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Utility of allogeneic hematopoietic stem cell transplantation using
international donors in a homogenous ethnic population: question
in the era of various alternative donors
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Abstract
The advent of various alternative donors in allogeneic hematopoietic stem cell transplantation (HSCT) raises the question of
using international donors, especially in ethnically homogenous populations. We analyzed the clinical outcome and medical
expense of human leukocyte antigen (HLA)-matched HSCT using domestic and international donors. We analyzed the patients
who received allogeneic HSCT at five medical centers in Korea in the last 10 years. Using propensity-score matching, we
compared overall survival (OS), relapse-free survival (RFS), and transplantation-related complications. Medical expense was
analyzed based on National Health Insurance Service (NHIS) data. A total of 269 patients were analyzed after 3:1 (domestic/
international) matching. There was no difference in OS (p = 0.395) and RFS (p = 0.604) between the domestic and international
donor groups (5-year OS rate 42.9 and 37.8%, 5-year RFS rate 37.6 and 33.5% for domestic and international groups, respec-
tively). No difference in chronic graft-versus-host disease (GVHD) incidence was observed (34.2% in domestic and 35.9% in
international group, p = 0.804). Early infection was more frequent in the domestic group (55.0 vs. 35.8%, p = 0.007), whereas
infection after 30 days was more frequent in the international group (28.7 vs. 49.3%, p = 0.001). Mean medical expense was far
higher in the international group, by US $51,944 in the entire follow-up period (p < 0.001). We would expect similar outcomes
for international and domestic donors in terms of survival and treatment-related complications with HLA-matched HSCT in other
ethnically homogenous populations. These findings should be considered together with the high cost of using international
donors in the era of various alternative donors.
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Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT)
has been in continuous development over the past 50 years

and is nowwidely performed for various hematologic diseases
[1, 2]. Since the concept of human leukocyte antigen (HLA)
was introduced, the importance of HLA matching for the out-
come of allogeneic HSCT has been emphasized, leading to the
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notion that the selection of HLA-matched donors is the prin-
cipal factor in determining the success of allogeneic HSCT
[3]. Although an HLA-matched sibling is the best candidate
for allogeneic HSCT, the majority of patients do not have a
matched sibling donor, and HSCT using a national donor reg-
istry has been used to circumvent this limitation. In Korea, it is
estimated that about 20,000 people are newly registered in the
Korea Marrow Donor Program (KMDP) every year, and ap-
proximately 300,000 people were registered by 2015.
However, even with the national marrow donor registry, a
proportion of patients lack an appropriate domestic donor both
in Korea and around the globe [4]. It is reported that from 16%
of South or Central American descent to 75% of European
descent in the USA can be matched with an appropriate do-
mestic stem cell donor [5].

For patients who cannot find an appropriate HLA-matched
domestic donor, alternative donors, such as haploidentical do-
nors or cord blood, can be considered. Historically, the prima-
ry option in unmatched cases was to seek a matched donor
outside the country, and this option is still actively used [6]. It
has been reported that about 30% of Korean patients without
matched domestic donors found donors in the Japan Marrow
Donor program (JMDP) registry [4]. However, use of interna-
tional donors presents challenges compared to use of
haploidentical or cord blood donors. First, foreign national
donor programs require additional cost and time for shipping,
brokerage, and inspection. In fact, donor search costs repre-
sent a large component of total transplantation expense, up to
one third of the total cost [7–9]. In addition, time from initia-
tion of coordination to stem cell donation varies and some-
times takes longer with international donors than with domes-
tic donors.

Considering these facts, there is a need to reevaluate the
clinical benefit of allogeneic HSCT from an international do-
nor, and this need has become more important with the ad-
vances in HSCT techniques using haploidentical family do-
nors or cord blood. In fact, more than 30,000 cord blood
transplantations were performed over the past 25 years, with
a high percentage of these transplantations serving as the al-
ternative choice in racial minority populations [10].
Haploidentical stem cell transplantation is even more feasible
in adults as a result of the technical developments in overcom-
ing allo-responsiveness, which is the major pitfall of such
transplantations [11–13].

We doubt whether the same clinical benefit would be ob-
served in cases with international donors even if HLAs were
matched, especially in countries with relatively ethnically ho-
mogenous populations. This uncertainty is mainly due to eth-
nic disparity between international donors and recipients.
Current data on the clinical outcomes of allogeneic HSCT
with foreign vs. domestic HLA-matched donors in Asian
countries where ethnicity is relatively homogenous are largely
insufficient.

Therefore, we analyzed the outcome of allogeneic HSCT
using international donors compared to domestic donors in
Korea. We analyzed clinical efficacy and medical costs in an
ethnically homogenous population.

Patients and methods

Patients

The list of all patients who received allogeneic HSCT at five
medical centers (Seoul National University Hospital,
Kyungpook National University Hospital, National Cancer
Center, Shinchon Severance Hospital, and Samsung Medical
Center) from January 2005 to April 2015 using a KMDP
donor or an international donor was obtained. Medical-
record review of 661 patients was performed. The primary
outcome was overall survival (OS), and the secondary out-
come variables included complete remission (CR), relapse-
free survival (RFS), and graft-versus-host disease (GVHD).
The first clinical-record form (CRF) was developed to collect
data objectively from the clinical centers, primarily for
propensity-score matching. The second CRF was designed
to compare treatment outcomes for propensity score-
matched patients. We obtained permission of the
Institutional Review Board (IRB) of the National Evidence-
based Healthcare Collaborating Agency (NECA) and each
medical center (IRB No. NECA IRB15-014).

Comparison of clinical outcome using
propensity-score matching

For comparison of the clinical outcomes of allogeneic HSCT
between domestic and international donors, we conducted
propensity-score matching. The diagnosis was set as the strat-
ification variable, and the propensity score was calculated by
logistic regression analysis based on sex, age, stem cell donor,
HLA match, and infused CD34+ cell count. Patients were
matched by propensity score using the nearest-neighbor meth-
od, and the matching ratio was 1:3. The caliper width was
equal to 0.2 times the standard deviation of the logit of the
propensity score. After matching, the covariate balance was
reviewed with statistical significance and standardized
difference.

Comparison of medical expense using health
insurance claim data

To compare the medical expense of domestic and international
allogeneic HSCT, we obtained health insurance claim data from
the National Health Insurance Service (NHIS) for 159 patients
who received allogeneic HSCT at national public centers (Seoul
National University Hospital, Kyungpook National University
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Hospital, and National Cancer Center) and analyzed the data for
clinical outcomes.When the hematologist decided to pursue allo-
geneicstemcell transplantationfromaforeigndonor,anadditional
costisincurredintheprocessofsearching,laboratoryexamination,
and transportation, and these costs are primarily covered by the
national insurance. We calculated the expense based on the data
from the marrow donor program in each country. All costs were
estimated and expressed in 2017US dollars (USDs).

Statistical analysis

We compared the baseline characteristics of patients after
propensity-score matching. The covariate balance was con-
firmed by standardized differences and statistical significance
as determined by Student’s t test for continuous variables and
chi-square test for categorical variables.

Weused theCoxproportionalhazardmodel andKaplan-Meier
survival curve to compare OS and RFS of allogeneic HSCTwith
domestic and international donors. As mortality is higher early in
theclinicalcourseafter transplantation, theWilcoxontestwasused
toexaminethedifferencesinsurvivalcurveswhentheproportional
hazard assumption was satisfied, and the Gehan method of the
Renyi type testwasusedwhen theproportionalhazardassumption
was not satisfied. Log-transformed t tests were used to determine
the statistical significance of the costs. SAS ver. 9.4 and R 3.1.1
were used for analyses, and p< 0.05was considered to be statisti-
cally significant.

Results

Patient characteristics

From January 2005 to April 2015, a total of 661 patients were
recruited from five institutions. Of these patients, 588 received
HSCT from domestic donors, and 73 received HSCT from
international donors. Acute leukemia was the leading indica-
tion, accounting for about 60% of total allogeneic HSCT.
There were 269 propensity score-matched patients, of which
202 received HSCT from domestic donors and 67 from inter-
national donors. After propensity-score matching, the national
and international donor groups showed an even distribution
with respect to stem cell source, hematologic disease, and
infused CD34+ cell count. Patient characteristics are summa-
rized in Table 1.

Survival analysis of hematopoietic stem cell
transplantation from international donors

Themedian duration of follow-up of the patients who received
HSCT from international donors was 87.4 months (range,
5.4–164.6). The 5-year OS rate was 37.8% (95% confidence
interval (CI), 25.4–50.0), and the 5-year RFS rate was 33.5%

(95% CI, 21.7–45.6) in the international donor group. Of pa-
tients with acute leukemia, the 5-year OS rate was 34.9%
(95% CI, 20.3–50.0), and the 5-year RFS was 28.9% (95%
CI, 15.8–43.5), which is similar to the survival of the entire
international donor population. Lymphoma patients showed
inferior survival outcomes comparedwith the total population,
whereas no transplanted aplastic anemia patients died during
the entire follow-up period (Fig. 1).

Comparison of clinical outcome by donor nationality

Five-year OS and RFS rates were 42.9% (95% CI, 35.5–50.1)
and 37.6% (95% CI, 30.7–44.5), respectively, in the domestic
donor group. The survival outcomewas not different between the
domestic donor group and the international donor group (p =
0.395 for OS and 0.604 for RFS; Fig. 2). The multivariate anal-
ysis did not reveal any significant differences between two
groups (hazard ratio (HR), 1.135; 95%CI, 0.787–1.637; p = 0.5).

Further analysis considering factors other than stratification
variables was performed. We categorized the patients by
disease-risk index (DRI), and the very high-risk group showed
significantly poorer survival outcome. Conditioning intensity
did not affect survival outcome (HR, 1.32 in the non-
myeloablative group compared to the myeloablative group;
95% CI, 0.951–1.831, p = 0.097; Table 2).

Additionally, we compared survival outcomes among the pa-
tients with acute leukemia, the most common indication for al-
logeneic HSCT. The 5-year OSwas 41.1% (95%CI, 31.8–50.0),
and the RFS was 34.9% (95% CI, 26.4–43.5) in the domestic
donor group (Fig. 3). In this population, there was no significant
difference between the domestic and international donor groups
(HR, 1.11; 95% CI, 0.711–1.747; p= 0.637).

Complications

To compare complications between the groups, we investigated
mortality, GVHD, and infection. Death occurred in 15 of 202
patients (7.43%) within 30 days and 29 of 202 patients (14.36%)
within 60 days in the domestic donor group, whereas 2 of 67
patients (2.99%) died within 30 days and 9 of 67 patients
(13.43%) died within 60 days in the international donor group.
Deathsweremainly amongpatientswith acute leukemia and lym-
phoma, and there were no deaths in the aplastic anemia group.
Early mortality was higher in the domestic donor group, but the
difference was not statistically significant (p = 0.225 for death
within 30 days, p = 0.851 for death within 60 days). Disease-
specific incidence ofmortality for each group is shown inTable 3.

Infection was investigated within and after 30 days from
transplantation. Within 30 days, 54.95% of the patients (N =
111) in the domestic donor group experienced infection,
whereas 35.82% of the patients (N = 24) in the international
donor group did, and this difference was statistically signifi-
cant (p = 0.007). By contrast, at 60 days after transplantation,
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Table 1 Patient characteristics after propensity-score matching

Total (N = 269) Domestic (N = 202) International (N = 67) p value

Sex: N (%) 0.521

Male 176 (65.43) 130 (64.36) 46 (68.66)

Female 93 (34.57) 72 (35.64) 21 (31.34)

Age: years, mean ± SD 37.29 ± 13.25 37.24 ± 13.37 37.45 ± 12.98 0.913

Source: N (%) 0.641

Bone marrow 51 (18.96) 37 (18.32) 14 (20.90)

Peripheral blood 218 (81.04) 165 (81.68) 53 (79.10)

HLA: N (%) 0.982

Full-matched (10/10) 189 (70.26) 142 (70.30) 47 (70.15)

Mismatched 80 (29.74) 60 (29.70) 20 (29.85)

Disease: N (%) 0.998

Aplastic anemia 20 (7.43) 15 (7.43) 5 (7.46)

Acute leukemia 171 (63.57) 129 (63.86) 42 (62.69)

Lymphoma 28 (10.41) 21 (10.40) 7 (10.45)

Other 50 (18.59) 37 (18.32) 13 (19.40)

Disease status: N (%)

Aplastic anemia 20 (7.43) 15 (7.43) 5 (7.46)

Acute leukemia

CR 142 (52.79) 109 (53.96) 33 (49.25) 0.374

Non-CR 29 (10.78) 20 (9.90) 9 (13.43)

Lymphoma

CR 11 (4.09) 8 (3.96) 3 (4.48) 0.744

NR 10 (3.72) 7 (3.47) 3 (4.48)

PR 7 (2.60) 6 (2.97) 1 (1.49)

Other

CR 9 (3.35) 8 (3.96) 1 (1.49) 0.261

Non-CR 41 (15.24) 29 (14.36) 12 (17.91)

Infused CD34+: N (%)

˂ 4.0 × 106/kg 93 (34.57) 65 (32.18) 28 (41.79) 0.339

≥ 4.0 × 106/kg 160 (59.48) 124 (61.39) 36 (53.73)

Unknown 16 (5.95) 13 (6.44) 3 (4.48)

Conditioning: N (%)

MAC 106 (39.41) 79 (39.11) 27 (40.30) 0.886

RIC/NMAC 160 (59.48) 121 (59.90) 39 (58.21)

Unknown 3 (1.11) 2 (0.99) 1 (1.49)

GVHD prophylaxis: N (%)

ATG

Yes 136 (50.56) 103 (50.99) 33 (49.25) 0.888

No 133 (49.44) 99 (49.01) 34 (50.75)

CNI

Cyclosporin 117 (43.49) 93 (46.04) 24 (35.82) 0.157

Tacrolimus 145 (53.90) 105 (51.98) 40 (59.70) 0.323

N/A 7 (2.61) 4 (1.98) 3 (4.48)

HLA human leukocyte antigen, CR complete remission, NR no response, PR partial response, SD standard deviation, kg kilogram,MAC myeloablative
conditioning, RIC reduced-intensity conditioning, NMAC non-myeloablative conditioning, GVHD graft-versus-host disease, ATG anti-thymocyte
globulin, CNI calcineurin inhibitor, N/A not assessed
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28.71% of the patients (N = 58) in the domestic donor group
experienced an infection whereas 49.25% of the patients (N =
33) in the international donor group did (p < 0.001).

In termsofGVHD, theoutcomewas similar in the twogroups.
Acute GVHD developed in 42.1% of patients (N = 85) in the do-
mestic donor group and 41.8%of patients (N = 28) in the interna-
tional group (p = 0.967). Similarly, chronic GVHD developed in
34.2%ofpatients (N = 69) in thedomesticdonorgroupand35.8%
of patients (N = 24) in the international group (p= 0.804). In con-
trast to our conjecture thatGVHDwould be increased in the inter-
national group due to the differences inminor immunologic char-
acteristics arising from differences in ethnicity, incidence of
GVHDwas not different between the groups (Fig. 4).

Comparison of expense by donor nationality

The average cost of searching for a donor using KMDP is
$7884. In contrast, this average cost was $43,802 to find a
donor from the USA and $32,413 to find one from
Australia. These international searches are four- to fivefold
more expensive than finding a domestic donor. The total ex-
pense over 1 year for a patient who received allogeneic HSCT

was $33,359 in the domestic donor group and $78,554 in the
international donor group. The cost gap between these two
groups was larger when considering the entire follow-up pe-
riod (Table 4). The detailed analysis of expenses revealed that
the surcharge was mainly associated with the fees for admis-
sion, nursing, operation, and examination. This finding re-
flects more frequent medical examinations by a physician in
the international donor group compared to the domestic donor
group.

Discussion

This study is intended to analyze the clinical outcomes and
medical costs of allogeneic HSCT from domestic and interna-
tional donors. International donors have been traditionally
considered the next option when there is no appropriate
matched domestic donor, reflecting the clinician’s preference
for full-matched donors [14]. However, the ethnic composi-
tion of Korea, which shows notable homogeneity, raises doubt
regarding the outcome of international donor HSCT.
Theoretically, this doubt originates from the assumption that,

Fig. 1 Survival outcomes following HSCT from international donors. a
Kaplan-Meier curve of OS of all patients. b Kaplan-Meier curves of OS
according to the underlying disease. c Kaplan-Meier curve of RFS of all

patients. d Kaplan-Meier curves of RFS according to the underlying
disease. AA aplastic anemia
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in HSCT using international donors, mismatch in genes, in-
cluding minor histocompatibility complex antigens, would

negatively influence the result of HSCT [15–17]. Hence, the
comparison between domestic and international donor HSCT
is particularly critical in ethnically homogenous countries
such as Korea to provide scientific basis for rational clinical
judgment in donor selection for allogeneic HSCT. Here, we
used propensity-score matching analysis to decrease bias and
evaluated the effects of domestic versus international donors
on clinical outcomes and cost of HSCT.

First, the 5-year OS was greater than 35% in both groups,
and there was no significant difference in OS or RFS between
the international and domestic donor groups. These findings,
which indicate that we can expect comparable outcomes with
international donor transplantation events in the Korean ho-
mogeneous population, are the most important from this
study. Recently, we conducted further study to compare
haploidentical domestic donors with international donors
and found that haploidentical donors are indeed a feasible
alternative source in Korea [18]. We believe that our study

Fig. 2 Comparison of OS and RFS of allogeneic stem cell transplantation from domestic and international donors. a OS and b RFS of entire study
population. c OS and b RFS of the patients after excluding the nonmalignant disease

Table 2 Comparison of survival outcome by disease-risk index and
conditioning regimen

HR Confidence internal p value

Disease-risk index

Low 1

Intermediate 1.068 0.528–2.16 0.8549

High 1.955 0.912–4.19 0.0849

Very high 4.422 1.954–10.008 0.0004

Unknown 1.412 0.681–2.925 0.3535

Conditioning regimen

Myeloablative 1

Non-myeloablative 1.32 0.951–1.831 0.097

HR hazard ratio
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results support the clinical rationale for donor selection in
homogeneous populations.

Second, with regard to transplant-related complications, we
found no statistically significant differences in development of
acute and chronic GVHD between patients who received
HSCT from domestic donors and those who received HSCT
from international donors. Although we observed a tendency
for increased incidence of GVHD in the international donor
group, these differences were not statistically significant.
Thus, we concluded that minor immunologic differences orig-
inating from ethnic differences did not play a critical role in
GVHD development in the Korean population. We also found
that the severity and extent of GVHD did not differ between
the two groups; but unfortunately, we cannot analyze the de-
gree and extent of GVHD at the time of analysis.

Third, one of the most interesting findings was that infec-
tion within 30 days of transplantation was more prominent in
the domestic transplantation group. This observation may be a

reflection of patient status at the time of transplantation.
Despite the propensity-score matching, it is possible that pa-
tients who underwent international allogeneic HSCTwere in a
more stable medical condition that enabled them to wait for
the delayed donor search. Additionally, clinicians tend to pro-
vide hypervigilant medical services to patients who receive
international donor HSCT due to fears of high rates of com-
plications. In fact, detailed analysis of medical expenses
showed a prominent gap in treatment and examination fees
between the two groups, perhaps reflecting more aggressive
laboratory testing and antibiotic use in the international group.
In contrast, infection after 60 days of transplantation was more
common in the international transplantation group, and this
difference may originate from an underlying immunologic
difference that renders patients more vulnerable to the delayed
infection. Looking closely, we found that a substantial propor-
tion of the infections during the early days following trans-
plantation were caused by microbiologically proven bacterial
infection or were classified as fever without any demonstrated
organism, while fungal and viral infection markedly increased
in the late-onset infections. Cytomegalovirus (CMV) was the
most common viral pathogen among these later-developing
cases. It has been reported that the seropositivity rate of
CMV is relatively high in Korea [19], and 89% of the recipi-
ents of our study were seropositive to CMV in this study.
Although donor CMV serostatus was not investigated in this
study, donor CMV status may at least partially explain the
difference in late infection between the groups. Another pos-
sible explanation is the disparity of the intensity and duration
of immunosuppressive therapy. With clinician bias and over-
zealous GVHD prophylaxis among the patients who received
the HSCT from international donors, these patients may have
received prolonged immunosuppression, increasing their sus-
ceptibility to infection beyond the initial posttransplantation
period. Hopefully, improved anti-infection prophylactic

Fig. 3 Comparison of a OS and b RFS of allogeneic stem cell transplantation from domestic and international donors in leukemia patients

Table 3 Comparison of death within 30 and 60 days from
hematopoietic stem cell transplantation

Domestic N (%) International N (%) p value

Within 30 days 15 (7.43) 2 (2.99) 0.255

Aplastic anemia 0 (0.00) 0 (0.00)

Acute leukemia 7 (3.47) 2 (2.99)

Lymphoma 6 (2.97) 0 (0.00)

Other 2 (0.99) 0 (0.00)

Within 60 days 29 (14.36) 9 (13.43) 0.851

Aplastic anemia 1 (0.50) 0 (0.00)

Acute leukemia 15 (7.43) 7 (10.45)

Lymphoma 8 (3.96) 1 (1.49)

Other 5 (2.48) 1 (1.49)
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methods [20] during GVHD treatment will lower the infection
rate during later periods post-allogeneic HSCT in this patient
population in the future.

Lastly, there was a significant difference in medical ex-
penses between domestic and international donor HSCT.
The total gap in treatment cost for 1 year was approximately
$50,000. This cost difference stems mainly from examination,
admission, and treatment fees. So, it can be presumed that the
patients in the international donor group underwent more tests
and longer hospital stays. The high medical costs associated
with international donors during the follow-up period may, at
least in part, reflect more intense follow-up and medical en-
gagement for this group of patients. Most importantly, more
reasonable and streamlined follow-up based on objective
medical needs rather than physician bias or anxiety is needed
to establish follow-up care for these patients.

The cost difference, even though an increase is inevitable
due to the international donor aspect, may burden the nation-
wide medical costs if HSCT from international donor in-
creases. While making clinical decisions only in terms of cost
effectiveness is not appropriate, the high cost of international
donors should be considered now that there are cost-effective
alternative sources, such as haploidentical and cord blood do-
nors [21]. Furthermore, it should be noted that Korea is one of
the countries where medical expenditure is low among
Organization for Economic Co-operation and Development
(OECD) countries, accounting for 7.7% of the gross domestic

product (GDP) [22]. Considering the fact that the average
medical expenditures of OECD countries account for 9.1%
of their GDPs, we can easily presume that the cost difference
between domestic and international HSCT would be even
higher in other OECD countries, supporting further examina-
tion of these issues.

One limitation of this study is that we were not able to
analyze the outcomes according to donor nationality.
Subgroup analysis was not conducted to determine whether
the outcome of HSCT from Asian donors is more favorable
than other racial groups due to the limited number of patients
for such analysis. There is a chance that a more favorable
outcome would be observed with Asian donors than with
European or American donors.We expect further detailed data
analysis will be possible, enabling us to study subgroups of
donor nationalities as the cases of international transplantation
accumulate. In addition, we also need further analysis com-
paring the outcome of international donors with alternative
donors to assist the physician’s choice of donors in the ab-
sence of matched domestic donors.

In conclusion, we observed similar outcomes with interna-
tional and domestic donors in terms of survival and treatment-
related complication in HLA-matched HSCT in the Korean
population and thus expect similar results for other ethnically
homogenous populations. These findings should be consid-
ered carefully together with the high cost of using internation-
al donors in the era of various alternative donors.

Fig. 4 Comparison of the cumulative incidence of a total, b chronic, and c acute GVHD with domestic and international donors

Table 4 Comparison of medical
expense of domestic and
international donor stem cell
transplantation

Period Group Number Mean (USD) Range (USD) Median (USD) p value*

Within 1 year Domestic 98 33,362 3973–149,577 21,784 < 0.0001
International 22 78,557 23,904–147,834 65,268

Difference 45,194 – 43,484

Total follow-up Domestic 98 52,870 3973–328,355 40,102 < 0.0001
International 22 104,814 33,173–189,524 94,340

Difference 51,943 – 54,237

SD standard deviation, USD US dollars

*p value: t test for log-transformed cost
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