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Abstract

Background Larotrectinib is the first tumour-agnostic therapy that has been approved by the European Medicines Agency.
Tumour-agnostic therapies are indicated for a multitude of tumour types. The economic models supporting reimbursement
submissions of tumour-agnostic therapies are complex because of the multitude of indications per model.

Objective The objective of this paper was to evaluate the cost effectiveness of larotrectinib compared with standard of care
in patients with cancer with tropomyosin receptor kinase fusion-positive tumour types in the Netherlands.

Methods A previously constructed cost-effectiveness model with a partitioned survival approach was adapted to the Dutch
setting, simulating costs and effects of treatment in patients with tropomyosin receptor kinase fusion-positive cancer. The
cost-effectiveness model conducts a naive comparison of larotrectinib to a weighted comparator standard-of-care arm. Dutch
specific resource use and costs were implemented and inflated to reflect 2019 euros. The analysis includes a lifetime horizon
and a societal perspective.

Results Larotrectinib versus Dutch standard of care resulted in 5.61 incremental (QALY's) and €232,260 incremental costs,
leading to an incremental cost-effectivenes ratio of €41,424/QALY. The probabilistic sensitivity analysis reveals a 88% chance
of larotrectinib being cost effective compared with the pooled comparator standard-of-care arm at the applicable €80,000/
QALY willingness-to-pay threshold in the Netherlands.

Conclusions The incremental cost-effectivenes ratio was well below the applicable threshold for diseases with a high burden
of disease in the Netherlands (€80,000). At this threshold, larotrectinib was estimated to be a cost-effective treatment for
patients with tropomyosin receptor kinase fusion-positive cancer compared with current standard of care in the Netherlands.

Key Points for Decision Makers

This is the first ever cost-effectiveness analysis of a
tumour-agnostic therapy to be conducted for the Neth-
erlands. The analysis was performed from a full societal
perspective, including indirect medical costs, productiv-
ity costs and costs for informal care.

Tumour-agnostic indications require modelling across
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1 Introduction

Larotrectinib is the first tumour-agnostic therapy that has
been approved by the European Medicines Agency (EMA).
Larotrectinib is registered as a monotherapy for the treat-
ment of adult and paediatric patients with solid tumours that
display a neurotrophic tyrosine receptor kinase (NTRK) gene
fusion, who have a disease that is locally advanced or meta-
static, or where surgical resection is likely to result in severe
morbidity and who have no satisfactory treatment options
[1]. NTRK gene fusions have been shown to be oncogenic
drivers [2, 3], and are responsible for tumour growth, regard-
less of cancer type. The different cancer types are heteroge-
neous apart from one important similarity: the NTRK gene
fusion. The target of action for larotrectinib is the tyrosine
receptor kinase (TRK) family of proteins including TRKA,
TRKB and TRKC, which are encoded by the NTRKI,
NTRK?2 and NTRK3 genes, respectively. Larotrectinib was
studied in several basket trials [1]. A basket trial’s popula-
tion consists of patients with the same genomic mutation or
biomarker who all receive the same treatment. Basket trials
generally do not include a comparator arm.

Tumour-agnostic therapies bring forward a new prom-
ising approach to treat cancer. However, challenges exist
in terms of how these therapies are assessed for effective-
ness, cost effectiveness and, subsequently, reimbursement.
Tumour-agnostic drugs are indicated for a multitude of can-
cer types, provided they express the mutation. Historically
speaking, oncological medication has always been assessed
on a cancer-specific basis and not based on the underly-
ing mutation occurring in almost all cancer types. Moreo-
ver, although in some rare cancers the incidence of NTRK
fusions is high, in common cancers, the incidence is very
low (0.5%), meaning that clinical evidence informing reim-
bursement decisions for tumour-agnostic drugs is based on
studies with small sample sizes, usually without a control
group, and the patient population across the different tumour
localisations and lines of therapy is heterogenous. This
makes it difficult to assess whether the drug will provide
value for money against standard of care (SoC), as a directly
comparable SoC currently does not exist. Namely, current
treatment is still cancer specific and not pan-agnostic solely
based on an underlying mutation. [4] Moreover, the eco-
nomic models supporting reimbursement submissions are
complex, facing challenges in terms of, for example, model
structure, choice for comparator(s) and clinical inputs.

The aim of this study was to assess the cost effectiveness
of larotrectinib in the Netherlands in the registered indica-
tion, from a societal perspective [5]. Furthermore, a descrip-
tion is given of key reimbursement challenges for tumour-
agnostic therapies in general, and larotrectinib in particular.
This is the first cost-effectiveness model (CEM) evaluating
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a tumour-agnostic indication from a societal perspective,
using a weighted combination of different cancer types in
the comparator arm. These include breast, colorectal, mela-
noma, non-small cell lung cancer (NSCLC), pancreas, pri-
mary central nervous system (CNS), salivary gland, small
cell lung cancer (SCLC), thyroid cancer, and one location
gathering all paediatric tumours. Various assumptions were
necessary to estimate the cost effectiveness, as is described
in this paper.

2 Methods
2.1 Model Structure

A global economic model was adapted to the Dutch setting
to estimate lifetime outcomes associated with larotrectinib
treatment or with Dutch SoC in the population of interest [6,
7]. The economic model is a cohort state-transition model
with a partitioned survival approach. This technique is com-
monly used in late-stage/metastatic oncology modelling, and
is appropriate for capturing progressive chronic conditions
that are described with clinical outcomes requiring an ongo-
ing time-dependent risk, such as progression and death. The
model includes three health states: progression-free survival
(PFS), progressive disease and death. In the intervention
arm, patients progress through health states based on outputs
from the single-arm larotrectinib basket trials [1]. For mod-
elling survival in the weighted comparator SoC arm, efficacy
inputs from naive comparisons based on a targeted review
of the literature (i.e. a non-systematic search in PubMed in
2019) for each of the ten comparators that are included as
SoC (i.e. nine adult tumour locations and one location gath-
ering all paediatric tumours) were considered. These were
then weighted based on the distribution of patients across
the tumour locations (Table 1), to form one weighted com-
parator arm (Fig. 1). The model uses a 7-day cycle length
(1 week), capturing the varying treatment patterns and dif-
ferences in survival of the numerous comparators that are
included within the model (SoC treatment specific to each
tumour location). Health outcomes and costs are accrued and
summed for each arm of the economic model.

Both the larotrectinib and SoC arms of the model follow
the same health states. However, health states are strati-
fied by tumour site to account for differences in conven-
tional SoC across tumour sites in the SoC arm. This means
that the intervention arm is based on efficacy inputs from
the pooled analysis of the larotrectinib clinical trial pro-
gramme and cost elements associated with larotrectinib
treatment and the SoC arm is based on cost and efficacy
inputs per tumour localisation.

The model estimates the cost effectiveness over a life-
time period. A time horizon of 80 years was implemented
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Table 1 Weighting of patients per tumour location

No. of TRK+ patients (clinical
study programme)

Weighting of tumour locations (according to  Frequency of NTRK gene fusions
clinical study programme), %

in selected tumuor histologies [9]

NSCLC 6 7
Salivary 17 20
Melanoma 6 7
Colorectal 6 7
SCLC

Breast 1 1
Children combined 34 41
Primary CNS 3 4
Pancreas 1 1
Thyroid 9 11
Total 84 100

0.17%

11.11%-79.687%

0.31%

0.26%

Not available
0.10%-92.871%

Not available combined
0.99*%+-21.217%
0.31%
22.22%-25.9311g

CNS central nervous system, NSCLC non-small cell lung cancer, NTRK neurotropic tyrosine kinase receptor, SCLC small cell lung cancer,
TRK+ tyrosine kinase receptor positive, *secretory, 'acinic cell carcinoma, ¥secretory, linvasive, **glioma, ""high-grade glioma, **differentiated,

Hpapillary

Fig.1 Schematic of the model.
CEM cost-effectiveness model,
CNS central nervous system,

progression

Health state: Pre-

Health state: Post- Health state: Death

progression

NSCLC non-small cell lung

Larotrectinib % TRK fusion (as per clinical

TRK fusion (as per clinical

cancer, SCLC small cell lung am ial program nial program
cancer, TRK tyrosine receptor
kinase
Entry into CEM  — All patients
Tumour sites : Tumour sites :
NSCLC NSCLC
Salivary Salivary
Melanoma Melanoma
Colorectal Colorectal
Standardof L scic scLc
arear Breast Breast
Children combined Children combined
Primary CNS Primary CNS
Pancreas Pancreas
Thyroid Thyroid

in order to ensure enough weekly cycles (i.e. 4159 weekly
cycles) to accommodate at least 99% of patients modelled
in each treatment arm to eventually transition into the
‘death’ health state. This approach is considered appro-
priate, given that larotrectinib is associated with reduced
mortality and expected long-term survivors and the
model deals with paediatric patients who could remain
in the model over a long time period. These data cannot
be acquired directly from the clinical studies [1]; hence,
a combination of clinical data and model extrapolations
were required. For more information on this extrapolation
method, see Appendix 2 of the Electronic Supplementary
Material (ESM).

2.2 Study Population and Comparators

The patient population in the economic model reflects the
registered EMA indication: adult and paediatric patients

with solid tumours that display a NTRK gene fusion, who
have a disease that is locally advanced or metastatic or where
surgical resection is likely to result in severe morbidity and
who have no satisfactory treatment options [1]. For the laro-
trectinib arm, this is the pooled analysis of two analysis sets:
the analysis sets in solid tumours excluding primary CNS
tumours (n=93), describing non-CNS primary tumours, and
the analysis set in solid tumours including primary CNS
tumours (n=9), describing CNS primary tumours. Together
these analysis sets make up n=102 patients. This is the same
pooled data on which EMA authorisation was based. The
baseline characteristics of these patients are presented in
Appendix 1 of the ESM. The mean age was 5 years for chil-
dren and 53 years for adults. Overall, 53% of patients were
male (based on the clinical trial population). Furthermore,
19.6% had locally advanced disease and 75.5% had meta-
static disease. In addition, 46% had an Eastern Coopera-
tive Oncology Group performance status of 0, 43% had an
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Eastern Cooperative Oncology Group performance status
of 1 and 11% had an Eastern Cooperative Oncology Group
performance status of 3. Patients enrolled in the larotrectinib
clinical trial programme were heavily pre-treated (79.5% of
patients receiving one or more prior systemic therapies and
32% of patients receiving more than three prior systemic
therapies). Approximately 20% of patients were enrolled
who had not responded to previous therapies but did not
qualify for conventional therapy. For example, where the
patient’s disease stage or severity (i.e. risk of amputation)
would have rendered approved therapies ineffective [1].

In the model, larotrectinib is compared with a weighted
SoC arm consisting of various tumour localisations (colo-
rectal, NSCLC, melanoma, primary CNS, thyroid, SCLC,
breast, pancreas, salivary gland and paediatric). Note that
the clinical trial programme included more than 15 dif-
ferent cancer types. However, cancer types from the clini-
cal trial programme of larotrectinib, of which fewer than
three patients are expected per year in the Netherlands, are
excluded from the CEM. The excluded tumour localisa-
tions comprise cholangio-carcinoma, soft-tissue sarcomas
(including bone sarcomas; in adults), appendix cancer and
gastrointestinal stromal tumour. Although the weighting
according to the tumour localisations from the larotrectinib
clinical trial programme was not fully in accordance with the
weighting found in Dutch clinical practice, it is used in the
base-case analysis, as it reflects the weighting that informs
the clinical efficacy and safety of larotrectinib (Table 1). A
scenario analysis has been included in which the weighting
of the SoC arm is based on Dutch clinical practice. The rate
of TRK fusion-positive tumours per cancer type was based
on a systematic literature review [8].

Evidence presented for the weighted comparator arm
reflects Dutch SoC in the same line of treatment as the
expected positioning of larotrectinib in the treatment algo-
rithm per tumour localisation based on expert opinion
(through an advisory board and expert interviews with eight
participants). Comparative treatment was chosen based on
current guidelines and expert opinion and the expected
location of larotrectinib within the treatment algorithm of
the tumour localisation'. These comparators are shown in
Table 2 and were validated by clinical experts. The clinical
inputs for the comparator arm were sourced from the litera-
ture and implemented in the model using the Kaplan—-Meier
survival curves and digitisation software (Plot Digitizer ver-
sion 2.1). For a full description of this method, see Appen-
dix 2 of the ESM.

2.3 Model Inputs

Treatment costs and effects were evaluated using the societal
perspective, as requested by the Dutch National Health Care
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Institute [5]. Dutch health-related quality of life (HRQoL)
inputs and costs (e.g. indirect medical costs, productiv-
ity costs and costs for informal care) were specific to the
Dutch setting. Costs and effects were discounted by 4% and
1.5%, respectively. Furthermore, an expected value of per-
fect information (EVPI) analysis was implemented. Model
inputs were validated by Dutch clinical experts in oncology
treatment.

2.3.1 Clinical

For the intervention arm (larotrectinib), the clinical inputs of
interest are sourced from the clinical studies in the clinical
trial programme: LOXO-TRK-14001, SCOUT and NAVI-
GATE trials [1]. See Appendix 1 of the ESM for an over-
view of these studies, the number of patients, and the tumour
types included. To populate the CEM, parametric curves
were fitted to the clinical data from the clinical study. For
larotrectinib, the Weibull function was chosen as the most
appropriate fit for both PFS and overall survival (OS). The
tables supporting this decision are presented in Appendix 2
of the ESM (in addition to the Akaike Information Criteria).
Clinical plausibility was considered as well. It was decided
to set by default PFS and OS for larotrectinib to the Weibull
function, in order to reflect clinical plausibility and allow a
change in hazard with ageing. The comparison of larotrec-
tinib is made against a comparator arm, which consolidates
the efficacy inputs for each of the tumour locations. The PFS
and OS curves specific for each tumour location were fitted
and their parameters were fed into the model. The resulting
curves were then weighted following the representation of
each of the same tumour locations in the larotrectinib clini-
cal study programme (Table 1). Together they make up one
comparator arm, weighted for the various tumour locations.
The extrapolated PFS and OS curves for the comparator arm
are given in Appendix 2 of the ESM, as well as an overview
of efficacy data fed into the model and the data sources.

2.3.2 Utilities

HRQoL is modelled based on the EQ-5D-5L data from the
larotrectinib trial. The Dutch tariff was applied to the utility
values (Table 3) [23]. Note that the HRQoL of the children
in the SCOUT larotrectinib trial was assessed by means
of the Paediatric Quality of Life Inventory. In the absence
of a dataset to map the Paediatric Quality of Life Inven-
tory to the Dutch EQ-5D tariffs, the Dutch utility values
applied in the health economic model are only based on

! Please note that the choice for comparator treatment was validated
in an advisory board in May of 2019. Clinical practice and standard
of care may have evolved since then. This limitation is acknowledged
in the discussion.
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Table 2 Current standard of care treatments

Tumour localisation Positioning within treatment pathway Comparator treatment Source

NSCLC First-line or second-line systemic treatment in patients with a proven NTRK ~ Pembrolizumab [10, 11]
gene fusion-positive tumour

Salivary gland First-line treatment in patients with a proven NTRK gene fusion-positive Cisplatin or vinorelbine [12]
tumour

Melanoma Second-line systemic treatment in patients with a proven NTRK gene fusion- Chemotherapy® [13]
positive tumour

Colorectal Second-line or third-line systemic treatment in patients with a proven NTRK  FOLFIRI (fluorouracil [5-FU], [14]
gene fusion-positive tumour leucovorin, irinotecan) + pani-

tumumab

SCLC Second-line systemic treatment in patients with a proven NTRK gene fusion- Carboplatin + etoposide [15]
positive tumour

Breast As early as possible in patients with a proven NTRK gene fusion-positive “Treatment of physician’s choice’® [16]
tumour

Children combined First-line systemic treatment in patients with a proven NTRK gene fusion- Best supportive care [17]
positive tumour

Primary CNS Second-line systemic treatment in patients with a proven NTRK gene fusion- Lomustine [18]
positive tumour

Pancreas First-line treatment in patients with a proven NTRK gene fusion-positive FOLFIRINOX (fluorouracil [19]
tumour [5-FU], leucovorin, irinotecan,

oxaliplatin)
Thyroid Treatment of patients with metastatic thyroid cancer who would be eligible ~ Sorafenib [20-22]

for treatment with a current generation of tyrosine kinase inhibitors for
radioactive iodine refractory differentiated thyroid carcinoma and an estab-

lished NTRK gene fusion-positive tumour

CNS central nervous system, NSCLC non-small cell lung cancer, NTRK neurotropic tyrosine kinase receptor, SCLC small cell lung cancer

With costs of dacarbazine
"With costs of docetaxel

Table 3 Utility parameters

Utility value per health state Country values Source
PFS PD
0.820 0.730 The Netherlands Bayer (analysis of the larotrectinib clinical trial programme, adult population)

PFS progression-free survival, PD progressed disease

the EQ-5D-5L data collected in the NAVIGATE trial of the
adult population.

The CEM also considers the HRQoL impact of adverse
events by means of applying disutilities to the included
grade 3 or grade 4 adverse events (AEs). As is typical for
Dutch economic evaluations, it was expected that AEs
graded below 3 or 4 are captured by the utilities associated
with the health states. The disutilities for each grade 3 or
4 adverse event are provided in Table 4 below. To capture
the full impact of the AEs, disutilities are applied to the full
modelled cohort within the first cycle for each arm based on
the event rates from the relevant clinical trials. The HRQoL
impact of AEs are applied in the first cycle of the model,
which is a simplistic approach applied due to missing or

inconsistent evidence available for the comparators regard-
ing the time to resolution or reversal of AEs.

2.3.3 Costs

To model costs and resource use, the following sources were
used: Google Scholar, PubMed, previous Dutch reimburse-
ment submissions, Zorginstituut Nederland costing manual,
Nederlandse Zorgautoriteit online tariff application, or pre-
vious National Institute for Health and Care Excellence sub-
missions. Drug costs in the Netherlands were retrieved from
medicijnkosten.nl (VAT excluded). Data applied in previ-
ous Zorginstituut Nederland submissions were used unless
new Dutch specific data had been released since the date
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Table 4 Adverse event

Source  Note

=T Adverse event Disutility
disutilities (grade 3 or 4)
Alanine/aspartate —0.0509
aminotransferase
increased
Anaemia —0.11
Colitis —0.047
Diarrhoea —-0.047
Dyspnoea —-0.050
Fatigue -0.073
Febrile neutropenia ~ —0.090
Leukopenia —0.090
Lymphocyte count —0.090
decreased/lympho-
penia
Nausea —0.048
Neutropenia —-0.090
Pneumonitis —-0.05
Pulmonary -0.099
Rash/skin reaction -0.03
Stomatitis —0.047
Thrombocytopenia ~ —0.090
Vomiting —0.048

[24] NSCLC

[25]

[26] Diarrhoea

[26] Diarrhoea

[27] Dyspnoea

[26] NSCLC, fatigue

[26] NSCLC, febrile neutropenia
[28] Assumed same as neutropenia
[26]

[26] NSCLC, nausea and vomiting
[29] NSCLC, neutropenia

[26]

[26] Assumed the same as pulmonary embolism with breast
cancer (using a more conservative value from identified
sources)

[26]

[30] Assumed same as colitis

[26] NSCLC, neutropenia
[30] NSCLC, nausea and vomiting

NSCLC non-small cell lung cancer

of the relevant Zorginstituut Nederland submissions. Costs
were determined for the year 2019 by using the consumer
price index available from Statline. Cost components include
drug acquisition costs, drug administration costs, healthcare
resource utilisation costs, end-of-life costs, indirect medical
costs, AE costs, travel costs, productivity costs and informal
care costs. These are discussed in detail in Appendix 3 of
the ESM.

Please note that costs associated with testing for NTRK
gene fusions were not included in the CEM for two rea-
sons. First, NTRK gene fusions are tested in a next-gen-
eration sequencing (NGS) test, based on RNA analysis
aimed at identifying mutations for which druggable targets
exist or are under investigation. NGS-based tests are reim-
bursed in the Netherlands. As a result of a public debate
that started before the introduction of larotrectinib, in July
2021, members of parliament adopted a motion that all
patients diagnosed with metastasised cancer should be
broadly tested on genetic mutations of the tumour. The
increasing need for NGS testing is thus an autonomous
trend and unrelated to the introduction of larotrectinib.
Second, physicians’ rationale to request an NGS test is
to investigate whether a patient might benefit from any
targeted therapy, as NGS tests are designed to map many
biomarkers at once, so that the treating physician can
make an informed choice about which therapy offers the
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best opportunities for his/her patient. Thus, the molecular
diagnostic costs to detect the NTRK gene fusion cannot
be specifically attributed to treatment with larotrectinib.
Overall, diagnostic tests (such as computed tomography
scans or biopsies) are not included in the model for both
the intervention and the comparator arm.

2.4 Sensitivity Analysis

Deterministic sensitivity analyses were performed to iden-
tify those parameters that exhibit a significant influence on
the model results, through varying individual input values
and capturing the model results for each new evaluation.
The upper and lower estimates were determined based on
their 95% confidence intervals (whenever known), based on
assumptions (e.g. time horizon or discounting), or assum-
ing a +15% or —15% of the base-case values. For an over-
view of the parameters used in the OWSA, see Appendix 5
of the ESM. In addition, several scenario analyses were
performed. These are described in more detail in Appen-
dix 5 of the ESM. Probabilistic sensitivity analyses (PSAs)
were performed to assess the variation in results stemming
from the uncertainty in each individual model parameter
combined. This process was repeated for 1000 iterations.
The burden of disease was calculated by the proportional
shortfall method [31]. The calculated burden of disease was
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Survival curves

Percentage survival
A v
Q

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Days

~— Larotrectinib OS Larotrectinib PFS

Pooled comparator PFS Pooled comparator OS

Fig.2 Final survival curves. OS overall survival, PFS progression-
free survival

0.95, corresponding with a cost-effectiveness threshold of
€80,000 per quality-adjusted life-year (QALY) gained [31].
The details of the parameters and distribution used are pro-
vided in Appendix 5 of the ESM. Finally, an EVPI analysis
at the population level was conducted, in line with Dutch
guidelines for economic evaluations [5]. The results are pro-
vided in Appendix 5 of the ESM.

3 Results
3.1 Base-Case Analyses

An overview of the final survival curve plot is presented in
Fig. 2 and the results of the base-case analyses are given in
Table 5. The results indicate that there is a larger substan-
tial gain in OS than in PFS. Prior research indicates that
this occurs more often, see for example Hess et al. [32].
The outcomes of the CEM show that the incremental cost-
effectiveness ratio (ICER) of larotrectinib versus compara-
tors is €41,424. The incremental QALY gain is 5.61. The
incremental costs are €232,260. Cost increases are primarily
driven by higher treatment costs of larotrectinib.

3.2 Sensitivity Analyses

A deterministic sensitivity analysis was performed, Fig. 3
highlights the impact of the ‘OS Weibull shape (p) of the
larotrectinib adults’ parameter, followed by the ‘OS Weibull
scale (lambda) of the larotrectinib adults’ parameter. Apart
from the first parameter, the impact of the other parameter
variation is limited. The outcomes of the probabilistic sen-
sitivity analyses (Fig. 4) showed that larotrectinib was cost
effective in 88% of iterations, at a threshold of €80,000 per
QALY gained.

Table 5 Results from the base-

: Larotrectinib Comparators Incremental
case analysis
Life-years
Progression-free 2.97 1.39 1.58
Progressed disease 7.06 1.16 5.91
Total life-years 10.03 2.55 7.48
QALYs
Progression free 2.44 1.14 1.30
Progressed disease 5.16 0.84 431
Adverse events -0.01 -0.02 0.00
Total QALYs 7.41 1.97 5.61
Costs
Progression-free survival €9484 €2006 €7478
Progressive disease €20,294 €22,856 €17,438
Death €576 €380 €196
Adverse event €228 €600 — €373
Societal cost €102,682 €30,557 €72,125
Treatment cost €162,473 €26,772 €135,701
Total costs €295,737 €63,477 €232,260
ICER (larotrectinib vs comparators) €41,424

ICER incremental cost-effectiveness ratio, QALY quality-adjusted life-year
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ICER Variation

€23.391

OS weibull shape (p) - Larotrectinib adults

OS log-normal scale (mu) - Children combined

OS weibull scale (lambda) - Larotrectinib adults

OS log-normal shape (sigma) - Children combined
Complete response utility - Children combined
Progressed disease health state cost - Larotrectinib adults
0OS log-normal scale (mu) - NSCLC

Progressed disease utility - Thyroid

Progression free health state cost - Larotrectinib adults
Progressed disease utility - Children combined
Complete response utility - NSCLC

OS log-normal scale (mu) - CNS

Complete response utility - Salivary

Progressed disease utility - NSCLC

Complete response utility - Thyroid

OS log-normal shape (sigma) - NSCLC

PFS exponential shape/scale (lambda) - Thyroid
Progressed disease utility - Colorectal

Progressed disease utility - Salivary

Complete response utility - Colorectal

€28.391

W Lower bound ICER

€33.391 €38.391 €43.391 €48.391 €53.391 €58.391 €63.391

W Upper bound ICER

Fig.3 Tornado diagram. CNS central nervous system, /CER incremental cost-effectiveness ratio, NSCLC non-small cell lung cancer, OS overall

survival

4 Discussion and Conclusions

This paper reports on the cost effectiveness of larotrectinib,
the first tumour-agnostic therapy approved by the EMA.
It details a comparison within the Dutch context between
the costs and effects of the alternative treatments using a
partitioned survival model. Larotrectinib versus the pooled
comparator SoC arm resulted in incremental effects of 5.61
QALYs and 7.48 incremental life-years, and incremental
costs of €232,260, leading to an ICER of €41,424/QALY.
The probabilistic sensitivity analysis indicates that larotrec-
tinib is cost effective versus comparators in 88% of itera-
tions. The gain in life-years and quality of life as seen in
the cost-effectiveness analysis is considered very high for a
last-in-line oncology treatment. In cost-effectiveness studies
for orphan drugs, health gains are often high but ICERs are
generally less favourable compared with the cost effective-
ness of non-orphan drugs [33]. In this case, however, the
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ICER was well below the applicable threshold for diseases
with a high burden of disease in the Netherlands (€80,000).

Note that given the lack of a comparator arm in the piv-
otal trials and the multiple comparators included in the
weighted comparator SoC arm, multiple assumptions were
necessary to compute the cost-effectiveness analysis. First,
the most important assumption is the naive comparison that
is made to the pooled comparator SoC arm, which entailed
extraction of PFS and OS information from published data
in order to inform the efficacy of the weighted comparator
SoC arm in the different tumour locations. Even though the
selection of these sources was made with the aim of using a
population as similar as possible to the population included
in the larotrectinib clinical programme, no adjustment for
baseline patient characteristics took place. It is recognised
that this is a naive comparison, which is subject to bias. The
input parameters are heterogenous and from a wide range
of sources. The uncertainty this adds is in part due to the
novelty of the tumour-agnostic therapies and the fact that
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Incremental costs versus incremental QALYs
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Fig.4 Cost-effectiveness plane. PSA probabilistic sensitivity analysis, QALYs quality-adjusted life-years

evaluation of these therapies according to a standard proce-
dure is difficult. As the field of tumour-agnostic therapies is
fast developing, we expect new approaches to be developed.

Second, the survival data of the patients in the larotrec-
tinib trial were immature resulting in uncertainty. Post-pro-
gression survival in the larotrectinib arm was rather high
compared with pre-progression, which might be explained
by the fact that 14% of the patients in the larotrectinib clini-
cal trial programme received treatment beyond progression
as the treating physician was of the opinion that the patient
continued to derive clinical benefit. Furthermore, approxi-
mately 22% of patients in the larotrectinib clinical trials
received post-discontinuation therapy, with 4% receiving
radiotherapy and 18% receiving pharmaceutical treatments
[1].

Third, the choice for comparator treatment was validated
in an advisory board in 2019, clinical practice and standard
of care may have evolved since then. Another limitation is
that the evidence base for larotrectinib is still evolving. For
instance, an intra-patient comparison comparative analysis
was published in 2020 [34]. This would have been another
way to model the efficacy data; however, this evidence was
not yet available at the time of conducting this cost-effec-
tiveness analysis. The findings of the intra-patient com-
parison suggest that larotrectinib improves PFS for patients
with TRK fusion cancer compared with prior therapy, with

a median growth modulation index of 2.68 in 72 eligible
patients and 47 patients (65%) who had a growth modula-
tion index of >1.33 (the threshold of meaningful clinical
activity) [34]. The findings of this intra-patient comparison
are in line with the findings of our analysis, as both analyses
indicate the added therapeutic value of larotrectinib.

Finally, the results of the clinical trials used for these
analyses are based on low patient numbers without a com-
parator arm and had a short follow-up. Because of the low
patient numbers, we decided to exclude tumour types of
fewer than three patients per year, as including these patients
was deemed to have little effect on the cost-effectiveness out-
comes. It is important to continue to monitor these patients
in practice to see if safety and efficacy as measures corre-
spond to the information gathered in the clinical trial pro-
gramme. Nevertheless, given the poor prognosis of patients
and promising results of larotrectinib, it is important that the
evaluation of promising tumour-agnostic therapies such as
larotrectinib is organised [35].

In terms of modelling, there is considerable uncertainty
in the analysis because the tumour-agnostic indication
requires modelling across multiple tumour localisations,
each with their own parameters, assumptions and uncer-
tainties. Although necessary to be able to model the cost
effectiveness of larotrectinib in these populations, these
assumptions form an important limitation to the CEM at
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hand. In addition, the model does not include subsequent
treatments for both the larotrectinib arm and the compara-
tor arm. Although the impact of this modelling decision
is expected to be minimal, this is still a limitation to this
cost-effectiveness analysis. In the Netherlands, we do not
expect considerable post-progression treatments, because
of the registered indication in which patients are only eligi-
ble for larotrectinib in case of no other satisfactory treatment
option. Therefore, it was modelled in the vast majority of
tumour localisations as last-in-line treatment.

Finally, for the weighted comparator SoC arm, we do
not specifically use TRK fusion-positive cancers. It is not
yet completely understood whether the prognosis of TRK
fusion-positive cancers differs from non-TRK fusion-pos-
itive cancers. Several analyses suggest that NTRK fusion-
positive cancers have a similar or worse prognosis to that of
matched patients who do not harbour these fusions, suggest-
ing that differences in prognoses are not driving the higher
effectiveness in the larotrectinib arm [36-38].

To our knowledge, this is the first paper that details a cost-
effectiveness analysis for a tumour-agnostic indication from
a societal perspective. The expectation is that several other
tumour-agnostic therapies will enter the market in the next
decade. Given that tumour-agnostic therapies are a novel
phenomenon, there are certain challenges to health eco-
nomic modelling of these therapies. Several scholars have
written about these challenges for tumour-agnostic therapies
(e.g. [39, 40]). One challenge is that the basket trials investi-
gating tumour-agnostic therapies’ clinical effectiveness are
usually small in sample size. This challenge is seen across
orphan diseases, and it introduces uncertainty to the clinical
data. Furthermore, these basket trials usually do not include
a comparator arm. Because the clinical trials are usually sin-
gle-arm trials, the models need to include a naive compari-
son using external comparators from unrelated previously
conducted studies. This introduces additional uncertainty
to the data populating the models. Additionally, the ICER
that is presented as an average ICER across indications may
well vary per indication. However, because patient numbers
are low and naive comparisons must be made, a subgroup
analysis is usually not possible. An additional challenge is
that health economic models are preferably populated with
local population-specific inputs from the country of inter-
est. In the case of tumour-agnostic therapies across multiple
indications, daily practice across these different indications
may differ substantially per country. This makes it a very
time-consuming effort to adapt health economic models to
country-specific situations. Last, because testing strategies
will likely differ per country and when compared to the test-
ing strategy in the basket trial, there may be additional dif-
ferences between the trial population and the population in
the countries of interest.
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The average response to larotrectinib when compared to
regular oncology treatment poses an interesting perspective
on this heterogeneity of patients across tumour localisa-
tions. Regardless of the treatment under assessment, tumour
specific or pan-tumour, there is always uncertainty. In a
standard cost-effectiveness analysis looking at one tumour
localisation, heterogeneity still exists in the form of DNA/
RNA mutations. In the case of a pan-tumour indication, this
heterogeneity is reversed, i.e. not across DNA/RNA muta-
tions but across tumour localisation. Given the improved
response, it could be argued that the localisation type of
heterogeneity is less relevant compared to the DNA/RNA
type of heterogeneity. More research into this phenomenon
is necessary.

It is important that healthcare decision makers such as
health technology assessment (HTA) bodies ensure that
their decision framework takes into account these difficul-
ties in order to meet the specific needs for tumour-agnos-
tic therapies. This will hopefully ensure that uncertain-
ties are dealt with properly and allow for new promising
agents to arrive faster onto the market. The accelerated
approval witnessed for larotrectinib at the US Food and
Drug Administration and the conditional approval at the
EMA level show that these therapies are seen as promis-
ing. However, as can be seen, clinical evidence support-
ing them remains challenging when compared with more
typical assessments. For example, whereas both the EMA
and US Food and Drug Administration have decided that a
high response rate can be considered a proxy for efficacy,
HTA bodies usually require endpoints such as survival and
quality of life [4]. This means that, although medicines
may have received EMA and US Food and Drug Admin-
istration approval, HTA bodies may find the available
evidence insufficient to allow for reimbursement. Apply-
ing the standard HTA rules to tumour-agnostic therapies
might mean local rejection. A pragmatic approach seems
inevitable here. A potential solution might be coverage
with evidence development, meaning that these therapies
will be reimbursed despite the limited available evidence
at the moment of entering the market. In the Netherlands,
in the absence of an appropriate assessment framework
for agnostic therapies, these therapies can momentarily
only apply for conditional reimbursement. Larotrectinib
is currently conditionally reimbursed in the Netherlands.
The main conditions for reimbursement are: an indication
committee to check the patient’s eligibility to larotrectinib,
data collection of the use and outcomes of TRK inhibitors
in daily practice and the concentration of treatment in a
few appointed expert centres [41]. Other strategies to sup-
port these approvals may include post-authorisation moni-
toring, reflecting ‘real-world data’. These post-marketing
data will be important in measuring the clinical benefit and
safety of these new therapies observed in clinical practice.
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Furthermore, personalised reimbursement schemes in the
form of a pay-for-performance structure might be a solu-
tion to the uncertainty associated with tumour agnostic
therapies. However, here it is important to realise that
evidence development on a local level may not always be
feasible given the low patient numbers. Therefore, HTA
bodies may want to consider developing a joint evidence
development strategy together with the manufacturer and
the (European) clinical experts.

In conclusion, this paper reports on the cost effec-
tiveness of larotrectinib versus a pooled SoC compara-
tor, showing that larotrectinib is cost effective versus the
weighted comparators in 88% of iterations. Furthermore,
this paper discusses challenges considering market access
and reimbursement decisions for tumour-agnostic thera-
pies. It articulates that patient access to these new drugs
will depend on opportunities for post-authorisation evi-
dence generation and a pragmatic approach by decision
makers. Regulatory agencies need to consider the chal-
lenges for HTA bodies of tumour-agnostic therapies, to
prepare for the inevitable uncertainty associated with the
evidence from basket trials, lacking randomisation and
pooling across heterogenous populations.
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