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This scoping review summarizes the evidence regarding healthcare resource utilization
(HRU) and costs associated with allogeneic hematopoietic stem cell transplantation (allo-
HSCT). This study was conducted in accordance with the Joanne Briggs Institute method-
ology for scoping reviews. The PubMed, Embase, and Health Business Elite Electronic
databases were searched, in addition to grey literature. The databases were searched
from inception up to November 2022. Studies that reported HRU and/or costs associated
with adult (�18 years) allo-HSCT were eligible for inclusion. Two reviewers indepen-
dently screened 20% of the sample at each of the 2 stages of screening (abstract and full
text). Details of the HRU and costs extracted from the study data were summarized,
based on the elements and timeframes reported. HRU measures and costs were com-
bined across studies reporting results defined in a comparable manner. Monetary values
were standardized to 2022 US Dollars (USD). We identified 43 studies that reported HRU,
costs, or both for allo-HSCT. Of these studies, 93.0% reported on costs, 81.4% reported on
HRU, and 74.4% reported on both. HRU measures and cost calculations, including the
timeframe for which they were reported, were heterogeneous across the studies. Length
of hospital stay was the most frequently reported HRU measure (76.7% of studies) and
ranged from a median initial hospitalization of 10 days (reduced-intensity conditioning
[RIC]) to 73 days (myeloablative conditioning). The total cost of an allo-HSCT ranged
from $63,096 (RIC) to $782,190 (double umbilical cord blood transplantation) at
100 days and from $69,218 (RIC) to $637,193 at 1 year (not stratified). There is heteroge-
neity in the reporting of HRU and costs associated with allo-HSCT in the literature, mak-
ing it difficult for clinicians, policymakers, and governments to draw definitive
conclusions regarding the resources required for the delivery of these services.
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Nevertheless, to ensure that access to healthcare meets the necessary high cost and
resource demands of allo-HSCT, it is imperative for clinicians, policymakers, and govern-
ment officials to be aware of both the short- and long-term health resource requirements
for this patient population. Further research is needed to understand the key determi-
nants of HRU and costs associated with allo-HSCT to better inform the design and deliv-
ery of health care for HSCT recipients and ensure the quality, safety, and efficiency of care.

© 2024 The American Society for Transplantation and Cellular Therapy. Published by
Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
INTRODUCTION
Allogeneic hematopoietic stem cell transplanta-

tion (allo-HSCT) is an effective therapy for many
malignant and nonmalignant diseases. However,
allo-HSCT is a high-risk and complex procedure
associated with potentially fatal complications and
substantial long-term and late effects [1], which
can affect patients’ quality of life through physical
and psychosocial sequelae [2]. The long-term fol-
low-up of these patients is complex, requiring a
collaborative interdisciplinary approach across
multiple specialists and allied health services,
including ophthalmology, dermatology, respira-
tory, physiotherapy, dietetics, and psychology [3].
Late effects of allo-HSCT and the requirements of
long-term care result in increased patient and carer
treatment burden, healthcare resource utilization
(HRU), and costs [4].

HSCT is resource- and cost-intensive, with trans-
plantation-associated hospital costs (excluding
readmissions) estimated at $49.6 million AUD in
Australia during the financial year 2014-15 [5]. In
the United States, HSCT was identified as the proce-
dure associated with the most rapid increase in hos-
pital costs between 2004 and 2007, with an 84.9%
growth over that period, resulting in costs totaling
$1.3 billion USD in 2007 [6]. In 2018, the Center for
International Blood and Marrow Transplant
Research reported that transplantation activity was
continuing to increase in the United States, particu-
larly in age�70 years [7]. Thus, the use of HSCT con-
tinues to grow with expansions in the age of
eligibility for transplantation (allowing HSCT in
older patients) and advances in supportive therapy
and donor options, such as unrelated and haploi-
dentical donors [8], leading to an increasing pool of
transplantation-eligible individuals.

But although the increasing demand for HSCT is
known, the resource requirements to meet the
healthcare needs for this patient population
remain unclear. Understanding the HRU associ-
ated with HSCT is important for clinicians, policy-
makers, and government officials to assess the
delivery of this procedure and forecast future
healthcare expenditures and resource require-
ments [9].

Literature reviews previously undertaken to
assess the cost of HSCT [10,11] included data on
autologous and allo-HSCT populations and were
published a decade ago. Since then, allo-HSCT has
achieved notable milestones, such as the use of
HLA-haploidentical donors [12] and novel advan-
ces in the management of graft-versus-host dis-
ease (GVHD) [13]. The present scoping review
builds on those previous studies, with a focus on
the overall costs of the HRU and costs associated
with allo-HSCT, and encompasses a more expan-
sive database search (allo-HSCT including other
population databases and the grey literature).

Owing to the complexity and variability in the
procedural aspects of allo-HSCT and the anticipated
breadth of the literature captured through this scop-
ing review, the exploration of that evidence has
been divided into 2 parts. Part 1 provides evidence,
taking a comprehensive approach to exploring the
overall HRU and costs associated with allo-HSCT.
Part 2 focuses on specific clinical outcomes associ-
ated with allo-HSCT, including GVHD and other
allo-HSCT-associated complications. Here we report
on the methods and results associated with Part 1
of the study, a comprehensive review of total HRU
and costs of allo-HSCT. The methods and results for
Part 2 will be reported in a separate article.
METHODS
The scoping review was conducted in accordance

with the Joanne Briggs Institute methodology for
scoping reviews [14]. Given the study objective of
understanding the extent and type of extant evi-
dence on HRU and costs for allo-HSCT, conducting a
scoping review was considered appropriate. A pro-
spective study protocol was published on Open Sci-
ence Framework (https://osf.io/5tdsw/).

Data Sources and Search
The PubMed, Embase, and Health Business Elite

databases were searched using key terms related to
“allogeneic hematopoietic stem cell transplantation”

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://osf.io/5tdsw/
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and “health care resource utilization” with Boolean
operators. To capture the breadth and trajectory of
allo-HSCT HRU and cost publications over the years,
the search was not limited by publication date. The
PubMed search strategy was developed in consulta-
tion with an Information Services Librarian at the
University of Technology Sydney and reviewed by
all members of the study team. The Embase search
terms were built on the PubMed search strategy,
with slight modifications to accommodate the
replacement of Medical Subject Headings (MeSH)
terms with Emtree terms.

A structured grey literature web search was
conducted using the Health Technology Assess-
ment Agencies and Health Economics sections
from the Canadian Agency for Drugs and Technol-
ogies in Health Grey Matters checklist [15]. The
search used the terms in the “International” sub-
section of the checklist rather than the country-
specific sections, as the latter were considered to
overrepresent specific countries (eg, Canada, Aus-
tralia) and thus potentially could bias the study
results.

Eligibility Criteria
Inclusion criteria were studies of primary

research, written in English, with full-text avail-
ability. Specific population, concept, and context
(PCC) [14] eligibility were as follows:

Population
Eligible studies included adult patients (age

�18 years) who underwent allo-HSCT. When
study population age eligibility was not reported,
the baseline age range or standard deviation of
the study population was reviewed to assess eligi-
bility. Where the nature of the HSCT (ie, autolo-
gous or allogeneic) was unclear, the opinion of the
HSCT physician (I.K.) was sought, and the study
was excluded unless it was determined that the
clinical context directly implied an allo-HSCT.

Studies that reported only the costs of an HSCT
registry, only the pretransplantation phase (eg,
donor screening), or a single complication of allo-
HSCT (eg, GVHD, cytomegalovirus or fungal infec-
tion) did not meet the eligibility criteria.

Concept
Studies that reported direct HRU and costs from

the health system perspective were included. Stud-
ies solely reporting indirect or nonmedical costs,
such as costs associated with community care, pro-
ductivity loss, or patient out-of-pocket costs, were
excluded. For studies that presented both direct
and indirect costs, results associated with the
healthcare system perspective (if presented sepa-
rately) were included.

Context
Studies from high-income countries as defined

by the World Bank Country and Lending Groups
[16] were included for comparability with respect
to access and affordability [17].

In applying the PCC eligibility criteria, studies
were not limited to those that assessed HRU and
costs as a primary objective. Studies that reported
HRU or costs in a manner that could be extracted
from their results, such as subgroup analyses or a
particular arm within a study, were also included
to ensure broad capture of the literature. Litera-
ture review publications identified during the
search were not included, but references were
scanned for potential additional studies.

Data Extraction
The database literature search results were

screened using Covidence [18] and Microsoft
Excel. A pilot test of the eligibility criteria was
conducted by 2 reviewers (N.V.K. and G.M.) based
on a randomly selected 1% of the identified stud-
ies. No subsequent changes were made to the eli-
gibility criteria.

Search results were screened in 2 stages, start-
ing with selection based on both title and abstract
using the inclusion criteria, followed by a full-text
retrieval of potentially relevant evidence for fur-
ther detailed review [14]. The principal investiga-
tor (N.V.K.) screened all the studies, and a 20%
sample was reviewed at each stage by a second
investigator (G.M.), with discussion among the
reviewers after each 10% sample.

Interrater reliability (IRR), measured by the
prevalence-adjusted bias-adjusted kappa
(PABAK), was calculated at each stage, with >80%
agreement set as the threshold for acceptability
[19]. The PABAK was used because it was antici-
pated that a high-volume of citations would result
from the search strategy, with a commensurate
high proportion of those being excluded relative
to inclusions. This difference potentially would
adversely affect other measures of IRR, such as
Cohen’s kappa [20]. Expert opinion (I.K., R.D.A.L.,
S.Y.) was sought for studies where the PCC were
not clearly described, or if there was uncertainty
as to whether the study reflected current practice
(ie, standard of care). The grey literature screening
was conducted in a single stage with a 20% sample
reviewed by the second reviewer.

Data extraction was standardized using a deri-
vation of the Joanne Briggs Institute template
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instrument for extraction of source evidence
details, characteristics, and results. The data
extraction form is presented in Appendix 1. A 20%
sample of the extracted data was audited by the
second reviewer (G.M.).
Data Analysis
In accordance with standard methods for scop-

ing reviews, the methodologic limitations or risk
of bias of the included studies were not critically
appraised [21]. From the extracted data, details of
the HRU and costs reported by the studies were
summarized. This included, where possible, cate-
gorization of data by transplantation phase: pre-
transplantation (donor selection and collection)
phase, initial transplantation phase, and postdi-
scharge phase. For studies that did not report HRU
and costs in this manner, results were summa-
rized according to how they were reported within
the studies, such as hospital length of stay (LOS),
outpatient visits, readmission, drug use, labora-
tory, transfusion and acute care. The reported cat-
egories were organized according to the
timeframes in which they were reported, and rel-
evant metrics used in the respective studies (eg,
for HRU - rates, duration, number of days). Where
a study reported both the median and the mean
as the measure of effect, the mean values are pre-
sented here.

HRU measures and cost were combined across
studies reporting results defined in a comparable
manner by combining the reported measure of
central tendency used in the studies (ie, mean or
median). For commonly reported results (eg, LOS,
initial and total costs), HRU and costs were strati-
fied according to donor selection, stem cell source,
and choice of conditioning regimen: reduced-
intensity conditioning (RIC)/nonmyeloablative or
myeloablative conditioning (MAC). Where studies
presented results according to other categories
(eg, ethnicity, treating center, or further subdivi-
sion) a weighted average of the stratified groups
was used. For studies that did not provide details
on the donor, stem cell source, or conditioning
regimen or where results were not extractable in
this manner, the results of the entire eligible
cohort are presented.

HRU and costs reported in aggregate only (eg,
outpatient visits, hospital admission and readmis-
sion, total hospitalization and readmission costs,
total outpatient and clinical visit costs) were sum-
marized in tabular form. For each study reporting
HRU and costs in this manner, a within-study
weighted average was calculated to represent
costs for the eligible cohort. Subsequently, a
simple average and weighted average were pre-
sented at the 100-day and 1-year timepoints.
Results that could not be combined across studies
(ie, were reported by only 1 study), are described
in narrative form.

Monetary values were standardized to 2022 US
Dollars (USD). Results presented in currencies
other than USD were converted to USD based on
the exchange rate at the specified time period of
the relevant study (according to the Board of Gov-
ernors of the Federal Reserve System [22]) and
inflated to 2022 prices using the US Bureau of
Labor Statistics Consumer Price Index [23]. Where
the time period or the currency of the reported
costs was not specified in the study, the year of
publication or the country of the primary author
was used as reference.

RESULTS
Literature Search

A total of 6487 titles and abstracts (database
search, n = 3182; grey literature, n = 3305) and
500 full-text studies (database search, n = 269;
grey literature, n = 231) were assessed for eligibil-
ity. Overall, 43 studies met the inclusion criteria
with a comprehensive approach (ie, overall HRU
and costs associated with allo-HSCT). Details of
the exclusion criteria are provided in Figure 1.
Grey literature details are presented in
Appendix 2.

The PABAK for the second 10% sample at each
stage of the database search was .96 and .71,
respectively. Although the latter fell short of the
acceptability threshold, the study team felt the
results were acceptable given the small sample
size (ie, 4 discrepancies out of 28 studies) and con-
sensus between the 2 reviewers was achieved
without the need for intervention by a third
review [14]. Expert opinion was sought for 22
studies, of which 5 met the inclusion criteria. All
43 included studies were sourced via the search
of the published literature. No grey literature
results were eligible for inclusion.

Characteristics of Included Publications
The majority of the 43 studies (67.4%) were

published in the last decade (ie, 2013 onward)
and were country-specific, predominantly from
countries in North America (55.8%), Europe
(27.9%), and Asia (11.6%) (Table 1). Only 1 study
[24] included data from more than 1 country
(Germany, Sweden, and Canada) and presented
the results separately for each of the countries.
Two studies [25,26] may have derived results
from the same data set. For the purpose of this
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Figure 1. PRISMA for database search. Exclusion rationale according to the principal reviewer; conducted on April 11, 2022.
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review, they were treated as separate studies
(unless the same results were presented, these
were noted) because they focused on different
aspects of HRU and costs.

Nine studies (20.9%) [24,27-34] reported eco-
nomic evaluations, and the remaining studies
reported descriptive statistics. These descriptive
studies were based predominantly on retrospec-
tive studies in the form of single-center (39.5%),
multicenter (14.0%; range, 2 to 15 centers), and
population-based (23.3%) studies, derived from
various national and private healthcare claims
databases. All but 2 of the studies [35,36] were
retrospective; the study design of the 2 exceptions
could not determined.

HRU and cost data extracted from 21 studies
(48.8%) were derived from a specific arm within a
study (n = 17) or a subgroup population (n = 4)
(Table 1). Results from 4 studies (9.3%) [35,37-39]
could not be combined with other studies owing
to the nature of the HRU or cost measures (eg,
monthly average costs), or timeframes (eg, aggre-
gated results inclusive of the period prior to allo-
HSCT) reported.

Thirty-two studies (74.4%) reported both HRU
and costs associated with allo-HSCT (Table 1). The
proportion of articles that presented results on
HRU and costs were 81.4% and 93.0%, respec-
tively.
HRU
LOS

LOS was reported in 33 of the 43 studies
(76.7%) (Table 1). However, there were variations
in both the timeframe in which these results were
captured and how the results were framed. These
included using such terms as “day of discharge
after transplantation,” or “total hematology inpa-
tient days.” The results of 3 studies [35,37,39],
were not presented in a manner that could be
combined with the other studies due to the
expression of LOS, which included the proportion
of patients based on categorical duration (eg,
�10 days, >10 days), monthly hospital stays (in
days), and/or timeframes used (eg, days 101 to
365, days 366 to 730, months 1, 2, and 3).

LOS for Initial Hospitalization. The LOS for initial
hospitalization was the most consistently
reported HRU measure across the studies (n = 17;
39.5%) (Table 1). It generally appeared to be
shorter for RIC regimens (mean 34.72 days) [31-
33,36,40-43] compared with MAC regimens
(mean, 46.12 days) [31,32,36,41,44,45]
(Figure 2A). Overall, cord blood (CB)-derived stem
cells [32,46,47] resulted in a longer initial hospi-
talization LOS compared to peripheral blood (PB)-
[36-40,42,44,46,48] and bone marrow (BM)-
[46,48] derived stem cells. These results are



Table 1
Summary of HRU and Cost Study Characteristics

Study Allo-HSCT
Population*

Sample Sizey Country Design Analysis
Summary

Data Source HRUz Costz,x Currency (yr) Timeframe Extraction

Barr et al., 1996 Other stratifi-
cation: AML
(2CR) ALL
(1CR)

AML = 5,
ALL = 5

Canada Economic evaluation (single-cen-
ter)
Comparator: HSCT and control
(patients assigned based on avail-
ability of donor)

Manual chart
review

Study period:
� Inpatient days
(mean): 57{

Study period:
� Total cost
(mean):
$159,158{

CAD (1992) Minimum 18-
mo follow-up

Partial, study
arm

Faucher et al.,
1998

PB, MAC n = 17 France Single-center,
retrospective

Descriptive
analysis

Medical
records (April
1995-June
1997)

Initial phase:
� Day of dis-
charge after
HSCT (NS): 28
100 d:
� Readmission
hospital days
(NS): 15
� Drug use (NS, i.
v. antibiother-
apy), d: 15
� RBCs, units
(NS): 12
� Platelets (NS,
units): 5

Initial phase:
� Collection
(mean): $4650
� Hospitalization
(mean):k $53,527
100 d:
� Total cost
(mean): $71,341
� Collection cost
(mean): $4650
� Conditioning
(mean): $2742
� Drug cost
(mean): $6188
� Laboratory cost
(mean): $5366

USD (1996) 100 d Partial, study
arm

Bennett et al.,
1999

PB, BM PB = 21,
BM = 13

US Single-center,
retrospective

Descriptive
analysis

NS (1995) Initial phase:
� Induction phase
hospital bed, d
(median): 9 (PB),
9 (BM)
HSCT recovery
to 100 d:
� Hospital bed, d
(median): 17
(PB), 22 (BM)
�Physician/clinic
visits (median):
36.04{

� Drug use (NS,
antibiotic days):
34.35{

� RBCs (NS,
units): 5.53{

� Platelets (NS,
units): 10.29{

Initial phase:
� Harvest cost
(median):
$11,118 (PB),
$7085 (BM)
SCT recovery to
100 d:
� Total cost
(median):
$129,238 (PB)
$159,667 (BM)

NS 100 d Entire study
cohort

(continued)
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Table 1 (Continued)
Study Allo-HSCT

Population*
Sample Sizey Country Design Analysis

Summary
Data Source HRUz Costz,x Currency (yr) Timeframe Extraction

Cordonnier et
al., 2005

MRD, MAC,
non-MAC

MAC = 12, non-
MAC = 11

France Multicenter
study (n = 2)

Descriptive
analysis

Trial dates:
MAC, February
1998-March
2000, non-
MAC, August
2000-March
2003)

Initial phase:
� LOS for initial
hospitalization, d
(mean): 22 (non-
MAC, PB), 48
(MAC)
1 yr:
� LOS, d (mean):
56 (non-MAC,
PB), 64 (MAC)
� Readmission
hospital days
(mean): 24.61{

Day -8 to day
365:
� Total cost
(median):
$111,479 (non-
MAC, PB),
$106,096 (MAC)

Euro (2001) 1 yr Entire study
cohort

Skrepnek et al.,
2005

MUD, BM NA US Economic evaluation; comparator:
imatinib and MUD-HSCT

Literature � 2 yr:
� Total cost: $
242,963

Dollars (2004) 2 yr Partial, study
arm

van Agthoven
et al., 2005

n = 7 Netherlands Multicenter
study (n =15),
retrospective
study

Descriptive
analysis

Hospital data-
base (1997-
1998)

Study period:
� Input days
(mean): 43.1

Study period:
� Total cost
(mean): $78,197

Euro (2003) NS, 3 yr; reflec-
tive of "treat-
ment episode"
ie, day 1 of
conditioning
regimen

Partial,
subgroup

Svahn et al.,
2006

n = 61 Sweden Single-center,
retrospective

Descriptive
analysis

Institution
database (Janu-
ary 1998-
December
1999)

� 5 yr:
� Total cost
(median):
$242,963

Euro (2005) 5 yr Partial,
subgroup

Saito et al.,
2007

RIC, HDCT HDCT = 185,
RIC = 90

US Single-center,
retrospective

Descriptive
analysis

Institution
database (June
2000-Septem-
ber 2003)

Initial phase:
� LOS for initial
hospitalization, d
(median): 10
(RIC), 32 (HDCT)
100 d:
� LOS, d
(median): 13
(RIC), 36 (HDCT)
� Outpatient clin-
ical visits, n
(median): 10.62{

1 yr
� LOS, d
(median): 21
(RIC), 39 (MAC)
� Outpatient clin-
ical visits
(median): 19{

Initial phase:
� Initial hospitali-
zation (median):
$32,444 (RIC),
$133,782 (HDCT)
100 d:
� Total cost
(median):
$63,096 (RIC),
$156,253 (HDCT)
1 yr:
� Total cost
(median):
$120,504 (RIC),
$191,990 (HDCT)

USD (2004) 100 d, 1 yr Entire study
cohort

(continued)
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Table 1 (Continued)
Study Allo-HSCT

Population*
Sample Sizey Country Design Analysis

Summary
Data Source HRUz Costz,x Currency (yr) Timeframe Extraction

Yu et al, 2007 18 Taiwan Economic evaluation (single-cen-
ter); comparator: HiDAC and Allo-
HSCT

Administrative
database (Janu-
ary 1994-
Januart 2002)

Follow-up
period:
� In-hospital d
(median): 48

Allo-HSCT pro-
cedure alone:
� Total cost
(mean): $44,510

USD (2003) Median follow-
up, 50 mo

Partial -
subgroup

Breitscheidel et
al, 2008

MUD Hypothetical
cohort = 1000

Germany Economic evaluation
Comparator: imatinib and MUD-
HSCT

IRIS study,
EBMT report

� 5 yr:
� Total cost:
$243,255

Euro (2005) 5 yr Entire study
cohort

Saito et al.,
2008

HDCT Early
phase = 315,
later
phase = 252

US Single-center,
retrospective

Descriptive
analysis

Institution
database (June
2000-July
2004)

100 d:
� Hospital stay, d
(median): 36
1 yr:
� Hospital stay, d
(median): 39

100 d:
� Total cost
(median):
$153,550
� Inpatient cost
(median):
$144,104
� Outpatient cost
(median): $6,870
1 yr:
� Total cost
(median):
$192,809
� Inpatient cost
(median):
$164,789
� Outpatient cost
(median):
$15,708

USD (2004) 100 d (early
phase), 1 yr
(later phase)

Entire study
cohort

Majhail et al.,
2009

CB, MRD, non-
MAC, MAC

MRD
(MAC = 67,
non-
MAC = 54), CB
(MAC = 63,
non-MAC=110)

US Single-center,
retrospective
study

Descriptive
analysis

Institution
database and
medical
records (2004-
2006)

100 d:
� Hospital stay, d
(median): 39 MA
MRD, 48 MA CB,
23 non-MAC
MRD, 38 non-
MAC CB
� Clinic visits, d
(median): 26.53{

� Dialysis (pro-
portion): 11.04%{

�Mechanical
ventilation (pro-
portion): 29.54%{

100 d:
� Total cost
(median):
$113,890 (non-
MAC), $184,904
(MAC), $184,701
(CB), $ 112,223
(MRD)

Dollars (NS) 100 d Entire study
cohort

(continued)
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Table 1 (Continued)
Study Allo-HSCT

Population*
Sample Sizey Country Design Analysis

Summary
Data Source HRUz Costz,x Currency (yr) Timeframe Extraction

Imataki et al.,
2010

RIC, MAC MAC = 35,
RIC = 15

Japan Economic evaluation (single-cen-
ter); comparator: MAC and RIC

Institution
clinical records
(January 2000-
November
2002)

Initial phase:
� Initial hospitali-
zation, d (NS: 49
(RIC), 73 (MAC)
Up to 2 yr:
� Duration of
total hospitaliza-
tion, d (NS: 161
(MAC), 106 (RIC)

Initial phase:
� Conditioning:
$12,432 (RIC),
$8,860 (MAC)
Up to 2 yr:
� Total cost
(mean): $42,107
(RIC), $42,342
(MAC) up to 2 yr

USD (2006) Up to 2 yr Entire study
cohort

Blommestein
et al., 2012

MRD, MUD, CB MRD = 59,
MUD = 43,
CB = 21

Netherlands Multicenter
study (n =3),
retrospective
study

Descriptive
analysis

Institution
database
(2007-2009)

Initial phase:
� Initial hospital
admission for
HSCT phase, d
(mean): 19.6
(MRD), 19.1
(MUD), 42.4 (CB)

Initial phase:
� Selection/ har-
vesting cost
(mean):
$107,664 (CB),
$35,551 (MRD),
$106,804 (MUD)
1 yr:
� Total cost
(mean):
$419,292 (CB),
$167,794 (MRD),
$282,308 (MUD)
� Inpatient cost
(mean): $51,925
� Follow-up
(mean):
$118,262

Euro (NS) 1 yr Partial, study
arm

Khera et al.,
2013

Other stratifi-
cation: second
HSCT, allo-allo
and auto-allo

N = 245 (n = 55
allo-allo, n=
190 auto-allo)

US Single-center,
retrospective

Descriptive
analysis

Institution
database and
medical
records (2004-
2010)

100 d:
� LOS (median):
12.14{

100 d:
� Total cost
(median):
$157,435{

� Inpatient cost
(median):
$50,136{

� Outpatient cost
(median):
$94,520{

USD (2010) 100 d Entire study
cohort

(continued)

542.e9
N
.V
.K

im
etal./Transplantation

and
Cellular

Therapy
30

(2024)542.e1�
542.e29



Table 1 (Continued)
Study Allo-HSCT

Population*
Sample Sizey Country Design Analysis

Summary
Data Source HRUz Costz,x Currency (yr) Timeframe Extraction

Majhail et al.,
2013

N = 610 US Population-
based retro-
spective study

Descriptive
analysis

Thomson Reu-
ters Market-
Scan (January
2007- Decem-
ber 2009)

100 d:
� Duration of
hospitalization, d
(median): 30
� Outpatient
clinic visits
(median): 22
� Hospitaliza-
tions (median): 1

Initial phase:
� HSCT hospitali-
zation (median):
$182,789
100 d:
� Total cost
(median):
$240,384
� Inpatient cost
(median):
$207,287
� Outpatient cost
(median):
$24,068

Dollars (NS) 100 d Partial, study
arm

Khera et al.,
2014

RIC; other
stratification:
FHCRC, DF/
BWCC

N = 484 US Multicenter
study (n =2),
retrospective
study

Descriptive
analysis

Institutional
clinical and
financial data-
base (January
2008-June
2010)

Day -7 to 100
� Inpatient days
(median): 17.39{

Days 101-730
� Inpatient days
(median): 14

Days -7 to 100
� Total cost
(median):
$173,960{

� Inpatient cost
(mean):
$125,117{

� Outpatient cost
(mean): $48,843{

Days 101-730
� Total cost
(median):
$118,313

USD (2010) Beginning of
conditioning
(day -7) to day
100 (both cen-
ters), days 101-
730 (DF/ BWCC
only)

Entire study
cohort

Labopin et al.,
2014

sCB, dCB, RIC,
MAC

sCB = 61,
dCB = 73

France Economic evaluation (multicenter;
n = 26); comparators: sCB and dCB
for RIC and MAC

NS Initial phase:
� LOS for initial
hospitalization, d
(mean): 61 (MAC,
sCB), 68 (MAC,
dCB), 48 (RIC,
sCB), 53 (RIC,
dCB)
1 yr:
� Outpatient vis-
its, d (NS): 11.71{

� Further hospi-
talization, d
(mean): 32.13{

Initial phase:
� Initial hospitali-
zation cost
(mean):
$180,293 (RIC){,
$230,143
(MAC){, $189,98
(sCB){, $209,750
(dCB){

1 yr:
� Total cost
(mean):
$316,818 (RIC){;
$359,165
(MAC){;
$311,053 (sCB){;
$353,541 (dCB){

� Readmission
(mean): $43,221{

� Outpatient
(mean): $17,968{

Euro (2010) 1 yr Entire study
cohort
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Table 1 (Continued)
Study Allo-HSCT

Population*
Sample Sizey Country Design Analysis

Summary
Data Source HRUz Costz,x Currency (yr) Timeframe Extraction

Rauenzahn et
al., 2014

PB, RIC n = 56 US Single-center,
retrospective

Descriptive
analysis

Institutional
department
and medical
records (2007-
2012)

Initial phase:
� LOS for index
admission, d: 26

After discharge
from index
admission to
day 100:
� Total charge
(median):
$85,502
� Inpatient
charge (median):
$30,040
� Outpatient
charge (median):
$52,458

USD (NS) 100 d Partial, study
arm

Khera et al.,
2015

Allo-BMT n = 296 US Single-center,
retrospective

Descriptive
analysis

Clinical
research data-
base (Novem-
ber 2003-
October 2012)

0-3 mo:
� LOS after HCT/
inpatient admis-
sion, d (median):
21.73
3-12 mo:
� LOS after HCT/
inpatient admis-
sion, d (median):
8.27
1 yr:
� Inpatient
admissions/ per-
son-yr (NS): 4.29
> 1 yr:
� LOS after HCT/
inpatient admis-
sion, d (median):
6

� � Median follow-
up, 20 mo and
26 mo for the 2
study arms
(based on eth-
nicity)

Entire study
cohort

Suh et al., 2015 RIC n = 79 S. Korea Single-center,
retrospective

Descriptive
analysis

Institutional
database
(2005-2012)

Initial phase:
� LOS for initial
hospitalization, d
(mean): 43
1 yr:
� Outpatient vis-
its (mean): 22
� Further hospi-
talizations, d,
(mean): 28

Initial phase:
� Initial hospitali-
zation (mean):
$39,416
1 yr:
� Total cost
(mean): $69,218
� Pharmacy cost
(mean): $16,497
� Laboratory cost
(mean): $6968
� Outpatient vis-
its (mean): $7606
� Readmission
(mean): $22,193

USD (2013) 1 yr Partial, study
arm
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Table 1 (Continued)
Study Allo-HSCT

Population*
Sample Sizey Country Design Analysis

Summary
Data Source HRUz Costz,x Currency (yr) Timeframe Extraction

Bonafede et al.,
2017

n = 972 US Population-
based retro-
spective study

Descriptive
analysis

Truven Health
MarketScan
commercial
and Medicare
supplemental
databases (Jan-
uary 2011-June
2014)

1 yr:
� Hospital stay, d
(NS): 23.2

1 yr:
� Total cost
(mean):
$637,193
� Inpatient costs
(mean):
$484,650
� Pharmacy cost
(mean): $26,773
� Laboratory cost
(mean): $36,474
� Physician office
visit (mean):
$6461

USD (2015) 1 yr Partial, study
arm

Broder et al.,
2017

MAC n = 318 US Population-
based retro-
spective study

Descriptive
analysis

Truven Health
MarketScan
claims data-
base (January
2010- Septem-
ber 2013)

Initial phase:
� LOS for index
HSCT admission,
d (mean): 30.9
100 d:
� Subsequent
hospitalization
(proportion):
43.4%
� Subsequent
LOS, d (mean):
9.4

Initial phase:
� Index hospitali-
zation (mean):
$326,665
100 d:
� Total cost
(mean):
$446,888
� Inpatient cost
(mean):
$372,756
� Outpatient cost
(mean): $63,077
� Pharmacy cost
(mean): $6188

USD (2013) 100 d Partial, study
arm

Decook et al.,
2017

First allo-BMT n = 328 US Single-center,
retrospective

Descriptive
analysis

Medical
records (Jan
2010 - Jun
2014)

Initial phase:
� LOS for initial
hospitalization, d
(median): 25
100 d:
� LOS, d
(median): 29
1 yr:
� LOS, d
(median): 36

� � 1 yr Entire study
cohort

Kitazawa et al.,
2017

BM, PB BM = 91,
PB = 51

Japan Population-
based retro-
spective study

Descriptive
analysis

National Data-
base of Health
Insurance
Claims and
Specific Health
Checkups of
Japan (April
2009-March
2010)

Reported HRU
(LOS) could not
be combined
with other
studies

Reported costs
could not be
combined with
other studies

JPY (NS) Month before
and up to 2 mo
after HSCT

Partial, study
arm
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Table 1 (Continued)
Study Allo-HSCT

Population*
Sample Sizey Country Design Analysis

Summary
Data Source HRUz Costz,x Currency (yr) Timeframe Extraction

Perales et al.,
2017

Other stratifi-
cation: with
complications
and without
complications

With compli-
cations,
n = 928, with-
out complica-
tions, n = 44

US Population-
based retro-
spective study

Descriptive
analysis

Truven Health
MarketScan
commercial
and Medicare
supplemental
databases (Jan-
uary 2011-
June 2014)

1 yr:
� Readmission
(mean, number):
2.2

1 yr:
� Total cost
(mean):
$5637,193x

USD (2015) 1 yr Partial, study
arm

Debals-Gonth-
ier et al., 2018

MUD, Haplo,
RIC

Haplo = 29,
MUD = 63

France Economic evaluation (single-cen-
ter); comparator: Haplo and MUD

Institution
records (2011-
2013),
literature

Initial phase:
� LOS for initial
hospitalization, d
(mean): 44
(MRD, RIC), 45
(HAPLO)

Initial phase:
� Pretransplanta-
tion phase cost
(mean): $71,330
(RIC, MUD),
$8705 (HAPLO)
� Initial hospitali-
zation (mean):
$75,398 (RIC,
MUD), $90,710
(Haplo)
2 yr:
� Total cost
(mean):
$248,903 (RIC,
MUD), $161,642
(Haplo)

Euro (2014) 2 yr Entire study
cohort

Maziarz et al.,
2018

n = 86 US Cross-sec-
tional, retro-
spective study

Descriptive
analysis

Two large
administrative
claims data-
bases, names
not specified
(2008-2015)

Initial phase:
� Duration of
index hospitali-
zation, d (mean):
27.9

100 d:
� Inpatient, d
(mean): 34.1
� Outpt services,
d (mean): 35
� Inpatient
admissions
(mean): 1.7

1 yr:
� Inpatient, d
(mean): 38.5
� Outpatient
services, d
(mean): 100.5
� Inpatient
admissions
(mean): 2.5

Initial phase:
� Index hospitali-
zation (mean):
$298,974
100 d:
� Total cost
(mean) $431,370
� Inpatient cost
(mean):
$353,606
� Prescription
drug cost
(mean): $9519
� Laboratory cost
(mean): $ 27,135
1 yr:
� Total cost
(mean) $553,603
� Inpatient cost
(mean):
$321,981
� Prescription
drug cost
(mean): $25,417
� Laboratory cost
(mean): $73,472

USD (2015) 3 yr Entire study
cohort
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Table 1 (Continued)
Study Allo-HSCT

Population*
Sample Sizey Country Design Analysis

Summary
Data Source HRUz Costz,x Currency (yr) Timeframe Extraction

Cho et al., 2019 n = 406 US Population-
based retro-
spective study

Descriptive
analysis

National Inpa-
tient Sample
data (January
2012- Decem-
ber 2014)

Study period:
� LOS, d (mean):
26.5

Study period:
� Total cost
(mean):
$146,386

USD (2014) NS (3-yr study
period)

Partial, study
arm

Guru Murthy et
al., 2019

RIC; other
stratification:
inpatient and
outpatient

Inpatient = 116,
outpatient = 35

US Single-center,
retrospective

Descriptive
analysis

Chart reviews
of institutional
transplantation
database (Janu-
ary 2014- Jan-
uary 2017)

100 d:
� Readmission
(proportion):
37.59%
� Renal replace-
ment therapy
(proportion):
3.95%{

�Mechanical
ventilation (pro-
portion): 7.87%{

100 d:
� Total charge
(median):
$300,686{

Dollars (NS) 100 d Entire study
cohort

Hirt et al., 2019 Other stratifi-
cation: Ger-
many, Sweden,
Canada

NA Germany, Swe-
den, and
Canada

Economic evaluation; comparator:
ponatinib

Literature,
national tariffs

� Lifetime:
� Total cost:
$513,273{

USD (2014) Lifetime Partial, study
arm

Kanate et al.,
2019

dCB, Haplo dCB = 37,
Haplo = 49

US Multicenter
study (n = 2),
retrospective
study

Descriptive
analysis

Institutional
database
(March 2009-
March 2017)

� Initial phase:
� Graft acquisi-
tion (mean):
$100,663 (CB),
$40,042 (Haplo)
100 d:
� Total charge
(mean):
$782,190 (CB),
$699,854 (Haplo)
� Inpatient
charge (mean):
$585,073{

� Outpatient
charge (mean): $
83,612{

USD (2018) 100 d Entire study
cohort

Kim et al., 2019 Other stratifi-
cation: domes-
tic and
international
donors

n = 159 S. Korea Multicenter
study (n = 5),
retrospective
study

Descriptive
analysis

National
Health Insur-
ance Service
data (January
2005-April
2015)

� 1 yr:
� Expense
(mean): $48,627{

Study period:
� Total expense
(mean): $72,848

USD (2017) Total follow-up
(87.4 mo for
international
donors and NS
for domestic
donors)

Entire study
cohort
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Table 1 (Continued)
Study Allo-HSCT

Population*
Sample Sizey Country Design Analysis

Summary
Data Source HRUz Costz,x Currency (yr) Timeframe Extraction

Mau et al.,
2019

PB, BM, CB,
non-MAC, MAC

n = 250 US Population-
based retro-
spective study

Descriptive
analysis

Merged data-
set of CMS-
Medicare
claims data
and CIBMTR
datasets
(March 2010-
December
2011)

1 yr:
� Inpatient ser-
vice, d (mean):
50
� Outpatient ser-
vice, visits
(mean): 33
� Inpatient
admissions
(mean): 3

Initial phase:
� Organ acquisi-
tion (mean):
$19,011
100 d:
� Reimbursement
(mean):
$193,854
1 yr:
� Reimbursement
(mean):
$219,475 (non-
MAC), $319,626
(MAC) $365,538
(CB), $196,086
(BM), $259,215
(PB), $269,492
(total)

Dollars (NS) 1 yr Entire study
cohort

Mayerhoff et
al., 2019

Allo-BMT Allo subgroup -
� 18 ALL
(n = 45), DLBCL
(n =10), FL
(n = 9)

Germany Population-
based retro-
spective study

Descriptive
analysis

German
administrative
claims data
(January 2010-
June 2014)

� Reported costs
could not be
combined with
other studies

Euro (NS) 2 quarters
before and 8
quarters after
HSCT

Partial, study
arm

Guti�errez-Gar-
cía et al., 2020

Inpatient = 39,
outpatient (at
home) = 41

Spain Single-center,
retrospective

Descriptive
analysis

Department
financial direc-
tor (2015
-2018)

Initial phase:
� Admission, b
(median): 31
100 d:
� Readmission
rate: 24%

100 d:
� Total cost
(mean):
$100,547

Euro (NS) Time from
start of condi-
tioning treat-
ment to
engraftment

entire study
cohort

Saraf et al.,
2020

MRD, PB, non-
MAC

n = 16 US Single-center,
retrospective

Descriptive
analysis

Clinical data
(Augusr 2011-
April 2016)

Initial phase:
� LOS for initial
hospitalization, d
(median): 33

Initial phase:
� Inpatient HSCT
cost (median):
$101,954
1 yr:
� Total cost
(median):
$149,156

Dollars (NS) 1 yr Partial, study
arm

Zhou et al.,
2020

allo-BMT n = 436 NS but author
affiliation with
US universities

Population-
based retro-
spective study

Descriptive
analysis

Truven Mar-
ketScan Health
Databases (Jan-
uary 2009-
December
2014)

Reported HRU
(LOS) could not
be combined
with other
studies

Reported costs
could not be
combined with
other studies

USD (2014) � Partial,- study
arm
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Table 1 (Continued)
Study Allo-HSCT

Population*
Sample Sizey Country Design Analysis

Summary
Data Source HRUz Costz,x Currency (yr) Timeframe Extraction

Godara et al.,
2021

PB, BM, CB n = 68,296 US Population-
based retro-
spective study

Descriptive
analysis

National Inpa-
tient Sample
(NIS) (2002-
2015)

Initial phase:
� LOS (median):
36.9 (CB), 27.2
(BM), 25.4 (PB)

Initial phase:
� HSCT hospitali-
zation charge
(median):
$282,596 (PB),
$262,758 (BM),
$507,532 (CB),
$286,950 (total)
� HSCT hospitali-
zation cost
(median): $
95,840 (PB),
$95,995 (BM),
$169,902 (CB),
$98,465 (total)

Dollars (NS) Inpatient
admission for
HSCT

Entire study
cohort

Herr et al.,
2021

First allo-BMT Training
cohort, 2010-
2016 (n = 349);
replication
cohort, 2016-
2019 (n = 163)

US Single center Descriptive
analysis

Institution
database
(training
cohort = 2010-
2016; replica-
tion
cohort = 2016-
2019)

Reported HRU
(LOS) could not
be combined
with other
studies

� � 1 yr Entire study
cohort

Vijenthira et
al., 2021

NA Canada Economic evaluation; comparator:
ASCT, O-CHOP (3 arms)

Literature � 20 yr:
� Total cost:
$292,735

CAD (2019) 20 yr Partial, study
arm
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Table 1 (Continued)
Study Allo-HSCT

Population*
Sample Sizey Country Design Analysis

Summary
Data Source HRUz Costz,x Currency (yr) Timeframe Extraction

Solana-Alta-
bella et al.,
2022

n = 10 Spain Single-center,
retrospective

Descriptive
analysis

Institution
records (2010-
2019)

Study period:
� LOS, d (mean):
87

Study period:
� Reimbursement
(mean):
$104,858

Euro (NS) NS "period
after allo-
HSCT"

Partial,
subgroup

van Gorkom et
al., 2022

MRD, MUD,
Haplo

MRD = 29,
MUD = 56,
Haplo = 24

Netherlands Single-center,
retrospective

Descriptive
analysis

Institution
records (Janu-
ary 2016-Sept
2018)

Initial phase:
� LOS for trans-
plantation phase,
d (mean): 23.44
(MRD), 22.37
(MUD), 33.83
(HAPLO)
post-transplan-
tation phase to 1
yr:
� LOS, d (mean):
28.21 (MRD);
24.89 (MUD); 19
(Haplo)
� Readmissions
(mean): 1.73{

Initial phase:
� Pretransplanta-
tion phase cost
(mean): $19,277
(MRD), $44,216
(MUD), $20,208
(Haplo)
� Transplantation
phase cost
(mean): $45,035
(MRD), $52,919
(MUD), $74,780
(Haplo)
� Post-transplan-
tation cost
(mean): $54,081{

1 yr:
� Total cost (NS):
$105,350 (MRD),
$132,041 (MUD),
$129,289 (Haplo)

Euro (2020) 1 yr Entire study
cohort

AML indicates acute myeloid leukemia; ALL, acute lymphoblastic leukemia; ASCT, autologous stem cell transplantation; auto, autologous; CAD, Canadian dollar; dCB, double cord
blood; DF/BWCC, Dana-Farber/Brigham and Women’s Cancer Center; EBMT, European Society for Blood and Marrow Transplantation; FHCRC, Fred Hutchinson Cancer Research
Center; Haplo, haploidentical; HDCT, high-dose chemotherapy; HiDAC, high dose cytarabine; JPY, Japanese yen; MRD, matched related donor; MUD, matched unrelated donor; NS,
not specified; O-CHOP, chemo-immunotherapy; sCB, single cord blood.
* Characteristics of the study population eligible for this scoping review.
y Sample size of study population eligible for this scoping review.
z Results that could be combined with other studies for the purpose of this scoping review.
x Monetary values were standardized to 2022 USD.
{ Weighted average.
k Considered initial hospitalization cost, as readmission costs are presented separately.
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Figure 2. (A) Initial Length of stay
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consistent with those presented in one study [46]
that reported a direct comparison of LOS accord-
ing to stem cell source (median LOS: PB, 25.4
days; BM, 27.2 days; CB, 36.9 days). One single-
center study [49] presented a direct comparison
of mean LOS by donor type, with a longer LOS for
haploidentical HSCT (33.83 days) compared to
those sources from matched unrelated or related
donors (22.37 and 23.44 days, respectively).
LOS by reported timeframe. Nine studies (20.9%)
[41,48,50-57] reported the LOS at 100 days, and 8
studies (18.6%) [25,36,41,49,50,52,55,58] reported
LOS at 1 year (Figure 2B). Consistent with the LOS
for initial hospitalization, RIC was associated with a
shorter LOS compared to MAC at 100 days (mean,
21.15 days [41,51,54] and 38.45 days [41,52,54],
respectively) and at 1 year (mean, 38.50 days
[36,41] and 47.33 days [36,41,52], respectively).
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Figure 2. Continued.

(B) Length of stay by reported timeframe.
Notes:
(1) Weighted average was calculated.
(2) Timeframe: days -7 to 100
(3) HSCT recovery (to 100 days post-transplantation)
(4) Post-transplantation phase (defined as discharge to 1 year)
(5) Timeframe: minimum 18 months
(6) Timeframe: > 1 year, median follow-up was 20 months for the minority arm and 26 months for the non-Hispanic arm.
(7) Timeframe: days 101-730
(8) Timeframe: up to 2 years
(9) Timeframe: median follow-up, 50 months (from diagnosis)
(10) Timeframe: 3-year study period
(11) Timeframe: diagnosis to death or last follow-up
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One study [48] reported LOS with respect to stem
cell source. The timeframe in which these results
were reported was “stem cell transplant recovery to
100 days post,” thus potentially resulting in an over-
all shorter LOS (PB, 17 days; BM, 22 days) compared
to other definitions of 100 day outcomes.

Results for studies that reported LOS beyond 1
year were not able to be combined due to the
diversity in timeframe and the categorization of
how the results were presented (eg, by ethnicity,
underlying condition, stem cell source and condi-
tions regimen). Fourstudies 59�61,62 did not report
a specific timeframe; 1 study reported a minimum
of 18-months, 1 reported the study period (3
years), and the other 2 studies reported the phase
of follow-up (eg, “period after allo-HSCT,” “treat-
ment episode,” where day 1 was the start of condi-
tioning regimen).
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Studies varied in reporting mean or median
results, with few studies reporting both. Two
studies presented both the median and the mean
initial LOS [43,55], with medians approximately
14% lower than the reported means (mean, 43
and 27.9 days; median, 37 and 24 days, respec-
tively). Another 3 studies [51,55,60] presented
both means and medians at varying timeframes,
and in all cases the mean was greater than the
median; for example, 1 study [51] reported a
mean LOS (days 101 to 730) of 14 days; however,
the median was 0 days (range, 0 to 146 days).

Other HRU measures
Other HRU measures, which were combined

across 2 or more studies at 100 days and 1 year
timepoints, are presented in Table 2.

Outpatient Visit. Outpatient visits were
reported in 10 studies (23.3%), including 5 studies
at 100 days [41,48,53-55] and 5 studies at 1 year
[32,41,43,55,58], but could be combined for 8
studies, which reported them at a consistent time-
point. The timeframes presented in the studies
not combined [56�61] included “induction
period,” “treatment episode,” or median follow-
up. For the purpose of this review, studies that
reported outpatient visits in terms of either the
number or days of visits were considered to be
the same (ie, 1 visit per day). The average number
of outpatient visits across the studies was 26.04
visits at 100 days and 37.23 visits at 1 year. The
study that reported the largest number of outpa-
tient visits (36.04 visits) at 100 days [48] had a rel-
atively shorter observation period of “stem cell
transplant recovery to 100-days post”; however,
this shorter period of recovery was considered
unlikely to significantly influence results, as
patients are likely to be hospitalized during the
stem cell recovery period.

Hospital admission and readmission. Five stud-
ies (11.6%) presented the number of hospital
admissions, at 100 days in 2 of these studies
[53,55] and at 1 year in 3 studies [55,56,58], with
1 study [55] presented data at both timepoints.
The average number of hospital admissions across
the studies was 1.35 at 100 days and 3.26 at 1
year. These data excluded results for 1 study [60],
for which the timeframe for reporting was based
on “period after allo-HSCT,” with a median fol-
low-up of 328 days.

Hospital readmissions were variously reported
across the studies as number of readmissions in 2
studies (4.7%) [26,49] at 1 year, readmission rates
in 3 studies (7.0%) [45,63,64] at 100 days, and
number of readmission hospital days in 5 studies
(11.6%), including 2 studies [44,45] at 100 days
and 3 studies [32,36,43] at 1 year. The average
readmission rate and number of hospital days
across the studies at 100 days was 35.0% and
12.2 days, respectively. No studies presented the
number of readmissions at 100 days. The average
number of readmissions and number of readmis-
sion hospital days across the studies at 1 year was
1.96 and 28.25 days, respectively.

Other. Other HRU measures that were com-
bined included 2 studies [54,62] that reported the
proportion of patients requiring dialysis/renal
replacement therapy (mean, 7.5%) and mechanical
ventilation (mean, 18.71%) at 100 days.

The use of other health care resources during
the pretransplantation phase, including labora-
tory testing, acute care (emergency and intensive
care), parenteral nutrition/hyperalimentation,
drug utilization, and blood transfusions, was vari-
ously reported across several studies but has not
been summarized owing to a lack of comparability
in reporting across the studies. Reporting of these
measures varied based on allo-HSCT phase (eg,
potential donor HLA typing, HRU associated with
workup), categorization of HRU (eg, number of lab-
oratory tests compared to laboratory/imaging serv-
ices), and variations in HRU measures (eg, number
of emergency department visits, proportion of
patients with emergency department visits, and
days with emergency department service).

Costs Associated with Allo-HSCT
Seven studies (16.3%) [42,46,58,60,63,65,66]

reported monetary values in terms of charges
(n = 5), reimbursement (n = 1), and expenses
(n = 1), whereas all other studies expressed results
as costs. One of these studies [46] presented
results both in terms of charges and costs. The
results of 3 studies [37�39] could not be com-
bined owing to expression of costs as monthly
averages and presentation of aggregated costs
which included the period prior to transplant.

Initial Phase Costs
Initial phase costs were combined across 17

studies (39.5%) (Table 1). These costs were associ-
ated with pretransplantation (n = 9; 20.9%), condi-
tioning regimen (n = 2; 4.7%), and initial
hospitalization (n = 12; 27.9%) (Figure 3A).

Studies differed in the reporting of pretrans-
plantation phase costs, using such terms as cost of
“harvesting,” “collection,” “selection/harvesting,”



Table 2
Other HRU and Costs Reported in Studies (presented in �2 or more papers)

Parameter 100 Days 1 Year

Average Average

No. of
Studies

Size Weighted Per Study Minimum Maximum No. of
Studies

Size Weighted Per Study Minimum Maximum

Health resource utilization

Outpatient visits 5 1313 22.00 26.04 10.62 36.04* 5 838 32.09 37.23 11.71 100.5

Admission number 2 696 1.09 1.35 1 1.7 3 632 3.54 3.26 2.50 4.29

Readmission

Number of readmissions 2 1081 2.15 1.96 1.73y 2.2

Readmission rate, % 3 549 38.98 35.00 24 43.40

Number of hospital days 2 335 9.68 12.20 9.4 15 3 236 30.02 28.25 24.61 32.13

Other

Dialysis/renal replacement
therapy, %

2 445 8.64 7.50 3.95 11.04

Mechanical ventilation, % 2 445 22.19 18.71 7.87 29.54

Cost (2022 USD)

Hospitalization 7z 2144 207,062 262,583 50,136 585,073 4 1390 383,337 255,836 51,925 484,650

Readmission 2 213 35,422 32,707 22,193 43,221

Outpatient

Total cost 7x 2108 44,362 53,350 6870 94,520 2 386 16,492 16,838 15,708 17,968

Clinic visit 2 1051 6547 7034 6461 7606

Follow-up cost 2 232 88,108 86,172 54,081 118,262

Drug cost 3 421 10,544 8920 6188 11,054 3 1094 25,977 22,896 16,497 26,773

Laboratory cost 2 1051 34,256 21,721 6968 36,474

* Study timeframe: HSCT recovery (to 100 days post-transplantation.
y Study timeframe: post-transplantation phase (discharge to 1 year).
z Consisted of 1 study with a varied time frame: day -7 to day 100.
x Consisted of 2 studies with varied time frames: day -7 to day 100 and d discharge up to day 100.
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Figure 3. (A) Initial phase costs.
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“graft acquisition,” “donor search and graft acqui-
sition,” and “pretransplant.” The results presented
here assume these terms to be synonymous. Pre-
transplantation costs were much higher (approxi-
mately 10-fold) for CB-derived stem cells [47,65]
compared with PB- [44,48] and BM- [48] derived
stem cells (Figure 3A). Pretransplantation costs
for matched unrelated donors [33,47,49] (mean,
$74,117) were higher than those for related
donors [47,49] (mean $35,551) and haploidentical
donors [33,49,65] (mean, $22,979). Conditioning
regimen costs were presented in 2 studies (4.7%)
[31,44], of which 1 [31] presented a direct com-
parison between conditioning approaches and
noted a higher cost for RIC compared to MAC
($12,732 versus $8,860).

Eleven studies (25.6%) [32,33,40,41,43-
46,49,53,55] presented costs for initial hospitali-
zation (Table 1), which ranged from $32,444 to
$507,532. Overall, the use of RIC regimens
[32,33,40,41,43] was associated with a lower ini-
tial hospitalization cost compared to MAC regi-
mens [32,41,44,45] (mean, $85,901 and $186,029,
respectively). These findings were consistent with
those from 2 studies [32,41] that presented a
direct comparison of these factors (RIC, $32,444
and $180,293, respectively; MAC, $133,782 and
$230,143, respectively). When considering costs
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Figure 3. Continued.

(B) Total cost by reported timeframe.
Notes:
(1) Timeframe: allo-HSCT procedure alone
(2) Timeframe: index hospitalization
(3) Timeframe: time from start of conditioning treatment to engraftment
(4) Weighted average was calculated.
(5) Timeframe: days -7 to 100
(6) Timeframe: days -8 to 365
(7) Bonafede et al. (2017) and Perales et al. (2017) appeared to be based on the same dataset and presented the same results.
(8) Timeframe: up to 2 years
(9) Timeframe: Day 101-730
(10) Timeframe: minimum 18 months
(11) Timeframe: 5 years
(12) Timeframe: 20 years
(13) Timeframe: lifetime
(14) Average across the 3 countries reported (Germany, Sweden and Canada)
(15) Not specified (3-year study period)
(16) Total follow-up (87.4 months for international donors; domestic, not specified).
(17) Not specified, period after allo-HSCT
(18) Not specified, 3 years. Reflective of "treatment episode," ie, day 1 of conditioning regimen
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(over charges) reported by Godara et al. 2021 [46],
initial hospitalization costs with CB stem cells as
the donor source [32,46] (mean, $185,328) were
higher than those associated with BM [46]
($90,391) and PB [40,44,46] (mean $83,774) stem
cells as the donor source.

Total Cost � by reported timeframe
Thirty-six studies (83.7%) reported on the total

cost of allo-HSCT over different timeframes
(Table 1), including 15 (34.9%) at 100 days, 13
(30.2%) at 1 year, and 8 at various timeframes
beyond 1 year (with the maximum being a life-
time time horizon as part of an economic model
[24]; Figure 3B).

The overall total cost reported at 100 days
ranged from $63,096 to $782,190, and that at 1
year ranged from $69,218 to $637,193. Total costs
associated with RIC were lower than those associ-
ated with MAC at 100 days (mean, $147,427
[41,42,51,54,62] and $202,425 [41,44,45,52,54],
respectively), and at 1 year (mean, $164,442
[32,36,40,41,43,58] and $233,937 [32,36,41,52,58],
respectively). Consistent with initial hospitaliza-
tion, costs associated with CB stem cells
[32,47,54,58,64] were higher at 100 days and 1
year compared to stem cells sourced from BM
[48,58] and PB [36,40,42,44,48,58], respectively
(Figure 3B).

Other Costs
Other costs that were combined across 2 or

more studies at 100 days and 1 year timepoints
are presented in Table 2.

Total hospitalization and readmission cost. Total
hospitalization costs at 100 days and 1 year were
reported in 8 (18.6%) [42,45,51-53,55,57,65] and 4
(9.3%) [25,47,52,55] studies, respectively. Costs
reported across the studies differed by approxi-
mately 12-fold (minimum to maximum) at
100 days (range, $50,136 to $585,073) and by and
9-fold at 1 year (range, $51,925 to $484,650). The
average cost of hospitalization was $262,583
across the studies reporting total hospitalization
costs at 100 days and $255,836 for studies report-
ing total hospitalization costs at 1 year. The aver-
age readmission cost at 1 year was $32,707 across
2 studies [32,43].

One study [42] presented hospitalization costs
from discharge to up to 100 days ($30,040); how-
ever, these results could not be combined with
results of other studies, as the cost calculation did
not include hospital charges during the index
transplantation admission.
Total outpatient and clinic visit costs. Total out-
patient costs were reported at 100 days in 7 stud-
ies (16.3%) [42,45,51-53,57,64] and at 1 year in 2
studies (4.7%) [32,52]. One of the studies [42] had
a slightly varied timeframe (ie, discharge from
index transplant admission up to day 100); how-
ever, this was considered to have a minimal
impact on total outpatient costs. The average total
outpatient cost across the studies was $53,350 at
100 days and $16,838 at 1 year. The average out-
patient costs appeared to be higher at 100 days
than at 1 year. Two studies (4.7%) [25,43] pre-
sented clinic visit costs at 1 year (which averaged
$7,034).

Postdischarge costs. Two studies (4.7%) [47,49]
presented costs associated with the postdischarge
period. One study referred to this as “post-trans-
plantation,” and the other called it the “follow-
up” phase. The timeframe between these studies
differed; the former study defined it as the period
from discharge to 1 year after allo-HSCT, whereas
the latter calculated costs at the 1 year follow-up.
The average postdischarge cost at 1 year was
$86,172 across the studies.

Drug and laboratory costs. Across 3 studies
(7.0%), the average drug costs were $8,920 at
100 days [44,45,55] and $22,896 at 1 year
[25,43,55]. Laboratory costs at 1 year were pre-
sented in 2 studies (4.7%) [25,43], with a mean
cost of $21,721.

DISCUSSION
This review summarizes the evidence in rela-

tion to HRU and costs associated with allo-HSCT.
LOS was the most widely reported HRU measure,
with 39.5% of studies reporting the initial LOS and
46.5% reporting LOS at various timeframes. The
duration of initial hospitalization ranged from
9 days (PB/BM) to 73 days (MAC) and from
13 days (RIC) to 43.36 days (MRD, MAC) at
100 days, and from 19 days (haploidentical) to
64 days (MRD, MAC) at 1 year. The total cost of an
allo-HSCT, reported in 83.7% of studies, ranged
from $63,096 (RIC) to $782,190 (double CB trans-
plantation) at 100 days, and from $69,218 (RIC) to
$637,193 at 1 year (not stratified).

Overall, RIC conditioning was associated with
lower cost and LOS compared to MAC, both in the
initial phases of allo-HSCT and at 1 year. The use
of CB-derived stem cells was associated with
higher total costs, potentially driven by the higher
costs of collecting and harvesting CB stem cells
compared to stem cells sourced from PB or BM.



542.e25 N.V. Kim et al. / Transplantation and Cellular Therapy 30 (2024) 542.e1�542.e29
Whereas overall trends in HRU and costs, based
on donor, stem cell source, and conditioning regi-
men were evident, quantifying these trends to
inform the design and delivery of health care for
HSCT is challenging because of the heterogeneity
in how these results have been reported.

Heterogeneity in the costs associated with
HSCT has been reported in previous reviews.
Khera et al. [10] noted variations in study popula-
tion, diagnoses, perspectives of analyses, time
horizons, and study methods. According to Pre-
ussler et al. 2012 [11], the economic aspects of
HSCT require further evaluation, and costs need to
be better described. This scoping review has
shown that the variation in reporting remains,
particularly with respect to the time periods for
which HRU and costs are reported, the HRU meas-
ures used, and the methods used to quantify
costs.

There were inconsistencies among the studies
reviewed in how measures of HRU and costs were
expressed—as either means or medians, with a
very small proportion reporting both. In the stud-
ies that reported both, the mean was greater than
the median. Using the median to report costs dis-
regards the distribution of the results, such as
skewness of the data, and thus potentially under-
estimates the effects of extreme cases of total
HRU and costs [67]. However, budgetary and
resource requirement decisions need to account
for costs and HRU for extreme outlier patients.
Thus, the use of means may be more informative
for assessment and policy analysis, as it incorpo-
rates the impact of these outlier patients while
reflecting the overall average cost, thereby pro-
viding a more accurate basis for estimating allo-
HSCT-associated costs and HRU as they are
incurred.

The level of costing details provided in the
studies with respect to cost inputs and how costs
were calculated varied greatly across the studies.
Studies ranged from not specifying this informa-
tion to presenting detailed disaggregated assess-
ment of cost inputs, their definition, and the
contribution of these cost inputs to the overall
costs. Some studies reported monetary values in
terms of healthcare costs (usually incurred by the
provider), others in terms of charges (commonly
reimbursed by the payer), whereas others did not
clearly articulate the perspective taken. Rationali-
zation for the preference of reporting cost or
charges differed among the studies. One US study
[42] rationalized the use of hospital charges to cir-
cumvent variations in reimbursement across dif-
ferent payers and jurisdictions. Another US study
[59] converted charges from the National Inpa-
tient Sample (NIS) database to costs, as this was
more reflective of the actual expenses (rather
than charges billed by the institution) of the
resource requirements. Although often used inter-
changeably, costs and charges differ, as
highlighted in one study [46] that reported a 3-
fold difference in the median cost and charge of
transplantation hospitalization ($92,717 cost ver-
sus $270,198 charge). It is not uncommon for
healthcare costing literature to use charges as a
proxy for economics costs; however, this may
lead to unwarranted conclusions regarding eco-
nomic efficiency [68].

The extent of costs presented are as reported by
the included studies. There may be aspects of real-
world patient care (eg, transfer of patient care
across institutions) that are not covered in this
review because they were not stated in the stud-
ies. There are differences in allo-HSCT funding
structures (eg, government or private payers),
which vary across countries. Understanding that
those differences can affect the context and basis
of costing (eg, fees, charges, government-based
funding allocations or resource-based costing) is
critical for interpreting the evidence. For policy-
makers and government to make informed deci-
sions, the actual HRU and the direct costs
associated with the utilization of these services
directly, are considered to provide a more accu-
rate measure of cost.

Similar to the findings reported by Preussler et
al. [11], many of the presented studies (39.6%)
were derived from single-center projects often
reflective of institutional practice [11]. Variations
in allo-HSCT procedural practice among institu-
tions include patient eligibility for transplanta-
tion, choice of conditioning regimen (RIC or MAC),
donor selection, supportive care practices, and
management of transplantation-associated
adverse events [69,70]. Differences in allo-HSCT
practice across centers have implications for HRU
and cost; for example, one study [51] reported the
impact of cost distribution at 2 centers based on
preference for inpatient and outpatient condition-
ing, with the total outpatient costs inversely cor-
related to hospitalization costs at 100 days. The
total outpatient costs at these 2 centers were
$22,599 and $109,008, whereas the inpatient
costs were $144,901 and $79,762 respectively.
The study noted that successful interventions to
reduce cost are heavily dependent on the local
(institutional) environment. It is understood that
there are challenges associated with the conduct
of multicenter costing studies, attributed to the



N.V. Kim et al. / Transplantation and Cellular Therapy 30 (2024) 542.e1�542.e29 542.e26
complexity and decentralization of the healthcare
system in many countries, due to the sharing of
the health system initiatives, funds and gover-
nance across national and state governments
[71,72]. However, further studies are needed to
understand the HRU and costs of allo-HSCT from a
health system perspective.

None of the identified published studies origi-
nate from Australia. However, there is a known
study undertaken by the Centre for Health Service
Development, University of Wollongong which
was not identified through the literature search
because it was published through the University’s
website. This costing study was commissioned by
the New South Wales Department of Health in
2009 to provide a costing of HSCT services in New
South Wales, Australia’s most populous state [73].
The study examined the cost of both allogeneic
HSCT and autologous HSCT in adult and pediatric
hospitals. The study dataset was defined as data
from 8 centers (of the 15 HSCT hospitals) that
operated clinical costing systems. The window of
service costed by the study commenced at
60 days pretransplantation and ended at 365 days
post-transplantation (longer than the 1-year
timeframe reported in this review). The total cost
per allo-HSCT at an adult hospital was calculated
as $121,669 USD, which falls within the range of
total costs at 1 year identified in this study. Con-
sistent with the findings of our scoping review,
the study also noted that models of care and treat-
ment pathways varied among hospitals and
potentially resulted in variations in cost across
the centers.

There are several limitations to this scoping
review. First, HRU and costs were stratified by
potential variables associated with allo-HSCT;
HRU and cost differences arising due to underly-
ing clinical diagnosis were not explored. Although
some studies were specific to the underlying dis-
ease, others presented the proportion of patients
with the underlying diseases. Furthermore,
because the scoping review consisted of partial
extraction of study arms and subgroups, the clini-
cal characteristics of the specific cohort of interest
often were not presented by a study. Second,
although it is likely that differences for lower-
intensity conditioning regimens (RIC or nonmye-
loablative) may be associated with different out-
comes and thus HRU and costs, it was not possible
to further differentiate beyond the current pre-
sentation of data, as the studies included did not
separate results based on the reporting of these
regimens. Where a study reported nonmyeloabla-
tive regimens, this was highlighted in Table 1.
Third, the studies varied in their use of reporting
the mean or median measures of HRU and costs.
Consequently, in some instances we combined
those measures of central tendency. However, we
recognize that this has the potential to underesti-
mate HRU and cost; that is, in the few studies that
reported both means and medians, the medians
were lower than the means. Fourth, the costing
inputs for the individual studies were not evalu-
ated. Studies varied in the calculation of allo-HSCT
associated costs, and thus comparisons across
studies in the methods used to derive costs was
not possible. Finally, cost calculation to present
value may be confounded by the choice of pricing
index and the year in which it was applied.

This review included studies focused on the
overall cost of care of allo-HSCT to obtain a better
understanding of the contemporary estimate of
costs. It is understood that recent advances (eg, in
the management of GVHD) might have cost and
HRU implications. Preparation of a separate
focused review is underway that addresses the lit-
erature as it pertains to specific therapies or
aspects of allo-HSCT.

Further research is needed to understand the key
determinants of HRU and costs associated with allo-
HSCT to inform standards for the conduct of HRU
and cost analyses. This would enable consistency in
reporting and comparability across studies to accu-
rately reflect the resource requirements for the
design and delivery of allo-HSCT care.
CONCLUSION
There is heterogeneity in the reporting of HRU

and costs associated with allo-HSCT in the litera-
ture making it difficult for clinicians, policy-
makers, and government officials to draw
definitive conclusions regarding the resources
required for the delivery of these services. Never-
theless, to ensure that access to healthcare meets
the necessary high cost and resource demands of
allo-HSCT, it is imperative that clinicians, policy-
makers, and government officials be aware of
both the short- and long-term health resource
requirements for this patient population. Further
research is needed to understand the key deter-
minants of HRU and costs associated with allo-
HSCT, to better inform the design and delivery of
health care for HSCT recipients and ensure the
quality, safety, and efficiency of care.
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