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Acromegaly: current therapies 
benefits and burdens
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Introduction

 � Prevalence 
Acromegaly is caused by the overproduction 

of growth hormone (GH), most often the 
result of a pituitary tumor, or adenoma [1]. 
The estimated disease prevalence is 40 to 125 
per million with an incidence of 3 to 4 per 
million annually [2], generally affecting men 
and women in equal numbers [3]; however, 17-
21% of patients have been reported to be lost 
to treatment follow-up where access to health 
care is universal with up to 88% of these having 
uncontrolled disease [4,5]. 

 � Pathophysiology
Excess GH stimulates insulin-like growth 

factor-1 (IGF-I) production, particularly in the 
liver. Together, excess GH and IGF-1 are largely 
responsible for the clinical characteristics and 
morbidity of the disease [6]. High levels of IGF-
1 increase chondrocyte and osteocyte activity 
causing an overgrowth of bone and cartilage 
leading to acral enlargement, particularly of 
the hands and feet, characteristic coarsening 
of facial features, joint laxity and remodeling 
associated with progressive joint pain and 
arthritis symptoms. 

 � Clinical presentation 
Skin changes, puffiness and edema are 

most prominent in the face, hands and feet. 
Oily skin with large pores, hypertrichosis, 
excessive sweating, hyperpigmentation, skin 
tags and psoriasis may also occur [7,8]. Soft 
tissue growth and bony changes promote the 
development of colon polyps, carpel tunnel 
syndrome, chest wall expansion and airway 
obstruction, often manifesting as shortness of 
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Acromegaly, caused by growth hormone overproduction, is associated with comorbidities causing significant clinical 
dysfunction and high mortality risk. Outcomes are hampered by late diagnosis and poor treatment tolerance and 
adherence. The goal of this paper is to present a scoping review of the benefits and characterize potential burdens of 
current treatments that may limit achieving disease control or treatment continuity. 

Current treatments include transsphenoidal surgery, often followed by the use of synthetic somatostatin analogues or 
growth hormone receptor antagonists. Radiotherapy is considered an adjunct to treatment for nonresponsive patients or 
recurrent tumors. Despite therapeutic benefits the burdens to the patient equate to an estimated one quarter of patients 
discontinuing treatment or that are lost to follow up with up to 88% of these cases having uncontrolled disease. 

Although disease outcomes are improved with early disease identification and prompt treatment, attention to long 
term treatment adherence is critical to outcomes. The most cost effective and efficacious strategies involve a significant 
understanding of the individual patient’s disease and treatment burdens, the patient’s knowledge regarding their disease 
and the full utilization of all health care team resources. Provider awareness of factors impacting follow-up, the application 
of precision medicine and implementation of a team approach that actively involves the patients, nurses, and physicians 
in treatment decisions, location convenient disease monitoring with coordination of treatment for co-morbidities and 
home drug administration are key factors in facilitating long term treatment adherence.
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treatment after surgery [24].  Medical therapy 
with either a mono or a combination therapy is 
used when remission is not achieved surgically. 
Somatostatin analogs are most often used as 
monotherapy while GH receptor antagonists 
and dopamine agonists are usually employed 
in combination therapy.  Radiation treatment 
is usually reserved for resistant GH excess 
but this may also need to be combined with 
other medical therapies to achieve remission  
(TABLE 1).

Precision medicine in acromegaly 
Initiating precision medical therapy based 

on specific biomarkers is becoming an achievable 
option for enhancing outcomes [72]. Detailed 
tumor histology can now provide quantification 
of somatostatin receptor subtype expression; 
describe the ratio of receptor expression; 
identify associated expression of proteins, such 
as AI expression of aryl hydrocarbon-interacting 
protein (AIP), beta arreston-1; quantify the 
percentage of  markers of proliferative activity 
such as Ki-67 antigen and p53 [73]; and 
describe tumor granulation pattern, all of which 
have the potential to provide some guidance in 
predicting a patients response or resistance to a 
specific SSA, identifying monitoring intervals 
and directing more individualized therapy.  
Likewise, the identification of specific genomic 
polymorphisms has the potential to predict 
response to and liver abnormalities associated 
with pegvisomant [74,75] and the identification 
of tumor dopamine receptors can help predict 
response to dopamine agonist. Soluble Klotho 
(sKlotho), a protein which inhibits insulin and 
IGF-1 signaling has been found to be significantly 
elevated in patients with acromegaly [76] and 
may represent a new clinical and molecular 
disease biomarker [77,78]. In the future, more 
targeted disease treatments and monitoring may 
be improved with the discovery of new disease 
biomarkers.

Potential improvement in acro-
megaly drug therapy

 � Emerging treatment modalities 
The development of SSAs (octreotide and 

lanreotide) and an SSA with a broader spectrum 
of activity (pasireotide) has greatly improved 
treatment outcomes. The availability of long-
acting SSAs addressed patient preference for 
reducing the need for daily injections and in 
some cases, permitting home administration of 
SSAs [79]. The future development of SSAs with 

breath, sleep apnea and poor oxygenation [8]. 
Hypogonadism may lead to infertility [9,10].  
IGF-1 also regulates myocytes, carbohydrate 
metabolism and insulin sensitivity manifesting 
in a range of comorbidities such as heart disease, 
hypertension and diabetes [6,11,12]. Disease 
treatment therefore is multidimensional.

A negative psychological status has been 
reported among patients with acromegaly 
which is comparable to patients with other 
chronic diseases [13]; however, body image 
issues are considerably greater for patients with 
acromegaly [14,15]. 

 � Diagnosis 
Similar to other rare diseases, the road to 

the diagnosis and management of acromegaly 
by a specialist or referral to a pituitary center 
is often circuitous. The onset of symptoms 
may be slow and insidious and diagnosis often 
does not occur for up to 10 years [9,10]. If 
untreated, disease co-morbidities contribute 
to significantly enhanced mortality which is 
2-4 times higher than the general population 
[16-19] but lifespan with controlled GH is 
associated with normal lifespan [20]. It is not 
uncommon for patients to present to multiple 
healthcare providers, including endocrinologists, 
many of whom may lack experience with this 
rare disease, thus contributing to a delay in 
diagnosis [21]. This frequently occurs after 
a preliminary diagnosis of a pituitary tumor 
during evaluation of visual changes or headaches 
and not based on the recognition of systemic 
signs and symptoms [22,23]. Delay in diagnosis 
also risks the compounding of physical 
deterioration secondary to the progression of 
co-morbidities and may serve to decrease the 
patient’s confidence in health care providers. 
It is not uncommon now for patients to refer 
themselves for evaluation based on readily 
available information obtained from the internet 
[10,22]. These long, physically and emotionally 
costly delays in diagnosis are often followed by 
burdensome, albeit efficacious treatment that 
may not totally ameliorate symptoms or restore 
quality of life. 

Current treatment of acromegaly 
No current treatment has demonstrated 

complete efficacy. All are associated with risks and 
benefits and may impact patients differentially. 
Surgery is most often the first line therapy but 
up to 68% of patients have persistent disease 
or incomplete remission necessitating further 
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addition to or in conjunction with the selection 
of medical therapies and deserve consideration 
in treatment planning.  

 � Follow up
Rigorous follow-up is important to 

successfully achieve treatment goals, reduce 
morbidity and return mortality rates to 
population norms. Treatment guidelines outline 
the need for regular monitoring of GH and 
IGF-1 as indicators of disease control, imaging 
tumor activity and other indicators of associated 
co-morbidity remission [22]. Successfully 
initiating treatment and maintaining 
compliance is multifactorial and appears to be 
enhanced by using a team approach that actively 
involves patients, nurses, and physicians as 
equal partners in the treatment process [63]. 
Additionally, improved clinical outcomes might 
be achieved by defining optimal timing intervals 
for each class of medical therapy used and 
implementing strategies to identify recurrent 
disease and prevent loss of patients to follow-
up [64]. The proximity of care providers to 
the patients home and transportation issues 
may need to be considered particularly if the 
patient is significantly disabled. Coordination 
of the patient and providers schedules to enable 
the patient to maintain work responsibilities 
particularly when frequent absences for 
monitoring or treatment are required can 
inhibit treatment adherence. Kasuki et al. 
reported patients most often failed to follow 
up, despite poor disease control when they were 
not experiencing disease symptoms, failing to 
understand the complexity of their disease [4]. 

 � Quality of life factors 
Not surprisingly, lack of symptom control 

has a significant negative impact on quality of 
life measures [88]. Health-related decreases 
in quality of life was assessed in a large U.S. 
survey (N=7,557) in which respondents placed 
greatest value on avoiding anxiety, depression, 
sleep disturbance and loss of physical function. 
Patients report pain as having a significant 
negative impact on quality of life, even more so 
than fatigue or the social impact of acromegaly 
[89]. For patients with acromegaly, poor sleep 
quality and sleep apnea was associated with 
a greater incidence of subclinical and clinical 
depression [90] and anxiety [91], lowering 
quality of life [90,91]. Sleep disturbance also 
occurs in association with pain (headaches, 
arthralgias, myalgias and vertebral fractures) and 
treatment-related anxiety contributes to fatigue, 

a greater range of activity may further decrease 
the incidence of treatment failures [80].

A new formulation of subcutaneous depot 
octreotide not currently commercially available 
is based on crystalline technology which provides 
4-5 times the bioavailability of octreotide LAR 
with more rapid IGF-suppression in healthy 
volunteers [81]. In a phase 1 pharmacokinetic 
study, the release of subcutaneous octreotide 
depot was sustained for up to 4 weeks. The 
reported safety profile was similar to other 
SSAs. A subcutaneous octreotide hydrogel 
implant containing pelletized octreotide within 
a hydrogel capsule has been shown to provide 
continuous, systemic release of octreotide for 
over 6 months; however, the current status of 
this product is unknown.

Ideally, parenteral medications will be 
replaced or supplemented with oral medications. 
In addition to eliminating painful injections 
and improving patient convenience the use of 
oral medications is likely to result in patient 
benefits which similar to those that have been 
demonstrated in other chronic diseases. A 
parallel to this is the replacement of intravenous 
deferoxamine with oral deferasirox for the 
treatment of iron overload disorders resulted 
in improved compliance with therapy [82] 
with superior clinical outcomes [83], enhanced 
quality of life [84] and pharmacoeconomic 
benefits [85].

A new octreotide formulation uses novel 
Transient Permeability Enhancer® technology 
which permits the transient paracellular 
passage of octreotide across the gastrointestinal 
wall in the small intestines via tight junctions 
[86]. A recent phase 3 trial demonstrated the 
safety and efficacy of oral octreotide capsules 
(Octreolin®, Mycapssa™; Chiasma, Inc. 
NCT01412424) administered twice-daily [87]. 
During treatment with oral octreotide, most 
GH levels were reduced and acromegaly-related 
symptoms improved. Among 151 evaluable 
subjects initiating oral octreotide, 65% achieved 
the primary endpoint of IGF-1 <1.3 x upper 
limit of normal and mean integrated GH < 2.5 
ng/mL at the end of the 7-month treatment 
period. Among subjects who entered a 6-month 
extension phase, 85% maintained this response 
up to 13 months demonstrating treatment 
durability.

Factors impacting the success of 
surgical and medical therapies

Multiple factors contribute to outcomes in 
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poor motivation and depression in these patients 
[9,10,92,93]. Symptoms often persist despite 
normalization of IGF-1 [47,94] which can affect 
the patient’s physical ability to adhere to a long 
term plan of care. Also, diminished quality of 
life may persist long after achieving biochemical 
control of the disease due to physical changes 
that do not return to normal [14,95].

The quality of life among patients with 
acromegaly treated with surgery alone is higher 
than those requiring life-long medications 
[96], suggesting that both lack of disease 
control and treatment-related symptoms have 
negative effects on post-operative quality of life. 
Similarly, patients treated with medication have 
worse disease specific quality of life than patients 
achieving surgical remission [97]. 

Neurocognitive changes in executive 
function, short term memory and concentration 
may improve with treatment but often persist to 
some degree despite pharmacotherapy [92,98-
100]. Treatment with radiation therapy is 
associated with hypopituitarism and diminished 
quality of life and often enhances neurocognitive 
dysfunction [101,102]. Neurocognitive changes 
may impact the patient’s ability to consistently 
follow through on a treatment protocol and 
may necessitate multiple forms of education and 
reinforcement to achieve treatment adherence. 

 � Drug administration issues
A systematic review of 26 studies evaluating 

the importance of convenience in patient 
health care, independent of outcomes, revealed 
the most highly valued aspects were mode 
of treatment administration (n=11, 42%) 
and physical location of treatment (n=6; 
23%) [103]. Specifically, patients valued oral 
methods of medication administration, less 
frequent injections and pre-filled injectable 
preparations that saved administration time 
[103]. Additionally, where patients viewed 
the possibility of avoiding negative outcomes, 
they favored more frequent screening visits 
but generally preferred local treatment centers 
that minimized travel. Patients also reported 
a clear preference for treatments that could be 
administered at home [103].

In a survey of patients with controlled and 
uncontrolled acromegaly, less frequent visits 
contribute to higher satisfaction [104]. Subjects 
treated with combination were less satisfied than 
patients receiving monotherapy. The time since 
diagnosis and the duration of medical therapy 
were positively correlated with treatment 

effectiveness. Quality of life scores were also 
positively correlated with perceived treatment 
efficacy decreased adverse events, convenience 
and global satisfaction. In contrast, depression 
scores were inversely correlated to these aspects 
[104].

 � Economic factors
Healthcare resource utilization, and 

consequently the cost of care, is increased 
in patients with acromegaly associated with 
multiple comorbidities [79]. Cardiovascular 
complications alone can nearly triple the odds 
of hospitalization [79]. Early identification 
and appropriate disease management may 
reduce health care cost associated with diabetes, 
acromegaly-related cancers, bone and joint 
disease, cardiovascular disease, while improving 
patient functioning and productivity [105,106].

The use of SSAs is the biggest driver of 
healthcare costs among patients with acromegaly 
[106]. Surgical cure is the most cost-effective 
treatment; however, when this is not achievable 
because of poor patient candidacy or failed 
resection, other therapies such as SSAs are 
required for disease control [107]. Among SSAs, 
lanreotide has been reported as more economical 
for health care payers and more convenient 
for physicians and patients because of lower 
risk of needle clogging and the possibility of 
longer intervals between injections [108] while 
providing efficacy comparable to octreotide 
[109]. 

Travel costs for treatment, time lost in work 
related medical leave and absences, job loss 
secondary to cognitive and physical disabilities 
have not been quantified for this patient 
population.

 � Patient-reported injection related 
issues 

Anecdotally, patients report difficulty 
arranging injections around work schedules, 
family events and vacations, particularly when 
associated with disruptive side effects, such as 
diarrhea [110]. Both disease- and treatment-
related issues have been reported to create family 
conflict. Consequently, injection intervals are 
often extended or shortened to accommodate 
these issues. Some patients report ‘break 
through’ symptoms at the end of an injection 
cycle and may either shorten the treatment cycle 
or require a second injection of a short-acting 
suppressive agent. Medical management may 
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be interrupted by supply shortages, insurance 
authorization difficulties or the availability of a 
health care provider to administer the injection. 

Treatment location may require travel with 
a significant economic outlay due to disrupted 
work schedules [110] and possibly interfering 
with medication monitoring and compliance. 
The need for ongoing injections can represent 
a constant psychological reminder of a state of 
illness, adding a sense of having lack of control 
and loss of individual identity by becoming a 
patient [22]. Cognitive changes in older patients 
can cause learning difficulties, enlarged hands 
make it difficult to manipulate administration 
devices and visual deficits or presbyopia can make 
preparation and self-administering injectable 
medications challenging. Patients need to 
develop confidence in persons administering 
their injections. Patients report feeling greater 
injection discomfort and more break-through 
symptoms when faced with an unfamiliar nurse, 
or a nurse lacking knowledge in the preparation 
and administration of their SSA injection. 

 � Treatment compliance and 
adherence considerations

Although the terms adherence and 
compliance are frequently used interchangeably, 
they are not often defined in the literature and 
there is no gold standard for their measurement 
[111]. Compliance, infers yielding to an 
external source whereas adherence suggests 
an internal commitment.  The definition 
of adherence adopted by the World Health 
Organization’s Adherence Project with respect 
to long-term therapy is: the extent to which 
a person’s behavior with respect to taking 
medications, following a diet, and/or executing 
lifestyle changes, corresponds with agreed 
recommendations from a health care provider 
[112]. The mean rate of adherence to long-
term therapy for chronic illness in developed 
countries is estimated at approx. 50% and even 
less elsewhere. Promoting adherence and patient 
commitment to long term therapy is critical 
to patient outcomes yet challenging as no one 
intervention is appropriate for all patients in all 
circumstances. The concept of person-centered 
care emerged as a means of refocusing health 
care with the patient as an equal partner in care 
decisions in order to achieve the best outcomes.  
Central to this are the principles as described 
by the Picker Institute including: respect for 
patients’ values, preferences and expressed 
needs; coordination and integration of care; 

information, communication and education; 
physical comfort; emotional support and 
alleviation of fear and anxiety; involvement of 
family and friends; transition and continuity 
[113]. Patient centered care required the 
involvement and integration of all members of 
the health care team. 

Poor adherence to a prescribe medical 
therapy includes not filling prescriptions, not 
taking doses as prescribed or at non therapeutic 
dosing intervals, stopping treatment prematurely 
or to accommodate life events and failing to 
participate in clinic follow-up visits [114]. The 
extent to which the patient chooses or is able 
to follow a prescribed treatment regimen is 
influenced by many factors, many of which have 
been described in the narrative above; however, 
adherence and patient compliance decision 
making generally remains poorly understood 
[115], particularly in relation to patients with 
acromegaly. A recent study of acromegaly 
registry patients in Germany concluded that 
the major reason for poor control of acromegaly 
was poor patient motivation, and increased 
efforts for patient education was recommended 
[116]. This was supported by the findings in the 
ACROSPECT study were 21% of patients failed 
to follow up because they lacked understanding 
of the necessity [5]; however, despite these issues, 
in a recent survey of 126 US endocrinologists, 
only 50% felt that treatment adherence affected 
patient outcomes [117].

Provider-related issues
Among nurses interviewed in one study 

(N=77), 68% reported having never received 
special training on the injection of SSAs [101]. 
Boyd and colleagues (2013) demonstrated 
the efficacy of teaching nurses administration 
techniques by evaluating IM injection accuracy 
using computed tomography [118]. Improved 
injection placement also correlated with patients 
reported improvement in symptom control. 
Teaching technique and providing feedback 
improved accuracy by 22-38%, depending on 
patient body mass index. Ease of preparation 
and administration of injections are reported 
to be highly valued by nurses [101]; however, 
numerous problems have been reported with 
the use of injection devices. Poor visibility of the 
medication in the device, incomplete mixing of 
the medication and diluent, variable sturdiness 
of device plungers, and clogging needles affect 
nurse confidence that all the medication has 
been delivered [101,119].
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Developments in precision medicine and 
new treatment modalities may require detailed 
histopathology in centers that perform larger 
volumes of pituitary tumor resections;  however, 
when long term or lifelong treatment is indicated, 
designing a treatment plan to promote adherence 
becomes challenging.  Establishing with the 
patient meaningful, achievable quality of life 
goals may provide a basis for the development 
of an attainable treatment program.

Promoting adherence requires the patient to 
have a thorough understanding of the disease, 
its impact and evolution across the life cycle in 
the context of their specific life goals and life 
situation. Patients are more likely to adhere 
to a treatment regimen when they can be self-
administered, they perceive treatment as a 
means to avoid negative outcomes or perceive 
positive effects with fewer side effects from 
therapy. New therapies based on longer dosing 
intervals and especially if orally administered 
can improve quality of life and may also help to 
decrease patient and provider burdens associated 
with long-term therapies. Follow up for medical 
monitoring and therapy adjustments is necessary 
but intrusive and may require flexibility or a 
paradigm shift from traditional clinic visits.  

Establishing a viable treatment program 
requires coordination of the attending physician, 
nurse and the patient, early involvement of the 
patient’s local and primary health care teams. 
Dynamic adjustments may be indicated over 
the life of a patient with acromegaly in order to 
maintain disease control. 
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In the author’s experience the use of SSAs 
in the US requires time-consuming insurance 
authorization and problem-solving regarding 
medication supply issues by nursing staff. Denied 
insurance coverage may necessitate peer-to-peer 
interactions with insurance representatives 
unfamiliar with the diagnosis and treatment of 
acromegaly. The time commitment by clinic and 
nursing staff can be considerable. This may not 
be feasible in small or rural clinics.

SSAs must be refrigerated with appropriate 
equipment to avoid waste of expensive 
medications. This is as much a concern with 
home delivery and administration as it is for 
office-based treatment. In medical offices unable 
to provide the required on-site drug storage, 
timing drug delivery can make coordinating 
appointments difficult for patients and staff. 
Onsite storage comes with specific requirement 
for temperature monitoring and medication 
security.

In a survey of 23 providers, Lui et al. 
found all providers reported side effects as the 
most substantial burden (100%), followed by 
financial issues (89%) and the therapy being 
too complicated or inconvenient to patients 
(56%) [119]. Injection site issues such as pain 
were cited as a significant side effect with up to 
70% noting that patients reported worsening 
symptoms at the end of the dosing interval. 

Conclusion
The choice of treatment that minimizes 

patient burdens and maximizes benefits is 
a key component to promoting treatment 
adherence and improved treatment outcomes 
in acromegaly. Early disease identification and 
prompt treatment minimize comorbidities and 
promise the best outcomes, and may offset the 
overall cost of therapy. 
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