT (13 with PSMT vs 1 without) [48]. It is 
important to note that anesthesia and surgical complications 
were not the main aim of all these studies; most of the time, 
these points were analyzed retrospectively based on medical 
records, which might have biased the exhaustivity of the data.

Patients with acromegaly may also have higher morbidity 
with anesthesia due to increased hemodynamic changes and 
higher blood glucose levels. Obtaining normal GH secretion 
with PSMT may improve glycemic control, hypertension, and 
left ventricular hypertrophy prior to surgery [8, 33, 49, 50]. 
According to some authors, this could also lead to a decreased 
hospital stay after surgery, but this point remains controver-
sial. For example, Colao et al reported the cardiac and meta-
bolic evolution in 59 patients with acromegaly before surgery 
(22 with octreotide PSMT for 3-6  months before surgery) 
and showed that electrocardiogram abnormalities (sinus ar-
rhythmia and ventricular or supraventricular tachycardia, 
and 1 anomaly in the repolarization phase) disappeared in 
7/11 patients with PSMT, while metabolic parameters (blood 
glucose, triglyceride, and cholesterol) and systolic and dia-
stolic blood pressure were all lower in PSMT patients at the 
time of surgery. The average duration of hospitalization after 
surgery was significantly longer in patients without PSMT 
(8.6 vs 5.6 days). They hypothesized that this could be due 
to a lower frequency of cardiac arrhythmia, respiratory im-
pairment, and respiratory infections after surgery in patients 
with PSMT [51]. Conversely, 2 studies reported no significant 

difference in postoperative hospital stay between patients 
with or without PSMT (3.7 vs 3.6 days, and 4.5 vs 4.8 days 
in PSMT vs no PSMT patients) [38, 46]. These data can be 
difficult to analyze as in some centers the duration of hospital 
stay is “standardized” to allow postsurgical hormonal evalu-
ation, making it impossible to analyze a potential impact on 
hospital stay [48].

SRLs as a PSMT in Acromegaly: 
Postoperative Outcome
Several groups have proposed PSMT using SRLs to optimize 
the postoperative outcome. In a meta-analysis, a significant 
benefit of PSMT was found when only prospective random-
ized controlled trials were included, 3 such trials having been 
performed at that time [52]. However, previously published 
studies reported conflicting results on the effect of PSMT on 
overall outcomes, in terms of achieving and sustaining nor-
malization of IGF-1 normalization, with some studies re-
porting improved remission rates [8, 38, 39, 46, 47, 51] while 
others did not [34, 36, 37, 53, 54].

In our experience [48], based on a cohort of 110 consecu-
tive newly diagnosed patients with a median follow-up period 
of 39.4 months, remission rates were significantly different in 
patients who had PSMT vs patients without PSMT (61.1% 
vs 36.6%, respectively, at long-term evaluation), while both 
groups were comparable for the main confounding factors, 
with the exception of higher IGF-1 at diagnosis in PSMT pa-
tients, a factor that would likely have been in favor of the 
non-PSMT group. Our study differed from previously re-
ported studies in both the longer time of follow-up and the 
use of stringent remission criteria, as has been recommended 
by several guidelines [6, 7, 9]. Another potential confounding 
factor between studies may be the duration of SRL pretreat-
ment that varied widely from one study to another, from a 
few weeks [37, 39, 46, 47] to several months [35, 52]. In our 
study [48], the duration of PSMT (range 3-18 months, me-
dian 5 months) was similar in pretreated patients in remission 
and those not in remission.

A review by Jacob and Bevan, based on 4 prospective 
randomized controlled trials on operated somatotroph 
macroadenomas, showed improvement in the short-term re-
mission rate [55]. With a “moderate quality” grading level, 
the most recently published consensus paper stated that 
“randomized studies suggest improvement in postoperative 
remission after pretreatment with SRL for 3–6 months” [6]. 
However, data concerning long-term remission after PSMT 
appeared less optimistic, suggesting that despite improvement 
in short-term remission rates, this favorable outcome was not 
consistently found to persist in the long term [49]. For ex-
ample, in a 2019 single-center retrospective study based on 
135 patients followed for at least 2 years after surgery (mean 
follow-up time of 50.9 ± 25.7 months), the early remission of 
patients with PSMT (61.5%) was significantly higher than in 
patients without PSMT (31.2%), but no significant difference 
was maintained between groups in terms of late remission 
[56]. A meta-analysis by Zhang et al based on 3 long-term 
follow-up studies (2 prospective and 1 retrospective), 
including patients on subcutaneous SRL treatment, showed 
a benefit of PSMT for short-term but not long-term remis-
sion [57]. A prospective study that used stringent remission 
criteria did not show any significant advantage of PSMT in 
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terms of remission at the 1- and 5-year evaluations, although 
the authors did not exclude a clinically relevant response in 
macroadenomas. Indeed, although it did not reach statistical 
significance, twice as many patients were in remission in the 
pretreated group [54]. In a systematic review and meta-analysis 
of comparative studies published in 2019, 5 randomized con-
trolled trials and 7 nonrandomized comparative studies were 
included [58]. Among a majority of macroadenomas, only the 
short-term cure rate, but not the long-term cure rate, was sig-
nificantly improved by PSMT. These findings confirmed meta-
analyses performed earlier based on a more limited number of 
studies [49, 57, 59]. Accordingly, a consensus conference con-
cluded in 2020, with the evidence judged “low quality,” that 
PSMT results “in many instances were not sustained during 
long-term follow-up” [6].

Noncomparative studies may also shed some light on the 
effect of PSMT on remission rates, as they do for other po-
tential predictive factors of remission. However, 3 recent 
large studies, based on 659, 546, and 266 surgical cases of 
acromegaly, reported contradictory results for PSMT as 
a predictive factor of remission [60-62]: only 1 reported a 
predictive role of PSMT with an odds ratio of 2.32 (95% 
CI 1.46-3.70; P < .001), among several well-known pre-
dictors of biochemical remission (lower preoperative growth 
hormone level, smaller size, or noninvasive character of the 
adenoma). The experience of the neuroendocrine unit of the 
Massachusetts General Hospital (Boston, USA) showed no 
benefit of PSMT in 266 patients with follow-up >5  years. 
Interestingly, PSMT was administered in 17.4% of patients, 
“usually with the intention of reducing perioperative risk in 
those with severe comorbidities.” This modality was signifi-
cantly more common among patients managed after 2006 
than the earlier cohort.

As has been proposed elsewhere, it may thus be concluded 
from the current evidence that “select patients may be candi-
dates for preoperative medical therapy” [63]. If this is correct, 
what are the predictive factors of a beneficial effect of PSMT 
on remission rates? In a meta-analysis, PSMT was found to 
be especially beneficial in centers with lower postsurgery re-
mission rates (<50%) [52]. However, precise prognostic fac-
tors of response to pretreatment, such as characteristics of the 
tumor, thresholds of tumor size, or levels of GH, to allow for 
individualized care for each patient are currently lacking. In 
terms of long-term remission, in our study no patient with an 
adenoma size greater than 18 mm, or a mean GH exceeding 
35 ng/mL at diagnosis was cured by surgery alone (ie, without 
PSMT), while in the PSMT group, 8 patients with adenomas 
greater than 18 mm in diameter and 9 patients with mean 
GH exceeding 35 ng/mL at diagnosis were cured after sur-
gery. Moreover, radiological invasiveness was also associated 
with a significant benefit of PSMT [48], a factor that had been 
previously reported in other studies for short-term remission 
[39, 47], and more recently by Lv et al for long-term remis-
sion [64]. This latter point obviously does not apply to mas-
sively invasive lesions that are very unlikely to be cured after 
surgery alone, even after PSMT [65].

Cabergoline as a Presurgical Medical 
Treatment
Cabergoline is a long-acting dopamine agonist that is more 
effective and better tolerated than bromocriptine in patients 
with hyperprolactinemia. Cabergoline binds the dopamine 

receptor subtype 2, which is expressed in somatotroph aden-
omas [66]. In acromegaly, cabergoline has a limited role in the 
treatment strategy. When given as monotherapy, cabergoline 
can result in biochemical control in 35% of acromegalic pa-
tients; however, most of these patients received previous ther-
apies (surgery, SRLs, radiotherapy) before being treated with 
cabergoline. A recent meta-analysis [67] showed that among 
the 150 patients with acromegaly treated with cabergoline in 
monotherapy in 10 different clinical trials, cabergoline was 
used before any other treatment in only 29/136 (21%) pa-
tients. In a study which included 15 acromegalic patients, 
5 were naive to any previous therapies and treated with 
cabergoline (mean dose 3.8 ± 2.3 mg/week) [68]. Mean GH 
and IGF-1 decreased from 5.5 ± 4.4 ng/mL to 1.35 ± 1.27 ng/
mL and 538.4 ± 194.2 to 319.4 ± 260  ng/mL, respectively, 
suggesting that cabergoline could be considered in a case-by-
case approach as part of PSMT in acromegaly. However, the 
evidence remains very poor given the low number of patients 
who have been evaluated in this setting.

Conclusions
Published data are contradictory concerning the potential 
benefits of PSMT given 3 to 6  months before surgery. The 
theoretical benefits might be visible in terms of surgical and 
anesthetic morbidity. In patients with severe comorbidities 
leading to uncontrolled metabolic parameters, or difficult in-
tubation (those with severe pharyngeal thickness and sleep 
apnea or high output heart failure), PSMT might improve 
the general condition of the patient before surgery. The bene-
fits might also be visible in terms of postsurgical remission. 
However, data on remission rates are very controversial, and 
difficult to interpret due to different patient profiles, different 
lengths of follow-up, or different durations of medical treat-
ment: while short-term remission seems to be improved with 
PSMT, long-term remission rates do not support PSMT as a 
systematic approach. Decreasing the size of the tumor does 
not mean decreasing its invasiveness, and this likely explains 
why despite some antitumor efficacy, SRLs given as PSMT 
did not systematically modify the long-term outcome of oper-
ated patients. In our experience, with an expert neurosurgeon 
in favor of PSMT, surgical remission rates were significantly 
increased by PSMT. This led us to rethink our therapeutic 
strategy with a selection of patients who, we think, might 
gain some benefits from PSMT. In this setting, it is likely that 
patients with severe acromegaly-induced comorbidities, as 
well as those with macroadenomas and no confirmed cav-
ernous sinus invasion, might be the best candidates for PSMT. 
However, with the persistent lack of conclusive data on the 
benefits of PSMT, we cannot recommend its systematic use; 
as mentioned in recent guidelines, the expertise of the neuro-
surgeons remains the major point to consider before surgery, 
and this should lead clinicians to send their patients to ex-
pert centers. If this is not possible, or in cases of delayed sur-
gery, PSMT with SRLs should be proposed while waiting for 
surgery by an expert neurosurgeon to be possible. As a large 
long-term prospective study might be difficult to perform, we 
think that an individualized approach with an expert team 
is the optimal way in which to determine whether a patient 
should be pretreated with SRLs; importantly, this should not 
lead to surgery being declined in patients with effective SRL 
treatment, as surgery should remain the first-line treatment 
for all patients with acromegaly.
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