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Abstract

Acromegaly is associated with high morbidity and elevated mortality when not adequately treated. Surgery is the 

�rst-line treatment for most patients as it is the only one that can lead to immediate cure. In patients who are not 

cured by surgery, treatment is currently based on a trial-and-error approach. First-generation somatostatin receptor 

ligands (fg-SRL) are initiated for most patients, although approximately 25% of patients present resistance to this 

drug class. Some biomarkers of treatment outcome are described in the literature, with the aim of categorizing 

patients into different groups to individualize their treatments using a personalized approach. In this review, we will 

discuss the current status of precision medicine for the treatment of acromegaly and future perspectives on the use of 

personalized medicine for this purpose.

Introduction

Acromegaly is a chronic systemic disease associated 

with high morbidity and increased mortality when not 

adequately treated (1, 2). Three treatment modalities 

(surgery, medical therapy and radiotherapy) are available, 

with surgery being the treatment of choice for most 

patients as it is the only treatment that can lead to 

immediate cure (3). Unfortunately, in approximately 

50% of cases, surgical cure is not possible, and adjuvant 

treatment is necessary (4, 5, 6). In these cases, medical 

treatment is recommended (3, 7). Radiotherapy is 

considered the third-line treatment and is reserved for 

aggressive tumors that are not controlled by surgical and 

medical treatment (3).

Three drug classes are currently used for the treatment 

of acromegaly: somatostatin receptor ligands (SRL), 

dopamine agonists and growth hormone (GH) receptor 
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antagonists (7). Although all these options are available 

for the medical treatment of acromegaly, the current 

recommendations are to use first-generation SRLs (fg-SRL) 

for the majority of patients in a trial-and-error approach 

(3). The evolution from the current mode of acromegaly 

treatment to ‘personalized’ or a ‘precision’ medicine would 

allow the optimization of treatment and a reduction of 

costs (8, 9). The definition of personalized medicine 

is broad in the literature, but in general, it refers to the 

stratification of patients into subgroups in accordance 

with their disease evolution and response to specific 

treatments (8, 10). A classic example is the expression 

of human epidermal growth factor receptor (HER)-2 in 

some types of breast cancer. These tumors present a more 

aggressive phenotype, but a specific drug that targets 

the HER-2 pathway is available (8, 11). Trastuzumab is a 

monoclonal antibody that targets the external domain 

of the HER-2 protein (11). Thus, after the identification 

of HER-2 expression in a subgroup of tumors, patients 

with these tumors were treated with trastuzumab, with 

considerable improvement in the treatment efficacy and, 

consequently, in the disease prognosis (11).

In this review, we will first describe the current 

approach to treating acromegaly, and then, we will 

discuss the available biomarkers of response to treatment 

and putative personalized treatment for acromegaly.

Current treatment of acromegaly: the 

trial-and-error approach

As previously described, surgery is the treatment of choice 

for patients with acromegaly, with exceptions for patients 

with a high surgical risk, those who refuse surgery and 

those whose tumors are mostly unresectable (e.g., tumors 

inside the cavernous sinus) (3). However, even in reference 

centers with experienced skilled neurosurgeons, half of 

all patients will not achieve surgical cure, and adjuvant 

treatment will be necessary (4). For the vast majority of 

these patients, treatment with fg-SRL, octreotide LAR 

and lanreotide autogel, is indicated according to the 

most recent guidelines (3, 7). These drugs act through 

the binding and activation of the somatostatin receptors 

(sst), mainly by activation of somatostatin receptors type 

2 (sst2).

The biochemical response to fg-SRL is evaluated by 

randomly measuring GH and IGF-I levels, which allows 

the identification of three patterns of patient response: 

(i) controlled patients or full responders (approximately 

30% of patients), defined as those who attain GH levels 

below 1.0 μg/L and normal age-matched IGF-I levels; (ii) 

partial responders (approximately 45–50% of patients), 

defined as those who present a reduction of GH and/

or IGF-I levels ≥50% from baseline (pretreatment) but 

without normalization and (iii) resistant patients or poor 

responders (20–25% of patients), defined as those who 

show a GH and IGF-I reduction of <50% from baseline 

(12). In addition to biochemical control, fg-SRL can also 

induce tumor shrinkage; tumors that present a reduction of 

less than 20% or increase in volume or an increase during 

treatment are considered resistant to treatment (12). In 

rare cases, the patient can be biochemically resistant to 

the fg-SRL treatment according to the previous definition 

but can present a tumor response to the drug (13). It is 

important to highlight, however, that tumor volume can 

be difficult to evaluate in patients who have previously 

undergone surgery due to the irregularity of the tumor 

remnant and the presence of postoperative changes such 

as fibrosis and the presence of surgical material (12, 13).

As mentioned earlier, approximately 20–25% of 

patients present biochemical resistance to treatment 

with fg-SRL but are treated with these drugs anyway 

according to the current treatment algorithms (14, 15, 

16). In addition, considering drug initiation and dose 

up-titration in uncontrolled patients, at least 9–12 months 

are necessary to assess treatment outcome. This practice 

means that a high-cost treatment is prescribed for patients 

who are resistant to this treatment and will be exposed 

to the deleterious effects of high GH and insulin-like 

growth factor type I (IGF-I) levels for several months. 

The availability of biomarkers that could identify these 

biochemically resistant patients would avoid ineffective 

treatment with fg-SRL and allow these patients to be 

started on drugs that are currently considered second-line 

treatments.

Other options for the medical treatment of acromegaly 

are the next-generation SRL pasireotide; the dopamine 

agonist cabergoline (CAB) and the GH receptor antagonist 

pegvisomant (7). Although they can be used as first-line 

medical treatments, they are usually reserved for patients 

whose disease is not controlled by treatment with fg-SRL (3, 

7). Pasireotide and pegvisomant can be used in monotherapy 

for patients who present resistance to fg-SRL, but CAB 

is usually added to treatment with fg-SRL (combination 

therapy) when there is a partial response to the latter drug 

class. Pegvisomant can also be used in combination therapy 

with fg-SRL with increased efficacy (17).

Cabergoline acts by binding to dopamine receptor 

type 2 (DR2) and can have anti-secretory and anti-

tumoral effects (18, 19). It can be used in monotherapy or 
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in association with fg-SRL (19). There is limited published 

experience with CAB treatment for acromegaly, but it 

seems less effective than other medical treatments (18, 

19, 20, 21, 22, 23, 24, 25, 26). Therefore, it is usually 

recommended for patients with mild disease (IGF-I up to 

two times the upper limit of the normal range) (7).

Pegvisomant acts by binding to the GH receptor (GHR) 

without activating the intracellular signaling pathways 

and thereby leading to a reduction of IGF-I levels (27). This 

leads to IGF-I normalization in approximately 63–97% of 

patients but has no action in the somatotropinoma; thus, 

it is generally reserved for patients who are not controlled 

with fg-SRL and in whom tumor mass is not a concern 

(3, 7, 17, 28, 29, 30, 31). Pegvisomant can also be used in 

monotherapy or in association with fg-SRL (32, 33).

Pasireotide is a next-generation SRL with a higher 

affinity than octreotide and lanreotide for the somatostatin 

receptors type 1 (sst1), 3 (sst3) and 5 (sst5), although it can 

also bind to and activate sst2 with slightly less potency 

than fg-SRL (34). It is usually only used in monotherapy 

and has higher efficacy than fg-SRL, controlling disease in 

20% of patients who are not controlled with maximum 

doses of octreotide or lanreotide (35, 36). However, it 

has a worse safety profile, with more frequent and more 

intense elevation of glucose levels (35, 36, 37).

In those patients who are treated with fg-SRL and 

not controlled, the choice of a second-line medical 

treatment (CAB, pegvisomant, pasireotide, combination 

treatment) currently usually relies on diverse factors such 

as the presence of residual tumor, GH and IGF-I levels, 

the availability of the drug in the health system, patient 

preference, safety and the experience of each center 

(7). Frequently, three or four treatments are used before 

disease control is achieved (38, 39, 40). Therefore, the 

current trial-and-error approach to acromegaly treatment, 

in which patients may live with uncontrolled disease for 

long time before an effective therapy is attained, is not 

ideal (9).

Biomarkers of treatment response 

in acromegaly

In some areas of medicine, such as oncology and 

hematology, treatment has significantly advanced toward 

precision medicine, in which the right treatment is 

prescribed for the right patient (8). To achieve that aim, 

it is important to find biomarkers of response to different 

treatments. A biomarker is defined by the Biomarkers 

Definition Working Group as ‘a characteristic that is 

objectively measured and evaluated as an indicator of 

normal biological processes, pathogenic processes, or 

pharmacologic responses to a therapeutic intervention’ 

(41). Studies in the literature have examined possible 

biomarkers of response to treatment in acromegaly, 

especially for medical treatment with fg-SRL (42).

To evaluate cavernous sinus invasion, the most 

commonly used methodology is the Knosp–Steiner 

criteria (43). Tumors that cross the lateral tangent of 

the intracavernous and supracavernous internal carotid 

arteries are classified as grades 3A, 3B or 4 and are 

considered invasive (43). The cure rate for invasive tumors 

was recently reported to be approximately 47%, compared 

with approximately 76% in non-invasive tumors (44). 

Cavernous sinus invasion, evaluated using the Knosp–

Steiner criterion, is the main predictor of surgical outcome 

reported in the literature (4, 5, 45, 46, 47, 48). It is also the 

most important biomarker as it is currently the only one 

that does not specify surgery as the first-line treatment (in 

the case of a grade 4 tumor (an adenoma that completely 

encases the internal carotid artery) with the epicenter 

inside the cavernous sinus (3)).

Other predictors of surgical cure have also been 

suggested, including tumor volume, maximum tumor 

diameter and age at surgery, but these predictors have 

inconsistent data in the literature (45, 46, 49, 50, 51, 52). 

In the majority of the series, pre-operative GH and IGF-I 

levels were also biomarkers of surgical cure, although the 

results are not homogeneous in the literature (4, 49, 53, 

54, 55, 56).

As previously mentioned, fg-SRL act mainly by 

binding and activating sst2, which was the most 

frequently expressed sst in the somatotropinomas in the 

majority of the series (57, 58). The expression of sst2 at 

both the mRNA and protein levels has been analyzed in 

somatotropinomas and correlated with the long-term 

response to fg-SRL (57, 59, 60). As expected, tumors that 

express a higher level of sst2 present a greater chance 

of disease control with fg-SRL treatment, as sst2 is the 

biomarker of response to fg-SRL for which the most data 

is available in the literature (57, 59, 60, 61, 62, 63, 64, 65, 

66). Somatostatin receptor type 2 expression has mainly 

a high negative predictive value (reaching 100% in our 

previous series), with tumors that present low expression 

showing no response to treatment (59, 60).

Another characteristic of somatotropinomas with 

a worse response to fg-SRL treatment is a sparsely 

granulated pattern on immunohistochemistry (analyzed 

by the expression of the CAM5.2 antibody) (67). Tumors 

that present a dot-like pattern of CAM5.2 expression are 
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classified as sparsely granulated and are more invasive 

and present a worse response to fg-SRL treatment (67, 

68, 69). Sparsely granulated tumors present lower sst2 

expression than densely granulates tumors, which is 

probably why they present a worse response to treatment 

(69, 70). Nevertheless, the granulation pattern itself may 

be considered a biomarker of response to fg-SRL.

The granulation pattern can also have an expression 

in the T2-wheighted sequence of the magnetic resonance 

imaging (MRI) (71). It was described in some studies that 

a hyperintense signal on the T2-wheighted sequence was 

associated with a poorer response to fg-SRL and with the 

sparsely granulated patter in the immunohistochemistry 

(71, 72, 73, 74). As it is a more easily available evaluation, 

it can be useful in centers without expertise in the 

immunohistochemistry or in the patients not submitted 

to surgery and, therefore, without tumor available for 

other evaluations.

As previously reported in the presence of a low sst2 

expression, a poor response to fg-SRL is usually seen. 

Nevertheless, in the case of high sst2 expression, a 

good response is not always observed, likely because of 

alterations in the proteins involved in the intracellular 

signaling activated by the binding of fg-SRL to sst2 

(42, 59). One of these proteins is the aryl hydrocarbon 

receptor-interacting protein (AIP). The AIP gene is a 

tumor suppressor gene that is mutated in approximately 

20% of patients with familial isolated pituitary adenomas 

(FIPA) (75, 76, 77, 78). In families with homogeneous 

FIPA that include only cases of acromegaly and gigantism 

(isolated familial somatotropinoma), AIP mutations 

are found in approximately 40% of cases (76). Patients 

who harbor an AIP germline mutation are younger and 

present a more aggressive tumor with worse response to 

fg-SRL treatment (76, 77, 79). Interestingly, in half of the 

patients with sporadic acromegaly, low expression of the 

AIP protein is observed due to mechanisms other than 

mutations (80, 81, 82, 83). These patients also present 

a worse response to fg-SRL, as described by our group 

(81). Furthermore, studies have described that the AIP is 

involved in the intracellular signaling pathway activated 

by sst2 and that its presence is essential to the expression 

of another protein, the zinc finger protein ZAC1 (a zinc 

finger protein that regulates apoptosis and cell cycle 

arrest), which also has tumor suppressor features (42, 84, 

85). Thus, one reason for a lack of response to fg-SRL in 

tumors with high sst2 expression is the low expression 

of AIP. Therefore, AIP expression is also a biomarker of 

response to fg-SRL (81).

The other biomarkers that have been described in 

the literature present less robust data and/or are more 

controversial due to conflicting data. Such biomarkers 

include the acute octreotide test, the presence of a gsp 

mutation, the expression of E-cadherin, the expression of 

sst5 and its truncated isoform (sst5TMD4), the expression 

of miR-34a, the expression of β-arrestin, the Ki-67 labeling 

index and the Raf kinase expression (57, 68, 72, 83, 86, 

87, 88, 89, 90, 91). Additionally, some demographic 

characteristics, such as younger age, male gender and 

high pretreatment GH levels were associated with a poor 

response to fg-SRL in some studies (92, 93, 94).

For the other medical treatments of acromegaly, 

there is little published data on biomarkers of response. 

Cabergoline acts through the activation of DR2; therefore, 

it is expected that the expression of this receptor would be 

a predictor of response to CAB treatment (19). However, 

there are no studies analyzing whether this is the case. 

The co-expression of prolactin in the somatotropinoma is 

a predictor of response to CAB in monotherapy but not in 

the case of combination treatment with CAB and fg-SRL 

(18, 19, 20). In addition, pretreatment GH and IGF-I levels 

are predictors of response to CAB treatment both alone 

and in combination therapy in acromegaly, with patients 

with mild disease (GH levels below 4–5 μg/L and IGF-I 

levels until 2× the upper limit of normal range) presenting 

a greater likelihood of disease control (18, 19, 24, 95).

Pasireotide, like fg-SRL, acts by binding to sst but 

with a different affinity profile; specifically, it has a higher 

affinity for sst3 and sst5 (96). It has been demonstrated in 

vitro that a better response to pasireotide than to fg-SRL is 

observed in tumors with a low sst2 expression and a high 

sst5 expression (96). This was also shown in a small in vivo 

study that found that sst5 expression was a biomarker of 

response to pasireotide in patients whose disease was not 

controlled with fg-SRL (97). Somatostatin receptor type 2 

expression was also a biomarker of response to pasireotide. 

In addition, the same study demonstrated that although 

AIP expression is a biomarker of response to fg-SRL, it did 

not seem to be a biomarker of the response to pasireotide 

(97).

Pegvisomant acts in the periphery by blocking the 

binding of GH to its receptor (27, 98). Therefore, it is not 

expected that any feature of the somatotropinoma will 

predict its response to pegvisomant. However, it acts on 

the GHR, and some patients have a polymorphism of 

this receptor that leads to a short isoform with a deletion 

of exon 3 (d3GHR) (99). This isoform may increase the 

GHR activation by GH, and it has been proposed that 
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in children with short stature, a better response to GH 

treatment is observed in patients with the d3GHR than 

in those with the full-length isoform (flGHR) (100, 

101). Thus, GHR isoforms may influence the binding of 

pegvisomant and the response to the drug. In the first 

two studies in the literature, which included a total of 63 

patients, those who presented the d3GHR isoform had 

a better response to treatment (i.e., they needed a lower 

dose of pegvisomant and a shorter treatment to obtain 

normalization of IGF-I levels) (102, 103). However, more 

recently, a large multicenter study (111 patients) and a 

study from our group did not find a difference in the 

response rates to pegvisomant treatment between patients 

with the d3GHR and those with the flGHR (31, 104). 

Additionally, another study described no difference in the 

response rates to combination therapy with pegvisomant 

and fg-SRL in patients with the different isoforms of GHR 

(105). Therefore, current knowledge suggests that d3GHR 

is not a biomarker of response to pegvisomant.

Some other features may be associated with a better 

response to pegvisomant, such as lower pretreatment 

IGF-I levels, lower body mass index (BMI) and the absence 

of concomitant diabetes mellitus (31, 106, 107).

Personalized medicine in the treatment 

of acromegaly

Applying the idea of precision medicine to the treatment 

of acromegaly is very tempting as many medical treatment 

options are currently available for the disease and some 

biomarkers of response to each specific drug have been 

described. This is especially the case for the fg-SRL, which 

are still considered the first-choice medical treatment 

for the vast majority of acromegaly patients despite the 

knowledge that approximately 20–25% of patients will 

present resistance to the treatment (3, 7). The change to a 

personalized medicine approach to treating the disease will 

allow an optimization of therapy, reduce the GH burden 

(as disease control can be achieved more quickly with the 

right treatment for each individual patient) and lead to 

a reduction of costs (by avoiding the use of ineffective, 

expensive treatments for a considerable period of time for 

patients who are resistant to them) (9).

If precision medicine has all these advantages, why 

it is still not being applied for acromegaly? The main 

limitation of the use of biomarkers to guide medical 

treatment for acromegaly is the small number of patients 

included in the studies and the heterogeneity of the 

data in the literature. The biomarker for which the 

most published data are available is the expression of 

sst2 for predicting the response to fg-SRL. However, the 

published studies have small samples, and the majority 

are retrospective (59, 60, 66). Moreover, sst2 expression 

has been analyzed using different methodologies, 

such as mRNA expression using real-time reverse 

transcription polymerase chain reaction (RT-PCR) or 

protein expression using immunohistochemistry (IHC) 

with different antibodies (57, 59, 60). Even when studies 

used the same methodology, different analyses were 

performed; for example, in the case of the measurement 

of sst2 expression by IHC, some authors only considered 

membrane expression, while others also considered 

cytoplasmic expression (59, 60). In addition, some 

authors only considered the percentage of positive cells, 

while others also considered the intensity expression (60, 

66, 108). Therefore, standardization of the methodology 

for analyzing sst2 expression and its application to 

the different pituitary centers will be fundamental for 

establishing sst2 expression as a biomarker of acromegaly 

patients’ response to fg-SRL treatment in clinical practice.

Despite the previous considerations, current data on 

biomarkers published in the literature allows the proposal 

of a more personalized algorithm for the treatment of 

acromegaly (Fig.  1). Surgery will remain the first-line 

treatment for the majority of patients as it is the only 

treatment that allows rapid cure of the disease and 

Figure 1

Proposed algorithm for a personalized acromegaly treatment 

guided by biomarkers of response. AIP, aryl hydrocarbon 

receptor-interacting protein; CAB, cabergoline; DR2, 

dopamine receptor type 2; fg-SRL, �rst-generation 

somatostatin receptor ligands; sst2, somatostatin receptor 

type 2; sst5, somatostatin receptor type 5.
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obtains tumor tissue for the analysis of the biomarkers 

with IHC and RT-PCR. In case of surgical failure, a panel 

of biomarkers, including sst2, sst5, AIP and DR2, can 

guide the selection of medical treatment, in conjunction 

with biochemical (GH and IGF-I levels) and tumor data 

(size of the residual tumor; Fig.  1). This will allow the 

optimization of treatment.

To illustrate the clinical treatment outcomes of patients 

with different biomarker profiles, we describe two cases in 

which knowledge of the biomarkers could have helped to 

change the treatment protocol. The first case is a 53-year-

old female patient with typical signs and symptoms of 

acromegaly. At diagnosis, she presented a macroadenoma 

of 1.8 × 0.9 × 1.0 cm and underwent surgery without cure. 

The histopathology and IHC analyses revealed a densely 

granulated somatotropinoma with high sst2 expression, 

low sst5 expression and high AIP expression (Fig. 2). The 

patient was treated with octreotide LAR 20 mg every four 

weeks, and GH and IGF-I levels normalized after three 

months of treatment. The GH and IGF-I levels at diagnosis, 

post-surgery and post-octreotide LAR are shown in Fig. 2.

In contrast, the second case is a 42-year-old female 

patient with a clinical and biochemical diagnosis of 

acromegaly (Fig. 3) who presented with a macroadenoma 

of 3.2 × 2.1 × 2.2 cm. She underwent surgery without 

cure, and the histopathology and IHC analyses revealed 

a sparsely granulated adenoma with low sst2 expression, 

high sst5 expression and low AIP expression (Fig.  3). 

The patient was treated with octreotide LAR 30 mg every 

four weeks for six months and showed resistance to the  

drug (Fig. 3).

The previous cases describe two female patients 

who were not cured with surgery and required adjuvant 

medical treatment. According to the current trial-and-error 

protocol, an fg-SRL was started for both. The first patient 

presented an excellent response, as expected according to 

her tumor characteristics. The second patient, however, 

showed resistance to the drug, as expected given the 

biomarker profile of her tumor. In the case of this patient, 

knowing her biomarker profile would have allowed the 

optimization of her treatment approach; for example, 

pasireotide LAR could have been selected as the first-line 

treatment because it can be more effective in tumors with 

low sst2 expression, high sst5 expression and low AIP 

expression (96, 97).

Future perspectives

The currently available data in the literature allows 

the stratification of patients into groups that respond 

better to different drug classes. However, to increase the 

accuracy of such predictive stratification, studies with 

larger samples, such as multicenter studies, are necessary 

to define the cut-offs for each biomarker to precisely 

predict the response to the different medical treatments. 

Figure 2 

Slides showing the protein expression of sst2, sst5 and AIP and the granulation pattern, analyzed by immunohistochemistry, and 

the evolution of GH and IGF-I levels throughout the treatment of patient 1. Rabbit monoclonal antibodies against sst2 and sst5 

(Abcam, cat. number ab 134152 and ab 109495, respectively) and mouse monoclonal antibodies directed against AIP (Novus 

Biological, Littleton, CO, USA, cat. number NB100-127) and CAM5.2 (Cell Marque, Rocklin, CA, USA, cat. number 452 M-95) were 

used. The expression of sst2 and 5, AIP and CAM5.2 were analyzed as previously published (60, 73, 111). The tumor presented 

high sst2 and AIP expression and low sst5 expression with a densely granulated pattern. AIP, aryl hydrocarbon receptor-

interacting protein; sst2, somatostatin receptor type 2; sst5, somatostatin receptor type 5; ULN, upper limit of normality.

Downloaded from Bioscientifica.com at 08/27/2022 02:48:02AM
via free access



E
u

ro
p

e
a
n

 J
o

u
rn

a
l 
o

f 
E
n

d
o

cr
in

o
lo

g
y
178:3 R95Review L Kasuki and others Personalized treatment of 

acromegaly

www.eje-online.org

In addition, the standardization of the interpretation of 

biomarker expression at different centers throughout the 

world would facilitate data analysis and the proposal of 

treatment algorithms based on biomarker expression; 

therefore, standardization is an essential step in the 

shift toward personalized medicine for the treatment 

of acromegaly. To this end, it is important to determine 

reference centers around the world that are willing to 

use the same standardized methodology to analyze the 

different biomarkers. These centers must have appropriate 

facilities for IHC and molecular biology analysis and 

trained personal dedicated to these time-consuming and 

difficult analyses.

In some patients, surgery is not indicated or cannot 

be performed (3). In these patients, primary medical 

treatment should be started; however, as no tumor sample 

is available, the analysis of some important biomarkers 

is not possible. However, in patients with some tumor 

types, such as breast and lung cancer, the expression of 

circulating microRNAs (miRNAs) has been described as 

a biomarker (liquid biopsy) of disease progression and 

treatment response (109). A previous study described that 

miRNAs can be secreted by tumor cells in the circulation 

inside lipid vesicles called exosomes (109). They are 

small vesicles (30–100 nm) that have been identified 

in many human fluids, such as saliva and urine plasma 

(109). Some miRNAs have been previously described to 

be differentially expressed in somatotropinomas and are 

related to clinical, tumor and therapeutic outcomes (83, 

110, 111, 112, 113). Our group previously found that  

miR-34a expression is inversely correlated with the 

response to fg-SRL (83). Considering that the expression 

of plasma miRNAs has already been described in other 

tumors, it is possible that in the future, the analysis of 

circulating miRNAs could provide biomarkers of response 

to medical treatment in acromegaly, even in those patients 

who have not undergone surgery.

Conclusion

There are many options available for the treatment of 

acromegaly, but currently, its treatment is still based 

on a trial-and-error approach. With the description 

of biomarkers of treatment outcome, it is possible to 

categorize patients into different groups, which allows the 

implementation of targeted treatment. This shift toward 

personalized medicine allows increased treatment efficacy 

with more rapid disease control and cost reduction.
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Figure 3 

Slides showing the protein expression of sst2, sst5, AIP and the granulation pattern, analyzed by immunohistochemistry, and the 

evolution of GH and IGF-I levels throughout the treatment of patient 2. Rabbit monoclonal antibodies directed against sst2 and 

sst5 (Abcam, cat. number ab 134152 and ab 109495, respectively) and mouse monoclonal antibodies directed against AIP (Novus 

Biological, cat. number NB100-127) and CAM5.2 (Cell Marque, cat. number 452 M-95) were used. The expression of sst2 and 5, 

AIP and CAM5.2 were analyzed as previously published (60, 73, 111). The tumor presented low sst2 and AIP expression and high 

sst5 expression with a sparsely granulated pattern. AIP, aryl hydrocarbon receptor-interacting protein; sst2, somatostatin receptor 

type 2; sst5, somatostatin receptor type 5; ULN, upper limit of normality.
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