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Background: Bendamustine hydrochloride (BND HCl) is indicated for first-line treatment of 
chronic lymphocytic leukemia (CLL) and rituximab-refractory indolent non-Hodgkin lymphoma 
(iNHL). There are two ready-to-dilute (RTD) formulations of BND HCl on the US market: a large- 
volume, long-duration infusion (BND-L) and a small-volume, short-duration infusion (BND-S). It 
is estimated that the shorter duration infusion could result in cost savings to infusion facilities.
Objective: Estimate the one-year budget impact between BND-S and BND-L for use in the 
treatment of CLL and iNHL when all current BND-L utilization is replaced with BND-S, 
from the US infusion facility perspective.
Methods: An illustrative budget impact model estimated the change in costs associated with 
a projected increase from 50% to 100% market share for BND-S. The model included CLL 
and iNHL patient populations. Budgetary costs reflected facility expenditures on drug 
acquisition and administration based on recommended dosing for BND-S and BND-L. The 
base-case model assumptions and inputs were derived from scientific literature and publicly 
available resources. The total budget impact was calculated annually, along with the differ
ences in per patient cost; one-way sensitivity analyses were conducted.
Results: Per-patient savings with BND-S use after the utilization shift were estimated at 
$2812.24 for CLL and $4769.01 for iNHL. Across both indications, the total annual incre
mental savings after the utilization shift were estimated at $452,209 for 250 CLL and iNHL 
patients in a 10,000-patient infusion facility, resulting in cost savings of $150.74 per BND 
HCI patient per month and $1808.84 per BND HCI patient per year. The model was sensitive 
to changes in proportion of patients receiving BND HCI infusions for CLL and iNHL, 
patient body surface area, and BND-S wholesale acquisition cost.
Conclusion: This analysis estimated over $450,000 in annual savings for a 10,000-patient 
chemotherapy infusion facility following a utilization shift from 50% use of each RTD 
product to 100% use of BND-S in CLL and iNHL patients, driven by lower acquisition 
costs for BND-S and lower administration labor costs associated with rapid infusion.
Keywords: chronic lymphocytic leukemia, indolent non-Hodgkin lymphoma, budget 
impact, bendamustine, infusion

Introduction
Chronic lymphocytic leukemia (CLL) is a heterogeneous form of cancer, originat
ing from abnormal antigen-experienced B lymphocytes that accumulate in the 
blood, bone marrow, spleen, and lymph nodes.1,2 Although CLL is primarily 
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a disease of the elderly, with a median age at diagnosis 
between 67 and 72 years, about 10% of patients with CLL 
are less than 50 years of age.3,4 Despite being the most 
common leukemia in adults in the United States (US), 
CLL is a relatively rare with an estimated 21,040 new 
cases of CLL and an estimated 4060 CLL-related deaths 
expected in 2020.4 Survival rates for patients with CLL 
vary widely, based on the stage of the disease; the five- 
year survival for patients with CLL is 86.1%.5

NHLs are a heterogeneous group of lymphoid cell 
malignancies with a broad range of morphologic, immu
nologic, and clinical attributes as consequences of their 
varying differentiated immune cell origin.6,7 Although 
NHLs can be derived from either the T-cell or B cell 
lineage, the vast majority are B cell in origin, including 
follicular NHL, diffuse large B-cell lymphoma, and CLL. 
NHLs as a group are currently the seventh most common 
cancer in both men and women in the US, with an esti
mated 77,240 new cases and an estimated 19,940 deaths 
predicted to occur in 2020.4 Survival rates vary broadly by 
cell type and stage of disease.4 The current five-year 
survival rate for NHL is 75.1%.5 Indolent NHL (iNHL) 
represents approximately 40% of all NHL cases.8

Observation, rather than treatment, may be appropriate 
for some patients with CLL.9 However, for CLL patients 
with active, symptomatic disease, treatment options 
include alkylator-based therapies, purine analog-based 
therapies, B-cell lymphoma-2 inhibitors, kinase inhibitors 
that target B cell receptor signaling, and/or monoclonal 
antibodies.1,9 Treatment approaches are based on patient 
age, performance status or fitness, and comorbidities, all of 
which affect the tolerability of treatment regimens. The 
choice of treatment also depends on the clinical stage of 
the disease, patient symptoms, genetic profile, and disease/ 
treatment status (first- versus second-line, response versus 
nonresponse to the last treatment).1,9,10 For iNHL patients 
without symptoms or advanced disease, observation may 
also be an option.9 Once therapy is initiated, patients with 
NHL may be treated with radiation, single-agent or com
bination chemotherapy, immunotherapy, chemoimmu
notherapy, and/or radioimmunotherapies, depending on 
the specific type and stage of disease.4,9 Similar to CLL, 
treatment selection for patients with iNHL should be indi
vidualized based on patient age, extent of disease, comor
bidities, therapy goals, and patient preference. The 
selection of treatment for second-line therapy and beyond 
for iNHL also depends on the efficacy of prior treatments 
received.11

Bendamustine hydrochloride (BND HCl) is an alkylat
ing drug indicated for first-line treatment of patients with 
CLL (efficacy relative to first-line therapies other than 
chlorambucil has not been established) and iNHL that 
has progressed during or within six months of treatment 
with rituximab or a rituximab-containing regimen.12–14 

There are three BND HCl products currently on the market 
in the US, two of which are ready-to-dilute (RTD) formu
lations: BND large-volume, long-duration infusion 
(Belrapzo™; Eagle Pharmaceuticals, Inc., Woodcliff 
Lake, NJ; BND-L)13 and BND small-volume, short- 
duration infusion (Bendeka®; Teva Pharmaceuticals 
USA, Inc., Parsippany, NJ; BND-S).14

With the exception of infusion rate, infusion volume, 
and diluents, the active ingredients and FDA-approved 
labeling for the two RTD formulations are identical.13,14 

The active ingredient in both products is bendamustine 
hydrochloride, and they are FDA-approved for CLL and 
iNHL that has progressed during or within six months of 
rituximab treatment or therapy with a rituximab-containing 
regimen. BND-S treatments for both CLL and NHL are 
infused over 10 minutes. BND-L treatments for CLL are 
infused over 30 minutes; treatments for NHL are infused 
over 60 minutes. BND-S may be diluted with 50 mL of 
0.9% Sodium Chloride Injection, United States 
Pharmacopoeia (USP), 2.5% Dextrose/0.45% Sodium 
Chloride Injection, USP, or 5% Dextrose Injection, USP. 
BND-L may be diluted with 500 mL of 0.9% Sodium 
Chloride Injection, USP, or 2.5% Dextrose/0.45% 
Sodium Chloride Injection, USP.

BND-S received regulatory approval by the Food and 
Drug Administration (FDA) via the 505(b2) pathway.15 

BND-S was evaluated in a Phase I, open-label, crossover, 
randomized clinical study that compared it to a reference 
formulation of BND HCI in 81 patients with cancer who 
had progressed or relapsed on standard therapy or for 
whom no curative or standard therapy was 
appropriate.16,17 BND-S was administered as a low- 
volume (50-mL admixture) BND formulation infused 
over a period of 10 minutes, whereas the reference product 
was administered as a standard-volume (500-mL admix
ture) BND formulation infused over a period of 60 min
utes. BND-S was bioequivalent to the reference 
formulation for the pharmacokinetic parameters of BND 
area under the curve assessments using the reference 
scaled average bioequivalence approach for each of the 
population sets analyzed. Furthermore, no clinically sig
nificant differences in the adverse event (AE) profile were 
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noted among patients receiving BND HCI administered as 
a 500-mL admixture over standard infusion time periods 
and those receiving BND-S administered as a 50-mL 
admixture over a short-duration infusion, despite the 
higher maximum observed plasma concentration (Cmax) 
values observed with BND-S.14,15 BND-S and the refer
ence formulation had similar safety profiles within 
one hour and 24 hours after infusion.16 There were no 
differences between the formulations in infusion-related 
AEs and no reports of extravasation or irritation after 
either formulation.13

The differences between the products according to the 
FDA-approved labeling provide the opportunity for 
a reduction in infusion time and volume administered for 
patients treated with BND-S. In addition, providers have 
an additional diluent choice with BND-S that may provide 
clinical benefit for some patients, and clinics may experi
ence more available staff time and increased patient turn
over with shorter infusion times. As such, institutions may 
choose utilization of one product over another based on 
pharmacoeconomic considerations. An illustrative budget
ary impact model was developed to estimate the one-year 
projected cost differential between BND-S and BND-L for 
use in the treatment of CLL and iNHL when all current 
BND-L utilization is replaced with BND-S.

Methods
Model Framework
An economic model estimated the current costs of BND-S 
and BND-L for use in the treatment of CLL and iNHL and 
projected the estimated cost difference between the current 
and future utilization of these BND HCl infusion products 
from the US facility perspective. The model was con
structed in Microsoft Excel® and developed to the extent 
possible, according to the current Budget Impact Analysis 
Principles of Good Practice published by the International 
Society of Pharmacoeconomics and Outcomes Research 
(ISPOR).18 The base-case model assumptions and inputs 
were derived from pertinent scientific literature, product 
labeling, and publicly available resources (where avail
able); no patient-level identifiable data were used.

The model contained three main input components: 
patient population, marketplace dynamics, and budgetary 
costs. The patient population component defined the total 
number of patients eligible for treatment with BND-S or 
BND-L infusions based on national health system statistics 
and CLL and iNHL incidence data. The marketplace 

dynamics component included the current and future 
BND product utilization projections. All products were 
considered according to their FDA-approved indications. 
Finally, the budgetary costs component reflected facility 
expenditures (versus billed charges) for drug acquisition 
and administration based on recommended dosing within 
BND-S and BND-L US FDA-approved labeling and did 
not include health plan or payer reimbursement. The 
model used a one-year time horizon to reflect the short- 
term nature of the budgetary cycle; therefore, costs were 
not discounted.

Acquisition and administration costs were combined 
with population and product market share information to 
estimate the budget impact on infusion facilities associated 
with a shift in utilization from BND-S to BND-L over 
one year. Model outcomes included the annual budget 
impact, calculated as the net difference in costs between 
the current and projected (future) scenarios, presented in 
the aggregate along with differences in per BND patient 
per month (PBPPM) and per BND patient per year 
(PBPPY) costs.

Eligible Population
The analysis began by estimating the patient population 
who may be eligible for BND-S or BND-L treatment. The 
input values and their sources used in the base-case ana
lysis for determining the size of this population are sum
marized in Table 1 and described below.

Few publicly available data quantify the average num
ber of patients receiving chemotherapy at an infusion 

Table 1 Population Estimates

Population Estimated 
Proportion

Number Source

Institution total annual 

patient count

100% 10,000 19–21

Patients receiving BND-S 

or BND-L infusions for 

CLL

1.50% 150 4,5,23,24,26

Patients receiving BND-S 

or BND-L infusions for 
iNHL

1.00% 100 4,8,26

Institution annual total patient 
count receiving 
BND-S or BND-L infusions

250

Abbreviations: BND-L, bendamustine hydrochloride large-volume, long-duration 
infusion; BND-S, bendamustine hydrochloride small-volume, short-duration infu
sion; CLL, chronic lymphocytic leukemia; iNHL, indolent non-Hodgkin lymphoma.
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center. One recent study reported that the median number 
of chemotherapy infusion patients per day within their 
sample (>250 infusion centers of all facility types) was 
34, which corresponds to 8500 patient encounters per year, 
using a 250-day work year.19 The University of Michigan 
Comprehensive Cancer Center saw 9429 unique che
motherapy infusion patients from August 2012 through 
February 2013, corresponding to an estimated 19,000 
unique patients receiving one or more infusion in 
one year.20 Data from the same center in 2014 reported 
approximately 21,000 unique patients received infusions 
throughout the year.21 These larger numbers suggest that 
this particular facility serves substantially more patients 
than the average facility. Using these publicly available 
data as a guide, the model used a default value of 10,000 
to represent the number of unique patients receiving one or 
more chemotherapy treatments at a typical infusion center.

The American Cancer Society (ACS) estimated that 
1,806,590 new cancer cases will be diagnosed in the US 
in 2020.4 The model assumed approximately 80% of these 
new cancer cases, including CLL and NHL, are treated 
with first-line chemotherapy (with or without immunother
apy) per national guidelines (versus other treatment mod
alities). This estimate includes the 2020 estimated 21,040 
new cases of CLL (1.5% of chemotherapy- or immu
notherapy-treated new cancer cases) and 77,240 new 
cases of NHL (5.3% of chemotherapy- or immunotherapy- 
treated new cancer cases).

Based on ACS estimates, the annual incidence of CLL 
was calculated to be approximately 0.0064% using 2019 
US census population data.22 The most recent 
Surveillance, Epidemiology, and End Results (SEER) esti
mates for 2010–2016 report a five-year relative survival of 
86.1% for patients with CLL, with 434,982 prevalent 
cases.5 Real-world SEER data have identified that the 
majority of patients may remain untreated within the first 
two years of diagnosis,23 and following first-line treat
ment, approximately two-thirds of patients receive second- 
line treatment within two years.24 However, no real-word 
data exist to support a specific proportion of patients with 
prevalent CLL eligible for and opting into relapsed therapy 
treatment overall, nor specifically with bendamustine. 
National Comprehensive Cancer Network guidelines 
(NCCN Guidelines®) recommend therapy including BND 
as a Category 2A option for first-line treatment and 
a Category 2B option for relapsed or refractory patients 
without the del(17p)/TP53 mutation (which represents 
a very small proportion of patients),25 based on patient 

comorbidity status.26 Using these treatment patterns as 
a guide, the model conservatively assumed a patient 
count equal to the annual incidence of CLL among all 
cancers may be used as a proxy for the number of 
untreated patients who will receive first-line treatment in 
any given year, taking into account that 80% of patients 
with new cancer diagnoses overall opt into treatment. 
Real-world data suggest up to 50% of treated patients 
receive first-line BND.23,27–29 Given the high survival 
rate and CLL prevalence without supportive real-word 
data for relapsed treatment patterns annually, a patient 
count that is half the annual incidence may be used as 
a best-estimate and conservative proxy for the number of 
relapsed patients who will receive treatment in a given year. 
Therefore, the base-case population for patients with CLL 
who may receive BND-S or BND-L was calculated 
as 1.5%.

iNHL comprises approximately 40% of all NHL cases.8 

SEER estimates for 2010–2016 report a five-year relative 
survival of 89.0% for patients with follicular lymphoma, 
with 719,831 prevalent cases or approximately 10-fold the 
annual incidence.5 NCCN Guidelines recommend therapy 
including BND as second-line and subsequent treatment in 
patients with iNHL.9 Real-world data evaluating treatment 
patterns in follicular lymphoma estimated 5–42% of 
patients receive second-line and beyond therapy,30–32 with 
a range of 6–26% receiving BND as part of this 
therapy.30–33 The model assumed these patients progressed 
during or within six months of treatment with rituximab or 
a rituximab-based regimen, per the BND US prescribing 
information (USPI), and may also be receiving BND treat
ment beyond second-line, increasing the patient count 
potentially receiving BND in a given year. Using 
the second-line follicular lymphoma treatment patterns as 
a low-estimate proxy for those of iNHL, the model assumed 
50% of patients with iNHL receive second-line or beyond at 
any given time, and 30% of those patients receive BND. 
With the relatively high five-year survival rate and asso
ciated prevalence, the model assumed prevalent cases opt
ing into second-line and beyond therapy in a given year is 
three-fold the annual incidence patient count. Therefore, the 
base-case population for patients with iNHL who may 
receive BND-S or BND-L was set at 1.0%.

Market Share
Marketplace dynamics are critical to budget impact models 
in terms of existing product utilization and the effect of 
newer treatments on this utilization, including rate of 
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adoption. It was assumed that current utilization is evenly 
split among BND-S and BND-L and projects BND-S will 
achieve 100% of this market in the future (see Table 2). The 
number of treated patients for each product and indication 
was calculated based on default population inputs. It was 
assumed that patients undergoing treatment would not 
switch their current treatment regimen during the year. 
Based on these assumptions, a total of 125 patients of the 
250 included in the model were transferred to BND-S treat
ment from BND-L.

Costs
To estimate budgetary costs, the model included both acqui
sition and administration costs. Budgetary costs reflect facil
ity expenditures (vs billed charges) and do not include payer 
reimbursement. As shown in Table 3, product dosing was 
based on the FDA-recommended regimen per indication, 
according to the USPIs for BND-S and BND-L, dosed 
according to body surface area (BSA).13,14 The treatment 
of CLL is 100 mg/m2 on days one and two of a 28-day cycle, 
up to six cycles. As such, CLL was assumed to require 12 
doses within one calendar year. The treatment of iNHL that 
has progressed during or within six months of treatment with 
rituximab or a rituximab-containing regimen is 120 mg/m2 

administered intravenously (IV) on days one and two of 
a 21-day cycle, up to eight cycles. As such, the model 
assumed a total of 16 doses per patient with iNHL within 
one calendar year. A patient BSA of 1.80 m2 was used for 
calculating base-case dosing, based on two large observa
tional studies estimating average BSA of patients receiving 
chemotherapy in the United Kingdom (UK).34,35 For con
servatively estimated effective cost calculations, default per 
patient annual dose counts were assumed to be the USPI 
dosing maximum of 12 for CLL and 8 for iNHL.

Acquisition Costs
Annual drug costs were calculated by total milligrams 
administered per patient (see Supplemental Table 1); 
rounding of doses to account for number of product vials 
was not necessary, as BND-S and BND-L are supplied in 
multi-use vials. Because products have equivalent BSA- 
based dosing, efficacy, and safety, costs for FDA- 
recommended IV admixture supplies (other than diluent) 
and management of AEs were not included in the model. 
In addition, the cost of other chemotherapy was not 
included, as it was expected to be the same regardless of 
BND product prescribed. The model assumed that patients 
completed the full course of treatment according to the 
number of doses previously listed in Table 3 and did not 
include dose delays or modifications resulting from AEs.

BND-S may be diluted with 50 mL of 0.9% Sodium 
Chloride Injection, United States Pharmacopoeia (USP), 
2.5% Dextrose/0.45% Sodium Chloride Injection, USP, or 
5% Dextrose Injection, USP. BND-L may be diluted with 
500 mL of 0.9% Sodium Chloride Injection, USP, or 2.5% 
Dextrose/0.45% Sodium Chloride Injection, USP. Within 
a given facility, prescriber selection of diluent may vary by 
patient. As such, an assumed distribution was assigned per 
facility in the base-case analysis across FDA-approved 

Table 2 Market Share Input Parameters

Bendamustine 
Product

Market Share

Current Projected

BND-S 50% 100%

BND-L 50% 0%

Total 100% 100%

Abbreviations: BND-L, bendamustine hydrochloride large-volume, long-duration 
infusion; BND-S, bendamustine hydrochloride small-volume.

Table 3 Bendamustine Product Dosing

Bendamustine 
Product

Indication Treatment 
Dose 

(mg/m2)

Mean BSA 
(m2)

Calculated Dose 
(mg)

Doses 
per 

Patient 
per 
Year

Total Dose per Patient 
per 

Year (mg)

BND-S CLL 100 1.80 180 12 2,160
iNHL 120 1.80 216 16 3,456

BND-L CLL 100 1.80 180 12 2,160

iNHL 120 1.80 216 16 3,456

Abbreviations: BND-L, bendamustine hydrochloride large-volume, long-duration infusion; BND-S, bendamustine hydrochloride small-volume; BSA, body surface area; 
CLL, chronic lymphocytic leukemia; iNHL, indolent non-Hodgkin lymphoma.
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diluents per product (see Supplemental Table 2). This 
diluent distribution per facility included patients receiving 
BND-S and BND-L for both FDA-approved indications.

Costs for drug products and diluents were based on 
current wholesale acquisition costs (WACs) from Red 
Book Online® October 2020.36 Diluent acquisition costs 
in the model represented the 25th percentile of products 
available on Red Book Online, recognizing that there are 
negotiated rates and many identical products on the mar
ket, accounting for lower acquisition costs. Red Book 
Online did not include a WAC for 2.5% Dextrose/0.45% 
Sodium Chloride Injection, USP, 500 mL; as such, the 
WAC for this diluent is for a 1000-mL product. The 
model assumed the remaining unused diluent in each pro
duct’s preparation is wasted. Any applicable differences 
from WAC based on contracted rate negotiations and/or 
manufacturer rebates were not included in the base-case 
analysis. The net difference in effective WACs per patient 
per year is included in Table 4.

Administration Costs
Both BND-S and BND-L were assumed to be adminis
tered by a health care provider in the facility setting; 
administration time was based on product USPIs.13,14 

BND-S is administered IV over 10 minutes, whereas 
BND-L is administered IV over 30 minutes in CLL 
and over 60 minutes in iNHL. The base-case hourly 
wage for facility chemotherapy infusion nurses was 
$38.86, based on the 2019 US Department of Labor 
Bureau of Labor Statistics (BLS) mean hourly wage 
for registered nurses employed in specialty hospitals.37 

The drug administration labor costs by product and 
indication are shown in Supplemental Table 3. The net 
difference in administration costs per patient per year is 
included in Table 5.

Sensitivity Analyses
In order to explore uncertainty associated with the base-case 
scenario, a series of one-way (univariate) sensitivity ana
lyses were conducted to test the impact of changing key 
model inputs on the results. These inputs included treated 
populations, patient BSA, market share, acquisition costs, 
and administration costs. Parameters were varied individu
ally with equal increase and decrease for each parameter, 
with proportion values not to exceed 100%, in an attempt to 
reflect each parameter’s true uncertainty, in accordance with 
the most recent ISPOR guidelines.18 Scenarios were dis
played in the form of a tornado diagram.

Scenario Analyses
Two scenario analyses were performed. With the substan
tial uncertainty around and known variation in facility size 
within the US, the budget impact was calculated for 
a “small” and “large” facility, using a 50% reduction and 
50% increase in patient count, respectively. Variation also 
exists among facilities with respect to their drug contract 
pricing and supply. For example, a given clinic may stock 
only one of the bendamustine products. As such, 
a scenario analysis was performed in which 100% of 
utilization was switched from BDN-L to BND-S.

Results
The base-case analysis results represent one-year facility 
costs. Total per-patient savings with BND-S use after the 
utilization shift were estimated at $2812.24 for CLL and 
$4769.01 for iNHL (Table 6). The total annual infusion 
facility incremental savings after the utilization shift were 
estimated at $452,209, resulting in cost savings of $150.74 
PBPPM and $1808.84 PBPPY (see Table 7).

The sensitivity analyses for this budget impact analysis 
demonstrated that the model was most sensitive to changes 
in the proportion of patients receiving BND infusions for 
iNHL, mean patient BSA, BND-S WAC, and the 

Table 4 Incremental Acquisition Costs for Bendamustine Products*

Indication BND-S BND-L Difference in Effective 
Annual Costs per 

Patient per Year with 
BND-S

CLL $53,438.40 $56,095.20 Savings of $2,656.80

iNHL $85,501.44 $89,752.32 Savings of $4,250.88

Note: *Not including differences in diluent costs between products. 
Abbreviations: BND-L, bendamustine hydrochloride large-volume, long-duration 
infusion; BND-S, bendamustine hydrochloride small-volume; CLL, chronic lympho
cytic leukemia; iNHL, indolent non-Hodgkin lymphoma.

Table 5 Incremental Administration Labor Costs for Bendamustine 
Products

Indication BND-S BND-L Difference in Effective 
Annual Costs per Patient 

per Year with BND-S

CLL $77.72 $233.16 Savings of $155.44

iNHL $103.63 $621.76 Savings of $518.13

Abbreviations: BND-L, bendamustine hydrochloride large-volume, long-duration 
infusion; BND-S, bendamustine hydrochloride small-volume; CLL, chronic lympho
cytic leukemia; iNHL, indolent non-Hodgkin lymphoma.
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proportion of patients receiving BND infusions for CLL 
(see Figure 1 and Supplemental Table 4). When the pro
portion of patients receiving BND infusions for iNHL was 
varied by 20%, total annual facility costs either increased 
to $18,308,318 or decreased to $14,882,689 (representing 
a change of ±$1,712,815); PBPPM and PBPPY increased 
to $5,650.72 and $67,808.58, respectively, or decreased to 
$5,392.28 and $64,707.34, respectively. When the mean 
patient BSA (across both indications) was varied by 10%, 
total annual facility costs either increased to $18,252,094 
or decreased to $14,938,913 (±$1,656,591); PBPPM and 
PBPPY either increased to $6,084.03 and $73,008.37, 

respectively, or decreased to $4,979.64 and $59,755.65, 
respectively. When the BND-S WAC was varied by 10%, 
total annual facility costs ranged from $14,941,591 to 
$18,249,415 (±$1,653,912); PBPPM and PBPPY ranged 
from $4,980.53 to $6,083.14 and from $59,766.37 to 
$72,997.66, respectively. Finally, when the proportion of 
patients receiving BND infusions for CLL was varied by 
20%, total annual facility costs ranged from $14,989,217 
to $18,201,789 (±$1,606,286); PBPPM and PBPPY ran
ged from $5,417.20 to $5,677.73 and $65,006.39 to 
$68,132,81, respectively.

The scenario analysis evaluating the budget impact to 
a 50% smaller or 50% larger facility revealed the follow
ing results. A 5,000-patient chemotherapy facility has esti
mated total annual incremental savings of $226,104, and 
a 15,000-patient chemotherapy facility has estimated total 
annual incremental savings of $678,313. PBPPM and 
PBPPY values for these scenarios are the same as for the 
10,000-patient chemotherapy facility. For a facility in 
which 100% of current bendamustine utilization was 
with BND-L and the illustrative switch was to 100% 
BND-S, total annual incremental facility savings were 
estimated at $904,417, with PBPPM and PBPPY incre
mental savings of $301.48 and $3,617.67, respectively.

Discussion
This budget impact model estimated the current costs of 
BND-S and BND-L for use in CLL and iNHL and pro
jected the cost difference between the current and future 
utilization of these RTD BND products from the US facil
ity perspective. The objective of this illustrative model 
was to communicate to healthcare decision-makers at US 
infusion facilities the one-year projected cost differential 
when BND-L utilization is replaced with BND-S. Under 
base-case values, the model estimated an annual savings of 
more than $450,000 for 250 CLL and iNHL patients in 
a 10,000-patient chemotherapy infusion facility. These 
savings were driven by lower acquisition costs for BND- 
S and lower administration labor costs associated with its 
rapid infusion. Greater utilization of BND-S also has the 
potential to provide additional available infusion chair 
time per day, which may allow facilities to treat additional 
patients per day.

Potential advantages of the shorter BND-S infusion 
time and decreased admixture volume include reductions 
in chair time for the patient and nursing time for drug 
administration, as well as reductions in the amount of 
sodium chloride administered to the patient.14 With 

Table 6 Incremental Annual per-Patient Savings with BND-S

Indication BND-S BND-L Difference in Effective 
Annual Costs per 

Patient per Year with 
BND-S

CLL $53,516.12 $56,328.36 Savings of $2,812.24

iNHL $85,605.07 $90,374.08 Savings of $4,769.01

Abbreviations: BND-L, bendamustine hydrochloride large-volume, long-duration 
infusion; BND-S, bendamustine hydrochloride small-volume; CLL, chronic lympho
cytic leukemia; iNHL, indolent non-Hodgkin lymphoma.

Table 7 Annual Facility Costs

Bendamustine 
Product

Current Projected Incremental

Total Costs

BND-S $8,297,752 $16,595,503 $8,297,752

BND-L $8,749,960 $0.00 -$8,749,960

Total Facility 
Costs

$17,047,712 $16,595,503 Savings of 
$452,209

PBPPM Costs

BND-S $2,765.92 $5,531.83 $2,765.91
BND-L $2,916.65 $0.00 -$2,916.65

Total Facility 
Costs

$5,682.57 $5,531.83 Savings of 
$150.74

PBPPY Costs

BND-S $33,191.01 $66,382.01 $33,191.00

BND-L $34,999.84 $0.00 -$34,999.84

Total Facility 
Costs

$68,190.85 $66,382.01 Savings of 
$1,808.84

Note: Calculations aggregate facility costs for patients with CLL and iNHL. 
Abbreviations: BND-L, bendamustine hydrochloride large-volume, long-duration 
infusion; BND-S, bendamustine hydrochloride small-volume; CLL, chronic lympho
cytic leukemia; iNHL, indolent non-Hodgkin lymphoma; PBPPM, per bendamustine 
patient per month; PBPPY, per bendamustine patient per year.
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identical preparation instructions, no difference in pre
paration or administration supply costs are expected 
between products. To quantify the impact on costs asso
ciated with differences between the products in nursing 
time for drug administration within this analysis, data 
from the US Department of Labor BLS were used for 
the mean hourly wage of registered nurse employed in 
specialty hospitals.37 Because the rate for specialty hospi
tals ($38.86 per hour) is good proxy for the infusion nurse 
wage at facilities that provide chemotherapy infusion ser
vices, it was used as the model’s default hourly wage. 
Multiplying the wage by the FDA-recommended infusion 
times for each of the RTD BND products resulted in drug 
administration labor cost savings with the use of BND-S 
of $155 per patient with CLL and $518 per patient with 
iNHL. This method of micro-costing is supported by pre
vious work, including from the US hospital perspective 
for IV infused treatments for use in rheumatoid arthritis.38 

Our analysis (conservatively using hourly wage alone 
without benefits) also found that labor costs represented 
a very small proportion of overall costs (<1%). The inter
action of clinic staff and distribution and duration of daily 
nursing tasks is a complex interplay at the facility level 
and was therefore not included in this analysis, which was 
from the broader facility perspective. However, depending 
on a facility’s care and staffing model, in addition to more 
available chair time per day, the calculated labor cost 
savings in the analysis may be an illustrative savings 
that creates nursing time for additional patient care or 

other required clinic tasks. If nurses are paid hourly and 
shift times can be reduced, this may amount to a realized 
payroll savings.

Beyond the administration labor costs, other relevant 
inputs for a facility-based model included drug and admix
ture supply acquisition costs. While the FDA-recommended 
dosing for CLL and iNHL is the same for both RTD BND 
products, the acquisition cost of BND-L is greater than BND- 
S. This drug acquisition cost differential resulted in savings 
with the use of BND-S of $2,657 per patient with CLL and 
$4,251 per patient with iNHL. In addition, the acquisition 
cost for diluents was also projected to be greater for BND-L, 
due to the larger volume of diluent required for its adminis
tration. While the diluent pricing overall is marginal when 
compared to drug cost, the added costs further increase the 
savings associated with the use of BND-S.

When drug acquisition costs are comparable, facilities 
retain savings associated with infusion labor cost differ
ences once payers reimburse drug costs. Estimated labor 
cost savings will be affected by number of sequential 
infusions in one day and infusion time reimbursement 
rates to facilities.

In addition to the clear economic advantage identified in 
this analysis for BND-S relative to BND-L, there are several 
other factors associated with BND-S use which may confer 
additional advantages. BND-S offers a sodium-free method 
of administration for patients with certain medical conditions 
requiring restricted sodium intake14 as it is the only RTD 
BND product that is approved for dilution with 5% Dextrose 

Figure 1 Univariate sensitivity analyses for projected annual facility costs. 
Abbreviations: BND-S, bendamustine small-volume, short-duration infusion; BSA, body surface area (m2); CLL, chronic lymphocytic leukemia; iNHL, indolent non- 
Hodgkin lymphoma; USP, United States Pharmacopoeia; WAC, wholesale acquisition cost.
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Injection, USP (both RTD BND products are approved for 
dilution with 0.9% Sodium Chloride Injection, USP, or 2.5% 
Dextrose/0.45% Sodium Chloride Injection, USP).13,14 

BND-S admixtures using 0.9% Sodium Chloride or 2.5% 
Dextrose/0.45% Sodium Chloride are also stable at room 
temperature for twice as long as BND-L (six versus three 
hours, respectively).13,14 One study found a preference for 
BND-S formulation compared with a prior BND formulation 
among US oncology nurses and pharmacists given the pro
duct’s attributes that address safety, cost savings, productiv
ity improvements, and improved workflow efficiency; 
domains most meaningful to the respondents.39

Limitations
Base-case model values were derived from pertinent scien
tific literature and publicly available cost resources in 
order to closely approximate a real-world budget impact. 
However, there are limitations in the model development 
and applications. The model did not take into considera
tion the resulting economic impact of clinical outcomes, 
including the risk of developing AEs and the costs asso
ciated with treating them; however, since the products are 
both BND at the same dose, differences in clinical out
comes would not be expected. Publicly available utiliza
tion data for bendamustine use in CLL and NHL varied 
among studies and geographies, and second-line use of 
treatments for each disease state among the respective 
prevalent populations in a given calendar year were not 
identified. Treatment patterns in CLL may have shifted 
since the introduction of newer agents; as such, the pro
portion of patients receiving bendamustine may be over
estimated. There is a paucity of data on treatment patterns 
in the iNHL patient subset; as such, these patient propor
tions were estimated from FL utilization data as the most 
relevant proxy with publicly available treatment pattern 
data. While an overestimation of bendamustine use in 
CLL and NHL would inflate the overall savings estimated 
in this model, the proportional difference in savings 
between the formulations would not change. A similar 
impact on results would be expected if bendamustine 
utilization differed from what is included in the model 
based on USPIs. Mean BSA was derived from UK-based 
studies, which may be different for US patients. Also, 
current and future projected utilization are not 
a reflection of known facility utilization and market fore
casting; rather these were assumptions used for a budget 
holder to consider if shifting all utilization to a single 
product. Finally, the gains in patient satisfaction afforded 

by a shorter infusion time were not included in the current 
model, but should be considered.

Conclusions
This budget impact model estimated an annual savings of 
more than $450,000 for 250 CLL and iNHL patients in 
a 10,000-patient chemotherapy infusion facility following 
a utilization shift from 50% use of each BND product to 
100% use of BND-S, driven by lower acquisition costs for 
BND-S and lower administration labor costs associated 
with its rapid infusion. Any savings achieved with the 
use of BND-S would increase with patient volume and 
provide additional available infusion chair time per day. 
However, results may vary substantially based on facility- 
based drug acquisition cost contracting with drug suppli
ers. With existing lower acquisition and administration 
labor costs, faster infusion times, smaller diluent volume 
requirements, more diluent choices, and longer stability at 
room temperature, BND-S offers both economic and clin
ical advantages over BND-L.
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