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Between 2020 and 2021, 31,525 hematopoietic stem cell transplantations (HSCTs) were reported to the Chinese Blood
andMarrow Transplantation Registry Group throughout mainland China. In this report, we describe the activity and cur-
rent trends for HSCT in China during the SARS-CoV-2 pandemic. In 2020, a total of 13,415 cases of HSCT were reported
from 166 transplantation teams, and 75% (10,042 cases) were allogeneic HSCTs. In 2021, a total of 18,110 cases of HSCT
were reported from 174 transplantation teams, and 70% (12,744 cases) were allogeneic HSCTs. Haploidentical donor
(HID) transplantation accounted for 63% (7977 cases) of allogeneic HSCTs in 2021. Themost common indications for allo-
geneic HSCT for malignant disease were acute myeloid leukemia (37%) and acute lymphoblastic leukemia (23%), and the
largest proportion of nonmalignant disease comprised aplastic anemia (13%). The peripheral blood stem cell source
accounted for 41% of HIDs and 75% ofmatched sibling donors. The BuCy-based regimen (57%) was themost popular con-
ditioning regimen for allogeneic HSCT, followed by the BuFlu-based regimen (28%) and total body irradiation�based reg-
imen (11%). This survey provides comprehensive information about the current activities and might benefit clinical
physicians’ decision planning for HSCT.
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Hematopoietic stem cell transplantation (HSCT) is an estab-
lished therapy for many malignant and nonmalignant hemato-
logic diseases, as well as other life-threatening diseases [1�4].
The Chinese Blood and Marrow Transplantation Registry
Group (CBMTRG) was established in 2007 and collects trans-
plantation data in China every 6 months. The analysis using
data from the CBMTRG illustrated a steady increase in the
annual numbers of HSCTs since 2008 [5,6]. Coronavirus disease
2019 (COVID-19), a severe respiratory illness caused by the
novel severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), emerged at the beginning of 2020 and was declared a
pandemic by the World Health Organization on March 11,
2020. This pandemic imposed unprecedented stress on the
health care system, including programs performing allogeneic
and autologous HSCT. Data analysis from the European Society
for Blood and Marrow Transplantation in 2020 showed a
decrease in transplant activity for the first time [7]. There was
a similar descending trend for the annual numbers of trans-
plants in the U.S. in 2020 [8]. During the prevalence of COVID-
19, this retrospective analysis was performed using the
CBMTRG survey data of 2020 to 2021 to deliver an overview of
the current state of HSCT in China.
METHODS
Data collection

A nationwide registration of HSCT has been organized by the Stem Cell
Application Section of the Hematology Branch of the Chinese Medical Associ-
ation since 2008. For the recipients of HSCT in China, most of the costs are
covered by public health insurance. Data including transplantation numbers,
patient sex and age, disease, donor type, stem cell source, conditioning regi-
men, and protocols for graft-versus-host disease prophylaxis and so on are
reported from participating teams to the CMBTRG using an Excel form every
6 months. Data were collected at the patient level and reported by transplan-
tation centers. The first transplant or multiple transplants for a patient are
not distinguished [5,6]. Based on our contacts with regulatory agencies and
transplantation centers, the reporting rate for HSCT centers was estimated to
be 90%. Data were validated by several quality control measures; through
confirmation of the entered data by the reporting teams, selective compari-
son of the survey data in the CBMTRG database and crosschecking with
source documents. This was a retrospective study based on data collected
from HSCT centers in China in 2020 and 2021. The teams involved in this
study are listed in the Supplementary Appendix by hospital names.
Table 1
Numbers of Teams and Transplants by Size Category

Team size No. of teams Percentage of total
teams

No. o

2020 2021 2020 2021 2020

HSCT

<25 HSCTs per team 49 39 30% 22% 629

25-100 HSCTs per team 79 84 48% 48% 4054

>100 HSCTs per team 38 51 23% 29% 8732

Total 166 174 13,415

Allogeneic

<25 HSCTs per team 71 63 48% 40% 866

25-100 HSCTs per team 49 63 33% 40% 2600

>100 HSCTs per team 29 32 19% 20% 6576

Total 149 158 10,042

Autologous

<25 HSCTs per team 109 100 72% 59% 1186

25-100 HSCTs per team 41 60 27% 36% 1889

>100 HSCTs per team 2 9 1% 5% 296

Total 152 169 3371

No. indicates number.
Results participating teams
A total of 166 and 174 transplantation teams participated in the 2020 and

2021 surveys, respectively, and these teams were located in 27 provinces,
municipalities, or autonomous regions. In the last 2 years, the Beijing area
contributed the largest number of transplantations (5176 [16%]), followed by
Guangdong Province (4037 [13%]), and Jiangsu Province (2921 [9%]). A total
of 135 teams (81%) in 2020 and 153 teams (88%) in 2021 performed both allo-
geneic and autologous transplantations. Transplantation activity was
restricted to auto HSCT for 17 teams (10%) and 16 teams (9%) in 2020 and
2021, respectively. Haploidentical donor (HID) HSCT was reported by 145
teams (87%) in 2020 and 152 teams (87%) in 2021. A total of 118 teams
reported both adult and pediatric transplantations, 35 teams reported only
adult transplantations, and 13 teams reported only pediatric transplantations
in 2020. In 2021, 119 teams reported both adult and pediatric transplanta-
tions, 38 teams reported only adult transplantations, and 17 teams reported
only pediatric transplantations.

For HSCTs, the median number per team was 44 (1-838) and 51.5 (1-
1205) for 2020 and 2021, respectively. For allogeneic transplantations, the
median number per team was 28 (1-775) in 2020, which increased to 40 (1-
1101) in 2021. For autologous transplantations, the median number per team
was 15 (1-182) in 2020 and 19 (1-265) in 2021. Four teams reported >500
HSCTs in 2021, including Peking University People’s Hospital, Peking Univer-
sity Institute of Hematology (1205 cases); The First Affiliated Hospital of Soo-
chow University (1004 cases); Hebei Yanda Lu Daopei Hospital (731 cases);
and Blood Diseases Hospital, Chinese Academy of Medical Science (662
cases). Data are shown in Table 1. Compared with 2019, the total number of
autologous HSCTs increased by 24%, and allogeneic HSCTs increased by 5% in
2020. Compared with 2020, the total number of autologous and allogeneic
HSCTs increased by 59% and 27% in 2021, respectively. As shown in Table 1,
<25, 25 to 100, and >100 HSCTs per team were defined as small, medium,
and large transplantation groups. Between 2020 and 2021, the number of
medium and large groups continued to increase, with a significant increase
in the median number of HSCTs per team of large groups.

Number of transplantations
During the last 2 years, a total of 31,525 HSCTs were reported, with

13,415 cases in 2020 and 18,110 cases in 2021. In 2020, 25% (3371 cases) of
the annual transplants were autologous, and the remaining 75% (10042
cases) were allogeneic HSCT. In 2021, the number of autologous HSCTs was
more than 5000 for the first time, accounting for 30% (5354 cases) of the total
transplants, with the other 12,744 patients (70%) receiving allogeneic HSCT.
In 2020 and 2021, the number of annual transplantations was also increased
after removing the effect of the new additional HSCT centers.

Among the allogeneic HSCTs, the proportion of HIDs increased to 63%
(7977 cases) in 2021, followed by matched sibling donor (MSD), unrelated
donor (URD), and cord blood (CB) HCSTs accounting for 20%, 12%, and 5%,
respectively. The trend of total HSCT and transplant by donor type over the
past 14 years is illustrated in Figure 1a and 1b. For the last 2 years, 42%
(13,250 cases) of the HSCT patients were female, and 58% (18,275 cases)
were male. The median age of the HSCT patients was 35 (0.2-87) years.
f HSCT Percentage of total
transplants

HSCT per team, median
(range)

2021 2020 2021 2020 2021

452 5% 2% 14 (1-24) 11 (1-24)

4476 30% 25% 48 (25-100) 48 (25-99)

13,182 65% 73% 171.5 (101-838) 18 7 (102-1205)

18,110 44 (1-838) 51.5 (1- 1205)

701 9% 6% 11 (1-24) 10 (1-24)

3474 26% 27% 51 (25-89) 51 (25-96)

8569 65% 67% 183 (102-775) 208 (101-1101)

12,744 28 (1-775) 40 (1-1101)

1082 35% 20% 10 (1-24) 10 (1-24)

2915 56% 54% 38 (25-100) 43.5 (25-99)

1357 9% 25% 148 (114-182) 140 (104-265)

5354 15 (1-182) 19 (1-265)



Figure 1. (a). Annual number of HSCT recipients in China by transplant. (b) Allogeneic HSCT in China by donor type. (c) Allogeneic HSCT in China by disease indica-
tions.
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Specifically, the median ages of auto- and allo-HSCT patients were 51 (0.5-87)
and 29 (0.2-79) years, respectively. A total of 8499 pediatric patients
(�18 years old) underwent HSCT, 94% of whom received allogeneic HSCT. A
total of 7564 elderly patients (>50 years old) received HSCT, 39% of whom
received allogeneic HSCT.

There were 1874 patients >60 years old, and 27% of them underwent
allogeneic HSCT. We show the proportion of allogeneic HSCT donor types by
recipient age in Figure 2.
Disease indication
The distribution of disease indications for allogeneic and autologous

HSCT is shown as pie charts in Figure 3a and 3b. The main indications for
HSCT were acute leukemia (acute myeloid leukemia [AML], acute lympho-
blastic leukemia [ALL], and mixed phenotype acute leukemia), with a total of
14,399 cases. In terms of allogeneic HSCT, the predominant indications were
AML (8419 cases, 37%) and ALL (5164 cases, 23%). In addition, aplastic anemia
(AA) (2858 cases, 13%), myelodysplastic syndrome (MDS) (2233 cases, 10%),
thalassemia (1316 cases, 6%), and lymphoma (693 cases, 3%) were also identi-
fied. The trend for the numbers of main indications for allogeneic HSCT is
shown in Figure 1c.
Figure 2. Proportion of allogeneic HSCT donor types by recipient age in China
2020 to 2021.
The indications and donor type are shown in Table 2. In 2020, the total
number of transplantations for AML (3889 cases) and ALL patients (2397
cases) increased by 5% and 2%, respectively, compared to that in 2019. In
2021, the number of HSCTs for AML (4964 cases) and ALL patients (2903
cases) was 28% higher than that in 2020. Among AML patients (8853 cases),
5511 patients (62%) received HID-HSCT, 1721 patients (19%) received MSDs,
793 patients (9%) received URDs, 394 patients (4%) received CB, and 430
patients (5%) received autologous transplants. Among ALL patients (5300),
HID transplantation was the most frequent, accounting for 65% (3461 cases)
of the total transplants, and the proportions of MSD, URD, CB, and autologous
HSCT were 17% (903 cases), 10% (548 cases), 5% (252 cases), and 3% (133
cases), respectively. Additionally, 62% (1385 cases) of MDS patients received
HID HSCT, and the remaining cases were MSD (548 cases, 24%), URD (228
cases, 10%), CB (72 cases, 3%), and autologous HSCT (3 cases). For 352 CML
patients in the last two years, 226 (65%) received HID HSCT. The number of
allogeneic transplantations in CML patients decreased by 34 in 2020 and
increased by 50 in 2021 compared with the previous year.

In terms of nonmalignant indications for allogeneic HSCT, AA and thalas-
semia were the most frequent. Among the 2869 AA patients, HID HSCT
accounted for 55% (1574 cases), and MSD, URD, and CB accounted for 23%
(648 cases), 15% (430 cases), and 7% (214 cases), respectively, with syngeneic
donors (3 cases). An increase of 4% and 20% in the allo-HSCT activity for AA
patients was seen in 2020 and 2021, respectively, compared with the previ-
ous year. For thalassemia, HID HSCT accounted for 50% (660 cases), and the
proportions of URD and MSD HSCT were close at 25% (325 cases) and 24%
(318 cases), respectively.

Regarding autologous HSCT, multiple myeloma (MM) and non-Hodgkin’s
lymphoma (NHL) were the most common indications, with proportions of
47% and 39%, respectively. For NHL, the number of patients receiving HSCT
increased by 11% and 53% in 2020 and 2021, respectively, compared with the
previous year. Approximately 83% of the 4062 NHL patients (3378 cases)
received autologous HSCT, more often than other donor types, including HID
(426 cases, 10%), MSD (157 cases, 4%), URD (63 cases, 2%), and cord blood (38
cases, 1%) HSCT. For MM, the number of transplants increased by 39% and
61% in 2020 and 2021, respectively, compared with the year before. Almost
all of the MM patients received autologous HSCT (4072 of 4121 cases).

Ninety-four percent (8015 cases) of pediatric patients (�18 years of age)
received allogeneic HSCTs, with AML (1915 cases, 24%) and ALL (1822 cases,
23%) being the most common indications, followed by AA (1481 cases, 18%)
and thalassemia (1312 cases, 16%). Patients with congenital diseases,



Figure 3. Disease indications for HSCT recipients. (a) Allogeneic HSCT. (b) Autologous HSCT. (c) Allogeneic HSCT for pediatric patients. (d) Autologous HSCT for elderly
patients. (e) Allogeneic HSCT for elderly patients.
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including primary immunodeficiency diseases, inherited metabolic disorders,
and inherited bone marrow failure, with a proportion of 7% altogether,
received stem cells from CB (33%), HID (31%), URD (26%), and MSD (10%). The
main indications of allogeneic HSCT for pediatric patients are shown in
Fig. 3c. For elderly patients, 4628 cases (61%) underwent autologous HSCTs,
main indications including MM (2964 cases, 64%) and NHL (1406 cases, 31%)
(Fig. 3d). Another 2936 elderly patients (39%) followed allogeneic HSCTs, and
the most prevalent indications were AML (1468 cases, 50%), MDS (704 cases,
24%) and ALL (400 cases, 14%) (Figure 3e).

Stem cell source
In accordance with our previous study, peripheral blood (PB) stem cell

source was the main source for URD (98%) and autologous (99%) HSCT in
China; thus, we focused on the stem cell sources of HID and MSD (Table 2). A
single stem cell source of PB was the main graft source for HIDs and MSDs,
with proportions of 41% and 75%, respectively. On the other hand, 26% of
HIDs and 18% of MSDs had multiple stem cell sources (BM + PB), which is typ-
ical in China. Thirty-two percent of HID and 6% of MSD HSCTs used CB as a
supplemental component to PB, BM, or PB + BM. Allogeneic transplantations
in this study were all performed with fresh stem cells.

Conditioning regimen
Because reduced-intensity or myeloablative conditioning data were not

included, we focused on the drug composition of the conditioning regimen,
which is described in Figure 4a�c. For allogeneic HSCT, the BuCy-based regi-
men was most popular, with a proportion of 57%. The BuFlu-based regimen
was the second most common regimen, accounting for 28% of allogeneic
HSCT. For the TBI-based regimen, the proportion was 11%, including TBICy-
based (73%) and TBIFlu-based (27%) regimens. For patients with malignant
diseases undergoing allogeneic HSCT, the proportions of BuCy-based and
BuFlu-based regimens were 62% and 22%, respectively. Thirteen percent of
patients with malignant diseases received a TBI-based regimen (ALL 66%,
AML 17%, and NHL 9%). However, for nonmalignant disease, the proportions
of BuCy-based, BuFlu-based and TBI-based regimens were 36%, 48%, and 8%,
respectively.
DISCUSSION
On behalf of the CBMTRG, we conducted this survey using

data from 2020 and 2021 to investigate the effects of the
SARS-CoV-2 pandemic on Chinese transplantation activity.
Between 2020 and 2021, the total number of HSCTs in China
was 31,525; with 72% being allogeneic. Compared with the
previous year, the number of HSCTs increased by 9% and 35%
in 2020 and 2021, respectively. Several reasons might explain
this increase. First, with progress in the transplant procedure
and relative supportive care, probably resulted in an increase
for number of medium and large groups, also for the median
HSCT number. Next, the COVID-19 pandemic was relatively
moderate in China. Thus transplantation-related activity was
carried out smoothly under the careful practice of social dis-
tancing, masking, and education for patients and donors,
which are recommended worldwide as major pillars of pre-
vention [9�11].

According to the latest report of CIBMTR and European
Society for Blood and Marrow Transplantation, for the first
time, a decline in transplantation activity was observed in
2020. The annual number of allogeneic transplantations in the



Table 2
Numbers of HSCT in China 2020-2021 Indication, Donor Type, and Stem Cell Source

MSD HID URD CB Syngeneic Auto Total

PB BM BM + PB Unknown Total PB BM BM + PB Unknown Total

PB

only

PB + Third-

Party CB

BM only BM +

Third-Party

CB

BM +

PB only

BM + PB +

Third-Party

CB

PB only PB + Third-

Party CB

BM Only BM+ Third-

Party CB

BM +

PB Only

BM + PB +

Third-Party

CB

Myeloid

malignancies

1929 113 3 297 20 63 2425 3314 1045 33 22 1680 1121 139 7354 1099 502 6 433 11819

AML 1388 72 3 201 13 44 1721 2447 788 19 18 1272 887 80 5511 793 394 3 430 8852

CML 59 1 11 2 2 75 110 29 2 1 45 33 6 226 38 13 352

MDS 424 36 71 3 14 548 667 172 10 3 321 166 46 1385 228 72 2 3 2238

MDS/MPN 40 4 9 1 3 57 71 49 2 33 25 7 187 33 23 300

MPN 18 5 1 24 19 7 9 10 45 7 1 77

Lymphoid

malignancies

877 43 1 0 135 3 29 1088 1739 555 11 7 847 723 44 3926 616 291 4 8048 13973

ALL 730 36 119 2 16 903 1514 477 9 6 761 665 29 3461 548 252 3 133 5300

MM 22 1 23 18 3 2 23 2 1 4072 4121

other plasma cell

disorders

3 1 4 5 2 2 2 11 2 1 201 219

HL 1 1 4 1 5 1 264 271

NHL 121 7 1 14 1 13 157 198 73 2 1 81 56 15 426 63 38 3378 4062

Mixed phenotype

acute leukemia

28 3 2 3 36 69 19 2 1 47 37 175 27 8 1 247

Solid tumors 5 0 0 0 1 1 0 7 10 1 0 0 5 3 1 20 3 10 223 264

Neuroblastoma 1 1 1 1 1 3 1 9 178 192

other solid

tumors

4 1 1 6 9 4 3 1 17 2 2 45 72

Nonmalignant

disorders

576 49 10 28 382 26 7 1078 631 516 21 9 963 425 20 2585 951 411 3 8 5036

SAA 348 20 3 261 10 6 648 357 185 12 2 793 207 18 1574 430 214 3 2869

Other bone mar-

row failure

18 1 7 26 23 5 30 11 2 71 62 20 179

Thalassemia 143 26 7 27 100 14 1 318 147 276 8 6 76 147 660 325 13 6 1322

Inherited disor-

ders of

metabolism

14 2 16 26 10 1 9 3 49 36 63 1 165

Primary immune

deficiencies

17 1 1 5 2 26 12 23 1 11 26 73 64 90 253

Hemophagocytic

lymphohistiocytosis3617446617443115834111248others292133526193225210432313187Total3444210152882050102466957892155673935742334206141642728122514872531525

Not all centers reported stem cell source data, and that is classified as unknown; 98% of URD and 99% of autologous HSCT used PB as stem cell source, so total number of URD and autologous HSCT are shown in the table.
CML indicates chronic myelogenous leukemia; MPN, myeloproliferative neoplasm; HL, Hodgkin lymphoma.
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Figure 4. Conditioning regimen of allogeneic HSCT in China 2020 to 2021. (a) Total allogeneic HSCT. (b) Malignant disease. (c) Non-malignant disease.
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United States was 8326 in 2020, slightly decreasing from 8740
in 2019, with autologous HSCT accounting for 58% of the total
transplantations [8]. In 2020, 18,796 (41%) allogeneic and
26,568 (59%) autologous transplantations were reported in
Europe, indicating a drop in allogeneic and autologous HSCT
by �5.1% and �7.5%, respectively [7]. A slight decrease in allo-
geneic transplantation for hematopoietic malignancies was
seen in Europe in 2020, yet a decrease of �9.7% was reported
for severe aplastic anemia (SAA) (n = 676) [7]. This trend was
probably associated with the deferred strategy in transplanta-
tions for nonmalignant disorders [10,12]. However, SAA
accounted for 13% of allogeneic transplantation in China in
2020 to 2021, the same as that in 2019. A large report on trans-
plantation for SAA was published recently [13].

There was an increase in the use of haploidentical donors
worldwide during this pandemic. In the United States, a steady
increase was shown in the number of HID transplantations,
which surpassed MSD transplantations for the first time in
2020, accounting for 24% of allogeneic HSCTs [8]. Similarly, an
increase of 6.2% compared with the previous year was
observed in HID HSCTs in Europe in 2020 [7]. In China, the pro-
portion of HIDs increased to 63% of allogeneic HSCTs in 2021,
with the number approaching 8000. This increase in the use of
HID might be ascribed to its encouraging outcomes for many
indications and more flexible availability, especially during
this COVID-19 pandemic [13�19].

Before the pandemic, BM+PB was the most frequently used
stem cell source for HID HSCT in China because higher acute
and chronic graft-versus-host disease rates have been reported
in PB HID HSCT [20�23]. Nevertheless, during the pandemic,
BM harvesting has been made problematic by increased diffi-
culties, including more complex procedures in donor hospital
admission and less surgery room availability. Consequently,
more HID HSCTs (41%) have been performed using PBSCs as a
graft in China in 2020�2021, especially in malignant disease. A
shift from marrow to peripheral blood as a stem cell source
was also seen for allo-HSCT in the US and Europe in 2020,
especially for HID HSCT [7,8]. This phenomenon was consistent
with the DKMS report, which showed that the total number of
stem cell products provided declined by 15% during the crisis,
particularly a steep decrease in BM products [24]. Cryopreser-
vation has been recommended as graft source in Europe,
which made the graft collection more flexible during the
SARS-CoV-2 pandemic [25,12]. In our study, HSCTs was still
performed with fresh stem cells during this pandemic and
several measures were adopted to ensure the success of HSCT.
Under the organization of China Marrow Donor Program, stem
cells from URDs were shipped by commercial express instead
of personnel delivery. For patients following URD HSCT, an
alternative donor was prepared as a backup before initiating
the condition regimen.

In our database, the proportions of �40- and �65-year-old
patients undergoing allogeneic transplantation were 30% and
1%, respectively, in the last two years. From the latest report
from the United States, the relevant proportion was 66% and
20% during 2015 to 2020 [8]. The reason for this difference
could be attributed to (1) the time for diagnosing hematopoi-
etic diseases and from diagnosis to HSCT being probably longer
in developing countries; thus some elderly patients might miss
the chance of transplantation because of advanced disease,
poor performance status, and more infection; (2) limited socio-
economic conditions preventing further therapy; and (3) less
availability from sibling donors leading to fewer HSCT oppor-
tunities. In addition, an increase in the number of allogeneic
transplantations was shown in elderly patients in China, with
HID being the most popular donor type.

In terms of autologous HSCT, differences exist because
some countries adapted their transplantation procedures to
the local COVID-19 situation and the emerging therapy. In
China, the number of autologous HSCTs reached more than
5000 for the first time in 2021, with a rapid increase for MM
and NHL. However, the number of lymphoma patients under-
going autologous transplant was slightly lower in the last 2 to
3 years in the United States, which might represent the
increased availability of newer, approved therapeutic options
or an impact in the first year of the pandemic [8]. When com-
pared to 2019, a notable decrease in autologous HSCT activity
for PCD (�6.8%) and NHL (�8.9%) was seen in Europe, which
might not be clarified by the shift from autologous HSCT to
CAR-T therapies [7].

This study has some limitations. We retrospectively ana-
lyzed transplantation activity during this pandemic, but there
was a lack of the outcome data for HSCT recipients. Some sig-
nificant factors, such as the disease status before transplanta-
tion, the number of transplantations, and the intensity of
conditioning regimens, were not included in this survey. In
general, this study did reflect current activity and trends in the
field of transplantation. The data in our survey indicated an
increase in HSCT, both in allogeneic and autologous trans-
plants, especially for HID HSCT during this COVID-19
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pandemic, reflecting that the impact of this crisis was rela-
tively mild in China.
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