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Abstract
Background We aimed to investigate the cost effectiveness of lorlatinib, a third-generation anaplastic lymphoma kinase 
(ALK) tyrosine kinase inhibitor (TKI), used first-line in Sweden to treat patients with ALK-positive (ALK+) non-small 
cell lung cancer (NSCLC). In January 2022, the European Medicines Agency (EMA) extended its approval of lorlatinib to 
include adult patients with ALK+ NSCLC not previously treated with an ALK inhibitor. Extended first-line approval was 
based on results from CROWN, a phase III randomized trial that enlisted 296 patients randomized 1:1 to receive lorlatinib 
or crizotinib. Our analysis compared lorlatinib against the first-generation ALK-TKI crizotinib, and second-generation ALK 
TKIs alectinib and brigatinib.
Methods A partitioned survival model with four health states [pre-progression, non-intracranial (non-central nervous system 
[CNS]) progression, CNS progression, and death] was constructed. The progressed disease state (which is typically mod-
elled in cost-effectiveness analyses of oncology treatments) was explicitly separated into non-CNS and CNS progression as 
brain metastases, which are common in NSCLC, and can have a large impact on patient prognosis and health-related qual-
ity of life. Treatment effectiveness estimates in the lorlatinib and crizotinib arms of the model were derived from CROWN 
data, while indirect relative effectiveness estimates for alectinib and brigatinib were informed using network meta-analysis 
(NMA). Utility data were derived from the CROWN study in the base case, and cost-effectiveness results were compared 
when applying UK and Swedish value sets. Costs were obtained from Swedish national data. Deterministic and probabilistic 
sensitivity analyses were conducted to test model robustness.
Results Fully incremental analysis identified crizotinib as the least costly and least effective treatment. Brigatinib was 
extendedly dominated by alectinib and, subsequently, alectinib was extendedly dominated by lorlatinib. Lorlatinib was 
associated with an incremental cost-effectiveness ratio (ICER) of Swedish Krona (SEK) 613,032 per quality-adjusted life-
year (QALY) gained compared with crizotinib. Probabilistic results were generally consistent with deterministic results, 
and one-way sensitivity identified NMA HRs, alectinib and brigatinib treatment duration, and the CNS-progressed utility 
multiplier as key model drivers.
Conclusions The ICER of SEK613,032 for lorlatinib versus crizotinib falls below the typical willingness-to-pay threshold per 
QALY gained for high-severity diseases in Sweden (approximately SEK1,000,000). Furthermore, as brigatinib and alectinib 
were extendedly dominated in the incremental analysis, the results of our study indicate that lorlatinib may be considered a 
cost-effective treatment option for first-line patients with ALK+ NSCLC in Sweden when compared with crizotinib, alec-
tinib, and brigatinib. Longer-term follow-up data for endpoints informing treatment effectiveness for all first-line treatments 
would help to reduce uncertainty in the findings.
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Key Points for Decision Makers 

Our analysis, based on CROWN trial data and network 
meta-analysis (NMA), suggests first-line treatment 
with lorlatinib is likely to be a cost-effective option for 
patients affected by anaplastic lymphoma kinase (ALK)-
positive non-small cell lung cancer.

Treating with lorlatinib instead of first- and second-gen-
eration ALK tyrosine kinase inhibitors leads to substan-
tial gains in quality-adjusted life-years.

The results are robust but the cost effectiveness of lor-
latinib is most sensitive to the utility multiplier for the 
CNS-progressed health state, relative efficacy derived 
from the NMA, and the alectinib and brigatinib treat-
ment duration.

1 Introduction

Non-small cell lung cancer (NSCLC) is an epithelial lung 
cancer responsible for 80–85% of all lung cancers [1]. In 
Sweden, 4657 new cases were diagnosed in 2018 alone [2]. 
NSCLC can be asymptomatic and is typically diagnosed 
after metastasizing to other organs, particularly the central 
nervous system (CNS). The prognosis is poor as patients 
typically develop resistance to traditional therapy [3, 4].

Anaplastic lymphoma kinase (ALK) is a key oncogenic 
driver in NSCLC [5]. In Sweden, estimates suggest the prev-
alence of newly diagnosed ALK mutation-positive (ALK+) 
NSCLC is 60–80 patients eligible to start treatment per year 
[6–8]. At diagnosis, studies show up to 40% of people with 
ALK+ metastatic NSCLC already have brain metastases 
[9–11].

In Sweden, guidelines for treating ALK+ NSCLC are 
based on European Society for Medical Oncology (ESMO) 
recommendations [8, 12]. The latest national lung cancer 
treatment programme recommends that patients with ALK 
rearrangement should be treated with an ALK tyrosine 
kinase inhibitor (ALK-TKI). For clinicians, the first-choice 
ALK-TKIs are alectinib and brigatinib; alternatives are cri-
zotinib and ceritinib, however ceritinib has not been evalu-
ated by Tandvårds- och läkemedelsförmånsverket (TLV, the 
Dental and Pharmaceutical benefits Agency).

In Sweden, 2021 data from the National Board of Health 
and Welfare, National Prescribed Drug Register, show 108 
patients were initiated on first-line ALK-TKI treatment. The 
breakdown was 35 patients initiated on crizotinib, 62 on 

alectinib, 6 on ceritinib and 5 on lorlatinib; no patients were 
initiated on brigatinib [13].

Lorlatinib is a third-generation TKI that targets ALK and 
receptor tyrosine kinase c-ros oncogene 1 (ROS1). In 2019, 
the European Medicines Agency (EMA) approved lorlatinib 
to treat adult patients with ALK+ metastatic NSCLC with 
disease that progressed on either crizotinib and at least one 
other ALK inhibitor for metastatic disease, or alectinib or 
ceritinib as the first ALK inhibitor therapy for metastatic 
disease [14]. In January 2022, the EMA extended the indi-
cation to enable first-line lorlatinib to treat adult patients 
with ALK+ NSCLC previously not treated with an ALK 
inhibitor [14]. Following the EMA’s initial decision, in Swe-
den in September 2019, healthcare regulator TLV decided 
to reimburse lorlatinib at second-line or later (after treat-
ment with alectinib, ceritinib or crizotinib) based on benefit 
of treatment on progressive NSCLC, a condition leading to 
reduced quality of life and short life expectancy. TLV esti-
mated the cost per quality-adjusted life-year (QALY) gained 
was Swedish Krona (SEK) 730,000–980,000 for lorlatinib 
compared with platinum-based chemotherapy at second-line 
or later. TLV concluded the cost was reasonable based on the 
benefit of treatment and the severity of disease [15]. Follow-
ing the EMA’s extension decision, TLV decided in March 
2022 to also reimburse lorlatinib as a first-line treatment. 
The first-line TLV decision was not based on a cost-utility 
model; it stated that since lorlatinib is at least as effective as 
the most relevant comparator alectinib, and since the treat-
ment costs are similar, lorlatinib is a cost-effective treatment 
alternative [16].

The EMA based its lorlatinib extended first-line approval 
on CROWN [17], a phase III randomized trial that enlisted 
296 patients with previously untreated advanced ALK+ 
NSCLC (randomized 1:1 to receive lorlatinib or crizotinib). 
Patients in CROWN were randomized by ethnic group 
(Asian/non-Asian) and, notably, the presence of brain metas-
tases at baseline (yes/no).

We developed an economic model to assess the cost effec-
tiveness of lorlatinib as a first-line treatment for patients 
with advanced ALK+ NSCLC in Sweden, versus existing 
treatment options—crizotinib, alectinib and brigatinib. The 
model considers whether the additional QALYs gained are 
worth the additional cost of lorlatinib compared with these 
existing treatments at willingness-to-pay thresholds used in 
Sweden.

2  Methods

2.1  Model Structure

The cost-effectiveness model was created in Microsoft 
 Excel® (Microsoft Corporation, Redmond, WA, USA) and 
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uses a partitioned survival approach. There are four health 
states: progression-free, non-CNS-progressed disease, 
CNS-progressed disease, and death (Fig. 1). This structure 
was chosen over alternative approaches as it reflects the 
progressive natural history of NSCLC, allowing pre- and 
post-progression differences in health-related quality of life 
(HRQoL) and costs to be captured. Furthermore, partitioned 
survival models have been accepted in first- and later-line 
ALK+ NSCLC by both TLV and the National Institute for 
Health and Care Excellence (NICE) [15, 16, 18–22]. To 
use an alternative structure such as a Markov model would 
require additional outcomes (including time to progression 
and post-progression survival), which were highly imma-
ture in the CROWN trial and were not available for com-
parator treatments alectinib and brigatinib. Therefore, use 
of a Markov approach would add complexity and increase 
uncertainty and would be unlikely to produce a robust result.

By explicitly capturing non-CNS-progressed disease and 
CNS-progressed disease, the model reflects the substantial 
impact of intracranial progression on patient prognosis 
(further influencing HRQoL and resource use). This four-
state model structure was used in recent NICE technology 
appraisals in first-line ALK-positive NSCLC in the UK for 
alectinib and brigatinib (TA536 and TA670) [19, 20]. Simi-
larly, CNS-progression costs were considered in the TLV 
evaluation of alectinib [18].

A 30-years lifetime horizon was considered in the base-
case analysis. A 30-days cycle length was considered appro-
priate to adequately capture transitions and reflect changes in 
health. A half-cycle correction was applied to costs (except 
for those known to occur at the start of a cycle) and out-
comes. In line with Swedish health technology assessment 
guidance, a 3% time-preference discount rate was applied to 
costs and outcomes and a societal perspective was used in 
the base-case analysis [23].

2.2  Patient Population

The CROWN study used to inform this analysis included 
patients with locally advanced or metastatic ALK+ NSCLC 
who had received no previous systemic treatment for meta-
static disease. Adjuvant/neoadjuvant NSCLC treatment was 
only allowed if completed more than 12 months before ran-
domization [17]. In the intention-to-treat (ITT) population, 
patients were randomized, with 149 receiving lorlatinib and 
147 receiving crizotinib. The baseline age of the cohort was 
57.4 years, 59.1% of patients were female, and 26.4% of 
patients had brain metastases at baseline.

2.3  Efficacy and Safety

To inform efficacy in the lorlatinib and crizotinib arms 
of the model, parametric survival curves (exponential, 

generalized gamma, gompertz, log-logistic, log-normal, 
Weibull and gamma) were fit to time-to-event endpoints 
from CROWN. Extrapolation of overall survival (OS), 
intracranial progression-free survival (CNS-PFS), PFS and 
time-on-treatment (ToT) data for lorlatinib and crizotinib 
were performed to estimate outcomes beyond the observed 
duration of the clinical trial, as observed data were not 
complete at the data cut-off used to inform these analyses 
(20 March 2020).

Parametric curves were fit separately to the lorlatinib and 
crizotinib arms, as it is not necessary to rely on the propor-
tional hazards assumption and fit joint models when patient-
level data are available. For lorlatinib and crizotinib, Weibull 
curves were selected for OS and exponential curves selected 
across all other endpoints (further information including 
justification for this choice is provided in electronic sup-
plementary Appendix 1). Curve selection was based on the 
plausibility of long-term extrapolations and ensuring con-
sistency of curve shape across treatment arms and correlated 
endpoints (for example, ToT and PFS) where possible, as 
well as recent precedent in first-line ALK+ NSCLC submis-
sions to the TLV and NICE (TA670 and TA536) [18–20]. 
Precedent was considered here given that all treatments 
considered are ALK-TKIs and have the same mechanism of 
action. We therefore expect that the shape of curves should 
be similar for all treatment arms and may be aligned with 
that accepted in previous analyses of comparator treatments. 
Although consideration was given to the statistical good-
ness-of-fit of models to the observed data, less weight was 
placed on statistical fit due to the immaturity of the CROWN 
data at cut-off.

To compare against relevant treatments outside of 
CROWN (alectinib and brigatinib), a systematic review of 
the literature and subsequent network meta-analysis (NMA) 
of randomized controlled trials was conducted. The NMA 
produced hazard ratios (HRs) versus baseline (crizotinib) 
as the treatment effect estimate. We applied the HRs to OS 
and PFS extrapolations to predict outcomes for alectinib and 
brigatinib. Within the analysis, a network for the CNS-PFS 
and ToT endpoints could not be formed due to a lack of 
published data in comparator trials. Consequently, alterna-
tive approaches were used to estimate CNS-PFS and ToT 
for treatments outside of CROWN. For all endpoints, the 
hazard of survival was capped based on expected general 
population survival data.

In the NMA, a network was formed between lorlatinib, 
brigatinib and alectinib through the CROWN (lorlatinib vs. 
crizotinib), ALEX (alectinib vs. crizotinib) and ALTA-1L 
(brigatinib vs. crizotinib) studies. In ALEX, 303 patients 
aged ≥18  years with untreated, stage IIIB/IV ALK+ 
NSCLC with an Eastern Cooperative Oncology Group 
(ECOG) performance score of 0–2 were randomized to 
receive alectinib 600 mg twice daily or crizotinib 250 mg 



664 J. Naik et al.

twice daily [9]. In ALTA-1L, 275 patients with advanced 
ALK-positive NSCLC who had not previously received 
ALK inhibitors were randomized 1:1 to brigatinib 180 mg 
once daily (with a 7-days lead-in period at 90 mg) or cri-
zotinib 250 mg twice daily [24].

Three of the studies identified in the systematic lit-
erature review were conducted solely in Asian countries 
(ALESIA, PROFILE 1029 and J-ALEX) [25–27], whereas 
other identified studies were conducted globally. These 
three additional studies were not included in the network 
informing the base-case analysis, as they may not be con-
sidered generalizable to Sweden. However, the impact of 
including studies conducted solely in Asian countries was 
explored in a scenario analysis.

NMA results for all OS networks considered in the analy-
sis—remove all-Asian studies (base case) and ITT (scenario 
analysis)—were adjusted for crossover, which was permitted 
in the ALTA-1L trial. As the OS results may be affected by 
patients crossing from one treatment arm to another after 
progression, the crossover-adjusted NMA HRs provide a 
fairer comparison across all trials.

NMA results for the PFS endpoint indicate that alectinib 
(HR 0.50, 95% credible interval [CrI] 0.36–70) and brig-
atinib (HR 0.49, 95% CrI 0.35–0.68) reduce the continu-
ous probability of experiencing progression or death com-
pared with crizotinib. Similarly, for the OS endpoint, point 
estimate NMA results were favourable for alectinib (HR 

0.69, 95% CrI 0.47–1.01) and brigatinib (HR 0.87, 95% CrI 
0.41–1.85) compared with crizotinib. For both OS and PFS, 
NMA results were consistent in the ITT scenario (which 
included studies conducted in all-Asian countries).

As it was not possible to form a network for CNS-PFS, 
an endpoint rarely reported in clinical trial publications, we 
tested two alternative assumptions for estimating alectinib 
and brigatinib. First, we assumed the output of the PFS 
NMA (HRs vs. crizotinib) was applicable to CNS-PFS. In a 
scenario analysis, HRs from a network of intracranial time to 
progression (CNS-TTP) were used as a proxy for CNS-PFS. 
The CNS-TTP as a proxy for the CNS-PFS scenario was not 
selected in the base-case model, as, unlike in PFS, deaths are 
not considered events in TTP endpoints.

As Kaplan–Meier data for ToT were not reported for 
treatments outside of CROWN, ToT curves were estimated 
by fitting an exponential distribution to unadjusted median 
reported treatment duration for alectinib (median ToT, 28.10 
months) [28] and brigatinib (median ToT, 24.30 months) 
[20]. This approach is consistent with the approach accepted 
in the brigatinib NICE appraisal [20]. As the alectinib EMA 
license states treatment should be continued until disease 
progression or unacceptable toxicity, and the brigatinib 
EMA license indicates that treatment should continue as 
long as clinical benefit is observed [29, 30], a scenario analy-
sis is explored assuming ToT is equal to PFS for treatments 
outside of CROWN. Similarly, a scenario analysis assuming 

Fig. 1  Model structure diagram. Patients enter the model in the pro-
gression-free state and receive lorlatinib or a comparator therapy, 
either crizotinib, alectinib or brigatinib. Patients in the progression-
free state may remain progression-free, their cancer may progress 
with or without CNS involvement, or they may die. Patients with non-
CNS-progressed disease may remain in their current state, experience 

CNS progression, or die. CNS-progressed patients can remain alive 
with CNS-progressed disease or die. Death is an absorbing state. The 
three alive health states—progression-free, non-CNS-progressed, and 
CNS progressed, are further divided into on-treatment and off-treat-
ment to reflect costs and HRQoL more accurately. CNS central nerv-
ous system, HRQoL health-related quality of life
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ToT is equal to PFS for all treatments (including lorlatinib 
and crizotinib) is presented.

A summary of survival curves used to derive health state 
occupancy over time in the cost-effectiveness model, derived 
from the CROWN patient-level data analyses and NMA, is 
presented in electronic supplementary Appendix 2.

Unadjusted safety data were taken from the relevant 
clinical trials for each treatment (electronic supplementary 
Appendix 3), to capture the impact of adverse events (AE) 
on costs and HRQoL.

2.4  Health‑Related Quality of Life

The primary health outcome in the cost-effectiveness analy-
sis is the QALY, a composite measure of quantity and qual-
ity of life generated by weighting LYs with a utility value 
representing HRQoL.

In the UK, NICE prefers the use of utility values cal-
culated from the three-level EQ-5D (EQ-5D-3L) value set 
[31]. EQ-5D-5L data from CROWN were mapped to the 
EQ-5D-3L value set using the van Hout et al. [32] crosswalk 
algorithm. Although in Sweden the British value set is pre-
ferred by the TLV, the impact of applying the 5L Swedish 
value set [33] is tested in scenario analysis.

To capture the impact of CNS progression on HRQoL, 
a utility multiplier derived from Roughley et al. for CNS 
progression versus non-CNS progression was applied [34]. 
Roughley et al. considered patients with stage IV NSCLC 
and evaluated them for the impact of brain metastases versus 
other metastatic sites. They found the EQ-5D utility value 
associated with brain metastases was 0.52 compared with 
0.69 for contralateral lung metastases, resulting in a multi-
plier of 75.36%. This approach was accepted by NICE in the 
recent appraisal of brigatinib for first-line ALK+ NSCLC 
[20]. AE disutility values are not considered in the base-case 
analysis; it is assumed that health state utility values derived 
from the trial capture the impact of any AEs. An age-related 
utility adjustment over time is applied using UK general 
population values as reported by Ara and Brazier [35], to 
account for a natural decline in HRQoL due to age.

Table 1 summarizes utility values applied to the base-
case analysis and scenario analysis; CROWN utility values 
derived using the Swedish value set, utility values sourced 
from ALTA-1L and ALEX were tested in scenario analysis 
(as reported in NICE TA670 and TA536) [19, 20].

2.5  Resource Use and Costs

The analysis considered the following cost categories: drug 
costs, subsequent treatment costs, resource use costs, end-
of-life care costs, AE management costs, and societal costs. 
ALK testing costs were not considered as all first-line treat-
ments require confirmed ALK+ status; therefore, the costs 

of ALK testing would be equal for all treatment arms and 
would not impact the ICERs. A 2021 cost year was used for 
the analysis as this reflects the latest available costs at the 
time of the analysis. There were no changes in drug costs 
between 2021 and 2022. Any changes in other costs are 
expected to have a negligible impact on the results.

The model included drug list prices per pack for lor-
latinib (SEK50,458.70; 30  ×  100 mg tablets), crizo-
tinib (SEK44,434.63; 60  ×  250 mg tablets), alectinib 
(SEK47,655.97; 224 × 150 mg capsules), and brigatinib 
(SEK47,653.62; 28 × 180 mg tablets) [36]. A brigatinib 
starter pack (7 tablets × 90 mg and 21 tablets × 180 mg) 
was also included (SEK47,653.62) for the first 28-days 
treatment cycle. We assumed oral administration costs were 
implicitly captured by the difference in pharmacy purchas-
ing prices and pharmacy selling prices. Total acquisition 
costs were calculated based on pack prices (assuming whole 
packs are dispensed and therefore including wastage); the 
recommended dosing schedules for lorlatinib (100 mg once 
daily), crizotinib (250 mg twice daily), alectinib (600 mg 
twice daily) and brigatinib (starter pack followed by 180 mg 
once daily); and the proportion of patients on-treatment each 
cycle [37–39]. Considering relative dose intensity (elec-
tronic supplementary Appendix 4) resulted in per 30-days 
model cycle costs of lorlatinib (SEK47,986.01), crizotinib 
(SEK43,612.59), alectinib (SEK49,936.65), and brigatinib 
(SEK47,358.34).

Subsequent treatment costs, which were applied to newly 
progressed patients using the proportion of PFS events that 
were progressions (90%), were estimated using the distribu-
tion of subsequent treatments received in the relevant clini-
cal trials for each first-line treatment, list prices, and median 
second-line treatment durations reported in the literature. 
Administration costs of SEK5878 were included for subse-
quent treatments administered via intravenous infusion [40]. 
Subsequent treatment distributions, unit costs and durations, 
and the resulting per cycle costs applied following each first-
line treatment are provided in electronic supplementary 
Appendix 5.

Resource use costs were stratified by health state but 
were assumed to be equal across ALK TKIs. Aggregate 
resource use costs were applied each model cycle to patients 
in the pre-progression (SEK1774) and post-progression 
(SEK3620) states. We assumed these aggregate costs 
reflect medical appointments (general practitioners, nurses 
and specialists), computerized tomography scans, x-rays 
and radiotherapy. The resource use costs associated with 
experiencing CNS progression were applied as a one-off 
lump sum to the proportion of patients entering the CNS-
progressed state each cycle (SEK98,280). This is in accord-
ance with the previous TLV appraisal of alectinib [18] and 
is appropriate since it captures the additional costs that are 
related to the event of CNS progression. Health state costs 
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were based on values previously accepted by the TLV in 
the appraisal of alectinib for ALK+ NSCLC, uplifted to a 
2021 cost year [18]. The proportion of patients experiencing 
one-off CNS-PFS costs in each state was estimated using 
the proportion of CNS-PFS events observed in the CROWN 
study that were progressions (68%). Due to the uncertainty 
introduced by uplifting the published Swedish costs, the 
impact of using a micro-costing approach to healthcare 
resource use was explored in a scenario analysis. In the 
micro-costing approach, Swedish unit costs for individual 
resources (reported in electronic supplementary Appendix 6) 
are applied to the frequency of physician visits and tests and 
procedures, as reported in prior NICE appraisals in ALK+ 
NSCLC in the UK [19].

The cost-effectiveness analysis captured grade 3 or higher 
treatment-emergent AEs (all-causality) occurring in 5% 
or more of patients in the lorlatinib or crizotinib arms of 
CROWN, the alectinib arm of ALEX, or the brigatinib arm 
of ALTA-1L. To avoid biasing in favour of treatments with 
a shorter trial follow-up, annual AE rates were calculated 
using average treatment duration and total patient numbers. 
AE unit costs were sourced from standard Swedish sources 
(reported in electronic supplementary Appendix 3). Annual 
per patient AE costs applied in the model were SEK1506 
for lorlatinib, SEK1735 for crizotinib, SEK435 for alectinib, 
and SEK626 for brigatinib.

Societal costs were included in the model as productiv-
ity gains for patients in the progression-free health state. 
Productivity gains were calculated using the average labour 
force participation rate in Sweden (75.6%) [41], the propor-
tion of work hours lost (8%) [42] based on a chart review of 
second-line ALK+ NSCLC patients treated with crizotinib, 
and the average monthly salary in Sweden, including com-
pulsory employer contributions (SEK47,442.62) [43, 44].

3  Analysis

The primary outcomes of the analysis were lifetime costs, 
LYs and QALYs. Outcomes were presented in disaggregated 
form by model health state and cost category. Cost-effective-
ness results were calculated as the ICER (cost per QALY 
gained). Pairwise ICERs were calculated for lorlatinib versus 
each comparator. Furthermore, in fully incremental analy-
sis, all treatments were compared simultaneously; treatments 
were ranked in order of least to most expensive before ICERs 
were calculated, treatments with a higher ICER than the next 
most effective treatment were excluded from the analysis as 
extendedly dominated, and ICERs were recalculated.

Sensitivity analyses were conducted to test the robustness 
of model results to parametric uncertainty. In one-way sensi-
tivity analyses (OWSAs), key model drivers were identified 
by varying inputs in turn at their lower and upper bound and 
recording model results. In probabilistic sensitivity analysis, 
all uncertain inputs were simultaneously, randomly sampled 
from an assigned probability distribution (rather than using 
a point estimate per deterministic analysis) and costs and 
outcomes were recorded over 5000 probabilistic iterations. 
Probability distributions were chosen based on the charac-
teristics of the parameters. Beta distributions were used for 
parameters bounded between 0 and 1, CODA samples from 
the NMA were used for the HRs, multivariate normal distri-
butions were used for correlated parameters such as survival 
curve parameters, Dirichlet distributions were used for mul-
tinomial distributions, and normal distributions were used 
for all other parameters.

Various scenario analyses were conducted to explore 
methodological and structural uncertainty, including testing 
alternative discount rates, time horizons, NMA subgroups, 
utility value sources, and resource use costing approaches.

3.1  Validation

Model validation was carried out throughout development. 
Internal validity and technical accuracy were checked rou-
tinely by the model developers and by an independent health 

Table 1  Utility values applied 
in the base-case and scenario 
analysis

CNS central nervous system, TA technology appraisal

Health state Base-case Scenario analysis

CROWN (UK 
value set)

CROWN (Swed-
ish value set)

ALEX (TA536) ALTA-1L 
(TA670)

Pre-progression (on-treatment) 0.880 0.917 0.814 0.793
Pre-progression (off-treatment) 0.802 0.878 0.814 0.793
Post-progression (on-treatment) 0.851 0.904 0.725 0.624
Post-progression (off-treatment) 0.773 0.865 0.725 0.624
CNS-progressed multiplier; Rough-

ley et al. [34]
75.36%
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economist not involved in the development, using a compre-
hensive checklist that included all elements discussed in the 
Assessment of the Validation Status of Health-Economic 
decision models (AdViSHE) validation-assessment tool. 
Errors identified during the quality control checks were 
addressed in the final economic model [45].

4  Results

Table 2 presents deterministic pairwise results for lorlatinib 
against crizotinib, alectinib, and brigatinib, respectively. 
The fully incremental analysis shows crizotinib is the least 
costly and least effective treatment (generating 3.35 QALYs 
at a total cost of SEK1,293,552). Brigatinib is extendedly 
dominated having a higher ICER compared with crizotinib 
(SEK1,165,967) than alectinib compared with brigatinib 
(SEK550,574), and alectinib produces more QALYs than 
both crizotinib and brigatinib. Alectinib has an ICER of 
SEK901,147 (incremental costs SEK1,222,557, incremen-
tal QALYs 1.36) compared with crizotinib. However, lorla-
tinib has an ICER of SEK291,680 compared with alectinib 
(incremental costs SEK354,784, incremental QALYs 1.22). 
Alectinib is therefore extendedly dominated by lorlatinib. 
Lorlatinib is associated with an ICER of SEK613,032 per 
QALY gained compared with crizotinib. The cost-effective-
ness frontier is presented in Fig. 2.

OWSA identified the utility values reported by Roughley 
et al. for contralateral lung metastases and brain metastases; 
the alectinib and brigatinib OS HRs versus crizotinib; and 
the alectinib and brigatinib median reported treatment dura-
tions as the parameters with the greatest influence on cost-
effectiveness results. The OWSA results are presented in 
electronic supplementary Appendix 7. Probabilistic results 
were generally consistent with deterministic results, with 
average costs and QALYs over 5000 iterations indicating 

that brigatinib and alectinib are extendedly dominated 
and lorlatinib is associated with a probabilistic ICER of 
SEK654,908 versus crizotinib. Figure 3 presents the cost-
effectiveness acceptability curve for all included treatments. 
Probabilistic results indicate that lorlatinib is most likely 
to be the cost-effective treatment option at willingness-to-
pay thresholds of approximately SEK600,000 and above. 
Table 3 presents results of the scenario analysis. Lorlatinib 
remains the treatment of choice in all scenarios based on 
the willingness-to-pay threshold in Sweden (approximately 
SEK1,000,000) [46]

When conducting the analysis from a payer perspec-
tive, ICERs for lorlatinib versus crizotinib, alectinib, and 
brigatinib increased by SEK37,480, SEK47,797 and SEK 
31,367, respectively. When testing utility values derived 
from CROWN using the Swedish value set, ICERs for lor-
latinib versus all other comparators decreased; conversely, 
applying utility values derived from ALEX and ALTA-1L 
(reported in prior NICE appraisals) increased ICERs for 
lorlatinib versus comparators. All pairwise ICERs in sce-
nario analysis for lorlatinib versus crizotinib, alectinib, and 
brigatinib remained below a willingness-to-pay threshold of 
SEK1,000,000 per QALY gained, suggesting model findings 
were robust to methodological uncertainties.

5  Discussion

To our knowledge, this is the first cost-effectiveness study 
of lorlatinib for the first-line treatment of ALK+ NSCLC in 
Sweden. A cost-effectiveness study of lorlatinib as a first-
line treatment of ALK+ NSCLC in the US was published 
by Li et al. [47]. This study was not deemed relevant to our 
analysis given that the US healthcare system is very differ-
ent to that in Sweden. Furthermore, the study included only 
a comparison with crizotinib and did not include alectinib 

Table 2  Deterministic cost-
effectiveness results

ICER incremental cost-effectiveness ratio, LY life year, SEK Swedish Krona, QALYs quality-adjusted life-
year

Outcome Total Incremental (lorlatinib versus)

Lorlatinib Crizotinib Alectinib Brigatinib Crizotinib Alectinib Brigatinib

Costs (SEK) 2,870,893 1,293,552 2,516,109 2,194,679 1,577,341 354,784 676,215
 Treatment 2,335,917 590,357 1,892,432 1,574,355 1,745,560 443,485 761,562
 Subsequent treatment 361,420 405,781 326,948 368,721 −44,361 34,472 −7301
 Resource use 236,283 260,276 303,055 256,155 −23,993 −66,773 −19,873
 End-of-life 68,829 76,363 71,720 74,817 −7535 −2891 −5988
 Adverse event 5966 1860 1338 1687 4107 4629 4280
 Societal −137,522 −41,085 −79,384 −81,056 −96,437 −58,138 −56,466

LYs 9.21 5.89 8.09 6.64 3.33 1.13 2.58
QALYs 5.93 3.35 4.71 4.13 2.57 1.22 1.80
ICER (SEK/QALY) – – – – 613,032 291,680 375,642
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or brigatinib, both of which are relevant comparators in 
Sweden, and the model did not consider CNS progression, 
which has been shown to be an outcome of interest in ALK+ 
patients and has been considered in recent UK and Swedish 
HTA submissions [18–20].

The base case showed alectinib and brigatinib to be 
extendedly dominated in fully incremental analysis. Further-
more, the ICER of SEK613,032 for lorlatinib versus crizo-
tinib falls below the typical willingness-to-pay threshold per 
QALY gained for high-severity diseases in Sweden (approxi-
mately SEK1,000,000) [46, 48]. The results of our study 
indicate that lorlatinib may be considered a cost-effective 
treatment option for first-line patients with ALK+ NSCLC 
in Sweden.

In the comparison with alectinib and brigatinib, it is 
unsurprising that HRs for OS versus crizotinib were identi-
fied as key model drivers, given that OS data are immature, 
and these HRs are used to estimate survival in the alectinib 
and brigatinib arms of the model and consequently derive 
LYs and QALYs. Furthermore, it is expected that treatment 
durations would be identified as key model drivers, as they 
are used to estimate ToT curves for comparators outside of 
CROWN, which in turn are used to estimate treatment acqui-
sition costs. In all comparisons, it is similarly unsurprising 
that the values used to derive the CNS-progressed disease 
utility multiplier were identified as key drivers as these are 
highly uncertain parameters.

A key strength of the analysis lies in its use of available 
clinical trial data to inform safety, treatment effectiveness 

Fig. 2  Cost-effectiveness 
frontier. QALY quality-adjusted 
life-year, SEK Swedish Krona

Fig. 3  Cost-effectiveness 
acceptability curve. WTP 
willingness-to-pay, SEK Swed-
ish Krona
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and HRQoL, and the latest relevant data sources for costs. 
Furthermore, the analysis leverages an NMA of randomized 
controlled trials sourced through a systematic review of the 
literature with a common reference treatment (crizotinib), 
rather than relying on naïve or unanchored comparisons.

Utility data informing the analysis were derived from 
the EQ-5D, the commonly used generic HRQoL instru-
ment often preferred by health technology assessment bod-
ies. The EQ-5D-5L was developed due to concerns that the 
EQ-5D-3L may not be sensitive enough to capture milder 
health problems and smaller changes in health status. Our 
study compares results when using both the EQ-5D-3L value 
set (preferred by NICE) and the EQ-5D-5L Swedish value 
set. Few studies have utilized the published Swedish 5-level 
value set to date, and to our knowledge, our study is the first 
to do so in the NSCLC setting.

Key assumptions were necessary to inform the analy-
sis, particularly with respect to limitations in the trial data 
available to inform treatment effectiveness estimates in the 
model. In cost-effectiveness analysis, we estimate costs and 
outcomes for patients over a lifetime horizon; however, 
some data were immature at cut-off in the CROWN study. 
Consequently, we extrapolated outcomes beyond the trial 
period. The key modelling challenges therefore arose from 
the immaturity in the PFS, CNS-PFS and OS data, particu-
larly for lorlatinib. At CROWN data cut-off, median PFS 
and CNS-PFS was reached only for patients in the crizo-
tinib arm, while neither arm reached median survival for OS. 

Consequently, survival extrapolations (particularly in the 
lorlatinib arm of the model) were subject to a high degree 
of uncertainty. Although it is difficult to draw conclusions 
on the long-term outcomes for patients receiving lorlatinib 
based on the curve extrapolations, in the base analysis, the 
models that produce the most conservative available esti-
mates of OS, CNS-PFS, and PFS in the lorlatinib arm were 
selected.

Although a network was formed to indirectly compare 
against treatments outside of CROWN for the OS and PFS 
endpoints, a network could not be formed for CNS-PFS due 
to little reported data. We therefore assumed the HRs for 
PFS were applicable to CNS-PFS. Although this approach 
was undertaken in the appraisal of brigatinib for ALK+ 
NSCLC by NICE in the UK, it is an assumption that gener-
ates uncertainty in the CNS-PFS estimates informing the 
model for treatments outside of CROWN.

To our knowledge, this study is the first to assess the cost 
effectiveness of lorlatinib at first-line for ALK+ NSCLC 
patients in Sweden. Longer-term follow-up data for end-
points informing treatment effectiveness for all therapies 
would help to reduce uncertainty in the findings.

Table 3  Scenario analysis 
results

CNS central nervous system, TTP time to progression, ICER incremental cost-effectiveness ratio, ITT 
intention-to-treat, NMA network meta-analysis, PFS progression-free survival, SEK Swedish Krona, TA 
technology appraisal, ToT time on treatment
a Extendedly dominated in full incremental analysis
b ICER of SEK549,426 vs. crizotinib in incremental analysis
c ICER of SEK581,576 vs. crizotinib in incremental analysis
d ICER of SEK535,660 vs. crizotinib in incremental analysis

Scenario ICER (lorlatinib versus); SEK

Crizotinib Alectinib Brigatinib

Base case 613,032 291,680a 375,642a

Discount rate – 5% 649,389 291,678a 390,467a

Discount rate – 0% 552,182 285,591a 349,223a

Time horizon – 20 years 657,059 312,821a 405,145a

Payer perspective 650,512 339,477a 407,009a

NMA – ITT population 613,032 442,211a 376,390a

NMA – CNS-TTP as a proxy for CNS-PFS 613,032 672,669b 462,349a

Utility value source – CROWN (Swedish value set) 586,329 275,402a 351,414a

Utility value source – ALEX (TA536) 664,094 300,826a 398,553a

Utility value source – ALTA-1L (TA670) 686,948 304,277a 420,831a

Resource use approach – micro-costing (UK frequencies) 639,752 294,369a 411,343a

ToT equals PFS for treatments outside of CROWN 613,032 645,047c 477,190a

ToT equals PFS for all treatments 596,817 658,492d 486,805a
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6  Conclusions

Our analysis indicates that lorlatinib could be considered 
a cost-effective treatment option for first-line patients with 
ALK+ NSCLC in Sweden.
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