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Aim: To assess the cost–effectiveness of brentuximab vedotin (BV) versus physician’s choice (methotrexate
or bexarotene) for treating advanced cutaneous T-cell lymphoma. Materials & methods: A partitioned-
survival model was developed from the National Health Service perspective in England and Wales. Model
inputs were informed by the ALCANZA trial, real-world UK data, published literature or clinical experts.
Results: Over the modeled lifetime, BV dominated physician’s choice and provided an additional 1.58 life-
years and 1.09 higher quality-adjusted life years with a net cost saving of £119,565. The net monetary
benefit was £152,326 using a willingness-to-pay threshold of £30,000/quality-adjusted life year. Results
were robust in sensitivity and scenario analyses. Conclusion: BV is a highly cost-effective treatment for
advanced cutaneous T-cell lymphoma.
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Cutaneous T-cell lymphoma (CTCL) is a rare, heterogeneous group of non-Hodgkin lymphomas affecting less
than 2.2 in 10,000 people in Europe [1]. Variants of CTCL include: mycosis fungoides (MF; representing >50%
of all CTCL cases), primary cutaneous anaplastic large-cell lymphoma (pcALCL) and Sézary syndrome (SS) [2–4].
Advanced CTCL includes those with MF stage IIB+, SS and pcALCL. While early localized disease is considered
indolent, approximately 25% of patients progress to advanced disease during their life and 30% of patients present
with advanced disease [5].

Patients with CTCL live with high symptom burden and require extensive symptom management which impacts
daily functioning [6]. Physical CTCL symptoms, such as pain, pruritus, alopecia, odorous, disfiguring and weeping
skin lesions, lead to substantial long-term burden of disease and can negatively impact patients’ psychological
and social well-being [7–9]. Advanced MF (stage IIB–IVB) or SS is associated with poor prognosis with a median
survival of 36 months [5] and is characterized by the development of aggressive and devastating lesions (e.g., painful
disfiguring tumors, ulceration, erythroderma and eventual visceral spread) leading to higher burden of illness [10,11].
Patients with advanced disease require extensive healthcare resources and accrue greater costs compared with patients
with early disease [12].

Commonly used systemic therapies, including bexarotene (BEX) or methotrexate (MTX), have low response
rates of short duration [13–16]. Relapse is common and risk of progression is high, particularly among patients with
advanced disease [11,17]. Relapse and disease progression lead to treatment cycling until patients exhaust all treatment
options and move to symptom management. The burden of end-stage care is immense, with patients requiring
intensive medical care and frequent specialized dressing changes for nonhealing wounds, which are characteristic
of advanced CTCL [18].
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Figure 1. Model structure. Blue health states indicate the pathway for a patient who has not met the eligibility criteria for an alloSCT.
Red health states reflect the pathway for a patient meeting these criteria and receiving an alloSCT.
alloSCT: Allogeneic stem cell transplant.

Brentuximab vedotin (BV) is an anti-CD30 antibody-drug conjugate approved in Europe, the USA, Australia
and other markets for the treatment of adults with CD30+ CTCL after at least one prior systemic therapy. Data
from the Phase III, open-label, randomized controlled ALCANZA trial (NCT01578499) showed statistically sig-
nificant improvement in both response rate and progression-free survival (PFS) with BV compared with physician’s
choice (PC; MTX or BEX) in both the intention-to-treat (ITT) and advanced CTCL populations [16]. BV also
demonstrated clinically meaningful reductions in symptom burden compared with PC as measured by Skindex-29,
a dermatology-specific patient-reported outcome [19]. In clinical practice, BV has been used as a bridge to allogeneic
stem cell transplant (alloSCT) for eligible patients [20,21]. AlloSCT is the only potentially curative treatment for
CTCL [22]. The objective of this analysis was to assess the cost–effectiveness of BV versus PC for the treatment of
CTCL.

Methods
Overview & structure
A partitioned-survival model with five health states was developed in accordance with the NICE guidance [23] to
estimate the cost–effectiveness of BV versus PC among patients with CTCL from the perspective of the National
Health Service in England and Wales. Results were presented over a lifetime horizon of 45-years with a maximum
age of 100 years. The model used weekly cycles, and costs and quality-adjusted life years (QALYs) were discounted
at 3.5% per year. The model was built using Microsoft Excel (Microsoft Corporation, WA, USA) with statistical
analyses conducted in R (R Foundation; Vienna, Austria).

In line with local clinical guidelines [22], the base-case model considered the advanced CTCL population informed
by ALCANZA; 95 patients had advanced CTCL (49 BV, 46 PC) with MF stage IIB+ or pcALCL (median follow-up
of 33.9 months) [24]. Model results using the ITT population are reported in a scenario analysis.

Patients entered the model in the preprogression health state and received treatment with BV or PC. PC included
MTX or BEX in accordance with the ALCANZA trial design [16]. Patients who received alloSCT followed the
pathway depicted with red health states; the remaining followed the pathway depicted with blue health states
(Figure 1). Eligibility for alloSCT was assessed at 18 weeks (i.e., equivalent to six cycles of BV), at which time
a proportion of transplant-eligible patients without progression proceeded to the alloSCT health state. Patients
underwent alloSCT following the Stanford Protocol [25]. After alloSCT, patients who relapsed moved to the alloSCT
relapse health state. Patients without alloSCT who progressed moved from the preprogression health state to the
non-alloSCT postprogression state. Patients could transition to death from any health state.

Based on guidance from clinical experts (n = 10), patients who progressed received further systemic anticancer
treatments until options were exhausted, followed by a prolonged period with end-stage symptom care. In line
with the British Association of Dermatologists and UK Cutaneous Lymphoma Group guidelines [22], treatment
options for patients postprogression, independent of alloSCT receipt, during ‘active treatment’ phase include:
gemcitabine, CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone) and other mono-chemotherapy.
Total skin electron beam therapy was an option for patients who had not received an alloSCT postprogression; it
was assumed that all patients undergoing alloSCT received total skin electron beam therapy prior to transplant per
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the Stanford Protocol conditioning regimen [25]. Following exhaustion of therapies, patients in the postprogression
states received end-stage care.

To model multiple lines of subsequent therapy, a ‘payoff approach’ was used [26]. The approach calculated the
proportion of patients leaving the preprogression states in each model cycle and then applied the mean total costs
and outcomes received in both the postprogression ‘active treatment’ phase and the ‘end-stage management’ phase.
The model used a continuous discounting approach to ensure that future costs and outcomes were discounted
appropriately.

Clinical inputs
Clinical inputs are provided in Supplementary Table 1. The model used data from ALCANZA to inform the
PFS and overall survival (OS) for patients not receiving alloSCT [16,24] and real-world UK data to inform the
post-alloSCT outcomes [27,28]. For non-alloSCT states, PFS was modeled using Weibull parametric curves fit
independently for BV and PC. In ALCANZA, OS did not statistically differ between BV and PC. OS was neither
a primary nor secondary end point in ALCANZA, and the OS data were limited by very few events (<30%)
and confounding from high crossover from PC to BV (46%). Therefore, OS was assumed the same for BV and
PC in this model, and the ALCANZA data were fit using a log-logistic model. For alloSCT, PFS was modeled
with a Gompertz curve and OS with a log-normal curve using real-world UK data [27,28]; survival extrapolations
incorporated background population mortality [29]. PFS and OS for non-alloSCT and alloSCT were validated
by clinical experts and compared against published data [11,30]. Scenario analyses explored alternative parametric
models (Supplementary Table 1).

Time on treatment with BV and PC was taken directly from the long-term follow-up from ALCANZA [24] with
no extrapolation necessary as data were complete. Time on treatment for subsequent therapies was informed by the
literature and clinical expert opinion [31–33].

Based on clinical expert guidance, it was assumed that 40% of patients with advanced CTCL who had sufficient
disease control would be eligible for an alloSCT, considering: age, co-morbidities, likelihood of matching to a
donor and patient choice. Based on clinical input, sufficient disease control was defined as achieving a partial or
complete response (jointly defined as overall response rate, ORR, in ALCANZA) and was informed by ALCANZA
(BV: 68.8%; PC: 17.8%) [16]. The ORR was multiplied by the 40% eligibility assumption which translated to
27.5% of patients who received an alloSCT in the BV arm and 7.1% in the PC arm. The timing of alloSCT and
the proportion of responders eligible for alloSCT were explored in scenario analyses.

Cost inputs
Drug costs (Supplementary Table 2) were estimated based on average weight or body surface area using list prices
from UK-specific sources. Duration of therapy in the non-alloSCT group was derived from ALCANZA and was
assumed to be 18 weeks (i.e., six cycles) for the alloSCT group, based on clinical input. Administration costs
were estimated from NHS Reference Costs 2016/17 (Supplementary Table 2). The base-case cost of alloSCT
represented an average of the cost of haploidentical transplant and of transplant with unrelated donor including
the procedure cost and 2 years of follow-up [34]. A scenario analysis used the NHS Reference Costs for alloSCT.

Due to the scarcity of published evidence on resource use among patients with advanced CTCL, particularly for
end-stage management, semistructured interviews were conducted with clinical experts from all seven supraregional
CTCL centers in England and Wales. The interviews covered pain, anxiety/depression, itch relief and skin care and
wound management, including specialized dressings. The average for each measurement informed the base-case
(Supplementary Table 2). The lower range informed a scenario analysis (Supplementary Table 3).

Grade ≥3 adverse events (AEs) for patients on treatment with BV or PC in the preprogression state were included
in the model. The proportion of AEs treated and the treatment setting were informed by expert opinion.

The base year for costs was 2016/2017. Where required, prices were adjusted to 2016/2017 using inflation
indices from the Personal Social Services Research Unit (PSSRU) and conversion from Euros to British Pounds
using the average exchange rate in 2014 (0.81 British Pounds to the Euro) [35,36].

Utility inputs
ALCANZA measured health-related quality of life (HRQOL) using the Skindex-29 and European Quality of Life
5-Dimension 3 Level (EQ-5D-3L) Version measures [16]. The Skindex-29 is a 30-item, dermatology-specific, self-
reported questionnaire assessing symptoms, emotions and function, and has been extensively studied and validated
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Table 1. Base case results for advanced cutaneous T-cell lymphoma.
BV PC Incremental

Costs £504,619 £624,184 -£119,565

QALYs 4.33 3.24 1.09

LYs 8.93 7.36 1.5858

ICER – – BV dominates

NMB – – £152,326

BV: Brentuximab vedotin; ICER: Incremental cost–effectiveness ratio; LY: Life year; NMB: Net monetary benefit; PC: Physician’s choice; QALY: Quality-adjusted life year.

in different patient populations, including CTCL [6,16,37]. The EQ-5D-3L is a generic instrument covering five
domains of patient-reported HRQOL – mobility, self-care, usual activities, pain/discomfort and anxiety/depression
– and is recommended for use in economic evaluations [23]. In the base-case analysis, the EQ-5D-3L responses from
ALCANZA [16,19] were converted into utilities using the EQ-5D UK Tariff values (Supplementary Table 4) [38].
Health-state specific utilities were then estimated using mixed-effects regression models with progression included
as a covariate.

Evidence from ALCANZA suggested that the EQ-5D-3L may be insensitive to the burden associated with CTCL
(e.g., constant severe, intense itching causing insomnia) [19]. Therefore, HRQOL derived from the EQ-5D-3L may
not capture the extent of the condition or fully reflect the change in patients’ HRQOL. The Skindex-29 is more
sensitive to the CTCL burden and a recognized tool for HRQOL by experts in CTCL. However, no algorithms have
been published to map Skindex-29 values into EQ-5D-3L utilities for use in economic evaluations. To explore this
further, mixed-effects regression models controlling for Skindex-29 score and progression were used in a scenario
analysis [19,39].

Utilities for other health states including alloSCT and end-stage care were obtained from the literature (Sup-
plementary Table 4) [40,41]. In the base case, it was assumed that the HRQOL impact of AEs was reflected in the
ALCANZA data. In a scenario analysis, disutilities for AEs were obtained from the literature.

Outcomes
Model outcomes included lifetime costs, life-years, QALYs, incremental cost–effectiveness ratio (incremental costs
per QALY gained) as well as clinically relevant outcomes such as the time spent preprogression. When BV had higher
QALYs and lower costs than PC, BV was ‘dominant’ and the incremental cost–effectiveness ratio was not expressed.
To facilitate the interpretation of results, the net monetary benefit (NMB) was reported using a willingness-to-pay
(WTP) threshold of £30,000 per QALY. NMB was calculated as NMB = �QALY * WTP - �Cost, where � signifies
the difference between BV and PC. A positive NMB implies that BV was cost-effective at the WTP threshold.

Sensitivity & scenario analyses
Extensive sensitivity analyses were conducted to explore parameter uncertainty, including probabilistic sensitivity
analysis (PSA) and one-way sensitivity analyses (OWSA). The deterministic OWSA investigated the impact of
varying each parameter in isolation between its lower and upper bound (i.e., 95% CI). A standard error of 10% of
the mean was assumed in cases where bounds were unavailable. In the PSA, 5000 Monte Carlo simulations were
performed, randomly sampling from each parameter’s assigned distribution simultaneously. Scenario analyses were
conducted to explore the impact of structural assumptions (Supplementary Tables 1–4). An additional scenario
analysis considered the ITT population from ALCANZA and used the ITT results for OS, PFS, ORR and time
on treatment [16,24].

Results
Base case results for advanced CTCL population
Treatment with BV increased the time spent in the preprogression health states, where patients have higher utility
and lower resource utilization, compared with PC (an estimated 1.33 vs 0.54 years). Over the modeled lifetime,
BV dominated PC in the advanced CTCL population (Table 1, NMB: £152,326). BV provided an additional 1.58
life years and 1.09 QALYs with a net cost saving of £119,565 compared with PC.
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Cost of post-progression CTCL-specific end stage care

0 20,000 40,000 60,000 80,000 100,000

Net monetary benefit (£)

120,000 140,000 160,000 180,000 200,000

Eligible proportion for SCT

Cost of medium Allevyn dressings

Alternative source of general end stage management cancer care cost

Cost of palliative care support team

Cost of SCT

Utility value for SCT (beyond 3 months)

Cost of Mepilex large sheet dressings

Cost of days lost from work

Cost of MacMillan nurse/social services Lower bound Upper bound

Figure 2. One-way sensitivity analysis applied to the economic model base case (top 10 most influential
parameters).
CTCL: Cutaneous T-cell lymphoma; SCT: Stem cell transplant.

Sensitivity analyses
In OWSA, BV remained dominant over PC in all analyses (i.e., lower costs and higher QALYs) with a positive
NMB. The difference in total costs for BV compared with PC was most sensitive to the costs for CTCL-specific
end-stage care and the proportion of patients eligible for alloSCT (Figure 2). Using the lower bound of £1684
for the cost of CTCL-specific end-stage care yielded the lowest NMB (£119,360) while using the upper bound of
£2506 yielded the highest NMB (£185,292). The PSA indicated a 98.4% chance that BV was cost-effective at a
WTP threshold of £30,000 per QALY (Supplementary Figure 1).

Scenario analyses
In scenario analyses (Table 2), BV was dominant over PC (NMB: £94,822 to £172,027). Two scenarios resulted in
an NMB less than £100,000: the scenario utilizing lower resource use postprogression (NMB: £98,736) and the
scenario considering an extreme upper bound for OS benefit (9.5 months) of BV relative to PC (NMB: £94,822).

In an analysis of the ITT population from ALCANZA, BV also dominated PC (NMB: £193,279). BV provided
an additional 0.68 LYs and 0.78 QALYs with a net cost saving of £169,984 compared with PC.

Discussion
The results of this cost–effectiveness analysis demonstrate the clinical and economic value of BV for the treatment
of CTCL in the UK. BV improves disease control and does so for a longer duration compared with PC, such that
over the modeled lifetime, patients receiving BV experience gains in life expectancy and QALYs with lower total
costs. Results are robust to differing model inputs and assumptions explored in sensitivity and scenario analyses.

Delaying CTCL progression reduces time spent in a more severe and costly postprogression health state. In
ALCANZA, BV demonstrated superior clinical efficacy versus PC in the advanced CTCL population in terms
of complete or partial response (BV 69%; PC 18%) and delayed progression (median PFS: 16.4 months for BV
and 3.5 months for PC) [16]. Real-world data support the response rate (ORR: 75%) and tolerability of BV [20].
An ORR over 70% is unusual in anti-CTCL therapy, where systemic treatments in advanced disease tend to have
response rates between 30 and 40% which are often partial and of short duration [22,42]. Postprogression, patients
exhaust the limited anticancer treatment options quickly and subsequently receive resource-intense end-stage care
focused on symptom management until they succumb to the disease. Due to the chronic nature of CTCL and
the prolonged time spent in end-stage management, the costs accrued in end-stage management are high. In the
base-case model, end-stage management costs accounted for over half of the total costs. Although the difference
in lifetime costs between BV and PC was most sensitive to the cost of end-stage management, results continued
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Table 2. Scenario results.
ICER NMB

Advanced population

Base case BV dominates £152,326

Scenario 1a: Survival benefit for BV: 2 months BV dominates £139,901

Scenario 1a: Survival benefit for BV: 4 months BV dominates £128,262

Scenario 1a: Survival benefit for BV: 9.5 months BV dominates £94,822

Scenario 2: Alternative OS curve for PC (log-normal) BV dominates £151,468

Scenario 3: Alternative OS curve for alloSCT (Weibull) BV dominates £152,321

Scenario 4: Alternative PFS curves for BV and PC (exponential) BV dominates £172,027

Scenario 5a: Duration of treatment prior to alloSCT: 12 weeks BV dominates £155,600

Scenario 5a: Duration of treatment prior to alloSCT: 24 weeks BV dominates £149,136

Scenario 6: 20% of responders eligible for alloSCT BV dominates £102,859

Scenario 7: Lower cost of alloSCT (£64,125) BV dominates £159,015

Scenario 8: Lower resource use postprogression BV dominates £98,736

Scenario 9: Predicted utility values for BV and PC arms and progressive disease BV dominates £152,959

Scenario 10: Include AE-related treatment disutilities BV dominates £151,987

ITT population

Scenario 11: ITT population BV Dominates £193,279

AE: Adverse event; BV: Brentuximab vedotin; ICER: Incremental cost–effectiveness ratio; ITT: Intent-to-treat; NMB: Net monetary benefit; OS: Overall survival; PC: Physician’s choice; PFS:
Progression-free survival; QALY: Quality-adjusted life year.

to favor BV when using the lower range of resource utilization. As BV is administered over a 3-week cycle with
few cycles needed, these results suggest that the lifetime cost-savings from reduced time in end-stage management
offset the upfront drug costs of BV.

In addition to improving clinical response and delaying progression, it is important for treatment to reduce the
symptom burden of CTCL, including chronic severe pain and itching, in order to improve patients’ HRQOL.
In ALCANZA, BV demonstrated a clinically meaningful and statistically significant improvement in Skindex-29
symptom burden compared with PC (mean change of -27.96 vs -8.62; p < 0.001) [19]. The EQ-5D-3L, a generic
measure of HRQOL, may be insensitive to changes in symptom burden; previous analyses have shown poor
correlation between the EQ-5D-3L and the Skindex-29 [39]. Scenario analyses attempted to control for Skindex-29
in the EQ-5D-3L utility estimation; these results remain limited by the sensitivity of the EQ-5D-3L. While further
research into a CTCL-specific, preference-based measure is needed, cost–effectiveness results appear insensitive to
alternative utility estimates.

Current survival data from ALCANZA are immature and do not suggest an OS benefit with BV versus PC. In
the base-case analysis, the OS for BV was assumed to be equivalent to that of PC. The observed gains in life-years
with BV over the modeled lifetime arise from the improved response rates with BV, which allows for a greater
proportion of patients to be eligible for a potentially curative transplant. This is supported by findings from a
real-world setting, where BV was successfully used to bridge to transplant in five of 17 patients with advanced
CTCL [21]. Scenario analyses explored the impact of varying the proportion of responders eligible for alloSCT
(20%, an extreme lower bound) and varying BV’s impact on OS (up to 9.5 months, an extreme upper bound).
The results from these analyses suggest that BV remains a cost-effective treatment option even at extreme bounds.

This study has several limitations. As discussed above, the full benefits of BV may not be captured in the
model. OS data remain immature, the OS treatment effect is confounded by crossover from PC to BV, and
HRQOL measures may not capture all skin-related and physiological impacts of CTCL. The latter limitation
was acknowledged by a NICE appraisal committee, which concluded that the full impact of BV on patients’
HRQOL may not be fully captured [43]. Further work is needed on capturing the HRQOL impact of CTCL and
understanding what aspects of CTCL are not sufficiently captured by the EQ-5D-3L. There is a scarcity of evidence
pertaining to resource use relevant to patients with advanced CTCL, particularly for end-stage management. In
this analysis, estimates of end-stage resource use were informed by clinical experts across all supraregional centers in
the UK [44,45]. Further research based on patient-level data could provide more robust evidence-based estimates of
CTCL resource use including the variability between patients. The results of this study may not be generalizable to
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other countries given the differences in healthcare resource use and costs between countries. Finally, the treatment
pathway for patients with CTCL is complex particularly postprogression, and this model, like all models, makes
simplifying assumptions. Here, a ‘payoff ’ approach was employed to retain a simple structure while incorporating
complex postprogression treatment pathways. While this approach allows sufficient flexibility to investigate key
uncertainties and assumptions, a level of granularity is lost.

Conclusion
BV has demonstrated significantly improved response, delayed progression and improved symptom burden com-
pared with PC for the treatment of CTCL [16,19]. Based on these data, the results from the current economic
model demonstrated that patients treated with BV spent more time preprogression, had a longer life expectancy
and accrued more QALYs over a lifetime. These results indicate that BV is a highly cost-effective treatment option
for patients with advanced CTCL.

Summary points

• In a Phase III, open-label, randomized controlled trial (ALCANZA, NCT01578499), brentuximab vedotin (BV)
demonstrated statistically significant improvement in response rate, progression-free survival and symptom
burden compared with physician’s choice (PC) of methotrexate or bexarotene, among patients with cutaneous
T-cell lymphoma (CTCL) who have had at least one prior therapy.

• The current study evaluated the cost–effectiveness of BV versus PC for treating advanced CTCL from the
perspective of the NHS in England and Wales.

• A partitioned-survival model was developed with model inputs informed by the ALCANZA trial, real-world UK
data, published literature and clinical experts.

• Over the modeled lifetime, BV dominated PC and provided an additional 1.58 life-years and 1.09 higher
quality-adjusted life years with a net cost saving of £119,565.

• The net monetary benefit was £152,326 using a willingness-to-pay threshold of £30,000/quality-adjusted life year.
• Results were robust to differing model inputs and assumptions explored in the sensitivity and scenario analyses.
• BV is a highly cost-effective treatment option for patients with advanced CTCL.
• The economic value is attributed to the improvements in health-related quality of life and reductions in costs

associated with delaying disease progression and reducing time spent in costly end-stage management
characterized by low health-related quality of life.
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