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Abstract
Objective This study aimed to assess the budget impact of introducing fixed-duration mosunetuzumab as a treatment option 
for adult patients with relapsed or refractory follicular lymphoma after at least two prior systemic therapies and to estimate 
the total cumulative costs per patient in the USA.
Methods A 3-year budget impact model was developed for a hypothetical 1-million-member cohort enrolled in a mixed 
commercial/Medicare health plan. Comparators were: axicabtagene ciloleucel, tisagenlecleucel, tazemetostat, rituximab plus 
lenalidomide, copanlisib, and older therapies (rituximab or obinutuzumab ± chemotherapy). Costs per patient comprised 
treatment-associated costs including the drug, its administration, adverse events, and routine care. Dosing and safety data 
were ascertained from respective package inserts and clinical trial data. Drug costs (March 2023) were estimated based on 
the average wholesale acquisition cost reported in  AnalySource®, and all other costs were based on published sources and 
inflated to 2022 US dollars. Market shares were obtained from Genentech internal projections and expert opinion. Budget 
impact outcomes were presented on a per-member per-month basis.
Results Compared with a scenario without mosunetuzumab, its introduction over 3 years resulted in a budget increase 
of $69,812 (1% increase) and an average per-member per-month budget impact of $0.0019. Among the newer therapies, 
mosunetuzumab had the second-lowest cumulative per patient cost (mosunetuzumab = $202,039; axicabtagene ciloleucel 
= $505,845; tisagenlecleucel = $476,293; rituximab plus lenalidomide = $263,520; tazemetostat = $250,665; copanlisib = 
$127,293) and drug costs, and its introduction only increased total drug costs by 0.1%. By year 3, the cumulative difference 
in the per patient cost with mosunetuzumab was −$303,805 versus axicabtagene ciloleucel, −$274,254 versus tisagenle-
cleucel, −$61,481 versus rituximab plus lenalidomide, −$48,625 versus tazemetostat, and $74,747 versus copanlisib. Older 
therapies were less costly with 3-year cumulative costs that ranged from $36,512 to $147,885.
Conclusions Over 3 years, the estimated cumulative per patient cost of mosunetuzumab is lower than most available newer 
therapies, resulting in a small increase in the budget after its formulary adoption for the treatment of relapsed or refractory 
follicular lymphoma.

Key Points for Decision Makers 

A budget impact model assessed the incremental budget 
of adding mosunetuzumab for relapsed or refractory fol-
licular lymphoma treatment in a US health plan.

Mosunetuzumab offers cost savings over most other newer 
therapies, which ranged from a 19% to a 60% reduction in 
total cumulative per patient costs over 3 years.

The addition of fixed-duration mosunetuzumab treatment 
resulted in a minimal budget impact on a US health plan 
over a 3-year time horizon.
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1 Introduction

Non-Hodgkin lymphomas (NHLs) are a group of heteroge-
neous neoplasms of the lymphoid system that vary from the 
most indolent to the most aggressive malignancies [1–3]. 
In the USA, 788,781 people were living with NHL in 2020, 
and it was estimated that 80,550 new cases would occur 
in 2023 [3]. Follicular lymphoma (FL) is the second most 
common lymphoma and accounts for approximately 20–35% 
of all NHLs [3, 4]. Despite being classified as indolent, FL 
is not curable with current therapies. Most patients experi-
ence relapses and face a risk of transformation to aggressive 
lymphoma, which is associated with poor outcomes [3, 4].

New treatment modalities have emerged in recent years 
for patients with relapsed or refractory (R/R) FL who had 
received two or more previous lines of systemic therapy 
including: phosphoinositide 3-kinase inhibitors  (PI3K), 
enhancer of zeste homolog 2 (EZH2) inhibitors (tazemeto-
stat), immunomodulatory agents (lenalidomide), and chi-
meric antigen receptor (CAR) T-cell therapies [4]. However, 
among the PI3K, the US Food and Drug Administration 
(FDA) withdrew its approval of umbralisib [5] while the 
sponsors of idelalisib [6] and duvelisib [7] voluntarily with-
drew the accelerated approval of these agents for R/R FL in 
the USA in 2022 and 2021, respectively, leaving only copan-
lisib available and approved for the indication. Additionally, 
therapies such as copanlisib [8] and tazemetostat [9] are not 
fixed duration, but must be taken continuously until dis-
ease progression or unacceptable toxicity. Conversely, two 
approved CAR T-cell therapies, namely axicabtagene cilo-
leucel (YESCARTA ®) and tisagenlecleucel  (KYMRIAH®), 
are available as a single infusion and have demonstrated 
high complete response rates, with the median duration of 
response not reached at the data cut-off in clinical trials. 
However, they are only accessible through restricted pro-
grams because of the risk of high-grade cytokine release 
syndrome (CRS) and neurological events [10, 11]. Both have 
caused fatal or life-threatening reactions following adminis-
tration and require strict monitoring [10, 11].

Despite the availability of multiple therapies, there is no 
standard treatment or sequence of treatments for patients 
with R/R FL. Treatment options also become increasingly 
limited from the third line onwards, especially for patients 
who are not able to receive select immunochemotherapies 
due to comorbidities [12]. Patients with FL also acquire 
increasing resistance to chemotherapy with each successive 
relapse and re-treatment event [12], leading to a shorter 
duration of response and progression-free survival with 
each line of therapy [13]. Lastly, patients who relapse or 
experience early treatment failure with immunochemothera-
pies typically experience inferior outcomes to subsequent 

immunochemotherapies [14], further underlining a need for 
newer therapies with different mechanisms of action.

In December 2022, the FDA granted mosunetuzumab 
(LUNSUMIO™) accelerated approval for the treatment of 
adult patients with R/R FL after two or more lines of sys-
temic therapy [15, 16]. Mosunetuzumab is a CD20xCD3 
T-cell engaging bispecific antibody that redirects T cells 
to eliminate B cells, including those that cause malignant 
disease. The approval of fixed-duration mosunetuzumab 
was based on the results of the phase II GO29781 study 
(NCT02500407) that evaluated the efficacy and safety of 
mosunetuzumab in patients with R/R FL [15, 16]. Over a 
median follow-up of 18.3 months, a complete response was 
recorded in 60% of patients (95% confidence interval [CI]: 
49–70%) and an objective response was observed in 80% 
(95% CI: 70–88%) according to an independent review com-
mittee assessment [17]. The median duration of response 
was 22.8 months [17]. In addition, mosunetuzumab had a 
manageable safety profile. The step-up dosing in the first 
cycle effectively mitigated the risk of CRS allowing for out-
patient administration [17]. Despite the promising clinical 
data, evidence on the economic benefit of mosunetuzumab 
to payers is currently lacking. To address the budgetary 
concerns from payers over the inclusion of mosunetuzumab 
to their formularies, we developed a budget impact model 
(BIM) to analyze the per patient cost and budget impact of 
introducing mosunetuzumab as treatment for R/R FL from 
a third-party payer perspective.

2  Methods

2.1  Model Overview

Two scenarios were modeled to explore the budgetary 
impact of introducing mosunetuzumab. The current sce-
nario reflects the current standard of care (without mosu-
netuzumab) whereas the projected scenario is defined as a 
world where mosunetuzumab is an available option in the 
treatment landscape (Fig. 1 of the Electronic Supplemen-
tary Material [ESM]). A comparison of the current and 
projected scenarios provided an estimate of the budget 
impact of mosunetuzumab being covered and reimbursed 
over a given time horizon. The analyses were conducted 
over a 3-year time horizon, where each year had a duration 
of 364 days (i.e., 52 weeks × 7 days per week). The model 
cycle length varied for each regimen to align with their 
dosing schedule. Costs included drug and wastage costs, 
administration costs, adverse event (AE) costs, CRS costs, 
and routine costs of care. All costs are presented in 2022 
US Dollars, except drug acquisition costs, which were cur-
rent as of March 2023. Where applicable, the medical care 
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component of the consumer price index was used to inflate 
costs to 2022 US Dollars [18].

The budget impact for each of the first 3 years and 
the overall 3-year budget impact were assessed. Budget 
outcomes were presented in absolute and net terms and 
included per-member per-month (PMPM) calculations. 
The BIM was developed in Microsoft Excel 2016 (Micro-
soft Corporation, Redmond, WA, USA) and complied with 
recommendations of the International Society for Pharma-
coeconomics and Outcomes Research Principles of Good 
Practice for Budget Impact Analysis [19]. The model did 
not include discounting (i.e., all results are presented 
undiscounted), which is standard practice and consistent 
with International Society for Pharmacoeconomics and 
Outcomes Research guidelines [19].

2.2  Target Population

The target population in the model included adult patients 
with R/R FL. The model considered a hypothetical popu-
lation of one million people enrolled in a nationally rep-
resentative mix of commercial and Medicare health plans. 
Within this population, the number of adult enrollees (aged 
≥18 years) was estimated from the National Population Pro-
jections Datasets of the US Census Bureau [20]. The same 
source was used to stratify the adult population between two 
age groups, namely those who were aged 18–64 years versus 
those aged 65 years or older [20]. These figures were then 
multiplied by the respective prevalence of NHL obtained 
from the Surveillance, Epidemiology, and End Results Pro-
gram [21]. Among the identified adult patients with NHL, 
the proportion of those with FL were based on estimates 

derived from the literature [3]. Finally, this figure was then 
multiplied by the proportion of patients with FL who were 
R/R after two or more previous lines of systemic therapy to 
estimate the total existing number of people with R/R FL for 
year 1. In the base case, Link et al. was used, but an alternate 
source was tested in a scenario analysis [22, 23]. For years 
2 and 3, the number of patients receiving treatment in the 
previous year was summed with the expected new cases per 
year. The expected new cases per year were calculated as 
detailed above but after subtracting the number of patients 
already identified as R/R FL from the one million-member 
health plan. The inputs used to estimate the size of the target 
population are summarized in Table 1. It was assumed that 
45.9% of patients were covered by commercial plans, based 
on internal commercial data on file [24]. The remainder of 
patients were assumed to be covered by Medicare.

2.3  Comparators and Market Share

Comparators were chosen based on current market shares 
and the anticipated treatment landscape in the R/R FL indi-
cation and included the following: rituximab monotherapy 
and in combination with bendamustine or lenalidomide, 
obinutuzumab monotherapy and in combination with ben-
damustine, copanlisib, and tazemetostat, and finally two 
CAR T-cell therapies, namely axicabtagene ciloleucel and 
tisagenlecleucel. Patients were distributed to different treat-
ment regimens according to specified market shares based 
on projections made by Genentech as well the expertise pro-
vided by Dr. Matasar, a co-author on this study and expert 
in the field of oncology (Table 1 of the ESM). Comparators 
were grouped into two subgroups: older therapies, consisting 

Fig. 1  Comparison of cumulative costs per patient per regimen over 3 
years. AE adverse events, Admin administration, Axi-cel axicabtagene 
ciloleucel, Copan copanlisib, CRS cytokine release syndrome, G Obi-

nutuzumab, Len lenalidomide, Mono monotherapy, Mosun mosunetu-
zumab, R rituximab, Taz tazemetostat, Tisa-cel tisagenlecleucel
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of the anti-CD20 monoclonal antibodies with or without 
chemotherapy; and newer therapies (copanlisib, axicabta-
gene ciloleucel, tisagenlecleucel, tazemetostat, and rituxi-
mab with lenalidomide).

2.4  Cost Components

2.4.1  Total Treatment Costs

Total treatment costs (Table 2) included drug costs, wast-
age costs, and administration costs; these were applied for 
as long as treatments were given (i.e., until discontinua-
tion). Dosing of each regimen was based on US Prescribing 
Information (PI) or trial publication (Table 2 of the ESM). 
Treatment duration was estimated and incorporated into the 
model based on the mean treatment duration as reported in 
clinical trials or estimated from the median using the meth-
odology by Hozo et al. [25] except for rituximab plus lena-
lidomide due to data limitations (Table 2). Drug costs were 
based on wholesale acquisition cost (WAC) prices sourced 
from  AnalySource® [26] and, where applicable, considered 
the availability of biosimilars (Table 3 of the ESM). Dos-
ing calculations were based on an average body weight of 
81.4 kg and an average body surface area of 1.96  m2 based 
on patients in the GO29781 study [17]. Wastage costs were 
estimated by comparing the daily discrepancy between vial 
size and the actual dosage required. Oral medications incur 
no wastage.

Administration costs were applied for intravenous treat-
ments and CAR T-cell therapies. Resource use was calcu-
lated based on the time needed to administer the drug, taking 
into account information on dosing and the infusion rate 
found in US PI [8, 16, 27–29]. We applied a conservative 
approach where the standard infusion rate was used, ignor-
ing infusion-related complications. The time required for 

administering each drug compound was then matched to its 
relevant Current Procedural Terminology code. Finally, unit 
costs for each Current Procedural Terminology code were 
based on the 2022 Centers for Medicare and Medicaid Ser-
vices (CMS) physician fee schedule [30].

The administration of CAR T-cell therapies requires addi-
tional resources. These are detailed in Table 4 of the ESM. 
CAR T-cell therapies require a leukapheresis procedure. 
Aligned with Liu et al. [31], the costs of leukapheresis and 
administration were obtained from the CMS Physician Fee 
Schedule [30]. Patients also received one-time condition-
ing chemotherapy prior to infusion of the CAR T cells for 
which drug and administration costs were captured. The 
choice of conditioning chemotherapy and associated dos-
ing was aligned with US PI and trial publications [10, 11, 
32] while drug acquisition costs were based on WAC prices 
sourced from  AnalySource® [26]. Finally, a hospital stay was 
assumed. For axicabtagene ciloleucel, per its US PI [10], 
all patients were assumed to be hospitalized, whereas for 
tisagenlecleucel, the proportion of patients receiving tisa-
genlecleucel in the inpatient setting versus outpatient setting 
was based on the ELARA study [32]. The duration of the 
hospital stay was conservatively assumed equal to 9 days 
(from day −1 to day 7 inclusively) per expert opinion, with-
out admission to the intensive care unit (ICU). The cost per 
day was based on the literature [33].

2.4.2  Adverse Events

Adverse events (AEs) of Grade ≥3 severity and occurring 
in at least 5% of patients treated with any regimen were 
included, except those not expected to have significant cost 
impacts. The AE rates, outlined in Table 5 of the ESM, were 
extracted from relevant publications or US PIs and were 
applied once in the model at the beginning of treatment. 

Table 1  Target population 
inputs

3L+ after two or more lines of systemic therapy, FL follicular lymphoma, N/A not applicable, NHL non-
Hodgkin lymphoma, R/R relapsed/refractory, SEER Surveillance, Epidemiology, and End Results Program
a All percentages data are rounded; therefore, the count data may not match because of a rounding error
b Proportion of FL that are R/R 3L+ calculated from the reported percentage of first-line patients initiating 
third-line treatment and the follow-up time in years based on the approach by Briggs et al. [58]

Parameter Valuea Percentage Source

Health plan population 1,000,000 N/A Assumption
Plan members aged ≥18 years 776,597 77.7% US Census Bureau [20]
 Aged 18–64 years 612,411 78.9% US Census Bureau [20]
 Aged ≥65 years 164,186 21.1% US Census Bureau [20]

Prevalence of NHL
 Aged 18–64 years 832 0.1358% SEER [21]
 Aged ≥65 years 1448 0.8821% SEER [21]

Proportion of NHL that are FL 456 20% National Cancer Institute [3]
Proportion of FL that are R/R 3L+ 10.2 2.2% Link et al. [22]b
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Table 2  Total treatment cost 
per cycle

Admin administration, Axi-cel axicabtagene ciloleucel, Benda bendamustine, Copan copanlisib, G Obinu-
tuzumab, Len lenalidomide, Mono monotherapy, Mosun mosunetuzumab, N/A not applicable, PI prescrib-
ing information, R rituximab, Taz tazemetostat, Tisa-cel tisagenlecleucel
a For mosun, dosing information and cycle length sourced from US PI. [16] Treatment duration based on 
mean duration in GO29781 study (data on file, Genentech, Inc.)
b For R-mono, dosing information and cycle length sourced from US PI. [27] Treatment duration was 
assumed equal to 4 doses (1 cycle of 28 days, 1 dose administered weekly) as the  RITUXAN® US PI stated 
that most patients received 4 doses [27]
c For G-mono, dosing information and cycle length sourced from the trial publication. [59] Treatment dura-
tion in the induction phase was assumed equal to 4 doses (1 cycle of 28 days, 1 dose administered weekly) 
on the basis that 95% completed all 4 doses during the induction phase. [59] Treatment duration in the 
maintenance phase was based on the mean number of doses in the trial (date on file, Genentech, Inc.). The 
proportion of patients entering the G maintenance phase reported in Sehn et al. (N = 62/70) [59]
d For R-benda, dosing information and cycle length sourced from trial publication. [60] Treatment duration 
in the induction phase based on mean duration as reported in Rummel et al. [60] Treatment duration in the 
maintenance phase aligned based on van Oers et al. [61] and assumption. The proportion of patients enter-
ing R maintenance phase reported in Rummel et al. (N = 25/114) [60]
e For copan, dosing information and cycle length sourced from US PI. [8] Treatment duration based on 
mean duration as reported in Appukkuttan et al. [23]
f For G-benda, dosing information and cycle length sourced from US PI. [28] Treatment duration in the 

Regimen Cycle length 
(days)

Mean treatment 
duration (cycles)

Treatment costs per cycle

Drug Wastage Admin

Mosuna

 Cycle 1 21 8.0 $37,426 $0 $688
 Cycle 2 21 $35,644 $0 $170
 Cycles 3–17 21 $17,822 $0 $170

R-monob

 Cycle 1 28 1.0 $24,186 $2,190 $828
 Cycle 2 28 $24,186 $2,190 $799

G-monoc

 Cycle 1 (induction) 28 1.0 $31,101 $0 $948
 Cycles 1–12 (maintenance) 56 6.2 $7775 $0 $170

R-bendad

 Benda-Cycles 1–6 28 5.4 $5634 $766 $208
 R-Cycle 1 (induction) 28 $6047 $547 $229
 R-Cycles 2–6 (induction) 28 $6047 $547 $200
 R-Cycles 1+ (maintenance) 84 6.5 $6047 $547 $200

Copane

 Cycle 1+ 28 7.1 $15,149 $0 $420
G-bendaf

 B-Cycles 1–6 28 5.2 $5634 $766 $208
 G-Cycle 1 (induction) 28 $23,326 $0 $718
 G-Cycles 2–6 (induction) 28 $7775 $0 $170
 G-Cycle 1+ (maintenance) 56 6.4 $7775 $0 $170

Tazg

 Cycle 1+ 28 14.0 $17,593 $0 $0
R-Lenh

 R-Cycle 1 28 5.0 $24,186 $2,190 $828
 R-Cycles 2–5 28 $6047 $547 $200
 Len-Cycles 1–12 28 11.2 $17,498 $0 $0

Tisa-celi

 Single infusion N/A N/A $427,048 $0 $27,121
Axi-celi

 Single infusion N/A N/A $424,000 $0 $32,045
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Adverse event rates not reported for a given regimen were 
assumed to be zero. Costs for neurologic events were based 
on Abramson et al. [34] whereas all other AE costs were 
derived from the Healthcare Cost and Utilization Project 
(Hospital Inpatient National Sample 2015, available at 
https:// hcupn et. ahrq. gov/, accessed 8 May, 2022 and 12 
December, 2022) and based on the appropriate International 
Classification of Diseases, Ninth Revision codes of each AE 
(Table 5 of the ESM). Where available, distinct Medicare 
and commercial costs were obtained and the model com-
puted a weighted average of the Medicare and commercial 
costs based on the proportion of Medicare patients assumed 
(54.1% in the base case).

2.4.3  Cytokine Release Syndrome

Aside from the AE rates, patients treated with mosunetu-
zumab and CAR T-cell therapies face the additional risk of 
CRS. This was modeled separately in the BIM and all grade 
AEs were included. The management of CRS followed the 
suggested management of immunotherapy-related toxicities  
in the US PI of mosunetuzumab, axicabtagene ciloleucel, 
and tisagenlecleucel [10, 11, 16], as well as the study pro-
tocol of mosunetuzumab as reported in Budde et al. [17]. 
It included: tocilizumab use, ICU admission, and hospi-
talization (non-ICU). Rates of CRS and resources for the 
management of CRS are outlined in Table 3. The cost of 
tocilizumab accounted for drug, wastage, and administration 
costs. The dosing schedule of tocilizumab was assumed the 

induction phase and maintenance phase based on mean number of doses in trial (date on file, Genentech, 
Inc.). The proportion entering G maintenance phase depicted in Fig. 1 of Sehn et al. (N = 143/156) [62]
g For taz, dosing information and cycle length sourced from US PI. [9] Treatment duration based on mean 
duration estimated from the median [63] using the approach by Hozo et al. [25]
h For R-len, dosing information and cycle length sourced from US PI. [64] Treatment duration based on 
median duration as no data were available to estimate the mean. Duration of lenalidomide reported in Rev-
limid promotional brochure [65] whereas duration of rituximab was unknown and assumed to be equal to 
the maximum duration [64]
i For axi-cel and tisa-cel, the treatment is a single infusion per their respective US PIs [10, 11]

Table 2  (continued)

Table 3  Occurrence of CRS and resources associated with the man-
agement of CRS

Axi-cel axicabtagene ciloleucel, CRS cytokine release syndrome, ICU 
intensive care unit, Mosun mosunetuzumab, Tisa-cel tisagenlecleucel
a Proportion of patients with CRS of any grade for each regimen based 
on US PIs and trial publications [11, 17, 66]
b Proportion of patients with CRS receiving tocilizumab and number 
of doses was extracted from the literature [11, 17, 66, 67] and Genen-
tech internal data (data on file, Genentech Inc., 2022)
c Proportion of patients with CRS admitted to the ICU and length of 
stay based on the literature [17, 32, 67], Genentech internal data (data 
on file, Genentech Inc., 2022), and assumption
d Proportion of patients with CRS hospitalized but not admitted to the 
ICU and length of stay based on the literature[17, 32, 51], Genentech 
internal data (data on file, Genentech Inc., 2022), and assumption

Parameter Mosun Axi-cel Tisa-cel

Proportion of patients with CRS of any 
 gradea

44.4% 78.2% 52.6%

Tocilizumab  useb

 Proportion of patients receiving toci-
lizumab

17.5% 61.2% 29.4%

 Number of doses received 1.7 2.3 1.7
ICU  admissionc

 Proportion of patients admitted to ICU 12.5% 18.5% 8.5%
 Length of stay (days) 3.0 4.5 4.0

Hospitalization (non-ICU)d

 Proportion of patients hospitalized 40.0% 81.5% 74.5%
 Length of stay (days) 9.2 9.3 4.3

Table 4  Total budget in the 
current vs projected scenario 
and budget impact

Mosun mosunetuzumab, PMPM per member per month

Budget Without mosun (cur-
rent scenario)

With mosun (pro-
jected scenario)

Incremental Percent increase

Total budget $6,943,372 $7,013,184 $69,812 1.01%
Average PMPM $0.1929 $0.1948 $0.0019 1.01%
Breakdown of total budget by year
 Year 1 $2,258,357 $2,318,953 $60,596 2.68%
 Year 2 $2,336,526 $2,332,943 –$3583 −0.15%
 Year 3 $2,348,489 $2,361,288 $12,799 0.54%

https://hcupnet.ahrq.gov/
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same across all regimens and was based on the mosunetu-
zumab GO29781 study protocol as reported in Budde et al. 
[17]. The drug acquisition cost was based on WAC prices 
extracted from  AnalySource® [26]. Administration costs 
were obtained from the 2022 CMS Physician Fee Schedule 
[30] based on CPT code 96413, aligned with its infusion 
schedule [35]. For the ICU and hospitalization (non-ICU) 
costs, the model assumed a daily cost of $6615 (ICU) and 
$3323 (non-ICU), which was derived from Liu et al. [31] 
and HCUP [33], respectively. The CRS costs stratified by 
regimen are detailed in Table 6 of the ESM. These are 
weighted by the proportion of patients experiencing CRS 
and are applied once at treatment initiation.

2.4.4  Routine Care

Routine care costs comprised management costs associated 
with FL. These were sourced from expert opinion, which 
stated that typical clinical practice would include one visit 
every 3 months with laboratory work (complete blood count, 
comprehensive metabolic panel, and lactate dehydrogenase) 
as well as a computed tomography chest abdomen pelvis 
scan every 6 months. For CAR T-cell therapies, a positron 

emission tomography scan at day 90 would be added and 
visits for laboratory work (complete blood count, compre-
hensive metabolic panel, and lactate dehydrogenase) would 
occur monthly for the first 6 months. The unit costs for 
office visits, laboratory tests, and imaging were obtained 
from the CMS Physician Fee Schedule and laboratory sched-
ules (Table 7 of the ESM) [30, 36]. The resulting total FL 
management costs in year 1 were $1713 for CAR T-cell 
therapies and $1132 for all other regimens. In years 2–3, 
the FL management costs were the same across all regimens 
and amounted to $1132 annually. Routine care costs were 
applied continuously throughout the model, as mortality was 
excluded in the base case.

2.5  Sensitivity Analyses

Sensitivity analyses were conducted around the budget 
impact, including a deterministic sensitivity analysis and 
scenario analyses. The deterministic sensitivity analysis 
examined the impact of uncertainty of model parameters 
including parameters related to the size of the target popula-
tion, patient characteristics, market penetration of mosunetu-
zumab, and costs (intervention and comparator drug costs, 

Table 5  Key scenario analyses

3L+ after two or more lines of systemic therapy, ASP average sale price, Benda bendamustine, FL folli-
cular lymphoma, G  Gazyva® (obinutuzumab), mono monotherapy, mosun mosunetuzumab, OP outpatient, 
PMPM per-member per-month, R rituximab, R/R relapsed/refractory
a For mosun, the full course of treatment is set to 17 cycles, which is an overestimation of the treatment 
duration as patients who achieved a complete response do not require further treatment beyond eight cycles
b Estimated on the basis of an analysis of IQVIA  PharMetrics® Plus database from 01/01/2011 to 
09/30/2020 (N = 100) [24]. These were calculated as the total FL-related costs minus FL treatment-related 
costs for 3L+ and inflated to 2022 US Dollars. Inpatient, emergency room, and pharmacy costs were 
excluded. Some regimens (e.g., intravenous phosphoinositide 3-kinase inhibitors) had few patients (<5) 
or were missing (e.g., chimeric antigen receptor T-cell therapies, mosunetuzumab) in the analysis. In these 
instances, the average across the other regimens ($25,681) was assumed

Scenario Budget impact PMPM budget impact

Base case $69,812 $0.0019
Scenario 1: 1-year time horizon $60,596 $0.0050
Scenario 2: Alternative source for share of FL that are R/R 3L+ $140,803 $0.0039
Scenario 3: Full course of treatment for all  regimensa $414,626 $0.0115
Scenario 4: Maintenance therapy for G-benda
 None $94,369 $0.0026
 All patients $52,415 $0.0015

Scenario 5: Maintenance therapy for R-benda
 None $74,433 $0.0021
 All patients $51,348 $0.0014

Scenario 6: Routine care costs based on broader outpatient  costsb −$6781 −$0.0002
Scenario 7: Payer channel
 100% Medicare $213,675 $0.0059
 100% Commercial $31,583 $0.0009

Scenario 8: Wastage excluded $86,971 $0.0024
Scenario 9: Mix brand/generic for lenalidomide drug cost $106,324 $0.0030
Scenario 10: Mix WAC/ASP for drug costs $99,486 $0.0028
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administration, AEs, CRS, and routine care). Each param-
eter was varied ±20% around its base-case value. Scenario 
analyses were conducted to test structural assumptions. First, 
the time horizon was limited to 1 year. Second, the share of 
patients with FL who are R/R was aligned with another pub-
lished BIM in R/R FL [23]. Third, the treatment duration of 
each regimen was set to the maximum duration as opposed 
to the mean duration. For regimens with maintenance ther-
apy, separate scenario analyses were included to vary the 
parameters related to both the use of maintenance (0–100%) 
and duration (full course of maintenance). Furthermore, we 
tested an alternative source for the routine care costs that 
considered broader outpatient costs. Additionally, we tested 
the impact of the payer mix on the budget impact by analyz-
ing two scenarios: all patients were assumed to be 18–64 
years of age and commercially insured or aged 65 years of 
age or older and covered by Medicare. To assess the impact 
of the base-case assumption of no vial sharing, a scenario 
analysis assuming zero wastage was generated. Addition-
ally, we re-generated the results using the average sales price 
(ASP) (where feasible), in lieu of WAC, for the subset of 
patients with Medicare coverage. Except for mosunetuzumab 
and oral drugs where WAC was used, the ASP was extracted 
from the April 2023 Medicare Part B Drug and Biological 
ASP Quarterly Payment files and the 2023 CMS Hospital 
Outpatient Prospective Payment System (Addendum B) [37, 
38]. Lastly, a scenario analysis considering a generic uptake 
of lenalidomide similar to rituximab (68%) was analyzed; 
rituximab was used as a proxy because of a lack of data.

3  Results

3.1  Base‑Case Results

In the hypothetical health plan of 1 million lives, the annual 
number of patients eligible for mosunetuzumab was esti-
mated to be 10. Table 4 presents the overall current and 
projected budget as well as the budget impact (total and 
PMPM) associated with the addition of mosunetuzumab for 
the treatment of R/R FL. The breakdown of the current and 
projected budget by cost components for each year of the 
time horizon is shown in Tables 8 and 9 of the ESM. The 
introduction of mosunetuzumab to the R/R FL treatment 
landscape was estimated to result in an increase in budget 
of $69,812 (1% increase), which translated to an average 
incremental PMPM of $0.0019 over the 3-year time hori-
zon (Table 4). This 1% budget increase corresponds to a net 
budget of $23,380,551 for the overall US population in 2023 
(N = 334,906,000) [39].

The 3-year cumulative per patient cost for each regimen is 
depicted in Fig. 1 and Table 10 of the ESM. Over 3 years, the 
estimated cumulative per patient cost of mosunetuzumab is 

lower than most available newer therapies. More specifically, 
mosunetuzumab had the second lowest total cumulative per 
patient and drug costs among other newer therapies included 
in the model. When compared with mosunetuzumab, the 
cumulative difference over 3 years in the per patient cost 
amounted to a cost savings of $303,805 versus axicabtagene 
ciloleucel, $274,254 versus tisagenlecleucel, $61,481 versus 
rituximab plus lenalidomide, $48,625 versus tazemetostat, 
and a cost increase of $74,747 versus copanlisib. Older 
therapies, such as anti-CD20 monoclonal antibodies with or 
without chemotherapy, were cheaper with 3-year cumulative 
costs that ranged from $36,512 to $147,885.

Figure 1 and Table 10 of the ESM also show the cumula-
tive per patient costs broken down into their cost compo-
nents: drug costs accounted for the largest share of cumula-
tive per patient cost for all regimens (~86% on average). 
Mosunetuzumab and the CAR T-cell therapies had an extra 
cost attributable to CRS. However, mosunetuzumab had 
the lowest CRS costs ($7174) relative to tisagenlecleucel 
($7987) and axicabtagene ciloleucel ($29,310). Mosunetu-
zumab also incurred zero wastage contrary to chemotherapy-
based regimens where wastage costs contributed up to 8% of 
the total per patient costs. Administration costs were high-
est for the CAR T-cell therapies (tisagenlecleucel: $27,121; 
axicabtagene ciloleucel: $32,045) whereas mosunetuzumab 
administration costs ($1878) were among the lowest. Finally, 
routine care costs were comparable among all regimens.

3.2  Sensitivity and Scenario Analyses

Results from one-way sensitivity and scenario analyses 
results were consistent with base-case findings. More spe-
cifically, Fig. 2 presents the PMPM budget impact over the 
3-year time horizon for each sensitivity analysis conducted. 
Only the ten most impactful parameters on the PMPM 
budget impact are depicted in the tornado plot. Applying 
a discount or mark-up on the mosunetuzumab WAC or all 
comparator WACs combined, varying the patient’s body 
surface area (which impacts total drug costs), and varying 
the share of plan members who are between the ages of 18 
and 64 years (which impacts the total number of treated 
patients) were the top drivers on the budget impact. The 
market uptake of mosunetuzumab had only a small impact 
on the PMPM budget impact. Across all sensitivity analyses, 
the inclusion of mosunetuzumab had a minimal impact on 
the PMPM cost, with a range from −$0.0072 to $0.0111 
compared with $0.0019 in the base case. See Fig. 2 of the 
ESM for the tornado diagram of one-way sensitivity analy-
ses on the total budget impact over 3 years.

The results of the ten scenario analyses conducted 
are shown in Table 5, and are aligned with the base-case 
findings. The scenario that increased the PMPM budget 
impact the most was the use of the maximum duration 
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for all regimens in the drug cost calculations instead of 
the mean duration (Scenario 3), which yielded a PMPM 
budget impact of $0.0115. The payer channel (Scenario 7) 
had the second biggest impact on the PMPM budget asso-
ciated with the inclusion of mosunetuzumab over 3 years 
($0.0009–$0.0059). This is mostly due to the size of the 
target population: from five patients (100% commercial) to 
31 patients (100% Medicare) in year 1 versus ten in the base 
case. Another important scenario limiting the time hori-
zon to 1 year (Scenario 1) only resulted in a PMPM budget 
impact of $0.0050. Relying on a different source for the 
share of patients with FL who are R/R (Scenario 2), assum-
ing all patients taking obinutuzumab plus bendamustine or 
rituximab plus bendamustine used the full course of main-
tenance therapy versus none (Scenarios 4 and 5), excluding 
wastage (Scenario 8), considering a mix of brand/generic 
formulations for the drug acquisition cost of lenalidomide 
(Scenario 9), and substituting WAC for ASP (where feasible) 
for the subset of patients with Medicare coverage (Scenario 
10) all modestly impacted the model’s results. However, in 
all these scenarios, the addition of mosunetuzumab contin-
ued to be associated with an increase in the budget. The only 
exception is Scenario 6 where considering broader outpa-
tient costs for the routine cost of care led to a modest cost 
savings (PMPM budget impact of −$0.0002).

4  Discussion

The base-case results suggest that over a 3-years time hori-
zon the introduction of mosunetuzumab will lead to an 
increase in overall costs for the treatment of R/R FL (incre-
mental budget impact of $60,596, −$3583, and $12,799 for 
years 1, 2, and 3). The average PMPM net budget over this 
period is $0.0019 for a hypothetical US health plan of one 
million members.

The two largest drivers contributing to the net budget 
increase over the 3-year period stem from drug costs and 
CRS costs. Despite drug costs accounting for over 90% 
of the total costs in the projected scenario, the introduc-
tion of mosunetuzumab only increases the total drug costs 
(including wastage) by 0.1%, compared with the current 
scenario. This is the result of mosunetuzumab having the 
second lowest cumulative drug cost among the newer thera-
pies (mosunetuzumab = $180,000; axicabtagene ciloleucel 
= $424,000; tisagenlecleucel = $427,347; rituximab plus 
lenalidomide = $244,347; tazemetostat = $246,820; copan-
lisib = $107,556). The costs associated with CRS were the 
second largest driver of the increase in budget with the intro-
duction of mosunetuzumab. This is expected as only patients 
who take mosunetuzumab and CAR T-cell therapies are at 
risk of experiencing CRS events.

The cost savings of mosunetuzumab relative to most other 
newer therapies is driven by a variety of reasons. Relative to 
the CAR T-cell therapies, mosunetuzumab had lower drug 
acquisition costs, administration costs, and CRS costs. Rela-
tive to tazemetostat, which is a treat-to-progression regimen, 

Fig. 2  Tornado diagram of one-way sensitivity analyses on the per-member per-month (PMPM) budget impact over 3 years. CRS cytokine 
release syndrome, mosun mosunetuzumab, NHL non-Hodgkin lymphoma, WAC  wholesale acquisition cost
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mosunetuzumab benefits from a fixed treatment duration that 
resulted in lower drug costs. Finally, relative to rituximab 
plus lenalidomide, while both treatments are administered 
over a fixed duration, mosunetuzumab is administered for 
a shorter duration than lenalidomide, which again reduced 
the total drug costs.

In the base case, the introduction of mosunetuzumab led 
to a modest increase in the net budget in year 1 ($60,596) 
and year 3 of the model ($12,799) but budget savings in 
year 2 (−$3,583). These results may appear counterintuitive 
considering that new patients enter the model every year 
(~10/year). However, these year-to-year differences can be 
explained not only by the per patient costs of each regimen at 
each year of treatment (most notably the drug costs) but also 
on the market share breakdown between the current (without 
mosunetuzumab) versus projected (with mosunetuzumab) 
scenarios. If the uptake of mosunetuzumab was assumed 
to proportionally displace all therapies including the CAR 
T cells, the introduction of mosunetuzumab would have 
resulted in budget savings at each year of the model. Instead, 
if the uptake of mosunetuzumab was assumed to proportion-
ally displace all therapies excluding the CAR T cells, the 
introduction of mosunetuzumab would have resulted in a 
budget increase at each year of the model.

Deterministic sensitivity analyses of select inputs high-
lighted that parameters directly influencing the drug costs 
are the most impactful parameters on the budget impact. It 
is worth noting that assuming a slower or faster penetration 
of mosunetuzumab on the market for years 1, 2, and 3 had a 
minimal impact on the net budget. However, this sensitivity 
analysis assumed that mosunetuzumab would not displace 
CAR T-cell therapies. Hence, the results could vary if this 
assumption does not hold.

Currently, the only published budget impact model for 
therapies in the R/R FL space is the study conducted by 
Appukkuttan et al. The authors examined the 1-year budget 
impact for treatments for R/R FL with and without the intro-
duction of copanlisib [23]. Despite a similar approach to 
derive the eligible population, their model estimated that 
18 patients (roughly 4.5% of prevalent FL population) had 
relapsed FL and had received at least two previous systemic 
therapies. In contrast, our model estimated only 2.2% of the 
prevalent FL population to have R/R FL and at least two 
prior therapies. Our base-case assumption of 2.2% is from 
Link et al. [22], a real-world study of treatment patterns 
among patients with FL between 2004 and 2007. Appukkut-
tan et al. relied on estimations from SEER, the Datamonitor 
Healthcare report, and unpublished Kantar Health data [23, 
40, 41]. In the scenario analysis, increasing the prevalent 
R/R population to 4.5% resulted in an increase in our mod-
el’s PMPM value from $0.0019 in the base case to $0.0039. 
There were other differences between the models as well. 
Appukkuttan et al. included off-label or since withdrawn 

therapies, specifically ibrutinib and idelalisib, whereas our 
model did not. Further, their study did not include the costs 
of AEs or consider the impact of biosimilars. Despite these 
differences, the mosunetuzumab model’s findings align with 
those of Appukkuttan et al. in that both models demonstrate 
a minimal budget impact for a third-party payer from the 
introduction of new therapies in this area.

While no other published budget impact models were 
available for comparison, there are many published studies 
on the economics of CAR T-cell therapies in FL or large 
B-cell lymphoma that can shed light on treatment and asso-
ciated costs with these regimens. Potnis et al. published a 
cost-effectiveness analysis of CAR T-cell therapy, namely 
axicabtagene ciloleucel, for patients with R/R FL, and 
modeled upfront costs of CAR T-cell therapies (including 
drug acquisition costs, leukapheresis, dose preparation, 
bridging/conditioning therapies, inpatient hospitalization, 
and AE management) as costing $443,118, with a range of 
$373,000–$711,884 in a sensitivity analysis [42]. By com-
parison, our analysis estimated the cost per patient in the first 
year to be $503,580 for axicabtagene ciloleucel, which falls 
within the range reported by Potnis et al. [42] A few differ-
ences are worth noting. First, the present analysis is based 
on more recent costing estimates versus Potnis et al. and is 
based on a different payer perspective (mix of commercial/
Medicare vs Medicare only). For example, drug prices in 
Potnis et al. have been extracted from the 2021 CMS Hos-
pital Outpatient Prospective Payment System and the July 
2021 CMS ASP files. The base case presented here relies on 
WAC from March 2023 although ASP from the 2023 CMS 
Hospital Outpatient Prospective Payment System and the 
April 2023 CMS ASP files have been used (where appropri-
ate) in the scenario analysis for the proportion of patients 
covered by Medicare. In terms of administration costs, Pot-
nis et al. assumed that patients were admitted to the hospital 
on the day of the CAR T-cell infusion and remained in the 
hospital for 7 additional days after the infusion, whereas 
we assumed that patients required a hospital stay of 9 days 
(from day −1 to day 7) based on expert opinion. Note that 
our assumption aligns with the protocol of Memorial Sloan 
Kettering Cancer Center, which states patients undergoing 
an inpatient infusion will be required to be in the hospital  
24 h prior to, during, and post-infusion (extending for a 
duration of 1–2 weeks or even longer) [43]. In terms of AE 
costs, both models assumed that grade 3+ AEs resulted in 
inpatient hospitalization. However, costs in Potnis et al. were 
derived from 2021 Medicare diagnosis-related group pay-
ments, whereas our analysis relied on HCUP, a source that 
has been used extensively in the literature [44–47]. Despite 
these differences, our model produced a conservative esti-
mate that is well within the range reported by Potnis et al. 
as previously stated. Liu et al. reported the total treatment 
associated costs (not disease related) to be $452,629 and 
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$471,628 for axicabtagene ciloleucel and tisagenlecleucel, 
respectively [31]. While these are reported as lifetime dis-
counted costs, most treatment-related costs will be incurred 
around the time of administration. Davies et al. conducted 
a real-world study of costs related to CAR T-cell treatment 
and found that the total all-cause costs from the 30 days 
prior to treatment through the 90 days after treatment to 
be $511,139 [48]. More recently, a study by Oluwole et al. 
assessed the cost effectiveness of axicabtagene ciloleucel 
versus mosunetuzumab in R/R FL. Despite a direct compari-
son with our BIM being difficult considering that only life-
time discounted costs are detailed, their study accounted for 
similar cost items as the present analysis [49]. For example, 
drug acquisition costs were the same between both studies 
despite relying on different sources. Also, our model applied 
lower costs for leukapheresis, conditioning chemotherapy, 
and administration (total costs: $2142) compared with $4219 
in the study by Oluwole et al. due to differences in the cost 
of leukapheresis. The cost per day for a hospitalization was 
also very similar ($3323 vs $3461). However, assumptions 
related to the duration of hospitalization differed between 
both studies. More specifically, Oluwole et al. assumed a 
13-day hospital stay ($44,999) that encompassed the cost 
of treating all AEs, except for hypogammaglobulinemia. 
By contrast, our study assumed an initial 9-day hospital 
stay with additional costs for CRS and AEs for a combined 
cost of $75,725. Our model appears more closely aligned to 
real-world studies [50, 51]. Keating et al., using real-world 
data, estimated the mean total inpatient hospital days from 
17–22 days for patients with DLBCL treated with CAR 
T-cell therapies [50]. The length of stay increased with 
severe CRS (19–27 days) or severe neurological events 
(22–29 days) [50]. Similarly, a study by Maziarz et al. esti-
mated the mean inpatient length of stay during infusion at 
18.3 days for axicabtagene ciloleucel [51]. In summary, our 
analysis estimated the cost per patient in the first year to be 
$503,580 for axicabtagene ciloleucel and $476,293 for tisa-
genlecleucel, which is aligned with published sources and 
a priori, appear conservative as updated WAC prices were 
used ($424,000 for axicabtagene ciloleucel and $427,048 for 
tisagenlecleucel, compared with $373,000 for each in Liu 
et al. and Potnis et al.).

This budget impact analysis presented here has several 
limitations that should be noted. Firstly, the model does 
not include progression-free survival and overall survival 
effects from the patient disease pathway directly; these 
were excluded for simplicity and transparency into cost 
drivers. Despite progression-free survival and overall sur-
vival not being explicitly modeled, the base-case analysis 
incorporated the mean treatment duration as reported in 
clinical trials, which should mitigate this limitation. Fur-
ther, it should be noted that post-discontinuation therapy 
was not assessed in this model; in practice, patients would 

likely switch to another therapy upon relapse or disease 
progression. These costs were excluded for simplicity and 
because the median time for next treatment for novel thera-
pies extended beyond the relatively short (1–3 years) model 
time horizon [52–57]. In addition, without any head-to-
head trials or matched-adjusted indirect treatment com-
parisons assessing the relative efficacy of mosunetuzumab 
versus all comparators in the model, incorporating unad-
justed efficacy would bias the analysis because of inherent 
differences in trial populations.

Another limitation concerned the compliance rate. In the 
model, a 100% compliance rate was assumed for all regi-
mens, which may vary in real-world settings. As compliance 
would directly impact the drug costs, it is unclear how this 
could impact the overall budget. However, mosunetuzumab 
is administered intravenously, as are most of the existing 
therapies. Hence, it is unlikely that the compliance rate 
would differ between mosunetuzumab and the regimens 
being displaced by the entry of mosunetuzumab.

Finally, the model inputs considered in this framework 
were obtained from multiple data sources and assumptions 
in some cases. This led to uncertainties in model inputs in 
the present analysis. Estimates of the market share are based 
on projections and hence subject to uncertainty. For existing 
therapies, there are also likely to be discounts in place that 
could further augment the incremental cost associated with 
the entry of mosunetuzumab. For this reason, these should 
be included into the BIM if data are available. However, to 
assess the importance of these uncertainties, extensive sensi-
tivity analyses were conducted. The results from these analy-
ses generally support the robustness of the model results to 
reasonable variations in key model inputs.

5  Conclusions

The budget impact analysis estimated that fixed-duration 
mosunetuzumab treatment offers cost savings compared 
with most other newer drugs that range from a 19 to a 60% 
reduction in total cumulative per patient costs over 3 years. 
This led to an average PMPM budget impact of $0.0019 
over this period for a one-million-member plan. The cur-
rent treatment landscape for FL is complex and evolving. 
Treatment options for R/R FL are relatively limited with 
no current standard of care. Providing access to mosunetu-
zumab, a fixed-duration therapy with a newer mechanism 
of action for the treatment of adult patients with R/R FL, 
provides a new treatment option to patients, which at the 
same time should have a minimal budget impact on US 
health plans over a 3-year time horizon.
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