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Purpose: Thiotepa is an intravenous alkylating agent used with other chemotherapy drugs to treat several forms of cancers.
Preparation of thiotepa requires reconstitution of powder in sterile water, followed by dilution of the solution with sodium chloride
0.9% solution for injection. The reconstitution of lyophilized powdered drug formulations may pose challenges as it can increase the
risk of preparation errors, leading to wastage or potential clinical consequences, and extend preparation time compared to ready-to-
dilute formulations; one study found that 15% of thiotepa doses were made out-of-tolerance. Tepylute® is a ready-to-dilute formulation
of thiotepa and has been approved by the United States Food and Drug Administration for the treatment of breast and ovarian
adenocarcinoma. The objective of this study was to explore the economic impact to a hospital pharmacy of using ready-to-dilute
Tepylute® versus a lyophilized powdered formulation of thiotepa.

Patients and Methods: A cost offset model was created in Microsoft Excel™, the analysis compared a current scenario (thiotepa:
100% market share) with a future scenario (Tepylute™: 100% market share) for a hospital pharmacy treating 96 cancer patients
annually. Costs (2024 USD) included drug acquisition, compounding time, drug wastage, and clinical consequences due to reconstitu-
tion errors. Incremental costs, cost offsets, and pharmacy time saved were evaluated.

Results: For a hypothetical hospital pharmacy, use of Tepylute® versus a lyophilized powdered formulation of thiotepa resulted in savings
of $339,777 over 1-year ($3539 per patient), primarily from reduced drug acquisition costs, as well as a reduction in drug wastage, clinical
consequences due to reconstitution errors, and compounding time. Results were consistent across sensitivity and scenario analyses.
Conclusion: Modeled results demonstrate that ready-to-dilute Tepylute™ may save time, reduce acquisition and preparation costs, and
lower clinical risks from preparation errors. This study is among the first to quantify potential savings from switching to a ready-to-
dilute formulation.
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Introduction

Alkylating agents are widely used in cancer treatment and function by acting on the DNA of tumor cells, leading to cell
death.! Thiotepa is an alkylating drug used in combination with other chemotherapy drugs to treat several forms of
cancers and is considered a hazardous drug by the United States (US) Centers for Disease Control and Prevention
(CDC).>” In the US, thiotepa is currently approved for the treatment of breast or ovarian adenocarcinoma.’ Thiotepa is
also approved for use in the US as a preparative regimen for the treatment of allogeneic hematopoietic progenitor (stem)
cell transplantation (HSCT) for pediatric patients with class 3 beta-thalassemia, for treatment of superficial papillary
carcinoma of the urinary bladder, and for controlling intracavitary effusions secondary to diffuse or localized neoplastic
diseases of various serosal cavities.” Thiotepa is available as a generic formulation and a branded version, Tepadina®, and
comes in vial sizes of 15 mg or 100 mg.
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Thiotepa is available as a lyophilized powder, and the preparation of thiotepa is a two-step process consisting of
reconstitution (manual mixing of thiotepa with sterile water) and dilution (dilution of the hypotonic reconstituted solution
in saline prior to patient administration). In clinical practice, thiotepa is commonly used in oncology and transplant settingsfF
7 where compounding complexity and drug wastage are persistent issues.” These settings demand precise dosing and timely
administration, and the manual preparation of thiotepa can introduce risks of error, inefficiency, and occupational exposure.

Terkola et al’ reported a high rate of inappropriate preparation for thiotepa, with 15% of thiotepa formulations being
made out-of-tolerance, defined as a dose outside each center’s preset tolerance limits for their gravimetric software
systems (ranging from 2.5% to 6%). Previous studies have reported that 0.3—0.4% of oncology and non-oncology drugs
have preparation errors due to inappropriate reconstitution.'®'" These findings highlight the vulnerability of manual
compounding processes to error, particularly for complex or high-risk medications like thiotepa.

Compounding inefficiencies and errors have broader health and economic implications, including clinical conse-
quences for patients, increased workload for pharmacy staff, drug wastage from preparation errors, and associated costs.
For patients, preparation errors can lead to reduced therapeutic efficacy, prolonged hospital stays, and increased
monitoring requirements.'? This may translate to additional healthcare costs and burden, such as increased monitoring
with clinic visits or prolonged inpatient stays.'> Not all medication errors result in clinical harm, but even minor
deviations can disrupt workflow and increase operational costs.'*'* Terkola et al® also reported that among 759,060
doses of antineoplastic drugs prepared at participating centers between 2011 and 2015, 13.77% of preparations required
more than one attempt. Minimizing the rates of preparation errors could have additional benefits of improved efficiency,
increased safety and accuracy, and reduced drug wastage. Given that thiotepa is a cytotoxic agent,’ transitioning to
a ready-to-dilute formulation may also reduce occupational exposure risks by simplifying handling procedures.'>'® The
desirability for de-risking of product preparation through simplification has commonly understood benefits, and are well
documented by the National Institute for Occupational Safety and Health (NIOSH) and are in accordance with the
guidance from “Preventing Occupational Exposures to Antineoplastic Drugs in Health Care Settings”.*'’

Tepylute®, approved for the treatment of breast and ovarian adenocarcinoma, is an intravenous ready-to-dilute
formulation of thiotepa which can be readily diluted in sodium chloride (NaCl).'®'® Ready-to-dilute formulations
remove the necessity to reconstitute drugs, simplifying preparation. In the US, Tepylute® 100 mg vials can be used
for up to 28 days after opening,'’ unlike the lyophilized powder formulation of thiotepa, which is recommended to be
used within 24 hours of reconstitution.> After preparing thiotepa, the remainder of the vial is wasted if not used
immediately, whereas Tepylute® 100mg vials can be used for multiple doses.'® Vial sharing results in fewer vials
being needed, reducing acquisition costs for an institution. The Hematology/Oncology Pharmacy Association (HOPA)
convened a diverse group of stakeholders, who noted that multi-dose vials can minimize or eliminate waste, compared to
single-dose vials and should be promoted whenever possible.”

Tepylute® offers a streamlined alternative to traditional thiotepa preparation, addressing several key challenges
associated with the lyophilized formulation. As the preparation of Tepylute® is simplified by removing the step of
reconstitution, the risk of drug preparation errors may be lowered.?' Fewer errors during preparation can, in turn, lower
the risk of clinical consequences for patients and minimize drug wastage, both of which are important considerations in
high-risk oncology and transplant settings. Adopting ready-to-dilute Tepylute® would also result in improved efficiencies
by reducing compounding time for pharmacists. Currently, pharmacists must prepare thiotepa, which can include manual
or robotic compounding. Despite attempts to reduce preparation time with robotic compounding, preparation of thiotepa
can still be time-consuming for pharmacists. As ready-to-dilute products do not need to be reconstituted prior to dilution,
they have been reported to significantly reduce preparation time compared to the lyophilized powder products.”? By
reducing preparation time, adoption of Tepylute® may result in cost offsets, due to decreased demand on pharmacist time,
facilitating the reallocation of pharmacist time to other crucial priorities. Importantly, transitioning to a ready-to-dilute
formulation may also enhance occupational safety. Thiotepa is a cytotoxic agent,” and its manual handling during
reconstitution poses exposure risks to healthcare workers. Simplifying the preparation process with Tepylute® may
reduce the potential for spills, contamination, and exposure incidents. These safety benefits align with guidance from the

NIOSH, which advocates for minimizing exposure to antineoplastic drugs through safer handling practices.*"”
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Healthcare institutions are continually seeking methods to reduce costs and improve efficiency without compromising
the quality of patient care.” As Tepylute® may reduce time requirements and provide economic benefits, while
maintaining quality of care, it would be valuable to examine the potential effects of introducing Tepylute® to an
institution. This study adopts a hospital pharmacy economic perspective, focusing on direct costs incurred by hospital
pharmacies. The time horizon for the analysis reflects a one-year operational period, aligning with typical budget cycles
and procurement planning in hospital settings. The objective of this study was to explore potential cost-offsets resulting
from the use of ready-to-dilute Tepylute® versus a lyophilized powdered formulation of thiotepa.

Materials and Methods

Model Framework

A cost-calculator model was developed to estimate the current costs associated with the usage of thiotepa in a theoretical
hospital pharmacy and to compare with costs from a future scenario where Tepylute® is integrated into the market from
a US hospital pharmacy perspective (Figure 1). The model was constructed in Microsoft Excel™. The base case
parameters were sourced from US Food and Drug Administration (FDA) product labels, IQVIA,'* administrative open
claims data from Symphony Integrated Dataverse (IDV™),** the NAVLIN by EVERSANA database on drug costs,”
and published scientific literature. All costs are reported in USD and inflated to 2024 values.

The model incorporates drug acquisition costs, costs for pharmacist compounding time, drug wastage costs due to
remade doses as a result of reconstitution errors, and healthcare costs due to clinical consequences resulting from
preparation errors. An overview of model inputs is presented in Table 1. Model outcomes include annual costs for the
hypothetical hospital pharmacy and annual costs per patient.

Population

A double-blinded market research survey was conducted in February 2024 among 20 pharmacy directors in the US, across
a variety of institution sizes and types, and found that an average of 8 patients receive thiotepa at an average outpatient
institution per month, resulting in an average of 96 patients per year per institution.”® The population in this model therefore
included 96 patients, and leveraged administrative open claims data from the IDV™ from 2022 to 2023 to inform the

Scenario without
Tepylute®

Scenario with Tepylute®

Population size Population size

Market shares for each Market shares for each

treatment treatment

Costs: Costs:
Drug acquisition Drug acquisition
Compounding time Compounding time
Drug Wastage Drug Wastage
Clinical Clinical
Consequences Consequences

Budget impact =
Scenario without Tepylute®
— Scenario with Tepylute®

Figure | Model Structure.
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Table | Model Parameters

Parameter Value Source
Perspective Hospital -
pharmacy
Time Horizon | year -
Total Number of patients treated 96 patients Based on real-world evidence, an average of 8 patients receive thiotepa at an

average outpatient institution per month, resulting in an average of 96 patients
per year for this hypothetical institution?®

Number of patients by indication

Bladder cancer 6 patients Eversana Open Claims database; Jan 2022-Dec 2023
Breast/Ovarian adenocarcinoma Il patients Eversana Open Claims database; Jan 2022-Dec 20237
Malignant Effusions | patient Eversana Open Claims database; Jan 2022-Dec 20237
Pre HSCT preparative regimen 33 patients Eversana Open Claims database; Jan 2022-Dec 2023%
Other malignancies 45 patients Eversana Open Claims database; Jan 2022-Dec 2023
Current Scenario 100% Assumption
Thiotepa

0% Tepylute

Future Scenario 0% Thiotepa Assumption
100%
Tepylute

Average Dose per administration

Bladder cancer 39.5 mg Eversana Open Claims database; Jan 2022-Dec 2023
Breast/Ovarian adenocarcinoma 20 mg Eversana Open Claims database; Jan 2022-Dec 2023
Malignant Effusions 15 mg Eversana Open Claims database; Jan 2022-Dec 20237
Pre HSCT preparative regimen 341 mg Weighted average from number of episodes for Pre HSCT and Pre HSCT in

conjunction with busulfan or cyclophosphamide from Eversana Open Claims
database; Jan 2022-Dec 2023%

Other malignancies 30.1 mg Eversana Open Claims database; Jan 2022-Dec 2023

Cycles in Treatment Course

Bladder cancer 4 cycles FDA Package Insert®
Breast/Ovarian adenocarcinoma 5 cycles Chahal et al 2015%
Malignant Effusions 3 cycles Cozzi et al 20107
Pre HSCT preparative regimen 2 cycles FDA Package Insert®
Other malignancies 3 cycles lllerhaus et al 20167
% generic thiotepa (versus brand) - 15 mg 94.0% IQVIA - SMART US Edition. Data reflective of utilization for 12 months ending
May 2024*°
% generic thiotepa (versus brand) - 100 mg 23.0% IQVIA - SMART US Edition. Data reflective of utilization for |12 months ending
May 2024*°
Vial Cost
Tepadina (brand) 15 mg $900.00 NAVLIN by EVERSANA%
Tepadina (brand) 100 mg $4700.00 NAVLIN by EVERSANAZ®

(Continued)
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Table | (Continued).

Parameter Value Source
Thiotepa (generic) |5 mg, calculated based on a weighted average $755.37 NAVLIN by EVERSANAZ®
using costs from NAVLIN by EVERSANA and reported vial utilization IQVIA - SMART US Edition. Data reflective of utilization for 12 months ending
from IQVIA May 2024%°
Thiotepa (generic) 100 mg, calculated based on a weighted average $3370.63 NAVLIN by EVERSANA®
using costs from NAVLIN by EVERSANA and reported vial utilization IQVIA - SMART US Edition. Data reflective of utilization for 12 months ending
from IQVIA May 2024%°
Tepylute 15 mg $557.10 Shorla Oncology Data on File
Tepylute 100 mg $3714.00 Shorla Oncology Data on File
Generic Thiotepa cost per unit
100 mg cost per unit
FRESENIUS $3000.00 NAVLIN by EVERSANA®®
NOVADOZ $4250.00 NAVLIN by EVERSANA®®
DR REDDY’S LABORATORIES $2995.00 NAVLIN by EVERSANAZ®
15 mg cost per unit
NOVADOZ $700.00 NAVLIN by EVERSANA®®
HIKMA PHARMA $750.00 NAVLIN by EVERSANA%®
SAGENT PHARMA $800.00 NAVLIN by EVERSANA®®
DR REDDY’S LABORATORIES $750.00 NAVLIN by EVERSANAZ®
Generic Thiotepa percentage of market
100 mg vial percentage of market
FRESENIUS 31% IQVIA - SMART US Edition. Data reflective of utilization for |2 months ending
May 2024%°
NOVADOZ 30% IQVIA - SMART US Edition. Data reflective of utilization for 12 months ending
May 2024%°
DR REDDY’S LABORATORIES 39% IQVIA - SMART US Edition. Data reflective of utilization for 12 months ending
May 2024*°
|15 mg vial percentage of market
NOVADOZ 8% IQVIA - SMART US Edition. Data reflective of utilization for 12 months ending
May 2024%°
HIKMA PHARMA 47% IQVIA - SMART US Edition. Data reflective of utilization for |2 months ending
May 2024%°
SAGENT PHARMA 19% IQVIA - SMART US Edition. Data reflective of utilization for |12 months ending
May 2024%°
DR REDDY’S LABORATORIES 26% IQVIA - SMART US Edition. Data reflective of utilization for 12 months ending
May 2024*°
Pharmacist Wage ($/hour) — mean hourly wage for all United States $64.81 US bureau of labor statistics®'
pharmacists
Pharmacist Wage ($/hour) - mean hourly wage for pharmacists in $69.36 US bureau of labor statistics®'
general medical and surgical hospitals (scenario analysis)
% Manual Compounding (vs Robotic) 75.0% Shorla Oncology Data on File

Manual Compounding Time (minutes): 30 mg

(Continued)
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Table | (Continued).

Parameter Value Source
Lyophilized Thiotepa (brand/generic) 14.8 minutes Shorla Oncology Data on File
Tepylute 9.8 minutes Shorla Oncology Data on File

Robotic Compounding Time (minutes): 30 mg

Lyophilized Thiotepa (brand/generic) 9.6 minutes Shorla Oncology Data on File

Tepylute 7.4 minutes Shorla Oncology Data on File
Percent of lyophilized thiotepa doses that need to be remade due to 2.75% Terkola et al 2016°
preparation error Rodriguez-Gonzalez et al 201/ 2"

Clinical Consequences of Chemotherapy Error

Additional Clinic Visit $151 Machlin and Mitchell. 2018 (inflated to 2024 USD)32

Additional Inpatient Day (scenario analysis) $3234 Liang et al 2017 (inflated to 2024 USD)*?

Frequency of Patients Experiencing Clinical Consequence

Increased Monitoring 24.0% Reinhardt et al 2019'2
Prolonged Hospital Stay 27.47% Reinhardt et al 2019'2
Reduced therapy efficacy 22% Reinhardt et al 2019'2

Clinic visits needed for clinical consequence

Increased Monitoring 1.00 visits Reinhardt et al 2019'2
Prolonged Hospital Stay 0.00 visits Reinhardt et al 2019'2
Reduced therapy efficacy 0.44 visits Reinhardt et al 2019'?

Inpatient days needed for clinical consequence (scenario analysis)

Increased Monitoring 0.00 Reinhardt et al 2019'?
inpatient
days

Prolonged Hospital Stay 3.86 Reinhardt et al 2019'2
inpatient
days

Reduced therapy efficacy 0.23 Reinhardt et al 2019'2
inpatient
days

Abbreviations: CPl, Consumer Price Index; FDA, Food and Drug Administration; HSCT, hematopoietic stem cell transplantation; IQVIA, IQVIA — SMART US Edition;
NAVLIN, National Average Vendor List Invoice Net (by EVERSANA); NIOSH, National Institute for Occupational Safety and Health; RWE, real-world evidence; SMART,
Source for Market Access and Real-Time Tracking; US, United States; USD, United States Dollar.

distribution of indications for patients receiving thiotepa in the mo categorized as bladder cancer, breast/ovarian adenocarci-
noma, a preparative regimen for HSCT, malignant effusion and other cancers.”* The IDV™ contains data from 307 million
patients in the US, representing data from pharmacies, prescription claims and medical transactions.?* The population of 96
patients was weighted to the distribution of claims data to determine the estimated number of patients with each indication in
the hypothetical hospital pharmacy (Table 1). The number of modeled patients was tested in one-way sensitivity analyses.
Another scenario analysis was included to evaluate only on-label indications of thiotepa.

Market Share

The base case analysis assumed the most extreme market share shift: where the current scenario considered a market with
100% utilization of brand or generic thiotepa and the future scenario considered a market with 100% utilization of
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Tepylute®, to evaluate the largest possible economic impact associated with the introduction of Tepylute®. This
assumption has been evaluated in a scenario analysis.

Costs

Acquisition Costs

Wholesale acquisition costs (WAC) were sourced from the NAVLIN by EVERSANA database.”® For Tepadina®, one
WAC price is available, but for the generic thiotepa, there are multiple prices on the market. The price of generic thiotepa
was calculated as a weighted average price considering the number of units of each generic option sold, and the price for
each generic.”>° The costs by vial size for each generic and brand thiotepa, as well as Tepylute®, are presented in
Table 1. The model calculated an average price of thiotepa to account for the respective market utilization of brand and
generic thiotepa. IQVIA data reported that branded utilization varies depending on dose size, where 94% of 15 mg vial
use is generic, compared to 23% of 100 mg vials.>° Discounts, rebates, and tender prices were not included in the
analysis as these data are not publicly available; and the use of wholesale acquisition costs may overestimate actual
prices paid for all products in the analysis, including Tepylute®. Scenario analyses were conducted to compare against
only generic or only brand options, based on real-world market share mix of these products.

To calculate the acquisition costs for a course of treatment for both lyophilized thiotepa and Tepylute®™, the number of
vials required by indication was calculated based on the average dose and cycles in a treatment course (assuming the
most efficient dosing, with minimum drug wastage). The model leveraged IDV™ data to estimate the average dose for
each indication in the model.** The average dose by indication is presented in Table 1. The FDA Package insert was
leveraged to inform the number of administrations per treatment course for bladder cancer and the pre- hematopoietic
stem cell transplantation (HSCT) preparative regimen.® The number of administrations for other indications were sourced
from the literature.”**° Dosing assumptions for each indication are summarized in Table 1.

From these assumptions and pricing, the cost per treatment course across all patients, and the cost per treatment
course per patient, were calculated for lyophilized thiotepa (brand/generic) and Tepylute™ (Table 2).

Compounding Time Costs

In a nationwide survey of pharmacists, pharmacy managers, and directors conducted in 2019, 17.1% of participants reported
using robotic technologies to compound chemotherapies.>* Internal data has indicated that thiotepa may have higher rates of
robotic preparation, where 25% of pharmacists use robotic compounding to prepare thiotepa.” The thiotepa market research
described previously reported that 30 mg of lyophilized thiotepa requires 14.8 minutes to prepare with manual compounding,
while Tepylute® requires 9.8 minutes. If robotic compounding is used, 30 mg of thiotepa requires 9.6 minutes to prepare
versus 7.4 minutes for Tepylute®™.?® Total compounding times were estimated by applying the total manual and robotic
compounding time per dose for the respective therapies, assuming 25.0% robotic compounding, and the number of

Table 2 Calculated Costs for Thiotepa and Tepylute®

Condition Number of Vials Needed Lyophilized Thiotepa Tepylute®
(Brand/Generic)*

15 mg 100 mg Cost per Dose | Cost per Year | Cost per Dose | Cost per Year

(per Patient) (per Patient)
Bladder cancer 3 0 $2292.14 $9168.57 $1671.30 $6685.20
Breast/Ovarian adenocarcinoma 2 0 $1528.10 $7640.48 $1114.20 $5571.00
Malignant Effusions | 0 $764.05 $2292.14 $557.10 $1671.30
Pre HSCT preparative regimen 3 3 $15,474.88 $30,949.76 $12,813.30 $25,626.60
Other malignancies 3 0 $2292.14 $6876.43 $1671.30 $5013.90

Notes: *I5 mg lyophilized thiotepa vial costs were calculated assuming that 94% of vials purchased were generic and 6% were branded, while 100 mg vial costs were
calculated assuming that 23% of vials purchased were generic and 77% were branded.
Abbreviation: HSCT, hematopoietic stem cell transplantation.
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administrations per treatment course for each indication. In the absence of data for other doses, the model assumed
compounding time per dose was equivalent to that for 30 mg. Total costs for compounding were calculated by applying
a pharmacist wage of $64.81 per hour, based on the US bureau of labor statistics reported average hourly wage for all
pharmacists.®" This is a conservative assumption, so as to not to overestimate the cost for compounding time, as it is likely that
the wage for a pharmacist qualified to prepare cytotoxic agents is higher than the average hourly wage for all pharmacists. To
address this, a scenario analysis was conducted using the hourly wage of $69.36 per hour, based on the wage for a pharmacist
working in “General Medical and Surgical Hospitals” (Table 3).*!

Drug Wastage from Preparation Errors

Costs associated with drug wastage due to reconstitution error were estimated in the model. It was assumed that 13.77% of
lyophilized thiotepa preparations require an additional attempt to prepare, and doses are remade.” Rodriguez-Gonzalez et al''
reported that for 40 medication preparation errors, 8 were due to reconstitution and 32 were due to dilution. The proportion of
remade lyophilized thiotepa doses due to reconstitution error was estimated to be 2.75%, based on the ratio of reconstitution
errors to total preparation errors, and additional drug acquisition costs for these remade doses were considered. It was assumed

Table 3 Scenario Analyses

Scenario Name Base Case Assumption Scenario Assumption

Additional patients treated with time
saved

Compounding time savings are represented by
pharmacist wages

Compounding time is represented by the conversion of time to
additional patients treated, and therefore costs are not saved

Vial Sharing

Vials cannot be shared.

Vial sharing was permitted with 100 mg Tepylute® vials. The
analysis assumed that in the future scenario, the hypothetical
hospital pharmacy exclusively used Tepylute® 100 mg vials and
was able to efficiently share all 100 mg vials with no wastage.

Remove wastage due to reconstitution
errors

Wastage costs included

Wastage costs as a result of doses needing to be remade as
a result of reconstitution errors are not included in the analysis

Lowest cost for each of brand and
generic thiotepa

Acquisition costs use weighted average of pricing for
both brand and generic, using units sold as reported by
IQVIA®®

Acquisition costs use lowest pricing of thiotepa reported with any
units purchased, as reported by IQVIA*®

Price: 15mg = $700.00

100mg = $2995.00. Mix of brand and generic thiotepa use is still
assumed.

Remove clinical consequence

Clinical consequences included

Clinical consequences associated with reconstitution errors are
not included in the analysis

50% uptake

Market share uptake of 100% for Tepylute® in future
scenario

Market share uptake of 50% for Tepylute® in future scenario

Only on label use

Indications included: bladder cancer, breast/ovarian
adenocarcinoma, a preparative regimen for HSCT,
malignant effusion and other cancers

Indications included: breast/ovarian adenocarcinoma

Only brand comparators

94.0% of 15 mg vials are generic vials, and 23.0% of
100 mg vials are generic vials, based on the mix
reported in IQVIA - SMART US Edition®

Only brand name vials are used as a comparator to Tepylute®

Only generic comparators

94.0% of 15 mg vials are generic vials, and 23.0% of
100 mg vials are generic vials, based on the mix
reported in IQVIA - SMART US Edition®

Only generic vials are used as a comparator to Tepylute®

Pharmacist wage

Pharmacist wage is $64.81 per hour based on all
pharmacists, as reported by the US Bureau of labor
statistics®'

Pharmacist wage is $69.36 per hour based on the wage for
a pharmacist working in “General Medical and Surgical Hospitals”,
as reported by the US Bureau of labor statistics®'

Inpatient days

Inpatient days are not included when costing clinical
consequences

Inpatient days are included when costing clinical consequences.
For clinical consequences that cause a prolonged hospital stay,
3.86 inpatient days are needed.'? For clinical consequences that
cause a reduced therapy efficacy, 0.23 inpatient days are needed.'?
An inpatient day is costed at $3234.3

Abbreviations: HSCT, hematopoietic stem cell transplantation; HOPA, Hematology/Oncology Pharmacy Association; IQVIA, IQVIA - SMART US Edition; NaCl, sodium

chloride; US, United States.
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that there are no costs associated with wastage due to reconstitution errors for Tepylute®, as Tepylute® preparation does not
require a reconstitution step. All wastage not related to reconstitution errors, such as wrong dilution volume, wrong dilution
solvent, spillage, etc., were assumed to be equivalent between lyophilized thiotepa and Tepylute™. Compounding time for
remaking doses after drug wastage errors was not considered in the analysis. A scenario analysis was included which removed
drug wastage due to reconstitution errors from the analysis.

Healthcare Costs

Healthcare costs associated with clinical consequences due to reconstitution errors were considered for patients receiving
thiotepa. The model assumed that 15.09% of patients receiving thiotepa had a clinical consequence resulting from
inaccurate dosing, as per the findings from Terkola et al’ and that 20% of these errors were due to reconstitution as per
the findings from Rodriguez-Gonzalez et al.'" Therefore, 3.02% of patients receiving lyophilized thiotepa were assumed
in the model to have received an inaccurate thiotepa dose due to a reconstitution-related dosing error, and to have
a clinical consequence as a result, based on modeled estimates extrapolated from preparation deviation data.” The model
assumed that patients receiving Tepylute® would not experience any clinical consequences from inaccurate dosing due to
reconstitution as this step is not necessary for Tepylute® preparation.

Reinhardt et al'? noted that 24% of patients experiencing a clinical consequence due to an error would require increased
monitoring and 22% would have reduced therapy efficacy, and further reported that increased monitoring was associated
with an additional clinic visit per error and reduced therapy efficacy was associated with an average of 0.44 clinic visits per
error. The cost of additional clinic visits was sourced from Machlin and Mitchell** and inflated to 2024 USD, at $151 per
additional clinic visit. The model took a conservative approach in determining which clinical consequences to include, and
did not consider the cost of inpatient days associated with prolonged hospital stays and reduced therapy efficacy.'> Two
scenario analyses were included to test these assumptions, one which removed the impact of clinical consequences due to
reconstitution errors, and one which also considered inpatient days associated with the clinical consequences.

Sensitivity Analyses

To characterize uncertainty in the analysis, various one-way sensitivity analyses were conducted by varying key parameters by
+20% to investigate their impact. Key parameters included: total population size, number of patients treated for each indication,
dose for treatment of each indication, percentage of generic thiotepa use, manual versus robotic compounding time, percentage of
thiotepa doses resulting in remade doses, and number of clinical consequences associated with reconstitution errors.

Scenario Analyses

A number of scenario analyses were conducted to test the assumptions in the model, as described in Table 3. The first
scenario analysis was a time-saved analysis that considered pharmacist time saved due to reduced compounding time
with Tepylute® and estimated the number of additional patients that pharmacists could prepare medication for with the
time saved. While this may not translate into full operationalization of time savings in practice, it is realistic that there
would be improved efficiency, and additional opportunity costs should be considered. The next scenario evaluated the
impact of vial-sharing, assessing potential cost savings when vials are permitted to be shared across patients. As
previously noted, reconstituted thiotepa must be used within 24 hours, and any unused portion is discarded if not
immediately administered. In contrast, Tepylute® 100 mg vials remain usable for up to 28 days after opening, allowing
for multiple doses to be drawn from a single vial when clinically appropriate. This extended usability enables vial
sharing, which can reduce the total number of vials required, and lowers acquisition costs for institutions. The scenario
assumes exclusive use of 100 mg Tepylute® vials with no wastage, as once opened, the vial could be used for multiple
patients and doses. Other scenarios included removing wastage costs due to the need to remake doses due to reconstitu-
tion errors in the model, using the lowest reported thiotepa acquisition costs for brand and generic comparators, exclusion
of clinical consequences due to reconstitution errors, reduced market uptake of Tepylute® (to 50%), restriction of the
analysis to on-label indications only, exclusive use of either brand or generic thiotepa vials in the current scenario,
variation in pharmacist wage assumptions, and inclusion of inpatient days when costing clinical consequences due to
reconstitution errors.
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Table 4 Base Case Analysis: Total Annual Costs for the Hypothetical Hospital Pharmacy

Cost Category Current Scenario Future Scenario Incremental Costs for Incremental Costs
(100% lyophilized Thiotepa) (USD) | (100% Tepylute®) (USD) | Total Population (USD) | per Patient (USD)
Drug Acquisition Costs $1,469,806 $1,172,259 -$297,547 -$3099
Compounding Time $4137 $2819 -$1318 -$14
Drug Wastage due to reconstitution errors $40,478 $0 -$40,478 -$422
Clinical Consequences due to reconstitution errors $433 $0 -$433 -$5
Total Costs $1,514,855 $1,175,078 -$339,777 -$3539
Results

Base Case Scenario

In a hypothetical hospital pharmacy consisting of 96 treated patients, the analysis predicted there would be 6 bladder
cancer patients, 11 breast/ovarian adenocarcinoma patients, 33 pre-HSCT patients, 1 malignant effusion patient, and 45
patients with various other cancers treated with thiotepa over the course of 1-year. The use of Tepylute® versus
a lyophilized powdered formulation of thiotepa in this analysis resulted in net savings of $339,777 over 1-year for
a US hospital pharmacy, or $3539 per patient (Table 4). Acquisition costs were projected to decrease by $297,547 in the
future scenario. Additional potential cost offsets of $42,229 were predicted due to reduced drug wastage and clinical
consequences from reduced drug reconstitution errors, and reduced compounding time for pharmacists.

Sensitivity Analyses

One-way sensitivity analyses demonstrated which key parameters in the model drove the results (Figure 2). One-way
sensitivity analyses confirmed the robustness of the model, with all scenarios demonstrating cost savings associated with
the adoption of ready-to-dilute Tepylute™. The most influential parameter was the total population size, with cost savings
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Figure 2 One-way sensitivity analysis tornado diagram.
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ranging from $271,821 to $407,732 for the cohort (or $2831 to $4247 per patient) compared with the current scenario.
The number of pre-HSCT patients was the second most influential parameter tested, with cost savings ranging from
$299,104 to $380,449. Other variables, including the rate of dose re-preparation due to compounding errors and manual
compounding time, had smaller effects but still resulted in cost savings. Across all ranges tested, scenarios evaluating the
impact of adopting Tepylute® consistently resulted in cost savings compared with the current scenario, with savings
exceeding $271,000 annually.

Scenario Analyses

A time-saved analysis found notable time savings when switching from lyophilized thiotepa to Tepylute® (Table 5). An
average of 12.7 minutes of pharmacist time was saved per treatment cycle, resulting in a total of 1219.8 saved minutes
across 96 patients, representing a 32% decrease in compounding time. Applying the total time saved for the hypothetical
hospital pharmacy due to using Tepylute® (1219.8 minutes) and the total compounding time per Tepylute® administration
(27.2 minutes), medication for an additional 44 patients could be prepared in a year at a given hypothetical hospital
pharmacy. This estimate assumes that all saved compounding time is fully reallocated to patient care, which may
overstate real-world productivity gains, particularly given the mix of manual and robotic preparation methods.

A second scenario analysis considered the economic impact if vial sharing was permitted for 100 mg Tepylute® vials,
where all doses for all indications were prepared with 100 mg vials only. In the future scenario, vial sharing of 100 mg
Tepylute® vials resulted in additional cost savings where acquisition costs decreased by an additional $106,341 compared
with the base case analysis, totaling cost savings of $446,118 for the hypothetical hospital pharmacy.

Additional scenario analyses were conducted to test the robustness of the model assumptions. These included
removing wastage costs due to reconstitution errors, using the lowest reported thiotepa prices for generic and branded
comparators, excluding clinical consequences associated with reconstitution errors, assuming 50% market uptake of
Tepylute®, restricting to on-label indications only, using only brand or only generic comparator vials, adjusting
pharmacist wage assumptions, and including inpatient days in the cost of clinical consequences due to reconstitution
errors. Results varied across scenarios, with total cost savings ranging from $125,331 to $512,036 for the population, or
$1306 to $5334 per patient (Table 6).

Table 5 Results from the Time Saved Analysis

Minutes Required in Current Scenario (100% Minutes Required in Future Incremental
Lyophilized Thiotepa (Brand/Generic)) Scenario (100% Tepylute®) Minutes
Average compounding time per cycle 39.9 minutes 27.2 minutes —12.7 minutes

Total annual compounding time for the 3829.6 minutes 2609.8 minutes —1219.8 minutes

hypothetical hospital pharmacy

Table 6 Scenario Analyses Results

Scenario Name Incremental Costs for | Incremental Costs per
Total Population (USD) Patient (USD)

Base Case -$339,777 -$3539

Additional patients treated with time saved -$338,459 -$3526

Vial Sharing -$446,118 -$4647

Remove wastage due to reconstitution errors -$299,298 -$3118

Lowest cost for both brand and generic thiotepa -$280,042 -$2917
(Continued)
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Table 6 (Continued).

Scenario Name Incremental Costs for | Incremental Costs per
Total Population (USD) Patient (USD)
Remove clinical consequence -$339,343 -$3535
50% uptake -$169,888 -$1770
Only on label use -$221,833 -$2311
Only brand comparators -$512,036 -$5334
Only generic comparators -$125,331 -$1306
Pharmacist wage -$339,869 -$3540
Inpatient days -$370,527 -$3860
Discussion

This cost offset model compared the current costs associated with treating patients with thiotepa at a hypothetical hospital
pharmacy with a future scenario after adopting Tepylute®. The model results suggest that using Tepylute® instead of
lyophilized thiotepa can result in potential cost savings for a US hospital pharmacy. The model predicted cost savings as
compared with the current scenario, resulting from reduced acquisition costs, saved compounding time, reduced drug
wastage, and lower frequency of clinical consequences. There were several parameters that had a significant impact on
this result, including the proportion of pre-HSCT patients and the dose of thiotepa by indication.

Key factors of the analysis were the percent of branded versus generic thiotepa and the cost of generic thiotepa, which
was determined by a weighted average cost of the available formulations using current utilization based on claims. While
Tepadina® is the more costly formulation, 15 mg vials of generic thiotepa cost more than 15 mg vials of Tepylute® (a
pattern not observed with 100 mg vials). Due to the competitive pricing of Tepylute® and the market purchase patterns of
generic versus branded thiotepa, the model estimates that a future scenario with 100% Tepylute™ use would result in
lower total acquisition costs compared to a scenario with 100% lyophilized thiotepa. While all cost categories indicated
that Tepylute® would result in cost savings compared with the current scenario, acquisition costs contributed the largest
share of savings. This finding was consistent across scenario analyses that considered uncertainty around pricing and
proportion of brand usage, still showing savings of more than $125,331 compared with the current scenario.

There are also additional sources of value associated with ready-to-dilute thiotepa that this model did not consider but
would bring advantages for an institution, such as opportunity costs associated with pharmacists preparing medications
for additional patients. Another potential source of value would be the reduction of time spent by employees handling
thiotepa, as it is designated as a hazardous drug.”® As a hazardous drug, special handling, disposal procedures and
personal protective equipment (PPE) is required for employees involved in thiotepa’s administration. Using the ready-to-
dilute formulation circumvents the need to handle thiotepa in the powder format, increasing worker safety and reducing
their exposure to a cytotoxic and carcinogenic drug.*'> This could result in further cost offsets, potentially reducing
worker injury and saving costs on PPE.

There is a paucity of data on ready-to-dilute products to inform specific inputs in the model. One previous study on
vaccine preparation time with fully-liquid hexavalent vaccine versus non-fully liquid hexavalent vaccine requiring
reconstitution found that removing the step of reconstitution is associated with a reduction of errors in drug
preparations.”’ Another study compared economic outcomes of two ready-to-dilute solutions, one with a short-
duration infusion, and found that increasing adoption of short-duration infusion was associated with lower acquisition
costs and reduced administration costs.’®> There was a lack of literature on the likelihood of preparation errors with
a ready-to-dilute formula. In oncology, only one article has been published on the budget impact on a ready-to-dilute
formula, where bendamustine RTD use was considered at US infusion facilities, which estimated a $1808 per patient cost
saving per year, assuming utilization shift from 50% to 100%, which was driven by lower acquisition costs and lower
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labor costs.*® This result was in line with the magnitude of the cost saving found in this current study — when looking at
a 50% utilization shift scenario, this study estimates $169,888 in cost-savings, or $1770 in cost savings per patient for the
96 patient cohort. Other products, such as ready-to-administer medications like prefilled syringes, have investigated the
potential benefits associated with drug formulations that are easier and faster to use. Previous work has also reported
reductions in preparation errors associated with simplifying medication preparation, including removing
reconstitution.”’**>° Due to a lack of data on switching to ready-to-dilute formulations, our study has made the
assumption that switching to ready-to-dilute formulations decreases drug preparation errors and would be associated
with a reduction in drug wastage and clinical consequences. Economic evaluations on other products that simplify drug
preparation have also found reductions in medication errors and adverse drug events can result in cost offsets, due to
a reduction in hospital admissions and length of stay.*®

In addition to the paucity of data in this area, there are potential limitations to this study. A potential limitation is the
chosen indications for the hypothetical hospital pharmacy. Tepylute® is currently approved for breast and ovarian
adenocarcinoma, but the model included off-label indications to reflect the real-world usage of thiotepa.*'**’>® This
limitation was addressed by conducting a scenario analysis, only considering breast and ovarian adenocarcinoma.
Another limitation was that the analysis relied on wholesale acquisition costs, as discounts, rebates, and tender prices
are not publicly available; this may overestimate actual prices paid for all modeled products in practice, or reflect
outdated costs, and is acknowledged as a limitation. Another limitation was that the model excludes potential costs
associated with capital investments or infrastructure changes required for ready-to-dilute product adoption, such as cold
storage or equipment upgrades. However, Tepylute® is stored between 36°F to 46°F, so specialized equipment is not
required.

A strength in this model was the use of conservative assumptions to avoid overestimating the cost offsets of
Tepylute®™. The model assumed the most efficient use of vials by the hypothetical hospital pharmacy, which is likely
unrealistic, as pharmacists may not always optimize vial usage to decrease wastage or have optimal vial sizes available.
If the model reflected more realistic wastage patterns, the results would likely have shown higher cost savings associated
with the future scenario, after adoption of Tepylute®, due to its overall lower acquisition costs. Vial sharing for Tepylute®
was excluded in the base case analysis as another conservative assumption, which would have also resulted in more cost
offsets when adopting Tepylute®. The model also assumed that all doses had the same compounding time as a 30 mg
dose (two 15 mg vials), which would have underestimated the reduced incremental compounding time between
Tepylute® and lyophilized thiotepa, as the majority of patients are modeled to require more than two vials per dose.
The analysis also excluded the cost of inpatient days when considering healthcare costs due to preparation errors, which
would have increased the healthcare costs of thiotepa. By applying conservative assumptions in the model, the results
likely underestimate the cost offsets associated with adopting Tepylute™.

Beyond the use of conservative assumptions, this model had several other notable strengths. This study used real-
world data to inform inputs on dosage, proportion of patients by indication and the market shares of thiotepa and
Tepadina®. By using real-world data, the study could more accurately predict the results of adopting Tepylute® into
a hypothetical hospital pharmacy. Another strength is despite a scarcity of data on the potential benefits of ready-to-dilute
formulations, this study is one of the first to attempt to quantify the potential cost savings associated with switching to
a new formulation.

The findings of this study highlight the potential of Tepylute®, potentially providing significant economic benefits to
a hypothetical hospital pharmacy, while providing equivalent efficacy to thiotepa. As Tepylute® is a ready-to-dilute
formulation of thiotepa, institutions can reduce time needed for compounding by pharmacists, saving time and improving
efficiency, without compromising the care of patients. By eliminating the need for reconstitution, Tepylute® may provide
more consistent and accurate dosing than thiotepa, potentially reducing preparation errors and clinical consequences.
Further, the acquisition costs of drugs would be predicted to decrease due to the pricing of Tepylute®™ compared to
thiotepa and Tepadina®. Overall, incorporating Tepylute® could save an institution time and money, and reduce

preparation errors, while still as effective as alternatives.
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Conclusion

Thiotepa is an intravenous alkylating agent that requires reconstitution and dilution to prepare and is used in combination
with other chemotherapy drugs to treat several forms of cancers. The process of reconstitution can be time-consuming
and may increase the chance of preparation errors. The model suggests that Tepylute™ may offer cost savings driven by
acquisition costs, particularly for the 15 mg vial, as well as potential reductions in pharmacy compounding time and
reconstitution-related errors. These findings are based on modeled assumptions and extrapolated data and should be
interpreted as hypothetical estimates rather than observed outcomes. In the base case analysis, the use of Tepylute®
versus a lyophilized powdered formulation of thiotepa was modeled to result in cost savings of $339,777 over 1-year for
a US hospital pharmacy, or $3539 per patient. One-way sensitivity analyses found that these results ranged from
$271,821 to $407,732 in cost savings for the population ($2831 to $4247 per patient), and scenario analyses demon-
strated that testing uncertainty in model inputs varied model results from $125,331 to $512,036 for the population ($1306
to $5334 per patient). While the model consistently predicted cost savings across analyses, the results are sensitive to
pricing and utilization inputs. In a future study, it would be valuable to compare cost-savings against real-world outcomes
for validation. Ready-to-dilute formulations like Tepylute® may offer practical advantages in oncology care, particularly
in larger institutions or settings with high compounding demands. Future studies could explore the broader applicability
of these findings to other ready-to-dilute oncology products and assess their impact on workflow efficiency, safety, and
cost-effectiveness in clinical practice. Introducing Tepylute® to a US hospital pharmacy is predicted to reduce costs and
increase efficiency for pharmacists while maintaining quality of care for patients.
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