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Aim: To evaluate the cost–effectiveness of treatment sequences with checkpoint inhibitors in patients
with BRAF wild-type melanoma. Materials & methods: Using a discrete event simulation model, cost
and health outcomes were estimated. Pooled data from CheckMate 067/069 trials were used to calcu-
late survival outcomes including treatment-free interval extrapolated over a patient’s lifetime. Costs ac-
counted for treatment, administration, toxicity, and disease management. Results: First-line anti-PD-1 +
anti-CTLA-4 initiating sequences had the highest estimated mean survival gain (7.6–7.7 years), driven by
a longer estimated mean treatment-free interval (5.3 years). Incremental costs per incremental quality-
adjusted life year gained for anti-PD-1 + anti-CTLA-4 followed by chemotherapy were US$30,955 ver-
sus anti-PD-1 initiating sequences, within the willingness-to-pay threshold. Conclusion: Anti-PD-1 +
anti-CTLA-4 initiating sequences for BRAF wild-type melanoma are cost-effective versus anti-PD-1 .
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Melanoma is a common cancer in the USA, with more than 75,000 new cases and 10,000 deaths annually [1].
Although patients with localized early-stage melanoma have a 5-year survival rate of 98% [2], those with advanced
melanoma historically have had a poor prognosis, with a 5-year survival rate of approximately 10% [3].

Patients with melanoma have a high mutation burden, with BRAF being the most commonly mutated gene.
Although as many as 50% of patients with advanced melanoma have BRAF mutations, an equally substantial
population of patients are reported to have normal or wild-type BRAF [2]. Regardless of BRAF status, immunother-
apies can be effective for the treatment of advanced melanoma [4–6]. With the availability of antibody technology,
immunotherapy has transitioned from a broad-based therapy to immune checkpoint inhibition that targets cy-
totoxic T-lymphocyte antigen 4 (CTLA-4) or programmed death 1 (PD-1) receptors. These include ipilimumab
(anti-CTLA-4) [7], nivolumab [4,8] and pembrolizumab (anti-PD-1) [8,9], as well as nivolumab plus ipilimumab in
combination [10]. Targeted therapies that are specific to BRAF mutant melanoma are inhibitors of MAPK signaling,
such as dabrafenib/vemurafenib (BRAF inhibitors) [11,12] and trametinib/cobimetinib (MEK inhibitors) [13,14].

With the availability of multiple therapeutic agents, there is a need to identify optimal sequencing strategies
for both BRAF wild-type and BRAF mutant patient populations. Treatment sequences for BRAF mutant patients
have to be considered separately, since these patients have an additional class of therapies that can be used in their
treatment journey. An economic model assessing the clinical and economic outcomes of patients with BRAF mutant
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advanced melanoma reported that initiating first-line treatment with an anti-PD-1 + anti-CTLA-4 combination
provided a longer survival benefit compared with BRAF + MEK inhibitors, leading to lower average cost per life
year [15,16].

For BRAF wild-type patients, the only available effective options are immune checkpoint inhibitors. Whether to
use these agents in combination upfront or sequentially is currently unknown from a cost–effectiveness perspective.
A recent study concluded that first-line anti-PD-1 monotherapy followed by second-line ipilimumab was the
most cost-effective treatment sequence for patients with BRAF wild-type advanced melanoma [17]. However, this
analysis was confined to the summary end points of trials and did not adequately represent the properties of
immunotherapies, such as treatment-free intervals and the resolution of adverse events with the use of immune-
modulating agents like corticosteroids [18].

There is evidence that the use of checkpoint inhibitor therapies may be associated with sustained clinical
benefit beyond treatment discontinuation [19], delaying subsequent treatment initiation and resulting in a long
treatment-free intervals [20,21]. Pooled data from the CheckMate 067 and CheckMate 069 trials showed a longer
treatment-free interval in patients on nivolumab + ipilimumab compared with those on nivolumab and ipilimumab
alone [21]. Treatment-free interval is not captured by previously published cost–effectiveness analyses, therefore,
potentially underestimating the benefit of these therapies. However, a long treatment-free interval and multiple
lines of treatment will come at higher costs, influenced by the cost of treatments, associated adverse events and
management of the condition. Given this perspective, there is a need to assess the cost–effectiveness of a sequence
of treatments capturing the benefits and costs of each line of therapy explicitly. In this study, we used individual
patient simulation to assess the overall quality-adjusted life years and total costs associated with relevant treatment
sequences in patients with BRAF wild-type advanced melanoma. The costs are estimated from a US third-party
payer’s (such as commercial insurer, Medicaid and Medicare) perspective over the patient’s lifetime.

Materials & methods
Model overview
The economic model presented here evaluated treatment sequences for patients with advanced melanoma and
wild-type BRAF tumors naive to systemic therapies. Treatments approved by the US FDA and incorporated into
treatment guidelines were included in sequences specified based on clinical relevance, as determined by market
research data and expert opinion. These sources suggest that immunotherapies as monotherapy or in combination
are the preferred choice for the first- and second-line treatment of patients with wild-type BRAF advanced melanoma.
Chemotherapies are primarily used as salvage or palliative therapy in later lines of treatment. Therefore, the model
considers sequences starting with an anti-PD-1, an anti-CTLA-4 or an anti-PD-1 + anti-CTLA-4 combination.
Monotherapies are followed by an anti-PD-1 or an anti-CTLA-4 monotherapy, while an anti-PD-1 + anti-CTLA-4
combination is followed by chemotherapy or an anti-PD-1. The latter sequence is included because patients who
experience benefit on an anti-PD-1 + anti-CTLA-4 combination, but discontinue due to toxicity and subsequently,
experience disease progression, may reinitiate an anti-PD-1 monotherapy. Anti-PD-1 agents were represented in
the model by nivolumab and pembrolizumab assuming an equal share, anti-CTLA-4 by ipilimumab, anti-PD-1 +
anti-CTLA-4 by nivolumab + ipilimumab and chemotherapy by a mix of dacarbazine, temozolomide, paclitaxel
and carboplatin + paclitaxel.

The model was developed as a discrete event simulation to estimate lifetime (30 years) cost and health outcomes,
discounted at 3.0% per annum, from a US third-party payer’s perspective. The model was developed using the
discretely integrated condition event technique in Excel and Visual Basic for Applications [22]. Details of the
modeling methods are presented below.

Model structure
The model used available clinical trial data to evaluate treatment sequences for a cohort of patients in which each
patient has a unique set of baseline characteristics for each treatment sequence. Based on the characteristics and the
correlation of outcomes, the model predicted the time to clinical events for each line of treatment in a sequence
(Figure 1). These events were the start and the end of therapy lines, and the time of death during various disease
stages.

At model initiation, patients start with first-line treatment and may discontinue treatment for any reason. After
discontinuation, patients may remain treatment free for a variable amount of time before they start subsequent
(second-line) therapy. Patients may progress while on first-line treatment or during the treatment-free interval.
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Figure 1. Schematic of the discrete event simulation developed to estimate lifetime cost and health outcomes.
†Progression used as a proxy for treatment duration.
Tx: Treatment.

Patients who progress, but remain alive, then start second-line treatment. A treatment-free interval following
second-line treatment was not included in the model because of a lack of available data. Patients may start a
third-line treatment upon second-line progression, including a blend of chemotherapies or best supportive care.
Patients may die at any time in the model. Patients accrue costs for drug acquisition, administration and adverse
events while on treatment, as well as disease management over their entire lifetime. Additionally, quality of life was
accounted for based on disease phase, and disutility due to adverse events on the time to resolution of the adverse
event experienced.

Statistical analyses & efficacy modeling
The engine of the model was a set of statistical risk equations for anti-PD-1, anti-CTLA-4 and anti-PD-1 +
anti-CTLA-4 initiating sequences, estimated using the pooled patient-level dataset for nivolumab, ipilimumab
and nivolumab + ipilimumab from the Phase III CheckMate 067 [6] and Phase II CheckMate 069 [5] clinical
trials and extensive discussions with clinicians. For each patient in the model, these equations predict time on
first-line treatment, time between discontinuing first-line therapy and initiation of subsequent treatment (i.e., the
length of treatment-free interval), time on second-line treatment and risk of death at any specific treatment phase.
More details about the statistical analyses and the covariates included in the various risk equations are provided
in the supplement and Supplementary Table 1. The internal clinical validity of the risk equations was established
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Table 1. Estimated drug, administration, adverse event management and disease management costs per month.
Anti-CTLA-4 Anti-PD-1 Anti-PD-1 + anti-CTLA-4 Chemotherapy

Ipilimumab Nivolumab Pembrolizumab Nivolumab + Ipilimumab† Dacarbazine Temozolomide Paclitaxel Carboplatin +
Paclitaxel

Drug cost‡ $50,463§ $13,280 $13,083 $13,280 $261 $1,748 $280 $412

Administration
cost

$363§ $456 $304 $456 $1518 $0 $911 $607

Grade 3/4 management cost

First-line $138 $36 $30 $414 – – – –

Second-/third-
line

$247 $4 $7 – $474 $298 $988 $1546

Grade 3/4 immune-related AE management

First-line $106 $26 $26 $170 – – – –

Second-/third-
line

$107 $0 $0 – – – – –

Disease management cost: first-line

On-treatment,
progression-free

$844 $482 $482 $798 – – – –

On-treatment,
progressed

$1071 $1176 $1176 $1230 – – – –

Off-treatment,
progression-free

$730 $188 $188 $263 – – – –

Off-treatment,
progressed

$1622 $1608 $1608 $1298 – – – –

Disease management cost: second- and third-line

On-treatment $351 $395 $395 – $826 $826 $826 $826

Off-treatment $741 $688 $688 – $760 $760 $760 $760

† Induction drug cost was $54,152 for 2.76 months and induction administration cost was $667 for 2.76 months.
‡For drug cost calculations, a mean weight of 82.8 kg and a mean body surface area of 1.91 m2 were used based on the CheckMate 069 and CheckMate 067 trials.
§ Induction drug cost was $50,463 for 2.76 months and induction administration cost was $363 for 2.76 months.
AE: Adverse event; CTLA-4: Cytotoxic T-lymphocyte antigen 4; PD-1: Programmed death 1.

by comparing the model-simulated outcomes with observed trial data from the two CheckMate studies [5,6,10]

(Supplementary Figures 1–5). Statistical analyses and their validation are reported in detail elsewhere.
The efficacy of pembrolizumab first-line therapy was assumed to be equivalent to nivolumab. This was supported

by clinical opinion, similar overall survival (OS) reported in a network meta-analysis (hazard ratio = 1.08; 95% CI:
0.69–1.68) of pembrolizumab versus nivolumab [Bristol-Myers Squibb, Unpublished Data], and similar median
treatment duration for pembrolizumab and nivolumab in the KEYNOTE-006 [8] and CheckMate 067 [10] trials,
respectively. CheckMate trials allowed immuno-oncology treatment receipt until progression, toxicity, or physician
discretion; therefore, an early stopping rule (e.g., 2 years as mandated by KEYNOTE-006 [23]) was considered only
as a scenario.

To generate results, real patient profiles based on baseline characteristics from the BRAF wild-type patient pool
of the CheckMate 067 and CheckMate 069 trials [5,6,10,24] were run through the simulation. The summary of
baseline characteristics is provided in Supplementary Table 2. Most patient characteristics included in this model
were assumed to be constant over time. The following four characteristics were considered time-dependent and,
hence, had to be updated during the simulation: age, time since diagnosis, Eastern Cooperative Oncology Group
score, and lactate dehydrogenase level.

Costs
The drug and administration costs per month were estimated using drug acquisition cost, route of administration,
unit costs for administration (payer reimbursement for intravenous drug administration in the hospital outpatient
setting), recommended dose, and dosing frequency based on publically available sources [25–27], US FDA labels [28–

30] and clinical trials (Table 1 and Supplementary Tables 3–6) [31–33]. The model considers grade 3/4 treatment-
related and immune-related adverse events reported in the trials. Only grade 3/4 adverse events were included, as
they incur higher resource use, such as outpatient and inpatient hospitalizations, and affect patients’ quality of life
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compared with grade 1/2 adverse events. Adverse event management costs based on the inpatient and outpatient
settings were obtained from published literature [34–36] (Table 1 and Supplementary Tables 7–11). Unit costs, which
were not in 2016 dollars, were inflated using the medical consumer price index from the USA. Treatment-related
costs, including drug, administration and adverse event management, were applied for the entire duration of
treatment. All costs are varied 20% around the mean.

Routine disease management costs were estimated from the CheckMate 067 and CheckMate 069 trial data.
Annual rates of resource use were analyzed by treatment arm, for being on-treatment or treatment-free, and
being progression-free or progressed (Table 1 & Supplementary Tables 12–18). Unit costs for concomitant drugs,
hospitalization events, surgeries, laboratory tests and procedures associated with the management of the disease
were obtained from published sources [26,37–39]. The annual cost of disease management was applied for the patient’s
entire lifetime. Hospitalization and surgery costs during the treatment-free interval identified from the trials were
applied for 28 months after treatment initiation.

Quality of life
The model considered measures of health-related quality of life for progression-free and progressed health states
(0.79 and 0.75, respectively), estimated from responses to a generic and regularly reported health utility measure
collected in CheckMate 067, the EuroQoL-5 dimensions [40]. These were combined with progression-free survival
data to estimate quality-adjusted life years.

Adverse event-related utility decrements or disutilities were considered, depending on the setting of care (out-
patient, -0.13; inpatient, -0.17), with the probability of incidence obtained from clinical trials (Supplementary
Table 19) and setting of care derived from the sources listed for the cost of adverse events above. The duration of
disutility related to adverse events is based on time to resolution of events reported in CheckMate 067. For adverse
events not reported in CheckMate 067, published literature was used.

Analyses
The model estimated total life years, quality-adjusted life years and lifetime costs for each treatment sequence, as
well as the incremental cost per incremental life year and cost per quality-adjusted life year gained. To estimate
uncertainty in results, sensitivity analyses were conducted where inputs were varied as per the standard guidelines
by the International Society for Pharmacoeconomics and Outcomes Research — Society for Medical Decision
Making task force. The impact of each varied input on the model outcomes was presented as a tornado graph.
Probabilistic analyses, based on 1000 Monte Carlo simulations, were presented as cost–effectiveness acceptability
curves to capture the impact of uncertainty around the input parameters on the probability of individual sequences
being the most cost-effective strategy under various willingness-to-pay thresholds.

Results
The estimated total life years, quality-adjusted life years and lifetime costs for each treatment sequence, as well as the
estimated cost per life year and cost per quality-adjusted life year gained, are presented in Table 2. Sequences starting
with anti-PD-1 + anti-CTLA-4 combination were estimated to have the highest number of life years (7.6–7.7 years)
as well as quality-adjusted life years (5.8–5.9 years). The main driver of additional life years and quality-adjusted
life years gained for first-line anti-PD-1 + anti-CTLA-4 initiating sequences was a longer treatment-free interval
with the first-line treatment anti-PD-1 + anti-CTLA-4 combination (mean of 5.3 years) compared with first-line
anti-PD-1 (mean of 3.5 years) and first-line anti-CTLA-4 (mean of 2.4 years) alone. Total costs are also highest for
anti-PD-1 + anti-CTLA-4 initiating sequences.

Examining the costs and benefits associated with sequences incrementally, first-line anti-PD-1 + anti-CTLA-4
followed by chemotherapy produced the largest gain in life years and quality-adjusted life years, associated with
a minor addition in costs, making it a cost-effective strategy compared with first-line anti-CTLA-4 followed by
anti-PD-1 and anti-PD-1 followed by anti-CTLA-4 (Table 3). Incremental cost–effectiveness of anti-PD-1 +
anti-CTLA-4 followed by anti-PD-1 compared with anti-CTLA-4 initiating sequences or anti-PD-1 initiating
sequences was higher, but well within the willingness-to-pay threshold of $150,000/quality-adjusted life year [41].

Running a scenario with a maximum of 2-year treatment duration did not impact overall results (Supplementary
Table 20). The probabilistic analyses, representing the uncertainty in the input parameter estimates (Figure 2),
resulted in a cost–effectiveness acceptability curve showing that above a willingness-to-pay value of $32,500, anti-
PD-1 + anti-CTLA-4 followed by chemotherapy is the most cost-effective treatment strategy (Figure 3). Univariate
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Figure 2. Probabilistic sensitivity analysis showing the cost–effectiveness frontier for checkpoint inhibitor therapies.
1L: First-line; 2L: Second-line; 3L: Third-line; BSC: Best supportive care; Chemo: Chemotherapy; CTLA-4: Cytotoxic
T-lymphocyte antigen 4; PD-1: Programmed death 1.
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Figure 3. Cost–effectiveness acceptability curves.
1L: First-line; 2L: Second-line; 3L: Third-line; BSC: Best supportive care; Chemo: Chemotherapy; CTLA-4: Cytotoxic
T-lymphocyte antigen 4; PD-1: Programmed death 1; QALY: Quality-adjusted life year.
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Table 2. Cost and health outcomes as estimated life years, total LYs, total QALYs and lifetime costs.
Sequence 1L Anti-CTLA-4;

2L Anti-PD-1;
3L Chemo/BSC

1L Anti-PD-1;
2L Anti-CTLA-4;
3L Chemo/BSC

1L Anti-PD-1 + anti-CTLA-4;
2L Chemo;
3L Chemo/BSC

1L Anti-PD-1 + anti-CTLA-4;
2L Anti-PD-1;
3L Chemo/BSC

1L On-treatment LYs 0.65 1.30 1.05 1.05

1L Treatment-free LYs 2.36 3.47 5.27 5.27

2L On-treatment LYs 1.15 0.46 0.46 0.73

3L On-treatment LYs 0.06 0.08 0.05 0.04

Post 3L LYs 0.53 1.11 0.90 0.56

Total LYs 4.75 6.42 7.72 7.64

Total QALYs 3.64 4.91 5.90 5.84

First-line costs $142,981† $257,609 $322,664 $322,664

Second-line costs $193,441 $48,279† $16,868 $121,478

Third-line costs $7120 $13,193 $10,175 $6402

Total cost $343,542 $319,082 $349,707 $450,544

Average cost per LY $72,255 $49,732 $45,272 $58,982

Average cost per QALY $94,268 $65,040 $59,320 $77,189

† Includes only drug cost per month of $50,463 for 2.76 months and administration cost per month was $363 for 2.76 months.
1L: First-line; 2L: Second-line; 3L: Third-line; BSC: Best supportive care; Chemo: Chemotherapy; CTLA-4: Cytotoxic T-lymphocyte antigen 4; LY: Life year; PD-1: Programmed death 1; QALY:
Quality-adjusted life year.

Table 3. Incremental cost per incremental effectiveness ratio (per quality-adjusted life years).
ICER vs
1L Anti-CTLA-4
2L Anti-PD-1

ICER vs
1L Anti-PD-1
2L Anti-CTLA-4

ICER vs
1L Anti-PD-1 + anti-CTLA-4
2L Chemo

ICER vs
1L Anti-PD-1 + anti-CTLA-4
2L Anti-PD-1

1L Anti-CTLA-4
2L Anti-PD-1
3L Chemo/BSC

– Dominated $2739 $48,802

1L Anti-PD-1
2L Anti-CTLA-4
3L Chemo/BSC

Dominant – $30,955 $141,213

1L Anti-PD-1 + anti-CTLA-4
2L Chemo
3L Chemo/BSC

$2739 $30,955 – Dominant

1L Anti-PD-1 + anti-CTLA-4
2L Anti-PD-1
3L Chemo/BSC

$48,802 $141,213 Dominated –

Italic costs = more costly, more effective; bold costs = less costly, less effective.
1L: First-line; 2L: Second-line; 3L: Third-line; BSC: Best supportive care; Chemo: Chemotherapy; CTLA-4: Cytotoxic T-lymphocyte antigen 4; ICER: Incremental cost per incremental
effectiveness ratio; PD-1: Programmed death 1.

sensitivity analyses (Supplementary Figure 6) showed that model outcomes were sensitive to the treatment effect
coefficient of the risk equations for time on first-line treatment, time to subsequent treatment, time on second-
line treatment, survival during treatment-free interval and survival after second-line treatment. Furthermore, the
analysis results were influenced by utilities (pre- and post-progression), drug costs and disease management costs.
Both costs and quality-adjusted life years were sensitive to the mortality rate during the treatment-free interval and
the time to second-line treatment initiation. Costs and quality-adjusted life years were determined by the duration
of the treatment-free interval where patients did not incur costs but accumulated health benefits.

Discussion
Despite the improved outcomes with immunotherapies and targeted therapies, most patients with advanced
melanoma continue to receive multiple lines of therapy, due to disease progression or toxicity. The increasing
number of treatment options poses a considerable economic impact in the management of advanced melanoma,
although the bigger challenges are to determine an optimal first-line therapy and whether there is an optimal
sequence or combination [42]. In this regard, economic models that assess cost–effectiveness of various treatments

future science group www.futuremedicine.com 1247



Research Article Tarhini, Benedict, McDermott et al.

in a specific line of treatment [15–18] often do not consider sequential treatments and optimal positioning of various
treatments.

In this study, we have quantified the overall economic burden of managing patients with BRAF wild-type
advanced melanoma with sequential treatments, estimated the optimal positioning of anti-PD-1 + anti-CTLA-4
in the treatment algorithm and quantified the added benefit of anti-PD-1 + anti-CTLA-4 compared with other
therapies in overall health and economic benefit.

In the CheckMate 067 trial, although median OS had not been reached in the combination treatment group,
long-term survival outcomes were superior in the nivolumab-containing groups compared with the ipilimumab
alone group [6]. Descriptive analyses suggest numerically higher survival rates with nivolumab + ipilimumab than
nivolumab alone at 3 years (58 and 52%, respectively) [6]. In the current analysis, when clinical outcomes are
extrapolated over a patient’s lifetime, first-line anti-PD-1 + anti-CTLA-4 was estimated to offer an additional
1.2–3.0 life years compared with sequences starting with first-line anti-PD-1 or anti-CTLA-4, respectively.

The survival advantage estimated with the use of nivolumab + ipilimumab in the first line was primarily
driven by a significant extension in the treatment-free interval after patients discontinue first-line treatment [21]

(Supplementary Figure 2). This level of clinically meaningful increase in treatment-free interval is a hallmark
of immunotherapy and is rarely seen with other forms of advanced cancer therapy. While most clinical trials
in melanoma focus primarily on progression-free survival gains, the possibility for a patient to achieve durable
disease control without the need for continuously receiving cancer treatment is a highly valued clinical benefit. We
argue that such long-term clinical gains need to be taken into account in estimating the most optimal treatment
sequences. Furthermore, in addition to our modeling analysis, it is important that long-term follow-up data from
the CheckMate studies be investigated in order to confirm the treatment-free interval and life years predictions of
our model.

The extension in life years seen in our model also translated to an increase in quality-adjusted life years.
Anti-PD-1 + anti-CTLA-4 initiating sequences were associated with an additional 0.9–2.3 quality-adjusted life
years compared with anti-PD-1 or anti-CTLA-4 monotherapy initiating sequences. Further, it is also important
to acknowledge that the anti-PD-1 + anti-CTLA-4 combination was associated with a higher probability of grade
3/4 adverse events, although most of these adverse events tend to resolve within a limited period of time. In
CheckMate 067, except for endocrine adverse events that may lead to long-term hormone replacement therapy,
most treatment-related adverse events of grade 3/4 resolved within 2–3 months [6]. Therefore, the incidence of
higher-grade adverse events tends to have a small impact on the quality-adjusted life years that were estimated over
a patient’s lifetime.

Anti-PD-1 + anti-CTLA-4 initiating sequences were associated with high first-line treatment costs, primarily
driven by drug and disease management costs. Rather than assuming patients are treated until progression, as
many cost–effectiveness analyses do [17], first-line treatment costs in this analysis were accrued based on the actual
treatment duration observed in the CheckMate trials. Combination immunotherapy (nivolumab + ipilimumab)
has high drug costs; however, only 10–20% of patients in the CheckMate studies received second or later lines of
treatment, hence the treatment-free interval benefit with the combination immunotherapy. This is well supported
in this analysis with the nivolumab + ipilimumab initiating treatment sequences.

Avoiding later lines of treatment was estimated to lead to a total cost savings of approximately $100,000 over the
entire lifetime, which may offset the higher expenditures accrued by the first-line combination treatment. Overall,
the cost per life year and cost per quality-adjusted life year for anti-PD-1 + anti-CTLA-4 followed by chemotherapy
were the lowest compared with other treatment sequences.

A cost-effective analysis by Kohn et al. examined different immunotherapy sequencing strategies for the treatment
of patients with BRAF wild-type advanced melanoma, utilizing a distinct modeling strategy [17]. They concluded that
first-line anti-PD-1 followed by second-line anti-CTLA-4 was the most cost-effective sequencing strategy for the
treatment of metastatic melanoma. Kohn et al. used a cohort-based model that assumes patients are homogeneous
with respect to their baseline characteristics and that baseline characteristics have no explicit impact on clinical
outcomes. In addition, they used trial-reported Kaplan–Meier curves and combined data from various first-line and
second-line trials. In our analysis, patient-level data were used and patient-level simulation was conducted to model
the impact of patient characteristics and the correlation of disease milestones on clinical outcomes. Further, where
the Kohn et al. study used a Weibull distribution to model survival outcomes, we applied a set of sequential risk
equations and piecewise fitting of the survival data to reflect the unique mechanism of action for immunotherapies,
which show reduction in hazards over time resulting in Kaplan–Meier curve plateaus [43,44]. Finally, the analysis by
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Kohn et al. did not take into account key features of immunotherapy, such as the impact of the contribution of
treatment-free periods to life year and cost outcomes, which is unique to our analysis to the best of our knowledge,
and allows a closer approximation of real-world patient experience.

Our study has several limitations that should be considered when interpreting the results. A general limitation was
that the results were limited to the patient cohorts enrolled in CheckMate 067 and CheckMate 069 and, therefore,
may not represent the general advanced melanoma population. Due to the nature of the data, family, employer
and societal perspectives were not incorporated into the value-based model. In addition, potential treatment-free
interval or progression after second-line treatment was not modeled because the data were not available from
clinical trials. The analysis uses second-line progression based on published second-line trials [7,9,31,45–47] due to
lack of data for progression on subsequent therapies in the CheckMate trials. Notably, chemotherapy was used
as a second-line option after anti-PD-1 + anti-CTLA-4 or as a third-line option after second-line treatment,
given limited options available for patients with BRAF wild-type advanced melanoma. However, the impact of
chemotherapy on the observed findings is expected to be minor because chemotherapy is relatively inexpensive
and nonefficacious. Another assumption in the study was made for pembrolizumab, for which data were based on
ipilimumab trials (except for treatment-related costs and adverse event incidences) due to the lack of patient-level
clinical trial data on pembrolizumab. Further analyses will need to confirm similarities of outcomes for the two
treatments. Grade 1/2 adverse events were not included in the analysis as they are expected to have minor cost or
quality-of-life implications.

Conclusion
Treatment sequences initiating with anti-PD-1 + anti-CTLA-4 combination followed by either chemotherapy
or anti-PD-1 monotherapy seem to be cost effective and provide important OS gains as well as quality-adjusted
survival gains to patients with BRAF wild-type advanced melanoma. These improvements were driven by a longer
mean treatment-free interval before patients require subsequent therapy.

Summary points

• Multiple checkpoint inhibitors have been approved for the treatment of advanced melanoma in the past several
years. Thus, creating more options in the treatment of this fatal disease, but also leading to difficult treatment
decisions.

• A cost–effectiveness analysis was conducted to distinguish between various treatment sequences used in treating
BRAF wild-type advanced melanoma.

• A patient-level simulation was developed using discretely integrated condition event structure to evaluate cost
and health outcomes over a patient’s lifetime.

• The analysis is based on patient-level data from Phase III CheckMate 067 and Phase II CheckMate 069 clinical trials
and takes into account several relationships between patient characteristics and outcomes (treatment duration,
treatment-free interval, progression and survival).

• First-line anti-PD-1 + anti-CTLA-4 initiating sequences had the highest estimated mean survival gain (7.6–7.7
years), driven by estimated mean treatment-free interval (5.3 years).

• Incremental costs per incremental quality-adjusted life year gained for anti-PD-1 + anti-CTLA-4 followed by
chemotherapy were US$30,955 versus anti-PD-1 initiating sequences, within the willingness-to-pay threshold.

• Anti-PD-1 + anti-CTLA-4 initiating sequences for BRAF wild-type melanoma are cost-effective versus anti-PD-1 or
anti-CTLA-4 initiating sequences.
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