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ABSTRACT

Introduction: The cost-effectiveness of daratumumab in multiple myeloma treatment is a considerable
criterion in clinical practice with tight health budgets. This review aimed to evaluate the cost-effectiveness
of daratumumab in the treatment of multiple myeloma. Methods: The systematic review method was
conducted under the guidance of PRISMA, identifying through a literature search from 3 databases
(Embase, PubMed, and Cochrane) with relevant keywords. Nine articles among 95 found articles,
satisfying the inclusion criteria, were analyzed. All studies were conducted in the US and China between
2017 and 2021, assessing the cost-effectiveness of adding daratumumab to current regimens. Results:
Most of the studies were from a payer perspective, with ICER of $30,893-51,445,533/QALY. Daratumumab
was found to be cost-effective in 2 studies and not cost-effective in comparison with regimens without
daratumumab in 7 remaining studies. Conclusions: The systematic review evaluating the cost-
effectiveness of daratumumab in multiple myeloma treatment recorded varied ICER results ranging from
530,893/QALY to 51,445,533/QALY with heterogeneous conclusions about cost-effectiveness, The US and
China are the only setting countries. More similar studies in developing countries are required to fully
evaluate the cost-effectiveness of daratumumab in the treatment of multiple myeloma.
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1.INTRODUCTION

Multiple myeloma is a hematological cancer,
characterized by malignant proliferation of plasma
cells that secrete monoclonal proteins in serum
and urine. The current worldwide prevalence is 6 -
7 cases per 100,000 people per year. In recent
years, targeted therapies including daratumumab
have increasingly succeeded in controlling
multiple myeloma and improving disease
prognosis [1]. With its high cost and outstanding
efficacy, the cost-effectiveness of daratumumab is
aremarkable criterion when using drugs in clinical
practice with increasingly tight health budgets.
Worldwide, many studies evaluating the cost-
effectiveness of daratumumab in treating multiple
myeloma have been conducted in several
countries with different results. This study
presents an overview of systematic reviews of the
cost-effectiveness of daratumumab in the treat-
ment of multiple myeloma, thereby creating a
basis for the consideration of using daratumumab
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in many countries around the world.

2. MATERIALS AND METHODS

2.1. Materials

Cost-effectiveness studies of daratumumab in the
treatment of multiple myeloma.

2.2. Methods

The cost-effectiveness of daratumumab in the
treatment of multiple myeloma, as assessed by a
systematic review with the PICOS research
questions, is presentedin Table 1.

Table 1. Research questions according to PICOS

P (Population) |Patients with multiple myeloma

| (Intervention) |Daratumumab

C (Comparator)|Other treatments

O (Outcome) |Indicators for economic evaluation

S (Study) Economic evaluation studies
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A systematic review was performed according to
PRISMA guidelines with the following steps: search
and select research, data extraction and synthesis,
and research quality evaluation. All steps were
independently conducted by two researchers. In
the event of a disagreement, a discussion was
taken between the two researchers and a third
participant to decide the problem and find a
common solution.

2.2.1. Search and select studies

This research conducted a search until 30 August
2021 on e-library data sources, including Embase,
PubMed, and Cochrane, to collect data on
daratumumab's cost-effectiveness studies in the
treatment of multiple myeloma. Search commands
based on the following keywords: "cost-
effectiveness", "cost-benefit", "cost-utility", "cost
minimization", "daratumumab", "darzalex",
"multiple myeloma", and the AND, OR operators.

The studies found were selected through the
following selection criteria:

Inclusion criteria: Include studies that focus on
cost-effectiveness analysis of daratumumab in the
treatment of multiple myeloma. Additionally, the
studies are written in English.

Exclusion criteria: Studies will be excluded if the
full text is not available. In addition, certain types
of publications will not be considered, including

3. RESULTS AND DISCUSSIONS
3.1. Search and select research

PubMed
(n=15)

Embase

(n=74) n=6)

Cochrane

Identification

¥ h k.

system overviews, letters to the editorial board,
casereports, commentaries, and clinical trials

2.2.2. Extract, synthesize, and present data
Information was extracted including study
characteristics (author name, country, year of
study, population, perspective, currency), study
design (study model and model characteristics,
timing, outcome measurement method, discount
rate, cost reference date), and study outcome
(interventions and comparisons, clinical outcome,
cost outcome, total cost, ICER values, conclusions
regarding cost-effectiveness, sensitivity analysis).
The results were converted to the same currency
(USD in 2020) based on the consumer price index
(CPI) and the foreign exchange rate [2] by the
following formula:

ICERZOZO = ICER year of study * (CPIZOZO/ CPI year of study) *
Exchange rate

2.2.3. Evaluation of research quality

We used the CHEERS (Consolidated Health
Economic Evaluation Reporting Standards)
checklist [3] to evaluate the quality of the studies.
The CHEERS checklist[3], consists of 24 criteria. For
each content, the study was scored as follows: O -
not mentioned, 1 - with full mention, 0.5 - is
mentioned but isincomplete or does not meet the
specified content of the checklist.

Total number of research found
(n=95)

v

Duplicated research

Screening

Screened research

m=27)

Excluded research
m=359)
Did not analyze the cost-effectiveness

(n =68)
£ v
E; Full-text articles assessed for
= eligibility
(n=9)
T .
E Selected research

mn=9)

of daratumumab (n =37)
No full-text (n =16)
Clinical trial (n=3)
Letter (n=1)
Systematicreview (n =2)

Figure 1. PRISMA flowchart
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Based on the search commands on 3 databases,
we found 95 research articles (74 articles from
Embase, 15 articles from PubMed, 6 articles from
Cochrane). After removing the duplication (27
articles) and screening according to inclusion
criteria, we obtained 68 related studies. According
to the exclusion criterion, the study eliminated 59
articles, of which 37 articles did not analyze the
cost-effectiveness of daratumumab; 16 were no

Table 2. Evaluation of research quality

full-text articles; 3 were clinical trials; 1 letter and a
systematic review. The remaining 9 studies were
continued to be included in the systematic
analysis. The research selection scheme is shown
inFigure 1.

3.2. Evaluation of research quality
Details of the criteria are shown in Table 5 in the Ap-
pendix 2. Summary results are presented in Table 2.

Christoper | Tian-tian | Josh Cynthia | Xiaohui Kishan | Xiaohui SiNi Li Yaohua
. K.Patel | Zeng et Cao et
G.Pelligra | Zhang et | J.Carlson [L.Gong et| Zeng et et al.
RESEARCH et al. al. al.
et al. al.(2018)| etal. |al.(2019)al.(2020) (2021) | (2021) (2021) (2021)
2017) [4 5 2018) [6 8 11
(2017)[4] | [5] |(2018) [6] B | o | o | MY | 1y
TOTAL
SCORE 22 22 21 16.5 20.5 20.5 21 23 23

According to Table 2, the quality score ranged from
16.5 to 23 with the highest score of 23 belonging to
the study of Li S et al. 2021) [11] and Yaohua Cao
(2021) [12], the lowest score of 16.5 for the study
of Cynthia L.Gong (2019)[7]. The sections that lose
points in studies consist of abstract [7]; target
population and subgroups [7, 10]; setting and
location [8, 9]; discount rate [7]; measurement of
effectiveness: single study-based estimates [4 - 6,
8,9, 12]; measurement of effectiveness|7, 10, 11];
estimating resources and costs [4 - 6, 8, 9, 12];
estimating resources and costs: model-based

Table 3. Summary of selected studies' characteristics

economic evaluation [7, 10, 11]; analytical
methods [9]; characterising uncertainty for single
study-based economic evaluation [4 - 6, 8, 9, 12];
characterising uncertainty for model-based
economic evaluation [7, 10, 11]; characterising
heterogeneity [4 - 12]; study findings, limitations,
generalisability, and current knowledge [10];
conflicts of interest[6].

3.3. Characteristics of studies
The characteristics of the 9 selected studies are
summarizedin Table 3.

Author ) ) Study Time | Type of cost, Discount for Sensitivity
f stud Nation Perspective design | horizon | effectiveness costand analysis
(vear of study) g effectiveness ¥
Christopher Direct cost: Deterministic
G.Pelligra et al. us Payer Model | 3 vyears QALYs a LY’s 3% and
(2017) [4] ’ probabilistic
. . . Deterministic,
Tian-tian Zhang Us Paver Markov 10 vears Direct cost; 39 one-wav. and
et al. (2018) [5] Y model |7 QALYs ° L
probabilistic
Josh J. Carlson et Health Parupon e Direct cost; Deterministic
us survival | Lifetime 3%
al. (2018) [6] system QALYs and one-way
model
Cynthia L. Gong Markov | ., .. Direct cost; One-way and
L -
et al. (2019) [7] us Payer model ifetime QALYs probabilistic
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Author . . | Study | Time | Type of cost, Discount for Sensitivity
f Nation Perspective design | horizon | effectiveness cost and analysis
(year of study) g effectiveness v
Univariate
Xiaohui Zeng et Markov | .. .. Direct cost; 0
al.(2020)18] | U5 | PP | model | MTUME | Qays, Lys 3% and
probabilistic
Probabilistic,
Kishan K Patel et Markov | .. . Direct cost; 0 one-way, and
al. (2021) [9] us Payer model Lifetime QALYs 3% scenario
analyses
Xiaohui Zeng et . Health Markov | . . Direct cost; o One-way and
al. (2021) [10] China system model Lifetime QALYs, LYs 3% probabilistic
SiNi Li et al. Markov | .. .. Direct cost; o One-way and
(2021) [11] US| Paver | el | HTEIMel 0y, Lys 3% probabilistic
Yaohua Cao et al. Us Paver Markov Lifetime Direct cost; 39 I?)(;t:_rwrr;nljtr:;,
(2021) [12] y model QALYs, LYs ° yan
probabilistic

Note: QALYs: Quality Adjusted Life Years, LYs: life-years gained

According to Table 3, 8 studies were conducted in
the US[4-9, 11, 12], and 1 study was conducted in
China [10] from 2017 to 2021 in patients with
multiple myeloma who did not respond to
treatment or have a recurrence, patients who did
not qualify for transplantation. Most studies (7 out
of 9 studies) were from the payer perspective[4, 5,
7 -9, 11, 12], and only 2 from the health system
perspective [6, 10]. 7 studies used the Markov
model [5, 7 - 12] and 1 study used the partition
survival model [6]. Time horizon varied between
studies, from 3 years[4] to the patient's lifetime[6 -
12] with cycles from 1 week to 4 weeks. Direct
costs (including medical and non-medical) were

Table 4. The results of the studies

assessed in all articles. Regarding the efficiency
index, all studies used QALYs (Quality Adjusted Life
Years), of which 5 studies used the LYGs (life-years
gained - years of life gained) in addition [4, 8, 10 -
12]. A discount was applied to both cost and
efficiency, with a value of 3% in all studies. All
studies performed a sensitivity analysis to assess
model uncertainty with a variety of methods, such
as deterministic sensitivity analysis, one-way
analysis, univariate analysis, probability analysis,
and situational analysis.

3.4. The results of the studies
The ICERs conversionis presentedin Table 4.

al. (2017) [4]

Author Intervention ICER/QALY ICER/QALY | Willingness to Conclusion
(Year) (Research year) (2021) pay (WTP)
Christopher DAR was npt
. . cost-effective
G.Pelligra et DAR vs POM-d POM-d dominated DAR $50.000/QALY

compared to

BOR + DEX

POM-d
DAR + LEN + DEX vs Two
Tian- LEN + DEX 2284.180 >300.053 combinations
tianZhang et with DAR were
$50.000/QALY |not cost-effective
al. (2018) [5 ;
(2018) [S]] DAR + BOR+ DEXvS | o 309 06> | $1.445.533 compared with 2

combinations
without DAR
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Author ] ICER/QALY ICER/QALY | Willingness to .
| |
(Year) ntervention (Research year) (2021) pay (WTP) Conclusion
DAR+ LEN+
DEX vs LEN+ 5187.728 $202.436
- DEX
Sec.ond The addition of
line | DAR+BOR+ DAR to the BOR +
Josh J. DEX vs LEN $50.704 $54.676 )
Carlson et + DEX DEX regimen was
150. ALY i -
al. (2018) [6] DAR + LEN + >150.000/Q C°”:;Z£‘;‘f/:05t
DEX vs LEN $216.360 $233.311
+ DEX compared to LEN
ird-li + DEX
Third-line DAR + BOR
+ DEX vs $60.359 $65.088
LEN + DEX
Cynthia L. DAR was cost-
Gong et al. DAR vs POM $156.385 $165.120 [S$160.000/QALY |effective relative
(2019) [7] to POM
The combination
i o
(2020) et al. | DAR+ BOR+ DEX vs $213.164 $219.704 $200.000/QALY compared
[8] BOR+ DEX $163.184/LYG |$168.190/LYG ' . P
with the
combination
without DAR
First-line use of
DAR was not
Kishan K
DAR first-li DAR t-effecti
Patel et al. ret-iine vs $618.018 $618.018 |$150.000/QALY | Costenective
(2021) [9] second-line compared with
second-line use
of DAR
D-VMP versus
VMP is likely to
Xiaohui Zeng exceed the
$116.015 $117.446
et al. (2021) D-VMP vs VMP $64.920/LYG | $65.720/LYG $30.950/QALY commonly
[10] accepted values
of cost-
effectiveness

Note: DAR: Daratumumab, BOR: Bortezomib; LEN: Lenalidomide; DEX: Dexamethasone; POM-d:
Pomalidomide + low-dose dexamethasone; POM: Pomalidomide; D-VMP: Daratumumab + Bortezomib +
Melphalan + Prednisone; VMP: Bortezomib + Melphalan + Prednisone, WTP: Willingness to pay.

According to Table 4, the systematic review found
six studies evaluating the cost- effectiveness
between combinations with daratumumab such as
DAR + LEN + DEX, DAR + BOR + DEX, D-VMP, and
combinations without daratumumab such as LEN +
DEX, BOR + DEX, VMP [5, 6, 8, 10 - 12]. Only two
studies evaluated the cost-effectiveness between

Hong Bang International University Journal of Science

daratumumab monotherapy and other treat-ments
such as POM or POM-d [4, 7], and one study
evaluated the cost-effectiveness between
daratumumab first-line and second-line [9]. The
ICER of the DAR + LEN + DEX combination compared
with LEN + DEX in the study by Tian-tian Zhang
(2018) [5] was $300,053/QALY, which was higher
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than that in the study by Josh J. Carlson (2018) [6]
$202,436/QALY for second-line and $233,311/QALY
for third-line. Similarly, the study by Tian-tian Zhang
(2018) [5] also showed that the ICER of the DAR +
BOR + DEX combination compared to BOR + DEX
was much higher than the study by Xiaohui Zeng
(2020) [8] ($1,445,533/QALY and $219,704/QALY).
Yaohua Cao (2021)[12] noted that the ICER of the D-
VMP combination compared to VMP was
$388,364/QALY and $262,526/LYG, which was
much higher than that in the study by Xiaohui Zeng
(2021) [10] ($117,446/QALY and $65,720/LYG) and
the study by Li S et al. (2021) [11] (S30,893 and
$18,995/LYG). The study by Christopher G.Pelligra
(2017)[4] noted that the POM-d therapy dominated
daratumumab monotherapy, and the study by
Cynthia L. Gong (2019) [7] noted that the ICER of
daratumumab monotherapy compared with POM
was $165,120/QALY. The study by Kishan K Patel
(2021) [9] indicated that the ICER of first-line use of
daratumumab compared to the second-line was
$618,018/QALY.

A systematic review found that neither the
addition of daratumumab to LEN + DEX nor the
BOR + DEX regimen proved to be cost-effective
under USWTP, according to the studies of Tian-tian
Zhang (2018)[5], J. Carlson (2018) [6] and Xiaohui
Zeng (2020) [8]. However, the study of Josh J.
Carlson (2018)[6] found that the DAR + BOR+ DEX
combination was cost-effective compared with the
LEN + DEX. Yaohua Cao (2021)[12] concluded that
the addition of daratumumab to the VMP regimen
was not cost-effective compared to VMP under US
WTP of $150,000/QALY, yet this contrasts with the
findings by LiSetal.(2021)[11]. Similarly, the study
by Xiaohui Zeng (2021) [10] reached the same
conclusion as the study by Yaohua Cao (2021)[12]
under China WTP. In the cost-effectiveness
evaluation of daratumumab monotherapy, the
study by Christopher G.Pelligra (2017) [4]
concluding that POM-d was a cost-effective option
which dominated daratumumab monotherapy
under WTP of $50,000/QALY, but the study of
Cynthia L. Gong (2019) [7] showed that at the
higher WTP ($160,000/QALY), daratumumab was
cost-effective relative to POM. The study by Kishan
K Patel (2021) [9] also indicated that second-line
use of daratumumab was more cost-effective than
first-line. Moreover, the systematic review also
noted a significant variation in the ICERs of all
related studies, fluctuating from to $30,893/QALY
to $1,445,533/QALY. The lowest ICER belongs to
the study by Josh J. Carlson (2018) [6], while
research by Tian-tian Zhang (2018) [5] recorded

ISSN: 2615 - 9686

the highest ICER.

4. DISCUSSION

Based on inclusion and exclusion criteria, nine
eligible studies were included in the systematic
review. The selected studies were rated good
quality according to the CHEERS checklist, and they
were conducted in the US and China from a payer
perspective and health system perspective. All
studies analyzed direct medical costs and applied a
3% discount rate. The results of the studies were
mainly based on the ICER/QALY, though some
studies by Christopher G. Pelligra (2017) [4],
Xiaohui Zeng (2020) [8], Xiaohui Zeng (2021) [10],
SiNi Li (2021)[11] and Yaohua Cao (2021)[12] also
added an ICER/LYG index.

This systematic review reports that daratumumab
was not cost-effective compared with standard
regimens in the treatment of multiple myeloma.
Among a total of nine records were identified,
seven of them showed that the addition of
daratumumab to standard regimens was likely to
exceed the commonly accepted values of cost-
effectiveness. There is only two research showed
that daratumumab was cost-effective, including
the study by Li S et al. (2021) [11] and the study by
Cynthia.LGong(2018)[71].

Currently, all studies have mainly been conducted
in developed countries such as the US, China. There
is no research conducted in developing countries.
Therefore, the cost-effectiveness evidence of
daratumumab needs to be proven effectively in
developing countries with limited resources.

There is a remarkable difference in the ICER
between studies. This difference can be explained
by the interventions of different drug com-
binations, the use of dissimilar assumptions and
follow-up periods. In addition, the difference in
study perspective also affected the final result, as
all studies from the payer perspective concluded
that daratumumab was not cost-effective, in
contrast to the study by Josh J. Carlson (2018) [6]
with the health system's perspective. Most studies
showed that combinations with daratumumab,
such as DAR + LEN + DEX, DAR + BOR + DEX, and D-
VMP, were not cost-effective compared with
combinations without daratumumab, such as LEN
+ DEX, BOR. + DEX and VMP. Only Josh J. Carlson
(2018)[6] concluded that the combination of DAR +
BOR + DEX was cost-effective compared with the
LEN + DEX combination but not cost-effective
compared with the BOR + DEX combination in both
second-line and third-line. This can be explained

Hong Bang International University Journal of Science
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because the cost for LEN + DEX is higher than the
cost for BOR + DEX. In the study by Josh J. Carlson
(2018) [6], the cost of second-line and third-line
treatment for LEN + DEX are $309,997 and
$281,754, which is almost double the cost for BOR
+ DEX ($189,357 and $175,315). Moreover, there
are three studies evaluating the cost-effectiveness
between D-VMP combination and the VMP
combination, in which two studies of Xiaohui Zeng
(2021) [10] and Yaohua Cao (2021) [12] concluded
that D-VMP was not cost-effective compared with
VMP. However, the study of Li S et al. (2021) [11]
came to the opposite conclusion. When comparing
two studies of XiaohuiZeng[10]and LiSetal.[11],
it can be seen that the study of Li S et al. was
conducted in the US, which has a higher willingness
to pay (WTP) than the study of Xiaohui Zeng
conducted in China. This may lead to the conclusion
of Xiaohui Zeng that D-VMP was not cost-effective
compared to VMP in China. For the two studies of
SiNi Li [11] and Yaohua Cao [12], although both
were performed in the US with similar willingness
to pay (WTP), SiNi Li performed with a 6-week cycle
time, and Yaohua Cao performed with a 4-week
cycle. This may be the reason for the difference in
the conclusions of the two studies. Furthermore,
this systematic review identified two studies
comparing daratumumab (DAR) monotherapy with
pomalidomide (POM) monotherapy and pomali-
domide + low-dose dexamethasone (POM-d)
combination. These two studies showed that
daratumumab monotherapy was cost-effective
compared to POM but not cost-effective compared
to POM-d, additionally, POM-d outperformed
daratumumab monotherapy in terms of cost-
effectiveness, even with a low willingness to pay
(WTP) ($50,000). This suggests that the addition of
low-dose dexamethasone with pomalidomide may
show benefits both in terms of cost as well as
effectiveness compared with daratumumab alone.

To our knowledge, currently there are two syste-

matic reviews evaluating the cost-effectiveness of
daratumumab in multiple myeloma treatment in
the world (Sarah Perry (2019) [13] and Ziyan Chen
(2021)[14]). The study by Sarah Perry (2019)[13] has
2 studies related to daratumumab (Christopher G.
Pelligra (2017) [4] and Tian-tianZhang (2018) [5]),
and the study by Ziyan Chen (2021)[14] has only one
study related to daratumumab (Christopher G.
Pelligra (2017)[4]). These studies recorded the same
results as our systematic review. This is possibly
because daratumumab has just recently been
approved by the FDA in 2015 [1]. Therefore, our
systematic review is fully up to date. However, our
systematic review has a few limitations. Inclusion,
exclusion criteria, as well as follow-up time, may also
affect the final result and limit the comparison
between studies. Firstly, the data source is limited to
only 3 databases, including Embase, PubMed,
Cochrane. Secondly, language bias may occur
because of language barriers, as we only searched
among English publications. Finally, the studies in
this review were quite heterogeneous in terms of
economic model, study perspective, and study
population, which will also influence their genera-
lizability.

5. CONCLUSION

The systematic review evaluating the cost-
effectiveness of daratumumab in multiple
myeloma treatment recorded varied ICER results
ranging from $30,893/QALY to $1,445,533/QALY
with heterogeneous conclusions about cost-
effectiveness, The US and China are the only
settings countries. Therefore, more research on
the cost-effectiveness of daratumumab in the
treatment for multiple myeloma needs to be
conducted, especially in developing countries.
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Tong quan hé thdng chi phi - hiéu qua ctia daratumumab

trong diéu tri da u tay

Nguyén Thi My Duyén, Nguyén Tran Nhw Y, Nguyén Thj Thu Thay

TOM TAT

Gidi thiéu: Hiéu quad chi phi cua daratumumab trong diéu tri da u tdy la mét tiéu chi quan trong trong thuc
hanh I6m sang vdi ngdn sdch y té han hep. Bai téng quan ndy nhdm ddnh gid hiéu quéd chi phi ciua
daratumumab trong diéu tri da u tdy. Phuong phdp: Phuong phdp ddnh gid cé hé théng duoc thurc hién theo
huéng dan cla PRISMA, vdi viéc im kiém tdi liéu tir 3 co s& di¥ liéu (Embase, PubMed va Cochrane) béng cdc
ttrkhéa lién quan. Chin bai bdo trong s6 95 bai tim duorc, théa man tiéu chi dwa vao, da dwoc phdn tich. Tat cd
cdc nghién ctru duoc thure hién tai My va Trung Quéc trong giai doan tir 2017 dén 2021, ddnh gid hiéu qud chi
phi cua viéc thém daratumumab vao cdc phdc do diéu tri hién tai. Két qua: Hdu hét cdc nghién ciru duroc thuc
hién tir géc nhin ctia nha chi trd vdi ICER dao déng tir $30,893 dén S1,445,533/QALY. Daratumumab duwoc tim
thdy c6 hiéu qua chi phi trong 2 nghién ciru, va khéng hiéu quad chi phi so véi cdc phdc d6 khéng cé
daratumumab trong 7 nghién citru con lgi. Két luGn: Pdnh gid cd hé théng vé hiéu qud chi phi cua
daratumumab trong diéu tri da u tdy ghi nhén cdc két qua ICER khdc nhau, dao déng tir $30,893/QALY dén
51,445,533/QALY vdi cdc két ludn khéng déng nhdt vé hiéu qud chi phi, trong dé My va Trung Quéc la hai quéc
gia duy nhét. Cén cé thém nhiéu nghién ctru tuong tu & cdc quéc gia dang phdt trién d€ ddnh gia déy da hiéu
qud chi phi cua daratumumab trong diéu tri da u tdy.

Tirkhéa: ddnh gid cé hé théng, hiéu qud chi phi, daratumumab, da u tiy
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