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Abstract
Background Acromegaly is a rare disease characterized by a chronic exposition to growth hormone (GH) and insulin-like
growth factor-1 (IGF-1), caused in most cases by a pituitary GH-secreting adenoma. Chronic GH excess induces systemic
complications (metabolic, cardiovascular, respiratory, neoplastic, and musculoskeletal) and increased mortality if not
appropriately treated. Recent epidemiological data report an improved life span of patients with acromegaly probably due to
better acromegaly management; additionally, the number of pituitary incidentaloma in general population also increased
over time due to more frequent imaging. Therefore, the number of elderly patients, newly diagnosed with acromegaly or in
follow-up, is expected to grow in the coming years and clinicians will need to be aware of particularities in managing these
patients.
Purpose This review aims to explore different aspects of acromegaly of the elderly patients, focusing on epidemiology,
diagnosis, clinical presentation, complications, and management options.
Methods Available literature has been assessed through PubMed (data until August 2019) by specific keywords.
Conclusions Available data on acromegaly in the elderly patient are sparse, but point to important differences. Further
studies are needed comparing elderly with younger patients with acromegaly to better define a tailored diagnostic and
therapeutic management.
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Introduction

Acromegaly is a clinical syndrome characterized by growth
hormone (GH) and insulin-like growth factor-1 (IGF-1)
excess, generally due to a GH secreting pituitary adenoma
[1]. Chronic GH excess induces progressive somatic chan-
ges and is associated with multiple complications

(cardiovascular, respiratory, metabolic, neoplastic, muscu-
loskeletal) that are responsible for increased mortality and
compromised quality of life [2–4]. Recent studies have
reported an increase in acromegaly prevalence, but also
survival, most likely due to improvement in diagnostic
approaches, surgical techniques, and medical therapies.
Data is also increasingly available due to large national
databases [5–10]. Furthermore, general population survival
is increasing. According to data from the U.S. Census
Bureau the number of patients aged >65 years is estimated
to increase by 2.9% annually from 562 million in 2012 to
~1.6 billion in 2050 (https://www.census.gov/en.html).
Therefore, the number of elderly patients with acromegaly,
newly diagnosed or in follow-up, is expected to grow in the
coming years and clinicians will need to be aware of par-
ticularities of treating these patients. Definition of elderly
also varies in studies, but usually includes patients over 60,
65, or 70 years old. In this review, we consider different
aspects of acromegaly in the elderly: epidemiology, diag-
nosis, clinical presentation, complications, and management
options.
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Methods

We conducted a literature search (up to August 2019) on
the topic “Acromegaly in the elderly” in English language.
For this purpose, we performed an electronic search using
MEDLINE (PubMed database) in August 2019 with the
following database-specific keywords: “Acromegaly” AND
“aging”; “Acromegaly” AND “elderly”; “Acromegaly”
AND “Age”; “Pituitary adenoma” AND “Elderly”;
“Pituitary Adenoma” AND “aging”. In particular, we
found: four retrospective studies [11–14] dealing with
elderly acromegaly patients (elderly was considered >64
[12], 65 [11, 14], and 70 [13] years old]; one retrospective
study which compared younger acromegaly patients vs.
older acromegaly patients (elderly was considered >65
years old) [15]; one retrospective study which compared
aged acromegaly patients vs. aged healthy controls (elderly
was considered >60 years old) [16]; one cross-sectional
study which compared aged acromegaly patients vs. aged
healthy controls (elderly was considered >60 years old)
[17]. Since the number of articles derived from this
research was limited, data related to elderly patients with
acromegaly were extracted from the population of recent
epidemiological, clinical, and surgical studies focused on
acromegaly. The reference section of selected studies was
examined to detect other potentially suitable articles. In
total, 117 articles were reviewed.

Epidemiology

Acromegaly is an overall rare disease and available data
related to elderly patients with acromegaly is limited. A
recent review, mostly from European population studies,
found a total acromegaly prevalence of 2.8–13.7 cases per
100,000 people [5]. In a large US population Broder et al.
found a prevalence of 7.10–8.78 cases per 100,000 people
with higher values (11.5–15.2 cases per 100,000 inhabi-
tants) in people aged 55–64 years old, without any sig-
nificant gender differences [7]. Burton et al. confirmed an
age-related increase in prevalence with an estimated
2.9–3.7 cases/100,000 inhabitants among 0–17 years old
people and of 14.8–18.2 among >65 years old people [6].
Gatto et al. analyzed an Italian database reporting a sig-
nificant increase in acromegaly prevalence between 2000
(4.7 per 100,000 people) and 2014 (6.9 per 100,000 peo-
ple): 46% of patients were over 67 years old, with the 7th
decade (67–78 years) the most represented (31.25%) [18].
Data derived by Caputo et al. from a regional Italian
Database (2012–2016) confirmed a prevalence rate that
increased with age until 79 years old and remarkably
dropped thereafter. Prevalence was higher in women than

in men aged between 40–80 years old [9]. The increase in
prevalence could be explained by improved diagnostic and
therapeutic management of acromegaly, but also by a larger
availability of national patient databases [2]. Annual
acromegaly incidence is 0.2–1.1 cases per 100,000 inha-
bitants, equally distributed between males and females.
Frequently, diagnosis occurs in the 5th decade with a delay
of 4.5–5 years that sometimes reaches up to 15–25 years
[5]. Petrossian et al. evaluated 3173 patients with acro-
megaly from 10 different countries and observed an
increasing age at diagnosis (41.8 years pre-1990 vs. 48.79
post-2010) in both sexes, and fortunately diagnosis delay
got shorter. The median age at first symptoms of acrome-
galy also increased over time (24.6 years pre-1990 vs. 41.7
years post-2010) [19]. Broder et al. considering a popula-
tion <65 years old, estimated an acromegaly incidence of
0.8–1.17 cases per 100,000 inhabitants with higher values
between 35–64 years old (1.67 per 100,000) and lower
under 17 years old (1.8 per 100,000) [7]. Burton et al.
reported an annual incidence rate increasing with age
(0.3–0.8 cases per 100,000 0–17 years old; 0.9–1.8 cases
per 100,000 >65 years) [6]. Caputo et al. reported an
overall incidence of acromegaly of 0.53 cases per 100,000
people and confirmed an increasing trend of incidence with
age. Mean age at the diagnosis was 50.9 years old. Com-
pared with Burton and Broder studies in an US population,
Caputo found a lower incidence rate most likely explained
by different study methods and real geographic dis-
crepancies [9]. Data derived from surgical databases
revealed that elderly patients with acromegaly represent 3
to 5% of cases [11, 15, 20]. Colao et al. identified GH-
secreting adenomas as the second most frequent tumor
(33.5%) in a series of 170 patients >60 years old [16]. The
retrospective study of Arosio et al. based on the Italian
population highlighted new acromegaly diagnosis in about
3% of males and 5% of females >65 years old [8]. The
increase in acromegaly incidence with age in likely due to
the increased diagnostic sensitivity of clinicians, who may
be more aware of the disease in the recent times as com-
pared with the past and therefore have a higher clinical
suspicion when facing cases evocative of acromegaly [21].
Recent data suggest that a reduction in acromegaly mor-
tality is likely due to the introduction of transsphenoidal
surgery (since the 1970s), somatostatin receptor ligands
(SRLS, since 1980s), and stricter criteria of disease
remission [4, 10]. It seems that the increased life span has
brought about a change in mortality causes in acromegaly,
that now are more similar to those of the general population
of corresponding age (cardiovascular diseases vs. cancer
diseases) [10, 22]. Improvements in acromegaly manage-
ment and therapies over the years allowed a greater life
span of patients with acromegaly who can reach older ages.
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Clinical presentation

Acromegaly has systemic involvement and, consequently, a
large spectrum of presenting signs and symptoms. These
include complaints related to GH hypersecretion and tumor
mass effects, including visual field defects, headache, and
hypopituitarism. There are very few data concerning acro-
megaly clinical presentation in elderly patients in compar-
ison with younger subjects. It is generally assumed that
older patients might have a milder phenotype [16, 23, 24],
due to either smaller and enclosed tumors [25–27] and/or
lower GH and IGF-1 levels [16, 27, 28] as compared with
younger patients. An analysis of 1485 patients from the
German Acromegaly Registry showed that secondary
gonadal insufficiency was less frequent in older patients, but
no correlation was found for ACTH deficiency. The
Authors suggest that pituitary insufficiency might be less
frequent in this group of patients because they usually have
smaller tumors. Lower frequency of hypopituitarism in
elderly patients seems plausible, but remains speculative
[27]. Both GH hypersecretion and hypopituitarism symp-
toms can be difficult to identify in elderly patients because
they can overlap with ageing features [24]. As a con-
sequence, diagnosis can be delayed longer than in younger
subjects, as was seen by Nabarro et al. [29]. Study included
256 patients and found a mean delay in diagnosis of 12.3
years in 82 patients >50 years while shorter time-periods
were found in younger age groups (<31 years (n= 58): 6.0
years; 31–40 years (n= 60): 7.2 years; 41–50 years
(n= 56): 10.2 years). Few studies specifically describe
acromegaly signs and symptoms in elderly patients. Colao
et al. [16] evaluated a cohort of 57 newly diagnosed acro-
megalic patients >60 years old and besides hypertension
and glucose metabolism abnormalities, they describe the
frequency of joint complaints and goiter, which were pre-
sent in all the patients. In particular, euthyroid goiter
occurred in 65% of patients and subclinical toxic/toxic
goiter in 35%. However, there is no comparison with
younger patients. Surgical series that specifically evaluated
elderly patients with acromegaly also report preoperative
data on signs and symptoms or hypopituitarism. Minniti
et al. [11] studied 22 acromegalic patients aged over 65
years old and did not find patients with visual field defects
and only two patients with pituitary hormone deficits.
Puchner et al. [12] evaluated 15 patients that were 65 years
or older and all of them had acromegaly typical features,
namely, acromegalic habitus, enlarged hands, feet, and
tongue, hyperhidrosis and arthralgia. Six patients had
headaches and one had progressive visual loss. In the sur-
gical series by Arita et al. [13], all nine evaluated patients
that were 70 years old or more had typical acromegaly
features, namely, enlarged hands and feet, frontal bossing,
and coarse facial features. None of these series, however,

compared elderly patients against nonelderly. Silverstein
et al. [30] used electronic records to characterize acrome-
galic patients in the USA, including 367 subjects, 63 of
whom aged 65 years or older. They found that carpal tunnel
syndrome, panhypopituitarism, and depression were equally
frequent when comparing these to younger patients, while
esophageal reflux and arthralgia were more frequent (P=
0.0033 and P= 0.032, respectively), and headaches less
frequent (P= 0.0013). In conclusion, more comparative
studies are necessary to clarify this issue.

Diagnosis

Guidelines for diagnosis of acromegaly recommend
assessment of circulating IGF-1 levels evaluated in relation
to the normal age-adjusted value ranges according to the
specific assay used. They also recommend performing the
oral glucose tolerance test (OGTT) to confirm the diagnosis
of acromegaly in patients with elevated or equivocal IGF-1
levels. The abnormal GH response to glucose load can be
associated with an older age, female gender, obesity, and a
high body mass index (BMI) [3]. An inverse correlation
between basal GH levels at diagnosis and age was reported
in a large multicenter international database of 3173 acro-
megalic patients [19]. In a series of untreated patients with
acromegaly with clearly elevated GH values, an age-related
reduction in basal GH secretion was found similarly to non-
acromegalic controls (r=−0.35, P < 0.001) [31]. Arafat
et al. evaluating the impact of assay methods on GH
response to glucose, demonstrated that post-glucose GH-
nadir values are assay-specific and correlate negatively with
age and BMI. In multiple regression analysis, age, as well as
BMI, and gender were predictors for both basal and nadir
GH levels [32]. In 151 de novo patients with acromegaly
(age ranges 19–77 years) basal GH and IGF-1 levels and
GH nadir after OGTT were lower in elderly patients (age >
60 years) as compared with younger patients and negatively
correlated with age [33]. In elderly patients, sometimes
OGTT cannot be performed due to higher diabetes inci-
dence and an alternative test could be the diurnal GH profile
[34, 35]. Colao et al. evaluated the diagnostic accuracy of
mean GH profile and nadir GH levels after OGTT in
postoperative patients with acromegaly. In a cohort of 141
patients with acromegaly recruited over a 5-year period,
different cutoffs in older patients were shown compared
with younger and middle-aged patients to establish surgical
remission. In patients with acromegaly older than 60 years,
lower cut-off thresholds (1.4 μg/l for fasting GH and 0.5 μg/
l for nadir GH after OGTT) predicted normal IGF-1 levels
[34]. In the light of these data, age is an important factor to
consider in the diagnosis and evaluation of acromegaly
activity. Lower GH and IGF-1 levels in elderly acromegalic
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patients than in young people may reflect the well known
trend in GH and IGF-1 levels reduction in the general
population. As in normal aging, this phenomenon could be
related to a reduction in hypothalamic GHRH levels and to
alterations in age-related plasma concentrations of sex
steroids [32–34, 36]. A different tumor biology cannot be
excluded [25]. Elderly acromegalic patients present smaller
tumors that are more responsive to medical therapy with
somatostatin analogs as compared with tumors in young
patients (see below) [25, 37]. In addition, older patients
usually display a higher body weight as compared with
younger acromegalic patients, possibly negatively influen-
cing GH response to OGTT.

After biochemical work-up, radiologic assessment of the
sellar region is recommended to confirm the presence of a
pituitary neuroendocrine tumor and to evaluate its size and
invasiveness. Magnetic Resonance (MR) images are the
gold standard and gadolinium injection could help to better
define pituitary lesions [2, 3]. To date, there are no different
recommendations for elderly patients but the higher fre-
quency of renal failure in this population has to be taken in
account before performing contrast-enhanced MR. Fur-
thermore, there is recent concern of potential gadolinium
accumulation in patients with normal kidney function [38],
though no age differences have been specified. Regarding
tumor size, data indicate a smaller tumor diameter in elderly
patients with acromegaly compared with younger patients
[11, 15]. Petrossian et al. reported in a large series that
tumor size and invasiveness are inversely related to age and
that there are no significant differences in tumor size
between males and females in elderly patients [19]. Fur-
thermore, in 57 acromegalic patients aged >60 years old,
Colao et al. showed a greater prevalence of microadenomas
and enclosed macroadenomas towards extrasellar/invasive
macroadenomas (30, 49, and 21%, respectively) without
gender differences [16]. Smaller tumor diameter and lower
GH/IGF-1 levels may account for the generally milder
clinical pictures of acromegaly in elderly vs. younger
patients, but further studies are needed to support this
hypothesis.

Comorbidities and complications

Metabolic complications

Acromegaly is associated with impaired glucose metabo-
lism (IGM) and an altered lipid profile [38, 39], most fre-
quently including hypertriglyceridemia, decreased HDL,
elevated lipoprotein-a, and increased small dense LDL
particles [4, 40–42]. The most important factors deter-
mining these changes are GH-induced insulin resistance
and increased lipolysis, although pancreatic beta-cell

dysfunction has also been described [39]. Older age has
been associated to an increased IGM risk in acromegaly,
although the evidence is not completely consistent. Bex
et al. [43] performed a retrospective study including 418
acromegalic subjects, 25.3% of whom with diabetes.
Median age at diagnosis was 42 years for men and 46 for
women; patients with diabetes were on average 10 years
older than nondiabetics. Arosio et al. [8] studied 1512
acromegalic patients with a mean age at diagnosis of 45 ±
13 years. Diabetes was diagnosed in 16.2% and older age
was a significant predictive factor (OR 2.26; 95% CI
1.68–3.05; P= 0.001). Fieffe et al. [44] evaluated the
French Acromegaly Registry records. Among 519 patients,
diabetes was diagnosed in 22.3%, diabetic patients being
significantly older at diagnosis than nondiabetics (mean age
of patients with diabetes was 54 years vs. 44 years in
nondiabetics; P < 0.001). They found a steady increasing
diabetes rate with age, being the age-related risk of diabetes
increased by 4.4% (OR 1.044). Dal et al. [45] in their cohort
study included 405 patients with acromegaly (mean age at
diagnosis 48.7 years). The study population was divided in
two groups according to age—above and below the 50th
percentile. Interestingly, diabetes risk was increased in both
groups, but with a higher relative risk in younger patients
(HR: 4.8; 95% CI 2.5–9.2 in the group <50th percentile vs.
HR: 3.2; 95% CI 2.0–5.3 in the group >50th percentile).
Conversely, five retrospective studies including a total of
964 patients have found a positive relationship between
older age and diabetes in acromegalic patients [29, 46–49].
Diabetes prevalence varied between 18.8 and 52.5%.
Espinosa et al. [49] specifically compared age between
subjects with normal glucose metabolism, impaired fasting
glucose, impaired glucose tolerance (IGT), and diabetes and
found a significant difference only for diabetic patients
against any of the others. Interestingly, Alexopoulou et al.
[48] found that HOMA-B negatively correlated with age
(r=−0.253; P= 0.003) in both uni- and multivariate
analyses. Authors found no correlation with GH or IGF-1
levels, leading to the conclusion that ageing is associated to
beta-cell reduced function. Therefore, this evidence could
partially explain the higher likelihood of diabetes with older
age. On the other hand, Kreze et al. [50] in a retrospective
study of 43 patients with a mean age of 45.7 years found a
prevalence of diabetes of 19%. When dividing the patients
by age groups (≥40 vs. <40 years), although diabetes was
more frequent in older subjects, the difference was not
significant. Very few studies directly compared the pre-
valence of glucose metabolism abnormalities in elderly vs.
nonelderly patients. Tanimoto et al. [26] retrospectively
studied 87 newly diagnosed patients, and divided them by
age groups: <30 years (young group, n= 9), 31–60 years
(middle-aged group, n= 62), and ≥61 years (elderly group,
n= 16). They found that 94% of the patients in the elderly
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group were diagnosed with IGM (31% with diabetes and
63% with IGT), being significantly more frequent than in
the other groups (72% in the middle aged and 33% in the
young; P < 0.001). Silverstein et al. [30] found that diabetes
occurred more often in elderly patients (P= 0.013). How-
ever, Sasagawa et al. [15] in their surgical series including
24 patients ≥65 years and 63 patients <65 years found that
diabetes was slightly but not significantly more frequent in
older patients (46 vs. 33%; P= 0.20). In conclusion, most
evidence available so far suggests that older age might be a
risk factor for diabetes, just as it is in the general population.
This might be related to a progressive inability of ageing
beta-cells to cope with the higher insulin resistance status
that is a typical acromegaly feature. More studies comparing
elderly against nonelderly patients are still needed to further
elucidate this issue in this particular population.

Only few studies have evaluated the relationship between
dyslipidemia and age in acromegaly. Ioaniţiu et al. [51]
studied 43 acromegalic patients and found hyperlipidemia
to be present in 55.8% of the cases, with no relationship to
age. Colao et al. in their retrospective case control analysis
in patients >60 years old showed how LDL, triglycerides,
total cholesterol/HDL ratio were significantly increased in
case group [16]. Conversely, Tanimoto et al. [26] found that
hyperlipidemia was more frequent, but not significantly,
with advancing age (P= 0.47). To the best of our knowl-
edge, there are no other studies published in English lit-
erature evaluating the influence of age on lipid profile
changes in patients with acromegaly. Therefore, once again,
no definitive conclusions can be drawn on this issue, yet.

Cardiovascular complications

Cardiovascular disease (CVD) is a frequent comorbidity in
patients with acromegaly [2] affecting morbidity and
increasing all causes-mortality. Leading risk factors
involved in CVD onset and progression are GH/IGF-1
hypersecretion, long-standing disease, and age in addition
to typical cardiovascular risk factors (smoking, obesity,
dyslipidemia) [52]. Hypertension is more frequent in
patients with acromegaly (about 35%, ranging from 18 to
60%) than in general population and generally, it occurs at
an earlier age and in early phases of the disease. Patients are
often non-dippers and diastolic pressure is mostly affected
[53]. Hypertension in acromegaly is not related to gender
and it is less frequently related to a family history of
hypertension [52–54]. Acromegaly treatment seems to
improve hypertension in most patients [4, 55]. Arosio et al.
demonstrated with a multivariate model that older age and
higher IGF-1 levels at diagnosis were significant predictors
of hypertension [8]. Typical hypertrophic cardiomyopathy
could be already present at the time of acromegaly diag-
nosis, but it is generally asymptomatic. Rarely, it presents

with severe heart failure. Age, hypertension, disease activ-
ity, and duration are considered as potential risk factors for
cardiomyopathy [52]. In a study performed by Colao et al.
left ventricular (LV) mass index significantly increased
from young (<30 years) to elderly (>60 years) patients and
the prevalence of LV hypertrophy (LVH) was higher in
patients aged >50 year (74.3%) than in younger ones
(35–57%) [39]. Indeed, in a logistic regression model,
Maione et al. showed that ULN IGF-1 and GH levels at
baseline were associated with myocardial hypertrophy/val-
vulopathy and heart failure respectively; this association
disappeared after age adjustment [56]. This evidence may
support the hypothesis that aging may negatively influence
clinical manifestations of GH excess. The prevalence of
cardiac valve diseases, arrhythmias, peripheral vascular
diseases, ischemic heart diseases are variable. Carotid
atherosclerosis and endothelial dysfunction are related to
classic cardiovascular risk factors in acromegaly [38]. The
retrospective analysis of Colao et al. is currently the only
study that considers exclusively elderly patients (57
patients, >60 years old) with acromegaly compared with a
nonacromegaly control group. Hypertension and LVH were
found to be more frequent in acromegaly group (82 vs. 67%
and 96 vs. 16%). Furthermore, patients had higher systolic
and diastolic blood pressure, heart rate, and LV mass index
than controls. Diastolic and systolic dysfunction was sig-
nificantly more prevalent in patients vs. controls (82 vs. 2%
and 51 vs. 2%) [16]. Minniti et al. focused on the perio-
perative cardiovascular status of 22 patients with acrome-
galy >65 years old. Hypertension and LVH were found in
54.2 and 63.6% of cases, respectively. Pituitary surgery
normalized GH excess in 68% patients and among them, a
significant improvement in cardiovascular abnormalities
was achieved within 6 months. Lower blood pressure and a
significant reduction in cardiac mass were observed in cured
people, confirming the role of GH/IGF-1 exposure in
determining cardiac hypertrophy also in elderly people [11].
In conclusion, LVH should be considered in an elderly
patient with acromegaly [16]. Indeed, hypertension and
long-standing GH excess could contribute to the hyper-
trophic effect. To date, however, spare data are available
about CD in elderly patients with acromegaly.

Cancer

Cancer has become the first cause of death among acrome-
galic patients [4, 56]. A recent meta-analysis reported a
Standardized incidence ratio (SIR) of overall cancer of 1.5
(95% CI 1.2–1.8) and in detail SIRs were elevated for col-
orectal cancer, 2.6 (95% CI 1.7–4.0), thyroid cancer, 9.2
(95% CI 4.2–9.9), breast cancer, 1.6 (95% CI 1.1–2.3), gastric
cancer, 2.0 (95% CI 1.4–2.9) and urinary tract cancer, 1.5
(95% CI 1.0–2.3) [57]. Cancer is an age-dependent disease

20 Endocrine (2020) 68:16–31



and its increased incidence in acromegaly might be due to a
longer survival of these patients in recent years. However,
even if studies on animal models [58] and epidemiological
data seem to define a potential association between acrome-
galy and cancer, the exact pathogenesis is still not clear.
Noteworthy, acromegaly-related morbidities such as obesity
and diabetes are known factors associated with increased
incidence and mortality from malignancies and they may
amplify cancer risk [59]. Age and family history of cancer
remain significant independent factors associated to cancer
risk also in acromegalic patients [22].

Respiratory complications

Acromegaly is a condition that increases sleep apnea syn-
drome (SAS) risk, which prevalence in these patients is
much higher than in general population. SAS in acromegaly
is predominantly obstructive, although in some cases it has
a central or mixed etiology [4]. Obstructive apnea syndrome
is usually related to changes in bone and soft tissues of the
skull and face and structural changes in the upper airways
that lead to their narrowing. Central apnea syndrome is
caused by central inhibition of the respiratory center
[38, 60, 61]. Older age is a risk factor for SAS in the general
population. This might be explained by age-related weak-
ening of the upper airway musculature [62–64]. The latter
has also been described as a risk factor for SAS in acro-
megaly, although evidence is controversial. Six retro-
spective studies including a total of 209 patients with
acromegaly found a positive relationship between age and
SAS, with this comorbidity being statistically significantly
related to a higher mean age [60, 61, 64–67]. In these stu-
dies, all types of SAS were considered, except in the one by
Dostalova et al. [61], that included only patients with
obstructive SAS. They found a prevalence of SAS varying
between 39 and 87.5% in these subjects. In the study by
Chevallier et al. [66], higher age was also significantly
related to SAS severity. Dal et al. found an increased SAS
risk in both age groups, with a higher hazard ratio (HR) in
the older age group (HR 13.3; 95% CI 5.5–21.2 vs. HR
10.8; 95% CI 5.9–30.0) [45]. On the other hand, Weiss et al.
[63] and Turan et al. [68] in their retrospective analyses of
55 and 30 acromegalic patients, respectively, found that
mean age of SAS subjects was higher, but the difference
was not statistically significant. Conversely, Vannuci et al.
[69] showed in a retrospective study of 25 patients with
acromegaly that older age is not a risk factor for SAS
(prevalence was 56%). Indeed, these patients had a lower
mean age, but the difference was not statistically significant.
In these studies [63, 64] all types of SAS were considered.
Some limitations exist with the available data so far, such as
differences in study design (i.e., disease functional status
from the patients enrolled and SAS parameters). In addition,

these studies included elderly patients, but did not specifi-
cally compare them with younger age groups. Altogether,
most of the evidence is in favor of older age being a risk
factor for SAS in acromegalic patients, just as it is in the
general population. It is advisable to evaluate patients for
SAS at diagnosis and during treatment, and also when
acromegaly is biochemically controlled to select the patients
eligible to specific treatment with continuous positive air-
way pressure [70].

Skeletal system complications

Joint and bone complications, more specifically, secondary
osteoarthritis (OA) and skeletal fragility with increased risk
of vertebral fractures (VF) are frequent in acromegaly [71–73].
Arthropathy is common in all patients and can cause sig-
nificant disability [74]. Higher age is considered to be a risk
factor for primary OA, which might be present in up to 30%
of people over 60 years. Few studies have evaluated if this
was also true for acromegaly-related arthropathy, with
inconsistent findings [74–76]. Claessen et al. prospectively
studied a cohort of 58 patients (with long-term remission;
mean age of 62 ± 10.9 years) for arthropathy radiological
progression at hand, knee, and hip joints. After a mean
follow-up of 2.6 years, they found higher age to be asso-
ciated with joint space narrowing (OR 1.10; P= 0.01) but
not with osteophyte progression. Considering joints sepa-
rately, in the hip joint space narrowing was related to older
age (OR 1.1, P= 0.047) and in the hands both joint space
narrowing and osteophyte progression were related to older
age (P < 0.001 and P= 0.02, respectively). The Authors
conclude that this predictive factor for primary OA also
applies for patients with acromegaly despite long-term
controlled disease. However, results were inconsistent with
a relationship between older age and joint space narrowing
at patient level, but not in all joints and not in osteophyte
progression [75]. On the other hand, Kropf et al. in their
study of 71 patients (with active and controlled disease)
with a mean age of 49.5 ± 14.5 years, evaluated the pre-
sence of arthropathy in large peripheral joints (knees, hips,
and shoulders) and found that it was significantly related to
older age at diagnosis (47.2 ± 15 years with arthropathy vs.
40.3 ± 13.8 years without arthropathy; P= 0.044), but not
at current age [74]. Furthermore, Biermasz et al. studied 67
patients (mean age of 56.8 ± 1.5 years), in remission from
acromegaly, for the presence of radiological OA, and found
a positive correlation, though weak, between older age at
diagnosis and OA (adjusted regression coefficient for total
body OA was 0.37; 95% CI 0.24–0.52) [76]. In the
nationwide cohort study by Dal et al. older patients had a
higher risk of arthropathy (HR 2.3; 95% CI 1.8–3.4 vs. HR
1.6; 95% CI 1.1–2.4) [45]. Altogether, the data available so
far are insufficient to draw specific conclusions on this

Endocrine (2020) 68:16–31 21



Ta
bl
e
1
S
um

m
ar
y
of

th
e
m
ai
n
ch
ar
ac
te
ri
st
ic
s
an
d
fi
nd

in
gs

of
st
ud

ie
s
ev
al
ua
tin

g
su
rg
ic
al

tr
ea
tm

en
t
in

ac
ro
m
eg
al
y
el
de
rl
y
pa
tie
nt
s

A
ut
ho

rs
/

R
ef
.

S
tu
dy

de
si
gn

S
tu
dy

po
pu

la
tio

n
(n
/a
ge
/F
U
)

M
ea
n
ad
en
om

a
si
ze

±
S
D

(m
—
m
ic
ro
;
M
—

m
ac
ro
ad
en
om

a)

M
ea
n
pr
e-

op
G
H
±

S
D

(n
g/
m
L
)

M
ea
n
pr
e-

op
IG

F
-

1
±
S
D

(n
g/
m
L
)

P
re
op

er
at
iv
e

co
m
or
bi
di
tie
s

S
ur
ge
ry

P
er
i-
op

er
at
iv
e

co
m
pl
ic
at
io
ns

R
em

is
si
on

of
di
se
as
e/
cl
in
ic
al

im
pr
ov

em
en
t

M
or
ta
lit
y

(r
el
at
ed

to
pr
oc
ed
ur
e)

S
as
ag
aw

a
et

al
.
[1
5]

R
et
ro
sp
ec
tiv

e
n
=
87

≥6
5
y:

24
(2
7.
6%

)
M
ea
n
ag
e:

68
y

(6
5–
75

)

<
65

y:
63

(7
2.
4%

)
M
ea
n
ag
e:

53
y

(3
0–
64

)
F
U
:
6
m

≥6
5
y:

9.
6
±
4.
3
m
m

<
65

y:
12

.6
±
6.
4
m
m

(p
0.
05

6)
__

__
__

__
__

__
_

≥6
5
y:

m
:
16

(6
7%

)
M
:
8
(3
3%

)
(n
o
da
ta

<
65

y)

≥6
5
y:

7.
05

±
7.
6

<
65

y:
8.
15

±
31

.2
(p

0.
35

7)

≥6
5
y:

45
6.
4
±

19
2.
6

<
65

y:
60

3.
1
±

31
0.
7

(p
0.
00

2)
IG

F
-1

S
D

5.
5
(≥
65

y)
vs
.
6.
9

(<
65

y)
(p

0.
05

8)

≥6
5
y:

H
T
:
15

(6
3%

)
D
M
:
11

(4
6%

)
D
C
V
:
7
(2
9%

)
C
:
8
(3
3%

)
<
65

y:
H
T
:
29

(4
6%

)
p
0.
12

8
D
M
:
21

(3
3%

)
p
0.
02

0
D
C
V
:
5
(8
%
)

p
0.
01

7
C
:
6
(1
0%

)
p
0.
01

1
A
S
A
-P
S

≥6
5
y:

2:
6
(2
5%

)
3:

18
(7
5%

)
<
65

y:
2:

61
(9
7%

)
3:

2(
3%

)
(p

0.
00

00
1)

T
S
S

≥6
5
y:

4
(1
7%

)
(A

ng
in
a,

H
F
,
re
na
l

dy
sf
un

ct
io
n,

ce
re
br
al

in
fa
rc
tio

n)
<
65

y:
4
(6
%
)
(2

C
S
F

le
ak
s,
ce
re
br
al

in
fa
rc
tio

n,
di
ffi
cu
lt

en
do

tr
ac
he
al

in
tu
ba
tio

n)
(p

0.
14

2)
H
yp

op
itu

ita
ri
sm

:
≥6
5

y:
1
(4
%
)

<
65

y:
2
(3
%
)

(p
0.
62

5)

G
H
<
1.
0
ng

/m
L

an
d
no

rm
al

IG
F
-1
:

≥6
5
y:

16
(6
7%

)
<
65

y:
45

(7
1%

)
(p

0.
42

6)
H
T
an
d
D
M

di
sc
on

tin
ui
ng

or
re
du

ci
ng

tr
ea
tm

en
t
do

se
:

H
T

≥6
5
y:

4/
15

(2
7%

)
<
65

y:
10

/2
9
(3
4%

)
(p

0.
43

2)
D
M

≥6
5
y:

4/
11

(3
5%

)
<
65

y:
9/
21

(4
3%

)
(p

0.
51

3)

N
on

e

A
ri
ta

et
al
.

[1
3]

R
et
ro
sp
ec
tiv

e
n
=
7

≥7
0
y

M
ea
n
ag
e:

74
y

(7
0–
82

)
M
ea
n
F
U
:
73

m
(1
1–
14

5
m
)

16
.3
±
6.
3m

m
m
:
1
(1
4%

);
M
:
6
(8
6%

)
39

.8
±

44
.7

38
1.
3
±

29
4.
4

H
T
:
5
(7
1%

)
D
M
:
6
(1
00

%
)

D
C
V
:
2
(2
9%

)
D
is
lip

id
em

ia
:

2
(2
9%

)
C
:
2
(2
9%

)
A
S
A
-P
S
:

2:
7
(1
00

%
)

T
S
S

N
o
im

ed
ia
te

po
st
op

er
at
iv
e

co
m
pl
ic
at
io
ns

T
ra
ns
ie
nt

po
ly
ur
ia
:

3
(4
3%

)
N
o
ne
w
-o
ns
et

hy
po

pi
tu
ita
ri
sm

G
H
<
1.
0
ng

/m
L
:
5

(7
1.
4%

)
N
or
m
al

IG
F
-1
:
4

(5
7.
1%

)a

H
T

R
ed
uc
in
g

m
ed
ic
at
io
n:

3/
5

(6
0%

)
D
M

C
ur
ed
:
5/
6
(8
3%

)

N
on

e

M
in
ni
ti

et
al
.
[1
1]

R
et
ro
sp
ec
tiv

e
n
=
22

b

≥
65

y
M
ea
n
ag
e
68

.3
y

(6
5–
74

)
M
ea
n
F
U

(c
ur
ed

pa
tie
nt
s)
:
5.
2
±

2.
1
y

S
iz
e
da
ta

no
t
av
ai
la
bl
e

m
:4

(1
8%

);
M
:
18

(8
2%

)
33

.1
±

29
.9

56
8.
2
±

13
8.
9

H
T
:
11

(5
0%

)
D
M
:
4
(1
8%

)
IG

T
:
5
(2
3%

)
A
S
A
-P
S
:

2:
9
(4
1%

)
3:

7
(3
2%

)

T
S
S

D
if
fi
cu
lt
in
tu
ba
tio

n:
3
(1
4%

)
T
ra
ns
ie
nt

D
I:
4
(1
8%

)
C
S
F
le
ak

su
sp
ec
te
d
in

4
(1
8%

),
on

ly
1

ne
ed
ed

su
rg
er
y

P
ar
tia
l

hy
po

pi
tu
ita
ri
sm

:
3
(1
4%

)

G
H
<
1.
0
ng

/m
L

an
d
no

rm
al

IG
F
-1
:

15
(6
8%

)
N
o
re
la
ps
e

du
ri
ng

F
U

H
T

R
ed
uc
tio

n
in

m
ea
n

B
P
in

th
e
cu
re
d

(S
B
P
:
13

8
vs
.

N
on

e

22 Endocrine (2020) 68:16–31



Ta
bl
e
1
(c
on

tin
ue
d)

A
ut
ho

rs
/

R
ef
.

S
tu
dy

de
si
gn

S
tu
dy

po
pu

la
tio

n
(n
/a
ge
/F
U
)

M
ea
n
ad
en
om

a
si
ze

±
S
D

(m
—
m
ic
ro
;
M
—

m
ac
ro
ad
en
om

a)

M
ea
n
pr
e-

op
G
H
±

S
D

(n
g/
m
L
)

M
ea
n
pr
e-

op
IG

F
-

1
±
S
D

(n
g/
m
L
)

P
re
op

er
at
iv
e

co
m
or
bi
di
tie
s

S
ur
ge
ry

P
er
i-
op

er
at
iv
e

co
m
pl
ic
at
io
ns

R
em

is
si
on

of
di
se
as
e/
cl
in
ic
al

im
pr
ov

em
en
t

M
or
ta
lit
y

(r
el
at
ed

to
pr
oc
ed
ur
e)

13
0
m
m
H
g,

p
<
0.
05

;
D
P
B
:
89

vs
.
84

m
m
H
g,

p
<
0.
05

)
D
M

2
D
M

+
3
IG

T
cu
re
d
(5
6%

)
P
uc
hn

er
et

al
.
[1
2]

R
et
ro
sp
ec
tiv

e
n
=
15

c

≥6
5
y

M
ea
n
ag
e
68

.3
y

(6
5–
81

)
F
U
:
4.
2
y

(2
w
ee
ks
–
13

y)

S
iz
e
da
ta

no
t
av
ai
la
bl
e

m
:
4
(2
7%

)
M
:
11

(7
3%

)
47

.4
±

64
.2

11
12

±
50

1
H
T
:
9
(6
0%

)
D
M
:
4
(2
7%

)
D
C
V
:
3
(2
0%

)
A
S
A
-P
S
:

1:
2
(1
3%

)
2:

5
(3
3%

)
3:

8
(5
3%

)

T
ra
ns
na
sa
l

m
ic
ro
su
rg
er
y

N
o
in
tr
a-
op

co
m
pl
ic
at
io
ns

P
os
t-
op

:
T
ra
ns
ie
nt

D
I:
1
(7
%
)

E
pi
st
ax
is
:
1
(7
%
)

N
o
hy

po
pi
tu
ita
ri
sm

G
H
<
4.
5
ng

/m
L
+

IG
F
-1

<
38

0
m
cg
/L

in
al
l

pa
tie
nt
s
(1
00

%
)

N
o
re
la
ps
e

du
ri
ng

F
U

H
T

3
pa
tie
nt
s

im
pr
ov

ed
B
P

D
M

2
cu
re
d
(5
0%

)
2
co
nt
ro
le
d
on

ly
w
ith

di
et

(5
0%

)

N
on

e

F
U

fo
llo

w
-u
p,

y
ye
ar
s,

T
SS

tr
an
ss
ph

en
oi
da
l
su
rg
er
y,

H
T
hy

pe
rt
en
si
on

,
D
M

di
ab
et
es

m
el
lit
us
,
D
C
V
ca
rd
io
/c
er
eb
ro
va
sc
ul
ar

di
se
as
e,

C
ca
nc
er
,
A
SA

-P
S
A
m
er
ic
an

S
oc
ie
ty

of
A
ne
st
he
si
ol
og

is
ts

ph
ys
ic
al

st
at
us
,
H
F
he
ar
t
fa
ilu

re
,
C
SF

ce
re
br
os
pi
na
l
fl
ui
d,

IG
T
im

pa
ir
ed

gl
uc
os
e
to
le
ra
nc
e,

D
I
di
ab
et
es

in
si
pi
du

s,
B
P
bl
oo

d
pr
es
su
re

a I
n
on

e
ca
se

w
ith

as
so
ci
at
ed

br
om

oc
ri
pt
in
e

b S
ix

pr
e-
tr
ea
te
d
w
ith

S
S
A

fo
r
a
pe
ri
od

ra
ng

in
g
fr
om

2
to

6
m
on

th
s
be
fo
re

su
rg
er
y

c N
in
e
tr
ea
te
d
pr
ev
io
us
ly

w
ith

D
A

an
d
fo
ur

w
ith

oc
tr
eo
tid

e

Endocrine (2020) 68:16–31 23



matter. In addition, none of the evaluated studies specifi-
cally compared elderly vs. nonelderly patients. To the best
of our knowledge, there are no studies specifically addres-
sing this issue in English literature.

Bone abnormalities related to GH excess include high
bone turnover and deteriorated microarchitecture with an
overall increased VF risk, especially (although not exclu-
sively) in patients with active disease [72, 73]. Bone
mineral density measurement might be normal or even
increased, not being a reliable marker of bone disease in this
context and FRAX score is unreliable [77]. Importantly,
these patients frequently have other negative impact factors
on bone health, namely, diabetes mellitus, hypogonadism
and replacement glucocorticoid and l-thyroxine treatment
[72, 78]. The role of age as a predictive factor for VF risk in
acromegaly has been investigated with variable results.
Eight studies including a total of 477 patients with acro-
megaly have found a VF prevalence between 10.6 and
63.8%, and no relationship with age. Instead, the long
duration of active acromegaly was associated to an
increased fracture risk [73, 79–85]. In one study (Dal et al.)
fractures risk was not increased in any age group [45].
However, Wassenaar et al. evaluated 89 patients with
acromegaly. Interestingly, VF prevalence was higher in the
groups >65 years (67–88 vs. 44–59%) [82]. On the other
hand, Bonadonna et al. retrospectively studied 36 post-
menopausal women with acromegaly with a median age of
60.5 years (range 44–79) to evaluate VF predictive factors.
Importantly, hypopituitary women or those on any treat-
ment possibly influencing bone health were excluded. They
found that women with VF (n= 19) were significantly older
(mean age 65 years (range 49–79) vs. 54 years (range
44–74); P= 0.004). Furthermore, age was not significantly
different between women with controlled against active
disease [86]. In conclusion, most of the available evidence
seems to be in favor of age not being a predictive factor of
VF risk in acromegalic patients per se, although not all data
are consistent. Again, studies specifically designed to
address this issue in the elderly population are lacking.

Aging and quality of life

Acromegaly itself could interfere in physiological aging
process. Hatipoglu et al. in a comparative cross-sectional
study, concluded that acromegaly could worsen cognitive
functions, functional mobility, instrumental daily living
activities, and increase malnutrition risk [17]. Conversely,
in a large systematic review [87] on quality of life in
acromegaly, while higher depression scores and BMI cor-
related with negative impact on QoL, other factors,
including age and gender were not relevant and more stu-
dies are needed to determine the impact of acromegaly or its
treatment on QoL in elderly patients.

Surgical treatment

Surgery is recommended as first line treatment for acrome-
galy in most patients [3, 88]. In the elderly, there are some
concerns about a higher risk of perioperative complications,
because these patients usually have associated comorbidities
[15]. In addition, there might be specific features that can
increase the risk of complications during and after surgery,
namely, narrow upper airways, CVD, heart failure, hyper-
tension, diabetes, and cancer [15]. Preoperative treatment
has been suggested to decrease surgical risk in selected
patients [3, 89]. Few studies have specifically evaluated
surgical treatment in this age group [11–13, 15], and only
one included a control group of nonelderly patients [15]. A
total of 68 elderly patients were included. Table 1 sum-
marizes the main characteristics and findings of these stu-
dies; there was a higher anesthesia risk according to ASA-PS
score due to the presence of comorbidities. However, there
were no severe perioperative complications and in the only
study that included a control group, they were not sig-
nificantly more frequent vs. nonelderly patients [15]. Nota-
bly, there was no mortality related to the surgical procedure
[11–13, 15]. Most patients achieved disease remission and
preoperative comorbidities (diabetes mellitus and hyperten-
sion), improved significantly after surgery. Recently, Spina
et al. in an Italian surgical series of pituitary tumor aged >65
years report a surgical remission rate of 73.7% in patients
with acromegaly [14]. High remission rates can be explained
by the fact that somatotroph tumors are usually smaller and
less aggressive in older patients, as previously stated, and
consequently more likely to be totally removed in the sur-
gical procedure. Indeed, in those studies with data con-
cerning tumor size and invasiveness most of the patients had
relatively small, non-invasive, or minimally invasive ade-
nomas [11, 13, 15]. Only two studies reported relapse rate
that was null during a mean follow-up period of 4.2 [12] and
5.2 years [11], respectively. There are some limitations in
these studies, all with a retrospective design and a small
sample size. The absence of a control group in most also
limits the result interpretation. Different age criteria have
been used to define the elderly group, as well as remission.
Furthermore, some patients had been preoperatively treated
with SRL or dopamine agonist (DA). Other studies did not
specifically evaluate elderly patients, but studied age as a
potential predictive factor for surgical remission [90–94]
with conflicting results. Sun et al. [90] found that mean age
of 59 patients with surgical remission was significantly
higher compared with non-remission patients. The same
trend was described by Taghvaei et al. [91] in their cohort of
73 patients. However, other series totalizing altogether 413
patients did not find age to be predictive of surgical remis-
sion [92–94]. Jane et al. in their series of 62 patients found
that those over 65 years (n= 9] had higher surgical

24 Endocrine (2020) 68:16–31



remission rates, but in the overall analysis concluded that
age was not predictive of remission [95]. In conclusion,
surgery might be regarded as a safe procedure in elderly
patients [at least if ASA-PS score is ≤3) and it has been
associated with high rates of remission and significant
metabolic improvement in this population. Proper anesthesia
risk must be evaluated preoperatively and surgery must be
performed by an expert pituitary neurosurgical team. Post-
operative close monitoring is also mandatory and surgery
should be performed when possible in a specialized center of
excellence [96]. Influence of age as potentially predictive of
surgical remission has not been consistent, but study design
and different proportion of included elderly patients may
explain the discrepancies. Evidence from larger studies
including control groups is lacking. Further stratification of
age groups in elderly patients would also bring important
data on our knowledge in this matter.

Histopathology

GH-secreting adenomas are classically divided in two his-
tological subtypes according to the amount of cytoplasmic
secretory granules: densely granulated (DG) and sparsely
granulated (SG), that are typically more aggressive [97, 98].
To our knowledge, there are no data available so far spe-
cifically comparing histopathological features of GH-
secreting adenomas in elderly patients vs. nonelderly.
However, a few studies evaluated age according to differ-
ences in histological subtype frequency of these tumors and,
consequently, clinical behavior. In a retrospective study on
86 consecutive surgeries (70 patients overall), there was a
trend towards younger diagnosis in SG adenomas compared
with DG adenomas [98]. Kiseljak-Vassiliades et al. sum-
marized in their review the evidence from five studies that
evaluated the association between granulation pattern and
age, including a total of 420 patients with acromegaly. In
four of these studies (including 342 patients), the mean age
of patients harboring SG tumors was lower as compared
with patients with DG tumors. On the contrary, one study
including 78 patients with acromegaly found no correlation
between granulation pattern and age, but it included a small
number of patients with SG tumors. Taken together, these
data support a correlation of granulation pattern with age
[99]. Subsequently, Kiseljak-Vassiliades et al. in a retro-
spective study including 101 patients confirmed that
patients with SG tumors were younger as compared with
those with DG (40.4 ± 13.7 vs 50.0 ± 12.8 years; P= 0.001)
[100]. Cuevas-Ramos et al. [25] in a large retrospective
study of 338 acromegaly patients, found a group of subjects
with smaller, less aggressive DG tumors with a higher
expression of SSTR2 and a higher mean age at diagnosis.
These results are in keeping with the evidence that older age

is related to smaller, less aggressive tumors, mainly with
DG pattern and higher SSTR2 expression, thus, likely more
responsive to treatment. Another recent large study from
Mori et al. confirmed that SG cytokeratin pattern is more
frequent in younger patients (also related to larger tumor
size and higher Knosp grade) [101]. Table 2 summarizes
those that seem to be the main histopathology findings in
older subjects.

All these studies have a retrospective design, some have
small sample sizes and results are not completely consistent,
but when analyzed altogether, we can probably conclude
that older patients are harboring more frequently DG,
smaller lesions. However, none of these studies specifically
evaluated elderly vs. nonelderly patients, therefore extra-
polation of these data to this specific age group remains
speculative.

Medical therapy

Medical therapy in acromegaly might be used as primary or
adjuvant treatment. It includes SRLs, GH receptor antago-
nist (pegvisomant) and DA [102]. In elderly patients, few
might argue that medical treatment should be used as pri-
mary therapy, considering that certain comorbidities can
increase the risk of surgical complications. However, this
treatment is not curative, requires lifelong expensive ther-
apy and possible adverse events have to be taken into
consideration, although they are generally well tolerated
[11, 102]. Furthermore, as described before, surgery seems
to be generally safe and effective in these patients. Con-
cerning medical therapy, SRLs treatment is usually the first
choice, especially in Europe [38]. Van der Lely et al. ret-
rospectively evaluated the relationship between age and
responsiveness to octreotide in 100 patients with acrome-
galy (age range 23–83 years). They found older people to
have a higher sensitivity to octreotide in terms of GH
release inhibition (especially in males) [28]. Colao et al.
have prospectively studied a cohort of 99 patients aged
45.6 ± 17.9 years receiving SRLs therapy (octreotide and
lanreotide] as primary and only treatment for at least
12 months. Unlike in the previous study, the percent
decrease in tumor volume was inversely correlated with

Table 2 Histopathology findings in older subjects with acromegaly

Characteristic Older age

Dimensions Smaller tumors

Histological subtype
(granulation pattern)

Predominantly densely granulated

SSTR2 expression Higher expression

Proliferative markers Highest proportion of Ki-67 <3%
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age. Although statistically significant, the correlation coef-
ficient was, however, weak (r=−0.23; P= 0.023) [37].
Altogether, there are not enough data to draw a conclusion
about the influence of age in SRL treatment response.
Scaroni et al. recently studied the paradoxical response of
GH to hyperglycemia after OGTT in 496 patients with
acromegaly with a mean age at diagnosis of 41.8 years
(range 32–51 years). Patients who have a paradoxical
response at diagnosis are older than the group without
paradoxical response (44.1 vs. 40.5 years; P= 0.006), have
smaller tumors and have a higher remission rate after
treatment with SRL [103]. Older acromegalic patients are
likely to have a better response to SRL due to the presence
of smaller and less aggressive tumors, mainly with DG
patterns and increased SSTR2 expression [28, 37]. Con-
cerning Pasireotide LAR, development of hyperglycemia
seems to be related to baseline glucose [104], thus we can
envision a more pronounced incidence of hyperglycemia or
diabetes under this treatment on elderly patients. Pegviso-
mant is another option for medical treatment in acromegaly,
alone or in combination therapy. It is mainly indicated for
patients partially or completely resistant to SRLs, though in
US this drug is approved also as first line medical therapy
[105]. Evidence about age as a predictive factor of response
to pegvisomant is scarce and controversial. Parkinson et al.
retrospectively studied 147 patients treated exclusively with
pegvisomant (after washout of other medical treatments if
previously ongoing), ranging from 20 to 78 years, and
found no significant correlation between age and the dose
needed to normalize IGF-1 (P= 0.69) [106]. Sievers et al.
retrospectively studied 271 patients from the ACROS-
TUDY German cohort, with a mean age of 51.2 ± 13.9
years, and found that age was negatively associated with
IGF-1 change after 1 year of pegvisomant therapy [107].
Kasuki et al. retrospectively evaluated 27 patients treated
with pegvisomant (in a minority of patients as single agent,
most in combination with SRLs and one with cabergoline),
aged 20–82 years (at diagnosis), and found no association
between age and IGF-1 reduction [108]. Many confounding
factors exist in these studies, one of the most relevant being
the fact that some patients were on other treatments, too.
Currently, there is insufficient data to establish if age is truly
a predictive factor of pegvisomant response. However, since
pegvisomant has been shown to improve glucose control in
some patients [109], use in elderly patients with glucose
abnormalities and no other contraindications could be
potentially beneficial as single therapy or in combination.
The most frequently used DA in the treatment of acrome-
galy is cabergoline. It might be feasible as monotherapy in
patients with slightly elevated IGF-1 levels (generally <1.5
times the upper limit of normal) or in combination therapy
[110]. To our knowledge, no studies have specifically
addressed the influence of age on DA response. An

important consideration in patients on treatment with
cabergoline is an increased risk of valvular heart disease
[110]. Elderly patients with acromegaly have been descri-
bed to have higher prevalence of cardiovascular risk factors,
LV hypertrophy and lower LV ejection fraction than heal-
thy age-matched controls [16]. Adding up a valvular disease
might aggravate their cardiac condition. Closely monitoring
these subjects should be warranted. With regard to Pasir-
eotide LAR, a single case report described that this treat-
ment was effective and safe in an elderly patient [111].
However, previous studies on the efficacy of Pasireotide
LAR did not analyze the data according to age, although the
patients’ mean age in these studies ranged from 40.8 years
to 45.5 years [112, 113]. Indeed, according to data derived
from the PAOLA study, the percentage of patients aged >65
years ranged from 5 to 12% of Pasireotide treated patients
[114]. Moreover, a single case of and elderly acromegaly
patient treated with a combination therapy with Pasireotide
LAR and Pegvisomant was also described, suggesting that
this treatment choice can be useful and safe in case of
aggressive acromegaly, also in elderly patients [115].

Radiotherapy

Although radiotherapy may be effective in selected cases,
guidelines suggest that its use as a third line treatment in
patients with tumor remnant following surgery or if medical
therapy is not effective or is not tolerated [3]. Many studies
reported the efficacy of radiotherapy for GH-secreting
adenoma with hormonal remission rates of 30 and 80%
depending on the different follow-up time and criteria used
to define the “cure” of disease [116]. However, various
complications have also been reported, such as hypopitui-
tarism, visual deterioration, and radiation-induced brain
necrosis [3]. In recent reports, Gamma Knife Radiosurgery
(GKR) obtained hormonal normalization in about 30–60%
of patients with GH-secreting adenomas. Kim et al. reported
remission in 14 of 30 patients within a median period of
35 months (range, 12–129) after GKR [117]. However,
there is no clear evidence supporting the superiority of
innovative vs. conventional radiation techniques in terms of
tumor control and faster biochemical control [116]. There
are no data on radiotherapy in elderly acromegalic patients.
In the elderly, patient life expectancy should also be con-
sidered when assessing the timing of biochemical and tumor
control.

Conclusions

The number of elderly patients with acromegaly, both
newly diagnosed and in follow-up, is expected to grow in
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the coming years and clinicians will need to be aware of
particularities associated with age (Table 3).

We generally assume that older acromegalic patients
might have a milder phenotype. Both GH hypersecretion
and hypopituitarism symptoms can be difficult to identify in
elderly patients because they can overlap with ageing fea-
tures. As a consequence, diagnosis can be more delayed
than in younger subjects. Age is an important factor to
consider in the diagnosis and evaluation of acromegaly
activity. Basal GH and IGF-1 levels and post-OGTT GH
nadir seem to be lower in elderly patients than in younger
patients. Most of the available evidence so far suggests that
older age might be a risk factor for diabetes, hypertension,
SAS, cancer, just as it is in general population. LV hyper-
trophy should be considered a characteristic of elderly
acromegalic patients. Hyperlipidemia seems to be more
frequent with advancing age but data are not significant.
Arthropathy and VF risk in acromegalic patients seem not
to be age-related, although data are controversial. Con-
cerning treatment, surgery might be regarded as a safe
procedure in elderly patients with high rates of remission
and significant metabolic improvement. Proper anesthesia
risk must be evaluated preoperatively and surgery must be
performed by an expert pituitary neurosurgical team. Age is
most likely related to histological subtype of GH-secreting
tumors, with older patients having more frequently DG
pattern and smaller lesions. Among medical therapy, SRLs
treatment is usually the first choice. There is some evidence
that older subjects might display a better response to this
treatment. Currently, there is insufficient data to establish if
age is truly a predictive factor of the response to pegviso-
mant. There are no data on radiotherapy in elderly patients
with acromegaly and life expectancy must also be con-
sidered when assessing the timing of any disease control.

Current literature data on the evaluated issue have some
limitations. Studies concerning elderly patients with acro-
megaly are few, the series are limited and not selected, the

definition of elderly is not unequivocal. Therefore, to
increase knowledge on acromegaly in the elderly, further
comparison studies are needed.
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