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Abstract

Acromegaly is a rare disease, associated with multiple organs and systems damage. Thanks to
implementation of registries, systematic data gathering, knowledge sharing and standardizing
medical practices for optimal care have been greatly improved. Data concerning 19 national
acromegaly registries are available, involving more than 16,000 patients. The weighted mean
age of diagnosis is 45.2 years and seems stable over time. A macroadenoma is found in 75%
of the cases. The proportion of patients operated (> 80%) did not change along time. By
contrast, use of radiotherapy has decreased while use of medical therapy increased. If judged
on IGF-I levels, acromegaly is controlled in 61.3% of the patients. The disease control rate
has improved over time. This is likely due to the development of medical treatment strategies.
The collection of data about comorbidities in national registries is much less comprehensive
than those about epidemiology, disease control or treatment strategies. The most reported
comorbidities are arterial hypertension and diabetes. Data concerning mortality trends are
controversial. It seems that cancer has become a leading cause of death in acromegaly patients
in the last decade, period in which life expectancy improved, while cardiovascular mortality
decreased. In conclusion, acromegaly registries offer a global view of the disease with no “a
priori” assumptions. This is of outmost importance, because of the large amount of data and
the huge number of associated comorbidities. This will help to establish guidelines for

management of this rare disease.
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Acromegaly is a rare disease, in most cases related to the hypersecretion of growth hormone
(GH) by a pituitary adenoma. Excessive exposure to GH and circulating insulin-like growth
factor (IGF)-1 has been associated with multiple organs and systems damage. In the absence
of treatment, this condition is also associated with an increase in global morbidity and
mortality [1, 2]. A multimodal therapeutic strategy currently allows the disease control in

most cases [3-5].

The diversity of the clinical, biological and therapeutic aspects of a rare disease justifies
systematic data gathering, knowledge sharing and, if possible, standardizing medical practices
for optimal care. The implementation of registries for rare diseases satisfies, in part, these

objectives. This has been the case for acromegaly since many years.

The global and comparative data analysis from different national registries allows to

understand the similarities and differences across countries.

The importance of National Disease Registries

National disease registries provide important and useful information that allow physicians and
the scientific community to better understand the epidemiology, the characteristics and the
evolution of some diseases. Initially conceived as organized systems using observational
study methods to collect uniform data about particular diseases, they finally served not only as
systems for data collection and analysis, but also and more importantly, as major institutional
catalysts to improve health outcomes over time. Disease registries have undoubtedly helped
improving health strategies and reducing the costs of health care, as in the case of hip or
cataract surgical procedures [6] Through the use of such registries, health-care providers can
compare, identify, and adopt best practices for patients. Moreover, the creation of a national
registry for a certain disease is also useful to know and follow-up various epidemiological

characteristics, natural history, the efficacy of the disease management, the disease activity



control, and the rate of disease complications. The information provided by a registry can

guide medical strategies and practices of centers that have low patient enrolment.

In order to warrant institutional access to data for health policies, the Institutions / Academic
Societies managing data about these diseases should confidentially transmit information to
national or supranational organisms. It is of interest that, within the EU, the declaration of
national acromegaly registries within the European Rare Disease Network (Orphanet Report
series, http://www.orphadata.org) has been provided for only five countries (Austria,

Germany, France, Spain and UK).

Main characteristics and geographical distribution of national acromegaly registries

Nineteen national acromegaly registries have been published in the scientific literature [7-26].
They provide information on both the epidemiology and the disease characteristics, for each
country. In addition, the majority of registries reflect the availability of drugs or therapeutic

strategies and provide information about different cultures and medical practices.

The major epidemiological characteristics of acromegaly across different countries are

summarized in Table 1.

More than 16,000 patients were included in the published registries. If we assume a disease
prevalence ranging from 20 to 80 cases per million [9, 21, 27, 28], we can speculate that the

territorial studies encompass a population of more than 375 million individuals.

Even if geographical characteristics represent a broad sample of the world population, it
should be noted that the distribution of the studied populations is very heterogeneous. It is to
be noted that, among the 19 registries, most (n = 13) were created and managed in European
countries (Figure 1 and Figure 2). Among the six remaining registries, three gathered data

from acromegalic populations in North America, one from Iran, one from South Korea and



one from New Zealand. Populations in Asia and Oceania are therefore under-represented.

African and South American populations are not represented.

All the published registries include retrospective data. Mexican [22] and French [25] registries
mostly rely on retrospective data, but part of the data is prospectively gathered. The Danish
registry collected data on acromegalic patients and compared them to a non-acromegaly
control cohort from the general population, by means of the country’s National Health

Registries [21].

Demographic characteristics of acromegaly in registries

The main epidemiological characteristics are systematically provided in the registries. They
are quite constant across series and have not appeared to change during the last 30 years
(Table 1). To underline the importance of the populations’ size, the weighted means for all

available parameters were calculated.

According to the analysis of different national registries, the demographic characteristics of
acromegaly populations are quite homogeneous. The overall weighted mean age of diagnosis
is 45.2 years and this is similar in all the reported series (median age ranges between 41 to 50
years according to registries). The condition affects slightly more frequently females (mean
ratio F/M = 1.24). Moreover, the age at diagnosis is significantly higher in women than in

men in all the reported studies (by O to 7 years).

Two European series reported an unexpected stability in the ages at diagnosis with respect to
the year of inclusion from the 1970s to the 2010s in the Danish registry [21] and in the French
one [25]. The German registry even showed an increase in the age at diagnosis during the last

decades [29]. This could reflect either an absence of improvement in the diagnosis



performance or a change in the natural history of the disease with a progressive delay in the
occurrence of somatotropic adenomas. Assessing the delay between the onset of the first
clinical signs and the diagnosis could answer this question. Unfortunately, this parameter is
quite imperfect and difficult to analyze. In addition, it is not provided in all the series. This
parameter appears to range between 5 to 14 years but does not seem to change throughout the

years of publication of the registries.

The tumoral characteristics of somatotropic adenomas upon diagnosis are similar across
countries. In 75% of the cases, the origin of acromegaly consists of a somatotropic pituitary
macro-adenoma (range 67-84). This percentage remains stable in relation to the year of
publication of the registries. A study identified that the proportion of macroadenomas
remained stable throughout the decades. In concordance with the stability of the age at

diagnosis, this could suggest that the diagnosis did not occur earlier during the last decades

[25].

Management of acromegaly

Pituitary surgery

The majority of somatropic adenomas were subjected to pituitary surgery. This information is
mentioned in all the reported studies. The weighted mean percentage of operated cases is
80.4%, which corresponds to almost 13,000 procedures and is relatively stable across
different countries (ranging from 67 to 90%). After examining the rate of surgery over time, it
did not appear to change significantly throughout the years. Moreover, no variation in the
rates of patients undergoing surgery in relation to the year of publication of the registries is

observed.

Radiotherapy



Unlike surgery, the use of radiotherapy (conventional or stereotactic) varies from country to
country. The weighted mean percentage of patients undergoing radiotherapy was 28.8%, but
ranged from 9% to 87% according to the different countries. All the studies that provide
information about the changes in the use of radiotherapy showed a progressive reduction in
radiotherapy use in recent years or decades (6, 9, 18). A progressive decrease in the rate of

patients undergoing radiotherapy is also observed in relation to the year of publication (Table

D).

Medical treatment

On average, 60% of patients received a medical treatment of any kind to control their
acromegaly, which corresponds to more than 9,000 patients medically treated in national
registries. The use of medical treatment was variable across the different countries (ranging
from 0 to 78% of the patients). All the available studies addressing the evolution of practices

describe an increase in the use of medical treatment with time.

A first-line medical treatment (before or after surgery) was given to 24% of the patients
(weighted average), but this number varied according to the different practices. Indeed,
according to ten studies reporting this information, the use of first-line medical treatment for
acromegaly was between 0 to 50%. This practice appears to vary more in relation to the

country than in relation to the year of publication or patient inclusion period.

When it comes to the medication classes used, most patients were treated with somatostatin
analogs (octreotide or lanreotide); followed first by dopamine agonists (bromocriptine,
quinagolide, and cabergoline) and later by the GH receptor antagonist pegvisomant, which
was available for the treatment of acromegaly in Europe around the year 2003. The proportion
of patients treated by pegvisomant, in parallel to its market availability, has progressively

increased throughout the recent years at the expense of other medication classes.



Evolution of therapeutic choices

Among the therapeutic approaches, pituitary surgery was preferred in all the series. The
surgery success rate alone did not change throughout time, indicating a stability of
neurosurgical performance, despite the introduction of new techniques (endoscopy) [30, 31].
This is also related to the persistence of a strong prevalence of macroadenomas at diagnosis,
which is a major predicting factor of the surgical outcome. However, the use of radiotherapy
strongly decreased with time, everywhere, as illustrated in the French registry (Figure 3). The
New Zealand series had the highest proportion of patients undergoing radiotherapy: this
cohort included around 200 patients followed between 1964 and 2000, the time before the
introduction of somatostatin analogues in this country [7]. The decrease in the use of
radiotherapy, irrespective of the type, appears to be a constant reflection of the increased
availability/use of medical treatments for acromegaly. As well as the introduction of the GH
receptor antagonist pegvisomant, the strategy of combining multiple drugs together appeared
to be a contributing factor to the control of more than three-quarters of the patients at the last
visit. The data of German and French registries, for example, show a strong similarity in the

deployment of their medical strategy [18, 25].

Biological disease control

The definition of disease control differs across registries, by year of publication and the
guidelines in place. If the control of acromegaly is judged according to the concentration of
circulating IGF-1 (normative data being adjusted for sex and age), the objective is reached for
the majority of the patients at the last visit (weighted mean percentage, 61.3%, ranging from
37 to 76%). Studies mentioning the disease control rate over time almost always found a
significant increase in the rate of patients with controlled disease. This is illustrated in Figure

4 regarding the French Registry, where the proportion of patients with uncontrolled



acromegaly fell from 54% before 2001 to about 25% after 2010, whereas the proportion of
patients with medically controlled disease rose from 18% to 42%, the proportion of patients
with inactive (cured) disease remaining relatively stable, at between 25% and 35% [25]. This
was also demonstrated in other registries [12, 16, 18, 32]. According to the different series,
the rate of patients with disease control does not seem to depend on the rate and/or
effectiveness of surgical procedures. By contrast, the disease control improvement may well
depend on the development of medical treatment strategies. For example, the Iranian series,
holding the least proportion of controlled patients (37%), also has the lowest proportion of

medical treatment (27%), whereas 100% of their patients underwent surgery [24].

Comorbidities

The collection of data about comorbidities in national registries is much less comprehensive
than those about epidemiology, disease control or treatment strategies (Table 2). The most
reported comorbidities are arterial hypertension and diabetes. Weighted mean prevalence of
hypertension is 35.7%, varying across registries and ranging from 11 to 54%. Conversely,
type 2 diabetes mellitus is more constant, with a weighted mean prevalence of 27% (range

between 12 and 40%, according to registries).

Information about other comorbidities is less frequently reported. In Table 2 weighted means
for each comorbidity are reported. The prevalence of cancer, carpal tunnel syndrome,
cerebrovascular disease and respiratory failure appears to be quite similar across registries. On
the contrary, the prevalence of arthritis, sleep apnea syndrome, colorectal polyps and pituitary
insufficiency is highly variable, clearly depending on the means of data collection and

national habits.



Although biological indicators (mean GH concentrations, treatment withdrawal due to
hyperglycemia, age and sex-adjusted concentrations of IGF-1) are well documented in
national registries, clinical indicators are less frequently reported. In addition, the prevalence
of comorbidities is variable from a series to another. This is either due to the comorbidities
not being reported or due to the changing means of diagnosis between registries. For example,
in some studies, the diagnosis of sleep apnea depends on clinical and anamnestic elements
while in others it depends solely on polysomnographic recordings (which are often difficult to
obtain rapidly). This is also the case for colonic polyps that are only detected by performing
an endoscopic examination. This may be the reason why most polyps and cancers are detected
at the time of the diagnosis of acromegaly. On the other hand, hypertension or diabetes are

seemingly easier to detect, with more robust and common diagnostic criteria.

Some data obtained from registries may be at variance with data issued from comorbidity
targeted studies or studies conducted in expert centers. For example, the strong correlation
between GH and/or IGF-1 concentrations and the occurrence of comorbidities observed in
many targeted studies [2] is rarely found in registries. Similarly the targeted studies generally
conclude that the biological control of the disease have a beneficial effect on comorbidities,
while registries data are generally unable to reach such conclusion. In fact, most of targeted
studies may contain inclusion biases and, because of their nature and their design, lack of
long-term evaluation. Indeed, few targeted studies evaluated, in large longitudinal series, the
long-term progression of comorbidities. Moreover, targeted studies are generally monocentric
and certainly more subject to confounding. By contrast, data from registries are, in most
cases, not particularly focused on a certain aspect of the disease but collect global data
without a priori assumptions. If information on comorbidities is sufficient, data from

registries could be able to validate those from targeted studies.

Mortality
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Around 850 deaths of acromegaly patients were reported in the nationwide acromegaly
registries (over a total of 8,500 patients, Table 3). This information was lacking from some
national series (Greece, Malta, Germany, United States, and South Korea). Other registries
did not compare mortality with the reference population and hence did not establish a
standardized mortality ratio, SMR (Spain, Canada, Austria, Iran). Only the Danish and
Finnish cohorts determined, in addition to standardized mortality ratio (SMR), the mortality

relative to a control population.

Despite the high number of deaths in the sum of all the studied populations, the number of
deaths by series is quite low, and the sample size is often insufficient to draw useful
conclusions on the epidemiological level. In addition, for many patients, the cause of death is
lacking (provided only in 10 to 50% of the cases, according to registries). Nevertheless, the

predominant causes of death remain cardiovascular diseases and cancers

A recent Finnish publication [33], focusing on mortality in acromegaly patients found a long-
term excess risk, particularly involving females. Among 113 deaths, 34% were related to
cardiovascular causes (versus 33% in the reference population p = ns), and 27% were related
to cancers (versus 27% in the reference population, p = ns) [33]. The authors suggested that,
compared to their older series [9], cardiovascular causes tend to decrease while malignant
causes increase, confirming the hypotheses already raised by the Mexican series [22, 32].
Another recent Swedish paper found an excess mortality in acromegaly [26], mainly related to
circulatory and malignant diseases. Importantly, they found that mortality significantly
declined over time, presumably because of optimization of pituitary surgery, decreased
hypopituitarism, reduction of radiotherapy and the availability of new medical treatment

options [26].
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While analyzing mortality data from national registries, one should consider that the relatively

high number of patients lost to follow-up is a likely cause of underestimating death rates.

Bolfi et al. recently performed a metanalysis of 26 studies providing the SMR, and evaluated
the effect of publication year [34]. They found that from the 17 studies published before 2008,
the mortality in acromegaly was increased, while from the nine studies published after 2008,
the mortality was not different from the general population (SMR: 1.35, CI: 0.99-1.85).
Biochemical control and the availability of medical treatment could have had an impact in this
reduction in mortality rate. They also concluded that cancer has become a leading cause of
deaths in acromegaly patients in the last decade, period in which life expectancy improved

[34].

The reduction in cardiovascular with respect to cancer mortality in acromegaly might be, in
fact, a reflection of trends also observed in the general population. It is pertinent to ask if the
improvement or even the normalization of the biological disease control is the reason why the
acromegaly population is now aligning with the reference population, in epidemiological

terms?

The limitations of the registries

Despite the unquestionable advantages of the registries and the data derived from them, some
limitations deserve to be highlighted. First, data entry can vary greatly in quantitative terms
from one center to another. The completeness and consequent data homogeneity could be
distorted. For certain items, like mortality or loss to follow-up, the absence of information can
have important statistical consequences. The other limitation concerns the quality of the
coding. Indeed, Dal’s study on the Danish population alerts us to the fact that in the national
public health databases (in this case, in Denmark), where all the population is registered via

International Classification of Diseases ICDs, the predictive positive value for acromegaly
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diagnosis, for example, reaches only 53% (confidence interval ranging from 46.3 to 59.8)
[35]. If multiple hospital admissions receive the same code, the predictive value increases to

75%.

Other limitations of the registries that should be taken into account concern technical aspects.
Most registries were developed with “non-dynamic” computer tools that, instead, analyze
predefined fields. During follow-up, certain items considered as add-on can have a major
importance or new therapeutic developments can appear (for example the use of new drugs,

genetic and molecular data, new diagnostic tools, etc).

Data entry can vary quantitatively according to centers. Changes in the definition of
comorbidities and diagnostic criteria also represent sources of differences that are difficult to
modify retrospectively. On the one hand, the complexity and multiplicity of data can lead to
an increase in missing data and/or affect data quality; on the other hand, a registry with too

little items could lack useful data for comprehensive analyses and for statistical adjustments.

Other economic aspects influencing data quality should be taken into account: support and
assistance, storage of sensitive data in secured servers by computer managers, data entry by

local operators, data control, personnel training and operating time dedicated to these tasks.

Despite all those limitations, registries offer a global view of a certain disease with no “a
priori” assumptions. When dealing with acromegaly, this is of outmost importance, because
of the large amount of data and the huge number of associated comorbidities. For this reason,
they complement the more targeted monocentric studies, because they lack methodological
bias and mainly look at the long-term evolution of all the aspects of the disease. The
introduction of more dynamic tools adapting to the ever-changing landscape of the disease is
needed to improve the structure and the subsequent interpretation of registries data. The direct

interaction with National Health Services with appropriate compatible platforms might also be

13



useful to directly transfer and compare data to the pertinent general population and to avoid
unnecessary, and time-consuming data transcriptions. The dissemination of knowledge and
data sharing of registries data may permit the establishment of recommendations and
guidelines from scientists and experts, homogenize clinical practices and ultimately lower

health care costs and improve patient outcomes.
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Practice Points

* Implementation of registries for rare diseases is of paramount importance for
improving knowledge, sharing experience and proposing guidelines for management.

* Age at diagnosis did not change over time, underlining that the very long delay for
diagnosis remains similar. With regard to the relation between severity of comorbidity
and disease duration, an earlier diagnosis is highly desirable.

* Even if acromegaly control rate has improved during the last decades, almost 40% of
the patients remain uncontrolled, which must lead to intensification of therapy.

* Mortality has likely improved in patients with acromegaly during the last years.
Importantly, cancer (and not cardiovascular diseases) seems to be nowadays the

primary cause of death in acromegaly.

Research agenda

* Registries need to be implemented in more and more countries and must include the
maximum of patients.

* (Global analysis of the data extracted from each registry is of major importance for
understanding country-specific management and comparing efficacy of therapeutic
strategies for this rare disease.

* The introduction of more dynamic tools adapting to the ever-changing landscape of
the disease is needed to improve the structure and the subsequent interpretation of
registries data.

* The direct interaction with National Health Services with appropriate compatible
platforms is crucial to directly transfer and compare data to the pertinent general

population and to avoid unnecessary, and time-consuming data transcriptions.
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Legends of figures

Figure 1. Geographical distribution of national geographic registries in Europe

Figure 2. Geographical distribution of national geographic registries in the rest of the world.

Figure 3. Evolution of treatment strategies in the French acromegaly registry. Data are the

percentages of patients. (A) Distribution of treatment approaches in different follow-up

periods. MT, medical treatment; RT, radiotherapy. Adapted from ref [25] with permission.

Figure 4. Evolution of disease status across 4-year follow-up periods in the French

acromegaly registry. Histograms indicate the percentages of patients (S.D.). Adapted from ref

[25] with permission.
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Country

New Zealand

Finland

Belgium

Greece

Italy

Spain

Canada

United States

UK

South Korea

Germany

Bulgaria

Denmark

Mexico

Malta

Austria

France

Year

2004

2005

2007

2011

2012

2013

2013

2013

2013

2013

2013

2014

2016

2016

2016

2016

2017

No. pts

208

334

418

115

1512

1658

649

166

2572

1350

1344

534

405

2057

47

607

980

Female to
male
ratio

0.66

1.07

1.42

1.15

1.36

1.88

0.89

1.47

1.14

1.13

DG age
years

42

475

44

47

455

50

474

44.1

41

48.7

41.1

434

40-45

46

FU

years years

7.7 12.2

22

10
6.2

10.2

13.7 7

- 10.6

6,3 14.8

MA

%

84

67

79

74

70

75

79

83

81

70

69

74

77

80

67

DC
%

61

76

52

65

76

70

72

59

46

72

42

71

75

NS

%

82

87

68

79

80

84

89

80

70

90

89

86

67

72

72

89

80

MT

%

29

78

51

75

74

60

46

43

49

41

68

70

44

72

RT

%

87

35

34

29

24

36

22

20

45

22

30

21

22

IMT

%

23

26

42

39

26

50

Reference

[7]

[9]

[10]

[11]

[12]

[8, 14]

[15]

[19]

[16]

[17]

[18, 36]

[37]

[35]

[22]

[13]

[23]

[25]



0.81

Iran 2017 85 44 - - 73 37 100 27 12 - [24]
1089 1.14
Sweden 2018 51.6 - 12 - - 64 45 13 - [26]
16,130 1.26
Global* - 45.2 6.6 9.3 752 612 788 59.6 268 279

Table 1- Comparison of the main characteristics of disease across national registries of acromegaly. DG, diagnosis; FS, first
symptoms; FU, follow up; MA, macroadenoma; DC, disease control; NS, neurosurgery; MT, medical treatment; RT,
radiotherapy; 1MT, First line medical treatment. M, males; F, females. * data are expressed as weighted means except for
number of patients (sum of overall patients)



Country Year No. pts (M) HT CVD T2DM OA CcT OSA CRF HP CP K Ref
New Zealand 2004 208 (125) 54.4 - 29.7 68.9 - - - 68 ) - 7]
Belgium 2007 418 (213) 39.4 5.7 25.3 46.7 281  17.1 - 39.7 27.2 10.5 [10]
Greece 2011 115 (45) 46 - 25 - - - - 8.4 55 - [11]
Italy 2012 1512 (624) 33 - 16.2 - ) - - - - T 2]
Spain 2004 1219 (478) 391 7.1 37.6 19.6 187 132 4.9 257 9.5 7.5 [8,14]
Canada 2013 649 (329) 37 - 28 - - 33 - 23 - 8.6 [15]
Germany 2015 45 - 27 - - 12 - 29.7 - - [18,
120 (62) 36]

Denmark** 2016 405 (214) 11 - 12 ) - - 3 ) - - [35]
Mexico 2016 2057 (834) 27 - 30 - - - - - - - [22]
Malta 2016 47 (22) 46.8 - 40.4 208 2°° 6.4 - 66 140 106 43
Austria 2016 607 (278) 47.8 - 26,7 - - - - - - - [23]
France 2017 980 (460) 475 - 30.8 - - 22.5 - - 20 - [25]



United States 2017 121 (55) 32.8 1.2 21.8 37.7 29.5 25.6 2.9 30.8 27.7 10.0 [38]

Sweden 2018 1089 (509) ) 34 T [26]

35.7 6.4 27.1 21.4 21.2 20.1 4.3 18.3 .5
Global* - 9,547 (4,248) 22.2 8 8

Table 2 - Prevalence of acromegaly-related comorbidities across national or local registries of acromegaly

Pts: patients; HT : arterial hypertension; CVD: cerebro-vascular disease; T2DM: type 2 diabetes mellitus; OA: osteoarthropathy; CT: carpal tunnel; OSA:
obstructive sleep apnoea; CRF: chronic respiratory failure; HP: hypopituitarism (any type); CP: colonic polyps; K: cancer.

* data are expressed as weighted means except for number of patients (sum of overall patients)



Country

No.

Year No. Pts MAD SMR CI95% Reference
deaths
2.70
New Zealand 2004 208 72 61 2.10-3.50 [7]
95
UK 2004 419 53 1.26 1.03 -1.54 [39]
Spain 2004 1219 56 - - - [8]
Finland* 2005 334 56 68 1.16 0.85 -1.54 [9]
Belgium 2007 418 28 71 1.39 0.96 -2.03 [10]
Italy 2012 1512 61 66.5 1.13 0.87 146 [12]
58
Canada 2013 649 26 - - [15]
Mexico 2014 442 2 58.6 0.72 0.41-1.03 (32]
Denmark 2016 405 73 - 1.3 1.0-17 [35]
Finland* 2016 333 113 74 1.90 1.53-2.34 [33]
Austria 2016 607 19 68.8 - - [23]
France 2017 980 41 62.8 1.05 0.70 - 1.42 [25]
Iran 2017 85 1 - - - [24]
Sweden 2018 1089 232 - 2.79 243 -3.15 [26]

Table 3 — Mortality data across national or local registries of acromegaly. Pts: patients; MAD: median
age at death; SMR: standardized mortality ratio; CI: confidence interval; *Please note that Finnish
cohort has been published twice (2005 and 2016). The latter includes former patients with a longer

follow-up.





