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Abstract
Background Until recently, advanced melanoma (unresectable and metastatic) has had a poor prognosis and has
been treated with chemotherapy. The introduction of new
treatments (BRAF and MEK inhibitors and immunotherapy) has improved overall survival and progression-free
survival of some patients.
Objective The objective of this study was to review the
published evidence on the cost-effectiveness of pharmacological treatments for advanced melanoma.
Methods A systematic literature search was conducted,
without date or language restrictions, in PubMed,
EMBASE, Scopus, the Cochrane Library, the UK National
Institute for Health and Care Excellence databases and the
Health Technology Assessment journal. Internet searches
were also made to identify possible grey literature. Main
study characteristics, methods and outcomes were extracted and critically assessed. The quality of health economic
studies was assessed by the Quality Assessment of Economic Evaluation in Health Care checklist.
Results The search identified nine full-text pharmacoeconomic analyses of advanced melanoma treatments.
According to the economic analyses published in the
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articles, the new treatments have been shown to be more
effective (with more life-years and quality-adjusted lifeyears) than chemotherapy, although generally the cost per
quality-adjusted life-year gained was above the commonly
accepted threshold. Because of the variability of the
available analyses comparing the new treatments, we
cannot determine which treatment is the most costeffective.
Conclusions From the available data, it cannot be concluded that the new drugs (BRAF and MEK inhibitors and
immunotherapy) are cost effective compared with
chemotherapy or which is the most cost-effective new
treatment.

Key Points
New treatments have been shown to be more
effective (with more life-years and quality-adjusted
life-years) than chemotherapy in patients with
advanced melanoma, but with higher acquisition
costs.
In most of the studies, the incremental costeffectiveness ratios were above the commonly
accepted thresholds. For this reason, it cannot be
concluded that the new treatments are cost effective
compared with chemotherapy.
Moreover, because of the variability of the available
analyses comparing the new treatments, no
conclusions can be made on which treatment is the
most cost effective.
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1 Introduction
Cutaneous melanoma is a malignant tumour originating
from epidermal melanocytes. Unlike other types of skin
cancer, melanoma is a tumour with a marked tendency to
produce lymphatic or haematic metastases, sometimes
prematurely [1]. The advanced disease includes unresectable stage III or stage IV disease [2].
The incidence in Europe of malignant cutaneous melanoma varies from three to five per 100,000 patients per
year in Southern European countries to 12–25 per 100,000
patients per year in Northern European countries [2]. In
USA, 22 out of 100,000 men and 14 out of 100,000 women
are affected [3]. Melanoma detected in the initial stages is
considered curable. However, advanced melanoma has a
worse prognosis. Until recently, median survival in patients
with advanced melanoma was 6.2 months, with only 25%
surviving 1 year and 10% surviving 2 years [4].
New and promising pharmacological treatments of
advanced melanoma have been introduced in recent years.
Dabrafenib and vemurafenib are indicated in the treatment
of patients with inoperable metastatic melanoma with
BRAF (B-Raf proto-oncogene, serine/threonine kinase)
V600 mutation (approximately 45% of patients with melanoma have this mutation). The median progression-free
survival (PFS) observed with dabrafenib and vemurafenib
was 5.3 and 5.1 months, respectively, compared with 1.6
and 2.7 months, respectively, obtained with dacarbazine
[5]. Ipilimumab is also indicated for the treatment of
advanced melanoma, obtaining an overall survival at 3
years of 22% [5].
In the UK, the annual direct medical costs associated
with melanoma have been estimated to be £22.5 million,
and projected to substantially increase in coming years [6].
The objective of this study was to review the published
evidence on the cost-effectiveness of treatments for
advanced melanoma.

2 Methods
2.1 Search Strategy
A systematic review of the literature was made by an
Internet search conducted in PubMed, EMBASE, SCOPUS, the Cochrane Library, MEDES (Medicine in Spanish), the UK National Institute for Health and Care
Excellence and the Health Technology Assessment journal.
Internet searches were also made to identify possible grey
literature in Google Scholar, the Agency for Healthcare
Research and Quality website, Grey Literature Report and
Grey Literature International databases.

The search strategy used the following keywords: ‘melanoma’, ‘metastatic’, ‘cost-effectiveness’, ‘cost utility’,
‘cost benefit’, ‘cost minimization’ and ‘cost minimisation’.
Although the review was carried out only for analysis of
cost-effectiveness and cost-utility, cost minimisation and
cost-benefit studies were also searched, as in some cases
they could contain cost-effectiveness/cost-utility results.
The search in PubMed, EMBASE, Scopus and the other
sources was conducted in April 2017 (full electronic search
strategies are available in the ‘‘Appendix’’). The search had
no date or language restrictions.
The titles and abstracts obtained in the databases and
other sources were reviewed by DRR and CRT, who
evaluated if the studies met the following inclusion criteria:
(1) full text available (article); (2) referred to patients with
advanced melanoma (in inoperable stage III or in stage IV);
(3) only original investigations, not review articles; (4)
cost-effectiveness analysis; and (5) referred exclusively to
pharmacological treatments.
Articles that met these inclusion criteria were analysed
in greater detail by two reviewers independently (DRR and
CRT). Discrepancies were resolved by consensus. The lists
of references of these articles were also reviewed manually
to identify other potential studies not identified with the
Internet search. The systematic review followed the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines [7].
2.2 Data Extraction
The data extracted from the articles included the following
characteristics of the studies: (1) first author, year of publication, country; (2) type of study (model, alongside randomised clinical trial) and patient population
characteristics (advanced melanoma, previously treated or
untreated); (3) study perspective (‘healthcare payer’
including only healthcare or ‘societal’ costs including all
relevant costs inside and outside the healthcare sector),
time horizon; (4) funding; (5) drug therapy described; (6)
difference in total costs; (7) difference in outcomes [lifeyears gained, quality-adjusted life years (QALYs) gained,
progression free survival (PFS), overall response rate
(ORR)]; (8) incremental cost-effectiveness ratio (ICER);
and (9) authors’ conclusion. Data extraction was performed
by one author (DRR) and checked by another author
(CRT).
2.3 Quality Assessment
We used the Quality Assessment of Economic Evaluation
in Health Care checklist published by Abellán et al. [8] for
systematic assessment of the quality of the papers because
it provides a quantitative score. The quality assessment was
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performed by two independent reviewers (DRR and CRT).
If the results differed between reviewers, consensus was
reached through discussion. The maximum score is 100
points. Three Quality Assessment of Economic Evaluation
in Health Care-based quality levels are as follows: category
1 (\40 points); category 2 (40–59 points); and category 3
(C60–100 points) [8].
2.4 Critical Assessment of Methods and Outcomes
In addition to the short narrative description of the studies
and the evaluation of their quality with the checklist indicated, the following additional issues regarding methods
and outcomes were further explored and discussed in
detail: (1) study design (including cycle length and model
states), (2) time horizon, (3) analytical approach, (4) efficacy vs. effectiveness and (5) transferability issues, in a
similar manner to a recently published study [9].

3 Results
3.1 Search Results
The literature search resulted in 135 hits. After reviewing
titles and abstracts, 58 references were excluded because
they did not meet the inclusion criteria and 77 papers were
included for full-text review. Subsequently, nine papers
met the inclusion criteria [10–18]. Of the 68 articles
excluded, 30 were because they did not have full-text
[19–48] 18 because they were not original investigations
but rather review articles [49–66], nine because they were
not cost-effectiveness or cost-utility analyses [67–75], four
because they did not assess pharmacological interventions
[76–79] and, finally, seven because they did not refer to
advanced melanoma [80–86]. Figure 1 is a flow diagram
showing the inclusion and exclusion of papers at various
stages of the process.
3.2 Main Study Findings
Table 1 summarises the main features of the nine studies
included in the review [10–18]. The publication date ranges
from 2000 to 2017. The drugs included in the nine articles
analysed are shown in Table 1. Seven of the nine economic
analyses modelled patients with previously untreated
advanced melanoma [10, 13–18].
3.2.1 Chemotherapy
In the past 30 years, the standard treatment for advanced
melanoma has been chemotherapy with drugs such as
temozolomide or dacarbazine and immunotherapy with

interleukin-2 (IL-2) [2]. A modelled cost-effectiveness
analysis conducted in USA [10] was published in 2000.
The mean increase in survival of temozolomide over
dacarbazine was 1.1 months, which would not be clinically
relevant. The ICER ranges from -$US65,180 (dacarbazine
is more effective) to $US18,670 per life-year gained.
Chemotherapy with temozolomide, dacarbazine or paclitaxel plus carboplatin (which currently are no longer
treatments of choice) was considered the best supportive
care (BSC) in some economic models made in the period
2013–15 [11–15] (Table 1).
3.2.2 BRAF and MEK Inhibitors
New therapeutic strategies such as immunotherapy or the
therapy based on the genetic mutations of the melanoma
have demonstrated considerable efficacy in the treatment of
advanced melanoma [2, 87]. Approximately 40–60% of
patients with metastatic melanoma have a mutation in the
BRAF gene [88], which gives rise to uncontrolled cell
growth [87]. People who have this mutation may benefit
from treatment with a drug inhibitor of BRAF (blocker of
the abnormal BRAF protein kinase) such as vemurafenib or
dabrafenib, which slows down the growth of melanoma
cells [87]. MEK1 and MEK2 are enzymes downstream of
BRAF in the mitogen-activated protein kinase pathway.
Adding a MEK inhibitor (such as trametinib) to a BRAF
inhibitor reduced some resistance to BRAF inhibition [87].
Four analyses have been published that compare the efficiency of inhibitors of BRAF among themselves or compared
with BSC [12–15] (Table 1). According to these studies,
treatment with vemurafenib would not be cost effective vs.
dacarbazine in USA [12] and dabrafenib would not be cost
effective vs. dacarbazine in Canada [13]. When the efficiency
of dabrafenib (alone or in combination with trametinib) and
vemurafenib were compared, it was concluded that the former
would not be cost effective compared with the latter in USA
for a willingness to pay of $US100,000/QALY [15] or in
Switzerland [14]. However, in the Canadian study, dabrafenib
would be the dominant treatment (with lower costs and greater
effectiveness than vemurafenib) [13].
3.2.3 Immunotherapy
Given that only about half of the patients with advanced
melanoma express the BRAF mutation, other treatment
options are necessary. Immunotherapy, which uses antibodies that bind to the inhibitors of the activation of T cells
[such as ipilimumab, which inhibits the cytotoxic T-lymphocyte-associated antigen 4 [CTLA-4] and nivolumab,
which inhibits programmed cell death 1 (PD-1)], has
shown significant efficacy in patients with advanced melanoma [2].
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Fig. 1 Flow diagram of the search performed

Four articles have been published analysing the efficiency of immunotherapy. According to the model of
Barzey et al. [11] the treatment of advanced melanoma
with ipilimumab would be cost effective with a probability
of 95% vs. the BSC, for a willingness to pay of
$US146,000 (it should be noted that the usual willingnessto-pay threshold in USA is $US50,000 or $US100,000.). In
the study of Bohensky et al. [16], it is concluded that
novolimumab would be cost effective compared with
ipilimumab and, in the study of Jensen et al. [17], the
authors indicate that dabrafenib plus trametinib is associated with less patient time and lower costs relative to
nivolumab plus ipilimumab. Finally, in the recently published study of Kohn et al. [18], it was concluded that,
compared with the first-line dacarbazine treatment strategy,
first-line nivolumab followed by ipilimumab produced an
ICER of $US90,871 per QALY gained, and first-line
nivolumab plus ipilimumab followed by carboplatin plus
paclitaxel chemotherapy produced an ICER of $US198,867
per QALY gained (Table 1).

3.2.4 Life-Years Gained and Quality-Adjusted Life-Years
Gained
In comparison with the BSC, 1.88 life-years and between
0.15 and 1.14 QALYs would be gained with the new
treatments, according to the studies (Table 1). These gains
in quantity and quality of life would be clinically relevant,
according to several studies that have proposed that the
minimally clinically important difference in utility would
be 0.03 or 0.04 [89, 90].
3.3 Critical Assessment of Methods and Outcomes
3.3.1 Study Design
Most of the studies combined efficacy data from one or
several clinical trials, which extrapolated to the long term
using a Markov model. In one case a semi-Markov survival
model was conducted [13]. These survival partition models
are, like the Markov models, a commonly used approach in

Delea et al.
2015
(Canada) [13]

Curl et al. 2014
(USA) [12]

Barzey 2013
(USA) [11]

Post-hoc
economic
analysis
within a
clinical
trial (CEA)

Hillner et al.
2000 (USA)
[10]

Probabilistic
(CUA)
BRAFmutated
advanced
melanomaa/
PUT

SemiMarkov
survival
model

BRAFmutated
metastatic
melanoma/
PT

(CUA)

Deterministic

Decision tree
model

Advanced
melanomaa/
PT

(CEA/CUA)

Probabilistic

Markov
model

Advanced
melanomaa/
PUT

Type of
study, patient
population

First author,
year (country)

Canadian
healthcare
system, 5 years

Societal, lifetime

Health payer,
lifetime

Societal, 1 year

Perspective,
time horizon

GlaxoSmithKline

No

Bristol–Myers
Squibb

American Cancer
Society and
Schering–
Plough

Funding

1. $CAN111,199
2. $CAN36,576
3. $CAN150,405
(2012)

1. Dabrafenib
2. Dacarbazine
3. Vemurafenib
(N/A)

3. Dacarbazine
(N/A)

2. $US254,695
3. $US8391
(2013)

1. $US156,831

2. Vemurafenib
followed by
ipilimumab

(2012)

2. $US21,886

1. $US168,602

3. 1.47
QALY

2. 1.32
QALY

1. 1.52
QALY

3. 0.30
QALY

2. 1.34
QALY

1. 0.72
QALY

2. 1.00
LY,
0.62
QALY

1. 2.88
LY,
1.76
QALY

Dabrafenib is
dominantb

1 vs. 3:

$CAN363,136/
QALY

1 vs. 2:

$US158,139/
QALY

2 vs. 1:

$US353,993/
QALY

1 vs. 3:

$US128,656/
QALY

$US78,218/
LYG

1.04
months
gained

2. $US3697

(NS)c

$US36,990/
LYG

1 vs. 2:

1. $US6902
(1999)

ICER

Total
outcomesd

Total costs (year
of valuation)d

1. Vemurafenib

2. BSC
(dacarbazine,
temozolomide,
paclitaxel ?
carboplatin)

1. Ipilimumab (3
mg/kg)

2. Dacarbazine
(250 mg/
m2/day for 5
days every 21
days)

1. Temozolomide
(200 mg/
m2/day for 5
days every 28
days)

Drug therapy
described (dose)

Table 1 Main study characteristics of the cost-effectiveness assessment of advanced melanoma pharmacological treatment

At a threshold of CAN$200,000/
QALY, dabrafenib is unlikely to
be cost effective compared with
dacarbazine

Strategies 1 and 2 may become
cost effective with lower drug
prices or a durable response
without continued treatment

Ipilimumab was 95% likely to be
cost effective at a WTP of
$US146,000/QALY

Efficacy difference of
temozolomide vs. dacarbazine
was NS

Authors’ conclusion

3

3

3

2

QHES
categorye
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Jensen et al.
2016 (USA)
[17]

Bohensky et al.
2016
(Australia)
[16]

Shih et al. 2015
(USA) [15]

Markov
model

Matter-Walstra
et al. 2015
(Switzerland)
[14]

BRAFmutated
advanced
melanomaa/
PUT

Decision
analytical
model
Probabilistic
(CEA)

BRAFnegative
advanced
melanomaa/
PUT

Probabilistic
(CEA/
CUA)

Markov
model

BRAFmutated
advanced
melanomaa/
PUT

Probabilistic

Markov
model
(CUA)

BRAFmutated
metastatic
melanoma/
PUT

Probabilistic
(CUA)

Type of
study, patient
population

First author,
year (country)

Table 1 continued

Health
payer/societal,
progression or
dead

Novartis

Bristol–Myers
Squibb

No

Societal, lifetime

Australian health
system, 10
years

State Secretariat
for Education,
Research and
Innovation
(SERI)

Funding

Swiss healthcare
system,
lifetime

Perspective,
time horizon

2. Dabrafenib ?
trametinib (N/
A)

ORR: 0.2%
PFS: 0.7
monthsc

1 vs. 2:
2. $US194,876
(health payer)
(2015)

2. 1.5 LY,
1.2
QALY

1. 3.1 LY,
2.5
QALY

3. 0.29
QALY

2. 0.18
QALY

1. 0.34
QALY

2. 1.02
QALY

1. 1.54
QALY

Total
outcomesd

1. $US259,293

2. $US138,987
(2015)

1. Nivolumab ?
ipilimumab

1. $US178,612

3. $US49,938
(2013)

3. Vemurafenib
(N/A)

2. Ipilimumab (3
mg/kg both)

2. $US15,221

1. Nivolumab

1. $US38,547

2. Dacarbazine

2. CHF111,773
(2015)

1. CHF311,421

Total costs (year
of valuation)d

1. Dabrafenib

2. Vemurafenib
(N/A)

1. Trametinib ?
drabrafenib

Drug therapy
described (dose)

Cost per
month of
PFS: $US4446

Cost per OR:
$US106,316

1 vs. 2:

$US30,475/
QALY

$US25,201/
LYG

1 vs. 2:

1 vs. 3:
Dabrafenib is
dominantb

$US149,042/
QALY

1 vs. 2:

CHF385,603/
QALY

ICER

Dabrafenib ? trametinib is
associated with less patient time
and lower costs relative to
nivolumab ? ipilimumab

Nivolimumab is costeffective vs.
ipilimumab

Compared with dacarbazine,
dabrafenib was not cost effective
at a WTP threshold of
$US100,000/QALY. Dabrafenib
is dominant vs. vemurafenibb

A reduction in the total price of the
combination therapy is required
to achieve an acceptable costeffectiveness ratio

Authors’ conclusion
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3

3

3

QHES
categorye
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Markov
model
(CUA)

Kohn et al.
2017 (USA)
[18]
Health payer

Perspective,
time horizon

National Cancer
Institute and
Burroughs
Wellcome
Fund

Funding

6. DAC/IPI/
NIVO (first/
second/third
line)

5. IPI/NIVO

4. PEM e3w/IPI
6. $US146,775
(2016)

4. $US127,626
5. $US152,403

3. $US164,871

2. $US206,435

3. PEM e2w/IPI

1. $US172,219

2. NIV ? IPI/
CAR ? PAC

Total costs (year
of valuation)d

1. NIV/IPI

Drug therapy
described (dose)

6. 0.26
QALYs

5. 0.34
QALYs

4. 0.38
QALYs
2: $US198,867

3: $US106,447

1: $US90.871

5: $US70.350

4: Dominant

2. 0.56
QALYs
3. 0.43
QALYs

Best ICER vs
.6:

ICER

1. 0.54
QALYs

Total
outcomesd

QHES
categorye

3

Authors’ conclusion

First-line PEM e2w/IPI or NIV/IPI
are the most cost-effective,
immune-based treatment
strategies for metastatic
melanoma

Per patient

Dominant: lower costs, higher effectiveness vs. comparator
Individual data not available

Unresectable or metastatic melanoma

The Quality Assessment of Economic Evaluation in Health Care-based quality levels are as follows: category 1 (\40 points); category 2 (40–59 points); category 3 (C60–100 points). The
higher the score, the higher the quality [8]

e

d

c

b

a

BSC best supportive care, e2w/e3w every 2 or 3 weeks, CAN Canadian Dollar, CAR carboplatin, CEA cost-effectiveness analysis, CHF Swiss francs, CUA cost-utility analysis, DAC
dacarbazine, ICER incremental cost-effectiveness ratio, IPI ipilimumab, LY life-year, LYG life-year gained, N/A not available, NIV nivolumab, NS not statistically significant, OR overall
response, ORR overall response rate, PAC paclitaxel, PEM pembrolizumab, PT pretreated, PUT previously untreated, QALYs quality adjusted life-years, QHES Quality of Health Economic
Studies, WTP willingness-to-pay

BRAF wildtype
advanced
melanoma

Type of
study, patient
population

First author,
year (country)

Table 1 continued
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advanced oncology indications and use area under the
survival curves (for PFS and overall survival) to calculate
the proportion of patients at given timepoint in each health
state. The advantage of this method is that it does not
require explicit transitions between the health states
because it directly models overall survival from clinical
trial results [91]. However, it must be borne in mind that
this type of model can suffer from inherent bias in favour
of treatments that impact on disease progression [92].
The cycle lengths (from 1 week up to 1–3 months) and
the model states (progression-free; progression; death)
were consistent with the usual design of the economic
models in oncology [58]. Almost all studies gave the result
of efficiency as cost per LY gained or as cost per QALY
gained, except for the study of Jensen et al. [17] that calculated the cost per overall response and the cost per month
of PFS. In this respect, we believe this type of result should
be accompanied by an ICER per life-year gained or per
QALY gained because it allows the comparison of ICERs
of different treatments.
The utilities used in the cost-utility analysis were
obtained in different ways. In the studies of Barzey et al.
[11], Delea et al. [13] and Bohensky et al. [16] they were
obtained directly from patients with melanoma, using the
EuroQol 5-dimension (EQ-5D) tool in the latter two studies. In other studies, they were obtained from previously
published data, using the standard gamble method
[12, 14, 15, 18].
The perspective of economic analysis must be that of the
intended recipient of its results. The perspective of most of
the analyses was that of the health payer (the national
health system in European countries). However, in two
cases, the perspective was that of society, including direct
non-medical costs in one study [10] and indirect costs in
another [17]. In two of the studies analysed, both from
USA, it is noted that the perspective was that of society
[12, 15]. However, both studies included only direct health
costs.
3.3.2 Time Horizon
According to a recent systematic review, currently, 5-year
survival in patients with advanced melanoma is estimated
to be 41–71% in stage III and 9–28% in stage IV [93]. The
time horizon used in the economic models was generally
for life [11, 12, 14, 15] or until the progression of the
disease or death of the patient [17]. These approaches are
correct because they meet the life expectancy observed in
the clinical studies and the simulation of the model ends
when the entire hypothetical cohort of patients dies. In
some studies, however, shorter time horizons were adopted
that ranged between 1 year for evaluation of chemotherapy
[10], 5 years for evaluation of the BRAF inhibitors [13] and

10 years for immunotherapy[16] (Table 1). In these cases,
the horizon considered may be too short to obtain all the
outcomes owing to the drugs evaluated.
3.3.3 Analytical Approach
Conducting a probabilistic analysis is very important for
two reasons: (1) it allows us to calculate the ICER confidence interval; and (2) it allows us to calculate the probability of a treatment being cost effective vs. a comparison
treatment [94]. However, in two of the nine economic
analyses, this type of analysis was not conducted [10, 12].
3.3.4 Efficacy vs. Effectiveness
The efficacy data used in the economic models were obtained
from explanatory clinical trials, not pragmatic clinical trials
[95], and therefore, effectiveness data were not used.
3.3.5 Transferability Issues
Most of the studies published as articles were conducted in
USA (n = 5), followed by Canada, Switzerland and Australia each with one study. In this respect, it must be
stressed that the results of the economic analyses are not
transferable between different countries, owing to both
differences in the unit costs and in the use of the health
resources inherent of different health systems.
3.4 Quality Assessment Results
Of the nine studies analysed, seven studies were classified
as high quality (category 3) [11–16, 18] and the rest (two
studies) as medium quality [10, 17] (category 2) (Tables 1,
2). The medium quality studies were classified as such
mainly for one of the following reasons: (1) the time
horizon was very short to adjust to that of the clinical trial
[10]; (2) a probabilistic analysis was not performed [10];
(3) the structure of the model was not detailed sufficiently;
and (4) no annual discount rates were applied [17].

4 Discussion
According to the analyses published in articles, new
treatments (BRAF and MEK inhibitors and immunotherapy) have been shown to be more effective than
chemotherapy in the extension of survival, but with higher
acquisition costs. In this respect, it can be concluded that in
most of the studies, the ICERs were above the commonly
accepted thresholds (e.g. $US50,000–100,000 per QALY
gained, in USA). For this reason, with the available data, it
cannot be concluded that the new treatments are cost
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Table 2 Quality assessment of selected pharmacoeconomics analyses using the Quality Assessment of Economic Evaluation in Health Carea
(adapted from Abellán et al. [8])
Criteria/references

Points

1. Perspective

Max.
8

4

4

4

4

4

4

4

8

4

1.1a. The study was performed from the
social perspective (parallel to the healthcare
payer perspective) (if only social
perspective: 4 points)

4/8

4

0

4

0

0

0

0

8

0

1.1b. The study was only performed from
the healthcare payer perspective

4

0

4

0

4

4

4

4

0

4

Max.
8

6

6

6

6

6

6

6

4

4

2.1a. Randomized pragmatic clinical trials

4

0

0

0

0

0

0

0

0

0

2.1b. Randomized controlled clinical trials

2

2

2

2

2

2

2

2

2

2

2.1c. Observational studies

2

0

0

0

0

0

0

0

0

0

2. Costs and outcomes source

Hillner
2000
[10]

Barzey
2013
[11]

Curl
2014
[12]

Delea
2015
[13]

MatterWalstra
2015
[14]

Shih
2015
[15]

Bohensky
2016 [16]

Jensen
2016
[17]

Kohn
2017
[18]

2.2a. Direct comparison of technologies

4

4

4

4

4

4

4

4

0

0

2.2b. Indirect comparison of technologies
using a common comparator

2

0

0

0

0

0

0

0

2

2

Max.
8

4

4

4

4

4

4

4

4

0

3.1. The target population is described in
detail

4

4

4

4

4

4

4

4

4

0

3.2. A subgroup analysis for the disparate
characteristics of patients is performed

4

0

0

0

0

0

0

0

0

0

Max.
8

4

4

4

4

4

4

4

4

4

4.1a. It is compared to the dominant practice
(if it exists)

4

4

4

4

4

4

4

4

4

0

4.1b. If there is no dominant practice,
multiple comparisons are performed

4

0

0

0

0

0

0

0

0

4

4.2. It has been compared to the ‘‘do
nothing’’ option or the ‘‘minimal
intervention’’

4

0

0

0

0

0

0

0

0

0

Max.
12

4

12

8

8

4

4

6

4

4

5.1a. A cost-effectiveness analysis has been
carried out with measures of final results
(e.g. LYG)

4

4

4

0

0

0

0

0

4

0

5.1b. The willingness to pay is used as a
measure of results (cost-benefit analysis)

8

0

0

0

0

0

0

0

0

0

5.1c. QALYs are used as a measure of
results (cost-utility analysis)

4

0

4

4

4

4

4

4

0

4

5.2. If QALYs are used, utilities were
obtained using standard gamble or time
trade-off methods

4

0

0

0

4

0

0

0

0

0

5.3a. If QALYs are used, utilities were
obtained from preferences of general
population

4

0

4

4

0

0

0

0

0

0

5.3b. If QALYs are used, utilities were
obtained directly from patients

2

0

0

0

0

0

0

2

0

0

3. Target population

4. What does it compare with?

5. Results measurement
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Table 2 continued
Criteria/references

Points

6. Costs included

Max.
8

4

8

4

8

8

8

8

8

8

4

4

4

4

4

4

4

4

4

4

4

0

4

0

4

4

4

4

4

4

Max.
8

0

4

8

4

8

8

4

4

8

7.1. A sufficiently broad time horizon, equal
to costs and benefits

4

0

4

4

4

4

4

4

4

4

7.2a. The study has primary data covering
the entire time horizon
7.2b. If only primary data are available for
the short term, a decision model is used to
extrapolate the data over the long term

4

0

0

0

0

0

0

0

0

0

4

0

0

4

0

4

4

0

0

4

Max.
8

4

4

4

8

8

8

8

0

4

8.1. A discount rate of between 3% and 5%
applies to costs and benefits

4

0

4

4

4

4

4

4

0

4

8.2. Results are presented for alternative
discount rates

4

4

0

0

4

4

4

4

0

0

Max.
8

2

8

6

8

8

8

8

8

8

9.1a. A probabilistic sensitivity analysis
(e.g. bootstrapping, Monte Carlo, …) is
performed

4

0

4

0

4

4

4

4

4

4

9.1b. A deterministic sensitivity analysis is
performed

2

2

0

2

0

0

0

0

0

2

9.2. The sensitivity analysis results are
presented in detail (tables and figures)

4

0

4

4

4

4

4

4

4

4

Max.
8

0

4

4

4

4

4

4

0

4

10.1. The structural assumptions of the
model are detailed (e.g. duration of a cycle
in a Markov model)

4

0

4

4

4

0

0

4

0

4

10.2. The model results are validated in
some way (e.g. by comparison with the
other published models for the same disease
and intervention)
11. Transferability of results

4

0

0

0

0

4

4

0

0

0

Max.
8

0

4

4

4

4

4

4

4

4

11.1a. The area of origin of the data
coincides exactly with the application of the
technology

8

0

0

0

0

0

0

0

0

0

11.1b. The scope of application of the
technology does not match with the source
of the data, but the results of the study have
somehow adapted to the application context

4

0

0

4

4

4

4

4

4

4

11.2. The data have been obtained from
multinational or multi-centre studies, among
which is a centre belonging to the area of
application of technology

4

0

4

0

0

0

0

0

0

0

6.1. All relevant costs to the study
perspective are included
6.2. A detailed and precise measure of the
resources consumed is shown
7. Time horizon

8. Discount rate

9. Uncertainty management

10. Decision models used

Hillner
2000
[10]

Barzey
2013
[11]

Curl
2014
[12]

Delea
2015
[13]

MatterWalstra
2015
[14]

Shih
2015
[15]

Bohensky
2016 [16]

Jensen
2016
[17]

Kohn
2017
[18]
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Table 2 continued
Criteria/references

Points

12. Results presentation

Max.
8

8

8

8

8

8

8

8

8

8

12.1. Costs and effects are presented in an
aggregated and disaggregated manner

4

4

4

4

4

4

4

4

4

4

12.2. The appropriate decision indices are
calculated and presented (incremental ratios
for cost-effectiveness and cost-utility
analyses, benefit/cost ratios and return rates
for cost-benefit analyses)

4

4

4

4

4

4

4

4

4

4

40

70

64

70

70

70

68

56

60

2

3

3

3

3

3

3

2

3

Total score sections 1–12 (maximum 100
points)
Quality assessment category

Hillner
2000
[10]

Barzey
2013
[11]

Curl
2014
[12]

Delea
2015
[13]

MatterWalstra
2015
[14]

Shih
2015
[15]

Bohensky
2016 [16]

Jensen
2016
[17]

Kohn
2017
[18]

LYG life-years gained, Max. maximum score per section, QALYs quality-adjusted life-years
a

The Quality Assessment of Economic Evaluation in Health Care-based quality levels are as follows: category 1 (\40 points); category 2
(40–59 points); category 3 (C60–100 points). The higher the score, the higher the quality (maximum score: 100 points). The items identified with
a letter (e.g. 4.1a, 4.1b, 7.2a, 7.2b) are mutually excluding

effective compared with chemotherapy. Second, the comparative analyses of the new treatments do not allow general conclusions to be made given the diversity of the
designs of the models, of the assumptions made and of the
health systems they apply to. Furthermore, there are no
head-to-head clinical trials directly comparing the new
treatments. This conclusion is equivalent to that reached by
Johnston et al. [58]. Considering Johnston et al. [58] was
already available, the rationale behind our systematic
review was two fold. First, the Johnston et al. review
included resectable and unresectable melanoma, while ours
was limited to advanced melanoma, and second, our review
(to be more recent) includes new studies not included in the
previous review.
According to all models analysed, treatment with new
drugs would generate LY gained and QALY gained compared with chemotherapy. However, virtual differences in
survival and QALY obtained in models comparing new
treatments among themselves are based on the differences
in effectiveness observed in the meta-analysis of indirect
comparisons. In this sense, a recently published Bayesian
network meta-analysis [96] analysed 15 randomised clinical trials involving 6662 patients and concluded that: (1)
there was no significant difference in overall survival
between BRAF/MEK inhibitors and PD-1 (hazard ratio
1.02; 95% credible interval 0.72–1.45); (2) the network
meta-analysis showed a significant advantage of BRAF/
MEK compared with all other treatment strategies
(chemotherapy, PD-1 inhibitors, cytotoxic T-lymphocyteassociated antigen 4) for PFS; (3) BRAF/MEK inhibitors
were associated with higher overall response rates (odds
ratio 2.00; 95% credible interval 1.64–2.45) compared with

BRAF alone, with both being superior in achieving overall
response rates compared with other treatments; (4)
chemotherapy and PD-1 were associated with the lowest
risk of serious adverse events; and (5) there was no significant difference in the risk of serious adverse events
between chemotherapy and PD-1 (odds ratio 1.00; 95%
credible interval 0.74–1.34) [96].
In light of these results, it would be interesting to perform a new cost-utility analysis to compare all the treatments of advanced melanoma currently available. The
problems that would arise in the face of this challenge
would include: (1) there is no standardised or agreed economic model on the treatment of advanced melanoma, and
therefore, the results would be considered model driven
and would not be universally accepted (although this is an
inherent problem to the economic models, it is expected
that in the future it will be possible to have consensual
minimum recommendations for the realisation of economic
models by indications or therapeutic groups); and (2) even
with a standard model, it would be necessary to adapt it to
each health system to be able to estimate the cost-effectiveness at the national level.
This systematic review has several strengths and limitations. Among the strengths would be its implementation
following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines [7], searching three
major databases (PubMed, EMBASE, Scopus) and other
databases, and the consistency with a previous review that
included all previous melanoma treatment cost-effectiveness analyses [58]. Another strength is the fact that the
systematic review had no date or language limitations, and
therefore, a possible source of bias was avoided [97–100].
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The aforementioned variability of the models is a limitation of this systematic review, which prevents the making
of reliable comparisons between them and valid conclusions
on the cost-effectiveness of the new treatments of advanced
melanoma. Another limitation, and not less important, is that
the review only included complete studies (articles) and
numerous posters available in congresses were excluded.
The grounds for excluding the posters of communications to
congresses were the following: (1) they do not include all the
relevant information of the study; (2) they often include
preliminary results, not final results, of the studies; and (3) as
they are incomplete publications, a reliable assessment of the
quality of the studies cannot be made. For these reasons,
posters of studies were excluded with the following conclusions in advanced melanoma: (1) the cost of gaining a
QALY with ipilimumab vs. BSC would be £65,303 vs. BSC
in the previously treated patient, in the UK [25] and €41,459
and £38,405 vs. dacarbazine in the previously treated patient
in Spain [31] and Scotland [37], respectively; (2) the cost of
gaining a QALY with trametinib vs. BSC would be
$CAN142,177 in Canada [32]; (3) dabrafenib dominates
vemurafenib in Slovenia [35]; (4) the cost per overall
response rate with vemurafenib and ipilimumab as a first-line
treatment in patients with BRAF mutations was €111,928
(95% confidence interval €108,403–115,969) and €447,462
(95% confidence interval €370,285–538,214), respectively,
in Spain [43]; and (5) pembrolizumab would not be cost
effective compared with ipilimumab in USA according to
one study [46] and would be in another different model [48].

5 Conclusions
According to the systematic review of economic analyses
published as articles, new treatments (BRAF and MEK inhibitors and immunotherapy) have been shown to be more
effective (with more life-years and QALYs) than chemotherapy in patients with advanced melanoma, but with higher
acquisition costs. As a consequence, in most of the studies, the
ICERs were above the commonly accepted thresholds (e.g.
$US50,000–100,000 per QALY gained, in USA). For this
reason, with the available data, it cannot be concluded that the
new treatments are cost effective compared with chemotherapy. Moreover, because of the variability of the available
analyses comparing the new treatments, we cannot determine
which of the new treatments is the most cost effective.
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Appendix
Search Strategy
PubMed
((‘‘secondary’’[Subheading] OR ‘‘secondary’’[All Fields]
OR ‘‘metastatic’’[All Fields]) AND (‘‘melanoma’’[MeSH
Terms] OR ‘‘melanoma’’[All Fields])) AND ((‘‘cost-benefit
analysis’’[MeSH Terms] OR (‘‘cost-benefit’’[All Fields]
AND ‘‘analysis’’[All Fields]) OR ‘‘cost-benefit analysis’’[All Fields] OR ‘‘cost benefit analysis’’[All Fields] OR
(‘‘cost’’[All Fields] AND ‘‘effectiveness’’[All Fields]) OR
‘‘cost-effectiveness’’[All Fields] OR ‘‘cost-effectiveness’’[All Fields] OR (‘‘cost’’[All Fields] AND ‘‘utility’’[All Fields]) OR ‘‘cost-utility’’[All Fields] OR ‘‘cost
utility’’[All Fields] OR ‘‘cost-minimization’’[All Fields]
OR ‘‘cost minimization’’[All Fields] OR ‘‘cost-minimisation’’[All Fields] OR ‘‘cost minimisation’’[All Fields]))
EMBASE
((cost:ti and (((((((secondary:ti or ‘metastasis’/exp/mj) or
(secondary:ti or metast*:ti)) and ‘melanoma’/exp/mj) and
melanoma:ti) and ‘cost benefit analysis’/exp) and cost:ti) or
(((((secondary:ti or ‘metastasis’/exp/mj) or (secondary:ti or
metast*:ti)) and ‘melanoma’/exp/mj) and melanoma:ti) and
‘cost benefit analysis’/exp))) or (((((secondary:ti or
‘metastasis’/exp/mj) or (secondary:ti or metast*:ti)) and
‘melanoma’/exp/mj) and melanoma:ti) and ‘cost-effectiveness analysis’/exp/mj)) or (((((secondary:ti or ‘metastasis’/exp/mj) or (secondary:ti or metast*:ti)) and
‘melanoma’/exp/mj) and melanoma:ti) and ‘cost utility
analysis’/exp)
Scopus
(KEY (secondary) OR TITLE (secondary) OR KEY
(metastatic) OR TITLE (metastatic)) AND (KEY
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(melanoma) OR TITLE (melanoma)) AND ((KEY (‘‘costbenefit analysis’’) OR (TITLE-ABS (‘‘cost-benefit’’) AND
TITLE-ABS (analysis)) OR TITLE-ABS (‘‘cost benefit
analysis’’) OR (TITLE-ABS (cost) AND TITLE-ABS (effectiveness)) OR TITLE-ABS (‘‘cost-effectiveness’’) OR
TITLE-ABS (‘‘cost-effectiveness’’) OR (TITLE-ABS
(cost) AND TITLE-ABS (utility)) OR TITLEABS (‘‘costutility’’) OR TITLE-ABS (‘‘cost utility’’) OR TITLE-ABS
(‘‘cost minimization’’) OR TITLE-ABS (‘‘cost minimization’’) OR TITLE-ABS (‘‘cost minimisation’’) OR TITLEABS (‘‘cost minimisation’’)))
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