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Abstract

Acromegaly is the clinical consequence of chronic exposure of the tissues to excess
GH and IGF-I. It is almost exclusively the result of a GH-secreting pituitary adenoma.
In addition to the somatic features, uncontrolled acromegaly is associated with a
number of complications and excess mortality. Management is aimed at control of
the tumour; normalization of GH and IGF-I secretion and relief of symptomes. Initial
management of GH-secreting pituitary adenoma is widely accepted as endonasal
trans-sphenoidal surgery, with second-line therapy where disease is uncontrolled in
most cases being somatostatin analogue therapy. With the combination of surgery
and somatostatin analogue therapy, control is achieved in around 75% of patients;
however, this leaves a significant proportion of patients requiring multimodality ther-
apy to achieve remission. Within the UK, the health system has finite resources, and
decisions for management require consideration of efficacy and cost-effectiveness.
To add to the complexity, subtle differences exist in availability of high-cost medica-
tions used in the treatment of patients with acromegaly across the devolved nations
of the UK. In this article, we discuss options for the management of persistent ac-
romegaly following initial surgery and somatostatin analogue therapy, and explore

earlier use of dopaminergics and conservative management.
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disturbance.! In addition to the classical somatic features, acromegaly
is complicated by an increased risk of diabetes mellitus, hypertension,

Acromegaly is the clinical consequence of chronic exposure of the
tissues to excessive growth hormone (GH) and IGF-I. The most fre-
quently reported symptoms of acromegaly include enlargement of
the hands and feet, changes in facial appearance, headaches, leth-
argy, hyperhidrosis, paraesthesia, sexual dysfunction and visual

arthropathy, osteoporosis, vertebral fractures, obstructive sleep ap-
noea, cardiomyopathy and colonic polyps.? Importantly, acromegaly
is associated with an increased mortality rate relating predominantly
to an excess of respiratory and cardiovascular disease.®>* Acromegaly
is almost exclusively the result of a benign pituitary adenoma.
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Management is aimed at (a) reducing, or at a minimum stabiliz-
ing, the tumour bulk while preserving pituitary hormone function;
(b) controlling the excess GH and IGF-I secretion to obtain a GH
level < 1.0 pg/L and normal age-related IGF-I level, which has been
shown to restore mortality to that expected of the general popula-
tion>; (c) improving the patients' signs and symptoms; and (d) prevent-
ing occurrence and/or progression of systemic complications related
to long-term GH excess.®” Most treatment modalities employed ad-
dress several of these individual goals. Control of biochemical mark-
ers of disease activity, GH and IGF-I, leads to reduction in mortality,
symptoms and many of the recognized complications. Assessment
of disease activity is undertaken by measurement of random morn-
ing GH and IGF-I levels; GH nadir during an oral glucose tolerance
test (OGTT); or mean GH level during a day curve. The latter is gen-
erally carried out by measuring GH levels every 30 minutes over a
period of two or three hours. Within the UK, the OGTT is primarily
used for the diagnosis of acromegaly and not disease monitoring.
Measurement of random morning IGF-I and GH levels, and day curve
mean GH are used to monitor disease activity long-term.

Within the United Kingdom, health services are provided to
the vast majority of the population through the National Health
Service (NHS). This is a health service system with finite financial
resources. Decisions therefore have to be made regarding alloca-
tion of resources and cost-effectiveness of therapies, particularly
concerning high-cost interventions. The models for assessment of
efficacy and cost-effectiveness of new technologies/medications
differ between England and the devolved nations (Scotland, Wales
& Northern Ireland). In England, a robust system is underpinned
by the National Institute for Health and Care Excellence (NICE),
with a further layer of guidance through NHS England specialist
commissioning. Assessments in Scotland are undertaken through
the Scottish Medicines Consortium (SMC), with Wales (All Wales
Medicines Strategy Group; AWMSG) and Northern Ireland
(Northern Ireland Formulary; NIF) frequently deferring to guid-
ance given by the SMC. As a consequence, management of disease
within the NHS as a whole is likely to have differences in manage-
ment pathways across nations comprising the UK and when com-
pared with other countries.

Across the UK, it is almost universally accepted that the most ef-
ficacious and cost-effective initial (primary) therapy for acromegaly
is pituitary surgery via the trans-sphenoidal route (TSS) with the aim
of inducing remission. Postoperative remission rates for microade-
noma in specialist centres approach 90%,” however, are significantly
less in macroadenoma,’ particularly when there is notable invasion
of the cavernous sinus.”® In these latter cases, remission rates even
in specialist centres are <50%.8 Most somatotroph adenomas are
macroadenomas, and therefore, overall remission rates postopera-
tively are reported to be 40%-65%.5771° The experience of the pitu-
itary surgeon cannot be over emphasized and is a major determinant
of achieving biochemical remission.!* Reconfiguration of the special-
ist pituitary services within Manchester, UK, in 2005 led to central-
ization and reduction in the number of pituitary surgeons. This led to

improvements in rates of postoperative biochemical remission from

27% prior to the reconfiguration to 67% following implementation
of the changes.}>*?

A smaller proportion of patients are subject to trans-sphenoidal
surgery (TSS) to debulk the tumour without the prospect of obtain-
ing remission. In these cases, the aim of surgery is to relieve pressure
of the tumour on the optic chiasm and other neighbouring struc-
tures, or alternatively to reduce the ambient GH and IGF-I levels to
improve efficacy of future nonsurgical management. In the remain-
ing patients where the majority of the tumour is located within the
cavernous sinus, or surgery is contraindicated as a consequence of
co-morbidities, consideration is given to alternative therapies. In
this scenario, primary medical therapy is usually considered prefer-
able, most commonly utilizing long-acting somatostatin analogues.
Primary radiotherapy (stereotactic or fractionated) can be consid-
ered as an alternative treatment, though is used infrequently in this

situation.

2 | PERSISTENT ACROMEGALY

2.1 | Initial management PostOperatively (second
line)

Patients considered as having ‘persistent disease’ comprise those
who continue to have GH and/or IGF-I levels above target either
(a) following failed initial surgery directed at inducing remission or
(b) those who have undergone debulking surgery to reduce GH and
IGF-I levels to increase the efficacy of future medical therapy. From
the aspect of management, those patients who were felt inappropri-
ate for first-line surgery can also be considered within this cohort of
patients.

Options for second-line treatment of patients who have not
achieved remission include repeat surgery, medical therapy or radio-
therapy. Within specialist neurosurgical centres with high rates of
remission following initial surgery of microadenoma and intrasellar
macroadenoma, persistent disease activity is the hallmark of mac-
roadenoma with cavernous sinus invasion.® Intuitively, it would be
expected that this would limit the value of further surgical interven-
tion. However, in two retrospective studies examining outcomes of a
total of 67 patients who underwent repeat surgery for persistent dis-
ease, rates of remission of 57.1% and 58.5% have been reported.”’15
Cavernous sinus involvement and tumour segmentation were nega-
tive predictors of remission following second trans-sphenoidal sur-
gery.15 These data would support consideration of repeat surgery
where the residuum following primary surgery remains intrasellar.”

In the majority of patients, however, medical therapy is consid-
ered second line. The Endocrine Society guideline recommends the
use of first-generation somatostatin analogues in the majority of
patients, cabergoline in those with minimal disease activity and con-
sideration of the use of pegvisomant.” Long-acting first-generation
somatostatin analogue therapy is, therefore, generally considered
the preferred option for individuals with persistent disease post-TSS.

There are currently three somatostatin analogues (SSA) licensed for
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use in acromegaly; lanreotide, octreotide and pasireotide. Lanreotide
and octreotide, together, are considered as first-generation SSAs,
whereas pasireotide is a second-generation SSA.

Physiological control of GH secretion results from the complex
interaction of two hypothalamic hormones: growth hormone-releas-
ing hormone (GHRH) which is stimulatory and somatostatin which
is inhibitory. Somatostatin exerts its biologic effects through five
specific membrane-bound high-affinity receptor subtypes (SSTR1-
5),%¢ activating intracellular signalling primarily through an inhibitory
Ga subunit. GH secretion is predominantly regulated through SSTR2
and SSTR5.Y Although somatostatin has been shown to inhibit GH

8 clinical usefulness is lim-

release from GH-secreting adenoma,’
ited due to a half-life of 2-3 minutes. Two somatostatin analogues,
octreotide and lanreotide, have been developed to overcome this
limitation.

Considerable long-term clinical experience has been obtained
with the long-acting formulations of lanreotide and octreotide; lan-
reotide autogel (ATG) and octreotide LAR, respectively. Availability
and use of these analogues is accepted widely across the UK. These
two analogues act via high-affinity binding to SSTR2, with lower
affinity binding to SSTRS5. Clinically, lanreotide ATG and octreotide
LAR have been shown to have similar efficacy,19 and outcomes
are not dissimilar whether used as primary therapy or following
surgery.20 Effects on tumour growth are remarkable, with <2% of
adenoma showing significant growth on treatment, and symptom
control being equivalent to that observed with surgery.20 Strict con-
trol of GH and IGF-I secretion is, however, less frequently delivered,
with 30%-40% of patients achieving both a GH < 2.5 ug/L and a
normal age-related IGF-I level.!??Y2 Higher baseline GH and IGF-|
levels are associated with a lower proportion of patients achieving
target values.?* The PRIMARYs study exemplifies the above out-
comes.?? Ninety patients with acromegaly resulting from a mac-
roadenoma were treated with lanreotide ATG 120 mg every 4 weeks
for 48 weeks.?? Tumour shrinkage of >20% was achieved in 63%,
and although 10% showed some degree of tumour enlargement,
only 2% showed enlargement of >20%. The combined end-point of
GH < 2.5 pg/L and normal age-related IGF-I was achieved in only
34% of patients.??

The most frequent side effects of somatostatin analogues relate
to effects on SSTRs within the gastrointestinal (Gl) system, namely
abdominal cramps and loose stools. Tachyphylaxis to these side ef-
fects occurs with repeated injections. Hyper- and hypoglycaemia
can occur, and long-term usage is associated with a 15%-20% rate
of cholelithiasis.

2.2 | Further therapy (third line)

From the overall cohort of patients presenting with acromegaly,
remission would be expected to occur in 40%-65% following first-
line TSS.771% In the 35%-60% who have evidence of persistent
biochemical disease, implementation of SSA therapy would be

expected to induce biochemical remission in 30%-40% of these
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FIGURE 1 Percentage of the initial cohort of patients with
remission and persistent disease following first-line treatment of
acromegaly with trans-sphenoidal surgery (TSS); and second-line
therapy with somatostatin analogue (SSA) therapy. *Assuming
efficacy of SSA therapy of 40% in achieving target GH < 2.5 mg/L
and normal age-related IGF-I

individuals.'??! Assuming at best that 40% of the 35%-60% with
persistent disease achieve remission with SSA therapy, this would be
equivalent to ~19% (14%-24%) of the original cohort. The combina-
tion of first-line surgery, and second-line SSA therapy for ‘persistent
disease’, is therefore likely to lead to remission in, at most, 64%-84%
of patients overall (Figure 1). These data confirm that a significant
proportion of patients with acromegaly, approximating to one in four
(26%) will require multimodality therapy to induce remission.

For patients who continue to have active disease despite TSS
surgery and maximal dose SSA, there is no preferred option for man-
agement. The Endocrine Society guideline suggests consideration
of combined drug therapy where there is a partial clinical response
to the first drug initiated (usually SSA)” or alternative monotherapy
where there has been no clinical or biochemical response to the ini-
tial drug used.” In reality, options for further management include (a)
SSA dose escalation; (b) addition of cabergoline to the SSA; (c) use
of pegvisomant as monotherapy or in combination; (d) pasireotide;
and (e) radiotherapy (stereotactic or fractionated). Combinations of
these additional therapies are likely to be required in a number of

cases.

2.2.1 | High dose SSA therapy

Escalation of the dose or dosing frequency of first-generation SSA
can lead to control of GH and IGF-I in a subset of partial respond-
ers to SSA. In a multicentre study, 30 patients who failed to achieve
GH < 1.0 pg/L and/or age-matched IGF-| < 1.2-fold the upper limit of
normal (ULN) following 6 months lanreotide ATG 120 mg or octreo-
tide LAR 30 mg every 4 weeks were randomized to lanreotide ATG
120 mg every 3 weeks or 180 mg administered every 4 weeks for a
total of 24 weeks.?® IGF-I levels of <1.2 ULN were achieved in 27.6%:;

however, GH values for the cohort remained unchanged and only
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3/30 (10%) achieved both biochemical targets.25 Adverse events not
present at baseline occurred in 63.3% and related to gastrointesti-
nal disturbance and abnormalities of carbohydrate handling. Within
the UK, neither lanreotide ATG nor octreotide LAR are however ap-

proved or funded for use above the licensed dose or frequency.

2.2.2 | Addition of cabergoline to SSA therapy

In healthy men, dopamine, either as a continuous infusion or when
infused concurrently with GHRH, significantly increases GH secre-
tion supporting a role of dopamine in the physiological regulation
of GH.?° In contrast, dopamine is a negative physiological regula-
tor of prolactin secretion. Somatotroph and lactrotroph cells are of
common embryological origin, with transcription factors POU1F1
and PROP1 being obligatory to development of both cell lines.
Dopaminergic analogues are highly effective in inhibiting prolactin
secretion and causes regression of prolactinoma through activation
of the dopamine subtype-2 receptor (D2R). GH-secreting and mixed
mammosomatotroph tumours also express the D2R, though which
both prolactin and GH can be regulated.

Following the unexpected observation that administration of
L-dopa in patients with acromegaly led to a reduction in the GH
levels, dopamine agonists became the first medical treatment avail-
able for acromegaly.27 Cabergoline is a dopamine D2 receptor ag-
onist with long duration of action, which allows its administration
once or twice weekly in most cases. Studies of the efficacy of the
addition of cabergoline to somatostatin analogue therapy have in-
cluded small numbers of patients and have been of variable design.
A meta-analysis of five studies, three prospective and two retro-
spective, comprises the most reliable data to date.?® Together, these
five studies, however, included only 77 patients. Inclusion criteria
were failure of SSA to normalize IGF-I. Baseline GH and IGF-| lev-
els were 7.4 + 12.5 pg/L and 70.9 + 36.6 nmol/L, respectively. SSA
therapy had been used after surgery in 74% and as first-line therapy
in 26% of the cohort. The mean cabergoline dose was 2.5 mg/week.
Outcome data revealed that the addition of cabergoline normalized
age-adjusted IGF-1in 52% of the cohort and reduced mean GH levels
to 3.6 + 3.8 pg/L.28 The probability of achieving target IGF-I levels
was highest for those with only mild-moderate disease activity (de-
fined as IGF-I < 250% of the upper limit of normal); however, sig-
nificant improvements were observed in IGF-1 even in those with
marked elevations of IGF-I at baseline.

A number of similar studies have been published since the afore-
mentioned meta-analysis.zg'32 In these studies, normalization of
IGF-I levels was achieved in 30%-48%. Normalization of IGF-I levels
was predicted by lower baseline IGF-I and GH values, however, was
less dependent on co-secretion of prolactin.

Side effects of dopaminergic agonists relate to activation of
dopamine receptors in nonendocrine tissues leading to postural
hypotension, nasal congestion, anorexia, nausea and constipation.
Cabergoline is an ergot-derived dopaminergic agonist, and when

used in high doses to treat Parkinson's disease (4 mg/day) has been

associated with fibrosis, most frequently fibrotic valvular heart dis-
ease. In comparison, the doses used in acromegaly are much lower
(up to 3.5 mg/week in the majority) and data regarding development
of fibrotic valvular heart disease have been reassuring.®>** More re-
cently, the use of dopaminergic agonists has been associated with

occurrence of impulse disorders and mood changes.35

2.2.3 | Pegvisomant therapy

Pegvisomant is a genetically engineered analogue of human growth
hormone which acts as a highly selective growth hormone receptor
antagonist, blocking GH receptor signalling and subsequent IGF-I
production, thus eliminating the actions of GH on peripheral tis-
sues. The two seminal studies of pegvisomant monotherapy demon-
strated efficacy, defined by normalization of age-related IGF-I levels,
of 89%-97% of patients.“”37 In contrast, real-world data from the
ACROSTUDY showed lower rates of IGF-I normalization; however,
this likely reflects inadequate titration of pegvisomant dosage and
lower rates of compliance than seen in the controlled clinical stud-
ies.® Adverse events are infrequent, with elevation of liver function
transaminases more than three-fold ULN in 11.3%-13.5%% being
the most frequently reported and necessitating drug withdrawal in
a minority of cases.

The first study in 2005 examining the addition of pegvisomant
to SSA therapy showed control of IGF-1 in over 95% of individuals.*°
Similar studies have confirmed these excellent outcomes with al-
most all patients showing normalization of IGF-I levels.** As a con-
sequence of continued use of SSA concomitantly with pegvisomant,
concerns over enlargement of the pituitary adenoma residuum have
not been realized. Whether using a combination of SSAs with pegvi-
somant allows lower doses of these drugs to be used has been sug-
gested in some, but not all studies.®?

Pegvisomant has been commissioned by NHS England within the
pathway of management of acromegaly who fulfil specific clinical and
biochemical criteria.*? Patients considered for treatment with pegvi-
somant are those who have persistent disease, clinically or metabol-
ically, despite pituitary surgery and second-line SSA therapy. Those
patients where surgery is contraindicated or who are unable to tol-
erate SSA therapy are also considered, irrespective of whether they
have had pituitary radiotherapy or not. A further stipulation is that
the age- and gender-matched IGF-I must be greater than 1.3-fold
ULN. The only exclusion criteria are those of life-threatening com-
plications of acromegaly and an alanine transaminase greater than
three-fold ULN. Discontinuation of pegvisomant is recommended
where IGF-| levels fail to normalize, or at a minimum reduce by 50%
after 6 months despite maximum titration. Additionally, drug discon-
tinuation is recommended in patients who are noncompliant, develop
drug-related adverse effects or a severe unrelated life-threatening
condition. In contrast to England, the devolved nations have access
to pegvisomant in accord with the licensing agreement. Similarly to
England, use of pegvisomant is following unsuccessful surgery and

failure to normalize IGF-I levels with SSA. The main difference to
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the commissioning in England is that there is no stated requirement
for the degree of elevation of the IGF-I level. Importantly, use in all
countries within the UK is contingent on patient access schemes that
have been individually agreed with the manufacturer within each of
the nations, and that improve cost-effectiveness.

Pegvisomant monotherapy normalizes IGF-I in almost all individ-
uals where the dosage is adequately titrated, %7 effectively negat-
ing the need for combined therapy to achieve biochemical disease
control. Review of the available data relating to dose sparing by
concomitant use of SSA as a cost-effective approach was examined
during commissioning of pegvisomant in England. The data were
however not felt sufficiently robust to recommend this approach.
Use of pegvisomant in combination with SSA falls outside the li-
censing agreement for pegvisomant and therefore is not approved
in Scotland, Wales or Northern Ireland. As such, combined therapy

has not been accepted in any of the individual countries of the UK.

2.2.4 | Pasireotide

SSTR subtypes form both homo- and heterodimers suggesting
crosstalk between the receptor subtypes.*® Furthermore, combina-
tions of SSTR2 and SSTR5 specific ligands are synergistic for GH
inhibition from GH-secreting adenoma, leading to greater inhibition
of GH than either ligand alone or a combination of two ligands spe-
cific for the same receptor subtype. SSA also have peripheral effects
to reduce GH-induced IGF-I production directly at the liver via the
SSTR2 and SSTR3 receptor subtypes.** Pasireotide is a second-gen-
eration SSA that displays high-affinity binding to human SSTR1, 2, 3
and 5, with 30-40 fold higher affinity for SSTR1 and SSTR5, though
slightly lower affinity for SSTR2, compared with octreotide and lan-
reotide.*” Based on these data, the multiligand-binding pasireotide
has been considered a promising candidate to improve control of GH
and IGF-I levels in patients with acromegaly.

The initial phase Il clinical study comparing subcutaneous pa-
sireotide and octreotide suggested pasireotide to have the greater
efficacy in controlling GH and IGF-I levels.*® The follow-up phase
Il study of the long-acting formulation, pasireotide LAR, showed
greater efficacy than octreotide LAR in achieving target GH levels
of <2.5 pg/L and normal IGF-1 levels (31.3% vs 19.2%, respectively)
in patients with uncontrolled acromegaly who had not previously
received medical therapy.23 Additionally, pasireotide LAR has been
shown to induce biochemical remission in up to 20% of patients who
remain uncontrolled during long-term therapy with first-generation
SSAs.Y

Adverse events were similar for pasireotide and first-genera-
tion SSA with the exception of hyperglycaemia, which was signifi-
cantly more frequent with pasireotide, occurring in up to 67% of
patients.23'47 The development of diabetes and hyperglycaemia with
pasireotide is an obvious concern, as both type 1 and type 2 diabetes
themselves are associated with an increased standardized mortality
ratio (SMR). However, it does appear that the diabetes associated

with pasireotide may be reversible with treatment discontinuation,
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and that mechanistically it differs from other forms of diabetes.
Studies in healthy subjects have shown pasireotide to inhibit insulin
and incretin secretion, with less pronounced inhibition of glucagon
secretion and no change in hepatic or peripheral insulin sensitivity.*

Usage of pasireotide in the management of acromegaly was not
routinely commissioned by NHS England49 based on the balance
of benefit and risk, however, has been accepted as a viable third-
line treatment option by the SMC, AWMSG and NIF. The SMC rec-
ommends usage in adult patients where surgery is not an option
or has been unsuccessful, and who are inadequately controlled by

first-generation SSAs.%0

2.2.5 | Radiotherapy

Conventional fractionated conformal radiotherapy (XRT) delivers
charged particles (photons) with high precision to the tumour gener-
ally using a linear accelerator. Techniques have significantly evolved
as a consequence of improvements in focusing (multileaf collima-
tor), number of beams, immobilization, imaging and planning. Use
in the management of acromegaly has shown XRT to be highly ef-
fective in preventing growth of somatotroph tumours in 80%-90%
of individuals with acromegaly at 10 years.”* In contrast, control of
GH and IGF-I levels occurs at a more sedate rate with 50%-60% of
individuals achieving remission at 10 years.>! In the largest individ-
ual study to date, retrospective data from 656 patients with acro-
megaly showed GH values < 2.5 pg/L and IGF-1 normalization to be
achieved in 36% and 50% of patients at 5 years respectively; and
60% and 63% at 10 years, respectively.”? Following XRT, mean GH
levels decrease by around 50% every 2 years; however, IGF-I levels
decrease at a slower rate.”>>* The rate at which target GH levels are
achieved is therefore dependent upon the ambient GH level at the
time of XRT. Pituitary radiotherapy has been reported to be associ-
ated with increased risk for cerebrovascular disease, optic neuritis,
visual loss and necrosis of the normal brain tissue in only occasional
series and at a very low prevalence; secondary tumours (meningioma
and glioma) are reported in 2%-3% at 10-20 years; and a variable de-
gree of hypopituitarism in 50%-60% with long-term follow-up.>*>¢
An excess mortality has additionally been described in patients with
acromegaly who have received XRT.?’ It remains unclear whether all
the described excess mortality relates to XRT or the selection of pa-
tients with more aggressive tumours to undergo radiotherapy. With
evolution of radiotherapy techniques, it is likely that many of these
adverse effects will occur less frequently. Furthermore, use of ad-
vanced forms of 3D conformal radiotherapy such as intensity-mod-
ulated radiation therapy (IMRT) achieves a higher degree of target
conformity and greater sparing of the surrounding tissues to radia-
tion, and may further reduce the putative adverse effects of XRT.
Stereotactic radiosurgery (SRS) has been introduced with the
aim of reducing exposure of the normal tissue surrounding the pitu-
itary adenoma, whilst maintaining the effectiveness. SRS is most fre-
quently delivered from multiple colbalt®® gamma-emitting sources

or a modified linear accelerator as a single fraction, adding patient
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convenience to this technique. Control of tumour growth, GH and
IGF-I levels, as well as adverse sequelae of SRS, do not appear to be
markedly divergent from XRT.>! Differences in outcomes of studies
of SRS and XRT are potentially explicable by patient selection and
pretreatment GH and IGF-1 values. SRS is used in smaller tumours, at
least 3 mm from critical structures such as the optic chiasm. Studies
show a similar rate of fall of GH and IGF-I levels with both tech-
niques.’”®° Particle radiation with proton therapy has been utilized
in patients with acromegaly to further improve conformality of dose
and reduce radiation exposure of the surrounding tissues.’®%* Larger
studies and longer duration of follow-up will however be required
to determine if proton therapy is superior to use of photons in the
control of somatotroph tumour growth, hormonal secretion and ad-
verse effects.

2.3 | Alternative management options
2.3.1 | Cabergoline monotherapy

Dopaminergic drugs when used as monotherapy in patients with
somatotroph tumours paradoxically show suppression of GH secre-
tion.?®?” As a consequence, dopaminergic drugs have been trialled in
the management of acromegaly, not only as combined therapy with
SSA (as discussed), but also as monotherapy. The first dopaminergic
drug to be used in management of acromegaly was bromocriptine.
Studies in small numbers of patients showed very limited efficacy
with only around 10% achieving biochemical target. With the advent
of cabergoline and quinagolide for treatment of prolactinomas came
increased efficacy, fewer side effects and a more acceptable dos-
ing regimen. Early studies of the use of cabergoline in patients with
acromegaly included small numbers of patients and showed variable
efficacy, with normalization of GH levels in 0%-100%. Inadequate
studies, combined with the historically poor efficacy of bromocrip-
tine in individuals with acromegaly, have led to this class of drugs
being considered only infrequently as monotherapy for controlling
GH and IGF-I levels. Their use now generally being accepted for
patients with only mild disease activity, or as an addition to SSA
therapy.

A meta-analysis of 10 studies (n = 160) in 2011 reviewed the
published data regarding the effects of cabergoline monother-
apy in the management of acromegaly. All but one of the stud-
ies were open, and none were randomized or placebo-controlled.
Cabergoline was used first line in 21% of patients, and the overall
mean dose was 2.6 mg/week. Baseline GH and IGF-I levels were
16 + 34 pg/L and IGF-1 82.9 + 36.5 nmol/L, respectively. Target
GH levels of <2.5 pg/L and a normal age-adjusted IGF-l were
achieved in 48% and 34%, respectively.28 Patients who achieved
target GH and IGF-I levels had lower baseline IGF-I levels and el-
evated prolactin levels at baseline. Data from the UK Acromegaly
Register examined 355 courses of treatment with cabergoline, and
of these, 36% achieved a target GH < 2.0 pg/L and a normal IGF-I
level.2*

2.3.2 | Conservative management

Consideration needs to be given to how rigidly target GH and IGF-I
values are strived for. Although achieving GH/IGF-I control is criti-
cal for optimal outcomes, other factors that need to be considered
are patient's quality of life, potential side effects or complications
of therapeutic interventions, as well as the cost-effectiveness of
treatment. For example, in an individual with a normal age-ad-
justed IGF-I but GH value of 1.6 pg/L, is there a need for further
targeted therapy to reduce the GH levels further? An alternative,
in the absence of symptoms, may be to simply monitor these bio-
logical markers whilst undertaking surveillance for complications
(obstructive sleep apnoea, cardiomyopathy), and aggressively
managing any risk factors (hypertension, diabetes, lipid anomalies,
etc). This course of action may be more relevant where acromegaly
is diagnosed late in life. To date, no studies have been directed at

this course of management.

2.4 | Cost considerations

In a health system with finite resources, it is important that efficacy
and impact on mortality and morbidity are considered alongside cost
of the intervention when deciding on the most appropriate therapy
for an individual. Control of symptoms, tumour growth and long-term
morbidity and mortality, however, take precedent in any clinical deci-
sion-making. The most cost-effective treatment remains TSS when re-
mission is achieved. This emphasizes the importance of surgery being
undertaken by specialist pituitary surgeons who achieve the highest
rates of remission. Life-long medical therapy for persistent disease
activity following TSS can lead to significant associated costs, par-
ticularly for younger patients. The long-term cost of medical therapy
can potentially be offset by radiation therapy which would limit the
duration that medical therapy is required. Significant concerns over
the development of premature cerebrovascular disease have led to a
decline in use of radiation therapy; however, stereotactic radiotherapy
by utilizing multiple beams of low-dose radiotherapy will limit the ra-
diation dose to individual areas of normal brain tissue, and potentially
mitigate the risk of cerebrovascular disease. Stereotactic radiotherapy
should therefore be considered in all patients who continue to have
active disease after TSS.

Control of GH and IGF-I levels with cabergoline is observed in a
not dissimilar proportion of patients to those receiving somatostatin
analogue therapy. It may therefore be appropriate that cabergoline
should be trialled before SSA therapy in disease management based
on efficacy and cost-effectiveness. Current NHS costs for 28 days
therapy with octreotide LAR or lanreotide ATG approximate to
£500-£1000. In contrast, cabergoline at a weekly dose of 2-3 mg
equates to £25-£40 for the same period (Table 1).

Recent commissioning for pegvisomant in the devolved nations
aimed at establishing the position within treatment algorithms and
has involved concurrent discussions with the manufacturer, Pfizer

Inc, to establish patient access schemes within the NHS. These
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TABLE 1 ‘NHS indicative price’ of medications used in
management of acromegaly
Cost for
Dosage 28d
Cabergoline (mg/wk) 0.5 mg weekly £17.50
1.0 (0.5 mg x 2/wk) £35.00
2.0 (1.0 mg x 2/wk) £33.20
3.5 (0.5 mg daily) £122.50
Octreotide LAR (mg/28d) 10 mg £549.71
20 mg £799.33
30 mg £998.41
Lanreotide ATG (mg/28 d) 60 mg £551.00
90 mg £736.00
120 mg £937.00
Pasireotide LAR (mg/28d) 40 mg £2300.00
60 mg £2300.00
Pegvisomant (mg/day) 10 mg £1400.00
20 mg £2800.00
30 mg £4200.00

Note: Costs taken from British National Formulary (BNF) on-line, but do
not take account of patient access schemes.

access schemes have led to negotiated discounts in cost of pegviso-
mant to enable cost-effective usage.

3 | CONCLUSIONS

From these data, it is important to note that many individuals with
acromegaly will require multimodality therapy to obtain remission.
Primary therapy remains surgery in the majority of cases, followed
by somatostatin analogue therapy where remission is not achieved.
Thereafter, approximately one in four patients will require at least
one further intervention. Therapeutic options include repeat sur-
gery, medical therapy and radiation, with combinations of these
modalities and medical therapies often being necessary. There
are subtle differences in availability of high-cost medical thera-
pies (pegvisomant and pasireotide) between the devolved nations,
with greatest limitations to use within England. These differences
are, however, unlikely to affect management of the vast majority of
patients in whom pegvisomant or pasireotide are not required to
achieve symptom, tumoral and biochemical control.

Analogous to medical treatment of hypertension or diabetes,
where basal values are further from target, single agent therapy is
less likely to achieve remission whatever class of drug is utilized.
Data on the efficacy and cost of cabergoline would suggest a trial
of this drug should be considered before SSA therapy, particularly
when GH and IGF-I values are not grossly elevated. In the latter
cases, it is likely that combined therapy will be required. More ro-
bust studies are however required with randomization against SSA
therapy to determine relative efficacy of cabergoline, and thereby
solidify the place of cabergoline within the management algorithm

for patients with acromegaly.
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Potential adverse effects of conformal fractionated radiotherapy,
in particular evolving hypopituitarism and the putative association
with cerebrovascular disease and increased mortality, have led to a
decline in usage of this therapeutic modality. Stereotactic radiosurgery
has not been shown to have superiority over conformal fractionated
radiotherapy in the rate of achieving tumoral or biochemical control
of somatotroph tumours. SRS reduces the exposure of surrounding
normal tissue to photons and may potentially reduce adverse effects;
however, long-term data are required to confirm this.

Finally, while recognizing the importance of managing com-
plications and risk factors associated with acromegaly, it may be
that aggressive drug therapy in those with GH and/or IGF-I values
only marginally above target may not be warranted, particularly in
those who develop disease later in life. Further study of the impact
of management directed towards complications and risk factors
on long-term outcomes of patients with acromegaly needs further

investigation.
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