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Background: The ALTA-1L trial and EXP-3B arm of NCT01970865 trial found
that both brigatinib and lorlatinib showed durable and robust responses in
treating ALK-positive non-small cell lung cancer (NSCLC) patients. However,
brigatinib and lorlatinib treatments are costly and need indefinite administration
until the disease progression. Thus, it remains uncertain whether using brigatinib
followed by lorlatinib before chemotherapy is cost-effective compared to
reserving these two drugs until progression after chemotherapy.

Methods: We used a Markov model to assess clinical outcomes and healthcare
costs of treating ALK-positive NSCLC individuals with brigatinib followed
by lorlatinib before chemotherapy versus a strategy of reserving these drugs
until progression after chemotherapy. Transition probabilities were estimated
using parametric survival modeling based on multiple clinical trials. The drug
acquisition costs, adverse events costs, administration costs were extracted
from published studies before and publicly available data. We calculated lifetime
direct healthcare costs, quality-adjusted life-years (QALYs), and incremental
cost-effectiveness ratios from the perspective of a United States payer.

Results: Our base-case analysis indicated that the incremental cost-
effectiveness ratios of using first-line brigatinib followed by lorlatinib compared
with second-line brigatinib followed by lorlatinib is $-400,722.09/QALY which
meant that second-line brigatinib followed by lorlatinib had less costs and
better outcomes. Univariate sensitivity analysis indicated the results were most
sensitive to the cost of brigatinib. Probability sensitivity analysis revealed that
using brigatinib followed by lorlatinib before chemotherapy had a 0% probability
of cost-effectiveness versus delaying these two drugs until progression after
chemotherapy atawillingness-to-pay threshold of $150,000 per QALY. Sensitivity
analyses conducted revealed the robustness of this result, as incremental cost-
effectiveness ratios never exceeded the willingness-to-pay threshold.

Conclusion: Using brigatinib as first-line treatment followed by lorlatinib for
ALK-positive NSCLC may not be cost-effective given current pricing from the
perspective of a United States payer. Delaying brigatinib followed by lorlatinib
until subsequent lines of treatment may be a reasonable strategy that could
limit healthcare costs without affecting clinical outcomes. More mature data are
needed to better estimate cost-effectiveness in this setting.
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Introduction

Lung cancer is a prevalent type of malignant tumor globally and
is responsible for almost a fifth of all cancer related mortality (1).
Non-small cell lung cancer (NSCLC) comprises about 85% of all
cases of lung cancer (2). Worse, over 70% of patients are diagnosed
with advanced stage NSCLC, resulting in a low 5-year survival rate
of only 18% (3, 4). In about 3-5% of NSCLC individuals, the
oncogenic anaplastic lymphoma kinase (ALK) gene rearrangement
occurs (5-7), which represents a molecularly and clinically diverse
subtype of NSCLC sensitive to ALK tyrosine kinase inhibitors (5, 8,
9). Currently, first-line treatment, named patients who have not been
exposed to any prior anti-cancer agents, options for ALK-positive
NSCLC include crizotinib (10), alectinib (11), or ceritinib (12).
Nevertheless, crizotinib’s efficacy is often limited by the development
of drug resistance in patients, which can result from secondary
mutations in the ALK kinase domain or other ALK independent
mechanisms (13). More effective new-generation ALK tyrosine
kinase inhibitors have been created to combat crizotinib resistance,
and have shown efficacy in the treatment of both newly diagnosed
patients and those with ALK-positive NSCLC who have become
refractory to crizotinib (11, 12, 14, 15). Despite receiving second-
generation tyrosine kinase inhibitors, many patients ultimately
develop resistance or exhibit disease progression in the central
nervous system (16, 17).

Brigatinib, a highly effective inhibitor of ALK, has been shown to
target an extensive ALK mutations and c-ros oncogene 1 (ROS1)
rearrangements (18-21). It has also shown significant benefits in
improving progression-free survival (22, 23). With promising results
seen in individuals of advanced ALK-positive NSCLC, brigatinib
underwent testing through the phase III trial called ALTA-1L, which
evaluated brigatinib and crizotinib in the first-line setting for patients
with ALK-positive NSCLC (24). After a median follow-up of
11 months, the study showed that brigatinib reduced the likelihood of
disease progression by 51% versus crizotinib, with, respectively,
evaluated 12-month progression-free survival rates of 67 and 43%.
Individuals with measurable lesions also had higher rates of
intracranial response with brigatinib (78%) compared to crizotinib
(29%). Additionally, no new safety issues were identified during the
study (24). The approval of brigatinib in the first-line setting has
improved the available treatment options for patients (25-27).
Meanwhile, lorlatinib is a highly potent and novel third-generation
tyrosine kinase inhibitor selective targeting the ALK and ROSI
kinases (17). In the phase II EXP-3B arm of NCT01970865 trial,
named ALK-positive patients with disease progression following one
previous non-crizotinib ALK tyrosine kinase inhibitor with any
number of chemotherapy regimens, lorlatinib demonstrated
significant intracranial and overall activity in subsequent therapy for
advanced NSCLC individuals (28). Although using first-line brigatinib
followed by lorlatinib in the ALTA-1L and EXP-3B arm of
NCT01970865 trials significantly improved progression-free survival,
it comes with a high cost.
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Previous studies evaluated the economic value of regimen
regarding brigatinib for individuals who have ALK-positive NSCLC
(29-31). The incremental cost-effectiveness ratio for these studies
varies, for example, Cranmer et al. (29) both applied clinical data from
the ALTA-1L and ALEX trials to assess brigatinib from a United States
perspective, which demonstrated that brigatinib provided better
results than crizotinib, resulting in an increase of 0.97 quality-adjusted
life-years (QALYs). The improved efficacy was linked to a longer time
on treatment with brigatinib, leading to higher costs ($210,519 more
than crizotinib). The base-case incremental cost-effectiveness ratio
was $217,607/QALY gained, while brigatinib was related to cost-
savings vs. alectinib. Furthermore, the analysis only provide
information about the first-line environment.

Although using first-line brigatinib followed by lorlatinib in the
ALTA-1L and EXP-3B arm of NCT01970865 trials significantly
improved PFS, these drugs are highly cost. Thus, this study will be the
first to evaluate the cost-effectiveness of using brigatinib followed by
lorlatinib before chemotherapy compared to reserving these two drugs
until progression after chemotherapy for individuals with
ALK-positive advanced NSCLC from the
United States payers.

perspective  of

To achieve this goal, we have constructed a model suitable for
simulating the process of chronic diseases, namely Markov model,
similar to the treatment process for ALK-positive NSCLC. By
calculating the direct medical costs, effectiveness and deriving the
incremental cost-effectiveness ratios, then comparing it with the
willingness-to-pay threshold. After conducting sensitivity analysis to
evaluate the stability of the model, we obtain objective cost-
effectiveness characteristics of the treatment options. These findings
can assist healthcare providers and hospital administrators in making
informed decisions when providing care to cancer patients, specifically
from the perspective of United States payers.

Methods
Model framework

We utilized TreeAge Pro 2022 software (TreeAge, Williamstown,
Massachusetts) to implement a Markov model comparing the costs
and effectiveness of two treatment strategies for ALK-positive
advanced NSCLC: using front-line brigatinib followed by lorlatinib
compared with second-line brigatinib followed by lorlatinib. Second-
line treatment in oncology refers to the therapeutic approach used
after the failure of the initial or first-line treatment for cancer. Mutually
exclusive health statuses constituted the model structure, as Figure 1A
displays that brigatinib followed by lorlatinib is seen as first-line
treatment, while pemetrexed + carboplatin followed by maintenance
of pemetrexed is seen as second-line treatment. On the other hand,
Figure 1B shows that pemetrexed + carboplatin followed by
maintenance of pemetrexed is seen as first-line treatment, while
brigatinib followed by lorlatinib is seen as second-line treatment
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FIGURE 1
Treatment sequences used in the Markov model. (A) Treatment
sequence for individuals who receive first-line brigatinib followed by
lorlatinib. (B) Treatment sequence for individuals who receive
second-line brigatinib followed by lorlatinib.

(Figure 1). The transition probabilities in each treatment line were
calculated through the Kaplan-Meier curves in progression-free
survive, where the probability of death for each treatment line is equal
to the natural mortality rate. We modeled over a lifetime horizon with
1-month Markov cycles, estimating costs and utilities related to each
therapeutic strategy. Assuming that the corresponding expenditure
occurs at the beginning of each cycle, there is no cost adjustment for
the half a cycle (32). The incremental cost-effectiveness ratios is
calculated using the formula: [Cost (first-line)-Cost (second line)]/
[QALY (first-line)-QALY (second line)]. We calculated incremental
cost-effectiveness ratios for the main results to represent the expenses
in 2023 United States dollar associated with each incremental quality-
adjusted life-year (QALY) obtained. Discounting at a rate of 3%
annually (33), both utilities and costs were accounted for. The analysis
was performed with a willingness-to-pay threshold of $150,000 per
QALY from the United States payer’s perspective (34).

Participants and interventions

Individuals with advanced ALK-positive NSCLC in the ALTA-1L
trial who had not previously been treated with ALK tyrosine kinase
inhibitors to receive brigatinib at a daily dose of 180 mg (24) and the
EXP-3B arm of NCT01970865 trial (28) involved ALK-positive NSCLC
individuals who received one previous non-crizotinib ALK-directed
therapy, with or without chemotherapy, to receive lorlatinib at a daily
dose of 100 mg. The model followed newly diagnosed individuals with
ALK-positive advanced NSCLC who were treated with either brigatinib
(24) or cisplatin plus pemetrexed followed by maintenance of
pemetrexed (35). In the brigatinib arm, individuals who progressed
subsequently received lorlatinib (28), and if they progressed again, they
received third-line therapy with cisplatin plus pemetrexed followed by
pemetrexed maintenance (35). In the cisplatin plus pemetrexed followed
by pemetrexed maintenance arm, individuals who progressed
subsequently received brigatinib (24), and if they progressed again, they
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received third-line treatment with lorlatinib (28). Fourth-line were
identical between arms and docetaxel was used (36). Administration
schedules and treatment dosing for each therapy line were determined
according to respective clinical trials (24, 28, 35, 36). We hypothesized
that both arms of patients could receive follow-up therapy until disease
progresses. After treatment with docetaxel, patients transitioned into a
best supportive care state until their passing.

Survival model and progression risk
estimates

We utilized the GetData Graph Digitizer software package (version
2.22) to extract survival data the progression-free survival Kaplan-Meier
curves from each trial. We utilized R software (version 4.2.1) to
reconstruct individual patient-level data, and then fitted these
reconstructed survival data to various parametric functions such as
weibull, exponential, gamma, gompertz, gengamma, log-normal,
log-logistic. Based on the Akaike information criterion and Bayesian
information criterion, we screened the appropriate parametric
distributions for the treatments of brigatinib, lorlatinib, cisplatin plus
pemetrexed followed by pemetrexed maintenance, docetaxel, and best
supportive care (Supplementary Table 2). Supplementary Figure 1 in the
supplement provided information on how well the model fits. We use
Microsoft Excel software to calculate time-dependent transition
probabilities for the two groups of patient treatment based on data from
each trial, and then extrapolated over a lifetime horizon. The transition
probabilities values for each model cycle were calculated using the
formula: transition probabilities [(tu)=1 - exp. {\ (t - )’ = A"} A>0,
y>0], where “u” denotes the model cycle and “tu” denotes the arrival at

« »

state “t” following “u” cycles. To determine the probability of death
during each treatment line, we combined an age-matched background
mortality rate from United States Life Tables (37) (Supplementary Table 3).
Finally, the overall survival data of NSCLC patients who received the best
supportive care were used to estimate the transition probabilities of death

from the health state of best supportive care (38).

Cost estimates

We took into account health resource utilization and direct
medical expenditure, involving those associated with acquiring and
administering medication, managing the disease, and addressing
treatment-related adverse events (Supplementary Table 1). The agent
dosage was determined using the patient’s body surface area of 1.72 m?,
weight of 65kg and creatinine clearance rate of 70 mL/min (39, 40). In
the model, only severe adverse events (grade >3) were considered,
such as anemia neutropenia, hypertension, increased blood creatine
kinase level and lipase level, and so on (24, 28, 35, 36). Acquisition
costs for brigatinib, lorlatinib, cisplatin, pemetrexed, and subsequent
therapies were derived from public available databases that are all the
most up-to-date in March 2023 (41, 42). We also took into account the
expenses of agent administration using the 2022 Centers for Medicare
& Medicaid Services Physician Fee Schedule (43). We assumed that
patients would undergo regular follow-up, consisting of standard
laboratory tests and a physician’s office visit once a month, as well as
tumor imaging once every three months (44, 45). The adverse events
costs were extracted from published studies before (46). We assumed
that if patients experience adverse events, the cost of treating those
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events would only be recorded for the first cycle, and that the costs for
adverse events would be incurred only once. We adjusted inflation all
costs using the American consumer price index.

Utility estimates

QALYs are defined as integrating life span with health-related
quality of life, measured as utilities (health state values from 0, indicating
death to 1, indicating full health) (47). In the base case, we used a utility
0f 0.71 for the first-line treatment, 0.67 for second-line therapy, 0.59 for
third-line treatment, and 0.46 for fourth-line treatment and best
supportive care (48). We used TreeAge Pro 2022 software to calculated
QALYs through weighting individuals survival according to utility
estimations for every health state. Adverse events leading to disutility
values were also considered in this study (49). The overall impact of
adverse events on QALY was applied to the first cycle of the model (50).
All utilities parameters are listed in Supplementary Table 1.

Sensitivity analysis

We conducted sensitivity analyses to investigate how the results
were affected by the uncertainty of the parameters. The clinical
parameters changed within reasonable limits in the univariate
sensitivity analysis, derived from the confidence intervals or
assumptions with a 20% variance from the baseline value, as shown in
the tornado diagram (Figure 2). We conducted 1,000 Monte Carlo
simulations to proceed with the probability sensitivity analysis by
random and simultaneous preset parameter variations in accordance

10.3389/fpubh.2024.1213318

with specific distribution patterns (Supplementary Table 1). Due to
the real-world performance in the market, it is highly unlikely that the
cost of brigatinib or lorlatinib will increase. As a result, only the
influence of the price decrease on the incremental cost-effectiveness
ratios was analyzed. We used scatter plots and cost-effectiveness
acceptability curves to evaluate the cost-effectiveness of each treatment
options at various willingness-to-pay thresholds (51, 52) (Figures 3, 4).

Results
Base-case analysis

Over a lifetime horizon, the total QALYs for using brigatinib
followed by lorlatinib before chemotherapy and reserving these two
drugs until progression after chemotherapy were evaluated to be 0.70
and 0.76, respectively. The total costs associated with these treatments
were expected to be $219,712 and $196,513, respectively. During that
period, not only did the use of brigatinib in the front-line setting
followed by lorlatinib not improve QALY versus reserving brigatinib
followed by lorlatinib until later line treatment, but front-line
brigatinib followed by lorlatinib was also related to substantially
greater lifetime patients healthcare costs, giving rise to an incremental
cost-effectiveness ratio of $-400,722.09/QALY (Table 1).

Sensitivity analysis

As shown in the tornado diagram of ALK-positive advanced
NSCLC patients in Figure 2, parameters that most influenced the

Expected value: -400,722

Tornado Diagram - ICER
1st line vs. 2nd line

Cost per cycle of brigatinib treatment (20143.91 to 16115.128)
Utility of progressed disease after first-line (0.536 to 0.804)
Cost per cycle of pemetrexed treatment (5937.76 to 8906.64)
Cost of anemia treatment (18547.288 to 27820.932)

Utility of progression-free disease (0.852 to 0.568)

Utility of progressed disease after second-line (0.708 to 0.472)
Discount rate (0.004109589 to 0)

Cost per cycle of lorlatinib treatment (21227.92 to 16982.336)
Utility of progressed disease after third/fourth-line (0.552 to 0.368)
Cost of neutropenia treatment (15728.576 to 23592.864)

Cost of hypertension treatment (4438.164 to 2958.776)
Laboratory testing cost per cycle (272.16 to 408.24)

Physician visit cost per cycle (128.16 to 192.24)

Disutility of hypertension (0.04 to 0.06)

Disutility of neutropenia (0.108 to 0.072)

Disutility of fatigue (0.0888 to 0.0592)

Disutility of anemia (0.0876 to 0.0584)

Tumor imaging cost per cycle (199.584 to 249.48)

Best supportive care per cycle (577.884 to 385.256)

End-of-life care cost in end-stage disease (12225.168 to 8150.112)
Cost of febrile neutropenia treatment (15728.576 to 23592.864)
Disutility of febrileneutropenia (0.072 to 0.108)

Disutility of asthenia (0.0592 to 0.0888)

Cost of hpercholesterolaemia treatment (7.232 to 9.04)

Cost of hypertriglyceridaemia treatment (41.4 to 62.1)

N » M M N » » M o o ® M M
S & T FFFE &S &S
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FIGURE 2
Tornado diagram for univariate sensitivity analyses.
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Incremental Effectiveness

Incremental cost-effectiveness scatter plot diagram for using brigatinib followed by lorlatinib before chemotherapy versus reserving these drugs until

incremental cost-effectiveness ratio were the cost of brigatinib, cost
of pemetrexed, and utility of second-line treatment. Other variables
with large or moderate influences were the cost of anemia, utility of
first-line treatment, and utility third-line treatment. Despite the
variation of various parameters over a wide range, compared to
using brigatinib followed by lorlatinib before chemotherapy, the
incremental cost-effectiveness ratio of reserving these drugs until
after chemotherapy remained less than $150,000/QALY. The
robustness of the model results has been confirmed by the fact that
there is no overlap between the incremental cost-effectiveness ratio
and willingness-to-pay values obtained from varying all parameters
within their respective ranges.

As shown in Figure 4, cost-effectiveness acceptability curves
indicated that compared with delaying brigatinib followed by
lorlatinib until subsequent lines of therapy, the probability of using
front-line brigatinib followed by lorlatinib being cost-effective was
found to be 0% when the specified willingness-to-pay threshold was
$150,000 per QALY gained. As shown in Figure 3, scatter plots
described the outcomes of 1,000 simulations of the probabilistic
sensitivity analysis, where the majority of outcomes produced fewer
QALYs and more costs than second-line brigatinib followed
by lorlatinib.

Frontiers in Public Health

Discussion

The ALTA-1L trial and EXP-3B arm of NCT01970865 trial
demonstrated that use of brigatinib and lorlatinib in the first line and
subsequent line therapy of ALK-positive NSCLC substantially reduced
the risk of disease progression (24, 28). Because brigatinib and
lorlatinib are high-priced treatments that are administered
continuously until the disease progresses, using these treatments in
earlier stages of treatment can result in a significant cumulative
healthcare expenditure compared to delaying their use until
subsequent lines of therapy. Our analysis indicated that prioritizing
the use of brigatinib followed by lorlatinib before chemotherapy was
not a cost-effective strategy when compared to reserving these drugs
until after chemotherapy, given an incremental cost-effectiveness ratio
of $-400,722.09 per QALY. From the perspective of United States
payers, it was determined through cost-effectiveness acceptability
curves (Figure 4) that delaying brigatinib followed by lorlatinib until
subsequent lines of therapy was extremely cost-effective for treating
the disease. Our analysis of sensitivity indicates that in order for
brigatinib to reach widely accepted cost-effectiveness thresholds for
cancer therapies and other treatments in the first line setting, a
significant reduction in its price would be necessary (33, 34).
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TABLE 1 Base-case results of the model.

/\Costs, US $

Costs, US $

QALYs A\QALYs ICER US $/QALY

First-line brigatinib
219,712 -
followed by lorlatinib

0.70 - -

Second-line brigatinib

196,513 -23,199

followed by lorlatinib

0.76 0.06

—400,722.09

ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life-years.

One of the most significant factors in the model was the price of
brigatinib. When the most sensitive variable changed within a certain
range (range, $16115.128-$20143.91 per cycle), compared with using
first-line brigatinib followed by lorlatinib, the incremental cost-
effectiveness ratios for reserving these two drugs until subsequent line
were still lower than $150,000 per QALY, which was considered cost-
effective. The utility of second-line treatment was also the most
important influencing factor. The utility value adopted in the analysis
referred to the published advanced NSCLC patient health utility value
data (48). To clarify the impact of health utility value on our model,
the ranges of variables were defined for the utility value in the
sensitivity analysis (range, 0.536-0.804). The findings illustrated that
the upper and lower limits of utility value both make the using first-
line brigatinib followed by lorlatinib for individuals with ALK-positive
NSCLC not cost-effective. Besides, various parameters such as

Frontiers in Public Health

pemetrexed cost per cycle, cost of anemia treatment or the utility of
first-line treatment have no substantial influence on the outcomes of
the analysis. The sensitivity analysis focuses on the uncertainty of the
model parameters, which confirms the robustness of our model.

It is worth mentioning that, according to our basic model, even if
we opt for a more cost-effective approach of deferring the use of
brigatinib followed by lorlatinib until later lines treatment, the average
direct healthcare costs per patient still end up being excessive. Prior
studies have shed light on the significant expenses linked to
ALK-positive NSCLC, and this situation is only predicted to
exacerbate with the rising adoption of new targeted treatments (53—
56). If we acknowledge that our healthcare system cannot bear the cost
of each newly developed drug in the market, we need to decide how
to ascertain its value. The suggestion is that when formulating policies
revolving round national healthcare plans, cost-effectiveness analysis
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should be employed. Taking into account the unique thresholds of
each country, solutions could be explored to ensure that patients
receive affordable treatments while pharmaceutical companies are able
to make reasonable profits, in order to strike a balance between
protecting patients and society from exorbitant financial burdens and
supporting the innovation and development of new treatments
(57, 58).

Our study in combination with previous researches on cost-
effectiveness of cancer treatment (31, 59, 60), emphasizes the urgency
to explore alternative pricing strategies due to the high costs associated
with cancer agents. Value-based pricing (61), indication-specific
pricing (62), or a subscription model (63) could be potential options
to explore. There are several regulatory institutes in some countries,
including the National Institute for Health and Care Excellence in the
United Kingdom, that supervise agents reimbursement and approval
according to their established value of economics. However, in the
United States, legal regulations mandate that Medicare, the maximum
insurer, provide coverage for all approved oncotherapies, limiting
negotiations with pharmaceutical companies (64). This has resulted in
the cancer agents pricing being not related to their level of innovation
or the improvement of overall survival improvement, surrogate
endpoints, or quality of life (65). As cancer drug prices continuously
rise, updated policy is needed to align costs with proven
clinical potency.

This analysis showed uniquely that the use of brigatinib followed
by lorlatinib after chemotherapy is superior in terms of cost-
effectiveness compared to using brigatinib followed by lorlatinib
before chemotherapy. This result emphasizes the significance of taking
into account the initiation time of targeted therapy in routine clinical
settings, as it could greatly impact its cost-effectiveness. It is necessary
to address the issue of which treatment strategy is more cost-effective
to use targeted drugs in the primary treatment phase or reserve them
for secondary treatment. At present, there is no pharmacoeconomic
research that has attempted to answer this question. As far as we know,
this study is the first to address this issue. We found that delaying
brigatinib followed by lorlatinib until subsequent lines of treatment
could curb costs without affecting clinical outcomes, and this finding
is particularly significant as it may add more backbone for doctors that
are using this way of treatment. In this study, we used Markov models
to simulate disease progression as it can account for time-dependent
state transitions. In the context of tumor treatment, the disease status
of patients changes over time. Markov models can describe the
transitions between different states and utilize historical data to
estimate transition probabilities. This is essential for evaluating the
effectiveness of different treatment strategies and predicting future
patient states. Furthermore, Markov models can also consider the
impact of different treatment strategies. By considering the patient’s
current state and the treatment strategy received, it is possible to
predict the patient’s future state and related economic indicators (such
as total costs, survival time, etc.). This enables decision-makers to
make treatment plan selection and resource allocation decisions based
on model results. Despite the clear clinical advantages of using
brigatinib as a first-line treatment option, there was no noticeable
increase in cost-effectiveness benefits when compared to reserving its
use until the treatment of second line. Further researches are required
to yield more substantial proof in regards to this matter. The results of
our research could prove valuable in the process of negotiating and
making decisions regarding national medical insurance. The burden
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of the current expensive pricing system for anti-cancer drugs in the
healthcare insurance system is significant. The high costs of these
medications directly contribute to the rising healthcare expenditures.
Although both brigatinib and lorlatinib demonstrate notable efficacy,
their current prices are excessively high. Considering their cost-
effectiveness, a comprehensive evaluation may prove beneficial for
healthcare providers and hospital administrators. Based on the
findings of this study, healthcare providers can enhance healthcare
cost management and explore more cost-effective ways to deliver
medical services. They can provide patients with comprehensive
information regarding treatment options, including their efficacy,
costs, and potential economic benefits of different medication
regimens. These results empower patients to make well-informed
decisions about their treatment. Hospital administrators can
effectively control and reduce these expenses within the framework of
the United States healthcare system. Since both first-line and second-
line treatments surpass the willingness-to-pay threshold, they can
negotiate with suppliers for more reasonable drug prices to decrease
treatment costs. Moreover, managers can employ economic evaluation
to assess the value of utilizing these drugs in the hospital and identify
treatment alternatives that offer relative cost-effectiveness. In light of
these findings, informed choices can be made to select treatment plans
that not only yield positive outcomes but also align with financial
feasibility. This will optimize the quality and efficiency of healthcare
services while ensuring the long-term financial sustainability
of hospitals.

There are multiple noteworthy advantages to this research. Firstly,
we conducted an economic modeling analysis by integrating all the
relevant data of clinical trials, which allowed us to compare the cost-
effectiveness of using brigatinib followed by lorlatinib before
chemotherapy option versus reserving these drugs until after
chemotherapy in patients with ALK-positive NSCLC. Secondly,
we integrated the treatment paradigms of real world into this model,
including using chemotherapy as a subsequent line for individuals
with first-line brigatinib followed by lorlatinib failure, the use of
subsequent-line brigatinib followed by lorlatinib in patients in whom
the first-line chemotherapy had failed, and using docetaxel as a further
line for individuals progressing after the third-line therapy.

There were certain limitations in this study that should
be acknowledged. Firstly, as most advanced ALK-positive NSCLCs
tend to exhibit non-squamous histologic characteristics and there is
short of head-to-head comparison data derived from clinical trials,
pemetrexed combined cisplatin was screened as the standard
chemotherapy regimen for the analysis. The effectiveness of first-line
chemotherapy based on pemetrexed has been extensively recorded
in cases of NSCLC with ALK positive (66, 67) and the favorable
safety profile of cisplatin plus pemetrexed followed by pemetrexed
maintenance, which make it an acceptable choice as a control
strategy for standard chemotherapy (35). These findings support the
selection. However, further cost-effectiveness analyses are
encouraged to be performed once head-to-head comparison data
from clinical trials become available. Secondly, there is a lack of
research on the effectiveness and safety of brigatinib compared to
chemotherapy agents. Although indirect comparisons indicated that
brigatinib could potentially offer a better balance between efficacy
and toxicity, it will be necessary to conduct direct comparative trials
between brigatinib and chemotherapy to provide valuable
information for the treatment decision making. Thirdly, the study
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utilized data derived from multiple clinical trials, each with a
marginally distinct patient cohort, to assess a lifelong horizon. While
we confirmed the model regarding progression-free survival for each
therapy line, it was not feasible to verify the predicted survival
curves externally due to inadequate long-term survival data available
for patients who received brigatinib in the early stages of treatment.
It will be critical to evaluate how well our modeled results align with
real-world data and long-term clinical trials as such information
becomes available and emerges (68). Fourthly, the ALTA-1L trial
and EXP-3B arm of NCT01970865 trial had a varied pool of patients,
with variations in mortality risk on an individual patient basis.
Fifthly, as there was insufficient quality-of-life data available for
brigatinib, we relied on health utility values previously reported in
literature for United States NSCLC patients to inform our model.
The sensitivity analysis demonstrated that the uncertainty in health
utility values did not significantly alter the outcomes. Sixthly, the
effectiveness of lorlatinib in subsequent-line setting was obtained
from a single arm, non-randomized, phase II trial (EXP-3B arm of
NCT01970865 trial) (28). Consequently, our model relies heavily on
the validity of the trial, and any potential biases present in the trial
will be mirrored in our model. Finally, as the findings of this research
were based on a secondary analysis of previously published data, its
conclusions may be limited. Addressing the limitations highlighted
in this study can lead to significant advancements in the field of
ALK-positive NSCLC treatment. Conducting head-to-head
comparison trials, cost-effectiveness analyses, and gathering real-
world data will help guide treatment decisions and optimize patient
outcomes. Additionally, focusing on individual patient risk
assessment, collecting quality-of-life data, and implementing robust
trial designs can further enhance the validity and applicability of
research findings. By incorporating these suggestions into future
studies, we can improve the understanding and management of
ALK-positive NSCLC, ultimately leading to improved patient care
and outcomes.

In conclusion, our study indicated that for patients with
ALK-positive NSCLC, a more cost-effective strategy would be to
reserve brigatinib followed by lorlatinib until subsequent lines of
therapy instead of the use of first-line brigatinib followed by lorlatinib.
Substantial price declines or establishing the effectiveness of a fix
treatment duration may be required to make brigatinib become a cost-
effective in the first-line setting. Mature data for patients receiving
brigatinib as a first-line treatment followed by lorlatinib are essential
to more fully assess cost-effectiveness in this setting. Our study could
provide valuable insights to healthcare policymakers about the
optimized treatment options using brigatinib and lorlatinib.

References

1. Global Burden of Disease Cancer CollaborationFitzmaurice C, Akinyemiju TF, Al
Lami FH, Alam T, Alizadeh-Navaei R, et al. Global, regional, and National Cancer
Incidence, mortality, years of life lost, years lived with disability, and disability-adjusted
life-years for 29 Cancer groups, 1990 to 2016: a systematic analysis for the global burden
of disease study. JAMA Oncol. (2018) 4:1553-68. doi: 10.1001/jamaoncol.2018.2706

2. Reck M, Rabe KF. Precision diagnosis and treatment for advanced non-small-cell
lung Cancer. N Engl ] Med. (2017) 377:849-61. doi: 10.1056/NEJMral703413

3. Herbst RS, Redman MW, Kim ES, Semrad TJ, Bazhenova L, Masters G, et al.
Cetuximab plus carboplatin and paclitaxel with or without bevacizumab versus
carboplatin and paclitaxel with or without bevacizumab in advanced NSCLC (SWOG
S0819): a randomised, phase 3 study. Lancet Oncol. (2018) 19:101-14. doi: 10.1016/
$1470-2045(17)30694-0

Frontiers in Public Health

10.3389/fpubh.2024.1213318

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

PC and GH: conception and design. WL and GH: collection,
assembly of data, data analysis, interpretation, and manuscript writing.
All authors contributed to the article and approved the
submitted version.

Funding

This study was supported by the China AntiCancer Association
HER?2 Target Chinese Research Fund (no. CETSDSSCORP239018)
and the Key Project of Science & Technology Development Fund of
Tianjin Education Commission for Higher Education, China (no.
20227ZD064).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as potential conflicts of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1213318/
full#supplementary-material

4. Miller KD, Nogueira L, Mariotto AB, Rowland JH, Yabroff KR, Alfano CM, et al.
Cancer treatment and survivorship statistics, 2019. CA Cancer J Clin. (2019) 69:363-85.
doi: 10.3322/caac.21565

5. Koivunen JP, Mermel C, Zejnullahu K, Murphy C, Lifshits E, Holmes AJ, et al.
EML4-ALK fusion gene and efficacy of an ALK kinase inhibitor in lung cancer. Clin
Cancer Res. (2008) 14:4275-83. doi: 10.1158/1078-0432.CCR-08-0168

6. Wong DW, Leung EL, So KK, Tam IY, Sihoe AD, Cheng LC, et al. The EML4-
ALK fusion gene is involved in various histologic types of lung cancers from
nonsmokers with wild-type EGFR and KRAS. Cancer. (2009) 115:1723-33. doi:
10.1002/cncr.24181

7. Gainor JE, Varghese AM, Ou SH, Kabraji S, Awad MM, Katayama R, et al. ALK
rearrangements are mutually exclusive with mutations in EGFR or KRAS: an analysis of

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1213318
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1213318/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1213318/full#supplementary-material
https://doi.org/10.1001/jamaoncol.2018.2706
https://doi.org/10.1056/NEJMra1703413
https://doi.org/10.1016/S1470-2045(17)30694-0
https://doi.org/10.1016/S1470-2045(17)30694-0
https://doi.org/10.3322/caac.21565
https://doi.org/10.1158/1078-0432.CCR-08-0168
https://doi.org/10.1002/cncr.24181

Liu et al.

1,683 patients with non-small cell lung cancer. Clin Cancer Res. (2013) 19:4273-81. doi:
10.1158/1078-0432.CCR-13-0318

8. Rikova K, Guo A, Zeng Q, Possemato A, Yu J, Haack H, et al. Global survey of
phosphotyrosine signaling identifies oncogenic kinases in lung cancer. Cell. (2007)
131:1190-03. doi: 10.1016/j.cell.2007.11.025

9. Takeuchi K, Soda M, Togashi Y, Suzuki R, Sakata S, Hatano S, et al. RET, ROS1 and
ALK fusions in lung cancer. Nat Med. (2012) 18:378-81. doi: 10.1038/nm.2658

10. Solomon BJ, Mok T, Kim DW, Wu YL, Nakagawa K, Mekhail T, et al. First-line
crizotinib versus chemotherapy in ALK-positive lung cancer. N Engl ] Med. (2014)
371:2167-77. doi: 10.1056/NEJMoa1408440

11. Peters S, Camidge DR, Shaw AT, Gadgeel S, Ahn JS, Kim DW, et al. Alectinib
versus Crizotinib in untreated ALK-positive non-small-cell lung Cancer. N Engl ] Med.
(2017) 377:829-38. doi: 10.1056/NEJMoal704795

12. Soria JC, Tan D, Chiari R, Wu YL, Paz-Ares L, Wolf ], et al. First-line ceritinib
versus platinum-based chemotherapy in advanced ALK-rearranged non-small-cell lung
cancer (ASCEND-4): a randomised, open-label, phase 3 study. Lancet. (2017)
389:917-29. doi: 10.1016/S0140-6736(17)30123-X

13. Lin JJ, Riely GJ, Shaw AT. Targeting ALK: precision medicine takes on drug
resistance. Cancer Discov. (2017) 7:137-55. doi: 10.1158/2159-8290.CD-16-1123

14. Shaw AT, Kim DW, Mehra R, Tan DS, Felip E, Chow LQ, et al. Ceritinib in ALK-
rearranged non-small-cell lung cancer. N Engl ] Med. (2014) 370:1189-97. doi: 10.1056/
NEJMoal311107

15. Shaw AT, Gandhi L, Gadgeel S, Riely GJ, Cetnar J, West H, et al. Alectinib in ALK-
positive, crizotinib-resistant, non-small-cell lung cancer: a single-group, multicentre,
phase 2 trial. Lancet Oncol. (2016) 17:234-42. doi: 10.1016/S1470-2045(15)00488-X

16. Costa DB, Shaw AT, Ou SH, Solomon BJ, Riely GJ, Ahn MJ, et al. Clinical
experience with Crizotinib in patients with advanced ALK-rearranged non-small-cell
lung Cancer and brain metastases. J Clin Oncol. (2015) 33:1881-8. doi: 10.1200/
JCO.2014.59.0539

17. Gainor JE Dardaei L, Yoda S, Friboulet L, Leshchiner I, Katayama R, et al.
Molecular mechanisms of resistance to first-and second-generation ALK inhibitors in
ALK-rearranged lung Cancer. Cancer Discov. (2016) 6:1118-33. doi: 10.1158/2159-8290.
CD-16-0596

18. Katayama R, Khan TM, Benes C, Lifshits E, Ebi H, Rivera VM, et al. Therapeutic
strategies to overcome crizotinib resistance in non-small cell lung cancers harboring the
fusion oncogene EML4-ALK. Proc Natl Acad Sci USA. (2011) 108:7535-40. doi: 10.1073/
pnas.1019559108

19. Gettinger SN, Bazhenova LA, Langer CJ, Salgia R, Gold KA, Rosell R, et al. Activity
and safety of brigatinib in ALK-rearranged non-small-cell lung cancer and other
malignancies: a single-arm, open-label, phase 1/2 trial. Lancet Oncol. (2016) 17:1683-96.
doi: 10.1016/S1470-2045(16)30392-8

20. Huang WS, Liu S, Zou D, Thomas M, Wang Y, Zhou T, et al. Discovery of
Brigatinib (AP26113), a phosphine oxide-containing, potent, orally active inhibitor of
anaplastic lymphoma kinase. ] Med Chem. (2016) 59:4948-64. doi: 10.1021/acs.
jmedchem.6b00306

21. Uchibori K, Inase N, Araki M, Kamada M, Sato S, Okuno Y, et al. Brigatinib
combined with anti-EGFR antibody overcomes osimertinib resistance in EGFR-mutated
non-small-cell lung cancer. Nat Commun. (2017) 8:14768. doi: 10.1038/ncomms14768

22.Kim DW, Tiseo M, Ahn MJ, Reckamp KL, Hansen KH, Kim SW, et al. Brigatinib
in patients with Crizotinib-refractory anaplastic lymphoma kinase-positive non-small-
cell lung Cancer: a randomized, Multicenter phase II trial. J Clin Oncol. (2017)
35:2490-8. doi: 10.1200/JC0O.2016.71.5904

23. Camidge DR, Kim DW, Tiseo M, Langer CJ, Ahn MJ, Shaw AT, et al. Exploratory
analysis of Brigatinib activity in patients with anaplastic lymphoma kinase-positive non-
small-cell lung Cancer and brain metastases in two clinical trials. J Clin Oncol. (2018)
36:2693-01. doi: 10.1200/JC0O.2017.77.5841

24. Camidge DR, Kim HR, Ahn M]J, Yang JC, Han JY, Lee JS, et al. Brigatinib versus
Crizotinib inALK-positive non-small-cell lung Cancer. N Engl ] Med. (2018)
379:2027-39. doi: 10.1056/NEJMo0al1810171

25. Casaluce F, Sgambato A, Maione P, Rossi A, Ferrara C, Napolitano A, et al. ALK
inhibitors: a new targeted therapy in the treatment of advanced NSCLC. Target Oncol.
(2013) 8:55-67. doi: 10.1007/s11523-012-0250-9

26. Itchins M, Chia PL, Hayes SA, Howell VM, Gill AJ, Cooper WA, et al. Treatment
of ALK-rearranged non-small cell lung cancer: a review of the landscape and approach
to emerging patterns of treatment resistance in the Australian context. Asia Pac J Clin
Oncol. (2017) 13:3-13. doi: 10.1111/ajco.12754

27.NCCN. Clinical practice guidelines in non-small cell lung cancer. Available at:
https://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf (Accessed March 2021)
(2021).

28. Solomon BJ, Besse B, Bauer TM, Felip E, Soo RA, Camidge DR, et al. Lorlatinib in
patients with ALK-positive non-small-cell lung cancer: results from a global phase 2
study. Lancet Oncol. (2018) 19:1654-67. doi: 10.1016/S1470-2045(18)30649-1

29. Cranmer H, Kearns I, Young M, Humphries MJ, Trueman D. The cost-effectiveness
of brigatinib in adult patients with ALK inhibitor-naive ALK-positive non-small cell
lung cancer from a US perspective. ] Manag Care Spec Pharm. (2022) 28:970-9. doi:
10.18553/jmcp.2022.28.9.970

Frontiers in Public Health

10.3389/fpubh.2024.1213318

30.Giuliani J. Brigatinib is a cost-effective treatment in first-line anaplastic
lymphoma kinase mutation-positive (ALK +) advanced non-small cell lung cancer
(NSCLC) with brain metastases. ] Oncol Pharm Pract. (2022) 28:691-4. doi:
10.1177/10781552211073468

31.Luo X, Zhou Z, Zeng X, Peng L, Liu Q. Cost-effectiveness of ensartinib,
crizotinib, ceritinib, alectinib, brigatinib and lorlatinib in patients with anaplastic
lymphoma kinase-positive non-small cell lung cancer in China. Front Public Health.
(2022) 10:985834. doi: 10.3389/fpubh.2022.985834

32.Wu B, Chen H, Shen J, Ye M. Cost-effectiveness of adding rh-endostatin to
first-line chemotherapy in patients with advanced non-small-cell lung cancer in
China. Clin Ther. (2011) 33:1446-55. doi: 10.1016/j.clinthera.2011.09.016

33.Sanders GD, Neumann PJ, Basu A, Brock DW, Feeny D, Krahn M, et al.
Recommendations for conduct, methodological practices, and reporting of cost-
effectiveness analyses: second panel on cost-effectiveness in health and medicine.
JAMA. (2016) 316:1093-03. doi: 10.1001/jama.2016.12195

34.Neumann PJ, Cohen JT, Weinstein MC. Updating cost-effectiveness--the
curious resilience of the $50,000-per-QALY threshold. N Engl | Med. (2014)
371:796-7. doi: 10.1056/NEJMp1405158

35.Paz-Ares L, de Marinis F, Dediu M, Thomas M, Pujol JL, Bidoli P, et al.
Maintenance therapy with pemetrexed plus best supportive care versus placebo plus
best supportive care after induction therapy with pemetrexed plus cisplatin for
advanced non-squamous non-small-cell lung cancer (PARAMOUNT): a double-
blind, phase 3, randomised controlled trial. Lancet Oncol. (2012) 13:247-55. doi:
10.1016/S1470-2045(12)70063-3

36.Cortot AB, Audigier-Valette C, Molinier O, Le Moulec S, Barlesi F, Zalcman
G, et al. Weekly paclitaxel plus bevacizumab versus docetaxel as second-or third-line
treatment in advanced non-squamous non-small-cell lung cancer: results of the
IFCT-1103 ULTIMATE study. Eur ] Cancer. (2020) 131:27-36. doi: 10.1016/j.
€jca.2020.02.022

37. Arias EXJ. United States life tables, 2018. Natl Vital Stat Rep. (2020) 69:1-45.

38.Shepherd FA, Dancey J, Ramlau R, Mattson K, Gralla R, O'Rourke M, et al.
Prospective randomized trial of docetaxel versus best supportive care in patients
with non-small-cell lung cancer previously treated with platinum-based
chemotherapy. J Clin Oncol. (2000) 18:2095-03. doi: 10.1200/JC0.2000.18.10.2095

39.Liu Q, Tan C, Yi L, Wan X, Peng L, Li J, et al. Cost-effectiveness analysis of
pembrolizumab plus chemotherapy as first-line therapy for extensive-stage small-
cell lung cancer. PLoS One. (2021) 16:0258605. doi: 10.1371/journal.pone.0258605

40.Yang Z, Zhu Y, Xiang G, Hua T, Ni ], Zhao J, et al. First-line atezolizumab plus
chemotherapy in advanced non-squamous non-small cell lung cancer: a cost-
effectiveness analysis from China. Expert Rev Pharmacoecon Outcomes Res. (2021)
21:1061-7. doi: 10.1080/14737167.2021.1899813

41. MENET. MENET.com.cn. (2022). Available at: https://www.menet.com.cn/
(Accessed December 20, 2022).

42.Yaozh. YAOZH.com. (2022). Available at: https://www.yaozh.com/ (Accessed
December 20, 2022).

43.CMM. Center for Medicare and Medicaid Services: 2020 physician fee
schedule. Available at: https://www.cms.gov/apps/physician-fee-schedule/search/
search-criteria.aspx. (2020).

44. Moreau P, San Miguel J, Sonneveld P, Mateos MV, Zamagni E, Avet-Loiseau H,
et al. Multiple myeloma: ESMO clinical practice guidelines for diagnosis, treatment
and follow-up. Ann Oncol. (2017) 28:iv52-52iv61. doi: 10.1093/annonc/mdx096

45. CMM. Center for Medicare and Medicaid Services: 2020 Q1 clinical laboratory
fee schedule. Available at: https://www.cms.gov/Medicare/Medicare-Fee-for-
Service-Payment/ClinicalLabFeeSched/Clinical-Laboratory-Fee-Schedule-Files.

(2020).

46.You M, Chen R, Wu Q, Zhu W, He Y, Huang Y. Cost-effectiveness analysis of
adebrelimab combined with chemotherapy for extensive-stage small cell lung cancer.
Front Pharmacol. (2022) 13:1019826. doi: 10.3389/fphar.2022.1019826

47. Whitehead SJ, Ali S. Health outcomes in economic evaluation: the QALY and
utilities. Br Med Bull. (2010) 96:5-21. doi: 10.1093/bmb/1dq033

48.Chouaid C, Agulnik J, Goker E, Herder GJ, Lester JF, Vansteenkiste J, et al.
Health-related quality of life and utility in patients with advanced non-small-cell
lung cancer: a prospective cross-sectional patient survey in a real-world setting. J
Thorac Oncol. (2013) 8:997-03. doi: 10.1097/JTO.0b013e318299243b

49.Nafees B, Lloyd AJ, Dewilde S, Rajan N, Lorenzo M. Health state utilities in
non-small cell lung cancer: an international study. Asia Pac. J Clin Oncol. (2017)
13:€195-195€203. doi: 10.1111/ajco.12477

50.Su D, Wu B, Shi L. Cost-effectiveness of atezolizumab plus bevacizumab vs
sorafenib as first-line treatment of unresectable hepatocellular carcinoma. JAMA
Netw Open. (2021) 4:¢210037. doi: 10.1001/jamanetworkopen.2021.0037

51.Rabin R, de Charro F. EQ-5D: a measure of health status from the EuroQol
group. Ann Med. (2001) 33:337-43. doi: 10.3109/07853890109002087

52.Lin S, Luo S, Zhong L, Lai S, Zeng D, Rao X, et al. Cost-effectiveness of
atezolizumab plus chemotherapy for advanced non-small-cell lung cancer. Int J Clin
Pharm. (2020) 42:1175-83. doi: 10.1007/s11096-020-01076-3

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1213318
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1158/1078-0432.CCR-13-0318
https://doi.org/10.1016/j.cell.2007.11.025
https://doi.org/10.1038/nm.2658
https://doi.org/10.1056/NEJMoa1408440
https://doi.org/10.1056/NEJMoa1704795
https://doi.org/10.1016/S0140-6736(17)30123-X
https://doi.org/10.1158/2159-8290.CD-16-1123
https://doi.org/10.1056/NEJMoa1311107
https://doi.org/10.1056/NEJMoa1311107
https://doi.org/10.1016/S1470-2045(15)00488-X
https://doi.org/10.1200/JCO.2014.59.0539
https://doi.org/10.1200/JCO.2014.59.0539
https://doi.org/10.1158/2159-8290.CD-16-0596
https://doi.org/10.1158/2159-8290.CD-16-0596
https://doi.org/10.1073/pnas.1019559108
https://doi.org/10.1073/pnas.1019559108
https://doi.org/10.1016/S1470-2045(16)30392-8
https://doi.org/10.1021/acs.jmedchem.6b00306
https://doi.org/10.1021/acs.jmedchem.6b00306
https://doi.org/10.1038/ncomms14768
https://doi.org/10.1200/JCO.2016.71.5904
https://doi.org/10.1200/JCO.2017.77.5841
https://doi.org/10.1056/NEJMoa1810171
https://doi.org/10.1007/s11523-012-0250-9
https://doi.org/10.1111/ajco.12754
https://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf
https://doi.org/10.1016/S1470-2045(18)30649-1
https://doi.org/10.18553/jmcp.2022.28.9.970
https://doi.org/10.1177/10781552211073468
https://doi.org/10.3389/fpubh.2022.985834
https://doi.org/10.1016/j.clinthera.2011.09.016
https://doi.org/10.1001/jama.2016.12195
https://doi.org/10.1056/NEJMp1405158
https://doi.org/10.1016/S1470-2045(12)70063-3
https://doi.org/10.1016/j.ejca.2020.02.022
https://doi.org/10.1016/j.ejca.2020.02.022
https://doi.org/10.1200/JCO.2000.18.10.2095
https://doi.org/10.1371/journal.pone.0258605
https://doi.org/10.1080/14737167.2021.1899813
http://MENET.com.cn
https://www.menet.com.cn/
http://YAOZH.com
https://www.yaozh.com/
https://www.cms.gov/apps/physician-fee-schedule/search/search-criteria.aspx
https://www.cms.gov/apps/physician-fee-schedule/search/search-criteria.aspx
https://doi.org/10.1093/annonc/mdx096
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/ClinicalLabFeeSched/Clinical-Laboratory-Fee-Schedule-Files
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/ClinicalLabFeeSched/Clinical-Laboratory-Fee-Schedule-Files
https://doi.org/10.3389/fphar.2022.1019826
https://doi.org/10.1093/bmb/ldq033
https://doi.org/10.1097/JTO.0b013e318299243b
https://doi.org/10.1111/ajco.12477
https://doi.org/10.1001/jamanetworkopen.2021.0037
https://doi.org/10.3109/07853890109002087
https://doi.org/10.1007/s11096-020-01076-3

Liu et al.

53. Burudpakdee C, Wong W, Seetasith A, Corvino FA, Yeh W, Gubens M. Economic
impact of preventing brain metastases with alectinib in ALK-positive non-small cell
lung cancer. Lung Cancer. (2018) 119:103-11. doi: 10.1016/j.lungcan.2018.03.008

54. Zhou ZY, Mutebi A, Han S, Bensimon AG, Louise Ricculli M, Xie J, et al. Cost-
effectiveness of ceritinib in previously untreated anaplastic lymphoma kinase-positive
metastatic non-small cell lung cancer in the United States. ] Med Econ. (2018) 21:577-86.
doi: 10.1080/13696998.2018.1443111

55. Lin HM, Pan X, Hou P, Huang H, Wu Y, Ren K, et al. Economic burden in patients
with ALK + non-small cell lung cancer, with or without brain metastases, receiving second-
line anaplastic lymphoma kinase (ALK) inhibitors. ] Med Econ. (2020) 23:894-01. doi:
10.1080/13696998.2020.1762620

56. Wu Y, Ren K, Wan Y, Lin HM. Economic burden in patients with anaplastic lymphoma
kinase (ALK)-positive non-small cell lung cancer (NSCLC), with or without brain
metastases, receiving first-line ALK inhibitors. ] Oncol Pharm Pract. (2022) 29:1418-27. doi:
10.1177/10781552221126174

57. Kantarjian HM, Fojo T, Mathisen M, Zwelling LA. Cancer drugs in the United States:
Justum Pretium--the just price. J Clin Oncol. (2013) 31:3600-4. doi: 10.1200/
JCO.2013.49.1845

58. Kelly RJ, Hillner BE, Smith TJ. Cost effectiveness of crizotinib for anaplastic lymphoma
kinase-positive, non-small-cell lung cancer: who is going to blink at the cost. J Clin Oncol.
(2014) 32:983-5. doi: 10.1200/JC0O.2013.54.6002

59. Loong HH, Wong C, Leung L, Chan C, Chang A, Zhou ZY, et al. Cost-effectiveness
analysis of ceritinib vs. crizotinib in previously untreated anaplastic lymphoma kinase
(ALK)-positive non-small cell lung cancer (NSCLC) in Hong Kong. Cost Eff Resour Alloc.
(2020) 18:50. doi: 10.1186/s12962-020-00244-6

60.Nilsson F, Asanin ST, Masters ET, Tadeluca L, Almond C, Cooper M, et al. The
cost-effectiveness of Lorlatinib versus chemotherapy as a second-or third-line

Frontiers in Public Health

10

10.3389/fpubh.2024.1213318

treatment in anaplastic lymphoma kinase (ALK)-positive non-small-cell lung
Cancer in Sweden. PharmacoEconomics. (2021) 39:941-52. doi: 10.1007/
540273-021-01015-8

61.Bach PB, Pearson SD. Payer and policy maker steps to support value-based
pricing for drugs. JAMA. (2015) 314:2503-4. doi: 10.1001/jama.2015.16843

62.Bach PB. Indication-specific pricing for cancer drugs. JAMA. (2014)
312:1629-30. doi: 10.1001/jama.2014.13235

63. Trusheim MR, Cassidy WM, Bach PB. Alternative state-level financing for
hepatitis C treatment-the “Netflix model”. JAMA. (2018) 320:1977-8. doi: 10.1001/
jama.2018.15782

64.Prasad V, Mailankody S. The UK Cancer drugs fund experiment and the US
Cancer drug cost problem: bearing the cost of Cancer drugs until it is unbearable.
Mayo Clin Proc. (2016) 91:707-12. doi: 10.1016/j.mayocp.2016.04.028

65. Mailankody S, Prasad V. Five years of Cancer drug approvals: innovation,
efficacy, and costs. JAMA Oncol. (2015) 1:539-40. doi: 10.1001/jamaoncol.2015.0373

66. Camidge DR, Kono SA, Lu X, Okuyama S, Barén AE, Oton AB, et al. Anaplastic
lymphoma kinase gene rearrangements in non-small cell lung cancer are associated
with prolonged progression-free survival on pemetrexed. ] Thorac Oncol. (2011)
6:774-80. doi: 10.1097/JTO.0b013e31820cf053

67.Shaw AT, Varghese AM, Solomon BJ, Costa DB, Novello S, Mino-Kenudson
M, et al. Pemetrexed-based chemotherapy in patients with advanced, ALK-positive
non-small cell lung cancer. Ann Oncol. (2013) 24:59-66. doi: 10.1093/annonc/
mds242

68.Eddy DM, Hollingworth W, Caro JJ, Tsevat ], McDonald KM, Wong JB, et al.
Model transparency and validation: a report of the ISPOR-SMDM Modeling good
research practices task force--7. Value Health. (2012) 15:843-50. doi: 10.1016/j.
jval.2012.04.012

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1213318
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.lungcan.2018.03.008
https://doi.org/10.1080/13696998.2018.1443111
https://doi.org/10.1080/13696998.2020.1762620
https://doi.org/10.1177/10781552221126174
https://doi.org/10.1200/JCO.2013.49.1845
https://doi.org/10.1200/JCO.2013.49.1845
https://doi.org/10.1200/JCO.2013.54.6002
https://doi.org/10.1186/s12962-020-00244-6
https://doi.org/10.1007/s40273-021-01015-8
https://doi.org/10.1007/s40273-021-01015-8
https://doi.org/10.1001/jama.2015.16843
https://doi.org/10.1001/jama.2014.13235
https://doi.org/10.1001/jama.2018.15782
https://doi.org/10.1001/jama.2018.15782
https://doi.org/10.1016/j.mayocp.2016.04.028
https://doi.org/10.1001/jamaoncol.2015.0373
https://doi.org/10.1097/JTO.0b013e31820cf053
https://doi.org/10.1093/annonc/mds242
https://doi.org/10.1093/annonc/mds242
https://doi.org/10.1016/j.jval.2012.04.012
https://doi.org/10.1016/j.jval.2012.04.012

	Cost-effectiveness of first-line versus second-line use of brigatinib followed by lorlatinib in patients with ALK-positive non-small cell lung cancer
	Introduction
	Methods
	Model framework
	Participants and interventions
	Survival model and progression risk estimates
	Cost estimates
	Utility estimates
	Sensitivity analysis

	Results
	Base-case analysis
	Sensitivity analysis

	Discussion
	Data availability statement
	Author contributions

	References

