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Abstract

Background

Immune checkpoint inhibitors (ICIs) for treatment of non-small cell lung cancer (NSCLC)

have been rapidly evolving. ICIs are likely to be more effective but also lead to escalating

healthcare costs.

Objectives

The aim of this study was to evaluate the cost effectiveness of immune checkpoint inhibitors

(ICIs) for treatment of non-small cell lung cancer (NSCLC).

Methods

We searched the PubMed, Web of Science, and Cochrane Library for studies comparing

the cost effectiveness of ICIs for NSCLC. Potential studies identified were independently

checked for eligibility by two authors, with disagreement resolved by a third reviewer. Quality

of the included studies was evaluated using Consolidated Health Economic Evaluation

Reporting Standards checklists.

Results

A total of 22 economic studies were included. Overall reporting of the identified studies

largely met CHEERS recommendations. In the first-line setting, for advanced or metastatic

NSCLC patients with PD-L1� 50%, pembrolizumab appeared cost-effective compared with

platinum-based chemotherapy in the US and Hong Kong (China), but not in the UK and

China. The cost-effectiveness of pembrolizumab versus chemotherapy for first-line treat-

ment of NSCLC in PD-L1� 1% patients remained obscure. Regardless of PD-L1 expres-

sion status, pembrolizumab in combination with chemotherapy could be a cost-effective

first-line therapy in the US. On the contrary, addition of atezolizumab to the combination of
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bevacizumab and chemotherapy was not cost-effective for patients with metastatic non-

squamous NSCLC from the US payer perspective. In the second-line setting compared with

docetaxel, pembrolizumab was cost-effective; though nivolumab was not cost-effective in

the base case, it could be by increased PD-L1 threshold. Results of the cost-effectiveness

of atezolizumab second-line treatment remained inconsistent. In addition, the adoption of

durvalumab consolidation therapy after chemoradiotherapy could be cost-effective versus

no consolidation therapy for patients with stage III NSCLC.

Conclusions

Immunotherapy can be a cost-effective option for treatment of NSCLC in several scenarios.

A discount of the agents or the use of PD-L1 expression as a biomarker improves the cost-

effectiveness of immunotherapy.

Introduction

Lung cancer is the most common cancer and the leading cause of cancer mortality worldwide,

with an estimated incidence of more than 2 million cases and approximately 1.8 million deaths

[1]. Non-small cell lung cancer (NSCLC) accounts for 80–90% of lung cancer. Up to approxi-

mately 55% of cases are diagnosed at a metastatic stage, which leads to poor long-term progno-

sis [2].

Patients with targetable genetic aberrations gain significant benefits from targeted thera-

pies; however, the subsets represent a small fraction of patients with NSCLC [3]. Over a long

period in the past, the majority of patients without an identified molecular subtype relied pri-

marily on traditional chemotherapy with modest improvement in outcome. The recent intro-

duction of immune checkpoint inhibitors (ICIs), namely monoclonal antibodies directed

against programmed death receptor 1 (PD-1), programmed death ligand 1 (PD-L1) and cyto-

toxic T-cell lymphocyte antigen-4 (CTLA-4) monoclonal antibodies, has resulted in an

increase in overall survival (OS) rates of patients with advanced NSCLC on the basis of numer-

ous clinical trials [4–10]. Therefore, ICIs have become the standard of care in appropriate clin-

ical circumstances for patients with NSCLC.

Given the rising economic burden of cancer care, for example, cancer care in the United

States is expected to reach $173 billion by 2020, cost is becoming an increasingly critical con-

sideration in cancer care other than clinical benefit and toxicity [11]. Cost-effectiveness analy-

sis is an important strategy to assess whether new interventions provide clinical benefit at a

reasonable cost, which has major implications on health policy and public policy [12, 13]. As

such, evaluating the cost effectiveness of new and expensive oncology therapies is of great

concern.

ICIs represent the fastest growing part of the oncology therapeutics market, heightening the

need for economic evaluation of these novel agents [14, 15]. Verma V. et al. conducted a sys-

tematic review to evaluate the economic impact of ICIs, and analyzed studies of head/neck,

lung, genitourinary, and melanoma malignancies treated with ICIs, demonstrating that pem-

brolizumab was cost-effective for NSCLC while nivolumab was not [16]. However, plenty of

new cost-effectiveness investigations associated with ICIs for treatment of NSCLC have been

published along with constantly updated ICIs clinical trials, which could substantially alter the

above-mentioned conclusions.
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Objectives

As expansion in the availability of immune checkpoint inhibitors in NSCLC continues, the

aim of this review was to make an overview of the currently available literature on cost-effec-

tiveness of immune checkpoint inhibitors in treatment of NSCLC and to satisfy the need of

decision makers to maximize benefits under resource constraints.

Methods

Databases and search strategy

The systematic review was performed following the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) guidelines (S1 File) [17]. We searched the PubMed,

Web of Science, Cochrane CENTRAL databases in December of 2019. The main search terms

included non-small cell lung cancer, immunotherapy, immune checkpoint inhibitor, PD-1,

PD-L1, cost, and economic. Based on guidelines for management of NSCLC, we also included

the following agents in the search: pembrolizumab, nivolumab, atezolizumab, ipilimumab and

durvalumab. No language or date restrictions were initially imposed. The detailed search strat-

egy is shown in the S2 File. Moreover, references cited in the identified studies, recent review

articles and other relevant studies were also scrutinized to identify potentially relevant articles

that may have been missed in the original search. Unpublished abstracts were not included

due to the inability to fully evaluate validity and methodologies. We de-duplicated the identi-

fied results using EndNote1 (Clarivate Analytics) [18].

Eligibility criteria

Studies were eligible for review if they performed a cost-effectiveness analysis (CEA) or cost-

utility analysis (CUA) that assessed the immune checkpoint inhibitors for NSCLC. The related

immune checkpoint inhibitors for NSCLC include anti-PD-1 agents (nivolumab and pembro-

lizumab), anti-PD-L1 agents (atezolizumab and durvalumab) and anti-CTLA-4 agents (ipili-

mumab). Studies were excluded if they (1) assessed only the cost or effectiveness of therapeutic

regimens; (2) did not report the effectiveness as quality-adjusted life year (QALY); (3) absence

of a report summarizing statistical result, such as an incremental cost-effectiveness ratio

(ICER); (4) were not written in English; or (5) were case reports, letters, news, comments, edi-

torials, conference abstracts, or systematic reviews.

Review for inclusion

The titles and abstracts of all potential studies identified were checked for eligibility indepen-

dently by two investigators. The eligible studies were proceeded to a full-text review by the two

investigators to finalize study selection. Disagreement between the two investigators were

resolved by a third investigator.

Data extraction and synthesis

Data from the selected studies were extracted and synthesized in Microsoft Excel. Data col-

lected included first author, country, publication year, sponsorship source, study population,

study design (type of economic evaluation), study perspective (societal, health provider, payer,

etc.), model structure, time horizon, interventions, year of costing, type of currency, source of

cost, source of effectiveness, outcome measure, sensitivity analysis, willingness-to-pay thresh-

old, results (total costs, effectiveness and ICER, etc.) and conclusion.
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Quality assessment

Quality assessment was independently performed by two investigators using the CHEERS

(Consolidated Health Economic Evaluation Reporting Standards) checklist, which was devel-

oped by a task force supported by the International Society for Pharmacoeconomics and Out-

comes Research (ISPOR) [19]. The CHEERS checklist, aiming to optimize reporting of health

economic evaluations, comprises 24 items which are subdivided into six categories: (1) title

and abstract, (2) introduction, (3) methods, (4) results, (5) discussion, and (6) other.

Data analysis

Total costs, effectiveness (QALYs), and ICERs were compared among the included studies,

stratified by treatment line. To make a comparison between the different currencies used in

different countries, the reported costs were converted into US dollars (2019) using a web-

based tool. In addition, the authors’ conclusions regarding their modeled interventions were

reported.

Results

In the initial search, 510 records were identified from the databases (Fig 1). Following removal

of duplicates, titles and abstracts of 368 studies were screened. Of these, 341 irrelevant records

were excluded. A total of 27 articles were then fully reviewed and assessed for eligibility.

Finally, 22 studies were included in this systematic review [20–41].

Characteristics of the included studies

The characteristics of all included studies are presented in S1 Table. Most of the studies were

conducted in 2019 [28–41]. Studies were conducted from countries all over the world, with ten

from the USA [22–27, 29, 30, 32, 33], seven from China (one from HongKong) [34–36, 38–

41], two from Canada [20, 37], and one each from Australia [31], France [28] and Switzerland

[21]. Most studies were assessed from the perspective of health care system (N = 12) [20–22,

25, 26, 28–31, 35, 37, 40], some used a payer perspective (N = 8) [23, 24, 27, 32, 33, 38, 39, 41],

and the remainder used a perspective of society (N = 1) [34] and hospital authority (N = 1)

[36].

The majority of the studies (N = 14) [23, 25–28, 30, 32–34, 36, 38–41] analyzed the cost-

effectiveness of ICIs in the first-line treatment of NSCLC, of which one study was for patients

with squamous cell carcinoma (SCC) and four studies were for non-SCC, while 7 studies [20–

22, 24, 31, 35, 37] in second-line treatment (one study for SCC and two studies for non-SCC)

and one study in stage III NSCLC after chemoradiotherapy [29]. Treatments compared in

each study varied across studies. Among studies analyzing the first-line treatment, most studies

compared pembrolizumab with platinum-based chemotherapy based on KEYNOTE 024 [9]

or KEYNOTE 042 trial [42] (N = 10) [23, 25, 26, 28, 32, 34, 36, 38, 40, 41]. The remainders

evaluated pembrolizumab plus chemotherapy versus chemotherapy alone or pembrolizumab

alone, combination of atezolizumab and chemotherapy versus chemotherapy. As for second-

line treatment, the majority of the studies assessed nivolumab versus docetaxel (N = 4). In

total, the most commonly modeled intervention was pembrolizumab (N = 13), followed by

nivolumab (N = 5), atezolizumab (N = 3), durvalumab (N = 1) and a mix of treatment options

(N = 1).

All of the included studies built economic models to assess the cost-effectiveness of ICIs. Of

these, ten studies used Markov model, five studies used a partitioned survival model and two

studies adopted both. Other models included decision-analytic model, cohort simulation
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model and microsimulation model. The time horizon evaluated by the studies varied signifi-

cantly. Most studies evaluated a time horizon of lifetime, and the shortest time horizon

included was 5 years in the study assessing durvalumab consolidation therapy, whereas one

study did not report the time horizon of analysis.

Cost-effectiveness outcomes

Table 1 summarizes the outcomes of the included studies according to treatment line (first-

line, second-line and locally advanced cancer) and PD-L1 expression level (Table 1).

Fig 1. PRISMA flowchart. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

https://doi.org/10.1371/journal.pone.0238536.g001
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Table 1. Overview of the outcomes of the included studies.

Study, year Costs QALYs ICER (per QALY

gained)

WTP threshold (per

QALY gained)

Conclusions

First-line (PD-L1� 50%) (n = 6)

Huang et al.,

2017 [23]

Pembro: $362663

PBC: $260,233

Pembro: 2.60

PBC: 1.55

Pembro vs PBC: $97,621 $100,000; $150,000 Pembro is cost-effective compared with PBC from

the US third-party public health care payer

perspective.

Georgieva

et al., 2018

[25]

Perspective of British

NHS:

No dependency:

pembro: $99,000

PBC: $34,000

Moderate dependency:

pembro: $121,000

PBC: $38,000

Perspective of US cost:

No dependency:

pembro: $132,000

PBC: $73,000;

Moderate dependency:

pembro: $160,000

PBC: $81,000

No dependency:

pembro: 3.06

PBC: 1.11

Moderate

dependency:

pembro: 2.69

PBC: 1.06

pembro vs PBC

UK perspective:

No dependency:

$34,000;

Moderate dependency:

$52,000

US perspective:

No dependency:

$31,000;

Moderate dependency:

$49,000

UK: £30,000

($42,048);

US: $100,000

Pembro is cost-effective compared with PBC in the

US but not the UK.

Hu et al., 2018

[26]

Pembro: £92,833

($121,760)

PBC: £20,368

($26,711)

Pembro: 1.554

PBC: 0.71

Pembro vs PBC: £86,913

($113,978)

£50,000 ($65,570) Pembro is not cost-effective at its current list price

and a discount of 50% or more is required for it to

be cost-effective comparing to PBC from the UK

health care perspective.

Chouaid et al.,

2019 [28]

SCC:

pembro: €125,261

($140,405)

PBC: €63,229

($70,873)

Non-SCC:

PBC: €70,790

($79,348)

PBC with gem plus

bev: €74,042 ($82,994)

PBC with ptx plus bev:

€80,330 ($90,042)

PBC with pem:

€86,902 ($97,408)

pembro: €133,966

($150,162)

PBC with pem plus

bev: €148,913

($166,917)

SCC:

pembro: 1.57

PBC: 0.83

Non-SCC:

PBC: 1.04

PBC with gem plus

bev: 1.04

PBC with ptx plus

bev: 1.38

PBC with pem: 1.23

pembro: 2.06

PBC with pem plus

bev: 1.42

Relative to PBC

SCC:

pembro: €84,097

($94,264)

Non-SCC:

PBC with gem plus bev:

strictly dominated

PBC with ptx plus bev:

€28,448 ($31,887)

PBC with pem: strictly

dominated

Pembro: €78,729

($88,247)

PBC with pem plus bev:

strictly dominated

€100,000 ($112,090) Pembro appears cost-effective versus chemotherapy

from the perspective of French healthcare system.

Liao et al.,

2019 [34]

Pembro: $115,019

PBC: $68,657

Pembro: 1.10

PBC: 0.65

Pembro vs PBC:

$103,128

$26,481 Pembro is not likely to be cost-effective from the

perspective of Chinese society.

Loong et al.,

2019 [36]

Pembro: HK$1147,792

($147,342)

PBC: HK$898,715

($115,368)

Pembro: 1.69

PBC: 1.41

Pembro vs PBC: HK$

865,189 ($111,064)

HK$1017,819

($130,657)

Pembro in a BTS to identify patients with PD-L1�

50% can be considered cost effective compared

with PBC from the perspective of Hospital

Authority in Hong Kong (China).

First-line (PD-L1� 1%) (n = 4)

Huang et al.,

2019 [32]

PD-L1�1%:

pembro: $230,954

PBC: $167,046

PD-L1� 50%: NR

PD-L1�1% and

<49%: NR

PD-L1�1%:

pembro: 1.77

PBC: 1.28

PD-L1� 50%:

pembro vs PBC:

0.77

PD-L1�1% and

<49%:

pembro vs PBC:

0.28

Pembro vs PBC:

PD-L1�1%: $130,155

PD-L1� 50%: $111,781

PD-L1�1% and <49%:

$161,546

$150,000 Pembro is cost-effective versus PBC in patients

with PD-L1� 1%, but not in the subgroup with

PD-L1 1~49% from the US third-party public

healthcare payer perspective.

(Continued)
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Table 1. (Continued)

Study, year Costs QALYs ICER (per QALY

gained)

WTP threshold (per

QALY gained)

Conclusions

She et al., 2019

[38]

PD-L1� 50%:

pembro: $261,848

PBC: $175,684

PD-L1� 20%:

pembro: $249,065

PBC: $174,503

PD-L1�1%:

pembro: $239,205

PBC: $168,318

PD-L1� 50%:

pembro: 2.10

PBC: 1.47

PD-L1� 20%:

pembro: 1.93

PBC: 1.47

PD-L1� 1%:

pembro: 1.83

PBC: 1.44

Pembro vs PBC:

PD-L1� 50%: $136,229

PD-L1� 20%: $160,626

PD-L1� 1%: $179,530

$150,000 Pembro is cost-effective compared with PBC in

patients with PD-L1� 50%, but not in the

PD-L1� 20% and 1% populations from the US

payer perspective.

Weng et al.,

2019 [40]

PD-L1� 50%:

pembro: $117,390

PBC: $63,605;

PD-L1� 20%:

pemro: $112,341

PBC: $64,862

PD-L1� 1%:

pemro: $104,747

PBC: $64,919

PD-L1� 50%:

pembro: 1.87

PBC: 0.74

PD-L1� 20%:

pembro: 1.78

PBC: 0.77

PD-L1� 1%:

pembro: 1.37

PBC: 0.78

Pembro vs PBC:

PD-L1� 50%: $47,596

PD-L1� 20%: $47,184

PD-L1� 1%: $68,061

$180,000 Pembro is cost-effective compared with PBC with

all PD-L1 expression level (�50%,�20%, and

�1%) from the US health care perspective.

Zhou et al.,

2019 [41]

PD-L1� 50%:

pembro: $95,168

PBC: $29,846

PD-L1� 20%:

pembro: $81,867

PBC: $30,671

PD-L1� 1%:

pembro: $73,615

PBC: $29,482

PD-L1� 50%:

pembro: 2.81

PBC: 1.02

PD-L1� 20%:

pembro: 2.28

PBC: 1.07

PD-L1� 1%:

pembro: 2.16

PBC: 1.04

Pembro vs PBC:

PD-L1� 50%: $36,493

PD-L1� 20%: $42,311

PD-L1� 1%: $39,404

$26,508 Pembro is not cost-effective compared with PBC

regardless of PD-L1 expression (�50%,�20%, and

�1%) from the perspective of payers in China.

First-line (all PD-L1 expression levels) (n = 4)

Insinga et al.,

2018 [27]

PD-L1�50%:

pembro+chemo:

$376,584

pembro: $203,358

chemo: $183,810

PD-L1 1–49%:

pembro+chemo:

$343,216

chemo: $209,545

PD-L1 < 1%:

pembro+chemo:

$251,192

chemo: $168,140

PD-L1�50%:

pembro+chemo:

3.24

pembro: 2.06

chemo: 1.37

PD-L1 1–49%:

pembro+chemo:

3.47

chemo: 1.47

PD-L1 < 1%:

pembro+chemo:

1.89

chemo: 1.44

Pembro+chemo vs

chemo

PD-L1�50%: $103,402

PD-L1 1–49%: $66,837

PD-L1 < 1%: $183,529

Pembro+chemo vs

pembro

PD-L1�50%: $147,365

$180,000 Pembro+chemo is cost-effective in previously

untreated non-squamous NSCLC patients with

PD-L1�1% from the US third-party healthcare

payer perspective.

Criss et al.,

2019 [30]

Base Case 1:

BCP: $112,551

ABCP: $244,166

Base Case 2:

CP: $82,738

BCP: $112,551

ABCP: $244,166

pembro+CP: $226,282

Base Case 1:

BCP:1.48

ABCP: 2.13

Base Case 2:

CP: 1.11

BCP: 1.48

ABCP: 2.13

pembro+CP: 2.45

Base Case 1:

ABCP vs BCP: $201,676

Base Case 2:

BCP vs CP: $80,671

ABCP vs pembro+CP:

dominated

pembro+CP vs BCP:

$116,698

$100,000 Atezo combination is not cost-effective compared

with BCP and provided suboptimal incremental

benefit compared with cost vs pembro combination

from the perspective of US health care sector.

Insinga et al.,

2019 [33]

Pembro+chemo:

$231,209

Chemo: $111,758

Pembro+chemo:

2.80

Chemo: 1.41

Pembro vs chemo:

$86,293

$100,000 Pembro+chemo can be a cost-effective first-line

treatment for metastatic squamous NSCLC patients

for whom chemotherapy is currently administered

from the US third-party healthcare payer

perspective.

Wan et al.,

2019 [39]

ABCP: $389,550

BCP: $154,552

TC: $8,434

ABCP: 1.390

BCP: 0.977

TC:0.652

ABCP Vs BCP: $568,967

ABCP Vs TC: $516,114

BCP Vs TC: $449,029

$100,000 ABCP is not cost-effective compared with BCP or

TC for patients with metastatic non-squamous

NSCLC from the US payer perspective.

(Continued)
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Table 1. (Continued)

Study, year Costs QALYs ICER (per QALY

gained)

WTP threshold (per

QALY gained)

Conclusions

Second-line (n = 7)

Goeree et al.,

2016 [20]

Markov model:

nivo: $139,016

doc: $38,812

erl: $39,920

PS model:

nivo: $141,973

doc: $38,029

erl: $40.329

Markov model:

nivo: 1.23

doc: 0.58

erl: 0.54

PS model:

nivo: 1.24

doc: 0.59

erl: 0.55

Markov model:

nivo vs doc: $152,229

nivo vs erl: $141,838

PS model:

nivo vs doc: $151,560

nivo vs erl: $140,601

NR The use of a PS or Markov model produced very

similar estimates of expected cost, outcomes, and

incremental cost-utility from the perspective of

Canadian publicly-funded healthcare system.

Matter-

Walstra et al.,

2016 [21]

Nivo: CHF66,208

($68,419)

Doc: CHF37,618

($38,874)

Nivo with dose

reduction: CHF 47,410

($48,993)

Nivo with duration

reduction: CHF55,394

($57,244)

Nivo: 0.69

Doc: 0.53

Nivo with dose

reduction: 0.69

Nivo with duration

reduction: 0.69

Nivo vs doc:

CHF177,478 ($183,406)

Nivo (PD-L1�1%) vs

doc: CHF133,267

($137,718)

Nivo (PD-L1�1%) vs

nivo: CHF65,774

($67,971)

Nivo (PD-L1�10%) vs

doc: CHF124,891

($129,062)

Nivo (PD-L1�10%) vs

nivo: CHF37,860

($39,125)

Nivo with dose

reduction vs doc:

CHF60,787 ($62,817)

Nivo with reduced

duration vs doc:

CHF110,349 ($114,035)

CHF100,000 ($103,

340)

Nivo is not cost-effective compared with docetaxel

for non-squamous NSCLC from the perspective of

Swiss health care system. However, nivo is cost-

effective by dose reduction and increased PD- L1

threshold.

Aguiar et al.,

2017 [22]

SCC (PD-L1

unselected):

nivo: $104,453

doc: $39,516

non-SCC (PD-L1

unselected):

nivo: $100,791

doc: $46,856

All histology

(PD-L1�1%):

pembro: $82,201

doc: $48,182

All histology (PD-L1

unselected):

atezo: $122,155;

doc: $45,864

SCC (PD-L1

unselected):

nivo: 0.82

doc: 0.40

non-SCC (PD-L1

unselected):

nivo: 0.87

doc: 0.59

All histology

(PD-L1�1%):

pembro:0.92; doc:

0.57

All histology

(PD-L1 unselected):

atezo: 0.90; doc:

0.54

Nivo vs doc (SCC,

PD-L1 unselected):

$155,605

Nivo vs doc (non-SCC,

PD-L1 unselected):

$187,685

Pembro vs doc (all

histology, PD-L1�1%):

$98,421

Atezo vs doc (all

histology, PD-L1�1%):

$215,802

$100,000 Atezo is not cost-effective; pembro is cost-effective;

although not at baseline, nivo is cost-effective by

increased PD-L1 threshold. The use of PD-L1

expression as a biomarker increases cost-effective

of immunotherapy from the perspective of US

Medicare system.

Huang et al.,

2017 [24]

Pembro: $297,443

Doc: $136,921

Pembro: 1.71

Doc: 0.76

Pembro vs doc:

$168,619

$171,660 Pembro is cost-effective compared with docetaxel

in pre-treated advanced NSCLC patients with

PD-L1� 50% from the perspective of US third-

party payer.

Gao et al.,

2019 [31]

PS model:

nivo: A$137,935

($96,763)

doc: A$19,257

($13,509)

Markov model:

nivo: A$100,236

($70,316)

doc: A$22,534

($15,808)

PS model:

nivo: 1.06

doc: 0.46

Markov model:

nivo: 1.03

doc: 0.68

Nivo vs doc

PS model: A$198,862

($139347)

Markov model: A

$220,029 ($154,179)

A$50,000 ($35036) Nivo is not cost-effective for patients with

previously treated advanced or metastatic

squamous NSCLC from the perspective of

Australian healthcare system.

(Continued)

PLOS ONE Cost effectiveness of immune checkpoint inhibitors for NSCLC: A systematic review

PLOS ONE | https://doi.org/10.1371/journal.pone.0238536 September 2, 2020 8 / 16

https://doi.org/10.1371/journal.pone.0238536


In the first-line treatment setting, studies were differentiated according to PD-L1 expres-

sion levels (PD-L1� 50%; PD-L1� 1%; all PD-L1 expression levels). For patients with

PD-L1� 50%, pembrolizumab could be a cost-effective first-line treatment compared with

platinum-based chemotherapy from the perspective of US health care system or third-party

payer [23, 25], French healthcare system [28] and Hospital Authority in Hong Kong (China)

[36], while not cost-effective in the UK [25, 26], France [28] or China [34]. Four studies evalu-

ated the cost-effectiveness of first-line treatments in PD-L1� 1% patients [32, 38, 40, 41]. Of

these, one study indicated that pembrolizumab was cost-effective compared with platinum-

based chemotherapy in patients with all PD-L1 expression level (� 50%,� 20%, and� 1%)

from the US health care perspective [40]. Nevertheless, another study analyzed from the per-

spective of US third-party public healthcare payer showed that pembrolizumab was cost-effec-

tive in patients with PD-L1� 1%, but not in the subgroup with PD-L1 1~49% [32]. Similarly,

She et al. concluded that pembrolizumab was cost-effective in PD-L1 positive patients

(PD-L1� 50%), but not in the PD-L1� 20% and� 1% populations in the US [38]. Addition-

ally, Zhou et al. assessed the cost-effectiveness of pembrolizumab from Chinese perspective

and found that pembrolizumab is not cost-effective compared with PBC regardless of PD-L1

expression level (� 50%,� 20%, and� 1%) [41]. Pembrolizumab and atezolizumab are rec-

ommended for use in combination with chemotherapy as first-line treatment regardless of

PD-L1 expression status based on KEYNOTE 189, KEYNOTE 407 trial and IMpower150 trial

[5, 6, 43]. Insinga et al. [27, 33] evaluated the cost-effectiveness of pembrolizumab plus chemo-

therapy versus chemotherapy and pembrolizumab monotherapy from the US third-party

healthcare payer perspective, and found that this combination might be cost-effective in the

first-line treatment of both squamous and non-squamous NSCLC cancer. Two studies investi-

gated the cost-effectiveness of atezolizumab, and results showed that addition of atezolizumab

to the combination of bevacizumab, carboplatin, and paclitaxel was not cost-effective for

patients with metastatic non-squamous NSCLC from the US payer perspective [30, 39].

Table 1. (Continued)

Study, year Costs QALYs ICER (per QALY

gained)

WTP threshold (per

QALY gained)

Conclusions

Liu et al., 2019

[35]

Nivo: $40,599

Doc: $18,338

Nivo: 0.55

Doc: 0.31

Nivo vs doc: $93,307 $28,899 for general

regions; $63,564 for

affluent regions

Nivo is not cost-effective compared with doc for

patients with previously treated advanced NSCLC

from the perspective of Chinese healthcare system.

Ondhia et al.,

2019 [37]

Atezo: CAD130,563

($100,541)

Doc: CAD45,490

($35,030)

Nivo: CAD134,839

($103,834)

Atezo: 1.31

Doc: 0.71

Nivo:1.28

Atezo vs doc:

CAD142,074 ($109,406)

Nivo vs doc:

CAD158,875 ($122,343)

$125,000 Atezo is cost-effective compared with doc, and

atezo dominated nivo from the perspective of

Canadian publicly-funded healthcare system.

Locally advanced (n = 1)

Criss et al.,

2019 [29]

Durvalumab

consolidation therapy:

$201,563

No consolidation

therapy: $185,944

Durvalumab

consolidation

therapy: 2.34

No consolidation

therapy: 2.57

Durvalumab

consolidation vs no

consolidation: $67,421

$100,000 Durvalumab consolidation therapy can be cost-

effective for patients with unresectable stage III

NSCLC whose disease has not progressed after

chemoradiotherapy from the perspective of US

Health Care System.

Abbreviations. QALY, quality adjusted life year; ICER, incremental cost-effectiveness ratio; WTP, willingness-to-pay; PD-L1, programmed cell death ligand-1; pembro,

pembrolizumab; PBC, platinum-based chemotherapy; US, United States; NHS, National Health System; UK, United Kingdom; SCC, squamous cell carcinoma; gem,

gemcitabine; bev, bevacizumab; ptx, paclitaxel; pem, pemetrexed; HK, Hong Kong; NR, not reported; BTS, test-and-treat strategy; chemo, chemotherapy; NSCLC, non-

small cell lung cancer; atezo, atezolizumab; BCP, bevacizumab + carboplatin +paclitaxel; ABCP, atezolizumab + bevacizumab + carboplatin + paclitaxel; CP, carboplatin

plus pemetrexed; TC, paclitaxel plus carboplatin; nivo, nivolumab; doc, docetaxel; erl, erlotinib; PS, partitioned survival; CHF, Swiss francs; CAD, Canadian dollars.

https://doi.org/10.1371/journal.pone.0238536.t001
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Apart from the above-mentioned researches about first-line treatments, six studies assessed

the second-line treatments. The earliest study was conducted in 2016 in Canada, from a per-

spective of publicly-funded healthcare system [20]. This study estimated the cost-effectiveness

of nivolumab compared with docetaxel or erlotinib in the second-line treatment of advanced

squamous NSCLC, and compared the results using partitioned survival and Markov models,

demonstrating these two modelling approaches produced very similar estimates of expected

cost, outcomes, and ICER. However, no particular willingness-to-pay (WTP) threshold was

mentioned in this study. Subsequently, plenty of economic studies around the world also eval-

uated the cost-effectiveness of second-line therapies for patients with recurrent NSCLC. Three

studies, one each from Switzerland, US and China, showed that nivolumab is not cost-effective

compared with docetaxel for patients with previously treated advanced NSCLC [21, 31, 35].

Huang et al. [24] found that pembrolizumab is cost-effective versus docetaxel in pre-treated

advanced NSCLC patients with PD-L1� 50% from the US third-party payer perspective.

Additionally, atezolizumab was proved to be a cost-effective therapeutic option in Canada for

the treatment of patients with advanced NSCLC who progressed after first-line chemotherapy

[37]. Given various options for second-line treatment of advanced NSCLC, Aguiar et al. [22]

assessed the cost-effectiveness and economic impact of PD-L1 testing and the above-men-

tioned three second-line ICIs versus docetaxel. Relative to docetaxel, atezolizumab is not cost-

effective; pembrolizumab is cost-effective; though nivolumab is not cost-effective in the base

case, it can be cost-effective by increased PD-L1 threshold.

In addition, a study evaluated the cost-effectiveness and potential economic implications of

durvalumab, which is the first immunotherapy to be approved for adjuvant treatment of

patients with unresectable stage III NSCLC who has not progressed after chemoradiotherapy,

in the context of the US health care system [29]. Results demonstrated that durvalumab con-

solidation therapy can be cost-effective versus no consolidation therapy.

Quality assessment

The included studies had a good reporting quality as per the CHEERS checklist (Fig 2 and S3

File). The least commonly reported item in the included studies was “characterizing heteroge-

neity,” followed by “assumptions” and “currency, price date, and conversion.” With regard to

parameter uncertainty, twenty studies performed one-way sensitivity analysis, twenty studies

performed probabilistic sensitivity analysis (PSA), and two studies performed alternative sce-

nario analysis.

Discussion

In this systematic review, we identified and included 22 studies that evaluated the cost-effec-

tiveness of immune checkpoint inhibitors for treatment of NSCLC. Overall reporting of the

identified studies largely met CHEERS recommendations.

In the first-line setting, for patients with PD-L1� 50%, pembrolizumab appears cost-effec-

tive compared with platinum-based chemotherapy in the US and Hong Kong (China), but not

in the UK and China. The disparity of the results can be explained by different WTP thresholds

across different countries. The conclusions of several studies changed as the WTP threshold

increased. Taking various ICER results into account, pembrolizumab could be a cost-effective

first-line treatment if WTP threshold set as $100,000/QALY in PD-L1� 50% patients. The

cost-effectiveness of pembrolizumab versus chemotherapy for first-line treatment of NSCLC

in PD-L1�1% patients remained obscure. Various factors may explain the difference in the

results including variation of drug cost in different countries as well as discrepancy in model

parameters. Regardless of PD-L1 expression status, pembrolizumab in combination with
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chemotherapy can be a cost-effective first-line therapy in the US. On the contrary, addition of

atezolizumab to the combination of bevacizumab, carboplatin, and paclitaxel is not cost-effec-

tive for patients with metastatic non-squamous NSCLC from the US payer perspective. Even if

the threshold is raised to $150,000/QALY, atezolizumab combination cannot be an economic

solution in the first-line setting.

In the second-line setting compared with docetaxel, pembrolizumab is cost-effective;

though nivolumab is not cost-effective in the base case, it can be cost-effective by increased

PD-L1 threshold. It indicates that the use of PD-L1 expression as a biomarker improves the

cost-effectiveness of second-line immunotherapy. Results of the cost-effectiveness of atezolizu-

mab second-line treatment remains inconsistent. This is due in part to differences in curren-

cies and healthcare systems between countries and different models adopted for simulation.

In addition, the adoption of durvalumab consolidation therapy after chemoradiotherapy

can be cost-effective versus no consolidation therapy for patients with stage III NSCLC, repre-

senting an indication that treating with expensive immunotherapy earlier in the course of can-

cer progression can also provide significant value.

The published systematic reviews of cost-effectiveness studies in immune checkpoint inhib-

itors are limited. A systematic review by Verma et al. [16] was the first known comprehensive

review of cost-effectiveness analysis pertaining to immune checkpoint inhibitors. Since a great

many new cost-effectiveness analysis studies were published thereafter, we searched broader

databases and included several additional studies for NSCLC treatment. In addition, we sum-

marized and compared more detailed methodological information of the included studies.

Subsequently, Addeo et al. [44] evaluated the cost-effectiveness of checkpoint inhibitors plus

chemotherapy compared with chemotherapy alone for the first-line treatment of patients with

Fig 2. Number of included studies that met each CHEERS criterion.

https://doi.org/10.1371/journal.pone.0238536.g002
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advanced NSCLC. Our results are not directly comparable as this review focused solely on

combination of immunotherapy with chemotherapy.

Of note, both abovementioned systematic reviews did not perform quality assessment on

the methodological aspects of the included studies. Quality assessment is one of the important

steps in developing a good systematic review of cost-effectiveness studies. The most commonly

adopted instruments for quality assessment include CHEERS checklist, Quality of Health Eco-

nomics Studies (QHES) instrument, the Philips and the Drummond checklists, et al. CHEERS

checklist was developed by international experts, and jointly endorsed by many journals [19,

45, 46]. A plenty of previous studies have adopted the CHEERS checklist for assessing the

quality of published economic studies [47, 48]. Therefore, the quality assessment was con-

ducted using the CHEERS checklists in the present systematic review. Overall, quality of the

included studies was high with majority of studies reported strictly according to the CHEERS

checklist.

As far as we know, this is the first systematic review to assess the cost-effectiveness of

immune checkpoint inhibitors for patients with NSCLC. The majority of published literature

reporting cost-effectiveness evaluation pertaining to immunotherapies for NSCLC treatment

was included in our analysis, including first-line and second-line treatment for advanced or

metastatic disease as well as earlier treatment for stage III carcinoma. Nevertheless, our review

has some limitations. First, we restricted our review to studies written in English. In addition,

some of the relevant studies may not have been retrieved despite the use of broad search terms

in commonly used databases. Finally, the studies included in this review were conducted from

different perspectives and countries, and adopting different WTP threshold, leading to diffi-

culties in interpreting the conclusions.

Conclusion

For patients with NSCLC, immunotherapy can be a cost-effective strategy in several scenarios.

A discount of the agents or the use of PD-L1 expression as a biomarker improves the cost-

effectiveness of immunotherapy. Future publications of economic evaluation pertaining to

immune checkpoint inhibitors for treatment of NSCLC could alter conclusions from this

review.
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