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Introduction: Acromegaly is an uncommon disease with important comorbidity
and economic cost. Although the pharmacological cost of second-line
treatment for refractory acromegaly has been theoretically analyzed, real-life
studies are needed.

Objectives: To assess the use of pasireotide and pegvisomant in a third-level
center under routine clinical practice.

Methods: Acromegaly patients that had been treated with pasireotide and/or
pegvisomant were included in (A) a cross-sectional study (two years after starting
these drugs) to analyze the cost of acromegaly, hormone replacement, and type
2 diabetes mellitus (T2DM) treatments, and the cost of surgery and radiotherapy;
and (B) a retrospective cohorts study (May 2006—October 2024) to analyze
efficacy, safety (adverse events, fasting glucose, glycated hemoglobin, and T2DM
diagnosis), and dose evolution. Descriptive statistics were 10% trimmed means
and standard deviation. Two-tailed hypothesis testing with Yuen's t and Fisher's
test had a P < 0.05 significance.

Results: 25 participants were included in the transversal study and 31 participants
in the longitudinal study. A typical patient with a poorly granulated GH-producing
adenoma underwent in-center surgery once and received radiotherapy. In the
transversal study, total pharmacological cost was 34,139.29 (13,472.09)
€/person/year, with 33,874.88 (13,468.36) €/person/year for second-line
acromegaly drugs. Pasireotide displayed 9,423.26 €/person/year worth of
savings (P = .12), reaching 30,415.98 €/person/year at high dose (P < 0.001). In
the longitudinal study, pasireotide dose was reduced (P = .06) regardless of
treatment modality. Pasireotide affected carbohydrate metabolism (P = .001), but
the effect was generally mild.

Conclusions: Pasireotide was found to be a more cost-effective option in
patients with first-line treatment failure.
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1 Introduction

Acromegaly is a low-prevalence endocrine disease (1, 2) caused
by excess growth hormone (GH) production in the pituitary, in most
cases secondary to a benign tumor (adenoma) of somatotropic cells.

Early treatment of this condition is of paramount importance, since
acromegaly remains a serious condition because it causes comorbidities
with important health repercussions (3-7). Biochemical control of the
disease can normalize life expectancy (8), reduce the incidence of
comorbidities (9, 10), and improve patient-reported quality of life (11).

Whenever feasible, pituitary surgery is the first line of treatment
(12), with cure rates via a transsphenoidal approach ranging from 47.6%
to 76.4% (13). Refractory cases may require adjuvant radiotherapy or
radiosurgery. Drug treatment may be required preoperatively in select
patients, or a posteriori in cases not cured after surgery. Drug therapy
consists of first-generation synthetic somatostatin analogs (SSAs)
octreotide LAR and lanreotide, second-generation somatostatin
analogs (pasireotide), GH receptor antagonists (pegvisomant), and
dopamine agonists (cabergoline). First-generation SSAs are considered
first-line, while all other drugs are considered second-line therapies and
are used if biochemical control or remnant tumor control proves
insufficient, or if the first-line drug is not tolerated (12, 14).

According to randomized clinical trials, pegvisomant and
pasireotide are the most effective options, with a probability of
disease control of 73.4% and 73.0%, respectively (15). Regarding its
safety, most studies report injection site reactions and gastrointestinal
disorders that range from mild to moderate (15).

From an economic viewpoint, a previous study (16) has
analyzed the cost-efficacy of pegvisomant and pasireotide in
refractory acromegaly in the Spanish national health system,
using a Markov-type model that was based on clinical trials data.
Although it is a valuable contribution, this work could be
considered a theoretical exercise. Therefore, its conclusions may
differ from those obtained in a routine clinical practice setting.

To our knowledge, no previous publication has evaluated the cost
of the different second-line drug options for acromegaly in a real-life
setting. The aim of our study was to ascertain current and real data on
the efficacy, safety and cost of all second-line medical treatment
modalities for acromegaly, both as monotherapy and in
combination therapy, in patients with refractory acromegaly treated
in routine clinical practice conditions in a hospital classified as a
reference center (Centros, Servicios y Unidades de Referencia
[“CSUR”]) for hypothalamic-pituitary diseases. The main working
hypotheses were (1): the cost of pegvisomant and pasireotide might
not be similar; and (2) treatment with pasireotide may allow for de-
escalation during follow-up.

2 Methods
2.1 Design

A single-center, analytical observational study conducted at Hospital
Universitario Virgen del Rocio (Seville, Spain). This manuscript was
prepared following the STROBE recommendations (17).
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The study consists of two sub-studies (Figure 1) whose
inclusion and exclusion criteria are shown in Table 1.

The longitudinal study involves a retrospective cohort design to
analyze the safety and efficacy of second-line drugs for the
treatment of acromegaly, regardless of their indication (poor
response, intolerance or contraindication to first-line treatment).
Data was collected from the date of start of the first treatment on 5
May 2006 to 10 October 2024. The transversal study involves a
cross-sectional design to analyze pharmacological (second-line
drugs and adjuvants for the treatment of acromegaly, hormone
replacement therapy, type 2 diabetes mellitus [T2DM]) and non-
pharmacological costs (surgery, radiotherapy), and only includes
patients with an indication of second-line drug due to poor
response to first-line treatment already controlled with the
second-line drug (defined as normal levels of insulin-like growth
factor 1 [IGF-1], according to our reference laboratory - see
Supplementary Table 1). Data was collected from the visit closest
in time to the two years of follow-up after the start of the second-
line drug, since in our experience this is the time at which drug
titration is completed and patients reach a stable dose. Treatment
was indicated according to standard clinical practice and
protocolized by our center.

2.2 Data collection

The data was obtained from electronic health records. Age, sex,
identifiers, date of diagnosis of acromegaly, date of start of
treatment with surgery and radiotherapy, days of admission and
complementary tests associated to surgery and radiotherapy,
presence of major and minor complications attributable to
pegvisomant or pasireotide, dates of admission and discharge due
to major complications, diagnostic and therapeutic tests required
due to major complications, diagnosis of T2DM (based on clinical
history) or prediabetes following ADA criteria (considered as
glycated hemoglobin [HbAlc] 5.7-6.4% and/or a fasting blood
glucose 100.0 - 126.0 mg/dL), blood glucose control markers
(fasting plasma glucose [Glu], HbAlc) and disease control
markers (IGF-1), drug treatment (second-line drugs for
acromegaly, hormone replacement therapy, and antidiabetic
treatment) were recorded.

2.3 Cost calculation

Local costs for acromegaly drugs (Table 2), hormone
replacement therapy (Supplementary Table 2), and antidiabetic
treatment (Supplementary Table 3) were obtained from electronic
health records. The sum of all these costs has been defined as the
total pharmacological cost. Costs according to each participant are
expressed as euros per person per year (€/person/year), estimating a
360-day year (equivalent to 12 30-day months). Acromegaly co-
treatment cost has also been included: both the cost of pasireotide
and pegvisomant include the cost of cabergoline, and the cost of
pegvisomant also includes the cost of first-generation SSAs.
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FIGURE 1

Flow diagram of the participants. Our whole cohort of refractory acromegaly cases is represented in the upper rectangle. From it, participants for the
longitudinal study are extracted after completing the inclusion and exclusion criteria from Table 1, with an excluded case depicted in a pink
rectangle that horizontally diverges from the top-to-bottom direction of the figure. Then, participants for the transversal study are extracted after
completing the inclusion and exclusion criteria from Table 1, with n = 6 excluded cases depicted in a pink rectangle that horizontally diverges from
the top-to-botton direction of the figure. In all cases, pasireotide treatment is represented in red and pegvisomant treatment in green. Coadjuvant
treatments such as cabergoline and first generation synthetic somatostatin analogues (15 gen. SSAs) are represented in subsequent rectangles in
different tones of grey, with participants taking both kind of coadjuvant drugs represented within a tangent circle.

Calculations were performed based on drug dose at the cross-
sectional timepoint in the transversal study. We also performed
sub-analyses, dividing the sample according to second-line
acromegaly drug dose: low dose was defined as any dose of 20
mg/month for pasireotide and < 105 mg/week for pegvisomant. The
rationale behind this cut-off point for pegvisomant is that it was the
median dose after 3 to 7 years of treatment in Spain in
ACROSTUDY (18).

All direct non-drug costs (pituitary surgery, pituitary
radiotherapy, major adverse events) in the transversal study have
been calculated according to the updated prices in Andalusia

included in the public price catalogue of health services provided
by the Andalusian Health Service (19) (Table 3). In this case, the
undivided unit cost per year (€/person) has been calculated. To
calculate the cost of the major adverse events, we considered the days
of admission, the complementary tests requested, and the treatments
required for said complications. We did not count the cost of visits to
Endocrinology or the cost of imaging tests during follow-up, since we
assumed this to be constant in all participants. Likewise, we have not
counted the direct non-pharmacological cost attributable to T2DM
(such as therapeutic education sessions or screening for
T2DM complications).

TABLE 1 Inclusion and exclusion criteria of the transversal study (cross-sectional design) and the longitudinal study (cohorts design).

Longitudinal study Transversal study

Inclusion | (1) Patients over 18 years of age diagnosed with acromegaly

control of acromegaly, and regardless of having previously received other
therapeutic modalities (surgery and/or radiotherapy).

Exclusion | (1) No compatible pituitary imaging.

Frontiers in Endocrinology

(2) Patients requiring drug treatment with one or more second-line drugs
(pasireotide and/or pegvisomant), together with or without first-generation
somatostatin synthetic analogs (SSAs) or cabergoline concomitantly for the

03

(1) Patients over 18 years of age diagnosed with acromegaly

(2) Patients requiring drug treatment with one or more second-line drugs
(pasireotide and/or pegvisomant), together with or without first-generation
somatostatin synthetic analogs (SSAs) or cabergoline concomitantly for the
control of acromegaly, and regardless of having previously received other
therapeutic modalities (surgery and/or radiotherapy).

(3) Two years on treatment with one or more second-line drugs.

(1) No compatible pituitary imaging.

(2) The indication of pegvisomant was not due to inefficacy of first-line
treatment.

(3) Poor disease control at that time (defined as normal levels of insulin-like
growth factor type 1 [IGF-1] according to our reference laboratory - see
Supplementary Table 1)
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TABLE 2 Cost of drugs for acromegaly.

10.3389/fendo.2025.1573721

Drug Milligrams Units per container Cost per container (€) Cost per unit (€)
Cabergoline (Teva) 0.5 2 4.14 2.07
0.5 8 16.52 2.06
1 20 13.77 0.69
2 27.54 1.38
Lanreotide (Myrelez®/50matuline® autogel) = 60 1 371.50 371.50
90 478.31 478.31
120 558.39 558.39
Octreotide LAR (Sandostatin® LAR) 10 1 192.10 192.10
20 341.65 341.65
30 486.00 486.00
Pasireotide (Signif0r®) 20 1 2,481.35 2,481.35
40 2,554.15 2,554.15
60 2,779.83 2,779.83
Pegvisomant (Somavert®) 10 30 2,079.28 69.30
15 3,089.85 102.99
20 4,100.42 136.68
25 5,110.99 170.37
30 6,121.55 204.05

The dose of drugs has been expressed in milligrams or international units, and the administration time is expressed in days, week or month, depending on the type of drug.

2.4 Data analysis

All participants were included for analysis using the software
RStudio version 2023.06.1 + 524 (2023.06.1 + 524) and cowplot (20),
ggpubr (21), ggstatsplot (22), and tidyverse (23) packages. After
assessing the presence of normal data distribution with the Shapiro-
Wilk test, we used a mean trimmed to 10% (standard deviation) for
non-normal distributions. Comparisons between trimmed means
were performed using a robust test (Yuen’s t-test), and comparisons
between proportions were performed using Fisher’s exact test. Some
comparisons have been made via intention-to-treat analysis (ITT),
analyzing all participants who started a second-line drug. Other
comparisons have been made per protocol (PP), analyzing only
those who have chronically maintained treatment. All hypothesis
testing was performed on a two-tailed basis, with statistical
significance being considered for P <.05.

3 Results

3.1 Clinical-demographic description of the
sample

A total of n = 31 participants were enrolled in the longitudinal
study and #n = 25 in the transversal study (Figure 1).

Frontiers in Endocrinology

The clinical-demographic characteristics of the participants in
both sub-studies are shown in Table 4.

In the transversal study, 14 patients received radiotherapy. Only n
= 3 participants required two pituitary surgeries (all of them also
received radiation therapy, and one of them received two second-line
drugs), and n = 3 participants did not receive surgery or radiation
therapy (treated with second-line drugs only). In turn, n = 4
participants received both cabergoline and a first-generation SSA.

3.2 Pharmacological cost: second-line
drugs for the treatment of acromegaly

The dose and pharmacological cost of second-line acromegaly
drugs followed a non-normal distribution. Cost was 33,874.88
(13,468.36) €/person/year. Pasireotide dose was 40.0 (16.3) mg/
month, with a cost of 31,194.04 (1,544.98) €/person/year.
Pegvisomant dose was 107.1 (52.1) mg/week, with a cost of
40,617.30 (18,409.04) €/person/year. The cost difference was
9,423.26 €/person/year in favor of pasireotide (P = .12) (Figure 2A).

In the low-dose group, pasireotide dose was 20.0 mg/month, and
its cost was 29,796.04 (44.37) €/person/year. Pegvisomant dose was
78.3 (21.1) mg/week, and its cost was 30,293.49 (8,089.30) €/person/
year. The cost difference was 497.45 €/person/year in favor of
pasireotide (P = .86) (Figure 2B). In the medium-high dose group,
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TABLE 3 Cost of hospital admissions and associated diagnostic and therapeutic procedures.

Pathology: Pituitary biopsy or surgical specimen 73.36
Pathology: Conventional histochemical techniques 18.34
Pathology: Cytogenetics in solid tumors 275.10
Pathology: Electron microscopy 458.50
Radiodiagnosis: Computed tomography without contrast 55.38
Radiodiagnosis: Computed tomography with contrast 119.99
Radiodiagnosis: Magnetic resonance imaging with and without contrast 323.05
Radiodiagnosis: aortic arch and supra-aortic trunk angiography 443.04
Ophthalmology: Campimetry 161.55
Radiation Oncology: Radical radiation therapy of the pituitary gland 3,137.19
Radiation Oncology: Radical radiation therapy of the pituitary gland in linear accelerator 3,679.22
Neurosurgery: Lumbar puncture for CSF study 306.61
Neurosurgery: Conventional hospitalization due to nervous system neoplasms with surgery 8,298.55
Neurosurgery: day of admission 635.65
Gastrointestinal surgery: Conventional hospitalization due to cholecystectomy with biliary tract examination 9,461.38
Gastrointestinal surgery: Conventional hospitalization due to cholecystectomy without biliary tract examination 7,906.53
Gastrointestinal surgery: Conventional hospitalization due to laparoscopic cholecystectomy without biliary 6,138.22
tract examination

Gastrointestinal surgery: Conventional hospitalization due to laparoscopic cholecystectomy with biliary tract examination 6,724.96
General and gastrointestinal surgery: day of admission 603.70
Gastroenterology: conventional hospitalization due to pancreatic disorders, except malignancy 3,822.10
Gastroenterology: diagnostic endoscopic retrograde cholangiopancreatography (ERCP) 559.69
Gastroenterology: diagnostic-therapeutic ERCP 1,019.84
Gastroenterology: day of admission 376.24
Internal Medicine: day of admission 324.01
Endocrinology/Internal Medicine: conventional hospitalization due to diabetes with age > 35 years 3,658.24
Endocrinology and nutrition: day of admission 1,010.88
Radiodiagnosis: Ultrasound 36.92

pasireotide dose was 48.9 (10.4) mg/month, and its cost was 31,873.64
(1,431.37) €/person/year. Pegvisomant dose was 168.0 (38.3) mg/week,
and its cost was 62,289.62 (12,160.16) €/person/year. The cost
difference was 30,415.98 €/person/year in favor of pasireotide (P
<.001) (Figure 2C).

Radiotherapy was associated with a greater cost in second-line
acromegaly drugs, in comparison with surgery without
radiotherapy: 38,667.13 (15,653.40) vs 30,313.39 (9,394.76)
€/person/year, with an excess cost of 8,353.74 €/person/year (P =
.06) (Figure 2D). In the radiotherapy group, pasireotide dose was
45.7 (15.1) mg/month, and costed 31,695.09 (1,606.23) €/person/
year (Figure 2E); while pegvisomant dose was 118.1 (55.3) mg/week,
and costed 44,767.66 (18,618.69) €/person/year (Figure 2F). The
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cost difference was 13,072.57 €/person/year in favor of pasireotide
(P =.09). For participants requiring two surgical interventions, cost
was 30,213.00 (617.73) €/person/year for pasireotide and 55,283.92
(25,749.32) €/person/year for pegvisomant (P = .40).

Cabergoline co-treatment did not significantly change second-
line acromegaly drugs cost. In pasireotide, participants with
cabergoline had higher doses (48.0 vs 35.5 mg/month, P = .24)
and costs (32,176.04 vs 30,659.51 €/person/year, P = .14). In
pegvisomant, those treated with cabergoline required a higher
dose (122.5 vs 91.2 mg/week, P = .46) and therefore had higher
cost (48,018.38 vs 37,611.22 €/person/year, P = .49).

In pegvisomant, co-treatment with first-generation SSAs did
not significantly change second-line acromegaly drugs cost, being

frontiersin.org
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TABLE 4 Clinical-demographic description of the cross-
sectional sample.

Parameter Transversal Longitudinal
study study

Sample size n = 25 participants n = 31 participants
n = 30 drugs n = 36 drugs

Sex

Men n = 14 men n =20 men

Women n =11 women n =16 women

Current age (years) 48.8 (13.5) 50.9 (13.7)

Age at diagnosis (years) = 41.7 (12.9) 43.2 (13.7)

Time since 6.4 (4.5) 6.4 (4.9)

onset (years)

Surgery

Yes n=22 n=26

No n=3 n=>5

Number of surgeries

1 n=19 n=21

2 n=3 n=>5

Surgery at external site

Yes n==6 n==6

No n=16 n =20

Radiotherapy

Yes n=14 n=14

No n=11 n=17

Therapeutic modality

Surgery only n=38 n=12

Surgery and n=14 n=14

radiotherapy n=3 n=>5

None

Immunostaining*

GH n=11 n=12

GH + PRL n= n=11

GH + TSH n=0 n=1

Granule density**

Low n=12 n=14

Dense n=2 n=3

Type 2 diabetes mellitus diagnosis***

Yes n=12 n=13

No n=3_8 n=18

Type 2 diabetes mellitus treatment

DPP4i n=1 n=2

GLP1Ra n=0 n=2

basal insulin n=2 n=

ultrarapid insulin n=2 n=0

metformin n=12 n=15

SGLT2i n=2 n=2

sulfonylurea n=1 n=2

*n = 2 participants at external site did not provide immunostaining results.

**n = 8 participants did not have granule density in their pathology report.

**In the case of the longitudinal study, this refers to diagnosis of T2DM at the end of the
follow-up period.
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42,940.00 vs. 40,245.77 €/person/year (P = .81). This effect appeared
independently of pegvisomant dose, as cost was 62,917.28 vs.
61,348.12 €/person/year (P = .92) in the low-dose pegvisomant
group, and 30,753.31 vs. 29,718.72 €/person/year (P = .86) in the
high-dose pegvisomant group.

3.3 Total drug cost

The total drug cost followed a non-normal distribution, being
34,139.29 (13,472.09) €/person/year in the sample, 31,499.99
(1,729.66) €/person/year for pasireotide, and 40,765.59
(18,456.28) €/person/year for pegvisomant (P = .13) (Figure 3A).
Second-line acromegaly drugs displayed a higher cost than
hormone replacement (P <.001) and T2DM (P <.001) (Figure 3B).

The cost of hormone replacement followed a non-normal
distribution, being 95.45 (214.21) €/person/year. Stratifying by
second-line acromegaly drugs, it was 108.738 (247.63) €/person/
year for pasireotide, and 112.042 (177.65) €/person/year for
pegvisomant (P = .97). Radiotherapy associated a higher cost in
hormone replacement therapy: 172.12 (236.14) vs 25.92 (€59.79)
€/person/year (P = .02).

The pharmacological cost of T2DM followed a non-normal
distribution, being 205.33 (278.62) €/person/year. According to
second-line acromegaly drugs, it was 243.76 (289.99) €/person/
year for pasireotide, and 32.40 (15.27) €/person/year for
pegvisomant, with a difference of 211.36 €/person/year in favor of
pegvisomant (P = .02).

3.4 Cost of surgery and radiotherapy

According to hospital protocol, all admissions involved a post-
surgical MRI scan with and without contrast, as well as an
immunohistochemical study of the surgical specimen. The
duration of admission was 8 (5) days. Taking this data into
account, the cost of pituitary surgery was 14,526.37 (5,939.35)
€/person. Regarding radiotherapy, its cost was 3,137.00 €/person
in all cases.

3.5 Dose evolution of second-line drugs
for the treatment of acromegaly
(pasireotide and pegvisomant)

A total of n = 31 participants in the longitudinal study received
n = 16 pasireotide, and n = 20 pegvisomant (Figure 1). Second-line
therapy for acromegaly was discontinued on #n = 16 occasions (n = 4
for pasireotide, n = 12 for pegvisomant). Discontinuation due to
adverse events occurred only in the case of pasireotide (n = 2).
Withdrawal due to non-treatment-related death occurred both in
the case of pasireotide (n = 1) and pegvisomant (n = 3).

A per protocol analysis was performed to compare the starting
dose versus the final dose, including only patients on chronic treatment
(n = 12 pasireotide, n = 8 pegvisomant). In the case of pasireotide and
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FIGURE 2

Box and whisker plot (with 10% trimmed mean represented as a reddish dot) with overlapping violin plot and point cloud diagram geometries. P-
values of the robust test for comparisons of trimmed means (Yuen's t test) are shown at the top. Annual cost per person (expressed in €/person/
year, with each thousand units replaced by factor k) of second-line acromegaly drugs on the Y-axis in all cases. Type of second-line acromegaly
drugs (pasireotide or pegvisomant) on the X-axis in the overall sample (A), in patients on low-dose (B), and on high-dose (C) treatment. Presence of
radiotherapy on the X-axis in the overall sample (D), in patients treated with pasireotide (E), and with pegvisomant (F).

regardless of treatment modality, the dose changed from 44.0 (9.1) to  (Figure 4C). In the case of pegvisomant, the course changed from
32.0 (15.6) mg/month (P = .06) (Figure 4A). Although there were no ~ 88.7 (57.9) to 75.6 (40.8) mg/week (P = .55) (Figure 4D). No significant
differences in patients with radiotherapy (Figure 4B), there was a  before-after differences were found in the radiotherapy (P = 41,
similar trend towards dose reduction in surgical cases (P = .07)  Figure 4E) or surgery (P = .50, Figure 4F) groups.
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FIGURE 3

Box and whisker plot (with 10% trimmed mean represented as a reddish dot) with overlapping violin plot and point cloud diagram geometries. Total
annual drug cost per person (expressed in euros/person/year, with each thousand units replaced by factor k) on the X-axis according to second-line
acromegaly drugs on the Y-axis (A), with p-values of the robust test for comparisons of trimmed means (Yuen's t test) shown at the top, and broken
down by type of cost (treatment of diabetes, hormone replacement therapy, treatment of acromegaly) in the sample on the Y-axis (B)
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FIGURE 4

Box and whisker plot (with 10% trimmed mean represented as a reddish dot) with overlapping violin plot and point cloud diagram geometries.
Posology (in milligrams) for second-line treatment of acromegaly (pasireotide in mg/month, pegvisomant in mg/week) on the Y-axis, treatment time
(baseline, final) on the X-axis. Results of Yuen's t-test shown at top. The intraindividual before-after evolution is indicated as solid lines in grey
according to the identifier of the participant. All analyses were performed per protocol, including only currently active chronic treatments after

excluding participants who discontinued the drug due to side effects or cu
course in surgery with radiotherapy group treated with pasireotide (B) or p
treated with pasireotide (C) or pegvisomant (F).

3.6 Efficacy and safety of second-line
drugs for the treatment of acromegaly

IGF-1 control proved adequate with both drugs: from 395.4
(129.5) to 169.4 (54.3) ng/ml (P <.001) in the case of pasireotide,
and 370.1 (188.5) to 180.0 (102.1) ng/ml (P <.001) for pegvisomant.
IGF-1 normalization rates applying our laboratory reference values
(Supplementary Table 1) evolved from 0% to 100.00% in pasireotide
(P <0.001), and from 25.00% to 95.00% in pegvisomant (P < 0.001).

No major adverse events were found in the case of pegvisomant.
There was a single major adverse event in the case of pasireotide:

lithiasic cholangitis, requiring n 1 magnetic resonance
1
diagnostic endoscopic retrograde cholangiopancreatography
(ERCP) and n = 1 abdominal ultrasound, with admission n = 15
days in Gastroenterology. The patient subsequently relapsed and
required n 1
laparoscopic cholecystectomy plus biliary tract examination and n
= 1 diagnostic-therapeutic ERCP due to biliary fistula following
cholecystectomy. The total cost of this incident was 21,581.01 €.
Currently, the patient has continued treatment with pegvisomant 30
mg twice a week.

cholangiopancreatography with and without contrast, »

18 days of admission in Surgery with n
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re. Dose course in the case of pasireotide (A) or pegvisomant (D). Dose
egvisomant (E). Dose course in surgery without radiotherapy group

In the case of pasireotide, there was a single case of clinically
significant deterioration of blood glucose control that was managed
on an outpatient basis after drug discontinuation, and »n = 4 patients
treated with pasireotide experienced non-specific abdominal
discomfort with no evidence of lithiasic disease. In the case of
pegvisomant, there was n = 1 worsening of headache and n =1
lipohypertrophy at injection sites.

Pasireotide significantly altered the diagnosis of carbohydrate
metabolism disorders (P = .005), while pegvisomant did not (P =
.33) (Table 5). Both Glu and HbAlc followed a non-normal
distribution in the sample. In the case of pasireotide, Glu went
from 100.2 (23.5) to 120.0 (27.9) mg/dl (P = .05) in ITT analysis
(Figure 5A), and from 98.3 (12.3) to 124.0 (27.2) mg/dl in PP
analysis (P <.001) (Figure 5B). In the case of pegvisomant, Glu went
from 99.7 (10.4) to 90.5 (32.3) mg/dl (P = .68) in ITT analysis
(Figure 5C), and from 101.5 (11.9) to 88.9 (25.0) mg/dl (P = .26) in
PP analysis (Figure 5D). In the case of pasireotide, HbAlc changed
from 6.3 (0.3) to 6.4 (0.6) % (P =.39) in ITT analysis (Figure 5E),
and from 6.2 (0.4) t0 6.6 (5.7) % (P = .13) in PP analysis (Figure 5F).
In the case of pegvisomant, HbAlc changed from 5.8 (0.3) to 5.9
(0.7) % (P =.37) in ITT analysis (Figure 5G), and from 5.8 (0) to 5.9
(0.8) % (P = .40) in PP analysis (Figure 5H).
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TABLE 5 Alterations of carbohydrate metabolism in the
longitudinal study.

Baseline Final

Pasireotide T2DM (prop, %) 3/16 (18.7%) 13/16 (81.2%)
Pre-T2DM (prop, %) 12/16 (75.0%) 3/16 (18.8%)
Normal (prop, %) 1/16 (6.3%) 0

Pegvisomant T2DM (prop, %) 1/20 (5.0%) 4/20 (20.0%)

6/20 (30.0%)
13/20 (65.0%)

Pre-T2DM (prop, %)
Normal (prop, %)

6/20 (30.0%)
10/20 (50.0%)

T2DM, type 2 diabetes mellitus; pre-T2DM, pre-type 2 diabetes mellitus; prop, proportion.

4 Discussion

In our real-life study, pasireotide was found to be a more cost-
efficient option for the second-line treatment of acromegaly in
situations of failure of first-generation SSAs, particularly in
patients treated with high doses of pasireotide. The mean dose of
pegvisomant in this study was similar to the Spanish median
maintenance dose after 3 to 7 years of treatment in the
ACROSTUDY, approximately equivalent to 105 mg/week (18).
The cost of pegvisomant at full doses in the study sample was
also similar to previous evidence (24). In general, we found the drug
cost of acromegaly to be proportional to the aggressiveness of the
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Pasireotide Pasireotide
FIGURE 5

10.3389/fendo.2025.1573721

disease, with more cost in patients that required a second
surgical intervention.

Regarding direct costs attributable to the medical and non-
medical treatment of acromegaly (including serious adverse events),
previous theoretical studies conducted in Spain (16) and in France
(25) using probabilistic models based on data from pivotal clinical
trials found pegvisomant to be the most cost-effective treatment. In
the aforementioned works, pasireotide was a less efficient therapy
than pegvisomant monotherapy, not at the expense of a higher cost
of the drug, but at a higher cost of the adverse events associated with
it. In our study, pasireotide presented one serious adverse event
during follow-up, attaining a unit cost lower than one year of
treatment with low-dose pasireotide.

Although the addition of cabergoline (in the case of pasireotide
and pegvisomant) and/or first-generation SSAs (in the case of
pegvisomant) form part of the recommendations on the
pharmacological management of acromegaly (14, 26), no dose- or
cost-saving effect was found cross-sectionally in our sample. This
may be explained by the refractory nature of the included cases,
with costly high doses of pasireotide and pegvisomant.

The cost attributable to hormone replacement therapy and
T2DM treatment was minimal compared to the cost of the
second-line drugs for the treatment of acromegaly. Compared to
the total direct drug costs, the excess cost associated to treatment of

C p =0.68 D
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Box and whisker plot (with 10% trimmed mean represented as a reddish dot) with overlapping violin plot and point cloud diagram geometries. Type
of second-line treatment for acromegaly: pasireotide (left half of the figure); or pegvisomant (right half of the figure), and time of treatment
(baseline, final) on the X-axis. Results of Yuen's t-test shown at top. Fasting plasma glucose (Glu) on the Y-axis in the first row (A—D) and glycated
hemoglobin (HbAlc) on the Y-axis in the second row (E—H). Intent-to-treat analysis for pasireotide (A, E) and pegvisomant (C, G). Per protocol
analysis for pasireotide (B, F) and pegvisomant (D, H). Chronicity of the treatment marked in color (blue continued, red discontinued). In all cases,
the yellow and red dotted horizontal lines mark the pre-T2DM diagnosis limit and the T2DM diagnosis limit, respectively. Fasting plasma glucose is
expressed in both mg/dl (left) and mmol/l (right), while glycated hemoglobin is expressed in percentages (%).
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T2DM was minimal in the case of both pasireotide and
pegvisomant. However, the impact of T2DM on the need for care
and quality of life should also be taken into consideration.

In the longitudinal study, both drugs were effective. About dose
course, pasireotide was associated with a dose reduction in both
surgical and irradiated patients. However, the only pegvisomant
group that was able to reduce dose (yet without reaching statistical
significance) was that of patients who had surgery and radiotherapy.

The potential deterioration of blood glucose control with the
use of acromegaly drugs is a concern for both patients (27) and
caregivers (28). Although clinically significant, the deterioration of
blood glucose control with pasireotide in our research was
consistent with previous evidence (29-34) and generally proved
mild, unlike in older studies (35). Apart from a potential selection
bias for pegvisomant in patients with more risk factors for T2DM or
worse metabolic control, the introduction in recent years of GLP1
receptor agonists (36) and SGLT2 inhibitors allows for improving
and simplifying metabolic control in these patients, as they are
already being monitored by an endocrinology specialist who can
coordinate multimodal care for T2DM (37).

Our study has several strengths. As this is a real-life study in a
public healthcare setting, it should have sufficient external validity
to be applicable in other centers of the Spanish National Health
System. Regarding the cohort study, the monographic acromegaly
clinic has been managed according to a single internal protocol,
which homogenizes the clinical criterion used throughout the whole
sample and improves the internal validity of the study.

This work has a number of limitations. Firstly, the retrospective
nature of the data increases imprecision and has made it impossible to
obtain HbAlc in all cases in the longitudinal study. Although this study
has a large sample size in relative terms for a single-center trial and
involving an uncommon disease, its sample size is small in absolute
terms: this reduces the statistical power, precludes certain sub-analyses,
and increases artefacts due to outliers. On the other hand, we have not
counted for the indirect healthcare costs of the participants or all the
direct costs. However, drug therapy may account for 71% of the direct
costs of the disease (38). We therefore believe that although the
methodology used for calculating costs is not perfect, it gives us an
adequate approximation of the actual direct cost of the participants.

Previous authors have already noted the need to conduct real-
life studies to test the efficiency of the different treatment options
available for acromegaly in order to optimize resource allocation
(39). Treatment individualization is key in patients with refractory
acromegaly (40). The cost of treatment is a secondary factor (28),
but needs to be taken into account. We believe that the results of
this study could be of interest to facilitate resource optimization in
other pituitary units in our setting. We propose starting pasireotide
in all cases of failure with first-generation analogs, with the use of
pegvisomant being left for patients with side effects to somatostatin
analogs and those with hard-to-control diabetes.
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