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Purpose: The objective of the present study was to evaluate the efficiency of lorlatinib compared to alectinib and brigatinib for the
treatment of adult patients with anaplastic lymphoma kinase (ALK)-positive advanced non-small cell lung cancer (NSCLC) previously
not treated, in Spain.

Methods: A partitioned survival model comprised progression free, non-intracranial progression, intracranial progression, and death
health states was constructed to estimate the total costs, life-years gained (LYG) and quality-adjusted life years (QALYs) accumulated
in a lifetime horizon. Overall survival (OS) and progression-free survival (PFS) for lorlatinib were obtained from the CROWN study.
For alectinib and brigatinib, a network meta-analysis of randomized controlled trials was conducted to estimate OS and PFS hazard
ratios versus crizotinib. Utilities were estimated based on EQ-5D-5L data derived from the CROWN (lorlatinib), ALEX (alectinib) and
ALTA-1L (brigatinib) studies. According to the Spanish National Health Service perspective the total costs (expressed in euros using a
2021 cost year) included drug acquisition and the administration's subsequent treatment, ALK+ advanced NSCLC management and
adverse-event management, and palliative care. Unitary costs were obtained from local cost databases and literature. Costs, LYGs and
QALYs were discounted at 3% annually. Deterministic and probabilistic sensitivity analyses were used to test the model's robustness.
Results: Lorlatinib provided higher health outcomes (+0.70 LY G/patient, +1.42 QALY s/patient) and lower costs (-€9239/patient) than
alectinib. Lorlatinib yielded higher LYG (+1.74) and QALY (+2.30) versus brigatinib but higher costs/patient (+€36,627), resulting in
an incremental-cost-effectiveness-ratio of €15,912/QALY gained.

Conclusion: The results of this study suggest that lorlatinib may be a dominant treatment option versus alectinib. Considering a
willingness-to-pay threshold of €25,000/QALY, lorlatinib may be an efficient option compared to brigatinib.
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Introduction
Lung cancer represents the third most common cancer among both men and women and the first cause of death among all
cancers in Spain, with more than 30,900 new annual cases and 21,900 deaths.' The most common type of lung cancer is
the non-small cell lung cancer (NSCLC), accounting for approximately 85% of cases,' of which 65% will be diagnosed
at advanced disease stage (IIIB-IV) and 12.2% will progress from early to advanced stage.”

The diagnosis of lung cancer is increasingly precise thanks to the application of biomarker techniques that allow the
identification of molecular alterations, including the anaplastic lymphoma tyrosine kinase receptor gene (ALK) which
presents in approximately 4.3% of NSCLC patients.” Thanks to identification, new therapies are being developed that act
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against molecular targets in patients with a specific genomic profile, as is the case with tyrosine kinase inhibitor drugs
(TKIs), the first targeted therapy for NSCLC, which has contributed to a decrease in the mortality rate of these patients.

Crizotinib is a first-generation ALK TKI, which was followed by a second-generation of ALK TKIs (ceritinib,
alectinib and brigatinib). Alectinib has shown systematic and central nervous system efficacy in the treatment of ALK+
advanced NSCLC in a randomized, open-label, Phase 3 trial, in which 303 patients underwent randomization (152 in the
alectinib arm and 151 in the crizotinib arm).* Brigatinib, compared to crizotinib, demonstrated, in an open-label, phase 3
trial in which 137 patients were randomized to brigatinib and 138 to crizotinib, robust efficacy in patients with ALK+
NSCLC who had not previously received ALK inhibitors.” Due to their demonstrated superiority to crizotinib, the
second-generation TKIs were adopted as standard first-line treatment.®

However, despite the efficacy of these TKIs, recurrent disease, drug resistance and central nervous system (CNS)
progression, a major cause of illness and death, still constitute a major problem in the treatment of ALK+ advanced
NSCLC.””

Lorlatinib is a third generation ALK TKI indicated for the second- or third-line treatment of adult patients with ALK+
advanced NSCLC,'” which crosses the blood-brain barrier to reach high exposures in the CNS and to inhibit the solvent-
front ALK G1202R mutation, one of the most common causes of resistance against first and second generation ALK
TKIs."" Lorlatinib was approved in May 2019 by the European Medicines Agency (EMA) for the first-line treatment of
patients with ALK+ advanced or metastatic NSCLC,'? based on the clinical benefits observed in the CROWN clinical
trial."

The CROWN trial was a global, randomized Phase III trial which evaluated the efficacy and safety of lorlatinib
compared to crizotinib in patients with previously untreated ALK+ advanced NSCLC. At data cutoff, lorlatinib
demonstrated significantly longer progression-free survival (PFS) compared to crizotinib (median not reached with
lorlatinib vs 9.3 months with crizotinib), higher percentage of survival patients without disease progression at 12 months
(78% vs 39%), and higher frequency of intracranial response than those who were treated with crizotinib.'* After a
median follow-up time of 36 months, the median PFS had not yet been reached for lorlatinib, and the percentage of
patients with PFS at 36 months was 63.5% with lorlatinib and 18.9% with crizotinib."*

As a result of the increasing number of new therapeutic options against ALK+ advanced NSCLC and the lack of
direct clinical trials comparisons, economic evaluations have become an important tool for decision makers. This study
was developed with the objective of assessing the cost effectiveness of lorlatinib as a first-line treatment option in Spain
when compared with alectinib and brigatinib for ALK+ advanced NSCLC patients.

Materials and Methods
Model Description

The cost-effectiveness analysis, which was developed in Microsoft Excel, used a previously validated partitioned survival
model composed of four health states: progression free, non-CNS progressed disease, CNS-progressed disease and death
(Figure 1)."> Partitioned survival analyses are common in oncology, and the chosen model structure is in accordance with
technology appraisal guidance previously developed by the National Institute for Health Care Excellence (NICE) in the
treatment of ALK+ NSCLC.'®!” In partitioned survival models, the area under the PFS curve determines the proportion
of patients who are progression free, the area between the overall survival (OS) and PFS curve defines the proportion of
patients that have progressed disease. A CNS-PFS curve was used to determine the proportion of patients with or without
CNS progression. Those who are dead are estimated as 1 minus the OS curve. Each health state is related with explicit
drug costs and patient’s preferences (utility values), being possible to estimate total drug costs, life years gained (LYG)
and quality-adjusted life years (QALYs). In this model, lorlatinib was compared to alectinib and brigatinib. Patients were
initiated in the progression-free health state, receiving lorlatinib or comparators treatments, and were able to remain in
that state, progress in the disease (progression with or without CNS involvement) or die. The alive health states were
divided into on- and off-treatment and patients could discontinue treatment before progression or receive treatment

beyond progression depend on the modelled time on treatment (ToT). Subsequent treatments following progression of
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Figure | Structure of cost-effectiveness model.
Abbreviation: CNS, central nervous system.

lorlatinib, alectinib and brigatinib were considered in the analysis at the time point of progression, affecting costs
exclusively.

The analysis was carried out using 30-day cycles over a lifetime horizon of 30 years to estimate LYG, QALY's gained,
and the total costs accrued with lorlatinib, alectinib and brigatinib. The incremental cost-effectiveness ratio (ICER) was
the determiner and was evaluated according to the acceptable willingness to pay threshold for oncology medicines in
Spain.'®!"?

The perspective adopted on analysis was the Spanish National Healthcare System (NHS) and costs and health
outcomes were discounted at 3% per year, according with the Spanish recommendations for the development of
economic evaluations.”® A half-cycle correction was applied to all costs (excepting drug and administration cost
which were known to occur at the start of the cycle) and outcomes.?’

Parameters, assumptions and health resource use considered in the analysis were validated by a medical advisory

group composed of two oncologist experts with wide expertise and knowledge in the management of lung cancer.

Patient Population

Adult patients with untreated ALK+ advanced NSCLC were included in the analysis. The clinical characteristics,
including average patient age (57 years-old) and the proportion of males (40.9%), were defined based on the inten-
tion-to-treat population included in CROWN study.'® Based on the recommendations for the Spanish population, an
average body surface of 1.70 m” was considered.”

Efficacy Data

To extrapolate clinical outcomes beyond the trial and distribute patients among health states over a lifetime horizon,
parametric distributions (Weibull, log-normal, log-logistic, exponential, Gompertz, and generalized gamma distributions)
were fitted to OS, PFS, CNS-PFS and ToT data.

For lorlatinib, parametric distributions were fitted separately to crizotinib (according with the NICE
recommendations)* to patient-level data from CROWN.!® Based on Akaike and Bayesian information criteria, which
provided an indication of the statistical goodness of fit, and the plausibility of the long-term extrapolation, the Weibull
parametric curve, which provided the most conservative OS estimation, was selected. For PFS, CNS-PFS and ToT
curves, exponential distributions were used, which produced conservative long-term extrapolations.

Because of there are no head-to-head clinical trials comparing the efficacy of lorlatinib, alectinib and brigatinib, an
indirect treatment comparison was required to obtain OS and PFS data in the alectinib and brigatinib arms of the model.
A network meta-analysis (NMA) of randomized controlled trials was conducted, producing hazard ratios (HRs) versus
the control treatment in each of the studies (crizotinib) as the treatment effect estimate for alectinib and brigatinib. Due to
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differences in treatment practices and healthcare systems, studies conducted only in Asian countries were excluded from
NMA. According with the NMA results, alectinib (HR 0.69; 95% Credible Interval [CrI] 0.47-1.01) and brigatinib (HR
0.87; 95% CrI 0.41-1.85) demonstrated higher OS than crizotinib. In the same way, alectinib (HR 0.50; 95% CrI 0.36—
0.70) and brigatinib (HR 0.49; 95% Crl 0.35-0.68) reduce the risk of progression compared with crizotinib. As CNS-PFS
data were not reported in the alectinib and brigatinib studies, their estimated PFS HR versus crizotinib was assumed to be
applicable to CNS-PFS. ToT curves for alectinib and brigatinib were estimated by an exponential distribution using the
median treatment duration reported in the ALEX and ALTA-1 studies (28.1 months for alectinib and 24.3 months for
brigatinib).** More details about the NMA results and the extrapolation of survival curves were detailed in a previously
published study."”

In all treatments, the OS curve was capped based on the expected age- and sex-matched survival of the general
population,?* and treatment beyond progression was allowed when ToT was higher than PFS based on the modelled
curves.

Safety Data

Grade 3 or higher adverse events (AEs) reported by at least 5% of patients treated with lorlatinib, alectinib or brigatinib
were considered in the analysis to estimate their potential management costs and their impact on quality of life. The
incidence rates of AEs for each treatment were obtained from CROWN,'> ALEX* and ALTA-1° clinical trials.

Utility Values
Utility values express the preference that patients gave to each health state and generally range from 0 (death) to 1
(perfect health).

To estimate QALYs, utility values associated with the progression-free and post-progression health states were
considered depending on treatment status (on treatment or off treatment) and treatment arm (lorlatinib, alectinib or
brigatinib). For lorlatinib, health-state utilities were derived from EQ-5D-5L data collected during CROWN clinical trial
and mapped to the equivalent EQ-5D-3L results using a crosswalk algorithm.*®

For alectinib and brigatinib, utility values show no difference between treatment status due to lack of data, and health
state utilities were sourced from NICE technology appraisals,'®!” based on mixed-models from ALEX* and ALTA-1°
data, respectively.

To reflect the lower quality of life of patients with ALK+ NSCLC progression and CNS metastases, a multiplier of
75.4% was applied to the post-progression utility to estimate the CNS-progressed health state utility value (Table 1).%°

Disutility values associated with the presence of AE were not considered assuming that health state utilities already
capture the effect of any AE.

Resource Use and Costs

In concordance with the NHS perspective, direct healthcare costs were considered in the analysis, including lorlatinib,
brigatinib and alectinib acquisition costs, subsequent treatment, drug administration and monitoring, AE and ALK+
advanced NSCLC management, and palliative care costs. Drug costs were estimated based on published ex-factory

Table | Utility Values

Treatment Progression-Free Non-CNS Progressed CNS-Progressed

On Treatment | Off Treatment | On Treatment | Off Treatment | On Treatment | Off Treatment
Lorlatinib 0.85 0.77 0.82 0.74 0.62 0.56
Alectinib 0.8l 0.8l 0.73 0.73 0.55 0.55
Brigatinib 0.79 0.79 0.62 0.62 0.47 0.47

Abbreviation: CNS, central nervous system.
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Table 2 Drug Costs (€, 2021)

Treatment Dosage Model Cycle Cost®
Lorlatinib 100 mg per day €4571.67
Alectinib 1200 mg per day €5319.39
Brigatinib 90 mg/day 7 days followed 180 mg/day €4757.96
Subsequent treatment Dosage Treatment Duration | Proportion of Use® | Total Cost
After lorlatinib
Pemetrexed 500 mg/m? 4.2 months?’ 10% €10,373.38
Pemetrexed + cisplatin 500 mg/m? + 75 mg/m? 4 cycles of 2I-day® 45%
Pemetrexed + carboplatin 500 mg/m2 + 5 AUC® 4 cycles of 2I-day® 45%
After alectinib
Lorlatinib 100 mg per day 9.60 months®° 70% €39,618.64
Ceritinib 450 mg per day 8.30 months' 10%
Brigatinib 90 mg/day 7 days followed 180 mg/day 7.8 months*? 10%
Pemetrexed + carboplatin 500 mg/m? + 5 AUC® 4 cycles of 21-day® 10%
After brigatinib
Lorlatinib 100 mg per day 9.60 months* 70% €42,034.85
Ceritinib 450 mg per day 8.30 months”' 10%
Alectinib 1200 mg per day 6.23 months*? 10%
Pemetrexed + carboplatin 500 mg/m? + 5 AUC® 4 cycles of 21-day® 10%

Notes: *Drug cost estimated for 30-day model cycle considering the dosage, ex-factory price applying the Royal Decree-law 8/2010, and the relative dose
intensity. bExpert panel assumption. “Based on the practical clinical of expert clinicians 5 AUC was equivalent to 625 mg.
Abbreviation: AUC, area under the curve.

prices,”” with national mandatory deduction of 7.5% applied (Table 2).** To reflect treatment costs more accurately,

relative dose intensity was applied for lorlatinib (94.5%),"* alectinib (95.6%),*'® and brigatinib (85.5%).>'”
Regarding the subsequent treatment, the proportion of patients receiving subsequent lines after disease progression

was proportioned by the advisory board of oncologists based on their current clinical practice. Treatment durations were

obtained from second-line studies (Table 2)*° 3

and the cost of oncology day hospital (€351,55 per visit) for those
treatments which required intravenous administration (chemotherapy) was obtained from the national database.**

ALK+ advanced NSCLC management and monitoring costs depended on whether the patient had a stable disease,
progression without CNS involvement, or progression and CNS involvement, and were estimated based on healthcare
resource consumption. Disease and monitoring costs were mostly related to general practitioner and specialist visits,
computerized tomography scans, x-rays and radiotherapy (Table 3). Palliative care costs were applied as a one-off cost to
each of the death events.

AEs-related costs were calculated considering their frequency and the cost per event obtained from literature®>>° or
the national database.** In those AEs in which cost data were not available from the literature, management cost was
estimated based on healthcare resource consumption detailed by the advisory board of oncologists (Table 4).

Healthcare resources costs were obtained from a local national database of health costs** and were expressed in euros,
2021 values. For those costs obtained from the literature, values were inflated to a 2021 year based on the Spanish

general consumer price index.*’
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Table 3 Resource Consumption and Costs (€, 2021)

€103.93 (between day 16-30)

€83.14 (from day 30)

Resource Annual Frequency® | Proportion of Use® Unitary Cost** Total Cost
Progression-free management €3417.06
Oncology visit 10 100% €79.28 €792.80
Oncology unit stay 7 days 10% €479.15 €33541
Cranial CT 3 100% €206.05 €618.15
Thoraco-abdominal CT 4 100% €190.63 €762.50
Spirometry | 20% €59.11 €11.82
Electrocardiogram 3 100% €24.09 €72.27
Biochemistry + hemogram 12 100% €68.68 €824.11
Non-CNS progression management €4668.58
Oncology visit 14 100% €79.28 €1079.62
Emergency visit | 50% €221.50 €110.75
Oncology unit stay 7 days 35% €479.15 €1173.92
Biopsy | 10% €154.37 €15.44
Cranial CT 3 100% €206.05 €618.15
Thoraco-abdominal CT 4 100% €190.63 €762.50
Spirometry | 20% €59.11 €11.82
Electrocardiogram 3 100% €24.09 €72.27
Biochemistry + hemogram 12 100% €68.68 €824.11
CNS progression management €5320.7867
Oncology visit 14 100% €79.28 €1079.62
Emergency visit 2 50% €221.50 €221.50
Oncology unit stay 7 days 45% €479.15 €1509.32
Biopsy [ 10% €154.37 €15.44
Cranial CT 3 100% €206.05 €824.20
Thoraco-abdominal CT 4 100% €190.63 €762.50
Spirometry | 20% €59.11 €11.82
Electrocardiogram 3 100% €24.09 €72.27
Biochemistry + hemogram 12 100% €68.68 €824.11
End-of-life care €7093.80
Home hospitalization unit 10 days 100% €215.48 €2154.79
Palliative care unit stay 45.7 days 100% €138.56 (first 15 days) €4939.01 €

Note: Healthcare resource use (annual frequency and proportion of use) were proportioned by oncologists based on the clinical practice.

Abbreviations: CNS, central nervous system; CT, computerized tomography.
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Table 4 Adverse Events Management Costs

(€, 2021)
Adverse Event Cost per Event
ALT/AST increased €1508.82° 3536383
Blood CPK increased €357.46°
GGT increased €260.76%
Hypercholesterolemia €1022.48%
Hypertension €2934.92% 338
Hypertriglyceridemia €593.84%
Lipase increased €3252.75%¢
Weight increased €178.29°

Notes: *Average management cost per event estimated based on
literature data. bManagement cost per event was estimated based
on the oncologist clinical practice: 10% of patients remain in the
oncology unit for 3 days, 72% undergo electromyography, electro-
cardiogram and biochemistry + hemogram, and 81% visit the
oncologist. “Management cost per event was estimated based on
the oncologist clinical practice: 10% of patients remain in the
oncology unit for 3 days, 90% visit the nurse and 18% undergo a
nutritionist consultation.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; CPK, creatine phosphokinase; GGT, gamma-
glutamyltransferase.

Sensitivity Analyses

Deterministic one-way sensitivity analyses (OWSA) and probabilistic sensitivity analyses (PSA) were carried out to
assess the robustness of the overall results and to determine the uncertainty surrounding the most influential parameters.
For the OWSA, the key parameters were varied: time horizon (10 years), discount rate (0% and 5%), alectinib and
brigatinib PFS HR versus crizotinib based on the intention to treat NMA data, alectinib and brigatinib OS HR versus
crizotinib from the crossover-adjusted NMA, alectinib and brigatinib CNS progressed estimated based on intracranial
time to progression (TTP) HR, lorlatinib utility values according to health and treatment status for alectinib and
brigatinib, subsequent treatment after lorlatinib considering 50% of patients are treated with alectinib and 50% with
chemotherapy, drug costs without applying the mandatory deduction of 7.5% and considering net ex-factory price, ALK+
advanced NSCLC management costs (£20%), palliative care (£20%) and AEs management costs (£20%). The tornado
diagrams are used to show which of the parameters have the greatest influence on analysis results. The PSA was
performed by Monte Carlo method, running the model 5.000 times. Parameters were varied using randomly sampled
values associated with probability distributions: beta distributions were applied for utility values and AEs frequency, log-
normal distributions for HRs, multivariate normal distributions for survival curves, and normal distributions for all other

parameters.

Results

Base Case

Over a lifetime horizon, lorlatinib yielded 7.40 LYG per patient, which were higher than the LYG obtained in patients
treated with alectinib (6.69 LYG/patient) and brigatinib (5.66 LYG/patient). In terms of quality of life, lorlatinib
providing higher QALY per patient (5.89 QALYs/patient) compared with alectinib (4.46 QALY s/patient) and brigatinib
(3.59 QALYs/patient) (Table 5).

ClinicoEconomics and Outcomes Research 2023:15 https: 665
Dove!


https://www.dovepress.com
https://www.dovepress.com

Presa et al

Dove

Table 5 Base Case results

Lorlatinib | Alectinib | Lorlatinib vs Alectinib | Brigatinib | Lorlatinib vs Brigatinib
Total LYG 7.40 6.69 0.70 5.66 1.74
LYG progression-free disease 3.99 2.31 1.69 2.35 1.64
LYG progression disease 3.40 4.39 —0.98 3.30 0.10
Total QALY 5.89 4.46 1.42 3.59 230
QALY progression-free disease 337 1.88 1.50 1.87 1.51
QALY progression disease 2.51 2.59 —-0.07 1.72 0.79
Total Costs €268,827 €278,066 -€9239 €232,200 €36,627
Treatment costs €222,545 €201,587 €20,958 €158,171 €64,374
Subsequent treatment costs €8125 €32,561 -€24,436 €34,506 -€26,381
Health-state management costs €29,539 €37,831 -€8292 €32,195 -€2656
End-of-life costs €5400 €5627 -€227 €5870 -€470
AE costs €3218 €459 €2758 €1457 €1760
ICER (€/LYG) Dominant €21,040/LYG
ICUR (€/QALY) Dominant €15,912/QALY

Abbreviations: AE, adverse events; ICER, incremental cost-effectiveness ratio; ICUR, incremental cost-utility ratio; QALY, quality-adjusted life year; LYG, life-
year gained.

Regarding the total expenditure, lorlatinib represented a total cost of €268,827 per patient compared with €278,066
with alectinib and €232,200 with brigatinib (Table 5).

The analysis indicated that lorlatinib, as a first-line treatment for ALK+ advanced NSCLC, was a dominant option
(more effective and less costly) relative to alectinib. The incremental cost-utility ratio (ICUR) for lorlatinib versus
brigatinib was €15,912/QALY gained; as such, lorlatinib could be a cost-effective treatment compared to brigatinib in the
management of untreated ALK+ advanced NSCLC, according to the referenced willingness to pay threshold of €25,000/
QALY used in Spain.'®!"?

Sensitivity Analysis

Regarding the OWSA, lorlatinib remained as a dominant option compared to alectinib in 12 of 13 scenarios tested. The
scenario with the most influence on results was considering a time horizon of 10 years (Figure 2A). In the analysis of
lorlatinib versus brigatinib, the OWSA illustrated that the primary drivers of the model results were the subsequent
treatment cost after lorlatinib, followed by the utility values and the acquisition drug costs (Figure 2B).

PSA results were consistent with the results from the base case in terms of total costs, LYG and QALY for each
treatment. Like in the deterministic results, alectinib was extendedly dominated by lorlatinib (mean dominant; median
€4020/QALY; interquartile range [IQR] dominant - €21,154/QALY). Lorlatinib compared to brigatinib was associated
with a mean ICUR of €18,508/QALY (median €16,327/QALY; IQR €6012/QALY-€28,256/QALY). To show PSA
results, a cost-effectiveness plane was used (Figure 3A and 3B). At a willingness to pay threshold of €25,000/
QALY,'®" lorlatinib was a cost-effective option in the 81% of 5000 simulations compared to alectinib, and in the
63% of 5000 simulations compared to brigatinib.

Discussion
Economic evaluations are an important tool that provide useful information for health decision-makers in the adoption of
new therapies. Their inclusion in the reimbursement process would help to promote efficiency and financial
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A Time horizon (10 years)
Subsequent treatment after lorlatinib
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Discount rate (5%;0%)

Net ex-factory price

CNS-progressed costs (+20%)
Non-CNS progressed costs (+20%)
Ex-factory prices without deduction
Lorlatinib utility values
Progression-free costs (+20%)

AE costs (£20%)

PFS HR for ITT population

End-of-life costs (+20%)

-€30,000

B

Subsequent treatment after lorlatinib
Lorlatinib utility values
HR for intracranial TTP

Ex-factory prices without deduction

-£26,309 M T RITR

€332
-€208
-€12,570 MihnN
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-€12,288
-€8,973 [ -€4,000
-€8,023 Il -<4,950
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-€7,485 N
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-€6,874 | -€6,099
{ -€6,327
-€6,518 | -€6,455

-€15,000 -€10,000 -€5,000 €0

ICUR (€(QALY)

H Max Scenario

€20,130
€20,095
€18,989

€18,179

Time horizon (10 years) €13,783
Discount rate (5%;0%) €14,928 IIIEE €16,959
CNS-progressed costs (+20%) €14,334 N €16,939
Net ex-factory price €16,905
Non-CNS progressed costs (+20%) €14,969 I <16,854
Progression-free costs (+20%) €15,425 Il <16,398
AE costs (+20%) €15,759 [l €16,065
End-of-life costs (+20%) €15,871 | €15,952
OS HR adjusted for crossover €15,922
PFS HR for ITT population €15,903
11,000€ 13,000€ 15,000€ 17,000€ 19,000€ 21,000€
ICUR (€/QALY)

Min B Max Scenario

Figure 2 (A) Tornado diagram for one-way sensitivity analyses results: lorlatinib vs alectinib. (B) Tornado diagram for one-way sensitivity analyses results: lorlatinib vs
brigatinib.

Abbreviations: AE, adverse events; CNS, central nervous system; HR, hazard ratio; ICUR, incremental cost-utility ratio; ITT, intention to treat; QALY, quality-adjusted life
year; OS, overall survival; PFS, progression-free survival.

sustainability, especially in the area of oncology healthcare technology, which drug expenditure has raised from €10
billion to €32 billion between 2005 and 2018.*'

The present study is the first cost-effectiveness analysis of lorlatinib in first-line treatment of patients with ALK+
advanced NSCLC developed from the Spanish NHS perspective. The results obtained in the base case analysis positioned
lorlatinib as a dominant alternative versus alectinib and a cost-effective option versus brigatinib. Although our analysis
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Figure 3 (A) Cost-effectiveness plane comparing lorlatinib vs alectinib. (B) Cost-effectiveness plane comparing lorlatinib vs brigatinib.
Abbreviations: PSA; probabilistic sensitivity analysis; QALY, quality-adjusted life year; WTP, willingness-to-pay threshold.

carries some inherent uncertainties associated with an NMA, these ICURs are well below the threshold which establishes
what is considered a cost-effective alternative in Spain (below €25,000/QALY)."®"°

A previously cost-effectiveness analysis of lorlatinib versus crizotinib in the first-line treatment of ALK+ advanced
NSCLC was developed in the United States from the payer perspective.*? Over a lifetime horizon, lorlatinib accrued 0.72
incremental QALY and $293,528 incremental cost compared to crizotinib, resulted in an ICUR of $409,667/QALY
gained.*> However, in this study lorlatinib was not compared with alectinib or with brigatinib, which are the alternatives
that are most used today to treat ALK+ advanced NSCLC patients. Another study conducted from a Swedish societal
perspective, in the second- or third-line treatment of ALK+ advanced NSCLC, showed that lorlatinib compared to
chemotherapy was a cost-effective option, resulting in an ICUR of Swedish krona (SEK)603,934/QALY gained
(€57,810/QALY), less than the WTP threshold for a high-severity disease treatment in Sweden (SEK 988,000/QALY
or €94,574/QALY).* Recently, has been published the cost-effectiveness analysis of lorlatinib versus crizotinib, alectinib
and brigatinib in the first-line treatment of ALK+ advanced NSCLC in Sweden,'” using the same model as in the present
analysis. According with the results, brigatinib was dominated by alectinib, and subsequently alectinib was dominated by
lorlatinib."> Lorlatinib compared to crizotinib resulted in a cost-effective option considering the WTP threshold for high-
severity diseases in Sweden (SEK 613,032/QALY or €59,555/QALY)."

The strength of our study is the use of data, wherever possible, from clinical trials (although it was necessary to
perform an NMA to compare the 3 relevant treatment options in the model), credible and publicly available data sources,
or published peer-review studies in accurate medical journals.

Due to the nature of economic models, the study has potential limitations, some of which are inherent to this type of
economic evaluation due to its theoretical nature that may not be representative of exact clinical practice. Firstly, in the
absence of head-to head clinical trial evidence, an indirect treatment comparison, conducted through an NMA of
randomized controlled trials, was used to estimate the alectinib and brigatinib efficacy data. However, this methodology
is widely accepted due to provides useful evidence and represents a valuable set of analytical tools to inform clinical
evidence in cost-effectiveness analysis.***

Secondly, the current cost-effectiveness analysis supposed that the utility data obtained in clinical trials were
applicable to the Spanish healthcare setting without any adaptation, however, this assumption was validated by the
oncologist experts and considered appropriate. Given the absence of local utility values and to test their influence on the
results, this variable was included in the deterministic and probabilistic sensitivity analysis. In the OWSA, to avoid the
differences in quality of life between treatments options, a scenario considering the lorlatinib utility values for alectinib
and brigatinib were evaluated. Although in the lorlatinib versus brigatinib comparison, the utility values resulted a key
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input, the ICUR obtained was below the WTP threshold (€25,000/QALY). Thirdly, another limitation lies in the
immaturity of the PFS, CNS-PFS and OS data for lorlatinib, which median was not reached at CROWN data cut-
off."> Consequently, survival extrapolation was subject to a high uncertainty and several survival modelling approaches
were explored to extrapolate the efficacy data beyond the clinical trial duration. Moreover, because CNS-PFS data were
not reported in the alectinib and brigatinib clinical trials, the model assumed that the PFS HR estimated for each
treatment versus crizotinib from the NMA was applicable to the CNS-PFS curve, in line with the approach undertaken in
the NICE appraisal of brigatinib.'” To analyze the impact of this assumption on the results, an alternative approach was
tested in the OWSA, estimating the CNS progression for alectinib and brigatinib based on the intracranial TTP HR
obtained from NMA. In this scenario, lorlatinib continued being a cost-effective alternative (ICUR €18.989/QALY)
compared to brigatinib and a dominant option compared to alectinib.

Despite the limitations described previously; the results obtained in the OWSA and PSA confirmed the robustness of
the model. In OWSA, the results obtained when most parameters were tested did not show a great variation with respect
to the base case ICER. In the PSA, lorlatinib dominated alectinib and the mean cost per additional QALY gained with
lorlatinib compared with brigatinib remained below the WTP threshold of €25,000/QALY."*"

The results observed in the present analysis demonstrated that lorlatinib is an efficient option compared to brigatinib
and a dominant alternative versus alectinib for the first-line treatment of ALK+ advanced NSCLC. Lorlatinib has shown
improved health outcomes over a lifetime horizon, delaying the progression of the disease and increasing the survival
compared to brigatinib and alectinib, and reduces the pharmaceutical costs and healthcare resource costs versus alectinib.
The efficiency demonstrated would allow clinicians and other stakeholders to make informed decisions regarding the
most appropriate treatment, as well as guiding the price and reimbursement process, especially in advanced NSCLC
whose management requires long-term treatment.

Despite the robustness of the model, tested by several types of sensitivity analysis, it would be advisable to perform a
head-to-head study comparing the second- and third- generation of ALK TKI for the treatment of advanced NSCLC to
confirm these results.

Conclusion
Our cost-effectiveness analysis, based on a decision analytic model and an NMA, suggests that lorlatinib could be a
dominant treatment option (more effective and less expensive) compared to alectinib, and a cost-effective treatment

option versus brigatinib when using the commonly applied WTP in Spain, in the first-line treatment of ALK+ advanced
NSCLC.
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