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Abstract

Objectives Long-term follow-up data are required for incidence-based cost-of-illness (COI) studies, and it is difficult to carry
out such assessments. To overcome this limitation, we estimated the acute and maintenance-state costs of hematopoietic
stem cell transplantation (HSCT) using 1-year claim data.

Methods Using Korean National Health Insurance (NHI) data from 2016, 2017, and 2018, we identified patients receiving
HSCT based on the procedure code “X5*” (i.e., HSCT). The post-HSCT group was defined as patients without the “X5*”
code, but with the code “Z948 (other transplanted conditions)” and indications of HSCT (referring to those who had received
HSCT). Mean annual medical use and costs were computed using the monthly values available for each patient.

Results The mean number of hospitalizations/year, outpatient visits per year, hospitalization days/year, and length of stay
(LOS)/hospitalization were 8.14, 35.80, 97.16, and 14.72, respectively, for allogeneic HSCT patients (n = 56); 8.08, 33.58,
73.04, and 10.63, respectively, for autologous HSCT patients (n = 89); 2.93, 29.40, 50.95, and 20.84, respectively, for post-
allogeneic HSCT patients (n = 40); and 1.72, 16.38, 30.11, and 19.29, respectively, for post-autologous HSCT patients (n =
252). The estimated annual NHI-covered medical costs (US dollars) were $38,833-$40,876 for the allogeneic HSCT group,
$1749-$6744 for the post-allogeneic HSCT group, $21,231-$22,863 for the autologous HSCT group, and $3954-$5352
for the post-autologous HSCT group.

Conclusions This study describes an alternative method for conducting incidence-based COI studies using cross-sectional
claims data.

1 Introduction

At the national level, medical expenses accounted for a Key Points for Decision Makers

massive portion of the total expenditure, reaching 8.8% of . 3 3
An incidence-based approach to estimate the cost of ill-

the average total gross domestic product of the Organiza- - >
tion for Economic Cooperation and Development (OECD) ness (COI) requires long-term data, and appropriate data
sources are often lacking.

member countries in 2018 [1]. Accordingly, the need for

efficient use of healthcare resources within a limited This Study proposes a methodo]ogy for Calculating

budget has been increasing. As part of this task, a high incidence-based COI using 1-year claim data instead of
long-term follow-up data.

The methodology used in this study is applicable to
health conditions in which acute and maintenance states
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demand for cost-of-illness (COI) studies has been devel-
oped for various health conditions. COI studies aim to
estimate the economic burden associated with a disease
of interest at the patient or national level. These studies
are used for various purposes: to assess the economic
impact and resources utilized to treat a disease, to pro-
vide evidence for prioritizing the allocation of healthcare
resources in certain disease areas, and to generate key
parameters for conducting cost-effectiveness analyses of
healthcare interventions [2, 3].

Methods for estimating COI in a study can be classi-
fied as a “prevalence-based approach” or an “incidence-
based approach.” A prevalence-based study estimates
COI over a specific period, usually 1 year, without distin-
guishing between existing and new patients. In contrast,
an incidence-based approach estimates COI over the
entire disease cycle, from onset to cure or death [4, 5]. A
prevalence-based study is appropriate for estimating the
economic burden of a disease at a given point in time.
However, an incidence-based study is more appropriate
for obtaining information concerning the lifetime costs
associated with a disease and considers its natural course
and future costs associated with the disease [6].

Hematopoietic stem cell transplantation (HSCT)
involves the transplantation of hematopoietic stem cells
present in peripheral blood and umbilical cord blood.
HSCT can be used to treat various diseases, such as leu-
kemia, hematologic malignancies, aplastic anemia, con-
genital metabolic abnormalities, congenital immunodefi-
ciency, refractory autoimmune diseases, and solid cancers
[7]. HSCT is divided into allogeneic and autologous stem
cell transplantation, depending on whether healthy stem
cells are collected from a donor or the patient undergoing
the procedure. Regardless of the type of transplantation, a
pre-treatment process that destroys the patient’s existing
bone marrow should be carried out through the admin-
istration of high doses of anticancer drugs or radiation.
Because pre-treatment reduces the patient’s cell-medi-
ated or humoral immunity, the probability of infection
increases for a certain period. Therefore, increases in the
use of healthcare resources and costs are inevitable during
this period [8]. Graft-versus-host disease and transplant-
related complications following HSCT also contribute to
increased use of healthcare services. According to Kwon
and Ryu [9], the health status and quality of life of patients
undergoing HSCT mainly deteriorated from pre-treatment
to 30 days after transplantation, gradually recovered until
100 days after transplantation (“early period after engraft-
ment”), and stabilized over the next 1-4 years (“late period
after engraftment”).

As healthcare utilization patterns in the early and late
stages of transplantation are clearly distinguished for HSCT,
an incidence-based approach is desirable for estimating the
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cost of HSCT. However, the incidence-based approach
requires long-term data, and appropriate data sources are
often lacking. To overcome this limitation, in this study,
we suggest an alternative method for estimating COI for
allogeneic and autologous HSCT by combining the acute
and maintenance-state costs of HSCT using 1-year cross-
sectional claim data.

2 Methods
2.1 Ethical Review

On February 18, 2021, an institutional review board (IRB)
waiver of consent was obtained from the Yonsei University
IRB (IRB NO: 7001988-202102-HR-1105-01E).

2.2 Data Source

We pooled Korean national patient sample data collected
over 3 years (2016-2018), provided by the Health Insurance
Review and Assessment Services (HIRA-NPS; data serial
numbers: HIRA-NPS-2016-0073, 2017-0044, and 2018-
0024), to obtain a sufficient number of patients to perform
an analysis of considerable significance. HIRA-NPS data
are yearly cross-sectional data composed of claim records
for a random sample of 3% of patients stratified by sex and
age (5-year age groups), which are part of the population
that uses healthcare services covered by the National Health
Insurance (NHI) each year [10]. The unit of data is a claim
record for individual medical encounters, including outpa-
tient, inpatient, and emergency department services, as well
as prescriptions. The data consist of five tables: the first table
(Table 20 [11]) comprises the demographic characteristics
of patients, such as age and gender, and general informa-
tion on healthcare services provided, such as primary and
secondary diagnoses, whether the patient was an inpatient
or outpatient, the date of commencement of medical care,
days of hospitalization, the result of treatment including
death, and medical expenses. The second table (Table 30
[11]) contains specific information on the healthcare ser-
vices provided, such as surgeries, diagnostic tests or medical
procedures performed, and inpatient prescriptions; the third
table (Table 40 [11]) contains all levels of diagnostic infor-
mation, including primary, secondary, and tertiary diagnoses
and beyond. The fourth table (Table 53) contains outpatient
prescriptions; and the fifth table (Table of Providers) lists
information on the healthcare providers for each medical
encounter [11]. The data from each table were merged using
a unique claim identification code. In this study, we used
data from Tables 20, 30, 40, and 53 [11].
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2.3 Patients

Using the HIRA-NPS data from 2016 to 2018, the “HSCT
patient group” was constituted to estimate COI during
the year of receiving HSCT (i.e., acute-state cost), while
the “post-HSCT patient group” was identified to estimate
COlI after the year of HSCT (i.e., maintenance-state cost).
Patients with a claim record with HSCT procedure code X5*
(Appendix 1, see the Electronic Supplementary material)
were considered to have received HSCT during the year
and were included in the HSCT patient group. Furthermore,
patients with a claim record with allogeneic HSCT proce-
dure codes (X5051, X5061, X5063, X5131, X5133, X5135,
or X5137) were classified into the “allogeneic HSCT group,”
while those with autologous HSCT procedure codes (X5062,
X5064, X5132, X5134, or X5136) were classified into the
“autologous HSCT group.”

The post-HSCT group was defined as the group of
patients who had a claim record (1) with a diagnosis code
of 7948, which indicates the condition of other transplanted
organs or tissues, including the state of HSCT; (2) with
diagnosis codes that are common indications for HSCT
(Appendix 2, see the Electronic Supplementary Material);
and (3) without the HSCT procedure code X5*. Unlike post-
autologous HSCT patients, post-allogeneic HSCT patients
may experience acute or chronic graft-versus-host reactions
and are usually prescribed immunosuppressants after trans-
plantation [12]. Therefore, among the post-HSCT patients,
those who had a claim record of prescribed immunosuppres-
sants were assigned to the post-allogeneic HSCT group, and
those without this prescription were assigned to the post-
autologous HSCT group. Immunosuppressants included aza-
thioprine (Anatomical Therapeutic Chemical [ATC] code
L04ADO1), cyclosporine (LO4ADO1), mycophenolic acid
(LO4AAO06), tacrolimus (LO4ADO02), sirolimus (LO4AA10),
everolimus (LO4AA18), and other immunosuppressants
(LO4AX).

To generate a dataset for the HSCT group, claim records
with the procedure code X5* were extracted (dataset 1)
from Table 30. Dataset 1 was then merged with the data
in Table 20 using unique identification codes for the claim
records. The merged data were aggregated by patient unit,
resulting in claims data for 119 allogeneic and 120 autolo-
gous HSCT patients (dataset 2). Patients who died within
a year after transplantation were excluded from dataset 2,
owing to clinical heterogeneity between those who survived
and those who did not survive; consequently, 98 allogeneic
HSCT patients and 112 autologous HSCT patients remained.
To remove hematopoietic stem cell donors from the allo-
geneic HSCT group, 29 patients with a diagnosis code
of Z523, indicating bone marrow donors, were excluded.

Furthermore, patients who underwent transplantation in Jan-
uary or December were excluded to reflect the entire HSCT
procedure, resulting in 59 allogeneic HSCT patients and 94
autologous HSCT patients.

One episode of HSCT generally involves the follow-
ing steps: mobilization for hematopoietic cell collection,
peripheral hematopoietic stem cell collection, pre-transplant
examination, hospitalization, pre-treatment, HSCT, recov-
ery, and discharge [13]. Among these steps, the pre-trans-
plantation process (i.e., transplantation preparation) takes
approximately 1 month [9]. As there were no claim data
for the pre-transplantation period of patients undergoing
HSCT in January, these patients were excluded from the
analysis. As claim records for the initial recovery period
may not have been available for patients undergoing HSCT
in December, these patients were excluded from analysis.
In addition, patients without pre-treatment claim records
were removed to reflect the entire procedure, resulting in
56 allogeneic HSCT patients and 89 autologous HSCT
patients for the analysis. Finally, only claim records with
indications of HSCT (Appendix 2) as the primary diagnosis
from Tables 20 and 53 were extracted to analyze the use of
inpatient and outpatient healthcare services (Fig. 1).

To generate a dataset for the post-HSCT group, claim
records with diagnosis code Z948 from Table 40 were
extracted and merged with those from Tables 20 and 30 and
then aggregated by patient unit, resulting in claim data for
576 post-HSCT patients. A total of 134 patients who had
the HSCT procedure code X5* in Table 30 and 116 patients
who did not have diagnostic codes defined as indications
for HSCT (Appendix 2) were excluded. Eleven patients
who died during the year of data collection were excluded,
and 33 patients who took anticancer drugs were excluded to
ensure that there were no recurrent patients in the dataset.
Consequently, 283 post-HSCT patients were included in this
study. The post-HSCT group was divided into a post-allo-
geneic HSCT group (n = 41) and a post-autologous HSCT
group (n = 252), based on the presence of claim records
for prescribed immunosuppressants. To remove hematopoi-
etic stem cell donors from the post-allogeneic HSCT group,
one patient with a diagnosis code of Z523 (bone marrow
donor) was excluded. Finally, only claim records with indi-
cations of HSCT (Appendix 2) as the primary diagnosis
from Tables 20 and 53 were extracted for data analysis of
40 post-allogeneic HSCT and 252 post-autologous HSCT
patients (Fig. 2).

2.4 Data Analysis
To estimate the amount of healthcare services used in

the acute and maintenance states of HSCT, we computed
the annual average per-capita number of hospitalizations,
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Extraction of patients with the procedure codes

X5051, X5061, X5063, X5131, X5133, X5135, and
X5137

(Allogeneic HSCT group: n=119)

Extraction of patients with the procedure codes
X5062, X5064, X5132, X5134, and X5136
(Autologous HSCT group: n=120)

Reasons for patient exclusion

( Allogeneic HSCT group: n=63, autologous HSCT group: n=31)

-Dead (Allogeneic HSCT group: n=21, Autologous HSCT group: n=8)
» -Donor (Allogeneic HSCT group: n=29)

-Underwent the HSCT surgery on January or December

(Allogeneic HSCT group: n=10, Autologous HSCT group: n=18)

-Did not have pre-treatment claim records

(Allogeneic HSCT group: n=3, Autologous HSCT group: n=5)

Patients included

(Allogeneic HSCT group: n=56
Autologous HSCT group: n=89)

Fig. 1 Process used to identify patients who received HSCT in the current year. HSCT hematopoietic stem cell transplantation

“7948”
(n=576)

Extraction of patients with the disease code

-Dead (n=11)

A 4

Patients in the autologous
post-HSCT group
(n=252)

Fig.2 Process used to identify patients who received HSCT previously. HSCT hematopoietic stem cell transplantation
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Reasons for patient exclusion (n=283)

-Had the procedure code “X5*” (n=134)
-Did not have the disease code of the indication for HSCT (n=116)

-Took anticancer drugs (n=33)

A4

Patients that were not in the autologous
post-HSCT group
(n=41)

Patients in the allogeneic post-HSCT group
(n=40)

Donor

(n=1)
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outpatient visits, and inpatient days associated with HSCT
for each group. The annual average per-capita costs were
also estimated for each group from the insurer’s perspec-
tive. Expenses for 2016 and 2017 were converted to the
present value of 2018 by using the consumer price index in
the health sector [14]. All costs were calculated in Korean
won and converted to US dollars using the exchange rate of
June 29, 2022.

2.4.1 HSCT Group

To calculate the annual healthcare utilization amount and
costs for the HSCT group, which covers the 1-month pre-
transplantation period to 11 months following transplanta-
tion, we defined the index date for each HSCT patient as the
date of HSCT (i.e., the date of claim records with the HSCT
procedure codes). From the index date, 30-day interval data
were built for each patient: 1-month pre-transplantation
period (month —1), from 30 days before the index date to
1 day before the index date; first month period (month 1),
from the index date to day 30 after the index date; second
month period (month 2), from day 31 after the index date
to day 60 after the index date; and so on, up to the 11th
month period (month 11). As the number of months fol-
lowing transplantation examined in 1-year claim data var-
ies across patients depending on the month of the year in
which a patient receives HSCT, not all patients had data
for 12 months (i.e., from month —1 through month 11). For
example, for those that underwent HSCT in October, claim
records in September were used as data for “month —1” and
claim records in October, November, and December were
used as data for months 1, 2, and 3, respectively. Using the
30-day interval data available for each patient, we calculated
the average healthcare utilization amount and costs for each
month based on the index date. Subsequently, by summing
up the average monthly utilization amount and costs from

Acute-state costs in the year of hematopoietic stem cell transplantation

20000
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Average cost/patient, (+ standard error) USD

“month —1” to “month 11,” we estimated the average utili-
zation amount and cost of HSCT during the year of HSCT.
The numbers of autologous and allogeneic HSCT patients
used to compute the average monthly costs by the index date
are presented in parentheses for each month in Figs. 3 and
4, respectively.

2.4.2 Post-HSCT Group

The medical expenses for all study participants in the post-
HSCT group were estimated from January to December,
regardless of when the first claim record was shown during
the year. The cost for the month in which no medical use
was incurred was estimated to be zero. The annual aver-
age utilization and cost were estimated by summing up the
average monthly data. All datasets were constructed, and all
calculations were performed using SAS version 9.4 (SAS
Institute, Inc., Cary, NC, USA).

3 Results
3.1 Baseline Characteristics

Table 1 shows the demographic characteristics of the
enrolled patients. Regardless of the type of HSCT, male
patients accounted for a higher proportion of the cohort
than female patients (60.71% vs. 39.29% for allogeneic
HSCT and 61.80% vs. 38.20% for autologous HSCT).
Patients in their 40s, 50s, and 60s accounted for the largest
proportion of the HSCT group. Patients in the post-HSCT
group were younger than those in the HSCT group, with
more patients in their 10s, 20s, and 30s than those in the
HSCT group. Almost no HSCT patients were beneficiaries
of the Medical Aid (MA) program, a government-subsi-
dized National Health Security program for the poorest

Maintenace-state costs in the years after hematopoietic stem cell transplantation

0 1\1\1\1,&
Month -1 Month 2 Month 4 Month 6 Month 8 Month 10 post-Month post-Month post-Month post-Month post-Month
(@=56) (0=55) (@=43) (=29) @=22) (=14) 2 4 6 3 10
(@=40) (a=40) (1=40) (@=40) (a=40)

Fig.3 Monthly healthcare costs for allogeneic HSCT patients. Numbers in parentheses represent the number of allogeneic HSCT patients used
to compute average costs for that specific month. HSCT hematopoietic stem cell transplantation, USD United States dollar
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Acute-state costs in the year of hematopoietic stem cell transplantation
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— 5

0
Month -1
(n=89)

Month 2
(n=84)

Month 4
(n=67)

Month 6
(n=46)

Month 8
=27)

Maintenance-state costs in the years after hematopoietic stem cell transplantation

Month 10 post-Montl post-Montl post-Montl 1
(@=10) 2 4 6 H 10

P P

@=252) @=252) (0=252) @=252) @=252)

Fig.4 Monthly healthcare costs for autologous HSCT patients. Numbers in parentheses represent the number of autologous HSCT patients used
to compute the average costs for that specific month. HSCT hematopoietic stem cell transplantation, USD United States dollar

Table 1 Basic characteristics of
patients

Allogeneic HSCT, no. patients (%)

Autologous HSCT, no. patients (%)

HSCT group Post-HSCT group HSCT group (n = 89) Post-HSCT
(n = 56 patients) (n = 40) group
(n=1252)
Gender
Male 34 (60.71) 23 (57.50) 55 (61.80) 145 (57.54)
Female 22 (39.29) 17 (42.50) 34 (38.20) 107 (42.46)
Age (years)
<10 2 (3.57) 4 (10.00) 6 (6.74) 12 (4.76)
10-19 6 (10.71) 7 (17.50) 3(3.37) 40 (15.87)
20-29 8(14.92) 3 (7.50) 4 (4.49) 33 (13.10)
30-39 8(14.92) 11 (27.50) 4 (4.49) 22 (8.73)
40-49 12 (21.43) 7 (17.50) 8(8.99) 36 (14.29)
50-59 13 (23.21) 6 (15.00) 33 (37.08) 61 (24.21)
60-69 7 (12.50) 2(5.00) 30 (33.71) 47 (18.65)
>70 0 (0.00) 0 (0.00) 1(1.12) 1 (0.40)
Type of NHS program enrolled in
NHI 56 (100.00) 39 (97.50) 88 (98.88) 228 (90.48)
MA 0 (0.00) 1(2.50) 1(1.12) 24 (9.52)

HSCT hematopoietic stem cell transplantation, MA Medical Aid, NHI National Health Insurance, NHS

National Health Security

class of the population. A higher proportion of MA ben-
eficiaries was observed in the post-HSCT group than in
the HSCT group (2.50% and 9.52% in the allogeneic and
autologous post-HSCT groups, respectively).

3.2 Healthcare Utilization

During the year of transplantation, allogeneic HSCT patients
had an average of 8.14 hospitalizations, 35.80 outpatient visits,
and 97.16 hospitalization days (Table 2). The mean length of
stay (LOS) per hospitalization was 14.72 days. In the years
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after allogeneic HSCT, the amount of healthcare utilization
decreased to 2.93 hospitalizations, 29.40 outpatient visits, 50.95
hospitalization days, and 20.84 days LOS per hospitalization.

In the autologous HSCT group, one patient had 8.08 hos-
pitalizations, 33.58 outpatient visits, 73.04 hospitalization
days, and 10.63 days LOS per hospitalization during the
year of transplantation. Similar to the post-allogeneic HSCT
group, the amount of healthcare utilization in the post-HSCT
period decreased to an annual average of 1.72 hospitaliza-
tions, 16.38 outpatient visits, 30.11 hospital days, and 19.29
days LOS per hospitalization.
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Table 2 Estimated annual healthcare utilization amount and costs of HSCT

Type of utilization and cost Annual average per patient (SD)

During the year of HSCT (acute state)

During the years after HSCT (maintenance state) [% change from
acute state]

Allogenic HSCT (n = 56) Autologous

Post-allogenic HSCT (n = 40) Post-autologous HSCT (n = 252)

HSCT
(n=189)
Healthcare utilization
No. hospitalizations 8.14 (5.01) 8.08 (6.35) 2.93 (3.58) [—64.00] 1.72 (4.58) [-78.71]

35.80 (20.47)
97.16 (60.59)

No. outpatient visits
Hospitalization days

33.58 (19.47)
73.04 (61.16)

29.40 (17.54) [-17.88]
50.95 (45.86) [—47.56]

16.38 (20.16) [-51.22]
30.11 (49.71) [-58.78]

LOS per hospitalization 14.72 (9.03) 10.63 (5.69)  20.84 (15.52) [+41.58] 19.29 (16.58) [+81.47]
NHI-covered medical costs, USD

Base-case analysis 40,876 22,863 3660 [—91.05] 3168 [—86.14]

SAl - - 2772 3144

SA2 38,776 20,931 6612 4752

HSCT hematopoietic stem cell transplantation, LOS length of stay, NHI National Health Insurance, SA sensitivity analysis, SD standard devia-

tion, USD United States dollar

3.3 Healthcare Costs: Base-Case Analysis
3.3.1 Allogeneic HSCT

During the year of allogeneic HSCT, the highest cost was
incurred in the month of HSCT (i.e., month 1, $17,549/per-
son), and the second highest cost was incurred in the month
prior to HSCT (i.e., month —1, $4909/person) (Fig. 3). The
monthly medical costs gradually declined after month 3 and
became relatively constant from month 7. With no observa-
tion in month 11, we assumed that the cost in month 11
was the same as the average monthly costs from month 7 to
month 10 ($971/person). Thus, the annual average medical
cost in the year of allogeneic HSCT was estimated to be
$40,876 per person (the sum of the costs from month —1 to
month 10 plus $971 for month 11) (Table 2).

For the post-allogeneic HSCT group, the highest cost was
incurred in post-month 1 ($1586/person, Fig. 3); however,
the cost remained relatively constant from post-month 3 to
post-month 8 (Fig. 3). Assuming that the monthly medical
costs incurred in each month of the post-years after allogeneic
HSCT are equal to the average monthly costs from post-month
3 to post-month 8 ($305/person), the annual average medi-
cal cost in the years after transplantation was estimated to be
$3660 per person ($305/person X 12 months) (Table 2).

3.3.2 Autologous HSCT
During the year of autologous HSCT, the highest cost was

incurred in month 1 ($9572/person), and the second and third
highest costs were incurred in month 2 ($2861/person) and

month —1 ($2568/person), respectively. From months 4 to 10,
the costs became relatively constant (Fig. 4). Assuming that
the medical costs incurred on month 11 were the same as the
average monthly costs from month 4 to month 10 ($871/per-
son), the annual average cost in the year of autologous HSCT
was estimated to be $22,863 per person (sum of the costs from
month —1 to month 10 plus $871 per person for month 11)
(Table 2).

For the post-autologous HSCT group, the highest costs
were incurred in post-month 1 ($375/person); however, the
monthly costs were relatively constant from post-month 1
to post-month 11 (Fig. 4). Assuming that the monthly costs
incurred in each month of the post-years after autologous
HSCT are equal to the average monthly costs from post-month
1 to post-month 11 ($264/person), the annual average medi-
cal costs in the subsequent years after autologous HSCT were
estimated to be $3168 per person ($264/person X 12 months).

3.4 Healthcare Costs: Sensitivity analysis
3.4.1 Sensitivity Analysis 1

The monthly medical costs were relatively constant at
month 7 in the allogeneic HSCT group (Fig. 3). Therefore,
for the post-allogeneic HSCT group, we can assume that
the monthly costs stabilized from post-month 6. With this
assumption, the monthly medical costs at the post-alloge-
neic HSCT group would be the same as the medical costs at
post-month 6 ($231/person), and the total annual costs were
estimated to be $2772 per person based on that value ($231/
person X 12 months).

A\ Adis



196

S. Kwon, H.-Y. Kang

The monthly medical costs of the autologous HSCT group
were found to stabilize from month 4 onwards. According to
the above logic, it can be assumed that the monthly costs of the
post-autologous HSCT group would stabilize after 3 months.
Therefore, the monthly costs of the post-autologous HSCT
group were assumed to be the same as the medical costs at
post-month 3 ($262/person). Thus, the total annual cost was
estimated to be $3144 per person ($262/person X 12 months).

3.4.2 Sensitivity Analysis 2

The monthly medical cost of allogeneic HSCT stabilized from
month 7 to post-month 11 (Fig. 3). Therefore, it was assumed
that $551/person (average from month 7 to post-month 11) was
steadily incurred from 7 months after allogeneic HSCT. Thus,
the total annual costs were estimated to be $38,776/person (sum
of the costs from month —1 to month 6 plus $551/person x
5 months) for the allogeneic HSCT group and $6612/person
($551/person x 12 months) for the post-allogeneic HSCT group.

The monthly medical cost of autologous HSCT was con-
stant between month 6 and post-month 11 (Fig. 4). Accord-
ingly, a cost of $396/person (average from month 6 to post-
month 11) can be incurred beyond 6 months after autologous
HSCT. Thus, the total annual costs were estimated to be
$20,931/person (sum of the costs from month —1 to month
5 plus $396/person x 6 months) for the autologous HSCT
group and $4752/person ($396/person X 12 months) for the
post-autologous HSCT group.

4 Discussion

Using an incidence-based COI approach, the results of this
study revealed a substantial difference in monthly costs
based on the time of the HSCT procedure. For the alloge-
neic HSCT group, the average monthly NHI-covered medi-
cal cost per patient was highest during the month of HSCT
($17,549/patient). The cost from 1 month prior to the opera-
tion (month —1, $4909/patient) was higher than the monthly
cost from month 2 to month 11. The expenses from 1 month
before to 3 months after transplantation ($29,357/patient)
accounted for approximately 71.82% of the total expenses
in the year of allogeneic HSCT ($40,876/person). In the
autologous HSCT group, the average cost in the month
of HSCT was $9572/patient, which was the highest. The
monthly expenses corresponding to 1 month before and after
the HSCT ($2568/patient and $2861/patient, respectively)
were higher than those in the other months. The costs from
1 month before to 3 months after transplantation ($16,387/
patient) accounted for approximately 71.67% of the total cost
in the year of autologous HSCT ($22,863/patient).

A significant decline in healthcare utilization and costs
occurred after HSCT. In the allogeneic group, the annual
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average number of hospitalizations, outpatient visits, hos-
pitalization days, and annual cost per patient decreased
by 64.00%, 17.88%, 47.56%, and 91.05%, respectively, in
subsequent years (Table 2); in the autologous group, these
utilization measures decreased by 78.71%, 51.22%, 58.78%,
and 86.14%, respectively. However, the average LOS per
hospitalization increased by 41.58% and 81.47% in the allo-
geneic and autologous groups, respectively. These results
imply that the frequency of healthcare use in the mainte-
nance phase following HSCT decreases compared to that
of the acute state of HSCT; however, once hospitalization
occurs, a longer LOS per hospitalization is required.

HSCT is associated with high costs and long hospitali-
zation due to the pre-treatment process, such as systemic
radiation or high-dose chemotherapy performed before
transplantation. Owing to frequent imaging and diagnostic
tests, hospitalization, and medications prescribed immedi-
ately after transplantation, medical expenses are inevitably
higher in the early period than in the later period following
transplantation. In a study conducted in the United States
[15], the amount and cost of healthcare use for the first 100
days after HSCT, which accounted for 71.58% and 70.94%,
respectively, of the total amount and cost of healthcare use in
the year of HSCT, were higher than those in the latter period,
regardless of donor type. According to a study conducted in
Sweden [16], the annual healthcare cost of allogeneic HSCT
was $133,506 per patient, which accounted for approximately
81.57% of the total healthcare costs for 5 years after under-
going the operation. In addition, a cost reduction of 77.40%
occurred from the year of transplantation to subsequent
years. The results of these previous studies concur with our
results, which highlight the appropriateness of our alternative
approach of estimating COI for allogeneic and autologous
HSCT by combining acute and maintenance-state costs of
HSCT based on 1-year cross-sectional claim data.

This study has some limitations. First, owing to the nature
of claim records, diagnosis or procedure codes can be omitted
or miscoded. Consequently, patients who met the criteria of
this study may not have been included or may have been clas-
sified into the incorrect patient group. Second, direct medical
expenses may have been underestimated as non-insurance-
covered costs, and patients who died after undergoing HSCT
were excluded. Third, because 1-year data were used, some
included individuals may have died within the first year, but
after the time of the available data. Fourth, the total hospi-
talization period of 73-97 days in the HSCT group might
have been underestimated as patients who underwent HSCT
in January and December were excluded during the HSCT
group selection process. Fifth, the post-HSCT group may
have included a variety of patients from different periods. In
both the post-allogeneic HSCT and post-autologous HSCT
groups, the costs in the earlier months were higher than those
in the latter months. This finding suggests that in the earlier
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months, patients who had undergone HSCT less than a year
ago were more likely to be included. To avoid overestimation
of the maintenance-state costs of HSCT, a series of sensitiv-
ity analyses were performed by assuming the average cost
from the time point at which the monthly cost began to be
constant, similar to the maintenance-state cost. In addition
to sensitivity analyses, further research is needed to test for
external validity by comparing the findings with long-term
data. Finally, our study could not estimate the total lifetime
cost from HSCT initiation to death. If we can incorporate
the average survival time in the maintenance state, it may be
possible to estimate the total lifetime costs in future studies.

5 Conclusion

Despite the above limitations, this study offers an alternative
method for calculating incidence-based COI using 1-year
claim data when long-term data are unavailable. According
to Figs. 3 and 4, the acute-state and maintenance-state cost
graphs are connected. This finding supports the validity of
the methodology used in this study. It would be applica-
ble to health conditions such as HSCT, where acute and
maintenance states can be distinguished based on diagnosis
and procedure codes, and where the prescribed drugs are
included in the claim records.
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