PharmacoEconomics - Open (2023) 7:3-36
https://doi.org/10.1007/541669-022-00361-3

SYSTEMATIC REVIEW q

Check for
updates

A Systematic Review of Time and Resource Use Costs of Subcutaneous
Versus Intravenous Administration of Oncology Biologics in a Hospital
Setting

Conor McCloskey’ - Maria Toboso Ortega? - Sunita Nair® - Maria Jodo Garcia* - Federico Manevy*

Accepted: 19 July 2022 / Published online: 23 August 2022
© The Author(s) 2022

Abstract

Background The introduction of human epidermal growth factor receptor 2 (HER2)-targeted treatment options, including
dual HER?2 blockade, has improved the prognosis for patients with HER2-positive breast cancer (BC) substantially. However,
most of these treatments are administered via the intravenous (IV) route, which can present many challenges, such as long
infusion and observation times, issues associated with repeated IV access, and increased strain on time and resources of
medical centers and healthcare professionals. A fixed-dose combination of pertuzumab and trastuzumab for subcutaneous
(SC) injection (pertuzumab, trastuzumab, and hyaluronidase-zzxf (PHESGO®, F. Hoffmann-La Roche Ltd, Basel, Switzer-
land; PH FDC SC)) has been approved for use alongside chemotherapy for early-stage and metastatic HER2-positive BC.
Objectives This systematic literature review was performed to identify evidence relating to time/resource use and resulting
cost differences between SC and IV administration of oncology biologics in a hospital setting, and, ultimately, to inform
economic modeling and associated health technology assessment of PH FDC SC.

Methods Electronic databases (Embase, MEDLINE, and EconLit) were searched on 9 April 2020. Additional hand searches
were performed to identify publications not captured in the electronic database search. Publication screening and data
extraction (study characteristics, participants, interventions, costs, and time/resource use) were carried out per the standard
Cochrane review methodology. The quality of economic evidence of cost analyses was assessed using the 36-item checklist
of the National Institute for Health and Care Excellence Single Technology Appraisal Specification for submission of evi-
dence (January 2015).

Results The database search identified 2,740 records, of which 237 underwent full text screening. Full text screening,
prioritization of publications about patients with a cancer diagnosis, and the addition of four citations identified during
the hand search resulted in 72 final included publications, relating to 71 unique studies. This included 40 publications that
described the time/resource use and/or costs associated with SC versus IV trastuzumab administration for the treatment of
HER2-positive BC, and 28 publications that described time/resource use and/or costs associated with rituximab SC versus
IV administration for the treatment of non-Hodgkin’s lymphoma/follicular lymphoma and diffuse large B-cell lymphoma.
The majority of publications showed substantial time savings for preparation and administration of SC versus IV therapy,
and cost savings associated with reductions in healthcare professional time and resource use for SC administration.
Limitations There was a lack of consensus between publications regarding time and cost measurements. In addition, the
search was limited to publications related to anticancer drugs; the majority of the studies included were performed in Euro-
pean countries.

Conclusions and implications This review indicated a substantial body of evidence showing time/resource and cost savings
of SC versus IV administration of oncology biologics in a hospital setting, which can be used to inform economic evalua-
tions of PH FDC SC.

Extended author information available on the last page of the article
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Key Points for Decision Makers

Most of the publications identified in this systematic
review showed time/resource and cost savings associated
with subcutaneous versus intravenous administration of
anticancer biologics in a hospital setting.

This evidence can provide relevant inputs for economic
evaluations of the fixed-dose combination of pertuzumab
and trastuzumab for subcutaneous injection (pertuzumab,
trastuzumab, and hyaluronidase-zzxf (PHESGO®, F.
Hoffmann-La Roche Ltd; PH FDC SC)).

1 Introduction

Breast cancer (BC) is the most prevalent form of invasive
cancer among women, with over 2.2 million cases and
almost 700,000 deaths worldwide in 2020 [1, 2]. Approxi-
mately 20% of BC cases are human epidermal growth factor
receptor 2 (HER2)-positive, a subtype defined by amplifica-
tion of the HER2 oncogene and overexpression of the HER2
transmembrane receptor protein on the surface of tumor
cells. HER?2 interacts with other HER family proteins as
part of signal transduction pathways, mediating cell growth,
survival, and differentiation [3]. HER2-positive BC is asso-
ciated with poor prognosis, arising from increased tumor
aggressiveness, higher rates of recurrence, and increased
mortality [3, 4].

Trastuzumab (Herceptin®, F. Hoffmann-La Roche Ltd,
Basel, Switzerland), the first approved HER2-targeted mon-
oclonal antibody, transformed the treatment and prognosis
of patients with HER2-positive BC in both the early and the
metastatic settings [5—15]. This has led to the development
of dual anti-HER?2 blockade with pertuzumab plus trastu-
zumab (PERJETA® and Herceptin®, F. Hoffmann-La Roche
Ltd; standard of care in first-line HER2-positive metastatic
BC (MBC) and high-risk early BC (EBC)) [13-21] and the
anti-HER?2 antibody-drug conjugate ado-trastuzumab emtan-
sine (Kadcyla®, F. Hoffmann-La Roche Ltd; used in second-
line HER2-positive MBC and in EBC for the treatment of
residual invasive disease following neoadjuvant therapy
and surgery) [13—-16, 22-24]. These treatment options have
improved the prognosis for patients with HER2-positive BC
substantially.

However, intravenous (IV) administration of anticancer
biologics can present multiple challenges for many patients,
including long infusion and observation times, the need for
repeated, invasive IV access (sometimes over long peri-
ods of time in cases where there is evidence of a treatment
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response), and the potential risks associated with indwell-
ing venous access (e.g., catheter-associated pain/discomfort,
thrombosis, or risk of systemic infections) [25-28]. Moreo-
ver, the increasing use of IV administered agents in oncol-
ogy has placed a strain on medical centers and healthcare
professionals (HCPs) with respect to the time and resources
required to prepare and administer infusions [25, 29].

A subcutaneous (SC) formulation has previously been
developed for trastuzumab (Herceptin® SC or Herceptin
Hylecta™, F. Hoffmann-La Roche Ltd) [11, 30]. The Han-
naH study (NCT00950300) compared the pharmacokinet-
ics, efficacy, and safety of SC trastuzumab with IV trastu-
zumab. SC trastuzumab was shown to be non-inferior to
IV, for both co-primary endpoints (serum trough concentra-
tion at pre-dose cycle 8 and pathologic complete response
rates), demonstrating that the SC formulation is a valid treat-
ment alternative to IV [31-34]. Further to this, the safety
and efficacy profiles for SC trastuzumab in combination
with IV pertuzumab and docetaxel as a first-line treatment
for patients with HER2-positive MBC in the MetaPHER
study (NCT02402712) was found to be consistent with
those observed for IV trastuzumab in combination with
IV pertuzumab and docetaxel in the CLEOPATRA study
(NCTO00567190) [21, 35-38].

The PrefHer study (NCT01401166), in which patients
with EBC were randomized to receive four cycles of SC
trastuzumab followed by four cycles of IV trastuzumab, or
vice versa, demonstrated a strong patient preference and
increased HCP satisfaction with SC over IV administration
[39, 40]. These results were also confirmed in the metastatic
setting in the MetaspHer study (NCT01810393) [41]. The
approval of a fixed-dose combination of pertuzumab and
trastuzumab for SC injection (pertuzumab, trastuzumab, and
hyaluronidase-zzxf (PHESGO®, F. Hoffmann-La Roche Ltd;
PH FDC SC)) [42] presents an opportunity for an option that
is preferred by patients and can potentially provide time-
saving benefits to patients and HCPs versus IV adminis-
tration, according to patient and HCP questionnaires in the
PHranceSCa study (NCT03674112) [43].

This systematic literature review (SLR) was performed to
identify evidence relating to differences in time/resource use
and the resulting cost differences between SC and IV admin-
istration (but not differences in the drug costs themselves).
The rationale for performing the SLR was as preliminary
work that will ultimately inform economic modeling and
associated health technology assessment of PH FDC SC.
The most analogous evidence was likely to be data relating
to the time/resource use and cost differences for SC versus
IV administration of trastuzumab for the treatment of BC,
or of rituximab (Rituxan® or MabThera®, F. Hoffmann-
La Roche Ltd) for treatment of non-Hodgkin’s lymphoma
(NHL)/follicular lymphoma (FL) and diffuse large B-cell
lymphoma (DLBCL). Thus, the SLR initially sought to
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identify cost analyses as well as time-and-motion analy-
ses for any indication where patients’ treatment requires
IV or SC administration in a hospital setting, and was then
restricted to oncology biologics.

2 Methods

A systematic search was conducted via the Ovid platform
(Wolters Kluwer, Alphen aan den Rijn, Netherlands) on
9 April 2020 using a predefined search strategy within the
Embase (1980—present), MEDLINE (1946—present), and
EconLit (1961—present) electronic databases. The database
search strings identified all relevant studies (full papers or
abstracts from any conferences) indexed in Embase, and were
modified for performing searches in MEDLINE and EconL.it
to account for differences in syntax and thesaurus headings.
Searches included terms for free text and Medical Subject
Heading (MeSH) terms. The search strategies used and details
of any additional hand searches that were carried out to iden-
tify publications not captured in the electronic database search
are provided in the Online Supplemental Material, Resource 1.
Details on the study eligibility criteria are presented in Table 1.

The SLR followed the standard Cochrane review meth-
odology [44] and included double screenings by two inde-
pendent reviewers. Relevant data from included publica-
tions were extracted by a reviewer and verified by a second
independent reviewer; any disputes were resolved through
discussion. The types of data to be collected were predefined
and included: study country, study design, industry sponsor,
inclusion/exclusion criteria, target population, study aims,
data source, intervention, study limitations, and conclusions.
Cost and time/resource use outcomes were also captured
and stratified by disease and route of administration. Qual-
ity assessments of the studies in the included publications
were conducted by a single analyst and verified by a sec-
ond analyst or project lead. The quality of economic evi-
dence reported in the included cost analysis publications
were assessed using the 36-item checklist of the National
Institute for Health and Care Excellence Single Technology
Appraisal Specification for manufacturer/sponsor submis-
sion of evidence (January 2015), adapted from Drummond
and Jefferson [45]. The methodologic limitations of publica-
tions reporting on time/resource use and costs were assessed
based on a model described by Drummond et al. [46] and
adapted to cost of illness by Molinier et al. [47].

3 Results

This search identified 2,740 records, of which 237 under-
went full-text screening. Ninety-five publications were
excluded during full-text screening, leaving 142 potentially

eligible publications, a higher number than anticipated due
to broad eligibility criteria. Prioritization was therefore
given to publications of patients with a cancer diagnosis,
as noted in Table 1, given the target population for PH FDC
SC, resulting in exclusion of 74 non-oncology publications.
Hand searching identified a further four citations that met
the revised eligibility criteria, resulting in 72 final included
publications, relating to 71 unique studies. The PRISMA
diagram is presented in Fig. 1.

3.1 Characteristics of Included Studies

Table 2 summarizes the characteristics of all included stud-
ies. In total, 40 publications were identified that described
the time/resource use and/or costs associated with SC versus
IV trastuzumab administration for the treatment of HER2-
positive BC. Of these, 22 publications [25, 48—68] (13 full
papers [25, 51-55, 59, 62-67] and nine abstracts [48-50,
56-58, 61, 68]) reported time/resource use for administra-
tion of SC versus IV trastuzumab (Fig. 2). This included
two publications related to PrefHer, a multinational study
conducted in eight countries (Canada, France, Switzerland,
Denmark, Italy, Russia, Spain, and Turkey), 18 publications
that reported studies that were conducted in at least 12 indi-
vidual European countries (the country was not stated in one
of the publications) [48-54, 57-61, 63-68], one publica-
tion that reported a study in Hong Kong [56], and one that
reported a study in New Zealand [62]. A total of 24 publi-
cations reported on the costs of SC versus IV trastuzumab
administration. Of these, 19 reported data for at least 13
individual European countries (the country was not stated in
one of the publications) [48-51, 53, 54, 57, 59-61, 63-65,
67]. The other five were in Canada, Chile, Singapore, Hong
Kong, and New Zealand [56, 62, 69-71]. Budget impacts of
introducing SC trastuzumab were reported by five publica-
tions (Arabia, Ecuador, Canada, Brazil, Spain) [69, 72-75].
Six other publications described costs related to SC trastu-
zumab: three compared SC trastuzumab with an IV trastu-
zumab biosimilar [76-78], two described cost minimization
analyses for SC versus IV administration [79, 80], and one
reported on cost savings for the administration of the SC
route over 18 months compared with a combination of SC
and IV [81].

A total of 28 publications were identified that described
time/resource use and/or costs associated with rituximab SC
versus IV administration for the treatment of NHL/FL or
DLBCL. Nineteen of these publications reported on time/
resource use, 11 of which also described related costs. There
were an additional seven publications that reported only
on costs, to give 18 publications with cost-related analy-
ses. The remaining three publications described the likely
budget impact of introducing the rituximab SC formulation
for the treatment of NHL or DLBCL, and provided limited
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Table 1 Eligibility criteria for the systematic literature review

Description Inclusion criteria

Exclusion criteria

Population

Intervention/comparator

Costs and time/resource use
Direct medical costs:

Outcomes

Port versus PICC versus CVC costs

Direct non-medical costs:
Transportation

Childcare costs

Additional caregiver costs
Indirect/societal costs:
Productivity losses
Absenteeism

Presenteeism

Withdrawal from labor force

Any patients receiving treatment in a hospital setting®

Studies comparing any IV- versus SC-administered interventions

Patients treated exclusively at home

Studies not comparing I'V- versus SC-
administered interventions

Clinical outcomes

Estimates of time/resource use including:

Hospitalization and length of stay
Pharmacist time

Nurse time

Drug wastage

Cost drivers

Time-and-motion outcomes including:

Patient waiting time

Drug preparation time
Administration time
Monitoring/observation time
Nurse set-up time

AE management time

Study design/setting Cost and time/resource use studies:

Any studies reporting original cost and/or time/resource use data

Language of publication Not restricted

Date of publication Full publications: 2012°¢ to present

Conference abstracts: 2017 to present

Countries Not restricted

Systematic literature reviews”

Studies based on animal models
Preclinical and biologic studies
Narrative reviews, editorials, opinions

NA

Full publications prior to 2012
Conference abstracts prior to 2017

NA

AE adverse event, CVC central venous catheter, /V intravenous, NA not applicable, PICC peripherally inserted central catheter, SC subcutaneous,

SLR systematic literature review

#As a result of the deliberately inclusive eligibility criteria originally designed for this SLR, a larger than anticipated number of potentially eli-
gible studies were identified after the completion of first pass screening. A decision was taken to deprioritize any study that did not focus on a

population of patients with a cancer diagnosis

PRelevant systematic literature reviews were reference checked before being excluded

“Year of approval of SC trastuzumab

dConference abstracts that were superseded by a full publication were excluded unless the abstract reported some unique data

evidence relating to the comparative costs of rituximab SC
and administrations.

3.2 Quality Assessment Results
A quality assessment of all full publications was conducted.

Overall, the studies were considered to be of adequate qual-
ity. However, due to the wide range of study designs and the
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paucity of studies reporting individual outcomes, it was not
feasible to categorize the studies according to risk. Although
the study designs of the economic evaluations were gener-
ally well described, reporting of data collection methods and
of analysis and interpretation of the results was inconsistent
between studies. For example, time horizons of costs and
benefits, discount rates, and sensitivity analyses were only
discussed in a small proportion of the publications.
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Fig. 1 PRISMA diagram: Study
flow of included and excluded
publications. PRISMA Preferred

Identification of studies via databases and registers

Identification of studies via other methods

Records identified from
databases (N = 2740):

Embase (n = 2254)
MEDLINE (n = 410)
Cochrane (n = 67)
EconlLit (n=9)

Reporting Items for Systematic
Reviews and Meta-Analyses

Identification

Records removed
before screening:

Reports identified through
hand searching (n = 4):

Duplicate records
removed (n = 385)

Conference searching (n = 3)
Citation searching (n=1)

|

Records screened
(n=2355)

Records excluded
(n=2118):
> Intervention (n = 1291)

|

Review/editorial (n = 447)
Study design (n = 346)
Duplicate (n = 24)
Population (n = 10)

Reports sought for retrieval

Reports not retrieved

(n=0)

(n=237)
!

Screening

Reports assessed for eligibility
(n=237)

Reports excluded (n = 95):

v

Duplicate (n = 6)
Intervention (n = 20)
Outcomes (n = 49)
Review/editorial (n = 4)
Study design (n = 5)
Superseded (n = 11)

Additional exclusion criteria used

v

Studies included in review
(n=71)

Reports of included studies
(n=72)

Included

to deprioritise non-oncology
studies (n = 74)

3.3 Time/Resource Use With IV Versus SC
Administration of Trastuzumab

Of the 22 publications reporting data regarding time
required, or the difference in time required, for administra-
tion of SC versus IV trastuzumab for the treatment of BC, 16
reported data either from time-and-motion studies or stud-
ies where the time for each specific procedure was directly
measured. Some reported single-center studies, while others
reported studies involving up to 16 centers. Two publications
reported studies that estimated time based on information
provided by drug preparation/administration software [51,
68]; one publication reported a study that estimated time
from a survey of HCPs [66], and three publications did not
report the manner in which time was estimated [52, 56, 58].

HCP time includes drug preparation and administration
times, and may be reported according to specific roles (e.g.,
pharmacists, nurses, nursing assistants), or as an average of
the HCP times. Variation in the description of the elements
involved in preparation and administration of trastuzumab
may limit comparison between publications. For example,
one time-and-motion study publication [63] described the
measured time for each step involved in preparation and
administration, including involvement of the pharmacist,
staff nurse, and clinical nurse specialist, and then provided

the average HCP time required for administration based on
this. Another publication [53] only reported active HCP
times for preparation and administration, obtained from
detailed case reports and stopwatch time measurements for
all nurse activities for a subgroup of observed cases.

3.3.1 Preparation Time

Preparation time for trastuzumab was reported in seven pub-
lications, including two where only the difference in prepa-
ration time between SC and IV was reported. Within these,
preparation time was directly measured [25, 49, 53, 62] or
estimated from software records [51, 68] or HCP question-
naires [66]. HCP estimates were consistent with publications
from studies in which time was measured directly. Preparation
of IV trastuzumab for administration was reported to require
14-21 min, compared with 0—11 min for SC trastuzumab. The
time difference between SC and IV was 3—14 min per prepa-
ration [25, 49, 51, 53, 62, 66, 68]. An additional publication
reported preparation time for the loading dose to be 8 versus
2 min, for IV and SC trastuzumab, respectively. Nursing time
was reported as 16 versus 7 min, and was deemed likely to
relate to preparation rather than administration of the dose,
giving a total time of 24 versus 9 min [61].
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Fig.2 Numbers of publications
reporting time/resource use and
costs for each agent/indication
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. . | e | 14 | b
time between IV and SC admin- Y S AN A15(33%)  THE NETHERLANDS (53]
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a percentage of total time 39 [ 204 | A 19 (48%) RUSSIA [50]
[ 34 [69] A27(79%) NEW ZEALAND [62]
| 27 | 132 | A14(51%)  SPAIN [59]
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["o (5.7 A3(37%)  FRANCE [55]
Ema A4(51%)  SPAIN [55]
[ 7 149] A2(32%)  DENMARK [55]

3.3.2 Administration Time

Administration time for trastuzumab was reported in five
publications, of which four directly measured time [49, 53,
54, 62]; one publication reported estimated time from drug
delivery software [51], which was found to be consistent
with the other four publications. Administration times of 90
and 30 min were reported for IV trastuzumab loading and
subsequent doses, respectively, in two of the publications
[51, 54]. A further two publications reported times of 38 and
97 min for IV trastuzumab administration [53, 62]. In con-
trast, the reported times for SC trastuzumab administration
ranged from 5 to 10 min, with no difference between loading
and subsequent doses. The differences in administration time
between IV and SC were 80-85 (loading dose) and 20-25
min (subsequent doses) [51, 54], and 32-107 min in the
three publications in which loading/subsequent doses were
not specified [49, 53, 62]. Additionally, two publications
reported time savings of 47 min [60] and 61 min [48] with

SC trastuzumab, for combined preparation and administra-
tion times.

3.3.3 Active Healthcare Professional (HCP) Time

Active HCP time, and time savings with SC versus [V
trastuzumab, were reported in nine publications and are
shown in Fig. 3. Based on direct measurements, active
HCP time was 13-92 min (IV) versus 7-30 min (SC);
a difference of 6-62 min [50, 53, 59, 62-65, 67]. Two
publications reported a longer administration time for the
loading dose of IV trastuzumab (92 and 44 min); here, the
time differences between the loading dose of IV and SC
were 62 and 18 min [64, 65]. One publication reported
only on the time difference (15 min) between IV and SC
[57]. One other publication reported only the difference
in HCP time (7 min), which was estimated based on drug
preparation software [68]. One report of active HCP time
included a range of 7—12 min (IV) versus 4—7 min (SC)
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Fig.4 Patient chair time
reported across included stud-
ies. IV intravenous, mins min,
SC subcutaneous. A, difference
in chair time between IV and
SC administration presented

in min and as a percentage of
total time
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[55]; however, it is unclear what was included within the
time, and why the HCP times in this report were shorter
than those of other publications. Active time differ-
ences were also reported for different HCPs and were
all in favor of SC versus IV administration: differences
in nursing times were 6.1 min [62] and 10.6 min [59];
pharmacist and nursing assistant time differences were
3.0 min and 0.3 min, respectively [59]; and one publica-
tion reported time savings of 0.18 full-time equivalents
(FTE) and 0.14 FTE with SC for nurses and pharmacists,
respectively [56].

3.3.4 Patient Chair/Infusion Time

Chair time, where defined, was described consistently as
the period between entry and exit from the infusion chair;
however, how the time was determined varied between
publications, with some reporting studies that measured the
time directly [25, 59, 62, 67] and others reporting studies
that estimated time from chemotherapy prescription soft-
ware and HCP interviews [57, 68]. Differences in chair
time for trastuzumab administration were reported in 10
publications [25, 50, 52, 55, 57-59, 62, 67, 68], of which
seven reported actual chair times and differences obtained
through direct measurement; one publication estimated the
chair time based on drug delivery software [68] and was
consistent with the other seven publications. Chair time was
47-180 min (IV) versus 8—120 min (SC); the difference in
time was 33—126 min (Fig. 4). One publication reported a
sixfold decrease in chair time with SC administration [58],
with another describing a 56% reduction [52]. The PrefHer
time-and-motion study reported chair time differences from
nine countries (Fig. 5), ranging from a difference of 47.1 min
(Denmark) to 85.5 min (Spain) for administration with the
single-use injection device and 40.3 min (Italy) to 80.6 min
(Spain) for administration with a hand-held syringe [25].
Total time spent at the hospital was also reported, ranging
from 3-7 h (IV) to 1-5 h (SC), with a difference of 1.5-2
h [59, 64, 67]. One publication reported the difference for

A\ Adis

CHAIR TIME
M IV (mins) SC (mins)

A60(33%) FRANCE [68]
A 126 (92%) BELGIUM [67]

A95(71%)  SWITZERLAND [55]
A81(80%)  SPAIN [59]
A80(80%) SPAIN [55]
A58 (68%) FRANCE [55]
A60(89%) RUSSIA[50]
A43(64%) CANADA [55]
A33(58%) DENMARK [55]
7 A37(78%) NEW ZEALAND [62]
7 A34(72%) RUSSIA[55]

subsequent doses (following the loading dose) to be lower
(23-min difference: 90 min IV vs. 67 min SC) [64].

3.4 Costs Associated with IV Versus SC
Administration of Trastuzumab

Costs for IV versus SC administration of trastuzumab were
gathered from 24 publications with sufficient level of detail
to show how the costs were defined. Costs were reported per
administration, per treatment course, per patient per year, or
for a particular cohort. Of these 24 publications, 18 reported
costs based on data from time-and-motion studies or studies
in which the time for specific procedures was directly meas-
ured; one based estimates on information provided by drug
preparation/administration software [51], one estimated time
from a survey of HCPs [70], and four did not report how
time was estimated [56, 69, 82, 83]. Twelve of the publica-
tions were full publications, with the other 12 being congress
abstracts with limited detail (Fig. 2).

Thirteen publications covering ten countries reported
total direct medical costs for IV versus SC administration
[51, 53, 54,59, 60, 63, 64, 69, 82-86], which included non-
drug costs for preparation, administration, HCP time and
consumables, and savings related to reduced drug wastage
or administered dose. All but four publications [51, 69, 82,
83] indicated that time assessments were made directly.
Cost savings for SC compared with IV administration were
reported in all but one publication, which reported data from
a study conducted in Italy that used time estimates from drug
delivery software rather than direct time assessments [51].
In this publication, total costs were numerically greater for
SC administration; however, the difference was not statisti-
cally significant and was likely related to differences in drug
acquisition costs as preparation and day hospital costs were
shown to be significantly lower for SC administration [51].

In seven of the publications, direct costs for SC admin-
istration were approximately 1.3-6% lower than those for
IV administration. One publication from a Russian study
reported a 12.6% decrease [83] and one from the UK
reported a 2.8-fold decrease [85] in direct costs with SC
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Fig.5 Differences in chair time
for IV and SC administration
for countries included in the
PrefHer time-and-motion study.
HHS hand-held syringe, IV
intravenous, SC subcutaneous,
SID single-use injection device.
Source: De Cock et al 2016 [25]

M |V infusion

120 1

100 +

80 1 10.9

12.6

Min

Canada France

versus IV administration. Twelve publications provided
information on costs directly related to active HCP time,
preparation and/or administration time, patients’ time,
or chair time [50, 53, 54, 56, 59, 62-65, 67, 84, 85]. All
reported reduced time-related costs with SC versus IV
administration.

In the five publications reporting total costs including
indirect costs, indirect costs were lower for patients who
received SC versus IV trastuzumab [51, 59, 63, 64, 71]. SC
administration costs were also lower for consumables [49,
53, 54, 57, 59, 61-64, 67], drug wastage [67], use of cen-
tral venous access devices [86], overheads [87], nursing and
pharmacy supplies [84], and avoiding catheter implantation
surgeries [54] compared with administration costs for IV in
all publications that reported such information. One publica-
tion reported non-drug costs for the first and for subsequent
cycles of therapy; reported costs were higher for the first
cycle of therapy for both SC and IV administration [65]. One
publication reported the costs for management of adverse
events, which were slightly higher for SC versus IV delivery
(US$1574 vs. US$1715 for 18 cycles) [71].

In addition to the 24 publications reporting cost-related
data, five further publications were identified that reported
on the budget impact of introducing SC trastuzumab; all
reported cost savings across varying time periods [69,
72-75].
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3.5 Time/Resource Use with IV Versus SC
Administration of Rituximab

Nineteen publications (seven full publications [52, 66,
88-92] and 12 abstracts [93—104]) reported data on time
required, or differences in time required, for IV versus
SC rituximab for the treatment of lymphoma (NHL/FL or
DLBCL in most publications) (Fig. 2). Of these, 12 reported
data from time-and-motion studies or studies in which the
time for specific procedures was directly measured, two esti-
mated time from a survey of HCPs [66, 93], and five did not
report how time was estimated [52, 89, 101].

3.5.1 Preparation Time

Preparation time or pharmacist time per infusion of rituxi-
mab was reported in five publications and ranged from 440
min (IV) to 2-20 min (SC) [66, 88, 90, 91, 104]. One of
these publications reported a study that collected relevant
data using a survey [66]; however, data were consistent
with those estimated from direct measurement. In all pub-
lications, preparation/pharmacist time was shorter for SC
administration, with time savings of 5.6-21 min (in one
publication there was a marginal difference of 0.3 min (4.0
vs. 3.7 min) [90]).
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3.5.2 Active HCP Time

Differences in HCP time per infusion of rituximab were
reported in five publications and directly measured [88,
90-92, 104]. HCP times were 17-35 min (IV) compared
with 12-24 min (SC) in three publications, whereas two
publications reported longer times of 144 and 223 min (IV)
versus 111 and 49 min (SC). All five publications found that
SC administration was associated with a time saving. A fur-
ther publication reported annual savings of nurse time to be
22 days for a single center in Tunisia [93] and one reported
a time saving of 3 h in the day-care unit per infusion [95].

3.5.3 Patient Chair/Infusion Time

Chair time/infusion time for rituximab was reported in ten
publications [88, 89, 92, 94, 96, 98, 100-103] and one fur-
ther publication reported the time for IV administration [97].
For four of these publications, the method of time assess-
ment was not reported; the remaining publications used
direct time measurements. Chair time/infusion time was
considerably shorter for SC versus IV administration in all
publications, ranging from 150-262 min (IV; one publica-
tion reported a time of 6 h and 12 min (372 min)) to 6-11
min (46 and 135 min in two publications) for SC admin-
istration. Time saved with SC administration ranged from
1 h 45 min to 3 h 26 min (a saving of 6 h in one publica-
tion with a particularly long time for IV administration).
A 74% reduction in chair time with SC administration was
reported in another publication [52], and annual time sav-
ings per center of 101 h [99] and 193.5 days (administra-
tion time estimated using a survey) [93] were also reported.
Time spent in the treatment room was directly measured and
ranged from 264-321 min (IV) to 70-105 min (SC). Time
savings with SC administration were ~200 min [66, 88, 92,
97]. One publication reported a time saving of 17.5 h per
eight-cycle course of treatment [104].

3.6 Costs Associated with IV Versus SC
Administration of Rituximab

Costs for management of patients with NHL/FL or DLBCL
receiving IV versus SC administration of rituximab were
gathered from 18 publications. Of these, 11 reported costs
based on direct assessment of HCP time, one estimated
time from a survey of HCPs [93], and six did not report
how time was estimated [100-102, 105-107]. Only three
of the publications were full papers; the rest were con-
gress abstracts (Fig. 2). Three simulation analysis study
publications conducted in the USA report cost savings for
SC versus IV administration incrementally according to
patient body surface area [100-102], which is used to cal-
culate the IV dose (the SC dose is fixed). One publication
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reporting costs for rituximab maintenance therapy for FL
over 2 years [101] and one publication reporting costs of
rituximab as part of rituximab, cyclophosphamide, doxoru-
bicin, vincristine, and prednisolone therapy (R-CHOP) for
patients with NHL [102] reported higher cost savings for
patients with higher body surface area (BSA). The other
publication, which also reported costs of rituximab as part
of R-CHOP therapy for NHL, reported the highest cost sav-
ings for patients in the highest and lowest BSA categories,
respectively [100]. However, the reason for this discrepancy
is unclear. Reductions in direct medical costs for SC versus
IV administration were reported in all nine of the publica-
tions reporting European studies, all but one [107] of which
estimated time savings based on direct measurements, and
in four additional publications of studies from Tunisia (time
savings estimated by HCP survey) [93], Thailand [94, 106],
and Brazil [108]. In the European publications, non-drug-
related cost savings included savings related to HCP time
[53, 91, 92, 103], consumables [53, 91], and day-care unit
costs [53, 95]. One of the publications from Thailand, which
reported societal costs, reported a reduction in productivity
loss with SC versus IV administration [94]. A further three
congress abstracts describing the budget impact of introduc-
ing SC rituximab in Brazil, Saudi Arabia, and Canada were
identified, all of which reported cost savings at 1, 2, 3, or 5
years [109-111].

3.7 Other Publications

In addition to the publications regarding trastuzumab and
rituximab, eight other publications were identified that
report relative time or cost information for IV versus SC
administration (Table 2) [112—-119]:

e Three of four cost analysis publications were consid-
ered less relevant as they reported time and cost of sup-
portive therapies (SC-administered denosumab vs. IV-
administered zoledronic acid) rather than treatment with
a targeted oncology drug [112, 114, 115]. The remaining
cost analysis publication reported higher administration
costs for the regimens containing SC bortezomib, dara-
tumumab, and dexamethasone than for those containing
daratumumab, lenalidomide, and dexamethasone (all IV)
in patients with relapsed/refractory multiple myeloma
from two Phase III clinical trials [116].

e One publication from a randomized controlled trial at
a single Chinese hospital reported significantly (p <
0.0001) lower direct costs per patient for high-dose SC
interferon-alpha compared with continuous IV interleu-
kin-2 administration in patients with malignant myeloma
[113].

e Three publications reported directly measured time
assessments for various oncology therapies; all of these
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publications demonstrated reduced administration time
for therapies administered by the SC route versus the IV
route [117-119].

4 Discussion
4.1 Interpretation of Results

Global increases in yearly cancer rates have resulted in
increased numbers of IV infusions of chemotherapies and
anticancer biologics. This represents a growing burden for
medical centers and HCPs, and has led to a shortage of
chair time for patients with cancer. The substantially shorter
administration times of therapies administered subcutane-
ously has the potential to offer several advantages over IV
administration, including shorter treatment times, a reduc-
tion in healthcare resource use, increased convenience for
patients, and greater patient preference [25, 39, 40, 120].

In this SLR, we identified 72 publications reporting on
the time/resource use and/or costs associated with IV versus
SC administration of oncology biologics in a hospital setting
or on the budget impact of introducing an SC formulation.
The majority of reported publications were of studies con-
ducted in single countries or even single centers; all studies
were published between 2012 and 2020.

Overall, the results were largely consistent in demonstrat-
ing the time savings associated with preparation and admin-
istration of SC therapies, across both oncology biologics and
other supportive therapies. Moreover, reductions were seen
in the HCP time and resource use (including non-drug con-
sumables and drug wastage) required for SC versus IV ther-
apy administration. Patient hospital time was also shorter
with SC versus IV administration, and additional cost sav-
ings may be achieved at the society level due to a reduction
in the loss of productivity and leisure time associated with
patients attending the hospital for treatment. However, these
improvements in patient productivity are likely to be greater
in patients receiving maintenance therapy than those receiv-
ing SC-administered oncology biologics in combination
with chemotherapy, due to the increased patient chair time
required for chemotherapy administration. Cost savings due
to reduced production and leisure time loss for SC versus IV
trastuzumab across five Swedish oncology clinics were €78
and €62, respectively, for first-time patients and €10 and €6,
respectively, for subsequent patients [64]. Similarly, a study
conducted in six hospitals in the Netherlands reported lower
societal costs (travel expenses and costs related to informal
care and loss of productivity) for SC versus IV administra-
tion for both trastuzumab (cost saving of €22) and rituximab
(cost saving of €28) [53].

There was some variation in times reported for IV and SC
preparation and administration of trastuzumab, which may

reflect differences in time estimate methodologies, defini-
tions of time periods, and clinical practice/hospital setup
between the different participating centers. Notably, the mul-
tinational PrefHer time-and-motion study reported time dif-
ferences between countries [25], despite presumably using
similar definitions for each time period across the different
centers involved in the study. Similar variations were also
seen with studies of rituximab [88]; however, a consistent
trend in favor of SC administration was observed across all
publications. During the COVID-19 pandemic, urgent can-
cer referrals and chemotherapy attendances declined by up
to 84.3% and 63.4%, respectively, which might have resulted
in increased mortality rates in patients with cancer and mul-
timorbidity [121]. The time savings of SC administration
have the potential to help increase throughput of patients
now that cancer services have resumed. In addition to this,
decreased hospital time for patients with cancer may help to
reduce the risk of COVID-19 infection and the associated
high probability of mortality in these patients [122].

As expected, there were also variations in costs for IV
and SC administration between publications that could be
compared based on use of the same currency. However, six
European publications reported similar percentage savings
in direct costs and most publications showed a trend for cost
saving with SC versus IV administration of trastuzumab.
Two of the rituximab publications that showed cost differ-
ences for the SC and IV formulations incrementally based
on BSA reported that the largest cost savings occurred for
patients with higher BSA.

The findings of this SLR are consistent with other pub-
lished SLRs that have reported on the time, resource, and
cost savings associated with SC administration versus IV, for
both oncology and non-oncology biologics [123-125]. How-
ever, cost reductions associated with time savings for HCPs
may be difficult to measure and achieve in clinical practice
[126]. Therefore, methods of improving the transferability of
time-related cost savings to the clinic should be investigated.

The purpose of this SLR was to ultimately inform eco-
nomic modeling and associated health technology assess-
ment of PH FDC SC. Recommendations for durations of
post-administration surveillance for SC and IV trastuzumab
are identical, with 6 h of observation recommended after the
first dose and 2 h of observation for all subsequent doses [42,
127-129]. Within the context of this SLR, observation times
for SC and IV cancel out (as they are the same). The effi-
cacy and safety profiles of SC and IV trastuzumab were also
assumed to be comparable in this study. However, real-world
evidence suggests that target levels of trastuzumab may not
be reached with the first SC administration in patients with
a high body weight and, although cardiotoxicity risk does
not appear to be increased in patients with low body weight,
Phase III trials have reported higher rates of adverse events
with SC vs. IV administration [130].
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It is important to note that the focus of this SLR was on
administration in the hospital setting only. However, similar
to the benefits provided by other SC-administered oncol-
ogy biologics [131-133], PH FDC SC is expected to offer
advantages with regard to reduced time/resource utilization,
improved patient quality of life, and the potential to be used
in the future in a flexible care setting [43]. There is consider-
able evidence demonstrating that PH FDC SC is well suited
to at-home administration by a HCP [134]. Providing at-home
treatment requires planning, training, careful patient selection
and technology to link patients, caregivers, and specialists in
oncology clinics, as well as innovative methods for treatment
delivery (e.g., mobile care units) [134]. A US expanded access
study (NCT04395508) investigating at-home administration
of PH FDC SC by a home health nursing provider is ongoing.
This study focuses on patients with HER2-positive breast can-
cer previously treated with IV pertuzumab plus trastuzumab
and chemotherapy and currently receiving or due to receive
maintenance therapy with pertuzumab plus trastuzumab alone.

4.2 Strengths and Limitations

One strength of this SLR is that it identified studies with
a range of designs, although some were described only as
economic analyses with no additional clearly defined design
details included. The inclusion of both clinical trials and
studies conducted in the real-world setting suggests that the
reported time and cost savings may be translated to SC versus
IV oncology biologics administered during standard clinical
practice. The publications included in this SLR also reported
several different methodologies for time assessments; how-
ever, results from the two studies that reported time estimates
from drug delivery software or based on HCP surveys were
largely consistent with those from studies that used direct
measurements from time-and-motion-type methodologies.

Although the majority of the trastuzumab and rituximab
studies identified were performed in European countries,
full-text publications were identified for studies conducted
in Canada, Chile, China, New Zealand, and the USA, and
abstracts identified for studies conducted in Ecuador, Hong
Kong, Japan, Mexico, Panama, Singapore, Thailand, Tuni-
sia, and Saudi Arabia. Despite the potentially limited gen-
eralizability of the conclusions due to country-specific dif-
ferences in approaches to healthcare, the consistency of the
evidence supporting SC-related time and cost savings com-
pared with IV administration presented in this SLR suggest
that the findings are likely to be applicable across different
healthcare systems and countries.

Due to the large number of potentially relevant publi-
cations comparing SC with IV administration, the deci-
sion was made to focus the literature search on anticancer
drugs. Although this pragmatic approach could lead to rel-
evant data/insights being missed, the oncology publications
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included in this SLR can offer a chance of providing valu-
able insights into the impact of the route of administration
on treatment costs.

The focus of this SLR was to identify potential time dif-
ferences associated with SC versus IV administration, as
well as differences in non-time-related cost elements such
as non-drug consumables. As a result, the drug costs of the
treatments being administered were not considered. How-
ever, it is important to acknowledge the need for decision
makers to take a holistic approach to healthcare resource
utilization, which accounts for both drug and non-drug costs,
in order to ensure optimal management of resources.

In the future, more studies should address the economic
benefits for different institutions of patients switching from
IV to SC oncology biologics [54], rather than simply com-
paring different patient populations treated via either IV or
SC administration. Furthermore, as the current economic
assessments have mainly been performed in developed
countries and there are concerns about the transferability
of SC versus IV benefits to less developed countries [126],
more studies should be conducted in regions such as Eastern
Europe or Latin America to assess the applicability of our
findings there.

5 Conclusion

This SLR indicates that there is a substantial body of evi-
dence demonstrating oncology biologics administered by the
SC route in a hospital setting to be associated with impor-
tant time and resource use savings versus IV administration.
The identified evidence provides valuable inputs for eco-
nomic evaluations of PH FDC SC, or for other SC oncology
treatments.
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