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Abstract: Acromegaly is a rare and severe disease caused by an increased and autonomous
secretion of growth hormone (GH), thus resulting in high circulating levels of insulin-like
growth factor 1 (IGF-1). Comorbidities and mortality rate are closely related to the disease
duration. However, in most cases achieving biochemical control means reducing or even
normalizing mortality and restoring normal life expectancy. Current treatment for acrome-
galy includes neurosurgery, radiotherapy and medical therapy. Transsphenoidal surgery often
represents the recommended first-line treatment. First-generation somatostatin receptor
ligands (SRLs) are the drug of choice in patients with persistent disease after surgery and
are suggested as first-line treatment for those ineligible for surgery. However, only about half
of patients treated with octreotide (or lanreotide) achieve biochemical control. Other avail-
able drugs approved for clinical use are the second-generation SRL pasireotide, the dopa-
mine agonist cabergoline, and the GH-receptor antagonist pegvisomant. In the present paper,
we revised the current literature about the management of acromegaly, aiming to highlight
the most relevant and recent therapeutic strategies proposed for patients resistant to first-line
medical therapy. Furthermore, we discussed the potential molecular mechanisms involved in
the variable response to first-generation SRLs. Due to the availability of different medical
therapies, the choice for the most appropriate drug can be currently based also on the peculiar
clinical characteristics of each patient.

Keywords: acromegaly, biochemical control, medical therapy, resistance, somatostatin
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Introduction
Acromegaly is a rare, chronic disease due to the excess of growth hormone (GH)
production and secretion. This results in increased levels of insulin-like growth
factor 1 (IGF-1), leading to a number of different clinical manifestations. In about
95-98% of patients, a GH-secreting pituitary adenoma causes acromegaly.'~

The incidence is approximately 3 cases per 1 million persons per year, though more
recent estimates report an increased incidence (about 11 per million person-years).* ® As
far as prevalence, some studies estimate that the disease affects 40—70 patients per million
of the general population, or even more (86-240 per million).”®

Comorbidities and mortality risk in acromegalic patients are related to time of
exposure to GH and IGF-1 excess.” On the other hand, in most cases achieving disease
control means reducing/normalizing the mortality rate and restoring normal life
expectancy.'® Unfortunately, the diagnosis is often delayed, preceded by a mean of
7-10 years of undiagnosed active disease."'" Therefore, at the time of diagnosis, many
patients already show a wide range of clinical signs and symptoms.
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Current treatment includes neurosurgery, radiotherapy
and medical therapy, alone or combined as multimodal
therapeutic strategies.'>'?

In the majority of patients, transsphenoidal neurosur-
gery is the recommended first-line treatment, since it pro-
vides a rapid reduction of GH levels with a relatively low
complication rates.'*

Three different classes of drugs are currently available for
medical treatment: somatostatin receptor ligands (SRLs),
dopamine agonists (DAs) and the GH-receptor antagonist
(GHRA) pegvisomant (PEG)."” First-generation SRLs, such
as octreotide (OCT) LAR (long-acting release) and lanreotide
(LAN) Autogel, are recommended in patients with persistent
disease after surgery, and as first-line treatment for those
ineligible for surgery, whereas their role in neo-adjuvant set-
tings is still debated.'*'®

Radiotherapy remains an option in aggressive resistant
tumors.'’

The aims of treatment in patients with acromegaly are
GH and/or IGF-1 levels normalization, tumor mass control
and preservation of the remaining pituitary function, ame-
lioration of signs and symptoms, management of comorbid-
ities, as well as reduction of mortality.'*'®

To date, despite the use of novel surgical approaches,
cure or long-term biochemical control is achieved in fewer
than 65% of patients which underwent neurosurgery, and
only approximately 55% of patients treated with SRLs

reaches the control of hormone unbalance.'*!%2!

Objectives and Methodology

We conducted a literature review in order to find the most
recent and relevant reports about challenges and therapeu-
tic strategies for the treatment of acromegaly resistant to
first-line medical therapy. An additional aim of this review
is to highlight the molecular mechanisms leading to resis-
tance to SRL treatment.

Definition of Biochemical Control
Majority of clinical trials have used a GH cut-off of 2.5 png/L
(safe random GH levels <2.5 ng/L), while only the most
recent studies have applied more stringent thresholds.?**
Current recommendations indicate as treatment targets the
normalization of age-adjusted serum levels for IGF-1 and
random GH levels <1.0 pg/L. In case of patients treated with
PEG, IGF-1 is the only useful parameter.'®

However, it should be noted that GH and IGF-1 mea-
surements could vary considerably depending on the dif-
ferent assays and reference intervals used in the different

laboratories.>> 2 Therefore, the most recent Consensus
recommends the use of the same assay for a given patient
over time and that the aforementioned assay needs to
adhere to accepted performance standards.'**

Furthermore, GH and IGF-1 values may show discre-
pancies related to gender, glucose balance, GH receptor
polymorphisms and other clinical parameters or biologi-
cal factors.”” As an example, young female patients may
present with high GH levels and normal IGF-1, probably
due to an oestrogen-related mechanism. On the other
hand, the phenotype with elevated IGF-1 and normal
GH values is more frequent in patients with glucose
metabolism impairment.®

First-Line Medical Treatment and

Biochemical Control

Data on biochemical control of acromegaly treated with
first-generation SRLs are highly variable in the different
clinical studies over the years. According to a meta-
analysis published in 2005, 57-58% of patients treated
with OCT achieved safe GH values, while IGF-1 levels
were normal in about 55-67% of cases.?’

Subsequent studies reported the normalization of IGF-1 in
38-85% of patients and GH levels <2.5 pg/L in 33-75%
subjects treated with conventional doses of OCT LAR
(20-30 mg/4 weeks).?® Similar results were obtained in
patients treated with LAN Autogel at conventional doses of
60, 90 or 120 mg/4 weeks. Indeed, some authors reported safe
GH levels in 48-64% of patients and normal IGF-1 levels in
47-61%, while others showed a higher percentage of biochem-
ical control (38-80% for GH and 39-80% for IGF-1).**3

Concerning the effect on tumor mass, a significant
shrinkage (>20-25% volume reduction) was observed in
about 63% of patients treated with LAN Autogel and 66%
of those treated with OCT LAR.>**

Therefore, the efficacy of OCT LAR and LAN Autogel
is considered superimposable.®*~*

Interestingly, more recent prospective studies evaluating
the outcome of OCT and LAN treatment have reported sig-
nificantly lower response rates: only 20-30% of patients
treated with OCT and 30-50% of those treated with LAN
seem to reach the biochemical control.’”? In line with these
findings, real-life studies conducted in referral centers show
a disease control in about 40% of patients.***!

The lower efficacy of first-generation SRLs observed
over time could be explained by the preselection of patients
(eg based on the responsiveness to short-term SRL-therapy),
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thus leading to a possible overestimation of the efficacy of
long-term SRL treatment in acromegaly.42

Definition of Resistance to
Somatostatin Receptor Ligands and

Partial Disease Control

As Colao and co-workers suggested, resistance to SRL
therapy can be defined as failure to achieve biochemical
control (safe GH levels and normal age-adjusted IGF-1
levels) associated with tumor shrinkage <20% compared
with baseline, or even an increased tumor volume.'?
A treatment duration of at least 12 months and a correct
dose titration (maximum tolerated dose) should be reached
before considering a patient uncontrolled.® Resistance is
partial when SRL therapy results in a reduction of IGF-1
levels by more than 50% compared to baseline, without
normalization.'>*! It should be considered that, although
most studies report that biochemical control and tumor
reduction are significantly associated, in some patients

dissociation has been recorded.*>**

Predictors of Somatostatin

Receptor Ligands Resistance

In the recent years, many in vitro and in vivo studies have
focused on the factors that can influence the response to
first-generation SRL treatment, identifying a number of
potential clinical, histopathological and molecular markers
of resistance.*®*

As for the clinical determinants, gender, age and GH
and IGF-1 levels at diagnosis have been correlated to the
response to SRL treatment.”®*¢ Particularly, younger male
patients are more often resistant to SRL therapy, as well as
patients with higher GH and IGF-1 levels at diagnosis.

Moreover, considering their biological functions, the
rationale for SRL treatment in acromegaly is the relatively
high expression of somatostatin receptors (SSTs), particu-
larly the subtype 2 (SST,), on adenoma cell membrane.*

In this light, best responses to in vitro and in vivo SRL
treatment have been observed in tumors with high expression
of SST,, evaluated at both mRNA and protein levels.*’

Furthermore, GH-secreting adenomas display two dis-
tinct morphological patterns of cytoplasmic secretory gran-
ules, namely the densely and sparsely granulated adenoma
subtypes.’®>! The densely granulated tumors show a higher
expression of SST, than the sparsely granulated ones, and
a better response to SRLs. >** On the other hand, sparsely
granulated pituitary adenomas show a lower SST,

expression and a worse response to therapy in terms of
GH and/or IGF-1 reduction.>* Furthermore, sparsely granu-
lated adenomas are more frequently represented by macro-
adenomas, and can display a more aggressive behaviour.*®
The two entities above described are also correlated
with signal on T2-weighted magnetic resonance images
(MRI).>® Indeed, the sparsely granulated phenotype usually
appears as a hyperintense lesion in T2-weighted MRI,
while the
commonly detected in hypointense tumors. Accordingly,

densely granulated phenotype is more
T2-hyperintense adenomas show a lower response rate to
SRL treatment, in either GH and IGF-1 decrease or tumor
shrinkage, compared to T2-hypointense tumors.>®

Besides clinical, radiological parameters and SST, expres-
sion, the expression of other SSTs can be involved in the
resistance to therapy. In this light, the expression of SSTs
seems to improve the SST,-activated pathways after selective
activation of the ligand, as well as playing an autonomous role
in reducing GH secretion in somatotropinoma cells.*'’
However, tumors with a lower SST,/SST5 seem to be asso-
ciated with poor response to first-generation SRL therapy.>®
Furthermore, studies from Duran-Prado and colleagues
reported the potential existence of two SSTs-truncated variants
(termed SST5sTMD4 and SSTsTMDS) in pituitary adenomas.
Interestingly, the SSTsTMD4 variant was found particularly
abundant in OCT-resistant somatotropinomas, thus suggesting
its possible role in the attenuated response observed in some
cases.”®

Looking beyond the mere membrane receptor expression,
other molecules can affect the responsiveness to SST,-
targeting drugs. Indeed, similarly to all G-protein coupled
receptors, ligand-bound SST, undergoes a complex intracel-
lular trafficking, involving receptor desensitization, internali-
zation as well as recycling/degradation.*'*""* In this context,
the expression of molecules such as filamin A (FLNA) and
B-arrestins have been demonstrated to affect the receptor’s
function.**®> In more detail, the cytoskeletal protein
FLNA has emerged as a key modulator of SST, signaling
and expression, while lower levels of B-arrestin 1 and a high
SST,/B-arrestin 1 ratio seem to correlate with a better bio-
chemical response to SRL.*> However, recent data from
Coelho and colleagues did not confirm previous findings
about both FLNA and B-arrestin 1 in somatotroph adenomas,
thus suggesting the need for additional studies in order to
better elucidate the role of these molecules as molecular
markers of the in vivo responsiveness to SRL treatment.***’
Furthermore, the expression of e-cadherin, a molecule
transition

involved in the epithelial-to-mesenchymal
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pathway, has been directly correlated with the responsive-
ness to SRL treatment, while e-cadherin loss has been
associated with a more aggressive clinical behaviour of
the adenoma.®®®’

Finally, a number of gene mutations have been
linked with the variable response to SRL therapy in
acromegaly. Indeed, about 30-40% of GH secreting
adenomas present mutations of the GNASI, encoding
the alpha subunit of the Gs protein coupled to the
GHRH receptor (GSP mutations). GSP mutations result
in a constitutive activation of adenylyl cyclase with
consequent production of cyclic AMP, thus providing
greater sensitivity to first-generation SRLs compared to
wild-type tumors.'7%7!

Another mutation involved in the response to SRL
treatment targets the gene encoding for the aryl hydro-
carbon receptor-interacting protein (AIP), a molecule
that interacts with the aryl hydrocarbon receptors and
that can stimulate the expression of zinc finger protein-1
ZAC1.”? Mutations in the AIP gene are described in the
context of FIPA (familial isolated pituitary adenomas),
and in related to germline

some sporadic cases

mutations.”>’* Affected patients are generally young
males, often harbouring tumors with a more aggressive
behaviour and sparsely granulated features.*® Mutations
of the AIP gene or low expression of wild-type AIP are
related to a poor response of somatotropinomas to first-
generation SRLs, both in terms of biochemical control

and tumor volume reduction.””

Current Strategies of Treatment
As previously described, the efficacy of the two first-
OCT and LAN, is

Therefore, the choice between one of these two drugs

generation SRLs, comparable.
depends on other factors, such as a preferred administra-
tion route (eg intramuscular vs deep subcutaneous injec-
tion), formulation (powder for suspension vs prefilled
syringe), or associated costs.'* Currently, different thera-
peutic options are available when biochemical control
is not achieved with these two drugs (see Table 1).
Particularly, different approaches are suggested for
patients partially responders to first-generation SRLs com-

pared to those completely resistant.

Table | Available Drugs in Second-Line Medical Treatment of Acromegaly

Agent Recommended Doses

Mechanism of Action

Most Common Side Effects (Frequency)

Second-Generation SRL

Pasireotide Starting dose: 40 mg/4 weeks | Somatostatin receptor ligand with | Diarrhea (21/10)
Maximum dose: 60 mg/4 a broad binding affinity; higher Cholelithiasis (=1/10)
weeks affinity for SSTs than octreotide Hyperglycaemia and diabetes mellitus (21/10)
and lanreotide and similar affinity | Prolonged QT interval (21/100)
for SST, Alopecia (=1/100)
GHRA

Pegvisomant

Loading dose: 80 mg
Following, 10 mg/day
Maximum dose: 30 mg/day
(240 mg/week)

Genetically modified human GH
analogue. It competitively binds
to GH receptors on cell surfaces,
interfering with the intracellular
GH signal transduction

Headache (21/10)
Arthralgia (=1/10)
Diarrhea (21/10)
Injection site reactions (lipohypertrophy/Lipoatrophy; 21/100)

Rise in liver enzymes (21/100)

DA

Cabergoline

Dose: 0.5-7 mg/week

Paradoxical suppression of GH
secretion in
somatomammotropic adenomas
and pure GH-secreting adenomas
that express D2R

Headache (21/10)

Dizziness (21/10)

Fatigue (21/10)

Gastrointestinal upset (=1/100)
Orthostatic hypotension (21/100)
Cardiac valve disease (21/100)
Psychosis (NA)

Abbreviations: SRL, somatostatin receptor ligand; SST, somatostatin receptor; GHRA, growth hormone receptor agonist; GH, growth hormone; DA, dopamine agonist;
D2R, dopamine receptor subtype 2; NA, information not available.
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Partial Response: Increase Dose and/or
Frequency of First-Generation

Somatostatin Receptor Ligands
Adequate titration of first-generation SRLs can improve
biochemical control of acromegaly.

The two SRLs have different pharmacokinetic profiles,
and this aspect may influence the response rate in case of
dose increase or higher frequency of administration.”® OCT
LAR shows a peculiar biphasic release: after an initial peak
within 1 hr, plasma concentration decreases in the following
12 hrs after administration, remains at sub-therapeutic
levels for about a week and then increases with a -
subsequent second-release phase, showing a sustained
drug release reaching a plateau between days 14-42.777%
Plasma concentrations reach a steady state after three injec-
tions. Currently, OCT LAR is commercially available at
three different dosages (10, 20, and 30 mg), with
a maximum allowed dose of 40 mg (two 20 mg injections)
every four weeks.”’

LAN Autogel half-life is approximately 23-29 days
and steady state is reached after four injections. The
approved initial dose is 90 mg/4 weeks, with dose titration
allowed down to 60 or up to 120 mg." Of note, adminis-
tration frequency can be modulated according to the
patient’s response (eg every three to five weeks).””

High-dose OCT LAR (40 mg/4 weeks) may be effective in
patients with inadequately controlled acromegaly at standard
dose regimens.®® These patients are generally younger, with
higher GH levels and larger adenomas at diagnosis compared
to those showing a better response to SRL therapy. Colao and
colleagues showed that a dose increase up to 40 mg/4 weeks
induces a further reduction of GH and IGF-1 levels in patients
partially responders to 30 mg at the same interval between
injections.®® In the aforementioned study, dose increase led to
an additional 35% of disease control compared to standard
dosages, with a safety profile similar to the standard
regimen.®® Of note, a formulation of OCT LAR 40 mg is not
currently available, and this aspect could have an impact on
patients’ compliance. Furthermore, Giustina and colleagues
showed that increasing the dose of OCT LAR up to 60 mg/4
weeks may be beneficial for patients partially resistant to
standard dosages, while shortening the interval between drug
administration (30 mg/21 days) seems to be less effective
compared to the high-dose schedule.®'

As for LAN Autogel, a recent study has shown that
increasing dose (LAN 180 mg/4 weeks) or frequency (LAN
120 mg/3 weeks) of administration normalizes IGF-1 levels in

about one-third of patients with acromegaly not adequately
controlled with conventional drug regimens.®*

Partial Response: Add Cabergoline to
First-Generation Somatostatin Receptor
Ligands
The expression of dopamine receptor subtype 2 (D2R) by
GH-secreting adenomas represents the rationale for the use
of dopamine agonists in the treatment of acromegaly, irre-
spective of an active prolactin secretion by the adenoma.
The sensitivity to cabergoline (CAB) treatment is variable
and substantially unrelated to drug dosages, with no treat-
ment escape or tachyphylaxis reported. The adverse events
directly related to cabergoline therapy are usually mild and
generally improve after early administrations. A foresight is
to take the drug at bedtime, with food, and to perform a slow
dose escalation.®

A meta-analysis of 2011 showed that, in uncontrolled
patients, IGF-1 normalization is achieved in about half of
patients when CAB is added to first-generation SRLs.
Similarly to monotherapy, the addition of CAB to SRL treat-
ment seems particularly beneficial in patients with moderately
elevated IGF-I levels.®**° In more detail, the most recent
Consensus Statement on medical therapy of acromegaly sug-
gests to consider CAB as first-line medical therapy, or in
addition to first-generation SRLs, in patients with IGF-1 levels
<2.5 times the upper limit of normality (ULN), with the great-
est benefit seen in those with IGF-1 levels <1.5 x ULN."*

Patient Not Controlled, Tumor Concern:

Switch to Pasireotide

Pasireotide (PAS) LAR is a second-generation SRL that
shows a 39-fold higher binding affinity for SSTs and
a slightly lower affinity to SST, compared with OCT.*¢
Besides the different receptor binding affinity, PAS exhi-
bits different functional properties compared to OCT when
binding SSTs, and particularly SST,. These differences
include SST pathway activation and modulation of recep-
tors’

phosphorylation, internalization and trafficking,

involving a number of molecules that regulate membrane
receptor functions, such as B-arrestins.®’

In a prospective, randomized, double blind, Phase III
study carried out in patients with medically naive acrome-
galy, PAS LAR demonstrated a significantly superior effi-
cacy over OCT in reaching biochemical control (GH <2.5
pg/L and normal age-adjusted IGF-1), although the two

compounds showed a similar efficacy in reaching safe GH
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levels.®® Interestingly, this latter finding is in line with
in vitro studies, showing that the direct effect of PAS
and OCT in reducing GH secretion from somatotroph
cells is superimposable.®* !

Furthermore, the PAOLA study, carried out in patients
with  first-
generation SRLs, proved PAS superiority versus continued
treatment with OCT LAR or LAN Autogel in achieving

biochemical control and tumor volume reduction. During

inadequately controlled after treatment

the above mentioned clinical trials, PAS was substantially
well tolerated, but nearly 70% of patients exhibited hyper-
glycemia-related adverse events.”

In a real-life multicenter retrospective study, about
50% of patients partially controlled with first-generation
SRLs achieved normalization of IGF-1 levels after switch-
ing to PAS treatment, even at low doses.”® PAS improved
significantly also clinical symptoms such as headache,
however confirmed an impairment of glucose metabolism
in more than 60% of patients.”?

A retrospective analysis of current data suggests that pre-
existing hyperglycemia may be predictive of the development
of PAS-associated hyperglycemia.”* Current recommenda-
tions suggest to carefully screen and monitor for hyperglyce-
mia-related adverse events those patients considered for
treatment with PAS. In this light, patients with a normal glu-
cose profile but uncontrolled disease under first-line medical
therapy are more suitable for PAS.'*

In conclusion, switching to PAS may improve bio-
chemical control in inadequately controlled patients and
lead to a greater tumor volume reduction.

In a recent review article, Coopmans and colleagues
suggest use of PAS in young patients with tumor growth
during first-generation SRLs or PEG therapy, in patients
with headache not responsive to first-generation SRL ther-
apy and in those with PEG-related side effects.”

Patient Not Controlled, Impaired
Glucose Metabolism: Switch to

Pegvisomant

When SRLs fail to achieve biochemical control of acro-
megaly, PEG represents a valid treatment alternative,
showing a good efficacy and a satisfactory safety
profile.”® PEG is a pegylated form of a modified human
GH analog which competitively blocks GH receptor, thus
preventing the action of native GH and inducing a dose-
dependent reduction of IGF-1 levels. Due to the peculiar
mechanism of action of this compound, biochemical

control is evaluated using IGF-1 levels alone, since PEG
does not directly target GH secretion at pituitary level. In
this light, the reduction of tumor mass is not a goal of PEG
treatment as well.

The ACROSTUDY, a world-wide non-interventional
post-marketing surveillance study, shows the normaliza-
tion of IGF-1 levels in about 65—70% of patients treated
with PEG.?>"7 Moreover, this outcome is associated with
a low rate of pituitary tumor growth and a relatively low
percentage of drug-related adverse events, such as signifi-
cant impairment of liver function or lipodystrophy due to
injection site reactions.”®

In early clinical studies, the reported efficacy of PEG
was equal to or greater than 90%. This difference observed
between clinical studies and real-life data can be explained
by multiple factors like suboptimal dose titration during
daily clinical practice, poor compliance of patients dealing
with daily injections as well as assays variability in the
measurement of IGF-1.%

However, a number of clinical studies have shown that
younger, female patients and subjects with higher BMI and
IGF-1 values at diagnosis need more PEG to reach biochem-
ical control, and seem to be more resistant to treatment. !0

The recent Consensus on acromegaly treatment recom-
mends the use of PEG at a dosage of 10-30 mg per day,
titrated up to the highest tolerated dose (max 240 mg/week).

Of note, PEG use is indicated in patients resistant to
therapy with first-generation SRLs, particularly in diabetic
patients because of its positive impact on glucose

14,1
metabolism. !*103

Combination Therapy

The combination of medical therapies aims to achieve
a greater efficacy compared to monotherapy, to reduce
the dosage of each individual drug (and therefore the
associated side effects), to increase patient compliance as
well as to reduce overall medical costs.'?

As above discussed in this review, the combination
between first-generation SRLs and CAB can represent
a suitable option in SRL-partial responders showing
slightly elevated IGF-1.

A wvalid therapeutic strategy in patients with a partial
response to SRL presenting a clinically relevant residual
tumor and impaired glucose metabolism is to add PEG to
SRLs, thus taking advantage of the different biological
mechanisms of these drugs.'® This combination has been
shown to have high efficacy and a good safety profile.'™

Furthermore, PEG seems to have the potential to
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counterbalance the slight detrimental effects of SRLs on glu-
cose metabolism.

A study from Neggers and colleagues of 2014 showed that
the addition of PEG led to the normalization of IGF-1 values in
97% of patients with uncontrolled acromegaly during treat-
ment with the maximum allowed dose of SRLs.'®
Noteworthy, other studies demonstrated that, although taking
into account a significant inter-individual variability, SRL and
PEG combination might allow a dose reduction (about 50%) of
one of the two compounds compared to the monotherapy,
without affecting patients” biochemical control.'*>1%

Interestingly, although few multicenter studies have
reported lower efficacy rates, Van de Lely et al demonstrated
that the combination between LAN Autogel and PEG led to
the normalization of IGF-1 values in 58% of patients after
28 weeks of treatment and in 79% of subjects when con-
sidering the lowest IGF-1 value observed during the study
period.'®” Furthermore, Trainer et al reported similar results
investigating the combination OCT LAR plus PEG.'*®

As for the safety profile, some reports describe a higher
percentage of transient elevation in liver enzymes (>2-3 fold)
in patients receiving SRL plus PEG combination (11-15%)
compared to PEG monotherapy (1.5-5.2%).71041%

Few data are currently available focusing on the effect
of SRL plus PEG combination on tumor volume.
However, the majority of patients seem to have stable
tumor volume, while 15-20% show a significant volume
reduction (>20% vs baseline).'**19%-110

Nowadays few reports have deeply investigated the poten-
tial role of the combination therapy with CAB and PEG. In
a prospective study by Higham and colleagues, the combination
of low-dose PEG (10 mg/day) and CAB (0.5 mg/day) led to the
normalization of IGF-1 levels in 68% of patients. Interestingly,
after CAB withdrawal only 26% of patients had normal IGF-1
levels, thus suggesting that the combination therapy was more
effective than monotherapy with either drug.'"!

Furthermore, in a small group of patients partially
resistant to SRLs and with persistent mild IGF-1 elevation
on PEG monotherapy, addition of CAB normalized IGF-1
in 28% of patients and decreased IGF-1 in 64%. The
association of PEG and CAB proved to be more effective
in female patients with lower baseline IGF-1 levels, lower
body weight and higher baseline PRL concentrations.''

Finally, the combination of PAS LAR and PEG has
been recently explored in a prospective open-label trial
investigating the efficacy and safety of this combination
in patients previously controlled after combination therapy
with first-generation SRLs and PEG. In order to carefully

evaluate the impact of this novel combination therapy, at
baseline the dose of PEG was reduced by 50% up to 12
weeks. Then, based on IGF-1 levels after 12 weeks,
patients were switched to PAS LAR 60 mg monotherapy
or PAS LAR 60 mg plus the 50% reduced PEG dose. At
the end of the core study (24 weeks), IGF-1 levels were
reduced into the reference range in 73.8% of patients and
PEG dose was reduced by 66.1%.'"?

These results were confirmed by an extension phase, eval-
uating biochemical control and safety up to 48 weeks.'"
Frequency of diabetes mellitus increased from 68% at
24 weeks to 77% at 48 weeks, suggesting that PEG treatment
does not have a positive impact on PAS-induced hyperglyce-
mia. Based on these data, Coopmans et al suggest switching
from first-generation SRLs plus PEG therapy to the combina-
tion of PAS LAR plus PEG in non-diabetic patients, which
show symptoms of active acromegaly or pituitary tumor size

increase, aiming to reduce PEG doses.”

Non-Medical Secondary Treatment

Second Surgery for Uncontrolled Acromegaly
Patients

The role of a second surgery in the management of acrome-
galy is still not well established. As for primary surgery, the
overall remission rate after a re-operation is highly variable
between series (ranging from 8% to 59%)."'>!''¢ This is
probably due to the lack of standardized recommendations
for a second intervention and no clear stratification between
surgically resectable and unresectable tumors. As an exam-
ple, Abe and colleagues, based on Liidecke’s classification
system and intraoperative GH measurement, reported
a biochemical remission rate after a second surgery of
88.9% in resectable adenomas and 57.1% including not
resectable tumors.''”''® On the other hand, looking to a big
series of 140 patients from Nomikos et al, the overall remis-
sion rate was 27%, going up to 39% if only resectable tumor
were considered.'"’ Interestingly, in a small series of
Kurosaki and colleagues, using intraoperative GH measure-
ment as a tool to confirm radical tumor removal, the overall
remission rate was 56.3%, and 81.3% for the subgroup of
resectable adenomas.'?’ Yamada et al have identified caver-
nous sinus invasion, tumor segmentation, age (>40 years-
old), GH and IGF-1 levels as predictive factors for the
surgical outcome, while pretreatment with adjuvant therapy,
sex, tumor size and tumor fibrosis were not.'' In their series,
the overall remission rate was 59%. Mathioudakis and
Salvatori, combining data from previous series, estimated
an overall remission rate of 34% and a remission rate for
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resectable adenomas of 52%.''® These data show that in
acromegaly success rate of a second surgery is similar to
first surgery, particularly in selected cases with favourable
predictive factors.'?"*'?* A number of surgeons feel that re-
operation may be difficult for the presence of scarred tissue
or the absence of the normal anatomical planes and land-
marks, leading to a complication rate of secondary transsphe-
noidal surgery greater than that of primary surgery.''>!!"-1#?
Indeed, the incidence of major complication seems to be
slightly higher in re-operated cases: meningitis 1.8—6%, cer-
ebrospinal fluid leak/fistula 2-9%, vascular injury 0.1-6%,
ophthalmopathy 6% and hormone deficiencies 1.9%.''®
However, with no increase in mortality rate and minimal
increase in morbidity, secondary surgery appears as
a reasonable option in case of recurrence or persistence of
acromegaly.'?' Indeed, the management of tumor persistence

or recurrence after first surgery is still controversial. Current

practice in most reference centers for pituitary diseases is to
propose medical management and/or radiotherapy to patients
failing to achieve biochemical remission after initial surgical
resection.'?! Indications for a second surgery are not well
established yet, but re-operation is usually reserved for
debulking purposes to increase the likelihood of remission
with adjuvant medical therapies or when relief of mass effect
on the optic chiasm is needed.''® Second surgery can be also
performed in presence of recurrent or regrowing tumors at
magnetic resonance imaging, in patients with an unsatisfac-
tory response to any adjuvant medical therapy tested, in
subjects which develop severe adverse events during phar-
macological treatment or in case of cost-related issues.''>'#*
Therefore, comparing the cost-effectiveness of medical ther-
apy, radiation and surgery, a second surgery should be con-
sidered as a possible option in all eligible cases.'?! Further re-

operations could be proposed in the presence of the same

First-generation SRL*

l

Controlled?

YES Proceed with treatment
—> and follow-up?
(clinical, biochemical, MRI)

A//—/N‘O\A

Partial
response

!

Increase
dose/frequency of
SRL

|

Not controlled?

Tumor concern

Resistant

i —

Impaired glucose
metabolism

SRL + CAB
(mild disease) EREN e

} !

Not controlled? Not controlled?®

Switch to PAS

Not controlled?

Switch to PEG

} !

Not controlled?¢

Figure | Proposed algorithm for second-line medical treatment in acromegaly.

PAS + PEG

PEG + CAB

Notes: *As adjuvant therapy and/or neoadjuvanttreatment; *If significant tumor shrinkage after neoadjuvant SRL treatment, consider surgery; °Non-diabetic patients; “PAS +
PEG if risk related to tumor concern and uncontrolled disease is greater than the worsening of glucose unbalance.
Abbreviations: SRL, somatostatin receptor ligand; MRI, magnetic resonance imaging; CAB, cabergoline; PEG, pegvisomant; PAS, pasireotide.
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conditions of secondary surgery, always after multidisciplin-
ary discussion.

Radiation Therapy

The main indication for radiation therapy in the current treat-
ment algorithm of acromegaly is the presence of a residual or
recurrent adenoma after transsphenoidal surgery, growing
irrespective of appropriate surgical management and medical
therapy. Different types of radiation therapy can be per-
formed. Fractionated radiotherapy refers to radiation therapy
delivered over multiple small doses in multiple sittings and
has been used as adjuvant treatment in acromegaly for many
years.'>*!1?* Stereotactic radiosurgery (SRS) is defined as the
highly precise delivery of radiation in a single session tar-
geted at the tumor, minimizing the dose received by surround-
ing critical neural structures, such as the optic nerve.'*® The
overall remission rate of fractionated radiotherapy and SRS is
variable, with a biochemical remission rate ranging from 5%
up to 79% for fractionated radiotherapy, and about 60% after
10 years for SRS, as reported in a recent series by Ding
et al.'**'?” While the control of tumor growth is similar
between the two techniques, with 95% of stable tumors
observed at 5 years, stereotactic radiosurgery seems to result
in a faster biochemical control compared to fractionated
radiation.'? Since SRS presents lower risk of complications,
such as hypopituitarism, currently this approach is preferred
to fractionated radiotherapy.'?” Radiation therapy should be
performed in the following conditions: tumor growth despite
surgery and medical therapy; disease activity (eg high IGF-1
values) with residual tumor after maximal surgical removal,
no possibility for re-operation and lack of response to adju-
vant medical therapy; patients not eligible for surgical inter-
vention and resistant to medical treatment; patients refusing
surgical and medical treatments. In case the residual tumor is
at least 3—5 mm far from the optic chiasm, SRS is usually the
preferred option, while if the tumor is closer than 3—5 mm to
the optic chiasm or other critical anatomical structures, frac-
tionated radiation is burdened by lower treatment-related

detrimental effects compared to radiosurgery.'*’

Conclusions

The management of patients with acromegaly not controlled
with first-line medical therapy is challenging. New therapeutic
strategies are now possible due to the availability of different
drugs and the approval of their combination for clinical pur-
poses (see Figure 1). Other compounds are currently under
investigation and could represent additional therapeutic tools
in the next future. Furthermore, in the last decade, considerable

scientific progresses have been achieved to identify a number
of different biomarkers correlated to the efficacy of the differ-
ent drugs. These findings could help clinicians to perform a real
patients’ tailored therapy, based on the whole clinical charac-
teristics of each subject. Identifying the best therapy for each
patient means improving the outcome and reducing overall
health care costs.

Finally, it is strongly recommended that the manage-
ment of patients with acromegaly is performed in the
setting of a multidisciplinary team (pituitary unit) includ-
ing a number of different dedicated specialists, besides
skilled endocrinologists.
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