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Abstract

Background Non-small cell lung cancer (NSCLC) is one of the most commonly diagnosed cancers. There are many published
studies of cost-effectiveness analyses of licensed treatments, but no study has compared these studies or their approaches
simultaneously.

Objective To investigate the methodology used in published economic analyses of licensed interventions for previously
treated advanced/metastatic NSCLC in patients without anaplastic lymphoma kinase or epidermal growth factor receptor
expression.

Methods A systematic review was performed, including a systematic search of key databases (e.g. MEDLINE, EMBASE,
Web of Knowledge, Cost-effectiveness Registry) limited to the period from 01 January 2001 to 26 July 2019. Two review-
ers independently screened, extracted data and quality appraised identified studies. The reporting quality of the studies was
assessed by using the Consolidated Health Economic Evaluation Reporting Standards and the Philips’ checklists.

Results Thirty-one published records met the inclusion criteria, which corresponded to 30 individual cost-effectiveness
analyses. Analytical approaches included partitioned survival models (n = 14), state-transition models (n=7) and retrospective
analyses of new or published data (n =8). Model structure was generally consistent, with pre-progression, post-progression
and death health states used most commonly. Other characteristics varied more widely, including the perspective of analysis,
discounting, time horizon, usually to align with the country that the analysis was set in.

Conclusions There are a wide range of approaches in the modelling of treatments for advanced NSCLC; however, the model
structures are consistent. There is variation in the exploration of sensitivity analyses, with considerable uncertainty remaining
in most evaluations. Improved reporting is necessary to ensure transparency in future analyses.

85%-90% of all forms of lung cancer [2]. The development
of targeted therapies and immunotherapies promises to fill
some of the unmet needs for the treatment of advanced/met-

1 Introduction

Lung cancer is one of the most commonly diagnosed can-

cers and the leading cause of cancer-related deaths globally
[1], with non-small lung cancer (NSCLC) accounting for
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astatic NSCLC. To date, 13 agents have a label indication
for the treatment of advanced/metastatic NSCLC in patients
after failure to first-line chemotherapy (docetaxel, pem-
etrexed, ramucirumab with docetaxel, erlotinib, nintedanib
with docetaxel, afatinib, nivolumab, pembrolizumab, ate-
zolizumab, crizotinib, ceritinib, gefitinib and osimertinib),
four of which are targeted therapies for patients with ana-
plastic lymphoma kinase expression (ALK +) or epidermal
growth factor receptor expression (EGFR +) disease. In the
absence of head-to-head comparison studies between most
of the licensed drugs for this specific population, we showed,
in a previous systematic review with network meta-analyses,
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The structure of the models was consistent with little
deviation from the pre-progression, post-progression and
death health states.

The modelling of overall survival is routinely one of the
most influential factors on the cost-effectiveness conclu-
sions but is often associated with considerable uncer-
tainty.

Studies should report with greater transparency their
methods for extrapolating survival curves to reduce bias
in cost-effectiveness analyses.

There is insufficient evidence to conclude which treat-
ment is the most cost effective and further research is
necessary.

that the three recent immune checkpoints inhibitors namely,
nivolumab, pembrolizumab and atezolizumab, exhibited
superior benefit/risk balance compared to other licensed
drugs [3]. The same was found in a secondary analysis of
trials using restricted mean survivals and parametric model-
ling to measure effectiveness [4].

However, due to the substantial costs of these drugs, their
use is raising concerns because of the high economic impact
these drugs are likely to have on health systems [5]. This
advocates for the use of economic modelling to be conducted
in order to comprehensively compare these licensed drugs
on both the cost and effectiveness dimensions.

Prior to this comprehensive cost-effectiveness evalua-
tion, we aimed to undertake a systematic review of existing
economic evaluations relating to previously treated NSCLC
drugs to synthesise existing evidence, specifically focusing on
model-based economic analyses. This first stage is required
because of the anticipated complexity of the cost-effectiveness
modelling of NSCLC drugs. In this systematic review, we have
summarised the modelling techniques, clinical inputs, resource
use and costs, and outcome measures used in the analyses, and
suggested key issues to consider in developing further cost-
effectiveness models. Previous systematic reviews comparing
the clinical effectiveness of interventions for NSCLC have
been published [3, 6], but our literature search did not identify
any systematic reviews with a focus on cost-effectiveness evi-
dence. This paper addresses this gap in the literature.

2 Methods

The protocol for this systematic review was registered on the
PROSPERO international prospective register of systematic
reviews [7].
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2.1 Search Strategy

A literature search of published economic evaluations was
performed, following the PRISMA (Preferred Reporting
Items for Systematic review and Meta-Analysis) guidelines
[8]. Electronic databases [MEDLINE, EMBASE (Ovid),
Cochrane Library (Wiley), Science Citation Index (Web of
Knowledge), Research Papers in Economics (RePEC) and
the Cost-Effectiveness Analysis (CEA) Registry], and the
National Institute of Health and Care Excellence (NICE)
website were searched for relevant literature. We also per-
formed citation searches and searched reference lists of
relevant included studies, and any previously published
systematic reviews. The search was limited to studies pub-
lished in the English language from 1 January 2001 until
26 July 2019. This start point was chosen because it cor-
responds to the year that docetaxel was appraised by NICE
for NSCLC, docetaxel being the first agent that was labelled
for this indication and was established as the standard of care
in second-line therapy [9]. The search strategy combined
NSCLC terminology with economic terms. A copy of the
search terms is available in the supplementary information.

2.2 Study Selection/Inclusion and Exclusion Criteria

All citations retrieved were screened independently by two
reviewers (DG and PA) at title/abstract stage, and full texts
of potentially relevant records were further examined. Any
disagreements between the reviewers were resolved by con-
sensus or recourse to a third reviewer (XA). We examined
original papers, technology appraisal guidance, letters,
editorials and meeting abstracts. Studies were considered
to be relevant if the study examined at least one treatment
with label indication for advanced/metastatic NSCLC as of
January 2018 (docetaxel, pemetrexed, ramucirumab with
docetaxel, erlotinib, nintedanib with docetaxel, afatinib,
nivolumab, pembrolizumab, atezolizumab, best supportive
care alone or in combination with a drug of interest. We
excluded the four targeted therapies (crizotinib, ceritinib,
gefitinib and osimertinib). To be included, studies should
have used an economic analysis to compare treatments
licensed for adults with advanced/metastatic NSCLC, and
meeting the following characteristics:

¢ Non-squamous (adenocarcinoma, large cell), or squa-
mous histology

e ALK expression either predominantly negative or 100%
negative

e EGFR expression either predominantly negative or 100%
negative
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e Patients who experienced failure to prior first line chemo-
therapy (i.e. those receiving second-line treatment and
beyond)

We excluded studies that included people with
ALK + and/or EGFR + expression, as according to cur-
rent practices, these patients are routinely offered targeted
therapies.

2.3 Data Extraction and Synthesis

Two reviewers (DG & PA) each extracted information from
half of the studies and further cross-checked each other’s
extractions. Any disagreements were resolved by discussion
or by recourse to a third reviewer (XA). Information was
extracted on study details (title, author and year of study),
baseline characteristics (population, intervention, compara-
tor and outcomes), methods (study perspective, time hori-
zon, discount rate, measure of effectiveness, units of cur-
rency, conversions, assumptions and analytical methods),
results (study parameters, base-case and sensitivity analy-
sis results), discussion (study findings, limitations of the
models and generalisability), other (source of funding and
conflicts of interests), overall comments and conclusions
(author’s and reviewer’s). A template of the extraction form
is provided in the supplementary information. Information
extracted from the included studies were summarised and
presented in Table 1. Due to the nature of economic analyses
(different aims/objectives, study designs, populations, and
methods) these findings from individual studies were com-
pared narratively, and recommendations for future economic
analyses are discussed.

2.4 Critical Appraisal and Quality Assessment Tools

The reporting quality of the studies was assessed against
the Consolidated Health Economic Reporting Standards
(CHEERS) [10] and the Philips’ checklist [11], respec-
tively. PA and DG critically appraised half of the final list
of included studies, with XA independently verifying the
accuracy of the information. Any differences were resolved
by discussion or by a fourth assessor (HM).

3 Results
3.1 Search Results

Details of the literature search and review process can be
found in the PRISMA flow chart [12] in Fig. 1. Following
screening of the 837 identified records, 612 were screened at
title and abstract and 54 were assessed at full text level, with

30 records included in the review, representing 30 separate
studies.

3.2 Summary of Modelling Techniques, Clinical
Inputs, Resource Use and Costs, and Outcome
Measures

3.2.1 Structure

Eight studies did not use a formal economic model for their
analysis, and used benefits observed from a clinical trial or
registry data [13, 14, 21-23, 26, 37, 41]. The structures of
the economic models in all other studies were clearly stated
and were consistent, all reflecting the progressive nature
of NSCLC. Most model-based studies used the same three
health states (progression-free, post-progression and death)
to distinguish between patient quality of life and associated
costs, but two used alternative health states [15, 35]. The
most commonly used models were partitioned-survival mod-
els [16, 24, 25, 28-36, 39, 40, 42] and Markov models [15,
18-20, 27, 28, 40]. Carlson et al. appeared to use a decision
tree [17], whilst the type of model used was unclear for two
studies [36, 38]. All studies but one [27] with model-based
cost-effectiveness analyses clearly stated the time horizon,
which ranged from 2 years [16-19] to 25 years [35]. The
study that did not provide a specific time horizon did state
that it used a ‘lifetime’ time horizon [27]. The choice of
economic model was rarely well justified, and it was often
unclear why a study opted for their implemented approach.
It is possible that the modelling approach may influence the
outcome and so it is important to consider which approach
is best suited to answer the question with the data available
[43]. Goeree et al. and Gao et al. both compared Markov and
partitioned survival approaches. The results from Goeree
et al. were similar for both models, although for one treat-
ment comparison the incremental cost-effectiveness ratio
(ICER) did vary by CAD$1200/quality-adjusted life years
(QALY) based only on the modelling approach [28]. The
results of Gao et al. produced ICERs that differed by over
A$20,000/QALY [40].

3.2.2 Data

The source of clinical and cost inputs was reported and was
adequate for all studies, except one [37] where the sources
were not referenced. All studies which included medical
resource use in their analysis clearly stated the source of
resource use information used. The choices of outcome
measure were clearly stated and always consistent with
model structure [overall survival (OS) and progression-free
survival (PFS)]. All but two studies [37, 41] stated the per-
spective from which their economic analysis was conducted,
with all other studies including costs from the perspective

A\ Adis



D. Gallacher et al.

1156

9[0Ad yyuow- |

AT/TSTIL ‘(ypeap pue
3 pue XTVO/9SE 19T uorssardoxd Kderoyowrayd
3 2Iom S)NSAI YSd SO -3s0d ‘oa1y Jouid Quo IsB9[ JB
ATV oL pue S.d 10§ -uorssar3od) el Po[re] 9ABY Oym
syuounean aul] 3 pue XTVO/THL 191 poxonowad SIS 2311} JUNOSSIp %6 (A1 “dIII “VIID
Ioye] IIM Suofe 3 sem DS SA YADI  Pue [9XBI00p M [opouwr ‘oAanoadsiad DTDSN seasip osd
[enuonyur sem poxano ‘qrunorio [ealalns  paured X TvO SHN ‘sisA[eue onelselowl  sA paxanowad [o1]
QAIND LW -wod pue [9xe1e00p J10J pawinsse pauonned 10d 350D OIWOU099 10 PaduUBApE SA [9XB1000p  [eSmiod ‘00T
-ered jo 20101 pojeurwiop qrunoplg  Aoeorye renbyg e3usn yagD) ‘DA Id 150D s1eak 7 Paseq-[opoN UM sjuaned SA QIUT)O[IH “Ie 30 olnery
$9[945 9 03 dn
[ox®1200p 10} JuduIean) 9[0Kd
SA ATVO/EEE 85T uo paurewrdar  Aep-1g ‘yredq
Jo osed aseq YA sjuoned  Jo aaIssaidold Aderoyy
ATIVO/SSHO1F eruadonnou ‘asuodsoy Q]I JUNOOSIP  -OwaYo snoradld [s1]13In
[enuengur - pue X7/81%°01F :OS9 9[lIqaj BIA 10 Aqes SIS %S € B yIMm Toye pasdefor (Apoaxipur ‘900¢ ATI'T 1
[1e 21om SuI| sA YgDI Auedwo) 9)eIs YI[BdY [I[eay urewr ‘oandadsiad  pey pue D TDSN 0Sg 03 pared paxamne
-[opou [eAIAINS ATVO/CL9‘S1F pue aarssardord moj s  pauted XTvO SSd/SHN one)seIou Jo -wod os[e) -wod — $21
pue s3s09 3nIp AT/L60LF :[9XBI1900D WwoIj 9Ip A[UO  [9pOW AONIRIA 12d 350D woij SIsA[eue  paduBApE A[[€0] [9X®J200p SA resrexddy ASo
‘UOZ1LIOY QW] SA JADI Auedwo)  pInood sjuaned e3uisn ygD) ‘DA Ied 150D sIeak ¢ RJLI(i (Vs | M sjmpy paxanowed  -[ouyd’L, OIN
Ieg[oun
st syuaned jo Ajn
porjdde sem  -10A9S 9SBOSIP A,
3ununoossip ou Aderoyowrayd
‘aanoadsiad Sururejuod
SHN ‘®e1ep wmunerd Qs
X150 [eAIAINS BlicsliialR)i]
uo [enuangur ue DSq pue 1509 Jo Jorid paA1aoax
Jsour sem Joj pownsse  A[oanoadsonar SISATRUR 9AT) pey oym osd  [#1]13N0 ‘400T
[EATAINS UBOIA XT1/€98°C1F =ADI S1S00 0197  payonpuod Va)  DAT Ied 150D STB9K ¢ -oodsonoy  syuaned DTDOSN SA [9XB1000( “Ie 30 sowoH
7>9D004d
porjdde sem ‘Aderaypouwrayo
ATVO/08L1E Sununoosip paseq-uneydso
$avo=(;w/Sw /) ou ‘WISAS a10W JO QU0
S)[NSaI SSoU [9X®1200D JO YHADI are) yiresy PaA12021 A[sno
-9AT}O0JJ0-1S00 AT [euoneN -1a01d pey 084 sa (;w
uo sowered  /06/°LS $AVI=DSd ejep [etn 3uisn dn-morjoy et ‘et [eoruIp oum DTOSN /3w G/ pue [e1]
[enuangur SA (pPauIqUIOD) A1eanoadsonar Jo sypuow Oz e Jo VAD paoueApe /3w 001) epeuR) ‘700T
SO ST [BATAING [9X®31200D JO YHADI QUON paonpuod VHD  DXTIed 150D woIj ereq aanoadsonoy I sjuaned [oxe1200(q “Te 10 [YSToT
(Sununoosip
‘Fumes ‘oAn
-0adsad ‘ugrsop
s1o1owrered suon adfy Apmys) sonsLIo) Joyeredwod uorned0[
[enuanpuI JSON s3urpuy urejy -dwinsse A9y  [opowy/sisATeuy sowoINQO uoZ1I0Y QWIL], -oeIeyd Apm)§  aseasipyuonendod JUOTIURAIIU] ‘reak ‘royny

SAIpN)S papnjoul JO S3nsal pue SOMNSLIdIORvIRYD %HNEESW L 9|qelL

A\ Adis



1157

Economic Evaluations of Licensed Drugs for Previously Treated Advanced NSCLC

S)[nsa1 ay) 03
joedwur )s9reaId

QATIOJ9 1500
Suroq jo Ayrqeqoxd
0L°0 ® pey qIunoLe
‘ATVO 1od 000°0¢3F

9[0Ad Yuowr-|

QY3 pey [oXe10 Jo proysery} Ked-o03 ‘(peop pue
-00p 10§ SHd -ssouuI[[Im B 1Y uorssargoxd
10§ 21098 A)nn SATVO 2I0W Z€0'0 9913-uoIS
pue uorssaigoid PIoIk 03 payoadxo -sa1301d) 9JeI JUNOJSIP
JO 3500 9y ‘uon pue 00z3- Ajrew SIS [i[eay %S°€ ‘SSd pue JTOSN
-ensIurwpe -1xoxdde axom s3500 QoI yIm SHN ‘sisATeue AL/GIII 2Se1s
[9XB1200p JO  [RIUSWAIOU] [9XEBI300D pownsse  [opouwl AONIRJA! poures OTWIOU099 pajean A[snora [oxe1ooop  [61]1 3N ‘0102
1509 o) Suronpay pajeunuop qQIUNOMIY SO Jud[eAmnbyg eSuisn yad ATVO 1od1s0) paseq-[opo]N  -o1d yim syuoned SA qQIUIOLIY “Ie 39 SIMaT
QATIOQYD 1500
3ureq jo Apiqeqoxd
P70 © sem 219y Jey)
Pamoys S)nsar ySd
$.0¥d oYL ATVO
Tad 000°TSF Aorewr
-rxoxdde sem YT
9se0-0s8q Y} ‘O
) Aq suondwnsse
QU IOpUN ‘TOASMOH] umou[un
paure3 x1vO Jod qI3uQ[ 904D
000°0€3 JO ploysa1uyy ‘(yresp pue
Ked-o01-ssouurim uorssargord
B JB 9AT)O9JJ9-1S00 -1s0d “o01) pajodar jou
Sureq jo Aiqeqoxd uorssardoid) 9JeI JUNOJSTP DTOSN
89°0 B YIIm ‘[9xeI0 SIS ieay ‘SSd pue (AI/4IIT 95e18)
-00p poyeuruIop 221} YIIm SHN ‘sisA[eue onejsejou 10
qQIUNOLIR Jey) 1sa33ns pawnsse  [9pOw AOIRIN poure3 OIWOUOJY  PIJUBAPE A[[BI0] exeeo0op  [81]1 31N ‘600T
pauodarjoN  synsarsAuedwoo oy, SO Judreambyg e3usn ygD ATvVO 1ed 150D Paseq-[9poN YIM sjudned SA QIUIO[IH  “Te 19 PO TOIN
(ypeap pue
SO uorssardoxd Jjer Aderoyowrayd
ATVO/69€°EVL T pue S4d 10} -1s0d o0y JUNO3SIP %¢ paseq-wnuyerd
AeIs SAd $SN sem YADI paxanowad uorssargoid) ‘oAnoadsiad Juo JsBI[ I8
ur jJuads own [9XBI900P SA PIXI pUE [9XE}200p S9)BIS IRy wISAS yieay pa[re; oym
oM SXTVO -wad paxonowad ‘qrunogre oIy} Ym SN ‘stsAreue  OTOSN (AT—IIT poxanawad [L1]
pue 150 UO pUB [9XB}900P [joq J10J pownsse ‘Topowr onA| poured SIWOU0J9 95e)s) peoueape SA [OXEJO00p VSN ‘800T
[enuanyur SO pajeutwop quuiopry  Aoeouye enbg -eUR UOISIdQ  ATVO 1od 150D Ppaseq [9pOIN s sjuaned SA QIUIOLIg I 10 uospIe)
(ununodsip
‘umyes ‘oA
-0adsiad ‘uSisop
s1o1owered suorn adKy Apmis) sonsLIo) Joyeredwod uoneso[
[enuanyur SO\ s3uipuy urejy -dwinsse A9y [opouy/sIsATeuy sowoonQ -oereyo Apmg  oseasipjuonendod JUOTJUSATAU] Tk ‘T0UyINY

(ponunuoo) | sjqey

A\ Adis



D. Gallacher et al.

1158

sjnsax
QY uo Joedur
ue 9ARY JOU PIp
19)owrered Koy
0 sagueyp jey)
PoMmoys SIsA[eue
K)AT)ISUDS
Kem-ouo oy

woly SInsoy

poxanowad
PAJBUTIIOP [9XBII0D

Jey) POMOYS SINSAY

QOURIYIP

1800 1687$AVD pue
SO uBoW UT 90U
-191p Aep-1 A[uo

umouyun
qI3uQ[ 94D

‘qreap pue -y
143
apeis Jnoyim
IO [)IM ‘UOTS
-sa13oxd ‘gy
+/€ 9peis o
“PIm 10 [pIm
‘Qrqess sgy
/€ opeis no
- I0 [RIM
‘Kdeoyowrayd
uo Furpuodsar
159JBIS YI[BdY

QUON LW vED  XTVO 1ed1s0)

K[oanoadsonar

paured

pardde jou
9)el JUNOISIP
‘aanoadsiad
s Joked ‘Apnys
anuadnNW
aanoadsord
‘pasrwiopuer e
opIs3uofe sisk
-[BUR JIWIOUOIH
perdde jou
9)el JUNOJSIP
aIed yI[eay
BIqumjon
ysnug ‘vVad

ENEN
one)jselow 10§
Aderoyowrayd
J10)J& 9SBASIP QAIS
-sa1301d pue ‘z-0
21008 DODH
‘OTOSN Al 10
q11 °5®3s ‘uors9|
J[qeInseall QU0
JSe9 18 YIIm

‘s1eaK QT < SINPY

JUSW)BA}
QuI[-puodas Sur
-AIRIAI TOSN

padueApe AT/qI1L

(paxane
-wad) DS g
SA (uorsnjur
snousAeIUL
INOY-3uo © sk [zz] Qouerg
wy/Sw g/) ‘T10T 18R
[exe1a00q Q13ouousIon
(1l
[9X©1900p epeue) ‘110¢

Ieopoun) sk pajuasard YD ON QUON  PoIdNpuod YD AT pue s1s0) aAnoadsonay  a3els Yim sjudned SA QIUIO[IH  “'Te 12 [[oMWOI)

XTVO 1od
000°0€ 3 JO proysay
Ked-o01-ssoudurim
© JB [9XB1200p Uey)
QAT}09JJ2-1509 Jureq

Jo Apigqeqoad 79 juouean

e pey paxenaurad QuI[ puOdas 10§

Jey) pamoys VSd 9[0Ad Kep-1¢g 91q131[2 d1e pue

U} WOIJ SINSAY ‘uorssardoxd K3o[0Is1y snouwr

AT11d 00Z'LT 3 pue asuodsar Jjerjunodsip  -enbs-uou Apueu

[epowr  pue X TvO Iod 000‘vT Q1qes :sajels 9%¢ ‘1opraoxd -twopaxd yim

JIWOU099 JY) JO 3 Aperewrxoxdde jo yI[eay o1y} QIBD IRy (AT I0 111 93e18)

JOALIP UTeW 3} MED] U ul paj[nsax SO 10§ Pim [epowr  paureS X Tv0O ‘sisA[eue 95e)s-pooueape [oz]
9q 0) pareadde [9xe1900p 0} pared pawnsse 2je1 AOYIRIA ® 19d 150D OIIOU099 pajean A[snoia [9xB1200p ureds ‘010C
[BATAINS [[BIDAQ -WOJ PAXaIjoWdd pIezey Jueisuo)) Suisn ygd DX Ied 150D paseq-[opojN  -oxd yim sjusneq  SA PIXenoWog “Ie 10 1eynsy

(ununodsip

‘umyes ‘oA

-0adsiad ‘uSisop
s1o1owered suorn adKy Apmis) sonsLIo) Joyeredwod uoneso[
[enuangur ISON sSurpuy urejy -dwnsse A9y  [opowy/sisATeuy SawoNQ -oeIeyd Apmy§  aseasipyuonendod JUOTIUQAIUL ‘eak ‘royIny

(ponunuoo) | sjqey

A\ Adis



1159

Economic Evaluations of Licensed Drugs for Previously Treated Advanced NSCLC

uonendod umouyun

Y409 ur XTvO

/L89' VST sem DS sA
qQUUBOLId 10§ YHDI OV

J[oAkd

Jyoom-T “(peap
pue uors
-sa1301d 1s0d
‘Kdeoyowrayd
QUI[-PUOIS
I9)Je 991)
-uorssargoxd
‘oweyd auI|
-)S1y 1a)Je
passai3oxd
JTOSN
one)selow
/PdueApR)
SOJBIS YI[edY

101ouwrered qrurjopIo pajeu Inojy sapnpout
[enuonpyur -IWIOP [9XBIA00P Jey) [opowr DY
jsowr 9y} sem  papnjouod ‘uonendod (peop
[9X®1900D 10} AANEIU-Y{DF 10} DY pue passaid DTOSN Jo
Surord senux uone[ndod umousun -oxd ‘oo13 QOUIPIAR PAUIW
-10{ [euoneN AAD4d ut paures -uoissargoid) -noop Ym
ysnLg oAn ATVO/000° 15F Sajels ey 9Bl JUnoossIp ‘€-0 USIaMIRq
-euIo)e SuIsn Aroyewrxoxdde jo 221} PIm %G°€ ‘SSd pue 21095 Sd Q18D AT
jey) pAIRIs DY YHDI Uk sey DS 01 oy1oads Juowl  [OpOW [BATAINS IeoK-G :0Yd SHN ‘SisA[eue DODF Ue yIim -110ddns 3s9q [¥2] 31N
Auedwod oy paredwod qrunop -Jean) jou Ik pauonnred paure3 IedA-9 JIIou0I9 s1eak g1 < pase 10 [9XB)J200p ‘S10T “TB 10
£q payrodar joN :s)[nsar Auedwo)) S9100s AN e3uisn ygD  ATVO 1od 350D :Kuedwo) Paseq-[opoN ordoog SA qIUIO[Ig y3requaain
A[oAnoadsar ‘suone|
-nwis 9y} Jo %66 pue
%6L ‘%8S UI SANIYD
-1802 9q 0 Ao ST
Qo ‘X1/000°00C
$AvD Pue 000°001
$AvO ‘000°0S $AVD
Jo proysaiyy-Aed-0y pardde jou
MADI 9seo-aseq -SSQuSuI[IM © 1B JBY) 9JB1 JUNODSIP DTOSN
a3 pajoeduur PaMmoYs $INSaI VSd ‘o180 )[Ry PodouBApE AT
s1ojouwrered [e AT 1od 008‘9¢ BIQUIN[OD /4111 23®e1s juowoSeuBW [ez]
Jey) pamoys SIS $avD Ararewnrxoidde Koanoadsonax ysnug ‘vad parean A[Snora woldwAs epeue) ‘2102
-A[eue AIADISURS  JO YHDI POILWINISO UY QuUoN ‘payonpuod VD  DATIediso)  orqeordde joN aanpadsonay  -axd yim sjuaned SA QIUIO[IF  “'Te 19 [[oMuWOoI)
(Sununodsip
‘umyes ‘oA
-0adsiad ‘uSisop
s1o1owered suorn adKy Apmis) sonsLIo) Joyeredwod uoneso[
[enuanyur SO\ s3uipuy urejy -dwinsse A9y [opouy/sIsATeuy sowoonQ UuoZLIoY QuIl], -oereyo Apmg  oseasipjuonendod JUOTJUSATAU] Tk ‘T0UyINY

(ponunuoo) | sjqey

A\ Adis



D. Gallacher et al.

1160

AT/00¥°T€

3 Aerewrxoxdde jo

MEDI Ue Ul paj[nsal

qruepaluIu JO 1509 9y}

Uo JUNOJSIP %G ®©

uo paseq X1/006°0%

3 A[orewrxoidde

JO ¥gDI ue sey

[oxe1200p + 0gooed

0} paredwoo [oxe)d

-00p + qIuepajuIu

ey} POMOYS SINSY
:SO BWOUIDIROOUIPY

XT/00€°901

3 Aperewrxoxdde jo

MAD] U ur pay[nsal

qIuepajuIu JO 1500 Ay}

Uo JUNOISIP %G & U0

pased A1/00€ el

3 Aperewrxoxdde

JO YHDI ue sey

pordde jou st

Kdeoy

-OWRYD QUI[-ISIY
M Juowean
191Je A30101S1Y
BUWIOUIDIEO0UIP.
wim DTOSN
JUALINOAI A[[e00]

[oxe1900p + 0qaoed 9)el JUNOISIP 1o done)seIdw [9X®1200p
0) paredwood [9xeId ‘SHN ‘1OY ® ‘padueApe snid oqooerd [92]
-00p + qIuUEpajuIU Jey) syjuowr 9¢  IpISIuO[e SIsA Areoor SA [9XB}200p uredS ‘9107
parodar joN pamoys sInsay :Sdd JuoN [emejovaD  DATIAIS0D xoiddy  -[eue orwouooq s synpy  snjd quuepuIN “Ie 19 yosog
[enuongur
QIoM sonfeA
Amn uorts J[0Kd
-so13oxd-jsod Yoam-¢ ‘(peap
pawtodar oyq pue passaId JuSUIEaI) PIseq
A1 -oxd ‘vo1y -wmunerd Sur [szl 3N ‘st10C
uo [enuanpur -uorssar3oid) -MO[[0J PassaI3 ‘wrreyasuy
d1om Fur[[opowr Sa1e)s Y[Ry Q1B JUNODSIP -o1d aseasip 108uryeog
[eAlAINS 91} ATVO/P08°95F oaI1) Im %S°€ ‘SSd pue asoym HTOSN ‘qIuepIUIN —
0) sagueyd )N Y ATVO [opoW [BATAINS SHN °‘sisA[eue onejselawW 10 L€ Testeiddy
ey payiodax /0SS 91F :[9XBI00D pauonnied poure3 OIWIOU0J9  PIduBAPE A[[BIO] [9X®1900p K3ojou
Kuedwo) s sypnsar Auedwo) UON e3uisn vg) A TVO Iod 350D s1eak G Poseq-[opoIN s o[doog SA QIUEPIUIN -yo9L, ADIN
(Sununodsip
‘umyes ‘oA
-0adsiad ‘uSisop
s1o1owered suorn adKy Apmis) sonsLIo) Joyeredwod uoneso[
[enuanyur SO\ s3uipuy urejy -dwinsse A9y [opouy/sIsATeuy sowoonQ UuoZLIoY QuIl], -oereyo Apmg  oseasipjuonendod JUOTJUSATAU] Tk ‘T0UyINY

(ponunuoo) | sjqey

A\ Adis



1161

Economic Evaluations of Licensed Drugs for Previously Treated Advanced NSCLC

15 oLow

SO
10J pownsse

9105 Kep-1¢g

-e1ed jo 901040 sem sprezey ‘yreop pue Adeloypowrayd
puUe JUWIBAN [euoniodoig uorssor3oxd paseq-wnunerd
uo awn A SANIOIX0) -1s0d ‘uors 9JeI JUNODSIP 191Je passaigord l62] 3N
‘911 JUNOJSIP o1qeydesoeun -sa1301d-a1d %G°€ B M Sey 9seasIp ‘910¢ “A1Ir'T
‘SUOTIUQA UL ATVO/000°SL1F sem  Jo uoissarSoxd 1S9JIS € YN ‘oAnoadsiad asoym DTOSN g ‘qewnaro
Jo oo1id 03 MEDI O¥d ATVO OSBOSIp [JUN  [OPOW [BATAINS SSJd/SHN one)sejoll Jo [9XB)200p SA -nwey - ¢of
JANISUQS 1616°7617F :19X8I000p [REINEREY pauonned paure3 woij siskfeue  paoueape A[[eoo]  [oxejeoop snjd  [esterddy A3o
jsowr sem YD  SA osed-aseq Auedwo) juouyeaL], e3uisn yaD ATVO 1d 150D OIWOU0dg YIM S)NpYy  qewnionwey  -[ouyod], gDIN
ATVO/ELL'SHT $AVD
qIUIO[Id SA
XTVO/PST'8ST $AVO 310kd Yoam-
[9XB)J900P SA ‘(yreap pue
SYADI VSd uorssargord
XTIVO/8E8°TYT $AVD -1sod *oa1
qQIUNOLId SA JYHDI -uorssaigoid)
ATVO/6€TTST $AVD Sojels ey
[9X®1200p SA uorssargoxd Q1) pey
s1orowered AADI :SINSAT AOYIBJA|  9SEBOSIp [IUn yjog ‘pesn 9Bl JUNOSSIP parean
pore3nsaAur 109°011 $AVD POATROAI AIoM [opow %G ‘WSS A[snoraaxd
Ay Jo YD1 qrunofIe sA YHADI juLuUeaI], AONIRIA pue aIeOy)[BOY oI ud9q 9ARY oYM
uo [enuanyut ATVO/09S IST $AVD  dYroads juowr  [opouw [eAIAINS DOAT 10d 1500 -qng ‘sisAfeue JTOSN snowt quunopre (87l
JSOW IIM [9XB1900p SA YHDI -1Ba1) J0U dIom pauonnred pue paured JIWOU0Id -enbs pasueape SA [OXE1200p epeue) ‘910¢
sonea AN synsaI NSd sonjea AInn eSuisn yaD ATVO Jod 150D paseq [9poN M sjuened  SA qRUWIN[OAIN “Ie 30 991000
9[0Ad Yyuowr-|
‘SO10AD
uorssar3oxd A[puowr yim porpdde sem
ekl 9SeaSIp [nun  (peIp puB UOIS Sununoosip
uo [enuanyur POATDAI JUdW -so1301d ‘o1 ou ‘wd)SAs Kdeioyy
JSOW ) UM -JeaI], oW -uorssaigoid) QIRIYI[BIH Jorxd Quo Jse9[
S91BIS-I[eAY oY) JIOAO JUB)SUOD S9)BIS IRy [eUOTIBN ) 0) In[Iej yim (L2l
Jo sa109s Ajnn pownsse a1om 221y} YPIm ‘sisAfeue syuaned DTDSN PUBLIOZ)IMS
‘so[qeLIeA pajes ATIVO Sojel pIezey  [9pOW AOMIBIA paoured SIWIOU0J9 snowenbs [9X®B1900p ‘9107 “Te 1@
-hiseAur oyl JO /8LY'LLT JHD ¥HDI SO pue S4d e3usn vH)  XATVO 1od 150D Ppaseq [9poN -UON PaduBApY  SA qBUIN[OAIN  BNS[EM-IONBIA
(ununodsip
‘umyes ‘oA
-0adsiad ‘uSisop
s1o1owered suorn adKy Apmis) sonsLIo) Joyeredwod uoneso[
[enuanyur SO\ s3uipuy urejy -dwinsse A9y [opouy/sIsATeuy sowoonQ -oereyo Apmg  oseasipjuonendod JUOTJUSATAU] Tk ‘T0UyINY

(ponunuoo) | sjqey

A\ Adis



D. Gallacher et al.

1162

[opowt
Ur paIapIsuod
JOU JuswIedn)

91945 yyuowr-|
‘yreap pue
uorssargord
-)sod ‘uors

Adeloyowrayd
paseq-wnuned
IIM JUSWIean)
Surmor[oj 1o
Surnp uors

YD1 Y uo 10} juonbasqng -sargoxd-axd Jel -s21301d 9seasIp
-OeJ [enjuonyjur ‘uorssargoxd :s91RIS Ieay JUNOJSIP %1  paduaLIadxo oym
JSou 9y} SeM 9seasIp [nun 221y} PIm ‘SHN ‘sisAreue  sjuaned D TDSN [1€]
SO paroafoxd A1/896°81 3 pue PIATOAI SISATeUR [BAIA paure3 SIWOU0J9 pasueApe quUnoIe Qouer ‘£10¢
oy SuiSueyd X TVO/LLZOE 3 MADI juounjeal], -Ins pauonnred ATvO Iod1s0) s1eak O paseq [9poA snowrenbg SA QIUIBFY “Ie 10 BjeusIg
ATVO 1od
009891 $SN Arerew
JHDI Y 0} -rxoxdde jo JyADI ue
joedur 3sojeard 0} 3unenba sx TV
Ay pey yiedp  G6'( PIRIA 01 pajoadxa
wolj skep )9¢ SI QRUINZI[OIqUId] Kdeioyy
03 Tenba 10 ATxd paseq-wnuned
1018213 QW 009°SET $SN Aorewr B [)IM JUSUIean
J10J sanImn pue -1xoxdde jo YOI ue Qur[-)s1y Surmor
‘qewnzrjoiquiad 0] Sunenbo sx 1811 -1o0j uorssai3oxd
J10J JUUIBAI-UO PIIA 03 payoadxa sIedk G'9 9[OKd Yoom-| el PpaseasIp
-owir) ‘[BAIAINS pUE [0XBIO00p UBY)}  PUOAdq SIUdW ‘s9)e1s yI[eay JUNOJSIP %¢ paduoradxe
[[BI2A0 JO uon 10w 00S‘091 $SN -Jea1 yloq o1y yum ‘1oked Kyred oym DTDSN
-ejodenxa jeyy Aorewnrxoidde 10J powInsse  [9powl [BAIAInS  paute3 X TVO -pay) ‘sisA[eue paoueApE YIim [9xe1200p [og]
pamoys sIsATeue 1509 0] pajoadxd JJel pIezey -pauonnred 12d 150D OTIOU0J (s1eak 81 <) SA 3y/Sw g VSN ‘L10T
ANADISuU9g SI QRWINZI[OIqUId] SO 1enbg Pm vaD OATIed 150D s1edk () Paseq-1opoIN SINPY  qQEWNZI[oIqUId] “Te 10 Sueny
(Sununodsip
‘umyes ‘oA
-0adsiad ‘uSisop
s1o1owered suorn adKy Apmis) sonsLIo) Joyeredwod uoneso[
[enuanyur SO\ s3uipuy urejy -dwinsse A9y [opouy/sIsATeuy sowoonQ UuoZLIoY QuIl], -oereyo Apmg  oseasipjuonendod JUOTJUSATAU] Tk ‘T0UyINY

(ponunuoo) | sjqey

A\ Adis



1163

Economic Evaluations of Licensed Drugs for Previously Treated Advanced NSCLC

(uorsstwugns Aued
-WoJ I9Je[ B UO paseq
pue ‘SVd e Surpnjour)
ATVOV10°0SF
:parroyard soptw

-Wwopd SYHADI AV
uoISSIuqns

Auedwoo IsIj wWoIy uorssargoxd
QIe pue SV ® opnpour 9SeasIp [nun 9[9Kd Kep-/,
sajel JOU Op SYHD] 9L PIATS03L ‘Yieap pue JTOSN [e€]¥n
JUNOJSIp pue ATVO juLUIBAI], uorssargoxd 9JeI JUNOJSIP snowrenbs (A] ‘L10T ‘qqInbg
wySom £poq /686 TE1F="dHDI Kued -180d ‘uors %S'E B YPIM Io g1 o3e1s) -SIoAN [oIsLIg
‘onjel piezey 19se0-0seq OYH  -W0d Aq SJ -sa1goxd-axd ‘oAnoadsiad JnjeISeIoW 10 ‘QRWN[OAIN —
9y orowered ATVO 10} pawunsse 1$9IBIS € PIM SSd/SHN  pooueape A[[eoo] €8t [esreiddy
0] QATIISUQS 10S6°S8F=YHDI spIezey  [9pOW [BAIAINS paured woij sisA[eue pajean A[sno [9xe1000p K3o[ou
sem JYADI :9se0-9seq Auedwo)) [euoniodoig pauonniegy XTvO 1od 1s0) s1eak (g orwouody  -1aaxd yym ojdosg SA qBRWN[OAIN -yo9L, ADIN
ATVO/S6'19F
STYHOI parojord Hyq
ATVO
/£90°61F =[9X©1900p
SA YADI 9seD) aseqg
Kuedwo)) uors
-STIIqNS POSIAY
ATVO
VTP €TF =200 +UIN
SA JHDI 1T 98D
aseg Auedwo)
ATVO
18Y0°6F =19Xe19
-O0p SA JHDI °T
ase)) aseg Auedwo)
ATVO 9[040 oom-|
uon  /L66v€F =920 +UIN ‘1eap pue Aderoypowayd [zel 3N “L10T
-ejodenxa SO SA YHDI T 98D uorssargoxd 9Je1 JUNOISIP Sururejuod ‘Quyo( %
Jo poyjow pue aseq Auedwo) -3sod ‘uors %G°¢ © UM -wnunerd Sur dreys yoron
)09JJ JuduIEan ATVO s1edk 7 -sa1301d-o1d ‘oanoadsiad  -moq[o] ‘DTDSN  [exeIeoop snid ‘qewnzijoiq
Jo uoneinp /1SE Y F=Toxe10 puokaq 03 1S9BIS € YPIM SSd/SHN PIdUBADE YIIM qQIuUEepaIUIY SA -wed — 8T
0] QATIISUDS -00p SA YD1 i1 JOU p[NOM  [OPOW [BATAINS poure3 woij sisATeue Sj[npe pajean [9XBJ200p SA restexddy A30
K1oA sem YD ase) aseq Auedwo) juounean) [y pauonnred XTvO 1odiso) s189K ()7 STWIOUOYH Aisnorae1rd  qewnzijoiquied  -[ouydd], gDIN
(Sununodsip
‘umyes ‘oA
-0adsiad ‘uSisop
s1o1owered suorn adKy Apmis) sonsLIo) Joyeredwod uoneso[
[enuanyur SO\ s3uipuy urejy -dwinsse A9y [opouy/sIsATeuy sowoonQ UuoZLIoY QuIl], -oereyo Apmg  oseasipjuonendod JUOTJUSATAU] Tk ‘T0UyINY

(ponunuoo) | sjqey

A\ Adis



D. Gallacher et al.

1164

A1IVO

/008°0L1 13 ="4HDI
20(] +UIN SA

XA1IvO

/00S°0L1F="94DI
[9XB1900p SA

9SBASIP AqeIs
ynm syuaned

:(seond 10§ parjdde st
Is1]) parRjoid DY  uonoelj AINd y
ATVO [opow 9[9Kd Yoam ¢ Kdeioyy
/001°9SF="YHOI JIwouo3s 3y} ‘pesp pue -ouwayd pIm
NADI 2y} uo 20+ UIN SA JO uoneinp Yy} jusuean JJo 9)el JUNOISIP parean useq
[enuangur jsouwr XIVO JIoj surewrar ‘uauean uo %G°¢ e yum A[snoraaxd pey [cel 3N ‘810T
AU} 2IOM JAIND /9S€TLF=YdDI 199339 JudW :s91e)S I[eay ‘oanoadsiad oym DTDSN  [oxeleoop snid  ‘oyooy ‘qewnz
omowered SO [9X©1900(J SA -jeon Ay oI} YIIM SSd/SHN onejsejow qQIuepayuIu sA  -1[0ZA)y — 0ZS
Jo do10U0 pue ((seoud Is1))  JBY) SQWNSSe  [9pPOW [BAIAINS paure3 woly sisAreue 10 PAdUBADR [oxeipoop s [esterddy ASo
uonorIy 91N aseo-aseq Auedwo) Auedwoo oy, pauonnied ATvO Jodis0) s1edk 67 JTWOU0dH yim o[dosg  qewnzijozely  -[ouyd’], gDIN
091°6vF “JADI AV
ATVO
IPET'S9TF =204
SA JdDI DI
soorid 3nip uo
JUNOJSIp AUe Ipn[our
SI[NSAI 9SAY) JI JeS[U) [opow aantsod 17-Ad
67'0=ATVO ul paIdPISUOD 9q Jsnw sInown)
oul ‘86679 =S1S00 Jou JudUIBAN I197) Inq dA0Qe
our ‘A1vo juanbasqng Se :uonepudw
/198°9C1F="94DI Aieyrow ~WORI HDIN
200 + UIN punoi3yoeq 91945 Kep-/, Kdexoy
sojer SA qBWN[OAIN 0] 192[qns ‘yreap pue -owrayd Jorxd [v€] 3N
JUNOJSIP pue €L0=ATVO pue ‘paInd uorssargoxd 9JBI JUNOOSIP 19158 D' TDOSN (19xe1900p ‘L10T ‘qqmbg
JyStom Apoq JUI “ZGH*GLF = SIS0 pawnsse -)sod ‘uors %G°¢ B UM snowenbs-uou snyd qruepa -SIOKIA [0ISLIg
‘s1y oLnourered our ‘x1vo0 A1om Sd ut -sa1301d-o1d ‘oanoadsiod onejselow -JuIu s ‘QRUIN]OAIN
JO 3310150} /68S°€01F=94DI siuened e ‘SAEIS € P SSd/SHN 10 psdueApe pareduioo osye) ~¥8v
QATJISUQS Joxe100Qq ‘STBIA °Q]  [OPOW [BAIAINS paured woij sisA[eue A[reoo[ yam [9X®1900p restexddy A30
jsowr sem YHDI SA QRWUNJOAIN 0V pauonnied ATvO Jod1so) s1edk (g SIIoU0dyq synpy 30818,  SA qewnjoAIN  -[ouydd], gDIN
(Sununodsip
‘umyes ‘oA
-0adsiad ‘uSisop
s1o1owered suorn adKy Apmis) sonsLIo) Joyeredwod uoneso[
[enuanyur SO\ s3uipuy urejy -dwinsse A9y [opouy/sIsATeuy sowoonQ UuoZLIoY QuIl], -oereyo Apmg  oseasipjuonendod JUOTIUQAIAU] ‘redk ‘royIny

(ponunuoo) | sjqey

A\ Adis



1165

Economic Evaluations of Licensed Drugs for Previously Treated Advanced NSCLC

OXT/6TL 06V

$SN=%1<17T-ad

Ew oO—u SA DNEEN
-tjoxquiad YHOI

19!

/PPT'819 $SN=920p
SA QdESN:ONQm MM.—U~

19!

/9T€°8SS $SN = snow

-enbs-uou ur dop somu [9xe1200p
SA qeWIN[OATU JYHD -edwoo juared vIep SA qewnz
pauriogzod DXT/¥TS 88 Aq poystiqnd  [eura)x0 Suisn OTOSN aur| -rjoxquuod [Lg]
Q1M sosA[eue ¢S = snowenbs ur sooud pue O Apnjs oA an[eA dATIe[I PU0O3S padueApe ‘qewun[oAru  SuTyas IBI[OUN
KJIADISUSS ON O0P SA qRWUN[OATU YD uelpaw pas) -doadsomaropni) ‘DX Iod 350D Ieak | Iespoun UM sjuened  ‘QRUINZI[0ZA)Y  ‘§(T ‘SISIND
payiodar a1om qewinz
-1[0Z9)e 10 SINSAI ON
XTVO/00T TET
$SN=YHOI n1d
XTvO/00¢81C
$SN=YdOI 817
ATVO/009° T€T
$SN=¥YADI ['ze1g
:sjuonjed
%1 <171-dd ut olquiad
XTvO/000°12T
$SN =¥ADI n1od
ATVO/001°L6T
$SN=¥dDI 81V
ATVO/009°LTT
$SN=YdII 'ze1g
:sjuonjed aseasIp
snowenbs-uou ur OAIN
ATVO/00%0LT nig Kdero
$SN =YADI niod 1o eUnuagIy -owaYd paseq
ATVO/0007CC 9Bl JUNOISIP ‘[1zeig Ioyjo -wnunerd pue
$SN=YADI 81y [relop ur paiiodar ou ur jusunean [9X®1200p SA
ATVO/001°891 PaqLIdSap J0U YIM 9A10ads QUI[-PUOI3S O] qewnzijozaje
payrodar $SN=YADI [1zeig sem [opow oy} paured X TvO -10d s1ofed 91q13112 D' TDSN pue qewnz [9€] eotrowry
QIoM SIsATeue :sjuoned aseasip nq sisATeue 12d 350D pue woij sisATeue padueApe -rjo1quiad qInos ‘8107
KIADISUSS ON snowrenbs Ut OATN QUON  poseq-[opow Y OXT 12d 150D s1eaK G JTWOU0dH IM sjusned  puB qBWN[OAIN “Ie 10 Iemsy
(ununodsip
‘umyes ‘oA
-0adsiad ‘uSisop
s1o1owered suorn adKy Apmis) sonsLIo) Joyeredwod uoneso[
[enuangur ISON sSurpuy urejy -dwnsse A9y  [opowy/sisATeuy SawoNQ UOZLIOY QWIL], -oereyo Apmg  aseasipjuonendog JUOTIUQAIUL ‘eak ‘royIny

(ponunuoo) | sjqey

A\ Adis



D. Gallacher et al.

1166

ce)l
uo Tenuenyur
[T 2Iom UOZLIOY
Qwm pue
qewnjoAIu Jo
1509 “9AIND SAd
pue SO jJo 291019
palopdxe
jou 1M JYHDI
uo 309 91eIs
)[eaY uOIssaIS
-oxd-sod oy jo
1509 oY) 0} pue
‘s1ojowrered §d
pue SO jJo sen
-[eA O} 9ATIISUDS
QIoMm sojew
-11S9 JJouaq
KIejouout JoN
paordxa jou
Q1oM JYHDI uo
S1094d “IJoudq
Arejouow 10U
9y} Uo [erju
-nyur jsouwt
Q) 9IoM dnJeA
QoueINSuUI pue
ATVO ® Jo
anfeA oy Surkrep

XTIVO/620°0TT
$V = AONTeIN JHDI
X1IvO
/798°861 $V =TeAIA
-Ims pauonnred YaII

XTvVO
1621601 £=¥dDI

XTVO/SH9°08
$avO =¥l
dwuomoOm ﬁmOHm—
KIVOYE THT
$aAvO=¥d0I
ﬁmaoﬂoOm ﬁmcoﬁmﬁmhﬁ
XTIVO/09S°1ST

$AVO =940l
IoAed [euonipery,

peop pue

juounean Jo
‘quaunedn) uo

1S91eIS I[edY

21} YIIM

10q ‘sisATeue

L10  [BAIAINS pauon

9)eI JUNOJSIP
%€ YNM A1)
-0adsiod woy
-sAs areoy)eay

Kdeloyowrayd
poeseq-wnurnyed
I19)Je 10 UO
passardoxd oym
OTOSN snow
-enbs onejserow
IO paduBApE
s sjuaned

Aderogowrayd
Sururejuod winu
-nerd Jo so[okd
Inoj jse9 e
191Je passargord
oyMm JooUBd
Sun[ snourenbs
padsueApe

Im syuaned

uowiIgar
Sururejuoo-wnu
-nerd sord suo
19)J& 90ULINIAI
9SBASIP pey

oym IDSN
[[99-snowrenbs

AT 10 dIIT d5eIs
M sjudned

[oX®1200p [0¥] errensny
SA QRUIN[OAIN ‘610T “Te 19 oD

quunopd l6€] euyd
SA qUUUERY ‘8107 I8 19 NyZ

[8¢]
epeue) ‘8107
“Ie 30 uLIyeyS

[9X®3200p
SA QRWINJOAIN

s1o1owered
[enuangur ISON

s3uipuy urejy

Bildiivieklig) -nredepue  paured X Iv0O uerensny
woIj dIe Bjep  [9pOW AONIRIA 1od 1500 pue woIj sisATeue
SAd pue SO eyloqpasn  DATIed 150D s189K 9 JIOu0dg
uondriosap
oy} woij 9JBI JUNOISIP
uoneydepe  [opow [eAIAINS %G B UIIM ‘9AT)
oYM ‘Tern pouonmnied e -0ads1od woy
g SunT-xN'1 SI 31 9AQI[oq -sAs areoyjreay
WOl QWOd oM Inq ‘[opout asoury)
eIRp A)INn AONIBIA] © ST paured woij sisA[eue
pue Sid ‘SO N els sioyny X TvO 1od 150D S19K (] OIWOU0T
9[9Ad Yoam-| arer
(‘Te 12 221000 JUNOJSIP %G ®©
90s) [opowr yIm ‘soanoads
‘[ 39 991900)  [BAIAINS PaUON -10d yuaroyp
uo paseq -naed Sunsrxa paured Sunordxa sisA
Sdd pue SO ojuorsualxg ATVO Jod 150D STBOK ()]  -[BUE OIWOUOOH
(Sununodsip
‘umyes ‘oA
-0adsiad ‘uSisop
suorn adKy Apmis) sonsLIo)
-dwinsse A9y [opouy/sIsATeuy SQWo2INQO UOZLIOY QW] -oereyo Apmg

aseastpyuone[ndod

Joyeredwod
JUOTIUQAIUL

uoneso|
‘Ieak ‘ToyIny

(ponunuoo) | sjqey

A\ Adis



1167

Economic Evaluations of Licensed Drugs for Previously Treated Advanced NSCLC

K30[0ouQ 2AnRIad00)) UISEH HODF ‘[9XBI0P 20(7 ‘OUel) SSIMS [HD) ‘SISA[RUR SSOUIATIORJJR-1S00 YD “Ie[[Op UBIpeUR)) (7Y ‘O1ed 2Aantoddns 1s9q HSg ‘eunuagdry &4y ‘dnoid juswssasse Dy

paureS s1eak-oj1] passnlpe Ayenb {7y ‘Se01AI3S TR100S
[euosiad §§g ‘[opow [eAlAIns pauonnred g ‘sisA[eue AJANISUds onsijiqeqoid y§g ‘smeis aouewriojrad §g ‘[eAlains aaij-uoissardord §.74 ‘qewnzijoiquad olquiag ‘] puedi[-yjesp pauwrweld
-01d [7-qd ‘Qwayos $sa0oe Juaned SV ‘[EAIAINS [[BISAO §O ‘19URD Jun[ [[99 [[BWS-UOU DTISN ‘QBWN[OATU 0A7N ‘QIUBPIIUIU U1N “DIUS[[AIXH 218D PUe YI[EdH JO AIMNSU] [RUONBN FDIN ‘OIA
-10S YISl [eUONEN SHN ‘PouresS s1eak-ofif HA7T ‘SIeak-oJI] {7 ‘[eIUSUAIOUT Jul ‘OT)el SSQUOATIONY-1S00 [RIUSWAIOUL Y7 ‘Yuswnoop [esrerdde [euy v,/ ‘dnoiS maraar aouapiae Hyy ‘dnoin

s1oowrered
[enuanyur jsow
JY) 219M UOT)
-BIND JUSUIEAI)

SISATeue

-Bjow JIomiou
rerwouAjod
[euonoRI) B
wolj paurelqo

qeWIN[OATU pajeu
-IWOp qBWINZI[0ZA)Y

peap pue
juounyean jjo
‘yuaunean uo
:sajels Ieay

el
JUNOSSIP %E° [

ym aAnoads
-1od areoyieay

Kdezayjowayo
1o[qQnOp-wnur
-jerd quif-)siy
I91Je passargord

pue onjel prezey XIVOMHLO‘THT $AVD olom sonel a1y} PIm uerpeuer) oym TISN qewn[oAIU SA [yl
JO 90In0S [OXBIA00D SA prezey Sur  [opow [BAIAINS woly sisA[eue padueape [9XB1900p SA epeue) ‘6102
‘UOZIIOY QWI],  qBWNZI[0ZA)E JO YHDI -KIeA oy, pauonnied SO pue Sd ek O] Amn 1s0) Im sjuened — QRWINZI[OZ)Y “Ie 30 BIypuQ
pardde
sem 1 moy L10T
JIea[oun st An[ pue 910¢
‘sjuanjed snow Krenue[ usamiaq
-enbs 10§ 6670 QBUWIN[OATU YIIM
pue sjuaned paleon orom
PaloNpuod sem snowrenbs-uou pue D TDSN
sIsATeue AJ1AT) 10} €/°0 JO onejseIowW 10
-ISUQS I9YJ0 ON onel prezey uredg padsueApe 10§
onel pIezey 2y} e Jurkjdde £q ur speaidsoy  Aderoy aur-)siy [1+] uredg
I0J pasn an[eA PorBWINSO SeM [epowt dn-mor[oy Gl woijeiep  Io)je uorssarSoxd ‘610C “Te 10
) 0) JANISUIS Qouewoyrod ou ‘sisA[eue Jo sypuowr 6 Jo sisATeue pasuaradxe [9X®1900p URZBWY
sem YADI UL OAT/9Z0°01T 3="4dDI [exe1200( aampoadsonay DA Ied 150D JO WNWIXRA JTWOU0dH oyMm sjuened  SA QRUWIN[OAIN OULIOIA
(ununodsip
‘umes ‘oA
-0adsiad ‘ugisop
s1o1owered suorn adKy Apm3s) sonsLIo) Jorereduwod uoneso[
[enuangur ISON sSurpuy urejy -dwinsse A9y  [opowy/sisATeuy SawodINQ UOZIIOY QW] -oeIeyd Apmy§  aseasipyuonendod JUOTIUAIIU] ‘eak “royIny

(ponunuoo) | sjqey

A\ Adis



D. Gallacher et al.

1168
Fig.1 PRISMA flow diagram
detailing the results of the Records identified through Additional records identified
search and screening process database searching through other sources
n =835 n=2
g v
& Records identified (total before Duplicate records
- deduplication) > d
S 837 remove
= n= n=225
~—
) l
Records screened (after duplicates Records excluded at
o0 removed) > title and abstract
£ n=612 level
c
o n =558
S
wv
)
Full-text articles assessed for eligibility Full-text articles
> excluded
n=>54
2 n=24
E
)
w
)
Full-text articles included in qualitative
synthesis
n=30
Studies represented in qualitative
synthesis
n =30
°
(7}
°
=
[}
=

of the relevant healthcare system or funder. Ten studies
reported also considered costs related to personal social
services [15, 18, 19, 24, 25, 29, 32, 34, 35, 38].

3.2.3 Uncertainty and Assumptions

Almost all studies explored potential sources of uncertainty
in their analysis, with three studies not performing any sensi-
tivity analyses [36, 37, 41]. Uncertainty was most commonly
explored through one-way sensitivity analyses (OWSA)
(n=23), probabilistic sensitivity analyses (PSA) (n=22),
and scenario analyses (n=21). Sixteen studies included all
three approaches [18-20, 22-25, 27, 29-35, 40]; however,
there was inconsistency over the parameters included in the
sensitivity analyses.

The most influential factors observed in multiple studies
were the survival related parameters, including hazard ratios,
parametric curves and cure proportions, and utility values;
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however, not all studies were exhaustive in their inclusion
of variables within their sensitivity analyses. No study com-
prehensively addressed all potential sources of uncertainty.

The majority of assumptions were related to patient sur-
vival, assuming either equal survival or proportional hazard
rates between different interventions. Additional assump-
tions made within studies were related to the utility values,
treatment duration or the impact of later lines of treatment.
Many studies did not report any assumptions made within
their economic analysis. Only the technology appraisals
presented analyses where the impacts of the main assump-
tions were assessed through the application of alternative
assumptions.

3.2.4 Economic Results

Table 1 summarises the characteristics of included studies.
Docetaxel was the most commonly considered intervention,
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with only three studies not including it as an intervention of
interest or comparator [23, 31, 39]. The majority of stud-
ies reported results in terms of cost per QALY as well as
cost per life-year gained (LYG), with six reporting results
in terms of LYG alone [13, 14, 23, 26, 37, 41] and two only
in terms of QALY [38, 39]. One study did not present any
form of cost-effectiveness ratio, due to the interventions
being indistinguishable in their benefits [21].

The majority of studies were from Western Europe
(UK =11 [14, 15, 18, 19, 24, 25, 29, 32-35], France =2
[22, 31], Spain=3 [20, 26, 41], Portugal=1 [16], Swit-
zerland =1 [27]) with the remaining studies based in the
Americas (Canada=7 [13, 17, 21, 23, 28, 38, 42], USA =2
[30, 37], South America=1 [36]), China=1) [39] and Aus-
tralia=1) [40].

Most studies (n=19) were sponsored by pharmaceutical
companies with 11 studies not declaring any pharmaceutical
support [18, 21-24, 26, 27, 36, 37, 40, 41].

3.2.5 Patient Characteristics

All analyses focussed on the same general population
(patients on second line or later treatment for previously
treated metastatic or advanced NSCLC); however, there was
slight variation in the staging of patients with two studies
including stage IIIA patients in addition to IIIB and IV stage
patients [15, 16], and five studies not reporting on the dis-
ease stage of patients [14, 27, 36, 37, 41]. Aside from Carl-
son et al. [17], (stage III and IV) and technology appraisal
403 (stage IV only) [29], all other studies considered stage
IIIB and IV patients. Restrictions on ECOG performance
status was also reported by 13 studies, with restrictions vary-
ing across 0 to 1 [29, 33, 34, 40, 42], 0 to 2 [13-15, 22, 39,
41], and O to 3 [19, 24]. Two analyses focussed on non-
squamous disease [20, 34], six on squamous disease [28, 31,
33, 38-40], with the remaining studies not distinguishing
between NSCLC subtypes. Nine studies presented results by
subgroup, with the range of subgroups considered: ECOG
score [15, 16], line of treatment [16], squamous/non-squa-
mous disease [29, 36, 37], EGFR negative/unknown [24,
34], programmed death-ligand 1 (PD-L1) expression [27,
34, 36, 37] and adenocarcinoma [29, 32].

3.2.6 Survival

A range of approaches were used to modelling the clinical
effectiveness of the interventions. Retrospective studies used
the mean or median survival observed from their relevant
source of data. Meanwhile the Markov models assumed a
constant hazard to calculate the transition rates between its
health states. An increasingly popular approach was to use
a partitioned survival model where the PFS and OS curves
are modelled parametrically, either jointly to multiple trial

arms, or independently. This provides the number of patients
in the progression-free and death health states. The number
of patients in the post-progression heath state is then cal-
culated as the difference between the PFS and OS curves.
For indirect comparisons, hazard ratios were estimated and
applied to parametric models.

3.3 Quality Assessment

We assessed the reporting quality of 30 studies using both
the CHEERS and Philips checklists, summaries of which
can be found in Tables 2 and 3, respectively. The reporting
quality was generally high, with the majority of items on
both checklists fulfilled by over 85% of studies. All studies
reported their characteristics such as setting, perspective,
the comparators and measures of effectiveness. There were
several key areas for improvement: inclusion of additional
relevant comparators, presentation of justification when mul-
tiple sources of information were available, consideration of
subgroups and other sources of heterogeneity and discus-
sions of the generalisability of the findings. It was apparent
that half-cycle corrections were not used in the majority of
models, but given the short cycle length used, this was not
thought to detract from the quality.

4 Discussion

This review demonstrated that there are a number of differ-
ent approaches to performing an economic analysis within
the scope of assessing therapeutic options for advanced/met-
astatic NSCLC. Whilst in the older studies economic evalua-
tions of clinical trials were very popular, as computing power
and awareness of modelling techniques increased, Markov
models and partitioned survival models have become more
common. This likely reflects better awareness of modelling
approaches combined with superior treatments and health-
care which prolong patient survival. Whilst 2 years of trial
follow-up may have been sufficient to observe all survival
events 20 years ago, with time horizons of over 20 years in
the more recent articles, it is clear that some prediction and
accompanying assumptions are necessary.

Whilst all of the studies provided a comparison to a suit-
able and relevant intervention, often the comparator was not
recently licensed. Whilst this may be explained by the rap-
idly evolving nature of healthcare and interventions, there
may also be a bias when selecting comparators to ensure new
interventions look as good as possible [44]. It is important
to compare to the current best treatments, to ensure patients
receive the best care and that a healthcare system receives
optimal value for money.

The complexity of the evaluations varied greatly, with
some making assumptions such as equal efficacy between
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Table2 Summary of results from CHEERS checklist

Question N (Yes)/N (applicable) [%] Question N (Yes)/N
(applicable)
[%]

Title 28/30 [93%] Estimating resources and costs 29/30 [97%]

Abstract 22/23 [96%] Currency, price date, and conversion 23/30 [77%)]

30/30 [100%]
30/30 [100%]
30/30 [100%]
28/30 [93%]
30/30 [100%]
23/26 [88%]
19/25 [76%]
30/30 [100%]

Background/objectives

Target population and subgroups
Setting and location

Study perspective

Comparators

Time horizon

Discount rate

Choice of health outcomes
Measurement of effectiveness 30/30 [100%]

Measurement and valuation of preference- 23/27 [85%]

based outcomes

19722 [86%]

[

[

Choice of model [
22/25 [88%]

[

[

[

Assumptions
26/29 [90%]
27/30 [90%]
30/30 [100%]
28/30 [93%]
7/30 [23%]
6/30 [20%]

Analytical methods

Study parameters

Incremental costs and outcomes
Characterising uncertainty
Characterising heterogeneity

Study findings, limitations, generalisability and
current knowledge

24/26 [92%]
25/26 [96%]

Sources of funding
Conflicts of interest

treatments with limited or no direct comparative evidence,
whilst others creating de novo economic models.

Alongside the shift towards partitioned survival model-
ling is the consideration of quality of life, through quality-
adjusted life years (QALYSs), rather than length of life alone,
life years (LYs). This reflects a change in attitude of decision
makers that the quality of life of patients should be consid-
ered with the length of life, and that treatments which offer
life extending benefits but with heavy side effects may not
be in the interest of patients.

There was a general trend of increasing time horizon
as studies became more recent, suggesting that improved
healthcare is improving the life expectancy of NSCLC
patients.

It was rare for studies that were not directly related to
a technology appraisal to consider and explore sources of
uncertainty within their economic evaluation. Those that did
explore uncertainty performed either probabilistic sensitiv-
ity analyses, allowing for uncertainty around multiple fac-
tors feeding into the economic model, or explored scenario/
one-way sensitivity analyses, using confidence intervals or
other parameter values to capture uncertainty in individual
parameters.

A challenge of this systematic review was how to extract
information from the evaluations directly from a NICE
technology appraisal, as there can often be multiple opin-
ions from the company, the ERG and even the committee
themselves. Opinions too may change during an appraisal
with the availability of more information. It was sometimes
challenging for our review team to select the most useful
information for inclusion in this review, and so we focused
our extraction on the first available set of committee papers.
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It is plausible that publication-based evaluations may also
be hampered from mistakes in modelling or bias(es) that are
not identified, without the level of critique that comes with
a NICE technology appraisal. A further limitation is that we
have not specifically captured the quality of the methodology
within each paper, having focused on the reporting quality,
nor completed a formal assessment of transferability of each
study.

The geographical range of studies showed that the cost
effectiveness of treatments is an important factor in the deci-
sion-making process in many countries around the world.
The transferability of all the results is difficult to ascertain
because what may be cost effective in one setting is not nec-
essarily cost effective in another setting. Different countries
have different healthcare priorities and budgets with which
to accomplish them. Indeed, the relative cost effectiveness
of two interventions may vary between countries due to dif-
ferences in administration, cost and availability of later line
treatments, and discounts offered by the manufacturer on
the interventions. Whilst aspects of the different studies may
be generalisable to other settings, the different currencies,
decision makers and funders make it difficult to transfer con-
clusions of cost effectiveness.

It is difficult to draw conclusions over which treatment
is the most cost effective, not least because manufacturers
often offer a discount on the list price for their interventions.
These discounts are confidential, and so economic analy-
ses published in journals are based on list prices, with only
analyses from decision-making processes (such as NICE
technology appraisal documentation) including the actual
prices paid. Whilst this suggests that technology appraisals
may be the more informative source of information, part
of the cost-effectiveness results are often redacted. Whilst
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the ICER is usually available, detailed breakdowns of costs
and benefits are withheld to prevent back-calculation of the
discount.

Whilst all licensed interventions have had their cost effec-
tiveness assessed against at least one comparator, there has
been no published work comparing them simultaneously.
This review has highlighted an unmet area of research. In
order to ensure that health services receive best value-for-
money, it is important to perform such an evaluation.

Both partitioned survival models and Markov models have
their limitations. A Markov model can cope with any number
of health states, and allow for transitions from any one state
to any other. However, these transition probabilities will often
be modelled in a simple manner and assumed to be constant
over time. It becomes harder to obtain reliable estimates for
the transitions when modelling more health states.

Meanwhile, a partitioned survival model can more easily
capture hazards which vary over time, utilising a wide range
of parametric survival curves, but it requires the health states
to be ordered with transition between them only allowed in
one direction. Whilst this may be adequate at present for
progressive diseases such as NSCLC, it is unclear whether
they will always be suitable for capturing the benefits of
future treatments. As demonstrated by Goeree et al. [28],
the approaches can lead to almost identical results. It is
likely that for the majority of interventions considered in
this review, the decision to analyse using either a partitioned
survival model or a Markov model is relatively inconsequen-
tial on the outcome. However, for more recent interventions
such as immunotherapies, which claim to be very effective in
certain patients, both approaches can fall short of accurately
capturing the patient pathway without adjustment. For exam-
ple, two of the most recent technology appraisals reported
altering the basic partitioned survival framework to assume
that certain patients were cured or at a reduced risk of a
cancer-related death [34, 35]. Further developments in the
treatment for advanced NSCLC may require further adjust-
ments to be made to the traditional modelling approaches,
but we are not certain of the suitability of any adjustments
without supporting data.

Whilst all aspects of a cost-effectiveness analysis should
be scrutinised, survival extrapolations should be given extra
attention since they were highly influential to cost-effective-
ness results in a number of studies. If an intervention was
wrongfully demonstrated to be cost effective, and became a
benchmark for future treatments to be assessed against, this
could result in more heavily stretched healthcare budgets.
With model time horizons increasing alongside pressure
from public and patient demands to get rapid access to treat-
ments, survival extrapolations will only become more influ-
ential. In the NICE technology appraisals, it was common
for the ERG to disagree with the company’s survival-related
assumptions. It raises questions over the reliability of the
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extrapolations in other published studies, as it is unlikely that
the peer-review process contained the same rigour as a NICE
technology appraisal. A recent review of NICE technology
appraisals showed that in only 7% of appraisals did the ERG
agree with all the major survival-related assumptions [45].
This demonstrates the need for well-established guidelines to
reduce the extent to which survival extrapolations are based
on subjective assumptions. Methods detailing the selection
of extrapolation approach should be clearly described, with
all supporting material provided in appendices.

We recommend that an economic model should accu-
rately capture all of the major phases of a patient’s pathway.
The framework, inputs and assumptions should be clearly
stated and referenced. Inputs should be relevant to the popu-
lation and setting where possible. The potential effects of key
areas of uncertainty should be explored through OWSAs,
PSAs and scenario analyses. Supporting evidence related to
decisions around influential assumptions, such as choice of
survival extrapolation, should be presented as supplemen-
tary material to maximise transparency and reproducibility.

This approach could be used to undertake a cost-effective-
ness assessment comparing all currently licensed drugs used
for EGFR and ALK negative advanced/metastatic NSCLC,
and could be extended to other disease areas.

5 Conclusion

This review summarises the range of methods used in
assessing the cost effectiveness of licensed interventions for
advanced/metastatic NSCLC. The structure of the models
was generally consistent. The modelling of overall survival
is routinely one of the most influential factors on the cost-
effectiveness conclusions and often contains considerable
uncertainty due to the short follow-up of the most recent
studies used in the economic evaluations. Transparency over
survival extrapolation approaches is critical to reduce bias
in cost-effectiveness analyses.
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