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Aim: To evaluate the cost–effectiveness of polatuzumab vedotin (pola) + bendamustine + rituximab (BR)
in relapsed/refractory diffuse large B-cell lymphoma based on the GO29365 trial from a US payer’s per-
spective. Materials & methods: A partitioned survival model used progression-free survival and overall
survival data from the GO29365 trial. The base-case analysis assumed overall survival was informed by
progression-free survival; a mixture cure model estimated proportion of long-term survivors. Results: In
the base case, pola + BR was cost-effective versus BR at US$35,864 per quality-adjusted life year gained.
Probabilistic and one-way sensitivity analyses showed that the findings were robust. Conclusion: Pola +
BR is cost-effective versus BR for the treatment of transplant-ineligible relapsed/refractory diffuse large
B-cell lymphoma in the US.
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Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin lymphoma in the US,
accounting for about 30% of non-Hodgkin lymphoma diagnoses each year [1]. The incidence of DLBCL is estimated
to be 5.6 new cases per 100,000 per year and the estimated 5-year survival is 63.2% [2]. Most cases of DLBCL
(74%) are diagnosed in patients aged 55 years and above, with a median age at diagnosis of 66 years [2].

As an aggressive lymphoma, DLBCL typically presents with progressive lymphadenopathy that requires im-
mediate treatment in most cases [3]. Rituximab plus cyclophosphamide, doxorubicin, vincristine and prednisone
(R-CHOP) remains the backbone of first-line therapy, with durable remissions achieved in more than half of treated
patients [1,3]. However, relapse (progression following treatment) and refractory disease (resistant to last treatment)
remain problematic, with high-dose chemotherapy followed by autologous hematopoietic stem cell transplantation
(HSCT) providing a chance of cure in a minority of these patients [4,5]. In the remainder and in those who are
ineligible for HSCT (e.g., due to advanced age or comorbidities) [6], the prognosis is poor [5,7,8]. For patients with
DLBCL who do not undergo HSCT, one of the options recommended by the National Comprehensive Cancer
Network (NCCN R©) for second-line or later treatment is the chemotherapy regimen of bendamustine + rituximab
(BR) (category 2B – there are no preferred options in this setting, in contrast to first-line therapy) [1]. BR has an
acceptable toxicity profile and has shown modest efficacy in patients with relapsed/refractory (R/R) DLBCL [6].
In addition, CAR T-cell therapies are treatment options for patients with relapsed/refractory (R/R) DLBCL after
two or more lines of systemic therapy [1].

Polatuzumab vedotin (pola) is a first-in-class CD79b-targeted antibody-drug conjugate that delivers monomethyl
auristatin E, a potent microtubule inhibitor, directly to tumor cells. Pola was granted accelerated approval in June
2019 by the US FDA in combination with BR for the treatment of adult patients with R/R DLBCL after at least two
prior therapies [9,10]. Approval was based on the results of the randomized Phase II cohort of the GO29365 clinical
trial (ClinicalTrials.gov: NCT02257567), in which patients with R/R DLBCL who were ineligible for HSCT were
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Figure 1. Structure of the cost–effectiveness model.

randomized to receive either pola + BR (n = 40) or BR alone (n = 40), with stratification by duration of response to
last therapy (≤12 vs >12 months). Pola + BR demonstrated a significantly higher independent review committee
(IRC)-assessed complete response (CR) rate (40.0 vs 17.5%) and longer IRC-assessed progression-free survival
(PFS) rate (median 9.5 vs 3.7 months; hazard ratio [HR]: 0.36; 95% CI: 0.21–0.63) and overall survival (OS)
(median 12.4 vs 4.7 months; HR: 0.42; 95% CI: 0.24–0.75) with a median follow-up of 22.3 months [11].
Furthermore, pola + BR produced a longer IRC-assessed duration of response compared with BR (median 12.6
vs 7.7 months; HR: 0.47; 95% CI: 0.19–1.14) and had a manageable toxicity profile [11]. A recent analysis, which
included an additional year of follow-up, found that PFS (investigator assessed) and OS remain significantly better
for patients receiving pola + BR than BR alone [12]. Currently, pola ± B ± R ± BR are recommended by the 2020
NCCN guidelines as a preferred treatment option, with category 2A evidence, for patients with R/R DLBCL (after
at least two prior therapies) who are ineligible for HSCT [1].

While clinical trial data have demonstrated the efficacy and safety of pola + BR in patients with R/R DLBCL,
the cost–effectiveness of pola + BR has not yet been assessed. Therefore, this cost–effectiveness analysis (CEA) was
conducted to examine the economic value of pola + BR versus BR alone for the treatment of patients with R/R
DLBCL after ≥1 prior therapy who were ineligible for HSCT (based on the GO29365 clinical trial) from a US
third-party payer’s perspective.

Materials & methods
Model overview
The goal was to assess the cost–effectiveness of pola + BR compared with BR for the treatment of transplant-
ineligible patients with R/R DLBCL in the US over a lifetime horizon. The CEA was based on an updated
analysis that included an additional year of follow-up [12]. OS and PFS were derived from the GO29365 trial
(NCT02257567) [11]. Survival beyond the study observation period was extrapolated using a mixture cure model [13].
The cost–effectiveness model tracks drug acquisition and administration costs, supportive care costs before disease
progression, medical costs after disease progression and adverse event (AE) costs. The model examined a lifetime
horizon. The primary outcome of interest was the incremental cost–effectiveness ratio (ICER). The analysis was
conducted from a US third party payer’s perspective and reports costs in 2020 US dollars (USD). Future medical
costs, life years (LYs) and quality-adjusted life years (QALYs) are discounted at 3% per year. The model was built
in Microsoft R© Excel 2016.

Patient population & model structure
The target population consisted of adult patients (≥18 years) with R/R DLBCL (after ≥1 prior therapy) who were
ineligible for HSCT, based on the GO29365 trial [11]. The model used a partitioned survival framework, which has
been used in previous CEA studies of DLBCL [14,15]. The model consisted of three health states: progression free,
defined as the time from the initiation of therapy for R/R DLBCL until disease progression; progressed disease
(PD), defined as the time from disease progression until death from any cause; and death, defined as the absorbing
state (Figure 1). Time-to-event data were used to model the proportion of patients who were in the progression-free,
PD and death states dependent on time since trial initiation. OS was partitioned into PFS and PD. The proportion
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Figure 2. Observed and predicted (A) progression-free survival and (B) overall survival for each treatment arm in
GO29365.
BR: Bendamustine + rituximab; OS: Overall survival; PFS: Progression-free survival; Pola: Polatuzumab vedotin.

of patients in the PD health state at a given point in time was calculated as the difference between the proportion
of patients who were alive and the proportion of patients who were progression free.

The two comparison arms (pola + BR vs BR) were defined based on the GO29365 trial (data cutoff:
15 March 2019) [11], in which treatment was administered for six cycles of 21 days each. For patients in the
pola + BR arm, pola 1.8 mg/kg was administered on day 2 of cycle 1 and day 1 of cycles 2–6, bendamustine
90 mg/m2/day was administered on days 2 and 3 of cycle 1 and days 1 and 2 of cycles 2–6 and rituximab
375 mg/m2 was administered on day 1 of cycles 1–6. For patients in the BR arm, bendamustine 90 mg/m2/day
was administered on days 2 and 3 of cycle 1 and days 1 and 2 of cycles 2–6, while rituximab 375 mg/m2 was
administered on day 1 of cycles 1–6.

Patients were modeled with one-week cycles over a 50-year time horizon, to reflect a lifetime horizon for this
disease population. Patients with R/R DLBCL entered the model in the progression-free health state for both the
pola + BR and BR arms. In each weekly cycle, patients were redistributed among the three health states, with
death being the absorbing state. A half-cycle correction was applied to costs and effectiveness. Since the model
was developed from a US third-party payer’s perspective, only direct costs were considered. Model inputs and data
sources are provided in Table 1 and described below.

Model inputs
Efficacy inputs

Observed OS and investigator-assessed PFS were derived from the GO29365 trial [11,21]. Figure 2 shows the
predicted PFS and OS curves for each treatment, as used in the base-case analysis. Based on observed data and
clinical opinion, a mixture cure model was deemed appropriate for modeling PFS and OS informed by PFS [13].
This statistical model assumes that the patient population consists of long-term survivors (patients who have not
died from DLBCL) and patients who progress and die from the disease [13]. Parametric functions were also applied
to model the distribution among stable disease, PD and death based on the patient-level data of the GO29365
trial, assuming a long-term survival rate [16]. Distributions explored included the exponential, Weibull, log-logistic,
log-normal, generalized gamma and Gompertz functions. Based on visual inspection, the Akaike information
criterion and the Bayesian information criterion, a log-normal distribution provided the best fit to the observed
data for both PFS and OS. The estimated proportions of long-term survivors were 22% for pola + BR vs 0% for
the BR arm [13].

The base-case model used PFS to inform OS. Scenario analyses were performed to test the impact of a mixture
cure model based on OS only (as described by Bansal et al. [17]) and standard parametric techniques (non-mixture
cure).
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Table 1. Summary of model inputs.
Model input Value Notes/sources Ref.

Population characteristics

– Average bodyweight (kg) 78.88 Genentech, data on file [21]

– Average BSA (m2) 1.93

Utility

– Progression-free state 0.83 JULIET study [18,19]

– PD state 0.71

Drug acquisition costs per mg‡ ($)

– Pola 105.00 Genentech, data on file, CMS ASP Pricing File 2020 [21,22]

– Bendamustine 20.95

– Rituximab 8.81

Drug administration costs ($)

– Pola administration cost per infusion, first infusion 174.07 CMS Physician Fee Schedule 2019 [23]

– Pola administration cost per infusion, subsequent
infusions

143.08

– Bendamustine cost per infusion 143.08

– Rituximab cost per infusion 174.07

Medical unit costs ($)

– Medical history and physical exam 75.32 CMS physician fee schedule, CPT code: 99213 [23]

– CBC with differential 8.63 CMS lab fee schedule, CPT code: 85025 [24]

– LDH 6.71 CMS lab fee schedule, CPT code: 83615 [24]

– Comprehensive metabolic panel 11.74 CMS lab fee schedule, CPT code: 80053 [24]

– CT scan 121.81 CMS lab fee schedule, CPT code: 78815 [24]

– Medical cost of progression per weekly cycle 1135.12 Huntington et al. [25]

– Terminal care cost (one-time) 24,994.11 Chastek et al. [26]

Frequency of HRU per weekly cycle during PFS

– CT scan, up to 2 years after 6 cycles of treatment 0.038 NCCN guidelines [1]

– Other resources, up to 2 years after 6 cycles of treatment 0.077

– CT scan, years 2–5 after 6 cycles of treatment 0.019

– Other resources, years 2–5 after 6 cycles of treatment 0.077

– CT scan, 5 years after 6 cycles of treatment 0.019

– Other resources, 5 years after 6 cycles of treatment 0.019

AE unit costs ($)

– Anemia 7130.86 The list of AEs was derived from the pola package insert; cost inputs for
each AE were obtained from HCUP

[9,27]

– Diarrhea 7661.39

– Hypokalemia 6960.60

– Hypophosphatemia 7854.71

– Infections 6955.11

– Lymphopenia 7176.99

– Neutropenia 13,451.09

– Thrombocytopenia 11,260.87

AE rates, pola + BR† (%)

– Anemia 18.00 The list of AEs and associated rates were derived from the pola package
insert

[9]

– Diarrhea 4.40

– Hypokalemia 11.00

†The model considered all-cause grade 3 or higher AEs occurring in �10% of patients with R/R DLBCL and ≥5% of the pola + BR arm and selected grade 3–4 laboratory abnormalities
worsening from baseline in patients with R/R DLBCL and ≥5% of the pola + BR arm based on the pola US FDA package insert.
‡The recommended dose of pola is 1.8 mg/kg every 21 days for six cycles in combination with bendamustine 90 mg/m2/day on day 1 and 2 and rituximab 375 mg/m2 on day 1 of
each cycle, based on the pola FDA package insert.
AE: Adverse event; ASP: Average sales price; BSA: Body surface area; BR: Bendamustine + rituximab; CBC: Complete blood count; CMS: Centers for Medicare & Medicaid; CPT: Current
Procedural Terminology; CT: Computed tomography; DLBCL: Diffuse large B-cell lymphoma; HCUP: Healthcare Cost and Utilization Project; HRU: Healthcare resource utilization; NCCN:
National Comprehensive Cancer Network; PD: Progressed disease; Pola: Polatuzumab vedotin; R/R: Relapsed/refractory.
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Table 1. Summary of model inputs (cont.).
Model input Value Notes/sources Ref.

– Hypophosphatemia 7.00

– Infections 16.00

– Lymphopenia 87.00

– Neutropenia 61.00

– Thrombocytopenia 31.00

AE rates, BR† (%)

– Anemia 10.00 The list of AEs and associated rates were derived from the pola package
insert

[9]

– Diarrhea 5.00

– Hypokalemia 5.00

– Hypophosphatemia 8.00

– Infections 2.60

– Lymphopenia 82.00

– Neutropenia 33.00

– Thrombocytopenia 26.00

†The model considered all-cause grade 3 or higher AEs occurring in �10% of patients with R/R DLBCL and ≥5% of the pola + BR arm and selected grade 3–4 laboratory abnormalities
worsening from baseline in patients with R/R DLBCL and ≥5% of the pola + BR arm based on the pola US FDA package insert.
‡The recommended dose of pola is 1.8 mg/kg every 21 days for six cycles in combination with bendamustine 90 mg/m2/day on day 1 and 2 and rituximab 375 mg/m2 on day 1 of
each cycle, based on the pola FDA package insert.
AE: Adverse event; ASP: Average sales price; BSA: Body surface area; BR: Bendamustine + rituximab; CBC: Complete blood count; CMS: Centers for Medicare & Medicaid; CPT: Current
Procedural Terminology; CT: Computed tomography; DLBCL: Diffuse large B-cell lymphoma; HCUP: Healthcare Cost and Utilization Project; HRU: Healthcare resource utilization; NCCN:
National Comprehensive Cancer Network; PD: Progressed disease; Pola: Polatuzumab vedotin; R/R: Relapsed/refractory.

Utility inputs

Utility inputs for the progression-free and PD health states were obtained from JULIET, a Phase II study of
tisagenlecleucel in patients with DLBCL that was refractory to first and second-line therapies or that had relapsed
after HSCT [18,19]. The JULIET study incorporated the SF-36 which was converted to SF-6D scores [20]. The
utility was 0.83 for the progression-free health state (assumed to be the same for all patients regardless of treatment
arm) and 0.71 for the PD health state.

Cost inputs

Costs considered in this model included treatment costs, medical costs associated with each health state, AE costs
and end-of-life costs (Table 1). All costs were in 2020 USD. If applicable, the medical care component of the
Consumer Price Index was used to inflate the original cost inputs to 2020 USD [28].

Drug acquisition costs
Drug acquisition costs were estimated based on average body surface area (BSA), dosing schedules and number of
doses per treatment cycle. The full weight distribution of the patient cohort was used in the model instead of the
mean to more accurately capture the cost of pola using variations of the 30 mg vial in addition to 140 mg vials of
pola (no vial sharing was assumed). The average weight of DLBCL patients in the Flatiron Health data (derived
from Genentech, data on file [21]) was 78.9 kg and given the available vial of 140 mg and a dosing of 1.8 mg/kg,
the average patient would use one vial. However, when considering the full weight distribution of DLBCL patients
in Flatiron, patients used variations of 30 and 140 mg vials of pola to allow precise weight-based dosing (e.g., dose
of 30, 60, 90, 120, 140, 150, etc.).

Treatments other than pola are dosed according to BSA. An average BSA of 1.93 m2 was derived from Genentech,
data on file [21]. The dosages received for rituximab were calculated using a minimum dosage strength of 100 mg
based on the FDA package insert [29]. Bendamustine was assumed to have no dose wastage since the administration
is through multi-use vials.

Unit drug costs were based on Average Sales Price (ASP). Drug costs related to dose wastage (no vial sharing)
were considered. The dosing schedule and number of doses per treatment cycle were based on the FDA package
inserts for pola [9], rituximab [29], bendamustine [30], as well as the GO29365 trial [11]. The ASP unit prices were
obtained by dividing payment amounts in the 2020 Medicare Part B Drug ASP Pricing Files (effective 1 July 2020
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to September 2020 [22]) by 1.06 because Medicare pays physicians and suppliers for most part B-covered drugs
based on their ASP plus 6%. The unit ASP price for pola is US$105.00 per mg. The expected drug acquisition
costs per patient were calculated using time to off treatment curves and the average drug costs per treatment weekly
model cycle. The mean number of treatment cycles based on trial data were 4.2 and 2.7 for the pola + BR and BR
arms, respectively [21].

Drug administration costs
Lengths of administration for each regimen were obtained from package inserts and the corresponding unit
administration costs were obtained from the Centers for Medicare & Medicaid Services (CMS) 2019 Physician Fee
schedule (Table 1) [9,23,29,30]. The expected drug administration costs per patient were calculated using time to off
treatment curves and the average drug administration costs per treatment weekly cycle.

Medical costs
Medical costs included medical costs associated with health states and terminal care costs. The resource use per
week in the progression-free health state was estimated based on the NCCN guidelines for patients with DLBCL,
which recommend that patients complete a medical history and physical exam and lab tests every 3–6 months
for 5 years and a computed tomography scan every 6 months for 2 years after treatment completion [1]. These
rates were translated into weekly frequencies in the model, assuming patients completed the medical history and
physical exam and lab tests every 3 months. The unit costs of routine follow-up were obtained from the CMS 2019
Physician Fee and Clinical Laboratory Fee schedule [23,24].

For patients who progressed on the study treatment, medical costs associated with PD were assigned (US$1135.12
per weekly cycle), based on a Medicare analysis of patients with DLBCL [25].

For patients who died, a one-time terminal care cost (US$24,994.11) corresponding to the incremental costs of
hospice care and inpatient care during the last month of life was assigned based on Chastek et al. [26].

AE costs
Patients in the progression-free state incurred costs associated with the management of AEs. The model considered
all-cause grade ≥3 AEs occurring in >10% of patients with R/R DLBCL and ≥5% more in the pola-BR arm and
selected grade 3–4 laboratory abnormalities worsening from baseline in patients with R/R DLBCL and ≥5% in
the pola-BR arm based on the pola FDA package insert [9].

The unit costs per AE were derived from the 2015 Healthcare Cost and Utilization Project National Inpatient
Sample estimate using the mean hospitalization cost inflated to 2020 USD (Table 1) [27,28].

Model outputs
Base-case analyses

Using the base-case model inputs, the costs and utilities for each treatment arm were calculated and compared.
The outcomes included total costs and its cost components (i.e., treatment costs, medical costs associated with
health states, terminal care costs and AE costs) and effectiveness measured as total LYs and QALYs. The total
incremental costs, total incremental LYs, total incremental QALYs and ICERs (presented as incremental cost per
LY and incremental cost per QALY) were also calculated comparing the pola + BR versus BR arms.

Sensitivity & scenario analyses

Deterministic sensitivity analyses (DSA) were conducted to assess the impact of individual model inputs on the
results. The DSA varied one model input at a time, including discount rate, utility, average patient BSA, average
patient weight and medical costs. Inputs included in the DSA are shown in Table 2.

Probabilistic sensitivity analyses (PSA) were conducted to estimate the probability for the pola + BR arm to be
cost-effective compared with the BR arm based on different willingness-to-pay (WTP) thresholds. A Monte-Carlo
simulation with 1000 iterations was conducted. In each iteration, the model inputs were randomly drawn from the
specified distributions. Inputs included in the PSA are shown in Supplementary Table 1.

The base-case model was a mixture cure model where PFS informed OS. Scenario analyses examined a mixture
cure model where PFS did not inform OS as well as a non-mixture cure model (non-proportional hazard model
for enhanced flexibility) using standard parametric techniques. For the non-mixture cure model, we used feedback
from clinical experts and visual inspection with Akaike information criterion and Bayesian information criterion
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Table 2. Inputs for deterministic sensitivity analyses.
Parameter Base-case input DSA input

Patient baseline characteristics

– Average weight at baseline (kg) 78.88 ±20% of base case

– Average BSA at baseline (m2) 1.93

Drug administration cost per treatment cycle (US$)

– First cycle, pola + BR 634.30 ±20% of base case

– Subsequent cycle, pola + BR 603.31 20th and 80th percentile values from PSA distribution

– First cycle, BR 460.23 ±20% of base case

– Subsequent cycle, BR 460.23 20th and 80th percentile values from PSA distribution

Supportive care cost during PFS per weekly cycle (US$)

– Supportive care cost in PFS for the first 2 years 12.52 20th and 80th percentile values from PSA distribution

– Supportive care cost in PFS from year 2 to year 5 10.18 20th and 80th percentile values from PSA distribution

– Supportive care cost in PFS after 5 years 4.30 20th and 80th percentile values from PSA distribution

Other medical costs (US$)

– PD cost per weekly cycle 1135.12 20th and 80th percentile values from PSA distribution

– AE cost, pola + BR (one-time) 21,989.99 20th and 80th percentile values from PSA distribution

– AE cost, BR (one-time) 15,505.21 20th and 80th percentile values from PSA distribution

– Terminal care cost (one-time) 24,994.11 ±20% of base case

Health state utility

– PFS utility 0.830 20th and 80th percentile values from PSA distribution

– PD utility 0.710 20th and 80th percentile values from PSA distribution

Discount rate (US%)

– Discount rate for costs 3.0 0.0%, 6.0%

– Discount rate for utilities 3.0 0.0%, 6.0%

AE: Adverse event; BR: Bendamustine + rituximab; BSA: Body surface area; DSA: Deterministic sensitivity analyses; PD: Progressed disease; PFS: Progression-free survival; Pola: Polatuzumab
vedotin; PSA: Probabilistic sensitivity analyses.

to determine that a generalized gamma distribution provided the best fit for the observed data for PFS and a
log-normal distribution for OS.

Results
Base-case analyses
In the base-case analysis (using a discount rate of 3% per year for costs and utilities), pola + BR was associated
with greater utility compared with BR, including 3.09 (4.04 vs 0.95) incremental LYs and 2.57 (3.31 vs 0.73)
incremental QALYs over a 50-year time horizon (Table 3).

Over the same time horizon, patients in the pola + BR arm incurred higher treatment costs compared with
patients in the BR arm (US$139,717 vs 47,944, difference = US$91,773; Table 3). Conversely, due to lower pro-
gression and death rates, patients in the pola + BR arm incurred lower post-progression medical costs (US$24,954
vs US$29,804; difference = -US$4849) and terminal care costs (US$22,313 vs 24,561; difference = -US$2248).
The total costs over a lifetime were estimated to be US$210,418 for patients in the pola + BR arm and $118,088
for patients in the BR arm, leading to a total incremental cost of US$92,329 (pola + BR vs BR).

Considering both cost and utility outcomes, the ICERs comparing the pola + BR versus BR arms were estimated
to be US$29,881 per LY gained and US$35,864 per QALY gained (Table 3).

Sensitivity & scenario analyses
DSA

The DSA results indicate that the results were robust in key scenarios. Figure 3 shows the top eight most sensitive
parameters, with ICERs ranging from US$25,679 to US$46,271. The model was most sensitive to the discount
rate considered for effectiveness. Specifically, when a discount rate of 6% was selected, the ICER increased to
US$46,271/QALY gained. Other key drivers of the model included utility in PFS and average patient BSA. In
contrast, the model was not sensitive to AE costs, supportive care cost in PFS and terminal care cost.

future science group 10.2217/cer-2020-0057
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Table 3. Base case discounted results.
Pola + BR BR Pola + BR vs BR

Costs (2020 $)†

Total costs 210,418 118,088 92,329

– Total treatment costs 139,717 47,944 91,773

– Pola acquisition costs 68,991 0 68,991

– Bendamustine acquisition costs 34,438 23,548 10,890

– Rituximab acquisition costs 33,426 22,856 10,570

– Drug administration costs 2862 1540 1322

– Supportive care costs associated with PFS 1445 274 1171

– Medical costs associated with PD 24,954 29,804 -4849

– Terminal care costs 22,313 24,561 -2248

– AE costs 21,989 15,505 6484

Effectiveness†

– Total LYs 4.04 0.95 3.09

– Total QALYs 3.31 0.73 2.57

ICER

– Incremental cost per LY gained $29,881/LY

– Incremental cost per QALY gained $35,864/QALY

†Discount rate 3% per year.
AE: Adverse event; BR: Bendamustine + rituximab; ICER: Incremental cost–effectiveness ratio; LY: Life year; PFS: Progression-free survival; PD: Progressed disease; Pola: Polatuzumab
vedotin; QALY: Quality-adjusted life year.

Discount rate – effectiveness (0; 0.06)

Upper input value

Lower input value

29,775

29,963

25,679

33,992

35,239

35,249

34,904

35,694

35,690

35,690 36,014

36,039

36,094

36,268

36,763

37,084

37,223

46,271

45,085

41,735

Deterministic sensitivity analysis of the model inputs 

Utility in PFS – all treatment arms (0.66; 1)

Utility in PFS – pola + BR (0.73; 0.97)

Average patient BSA (1.54; 2.31)

Discount rate – costs (0; 0.06)

Utility in PFS – BR (0.73; 0.97)

Average patient weight (63.11; 94.66)

Utility in PD – all treatment arms (0.56; 0.91)

Medical cost at end of life (19,995.29; 29,992.94)

Medical cost in PD (1044.71; 1239.82)

23,111

Incremental cost per QALY

28,111 33,111 38,111 43,111 48,111

Figure 3. Deterministic sensitivity analysis results for pola + bendamustine + rituximab versus bendamustine +
rituximab alone.
BR: Bendamustine + rituximab; BSA: Body surface area; PD: Progressed disease; PFS: Progression-free survival; Pola:
Polatuzumab vedotin; QALY: Quality-adjusted life year.

PSA

The cost–effectiveness plane showing the incremental costs and incremental QALYs in the comparison of the pola +
BR arm versus the BR arm based on 1000 simulations of the model is presented in Figure 4. The average incremental
cost and QALYs were US$88,481 and 2.61, respectively. The average cost per QALY gained was US$42,612/QALY.

The cost–effectiveness acceptability curve is presented in Figure 5. The pola + BR arm was considered cost-
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Figure 4. Incremental cost–effectiveness plane for pola + bendamustine + rituximab versus bendamustine +
rituximab alone. The average incremental cost and QALYs were US$88,481 and 2.61, respectively. The average cost
per QALY gained was US$42,612/QALY.
BR: Bendamustine + rituximab; Pola: Polatuzumab vedotin; QALY: Quality-adjusted life year.
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Figure 5. Cost–effectiveness acceptability curve (willingness-to-pay per quality-adjusted life year).
BR: Bendamustine + rituximab; Pola: Polatuzumab vedotin; QALY: Quality-adjusted life year; WTP: Willingness-to-pay.

effective relative to the BR arm in 68% of replications at a WTP threshold of US$50,000 per QALY and in 97%
of replications at a WTP threshold of US$100,000 per QALY.

Additional scenario analyses resulted in ICERs of US$41,442 per QALY when OS was modeled separately from
PFS (mixture cure) and US$72,166 per QALY when using standard parametric methods (non-mixture cure). Both
ICERs were below the US acceptable WTP threshold of US$150,000 per QALY gained [31].

Discussion
Following the recent approval of pola + BR in the US for the treatment of adult patients with R/R DLBCL, not
otherwise specified, after at least two prior therapies, it is important for payers to understand the economic benefits
of this regimen compared with the existing recommended standards of care. In the randomized Phase II cohort of
GO29365, pola + BR showed a significantly higher CR rate and improved OS and PFS compared with BR [11]. In
the present study, we assessed the cost–effectiveness of pola +BR versus BR using model inputs from the GO29365
trial [11] and the literature or other publicly available data. The results from the base-case analysis showed that pola
+ BR was associated with a greater health benefit compared with BR over a lifetime (50 years), as evidenced by a

future science group 10.2217/cer-2020-0057



Research Article Betts, Thuresson, Felizzi et al.

gain of 2.57 QALYs. The incremental cost per QALY gained over a lifetime was estimated at US$35,864, which
was below the US-acceptable WTP threshold of US$150,000 per QALY gained [31]. Moreover, in the sensitivity
analyses, the cost–effectiveness results were found to be robust in key scenarios, with pola + BR being cost-effective
relative to BR in 97% of cases at a WTP threshold of US$100,000/QALY gained.

While patients in the pola + BR arm incurred higher costs, including those associated with treatment, AE
management and supportive care due to longer survival time, these increases were partially offset by the lower post-
progression medical costs and terminal care costs. This offset may be explained by the lower rates of progression
and death observed with pola + BR in the GO29365 trial, where pola + BR reduced the risk of death by 58%
compared with BR alone [11]. This improvement was supported by a significantly higher CR rate with pola + BR
versus BR (40 vs 18%; p < 0.05), as well as a manageable toxicity profile [11]. Thus, the present study suggests that
despite having higher treatment-related costs, pola + BR is more cost-effective relative to BR for the treatment of
patients with R/R DLBCL who are ineligible for HSCT in the US.

Additional therapies have also recently been approved for this difficult-to-treat population, including the CAR-T
therapies axicabtagene ciloleucel and tisagenlecleucel based on the results from the Phase II clinical trials ZUMA-1
and JULIET [18,32]. A few studies have assessed the cost–effectiveness of CAR-T therapy for R/R DLBCL [33–35].
Lin et al. built a decision analytic Markov and suggested that in optimistic scenarios, the ICERs of axicabtagene
ciloleucel and tisagenlecleucel were US$129,000 and 168,000 per QALY gained, respectively, compared with
chemoimmunotherapy and HSCT in adult patients with R/R DLBCL [33]. In a separate study, Whittington et al.
used a decision tree and semi-Markov model and estimated ICERs ranging between US$100,400 and 289,000 per
QALY gained when comparing axicabtagene ciloleucel with chemotherapy in adult patients with R/R DLBCL [34].
In addition, Roth et al. used a mixture cure regression analysis to estimate an incremental cost of US$58,146
per QALY gained with axicabtagene ciloleucel compared with chemotherapy in patients with R/R large B-cell
lymphoma (including DLBCL) [35].

The estimated ICER of US$35,864 per QALY gained in the current analysis of pola + BR versus BR was lower
than the ICERs in each of the three published CAR-T models in R/R DLBCL. The patient population in the
pola GO29365 trial varies from the patient populations of other trials in the R/R DLBCL setting. Patients in the
GO29365 trial were on average older with a poorer prognosis (based on International Prognostic Index score) and
a higher proportion were more heavily pretreated or refractory to prior treatment than those enrolled in clinical
trials of axicabtagene ciloleucel and tisagenlecleucel (e.g., ZUMA-1 and JULIET [11,18,32]). It is therefore positive
that pola + BR was found to be cost-effective (with a relatively low ICER under the US$150,000/QALY gained
threshold) versus BR in a difficult-to-treat DLBCL population with few remaining treatment options. Compared
with CAR-T therapies, pola can be characterized as a readily available, ‘off-the-shelf ’ treatment; a recent discrete
event simulation model found that increased wait times associated with CAR-T treatment can result in worse
outcomes for patients with R/R DLBCL [36]. Increased wait times may further impact the cost–effectiveness for
CAR-T therapies as well.

The results of this cost–effectiveness model should be interpreted in light of some limitations. First, the sample
size was small since the model was based on a randomized Phase II clinical trial. Second, cost inputs used in
this model might vary in different patient populations and were based on available data. However, a PSA varying
different model inputs was conducted and demonstrated the robustness of results. Furthermore, the validity and
robustness of partitioned survival models beyond the observed trial duration is dependent on the maturity of
the used survival data. Since the results are sensitive to long-term survival results (which at this point have to be
extrapolated), future CEAs based on survival data with a longer follow-up time are warranted.

Conclusion
The results of this CEA model suggest that, from the perspective of a US third-party payer, pola + BR represents
a cost-effective option compared with BR alone for the treatment of patients with R/R DLBCL who are ineligible
for HSCT. This cost–effectiveness was robust in sensitivity analyses.
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Summary points

• Addition of polatuzumab vedotin (pola) to bendamustine + rituximab (BR) was associated with a significantly
improved complete response rate and a 58% reduction in the risk of death in patients with transplant-ineligible
relapsed/refractory diffuse large B-cell lymphoma (R/R DLBCL) in the GO29365 trial (ClinicalTrials.gov:
NCT02257567).

• The current study evaluated the cost–effectiveness of pola + BR for the treatment of R/R DLBCL from a US
third-party payer’s perspective based on GO29365 trial data.

• A partitioned survival model was developed using progression-free survival (PFS) and overall survival (OS) data
from the GO29365 trial. The base-case analysis assumed OS was informed by PFS and used a mixture cure model
to estimate the proportion of long-term survivors (pola + BR: 21%; BR: 0%) based on a recent analysis.

• In the base case, pola + BR was associated with higher utility than BR alone (3.09 incremental life years [LY], 2.57
incremental quality-adjusted life years [QALY]).

• Estimated total lifetime costs (including drug acquisition/administration, adverse events, PFS routine care,
progressed disease medical care and end-of-life care) were US$210,418 with pola + BR and $118,088 with BR,
leading to a total incremental cost of US$92,329.

• Driven predominately by higher PFS and OS and higher estimated proportion of long-term survivors, pola + BR is
more cost-effective than BR for the treatment of transplant-ineligible R/R DLBCL in the US, with incremental costs
per LY and per QALY gained of US$29,881/LY and $35,864/QALY.

• Probabilistic sensitivity analyses testing model robustness showed that, at US willingness-to-pay thresholds of
US$50,000 and 100,000, pola + BR was more cost-effective than BR in 68 and 97% of cases, respectively.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at:
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