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Abstract

Objectives
To evaluate the cost-effectiveness of ALK tyrosine kinase inhibitors (TKIs) as first and second-line
treatments for adults with locally advanced or metastatic ALK-positive non-small cell lung cancer
(NSCLC) in Brazil, from the public healthcare system perspective.

Methods
A Markov model was developed using TreeAge software to compare first-line ALK inhibitors (crizotinib,
alectinib, brigatinib, lorlatinib) and second-line treatments including chemotherapy. Transition states
included progression-free survival, second-line progression, and death. Costs (in BRL) were obtained
from SIGTAP/DATASUS and pharmaceutical price submissions. Effectiveness was measured in quality-
adjusted life-years (QALYs). Deterministic and probabilistic sensitivity analyses were performed.
Incremental cost-effectiveness ratios (ICERs) were compared against a cost-effectiveness threshold of
U$49,180.33/QALY.

Results
Among seven strategies, three were not dominated: brigatinib + chemotherapy (ICER
U$47,981.02/QALY), alectinib + chemotherapy (U$182,813.02/QALY), and alectinib + lorlatinib
(U$567,107.50/QALY). Deterministic sensitivity analysis showed brigatinib cost as the most influential
parameter. Probabilistic analysis revealed that 47% of brigatinib + chemotherapy simulations were below
the cost-effectiveness threshold.

Conclusions
Brigatinib followed by chemotherapy was the most cost-effective strategy for first-line treatment of ALK+
NSCLC in Brazil, representing an efficient use of public healthcare resources. Drug pricing remains the
main determinant of cost-effectiveness.

Highlights
What is already known: Targeted ALK inhibitors improve survival in ALK+ NSCLC, but high costs
challenge their incorporation in public systems.

What this paper adds: This study is the first to evaluate all registered ALK inhibitors in Brazil, using
price proposals submitted by manufacturers.
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Implications for decision making: Brigatinib offers the most cost-effective balance between cost
and QALY gain under Brazil’s willingness-to-pay threshold.

INTRODUCTION
Lung cancer is the leading cause of cancer-related deaths globally, accounting for approximately
2 million diagnoses and 1.8 million deaths1. In Brazil, approximately 32,560 new cases are diagnosed
annually, corresponding to an estimated risk of 15.06 cases per 100,000 inhabitants, with 18,020 cases
among men and 14,540 cases among women. These values correspond to an estimated risk of 17.06
new cases per 100,000 men and 13.15 per 100,000 women2.

LC cases are classified into two main groups, small cell lung cancer (SCLC) and non-small cell lung
cancer (NSCLC) accounting for 85% of cases. NSCLC is frequently diagnosed when the disease is
already in an advanced stage3. The choice of treatment for NSCLC should be based on physiological
characteristics and functional capacity, histological type, clinical toxicity, patient preferences, and
therapeutic protocols. Before starting any treatment, the existence of genetic mutations, such as EGFR,
ALK or ROS1 genes, is confirmed by tests4. The American College of Pathology recommends ALK
translocation testing for all patients with carcinoma on biopsy5.

Approximately 10% of patients with NSCLC have brain metastases at the time of diagnosis, and up to
40% of patients develop this type of metastasis during the disease, with high morbidity. Brain
metastases are especially common in NSCLC with ALK translocation, with a cumulative incidence of
more than 50%, which is associated with a poor prognosis, high symptom burden, and decreased quality
of life. The survival of patients after the diagnosis of metastasis in the central nervous system (CNS)
usually does not exceed six months6.

Global data indicate that the frequency of NSCLC with ALK translocation ranges from 1.6 to 11.6%7 and,
in Brazil, its prevalence is 3.2%, with only 16% of patients being tested8. In more advanced cases of
NSCLC, the five-year survival rate is estimated to be extremely low, being 53.6% for localized disease,
28.9% for regional disease and 5.4% in the distant metastasis stage9.

Current Diagnostic and Therapeutic Guidelines for lung cancer in Brazil4 recommend radiotherapy as a
therapeutic strategy for the treatment of NSCLC, which can be used for curative or palliative purposes,
being indicated at all stages of the disease, and may or may not be associated with chemotherapy and
surgery. For advanced or recurrent disease, the guideline recommends thoracic radiotherapy associated
or not with chemotherapy; palliative chemotherapy, surgical resection of isolated brain metastasis, which
may or may not be followed by cranial radiotherapy; external radiotherapy, with or without interstitial
radiotherapy, for symptomatic endobronchial lesions and palliative radiotherapy, for analgesic or
hemostatic purposes10. Targeted therapies, such as tyrosine kinase inhibitors, have demonstrated
efficacy in the treatment of NSCLC patients who have genetic mutations4.
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Tyrosine kinase inhibitors (TKIs) targeting ALK have significantly improved outcomes; however, their high
cost necessitates cost-effectiveness assessment to inform public reimbursement decisions. Given the
challenges faced by low- and middle-income countries in making better use of resources, efforts need to
be undertaken to make cancer control more effective.

This study aims to evaluate the cost-effectiveness of ALK inhibitors available in Brazil for first-line
treatment of ALK-positive advanced NSCLC, from the perspective of the Brazilian public healthcare
system (SUS).

METHODS
A stochastic model based on Markov chains was built using TreeAge software. The analysis compared
the drugs in the two lines of treatment, where the comparator for the first line was Crizotinib and for the
second line was chemotherapy.

The model contains four mutually exclusive transition states: (a) Progression-free survival, (b)
Progression to second-line treatment, and (c) Progression from second-line treatment (d) Death (Figure
1). Patients who have not yet progressed and are using first-line treatment may progress and switch to
second-line treatment or die. Patients using second-line treatment, upon progression, receive palliative
chemotherapy as indicated by the Diagnostic and Therapeutic Guidelines for lung cancer.

The choice of second-line drugs respected the hierarchy of the three generations of ALK inhibitor drugs.
The drug eligible for second-line treatment must necessarily be from a more recent generation than the
one used in first-line treatment. As first-line options, we used Crizotinib, Brigatinib, Alectinib, and
Lorlatinib. For the second line, we used the same drugs, but with chemotherapy as a comparator instead
of Crizotinib. In the alternative where the first line was Crizotinib (first generation), it would be possible to
include any of the other 3 drugs that would be second or third generation. As a standard, Brigatinib was
included because it was the lowest cost alternative. This change was considered in the sensitivity
analysis.

The perspective of analysis was of the Brazilian public healthcare system, and the time horizon was
lifetime (30 years), with a discount rate of 5% per year. The target population of the study were patients
with NSCLC with ALK allocation.

Effectiveness data

The effective outcome used in the analysis was the quality-adjusted life years (QALY). A literature review
was conducted to search for utility data for NSCLC patients, as well as economic evaluation studies of
therapies used in this population. The study by Chouaid, 201311 presented specific utility data for the
progressed and progression-free states in the different lines of treatment. A sensitivity analysis was
performed using data from the study by Nafees, 200812.
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Transition probabilities were derived from Kaplan-Meier curves. Overall survival (OS) and progression-
free survival (PFS) data were extracted from Kaplan-Meier curves for crizotinib as first-line treatment,
and chemotherapy and alectinib as second-line treatment. These data were estimated from the
digitization of aggregated Kaplan-Meier curve data using the WebPlotDigitizer software. Based on these
estimates, individual data was generated according to the algorithm proposed by Guyot, 201213 in the R
language using the IPDfromKM package. The simulated individual data were fitted to the Exponential,
Weibull, Loglogistics, Gompertz, and Lognormal survival functions using the flexsurvreg package. The
meta-analysis by Zhao, 202414 showed very similar results in terms of PFS between alectinib, brigatinib,
and lorlatinib compared to chemotherapy, with very close HR values and confidence intervals. Khan's
201915 meta-analysis showed no significant difference in OS between second-line treatments compared
to chemotherapy. Therefore, for the probability of progression in second-line treatment, data from
Alectinib were used for all proposed treatments. OS was the same as the chemotherapy comparator, as
shown by the meta-analysis results. The efficacy measures of the drugs relative to their respective
comparators in first and second line were extracted from the systematic review16,17. According to
Cameron's 202218 the OS results for Brigatinib and Lorlatinib compared to Crizotinib did not show
statistical significance and, therefore, the model considered the same OS as Crizotinib in first line for the
other two drugs. Hazard ratios for PFS and OS sourced from Zhou (2024)14, Camidge (2021)19, Solomon
(2024)20, and Khan (2019)15. Table 1 shows these parameters inputs.

Costing Data

For the composition of total costs, the costs related to the interventions were considered (cost of
medication, follow-up costs, and progression costs). Costs for medical procedures were extracted from
SIGTAP/DATASUS. Treatment costs were calculated considering the dosage presented in the package
insert. The cost of the diagnostic test was not considered since, after the incorporation of Crizotinib,
which requires the diagnostic test to be performed, it was considered that all patients, regardless of
treatment, had already been tested and confirmed as ALK mutation positive before the start of the
model. For the costs of interventions that have not yet been incorporated into the SUS (Brazilian Unified
Health System), such as Alectinib, Brigatinib, and Lorlatinib, the Department of Management and
Incorporation of Health Technologies (DGITS) of the Ministry of Health sent official letters to the
manufacturing companies informing them of the study, and they responded with price proposals that
were considered in the analysis. For Crizotinib, the price proposal made by the company during the
evaluation of its incorporation was considered. Table 1 shows these parameters inputs.

Model Assumptions

For the structuring of the simulation that considered the two lines of treatment, several assumptions
were adopted in the model. Consultation with specialists indicated that the selection of second-line
medications must adhere to the hierarchical classification of the three generations of ALK inhibitors.
Specifically, the medication eligible for second-line treatment must necessarily belong to a more recent
generation than that utilized in the first-line treatment.
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Given the comparable progression-free survival outcomes observed among Alectinib, Brigatinib, and
Lorlatinib in second-line therapy, coupled with the lack of demonstrated overall survival advantage of
these treatments over chemotherapy in the second-line setting, the therapeutic options for this treatment
line were consolidated to chemotherapy and ALK inhibitors. Specifically, any ALK inhibitor may be
employed when Crizotinib is administered as first-line therapy, whereas Lorlatinib is designated
necessarily when either Brigatinib or Alectinib is used in the first-line setting.

Dollar values were converted from BRL values using the purchasing power parity (PPP) exchange rate,
where 1 USD equals 2.44 BRL.

Sensitivity Analysis

Deterministic sensitivity analysis was conducted via Tornado diagrams. Probabilistic sensitivity analysis
(1,000 Monte Carlo simulations) assessed parameter uncertainty, considering cost and effectiveness
distributions.

RESULTS
Cohorts treated with the 7 strategies (Table S1 - Supplementary material) were simulated using first and
second-line drug combinations, producing cost-effectiveness estimates for each. Only three alternatives
were not dominated: Brigatinib + Chemotherapy (ICER equal to U$34.244,90), Alectinib + Chemotherapy
(ICER equal to U$159.034,41), and Alectinib + Lorlatinib (ICER equal to U$527.442,75). The Lorlatinib + 
Chemotherapy alternative showed extended dominance. Table 2 shows the costs and effectiveness of
the non-dominated alternatives, and Table S2 shows the results for all alternatives in the supplementary
material. Figure 2 shows the cost-effective relationships between all alternatives.

Deterministic sensitivity analysis was performed prioritizing the non-dominated alternatives using
Tornado diagrams. In comparison between Crizotinib + Chemotherapy and Brigatinib + Chemotherapy,
the ICER was more sensitive to the monthly treatment cost of Brigatinib, varying from U$9,185.25/QALY
to U$86,776.61/QALY, where the price was modified by values 20% lower and higher, respectively (Fig. 3).

In the probabilistic sensitivity analysis with 1000 Monte Carlo simulations, 81.7% of the simulations for
the Brigatinib + Chemotherapy strategy fell below the cost-effectiveness threshold of U$49,180.33/QALY
(Fig. 4). None of the simulations for the Alectinib + Lorlatinib alternative fell below the threshold. Figures
S1 and S2 show these results (Supplementary material).

In summary, Brigatinib + chemotherapy yielded the lowest ICER (U$47,981.02/QALY), falling below the
national threshold. Alectinib + chemotherapy and alectinib + lorlatinib were less efficient alternatives. The
model was most sensitive to brigatinib’s monthly cost, which affected the ICER range (U$9,185.25–
U$86,776.64/QALY). Probabilistic analysis confirmed that brigatinib-based therapy was cost-effective in
47% of simulations (Fig. 4).
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DISCUSSION
This evaluation sought to study the cost-effectiveness of all ALK-1 inhibitors registered in Brazil and
compare them to understand the efficiency of incorporating these treatments into the Health System.
Zhang's study (2024)21 compared 6 tyrosine kinase inhibitors as first-line treatment against NSCLC from
the perspective of the Chinese health system. The results found are similar to those of the present study,
where, despite the smaller number of drugs compared, brigatinib is the most efficient alternative for the
health system.

The results of the analysis depend heavily on the price of the drugs, this being the variable that most
impacted the analysis for all treatments studied. This work aimed to assist decision-makers in the
Brazilian health system in providing the best treatment recommendation. Before it was carried out, the
drug manufacturers were informed by the Ministry of Health that the study would be conducted
comparing all alternatives registered in the country and a price proposal for incorporation was
requested. An analysis was conducted with the initially proposed prices, and subsequently,
manufacturers had access to the study results and also to the prices proposed by competitors in a
public consultation. Manufacturers responded to this consultation by proposing new prices, and our
analysis was carried out with these latter values. The largest discount was 75% compared to the list
price. This is the first time in Brazil that this method involving the price proposals of companies through
a request from the Ministry of Health has been carried out, and the final prices obtained allowed for
incremental cost-effectiveness ratio results below the willingness-to-pay threshold of the health system.

Regarding the results of the deterministic sensitivity analysis, the most likely variation to modify the
outcome of the study's decision was the monthly cost of Brigatinib treatment, which, when varied by plus
or minus 20%, produced variations in the ICER between U$9,185.25/QALY and U$86,776.61/QALY. The
price of this medication is the factor that decision-makers should take most into account when
evaluating the efficiency of incorporating this medication. The 20% variation in value did not change the
ranking of this alternative in terms of cost-effectiveness, and it remains the most efficient. The variation
made to the other parameters in the model did not produce results that would change the decision on
the most efficient alternative, as it did not produce alternatives that fell below the threshold of
U$49,180.33/QALY.

The parametric uncertainty with this alternative is also revealed in the probabilistic sensitivity analysis,
where although the deterministic result produced an ICER lower than the cost-effectiveness threshold
(U$47,981.02/QALY), the deterministic analysis revealed only 47% of the simulations below the
threshold, slightly less than half. The monthly cost parameter for Brigatinib was not varied in the
probabilistic sensitivity analysis, which shows that other effective parameters such as hazard ratios or
utilities with their respective confidence intervals can also influence this decision.

The cost-effectiveness of ALK inhibitors is context-dependent, shaped by national drug prices,
willingness-to-pay thresholds, and health system perspectives. The study of Zhang et al21 from the
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perspective of the Chinese health-care system, showed that the inclusion of drug price negotiations
(2023 China National Medical Insurance) drastically changed earlier findings. Previous studies22 had
found ensartinib was a cost-effective option compared with crizotinib, and was a dominant alternative to
ceritinib and brigatinib. Although lorlatinib and alectinib were associated with prolonged survival
compared with ensartinib, they were less cost-effective than ensartinib due to the overwhelming total
costs. After new insurance negotiations, brigatinib offered an optimal balance between efficacy and
cost, outperforming alectinib and lorlatinib in economic terms. Lorlatinib, though clinically benefit,
remains too expensive to be cost-effective under Chinese pricing.

Those results contrast with European analyses23,24 (e.g., Sweden, Greece), where lorlatinib was cost-
effective due to different price structures. High-income countries such as Sweden or Greece, also have
high willingness-to-pay to support latest-generation TKIs. Nevertheless, in the United States (USA), none
of the newer TKIs are cost-effective at prevailing prices. Despite strong efficacy, lorlatinib’s high price
makes it not cost-effective25. Even with large QALY gains (0.72), ICER $407,000/QALY is over twice the
WTP limit (≈ $150,000–200,000/QALY).

Although the study shows several uncertainties and their magnitude, the Brigatinib + Chemotherapy
alternative proved to be the most efficient among those registered in the country and with a
deterministic result below the willingness-to-pay threshold. Treatment strategies that can offer QALY at a
cost-effective price are fundamental to the sustainability of the Brazilian health system, which is
characterized by universal patient care.

Brigatinib represents the most cost-effective ALK inhibitor for first-line ALK+ NSCLC within Brazil’s
healthcare public system. Results are consistent with international findings21 (Zhang, 2024), supporting
brigatinib as a preferred public funding option. Price negotiations were the primary determinant of
affordability, highlighting the impact of manufacturer discount policies. Sensitivity analyses
demonstrated robustness, with brigatinib remaining the most efficient choice across plausible cost
variations.

CONCLUSIONS
Brigatinib followed by chemotherapy is the most cost-effective treatment for first-line ALK+ NSCLC in
Brazil under the public healthcare perspective. Price-based negotiations and evidence-based adoption
can improve sustainability in oncological care within resource-constrained systems.
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Figure 1

See image above for figure legend.
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Figure 2

See image above for figure legend.
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Figure 3

See image above for figure legend.
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Figure 4

See image above for figure legend.
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