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Introduction
Acromegaly is a rare chronic disease caused by the excessive 
production of growth hormone (GH) and insulin-like 
growth factor-1 (IGF-1), usually stemming from a pituitary 
adenoma.1,2 Acromegaly leads to abnormal growth of bones 
and soft tissues and disrupts glucose metabolism, increasing 
the risk factors of cardiovascular disease and ultimately 
impacting mortality rates. Common clinical manifestations 
of acromegaly include changes in appearance, headaches, 
joint discomfort, cardiovascular complications, axial 
spondyloarthritis, and a heightened risk of thyroid 
nodules and colon polyps. In childhood and adolescence, 
GH overproduction prior to the closure of the epiphyseal 
plate results in gigantism, characterized by an unusually 
tall stature. The estimated prevalence of acromegaly ranges 
from 28 to 137 cases per million individuals.3,4 Numerous 
previous studies have consistently shown that females are 
slightly more (1:1.24) affected by acromegaly than males, 

and the typical age of diagnosis occurs during the fifth 
decade of life.5 Less than 5% of patients experience excess 
GH due to the secretion of growth hormone-releasing 
hormone (GHRH) from a neuroendocrine tumor or a 
hypothalamic tumor. Approximately 5% of acromegaly 
cases result from a genetic mutation; with the most common 
mutations involving G-protein receptor 101 (GPR101) or 
Aryl Hydrocarbon Receptor-Interacting Protein (AIP). The 
prevalence of genetic diversity may be notably higher in 
younger individuals or directly accompanied by endocrine 
dysfunction such as multiple endocrine neoplasia type 1 
and 4, as well as Carney complex.6 

GH circulates in the bloodstream and is partially attached 
to GH-binding proteins (GHBPs). The primary carrier 
is the high-affinity GHBP, which binds to the soluble 
ectodomain of the GH receptor (GHR). GH stimulates 
the liver, bone, fat, and muscle to produce IGF-1, and it 
mediates the physiological and metabolic effects of GH. 
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Abstract
Acromegaly is a rare and 
heterogeneous endocrine 
disorder primarily caused by 
growth hormone-secreting 
p i tu i ta ry  adenomas. 
A l t h o u g h  c u r r e n t 
therapeutic approaches, 
including surgery, medical 
therapies, and recently 
approved drugs, have 
significantly improved 
disease management, a 
considerable proportion of 
patients continue to exhibit 
persistent disease activity or treatment resistance. Therefore, the development of innovative 
therapeutic strategies remains essential, including new drug formulations and novel agents 
currently under investigation. Advances in pharmacological technologies have enhanced the 
efficacy and safety of acromegaly treatments. Moreover, identification of genetic alterations may 
facilitate early diagnosis, targeted screening, and risk assessment among affected families. Recent 
research has highlighted the important role of microRNAs (miRNAs) in acromegaly, particularly 
in regulating genes involved in pituitary tumorigenesis and resistance to treatment, especially 
resistance to first-generation somatostatin receptor ligands.
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Excessive GH production leads to the over-secretion of 
IGF-1, resulting in a multisystem disorder characterized by 
excessive physical growth, several morbidities, premature 
mortality, and physical deformity. GH production is also 
regulated by a GH-secreting receptor ligand known as 
ghrelin, which is primarily secreted in the gastrointestinal 
region, particularly in the stomach. Additionally, it is 
produced in the brain and spinal cord (Figure 1). There are 
currently three main approaches to managing acromegaly: 
1) debulking surgery of the pituitary adenoma, 2) drug 
therapy to reduce GH overproduction or GH receptor 
antagonists, and 3) pituitary tumor radiotherapy. While 
radiotherapy is effective in the treatment of acromegaly, it 
is generally considered a third-line treatment after surgery 
and drug treatment, given the high cost and safety of medical 
treatment. The main complication of radiation therapy is 
panhypopituitarism along with potential long-term side 
effects. When surgical and medical interventions fail to 
achieve biochemical control of acromegaly, radiotherapy 
may be recommended.7

Material and Methods
A comprehensive literature search was conducted in four 
databases:

Embase, PubMed/MEDLINE, Scopus, and Web of 
Science for relevant papers published up to August 2024 
that assessed the comprehensive review of the novel 
treatments of Acromegaly

Keywords used and search term combinations as follows:
Acromegaly [Mesh] OR “Acromegaly” [tiab] OR 

“Acromegaly, Insulin-like Growth Factor-1 (IGF-1)” 
[Mesh] OR “Acromegaly, Insulin-like Growth Factor-1 

(IGF-1)” [tiab] OR “ growth hormone” [tiab] OR ” IGF 
1, acromegaly” [Mesh] OR ” IGF 1, acromegaly” [tiab] 
OR “Micro RNA” [tiab] OR “Micro RNA” [Mesh] OR 
“genetic mutation” [tiab] OR “Pituitary Surgery “ [tiab] 
OR “Pituitary Surgery “ [Mesh] AND acromegaly [Mesh] 
OR “somatostatine analogues “[Mesh] OR “somatostatin 
analogues “[Mesh] OR “somatostatin analogues “[tiab] 
AND (Acromegaly comprehences study OR follow-up). 
The literature search was not limited to publication time. 
Only publications published in English were included. 
This review article mainly included observational (cross-
sectional and case-control) as well as experimental (In 
vitro and Preclinical) studies. Studies with insufficient 
information as well as letters and comments were not 
eligible for inclusion in the current study.

Genetic Screening 
One of the most common types of pituitary adenomas is 
acromegaly, which often appears in family members due 
to Aryl Hydrocarbon Receptor Interacting Protein (AIP) 
gene mutations. Genetic screening and providing family 
members with counseling play a pivotal role in ensuring 
accurate and long-term management of this disorder.6 A 
highly advanced next-generation quantitative Polymerase 
chain reaction (PCR) technique, known as droplet-based 
digital PCR (ddPCR), offers the advantages of heightened 
sensitivity, precision, and reproducibility. This portable 
and cost-effective device is utilized for clinical mutation 
detection in blood DNA, particularly for identifying 
GNAS gene mutations and diagnosing McCune–Albright 
Syndrome (MAS).9

Figure 1. Regulation of GH /IGF-1 secretion indicating the sites of action of pharmacological interactions in acromegaly. 8
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Acromegaly Genetic Mutation
GH-producing pituitary adenomas are indicative of both 
constitutional (germline) and somatic mutations that 
contribute to acromegaly and gigantism. 10,11 Germline 
mutations involve genes such as AIP, PRKAR1A, GPR101, 
GNAS, MEN1, CDKN1B, SDH x, and MA. Somatic 
mutations, particularly in the GNAS gene, are found in 
approximately 40% of these tumors. Among familial 
isolated pituitary adenomas (FIPA), around 15–20% are 
related to germline mutations in the AIP gene, while 
mosaicism patients may harbor de novo mutations.1,2 
When the disease begins before epiphyseal fusion, rapid 
growth and an increase in final or tall stature can occur, 
especially in individuals with a genetic predisposition. 
Investigating the family’s medical history and screening for 
signs of associated syndromes can be valuable in identifying 
potential genetic disorders. Many of these genetic tests 
are now being incorporated into gene panels. Next-
generation gene panel sequencing includes genes such as 
AIP, CDKN1B, PRKAR1A, MEN1, SDHA, SDHB, SDHC, 
and SDHD, as recommended by reference laboratories.12,13 
The detection of genetic mutations allows for appropriate 
screening for comorbidities and defining the condition in 
family members before clinical manifestations appear.14

Furthermore, one of the crucial genes linked to tumor 
progression is the vitamin D receptor (VDR) gene, 
including variants like TaqI, ApaI, and BsmI, which have 
associations with acromegaly, osteoporotic fractures, 
and trabecular bone score (TBS). TBS is a valuable tool 
for predicting fracture risk in acromegaly patients.5,15 In 
the diagnosis of acromegaly, physical and biochemical 
analyses, along with genetic tests and molecular methods, 
hold significant importance, particularly in cases associated 
with gene mutations as shown in Table 1. 

Involvement of MicroRNA in acromegaly
Investigations have unveiled a spectrum of miRNAs 
implicated in somatotropinomas tumorigenesis, actively 
engaging in crucial signaling pathways and exhibiting 
correlations with tumor proliferation, invasion, and size 
(Table 2).31

Extensive research has explored the molecular 
mechanisms underlying diseases, with particular emphasis 
on RNA-related abnormalities and the crucial role of 
microRNAs (miRNAs). miRNAs are small non-coding RNA 
molecules that play a crucial role in post-transcriptional 
gene regulation and have been linked to the pathogenesis of 
various diseases, including Acromegaly. miRNAs comprise 
a class of short non-coding RNAs that are critically involved 
in the gene regulation of the pathogenesis of different 
diseases, including Acromegaly. 31,37

Treatments for Acromegaly
Surgical Treatment
According to the Endocrine Society guidelines, surgery is 
considered the primary treatment for acromegaly. There 
are two main surgical methods for treating pituitary tumors 
in acromegaly: transsphenoidal surgery and transcranial 

surgery. The primary surgical approach is transsphenoidal 
surgery, which is considered safe and cost-effective. The 
objectives of surgery include normalizing GH and IGF-
1 levels, preserving pituitary function, and reducing the 
tumor’s mass effect. Recent advancements in surgical 
techniques and technology have provided new options 
and variations of established procedures. In this section of 
article we describe the technical progress that has emerged 
and been explored since transsphenoidal microsurgery 
became the preferred operative treatment for pituitary 
adenomas leading to acromegaly.38,39

Endoscopy 
Endoscopy, which involves using a lens and light source, 
offers a broader field of vision compared to traditional 
microsurgery and eliminates the need for a direct line 
of sight. The advantages of endoscopy include avoiding 
the need for nasal speculums, mucosal dissections, and 
postoperative nasal tampons. Surgical instruments are 
introduced through the nasal cavities, and a collaborative 
effort between two surgeons is common. The techniques 
used with endoscopy closely resemble those of microsurgery. 
While endoscopy offers advantages, it may result in longer 
operation times, require larger surgical teams, exhibit 
higher complication rates, and involve more tissue damage 
compared to microsurgery. However, it remains a valuable 
tool, offering a wide field of view for extended approaches 
to certain lesions, particularly in expert centers. Overall, the 
choice between endoscopy and microsurgery may depend 
on factors like the surgeon’s experience and the specific 
characteristics of the tumor.40,4

Intraoperative Magnetic Resonance Imaging
Surgeons traditionally estimate tumor resection during 
the procedure based on their skills and anatomical 
knowledge. However, since 1994, intraoperative MRI 
systems with excellent soft tissue contrast have been 
introduced for clinical use. These systems vary in magnet 
strength, affecting scanning time and image quality, and 
have different constructional setups. Typically, at least 
two imaging procedures are performed during surgery: 
before resection and at the end of resection to confirm the 
extent of tumor removal. Intraoperative MRI may prolong 
anesthesia time based on the quantity of acquired images 
and the cost involved in performing the procedure. The 
authors utilize a dataset of T2-weighted turbo spin-echo 
(TSE) images, both coronal and sagittal, before and after 
transsphenoidal surgery. These images provide exact and 
quick visualization of important anatomical landmarks, 
critical structures, cystic components, and help differentiate 
residual tumors from hematomas in the resection cavity. 
Intraoperative MRI provides valuable real-time feedback 
for surgeons and serves as quality control for pituitary 
surgery. High-field systems offer better image resolution 
in less time but require substantial investments. Despite 
advanced intraoperative MRI visualization, respectability 
still depends on tumor characteristics, location, and 
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extension.19,20

Neuronavigation
Neuronavigation is increasingly used in cranial and 
spinal neurosurgery, providing real-time guidance 
during minimally invasive procedures. Initially, image 
intensifiers were used, but these had limitations, including 
radiation exposure. Computerized tomography (CT) and 
magnetic resonance imaging (MRI) data sets are now 
used to enhance surgical information. Fiducials on the 
patient’s head help align these images with the surgical 
field. Neuronavigation systems transfer virtual imaging 
data to the operative field, allowing surgeons to visualize 
critical structures. While generally useful for complex 
cases, they may not be necessary in high-volume centers. 
Pointer-based and advanced systems superimpose crucial 
structures onto the surgical field, such as carotid artery 
courses and tumor boundaries. However, these systems rely 

on preoperative data. Navigation systems have expanded 
the range of operable lesions via the transsphenoidal route, 
enabling surgery on complex cases previously considered 
untouchable. Neuronavigation benefits both microsurgery 
and endoscopic pituitary surgery, broadening the scope of 
operable lesions with minimal morbidity.42,43

Doppler probes
Doppler probes are valuable for locating the carotid 
artery, which can be close to tumor margins, preventing 
potential life-threatening arterial bleeding, a concern for 
transsphenoidal surgeons. Dusick et al. employed a Doppler 
probe to locate and safeguard the carotid artery; a technique 
widely used in aneurysm surgery. While specific data for 
acromegalic patients is lacking, this approach is generally 
recommended for its accessibility and enhanced safety 
during the procedure. Despite a lack of objective outcome 
data, the microvascular Doppler system has contributed to 

Table 1. Genetic Mutations, Diagnosis and Type of Treatment

Gene Mutations Related to Acromegaly and 
Gigantism

Genetic Diagnosis Therapy

Germline Mutations GH 
Excess as an Isolated 
Pituitary Adenoma,28- 

32,16,17

Aryl Hydrocarbon 
Receptor-Interacting 
Protein (AIP)

AIP

Sequencing of Tumor Suppressor 
Genes.
1 MLPA
MRI
Elevated GH levels
No Difference (IGF-1) & Prolactin

Radiotherapy and Reoperation if Needed,
Octreotide
Pasireotide

FIPA:
de novo Mutations 
in Patients with 
Mosaicism18,19

X-Linked 
Acrogigantism
(XLAG)

GRP101 Gene 
Mutation X 26.3

Genetic Testing
Copy Number Variation
ddPCR for GPR101

The treatment is challenging.
Neurosurgery, Radiotherapy,
Total Hypophysectomy. 
Somatostatin Analogues or Dopamine 
Agonists

Multiple Endocrine Neoplasia
Type 1 and Type 4 (MEN1 & MEN4)20,21

MEN1 Gene 
Mutation, 11q13,

Noncancerous Tumor of Parathyroid
2 PNETs
the Existence of One Typical MEN1 
Tumor

Neurosurgery,
MEN1 Gene Replacement, by Adenoviral 
Vectors, Monoclonal Antibody to the Vascular 
Endothelial Growth Factor (VEGF-A), that 
Prevents Angiogenesis

McCune–Albright Syndrome (MAS)22,23 GNAS gene 
Mutation 20 q 13.3

Physical & Biochemical Analysis,
Sanger sequencing,
and dd PCR
from total blood

Somatostatin Pegvisomant Octreotide or 
lanreotide Pasireotide If simultaneous 
Hyperprolactinaemia arises, a Dopamine 
Agonist should be Prescribed. In Patients 
Resistant to Drug, Pituitary Surgery
Should be Performed

Acromegaly in CNC 24,25

PRKAR1A Mutation 
17 q 22-24 4 PKA 
Mutation, such as 
PRKACB.

Molecular Methods such as Sanger 
Sequencing. Clinical diagnosis: 
Characteristics include Cutaneous 
lesions, and Benign Tumor in 
the Heart, PPNAD, Testicular 
Calcification, Hypoechoic Thyroid 
Nodules, Breast - Ductal Adenoma,3 
PMS Blue Nevus, and Bone Tumor.

Surgery with 5 SSA.
SSA would be helpful. Because of Over 
Activation of cAMP Signalling in these 
Patients.

Pituitary Adenoma Association (3Pa)—SDHx/
MAX Mutations and Phaeochromocytoma/ 
Paraganglioma (PPGL) 26,27

3Pa: (6 SDH) x Gene 
Mutation:
SDHA, -B, -C, -D or 
SDHA2F. Prevents 
Degradation of 7 

HIFα

Sequencing Surgery with SSA

Syndromic Disease 
Associated with 
Germline Mutations 
and GH Excess without 
Visible Pituitary Tumor/
Pituitary Hyperplasia 28-30

Neurofibromatosis 
Type 1 (NF1)

NF1 Gene Mutation 
17q11.2.

Clinical Diagnostic Signs:
8 CNF
Skin Lesions
Freckling,
and Brain Tumors.

SSA
and Pegvisomant

Deficiency of the 
Immunoglobulin 
Superfamily 
Member 1 (IGSF1)

IGSF1 Gene 
Mutation
Xq26.1

hypothyroidism, hypoprolactinaemia 
macroorchidism.
Adult patients (52.4%) present facial 
expression. but Giant stature does 
not happen.IGF-1 level increases 

The treatment is challenging

1 MLPA: Multiple Ligation Probe Amplification; 2 PNET: Pancreatic Neuroendocrine Tumor; 3 PMS: Psammomatous Melanotic Schwannomas; 4 PKA: Protein kinase 
A; 5 SSA: Somatostatin analogues; 6 SDH: Succinate Dehydrogenase; 7 HIF: hypoxia transcription factor; 8 CNF: Cutaneous Neurofibroma
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reducing carotid artery injuries during surgery.44,45

Intraoperative GH Measurements
Intraoperative GH measurements have been explored 
to improve acromegaly surgery outcomes. The concept 
is straightforward: complete tumor removal should 
eliminate GH secretion, leading to GH levels dropping 
within 10 half-life periods. While some studies, like Abe 
and Lüdecke’s, reported success with intraoperative GH 
measurements, others, such as Valdemarsson et al, were 
more critical, suggesting caution in interpreting GH half-
life measurements. Otani et al. found significance in GH 
levels 20 minutes after tumor removal regarding remission. 
However, this approach faces technical and organizational 
challenges, including the need for rapid intraoperative GH 
assessment and mathematical models for prediction. As a 
result, it hasn’t become a routine practice in surgery.42,44,45

Medical treatment
There are three medical treatment classes for acromegaly: 
Somatostatin Receptor ligands (SRLs), dopamine agonists, 
and GH receptor antagonists (Table 3).43 

Somatostatin Receptor Ligands
Somatostatin receptor ligands (SRLs) are the most 
commonly prescribed treatment for acromegaly, with 
three available drugs divided into two generations. The 
first generation (FG-SRLs), including octreotide long-
acting release (OCT-LAR) and lanreotide autogel, is 
considered first-line therapy. These drugs effectively 
control GH and IGF-I levels in about 30-40% of patients. 

Patients well-controlled on low-dose FG-SRLs can 
consider extended dosing intervals while maintaining 
disease control. Pasireotide (PAS), a second-generation 
SRL, binds to SST 1, 2, 3, and mainly 5 (Figure 2). PAS has 
demonstrated superior clinical outcomes were observed 
relative to FG-SRLs in both newly treated patients and 
those with suboptimal responses to FG-SRL therapy. In 
a real-life study, IGF-I normalization was achieved in 
54% of acromegaly patients not controlled with FG-SRLs. 
However, PAS may lead to worsened glucose homeostasis, 
which is a less common side effect with FG-SRLs.21,48

miRNAs Associated with the response to FG-SRL 
MiRNAs are critically involved in post-transcriptional 
regulation, primarily serving as significant suppressors 
of protein translation. Identifying reliable predictors for 
the response to FG-SRL treatment in acromegaly has been 
a topic of extensive discussion. Noteworthy biomarkers 
for predicting response include miR-181a-5p, miR-181b-
5p, miR-125a-5p, miR-524-5p, and miR-886-5p, which 
indicate positive response, while miR-383-5p is indicative 
of unresponsiveness. These miRNAs can be utilized 
individually or integrated into prediction models to 
enhance clinical decision-making.52,31 SST2 stands out as a 
critical predictor of response to FG-SRL, with its expression 
being essential for favorable outcomes in primary medical 
treatment. MiRNAs that modulate SST2 expression can 
influence the response to FG-SRL. Specifically, miR-185 
has been found to regulate SST2 in vitro by binding to the 
3612-3619 position of SST2 3’ UTR region. Interestingly, 
miR-185 is upregulated in non-responders in vivo, though 

Table 2. The miRNA profiles associated with Acromegaly

Samples Analysis Methods
miRNA expression 
downregulated

miRNA expression 
upregulated

Description Pathways/Proteins

miR-126 32 The Affymetrix Genechip 
miRNA 4.0 array

downregulated Proliferation Invasion PTTG

miR-381 32 The Affymetrix Genechip 
miRNA 4.0 array

downregulated Proliferation Invasion PTTG

miR-338-3p32 The Affymetrix Genechip 
miRNA 4.0 array

upregulated proliferation Invasion PTTG

miR-26b33 miRCURY™ LNA array downregulated Tumor size PTEN/PI3K/AKT/mTOR

miR-12833 miRCURY™ LNA array upregulated Invasion PTEN/PI3K/AKT/mTOR

miR-50334 miRCURY™ LNA array downregulated Differentiation, proliferation EMT

miR-525-5p34 miRCURY™ LNA array upregulated Proliferation, invasion, migration EMT

miR-34b 35 miRNACHIP microarray downregulated Proliferation HMGA1/2 Human 35

miR- 548c-3p35 miRNACHIP microarray downregulated Proliferation HMGA1/2

miR-34b 35 miRNACHIP microarray downregulated Proliferation HMGA1/2

miR-32635 miRNACHIP microarray downregulated Proliferation HMGA1/2

miR-43235 miRNACHIP microarray downregulated Proliferation HMGA1/2

miR-548c-3p35 miRNACHIP microarray downregulated Proliferation HMGA1/2

miR-570 35 miRNACHIP microarray downregulated Proliferation HMGA1/2

miR-326 35 miRNACHIP microarray downregulated Proliferation E2F1

miR-603 35 miRNACHIP microarray downregulated Proliferation E2F1

miR-16-1 36 Northern blotting downregulated Inverse correlation with tumor size RARS m/p43

miR-15a 36 Northern blotting downregulated Inverse correlation with tumor size RARS m/p43

Mir503 34 miRCURY™ LNA array downregulated Differentiation proliferation FGF2
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no direct correlation with SST2 was identified in vivo.53, 
54 The response of tumors to FG-SRL varies based on the 
level of miR-34a. However, complementary data by Bogner 
et al. suggest that AIP regulates miR-34a expression. This 
miRNA targets the alpha subunit of the G inhibitory 
protein (Gαi2) from SST2, leading to a diminished response 
to FG-SRL. Subsequent investigations are necessary to 
establish the utility of miRNAs as a valuable instrument 
in the pharmacological treatment of acromegaly.19,31

Dopamine Agonists 
Dopamine agonists, for instance cabergoline, are restricted 
effectiveness in acromegaly and are typically used as 
supplementary therapy for cases with mildly elevated IGF-I 
levels (< 2.5 × threshold of the normal range). Long-term 
disease control is achieved in only 18% of patients when 
used as monotherapy.44

GH Receptor Antagonists
Pegvisomant (PEGV) is a GH receptor antagonist that 

prevents the action of GH in the body. It is often used 
when other treatments are not effective in controlling GH 
and IGF-1 levels.2 Pegvisomant, a selective GH receptor 
antagonist, is commonly managed as a second-line 
treatment option. Clinical trials have shown it can achieve 
biochemical control rates of 90% or higher, while real-life 
usage indicates approximately 70% control rates. 43,49

Combination Therapies
Monotherapy alone often falls short of achieving 
comprehensive biochemical control in a significant 
portion of clinical patients. Consequently, the utilization 
of combined drug therapies becomes imperative to enhance 
clinical outcomes. In instances where patients exhibit only 
partial responses, the advantage of combined medical 
treatments becomes evident in their ability to mitigate the 
side effects associated with higher individual medication 
dosages. This is achieved by reducing the frequency of 
injections and/or the total drug dosage required.55 The 
combinations employed in the treatment of acromegaly 

Table 3. Medical treatment for Acromegaly.

Drugs Action Mechanism Direction
Side Effect/
Favorable Effect

FG-SRLs
Octreotide LAR 46

Somatostatin receptor 
ligand

Intramuscular Injection
10–30 mg every Month Gastro-Intestinal Side Effects

Reduced Quality of Life
FG- SRL
Lanreotide Autogel 46

Somatostatin receptor 
ligand

Subcutaneous (SC) Injection, 60–120 
mg every Month

Octreotide47 Somatostatin receptor 
ligand

Oral Capsules (Daily)
Succeeded IGF-1 and GH Normalization
During the Follow up

Octreotide
(CAM2029)
(New formulations of FG-SRLs) 
6,14,48

Somatostatin receptor 
ligand

SC Injection depot 10–20 mg 
Monthly

Optimal biochemical IGF-1 and GH control

a prolonged release formulation 
(PRF) of lanreotide

somatostatin analogue SC injection
GH and IGF-1 remained 
constant during the study

Second Generation SRL 49 Pasireotide
(PAS)

SC Injection
Optimal Disease Control and Tumor Shrinkage in 
Comparison with FG-SRLs

Combination Therapy 50 PAS-LAR
40–60 mg
Every Month

Good Biochemical Control Disappearance of 
Headaches Tumor Shrinkage

Figure 2. Cell surface receptors as molecular targets and drugs action mechanism Redrawn from Labadzhyan et al. 51

https://www.powerthesaurus.org/in_comparison_with/synonyms
https://www.powerthesaurus.org/in_comparison_with/synonyms
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encompass FG-SRLs + Cabergoline, which enables disease 
control was attained in about 23% of patients, and FG-SRLs 
+PEGV and PEGV+ cabergoline, yielding disease control 
rates akin to PEGV monotherapy while bestowing further 
clinical effects in terms of tumor action and allowing for 
reduced PEGV doses.43,49 In some cases, patients may not 
respond adequately to first-generation SRLs, leading to the 
consideration of second-generation SRL(Figure 3). 

Other drug therapies 
Beyond the previously discussed three categories of drugs 
employed in acromegaly treatment, there exist other medical 
therapies reserved for specific circumstances. Among these, 
oral estrogens and selective estrogen receptor modulators 
(SERMs) demonstrate the capacity to reduce IGF-I levels by 
controlling GH responsiveness. They achieve this through 
induction of SOCS2 expression, which in turn negatively 
regulates the GHR–JAK2–STAT5 signaling cascade. This 
phenomenon, often referred to as the “first-pass effect,” 
may be observed in acromegaly patients when these 
medications are utilized either alone or in conjunction with 
an SRL or cabergoline. Temozolomide, on the other hand, 
is an alkylating agent known for inducing DNA damage, 
ultimately leading to the demise of tumor cells.49,57 It serves 
as a form of chemotherapy reserved for aggressive pituitary 
tumors and pituitary carcinomas that do not respond to 
the aforementioned standard therapeutic approaches.43,57

Radiotherapy
Radiation therapy (RT) is typically classified as a 
third-line treatment option, primarily employed as an 
adjunct treatment for patients dealing with aggressive 
tumors that have not responded to surgical and medical 
interventions.58,59

Conventional (2D) Radiation Therapy
Conventional radiotherapy (CRT) is the most frequent 
form of radiotherapy utilized. It often needs the use of 
posterior and anterior rays.56 CRT is performed at a 40-
45Gy dose supplied at a minimum of 20 courses. Although 
CRT provides durable control of tumor size and finally 
leads to optimal biochemical control of GH/IGF1., it has 
side effects such as hypopituitarism in 30–80% of patients, 
cerebrovascular deficit, and cranial nerve dysfunction. In 
recent times, developments in imaging and computer 
related designs have made progress in modern radio 
therapeutic approaches to enhance local control rates and 
decrease radiation-induced problems.60,61

Gamma knife Radiosurgery
Gamma knife radiosurgery (GKS) is an effective treatment 
option for recurrent condition in acromegaly patients. 
This approach has minimal side effects, ensures endocrine 
control, and increases the remission rate. In a study by Anne 
Balossier et al, the results indicated that IGF-1 levels were 
normal at 3 years (65%) and 4 years (72.4%), with 52.4% 
of patients achieving complete biochemical remission, a 
rate that remained consistent throughout the follow-up 

period (62.5 months).61,17 Multiple studies support the 
effectiveness and safety of Gamma Knife surgery for GH-
secreting pituitary adenomas.62,63 

Modern Stereotactic Radiation Therapy 
Stereotactic techniques include fractionated stereotactic 
radiotherapy (FSRT) and stereotactic radiosurgery (SRS). 
SRS is typically reserved for tumors smaller than 3cm in 
size and situated at a distance of more than 3mm from 
critical optic structures. On the other hand, FSRT is often 
employed in the treatment of large pituitary tumors that 
have encroached upon or are directly involving the optic 
nerve.58 These techniques deliver precise, high doses of 
radiation to specific regions of the tumor, minimizing 
irradiation to surrounding brain tissue and reducing the 
risk of subsequent damage. Stereotactic radiosurgery can 
be performed using protons or photons, and it is available 
through technologies like the Gamma Knife (GK), 
CyberKnife (CK), and medical linear accelerator (LINAC). 
GK and CK are surgical approaches used in the treatment of 
acromegaly patients. LINAC operates in three dimensions 
and employs X-rays generated from atomic and electron 
collisions with a metal target. Therapy is administered 
through various arcs or beams shaped with multileaf 
collimation.64,65 Several comparative studies have explored 
the efficacy of different treatment modalities SRS, CRT, and 
FSRT in managing acromegaly. Stereotactic radiosurgery 
has now emerged as a pivotal therapeutic approach and 
demonstrates both effectiveness and safety for patients 
dealing with acromegaly, especially those who have 
undergone non-curative surgery or insufficient response 
to treatment or tolerated pharmaceutical interventions.58

Novel therapy 
The current clinical management of acromegaly falls short 
of being considered ideal. This is because not all patients 
attain the desired level of biochemical control, and adverse 
events can be particularly severe in certain individuals, 

Figure 3. A proposed algorithm for the treatment of acromegaly in patients 
who show low response to FG-SRLs.56
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resulting in intolerance and restricted use of available 
treatments. Furthermore, with the exception of dopamine 
agonists (DA), all commonly used medications necessitate 
regular injections, which can potentially diminish the 
quality of life for patients. There has been a surge of interest 
in exploring novel therapies through preclinical and clinical 
trials. 43 These innovations include not only entirely new 
therapeutic agents but also novel SRLs featuring different 
modes of administration or innovative combinations of 
currently available drugs (Table 4). 

New Combination of Drugs Already Approved
Pasireotide and Pegvisomant
PAS and pegvisomant (PEGV) are two highly effective 
drugs used in acromegaly treatment, but their combined 
use has been relatively underexplored. This combination 
offers potential benefits such as reducing the PEGV dosage, 
leading to cost savings, minimizing glucose-related issues 
correlated with PAS alone, and achieving biochemical 
control in cases insensitive to standard medical therapies. 
The PAPE study is the sole published trial investigating 
the efficacy and safety of PAS either alone or as part of 
combination therapy with PEGV. Hyperglycemia was 
the most frequently reported adverse event throughout 
the study, with a frequency of diabetes mellitus (DM) 
increasing from 68.9% at 6 months to 77% at one year. A 
recent study demonstrated the effectiveness of combining 
PAS and PEGV in controlling acromegaly in six patient’s 
resistant to conventional treatments. These patients had 
undergone pituitary neurosurgery and were treated with 
various medications, including PAS and PEGV. Despite 

initial challenges, biochemical control of acromegaly was 
achieved in all six patients under combination therapy, and 
adverse effects on glycemic control were managed through 
insulin therapy adjustments and dietary changes. The 
results emphasize the concept of personalized treatment 
and the potential for combining medications to control 
the disease.43

New class of drugs
Novel therapeutic agents may improve the management of 
acromegaly, especially in cases where traditional therapies 
may not be fully effective. 

Octreotide capsule
In preclinical studies, use of an octreotide capsule with 
TPE (Technology of Peptide Encapsulation) showed 
similar pharmacokinetic profiles to subcutaneous (SC) 
injection, effectively suppressing GH levels. The capsule 
demonstrated intestinal permeability in rat models, with 
the best absorption for smaller dextrans coupled with 
TPE. A phase 1 study in healthy subjects revealed dose-
dependent oral administration and comparable effects to 
injection, with delayed onset but sustained suppression of 
GH levels. Food intake and proton pump inhibitors affected 
capsule absorption. A phase 3 study in acromegaly patients 
showed sustained biochemical control with oral octreotide, 
especially in those with good baseline control on injectable 
drugs. Clinical symptoms also improved, and adverse 
effects were mostly mild to moderate gastrointestinal, 
neurological, and musculoskeletal symptoms.43

Table 4. Novel Drugs in the Treatment of Acromegaly

Drugs Action Mechanism
Clinical Trial 
Phase

Direction
Side Effect/
Favorable Effect

PAS- PEGV50,43

Somatostatin 
receptor ligand + GHR 
antagonist

Phase 4
Pasireotide 60 mg IM 
Monthly + Pegvisomant 
21-78 mg SC weekly

Good Biochemical Control/ Hyperglycemia, new-
onset diabetes, gastrointestinal, headache, arthralgia 
myalgia, fatigue

ATL110343

Antisense 
oligonucleotide 
inhibitor of GHR

Phase 2 
completed

200 mg SC weekly
headache, fatigue,gastrointestinal raised liver 
enzymes

ISIS 766720
NCT0354841543,66

Antisense 
oligonucleotide 
inhibitor of GHR

Phase 2 
completed

Single SC doses 28–28 
days (dosage not available)

Not Available

Mycapssa
(Octreotide)6,14,48

Somatostatin receptor 
ligand
(SSRL)

Phase 3 
completed 
(recently FDA 
approved

Oral
20–40 mig bid

Trials are still ongoing, results are not available

Lanreotide
PRF6,14,48

Somatostatin 
receptor 
ligand
(SSTR2 & SSTR5)

Phase 2 
completed

SC Injection
180–360 mg every 3 Months

Not Available

Debio 4126 
(Octreotide)

somatostatin analogue​ 
therapy
(SSA3)

Phase 1 (ongoing)
Intramuscular Injection
once every 4 weeks to once 
every 12 weeks

Not Available

Paltusotine
NCT03789656
NCT03792555
NCT0426171222,28

Somatostatin 
receptor 2 
biased agonist

Phase 3 (ongoing)
Oral
5– 60 mg (daily)

Adverse effects were minor and similar to other SRLs

Somatropin 
3,12,11,26,10,25,34

binds to the human 
growth hormone 
receptor

Phase 2 
completed

SC Injection

Trials are still ongoing, results are not availableONO-5788
(SST2) 14,48 (SSRL) Phase 1 (ongoing) Oral

ONO-ST-46814 SSRL Phase 1 (ongoing) Oral
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Somatostatin receptor 2 biased agonist
Somatostatin receptor ligands (SRLs) represent a significant 
advancement in the medical treatment of acromegaly.19-21 
Paltusotine, formerly known as CRN00808, is an emerging 
treatment for a medical condition. It is an oral, selective, 
nonpeptide agonist that targets somatostatin receptor 2 
(SST2) (Figure 2). Biased agonism refers to its ability to 
activate a specific subset of a receptor’s signaling pathways, 
distinct from other ligands. A phase 1 clinical trial in 
2018 involving 99 healthy volunteers evaluated its safety, 
pharmacokinetics, pharmacodynamics, and potential 
interactions with midazolam. The drug was well absorbed 
and exhibited a half-life of 42–50 hours, supporting once-
daily dosing. Stable levels were achieved in 3-5 days. Taking 
the drug with food significantly reduced systemic exposure. 
GH and IGF-I secretion decreased in a dose-dependent 
manner after oral administration, with the most significant 
suppression observed at a 10 mg dose. Co-administration 
with midazolam showed no significant pharmacokinetic 
changes, suggesting a low risk of interaction. Adverse 
events were generally mild and consistent with known side 
effects of similar treatments. Paltusotine is currently being 
assessed in a phase 3 clinical trial involving acromegaly 
patients who were previously controlled with first-
generation SRLs, focusing on both safety and efficacy. 
Results from this trial are expected in 2023 (ClinicalTrials.
gov Identifier: NCT04837040). The development of various 
formulations has expanded innovative possibilities for 
tailoring treatment to individual patient conditions.16,40,67

Antisense Oligonucleotide
ATL1103
A novel type of medication known as antisense 
oligonucleotides is gaining attention. These are synthetic 
single-stranded sequences of nucleotides designed to 
target specific mRNA molecules, ultimately halting gene 
transcription and protein synthesis. ATL1103 blocks the 
expression of GHR, consequently reducing IGF-I levels. 
This drug features a unique structure composed of a 
20-nucleotide DNA core featuring a phosphorothioate 
backbone and 2′-O-methoxyethyl modifications at its ends, 
ATL1103 hybridizes with GHR mRNA and triggers RNase 
H–mediated degradation of the complex structure, leading 
to the degradation of GHR mRNA and the prevention of 
gene transcription. Additional research using higher doses 
and extended treatment durations are necessary to explore 
the full potential of this innovative approach.43

ISIS 766720
Two clinical trials are currently in the recruitment phase, 
both involving an antisense inhibitor of GHR. The first trial 
aimed at evaluating the safety, tolerability, and effectiveness 
of ISIS 766720 (IONIS-GHRLRx). The drug is administered 
once every 28 days over a 16-week period in 60 patients 
with acromegaly receiving first-generation somatostatin 
receptor ligands (FG-SRLs). Eligible participants are 
required to be on stable maximal or maximally tolerated 
FG-SRL doses and to have serum IGF-I levels between 1.3 

and 5 times the age- and sex-adjusted upper limit of normal 
at screening (ClinicalTrials.gov identifier: NCT03548415). 
A separate open-label extension study includes the same 
60 participants, who continue treatment at the previously 
assigned dose for an additional 53 weeks. (ClinicalTrials.
gov Identifier: NCT03967249). Some biomarkers, such 
as SST2 expression, have been described in the literature, 
indicating a higher likelihood of disease control in patients 
with high expression of this biomarker. Additional 
biomarkers include tumor intensity on MRI, baseline IGF-I 
concentrations, patient age, and body weight. Although 
additional molecular and histopathological markers 
have been proposed, their clinical utility remains limited 
due to the lack of standardized assessment methods and 
validated reference ranges.43,66 Despite the identification 
of several biomarkers associated with treatment response 
in acromegaly, further refinement, validation, and 
standardization are needed before they can be routinely 
incorporated into clinical practice., particularly in 
conducting larger studies with rigorous methods to analyze 
these biomarkers for practical clinical application.31 There 
are some tests to predict the response to PAS in patients 
with acromegaly: 

Imaging Markers to Predict the Response to Pasireotide
The T2-weighted MRI signal is a valuable indicator of 
the expected response of somatotropinomas to both first-
generation somatostatin receptor ligands (FG-SRLs) and 
PAS. Specifically, a dense granular (DG) somatotropinoma 
pattern typically exhibits a hypointense T2-weighted signal 
and is responsive to SRLs, whereas a sparse granulation 
pattern does not respond as effectively. Moreover, MRI 
can be equally useful in predicting the response to FG-SRLs 
following unsuccessful surgery and should consistently 
be considered as a biomarker of treatment response. 
Patients with a T2 hypointense signal tend to experience a 
reduction in IGF-1 levels six months after starting FG-SRL 
treatment. On the other hand, patients with a hyperintense 
T2 signal and those exhibiting high expression of SST5 and 
low expression of SST2, along with a sparse granulation 
(SG) immunohistochemical pattern, have been shown to 
benefit from PAS. Conversely, these patients do not tend 
to respond as favorably to first-generation SRLs. Therefore, 
assessing the T2-weighted signal is highly recommended 
as it provides valuable insights into patients’ treatment 
responses.16 In conclusion, the texture analysis of T2-
weighted images has seen recent advancements and can 
accurately categorize responses to FG-SRLs in over 80% 
of patients. Consequently, further research in this area is 
warranted to continue improving our understanding and 
management of acromegaly. 68

Functional Tests to Predict the Response to Pasireotide
Functional testing is a valuable tool for identifying 
pathological hormonal conditions and assessing individual 
responses to specific drugs like PAS. One such test is the 
acute octreotide test (AOT), which is used to assess the 
therapeutic response to long-acting somatostatin receptor 
ligands (SRLs). The AOT is highly effective in predicting 

http://ClinicalTrials.gov
http://ClinicalTrials.gov
http://ClinicalTrials.gov
http://ClinicalTrials.gov
http://ClinicalTrials.gov
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the long-term outcomes of SRL therapy in patients 
with acromegaly. Importantly, it can accurately identify 
individuals who do not respond well to first-generation 
SRLs, thereby allowing for the optimization of the standard 
sequential drug treatment approach and the introduction of 
alternative medications. This test is not only cost-efficient 
but also practical in clinical settings and can provide 
valuable insights after surgical interventions. 68

Personalized Medicine in Acromegaly Treatment 
The management of acromegaly requires a personalized 
and multimodal approach, combining surgery, medical 
therapies, radiotherapy, and, in specific cases, emerging 
novel drugs. The treatment is intended to restore normal 
levels of GH and IGF-1, control tumor growth, and 
alleviate clinical symptoms. Applying precision medicine 
to acromegaly is promising due to the variety of available 
treatments and emerging biomarkers that can predict drug 
response. This is particularly relevant for first-generation 
somatostatin receptor ligands (fg-SRLs), which remain 
the primary therapy despite 20–25% of patients being 
resistant. Personalized treatment could improve disease 
control by identifying the most effective therapy sooner, 
reduce GH burden, and lower costs by avoiding ineffective 
medications. However, widespread adoption is limited by 
small, heterogeneous studies and inconsistent methods 
for analyzing key biomarkers—especially sst2 expression, 
which varies depending on the techniques and criteria 
used in different studies. Standardizing these methods is 
essential for clinical use.

Despite these challenges, current data support a more 
personalized treatment algorithm. Surgery remains 
the first-line treatment, offering both therapeutic and 
diagnostic benefits by providing tumor tissue for biomarker 
analysis. In cases of surgical failure, biomarkers like sst2, 
sst5, AIP, and DR2, along with biochemical and tumor 
characteristics, can guide medical treatment. Two patient 
cases highlight the importance of biomarker-guided 
therapy. The first, with high sst2 and AIP expression, 
responded well to octreotide. The second, with low sst2 
and AIP but high sst5 expression, showed resistance. 
Knowledge of these profiles beforehand could have enabled 
a better treatment choice, such as using PAS instead of 
octreotide.

In brief, an individualized treatment plan for acromegaly 
should consider tumor size, invasiveness, hormonal 
activity, comorbidities, and patient preferences. Surgical 
resection remains central, complemented by targeted 
medical therapies, radiotherapy, and innovative drug 
options. Biomarkers and functional tests are valuable tools 
for optimizing therapeutic choices and improving long-
term disease management.
Discussion
Advancements in drug formulations have substantially 
enhanced the effectiveness of treatment for acromegaly, 
particularly with the development of extended-release 
formulations and novel drugs. The ongoing progress 

in somatostatin receptor ligands (SRLs) is expanding 
treatment options, offering promising avenues for potential 
new therapies in future clinical practice.

The utilization of modern technology in transsphenoidal 
microsurgery has resulted in modest improvements in 
outcomes while expanding the range of treatable conditions 
and enhancing patient safety during procedures. Despite 
the advancements in novel biochemical tests and imaging 
techniques, substantial gaps still exist in clarifying the 
diagnosis and managing complications associated with 
this condition.41 It should be emphasized that treatment 
decisions are guided by the individual response of 
each patient and the specific characteristics of their 
circumstances. 

Conclusion
Acromegaly represents a life-threatening condition that 
significantly impacts an individual’s quality of life when 
effective biochemical control remains elusive. Although 
existing medical treatments are generally effective and 
relatively safe, a notable proportion of patients still 
struggle to achieve disease management. Consequently, 
the exploration of innovative formulations or the 
combination of approved medications with emerging 
compounds in clinical development promises to usher 
in a new era for these challenging cases. Progress in our 
scientific understanding of pituitary tumor characteristics, 
including growth patterns, gene mutations, and 
immunohistochemically profiles, as well as considerations 
of patient-specific factors such as comorbidities and 
GH/IGF-I levels, will play a pivotal role in identifying 
disease response biomarkers. This, in turn, will enable a 
personalized approach to treatment rather than relying on 
a one-size-fits-all algorithmic strategy.
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