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Abstract
Background The anaplastic lymphoma kinase (ALK) inhibitor treatment landscape is rapidly evolving, providing patients 
with ALK-positive (+) non-small cell lung cancer (NSCLC) with multiple therapy options, multiple lines of treatments, and 
prolonged survival. However, these recent treatment advances have resulted in additional increases in treatment costs. The 
objective of this article is to review the economic evidence of ALK inhibitors in patients with ALK+ NSCLC.
Methods The systematic review was conducted in accordance with the Joanna Briggs Institute (JBI) systematic reviews of 
economic evaluation. The population included adult patients with locally advanced (stage IIIb/c) or metastatic (stage IV) 
NSCLC cancer with confirmed ALK fusions. The interventions included the ALK inhibitors alectinib, brigatinib, ceritinib, 
crizotinib, ensartinib, or lorlatinib. The comparators included the listed ALK inhibitors, chemotherapy, or best supportive 
care. The review considered cost-effectiveness analysis studies (CEAs) that reported incremental cost-effectiveness ratio in 
quality-adjusted life years and/or in life years gained. Published literature was searched in Medline (via Ovid) by 4 January 
2023, in Embase (via Ovid) by 4 January 2023, in International Pharmaceutical Abstracts (via Ovid) by 4 January 2023, and 
in Cochrane library (via Wiley) by 11 January 2023. Preliminary screening of titles and abstracts was conducted against the 
inclusion criteria by two independent researchers followed by a full text of selected citations. Search results are presented 
in a Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram. Critical appraisal was 
conducted using the validated Consolidated Health Economic Evaluation Reporting Standards 2022 (CHEERS) tool as well 
as the Phillips et al. 2004 appraisal tool to assess the reporting and quality of the economic evaluations. Data were extracted 
from the final set of articles and presented in a table of characteristics of included studies, an overview of study methods of 
included studies, and a summarization of outcomes of included studies.
Results A total of 19 studies met all inclusion criteria. The majority of the studies were in the first-line treatment setting 
(n = 15). Included CEAs varied in the interventions and comparators being evaluated and were conducted from different 
country perspectives, limiting their comparability. Outcomes from the included CEAs showed that ALK inhibitors may be 
considered a cost-effective treatment option for patients with ALK+ NSCLC in the first-line and subsequent lines of treatment 
setting. However, the probability of cost effectiveness of ALK inhibitors ranged from 46 to 100% and were mostly achieved 
at willingness-to-pay thresholds of $100,000 USD or higher (> $30,000 or higher in China) in the first-line treatment set-
ting and at thresholds of $50,000 USD or higher in subsequent lines of treatment setting. The number of published full-text 
CEAs is low and the studies represent a handful of country perspectives. The source of survival data was dependent on data 
from randomized controlled trials (RCTs). Where RCT data were not available, indirect treatment comparisons or matched 
adjusted indirect comparisons were performed using efficacy data from different clinical studies. Real world evidence was 
rarely used for efficacy and costing data inputs.
Conclusion The findings summarized available evidence on cost effectiveness of ALK inhibitors for the treatment of patients 
with locally advanced or metastatic ALK+ NSCLC across lines of treatment settings and generated a valuable overview of 
analytical approaches utilized to support future economic analyses. To help further inform treatment and policy decisions, 
this review emphasizes the need for comparative cost effectiveness of multiple ALK inhibitors simultaneously using real-
world data sources with broad representation of settings.
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Key Points for Decision Makers 

There is a limited number of available full text cost-
effectiveness analysis study (CEAs) publications examin-
ing the cost effectiveness of ALK inhibitors for the 
treatment of patients with ALK+ NSCLC.

From the available full-text CEA publications, the 
majority are in the first-line treatment setting and repre-
sent very few country perspectives.

Included CEAs varied in the interventions and compara-
tors being evaluated and were conducted from different 
country perspectives, limiting their comparability.

Outcomes from the included CEAs showed that ALK 
inhibitors may be considered a cost-effective treatment 
option for patients with ALK+ NSCLC in the first line 
and subsequent lines of treatment setting. However, 
the probability of cost effectiveness of ALK inhibitors 
ranged from 46% to 100% and were mostly achieved 
at willingness-to-pay thresholds of $100,000 USD or 
higher (> $30,000 or higher in China) in the first-line 
treatment setting and at thresholds of $50,000 USD or 
higher in the subsequent lines of treatment setting.

Although data from randomized controlled trials were 
limited, real-world evidence was rarely used to support 
the objectives of the CEAs.

1 Introduction

Lung cancer is the second most commonly diagnosed can-
cer worldwide (~ 2.2 million lung cancer cases per year) 
and results in the largest total number of cancer deaths 
(~ 25% of all cancer deaths) [1–5]. Non-small cell lung 
cancer (NSCLC) accounts for approximately 85% of lung 
cancers [5]. A percentage of the cancer of patients with 
NSCLC (~ 3–5%) expresses the anaplastic lymphoma 
kinase (ALK) gene alteration [6]. Globally, it is estimated 
that 75,000 individuals are diagnosed with ALK-positive 
(ALK+) NSCLC every year, 64,000 die from it, and the 
5-year survival rate is ~ 25% [5–7]. The standard of care 
for patients with locally advanced or metastatic ALK+ 
NSCLC is targeted therapies known as tyrosine kinase 
inhibitors of the ALK or ALK inhibitors [8]. ALK inhibi-
tors specifically target the proteins transcribed from the 
genomic alteration, inhibiting proliferation pathways that 
lead to cancer growth and survival [9]. The ALK inhibitor 
treatment landscape is rapidly evolving, providing patients 

with locally advanced or metastatic ALK+ NSCLC with 
multiple therapy options, multiple lines of treatments 
and prolonged survival [9, 10]. However, these advances 
have also resulted in significant evidence gaps on opti-
mal treatment choice and pressure on healthcare systems 
due to increasing treatment costs [11, 12]. In 2011, cri-
zotinib was the first ALK inhibitor to be approved for the 
treatment of patients with locally advanced or metastatic 
ALK+ NSCLC [9]. Crizotinib showed dramatic and pro-
longed responses compared with chemotherapy, although 
resistance and intracranial disease progression eventually 
occurred [10]. Additional ALK inhibitors were then devel-
oped. Ceritinib, alectinib, brigatinib, and lorlatinib have all 
received regulatory approval for the treatment of patients 
with locally advanced or metastatic ALK+ NSCLC in the 
first and subsequent lines of treatment setting (defined 
as >/= second line of treatment settings) from 2011 to 
present [13]. More recently, a phase 3 clinical trial dem-
onstrated the efficacy and safety of ensartinib, a next-gen-
eration ALK inhibitor, compared with crizotinib in the 
first-line treatment setting [14]. Ensartinib received regula-
tory approval in China in 2022 for the treatment of patients 
with locally advanced or metastatic ALK+ NSCLC [15]. 
According to the National Comprehensive Cancer Net-
work (NCCN) NSCLC panel September 2022 [16], five 
agents are recommended for the treatment of patients with 
locally advanced or metastatic ALK+ NSCLC on the basis 
of clinical trial data and FDA approval; alectinib, brig-
atinib, ceritinib, crizotinib, or lorlatinib. In the first-line 
treatment setting, alectinib, brigatinib, or lorlatinib are all 
preferred therapy options for patients with ALK+ NSCLC. 
Alectinib, brigatinib, or ceritinib are recommended in 
the subsequent line of treatment setting for patients who 
receive and progress on crizotinib. Lorlatinib is recom-
mended as a subsequent therapy option after treatment 
with other ALK inhibitors, followed by platinum-based 
chemotherapy. Although ALK inhibitors are regulatory 
approved and recommended in guidelines, only a propor-
tion of these therapies have received funding in healthcare 
systems around the world [17]. Economic analyses sub-
mitted to payer groups relied heavily on clinical trial data 
for model inputs and indirect treatment comparisons from 
single-arm studies or where the clinical trial comparator 
arms were no longer the standard of care. Some of the key 
noted concerns observed by reimbursement review com-
mittees included uncertainty in net clinical benefit com-
pared with other available ALK inhibitors, lack of robust 
comparative direct/indirect data on outcomes important 
for decision making, limited real-world data demonstrating 
comparative effectiveness of ALK inhibitors, and incre-
mental cost-effectiveness ratios (ICERs) much greater than 
acceptable willingness-to-pay (WTP) thresholds driven by 
high drug costs [18–20].
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A number of studies examining the cost effectiveness 
of ALK inhibitors were conducted in different regions and 
used a multitude of analytical approaches, settings, WTP 
thresholds, and perspectives. However, a systematic review 
of these cost-effectiveness analysis studies (CEAs) has not 
yet been performed. The objective of this study is to system-
atically review published CEAs of ALK inhibitors for the 
treatment of patients with ALK+ NSCLC in first and sub-
sequent lines of treatment settings. The findings will sum-
marize available evidence on the cost effectiveness of ALK 
inhibitors across lines of treatment settings and will generate 
valuable insights on factors impacting cost effectiveness of 
ALK inhibitors, which may be useful for future economic 
analysis studies.

2  Methods

2.1  Search Strategy

The systematic review was conducted in accordance with 
the Joanna Briggs Institute (JBI) systematic reviews of 
economic evaluation [21, 22]. The protocol was submitted 
for registration on 3 February 2022 and automatically pub-
lished by PROSPERO on 8 March 2022, with registration 
no. CRD42022308680. Search strategies were developed by 
the main author (LC) in collaboration with a health sciences 
librarian and were peer reviewed as per the Peer Review of 
Electronic Search Strategy tool by two independent review-
ers (LC and NK) for each database [23].

The population, intervention, comparator, and outcomes 
(PICO) were defined prior to the literature search. The 
population included adult patients with locally advanced 
(stage IIIb/c) or metastatic (stage IV) NSCLC cancer with 
confirmed ALK genomic alterations. Advanced disease has 
been chosen since ALK inhibitors are approved in stages 
IIIb/c or stage IV NSCLC. The intervention included any 
ALK inhibitor with a marketing authorization and/or being 
studied in clinical trials for the treatment of patients with 
locally advanced or metastatic ALK+ NSCLC in the first-
line treatment setting or subsequent lines of treatment setting 
including alectinib, brigatinib, ceritinib, crizotinib, ensarti-
nib, or lorlatinib. The comparator included the previously 
described ALK inhibitors, chemotherapy, or best supportive 
care (BSC). Chemotherapy was defined as monotherapy or 
doublet therapy of cisplatin, carboplatin, paclitaxel, albu-
min-bound paclitaxel, docetaxel, gemcitabine, vinorelbine, 
etoposide, and/or pemetrexed. Best supportive care was 
defined as no systemic treatment or any supportive treatment 
provided to reduce symptoms of the disease (e.g., pain man-
agement) without systemic therapy. The review considered 
CEAs that reported an ICER in quality-adjusted life years 
(QALY) and/or in life years gained (LYG).

Published literature was searched in Medline (via 
Ovid) by 4 January 2023, Embase (via Ovid) by 4 January 
2023, International Pharmaceutical Abstracts (via Ovid) 
by 4 January 2023, and Cochrane library (via Wiley) by 
11 January 2023. Key search words used for the search 
strategy included NSCLC (e.g., Carcinoma, Non-Small-
Cell Lung/), ALK inhibitors (e.g., Anaplastic Lymphoma 
Kinase/) and cost effectiveness (e.g., Economics/). Each 
concept was entered one at a time using subject head-
ings and text words (with tools and mechanics of the 
searched database and combined using Boolean logic). 
The search strategy was adapted for each database. Full 
search strategies for each database are included in Sup-
plementary Information and the exact export date for each 
is reported. The inclusion criteria consisted of the PICO 
elements and the exclusion criteria included abstracts, edi-
torials, reviews, duplicates, publications not in English 
language, non-CEAs, and grey literature due to language 
limitations and redactions of confidential information. No 
date restrictions were incorporated. The number of records 
were recorded using the Preferred Reporting Items for 
Systematic Reviews and Meta-analyses (PRISMA) flow 
diagram [26].

2.2  Data Extraction and Synthesis

Data extraction was conducted by two researchers inde-
pendently (LC and NK). Any disagreements between the 
researchers were resolved through discussion and a third 
reviewer was not needed. An expert oncologist (NL) and 
health economist (WW) were consulted to ensure the most 
appropriate variables and terminology were used for data 
extraction. The extracted data were presented in tables that 
provide an overview of the characteristics of included CEA, 
an overview of the study methods of included CEAs, and an 
overview of the outcomes of included CEAs. All extracted 
variables were presented as stated in the published papers 
and no conversion to common currency was applied to 
any of the costing data. Data synthesis included a detailed 
description and discussion on the comparability of the 
study population and treatments across included CEAs, on 
the suitability of the analytical approaches undertaken by 
the included CEAs, and on the comparability of outcomes 
across included CEAs by intervention, by region, and by 
source of funding in the first-line treatment setting and in 
subsequent lines of treatment setting.

2.3  Quality Assessments

Eligible studies were critically appraised by two independ-
ent researchers (LC and NK) using standardized critical 
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appraisal instruments for economic evaluations. CHEERS 
2022 was used to assess the comprehensiveness of the 
reporting and Phillips et al. was used to assess the qual-
ity of the model-based evaluations [24, 25]. Any disa-
greements between the researchers were resolved through 
discussion. All studies, regardless of the results of their 
comprehensiveness of reporting and/or their methodo-
logical quality, underwent data extraction and synthesis 
(where possible).

3  Results

3.1  Literature Search

The PRISMA diagram [26] demonstrating the flow of 
studies that were selected for data extraction on the basis 
of inclusion criteria is shown in Fig. 1. The search strat-
egy yielded a total of 4885 potentially relevant records 
excluding duplicates. Title and abstracts were screened 
by the two researchers, yielding 231 unique records for 
full-text review. Full-text screening was then conducted 
by the same two researchers and records were excluded 
for various reasons detailed in Fig. 1. A final set of 19 
publications were included for analysis [27–45].

Records removed before 
screening:

Duplicate records 
removed (n = 837)

Remaining records 
for screening = 4885

Records identified from:
Medline = 1150
Embase = 4170
IPA = 33
Cochrane = 369

Total records = 5722

Identification

Screening
Records excluded
(n = 4654)

Records title and abstract 
screening
(n = 4885)

Records excluded
(n = 212)
Records excluded:

Reason 1 (review studies) 
n=64

Reason 2 (reporting costs 
without using economic evaluation 
methods to compare costs or not CEAs) 
n= 55

Reason 3 (economic 
evaluation of ALK testing) n= 18

Reason 4 (abstracts) n=60
Not in English = 3
Other (other targeted therapies or
not in NSCLC) = 12

Records for full text review
(n = 231)

Final records for data extraction
(n = 19)

Records included in review
(n = 19)Included

Fig. 1  PRISMA [26] diagram of flow of studies that were selected for data extraction based on inclusion criteria. IPA International Pharmaceuti-
cal Abstracts
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3.2  Overview of the Characteristics of Included 
CEAs

Table 1 provides an overview of the study population(s), 
line(s) of treatment setting, intervention(s), comparator(s), 
and study objectives of the included CEAs. The majority of 
the included CEAs were in the first-line treatment setting 
(n = 15) [27, 29, 31–38, 40–42, 44, 45], while a few of the 
included CEAs were in subsequent lines of treatment setting 
(n = 4) [29, 30, 39, 43].

In the first-line treatment setting, the study population 
was similar in all included CEAs and included patients with 
advanced NSCLC who did not previously receive systemic 
therapy in the advanced disease stage. The interventions 
included alectinib, brigatinib, ceritinib, crizotinib, ensarti-
nib, or lorlatinib. The dose and duration of ALK inhibitors 
assumed in the models of included CEAs were based on 
the referenced clinical trial data for efficacy outcomes. For 
example, the dose and duration of alectinib was assumed at 
600 mg BID (twice a day) every 28 days [29, 30, 32, 34, 36, 
37, 42, 44], which is aligned with the RCTs referenced by 
the publications, including ALEX [46, 47], ALESIA [48, 
49], and ALUR [50, 51]. Similarly, brigatinib was assumed 
at 180 mg OD (once per day) every 28 days with a 7-day 
lead-in period at 90 mg OD [42, 44], which is also aligned 
with the ALTA-1L RCT referenced by the publications [52, 
53]. Moreover, ceritinib was assumed either at 750 mg OD 
every 28 days [28–31, 35, 44] or 450 mg OD every 28 days 
[36, 40], which is aligned with the ASCEND RCTs refer-
enced by the included CEAs [54–61]. Additionally, crizo-
tinib was assumed at 250 mg BID every 28 days [27, 29, 
31–34, 36–38, 40–42, 44, 45], which is aligned with the 
referenced PROFILE RCTs [62–67], ensartinib was assumed 
at 225 mg OD every 28 days [44, 45], which is aligned with 
the referenced eXALT 3 RCT [14, 68], and lorlatinib was 
assumed at 100 mg OD every 28 days [39, 41, 43, 44], which 
is aligned with the referenced CROWN RCT [69, 70]. All 
ALK inhibitors were administered until progression, tox-
icity, or death as presented in Table 1. The comparators 
included platinum-based doublet chemotherapy, alectinib, 
brigatinib, ceritinib, crizotinib, or ensartinib. Platinum-
based chemotherapy regimens were given up to four cycles 
[27, 31, 35] or up to 6 cycles [33] in the first-line treat-
ment setting and the regimens consisted of a combination 
of pemetrexed plus cisplatin or carboplatin [27, 31, 33] or 
a combination of pemetrexed, paclitaxel, or etoposide plus 
platinum chemotherapy [35].

In subsequent lines of treatment setting, the study popula-
tion differed between included CEAs and included patients 
who received prior crizotinib and/or chemotherapy [29, 30] 
or included patients with at least one ALK inhibitor and/or 
chemotherapy [39, 43]. For example, in Hurry et al. [28] 
and Carlson et al. [30], the cost effectiveness of ceritinib 

versus BSC/historical control/pemetrexed and alectinib ver-
sus ceritinib, respectively, were being compared in patients 
who have discontinued crizotinib. Therefore, both stud-
ies included patients who received prior crizotinib and/
or chemotherapy. However, in Nilsson et al. [39] and in 
Gourzoulidis et al. [43], the objective of both studies was to 
determine the cost effectiveness of lorlatinib as second- or 
third-line treatment compared with chemotherapy. There-
fore, both studies included patients with at least one other 
ALK inhibitor (since alectinib, crizotinib, and/or ceritinib 
may have been available for patients as part of standard of 
care) and/or chemotherapy. The interventions included alec-
tinib [30], ceritinib [28], or lorlatinib [39, 43] at the same 
dose and duration as discussed in the first-line treatment 
setting above and presented in Table 1. The comparators 
included chemotherapy (monotherapy with pemetrexed or 
docetaxel) [28, 39, 43], ceritinib [30], or BSC (defined as no 
active treatment) [28]. The chemotherapy regimen consisted 
of pemetrexed 500 mg/m2 or docetaxel 75 mg/m2 IV every 
21 days [28, 39, 43] with duration not specified [28] or until 
disease progression, toxicity, or death [39, 43].

The objective of all included CEAs was to evaluate the 
cost effectiveness of the intervention(s) compared with 
the comparator(s) using a model-based evaluation of cost 
effectiveness.

3.3  Overview of the Study Methods of Included 
CEAs

Table 2 provides an overview of study methods of included 
CEAs. Of the included CEAs, the year of publication ranged 
from 2014 to 2022. Only a few regions were represented, 
including China (n = 9 [29, 33–36, 38, 40, 44, 45]), the 
USA (n = 5 [20, 31, 41, 42]), Canada (n = 2 [27, 28]), 
France (n = 1 [37]), Greece (n = 1 [43]) and Sweden (n = 
1 [39]). The majority of studies were funded by industry (n 
= 12 [28, 30–33, 35, 37–40, 42, 43]) with a few receiving 
no funding or funded by non-profit organizations (n = 7 
[27, 29, 34, 36, 41, 44, 45]). Included CEAs used state-
transition Markov models (n = 9 [27, 29, 30, 32–36, 44]) 
or partitioned survival models (n = 9 [28, 31, 39–43, 45]) 
and applied either QALY (n = 7 [29, 33, 35, 37, 38, 44, 
45]) or both QALY and LYG (n = 12 [27, 28, 30–32, 34, 
37, 39–43]) as outcomes. Time horizon varied across stud-
ies and ranged from 3 years to 30 years to extrapolate costs 
and outcomes. The cycle lengths were 2 months or less in 
all studies and the discount rate ranged from 3% to 5%. The 
majority of studies were conducted from a healthcare system 
perspective (n = 12 [27–30, 32–36, 38, 44, 45]) or a payer 
perspective (n = 6 [31, 37, 40–43]) with one study presented 
from a societal perspective [39] and a few studies present-
ing additional societal/patient perspectives [30, 37]. Sensi-
tivity analyses were performed in all studies. Two studies 



954 L. Chayab et al.

Ta
bl

e 
2 

 D
es

cr
ip

tio
n 

of
 st

ud
y 

m
et

ho
ds

 o
f i

nc
lu

de
d 

C
EA

s

BI
A 

B
ud

ge
t i

m
pa

ct
 a

na
ly

si
s, 

C
EA

s 
C

os
t-e

ffe
ct

iv
en

es
s 

an
al

ys
es

/st
ud

ie
s, 

D
SA

 D
et

er
m

in
ist

ic
 s

en
si

tiv
ity

 a
na

ly
si

s, 
H

K
 H

on
g 

K
on

g,
 L

YG
 L

ife
 y

ea
rs

 g
ai

ne
d,

 N
BI

 N
et

 b
ud

ge
ta

ry
 im

pa
ct

, N
R 

N
ot

 
re

po
rte

d,
 P

SA
 P

ro
ba

bi
lis

tic
 se

ns
iti

vi
ty

 a
na

ly
si

s, 
Q

AL
Y 

Q
ua

lit
y-

ad
ju

ste
d 

lif
e 

ye
ar

s, 
U

S 
U

ni
te

d 
St

at
es

Re
fe

re
nc

es
Ye

ar
 o

f c
os

ts
O

ut
co

m
e

Re
gi

on
D

ec
is

io
n 

m
od

el
C

yc
le

 le
ng

th
Pe

rs
pe

ct
iv

e
Ti

m
e 

ho
riz

on
D

is
-

co
un

t 
ra

te
 (%

)

Se
ns

iti
vi

ty
 a

na
ly

si
s

Fu
nd

in
g 

so
ur

ce

D
ja

la
lo

v 
20

14
 [2

7]
20

12
Q

A
LY

/L
Y

G
C

an
ad

a
M

ar
ko

v
3 

w
ee

ks
C

an
ad

ia
n 

he
al

th
ca

re
 

sy
ste

m
Li

fe
tim

e 
(4

.2
 y

ea
rs

)
5

D
SA

N
on

e

H
ur

ry
 2

01
6 

[2
8]

20
14

Q
A

LY
/L

Y
G

C
an

ad
a

Pa
rti

tio
ne

d 
su

rv
iv

al
30

.4
4 

da
ys

C
an

ad
ia

n 
he

al
th

ca
re

 
sy

ste
m

Li
fe

tim
e 

(4
 y

ea
rs

)
5

D
SA

/P
SA

In
du

str
y

Li
u 

20
19

[2
9]

20
18

Q
A

LY
C

hi
na

M
ar

ko
v

21
 d

ay
s

C
hi

ne
se

 m
ed

ic
al

 
sy

ste
m

10
 y

ea
rs

3
D

SA
/P

SA
N

on
-p

ro
fit

C
ar

ls
on

 2
01

7 
[3

0]
20

16
Q

A
LY

/L
Y

G
U

SA
M

ar
ko

v
1 

m
on

th
H

ea
lth

ca
re

 sy
ste

m
 

an
d 

so
ci

et
al

N
R

3
D

SA
/P

SA
In

du
str

y

Zh
ou

 2
01

8 
[3

1]
20

16
Q

A
LY

/L
Y

G
U

SA
Pa

rti
tio

ne
d 

su
rv

iv
al

1 
m

on
th

U
S 

th
ird

-p
ar

ty
 p

ay
er

20
 y

ea
rs

3
D

SA
/P

SA
In

du
str

y
C

ar
ls

on
 2

01
8 

[3
2]

20
17

Q
A

LY
/L

Y
G

U
SA

M
ar

ko
v

1 
w

ee
k

U
S 

he
al

th
ca

re
 

sy
ste

m
Li

fe
tim

e
3

D
SA

/P
SA

In
du

str
y

Lu
 2

01
8 

[3
3]

20
16

Q
A

LY
C

hi
na

M
ar

ko
v

21
 d

ay
s

C
hi

ne
se

 h
ea

lth
ca

re
 

sy
ste

m
10

 y
ea

rs
5

D
SA

/P
SA

In
du

str
y

G
ua

n 
20

19
 [3

4]
20

18
Q

A
LY

/L
Y

C
hi

na
M

ar
ko

v
1 

w
ee

k
C

hi
ne

se
 h

ea
lth

ca
re

 
sy

ste
m

Li
fe

tim
e

3
D

SA
/P

SA
N

on
e

Pe
ng

 2
01

9 
[3

5]
20

17
Q

A
LY

C
hi

na
M

ar
ko

v
3 

w
ee

ks
C

hi
ne

se
 h

ea
lth

ca
re

 
sy

ste
m

15
 y

ea
rs

5
D

SA
/P

SA
In

du
str

y

Li
 2

02
0 

[3
6]

20
18

Q
A

LY
/L

Y
C

hi
na

M
ar

ko
v

1 
m

on
th

C
hi

ne
se

 h
ea

lth
ca

re
 

sy
ste

m
10

 y
ea

rs
5

D
SA

/P
SA

N
on

e

Si
vi

gn
on

 2
02

0 
[3

7]
20

17
Q

A
LY

Fr
an

ce
Pa

rti
tio

ne
d 

su
rv

iv
al

1 
w

ee
k

C
ol

le
ct

iv
e–

pu
bl

ic
/

pr
iv

at
e 

in
su

ra
nc

e 
an

d 
pa

tie
nt

s

10
 y

ea
rs

4
D

SA
/P

SA
In

du
str

y

H
ua

ng
 2

02
0 

[3
8]

20
17

Q
A

LY
C

hi
na

N
R

N
R

C
hi

ne
se

 h
ea

lth
ca

re
 

sy
ste

m
N

R
3

D
SA

/P
SA

In
du

str
y

N
ils

so
n 

20
21

 [3
9]

20
19

Q
A

LY
/L

Y
G

Sw
ed

en
Pa

rti
tio

ne
d 

su
rv

iv
al

30
 d

ay
s

Sw
ed

is
h 

so
ci

et
al

20
 y

ea
rs

3
D

SA
/P

SA
In

du
str

y
Lo

on
g 

20
20

 [4
0]

20
18

Q
A

LY
/L

Y
G

H
on

g 
K

on
g

Pa
rti

tio
ne

d 
su

rv
iv

al
1 

m
on

th
H

K
 h

ea
lth

ca
re

 
se

rv
ic

e 
pr

ov
id

er
’s

 
or

 g
ov

er
nm

en
t's

20
 y

ea
rs

3.
5

D
SA

In
du

str
y

Li
 2

02
1 

[4
1]

20
20

Q
A

LY
/L

Y
G

U
SA

Pa
rti

tio
ne

d 
su

rv
iv

al
28

 d
ay

s
U

S 
pa

ye
r

Li
fe

tim
e 

(3
0 

ye
ar

s)
3

D
SA

/P
SA

N
on

-p
ro

fit
C

ra
nm

er
 2

02
2 

[4
2]

N
R

Q
A

LY
/L

Y
G

U
SA

Pa
rti

tio
ne

d 
su

rv
iv

al
28

 d
ay

s
U

S 
pa

ye
r

Li
fe

tim
e 

(3
0 

ye
ar

s)
3

D
SA

/P
SA

In
du

str
y

G
ou

rz
ou

lid
is

 2
02

2 
[4

3]
20

20
Q

A
LY

/L
Y

G
G

re
ec

e
Pa

rti
tio

ne
d 

su
rv

iv
al

1 
m

on
th

G
re

ek
 p

ay
er

 p
er

-
sp

ec
tiv

e
Li

fe
tim

e 
(y

ea
rs

 N
R

)
3.

5
D

SA
/P

SA
In

du
str

y

Lu
o 

20
22

 [4
4]

20
21

Q
A

LY
C

hi
na

M
ar

ko
v

8-
w

ee
k 

cy
cl

e
C

hi
ne

se
 h

ea
lth

ca
re

 
sy

ste
m

Li
fe

tim
e 

(1
0 

ye
ar

s)
5

D
SA

/P
SA

Pu
bl

ic

Zh
an

g 
20

22
 [4

5]
20

21
Q

A
LY

C
hi

na
Pa

rti
tio

ne
d 

su
rv

iv
al

1 
m

on
th

C
hi

ne
se

 h
ea

lth
ca

re
 

sy
ste

m
Li

fe
tim

e
3

D
SA

/P
SA

N
on

e



955Systematic Review of Cost Effectiveness of ALK Inhibitors in Non-small Cell Lung Cancer

Ta
bl

e 
3 

 S
um

m
ar

iz
at

io
n 

of
 o

ut
co

m
es

 o
f i

nc
lu

de
d 

C
EA

s

Re
fe

r-
en

ce
s

Li
ne

 o
f 

tre
at

-
m

en
t

Tr
ea

tm
en

t (
in

te
r-

ve
nt

io
n 

ve
rs

us
 

co
m

pa
ra

to
r)

C
ur

-
re

nc
y

IC
ER

 p
er

 
Q

A
LY

IC
ER

 p
er

 
LY

G
Th

re
sh

ol
d 

pe
r Q

A
LY

C
on

cl
us

io
n 

pe
r Q

A
LY

So
ur

ce
 o

f c
lin

i-
ca

l i
np

ut
s

Tr
ea

tm
en

t c
om

-
pa

ris
on

s
D

ire
ct

 fr
om

 
RC

T 
or

 in
di

re
ct

 
ad

ju
ste

d 
M

A
IC

 o
r 

in
di

re
ct

 u
na

d-
ju

ste
d 

(n
ai

ve
) o

r 
di

re
ct

 a
nd

 in
di

re
ct

 
N

M
A

K
ey

 d
riv

er
(s

) o
f 

IC
ER

 in
 o

ne
-w

ay
 

se
ns

iti
vi

ty
 a

na
ly

si
s

Pr
ob

ab
ili

ty
 o

f c
os

t 
eff

ec
tiv

en
es

s (
ac

ce
pt

-
ab

ili
ty

 c
ur

ve
) i

n 
PS

A

D
ja

la
lo

v 
20

14
 

[2
7]

1s
t l

in
e

C
riz

ot
in

ib
a  v

er
su

s 
 ch

em
ot

he
ra

py
b

CA
D

$2
55

,9
70

$1
48

,0
11

N
R

N
ot

 C
E

PF
S 

fro
m

 P
h1

 
Pr

ofi
le

 1
00

1 
[6

2,
 6

3]
 (s

in
-

gl
e-

ar
m

 st
ud

y)
 

an
d 

TT
N

T 
an

d 
de

at
h 

fro
m

 
re

tro
sp

ec
tiv

e 
C

an
ad

ia
n 

stu
dy

 [7
9]

U
na

dj
us

te
d 

(n
ai

ve
) t

re
at

-
m

en
t c

om
pa

ri-
so

n

Tr
ea

tm
en

t-r
el

at
ed

 
ut

ili
ty

 w
ith

 c
riz

o-
tin

ib
 a

nd
 th

e 
co

st 
of

 c
riz

ot
in

ib

N
ot

 p
er

fo
rm

ed

H
ur

ry
 

20
16

[2
8]

2n
d lin

e
C

er
iti

ni
b 

ve
rs

us
 

 B
SC

b/
/

hi
sto

ric
al

 c
on

tro
l/ 

pe
m

et
re

xe
d

CA
D

$1
49

,1
17

/
$1

04
,4

36
/

$8
0,

10
0/

$8
0,

81
8/

$5
5,

20
2/

$4
0,

74
8/

$1
50

,0
00

C
E

C
er

iti
ni

b:
 P

FS
 

an
d 

O
S 

fro
m

 
po

ol
ed

 P
h 

1/
2 

A
SC

EN
D

-1
 

[5
4,

 5
5]

 a
nd

 
A

SC
EN

D
-2

 
[5

6,
 5

7]
 

(s
in

gl
e-

ar
m

 
stu

di
es

)
C

om
pa

ra
to

r: 
re

tro
sp

ec
tiv

e 
C

an
ad

ia
n 

stu
dy

U
na

dj
us

te
d 

(n
ai

ve
) t

re
at

-
m

en
t c

om
pa

ri-
so

n

C
os

t o
f c

er
iti

ni
b,

 
co

st 
of

 p
em

-
et

re
xe

d,
 ti

m
e 

ho
riz

on
 a

nd
 p

ar
a-

m
et

ric
 fu

nc
tio

ns

Pr
ob

ab
ili

ty
 o

f 
ce

rit
in

ib
 b

ei
ng

 
co

st 
eff

ec
tiv

e 
w

as
 

46
.3

%
/p

ro
ba

bi
lit

y 
of

 c
er

iti
ni

b 
be

in
g 

co
st 

eff
ec

tiv
e 

w
as

 
94

%
/p

ro
ba

bi
lit

y 
of

 
ce

rit
in

ib
 b

ei
ng

 c
os

t 
eff

ec
tiv

e 
w

as
 9

9%
/



956 L. Chayab et al.

Ta
bl

e 
3 

 (c
on

tin
ue

d)

Re
fe

r-
en

ce
s

Li
ne

 o
f 

tre
at

-
m

en
t

Tr
ea

tm
en

t (
in

te
r-

ve
nt

io
n 

ve
rs

us
 

co
m

pa
ra

to
r)

C
ur

-
re

nc
y

IC
ER

 p
er

 
Q

A
LY

IC
ER

 p
er

 
LY

G
Th

re
sh

ol
d 

pe
r Q

A
LY

C
on

cl
us

io
n 

pe
r Q

A
LY

So
ur

ce
 o

f c
lin

i-
ca

l i
np

ut
s

Tr
ea

tm
en

t c
om

-
pa

ris
on

s
D

ire
ct

 fr
om

 
RC

T 
or

 in
di

re
ct

 
ad

ju
ste

d 
M

A
IC

 o
r 

in
di

re
ct

 u
na

d-
ju

ste
d 

(n
ai

ve
) o

r 
di

re
ct

 a
nd

 in
di

re
ct

 
N

M
A

K
ey

 d
riv

er
(s

) o
f 

IC
ER

 in
 o

ne
-w

ay
 

se
ns

iti
vi

ty
 a

na
ly

si
s

Pr
ob

ab
ili

ty
 o

f c
os

t 
eff

ec
tiv

en
es

s (
ac

ce
pt

-
ab

ili
ty

 c
ur

ve
) i

n 
PS

A

Li
u 

20
19

[2
9]

1s
t l

in
e

A
le

ct
in

ib
a  v

er
su

s 
 ce

rit
in

ib
a  /

A
le

ct
in

ib
a  v

er
su

s 
 cr

iz
ot

in
ib

a /
C

er
iti

ni
ba  v

er
su

s 
 cr

iz
ot

in
ib

a /

U
SD

$1
28

,0
19

.4
2/

$1
02

,6
75

.7
4/

$6
4,

39
8.

83
/

N
R

$2
9,

30
6.

37
N

ot
 C

E
A

le
ct

in
ib

 a
nd

 
cr

iz
ot

in
ib

: P
FS

 
an

d 
O

S 
fro

m
 

Ph
3 

A
LE

X
 

[4
6,

 4
7]

 R
C

T 
C

er
iti

ni
b:

 
PF

S 
an

d 
O

S 
fro

m
 P

h3
 

A
SC

EN
D

-4
 

[5
8,

 5
9]

 R
C

T 

U
na

dj
us

te
d 

(n
ai

ve
) t

re
at

-
m

en
t c

om
-

pa
ris

on
/ d

ire
ct

 
tre

at
m

en
t c

om
-

pa
ris

on
 fr

om
 

RC
T/

un
ad

ju
ste

d 
(n

ai
ve

) t
re

at
-

m
en

t c
om

pa
ri-

so
n

C
os

t o
f  2

nd
 li

ne
 

ch
em

ot
he

ra
py

/ 
co

st 
of

  2
nd

 li
ne

 
ch

em
ot

he
ra

py
/c

os
t 

of
 a

le
ct

in
ib

W
he

n 
th

e 
th

re
sh

ol
d 

re
ac

he
s $

25
,0

00
, 

th
e 

pr
ob

ab
ili

ty
 o

f 
cr

iz
ot

in
ib

 e
co

no
m

y 
w

as
 1

00
%

. W
he

n 
th

e 
th

re
sh

ol
d 

re
ac

he
d 

$7
5,

00
0,

 
th

e 
pr

ob
ab

ili
ty

 o
f 

cr
iz

ot
in

ib
 e

co
no

m
y 

w
as

 2
1%

. C
er

i-
tin

ib
 ro

se
 to

 7
9%

. 
W

he
n 

th
e 

th
re

sh
ol

d 
re

ac
he

d 
$1

50
,0

00
, 

th
e 

pr
ob

ab
ili

ty
 o

f 
cr

iz
ot

in
ib

 e
co

no
m

y 
fe

ll 
to

 0
%

, c
er

iti
ni

b 
w

as
 1

7%
, a

nd
 a

le
c-

tin
ib

 ro
se

 to
 8

3%
.

C
ar

ls
on

 
20

17
 

[3
0]

2n
d 

or
 

3r
d 

lin
e

A
le

ct
in

ib
a  v

er
su

s 
 ce

rit
in

ib
a

U
SD

$3
1,

18
0

$1
9,

31
3

$1
00

,0
00

C
E

A
le

ct
in

ib
: P

FS
 

an
d 

O
S 

po
ol

ed
 

da
ta

 fr
om

 P
h 

1/
2 

N
P2

87
61

 
[7

2,
 7

3]
 a

nd
 

N
P2

86
73

 [7
3,

 
74

] (
si

ng
le

 
ar

m
)

C
er

iti
ni

b:
 

PF
S 

an
d 

O
S 

po
ol

ed
 d

at
a 

fro
m

 P
h 

1/
2 

A
SC

EN
D

-1
 

[5
4,

 5
5]

 a
nd

 
A

SC
EN

D
-2

 
[5

6,
 5

7]
 (s

in
gl

e 
ar

m
)

U
na

dj
us

te
d 

(n
ai

ve
) t

re
at

-
m

en
t c

om
pa

ri-
so

n

D
ru

g 
co

sts
 a

nd
 

ut
ili

tie
s i

n 
th

e 
PF

 
he

al
th

 st
at

e

A
le

ct
in

ib
 h

as
 a

 9
6%

 
pr

ob
ab

ili
ty

 o
f b

ei
ng

 
co

st 
eff

ec
tiv

e 
at

 a
 

w
ill

in
gn

es
s t

o 
pa

y 
of

 $
10

0,
00

0/
Q

A
LY



957Systematic Review of Cost Effectiveness of ALK Inhibitors in Non-small Cell Lung Cancer

Ta
bl

e 
3 

 (c
on

tin
ue

d)

Re
fe

r-
en

ce
s

Li
ne

 o
f 

tre
at

-
m

en
t

Tr
ea

tm
en

t (
in

te
r-

ve
nt

io
n 

ve
rs

us
 

co
m

pa
ra

to
r)

C
ur

-
re

nc
y

IC
ER

 p
er

 
Q

A
LY

IC
ER

 p
er

 
LY

G
Th

re
sh

ol
d 

pe
r Q

A
LY

C
on

cl
us

io
n 

pe
r Q

A
LY

So
ur

ce
 o

f c
lin

i-
ca

l i
np

ut
s

Tr
ea

tm
en

t c
om

-
pa

ris
on

s
D

ire
ct

 fr
om

 
RC

T 
or

 in
di

re
ct

 
ad

ju
ste

d 
M

A
IC

 o
r 

in
di

re
ct

 u
na

d-
ju

ste
d 

(n
ai

ve
) o

r 
di

re
ct

 a
nd

 in
di

re
ct

 
N

M
A

K
ey

 d
riv

er
(s

) o
f 

IC
ER

 in
 o

ne
-w

ay
 

se
ns

iti
vi

ty
 a

na
ly

si
s

Pr
ob

ab
ili

ty
 o

f c
os

t 
eff

ec
tiv

en
es

s (
ac

ce
pt

-
ab

ili
ty

 c
ur

ve
) i

n 
PS

A

Zh
ou

 
20

18
[3

1]

1s
t l

in
e

C
er

iti
ni

ba  v
er

su
s 

 cr
iz

ot
in

ib
a /o

r 
 ch

em
ot

he
ra

py
c

U
SD

$6
6,

06
4/

$8
1,

64
5

$5
3,

20
7/

$6
6,

44
1

$1
50

,0
00

C
E

C
riz

ot
in

ib
: P

FS
 

an
d 

O
S 

fro
m

 
Ph

3 
Pr

ofi
le

 
10

14
 [6

4,
 6

5]
 

RC
T/

ce
rit

in
ib

 a
nd

 
ch

em
ot

he
ra

py
: 

PF
S 

an
d 

O
S 

fro
m

 P
h3

 
A

SC
EN

D
-4

 
RC

T 
[5

8,
 5

9]

In
di

re
ct

 a
dj

us
te

d 
M

A
IC

/
di

re
ct

 tr
ea

tm
en

t 
co

m
pa

ris
on

 
fro

m
 R

C
T 

D
ru

g 
an

d 
dr

ug
 

ad
m

in
ist

ra
tio

n 
co

sts
 fo

r i
ni

tia
l 

tre
at

m
en

t a
nd

 
co

sts
 a

ss
oc

ia
te

d 
w

ith
 p

os
t-p

ro
gr

es
-

si
on

 tr
ea

tm
en

t

C
er

iti
ni

b 
w

as
 c

os
t 

eff
ec

tiv
e 

at
 a

 
W

TP
 th

re
sh

ol
d 

of
 

$1
50

,0
00

 in
 7

6.
0%

 
of

 c
as

es
 in

cl
ud

in
g 

do
m

in
an

t i
n 

6.
1%

 o
f 

ca
se

s/
ce

rit
in

ib
 w

as
 c

os
t 

eff
ec

tiv
e 

at
 a

 
W

TP
 th

re
sh

ol
d 

of
 

$1
50

,0
00

 in
 8

4.
3%

 
of

 c
as

es
C

ar
ls

on
 

20
18

 
[3

2]

1s
t l

in
e

A
le

ct
in

ib
a  v

er
su

s 
 cr

iz
ot

in
ib

a
U

SD
$3

9,
31

2
$3

7,
61

1
$1

00
,0

00
C

E
PF

S 
an

d 
O

S 
fro

m
 P

h3
 

A
LE

X
 [4

6,
 4

7]
 

RC
T 

D
ire

ct
 tr

ea
tm

en
t 

co
m

pa
ris

on
 

fro
m

 R
C

T 

D
ru

g 
co

sts
 a

nd
 

ut
ili

tie
s i

n 
th

e 
pr

og
re

ss
io

n 
fr

ee
 

he
al

th
 st

at
e

A
le

ct
in

ib
 h

ad
 a

 6
4%

 
pr

ob
ab

ili
ty

 o
f b

ei
ng

 
co

st 
eff

ec
tiv

e 
at

 
a 

w
ill

in
gn

es
s-

to
-

pa
y 

th
re

sh
ol

d 
of

 
U

S$
10

0,
00

0/
Q

A
LY

Lu
 2

01
8 

[3
3]

1s
t l

in
e

C
riz

ot
in

ib
a  v

er
su

s 
 ch

em
ot

he
ra

py
d  

w
ith

 P
A

P/
cr

i-
zo

tin
ib

a  v
er

su
s 

 ch
em

ot
he

ra
py

d  
w

ith
ou

t P
A

P

U
SD

$1
3,

 7
40

/
$1

74
,3

27
N

R
$3

2,
00

0
N

ot
 C

E
PF

S 
an

d 
O

S 
fro

m
 P

h3
 P

ro
-

fil
e 

10
29

 [6
6,

 
67

] R
C

T 
an

d 
m

et
a-

an
al

ys
es

D
ire

ct
 tr

ea
tm

en
t 

co
m

pa
ris

on
 

fro
m

 R
C

T 
an

d 
di

re
ct

 a
nd

 
in

di
re

ct
 fr

om
 

pu
bl

is
he

d 
sy

ste
m

at
ic

 
lit

er
at

ur
e 

re
vi

ew
 

[7
6]

U
til

ity
 o

f P
FS

, c
os

t 
of

 c
riz

ot
in

ib
/d

ay
, 

co
st 

of
 p

em
-

et
re

xe
d/

50
0 

m
g 

do
se

W
ith

 P
A

P,
 th

e 
pr

op
or

tio
ns

 o
f 

si
m

ul
at

io
ns

 w
ith

 
co

st 
eff

ec
tiv

en
es

s 
fo

r m
ul

tip
le

x 
PC

R
 

te
sti

ng
 fo

llo
w

ed
 b

y 
cr

iz
ot

in
ib

 tr
ea

tm
en

t 
fo

r A
LK

 re
ar

-
ra

ng
em

en
t-p

os
iti

ve
 

N
SC

LC
 w

as
 8

2.
9%

/
w

he
n 

th
e 

PA
P 

w
as

 
no

t a
va

ila
bl

e,
 th

e 
lik

el
ih

oo
d 

of
 th

e 
A

LK
 re

ar
ra

ng
e-

m
en

t t
es

t-g
ui

de
d 

tre
at

m
en

t s
tra

te
gy

 
w

as
 z

er
o



958 L. Chayab et al.

Ta
bl

e 
3 

 (c
on

tin
ue

d)

Re
fe

r-
en

ce
s

Li
ne

 o
f 

tre
at

-
m

en
t

Tr
ea

tm
en

t (
in

te
r-

ve
nt

io
n 

ve
rs

us
 

co
m

pa
ra

to
r)

C
ur

-
re

nc
y

IC
ER

 p
er

 
Q

A
LY

IC
ER

 p
er

 
LY

G
Th

re
sh

ol
d 

pe
r Q

A
LY

C
on

cl
us

io
n 

pe
r Q

A
LY

So
ur

ce
 o

f c
lin

i-
ca

l i
np

ut
s

Tr
ea

tm
en

t c
om

-
pa

ris
on

s
D

ire
ct

 fr
om

 
RC

T 
or

 in
di

re
ct

 
ad

ju
ste

d 
M

A
IC

 o
r 

in
di

re
ct

 u
na

d-
ju

ste
d 

(n
ai

ve
) o

r 
di

re
ct

 a
nd

 in
di

re
ct

 
N

M
A

K
ey

 d
riv

er
(s

) o
f 

IC
ER

 in
 o

ne
-w

ay
 

se
ns

iti
vi

ty
 a

na
ly

si
s

Pr
ob

ab
ili

ty
 o

f c
os

t 
eff

ec
tiv

en
es

s (
ac

ce
pt

-
ab

ili
ty

 c
ur

ve
) i

n 
PS

A

G
ua

n 
20

19
 

[3
4]

1s
t l

in
e

A
le

ct
in

ib
a  v

er
su

s 
 cr

iz
ot

in
ib

a
U

SD
$5

2,
86

9
N

R
$2

8,
10

9
$5

0,
00

0
N

ot
 C

E
PF

S 
an

d 
O

S 
fro

m
 P

h3
 

A
LE

SI
A

 [4
8,

 
49

] R
C

T 

D
ire

ct
 tr

ea
tm

en
t 

co
m

pa
ris

on
 

fro
m

 R
C

T 

D
ru

g 
co

sts
 o

f 
al

ec
tin

ib
Th

e 
pr

ob
ab

ili
tie

s o
f 

al
ec

tin
ib

 b
ei

ng
 c

os
t 

eff
ec

tiv
e 

w
er

e 
0.

4%
 

an
d 

43
.7

%
 w

he
n 

th
e 

w
ill

in
gn

es
s-

to
-p

ay
 

(W
TP

) t
hr

es
ho

ld
s 

w
er

e 
$2

8,
10

9/
Q

A
LY

 a
nd

 $
50

,0
00

/ 
Q

A
LY

, r
es

pe
ct

iv
el

y
Pe

ng
 

20
19

 
[3

5]

1s
t l

in
e

C
er

iti
ni

ba  v
er

su
s 

 ch
em

ot
he

ra
py

c
U

SD
$1

36
,4

14
.4

3
N

R
$2

7,
14

2.
85

N
ot

 C
E

PF
S 

an
d 

O
S 

fro
m

 P
h3

 
A

SC
EN

D
-4

 
[5

8,
 5

9]
 R

C
T 

D
ire

ct
 tr

ea
tm

en
t 

co
m

pa
ris

on
 

fro
m

 R
C

T 

Pr
ic

e 
of

 c
er

iti
ni

b 
th

en
 th

e 
ut

ili
ty

 
of

 P
FS

, c
os

t o
f 

pe
m

et
re

xe
d,

 b
od

y 
su

rfa
ce

 a
re

a,
 a

nd
 

th
e 

di
sc

ou
nt

 ra
te

C
os

t-e
ffe

ct
iv

en
es

s 
lik

el
ih

oo
d 

of
 c

er
i-

tin
ib

 a
rm

 in
cr

ea
se

d 
w

ith
 in

cr
ea

si
ng

 
W

TP
 th

re
sh

ol
ds

, 
an

d 
th

e 
se

ns
iti

ve
 

ra
ng

e 
w

as
 a

bo
ut

 
$9

0,
00

0–
$3

00
,0

00
. 

If
 th

e 
W

TP
 

ex
ce

ed
ed

 $
13

8,
00

0 
(p

er
 c

ap
ita

 G
D

P 
$4

6,
00

0)
, m

or
e 

th
an

 
50

%
 o

f a
dv

an
ce

d 
A

LK
-r

ea
rr

an
ge

d 
N

SC
LC

, w
ith

 fi
rs

t-
lin

e 
tre

at
m

en
t o

f 
ce

rit
in

ib
 th

er
ap

y,
 

co
ul

d 
ac

hi
ev

e 
co

st 
eff

ec
tiv

en
es

s. 
A

t 
W

TP
s e

xc
ee

d-
in

g 
$3

00
,0

00
, t

he
 

co
st-

eff
ec

tiv
en

es
s 

lik
el

ih
oo

d 
of

 fi
rs

t-
lin

e 
tre

at
m

en
t w

ith
 

ce
rit

in
ib

 w
as

 a
lm

os
t 

10
0%



959Systematic Review of Cost Effectiveness of ALK Inhibitors in Non-small Cell Lung Cancer

Ta
bl

e 
3 

 (c
on

tin
ue

d)

Re
fe

r-
en

ce
s

Li
ne

 o
f 

tre
at

-
m

en
t

Tr
ea

tm
en

t (
in

te
r-

ve
nt

io
n 

ve
rs

us
 

co
m

pa
ra

to
r)

C
ur

-
re

nc
y

IC
ER

 p
er

 
Q

A
LY

IC
ER

 p
er

 
LY

G
Th

re
sh

ol
d 

pe
r Q

A
LY

C
on

cl
us

io
n 

pe
r Q

A
LY

So
ur

ce
 o

f c
lin

i-
ca

l i
np

ut
s

Tr
ea

tm
en

t c
om

-
pa

ris
on

s
D

ire
ct

 fr
om

 
RC

T 
or

 in
di

re
ct

 
ad

ju
ste

d 
M

A
IC

 o
r 

in
di

re
ct

 u
na

d-
ju

ste
d 

(n
ai

ve
) o

r 
di

re
ct

 a
nd

 in
di

re
ct

 
N

M
A

K
ey

 d
riv

er
(s

) o
f 

IC
ER

 in
 o

ne
-w

ay
 

se
ns

iti
vi

ty
 a

na
ly

si
s

Pr
ob

ab
ili

ty
 o

f c
os

t 
eff

ec
tiv

en
es

s (
ac

ce
pt

-
ab

ili
ty

 c
ur

ve
) i

n 
PS

A

Li
 2

02
0 

[3
6]

1s
t l

in
e

A
le

ct
in

ib
a  v

er
su

s 
 cr

iz
ot

in
ib

a /
ce

rit
in

ib
a  v

er
su

s 
 cr

iz
ot

in
ib

a

U
SD

$6
2,

23
1/

$1
3,

90
5

N
R

$2
8,

41
0

N
ot

 C
E

C
E

PF
S 

an
d 

O
S 

fro
m

 P
h3

s 
RC

Ts
 P

ro
fil

e 
10

14
 [6

4,
 6

5]
 

an
d 

A
LE

X
 

[4
6,

 4
7]

 a
nd

 
N

M
A

 [3
6]

D
ire

ct
 tr

ea
tm

en
t 

co
m

pa
ris

on
 

fro
m

 R
C

T/
di

re
ct

 a
nd

 in
di

re
ct

 
N

M
A

U
til

ity
 o

f P
F,

 c
os

t o
f 

al
ec

tin
ib

, a
nd

 H
R

 
of

 O
S

Fo
r a

le
ct

in
ib

, n
ot

 
st

at
ed

.
Fo

r c
er

iti
ni

b,
 th

e 
ac

ce
pt

ab
ili

ty
 c

ur
ve

s 
sh

ow
ed

 a
 >

 9
5%

 
pr

ob
ab

ili
ty

 o
f c

er
i-

tin
ib

 4
50

 m
g 

be
in

g 
a 

co
st-

eff
ec

tiv
e 

str
at

eg
y 

at
 a

 th
re

sh
-

ol
d 

of
 $

28
,1

40
/

Q
A

LY
Si

vi
gn

on
 

20
20

 
[3

7]

1s
t l

in
e

A
le

ct
in

ib
a  v

er
su

s 
 cr

iz
ot

in
ib

a
EU

R
€9

0,
23

2
€1

15
,3

34
€1

10
,0

00
– 

€1
62

,0
00

C
E

PF
S 

an
d 

O
S 

fro
m

 P
h3

 
RC

Ts
 A

LE
X

 
[4

6,
 4

7]
 a

nd
 

Pr
ofi

le
 1

01
4 

[6
4,

 6
5]

D
ire

ct
 tr

ea
tm

en
t 

co
m

pa
ris

on
 

fro
m

 R
C

T 

A
cq

ui
si

tio
n 

co
sts

 o
f 

al
ec

tin
ib

 a
nd

 o
f 

cr
iz

ot
in

ib

A
cc

ep
ta

bi
lit

y 
cu

rv
e 

sh
ow

ed
 th

at
 al

ec
tin

ib
 

w
ou

ld
 b

e c
os

t e
ffe

c-
tiv

e i
n 

50
%

 o
f c

as
es

 
at

 a 
w

ill
in

gn
es

s-
to

-p
ay

 th
re

sh
ol

d 
of

 
€1

10
,0

00
 an

d 
in

 7
0%

 
of

 ca
se

s a
t a

 w
ill

in
g-

ne
ss

-to
-p

ay
 th

re
sh

ol
d 

of
 €

16
2,

00
0

H
ua

ng
 

20
20

 
[3

8]

1s
t l

in
e

C
riz

ot
in

ib
e  

w
ith

ou
t m

ed
ic

al
 

in
su

ra
nc

e 
ve

rs
us

 
 ch

em
ot

he
ra

py
e,

f /
cr

iz
ot

in
ib

e  
w

ith
 m

ed
ic

al
 

in
su

ra
nc

e 
ve

rs
us

 
 ch

em
ot

he
ra

py
e,

f

U
SD

$3
6,

28
5.

39
/ 

$7
,3

21
.1

6
$3

0,
44

2.
83

/ 
$6

,1
42

.3
3

$6
,6

07
.8

3
N

ot
 C

E
C

E
Re

tro
sp

ec
tiv

e 
stu

dy
: E

ffi
ca

cy
 

da
ta

 w
er

e 
re

tri
ev

ed
 fr

om
 

th
e 

ho
sp

ita
l 

in
fo

rm
at

io
n 

sy
ste

m
 o

f W
es

t 
C

hi
na

 H
os

pi
ta

l 
[3

8]

D
ire

ct
 tr

ea
tm

en
t 

co
m

pa
ris

on
 

fro
m

 re
tro

sp
ec

-
tiv

e 
stu

dy

N
ot

 re
po

rte
d

C
om

pa
re

d 
w

ith
 

ch
em

ot
he

ra
py

, 
cr

iz
ot

in
ib

 sh
ow

ed
 

co
st 

eff
ec

tiv
en

es
s 

in
 m

or
e 

th
an

 9
9%

 
of

 p
ro

ba
bi

lit
y,

 
co

ns
id

er
in

g 
a 

co
st-

eff
ec

tiv
en

es
s 

th
re

sh
ol

d 
of

 a
 3

 ×
 

G
D

P 
pe

r c
ap

ita
 in

 
20

17
 in

 S
ic

hu
an

 
w

he
n 

cr
iz

ot
in

ib
 a

nd
 

al
l t

he
 a

nt
ic

an
ce

r 
dr

ug
s w

er
e 

co
ve

re
d 

by
 M

I



960 L. Chayab et al.

Ta
bl

e 
3 

 (c
on

tin
ue

d)

Re
fe

r-
en

ce
s

Li
ne

 o
f 

tre
at

-
m

en
t

Tr
ea

tm
en

t (
in

te
r-

ve
nt

io
n 

ve
rs

us
 

co
m

pa
ra

to
r)

C
ur

-
re

nc
y

IC
ER

 p
er

 
Q

A
LY

IC
ER

 p
er

 
LY

G
Th

re
sh

ol
d 

pe
r Q

A
LY

C
on

cl
us

io
n 

pe
r Q

A
LY

So
ur

ce
 o

f c
lin

i-
ca

l i
np

ut
s

Tr
ea

tm
en

t c
om

-
pa

ris
on

s
D

ire
ct

 fr
om

 
RC

T 
or

 in
di

re
ct

 
ad

ju
ste

d 
M

A
IC

 o
r 

in
di

re
ct

 u
na

d-
ju

ste
d 

(n
ai

ve
) o

r 
di

re
ct

 a
nd

 in
di

re
ct

 
N

M
A

K
ey

 d
riv

er
(s

) o
f 

IC
ER

 in
 o

ne
-w

ay
 

se
ns

iti
vi

ty
 a

na
ly

si
s

Pr
ob

ab
ili

ty
 o

f c
os

t 
eff

ec
tiv

en
es

s (
ac

ce
pt

-
ab

ili
ty

 c
ur

ve
) i

n 
PS

A

N
ils

so
n 

20
21

 
[3

9]

2n
d 

or
 

3r
d 

lin
e

Lo
rla

tin
ib

a  v
er

su
s 

 ch
em

ot
he

ra
py

a,
g

SE
K

SE
K

 6
03

,9
34

SE
K

 
40

2,
26

0
SE

K
 

1,
00

0,
00

0
C

E
Lo

rla
tin

ib
: P

h2
 

po
rti

on
 o

f a
 P

h 
1/

2 
si

ng
le

 a
rm

 
lo

rla
tin

ib
 c

lin
i-

ca
l s

tu
dy

 a
nd

 
ch

em
ot

he
ra

py
 

[8
3]

: f
ro

m
 P

h3
 

A
SC

EN
D

-5
 

[6
0,

 6
1]

 R
C

T 
an

d 
Ph

 3
 

A
LU

R
 [5

0,
 5

1]
 

RC
T 

(M
A

IC
)

In
di

re
ct

 a
dj

us
te

d 
M

A
IC

C
ha

ng
es

 in
 H

R
s

A
t a

 w
ill

in
gn

es
s-

to
-

pa
y 

th
re

sh
ol

d 
of

 
SE

K
 1

,0
00

,0
00

, 
th

e 
pr

ob
ab

ili
ty

 th
at

 
lo

rla
tin

ib
 is

 c
os

t 
eff

ec
tiv

e 
co

m
pa

re
d 

w
ith

 c
he

m
ot

he
ra

py
 

is
 a

lm
os

t 1
00

%

Lo
on

g 
20

20
 

[4
0]

1s
t l

in
e

C
er

iti
ni

ba,
h  v

er
su

s 
 cr

iz
ot

in
ib

a
U

SD
$1

3,
34

3
$1

0,
79

4
$1

19
,2

74
C

E
C

er
iti

ni
b:

 
PF

S 
an

d 
O

S 
fro

m
 P

h3
 

A
SC

EN
D

-4
 

[5
8,

 5
9]

 R
C

T 
C

riz
ot

in
ib

: P
FS

 
an

d 
O

S 
fro

m
 

Ph
 3

 P
ro

fil
e 

10
14

 [6
4,

 6
5]

 
RC

T 

In
di

re
ct

 a
dj

us
te

d 
M

A
IC

M
on

th
ly

 d
ru

g 
co

sts
 

fo
r c

riz
ot

in
ib

 a
nd

 
ce

rit
in

ib
, H

R
 

ra
tio

 o
f P

FS
, a

nd
 

as
su

m
pt

io
n 

on
 

tre
at

m
en

t u
nt

il 
pr

og
re

ss
io

n

N
ot

 p
er

fo
rm

ed

Li
 2

02
1 

[4
1]

1s
t l

in
e

Lo
rla

tin
ib

a  v
er

su
s 

 cr
iz

ot
in

ib
a

U
SD

$4
09

,6
67

$3
68

,2
11

$2
00

,0
00

N
ot

 C
E

PF
S 

an
d 

O
S 

fro
m

 P
h3

 
C

RO
W

N
 [6

9,
 

70
] R

C
T 

D
ire

ct
 tr

ea
tm

en
t 

co
m

pa
ris

on
 

fro
m

 R
C

T 

D
ru

g 
pr

ic
es

 o
f 

lo
rla

tin
ib

 a
nd

 
cr

iz
ot

in
ib

, t
he

 
co

st 
of

 su
bs

eq
ue

nt
 

tre
at

m
en

t a
nd

 th
e 

ut
ili

ty
 o

f P
F

Lo
rla

tin
ib

 v
er

su
s 

cr
iz

ot
in

ib
 h

ad
 9

0%
 

co
st-

eff
ec

tiv
en

es
s 

on
ly

 w
he

n 
th

e 
W

TP
 th

re
sh

ol
d 

w
as

 in
cr

ea
se

d 
to

 
$4

48
,0

00
/Q

A
LY

. 
O

th
er

w
ise

, i
t w

as
 

IM
PO

SS
IB

LE
 

fo
r l

or
la

tin
ib

 to
 b

e 
co

st 
eff

ec
tiv

e a
t t

he
 

$2
00

,0
00

/Q
A

LY
 

W
TP

 th
re

sh
ol

d 
co

m
-

pa
re

d 
w

ith
 cr

iz
ot

in
ib



961Systematic Review of Cost Effectiveness of ALK Inhibitors in Non-small Cell Lung Cancer

Ta
bl

e 
3 

 (c
on

tin
ue

d)

Re
fe

r-
en

ce
s

Li
ne

 o
f 

tre
at

-
m

en
t

Tr
ea

tm
en

t (
in

te
r-

ve
nt

io
n 

ve
rs

us
 

co
m

pa
ra

to
r)

C
ur

-
re

nc
y

IC
ER

 p
er

 
Q

A
LY

IC
ER

 p
er

 
LY

G
Th

re
sh

ol
d 

pe
r Q

A
LY

C
on

cl
us

io
n 

pe
r Q

A
LY

So
ur

ce
 o

f c
lin

i-
ca

l i
np

ut
s

Tr
ea

tm
en

t c
om

-
pa

ris
on

s
D

ire
ct

 fr
om

 
RC

T 
or

 in
di

re
ct

 
ad

ju
ste

d 
M

A
IC

 o
r 

in
di

re
ct

 u
na

d-
ju

ste
d 

(n
ai

ve
) o

r 
di

re
ct

 a
nd

 in
di

re
ct

 
N

M
A

K
ey

 d
riv

er
(s

) o
f 

IC
ER

 in
 o

ne
-w

ay
 

se
ns

iti
vi

ty
 a

na
ly

si
s

Pr
ob

ab
ili

ty
 o

f c
os

t 
eff

ec
tiv

en
es

s (
ac

ce
pt

-
ab

ili
ty

 c
ur

ve
) i

n 
PS

A

C
ra

nm
er

 
20

22
 

[4
2]

1s
t l

in
e

B
rig

at
in

ib
a  v

er
su

s 
 cr

iz
ot

in
ib

a /
br

ig
at

in
ib

a  v
er

su
s 

 al
ec

tin
ib

a

U
SD

$2
17

,6
07

/
co

st 
co

m
pa

ri-
so

n 
on

ly

$2
1,

52
4–

 
$3

04
,4

61
/

co
st 

co
m

-
pa

ris
on

 
on

ly

>
 $

23
6,

00
0

C
E

PF
S 

an
d 

O
S 

fro
m

 P
h3

 
A

LT
A

-1
L 

[5
2,

 
53

] R
C

T/
IT

C
 fr

om
 th

re
e 

A
LE

X
 [4

6,
 4

7]
 

tri
al

 p
ub

lic
a-

tio
ns

D
ire

ct
 tr

ea
tm

en
t 

co
m

pa
ris

on
 

fro
m

 R
C

T/
in

di
re

ct
 a

dj
us

te
d 

M
A

IC

C
ho

ic
e 

of
 O

S 
pa

ra
-

m
et

ric
 c

ur
ve

 a
nd

 
th

e 
as

su
m

pt
io

ns
 

re
la

tin
g 

to
 ti

m
e 

on
 

tre
at

m
en

t/d
iff

er
en

t 
IT

C
 a

nd
 tr

ea
tm

en
t 

sw
itc

hi
ng

 m
et

ho
d-

ol
og

y

B
rig

at
in

ib
 w

as
 

as
so

ci
at

ed
 w

ith
 th

e 
hi

gh
es

t p
ro

ba
bi

l-
ity

 o
f b

ei
ng

 c
os

t 
eff

ec
tiv

e 
at

 a
ll 

W
TP

 
th

re
sh

ol
ds

 a
bo

ve
 

$2
36

,0
00

 (%
 n

ot
 

re
po

rte
d)

G
ou

r-
zo

ul
id

is
 

20
22

 
[4

3]

2n
d 

or
 

3r
d 

lin
e

Lo
rla

tin
ib

a  v
er

su
s 

 ch
em

ot
he

ra
py

a,
g

EU
R

€4
61

02
€2

86
13

€5
4 

00
0

C
E

Sa
m

e 
so

ur
ce

 
as

 N
ils

so
n 

20
21

 a
bo

ve
: 

Lo
rla

tin
ib

: P
h2

 
po

rti
on

 o
f a

 P
h 

1/
2 

sin
gl

e-
ar

m
 

lo
rla

tin
ib

 c
lin

i-
ca

l s
tu

dy
 a

nd
 

ch
em

ot
he

ra
py

 
[8

3]
: f

ro
m

 P
h3

 
A

SC
EN

D
-5

 
[6

0,
 6

1]
 R

CT
 

an
d 

Ph
3 

A
LU

R
 

[5
0,

 5
1]

 R
CT

 

In
di

re
ct

 a
dj

us
te

d 
M

A
IC

C
ha

ng
e 

in
 H

R
 a

nd
 

di
sc

ou
nt

 ra
te

 fo
r 

co
st

Th
e 

lik
el

ih
oo

d 
of

 
lo

rla
tin

ib
 b

ei
ng

 c
os

t 
eff

ec
tiv

e 
w

as
 h

ig
he

r 
th

an
 7

5%
 c

om
pa

re
d 

w
ith

 c
he

m
ot

he
ra

py
, 

at
 a

 w
ill

in
gn

es
s-

to
-

pa
y 

(W
TP

) e
qu

al
 

to
 €

54
,0

00
 [t

hr
ee

 
tim

es
 th

e 
gr

os
s 

do
m

es
tic

 p
ro

du
ct

 
(G

D
P)

 p
er

 c
ap

ita
 o

f 
G

re
ec

e]

Lu
o 

20
22

 
[4

4]
1s

t l
in

e
En

sa
rti

ni
bj  v

er
su

s 
 cr

iz
ot

in
ib

i /
en

sa
rti

ni
bj  v

er
su

s 
 ce

rit
in

ib
j /

en
sa

rti
ni

bi  v
er

su
s 

 br
ig

at
in

ib
j /

lo
rla

tin
ib

j  v
er

su
s 

 En
sa

rti
ni

bj /
al

ec
tin

ib
j  v

er
su

s 
 en

sa
rti

ni
bj

U
SD

$2
7,

55
3/

D
om

in
an

ce
/

do
m

in
an

ce
/

$9
34

,1
01

/
$1

64
,8

88

N
R

<
 $

37
,6

54
C

E/
D

om
in

an
t 

al
te

rn
at

iv
e/

f

do
m

in
an

t 
al

te
rn

at
iv

e/
f

N
ot

 C
E/

N
ot

 C
E

IT
C

 fr
om

 
Pr

ofi
le

-1
02

9 
[6

6,
 6

7]
 a

nd
 

pu
bl

is
he

d 
N

M
A

 [7
1]

D
ire

ct
 a

nd
 in

di
-

re
ct

 N
M

A
C

ha
ng

es
 in

 H
R

 O
S 

an
d 

co
st 

of
 d

ru
g

Pr
ob

ab
ili

ty
 o

f c
os

t 
eff

ec
tiv

en
es

s f
or

 
en

sa
rti

ni
b 

no
t 

re
po

rte
d/

bo
th

 
al

ec
tin

ib
 a

nd
 lo

rla
-

tin
ib

 w
er

e 
no

t c
os

t 
eff

ec
tiv

e 
in

 a
lm

os
t 

al
l 1

0,
00

0 
ite

ra
tio

ns
 

w
he

n 
co

m
pa

re
d 

w
ith

 e
ns

ar
tin

ib
 (%

 
no

t r
ep

or
te

d)



962 L. Chayab et al.

Ta
bl

e 
3 

 (c
on

tin
ue

d)

Re
fe

r-
en

ce
s

Li
ne

 o
f 

tre
at

-
m

en
t

Tr
ea

tm
en

t (
in

te
r-

ve
nt

io
n 

ve
rs

us
 

co
m

pa
ra

to
r)

C
ur

-
re

nc
y

IC
ER

 p
er

 
Q

A
LY

IC
ER

 p
er

 
LY

G
Th

re
sh

ol
d 

pe
r Q

A
LY

C
on

cl
us

io
n 

pe
r Q

A
LY

So
ur

ce
 o

f c
lin

i-
ca

l i
np

ut
s

Tr
ea

tm
en

t c
om

-
pa

ris
on

s
D

ire
ct

 fr
om

 
RC

T 
or

 in
di

re
ct

 
ad

ju
ste

d 
M

A
IC

 o
r 

in
di

re
ct

 u
na

d-
ju

ste
d 

(n
ai

ve
) o

r 
di

re
ct

 a
nd

 in
di

re
ct

 
N

M
A

K
ey

 d
riv

er
(s

) o
f 

IC
ER

 in
 o

ne
-w

ay
 

se
ns

iti
vi

ty
 a

na
ly

si
s

Pr
ob

ab
ili

ty
 o

f c
os

t 
eff

ec
tiv

en
es

s (
ac

ce
pt

-
ab

ili
ty

 c
ur

ve
) i

n 
PS

A

Zh
an

g 
20

22
 

[4
5]

1s
t l

in
e

En
sa

rti
ni

ba  v
er

su
s 

 cr
iz

ot
in

ib
a

U
SD

$1
9,

81
0.

55
N

R
$3

8,
16

3.
99

C
E

eX
al

t3
 [1

4,
 6

8]
 

RC
T 

D
ire

ct
 tr

ea
tm

en
t 

co
m

pa
ris

on
 

fro
m

 R
C

T 

D
ru

g 
co

st 
an

d 
PF

S 
ut

ili
ty

 v
al

ue
Th

e 
re

su
lts

 sh
ow

 th
at

 
al

l s
ca

tte
r p

oi
nt

s a
re

 
10

0%
 d

ist
rib

ut
ed

 
be

lo
w

 th
e 

pa
ym

en
t 

th
re

sh
ol

d,
 in

di
ca

t-
in

g 
th

at
 IC

ER
 v

al
ue

 
is

 lo
w

er
 th

an
 th

e 
pa

ym
en

t t
hr

es
ho

ld
 

(%
 n

ot
 re

po
rte

d)

AL
ES

IA
 [

48
] 

A
 S

tu
dy

 to
 E

va
lu

at
e 

an
d 

C
om

pa
re

 th
e 

Effi
ca

cy
 a

nd
 S

af
et

y 
of

 A
le

ct
in

ib
 V

er
su

s 
C

riz
ot

in
ib

 a
nd

 to
 E

va
lu

at
e 

th
e 

Ph
ar

m
ac

ok
in

et
ic

s 
of

 A
le

ct
in

ib
 in

 A
si

an
 P

ar
tic

ip
an

ts
 W

ith
 T

re
at

-
m

en
t-N

ai
ve

 A
na

pl
as

tic
 L

ym
ph

om
a 

K
in

as
e 

(A
LK

)-
Po

si
tiv

e 
A

dv
an

ce
d 

N
on

-S
m

al
l C

el
l L

un
g 

C
an

ce
r 

(N
SC

LC
), 

AL
EX

 [
46

] 
A

 S
tu

dy
 C

om
pa

rin
g 

A
le

ct
in

ib
 W

ith
 C

riz
ot

in
ib

 in
 T

re
at

m
en

t-N
ai

ve
 

A
na

pl
as

tic
 L

ym
ph

om
a 

K
in

as
e-

Po
si

tiv
e 

A
dv

an
ce

d 
N

on
-S

m
al

l C
el

l L
un

g 
C

an
ce

r 
Pa

rti
ci

pa
nt

s 
(A

LE
X

), 
AL

TA
-1

L 
[5

2]
 A

LT
A

-1
L 

St
ud

y:
 A

 S
tu

dy
 o

f 
B

rig
at

in
ib

 V
er

su
s 

C
riz

ot
in

ib
 in

 A
na

pl
as

tic
 

Ly
m

ph
om

a 
K

in
as

e 
Po

si
tiv

e 
(A

LK
+

) 
A

dv
an

ce
d 

N
on

-s
m

al
l C

el
l L

un
g 

C
an

ce
r 

(N
SC

LC
) 

Pa
rti

ci
pa

nt
s 

(A
LT

A
-1

L)
, A

LU
R 

[5
0]

 A
le

ct
in

ib
 V

er
su

s 
Pe

m
et

re
xe

d 
or

 D
oc

et
ax

el
 in

 A
na

pl
as

tic
 L

ym
-

ph
om

a 
K

in
as

e 
(A

LK
)-

Po
si

tiv
e 

A
dv

an
ce

d 
N

on
-S

m
al

l C
el

l L
un

g 
C

an
ce

r (
N

SC
LC

) P
ar

tic
ip

an
ts

 P
re

vi
ou

sly
 T

re
at

ed
 W

ith
 P

la
tin

um
-B

as
ed

 C
he

m
ot

he
ra

py
 a

nd
 C

riz
ot

in
ib

, A
SC

EN
D

-1
 [5

4]
 A

 D
os

e 
Es

ca
la

tio
n/

Ex
pa

ns
io

n 
St

ud
y 

of
 L

D
K

37
8 

in
 P

at
ie

nt
s 

W
ith

 T
um

or
s 

C
ha

ra
ct

er
iz

ed
 b

y 
G

en
et

ic
 A

bn
or

m
al

iti
es

 in
 A

na
pl

as
tic

 L
ym

ph
om

a 
K

in
as

e,
 A

SC
EN

D
-2

 [5
6]

 L
D

K
37

8 
in

 A
du

lt 
Pa

tie
nt

s 
W

ith
 

A
LK

-a
ct

iv
at

ed
 N

SC
LC

 P
re

vi
ou

sly
 T

re
at

ed
 W

ith
 C

he
m

ot
he

ra
py

 a
nd

 C
riz

ot
in

ib
, A

SC
EN

D
-4

 [5
8]

 L
D

K
37

8 
Ve

rs
us

 C
he

m
ot

he
ra

py
 in

 P
re

vi
ou

sly
 U

nt
re

at
ed

 P
at

ie
nt

s 
W

ith
 A

LK
 R

ea
rr

an
ge

d 
N

on
-

sm
al

l C
el

l L
un

g 
C

an
ce

r, 
AS

C
EN

D
-5

 [
60

] 
LD

K
37

8 
Ve

rs
us

 C
he

m
ot

he
ra

py
 in

 A
LK

 R
ea

rr
an

ge
d 

(A
LK

 P
os

iti
ve

) 
Pa

tie
nt

s 
Pr

ev
io

us
ly

 T
re

at
ed

 W
ith

 C
he

m
ot

he
ra

py
 (

Pl
at

in
um

 D
ou

bl
et

) 
an

d 
C

ri-
zo

tin
ib

, A
SC

EN
D

-8
 [

80
] 

Ph
ar

m
ac

ok
in

et
ic

 a
nd

 S
af

et
y 

St
ud

y 
of

 L
ow

er
 D

os
es

 o
f 

C
er

iti
ni

b 
Ta

ke
n 

W
ith

 a
 L

ow
-fa

t M
ea

l V
er

su
s 

75
0 

m
g 

of
 C

er
iti

ni
b 

in
 th

e 
Fa

ste
d 

St
at

e 
in

 A
du

lt 
Pa

tie
nt

s 
W

ith
 

(A
LK

-p
os

iti
ve

) M
et

as
ta

tic
 N

on
-s

m
al

l C
el

l L
un

g 
C

an
ce

r (
N

SC
LC

), 
Pr

ofi
le

 1
00

1 
[6

2]
 A

 S
tu

dy
 O

f O
ra

l P
F-

02
34

10
66

, A
 C

-M
et

/H
ep

at
oc

yt
e 

G
ro

w
th

 F
ac

to
r T

yr
os

in
e 

K
in

as
e 

In
hi

bi
to

r, 
In

 P
at

ie
nt

s 
W

ith
 A

dv
an

ce
d 

C
an

ce
r (

PR
O

FI
LE

 1
00

1)
, C

RO
W

N
 [6

9]
 A

 S
tu

dy
 O

f L
or

la
tin

ib
 V

er
su

s 
C

riz
ot

in
ib

 In
 F

irs
t L

in
e 

Tr
ea

tm
en

t O
f P

at
ie

nt
s 

W
ith

 A
LK

-P
os

iti
ve

 N
SC

LC
, e

XA
LT

-3
 [1

4]
 e

X
al

t3
: S

tu
dy

 
C

om
pa

rin
g 

X
-3

96
 (

En
sa

rti
ni

b)
 to

 C
riz

ot
in

ib
 in

 A
LK

 P
os

iti
ve

 N
on

-S
m

al
l C

el
l L

un
g 

C
an

ce
r 

(N
SC

LC
) 

Pa
tie

nt
s, 

N
P2

86
73

 [
73

] 
A

 S
tu

dy
 o

f 
A

le
ct

in
ib

 (
RO

54
24

80
2)

 in
 P

ar
tic

ip
an

ts
 W

ith
 N

on
-

Sm
al

l C
el

l L
un

g 
C

an
ce

r W
ho

 H
av

e 
A

na
pl

as
tic

 L
ym

ph
om

a 
K

in
as

e 
(A

LK
) M

ut
at

io
n 

an
d 

Fa
ile

d 
C

riz
ot

in
ib

 T
re

at
m

en
t, 

N
P2

87
61

 [7
2]

 A
 S

tu
dy

 o
f A

le
ct

in
ib

 (C
H

54
24

80
2/

RO
54

24
80

2)
 in

 P
ar

tic
i-

pa
nt

s 
W

ith
 A

na
pl

as
tic

 L
ym

ph
om

a 
K

in
as

e 
(A

LK
)-

Re
ar

ra
ng

ed
 N

on
-S

m
al

l C
el

l L
un

g 
C

an
ce

r (
N

SC
LC

), 
Pr

ofi
le

 1
01

4 
[6

4]
 A

 C
lin

ic
al

 T
ria

l T
es

tin
g 

Th
e 

Effi
ca

cy
 O

f C
riz

ot
in

ib
 V

er
su

s 
St

an
da

rd
 

C
he

m
ot

he
ra

py
 P

em
et

re
xe

d 
Pl

us
 C

is
pl

at
in

 O
r C

ar
bo

pl
at

in
 In

 P
at

ie
nt

s W
ith

 A
LK

 P
os

iti
ve

 N
on

 S
qu

am
ou

s C
an

ce
r O

f T
he

 L
un

g 
(P

RO
FI

LE
 1

01
4)

, P
ro

fil
e 

10
29

 [6
6]

 A
 S

tu
dy

 O
f C

riz
ot

in
ib

 V
er

su
s 

C
he

m
ot

he
ra

py
 In

 P
re

vi
ou

sly
 U

nt
re

at
ed

 A
LK

 P
os

iti
ve

 E
as

t A
si

an
 N

on
-S

m
al

l C
el

l L
un

g 
C

an
ce

r P
at

ie
nt

s, 
AL

K
+

 A
LK

 p
os

iti
ve

, C
AD

 C
an

ad
ia

n 
do

lla
rs

, C
E 

C
os

t e
ffe

ct
iv

e,
 C

EA
s C

os
t-e

ffe
ct

iv
en

es
s 

an
al

ys
es

/st
ud

ie
s, 

BS
C

 B
es

t s
up

po
rti

ve
 c

ar
e,

 E
U

R 
Eu

ro
pe

an
 c

ur
re

nc
y/

eu
ro

s, 
H

R 
H

az
ar

d 
ra

tio
, I

C
ER

 I
nc

re
m

en
ta

l c
os

t e
ffe

ct
iv

en
es

s 
ra

tio
, I

TC
 I

nd
ire

ct
 T

re
at

m
en

t C
om

pa
ris

on
, L

YG
 L

ife
 y

ea
rs

 
ga

in
ed

, M
AI

C
 M

at
ch

ed
 a

dj
us

te
d 

in
di

re
ct

 c
om

pa
ris

on
, m

g 
m

ill
ig

ra
m

, N
A 

N
ot

 a
pp

lic
ab

le
, N

M
A 

ne
tw

or
k 

m
et

a-
an

al
ys

is
, O

S 
O

ve
ra

ll 
su

rv
iv

al
, P

AP
 P

at
ie

nt
 a

ss
ist

an
ce

 p
ro

gr
am

, P
F 

Pr
og

re
ss

io
n 

fr
ee

, 
PF

S 
Pr

og
re

ss
io

n-
fr

ee
 s

ur
vi

va
l, 

Ph
 P

ha
se

, Q
AL

Y 
Q

ua
lit

y-
ad

ju
ste

d 
lif

e 
ye

ar
s, 

RC
T  

R
an

do
m

iz
ed

 c
on

tro
lle

d 
tri

al
, S

O
C

 S
ta

nd
ar

d 
of

 c
ar

e,
 S

EK
 S

w
ed

is
h 

kr
on

a,
 T

TN
T 

Ti
m

e 
to

 n
ex

t t
re

at
m

en
t, 

U
SD

 
U

ni
te

d 
St

at
es

 d
ol

la
rs

a  O
n 

th
e 

ba
si

s o
f r

ef
er

en
ce

d 
cl

in
ic

al
 tr

ia
ls

: u
nt

il 
pr

og
re

ss
io

n,
 u

na
cc

ep
ta

bl
e 

to
xi

c 
eff

ec
ts

, w
ith

dr
aw

al
 o

f c
on

se
nt

, o
r d

ea
th

b  C
on

si
sti

ng
 o

f p
la

tin
um

 d
ou

bl
et

 (c
is

pl
at

in
 a

nd
 g

em
ci

ta
bi

ne
)

c  Pe
m

et
re

xe
d 

co
m

bi
ne

d 
w

ith
 c

is
pl

at
in

 o
r c

ar
bo

pl
at

in
 (5

00
 m

g/
m

2  e
ve

ry
 3

 w
ee

ks
 in

 c
om

bi
na

tio
n 

w
ith

 c
is

pl
at

in
 (7

5 
m

g/
m

2  e
ve

ry
 3

 w
ee

ks
, u

p 
to

 fo
ur

 c
yc

le
s)

 o
r c

ar
bo

pl
at

in
 [a

re
a 

un
de

r t
he

 c
ur

ve
 

(A
U

C
) 5

–6
 m

g/
m

L/
m

in
 e

ve
ry

 3
 w

ee
ks

, u
p 

to
 fo

ur
 c

yc
le

s]
, f

ol
lo

w
ed

 b
y 

pe
m

et
re

xe
d 

m
ai

nt
en

an
ce

 th
er

ap
y 

50
0 

m
g/

m
2  e

ve
ry

 3
 w

ee
ks

d  Pe
m

et
re

xe
d 

50
0 

m
g/

m
2 , p

lu
s 

ci
sp

la
tin

 7
5 

m
g/

m
2 , o

r 
ca

rb
op

la
tin

 (
at

 a
 d

os
e 

to
 p

ro
du

ce
 a

n 
ar

ea
 u

nd
er

 th
e 

co
nc

en
tra

tio
n–

tim
e 

cu
rv

e 
of

 5
–6

 m
g/

m
in

/m
L)

 e
ve

ry
 3

 w
ee

ks
 fo

r 
a 

m
ax

im
um

 o
f 

si
x 

cy
cl

es



963Systematic Review of Cost Effectiveness of ALK Inhibitors in Non-small Cell Lung Cancer

conducted deterministic sensitivity analysis (DSA) only [27, 
40], while the remainder of the studies conducted both DSA 
and probabilistic sensitivity analyses (PSA).

3.4  Overview of Outcomes of Included CEAs

Table 3 provides an overview of outcomes of included 
CEAs. The findings are summarized by intervention, by 
region, and by source of funding below for the first-line 
treatment setting and for subsequent lines of treatment 
setting.

3.5  Findings by Intervention

3.5.1  Alectinib

In the first-line setting, six CEAs examined the cost effec-
tiveness of alectinib compared with crizotinib, ceritinib, or 
ensartinib. Compared with crizotinib, alectinib use was not 
considered cost effective in three CEAs conducted from a 
Chinese healthcare system perspective at a WTP thresh-
old ranging from ~ $29,000–$50,000 United States dollars 
(USD) [29, 34, 36]. However, alectinib use was considered 
cost effective compared with crizotinib in two CEAs [32, 
37], where alectinib had a 64% probability of being cost 
effective at a WTP threshold of $100,000 USD compared 
with crizotinib from a US healthcare system perspective 
and alectinib had a 50–70% probability of being cost effec-
tive at a WTP threshold of €110,000–162,000 EUR from 
a French public/private insurance and patient perspective, 
respectively [32, 37]. Multiple RCT study data are avail-
able directly comparing alectinib and crizotinib in a head-
to-head clinical trial setting. As a result, the CEAs utilized 
efficacy data of direct treatment comparisons from the phase 
3 ALEX [46, 47] or ALESIA [48, 49] RCTs and/or direct 
and indirect treatment comparisons from a network meta-
analysis (NMA) of various RCTs [36]. Compared with 
ceritinib, alectinib use was not cost effective in one CEA 
conducted from a Chinese healthcare system perspective at a 
WTP threshold of $29,306 USD [29]. There are no head-to-
head trials comparing alectinib with ceritinib. In the absence 
of a direct comparison, the CEA [29] utilized an indirect 
unadjusted comparison of treatment arms from two different 
RCTs, the ALEX [46, 47] and ASCEND-4 [58, 59] RCTs, 
for efficacy outcomes. Compared with ensartinib, alectinib 
use was not cost effective in one CEA conducted from a 
Chinese healthcare system perspective at a WTP threshold 
of $37,654 USD or lower [44]. There are no head-to-head 
clinical trials conducted that directly compare alectinib with 
ensartinib. In the absence of a direct comparison, the CEA 
[44] utilized an indirect adjusted treatment comparison of 
PROFILE 1029 [66, 67] and a published NMA [71] for effi-
cacy outcomes.e  Tr
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In subsequent lines of treatment settings, only one CEA 
was published evaluating the cost effectiveness of alectinib 
compared with ceritinib from a US healthcare system and 
societal perspective [30]. In the absence of a direct compari-
son between alectinib and ceritinib, the CEA [30] utilized 
an indirect unadjusted comparison using efficacy data from 
pooled analysis of single-arm phase 1/2 studies, NP28761 
[72, 73] and NP28673 [73, 74], for alectinib and efficacy 
data from pooled analysis of another single-arm phase 1/2 
studies, ASCEND-1 [54, 55] and ASCEND-2 [56, 57], for 
ceritinib. At a WTP threshold of $100,000 USD, alectinib 
use had a 96% probability of being considered a cost-effec-
tive treatment option compared with ceritinib for the treat-
ment of patients with ALK+ NSCLC in the second- or third-
line treatment setting.

3.5.2  Brigatinib

In the first-line treatment setting, only one CEA has been 
published that examined the cost effectiveness of brigatinib 
compared with crizotinib and alectinib from a US payer per-
spective [42]. Compared with crizotinib, brigatinib use was 
considered a cost-effective option in the treatment of patients 
with ALK+ NSCLC in the first-line setting at a WTP 
threshold of $236,000 USD or higher (with probability, %, 
of being cost effective not reported) [42]. Compared with 
alectinib, the CEA concluded that brigatinib use provides a 
cost-saving option (with probability, %, of being cost saving 
not reported). The CEA [42] utilized data from the phase 3 
ALTA-1L RCT [52, 53] for efficacy outcomes that directly 
compared brigatinib with crizotinib in a head-to-head trial 
in the first-line treatment setting. There are no head-to-head 
clinical trials comparing brigatinib with alectinib. In the 
absence of a direct comparison, the CEA [42] conducted a 
cost comparison only while assuming comparable efficacy 
measures and used an indirect adjusted MAIC of efficacy 
data from the phase 3 ALEX [46, 47] RCT for alectinib and 
the phase 3 ALTA-1L [52, 53] RCT for brigatinib.

In subsequent treatment settings, there were no CEAs 
published as full journal articles that examined the cost 
effectiveness of brigatinib for the treatment of patients with 
ALK+ NSCLC at the time of the literature search.

3.5.3  Ceritinib

In the first-line treatment setting, four CEAs examined the 
cost effectiveness of ceritinib compared with crizotinib or 
chemotherapy (pemetrexed and cisplatin or pemetrexed and 
carboplatin) [31, 35, 36, 40]. Compared with chemotherapy, 
ceritinib use was not considered a cost-effective treatment 
option in one CEA conducted from a Chinese healthcare 
system perspective with WTP thresholds of $27,143 USD 
[35]. However, ceritinib had an 84.3% probability of being 

a cost-effective treatment option in another CEA conducted 
from a US third-party payer perspective at a WTP threshold 
of $150,000 USD [31] compared with chemotherapy. Both 
CEAs [31, 35] utilized data from the phase 3 ASCEND-4 
[58, 59] RCT, which directly compared ceritinib with chem-
otherapy. Compared with crizotinib, ceritinib use was con-
sidered a cost-effective treatment option in three CEAs [31, 
36, 40]. In Zhou et al. [31], ceritinib had a 76% probabil-
ity of being cost effective at a WTP threshold of $150,000 
USD conducted from a US third-party perspective. In Li 
et al. [36], ceritinib use had a greater than 95% probability 
of being cost effective at a WTP threshold of $28,410 USD 
conducted from a Chinese healthcare system perspective. 
In Loong et al. [40], ceritinib use was considered a cost-
effective treatment option at a WTP threshold of $119,274 
USD conducted from a Hong Kong healthcare service or 
government perspective (PSA not performed). There are no 
head-to-head clinical trials available that directly compare 
ceritinib and crizotinib. As a result, the CEAs [31, 35, 40] 
conducted indirect adjusted treatment comparisons through 
MAIC or a NMA using multiple clinical trials as efficacy 
data sources for inputs including ASCEND-4 [58, 59], PRO-
FILE 1014 [64, 65], and/or ALEX [46, 47].

In subsequent treatment settings, only one CEA was pub-
lished comparing cost effectiveness of ceritinib with BSC, 
chemotherapy, or a historical control arm from a Canadian 
healthcare system perspective [28]. Ceritinib use had a 
46.3%, 94%, and 99% probability of being cost effective at 
a WTP threshold of $150,000 Canadian Dollars (CAD) com-
pared with BSC, pemetrexed, and the historical control arm, 
respectively. In the absence of head-to-head comparisons 
from a clinical trial setting at the time the CEA [28] was 
conducted, indirect unadjusted treatment comparisons were 
performed using efficacy data inputs from a pooled analysis 
of single-arm phase 1/2 studies, ASCEND-1 [54, 55] and 
ASCEND-2 [56, 57], for ceritinib and efficacy data inputs 
from a retrospective study of administrative claims data for 
the comparators [28].

3.5.4  Crizotinib

In the first-line treatment setting, crizotinib was compared 
with chemotherapy (platinum-doublet chemotherapy) in 
three CEAs [27, 33, 38]. Given that crizotinib was the first 
ALK inhibitor to be approved and ALK inhibitors are only 
indicated for patients whose cancers express the ALK gene 
fusion, cost of testing for the gene was also being evaluated 
in some CEAs. As a result, two of the three CEAs, Djala-
lov et al. [27] and Lu et al. [33], evaluated the cost effec-
tiveness of testing for all patients with locally advanced or 
metastatic NSCLC and treatment with crizotinib for patients 
whose cancers express the ALK gene fusion compared with 
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chemotherapy. Huang et al. [38] evaluated the cost of treat-
ment only without incorporating the cost of testing.

In Djalalov et al. [27], testing and crizotinib use were not 
a cost-effective treatment option compared with no testing 
and chemotherapy for the treatment of patients with ALK+ 
NSCLC from a Canadian healthcare system perspective 
(WTP threshold not reported) with key drivers of the ICER 
being treatment-related utility with crizotinib and the cost 
of crizotinib. The CEA [27] utilized data from a phase 1 
PROFILE 1001 [62, 63] single-arm study and data from a 
retrospective Canadian study [75] and performed an indirect 
unadjusted treatment comparison for efficacy outcomes into 
the model. In Lu et al. [33], testing and crizotinib use was 
also not a cost-effective treatment option compared with no 
testing and chemotherapy for the treatment of patients with 
ALK+ NSCLC from a Chinese healthcare system perspec-
tive at a WTP threshold of $32,000 USD, with key drivers 
of the ICER being utility of PFS and cost of treatments. The 
CEA [33] utilized data from the phase 3 PROFILE 1029 
[66, 67] RCT as well as direct and indirect treatment com-
parisons from a published systematic literature review [76]. 
In Huang et al. [38], crizotinib use was not a cost-effective 
treatment option compared with chemotherapy from a Chi-
nese healthcare system perspective and at a WTP threshold 
of $6,607 USD, with key drivers of the ICER not reported. 
Furthermore, Lu et al. [33] and Huang et al. [38] showed 
that when cost of crizotinib was covered by a patient assis-
tance program or by medical insurance, testing and crizo-
tinib use or crizotinib use became a cost-effective treatment 
option at a probability of cost effectiveness of 82% and 99%, 
respectively.

In subsequent lines of treatment settings, there were no 
CEAs published as full journal articles that examined the 
cost effectiveness of crizotinib for the treatment of patients 
with ALK+ NSCLC at the time of the literature search.

3.5.5  Ensartinib

In the first-line treatment setting, two CEAs, Luo et al. 
[44] and Zhang et al. [45], were published comparing the 
cost effectiveness of ensartinib compared with crizotinib, 
ceritinib, or brigatinib from a Chinese healthcare system 
perspective. Compared with crizotinib, Zhang et al. [45] 
showed that ensartinib use had a 100% probability of being 
a cost-effective treatment option for patients with ALK+ 
NSCLC at a WTP threshold of $38,163 USD. The CEA 
[45] utilized data from the eXALT3 RCT [14, 68], which 
directly compared ensartinib with crizotinib in a head-to-
head trial in the first-line treatment setting. Similarly, Luo 
et al. [44] showed that ensartinib use was considered a cost-
effective treatment option for patients with ALK+ NSCLC at 
a WTP threshold of $37,654 USD compared with crizotinib 
(PSA not reported). Compared with ceritinib and brigatinib, 

this CEA [44] also showed that ensartinib use was consid-
ered a dominant alternative option for patients with ALK+ 
NSCLC. Since there are no head-to-head clinical trials avail-
able that directly compare ensartinib with ceritinib or with 
brigatinib, the CEA [44] utilized indirect adjusted treatment 
comparisons of PROFILE 1029 [66, 67] and a published 
NMA [71] for efficacy data inputs into the model.

In subsequent treatment settings, there were no CEAs 
published as full journal articles that examined the cost 
effectiveness of ensartinib for the treatment of patients with 
ALK+ NSCLC at the time of the literature search.

3.5.6  Lorlatinib

In the first-line treatment setting, two CEAs were published 
comparing the cost effectiveness of lorlatinib compared 
with crizotinib or ensartinib [41, 44]. Compared with cri-
zotinib, lorlatinib use was not considered a cost-effective 
treatment option for patients with ALK+ NSCLC from a 
US payer perspective at a WTP threshold of $200,000 USD 
[41]. The CEA [41] utilized efficacy data from the CROWN 
RCT [69, 70], which directly compared lorlatinib with cri-
zotinib in a head-to-head trial in the first-line treatment set-
ting. Compared with ensartinib, lorlatinib use was also not 
considered a cost-effective treatment option from a Chinese 
healthcare perspective and at a WTP threshold of $37,654 
USD or lower [44]. Due to the lack of head-to-head studies 
comparing lorlatinib with ensartinib, the CEA [44] utilized a 
published NMA [71] for efficacy data inputs into the model.

In subsequent treatment settings, two CEAs, Nilsson et al. 
[39] and Gourzoulidis et al. [43], were published compar-
ing lorlatinib with doublet chemotherapy from a Swedish 
societal perspective and from a Greek payer perspective, 
respectively. Both CEAs [39, 43] showed that lorlatinib use 
had approximately 100% and greater than 75% probability 
of being a cost-effective treatment option in the second- or 
third-line treatment setting at a WTP threshold of 1 million 
Swedish Krona Equals (SEK) and at a WTP threshold of 
€54,000 EUR, respectively. Due to the lack of head-to-head 
studies directly comparing lorlatinib with chemotherapy, the 
CEAs [39, 43] utilized an indirect adjusted MAIC from a 
phase two single-arm lorlatinib clinical study [83] for the 
lorlatinib efficacy outcomes and phase 3 ASCEND-5 [60, 
61] and ALUR [50, 51] RCTs for the chemotherapy efficacy 
outcomes.

3.6  Findings by Region

In the USA, the cost effectiveness of alectinib, brigatinib, 
ceritinib, and lorlatinib were compared with crizotinib 
in four different CEAs for the treatment of patients with 
ALK+ NSCLC in the first-line treatment setting [31, 32, 
41, 42]. Alectinib had a 64% probability of being cost 
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effective at a WTP threshold of $100,000 USD [32], brig-
atinib had a high probability (PSA not reported) of being 
cost effective at a WTP threshold of > $236,000 USD 
[42], and ceritinib had a 76% probability of being cost 
effective at a WTP threshold of $150,000 USD [31] com-
pared with crizotinib [31, 32, 42]. Lorlatinib use was not 
a cost-effective treatment option compared with crizotinib 
at the target WTP threshold of $200,000 USD [41]. The 
acceptability curve further showed that lorlatinib had a 
90% probability of cost effectiveness only when the WTP 
threshold was increased to $448,000/QALY [41].

In China, the cost effectiveness of alectinib, ceri-
tinib, and ensartinib were compared with crizotinib in 
seven different CEAs for the treatment of patients with 
ALK+ NSCLC in the first-line treatment setting [29, 34, 
36, 40, 44, 45]. Compared with crizotinib, alectinib was 
not a cost-effective treatment option in three CEAs [29, 
34, 36] at a WTP threshold of $29,306.37 USD, $28,109 
USD, and $28,410 USD, respectively. The acceptabil-
ity curve in Guan et al. [34] further demonstrated that 
alectinib had a 43.7% probability of being cost effective 
only when the WTP threshold was increased to $50,000 
USD/QALY [34]. Compared with crizotinib, three CEAs 
examined the cost effectiveness of ceritinib [29, 36, 40]. 
In Liu et al. [29], ceritinib use was not considered a cost-
effective treatment option at a WTP threshold of $29,306 
USD. However, in Li et al. [36], ceritinib had a > 95% 
probability of being cost effective at a WTP threshold of 
$28,109 USD [36] and in Loong et al. [40], ceritinib use 
was considered a cost-effective treatment option at a WTP 
threshold of $119,274 USD (PSA not performed). Com-
pared with crizotinib, two CEAs also demonstrated that 
ensartinib use was considered a cost-effective treatment 
option [44, 45] at a WTP threshold of $37,654 USD (PSA 
not reported) and at a 100% probability of being cost effec-
tive at a WTP threshold of $38,163 USD, respectively.

There were two CEAs that were conducted in Canada, 
in which the treatment and comparator in the CEAs dif-
fered [27, 28]. Other regions only had one CEA published 
[37, 39, 43].

3.7  Findings by Source of Funding

Of the included CEAs that were funded by industry, 9 
of 12 (75%) CEAs showed that the intervention was cost 
effective compared with the comparator on the basis of 
their predetermined WTP thresholds [28, 30–32, 37, 
39, 40, 42, 43], while 3 of 12 (25%) CEAs showed that 
the intervention was not cost effective compared with 
its comparator [3, 33] or cost effective only if a portion 
of the costs were covered by medical insurance [38]. Of 
included CEAs that received no funding or were funded 

by non-profit organizations, two of seven CEAs (28.5%) 
showed that the intervention was cost effective compared 
with the comparator on the basis of their predetermined 
WTP thresholds [44, 45], while four of seven CEAs (57%) 
showed that the intervention was not cost effective com-
pared with the comparator [27, 29, 34, 41], with one CEA 
demonstrating both results of cost effectiveness and lack 
of cost effectiveness in the included interventions as com-
pared with the comparators [36].

3.8  Reporting and Quality Assessment Findings 
Using CHEERS and Phillips Checklists

Table 4 provides an overview of the 28-item CHEERS 
2022 checklist [24] for each of the 19 publications. 
Most of the publications comprehensively reported on 
the context, background, and objectives, as well as the 
study methods and measures of effectiveness. However, 
a few publications did not comprehensively report on 
the characteristics of the study population and subgroups 
[27–29, 31–36, 39, 40, 44] and on how the results vary 
amongst subgroups [28, 29, 31–36, 38, 40, 43–45]. The 
characteristics of the study population, although incom-
plete in some publications, may still be retrieved on the 
basis of the referenced clinical studies. In all 19 publi-
cations, reporting was missing or incomplete on items 
that were recently incorporated in the updated version 
of the CHEERS checklist, which include an indication 
to the development and location of a health economic 
analysis plan, efforts to engage with patients and/or rel-
evant stakeholders, and the impact of the engagement on 
study findings. Huang et al. [38] had the most incomplete 
items compared with the other publications, including 
the type of decision model used, model structure, time 
horizon, cycle length, base case values, ranges, and dis-
tributional effects. This may be due to publication length 
limitations, as Huang et al. [38] had two study objectives 
covered in the manuscript: the results from a real-world 
retrospective study as well as results from a cost effec-
tiveness study.

Table 5 provides an overview of the assessment of the 
quality of model-based evaluations for each of the 19 
publications using Phillips et al. [25]. The quality of the 
methodological approaches undertaken by the included 
CEAs was high, with the majority of the items justified 
by the studies. In all publications, the objective of the 
model-based evaluations as well as the model types speci-
fied (except for Huang et al. [38] where the model type 
was not specified) were consistent with the stated decision 
problem, the choice of model inputs, the health condi-
tion under evaluation, and with the stated assumptions. 
The key areas for improvement include definition and 
justification of included [27–29, 31–36, 38–41]/excluded 
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[27–29, 32, 34–45] options under evaluation, lack of use 
of half-cycle corrections [27, 29–36, 38, 40–42, 44, 45], 
and consideration of subgroups and sources of heterogene-
ity, which may impact the generalizability of the results 
[31–33, 36, 40, 43–45].

The results of the reporting and quality assessment should 
be interpreted with caution due to the subjective nature accom-
panied with these types of assessment tools.

4  Discussion

4.1  Cost Effectiveness of ALK Inhibitors 
for the Treatment of Patients with ALK+ NSCLC

Only 19 full-text CEA publications are available examin-
ing the cost effectiveness of ALK inhibitors for the treat-
ment of patients with ALK+ NSCLC. The availability of 
full-text CEA publication is limited given the number of 
available ALK inhibitors as well as the number of abstracts 
available on this topic. From the available full-text publi-
cations, the majority are in the first-line treatment setting 
and represent very few country perspectives. Included 
CEAs varied in the interventions and comparators being 
evaluated and were conducted from different country per-
spectives, limiting their comparability. When the outcomes 
of included CEAs were summarized by intervention, the 
results showed that ALK inhibitors may be considered a 
cost-effective treatment option for patients with ALK+ 
NSCLC in the first- and subsequent lines of treatment 
setting. However, the probability of cost effectiveness of 
ALK inhibitors ranged from 46% to 100% and was mostly 
achieved at WTP thresholds of $100,000 USD or higher 
(> $30,000 or higher in China) in the first-line treatment 
setting and at WTP thresholds of $50,000 USD or higher 
in the second-line treatment setting.

Alectinib use may be considered a cost-effective treat-
ment option in the first and subsequent lines of treatment 
setting compared with crizotinib and/or ceritinib at WTP 
thresholds of $100,000 USD or higher. Brigatinib use 
may be a cost-effective treatment option in the first-line 
treatment setting at a WTP threshold of $236,000 USD or 
higher compared with crizotinib. Additionally, ceritinib 
use may be a cost-effective treatment option in the first-
line treatment setting at a WTP threshold above $100,000 
USD compared with chemotherapy, at a WTP threshold of 
$28,410 USD or higher compared with crizotinib, and in 
subsequent lines of treatment setting at a WTP threshold 
of $150,000 USD compared with BSC, pemetrexed, or a 
historical control. Lastly, ensartinib use may be a cost-
effective option in the first-line treatment setting at a WTP 
threshold of $37,654 USD or higher compared with crizo-
tinib, while lorlatinib use may be a cost-effective option 

in subsequent lines of treatment at WTP thresholds of ~ 
$90,000 USD and €54,000 EUR compared with doublet 
chemotherapy.

All available CEAs examining the cost effectiveness of 
crizotinib showed that crizotinib use was not a cost-effec-
tive treatment option in the first-line treatment setting or 
subsequent lines of treatments except when a portion of the 
costs were covered by a patient assistance program or by 
medical insurance. Of importance to note, crizotinib was 
the first ALK inhibitor to be approved, shifting the stand-
ard of care for patients with locally advanced or meta-
static ALK+ NSCLC from chemotherapy to ALK inhibitor 
therapy. As ALK inhibitors are only indicated for patients 
whose cancers express the ALK gene fusion, testing for 
the gene had to be incorporated into clinical practice for 
all patients with advanced NSCLC. Therefore, the CEAs 
conducted during that time for crizotinib incorporated two 
new interventions, testing for all patients with advanced 
NSCLC and crizotinib treatment for patients with ALK+ 
NSCLC. The inclusion of two new interventions for a rare 
population may have increased the difficulty for crizotinib 
to show cost effectiveness with a test and treat strategy 
even with the added benefit that crizotinib provides com-
pared with chemotherapy. All other next-generation ALK 
inhibitors did not need to incorporate the cost of testing 
in the CEAs, as testing became standard of care by then 
and was already incorporated into clinical practice. Having 
said that, the included CEAs for crizotinib that incorpo-
rated the test-and-treat strategy showed that the key drivers 
of the ICER were utility and cost of treatment, not the cost 
of testing. In addition, although crizotinib was not shown 
to be cost effective, it was used as a comparator to deter-
mine the cost effectiveness of newer ALK inhibitors that, 
in some cases, were shown to be more cost effective than 
crizotinib. Demonstrating cost effectiveness compared 
with a comparator that was not shown to be cost effective 
may be a point of consideration by decision makers and 
reflects the complexity associated with suitable selection 
of comparators in CEAs.

4.2  Other Systematic Reviews Covering Similar 
Topics

This study serves as the first comprehensive review of all 
published articles of CEAs examining the cost effective-
ness of ALK inhibitors in patients with ALK+ NSCLC. 
There are no other systematic reviews summarizing evi-
dence on cost effectiveness of ALK inhibitors for the 
treatment of patients with advanced ALK+ NSCLC in 
any country and time period available in the literature. Yu 
et al. [77] provides a comprehensive review of cost effec-
tiveness of targeted therapies and immunotherapies for the 
treatment of advanced NSCLC only in the USA from 2017 
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Perspectives were stated in all CEAs and included healthcare 
system, public or private payer, and societal and/or patient 
perspectives. However, the CEAs did not provide sufficient 
context on how healthcare was managed and funded within 
a country/region, who the decision makers were, and how 
various stakeholders (e.g., patients) may influence funding 
decisions. This lack of context made it difficult to interpret 
the impact of the CEA outcomes on the selected perspective.

4.4  Comparability of Study Population 
and Treatments Between Included CEAs

In the first-line treatment setting, the study population was 
comparable, as all CEAs included patients with advanced 
NSCLC who did not previously receive systemic therapy 
in the advanced disease stage. In subsequent line of treat-
ment settings, the study population in the included CEAs 
was less comparable, as studies differed in their inclusion 
of historical treatments dependent on which treatments were 
available as part of the standard of care in the year of study 
and the intervention(s) and comparator(s) being compared 
[28, 30, 39, 43].

In the first-line treatment setting, the dose and duration 
of each ALK inhibitor examined across the various included 
CEAs were the same and based on their referenced clinical 
trials for efficacy outcomes. Ceritinib was the only ALK 
inhibitor that varied in dose across included CEAs. The 
variation of the ceritinib dose was due to a bioequivalence 
study, ASCEND-8 [80], which demonstrated similar effi-
cacy and better tolerability of ceritinib at a dose of 450 mg 
OD compared with the dose used in earlier clinical trials of 
750 mg OD. The CEAs that followed the ASCEND-8 find-
ings incorporated the lower dose of ceritinib, which may 
have played a factor in the cost effectiveness of ceritinib 
compared with its comparators given the better tolerability 
and lower cost of treatment [36, 40]. The type and duration 
of doublet chemotherapy examined across included CEAs 
differed, which limits the comparability of the treatments 
used for the comparator arms across CEAs [27, 31, 33, 35].

In subsequent lines of treatment setting, the dose and 
duration of ALK inhibitors and chemotherapy was similar 
between the included CEAs [28, 30, 39, 43].

4.5  Source(s) of Survival Data

Source of survival data was dependent on data from head-
to-head RCTs, where available. In many cases in which 
there is no clinical data from head-to-head RCTs for the 
treatment(s) and comparator(s), indirect treatment compar-
isons were performed, including unadjusted (naïve) treat-
ment comparisons, matched adjusted indirect comparisons, 
or network metanalysis, using efficacy data from different 
RCT arms, single-arm studies, or from real-world studies. 

to 2020. In the ALK inhibitor component of the review, 
three CEAs were included [30–32]. The summarized find-
ings from these three studies were consistent with the sum-
mary provided in this review for the CEAs conducted in 
the USA where alectinib has been shown to be more cost 
effective than crizotinib and ceritinib, ceritinib has been 
shown to be more cost effective than crizotinib and doublet 
chemotherapy, and ALK inhibitors are cost effective at a 
minimum WTP threshold of $100,000 USD. In another 
systematic review by Haslam et al. [78], the characteristics 
of CEAs for all oncology drugs approved in the USA from 
2015 to 2020 were examined. Only one CEA study (of 
134 CEAs) examining the cost effectiveness of alectinib 
in patients with advanced ALK+ NSCLC was included. 
The review did not provide a summary of cost effective-
ness as the focus was to summarize characteristics of the 
CEAs, including the impact of funding source and conflict 
of interest on cost effectiveness outcomes, which are topics 
not addressed in detail in this review.

4.3  Suitability of Analytical Approaches Utilized 
in the CEAs

All CEAs used suitable model types and structures, Markov 
health state-transition models, or partitioned-survival mod-
els, to determine the cost effectiveness of ALK inhibitors in 
patients with ALK+ NSCLC [79]. This is because patients 
with locally advanced or metastatic NSCLC receive sys-
tematic treatment and stay on treatment until progression 
before moving into their next line of treatment setting(s) 
or until death. Once patients are in the advanced disease 
stage of ALK+ NSCLC, they do not get cured or move 
back into earlier lines of treatment. Model structures used 
in all included CEAs mimic the progression of advanced 
ALK+ NSCLC disease, where patients enter the model in 
the progression-free state then move into progressed dis-
ease state or into the death state. Transition probabilities 
are then applied to estimate the transition of individuals 
from state to state on the basis of survival data from clinical 
trials. Most of the included CEAs had a cycle length of 1 
month, which is appropriate since patients are assessed for 
progression during ALK inhibitor treatment administration 
cycles (every 28 days) and median overall survival is ~ 35 
months in the first-line treatment setting and ~ 20 months 
or less in subsequent lines of treatment settings [9, 10]. All 
CEAs assessed the comparative cost effectiveness using 
appropriate outcomes of LY gained, QALYs, incremental 
costs, and/or ICERs [79]. The time horizon varied amongst 
CEAs and the number of years increased over time, which is 
reflective of the prolonged survival of patients with locally 
advanced or metastatic ALK+ NSCLC with the availability 
of new and more effective ALK inhibitors over time [9, 10]. 
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Comparing efficacy data from independent studies intro-
duces heterogeneity and increases uncertainty of the results 
of the CEAs [81]. Even in cases in which the indirect com-
parisons adjust for observed differences in patient character-
istics, there may be residual unobserved prognostic variables 
and effect modifiers that impact the results of the CEAs [81]. 
Moreover, with lack of guidelines in the assessment of cost 
effectiveness of technologies where there are no available 
head-to-head treatment comparisons from RCTs, variations 
in approach to clinical data inputs into the CEAs are high, 
as observed in this systematic review.

In the absence of head-to-head clinical trial evidence, 
real-world evidence may play an important role in gener-
ating evidence to support the comparative effectiveness of 
treatments from practice. However, real-world data was 
rarely used in included CEAs and its use was limited to his-
torical comparator performance and mostly collected from 
a single institution data source. To enable more consistent 
approaches and relevant clinical data inputs in future CEAs 
with limited/no RCT data, guidelines should be established 
on the use of real-world evidence for both the intervention 
and the comparator. In addition, since ALK inhibitors are 
being used in clinical practice, re-conducting CEAs using 
real-world data would provide insights on the true effect of 
these therapies in practice and may pave the path for imple-
mentation considerations and maintaining/revising initial 
funding decisions.

4.6  Selection of Comparator(s)

The selection of comparator(s) in CEAs conducted during 
the earlier years were reflective of the standard of care at the 
time for patients with ALK+ NSCLC. For example, when 
crizotinib became the first ALK inhibitor to be approved in 
the first line of treatment setting, crizotinib was compared 
with chemotherapy in Djalalov et al. [27] and Lu et al. [33]. 
Ceritinib and alectinib subsequently emerged as next-gen-
eration ALK inhibitors and were appropriately compared 
with crizotinib or chemotherapy in Hurry et al. [28], Carlson 
et al. [30], Zhou et al. [31], Carlson et al. [32], Liu et al. 
[29], Guan et al. [34], and Peng et al. [35]. However, with 
the emergence of third- and fourth-generation ALK inhibi-
tors, the CEAs should aim to compare the cost effectiveness 
of a new ALK inhibitor with multiple other available ALK 
inhibitors to ensure appropriate representation of the newer 
ALK inhibitors available for patients with locally advanced 
or metastatic ALK+ NSCLC, as well as representation of 
the recommended treatments in the guidelines [16], similar 
to the CEA conducted by Luo et al. [44]. Therefore, a few of 
the more recent CEAs should have selected more appropri-
ate comparators on the basis of the year of reporting and the 
treatment guidelines being followed in the selected setting.

4.7  Key Model Drivers

In the first-line treatment setting, the key model drivers 
were drug and drug administrative cost for initial treatment, 
utilities in progression-free health state and costs associated 
with post-progression treatment. In subsequent lines of treat-
ment setting, drug costs until treatment discontinuation were 
the key model driver as well as utilities in the subsequent 
therapy health state. With the emergence of multiple ALK 
inhibitors that prolong time to progression, the drug costs 
in the progression-free state increased. Similarly, with addi-
tional ALK inhibitors becoming available post-progression, 
the drug costs in the post-progression state increased as well. 
The additional drug costs in each disease state are offset to 
some extent by the clinical value (QALYs) that these new 
therapies are providing. However, even with the added clini-
cal benefit, the key drivers of costs remain treatment related, 
which support opinion suggesting increased pressure on 
healthcare systems due to treatment costs.

4.8  Sponsor Bias in Included CEAs

Sponsor bias has been reported in cost-effectiveness analysis 
across a range of diseases and study designs [82]. Of the 
included CEAs in this study, a higher number of industry-
funded CEAs showed that the intervention was cost effec-
tive compared with its comparator than non-industry funded 
CEAs on the basis of their predetermined WTP thresholds. 
However, since included CEAs differed in interventions and 
comparators, line of therapies, regions, and methods, it is 
difficult to draw any conclusion relating to sponsor bias, as 
the difference in the results between industry-funded and 
non-industry-funded CEAs may be dependent on a number 
of other factors. Moreover, due to the low number of pub-
lished full-text CEAs on ALK inhibitors for the treatment 
of patients with ALK+ NSCLC, it limits the availability of 
a sufficient number of CEAs to be grouped on the basis of 
similar interventions, comparators, methods, regions, and 
funding.

4.9  Geographic Representation

Many high-income countries (e.g., the UK, France, Canada, 
and Australia) and middle-income countries (e.g., Turkey, 
China, and Brazil, etc.) rely on cost-effectiveness studies 
for health technology assessments to enable reimbursement 
decision making. However, the lack of broad geographic rep-
resentation in published CEAs makes it difficult to establish 
rigorous conclusions on the most cost-effective treatment 
in each setting. A vast number of ALK inhibitor CEAs are 
available as Congress abstracts with broader geographic rep-
resentation (n = 60 as shown in Fig. 1). Unfortunately, very 
few of these abstracts translate into full article publications.
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4.10  Limitations of this Systematic Review

There are potential limitations to this review. First, caution 
should be taken when interpreting the summary of find-
ings as variability in analytical approaches, settings, WTP 
thresholds, perspective, costs, healthcare administration, and 
availability of subsequent lines of treatments in the differ-
ent countries impact the outcomes of each included study. 
Another key challenge of this systematic review is bias due 
to inclusion of full records only. There were 60 abstracts 
identified in the initial search examining the cost effective-
ness of ALK inhibitors in patients with ALK+ NSCLC. 
The abstracts were excluded due to lack of ability to assess 
their quality and their lack of completeness for data extrac-
tion. Similarly, economic evaluation reports performed by 
payer groups and available in supplemental searches are 
valuable as they may provide another stakeholder opinion 
and approach to the assessment of new technologies. These 
reports were excluded as well due to language limitations 
and redactions of confidential information. Lastly, CEAs for 
newer ALK inhibitors, brigatinib, lorlatinib, and ensartinib, 
were limited and/or unavailable. As the treatment landscape 
continues to evolve with new ALK inhibitors and ALK 
inhibitor combinations, future CEAs should be conducted 
to assess CEAs that simultaneously compare various ALK 
inhibitors with each other.

5  Conclusion

The treatment landscape for patients with ALK+ NSCLC 
continues to rapidly evolve, leading to uncertainty in clinical 
and funding decisions. This study systematically reviewed 
published CEAs of ALK inhibitors for the treatment of 
patients with ALK+ NSCLC in first- and subsequent lines of 
treatment settings. The findings summarized available evi-
dence on cost effectiveness of ALK inhibitors across lines 
of treatment settings and generated a valuable overview of 
analytical approaches utilized by published CEAs to support 
future economic analyses studies. The study also highlights 
the need for CEAs to be published as full-set articles, the 
need for sufficient representation from various countries 
that rely on CEAs for reimbursement decision making, 
and the need for real-world data to be used as a relevant 
source of evidence in the absence of direct treatment com-
parisons from clinical trials. Most importantly, as the use 
of ALK inhibitors is already established in practice and as 
the treatment landscape continues to evolve, CEAs need to 
assess the comparative cost effectiveness of multiple ALK 
inhibitors simultaneously using clinical and costing data 
that represent the real-world experience to enable insights 
that help validate and/or revise initial funding decisions. 

As a result, this study emphasizes the need for comparative 
cost-effectiveness efforts of multiple ALK inhibitors across 
lines of treatments using real-world data sources with broad 
representation of settings to enable conclusions on the most 
cost-effective ALK inhibitors for the treatment of patients 
with ALK+ NSCLC.
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