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Abstract
Introduction The introduction of immuno-oncology (IO) therapies has changed the treatment landscape of non-small cell 
lung cancer (NSCLC). Numerous cost-effectiveness analyses (CEAs) and technology appraisals (TAs) evaluating IO thera-
pies have been recently published.
Objective We reviewed economic models of first-line (1L) IO therapies for previously untreated advanced or metastatic 
NSCLC to identify methodological challenges associated with modeling cost effectiveness from published literature and 
TAs and to make recommendations for future CEAs in this disease area.
Methods A systematic literature review was conducted following Cochrane and PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) guidelines. We searched MEDLINE, Embase, EconLit (January 2009–January 
2020), and select conferences (since 2016) for CEAs of 1L IO treatments in patients with recurrent or metastatic, epidermal 
growth factor receptor (EGFR)/anaplastic lymphoma kinase (ALK) mutation-negative NSCLC, published in English. TAs 
from England, Scotland, Canada, Australia, Germany, and France were also examined. Two reviewers screened the results 
and extracted the data. The quality of the CEAs was described using the Drummond checklist.
Results In total, 46 records reporting on 38 unique models met protocol-defined criteria and were included. Five models 
adjusted for treatment switching or crossover in base-case analyses, and the remainder considered treatment switching or 
crossover to represent clinical practice and made no adjustment. Seven models used external real-world data for survival mod-
eling or extrapolation validation. Six models that assumed long-term treatment benefit stopped at 3 or 5 years after initiation. 
Seven models used the observed time-on-treatment distribution from the trial, and eight used progression-free survival for 
treatment duration. All models compared one or more IO monotherapies or combination therapies with chemotherapy. Only 
one study directly compared different IO agents but did not consider the concordance issue across programmed death-ligand 
1 (PD-L1) testing methods. Utilities were modeled by health state in 12 models, four applied a time-to-death approach, and 
ten explored both. None applied cure models.
Conclusion Variations in methodological challenges were seen across studies. Previous models took approaches that were 
followed in subsequent models, such as a 2-year stopping rule of IO duration or treatment-effect waning. Challenges such as 
heterogeneity in PD-L1 testing and survival extrapolation and validation using real-world data should be further considered 
for future models in advanced or metastatic NSCLC.
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1 Introduction

Lung cancer is among the most common types of cancer, 
affecting approximately 2.2 million people worldwide in 
2020 [1]. It is the leading cause of global cancer-related 
mortality, resulting in 1.80 million deaths annually [1]. Non-
small cell lung cancer (NSCLC) accounts for 85–90% of 
lung cancers [2].

http://crossmark.crossref.org/dialog/?doi=10.1007/s40273-021-01089-4&domain=pdf
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Key Points for Decision Makers 

The dominant approaches to modeling the cost effective-
ness of immuno-oncology (IO) therapies in advanced 
non-small cell lung cancer are Markov and partitioned 
survival models. There is substantial variability in the 
handling of related methodological challenges.

The lack of long-term trial results for IO therapies led to 
the use of real-world data for survival extrapolation and 
ad hoc assumptions related to long-term benefits of IO. 
A treatment effect lasting for 3 or 5 years after the initia-
tion of the therapy was commonly assumed.

For utility modeling, health state-based utilities and 
time-to-death models are widely used.

effectiveness of IOs in the 1L treatment of advanced or met-
astatic NSCLC and to understand how these challenges have 
been handled in published studies and health technology 
assessments (HTAs). Our motivation for concentrating on 
the 1L setting stemmed from a focus on methodology, since 
issues such as PD-L1 testing and switching to IOs are more 
pronounced in 1L models. Economic evaluations of IOs in 
the 1L treatment of NSCLC have been reviewed previously 
[9]. We are expanding on previous findings by analyzing 
further methodological aspects of these models.

Against this background, a systematic literature review 
(SLR) was undertaken to provide a comprehensive over-
view of economic models used in cost-effectiveness analysis 
(CEA) as well as cost-utility, cost-minimization, cost-ben-
efit, and cost-consequence analyses of IOs as 1L treatments 
in advanced or metastatic NSCLC. Hereinafter, we use the 
term CEA more commonly to refer to all analysis types, as 
is frequently done in practice.

Throughout the review, we focused on specific methodo-
logical topics such as statistical bias arising from treatment 
switching (switch), survival extrapolation and its valida-
tion (extrapolation), using external real-world data (RWD), 
estimation of long-term treatment effect (effect), assump-
tions related to duration of treatment (DOT), PD-L1 testing 
(assay), and utility estimation (utility). Of interest were the 
justifications that authors of the reviewed articles (or tech-
nology appraisal [TA] submissions) provided for their meth-
odological choices as well as the strengths and limitations 
reported. Finally, we identified, where possible, emerging 
methodological approaches that may become usual prac-
tice. Although other methodological topics are related to 
assessment of oncology therapies in NSCLC, we directed 
our focus to factors that are likely key drivers of cost-effec-
tiveness results. As more IOs become available for patients 
with NSCLC, it is important that we learn from previous 
practices and better approach these issues in future CEAs of 
IOs. This analysis aimed to spur this debate by providing an 
overview of current practices, offering insights for assessing 
their suitability, and developing recommendations for future 
CEAs of IOs.

2  Methods

The SLR was conducted in accordance with Cochrane Col-
laboration [10] and PRISMA (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses) guidelines 
[11]. Literature searches were performed using MED-
LINE, Embase, and EconLit. The literature search covered 
1 January 2009 through 22 January 2020, which was the 
date when the search strategy was applied. Searches were 
limited to identify studies published from 2009 onwards, 
as older economic evaluations may no longer be applicable 

The treatment landscape in lung cancer has been signifi-
cantly affected by advances in the categorization of patients 
into biomarker-based subgroups. Today, drug development 
has a strong focus on oncologic biomarkers, such as pro-
grammed death-ligand 1 (PD-L1), epidermal growth fac-
tor receptor (EGFR) mutation, anaplastic lymphoma kinase 
(ALK) mutation, B-Raf proto-oncogene (BRAF) mutation, 
MET exon 14 skipping, neurotrophic tyrosine receptor 
kinase (NTRK) 1/2/3, reactive oxygen species (ROS)-1, and 
ret proto-oncogene (RET) [3]. Although chemotherapy was 
long a cornerstone of treatment for advanced or metastatic 
NSCLC, new strategies specific to genetically differentiated 
subpopulations, along with tests to identify them, offer alter-
native treatments for patients with specific characteristics [4, 
5]. Immune checkpoint inhibitors, such as those blocking 
the programmed cell death protein-1 (PD-1)/PD-L1 pathway 
(hereafter referred to as immuno-oncology therapy [IO]), 
are among the most-researched new treatment strategies for 
NSCLC and other cancer types [6]. Many of these drugs are 
being developed in conjunction with companion diagnos-
tic assays, which help determine the eligibility of patients 
and aim to predict outcomes linked to a specific drug. If 
available, use of a specific test is frequently part of a drug’s 
labelling [7, 8]. Since 2016, several IOs have been approved 
for NSCLC as first-line (1L) treatment in patients whose 
tumors have no EGFR or ALK mutations and as second-
line (2L) treatment irrespective of EGFR and ALK status [4, 
5]. As with other new therapies, the benefits of IO must be 
weighed against treatment costs compared with conventional 
chemotherapy.

Our aim was to review economic evaluations of IO for 
previously untreated patients with advanced and metastatic 
NSCLC. Specifically, our objectives were to identify meth-
odological challenges associated with modeling the cost 
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to current clinical practice given the rapid change in 
the treatment landscape and the fact that IOs have only 
recently been approved in NSCLC. Searches were con-
ducted using combinations of keywords for recurrent or 
metastatic treatment-naïve NSCLC, relevant treatments 
approved or under investigation for this patient popula-
tion, and economic study designs of interest. Search terms 
were adapted to each database by using appropriate index-
ing terms (e.g., Emtree in Embase and medical subject 
headings in MEDLINE) and search syntax. The search 
strategies can be found in the electronic supplementary 
material (ESM)-1–3.

Recent scientific conferences may provide details on 
research that has not yet been published as a manuscript in 
a peer-reviewed journal. For this reason, we searched the 
2016–2019 meetings of the American Society of Clini-
cal Oncology, American Association for Cancer Research, 
European Society for Medical Oncology, and Professional 
Society for Health Economics and Outcomes Research 
to identify any economic studies not indexed in Embase. 
Relevant TA documents from the UK National Institute 
for Health and Care Excellence (NICE), Scottish Medi-
cines Consortium (SMC), German Institut für Qualität 
und Wirtschaftlichkeit im Gesundheitswesen (IQWiG), 
French Haute Autorité de Santé (HAS), Canadian Agency 
for Drugs and Technologies in Health, and Australian Phar-
maceutical Benefits Advisory Committee (PBAC) were 
also considered. The bibliographies of relevant published 
SLRs and TA submission documents were checked as a 
quality-assurance step.

2.1  Study Selection

Predefined criteria for selecting economic models (i.e., 
population, interventions and comparisons, outcomes, study 
design, and time period [PICOS-T]) are outlined in Table 1. 
Articles were included if they met all of the following pre-
defined criteria: economic evaluations (i.e., cost-benefit, 
cost-effectiveness, cost-utility, cost-minimization, or cost-
consequence analysis) of IOs for patients with recurrent 
or metastatic, EGFR/ALK mutation-negative NSCLC who 
had no prior systemic treatment for recurrent or metastatic 
disease (treatment naïve). Articles were also considered for 
inclusion if no information on EGFR/ALK mutation status 
was provided. Only articles and submission documents (or 
summaries of submission documents) published in English 
were considered. No geographic limits were applied. Budget 
impact analyses were not considered in this review as their 
purpose differs from that of economic evaluations [12].

For articles identified through database searching, two 
reviewers conducted title and abstract screening and full-text 
review independently. Disagreements between the reviewers 
were resolved by a third reviewer. Manual searches of con-
ference abstracts and TAs were conducted by one reviewer, 
with search approaches and results validated by a second 
reviewer.

2.2  Data Extraction

Data extraction was performed by one reviewer, with a 
second validating all data. The use of a standardized data 

Table 1  PICOS-T criteria

2L+ second line or later, ALK anaplastic lymphoma kinase, BSC best supportive care, EGFR epidermal growth factor receptor, IO immuno-
oncology, NSCLC non-small cell lung cancer, PICOS-T population, intervention, control, outcomes, study design, and timeframe, TA technology 
appraisal

PICOS-T term Inclusion criteria Exclusion criteria

Population Adult patients (aged ≥ 18 years); recurrent or metastatic 
EGFR/ALK mutation-negative NSCLC; no prior systemic 
treatment for NSCLC (treatment naïve)

Studies in pediatric patients; studies exclusively in EGFR/ALK 
mutation-positive patients; studies in patients who had one or 
more prior lines of therapy (i.e., 2L+ setting)

Interventions Any IO treatments under investigation for population of inter-
est, including monotherapy or combination with chemo-
therapy

Non-IO systemic therapies (e.g., chemotherapies, targeted 
therapies), adjuvant/neoadjuvant IO therapy

Comparisons BSC and/or placebo, chemotherapy, targeted therapies Surgery, radiotherapy, palliative care
Outcomes Economic evaluations: cost-effectiveness results, cost-utility 

results, cost-minimization results, cost-benefit results, cost-
consequence results

Publications that did not report data on relevant outcomes

Study design Economic evaluations, such as cost-effectiveness, cost-utility, 
cost-benefit, cost-minimization, or cost-consequence analy-
ses

Other study designs, including budget impact analyses

Other criteria English language Journal articles and conference abstracts without full text in 
English. TA submission documents without at least a sum-
mary document available in English

Full-text articles published since 2009
Conference abstracts published since 2016

Studies published outside the timeframe of interest
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extraction template using prespecified key data elements 
focusing on the major elements of modeling methodology 
ensured a systematic approach to data extraction.

Data elements included study characteristics and model 
specifications, CEA model structure (e.g., Markov, parti-
tioned survival [PS]), time horizon, perspective of the evalu-
ation (e.g., societal, health system), health utility modeling, 
patient population, and interventions under consideration. 
Additional extraction of methodological elements provided 
information on model assumptions (switch, extrapolation, 
effect, DOT, assay, and utility). The initial set of topics to 
be explored was specified a priori based on the authors' prior 
research and expert agreement, which lay around factors 
that likely drive the cost-effectiveness outcomes. The list 
was revised after the first round of data extraction to further 
expand on approaches that were not consistently applied 
among identified CEAs. Some of the original topics of inter-
est were not pursued as they were not considered in any of 
the identified CEAs (e.g., application of cure models).

2.3  Quality Assessment

The quality of the CEAs reported in peer-reviewed, full-text 
articles was described using the Drummond checklist [7]. 
Quality assessment was not performed for models reported 
in conference abstracts because available information was 
limited. Model specifications in the context of TAs had 
already been critically reviewed by the HTA agencies, with 
model quality described as part of the critique. Particularly 
in the case of NICE TAs, detailed information on model 
specifications and any related challenges highlighted by the 
evidence review group (ERG) were included in submission 
documents. Further quality assessment of models in TAs 
was therefore not warranted. We did not exclude any stud-
ies from this review based on their quality as the aim of our 
research was to provide a comprehensive overview of the 
modeling methods used for IOs rather than to synthesize the 
cost effectiveness of specific therapies or inform decision 
making regarding 1L treatment of NSCLC.

2.4  Evidence Summary

To align with the objective of this research, the study char-
acteristics and model specifications were qualitatively 
summarized. Section 3 first reports the main characteris-
tics of the included studies and our findings related to each 
of the methodological questions raised. Economic models 
included in TA submissions were discussed separately from 
those published as full-text articles or conference abstracts 
to recognize that authors of journal articles are allowed and 
encouraged to explore unconventional modeling techniques, 
whereas methods applied in TAs are more likely to reflect 
current expectations of HTA bodies. Broader context and 

interpretation of our findings on each modeling topic are 
provided in Sect. 4. We completed our analysis by identify-
ing key results and providing recommendations for future 
CEAs in Sect. 5.

3  Results

3.1  Literature Search Results

Database searches resulted in 1724 records. Follow-
ing removal of duplicates, 1362 abstracts were screened, 
of which 217 were considered for full-text review. Upon 
full-text screening, 27 articles identified through database 
searches ultimately met the inclusion criteria, with an addi-
tional 19 records (three conference abstracts, one full-text 
publication, and 15 TAs) identified through other sources 
or bibliography checks. In total, 46 records on economic 
models (18 full texts [9–11, 13–27], 13 conference abstracts 
[28–40], and 15 TAs [41–55]) met eligibility criteria and 
were ultimately included in the review (see Fig. 1).

Of the 31 models published as full-text articles or pre-
sented at conferences, five were adaptations of other models 
included in the SLR (three models published as full texts 
[9, 16, 21] and two presented in a TA [33, 34]). In total, 
15 relevant, company-submitted TAs and all related evalu-
ation documents (e.g., ERG analyses) were found for NICE 
(n = 4), SMC (n = 4), PBAC (n = 5), and the pan-Canadian 
Oncology Drug Review (pCODR; n = 2). No models for 
1L IOs were included in assessments by France’s HAS or 
Germany’s IQWiG. Of the 15 identified TAs, three were 
resubmissions [46, 47, 52] for which the last model version 
was included in this summary to avoid counting a model 
twice. However, model information that was included in the 
original submission but not mentioned in the resubmitted 
documents was assumed to also apply to the finalized model.

When summarizing our findings, we covered 26 pub-
lications comprising 38 unique models (15 full texts [10, 
11, 13–15, 17–20, 22–27], 11 conference abstracts [28–32, 
35–40], and 12 TAs [41–45, 48–51, 53–55]) and discussed 
adaptations only when explicitly mentioned.

3.2  Summary of the Included Studies

Tables 2 and 3 present the characteristics of the included 
CEAs. Of the unique models, most were of a European 
(including the UK) perspective. Model populations were 
similar across CEAs; almost two-thirds of models were in 
patients with metastatic NSCLC only [10, 11, 14, 17–19, 
23, 24, 26, 28–30, 35–38, 40], whereas more than one-third 
included patients with advanced or metastatic disease [13, 
15, 20, 22, 25, 27, 31, 32, 39]. All 38 models compared 
the cost effectiveness of IOs (atezolizumab, nivolumab, 
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and pembrolizumab, alone or in combination with other 
treatments) against standard chemotherapy; eight models 
[11, 14, 18, 19, 29, 41, 43, 49] included more than one IO 
strategy, of which three [11, 14, 29] concerned different 
IOs (Fig. 2). However, only one of the three studies also 
directly compared IOs that had corresponding PD-L1 assays 
with each other [11], whereas the remaining two compared 
IOs versus chemotherapy only [14, 29]. Most studies were 
Markov cohort models [15, 20, 22–27, 31, 35, 36, 45] or PS 
models [10, 17–19, 28–30, 37–44, 48–51, 53–55], with two 
patient simulation models [11, 13] and one analysis compar-
ing pharmacological costs and overall survival (OS) gains 
across treatment options [14]. One study from the USA did 
not report the type of model used [32].

Regarding the quality of the models, we identified weak-
nesses in data collection in all 15 unique models [10, 11, 
13–15, 17–20, 22–27] published in full-text articles, par-
ticularly surrounding details of the design and results of 

the study providing effectiveness results (where based on 
a single study), as well as the patients from whom evalua-
tions had been obtained. In two cases, an indirect treatment 
comparison was used to derive hazard ratios (HRs) versus 
the comparator of interest [18, 19]. We also had concerns 
regarding inflation adjustment and currency conversion 
of prices and the methods used for estimating quantities 
and unit costs. All but one publication provided sufficient 
information on health states, economic inputs (including 
unit costs and quantities), and the model used. In contrast, 
Giuliani and Bonetti [14] used a simple approach that 
included only pharmaceutical costs; no health states were 
included in the model. Analyses and results were generally 
well-reported, although information on choice of a discount 
rate and any issues regarding the generalizability of results 
to other settings or patient groups was lacking in more than 
half of publications. Detailed quality assessment is summa-
rized in ESM-4.

Fig. 1  PRISMA diagram. aThe references of relevant SLRs were 
checked for eligibility as a quality-assurance step. 1L first line, ALK 
anaplastic lymphoma kinase, EGFR epidermal growth factor recep-
tor, IO immuno-oncology, NSCLC non-small cell lung cancer, PICOS 

population, intervention, control, outcomes, study design, PRISMA 
Preferred Reporting Items for Systematic Reviews and Meta-Analy-
ses, SLR systematic literature review, TA technology appraisal
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3.3  Findings on Methodological Challenges

Table 4 summarizes findings and key methodological chal-
lenges, including switch, extrapolation, effect, DOT, assay, 
and utility.

3.3.1  Switch

None of the models published as full-text studies carried 
out adjustments for treatment switching in the base case, 
although one explored this adjustment in a scenario analysis 
[17]. Another abstract [38] mentioned applying an adjust-
ment in the base-case analysis. It was somewhat more com-
mon for models included in TAs to adjust for treatment 
switching. Three TAs [42, 45, 53] (two NICE TAs and one 
SMC TA) included an adjustment in the base case, and one 
[50] explored the impact of switching in scenario analyses; 
in another TA [51], it was the review group that carried 
out the analysis. The other TAs did not carry out switching 
adjustment or did not provide relevant information.

Two NICE TAs [41, 42] (an assessment of pembroli-
zumab combined with chemotherapy in patients with non-
squamous NSCLC and an assessment of pembrolizumab 
monotherapy in PD-L1-positive patients with NSCLC) 
provided OS estimates using three adjustment methods 
for treatment switching: rank-preserving structural failure 
time (RPSFT), inverse probability of censoring weights 
(IPCW), and the two-stage method. In one NICE TA 
[42], the ERG expressed concerns regarding the validity 
of various adjustment approaches, considering the two-
stage method to be most appropriate because patients 
could switch shortly after progression, thus creating a 
defined secondary baseline. In SMC 1239/17 [53] (an 
assessment of pembrolizumab monotherapy in patients 
with PD-L1 ≥ 50%), the two-stage adjustment approach 
was used in the base case; IPCW and RPSFT were tested 
as scenario analyses. Similarly, the two-stage adjustment 
was used in SMC 2127 (an assessment of pembrolizumab 
combined with chemotherapy in patients with non-squa-
mous NSCLC) [54], with IPCW explored in a scenario 
analysis. All other identified TAs that adjusted for treat-
ment switching, in the base-case or scenario analyses, 
used the two-stage method. However, none of the models 
that performed treatment switching adjustment in the base 
case provided a rationale for their choice of adjustment 
method.

3.3.2  Extrapolation

Eight models in published studies (including four adapta-
tions) [9, 11, 16–19, 21, 34] and three TAs [43, 50, 54] 
used RWD for extrapolating OS. None of the conference 
abstracts mentioned external data for extrapolation or Ta
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validation. Given the relatively short time that IOs have 
been a part of the NSCLC treatment landscape, RWD on 
the use of IOs are scarce. Hence, external data used in 
these studies were directly applicable only to the extrapo-
lation of the standard chemotherapy arm. For extrapola-
tion of the OS of the IO arm, additional assumptions were 
needed about the long-term relative efficacy of IO and 
chemotherapy. All but one of the models using RWD for 
OS extrapolation used Surveillance, Epidemiology, and 
End Results (SEER) data (n = 10, including model adapta-
tions) [11, 16–19, 21, 34, 43, 50, 54]. The remaining study 
used the Swiss National Institute for Cancer Epidemiol-
ogy and Registration (NICER) database [9]. Two studies 
(one using SEER [17] and one using NICER [9] data for 
extrapolation) used the US Flatiron database to validate 
the long-term OS extrapolation.

All models using external data for OS extrapolation 
extrapolated only from a specified timepoint onwards. 
Before that timepoint, the Kaplan–Meier (KM) curve from 
trial data, parametric extrapolations, or both were used. In 
one model [21], base-case OS curves were parametric, but 
in scenario analysis, a constant HR derived from SEER 
data was used to extrapolate OS from year 5 in both treat-
ment arms. In NICE TA 600 [43] and a corresponding 
publication [34], as well as in Harding et al. [33] but not 
in its corresponding TA [41], authors used SEER data to 
derive mortality risks beyond the trial for the patients in 
the standard-of-care arm. In SMC 2187 [55], OS from 12 
months onward in the standard-of-care arm was based on 
SEER data; in the treatment arm, a trial-based risk ratio 
was applied to the SEER-based projection.

3.3.3  Effect

Among the 15 models published as full-text studies, four 
[9, 11, 17–19] claimed to have constrained treatment ben-
efit to 0 at a given timepoint in the base case. For example, 
in studies by Insinga et al. [18, 19], the same mortality 
risks based on SEER data were assumed for chemotherapy 
and for pembrolizumab in combination with chemotherapy 
after 5 years.

Long-term treatment benefit was not mentioned in con-
ference abstracts, whereas the approaches in the TAs var-
ied. Most TAs (n = 8) [41–43, 47, 51, 53–55] considered 
treatment-effect waning only in scenario analyses, and only 
two [44, 50] did so in the base case; two of three Australian 
TAs did not pursue this approach in either setup [48, 49]. 
Treatment-effect waning was considered in most studies by 
assuming treatment effect would last between 3 and 5 years; 
one TA [51] also explored a treatment-effect duration of 2 
years. SMC 2187 explored 3-year and 5-year cutoffs in sepa-
rate scenarios [54].
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3.3.4  Duration of Treatment

In our analysis, 12 models [17–19, 41–44, 47–49, 51, 55] 
used the observed time-on-treatment distribution from the 
trial, whereas eight studies [10, 13, 15, 20, 22, 24, 25, 54] 
used progression-free survival (PFS) as a proxy for DOT. 
This information was not reported for the remaining models.

Regarding the treatment-stopping rules, 13 models for 
pembrolizumab [15, 17–20, 22, 25, 40, 42, 43, 47, 53, 54] 
applied 2-year stopping rules (35 cycles) in the base case, 
and one model [24] explored this option as a scenario for 
atezolizumab. Applying stopping rules to duration of IO use 
in a model built on trial data with longer DOT can raise con-
cerns about the validity of using trial efficacy data without 
adjustment. None of the studies adjusted the efficacy data to 
address this concern.

3.3.5  Assay

Our review found that only one model compared therapies 
that had different corresponding PD-L1 assays, but as the 
patient population was not restricted based on PD-L1 level, 
concordance issues did not arise [11].

3.3.6  Utility

Two approaches in modeling health utilities were found. 
A total of 15 studies [10, 13, 15, 20, 22–28, 40, 48–50] 
modeled utilities by health status (i.e., progression free vs. 
progressed), whereas another four studies [11, 18, 19, 38] 

applied the time-to-death approach. Ten studies [17, 41–45, 
51, 53–55] explored both. None of the models combined 
health status and time-to-death–based utilities in a sin-
gle framework in the base case; however, this option was 
explored by the ERG in NICE TA 557 [41].

Most models primarily defined health states based on 
progression when applying state-based utilities, except for 
one model [15, 24], which defined health states based on 
treatment line. Time-to-death intervals were identical in all 
but one study pursuing this approach: ≥ 360 days, 180–360 
days, 30–180 days, and < 30 days prior to death. In NICE 
TA 584 [44], time periods were slightly different: ≥ 211 
days, 75–210 days, 35–75 days, and < 35 days prior to death. 
Eight models assumed identical utility values across treat-
ment arms without accounting for adverse event (AE) disu-
tility and without exploring the possibility of differentiation 
in a scenario analysis [11, 13, 17, 20, 23, 27, 48, 50]. In 17 
models, in base-case or scenario analyses, utilities were dif-
ferent across treatment arms, by differentiation of base utility 
values or by application of AE disutilities [10, 15, 18, 19, 
22, 24–26, 41–44, 47, 49, 52, 53, 55]. Four models [42, 43, 
53, 55] applied age adjustment to utilities, of which one [43] 
applied sex-specific utilities.

Utility values corresponding to health states or time-to-
death intervals were sourced only from published literature 
in 11 models [11, 13, 15, 20, 23–27, 35, 39]. EQ-5D data 
collected during clinical trials were used in 17 models [10, 
17–19, 40–44, 47–53, 55]. One study mentioned adjusting 
literature-sourced utility values using data from European 
Organization for the Research and Treatment of Cancer 

Fig. 2  Treatment comparisons 
in the identified cost-effective-
ness analysis publications and 
technology appraisals (TAs)
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Table 4  Methodology of included models

For TAs with resubmission, the information presented represents the latest resubmission.
NICE National Institute for Health and Care Excellence, NR not reported, PBAC Pharmaceutical Benefits Advisory Committee, pCODR pan-
Canadian Oncology Drug Review, PFS progression-free survival, RWD real-world data, SMC Scottish Medicines Consortium, TA technology 
appraisal, TTD time to death

Study Treatment -switch-
ing adjustment

Use of RWD for 
survival extrapola-
tion or validation

Source for treat-
ment duration

Use of 2-year stop-
ping rule for treat-
ment duration

Treatment-
effect wan-
ing

Approach to utility 
modeling

Aggarwal et al. [28] No/NR No NR No/NR NR NR
Aggarwal et al. [29] No/NR No NR No/NR NR NR
Chouaid et al. [10] No/NR No PFS No/NR NR State based
Chouaid et al. [30] No/NR No NR No/NR NR NR
Criss et al. [11] No/NR Yes (extrapolation) NR No/NR Base case TTD
Georgieva et al. [31] No/NR No NR No/NR NR NR
Georgieva et al. [13] No/NR No PFS No/NR NR State based
Giuliani and Bonetti 

[14]
No/NR No NR No/NR NR NR

Guirgis [32] No/NR No NR No/NR NR NR
Hu and Goldman 

[36]
No/NR No NR No/NR NR NR

Hu and Hay [15] No/NR No PFS Yes NR State based
Hu X et al. [35] No/NR No NR No/NR NR State based
Huang et al. [17] Scenario Yes (extrapolation 

and validation)
Time on treatment Yes Base case State based or TTD

Insinga et al. [18] No/NR Yes (extrapolation) Time on treatment Yes Base case TTD
Insinga et al. [19] No/NR Yes (extrapolation) Time on treatment Yes Base case TTD
Kim et al. [37] No/NR No NR No/NR NR NR
Liao et al. [20] No/NR No PFS Yes NR State based
NICE TA 531 [42] Base case No Time on treatment Yes Scenario State based or TTD
NICE TA 557 [41] No/NR No Time on treatment No/NR Scenario State based or TTD
NICE TA 584 [44] No/NR No Time on treatment No/NR Base case State based or TTD
NICE TA 600 [43] No/NR Yes (extrapolation) Time on treatment Yes Scenario State based or TTD
PBAC 6.01 [48] No/NR No Time on treatment No/NR NR State based
PBAC 6.04 [45] and 

resubmissions: 
7.17 and 3.01 [47]

Base case No Time on treatment Yes Scenario State based or TTD

PBAC 7.09 [49] No/NR No Time on treatment No/NR NR State based
pCODR 10101 [50] Scenario Yes (extrapolation) NR No/NR Base case State based
pCODR 10153 [51] Economic guidance 

panel
No Time on treatment No/NR Scenario State based or TTD

Pinheiro et al. [38] Base case No NR No/NR NR TTD
Roth et al. [39] No/NR No NR No/NR NR NR
She et al. [22] No/NR No PFS Yes NR State based
SMC 1239/17 [53] Base case No NR Yes Scenario State based or TTD
SMC 2127 [54] 

and resubmission: 
SMC 2207 [52]

No/NR No PFS Yes Scenario State based or TTD

SMC 2187 [55] No/NR Yes (extrapolation) Time on treatment No/NR Scenario State based or TTD
Tan et al. [40] No/NR No NR Yes NR State based
Wan et al. [24] No/NR No PFS Scenario NR State based
Wan et al. [23] No/NR No NR Unclear NR State based
Weng et al. [25] No/NR No PFS Yes NR State based
Zeng et al. [26] No/NR No NR No/NR NR State based
Zhou et al. [27] No/NR No NR No/NR NR State based
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Quality of Life Questionnaire Core 30 items from KEY-
NOTE-024 to reflect utility difference between treatment 
arms [22].

4  Discussion

To our knowledge, this is the first study to systematically 
investigate methodological challenges of CEAs for IOs 
as 1L treatment in NSCLC and how they were handled in 
published CEAs. We focused on key challenges, including 
switch, extrapolation, effect, DOT, assay, and utility. Some 
of these challenges may apply to CEAs of other anticancer 
treatments, whereas others are specific to IOs in NSCLC. 
The identified CEAs showed marked differences along some 
methodological aspects. However, this variability was usu-
ally confined to different choices from a limited number of 
traditional options as opposed to innovative approaches. 
Many challenges in IO CEAs could be attributed to lack of 
data, particularly because IOs are relatively new. For exam-
ple, few utility data are collected after disease progression, 
and there is considerable uncertainty about the optimal treat-
ment durations of IOs. In addition, some challenges, such as 
lack of concordance in PD-L1 assays, were not adequately 
addressed, again possibly because no concordance data were 
available.

PS and Markov cohort models are the dominant 
approaches in modeling the cost effectiveness of IOs for 
advanced NSCLC and were the only approaches in identified 
TAs. Among published studies, we identified two patient-
level simulations [11, 13] and one study [14] that simply 
compared OS and pharmacological costs between the dif-
ferent arms of each trial.

In addition to OS, PFS was another key efficacy meas-
ure in all models reviewed. However, none of the models 
included response as a clinical outcome. Given the extended 
duration of response seen with IOs, it is possible, though 
not yet confirmed, that response may adequately act as a 
surrogate for OS in models of IOs. Response-based mod-
eling has been employed in other indications but not yet in 
NSCLC. Gibson et al. [56] compared economic evaluations 
of nivolumab in combination with ipilimumab in patients 
with metastatic melanoma using a conventional three-state 
PS approach and a five-state PS approach, splitting pre-pro-
gression state by response status and post-progression state 
by 1L treatment type (IO vs. conventional therapies). The 
OS and PFS estimates from both approaches were identical, 
whereas the five-state approach provided more granularity 
in terms of response breakdown; consequently, response-
specific utility data can be applied to differentiate between 
utility level of pre-progression patients with or without 
response. The incremental cost-effectiveness ratio (cost per 
quality-adjusted life-year) was lower with the five-state PS 

approach; however, conclusions could not be drawn that this 
lower cost effectiveness was due to inclusion of response in 
the model structure, given the presence of other confounding 
factors (e.g., the utility data employed in the two approaches 
were from different sources). From the reimbursement per-
spective, response-based models have not gained accept-
ance in TA submissions. The NICE ERG mainly criticized 
the insufficient justifications for a response-based approach 
over the conventional one, thus adding uncertainty from the 
response-based approach to cost-effectiveness estimates 
[57]. Further clinical research is required to understand the 
impact of response on OS, health-related quality of life, 
or medical resource use. If the relationship exists, then a 
response-based model can be an appropriate methodology 
to capture health economic implications of IOs.

The important role of PFS in CEAs of IOs raises further 
methodological challenges in comparing therapies across 
different trials with an unanchored comparison (e.g., com-
parison with a single-arm study). When the schedule of 
study visits for assessing progression differs significantly 
between trials, the estimated relative efficacy of treatments 
will be biased [58]. We recommend that future CEAs con-
sider whether time-assessment bias may be present in the 
analysis and adjust for it if necessary, using published 
assessment-schedule matching techniques [58]. This concern 
can be more pronounced when assessing the cost effective-
ness of new IOs in earlier cancer stages, in which PFS is 
more frequently used as a primary endpoint and the evalu-
ation is conducted at an early stage when only a single-arm 
study is available (e.g., phase II data).

4.1  Switch

Treatment switching (i.e., patients switching from the con-
trol group to IOs following disease progression) occurs 
frequently in oncology trials, particularly as IOs have 
become part of the 2L treatment landscape. However, this 
approach risks underestimating the treatment effect of the 
experimental IO if no adjustment to the standard-of-care 
arm is made. It should be noted that, as IOs became wide-
spread in later lines and the use of IOs after progression 
with chemotherapy became a standard practice in patients 
whose tumors expressed PD-L1 (e.g., in the UK and USA), 
it became unnecessary to apply a switching adjustment in 
model analyses. However, the switching pattern in the trial 
(i.e., treatments, proportion of switching) should adequately 
reflect clinical practice in the country of the analysis. In 
addition, to employ this assumption, the population of the 
analysis should represent the population indicated for the use 
of IOs in subsequent lines.

Many of the included models adjusted for treatment 
switching, but none provided rationales for the adjust-
ment methods selected. This lack of adequate justification 
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for method choice is in line with the findings of an SLR 
of published trials and industry submissions in oncology 
[59], which claimed that the quality of reporting on imple-
mentation of a switching adjustment was generally poor. In 
agreement with the recommendations of Sullivan et al. [59], 
future CEAs that employ treatment-switching adjustment 
should discuss whether the underlying assumptions corre-
sponding to the chosen adjustment method are met in the 
specific application and should present a visual comparison 
of observed and adjusted OS curves. A comparison of dif-
ferent switching adjustment methods and recommendations 
for their application is available in published literature [59] 
and in a NICE technical support document [60]. The most 
appropriate adjustment method must be carefully evaluated 
against the assumptions required by each method, which 
depend on the data and characteristics of the trials [60].

4.2  Extrapolation

OS is one of the key parameters affecting cost-effectiveness 
results, yet OS extrapolation is particularly challenging for 
IOs given frequent delays in clinical benefit. This delay may 
result in an initially higher rate of progression or death than 
in the chemotherapy arm [61–63]. Related to this concern is 
the sustained response to treatment that may be experienced 
by surviving patients receiving IO. This sustained response 
is reflected in a plateau of the tail of the OS curve, making 
it difficult to credibly extrapolate OS based on trial data and 
parametric extrapolations only. According to HTA guide-
lines, external data can be used to inform long-term survival 
or assess the plausibility of extrapolated OS [64]. The bal-
ance in using parametric extrapolation based on trial data 
and using external data is the standard trade-off between 
internal and external validity that is present in many situa-
tions. Researchers must carefully assess whether the popula-
tion and treatment options in external data are in line with 
those of the trial.

We identified seven independent models using RWD (all 
of which used SEER data) [11, 17–19, 43, 50, 54] and one 
adaptation using NICER data [9] for long-term extrapola-
tion. We are not currently aware of any data that would be 
more suitable for the purpose, and perhaps for this reason, 
the use of SEER data for OS extrapolation was accepted in 
the reviewed NICE, SMC, and pCODR submissions, even 
though SEER data are based on the US population. It is 
important to acknowledge the limitations that come with 
SEER data, and we recommend that future assessments com-
ment on how these limitations may affect results. A common 
limitation is that applying SEER data in model adaptation 
for a country other than the USA may not accurately reflect 
that country’s population. We recommend using geography-
specific data whenever available. In addition, the SEER data-
base contains patients, namely EGFR- and ALK-positive 

patients, who may live longer than the target population of 
IOs. In NICE TA 600 [43], the ERG highlighted the limita-
tions of using SEER data even for extrapolation of OS for 
patients receiving chemotherapy, given that these patients 
did not have access to 2L IOs. Although this limitation is 
not specific to SEER, but is rather related to the limited time 
since the introduction of IOs in NSCLC, it is nevertheless 
important to assess its impact on estimations.

While OS extrapolation in general is found to be a key 
driver of incremental cost-effectiveness ratios (ICERs), analy-
ses explicitly comparing scenarios with and without using 
RWD for OS extrapolation reported a relatively low difference 
between the ICERs. For example, in one model, the authors 
claimed that using parametric extrapolations instead of 
NICER data increased the ICER by 8.3% compared with the 
base-case value [9], whereas in pCODR 10101 [50], the ICER 
increased by only 2.6% with SEER data. It is interesting to 
assess the quantitative importance of extrapolation method on 
ICER, but caution is advised when generalizing these results 
because the use of different functional forms in the parametric 
approach could lead to different results. Also, in most cases, 
these reported differences in ICERs also encompassed the 
difference between implicit assumptions on long-term treat-
ment effect between a scenario based on separate parametric 
extrapolations and one based on external data.

Finally, it is good practice to validate OS extrapolations 
against external data. We found only one model using RWD 
(i.e., US Flatiron data) for validation of its SEER-based OS 
extrapolation [17].

However, the lack of long-term data for patients receiv-
ing 1L IOs presents a challenge when using external data 
sources for OS extrapolation and validation. Currently, 
external data on chemotherapy-treated patients have been 
used to extrapolate OS for those patients, and assumptions 
on relative efficacy are applied to these curves to produce 
an OS extrapolation for IO-treated patients in the reviewed 
studies. As more and longer follow-up RWD on IOs become 
available for 1L treatment of advanced or metastatic 
NSCLC, it will be possible to differentiate extrapolations of 
OS for chemotherapy- and IO-treated patients [65]. Despite 
the plateau observed in the tail of OS curves of some IOs, 
we did not identify any studies using a cure model.

4.3  Effect

Without a full understanding of the long-term benefit of IO, 
estimating the extent and DOT benefit is a particularly chal-
lenging methodological issue to address in models. Lack of 
RWD on long-term benefits of IOs makes it challenging to 
develop robust assumptions for model development. Related 
to this challenge is how to model delayed clinical benefit 
and how to address truncated survival curves for patients 
receiving IO [56].
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Although some evidence exists of sustained response 
following discontinuation of IOs, the extent of long-term 
relative treatment effect after cessation of IO is still uncer-
tain given the limited availability of long-term data [66]. 
In the reviewed studies [11, 17–19, 41–45, 50, 51, 53–55], 
treatment-effect waning was carried out by setting the HR to 
1.0 at a prespecified timepoint, as opposed to having a single 
OS curve for the time period starting at the cutoff. Given 
the lack of evidence on long-term outcomes, to assume 
that treatment effect stops after 3–5 years can be consid-
ered conservative. The cutoff timepoint is rather arbitrary 
for now, but more real-world evidence on patients receiving 
IO is accumulating and will inform this decision. It should 
be noted that uncertainty in long-term benefit may also be 
affected by patients receiving treatment for shorter periods 
than observed in clinical trials.

The assumption of treatment-effect waning affects the 
ICER to a varying degree depending on model structure 
and parameter values, including the shape of the OS curves. 
Therefore, the generalizability of estimates from any spe-
cific model is limited. Treatment-effect waning implies a 
lower efficacy of the IO, leading to a higher ICER when 
comparing IO with chemotherapy. The sooner the treat-
ment effect is assumed to disappear, the higher the effect 
on the ICER. The quantitative importance of the difference 
between ICER values corresponding to scenarios with and 
without treatment-effect waning varies across models. One 
analysis experimenting with multiple cutoff points found 
that the ICER increased by 30% compared with the base 
case without treatment-effect waning if the treatment effect 
stopped at 5 years and by 79% if it stopped at 3 years [55]. 
A more moderate effect was observed in an SMC TA, in 
which assuming that the treatment effect discontinued at 5 
years increased the ICER by 8% compared with the base-
case value [52].

4.4  Duration of Treatment

Determining optimal DOT for IOs is still an ongoing chal-
lenge in clinical practice [67]. Treatment-stopping rules 
varied in clinical trials, ranging from continuation until dis-
ease progression or unacceptable toxicity to discontinuation 
after 2 years of treatment. Time to treatment discontinua-
tion (TTD) and PFS were the most commonly used DOT 
measures in existing models. When data are available for 
distribution of TTD (i.e., KM curves representing propor-
tion of patients remaining on treatment) for all treatments 
involved in the comparison, those data should be favored 
against PFS data. However, when patient-level data or the 
KM curve of TTD are not available (e.g., likely the case 
for comparators not included in the trial of the study drug), 
median DOT that are commonly reported in trial publica-
tions can be considered. However, to use median DOT in 

models, an assumption on the distribution will have to be 
made. PFS is often used as a proxy for TTD, especially for 
conventional anticancer therapies. Although this approach 
may be appropriate in markets with strict reimbursement 
policies and treatment-stopping rules, it risks underestimat-
ing the DOT of IOs given that patients may be allowed to 
continue IO beyond disease progression [68].

Based on the reviewed models, we found an evidence gap 
related to the DOT for IOs. Until long-term RWD on DOT 
are available to support estimations of DOT in the model, 
alternative approaches should continue to be explored. An 
analysis of TTD and PFS data for IOs, targeted therapy, 
and chemotherapy in NSCLC was provided by Blumenthal 
et al. [67]. Their results may also inform decisions around 
choosing the most appropriate approach for modeling TTD 
in any specific model. Inspired by the high observed correla-
tion between TTD and PFS [67], one approach we propose 
for consideration relies on information being available on 
TTD and PFS curves for one or more treatments that are 
being compared. The relationship between TTD and PFS 
curve (e.g.,  HRPFS vs. TTD) from one treatment can be used to 
assume the same HR will apply to comparator treatments, 
thus estimating TTD curves for other treatments by apply-
ing  HRPFS versus  HRTTD to their PFS curves. This method 
assumes that the relationship between TTD and PFS for 
one treatment is applicable to other treatments. In a similar 
approach, an HR between the PFS curves of two therapies 
can be derived and applied to the TTD curve of one treat-
ment to get a proxy for the TTD curve of the other treatment. 
This method also uses observed difference in PFS across 
treatments to estimate unobserved differences in TTD across 
treatments (i.e., assuming that relative treatment effect on 
PFS also applies to TTD). However, although the estimated 
TTD curve will mimic the shape of the observed PFS curve 
in the first approach, it will mimic the shape of the TTD 
curve corresponding to the comparator treatment in the sec-
ond. Any assumptions should be carefully validated with 
clinical experts as, to our knowledge, these methods have not 
been applied in economic models of 1L NSCLC treatments.

4.5  Assay

CEAs comparing different IOs face an additional difficulty 
because each IO drug has a corresponding PD-L1 assay: 
PD-L1 IHC 22C3 pharmDx assay (Agilent; Santa Clara, 
CA, USA) for pembrolizumab, VENTANA PD-L1 SP142 
assay (Roche Diagnostics; Basel, Switzerland) for atezoli-
zumab, PD-L1 IHC 28-8 pharmDx (Agilent) for nivolumab, 
and VENTANA PD-L1 SP263 assay (Roche Diagnostics) 
for durvalumab or pembrolizumab. PD-L1 IHC 73-10 assay 
(Agilent) is under development for avelumab. These assays 
have different sensitivities, and there is no perfect concord-
ance between their results [69, 70].
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In our review, we identified only one model comparing 
different IOs (atezolizumab in combination with chemother-
apy vs. pembrolizumab in combination with chemotherapy); 
however, the patient population was not restricted by PD-L1 
level in the trials compared, so the concordance issue did 
not arise [11]. Evidence to understand comparability across 
different assays can be beneficial in mapping population 
and treatment efficacy among trials. In a study [69] with 81 
NSCLC tumor samples, classification of patients by PD-L1 
expression level yielded comparable results when using the 
PD-L1 IHC 22C3 pharmDx, PD-L1 IHC 28-8 pharmDx, 
or VENTANA PD-L1 SP263 assays. However, employ-
ing the VENTANA PD-L1 SP142 assay or the PD-L1 IHC 
73-10 assay created a marked difference in classification. 
For any specified PD-L1 staining threshold, the ratio of 
patients classified as positive was lower with the VENTANA 
PD-L1 SP142 assay and higher with the PD-L1 IHC 73-10 
assay than with the PD-L1 IHC 22C3 assay. Another recent 
study [70] compared PD-L1 staining with the PD-L1 IHC 
73-10 assay and the PD-L1 IHC 22C3 pharmDx assay in 
clinical NSCLC samples and illustrated comparable staining 
between ≥ 80% cutoff for the 73-10 assay and ≥ 50% cutoff 
for the 22C3 assay. Detailed results on the comparability 
of PD-L1 assays are summarized in ESM-5. In economic 
analyses, differences in sensitivity should be accounted for, 
and scenario analyses should be carried out to explore the 
sensitivity of results to this factor.

4.6  Utility

Health utility inputs have an important impact on ICERs. 
Apart from the approach in modeling utilities, the quality of 
available data can also drive the approach taken. For exam-
ple, for the time-to-death approach, there must be sufficient 
sample sizes in different time-to-death windows, and utility 
values must have face validity.

Justifications for choosing the time-to-death approach 
include that it can capture decline in health-related quality 
of life towards death and that the approach can distinguish 
between health states in a more refined way than health 
state-based utilities [43]. All but one of the models reviewed 
[44] applied the same time windows, and none of the papers 
provided justifications. All models reporting on the utility 
modeling method (n = 29 [10, 11, 13, 15, 17–20, 22–27, 35, 
38, 40–55]) were published since 2017, with more than half 
(n = 17 [10, 11, 19, 20, 22–27, 43, 44, 48, 49, 51, 52, 54, 
55]) published since 2019. Based on this limited time period, 
we cannot assess which approach is increasingly accepted in 
the literature. The lack of a statistically significant difference 
between utility values provides justification for pooling util-
ity values across treatment arms.

Neither health state-based nor time-to-death utility 
models were clearly favored by the ERGs. In NICE TA 

600 [43], the ERG expressed concerns related to time-to-
death–based utilities due to potential overestimation of 
utilities for patients with longer time-to-death categories. 
In NICE TA 584 [44], the ERG confirmed that the time-to-
death approach had more face validity than a utility-based 
approach for progression status. In NICE TA 557 [41], the 
ERG implemented two scenarios. In the first scenario, time-
to-death utilities were complemented by a utility decrement 
for progressed patients, whereas in the second scenario, pro-
gression-based utilities were adjusted by a utility decrement 
for patients having < 360 days until death. Company submis-
sion in NICE TA 584 claimed to have explored separate util-
ity models for patients on and off treatment but abandoned 
the approach because of a lack of clear statistical difference 
between coefficients estimated for the two models [44].

4.7  Limitations

This review is subject to some limitations. We only cap-
tured publications and TA submission documents available 
in English and published before January 2020. As a result, 
more recently published models, which may have addressed 
some of the challenges highlighted here, may not have been 
included. Although we did not review conference abstracts 
released before 2016, it is unlikely that doing so affected our 
conclusions because it is unlikely that models published at 
scientific conferences prior to that date have not been pub-
lished in peer-reviewed journals. In addition, IOs have only 
recently been approved for 1L treatment of NSCLC.

Where possible, we avoided directly comparing meth-
odological issues related to the model approaches across 
publications and TAs because of differences in the level of 
reporting.

The initial set of methodological topics to be explored 
in this review were specified a priori based on initial desk 
research and expert agreement. The list was subsequently 
expanded following insight gained through the data extrac-
tion process. Some other important methodological aspects 
of modeling IOs may nevertheless have been missed.

Finally, we did not systematically examine differences in 
methodology across subpopulations within the same model. 
Although including subgroup analyses in our review could 
change the count of models applying various reported meth-
odological techniques, it would be unlikely to introduce 
additional methodological topics as we did not observe any 
additional challenges associated with subgroup analyses 
within our review.

5  Conclusions

Our review demonstrated that conventional oncology models 
(PS and Markov cohort models) were the most commonly 
used modeling approaches. Only a few published studies and 
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none of the identified TAs used patient-level simulations. 
Treatment switching adjustment is gradually becoming less 
relevant as IOs gain ground in the 2L treatment of NSCLC. 
Only one-fifth of identified models used RWD for survival 
extrapolation or validation; however, we expect more models 
will use this approach as RWD for IOs with longer follow-up 
become available. Treatment-effect waning was explored in 
base-case or scenario analyses in most TAs but only a minor-
ity of published models. Following previously accepted TA 
submissions, most models imposed a 2-year stopping rule 
for DOT with IO. PD-L1 assay concordance was not dis-
cussed in any identified studies. As the landscape becomes 
more crowded and therapies are targeted to patient groups 
with different PD-L1 expression levels, assay concordance 
will become a critical aspect of modeling. Health state-based 
and time-to-death utility modeling were widely used, with a 
large fraction of models exploring both options.

Most models used similar basic approaches, but heteroge-
neity regarding methodological aspects was substantial. We 
encourage researchers from different sectors (e.g., HTA bod-
ies, pharmaceutical industry, academia) to develop guidance 
on modeling approaches, foster the convergence of methods, 
and explore the possibility of collaborating to construct a 
scientifically sound and transparent model that could serve 
as a benchmark for future CEAs of IOs in the 1L treatment 
of NSCLC.
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