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Abstract

Objective:

To estimate the cost-effectiveness of ipilimumab (3 mg/kg) compared with best supportive care (BSC) in pre-

treated advanced melanoma patients.

Methods:

The analysis was based on a US payer perspective and lifetime time horizon. A three-state Markov model

was developed representing clinical outcomes, quality-of-life, and healthcare resource use of patients

treated with ipilimumab and BSC. Transitions between states were modeled using overall and

progression-free survival data from the MDX010-20 trial. Utility data were from a melanoma-specific

study of the health state preferences of the general population. Disease management costs expressed in

2011 US Dollars were based on healthcare resource use observed in a US retrospective medical chart study.

Uncertainty was analyzed using one-way and probabilistic sensitivity analyses.

Results:

The gain in life years and QALYs from introducing ipilimumab over BSC were 1.88 years (95% CI¼ 1.62–

2.20) and 1.14 (95% CI¼ 1.01–1.34) QALYs, respectively, over the lifetime time horizon. The estimated

incremental cost of treating with ipilimumab vs BSC was $146,716 (95% CI¼ $130,992–$164,025). The

estimated incremental cost-effectiveness ratios were $78,218 per life year gained and $128,656 per QALY

gained. Ipilimumab was 95% likely to be cost-effective at a willingness-to-pay of $146,000/QALY.

Limitations:

Ipilimumab’s method of action causes a tumor response pattern that differs from the Response Evaluation

Criteria in Solid Tumors upon which the model is based, leading to a potential under-estimate of quality-of-

life of ipilimumab patients. Survival and QALY gains were related to the time horizon of the analysis.

Sensitivity analyses indicated that qualitative conclusions regarding the cost-effectiveness of ipilimumab

were unchanged when the method of quality adjustment and the time horizon were varied.

Conclusion:

The analysis shows that the estimated cost-effectiveness of ipilimumab is within what has been shown to be

acceptable to payers for oncology products in the US.

Background

The global incidence of advanced melanoma, which includes unresectable and
metastatic melanoma, continues to grow, increasing the death rate for this
cancer compared to other cancer types1,2. According to the World Health
Organization, in 2008 almost 200,000 patients were diagnosed with cutaneous
melanoma and there were over 46,000 deaths from the disease3. In the US, there

202 Cost-effectiveness of ipilimumab in 2nd line treatment of melanoma Barzey et al. www.informahealthcare.com/jme ! 2013 Informa UK Ltd



were 70,230 new melanoma cases and 8790 deaths in
20114. Another recent study using US healthcare plan
data projected that 10,000 patients are diagnosed with
advanced melanoma in the US each year5; according to
Jemal et al.6, this number has been increasing, although the
rate of increase has begun to level off. The incidence of
melanoma is also increasing in the European Union (EU),
Australia, and in South American countries such as
Brazil7–9.

Most patients (84%) are diagnosed at an early stage and
consequently have an excellent prognosis10. However, the
treatment of patients with advanced melanoma remains a
challenge for both healthcare providers and their patients;
the 5-year survival rate for patients with advanced mela-
noma is 15.2% and the median survival for patients is less
than 1 year2,10.

Until recently treatment alternatives for patients with
advanced melanoma have been few and of limited effec-
tiveness. Prior to March 2011, only dacarbazine and high-
dose interleukin-2 (IL-2) were approved for treatment of
patients with advanced melanoma, yet neither treatment
(nor any previous treatment) had demonstrated a prolon-
gation of median survival in phase III trials11. A meta-
analysis of 42 phase II Cooperative Group trials conducted
from 1975–2008 showed that no agent had a statistically
significant difference in overall survival from the other
agents12. This analysis was recently updated to include
more recently tested treatments, including the gp100
vaccine; but, again, no agent demonstrated a statistically
significant difference in overall survival13,14.

A recent retrospective medical chart review study of
patients with advanced melanoma in the US found that
the majority of patients diagnosed from 2004–2008
received systemic anti-cancer therapy. This study found
that temozolomide and dacarbazine were the most used
systemic therapies for patients with advanced melanoma
in both the first- and second-line setting15.

The Food and Drug Administration’s (FDA) recent
approval of new therapies has improved the outlook for
US patients with advanced melanoma. In March 2011,
the FDA approved the use of the immune checkpoint
inhibitor ipilimumab for patients with unresectable or
metastatic melanoma. Ipilimumab is a recombinant,
human monoclonal antibody that binds to the cytotoxic
T-lymphocyte-associated antigen 4 (CTLA-4) and blocks
its ability to inhibit cytotoxic T-cell function.

In the MDX010-20 trial, patients with previously trea-
ted advanced melanoma who received ipilimumab sur-
vived a median of 3.7 months longer than patients
treated with the gp100 vaccine2. There were 20.3
(45.6% versus 25.3%), 16.9 (33.2% versus 16.3%), and
9.8 (23.5% versus 13.7%) percentage points more patients
alive in the ipilimumab arm than in the gp100 arm at 12,
18, and 24 months, respectively. A subsequent trial dem-
onstrated overall survival benefit (hazard ratio for death,

0.72; p50.001) for the combination of ipilimumab and
dacarbazine relative to dacarbazine alone in previously
untreated patients with advanced melanoma16. This trial
showed higher survival rates in the ipilimumab–dacarba-
zine group at 1 year (47.3% vs 36.3%), 2 years (28.5% vs
17.9%), and 3 years (20.8% vs 12.2%). More recently, a
trial reported survival benefit for vemurafenib, a selective
inhibitor of mutant BRAF kinase, relative to dacarbazine,
in patients with previously untreated melanoma contain-
ing a V600 mutation in BRAF. Together these two agents
represent the only therapies to show a survival benefit in
phase III trials of patients with advanced melanoma. In
March 2011, the FDA approved the first of these two
novel therapies, ipilimumab, for treatment of unresectable
or metastatic melanoma. The cost-effectiveness of ipilimu-
mab vs the prior standard of care for advanced melanoma
has not been previously described.

Objective

The objective of this study was to evaluate the cost-effec-
tiveness of ipilimumab compared to best supportive care
(BSC) in previously-treated patients with advanced (unre-
sectable or metastatic) melanoma in the US.

Methods

Model structure

A Markov economic model containing three health
states—stable disease, progression, and death—was con-
structed in Microsoft ExcelTM. Response was modeled as
a sub-state of the stable disease state in which patients
have a different quality-of-life but an equivalent cost of
management. The proportion of patients in each health-
state at each model cycle was calculated based on the rela-
tionship between the progression-free survival (PFS) and
overall survival (OS) data from the phase III trial
MDX010-202.

Model parameters

This model focused on patients with advanced melanoma
with an average age of 55 years, and used a lifetime time
horizon to ensure the costs and benefits of each interven-
tion were fully captured. The analysis was conducted from
a US third-party payer perspective; therefore, no other
societal costs—such as lost productivity, patient time
costs, or transport costs—were taken into account.
Discount rates were set at 3% for both costs and outcomes,
following the recommendations of the US Public Health
Service Panel on Cost-Effectiveness in Health and
Medicine17.
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Comparators

The clinical trial on which the model transitions were
based compared ipilimumab to gp100, an experimental
cancer vaccine. Although the gp100 vaccine has shown
potential benefit in patients with melanoma, it remains an
unapproved experimental treatment. For the purposes of
the economic evaluation, an alternative therapy represen-
tative of the current standard of care was required. Given
the absence of a gold standard therapy for patients with
previously-treated advanced melanoma, and given the
absence of a significant prolongation of survival from cur-
rently available therapies, best supportive care (BSC) was
chosen as the base case comparator. BSC is defined as
disease management without active chemotherapy. This
choice of comparator could be considered conservative
from a cost perspective, since in the US many patients
with advanced melanoma commonly receive active
second-line therapy such as dacarbazine, temozolomide,
or paclitaxelþ carboplatin. While these interventions
have not demonstrated an OS benefit in randomized con-
trolled trials, they impose substantial treatment costs.

Model analysis

The model estimated both the incremental cost per life
year gained (ICER) and the incremental cost per QALY
gained (ICUR). One-way sensitivity analyses, scenario
analyses, and a probabilistic sensitivity analysis were also

performed to test the strength of the assumptions made and
to ascertain the impact of uncertainty. The scenario anal-
yses included comparisons with other active therapies
commonly used in the US, such as temozolomide, dacar-
bazine, and IL-2.

Model inputs: Clinical

The main transition probabilities were derived from the
MDX010-20 trial2. In keeping with the listed product indi-
cations, this model compared only ipilimumab monother-
apy with gp100, which was used as a proxy for BSC and
other currently available therapies. As indicated by the
Kaplan-Meier (KM) survival curves (Figure 1), a signifi-
cant proportion of patients (� 20%) were still alive at the
end of the trial; the projection to lifetime survival there-
fore required extrapolation beyond the trial duration of
4.5 years to encompass a lifetime time horizon.

The shape of the survival curve for ipilimumab showed
a clear plateau during the final 2 years of the trial, where no
events occurred. This lack of events reduced the precision
of the estimates and complicated the extrapolation.
Initially standard parametric methods were used for sur-
vival extrapolation; however, given the poor fit of the
resulting survival curves, an alternative non-parametric
method was applied.

For the initial standard parametric extrapolation, four
parametric models (exponential, log-logistic, log-normal,
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Figure 1. Overall and progression-free survival curves for ipilimumab and gp100 from MDX010-020.
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and Weibull) were fitted to both the OS and PFS
curves in each arm using survival regression modeling.
The best-fitting curves were selected using Akaike’s
Information Criterion (AIC). The estimated parametric
survival curves for the ipilimumab OS outputs are shown
in Figure 2. Since the best fitting parametric curve (log-
normal) did not adequately represent the survival of ipili-
mumab patients, an alternative, non-parametric method,
which assumed that patients died at a constant rate, was
used. Three different non-parametric survival models were
constructed using the observed hazard rate over three dif-
ferent periods of the trial (the entire trial, the last 3 years of
the trial, and between the 2nd and 3rd years of the trial) to
extrapolate mortality. A discussion of the relative merits of
these parametric and non-parametric approaches to
modeling survival in ipilimumab patients was provided
in Annemans et al.18 The hazard rate estimated over the
last 3 years of the trial was chosen to model the overall
survival of ipilimumab patients, due to its similarity to a
hazard rate derived from Balch et al.’s19 analysis of 15 years
of real world survival data of patients with melanoma
included in the American Joint Committee on Cancer
(AJCC) registry. The hazard rate for patients with Stage
IV disease was used for comparison, as the majority of
patients in MDX010-20 had Stage IV disease upon entry.
Because the historical data analyzed by Balch et al. are
based on patients receiving previously available therapies
with no demonstrable impact on overall survival, it is
likely that this is a conservative assumption that under-
estimates the benefit of ipilimumab. Also, since the KM

curve of ipilimumab flattens considerably toward the end
of the trial, the other two non-parametric methods consid-
ered—the hazard rate over the course of the whole trial,
and the hazard rate between the 2nd and 3rd years—are
even more conservative.

In the comparator arm, visual inspection revealed that
the parametric distributions described the gp100 data well.
The log-normal parametric function was chosen to repre-
sent GP100 overall survival as it had the lowest AIC value.
Both PFS curves for ipilimumab and gp100 were also mod-
eled using parametric functions.

The OS and PFS data from the gp100 arm of the
MDX010-20 trial were used to represent the survival
of patients receiving BSC and any other active compar-
ators, since gp100 is the only therapy that has been
directly compared with ipilimumab in a head-to-head
setting. It is not possible to perform a network meta-
analysis of all comparators, as a closed network of evi-
dence cannot be formed with the available clinical trial
data. However, as mentioned above, Korn et al.12 dem-
onstrated in a meta-analysis that there was no difference
in survival between therapies (including BSC) tested in
42 Phase II studies from 1975–2008. As part of this
analysis, Korn et al. developed an algorithm for calculat-
ing OS based on the characteristics of patients in the
trials. This survival algorithm was applied subsequently
in two meta-analyses of overall survival extended to
include more recently tested treatments, including
gp100; again, the gp100 control arm of the
MDX010-20 trial, when corrected for prognostic factors,
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Figure 2. Comparison of the estimated log-normal parametric overall survival curves to the observed overall survival curves from MDX010-020.
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was not statistically different from overall survival in the
trial arms that did not contain ipilimumab13,14.

In addition to the OS and PFS data, the following clin-
ical parameters from the MDX010-20 trial were used in the
model: the proportion of patients experiencing grade III or
IV adverse events for both ipilimumab and gp100; the
number of patients receiving a given number of doses;
the proportion of patients who responded; and the propor-
tion re-induced. A list of clinical, cost, and utility inputs to
the cost-effectiveness model is given in Table 1. For the
comparators considered in the sensitivity analysis, the

following parameters were taken from the respective reg-
istration trial publications: overall survival; progression-
free survival; the proportion of patients experiencing
grade III/IV adverse events; and the proportion of patients
who responded.

Model inputs: Costs

Three categories of cost data were used in the model: drug
costs; disease management costs; and toxicity management
costs. The first and last of these were only applied while

Table 1. Clinical, cost, and utility inputs used the cost-effectiveness model base case.

Parameter Value Sensitivity analysis range Distribution

Lower bound Upper bound

Discount rate costs 0.03
Discount rate benefits 0.03

Drug costs
Ipilimumab cost per cycle $30,000
Iplimumab administration $504
Weekly cost for 3rd line treatment $89 $71 $107 Gamma

On treatment disease management costs
ipilimumab $822 $658 $987 Gamma
BSC $1518 $1214 $1822 Gamma

Off treatment disease management costs
ipilimumab $1518 $1214 $1822 Gamma
BSC $1518 $1214 $1822 Gamma

Estimated average treatment costs per toxicity
Fever $3304 $2115 $4758 Mixed*
Infection $4331 $2772 $6237 Mixed*
Myalgia/Pain $1947 $1246 $2734 Mixed*
Fatigue $2069 $1324 $2977 Mixed*
Diarrhea $775 $496 $1097 Mixed*
Nausea/Vomiting $1442 $923 $1904 Mixed*
Colitis $8563 $5480 $12331 Mixed*
Dyspnea $3345 $2141 $4816 Mixed*
Anemia $851 $544 $1112 Mixed*
Thrombocytopenia $854 $547 $1193 Mixed*
Neutropenia $859 $550 $1200 Mixed*
Oliguria $3807 $2437 $4569 Mixed*
Anuria $3807 $2437 $4569 Mixed*
Hypopituitarism $4979 $3186 $7170 Mixed*
Glomerulonephritis $4218 $2699 $6073 Mixed*

Reinduction
Proportion receiving re-induction 0.07 0.05 0.07 Beta
Average # doses 5.44 4.352 5.76 Gamma

Response rate
Ipilimumab 0.11 0.088 0.132 Beta
BSC 0

Health state utilities
Complete/partial response 0.88 0.70 1.00 Beta
Stable disease 0.80 0.64 0.96 Beta
Progressive disease 0.52 0.42 0.62 Beta
Death 0

Toxicity utility decrements
Inpatient treatment �0.17 Beta
Outpatient treatment �0.13 Beta

*Derived values. Beta and gamma distributions were used for component parts.
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patients were on treatment. Disease management costs
incorporated the costs of monitoring patients and manag-
ing their symptoms, and were disease state- and treatment-
specific. Disease management costs were taken from a
recent US study on epidemiological, clinical, and demo-
graphic characteristics of patients with advanced
melanoma20.

The dosing regimen for ipilimumab was taken from the
MDX010-202. The dosing regimens for dacarbazine and
temozolomide were taken from the prescribing informa-
tion and clinical guidelines, respectively21,22. Drug unit
costs and administration costs were taken from the
Thomson Healthcare Redbook23 and the July 2010
Center for Medicare and Medicaid Services24 data files,
respectively.

Toxicity costs were based on a weighted average of the
cost of treating toxicities in inpatient and outpatient set-
tings as well as the medications and procedures required to
treat them. Toxicities common to treatment with ipilimu-
mab and comparator therapies were considered. These data
were taken either from the literature or based on a survey of
four US oncologists, who had treated advanced melanoma
patients, on the resources required to treat these toxici-
ties25. The unit costs of treating toxicities as an inpatient
were taken from Elting and Shih26 and the Healthcare
Cost & Utilization Project27; in the outpatient setting
the unit costs were based on CPT codes for individual pro-
cedures and NDC codes for individual drugs. The average
cost of treating each toxicity is shown in Table 1.

Model inputs: Utility

Utilities in the model were taken from an advanced mel-
anoma-specific preference elicitation project that reported
the general population utility values for patients in
response, stable disease, and progressive disease, as well
as the quality-of-life decrement for patients who experi-
enced adverse events28.

In a sensitivity analysis, utilities derived from MDX010-
20 patients were applied to assess the impact of general
population vs patient-reported utilities on the outputs of
the model. These included utilities derived from the SF-36
as well as the EORTC QLC C30 measures29. The former is
a generic quality-of-life measure meaning that the number
of QALYs generated may be compared with SF-36 based
QALYs estimated from other disease areas; the latter is a
cancer-specific questionnaire so is not comparable to other
disease areas, but is more sensitive to the quality-of-life of a
melanoma patient.

Results

The results were estimated over a lifetime time horizon
(30 years) and represent the costs and outcomes accruing

to the average patient with advanced melanoma over their
remaining life.

Over the lifetime time horizon, the average ipilimumab
patient was estimated to live for 2.88 years, 1.88 years
longer than the average patient in the BSC arm. This esti-
mate was the mean survival across a cohort of patients
receiving ipilimumab and followed for their remaining
lives. The average ipilimumab patient gained 1.76
QALYs, 1.14 more QALYs than the average BSC patient.
The difference in QALYs was driven by the difference in
life years gained, the difference in PFS, and the difference
in the proportion of responders. Ipilimumab’s benefit
in both life years and QALYs was statistically signifi-
cant at 95% as the 95% CIs did not overlap, as shown in
Table 2.

The model reported the average cost of therapy
across the cohort of patients in each arm. These costs
were disaggregated into the categories shown in
Table 3. The total cost of ipilimumab therapy was

Table 2. Results of the cost-effectiveness analysis.

Point estimate 95% CI

Lower bound Upper bound

Ipilimumab
Cost $168,602 $154,354 $185,622
LY 2.88 2.63 3.19
QALY 1.76 1.62 1.96

BSC
Cost $21,886 $17,359 $27,439
LY 1.0 0.98 1.03
QALY 0.62 0.59 0.65

Incremental
Cost $146,716 $130,992 $164,025
LY 1.88 1.62 2.20
QALY 1.14 1.01 1.34
ICER* $78,218/LY gained NA NA
ICUR* $128,656/QALY gained NA NA

*Uncertainty in the cost-effectiveness ratios is examined through
Probabilistic Sensitivity Analysis and CE acceptability analyses described
below and shown in Figures 3 and 4.

Table 3. Disaggregated costs of treating advanced melanoma patients over
the lifetime time horizon.

Ipilimumab BSC Incremental

Active Treatment (drug only) $114,735 $0 $114,735
Active Admin $1928 $0 $1928
Subsequent active treatment $18 $18 �$1
Follow-up on treatment $1964 $2840 �$876
Follow-up at time

of progression
$4797 $4991 �$193

Follow-up off treatment
(pre-progression)

$6649 $2187 $4462

Follow-up off treatment $37,708 $11,851 $25,857
Toxicity management $803 $0 $803
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higher than that of BSC, as shown in Table 2. The
largest contributors to the difference between arms
were the cost of ipilimumab and the cost of managing
patients with progressed disease. The cost of progressive
disease assumed that long-term survivors require the
same intensity of management as those who did not

demonstrate a durable response to treatment. This was
a conservative assumption, but currently there is no
quantitative data to support a lower cost of manage-
ment for those who are long-term survivors. This
assumption has been tested in the one-way sensitivity
analysis described below.
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The base case ICER projected from the model was
$78,000 per life-year gained, while the ICUR was esti-
mated at $129,000 per QALY gained. Incremental results
are summarized in Table 2.

The results from the PSA confirmed that ipilimumab
was more than 99% likely to be both more effective and
more costly than BSC. Figure 3 shows a plot of the incre-
mental cost and the incremental effectiveness results for
each of the 10,000 simulations; all were in the north-east
quadrant. Figure 4 is a cost-effectiveness acceptability
curve, showing that ipilimumab was 6% likely to be cost-
effective at a willingness-to-pay threshold of $113,000/
QALY, and more than 95% likely to be cost-effective
given a willingness-to-pay of $146,000/QALY.

A difference in the magnitude between the ICER and
the ICUR was expected, given that the disease reduces
quality-of-life. In this analysis, the difference may be exag-
gerated since the standard definition of disease progression
used in the trial may over-state the rate of transition from
the stable disease to progressive disease state for patients
treated with ipilimumab. The progressive disease state car-
ried a lower utility, resulting in a lower number of overall
QALYs for ipilimumab.

One way sensitivity and scenario analyses

A set of one-way sensitivity analyses was performed to test
the impact of changes in the assumptions and key param-
eter input values on the ICUR. The results are shown in

Figure 5. The 10 scenarios with the largest impact on the
results are shown in Figure 5. Reducing the time horizon
resulted in the largest increase in the ICER (requiring a
higher willingness-to-pay), and using the EORTC-based
utilities resulted in the largest decrease. The sensitivity
and scenario analysis also showed that the model was
more sensitive to changes in assumptions such as time
horizon and utility weights than input values such as dis-
ease management costs.

Temozolomide is widely used in the US to treat
patients with melanoma but has shown no significant
improvement in outcomes. Comparing ipilimumab ther-
apy with temozolomide therapy led to an improvement
in the cost-effectiveness of ipilimumab, driven by an
increase in the cost of the comparator therapy but no
corresponding increase in survival. This result was true
of the other active comparators considered for scenario
analyses.

Discussion

Ipilimumab is a novel therapy and was the first to demon-
strate an OS benefit in patients with advanced melanoma
in a phase III randomized controlled clinical trial, demon-
strating an increase in median overall survival in the clin-
ical trial (10.1 months vs 6 months). The model presented
here estimates that, over a lifetime time horizon, the mean
number of life years gained by treating a patient with ipi-
limumab instead of BSC would be 1.62–2.20. It also

Analysis time horizon 10 years

ipilimumab OS extrapolation: trial hazard (last 
2-3 years)

Utilities based on EORTC

Utilities based on Australia

Progressive disease mgmt cost for ipilimumab 
(1214.5, 1518.1, 1821.7)

Analysis time horizon 20 years

Comparator: Temozolomide

Cost of palliative care (1214.5, 1518.1, 
1821.7)

Disease management costs (ipilimumab): off 
Tx (pre-prog) (725.7, 907.1, 1088.5)

Costing approach=Micro Costing

Scenario
Lower Bound
Upper Bound

Figure 5. Tornado diagram showing the results of the one way sensitivity and scenario analysis.
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estimates that the mean number of QALYs gained per
patient would be 1.01–1.34. Further, a durable long-term
response/survival occurring in �20% of patients may be
expected. The greater incremental improvement in mean
survival, as opposed to median survival gained (1.88 years
vs �4 months), reflects the long-term survival benefit
observed in 20% of patients in this setting. From an eco-
nomic perspective, the mean survival estimate is more rel-
evant than the median, as emphasized in a recent paper on
economic evaluation in oncology trials30.

The incremental cost of treating patients with ipilimu-
mab was significantly higher than that of treating patients
with BSC. This increase was statistically significant based
on the 95% CI. This means that healthcare payers can
expect a higher cost of therapy when treating patients
with ipilimumab. Despite this, the substantial benefit in
survival places the projected ICER below $100,000/LY
gained (at $78,218/LY gained). The estimated base case
ICUR was $128,656/QALY gained. This base case ICUR
estimate was constructed to be conservative, and may rep-
resent an upper bound on the true ratio, given the difficulty
of adapting our 3-state model to the dynamics of the
response to ipilimumab by patients. Considering a less-
conservative analysis where patient-rated utilities from
the clinical trial—which take full account of the benefit
of a durable response—were used to adjust survival, the
incremental cost per QALY was reduced to $101,287/
QALY; a sensitivity analysis incorporating both the clin-
ical trial utilities and using temozolmide—a common sys-
temic treatment in second line in the US—as the
comparator, reduces the ICUR further, to $89,027/QALY.

This analysis aimed to project the incremental cost-
effectiveness of ipilimumab. For these estimates to be
useful to decision-makers, these results should be put
into the context of the wider US cost-effectiveness land-
scape. Ubel et al.31 noted that the US Panel on Cost-effec-
tiveness provided guidance to standardize and raise the
quality of cost-effectiveness studies without providing
decision-makers with context on what level of cost-effec-
tiveness was acceptable17. They also noted that the
$50,000 per QALY threshold often mentioned in the lit-
erature goes back at least to 1982 and has been cited in the
intervening decades without adjustment for inflation31,32.
A recent analysis showed that ‘the 1982 valuation is equiv-
alent to $197,000 per QALY in 2007 dollars after adjusting
for the 5.5% average 1982 to 2007 healthcare inflation,
and $126,000 per QALY if the overall inflation rate is
used’33. In the absence of an explicit threshold, Ubel
et al.31 inferred the level of cost-effectiveness that was gen-
erally acceptable in the US context by reviewing the lit-
erature, including: (1) examples of cost-effectiveness ratios
for interventions that received broad support, and (2) a
review of evidence on the value of statistical life, con-
verted to dollars per QALY, including both studies of
actual behavior (e.g., willingness-to-pay for safety

improvements) and surveys about the hypothetical trade-
offs between money and risk32. Based on this evidence,
they concluded that the cost-effectiveness threshold that
was acceptable at that time (2003) approached $200,000
or more per QALY31. More recent theoretical and empir-
ical evidence has suggested that acceptable thresholds in
the end-of-life context should be higher34–36. Compared to
this body of evidence, the projected ICERs and ICURs
presented here are well within what is considered cost-
effective in the US.

This cost-effectiveness model was built using the three-
state Markov model approach traditionally used in oncol-
ogy cost-effectiveness modeling. Two aspects of the model
could be challenged: the survival modeling and the disease
progression criteria used to inform the transition from
stable to progressive disease. The overall survival curve
for ipilimumab reported in Hodi et al.2 was characterized
by a plateau over the last 2 years of study follow-up. Due to
censoring, there were relatively few at-risk individuals
during this period, leading to increased uncertainty
around the survival estimates in the latter years of the
MDX010-20 trial and potentially impacting the validity
of the survival extrapolation. However, consideration of
the totality of long-term survival data, including those
from the ipilimumabþ gp100 arm of MDX010-20 and
other ipilimumab trials, supports the projection that ipili-
mumab leads to durable benefit in �20% of patients with
advanced melanoma2,16,37. This was further supported by
data from an 8-year long trial of IL-2, which also revealed a
plateau in OS in a group of immunotherapy-treated mel-
anoma patients, suggesting that this may be a feature of
active immunotherapy for patients with melanoma in
general38.

Traditional oncology models extrapolate survival
beyond the trial period using parametric regression
models based on the survival data. However, given the
plateau described above, the overall survival data from
the ipilimumab arm of MDX010-20 were not well repre-
sented by any of the currently available regression models.
Thus, alternative methods were explored. Annemans
et al.18 suggested that the extrapolation of OS data
cannot be based on the entire trial population due to the
different prognosis of patients who die ‘early’ in the trial
from those patients who survive beyond a particular dura-
tion. This was supported by current clinical opinion and
data from trials with other active immunotherapies39. The
hazard rate calculated over the last 3 years (the base case
extrapolation method) was representative of the mortality
rate associated with patients who survive beyond a partic-
ular duration and thus better reflect the survival prognosis
for patients remaining than one that includes data for
those who died earlier in the trial. The absolute hazard
rate used was shown to be consistent with survival of
Stage IV melanoma patients in the AJCC registry19.
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The use of progression-free survival to capture transi-
tions (decreases) in quality-of-life within the model may
have caused an under-estimation of QALYs for patients
treated with ipilimumab. Traditional methods, and indeed
the methods used in this model, assume that, once a
patient had progressed, it is not possible to experience
any improvement in quality-of-life. Similarly, these
models assume that patients require intensive physician
management from the point of progression until death.
Although these standard definitions of response are gen-
erally valid for traditional chemotherapies such as dacar-
bazine, ipilimumab can demonstrate a different tumor
response pattern, whereby some patients demonstrate a
long-term response even after an initial appearance of dis-
ease progression. This phenomenon has prompted the
establishment of immune response criteria that are distinct
from the standard Response Evaluation Criteria In Solid
Tumors (RECIST) criteria, and are particularly applicable
to patients treated with ipilimumab40.

Taking this response pattern into account, it may be
reasonable to assume that it was possible for patients trea-
ted with ipilimumab (and similar active immunotherapies)
to experience an improvement or stability in quality-of-life
following an initial increase in tumor burden. Further, it
may also be reasonable to assume that these patients will
require less frequent monitoring and be less costly to
manage on an annual basis. Neither of these possibilities
was incorporated in the base case for two reasons. First,
there is not yet a consensus among regulatory audiences
(such as the FDA) supporting the immune response crite-
ria; and, second, there was insufficient long-term data to
demonstrate the quality-of-life and management cost of
patients who have been treated with immunotherapies
like ipilimumab. Further research is needed to resolve
these issues, which may have an important impact on
cost-effectiveness estimates for ipilimumab. For example,
the sensitivity analysis using the patient-rated EORTC-
based utilities resulted in a decrease of �$30,000 in the
estimated ICUR.

Advanced melanoma, once a disease with limited treat-
ment options, now has several promising agents on the
horizon. Ipilimumab is the first of these therapies to pro-
duce a long-term OS benefit. For vemurafenib, the next
agent to receive approval for treatment of advanced mel-
anoma, interim results and a further update have been
reported; however, the median follow-up time and maxi-
mum follow-up durations reported to date are insufficient
for purposes of robust economic evaluation41,42. As data on
these other agents mature, cost-effectiveness estimates for
these agents and potential combinations of agents will
provide important evidence for healthcare decision-
makers.

The analysis presented here applied both standard and
innovative methods to develop estimates of the cost-effec-
tiveness of ipilimumab, an agent with a novel method of

action and benefit profile, in the treatment of patients with
advanced melanoma. In summary, the estimates indicate
that the projected cost-effectiveness of ipilimumab is
within what has been shown to be acceptable to payers
in the US. Further research extending the evidence on
the long-term benefit of ipilimumab and other compara-
tors will provide useful support to decision-makers as they
consider the value of therapeutic options for advanced
melanoma patients.
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Notice of Correction
The version of this article published online ahead of print on 31 October 2012 contained an error on page 1. The
sentence ‘‘Ipilimumab was 95% likely to be cost-effective at a willingness-to-pay of £146,000/QALY.’’ should
have read ‘‘Ipilimumab was 95% likely to be cost-effective at a willingness-to-pay of $146,000/QALY’’. The error
has been corrected for this version.
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