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Abstract

Purpose The objective of this study was to compare the cost-effectiveness of preoperative octreotide therapy followed by
surgery versus the standard treatment modality for growth-hormone secreting pituitary adenomas, direct surgery (that is,
surgery without preoperative treatment) from a public third-party payer perspective.

Methods We developed an individual-level state-transition microsimulation model to simulate costs and outcomes associ-
ated with preoperative octreotide therapy followed by surgery and direct surgery for patients with growth-hormone secreting
pituitary adenomas. Transition probabilities, utilities, and costs were estimated from recent published data and discounted
by 3% annually over a lifetime time horizon. Model outcomes included lifetime costs [2020 United States (US) Dollars],
quality-adjusted life-years (QALY's) and incremental cost-effectiveness ratios (ICERs).

Results Under base case assumptions, direct surgery was found to be the dominant strategy as it yielded lower costs and
greater health effects (QALY's) compared to preoperative octreotide strategy in the second-order Monte Carlo microsimu-
lation. The ICER was most sensitive to probability of remission following primary therapy and duration of preoperative
octreotide therapy. Accounting for joint parameter uncertainty, direct surgery had a higher probability of demonstrating a
cost-effective profile compared to preoperative octreotide treatment at 77% compared to 23%, respectively.

Conclusions Using standard benchmarks for cost-effectiveness in the US ($100,000/QALY), preoperative octreotide therapy
followed by surgery may not be cost-effective compared to direct surgery for patients with growth-hormone secreting pituitary
adenomas but the result is highly sensitive to initial treatment failure and duration of preoperative treatment.
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Introduction

Health care costs have continued to increase in high
income countries over the last two decades [1, 2]. Current
health policy initiatives continue to exacerbate this prob-
lem by increasing access to an inefficient system, thus, fur-
ther driving costs, while failing to address the fundamental
problem: an inability to deliver improved patient outcomes
at a lower total cost. This has increased the need to iden-
tify strategies that improve the relative cost-effectiveness
of health care delivery.

Pituitary tumors account for 10 to 15% of all diag-
nosed intracranial tumors, 90% of which are adenomas
[3]. Current prevalence studies suggest that approximately
two-thirds of pituitary adenomas are symptomatic due to
hypersecretion of hormones [4, 5]. Growth hormone (GH)-
secreting pituitary adenoma subtype accounts for approxi-
mately 10 to 15% of pituitary adenomas and have been
found to be the root cause of 95% of the endocrine disor-
der, acromegaly [6—10]. A rare but severe and debilitating
disease, the deleterious effects of chronic GH excess are
associated with mass tumour effects, dysmorphic crani-
ofacial features, cardiovascular, respiratory and metabolic
dysfunction, arthropathies, chronic disability and impaired
quality of life [7, 11-21]. Elevated morbidity and mortal-
ity in acromegalic patients correlates with GH levels and
therefore efficient treatment modalities are important to
achieve long-term biochemical tumor control, improve
quality of life and decrease mortality [12, 17, 20, 22-24].
Surgery, medical therapy, and radiotherapy are the cur-
rent treatment options available for the management of
GH-secreting adenomas, but there is continued dispute
regarding their roles. As a result, effective treatment algo-
rithms in the management of treatment-naive and recurrent
or residual disease are lacking [14, 25]. Surgery offers
immediate lowering of GH levels, and provides tissue for
confirmatory histopathologic analysis. Pharmacological
therapy is recognized to improve surgical outcomes in
selected settings [14]. Similarly, pre-operative pharma-
cological therapy has been found to result in tumor size
reduction and improve surgical remission rates in select
prospective studies [26-29]. However, current guidelines
do not recommend the routine use of pre-operative phar-
macological therapy in the management of GH-secreting
pituitary tumors [30]. Nevertheless, multiple clinical trials
continue.

The conflicting data in the current literature regarding
the best treatment algorithm for GH-secreting adenomas
result from the rarity of the disease which restricts the
data to underpowered prospective studies and limited fol-
low up. A model-based synthesis of the evidence on the
most effective and safe management is needed to guide
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decision-making and inform the shift towards individu-
alized patient treatment. The purpose of this decision
analytic model is to fill this knowledge gap and provide
physicians with an evidence-based treatment approach for
patients with previously untreated GH-secreting pituitary
adenomas from a health-care sector perspective.

Methods
Model description

An individual-level state-transition model with four health
states was developed to estimate the lifetime health and
economic consequences of surgical and medical therapy in
patients with previously untreated GH-secreting pituitary
adenomas from a health-care sector perspective (Fig. 1). The
model compared the current recommended primary treat-
ment approach of direct surgery (that is, surgery without
preoperative treatment) to preoperative octreotide treatment
and modeled postoperative treatment strategies for residual
or persistent tumor-related disease. A hypothetical United
States (US) cohort of 100,000 patients with GH-secreting
pituitary adenomas was modeled in a microsimulation. As
this study involved a simulated cohort of patients and did
not involve human participants, ethics approval was not
required.

Patients entered the model between age 40 and 47. All
patients started in a state of active disease, defined as GH
hypersecretion from pituitary tumors that leads to overpro-
duction of insulin-like growth factorl (IGF-1) and multi-
system disease. Following primary treatment, individuals
transitioned every 3 months between 4 of the mutually
exclusive and collectively exhaustive health states (that is,
active acromegaly, complete response to treatment, treat-
ment failure, and death) until biochemical control was
achieved for 5 years and then annually until death (Fig. 1).
Complete response to treatment was defined as individuals
attaining age-normalized IGF-1 levels following treatment,
and treatment failure was defined as the inability to achieve
a complete response. Patients who experienced treatment
failure were assumed to be symptomatic from their persistent
disease. Patients who achieved complete response for 5 years
were assumed to no longer be at risk for treatment failure.

Treatment strategies

The treatment strategy “preoperative octreotide” therapy
involved 6 months of octreotide treatment. [31]. Patients
who were responsive to medical therapy at 6 months could
continue to be observed on octreotide to maintain bio-
chemical remission [32]. Patients who failed to achieve
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Fig. 1 a Decision-analytic model schematic representing the health
states following primary treatment for growth-hormone secreting
pituitary adenomas. b Model structure representing the 3-month
state-transitions. Survival: Transition to an alive state (that is, com-
plete response or treatment failure health state) or death state. Treat-

biochemical remission with 6 months of octreotide under-
went transsphenoidal surgery.

Direct surgery was defined as endoscopic endonasal trans-
sphenoidal surgery performed by a neurosurgeon and otolar-
yngologist-head and neck surgeon. Patients were assumed to
undergo three nasal debridements within 6 months of sur-
gery. Patients that did not achieve biochemical remission

ment Response: Transition to complete response or treatment failure
health states. Additional treatment: Treatment strategies included
revision surgery, gamma-knife radiosurgery, and post-radiation medi-
cal therapy

within 3 months of surgery received treatment for recurrent
or persistent disease. The sequence of treatment for recur-
rent or persistent disease were identical for both treatment
strategies [14, 33]. Patients received octreotide therapy for
a minimum of 6 months. Patients could then continue on
3-month courses of octreotide for persistent or recurrent
disease. Patients who did not achieve biochemical cure on
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the highest dose of octreotide within 18 months received
cabergoline in addition to octreotide for 12 months [34, 35].
Patients that were refractory to combination octreotide and
cabergoline were transitioned to cabergoline and pegviso-
mant for 6 months [36]. Patients that failed post-surgery
medical therapy were eligible for revision surgery, adjunc-
tive radiotherapy (that is, gamma-knife radiosurgery), fol-
lowed by additional salvage medical therapy (that is, temo-
zolomide) [14, 30, 37, 38]. Gamma-knife radiosurgery was
assumed to deliver highly focused ionizing beams to residual
or recurrent disease in a single session. Patients received sal-
vage therapy for a maximum of 24 months before assumed
remission. Complications that occurred following surgery,
medical therapy, or radiation therapy were assumed be
treated within 3 months.

Clinical parameters

Health state transition probabilities of moving between
health states were based on a systematic review of surgical
and non-surgical therapy for GH-secreting adenomas that
has been published elsewhere [39]. Transition probabilities
were presented per cycle length (that is, 3 month probabili-
ties). Hazard rates were modeled from published RCTs to
incorporate time-dependent risk of treatment failure after
surgery alone, and preoperative medical and surgical therapy
(eFig. 1) [39]. Observational studies suggest that rates of
long-term remission for primary surgery are similar to those
of revision surgery [40, 41]. Effects of stereotactic radiosur-
gery for residual or relapsed disease were modeled [42, 43].
The transition probabilities used in the model can be found
in Table 1.

Age-specific all-cause mortality was derived from the
National Vitals Statistics Report for the general US popula-
tion [44]. The model accounted for the increased standard-
ized mortality rate associated with GH-secreting adenomas
[23]. Acromegaly is associated with a two-fold increase
in mortality, compared to healthy people primarily due to
the associated cardiovascular disease [20, 23, 45, 46]. The
increased risk of mortality was modeled in all patients that
demonstrated elevated levels of IGF-1 [23]. Mortality in this
patient population returned to that of the general population
once they achieved biochemical normalisation [17, 20, 22,
23].

Cost parameters and health utility values

Medical costs were obtained from a public third-party
payer perspective. Intervention costs and utilities were
derived from the reviewed literature. Costs for surgery
were calculated assuming transsphenoidal surgery required
5 h. Patients were assumed to stay in hospital for a total
of 4 days and undergo three nasal debridements within
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6 months post-operatively [26, 47, 48]. The costs included
in the model were converted and/or inflated to 2020 US dol-
lars per the Consumer Price Index, All Urban Consumers
[49]. Utilities were derived from a population of acromegaly
patients [50]. Complications that occurred following sur-
gery, medical therapy or radiation therapy were assumed be
treated within 3 months and each event was modeled as a
one-time cost and dis-utility [26, 28, 48, 51, 52]. Costs and
utilities used in the model were calculated per cycle length
(that is, 3 months) and are presented in Table 1.

Model validation

We performed external validation of the model results by
comparing the predicted remission rates and required adju-
vant therapy in patients with surgical intervention alone to
population-based data from The Ottawa Hospital from 2007
to 2016 and the available literature [28, 53].

Analysis

The incremental cost-effectiveness ratio (ICER), defined as
the additional cost for each additional unit of health ben-
efit (QALYSs gained), was used as an efficiency metric. The
commonly accepted willingness-to-pay (WTP) threshold
of $100,000 United States Dollars (USD) was selected to
signify the amount below which an intervention would be
considered cost-effective. A health care sector perspective
was adopted and costs and health benefits were discounted
by 3% per year [54]. A half-cycle correction was built into
the analysis to account for the fact that events and transitions
could occur at any point during the cycle.

Sensitivity and scenario analyses

The effects of parameter uncertainty and alternative assump-
tions on the estimated results were evaluated through a series
of one-way sensitivity analyses, where only one model
parameter was varied while all others were held constant.
We varied salient parameters across ranges reported in the
literature. Where ranges were not reported in the literature,
a plausible range was established by taking 30% above and
below the base estimates. Relevant clinical scenarios were
also explored. Scenario analyses were performed to evaluate
the role of different radiation therapy modalities including
external beam radiation, targeted therapy of macroadenomas
as compared to microadenomas, and decreased duration of
preoperative octreotide therapy. An exploratory analysis of
second-line pasireotide therapy [51, 55, 56] and combination
pegvisomant and octreotide therapy [57] were performed
to evaluate the role of adjuvant therapies on study results.
To understand the impact of multivariable uncertainty on
the cost-effectiveness results, we conducted a probabilistic
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Table 1 Model input parameters

Parameter Base case estimates Distribution References
Age at treatment initiation (years)® 40-47 Uniform [80]
Standardized mortality rate for patients with untreated acromegaly 2.5 Lognormal (2.5, SD: 0.75) [23]
Intervention
Surgery alone: probability of treatment failure at 3-month 0.77 Beta (0.77 SD: 0.23) [26, 81]
Octreotide therapy alone: probability of treatment failure at 6-month 0.78 Beta (0.78; SD: 0.23) [82]
Preoperative octroetide therapy and surgery®: probability of treatment 0.55 Beta (0.55, SD: 0.17) [26]
failure at 3-month
Revision surgery: probability of treatment failure at 3-month 0.43 Beta (0.43, SD: 0.13) [83]
Postoperative gamma-knife radiosurgery: probability of treatment failure at  0.45 Beta (0.45, SD: 0.14) [84]
3-month
Post-operative octreotide therapy: probability of 3-month treatment failure ~ 0.18 Beta (0.18, SD: 0.06) [34]
Post-operative octreotide and cabergoline therapy: probability of 6-month ~ 0.20 Beta (0.24, SD: 0.06) [35]
treatment failure
Post-operative adjuvant pegvisomant and cabergoline therapy: probability ~ 0.02 Beta (0.02, SD: 0.005) [85]
of 3-month treatment failure
Post-radiation temozolomide therapy: probability of treatment failure at 0.66 Beta (0.66, SD: 0.20) [86]
3-month
Complications: probability of cerebrospinal fluid leak after surgery at 0.38 Beta (0.38, SD: 0.11) [28, 52]
3 months
Odds ratio of cerebrospinal fluid leak after preoperative octreotide therapy  0.21 Lognormal (0.21, SD: 0.06) [28, 52]
compared to direct surgery
Complications: probability of diabetes insipidus limited to first 3 months 0.026 Beta (0.026, SD: 0.008) [26, 52]
after surgery (transient)
Odds ratio of diabetes insipidus after preoperative octreotide therapy com-  2.47 Lognormal (2.47, SD: 0.74) [26, 52]
pared to direct surgery
Complications: probability of persistent diabetes insipidus after surgery at ~ 0.02 Beta (0.02, SD: 0.006) [87]
3 months (persistent)
Complications: probability of vision impairment after surgery at 3 months ~ 0.007 Beta (0.007, SD: 0.002) [87]
Complications: probability of hematoma after surgery at 3 months 0.02 Beta (0.02, SD: 0.005) [87]
Complications: probability of hypopituitarism after surgery at 3 months 0.09 Beta (0.09, SD: 0.03) [88]
Adverse events of octreotide: probability of biliary problems at 3 months 0.14 Beta (0.14, SD: 0.001) [89]
Complications: probability of vison impairment and chronic otitis media 0.04 Beta (0.04, SD: 0.0004) [90]
from gamma-knife radiosurgery at 3 months
Utility weights for health states
Baseline acromegaly 0.70 Beta (0.70, SD: 0.30) [50, 91]
Complete remission 0.93 Beta (0.93, SD: 0.10) [92]
Treatment failure 0.70 Beta (0.70, SD: 0.30) [50]
Death 0 - -
Complications: cerebrospinal fluid leak after surgery -0.03 Lognormal (0.03, SD: 0.009)  [93]
Complications: diabetes insipidus after surgery for 3 months -0.05 Lognormal (0.05, SD: 0.02) [93]
Complications: hematoma after surgery —-0.41 Lognormal (0.41, SD: 0.12) [93]
Complications: hypopituitarism after surgery -0.07 Lognormal (0.07, SD: 0.02) [93]
Complications: vision impairment after surgery for 3 months -0.03 Lognormal (0.03, SD: 0.009)  [93]
Complications: biliary problems following octreotide therapy alone for —0.01 Lognormal (0.01, SD: 0.003)  [93]
3 months
Complications: vision impairment and chronic otitis after adjuvant radiosur- —0.06 Lognormal (0.06, SD: 0.02) [93]
gery for 3 months
Costs
Transsphenoidal surgery $13,022 Gamma ($13,022, SD: $3,907) [47, 94]
Medical therapy: 3 months of octreotide $17,092 Gamma ($20,097, SD: $5,128) [95]
Medical therapy: 3 months of pegvismonant $15,735 Gamma ($15,735, SD: $4,721) [96]
Adjuvant gamma knife radiosurgery $13,739 Gamma ($13,931, SD: $4,122) [90]
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Table 1 (continued)

Parameter

Base case estimates Distribution References

Salvage therapy: 3 months of temozolomide

Complications: 3 months of biliary problems following medical therapy

Complication: cerebrospinal fluid leak after surgery

Complications: diabetes insipidus limited to first 3 months after surgery

(transient)
Complications: 3 months of persistent diabetes insipidus
Complications: hematoma after surgery
Complications: 3 months of hypopituitarism after surgery
Complications: 3 months of vision impairment after surgery

Complication: 3 months of vision impairment and chronic otitis after adju-  $669

vant radiosurgery

Discount rate

$8,446 Gamma ($8,446, SD: $2,534)  [97]
$168 Gamma ($168, SD: $50) [95]
$18,804 Gamma ($18,804, SD: $5,641) [88]
$128 Gamma ($128, SD: $38) (88]
$480 Gamma ($480, SD: $144) [88]
$22,489 Gamma ($22,489, SD: $6,747) [88]
$555 Gamma ($555, SD: $167) [88]
$168 Gamma ($168, SD: $50) [88]

Gamma ($669, SD: $201) [47]
3% Triangle (Min: 0%, Max: 6%)  [54]

Biochemical remission is reported at 3 months post-operatively
IGF-1 insulin-like growth factor 1, SD standard deviation

*Individuals were assigned an age at initiation of treatment between age 40 and 47 years using a uniform distribution

®Individuals received 6 months of octreotide prior to surgery

sensitivity analysis (PSA) with 1,000,000 iterations to esti-
mate the probability that each therapy is cost-effective for
a given WTP threshold. Base case mean parameter val-
ues were replaced by probability distributions that were
informed by the shape of the data, the type of parameter,
and the plausible range of values specified in Table 1. Beta
distributions were used for utilities and probabilities, gamma
distributions for costs and lognormal distributions for com-
parison statistics (that is, odds ratios and standardized mor-
tality ratio) and dis-utilities.

Value of information

A value of information analysis is a quantitative method of
valuing the expected gain from reducing uncertainty in the
model parameters [58—64]. These analyses can help quantify
the value of selecting an immediate decision, based on the
best available evidence, as compared to a delayed decision
in favor of additional research to establish more accurate
parameter estimates. An expected value of perfect informa-
tion (EVPI) analysis was performed to quantify the value
of eliminating uncertainty from all model parameters. This
EVPI establishes an upper bound on expected benefit of per-
forming a study that would allow us to know the values of all
the input parameters with complete certainty. The population
EVPI is calculated by multiplying the per patient EVPI by
the estimated number of patients over the effective lifetime
of the treatment options included in the decision problem
[65, 66]. If the EVPI indicated further studies could be
worthwhile, we also quantified the value of further research
that would eliminate the uncertainty in a limited number of

@ Springer

key parameters with the expected value of partial perfect
information (EVPPI) and the value of reducing uncertainty
in parameter values by estimating the expected value of sam-
ple information (EVSI) [67].

The model was programmed and analyses performed in
R Studio Version 1.4.1106. (R Project for Statistical Com-
puting) and the coding template from the Decision Analy-
sis in R for Technologies in Health (DARTH) workgroup
was used. [68, 69]. This economic evaluation was reported
according to the 2022 Consolidated Health Economic Evalu-
ation Reporting Standards (CHEERS) guidelines [70].

Results
Model validation

In the simulated population receiving standard therapy (that
is, direct surgery), biochemical remission was achieved
in 69.3% of patients (eTable 1). In this treatment strat-
egy, 33.5% went on to receive revision surgery and 31.5%
received postoperative radiation therapy after they failed
to achieve remission on postoperative medical therapy
(eTable 1).

Base case analysis

The distribution of GH-secreting pituitary adenoma patients
across lifetime horizon in the Markov model is illustrated in
eFig. 2. In the primary analysis, direct surgery yielded an
average of 19.64 QALY at a cost of $ 179,796 in the first-
order Monte Carlo microsimulation (Table 2). The strategy
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Table 2 Results of first-order Monte Carlo simulation of 100,000 patients (discounted)

Modality Mean costs ($, SD) Incremental cost ($, SD) Mean QALYs (SD) Incremental QALYs (SD) ICER ($/ Net mon-
QALY etary benefit
gained) )

Direct surgery 180,234 (96,228) - 19.41 (5.28) - 1,760,766

Preoperative 197,245 (106,691) 17,011 (33.08) 19.45 (5.25) 0.04 (0.00007) 455,747 1,747,755

octreotide +
surgery

SD standard deviation

of preoperative octreotide strategy yielded an additional 0.04
QALYs at an additional cost of $17,011 per individual over
their remaining lifetime. At a WTP threshold of $100,000
per QALY, the preoperative octreotide strategy was not
cost-effective strategy with an ICER of $455,747/QALY.
Accounting for uncertainty in model parameter estimates,
direct surgery was found to be the dominant strategy as it
yielded lower costs and greater health effects (QALYs) com-
pared to preoperative octreotide strategy in the second-order
Monte Carlo microsimulation (Table 3).

Sensitivity analysis

One-way sensitivity analyses indicated that results were most
sensitive to the probability of treatment failure after direct
surgery and preoperative octreotide (Fig. 2 and eFig. 3). The
ICER for preoperative octreotide remained above the WTP
threshold of $100,000/QALY until probability of treatment
failure was less than 38%.

We analyzed clinical scenarios where external beam
radiation was initiated following revision surgery instead of
gamma knife radiosurgery, the use of gamma knife radiosur-
gery prior to revision surgery and therapy by tumor subtype
(Table 4). Direct surgery remained the preferred strategy
in these clinical scenarios. When 3 months of preoperative
octreotide therapy was modeled [28], the cost of preopera-
tive octreotide therapy decreased and the health benefits
were found to be 0.004 QALYSs higher than direct surgery
such that, preoperative octreotide therapy became the domi-
nant strategy.

An exploratory analysis of second-line pasireotide ther-
apy demonstrated that direct surgery yielded an average of

19.43 QALYs at a cost of $304,066 (eTable 2). The strategy
of preoperative octreotide strategy yielded an additional
0.02 QALYs at an additional cost of $8611 with an ICER
of $441,116. The preoperative octreotide strategy was not
considered a cost-effective strategy at a WTP threshold of
$100,000 per QALY. In an analysis of combination pegviso-
mant and octreotide therapy, direct surgery was found to be
the dominant strategy as it yielded lower costs and greater
health effects than preoperative octreotide.

When we included the impact of multi-parameter uncer-
tainty, the PSA demonstrated that preoperative octreotide
was cost-effective in 23% of 100,000 iterations, given a
WTP threshold of $100,000 per QALY gained (Fig. 3).

The value of eliminating all uncertainty (i.e., EVPI)
started at $3100 per person (Fig. 4). The value gained by
acting on perfect information for all parameters rather than
on the best evidence currently available steadily increased to
a monetized net health benefit of greater than $5700 per per-
son at a WTP of $100,000/QALY. With an estimated 3000
new cases of acromegaly each year in the U.S. [71] and an
EVPI of $5700 per case, the findings from this study showed
that the EVPI in this patient population is $342,000,000
assuming a 20-year time horizon for the use of these treat-
ment strategies.

The population EVPPI and EVSI quantified the benefit
of reducing uncertainty in a health economic model by per-
forming additional studies on the biochemical response rates
for the primary treatment strategies at a WTP of $100,000/
QALY in the simulated cohort population (eFig. 3). A mon-
etized net health benefit of $435,000 to 500,000 per case was
observed for studies of health utility valuation of treatment
failure with studies of optimal sample sizes of 200 to 1000.

Table 3 Results of second-order Monte Carlo microsimulation of 1000 patients and 1000 iterations (discounted)

Modality Mean costs ($, SD) Incremental cost Mean QALY (SD) Incremental ICER ($/QALY Net mon-
($, SD) QALYs (SD) gained) etary benefit
&)
Direct surgery 179,795 (48,213) - 19.64 (2.00) - 1,784,205
Preoperative octreo- 197,977 (52,871) - 19.57 (1.99) - Dominated 1,759,023

tide + surgery

SD standard deviation, NA not applicable
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Fig.2 One-way sensitivity analysis. One-way sensitivity analyses
determine the effect of changing one variable in the analysis while all
others were held constant on the net monetary benefit [99]. a Prob-

Investigating biochemical response following preoperative
octreotide at its optimal sample sizes of 400 to 2000 was
associated with monetized net health benefit of $24,000 to
32,500 per case.

Discussion

Current clinical guidelines do not recommend the routine
use of preoperative octreotide therapy in the management of
GH-secreting pituitary tumors [14]. However, there remains
ongoing controversy regarding the role of preoperative
octreotide therapy, as it has been found to result in tumor
size reduction and improve surgical remission rates in select
prospective studies of acromegaly [26-28, 48, 52, 72, 73].
This decision analytic model demonstrated that 6 months
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ability of treatment failure after direct surgery. b Probability of treat-
ment failure after preoperative octreotide therapy; E (Outcome): Net
monetary benefit

of preoperative octreotide therapy was not cost-effective
compared to direct surgery at a WTP threshold of $100,000.

This study builds upon previously published compari-
sons of preoperative octreotide therapy and direct sur-
gery for acromegaly in several important ways. Informed
decision-making based on clinical trials in GH-secreting
pituitary adenoma is limited due to small sample size and
lack of long term follow up. To date, there have been four
randomized clinical trials evaluating preoperative medical
therapy and surgery compared to direct surgery, with sam-
ple sizes ranging from 39 to 98 participants [26, 28, 48, 73,
74]. Only one clinical trial of 61 patients with GH- secret-
ing adenomas reported up to 5 years of patient follow-up
[73]. As such, decision models become an essential tool
to understand the impact of treatment strategies on long-
term outcomes for this population. A systematic review of
the literature demonstrated five previous cost-effectiveness



Pituitary

1,780,000 4

1,770,000 4

1,760,000 4

E[Outcome]

1,750,000 4

1,740,000 4

1,730,000 4

1,720,000 4

Direct Surgery

Preoperative Octreotide
Therapy

T
03 04 05
Parameter Values

Fig.2 (continued)

Table 4 Results of treatment strategies—second order Monte Carlo
simulation of 1000 patients over 1000 iterations (discounted)

Modality Cost ($) QALYs ICER ($/
QALY

gained)

Scenario 1—post-operative external beam radiation therapy [98]
179,670 1943 -
197,745 19.36

Scenario 2—gamma-knife radiosurgery following initial surgical
failure

Direct surgery

Preoperative octreotide + surgery Dominated

179,532 19.63
197,743 19.57
Scenario 3—patients with microadenoma subtype [26]
160,185 19.70
Preoperative octreotide + surgery 226,921 19.42
Scenario 4—patients with macroadenoma subtype [26]
184,429 1943 -
195,020 19.41
Scenario 5—3 months of preoperative octreotide therapy [28]
183,351 19.377 -
188,406 19.375

Direct surgery

Preoperative octreotide + surgery Dominated
Direct surgery
Dominated

Direct surgery
Preoperative octreotide + surgery Dominated
Preoperative octreotide + surgery

Direct surgery Dominated

studies of primary surgery vs preoperative drug treatment
in patients with acromegaly [75]. Only one study used a
Markov model and the model was informed by a retrospec-
tive study of 168 cases of a single hospital [76]. In contrast
with our study findings, the study reported a higher cost
per life year gained in patients that received surgery after
preoperative medical therapy compared to direct surgery.
The study provided no information on third- and fourth-
line therapy for recurrent or persistent disease, uncertainty
or sensitivity analyses.

The results of this model were found to be sensitive to the
probability of treatment failure after preoperative octreotide
therapy and the duration of preoperative octreotide therapy.
The results of our model suggested that preoperative octreo-
tide therapy could be considered a cost-effective strategy
in the setting of improved biochemical remission (that is,
greater than 60% response to primary therapy). The duration
of preoperative octreotide therapy has been found to vary
across studies from 3 to 6 months [26, 28, 48]. As there is
no standardized duration of preoperative octreotide therapy,
this model explored duration of preoperative octreotide ther-
apy and found there may be an increase in health benefits
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Fig.3 Cost-effectiveness acceptability curves. The acceptability
curves are derived from the probabilistic sensitivity analysis and
describe the probability that a specific treatment option is cost-effec-
tive at different willingness-to-pay thresholds. Different levels of
willingness-to-pay (in 1000 US dollar) for a quality-adjusted life year
(QALY) gained are defined, and the probabilities of the cost-effec-
tiveness ratio falling below these different thresholds are estimated
[99]
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Fig.4 Expected value of perfect information (EVPI) represents the
increase in expected value due to parameter uncertainty elimination
for different levels of the willingness to pay (thousand $/per quality-
adjusted life year (QALY) gained). Interpretation: At a willingness-
to-pay threshold of $100,000/QALY the expected value of perfect
information is $5700 dollar (per person) and this indicates the maxi-
mum amount of net monetary benefit we can gain by collecting per-
fect information about the model parameters in a population of GH-
secreting pituitary adenomas patients

@ Springer

associated with preoperative octreotide therapy when limited
to 3 months of use prior to surgery.

The WTP threshold of $100,000 used in this study is
consistent with published literature as a benchmark for the
value of care in the US, yet recent increases in health care
spending have called the current threshold into question
[77]. A recent classification of health care interventions
has suggested that an ICER of < $50,000 per QALY gained
should be given a “high level of value” recommendation,
while interventions with an ICER of > $150,000 per QALY
gained should be given a “low level of value” recommenda-
tion [78]. Our model conclusions would recommend preop-
erative medical therapy for acromegalic patients be classi-
fied as a therapy with a low level of value as the ICER was
greater than the WTP of $100,000.

Decision models are strengthened by their ability to
account for parameter uncertainty in decision-making
through probabilistic analysis, which allows decision-mak-
ers to quantify the level of confidence in the output of the
analysis, measured as the probability that a given strategy is
optimal. The study findings suggest that there is a low prob-
ability that preoperative octreotide would be cost-effective
accounting for parameter uncertainties in the model. How-
ever, PSA is only possible to reflect the probability of being
cost-effective but does not take into consideration the conse-
quences of being cost-effective or not. Value of information
analysis allows integration of the probability of being cost-
effective with the consequences of strategies. The EVPI pre-
sents the monetized value of the incremental health benefits
of eliminating uncertainty from all model parameters over
a range of WTP thresholds. Although formal recommen-
dations for when further research should be pursued based
on the EVPI are highly context dependent, it has been pro-
posed that authors should not recommend further research
for population EVPI values < £250,000 ($163,750 USD). By
contrast, authors may recommend further research for popu-
lation EVPI values > £2 million ($1.3 million USD) [79].
The population EVPI of this model suggests that further
research in this realm may be beneficial. Estimates of EVPPI
suggested doing additional research on transition probabili-
ties, and health utilities is potentially worthwhile. The EVSI
results suggested appropriate sample sizes in future research
studies to maximize economic benefit.

Study limitations and strengths

This study has limitations. First, the analysis is limited by the
sample sizes and the low-quality evidence of the included
studies used to derive the input parameters. Second, although
the model was informed by studies from multiple countries,
the analyses were performed for the US setting. As such, the
results may not be generalizable to other health care settings as
they represent US costing data. Third, recurrences could occur
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and adjuvant therapy could be obtained at any time during
the patient’s lifetime in the model. Fourth, the model inputs
were derived from different studies of GH-secreting adenoma
populations as it was not possible to use one single source.
However, both strategies would have been influenced by these
limitations, restricting the effect on the incremental results.

The present study provides a novel and comprehensive
evaluation of the treatment approaches for management of
acromegaly. The strengths of this study stem from its use of
randomized clinical trials from multiple countries to inform
the model parameters, the ability to integrate additional ther-
apy for refractory disease, and the exploration of uncertainty
to guide further research endeavors. Although this study
was limited to US costing data, it provides a framework for
decision-making and adds to discussions on the international
adoption of this treatment approach.

Conclusions

Due to conflicting data in the current literature regarding
the best approach and sequence of non-surgical and surgi-
cal management of GH-secreting adenomas, a synthesis of
the evidence on the most effective and safe management
was needed to guide decision-making and inform the shift
towards individualized patient treatment. From this decision
analytic model that integrated the current literature into an
evidence-based treatment approach to GH-secreting adeno-
mas, we determined that preoperative octreotide may not
be a cost-effective treatment strategy. Further high-quality
research into uncertainties in biochemical remission rates
following primary therapy and appropriate duration of ther-
apy are warranted to gain further insights and determine
conclusively the cost-effectiveness of this treatment strategy.
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