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Abstract 
Although most tumors in patients with acromegaly are benign and are cured or controlled by surgery and/or first-generation somatostatin re-
ceptor ligands therapy, some can behave more aggressively and are resistant to these standard therapies. Acromegaly, if left untreated, is a rare 
and chronic disorder, commonly caused by a GH-producing pituitary adenoma and is associated with significant comorbidities and an increased 
mortality. Transsphenoidal surgery is considered the mainstay of acromegaly management, but medical therapy has an increasingly important 
role. However, disease activity is not fully controlled in a significant number of patients treated with surgery and/or high-dose first-generation 
somatostatin receptor ligand monotherapy. In these circumstances, therefore, repeated surgery, second-line medical therapy, and radiotherapy, 
alone or combined as multimodal therapeutic strategies should be considered, in a patient-centered perspective.
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Abbreviations:  ATG, autogel; HbA1c, glycated hemoglobin; IRS, immunoreactivity score; LAR, long-acting release; MRI, magnetic resonance imaging; PEGV, 
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Case
A 28-year-old man with acromegaly was referred to our pitu-
itary center after transsphenoidal surgery, postoperative med-
ical treatment with high-dose first-generation somatostatin 
receptor ligand monotherapy (SRL, lanreotide autogel [ATG]), 
and a second surgical procedure (via transcranial approach). 
He presented initially to a local community hospital at the 
age of 27 because of changes over the past 5 years in his phys-
ique, such as coarsening of facial features and acral enlarge-
ment. He also complained of fatigue, excessive sweating, and 
erectile dysfunction. His medical history and family history 
were otherwise unremarkable. His preoperative laboratory 
testing revealed an elevated IGF-1 2.2 × upper limit of normal 
(ULN), a glucose-suppressed nadir GH level of 5.9 µg/L, pro-
lactin 40.0 µg/L (normal > 36.0 µg/L), TSH 1.2 mU/L (normal 
0.4-4.3 mE/L), fT4 7.3 pmol/L (normal 13.5–24.3 pmol/L), 
LH 1.0 U/L (normal 1.0-5.5 E/L), FSH 0.3 U/L (normal 0.8-
5.1 E/L), testosterone 3.3 nmol/L (normal 10.0-30.0 nmol/L), 
and morning cortisol 85  nmol/L (normal, >250  nmol/L). 
The 11-deoxy cortisol level after metyrapone was low 
(110 nmol/L, normal > 200 nmol/L). Magnetic resonance im-
aging (MRI) of the pituitary gland revealed a large sellar mass 
with impingement of the optic chiasm and floor of the third 
ventricle and invasion into cavernous sinuses, right more than 
left (Fig. 1A). Visual field examination revealed bitemporal 
hemianopsia. He underwent endonasal transsphenoidal 
tumor mass reduction. Histology of the tumor specimen con-
firmed a somatotroph tumor and somatostatin (SST) receptor 
subtyping using an immunoreactivity score (IRS) of 17 to 18, 

membranous expression of IRS 1 for SST2 receptor and IRS 
of 12 for SST5 receptor. Postoperatively, visual field defects 
were restored, although IGF-1 levels remained elevated and 
there was a large suprasellar tumor remnant (Fig. 1B). He 
recommenced his lanreotide ATG 120.0 mg every 4 weeks’ 
treatment for at least 6  months. Preoperatively hormone 
replacement therapy for secondary adrenal insufficiency, 
hypothyroidism, and hypogonadism was initiated. After 
7 months, lanreotide failed to decrease IGF-1 concentrations 
by > 20% or induce tumor shrinkage (tumor volume change 
of < 25%) and he underwent a second surgical procedure via 
the transcranial route. Postoperatively, unfortunately, a sig-
nificant tumor remnant was still present, encasing the optic 
tract and basal and internal carotid arteries. Also, the IGF-1 
levels remained elevated during the high-dose lanreotide ATG 
therapy, necessitating additional therapy. We postulate that 
after gross total tumor resection or debulking in this patient, 
this may have increased the likelihood of achieving biochem-
ical disease control with first-generation SRLs. This hypoth-
esis is built upon a retrospective study that shows that gross 
total tumor resection or debulking increases the likelihood of 
achieving biochemical control with first-generation SRLs in 
patients with adenomas that were not amenable to complete 
surgical resection and in whom primary first-generation SRL 
therapy was unable to achieve good biochemical control (1).

Background
Acromegaly is a rare chronic endocrine disorder character-
ized by hypersecretion of GH and IGF-1, most often as a 
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result of a GH-producing pituitary adenoma (2). If untreated, 
acromegaly leads to systemic manifestations that are asso-
ciated with significant comorbidities and an increased mor-
tality, such as cardiovascular diseases, hypertension, glucose 
tolerance or type 2 diabetes, hypopituitarism, and possibly 
more malignant neoplasms (3).

Transsphenoidal surgery is the recommended first-line 
treatment because it represents the optimal opportunity for 
cure with a rapid reduction of GH concentrations and rela-
tively low complication rates (4, 5). In the consensus statement 
on therapeutic outcomes, it is recommended that medical 
therapy in acromegaly patients is advised for patients with 
persistent disease activity despite surgical resection of the ad-
enoma as well as patients that are unfit or decline surgery (4). 
For patients with persistent disease after surgery, both first-
generation SRLs octreotide long-acting release (LAR) and 
lanreotide ATG represent first-line medical therapy in acro-
megaly (4). Despite significant medical and surgical advances, 
cure or long-term biochemical control is achieved in fewer 
than 65% of patients who undergo surgery (6, 7), and only 
approximately 45% of patients treated with first-generation 
SRLs reach biochemical control (8).

Most tumors in patients with acromegaly are benign and 
can be controlled by surgery and/or first-generation SRL 
therapy (9), although some are resistant to these standard 
therapies. Biochemical response to treatment with first-
generation SRLs was considered as (1) biochemical re-
sponse, defined as a normalized IGF-1 (IGF-1 ≤ 1.3 × ULN) 

after at least 6 months of treatment; (2) partial resistance, 
defined as a > 20% relative reduction of IGF-1 without nor-
malization; and (3) nonresponse (ie, resistance), defined as 
a failure to decrease IGF-1 concentration by > 20%, which 
represents the intra-assay variability. Biochemical response 
is independent of normalized GH (GH < 1.0 µg/L) concen-
tration. For evaluation of tumor response to first-generation 
SRL treatment, tumor volume change of ≥ 25% after at 
least 3  months of treatment was considered significant. 
Management of patients with treatment resistant acro-
megaly is complex and costly and requires a comprehensive 
multidisciplinary approach to provide the best standard of 
care, which should be always individualized, according to 
the patient’s needs.

Approach to Patient With Treatment-resistant 
Acromegaly
In patients with acromegaly all treatment modalities try to 
achieve: (1) biochemical control; (2) amelioration of signs 
and symptoms; (3) reversal of the comorbidities and mortality 
risk; and (4) control of local tumor effects. Management of a 
patient with treatment-resistant acromegaly is challenging, 
requiring a comprehensive multidisciplinary approach con-
sidering patient characteristics (IGF-1 and GH levels, tumor 
size and invasiveness, symptoms and comorbidities, patient 
preference, and the cost-benefit ratio of the treatment). The 
therapeutic regimens are usually multimodal and include sur-
gery and medical therapy, and even stereotactic radiotherapy 

Figure 1.  T2-weighted MRI scans at diagnosis, after first surgery, and before and after initiation of pasireotide LAR. T2-weighted MRI scan shows at 
diagnosis a large sellar mass with impingement of the optic chiasm and floor of the third ventricle and invasion into cavernous sinuses, right more than 
left (A). Postoperatively, T2-weighted MRI scan shows a large suprasellar tumor remnant (B). T2-weighted MRI scans showing tumor volume reduction 
from 8086 mm3 (C) before initiation of pasireotide to 5896 mm3 (D) during 15 months of treatment and increased T2-signal intensity after initiation of 
pasireotide LAR treatment: ROI adenoma/normal pituitary ratio before pasireotide LAR treatment was 1.2 (C) and increased to 2.0 (D). Abbreviations: 
LAR, long-acting release; MRI, magnetic resonance imaging; ROI, region of interest.
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could be suggested in some cases to achieve previously out-
lined goals.

Repeated Surgery
In modern practice, majority of patients undergo 
transsphenoidal surgery, whereas transcranial approaches are 
only required in a few patients with tumor masses predom-
inantly outside the sella turcica (10). Neurosurgery has a sig-
nificantly better outcome in microadenomas and intrasellar 
macroadenomas compared with macroadenomas (Ø >1 cm). 
In centers with experienced neurosurgeons, biochemical re-
mission rates of 80% in microadenomas and intrasellar 
macroadenomas can be achieved (11). The need for surgical 
reexploration depends on the size and location of the tumor 
remnant. In general, reoperation is usually reserved for tumor 
remnants that can be completely resected, for debulking to 
enhance efficacy of adjuvant therapies, or when impinge-
ment of the optic chiasm is still present (12). Besides, surgical 
reexploration is recommended for patients with severe side 
effects of or intolerance to adjuvant medical therapies.

Medical Therapy
Medical therapy is recommended as adjuvant therapy for all 
patients with persistent disease despite surgery. Finally, med-
ical therapy should be considered as a first-line treatment in 
those patients with a low chance of surgical cure or are unfit 
or decline surgery.

In patients with acromegaly inadequately controlled after 
surgery and first-line medical therapy, second-line medical 
treatment options are dopamine agonists (eg, cabergoline), 
GH-receptor antagonists (pegvisomant [PEGV]), and the 
second-generation SRL pasireotide LAR. In Fig. 2, we pro-
vide recommendations for the management of acromegaly 
in patients with persistent disease following surgery and 
first-generation SRL.

Dopamine agonist
The expression of dopamine receptor subtype 2 by 
GH-producing pituitary adenomas represents the rationale 
for the use of dopamine agonists, independent of the pres-
ence of hyperprolactinemia (13). Currently, 2 different drugs 
are available: bromocriptine and cabergoline. Cabergoline is 
currently the most used because of better patient compliance 
(weekly vs daily administration of bromocriptine), and better 
tolerated because of reduced side effects (eg, dizziness, gastro-
intestinal discomfort, hypotension). Because of the modest 
efficacy of dopamine agonists in acromegaly, cabergoline 
monotherapy can be considered as first-line medical therapy 
only for those with modestly elevated GH and IGF-1 levels 
(IGF-1 < 2.5 × ULN) (4, 13, 14). The consensus statements 
(4) recommend the addition of cabergoline to continued first-
generation SRLs treatment as second-line medical therapy 
for patients with inadequate control on first-generation 
SRL therapy (if IGF-1 < 2.5 × ULN). In contrast to the con-
sensus statements, we recommend combination therapy with 
cabergoline only if IGF-1 levels are moderately elevated 
(IGF-1 ≤ 1.5 × ULN) because IGF-1 normalization has been 
seen mainly in these patients (13). Cabergoline was shown to 
induce potential tumor shrinkage, in particular in those ac-
romegaly patients with GH- and prolactin-cosecreting aden-
omas. Data on a combination treatment of cabergoline with 
PEGV are limited, but this may be an option in patients who 
experience side effects or are intolerant to first-generation 

SRLs. Despite a potential benefit of dopamine agonist therapy 
in addition to first-generation SRLs or PEGV (15), no data 
from prospective studies on tumor growth in unselected or 
naive acromegaly patients are available to date.

Pegvisomant
PEGV is a pegylated form of a modified human GH analog 
that competitively blocks GH receptors, thus preventing 
binding of endogenous GH and resulting in a dose-dependent 
reduction of IGF-1 production. In contrast to SRLs and dopa-
mine agonists, PEGV does not reduce GH secretion by the pi-
tuitary tumor but effectively blocks the effects of GH at the 
tissue level. Efficacy of PEGV monotherapy in normalizing 
IGF-1 levels is reported to be up to 95% of patients (16, 17), 
provided that appropriate dose titration of PEGV is applied. 
However, PEGV monotherapy does not reduce tumor size. 
Patients who need high doses of PEGV (dose > 30.0  mg/d, 
exceeding the highest allowed dose of 30.0 mg daily that is 
mentioned on the label) to normalize IGF-1 have more aggres-
sive disease, as they are younger, have higher baseline IGF-I 
levels, and had a higher incidence of hypertension, sleep apnea, 
diabetes, and overweight (18). Treatment with high doses of 
PEGV are only used in experienced pituitary centers and is not 
part of a consensus on treatment of acromegaly (4). In a global 
noninterventional safety surveillance study of long-term treat-
ment outcomes in patients treated with PEGV (ACROSTUDY), 
there were no unexpected safety issues in patients treated with 
high doses of PEGV, and the incidence and the type of adverse 
events were not different between patients need higher (mean 
44 ± 12.5 mg/d) or lower (mean 7.5 ± 2.5 mg/d) PEGV dosing 
(18). PEGV treatment does improve glucose metabolism in pa-
tients with acromegaly by reducing insulin resistance (19, 20). 
There is a small risk of significant liver enzyme elevations and 
close monitoring of liver function is recommended, although 
liver failure has not been reported (21). PEGV monotherapy 
should be considered as a second-line treatment of choice for 
patients without biochemical response to monotherapy with 
first-generation SRLs for whom glycemic control is chal-
lenging (4). For patients who have no access to PEGV or if 
the patient’s health insurance is unable to cover the costs of 
(high-dose) PEGV treatment (average annual cost per patient is 
€60 000), we would recommend combination treatment with 
first-generation SRL and cabergoline.

The consensus statements (4) recommend a combination 
of first-generation SRL and PEGV in patients who remain 
uncontrolled with first-generation SRL and with impaired 
glucose tolerance and tumor concern. In contrast to the con-
sensus statements, we recommend first-generation SRL and 
PEGV combination therapy as the second-line treatment of 
choice in nonresponders to first-generation SRL because it 
can lead to IGF-1 normalization in most patients (22, 23). 
Although PEGV monotherapy does not reduce tumor size, 
combination therapy has the potential advantage that it may 
result in tumor size control or even tumor shrinkage in most 
patients (22, 24). Another advantage of combination therapy 
is that it reduces the PEGV dosage needed to normalize IGF-1 
levels by approximately 50% compared with PEGV mono-
therapy, leading to a reduction in injection frequency or daily 
dose (22, 25, 26). In a single-center prospective study in 52 
first-generation SRL controlled and uncontrolled patients 
(27), a combination of low-dose octreotide LAR (10.0 mg) 
or lanreotide ATG (60.0 mg) every 4 weeks combined with 
weekly PEGV (40.0-160.0  mg/wk) achieved a biochemical 
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control rate of 96%. Hence, combination therapy may in-
crease adherence and reduce patients’ signs and symptoms at 
a considerably lower cost compared with combination regi-
mens of higher dose SRL and weekly PEGV or low-dose SRL 
and daily PEGV. In general, if patients who are already bio-
chemically controlled with first-generation SRL monotherapy 
do not report improvements in clinical symptoms during 
this therapy, we recommend initiating first-generation SRLs 
and PEGV combination therapy (28), except in patients who 
show poor control of diabetes during monotherapy with first-
generation SRLs.

Pasireotide LAR
Pasireotide LAR is a long-acting somatostatin multireceptor 
ligand with a unique receptor binding profile. Compared with 
first-generation SRLs, which show the highest affinity to SST 
receptor subtype 2 (SST2), pasireotide binds with higher af-
finity to SST5 receptor, followed by 2, 3, and 1. Efficacy of 
pasireotide LAR monotherapy in normalizing IGF-1 is higher 
than that of octreotide LAR in medically naïve patients (29). 
The effects of pasireotide LAR and octreotide LAR therapy 
on GH levels reduction were, however, superimposable (29). 
Among patients inadequately controlled with octreotide 
LAR, biochemical control rates are up to 20% higher with 
pasireotide LAR, even when using the current cutoffs for 
biochemical control (30, 31). In patients previously treated 
with first-generation SRLs, tumor volume reduction occurred 

more often in those on pasireotide LAR 40 mg (19%) and 
60 mg (11%) than in those inadequately controlled on high-
dose, first-generation SRLs (2%) (31). However, in medically 
naïve patients, pasireotide LAR and octreotide LAR therapy 
had a similar effect on tumor volume reduction (29). During 
the extension phase of the latter study, a greater proportion 
of patients receiving pasireotide LAR achieved clinically sig-
nificant (≥ 20%) tumor volume reduction after 6 months of 
treatment (54% vs 42% patients receiving octreotide LAR) 
(32). The consensus statements (4) advocated the position of 
pasireotide LAR monotherapy as second-line therapy: only 
if patients are not controlled on first-generation SRLs and if 
there is a clinically relevant residual tumor that is unsuitable 
for resection, patients should be switched to pasireotide LAR 
therapy. This recommendation is in line with the European 
Medical Association-approved label of pasireotide LAR 
in which it is considered a second-line option, whereas ac-
cording to the US Food and Drug Administration-approved 
label of pasireotide LAR, its use is also allowed as first-line 
medical treatment of acromegaly. In addition to the consensus 
statements (4), we recommend pasireotide LAR monotherapy 
as second-line treatment in patients who show tumor growth 
during PEGV, alone or in combination with first-generation 
SRLs, or experience symptoms of active acromegaly during 
first-generation SRL and PEGV combination therapy. In 
those patients with tumor growth, pasireotide can be con-
sidered as a treatment step before starting with radiotherapy. 

Figure 2.  Proposed algorithm for the management of acromegaly patients with persistent disease following surgery and first-generation SRL. 
Repeated surgery is usually reserved for tumor remnants that can be completely resected, for debulking to enhance efficacy of adjuvant therapies, 
or when impingement of the optic chiasm is still present. Besides, surgical reexploration is recommended for patients with severe side effects of or 
intolerance to adjuvant medical therapies. Radiation therapy should be considered in patients with biochemically persistent disease and/or tumor growth 
despite (repeated) surgery or medical therapy. Abbreviations: DA, dopamine agonist; LAR, long-acting release; PEGV, pegvisomant; SRL, somatostatin 
receptor ligand.
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In patients who experience side effects or are intolerant to 
PEGV therapy, and in patients with headaches not respon-
sive to first-generation SRL therapy (33), we also recommend 
pasireotide LAR monotherapy. In special cases only, one 
could consider providing pasireotide LAR monotherapy in 
young patients with tumor concern that are not biochemically 
controlled with first-generation SRLs.

The PAPE study was designed to assess the efficacy and 
safety of pasireotide LAR (alone or in combination with 
PEGV) in patients who were well controlled on a com-
bination of first-generation SRLs and PEGV. Switching to 
pasireotide LAR, either as monotherapy or in combination 
with PEGV, resulted in control of IGF-1 concentrations in 
most (77%) patients (34, 35). Furthermore, pasireotide LAR 
therapy demonstrated a PEGV sparing effect after 9 months 
of follow-up in 52% compared with the combination therapy 
with first-generation SRLs, and consequently leading to a re-
duction in injection frequency for patients (35). In 33 of the 
45 patients from the PAPE study, tumor volume decreased 
but this decrease was clinically significant (≥25%) in 15 cases 
only (33%) (36). In both treatment groups significant im-
provements in quality of life were observed after switching to 
pasireotide LAR (37). However, we should acknowledge that 
assessing a difference in quality of life between monotherapy 
and combination therapy was not a primary endpoint of this 
study, and it was underpowered to detect a significant differ-
ence. In contrast to the current consensus statements that do 
not address the role of pasireotide in combination with PEGV 
(4), we propose to use this combined therapy as third-line 
treatment in patients without diabetes on low PEGV dosages 
(≤80 mg/wk) and in patients with tumor growth or symptoms 
of active acromegaly during first-generation SRL and PEGV 
combination therapy (33). Because of the PEGV sparing effect 
of pasireotide LAR in the former group, the PEGV dosages 
can be reduced or sometimes even discontinued.

Pasireotide LAR therapy is generally well tolerated and 
shares superimposable side effects with the first-generation 
SRLs, except for a greater frequency and degree of pasireotide-
induced hyperglycemia and diabetes (29, 31, 34). Because the 
wide expression of SST5 receptor by pancreatic ß cells is well 
known, the detrimental effect on glucose homeostasis seems 
related to the inhibition of both insulin and incretin secretion, 
with a modest effect on glucagon secretion. Unfortunately, 
co-treatment with PEGV does not seem to offset or prevent 
pasireotide-induced hyperglycemia (34). It is recommended 
that patients considered for treatment with pasireotide LAR 
should be carefully screened and proactively monitored for 
glycemic adverse events. This early-onset proactive manage-
ment should include assessing baseline fasting plasma glucose 
and glycosylated hemoglobin (HbA1c) levels before initiating 
pasireotide LAR therapy (38-41). After initiating pasireotide 
LAR, proactive glucose monitoring is especially important in 
the first 3 months of treatment (33, 39, 40). Patients without 
pretreatment insulin therapy had a slow onset of hypergly-
cemia (after the third injection of pasireotide LAR) that could 
be managed with oral antidiabetic medication only. On the 
other hand, the patients who eventually required insulin 
treatment were those that developed rapid hyperglycemia 
after the first injection of pasireotide LAR. Hence, pasireotide 
LAR is not recommended in patients with uncontrolled dia-
betes because of the high risk of developing hyperglycemia. 
The decision to continue pasireotide LAR treatment in those 

who develop hyperglycemia should be individualized. If the 
potential advantages of continuing pasireotide LAR outweigh 
the potential disadvantages of such treatment, data from 
healthy volunteers indicate that treatment with concomitant 
glucagon-like peptide 1 receptor agonists or dipeptidyl pep-
tidase-4 inhibitors may be useful in minimizing the hyper-
glycemic effects (41), but data on long-term treatment with 
pasireotide of acromegaly are still lacking.

Radiotherapy
Radiotherapy in patients with acromegaly is generally re-
served as a third-line treatment option and is considered 
for those patients with biochemically persistent disease 
or tumor growth despite surgery or medical therapy (14, 
42). Irradiation therapy, using conventional external-
beam, proton-beam techniques, or stereotactic fractionated 
radiosurgery achieves high rates of local tumor control and 
moderate biochemical control in patients with acromegaly. 
In a single-center retrospective study of 102 patients treated 
with single-fraction stereotactic radiosurgery between 1990 
and 2017 and followed for a median of 63 months, biochem-
ical remission at a median of 19 months was achieved in 58 
patients (57%), whereas 22 patients (22%) persisted with ac-
tive disease despite additional medical therapy (43). Analysis 
of 352 patients from the German Acromegaly Registry, which 
analyzed outcomes from both stereotactic radiosurgery and 
fractionated radiotherapy followed for up to 45 years showed 
similar rates (44). The mean time to achieve normal or low 
IGF-1 concentrations was 2.1 (95% CI, 1.6-2.6) years for 
stereotactic radiosurgery and 3.0 (95% CI, 2.5-3.5) years 
for fractionated radiotherapy, and the 10-year remission rate 
was 52% and 48% for stereotactic radiosurgery and fraction-
ated radiotherapy, respectively (44). A large study by Jenkins 
et  al, investigating the effects of fractionated radiotherapy, 
demonstrated a 50% reduction of GH concentrations in 
about 50% of acromegaly patients in the first 2 years, a re-
duction up to 75% of patients after 5  years, and a further 
reduction up to 90% after 20 years (45). These delayed dy-
namics are in line with the findings of Biermasz et  al, who 
described normalization of IGF-1 concentrations in 60% of 
patients at 5  years, 74% at 10  years, and even 84% after 
15 years of follow-up (46). After fractionated radiotherapy 
of GH-producing adenomas, tumor growth arrest evaluated 
at 5, 10, and 15 years after treatment was 98%, 95%, and 
93%, respectively (47). Reportedly, > 50% of patients with 
GH-producing adenomas develop hypopituitarism after frac-
tionated radiotherapy in the long-term, which contributes to 
higher mortality rates (48). These patients require careful on-
going monitoring for the development of hormonal deficits. 
It is still unknown whether stereotactic radiosurgery is as-
sociated with a reduced impact on mortality compared with 
fractionated radiotherapy. Other rare side effects are visual 
impairment, neurocognitive deficits, and irradiation-induced 
secondary malignancies. Irradiation of the pituitary gland has 
been associated with a slight increase in mortality, possibly 
from cerebrovascular damage (49). The reported outcomes of 
patients receiving radiotherapy were only a subset of those 
treated for acromegaly and were often those less responsive 
to (repeated) surgery and medical therapies. Stereotactic frac-
tionated radiation techniques allow for more precise treat-
ment application with better sparing of surrounding healthy 
tissue and potentially resulting in lower rates of side effects. 
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Hence, stereotactic fractionated radiotherapy should be con-
sidered the standard for pituitary radiotherapy in acromegaly.

Controversies and Areas of Uncertainty
The molecular basis of first-generation SRL treatment re-
sistance is poorly understood. Molecular factors leading to 
reduced first-generation SRL response have been proposed, 
such as a defective expression or genetic alterations of SST 
receptors and impaired signal transduction (50, 51). A correl-
ation has been demonstrated among low SST2 mRNA, protein 
expression, and the GH-lowering response to octreotide (52, 
53). The expression of SST5 receptor is inversely associated 
with the response to SRLs, and a low SST2/SST5 receptor ratio 
with a poor response to first-generation SRLs (54). However, 
marked case-to-case variations among individual tumors 
have been found, and some tumors are resistant to therapy 
despite high expression of SST2 receptor (55, 56). Currently, 
the use of these markers in histopathology is not well valid-
ated in clinical practice and is also not widely available be-
cause of cost restrictions (57). In addition, a gold standard 
immunohistochemical method for SST receptor detection is 
lacking, and the current available methods (58, 59) have been 
found to show high interlaboratory and interobserver agree-
ment for SST receptor expression in neuroendocrine tumors 
(60). Nevertheless, if available, such factors may help to in-
form clinicians when making decisions about costly therapies.

There is a clear need to define the precise role and duration 
of presurgical medical treatment with first-generation SRLs in 
acromegaly patients. First-generation SRLs achieve biochem-
ical remission in approximately 45%, whereas tumor size 
shrinkage is observed in up to 60% of the cases (8). Although 
these findings make first-generation SRLs a suitable preopera-
tive drug for decreasing perioperative morbidity and tumor 
volume, as well as improving surgical outcome, current data 
are insufficient to support the general use of an SRL before 
surgery (61).

Although cabergoline is less expensive than first-generation 
SRLs, PEGV, and pasireotide, emerging evidence indicates 
that it can precipitate compulsive disorders (eg, pathological 
gambling, compulsive shopping, hypersexuality, binge eating), 
mainly through hyperactivation of the mesolimbic dopamine 
pathway (62, 63). This has been also confirmed by a recent 
study by Ozkaya et  al, who state that patients with acro-
megaly receiving dopamine agonist treatment are at risk of 
developing impulse control disorders (63).

Back to the Case
In a patient with acromegaly inadequately controlled after sur-
gery and first-line medical therapy, adjuvant treatment needs 
to be tailored to achieve biochemical control, improvement 
of clinical symptoms, reversal of comorbidities and mortality 
risk, and control of local tumor effects. Given the presence of 
residual tumor and disease at the time of referral to our pitu-
itary center, a decision was made to start PEGV therapy while 
lanreotide ATG was continued at 120.0  mg/every 4 weeks. 
Pasireotide LAR was not available yet for clinical use; how-
ever, pasireotide could have been considered then in this pa-
tient with tumor growth during first-generation SRL. PEGV 
cotreatment was initiated at a dose of 60.0 mg/wk. However, 
eventually a dose titration up to 700.0 mg/wk was necessary 
to achieve biochemical control, exceeding the highest allowed 

dose of 30 mg daily that is mentioned on the label. This is 
demonstrating that if you have access to high-dose PEGV, 
even patients with aggressive disease can achieve biochemical 
control. Of note, in this young patient with aggressive disease, 
pasireotide LAR would nowadays be preferred over high-
dose PEGV treatment. However, a high dose of PEGV may be 
used in countries where pasireotide LAR is not available, or 
when a brittle diabetes mellitus is present. The role of radio-
therapy was discussed with this patient; however, because of 
the patient’s personal preference he did not receive this treat-
ment. Nine years later, pasireotide LAR became available for 
treatment of patients with acromegaly and he participated in 
a study to investigate pasireotide LAR alone and in combin-
ation with PEGV (PAPE study (34, 35)). We decided to start 
pasireotide LAR in combination with PEGV to determine 
whether it could reduce PEGV dose and preserve biochemical 
and tumor control. Pasireotide LAR was initiated at a dose 
of 60.0 mg every 4 weeks, whereas PEGV was continued but 
according to study protocol reduced by 50% to 350.0 mg/wk. 
Eventually up-titration of PEGV after 3 months to 540.0 mg/
wk was necessary to achieve IGF-1 normalization. HbA1c 
levels increased from 36 mmol/mol (normal value, <42 mmol/
mol) before the start of pasireotide LAR to 44  mmol/mol 
after 6 months of treatment and he was placed on antidiabetic 
therapy with metformin 3000 mg/d (ie, highest allowed dose), 
gliclazide 60 mg/d, and liraglutide 1.8 mg/d. Pasireotide LAR 
in combination with PEGV markedly reduced the tumor 
size: the tumor volume reduced from 8086 mm3 before initi-
ation of pasireotide to 5896 mm3 during 15 months of treat-
ment (Fig. 1C, 1D). Interestingly, the quantification of the 
T2-weighted MRI signal by region of interest measurement 
showed in > 50% of the adenoma a higher T2 signal inten-
sity ratio during treatment: region of interest adenoma/gray 
matter ratio was 1.2 at baseline and increased to 2.0 during 
15 months of pasireotide LAR treatment in combination with 
PEGV (Fig. 1C, 1D). In general, heterogeneity on T1- and a 
T2-hyperintense signal indicates cystic degeneration, tumor 
cell necrosis, or both, which suggest an antitumor effect of 
pasireotide LAR. SST receptor subtyping in the tumor spe-
cimen was evaluated using an IRS (59, 64), showing mem-
branous expression of IRS 1 for SST2a receptor, IRS 12 for 
SST5 receptor, and SST2/SST5 receptor ratio of 0.08. SST3 re-
ceptor was not evaluated. Although SST3 receptor might be 
responsible for the pasireotide LAR-induced cystic degener-
ation, tumor cell necrosis, or both, currently antibody assess-
ment for SST3 is not that robust as for SST2 and SST5 receptor, 
and SST3 staining can be cumbersome. Studying the effects 
of pasireotide-LAR on pituitary histology might help unravel 
the differences in SST receptors specific signaling pathways 
and should be further explored. Recently, because of fur-
ther worsening of glycemic control (HbA1c 82  mmol/mol, 
normal value < 42 mmol/mol), pasireotide was discontinued 
after 53 months of pasireotide LAR treatment in combination 
with PEGV. At the last follow-up, the patient was treated with 
lanreotide ATG 120.0 mg every 4 weeks in combination with 
PEGV 240.0 mg/wk; IGF-1 levels and tumor size remained 
controlled.
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