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Background. Standard first-line treatments for advanced soft tissue sarcoma (STS) have changed little for 40 years, and outcomes
have been poor. Recently, the United States (US) Food and Drug Administration conditionally approved olaratumab in
combination with doxorubicin (Olara +Dox) based on a randomized phase II trial that reported a significant 11.8-month
improvement in median survival versus single-agent doxorubicin (Dox). /e present study investigated the cost-effectiveness of
Olara +Dox compared with Dox and five other standard-of-care regimens from the US payer perspective.Methods. An economic
model was constructed to estimate costs and outcomes over patients’ lifetimes from start of therapy. Progression-free and overall
survival were based on survival analysis of patient-level data and a meta-analysis. Adverse-event rates were based on trials. Costs
were from published sources. Results. Olara +Dox resulted in an estimated additional 1.27 life-years (LYs) compared with Dox,
with an increase in total expected lifetime costs of $133,653. /e incremental cost-effectiveness ratio (ICER) was estimated at
$105,408 per LY gained; in a fully incremental analysis, all other regimens were dominated (higher costs and lower LYs or a higher
ICER). Conclusion. Olara +Dox is cost-effective for STS treatment compared with Dox and other standard-of-care regimens at
willingness-to-pay thresholds of $150,000 per LY and above.

1. Introduction

Soft tissue sarcomas (STSs) are a group of rare and hetero-
geneous solid tumors of mesenchymal cell origin with distinct
clinical and pathologic features [1]. Together, STSs account for
less than 1% of all new human malignant neoplasms [2, 3]. It
is estimated that 12,310 people in the United States (US) were
diagnosed with STS in 2016, and in the same year, there were
approximately 4,990 deaths [4]. /ere are more than 50
subtypes of STS, including leiomyosarcoma, undifferentiated
pleomorphic sarcoma, synovial sarcoma, liposarcomas, and
malignant peripheral nerve sheath tumors [5]. Prognosis

depends on several factors, including a patient’s age and the
location, size, depth, histologic grade, and stage of the tumor
[1]. For most patients with advanced (locally advanced or
metastatic) STS, the prognosis for long-term survival is poor;
data from the US National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER) program suggest that
overall survival (OS) for metastatic STS (mSTS) patients is
48% at 1 year and 18% at 5 years [6].

Chemotherapy is recommended by the National Com-
prehensive Cancer Network [7] for the treatment of ad-
vanced disease, where the aim is to prolong survival and
preserve organ function. A variety of agents are available for
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use in the US, both as single agent (e.g., ifosfamide (Ifo),
dacarbazine, and doxorubicin (Dox)) and in combination
(e.g., Dox or epirubicin with Ifo and/or dacarbazine) [7]. Until
2016, only Dox, Ifo, and epirubicin (alone or in combination)
had shown significant response rates as first-line treatments
[8]; patient survival remained poor, with a median OS of 8 to
16 months for first- or second-line palliative chemotherapy
[9–13]. Moreover, the standard of care for first-line therapy
has changed little for 40 years [12, 14]. Other chemothera-
peutic agents such as gemcitabine, docetaxel, vinorelbine,
pegylated liposomal doxorubicin (PLD), and temozolomide
have been evaluated in clinical trials; there is no clear evidence
to support their use as optimal management of patients with
advanced STS [7].

Olaratumab (Olara) (Lartruvo; Eli Lilly and Company) is
a fully human immunoglobulin G1 monoclonal antibody
that selectively binds the external domain of human platelet-
derived growth factor receptor-α with high affinity and
blocks ligand binding. In October 2016, the US Food and
Drug Administration (FDA) granted accelerated approval to
olaratumab in combination with doxorubicin (Olara +Dox)
for the treatment of adult patients with STS with a histologic
subtype for which an anthracycline-containing regimen is
appropriate and not amenable to curative treatment with
radiotherapy or surgery [15]. /e European Medicines
Agency reviewed olaratumab under its accelerated assess-
ment program and granted conditional marketing autho-
rization shortly after the FDA, in November 2016 [16]. Both
regulatory submissions were based on the randomized phase
1b/2 trial JGDG [17], which reported a significant im-
provement in survival for Olara +Dox compared with
single-agent Dox in the treatment of advanced STS (ex-
cluding Kaposi sarcoma and gastrointestinal stromal tumor)
not amenable to curative treatment with surgery or radio-
therapy. /e primary endpoint of the phase 2 portion of the
JGDG trial was progression-free survival (PFS), with sec-
ondary endpoints of OS and objective response rate. /e
confirmatory phase 3 trial evaluating the benefit/risk ratio
for Olara +Dox is currently underway (NCT02451943,
ANNOUNCE; Eli Lilly and Company [18]).

/e National Comprehensive Cancer Network guide-
lines include Olara in combination with doxorubicin for
treating histologic subtypes of STS for which an
anthracycline-containing regimen is appropriate [7]. /is
research investigated the cost-effectiveness of Olara +Dox
versus standard regimens for the treatment of adult patients
with anthracycline-naı̈ve, advanced STS not amenable to
curative treatment with surgery or radiotherapy (the pop-
ulation studied in the JGDG trial). /e analysis was per-
formed from the US private payer perspective.

2. Methods

2.1. Model Population and Treatments. /e model pop-
ulation included adult patients with anthracycline-naı̈ve
advanced STS who are not candidates for curative treatment
with surgery or radiotherapy and who are to be treated with
a first or subsequent line of systemic therapy. Patients with
Kaposi sarcoma or gastrointestinal stromal tumor were not

included in the population (consistent with the patient
sample in the JGDG trial). Patient characteristics were from
the JGDG trial [17]. In the model, Olara +Dox was com-
pared with alternative regimens that (1) are currently li-
censed for use in the US for the treatment of advanced STS,
(2) are recommended by the National Comprehensive
Cancer Network guidelines [7], or (3) have been directly
compared with Olara +Dox in a randomized trial or can be
indirectly compared using conventional methods of network
meta-analysis. /ese comparators were Dox (based on the
JGDG trial [17]), Dox in combination with Ifo and mesna
(AIM) (based on Judson et al. [12]), and gemcitabine in
combination with docetaxel (GemDoc; based on the GeD-
DiS trial, hereafter referred to as GemDoc (GeDDiS) [19]). In
addition to these comparators, three regimens that are used
in routine practice also were compared: mesna in combi-
nation with Dox, Ifo, and dacarbazine (MAID) [20], an
alternative GemDoc dosing schedule reported by Maki et al.
[21] (hereafter referred to as GemDoc (Maki)) and PLD [22].
/e trials investigating these three regimens did not connect
with the randomized trial evidence network for Olara +Dox,
Dox, AIM, and GemDoc (GeDDiS); therefore, assumptions
(detailed in PFS and OS Estimates) were made with regard to
their relative efficacy. /e dosages, route of administration,
and planned durations of therapy for the interventions
included in the economic model are presented in Table 1.

2.2. Economic Model. All aspects of this economic analysis
followed standard best practices as published by the In-
ternational Society for Pharmacoeconomics and Outcomes
Research [25] and as recommended by health technology
assessment bodies, such as the National Institute for Health
and Care Excellence [26]. /e model used a partitioned
survival structure (Figure 1); selection of this structure was
informed by clinical expert input and previous economic
models in oncology (e.g., [27]). /e model contained three
health states: progression-free, progressed, and dead. /e
proportion of the patient cohort in each heath state over
time was calculated from PFS and OS curves. /e model
time horizon was 25 years, which was sufficient to capture
the predicted lifetime of all patients in the cohort from
treatment initiation to death. /is time horizon allowed
estimation of the expected clinically important differences in
costs and outcomes between patients receiving alternative
systemic therapies for advanced STS. Model time was di-
vided into increments (model cycles). At the end of each
time increment, the proportion of patients in each health
state was counted, as well as the costs incurred and the life-
years (LYs) and quality-adjusted life-years (QALYs) ac-
crued. A model cycle length of 1 week was used in order to
ensure that differences in time to progression could be
precisely modeled (median PFS was 6.6 months for Olara
+Dox and 4.1 months for Dox in the JGDG trial [17]) as well
as longer-term events such as death.

Patients entered the model at the initiation of systemic
therapy (either Olara +Dox or a comparator) and were
assigned to the Progression-free health state. Patients con-
tinued therapy until the completion of the planned regimen,
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disease progression, unacceptable toxicity, or discontinua-
tion of therapy for another reason (e.g., patient or physician
decision). In eachmodel cycle, patients were partitioned into
the progression-free health state, the progressed health state,
or the dead state. Patients with disease progression could
have further lines of active systemic therapy or could receive
best supportive care only. As the cycle length was short in
relation to the overall model time horizon, no half-cycle
correction was applied [28].

Estimated health outcomes and costs were discounted in
the model, using an annual discount rate of 3% [29].

�e model inputs were identi�ed by systematic literature
reviews for clinical evidence [23] and economic studies (see
Supplementary Materials (available here)) and were reviewed
by clinical experts. �e model input parameters are sum-
marized in Tables 1 and 2 and in Supplementary Materials.
Details of the PFS and OS inputs; adverse-event (AE) data;
and health-related quality of life (utility), resource use, and
cost estimates are provided in the following sections.

2.3. PFS and OS Estimates. For the direct comparison of
Olara +Dox with Dox, a range of parametric survival func-
tions (exponential, Weibull, log-normal, log-logistic, gamma,
and Gompertz) were �tted to the patient-level data for PFS
(investigator-assessed and blinded independent radiological
review) and OS from the JGDG trial according to recognized
guidelines [34]. Functions were �tted to data for both treat-
ment arms together (using treatment as an indicator), as well
as to each treatment arm separately. Survival models were
�tted with covariates to allow for possible subgroup analysis
and optimize the model �t to the data. Model �t to the ob-
served data was evaluated using Akaike information criterion
(AIC) and Bayesian information criterion (BIC) statistics and
the visual �t of the function to the Kaplan–Meier data [34].

For PFS, none of the parametric functions were able to
replicate the observed convergence of the Kaplan–Meier
curves for Olara +Dox and Dox at approximately 12 months
(Figure 2(a)). Since the Kaplan–Meier curves for PFS have
essentially reached zero within the trial follow-up period
(Figure 2(a)), extrapolation was not necessary to predict PFS
beyond the end of the trial. �erefore, the JGDG Kaplan–
Meier data were used directly to estimate PFS over time for
Olara +Dox and Dox in the base-case economic analysis. In
order to explore the uncertainty in the cost-e�ectiveness
results arising from alternative approaches to modeling PFS,
survival models �tted to each treatment arm separately were
evaluated as scenario analyses. �e investigator assessment
of PFS was selected for the base case rather than the blinded
independent review assessment, as investigator assessment
more closely re�ects assessment of disease progression in
clinical practice which leads to discontinuation of therapy
and possible initiation of subsequent lines of treatment. �e
blinded independent review assessment of PFS was explored
as a scenario analysis.

Since the OS Kaplan–Meier curves from JGDG end in
plateaus and do not reach zero during the 47 months of trial
follow-up, extrapolation of the OS curves beyond the follow-
up period was required in order to estimate health outcomes
and costs over the entire lifetime of all patients. For OS, the
proportional hazards assumption appeared reasonable
(based on assessment of the Kaplan–Meier curves, log cu-
mulative hazard plots, and proportional hazards test P
value� 0.226). �erefore parametric functions �tted to both
treatment arms together were used for the base-case eco-
nomic analysis. �e extrapolated portion of the OS curve for
Dox in the economic model was validated by comparison
with published long-term OS data for advanced STS patients
receiving anthracycline-containing therapy. �e most ap-
propriate long-termOS data identi�ed for this validation were
those reported by van Glabbeke et al. [9] and consisted of
almost 10 years of OS data from a meta-analysis of 2,185
patients in seven trials investigating anthracycline-based �rst-
line therapy in advanced STS. Of the parametric functions
explored, only the gamma function produced a plausible
prediction for OS beyond the end of the JGDG trial data in the
Dox arm, compared with the van Glabbeke data. �is
function was therefore used for the base-case analysis. �e
parameters for the gamma function for OS are presented in
Table 1. �ree other functions (log-normal, Weibull and
Gompertz) were used in scenario analyses to explore the
uncertainty in the cost-e�ectiveness results arising from al-
ternative approaches to modeling OS. A range of assumptions
regarding the continuation of treatment e�ect (assuming no
treatment e�ect after the trial, the treatment e�ect tapers over
a period of time, or continues inde�nitely) were explored as
scenario analyses. �e base-case analysis assumed no treat-
ment e�ect beyond 32months (the time of last observed death
in the Olara +Dox arm of the JGDG trial) by using the same
hazard of death for each subsequent cycle in the Olara +Dox
arm as in the Dox arm. Furthermore, the base case in-
corporated the increased risk of death from other causes with
age (using USmortality rates; Centers for Disease Control and
Prevention [35]), adjusted for patients with STS (estimated by
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Figure 1: Economic model structure. OS� overall survival curve;
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curves shown are illustrative only.
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Table 2: Key input parameters.

Drug prices (source: Micromedex Solutions [30])a

Drug Vial size and price per vial Vial size and price per vial Minimum price per
milligram

Olara 190mg vial $896.80 500mg vial $2,360.00 $4.72
Dox 20mg vial $5.44 50mg vial $13.60 $0.84
Dex 250mg vial $163.46 500mg vial $326.91 $1.10
Ifo 1000mg vial $29.78 3000mg vial $89.34 $0.05
Mesna 1000mg vial $15.25 — $0.07
G-CSF 6mg vial $3,898.41 — $859.28
Gem 200mg vial $8.09 1000mg vial $40.44 $0.09
Doc 20mg vial $47.76 80mg vial $191.04 $8.42
PLD 20mg vial $969.00 50mg vial $2,422.50 $48.45
DTIC 100mg vial $4.36 200mg vial $8.72 $0.10

Administration costs (per administration)
(source: HCPCS codes from essential RBRVS [31])

Drug Administration day and cost Administration day and cost Administration day and cost

Olara +Dox Day 1 of cycles 1–4 (Olara
+Dox) $379.76

Day 1 of cycles 5–8 (Olara +Dox +
Dex) $476.21

Day 8 of all cycles (Olara
only)b $208.79

Dox Day 1 of cycles 1–4 (Dox)
$170.98

Day 1 of cycles 5–8 (Dox +Dex)
$379.76 —

AIMc Days 1, 2, and 3 of cycles 1–4
(AIM) $572.11

Days 1, 2, and 3 of cycles 5–6 (AIM
+Dex) $668.56

Day 4 (Ifo +mesna only)
$476.21

GemDoc Day 1 (Gem) $252.63 Day 8 (GemDoc) $349.08 —
PLD Day 1 (PLD) $208.79 — —

MAID Days 1, 2, and 3 (MAID) $772.13 Days 1, 2, and 3 (MAID+Dex)
$868.58 —

G-CSF Days 5 and 9 $115.08 — —
Monitoring

(sources: clinical expert opinion; HCPCS codes from essential RBRVS [31])
Resource category Cost per visit and tests Frequency of visits Cost per resource use

Follow-up visit Cost per visit $723.79d
Every 3 months for 5 years, every 6

months until 7 years, annually
thereaftere

—

Cardiac monitoring Multigated acquisition scan Every Dox cyclee $366.06f

Cardiac monitoring Echocardiography Every second Dox cyclee $352.36f

Total cost of all subsequent lines of active systemic therapy
(sources: JGDG trial in Lilly data on file [32]; HCPCS codes from essential RBRVS [31]g)

Drug Drug cost Administration cost AE costs
Olara +Dox patients $5,418.43 $3,972.43 $21,303.98
Patients receiving comparator
interventions $5,515.48 $4,043.58 $21,303.98

AE� adverse event; AIM� ifosfamide + doxorubicin +mesna; BSA� body surface area; Dex� dexamethasone; Doc� docetaxel; Dox� doxorubicin;
DTIC� dacarbazine; G-CSF� granulocyte-colony stimulating factor; Gem� gemcitabine; GemDoc� gemcitabine + docetaxel; HCPCS�Healthcare Com-
mon Procedure Coding System; Ifo� ifosfamide; MAID�mesna + doxorubicin + ifosfamide + dacarbazine; Olara� olaratumab; Olara+Dox� olaratumab
+ doxorubicin; PLD� pegylated liposomal doxorubicin; RBRVS� resource-based relative value scale; SD� standard deviation; UK�United Kingdom. a/e
mean (SD) weight and BSA were assumed to be 85.8 (23.0) kg and 2.0 (0.3)m2 (JGDG trial, Lilly data on file [33]). Drug costs were calculated by assuming that
unused drug in opened vials is wasted. /e distribution of weight and BSA was simulated, and the number of vials needed for each weight per BSA category
was determined and costed. bAlso day 1 after Dox discontinuation (Olara only). cAssumed to be given in an outpatient setting. dOutpatient visit and physical
examination ($223.03); computerized tomography scan ($352.78; 92% of visits); positron emission tomography ($1,072.98; 9% of visits); magnetic resonance
imaging ($584.29; 14% of visits). Source of unit costs: Essential RBRVS [31] HCPCS codes; usage of imaging based on Lilly observational study [32] (UK data).
eBased on clinical expert opinion. fEssential RBRVS [31] HCPCS codes. gCosts were estimated based on subsequent lines of treatment observed after the
investigational therapy in the JGDG study in each treatment arm. Subsequent therapies included DTIC, GemDoc, Dox, eribulin, everolimus, Gem, Ifo, Ifo
+mesna, pazopanib, and trabectedin. /e average cost of treatments in the Olara +Dox arm was applied for both arms. /e total cost of all subsequent
treatments recorded in the trial was estimated based on the proportion of patients receiving each regimen and duration of therapy recorded. Drug and
administration costs were estimated assuming a 3-week treatment cycle and dosing schedules from clinical studies; unit costs were from Micromedex
Solutions [30] and HCPCS codes from Essential RBRVS [31].
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comparison of the risk at the end of the Kaplan–Meier curve
reported by van Glabbeke et al. [9], with the risk for the
general population of the same age). Figure 2(b) shows the
resulting OS functions for Olara +Dox and the comparator
regimens; Figure 2(c) compares the functions for Olara +Dox
and Dox with the Kaplan–Meier OS data from the JGDG trial
and the long-termOS data reported by vanGlabbeke et al. [9].

In the JGDG trial, 30 of the 67 patients (45%) ran-
domized to Dox received single-agent olaratumab after
disease progression. �e e¥cacy of single-agent olaratumab
has not been studied in this setting, and it is not expected to
be used in routine practice; therefore, a range of analyses
were performed to explore the potential impact of its use in

the JGDG trial on the OS outcomes observed.�reemethods
were applied (inverse probability of censoring weights,
a simpli�ed two-stage method, and methods using external
data) as described by Latimer and colleagues [36, 37]. �ese
analyses found no evidence that single-agent olaratumab use
in the control arm after disease progression biased the results
toward a larger study OS treatment e�ect. In addition,
analysis results presented by Tap et al. [17] in their Sup-
plementary Materials found that censoring OS at the time of
starting any new anticancer therapy (HR: 0.425; 95% CI:
0.193–0.933), or a group of speci�c cancer therapies
(pazopanib, eribulin, GemDoc, Dox, or trabectedin) (HR:
0.353; 95% CI: 0.192–0.647) produced similar HRs to the
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Figure 2: Survival estimates. (a) Progression-free survival; (b) overall survival; (c) overall survival validation. For the parametric survival
models for PFS and OS, the following covariates were signi�cant in most of the survival models explored and were included in the �nal set of
survival models: tumor type and line of therapy and (where treatment was included as an indicator) the interaction of treatment with tumor
type and line of therapy. For OS, the following additional covariates were signi�cant in most models and were also included as covariates in
the �nal analyses: sex and Eastern Cooperative Oncology Group performance status. AIM� ifosfamide + doxorubicin +mesna;
Dox� doxorubicin; GemDoc� gemcitabine + docetaxel; MAID�mesna + doxorubicin + ifosfamide + dacarbazine; KM�Kaplan–Meier;
Olara +Dox� olaratumab + doxorubicin; PLD� pegylated liposomal doxorubicin.
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primary analysis of JGDG (HR 0.463; 95% CI 0.301–0.710).
/erefore, no adjustment to the OS data was made in the
economic model.

For the indirect comparisons with AIM and GemDoc
(GeDDiS), HRs for Olara +Dox versus each regimen (for PFS
and OS) were estimated via a network meta-analysis (NMA)
[23]. /e trials in the NMA for AIM and GemDoc (GeDDiS)
investigated first-line therapy only, while the trial for Olara
+Dox (the JGDG trial) investigated any line of therapy. /e
results of the NMA are shown in Table 1. Since PLD, GemDoc
(Maki), and MAID could not be connected to the evidence
network via randomized controlled trials [23], the indirect
comparisons of Olara +Dox with these regimens were based
on assumptions regarding their relative efficacy. PLD and
GemDoc (Maki) were assumed to have the same efficacy as
Dox, and MAID was assumed to have the same efficacy as
AIM (Table 1). /e HR for the indirect comparisons was
applied in the economic model by calculating the instanta-
neous hazard for Olara +Dox in each model cycle from the
survival functions, multiplying the result by the HR for each
Olara +Dox comparator to generate the instantaneous hazard
for the comparator, and finally calculating the survivor
proportion in each model cycle for the comparator. /e
model assumed that after 32 months the hazards for death for
all interventions were the same as those for Dox (consistent
with trial data for AIM [12]; GemDoc (GeDDiS) [19]; and
assumptions forMAID (assumed the same as AIM), PLD, and
GemDoc (Maki) (assumed the same as Dox)).

2.4. Adverse Events. /e incidence of each AE across the
included trials (see Supplementary Materials) was obtained
from the clinical trials referenced in Table 1; where specific
AEs were not reported, the incidence was assumed to be
zero. In order to account for instances of individual patients
experiencing more than one episode of a given AE, the
model used the mean number of AEs per patient having that
AE as well as the incidence to calculate the total number of
AEs (see Supplementary Materials). Costs for grade 3 or 4
AEs and (in a secondary analysis) the impact of any grade
AEs on quality of life (health utility) were accounted for in
the model (see Supplementary Materials).

2.5. Health-Related Quality of Life (Utility) Estimates. /e
model included a secondary analysis evaluating the cost utility
of Olara +Dox (i.e., estimating the incremental cost per
QALY gained). For this analysis, the model used published
health utility estimates identified by a systematic literature
review (see SupplementaryMaterials). In selecting data for the
model from the available estimates, data that had been col-
lected via a validated multiattribute utility instrument and
estimated using a preference-based value set or by mapping
from a validated health-related quality-of-life measure were
preferred. /e health utility estimates applied for the model
health states are summarized in Supplementary Materials.

2.6. Resource Use and Costs. /e model used unit costs for
2016; costs reported for other cost years were inflated to 2016

values using the consumer price index [38]. Unit costs were
taken from recognized national sources, where available
(i.e., Healthcare Cost and Utilization Project [39] and the
Essential RBRVS [31]). Drug and drug-administration costs
for Olara +Dox and Dox were calculated based on the mean
dose per administration and the mean number of admin-
istrations for each drug as observed in the JGDG trial
(thereby accounting for dose reductions and dose delays as
they occurred in the JGDG trial). /ere was no need for
prediction of treatment costs beyond trial follow-up, as all
patients in the JGDG trial had discontinued their ran-
domized treatment before the end of the study. For other
interventions, planned doses were used as mean doses were
not reported in the source trials (a sensitivity analysis ex-
plored dose reductions equivalent to that observed for Dox
in the JGDG study); the mean number of administrations
were based on trial data (where available) or assumptions
(Table 1). AIM was assumed to be administered in an
outpatient setting. Drug costs assumed that unused drug in
opened vials is wasted. AIM and GemDoc (Maki) were
assumed to be given along with pegfilgrastim. In order to
account for the possibility that the less costly G-CSF fil-
grastim could be used, a sensitivity analysis was performed
which assumed that the cost of G-CSF given with AIM
and GemDoc (Maki) was zero (Supplementary Materials).
Monitoring costs associated with cardiac monitoring for
patients receiving Dox either with or without other agents,
routine follow-up visits, and imaging also were included
(Table 2). Additionally, the model incorporated the cost of
subsequent lines of active systemic treatment, based on the
treatments received in Olara +Dox arm of the JGDG trial
after the investigational therapy (Table 2). Because some
patients in the Dox arm received single-agent olaratumab
after disease progression which is not expected to be used in
clinical practice, the cost per subsequent treatment in the
Dox arm was assumed to be the same as the average cost per
subsequent treatment in the Olara +Dox arm.

2.7. Sensitivity and Scenario Analyses. One-way (univariate)
sensitivity analyses were performed by varying all param-
eters individually to identify those that had the most in-
fluence on the incremental cost-effectiveness ratio (ICER). A
probabilistic sensitivity analysis was performed in which the
mean values for all model parameters were sampled si-
multaneously from their statistical distributions. /e pa-
rameter uncertainties were based on estimates of uncertainty
in the source data (e.g., the reported standard error), where
available. Parameters were sampled from appropriate sta-
tistical distributions [40]. Additional scenario analyses were
performed to investigate anticipated areas of particular
uncertainty, for example, discount rates for costs and out-
comes and alternative approaches to model PFS and OS (see
Supplementary Materials).

2.8. Model Validation. Model validation was performed in
alignment with best practices published by the International
Society for Pharmacoeconomics andOutcomes Research [25].
Face validity of the model structure and input parameters was
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ensured by expert reviews involving a consultant medical
oncologist in the UK, a medical oncologist professor in
France, a medical oncologist in the US, 2 independent aca-
demic health economics and statistics experts in the UK, and
an advisory board consisting of 10 clinical experts in the UK.
Internal validity was assured by checks of input data and
coding by a researcher not involved with the original model
programming. Cross-validity (comparison of results with
other models analyzing the same decision problem) could not
be performed because no suitable studies were identified.
Dependent external validity (comparing model predictions
with outcomes in studies used to build the model, i.e., the
JGDG trial) and independent external validity (comparing
model predictions with outcomes in studies not used to build
the model) were performed. /ese results are presented in
Figure 2. Figure 2(a) shows PFS in the model. For Olara +Dox
and Dox, PFS over time was estimated directly from the
Kaplan–Meier data from the JGDG trial and therefore was
identical to that in the trial (to the nearest weeklymodel cycle).
Figure 2(c) compares OS for Olara +Dox and Dox in the
model with the Kaplan–Meier OS data from the JGDG trial, as
well as external long-term OS data reported by van Glabbeke
et al. [9]. Validation of the final economic model by two
independent health economics groups was also performed.

3. Results

3.1. Base-Case Results. /e base-case results for the com-
parison of Olara +Dox, Dox, AIM, GemDoc (GeDDiS),
GemDoc (Maki), PLD, and MAID are presented in Table 3.
/e base-case results indicated that the mean total expected
lifetime cost was higher for patients receiving Olara +Dox
than for those receiving the alternative active systemic
therapies ($182,984 compared with $122,166 for AIM,
$104,787 for MAID, $83,473 for GemDoc (Maki), $53,925
for PLD, $50,976 for GemDoc (GeDDiS), and $49,330 for
Dox). Mean life-years (LYs) were increased substantially for
patients receiving Olara +Dox; the base-case estimates for
mean (discounted) LYs were 3.37 for Olara +Dox, compared
with 2.17 for AIM and MAID; 2.10 for Dox, PLD, and
GemDoc (Maki); and 1.69 for GemDoc (GeDDiS). /e
incremental cost per LY saved for Olara +Dox versus Dox
was estimated as $105,408.

In pairwise comparisons, GemDoc (GeDDiS), PLD, and
GemDoc (Maki) were dominated (a dominated intervention
is defined as an intervention with higher costs and worse
outcomes than an alternative intervention) by Dox because
the total mean lifetime costs were higher while LYs were the
same or lower than for Dox. GemDoc (GeDDiS) showed
a median OS (estimated by applying the HR from the NMA
to the gamma function used for Olara +Dox) that was
slightly higher than Dox but had a steeper decline in OS,
resulting in a lower mean OS estimate (Figure 2(b)). To
determine which of the regimens under consideration was
the most cost-effective, a fully incremental analysis was
conducted. In a fully incremental analysis, a treatment is
said to be extendedly dominated when the treatment’s
ICER is higher than the ICER of the next, more effective,
alternative (i.e., the given treatment is dominated by the

combination of two alternatives and should not be used to
calculate appropriate ICERs). For example, consider that
there are three drug regimens, A, B, and C, with regimen C
being more effective (resulting in greater LYs) and more
costly than regimen B, and regimen B being more effective
(resulting in greater LYs) and more costly than regimen A.
Drug regimen C is said to extendedly dominate drug reg-
imen B if the ICER for drug regimen C when compared with
drug regimen A is more favorable (has a lower value) than
the ICER for drug regimen B when compared with drug
regimen A. In this analysis, AIM was dominated by
MAID because AIM’s efficacy was assumed to be the same,
while MAID was associated with lower costs (owing to
the lower drug doses and the omission of granulocyte-
colony stimulating factor). Olara +Dox was superior in
cost-effectiveness to MAID because the ICER for the com-
parison between MAID and Dox was higher than the ICER
for the comparison between Olara +Dox and Dox (MAID
therefore was extendedly dominated by Olara +Dox).

In the secondary analysis (using QALYs as the outcome
measure) Olara +Dox was associated with a mean (dis-
counted) 1.86 QALYs gained, compared with 1.17 for Dox,
PLD, and GemDoc (Maki); 0.94 for GemDoc (GeDDiS); and
1.21 for AIM and MAID. /e incremental cost per QALY
gained for Olara +Dox versus Dox was estimated as
$196,309.

3.2. One-Way Sensitivity Analysis. /e one-way sensitivity
analysis results are presented for the comparison of Olara
+Dox with Dox in Figure 3; results for the other comparisons
are presented in Supplementary Materials. /e mean number
of administrations of olaratumab was the parameter with the
largest influence on the incremental cost per LY gained in the
comparison of Olara +Dox with Dox, AIM, GemDoc (Maki),
and PLD and was the second most-sensitive parameter in the
comparison of Olara +Dox with GemDoc (GeDDiS) and
MAID. None of the parameters considered in each pairwise
comparison generated increases or reductions in the in-
cremental cost per LY gained of more than $13,000 per LY
gained. In the direct comparison with Dox, the highest ICER
observed in the one-way sensitivity analysis was $114,717 per
LY gained. In an additional analysis, drug costs for AIM,
GemDoc (GeDDiS), GemDoc (Maki), PLD, and MAID were
calculated assuming the same dose reduction as that observed
for Dox in the JGDG study (rather than using the planned
dose for these regimens as assumed in the base-case analysis).
In pairwise comparisons, the ICER for Olara +Dox in this
dose reduction scenario increased slightly compared with
the base-case results (to $50,791, $78,692, $78,561, $101,831,
and $65,217/LY gained versus AIM, GemDoc (GeDDiS),
GemDoc (Maki), PLD, andMAID, resp.). In the scenario in
which the cost of G-CSF was assumed to be zero, the ICER
of Olara +Dox increased by nearly $19,000 and $16,000 per
LY gained when compared with AIM and GemDoc (Maki),
respectively.

3.3. Scenario Analyses. /e scenario analyses explored the
impact of alternative assumptions and parameter sources on
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ICERs. All other model settings were at base case, other than
the parameter being investigated in the scenario analyses. A
scenario exploring the impact of using PFS data as assessed
by a blinded independent review showed a variation of less
than 0.1% in the ICER of Olara +Dox versus Dox. Results for
the direct comparison of Olara +Dox versus Dox ranged
from $78,669 per LY gained to $171,593 per LY gained. �e
lowest ICER was associated with the scenario in which the
treatment e�ect after trial follow-up was tapered to no
treatment e�ect (HR� 1) over 4 years, starting at 32 months
(the time of last observed death in the Olara +Dox arm of the
JGDG trial) from the treatment e�ect observed in the JGDG
study (HR� 0.463) [17]. �e highest ICER was observed
when the Weibull parametric function (proportional haz-
ards) was used to estimate OS. �e next two highest ICERs
also were associated with alternative scenarios for OS, using
alternative parametric survival functions with treatment arms
modeled separately: log-normal ($121,725 per LY gained) and
Gompertz ($165,839 per LY gained). �e full range of sce-
narios exploring the direct comparison between Olara +Dox
and Dox are presented in Supplementary Materials.

3.4. Probabilistic Sensitivity Analyses. Figure 4(a) shows the
distributions of incremental costs and bene�ts (LYs gained)
estimated by the probabilistic sensitivity analysis on the cost-
e�ectiveness plane for Olara +Dox versus each comparator.
Figure 4(b) shows the cost-acceptability curve for the direct
comparison between Olara +Dox and Dox, which describes
the probability that Olara +Dox is expected to be cost-
e�ective as a function of the willingness-to-pay threshold.
In the probabilistic sensitivity analyses, Olara +Dox was

always associated with higher costs and additional LYs than
Dox but was dominated by other comparators in some
probabilistic simulations. In the direct comparison with
Dox, at a willingness-to-pay threshold of $50,000, $100,000,
$150,000, and $200,000 per LY gained, the probability that
Olara +Dox was cost-e�ective was 0%, 40%, 83%, and 95%,
respectively. At a willingness-to-pay threshold of $150,000
per LY gained, the probability that Olara +Dox was cost-
e�ective was 93%, 93%, 94%, 87%, and 90% when compared
with AIM, GemDoc (GeDDiS), GemDoc (Maki), PLD, and
MAID, respectively.

4. Discussion

�is study evaluated the cost-e�ectiveness of Olara +Dox in
the treatment of adult patients with anthracycline-näıve,
advanced STS not amenable to curative treatment with
radiotherapy or surgery.

�e base-case results estimated that the ICER for Olara
+Dox versus Dox was $105,408 per LY gained, and the
probability of cost-e�ectiveness for Olara +Dox compared
with Dox at willingness-to-pay thresholds of $50,000,
$100,000, $150,000, and $200,000 per LY gained was 0%,
40%, 83%, and 95%, respectively. �e mean total expected
lifetime cost for patients receiving Olara +Dox was $60,818
to $133,653 higher than the comparators. Mean LYs were
increased substantially for patients receiving Olara +Dox, by
1.20 to 1.68 LYs. In the fully incremental analysis, AIM,
MAID, GemDoc (GeDDiS), GemDoc (Maki), and PLD were
all dominated. Sensitivity and scenario analyses suggested
that the results were most sensitive to uncertainty in the OS
bene�t for Olara +Dox.
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Figure 3: One-way sensitivity analysis tornado diagram for Olara +Dox versus Dox: change in ICER (US $ per LY saved). In the one-way
sensitivity analysis, all model parameters were varied individually by +/− 10% of the base-case value with the exception of HR death STS versus
Gen Pop, which was changed to 1.00. �e plot shows the change in the incremental cost per LY gained for each parameter, ranked in order of
largest change in the ICER (the top 15 parameters are shown). In all cases, the ICER remained in quadrant 1 of the cost-e�ectiveness plane
(Olara +Dox is more expensive and more e�ective than the comparator) indicated in the graph by a “1” at the end of each bar. AE� adverse
event; Comp� comparator; Dox� doxorubicin; Gen Pop� general population; HR� hazard ratio; ICER� incremental cost-e�ectiveness ratio;
LY� life year; Olara� olaratumab; Olara +Dox� olaratumab+doxorubicin; STS� soft tissue sarcoma; US�United States.
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�e main strengths of the research were as follows. �e
model underwent extensive validation in accordance with
best practices [25], and input data were identi�ed by sys-
tematic reviews of clinical and economic evidence. �e
comparison of Olara +Dox versus Dox was based on data
from a head-to-head, randomized, controlled trial (JGDG
trial [17]) allowing comparison under same protocol with the
same inclusion/exclusion criteria and the same clinical
practice. PFS was estimated in the model using the JGDG
trial’s Kaplan–Meier data; OS was estimated using survival
functions �tted to patient-level data from the trial, in line with
accepted guidelines. �e indirect comparisons of Olara+Dox
against AIM and GemDoc (GeDDiS) were based on an NMA
[23] using accepted Bayesian methods [41]. Administration of
AIM was assumed to happen in an outpatient setting. �is
was a conservative assumption, as clinical expert opinion
suggested it could also be administered in an inpatient setting
which would suggest higher administration costs for AIM
than those assumed in the model. If inpatient costs were to be
applied in this model, AIM would have higher cost and
therefore lesser value, which in turn may overestimate the
value of other comparators versus this regimen.�e use of the
outpatient regimen ensured that the lowest cost option was
included to provide the reader with the best possible outcome
for AIM in the model. �e model also used input data from
a Surveillance, Epidemiology, and End Results-Medicare

study [42]. Investigator-assessed PFS data, rather than blin-
ded independent radiologically assessed PFS data, were used
in the base-case because the former were expected to more
closely re�ect assessment of disease progression in routine
clinical practice. A scenario analysis exploring the impact of
using blinded independent radiologically assessed data in-
dicated that the ICER was not sensitive to the PFS data used.
OS estimates for Dox at 5 to 10 years predicted by the model
(using the gamma function in the base-case analysis) were
consistent with observed long-term survival for a similar
population (speci�cally, a large meta-analysis of trials in-
vestigating anthracycline-containing �rst-line therapy re-
ported by van Glabbeke et al. [9]). Owing to the uncertainty in
the OS prediction beyond the end of the JGDG trial follow-up,
a range of alternative methods for OS prediction were ex-
plored. �e base-case analysis made a conservative as-
sumption that there is no continuation of treatment e�ect for
Olara +Dox beyond the last mortality event observed in the
Olara +Dox arm of the JGDG trial (32 months).

Extensive sensitivity analyses were performed using the
economic model, including univariate and probabilistic
sensitivity analyses incorporating all model parameters and
scenario analyses exploring structural uncertainty. In ad-
dition, a range of analyses were performed to explore the
potential for bias in the JGDG trial OS data resulting from
the use of single-agent olaratumab after disease progression
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Figure 4: Probabilistic sensitivity analysis results. (a) Cost-e�ectiveness plane (base case); (b) cost-e�ectiveness acceptability curve (Olara
+Dox versus Dox). (a) shows the joint distribution of incremental costs and LYs estimated by 1,000 model simulations for each treatment
comparison in which the mean values for all model parameters were sampled simultaneously from their individual statistical distributions.
Details of the distributions are presented in Supplementary Materials. (b) shows the probability of cost-e�ectiveness for Olara +Dox versus
Dox as a function of the ICER threshold (the additional cost per LY gained that the decision-maker is willing to pay). From this and
equivalent analyses for each pairwise treatment comparison, the probability that Olara +Dox is cost-e�ective at a willingness-to-pay threshold
of $150,000 per LY gained was estimated as 83% versus Dox, 93% versus AIM, 93% versus GemDoc (GeDDiS), 94% versus GemDoc (Maki),
87% versus PLD, and 90% versus MAID. AIM� ifosfamide+ doxorubicin+mesna; Dox� doxorubicin; GemDoc� gemcitabine + docetaxel;
LY� life-year; MAID�mesna+doxorubicin + ifosfamide+dacarbazine; Olara +Dox� olaratumab+doxorubicin; PLD� pegylated liposomal
doxorubicin.
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in the Dox arm. All these analyses supported the study
conclusions related to the effect of Olara +Dox on OS.

Several limitations of the research should be noted. /e
efficacy data for Olara +Dox used in the direct comparison
were based on a phase 2 trial with a proportion of patients
surviving at the end of the follow-up period (27 (40.9%) in
the Olara +Dox arm and 15 (22.4%) in the Dox arm) [17].
/is and the fact that the study’s longest follow-up was under
4 years, whereas cost-effectiveness models require a lifetime
horizon in order to capture all potential costs (25 years), led
to substantial uncertainty in the economic model estimate
for the long-term OS, particularly for Olara +Dox (since the
model predictions for Olara +Dox could not be validated as
they were for Dox using longer-term OS data). Results from
the ongoing phase 3 trial (estimated completion in 2020
(ANNOUNCE, NCT02451943; Eli Lilly and Company [18]))
will provide additional data and help to reduce some un-
certainty in the economic model. We recommend that
further evaluation of the cost-effectiveness of Olara +Dox is
performed when the phase 3 trial data are available to in-
corporate the additional evidence related to treatment costs,
safety, and the benefits of treatment into the economic
model.

/e indirect comparisons had several limitations: First,
trials for AIM and GemDoc (GeDDiS) investigated first-line
therapy only; in order to provide analyses in any line of
therapy (as was investigated in the JGDG trial), the efficacy
of these regimens was assumed to be independent of the line
of therapy. Second, the indirect comparison was performed
by combining parametric survival functions fitted to the
JGDG trial data, with HRs originally estimated from the
Judson et al. [12] and the GeDDiS [19] trials using other
methods and synthesized using NMA. Although this is
a commonly accepted approach in economic models in
oncology, its limitations should be recognized [23, 34].
/ird, it was not possible to use conventionally accepted
methods to perform indirect comparisons of the efficacy of
Olara +Dox versus PLD, GemDoc (Maki), andMAID./ese
drugs could not be connected to the evidence network via
randomized, controlled trials. /erefore, an assumption had
to be made regarding their relative efficacy; specifically, PLD
and GemDoc (Maki) were assumed to have the same efficacy
as Dox and MAID was assumed to have the same efficacy as
AIM. Lastly, to estimate drug and administration costs for
Olara +Dox and Dox, we accounted for dose reductions and
dose delays by using the mean dose and mean number of
administrations observed in the JGDG trial. However, for
the other comparators, insufficient information was avail-
able to estimate mean doses; therefore, the planned doses
were used (a scenario analysis explored the impact of as-
suming dose reductions equivalent to that observed for Dox
in the JGDG study; the ICER for Olara +Dox increased by
less than $100 per LY gained in each pairwise comparison).

In the indirect comparisons with AIM and GemDoc
(Maki), prophylactic G-CSF was assumed to be given using
pegfilgrastim. /e scenario analysis, assuming that the
cheaper filgrastim is used (which assumed the cost of G-CSF
to be zero), produced higher ICERs for the pairwise com-
parisons of Olara +Dox with AIM and GemDoc (Maki).

However, in the fully incremental analysis these regimens
were still dominated or extendedly dominated.

Further limitations regarding the health-state utility
estimates used in the secondary analysis (which estimated
the incremental cost per QALY gained) should be noted.
First, data reported by Reichardt et al. [43] were based on
a small sample (the sample size for each health state ranged
from 12 to 35 patients); patients in the Reichardt study could
have bone sarcoma and were required to have had a response
to at least one line of treatment. /ese criteria differed from
the population indicated for Olara +Dox. Second, the data
used for the postprogression health state after second- or
subsequent-line therapy extracted from a study by Delea
et al. [44] were of poor quality because the authors used
estimates from two separate studies (one combined EQ-5D
trial data and European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire trial data
mapped to the EQ-5D, and the second was based on
a health-state description (vignette) for progressive disease),
and the methods used to derive the final estimate in the
Delea et al. [44] study were unclear.

5. Conclusions

From a US payer perspective, the results of the base-case
fully incremental analysis suggested that all interventions
were expected to be dominated or extendedly dominated by
Dox or Olara +Dox. /e direct comparison of Olara +Dox
with Dox resulted in an ICER of $105,408 per LY gained./e
probability that Olara +Dox is cost-effective at willingness-
to-pay thresholds of $50,000, $100,000, $150,000, and
$200,000 per LY gained was 0%, 40%, 83%, and 95%, re-
spectively. One-way sensitivity analyses showed that the
mean number of Olara administrations in the Olara +Dox
arm was the parameter with the largest influence on the
ICER per LY gained, while scenario analyses suggested that
uncertainty in the OS estimates was most influential overall.
A range of scenarios resulted in ICERs varying from $78,669
to $171,593 per LY gained. Uncertainty in the economic
model is expected to be reduced when the results of the
ongoing phase 3, randomized, controlled trial (AN-
NOUNCE, NCT02451943) become available.
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