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Abstract
Standardization and formal accreditation of practices related to hematopoietic stem cell transplantation
(HSCT) and therapies using hematopoietic-derived cellular products aim to promote quality in clinical and laboratory practice and provide knowledge to all stakeholders of centers. This article refers to three aspects of these
processes starting with the importance of accurate viable CD 34 enumeration in HSCT. A highly accurate
method of enumeration and a robust EQAS program is required, especially during the current COVID-19 pandemic. The second section shares experiences with FACT-JACIE accreditation at the Singapore General Hospital
demonstrating how accreditation is part of continuous improvement and not only a destination. This journey
can be difficult in many HSCT centers of low- and middle-income countries (LMICs) because of the intensive and
rigorous requirements of the internationally accredited models. Hence, in LMICs, a staged movement toward establishing such standards must be considered. This approach is presented in the third section of the article with
data on the current situation in countries reporting to the APBMT registry.
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Introduction
The Joint Accreditation Committee, ISCT, and
EBMT (JACIE) and Foundation for the Accreditation of
Cellular Therapy (FACT) accreditation systems stand
out as excellent examples of profession-driven initiatives to improve patient outcomes in hematopoietic
stem cell transplantation (HSCT), which have subsequently been incorporated by third parties, such as
healthcare payers (health insurers, social security) and
competent authorities (treatment authorization)1.
CD 34 enumeration is a critical aspect of the HSCT
procedure. We understand the importance of standardiS14

zation and accreditation in the accurate enumeration of
these cells. The importance of turnaround time (TAT)
and variability in the CD34 numbers between laboratories is another critical aspect that has been highlighted.
The processes and difficulties involved in obtaining
FACT-JACIE accreditation have been discussed with the
Singapore General Hospital as an example of achieving
this accreditation. However, these standards are extremely difficult to incorporate and follow in the lowand middle-income countries (LMICs).
Considerable literature indicating a better clinical
outcome in teaching hospitals and centers of excellence
has been available since the 1990s. There is evidence of
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a positive relationship between the implementation of a
quality management system and the outcome of HSCT,
which showed that patient outcomes were systematically better when the transplantation center was at a
more advanced phase of JACIE accreditation, independent of the year of transplantation and other risk factors1.
Similar studies showed that centers accredited by
both FACT and Clinical Trial Network (CTN) demonstrated significantly better results for more complex
HSCT, such as HLA-mismatched transplants.
These data reinforce the concept that clinical improvement is driven by the implementation of a quality
management system embedded in external accreditation
standards, especially in the context of more complex
procedures. This process also results in a wider standardization of procedures across different countries and
geographic areas, thereby contributing to providing patients with similar treatment expectations even when accessing different health management systems1.

Importance of Standardization and Accreditation
of CD34+ Stem cell Enumeration Using Flowcytometry for Hematopoietic Stem Cell Transplant
(HSCT)
Pioneering studies by Nobel laureate, ED Thomas,
and others on HSCT that commenced over six decades
ago have established allogeneic and autologous HSCT
as a standard of care for patients with life-threatening
hematological and non-hematological diseases2. In
2015, the Worldwide Network for Blood and Marrow
Transplantation reported that, by December 2012, approximately one million HSCT procedures have been
performed globally at 1,516 transplant centers across 75
countries3. The Asia-Pacific Blood and Marrow Transplantation Group (APBMT) is a contributing member of
the Worldwide Network and has registered a similar but
significantly rapid rise in the rate of HSCT per year in
our region in the last two decades. The increase in international co-operations, such as procurement of unrelated donor products across the globe, exchange of information, and participation in multi-center clinical
studies, mean that standardization and accreditation of
transplant procedures, including enumeration of hematopoietic stem cells (HSCs), are essential for maintaining and improving patient outcomes.
For decades, bone marrow (BM)4 has been the only
means of harvesting hematopoietic stem cells for transplantation, and BM nucleated cell enumeration was
used to assess the adequacy of BM products for hematopoietic engraftment post-transplant. BM nucleated cell
enumeration is an inaccurate measurement of the number of HSCs, as this method measures large numbers of
myeloid and lymphoid cells in various stages of matu-
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ration in addition to HSCs. In contrast, the colony formation unit (CFU) assay, a cell culture-based functional
assay for HSCs4, remains a useful test for evaluating
post manipulations of HSCT products, such as cryopreservation, T cell depletion, and major ABO blood
group mismatched transplants. The major drawbacks of
the CFU assay are the slow TAT of 14 days and a
labor-intensive bioassay that is difficult to standardize.
The discovery of the ability to harvest HSCs from
the peripheral blood (PB) after chemotherapy and GCSF was reported in the late 1980s by our colleagues
in Adelaide, Australia5, which accelerated the need for a
rapid quantitative test for HSCs to suit the collection of
HSCs from the blood by apheresis. The enumeration of
total CD34+ HSCs using flow cytometry with same day
TAT was demonstrated to correlate with the success of
hematopoietic engraftment post-transplant and a suitable
test to guide PBSC harvest6. However, published studies, including ours in Australasia7, demonstrated clinically unacceptable variations in CD34+ cell enumeration among laboratories. This led to the establishment
of guidelines for the standardization of CD34+ cell
enumeration8 and external quality assurance (EQA) programs among HSCT facilities. Moreover, studies by our
team in Sydney7, 9 led to the establishment of a CD34+
cell EQA program by the Royal College of Pathologists
of Australasia in the early 2000s. This EQA program is
used by over 60 HSCT laboratories located predominantly in the Asia-Pacific region.
The 2021 edition of the FACT-JACIE International
Standards for Hematopoietic Cellular Therapy Product
Collection, Processing, and Administration requires an
assay measuring viable CD34 (vCD34+) be performed
for HPC products intended for restoration of hematopoiesis10. CD34 is a cell surface protein used to quantify the total number of CD34+ cells in a sample, and
viability exclusion dyes, such as 7-AAD, are needed to
assess the viability of these cells11. As fixed and stabilized cells are used for total CD34+ EQA programs,
they are unsuitable for cell viability testing. A multicentered study published in 202012 has raised concerns on
the highly variable vCD34+ cell recovery between collection and transplant facilities on cryopreserved SC
products obtained during COVID-19 global travel restrictions and suggested that the lack of standardization
of vCD34+ cell assay may be a major contributing factor. This highlights the urgency to establish EQA programs for standardization and accreditation of the vCD
34+ assay. Attempts to harmonize the enumeration of
vCD34+ cells in frozen cord blood products have been
performed recently13, as the infusion dose of allogeneic
cord blood products correlates with engraftment14. To
date, there have been no reports of an established EQA
program for vCD34+ cell counts. The obstacles of es-
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tablishing a commercially workable and affordable vCD
34 EQA program include logistics and cost of procurement, storage, and timely dispatch of cryopreserved human HSCs to participating laboratories. Possible solutions to these challenges are being investigated by various groups, including our team (personal communication), and the urgency has been accelerated by the current pandemic, as the transportation of fresh HSC products among national and international HSCT facilities
has been replaced by cryopreserved products.

FACT-JACIE Accreditation at the Singapore
General Hospital
The Foundation for the Accreditation of Cellular
Therapy (FACT) and the Joint Accreditation Committee
(ISCT) and EBMT (JACIE) have collaborated since
2002 to publish the FACT-JACIE International Standards for Hematopoietic Cellular Therapy Product Collection, Processing, and Administration. The standards,
which are in their seventh edition, aim to promote quality medical and laboratory practice in hematopoietic
progenitor cell transplantation and related therapies using hematopoietic derived cellular products. These standards apply to hematopoietic progenitor cells, nucleated
cells, mononuclear cells, and immune effector cells.
Both FACT and JACIE accredit centers based on a review of submitted documents and an on-site inspection
for compliance with the current edition of FACT-JACIE
Standards11. Accreditation will cover the clinical program and, if applied for, will include cell collection and
cell processing facilities. Accreditation for immune effector cell therapy may be applied either jointly or
separately. AABB, in applying its core principles of
quality and donor and patient for blood banks, is another organization that accredits cellular therapy and is
accredited by the International Society for Quality in
Healthcare for its high standards15.
Accreditation of hematopoietic stem cell transplant
centers helps inform patients, insurance organizations,
and governments of the high standards of these centers.
Accredited centers have better adherence to standards
and better survival outcomes16. However, other factors,
such as participation in clinical trial networks, also play
a role17.
As part of ongoing efforts to continuously improve
cellular therapy, the Singapore General Hospital hematopoietic stem cell transplant program obtained AABB
accreditation in 2012 and FACT-JACIE accreditation in
2016. Common aspects of these accreditation programs
include the following:
1. Standard operating procedures for all critical processes in the organization.
2. Validation that the above SOPs can deliver the de-

sired outcomes.
3. Validated and documented training programs for
staff for all critical processes.
4. Processes for deliberate procedural deviations.
5. Processes for corrective and preventive action.
6. Document control to ensure that only the latest
validated SOPs and forms are used.
7. Record control to ensure that all critical data are
properly recorded with strict processes to control any
necessary corrections.
8. Benchmarking, which is now integrated into the
FACT-JACIE standards, is available for EBMT members.
Staff involved in the process of accreditation include
the following:
1. Hematopoietic stem cell transplant physicians, hematologists, and oncologists involved in the care of
general patients. Involvement of intensive care unit physicians and infectious disease specialists is also helpful.
2. Transplant coordinators involved in coordinating
the entire transplant process, including patient suitability assessment, transplant scheduling, and posttransplant follow-up. They may be nursing or allied
health staff and involved in donor management, including HLA typing, donor selection, donor assessment harvesting of stem cells, and coordination of cell transport
and shipment.
3. Nursing staff ― inpatient and outpatient.
4. Pheresis staff who help ensure safe, efficient, and
high-quality leukapheresis of mobilized stem cells.
5. Laboratory staff involved in handling, testing, and
processing of cells.
6. Operating theatre staff for bone marrow harvesting.
7. Blood bank staff involved in testing and handling
of blood products.
8. Hospital administrative leadership and staff to garner support from multidisciplinary teams and provide
necessary administrative support.
The process of accreditation should be managed like
any change in management program. Applying Kotter’s
eight-step change management process18, the useful
steps include the following:
1. Creating a sense of urgency ― helping others see
the need for change and communicating the importance
of immediate action.
2. Build a guiding coalition ― a group of people
who are effective and motivated to guide, coordinate,
and communicate the plan.
3. Form a strategic vision and initiative ― by clarifying how the future will be different from the past and
how that future can be a reality through initiatives
linked directly to the vision.
4. Enlist a volunteer army ― accreditation is not
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Table 1. Survey of HSCT accreditation/standardization of practices in APBMT region

S. No

Country/
Region

No. of
HSCT
centers

1

Bangladesh

2

China

3

Hong Kong

8

4

Indonesia

3

5

India

105

6

Iran

7

Taiwan

8
9
10

S. No

Country/
Region

No. of
HSCT
centers

4

11

Sri Lanka

4

169

12

Nepal

1

13

Japan

345

14

Thailand

12

15

Australia

42

18

16

Philippines

5

17

17

Vietnam

2

Myanmar

2

18

Singapore

4

Malaysia

16

19

New Zealand

6

Korea

44

20

Pakistan

9

a one-person job nor a small team effort. The preceding
list of staff is part of those who will need to be fully
convinced and subscribed to this effort.
5. Enable action by removing barriers ― inefficient
processes, silos, and hierarchies are barriers to improvement. Staff should be encouraged to speak up and work
collectively toward improvement.
6. Generate short-term wins ― intermediate levels of
accreditation, including hospital licensing and national
accreditation, could be helpful here.
7. Sustain acceleration ― by pressing harder after
the initial successes.
8. Institute change ― by remembering accreditation
is not only a goal, but a means of ensuring high-quality
standards.
Finally, it is important to remember that accreditation
is part of a journey of continuous improvement and not
only a destination. While it is a lofty goal, the process
of working towards it leads to higher standards in any
organization.

Hsct Standards in Low- and Middle-income
Countries
Approximately 20 years ago, the complexity of
HSCT and its complications led to efforts by transplantation professionals to standardize processes based on
consensus as a way to better manage the inherent risks
of this treatment. HSCT has been a pioneer in the area
of quality and standards11.
In 1998, EBMT and the International Society for
Cell and Gene Therapy (ISCT) established the Joint Accreditation Committee, ISCT, and EBMT (JACIE), aiming to offer an inspection-based accreditation process in
HSCT against established international standards.
JACIE is a committee of the EBMT, whose members
are appointed by and are accountable to the EBMT

Table 2.

S17

Quality programs for HSCT in APBMT region
Yes (%)

No (%)

14 (70)

6 (30)

Are these defined standards mandatory

7 (50)

7 (50)

Are the defined standards as per international
norms (FACT/JACIE)

4 (29)

10 (71)

Are these defined standards as per country/
region specific norms

9 (64)

5 (36)

Are these defined standards as per institutional/HSCT center defined norms

6 (43)

8 (57)

Is there a system of audit of HSCT centers
for maitenance of standards

5 (36)

9 (64)

Are there defined standards for HSCT centers in your country/region

Board, and ISCT is represented by two members of the
Committee. JACIE collaborates with the US-based
Foundation for the Accreditation of Cellular Therapy
(FACT) to develop and maintain global standards for
the provision of quality medical and laboratory practice
in cellular therapy11.
There have been studies on the improvement of clinical outcomes of HSCT, in which standards and accreditation policies have been put into practice. Initial evidence of a positive relationship between the implementation of a quality management system and the outcome
of HSCT in Europe was published in 201119, where patient outcomes were systematically better when the
transplantation center was at a more advanced phase of
the JACIE accreditation, independent of the year of
transplantation and other risk factors. Based on another
analysis performed on a large cohort of patients who
received either allogeneic or autologous transplantation
between 1996 and 2006, the decrease in overall mortality in allogeneic procedures over the 14-year observation period was significantly faster in JACIE-accredited
centers, thus resulting in higher relapse-free survival
and overall survival at 72 months after transplantation20.
These data reinforce the need to define standard procedures and practices in stem cell transplantation across
centers, countries, and regions to provide uniform clinical care. A comprehensive review of this topic has been
recently published21.
The seventh edition of the JACIE standards has 995
line items. Following these standards in the LMIC regions has been almost impossible for more than 95% of
the centers. Hence, from a practical perspective, these
were divided into three levels, one, two, and three, with
the aim of providing a graded approach to try and
achieve these standards over a period of time. However,
we realized that 65% of the items fell into level 1,
which was also difficult for most centers in the LMIC
region. Hence, level 1 was further subdivided into 1A
and 1B to further ease the process of fulfilling these requirements. The idea was to establish a level of mini-
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mum standards for each country, which could be easily
followed and thereby help in the development with an
ultimate goal of achieving international standards. This
more graded approach is possible with most centers in
the Asia-Pacific region. Depending on the applicability
of this approach, more country-specific approaches may
be needed to formalize maintaining the principles of
quality management.
While establishing an HSCT program in a developing
country, certain common challenges must be considered, such as financial, technological, logistic, social,
and availability of skilled manpower. Given the exponential growth in the number of HSCTs worldwide and
the establishment of new HSCT centers in high- and
low-income countries, the Worldwide Network for
Blood and Marrow Transplantation (WBMT) has recognized the need to provide guidance to institutions and
individuals who are considering the start of a new
HSCT center. Part I of this review describes the absolute minimum, minimum, preferred, and ideal requirements in establishing a new HSCT program. Part II describes the clinical, technical, and financial considerations for establishing an HSCT program in a resourceconstrained setting (typical for developing countries)22.
In many healthcare settings, benchmarking for complex procedures has become a mandatory requirement
by competent authorities, regulators, payers, and patients to ensure clinical performance, cost-effectiveness,
and safe care of patients. In several countries inside and
outside Europe, benchmarking systems have been established for HSCT, although access is not universal. As
benchmarking is now integrated into the FACT-JACIE
standards, the EBMT and JACIE established a Clinical
Outcomes Group (COG) to develop and introduce a
universal system accessible across EBMT members23.
This system of benchmarking for HSCT can be established in the APBMT region.
While performance since the introduction of the
JACIE quality management system has improved for allogeneic HSCT, the impact on autologous HSCT remains unclear in Europe. A study from 17 Belgian centers showed a relatively homogeneous performance between Belgian centers before the national completeness
of JACIE implementation. The three center-related factors had a significant impact on 1-year survival, while
activity volume and type of HSCT impacted the 3-year
survival of autologous-HSCT patients in univariable
analyses. Only the activity volume (impact on 1-year
survival only) and type of HSCT (impact on 1- and 3year survivals) remained significant in the multivariable
analysis24.
We conducted a survey of HSCT centers in the
APBMT region to examine the current practices of implementing HSCT standards in the respective countries

(Table 1 and 2). In total, 70% of countries had some
standards defined, of which 70% were not as per
FACT/JACIE. Moreover, 70% of countries followed
these local standards, even though it was mandatory in
only 50%. In addition, 65% of countries did not have a
system to audit these standards.

Conclusion
Standards and accreditations are a vital part of a successful stem cell transplant unit. There is clear evidence
that centers that are accredited or in the process of accreditation have better patient outcomes. All processes
need to be standardized with robust EQAS programs
for the entire region and harmonized with global standards. The accreditation process can be accomplished in
a graded manner, especially for centers in the LMICs,
in which a step-wise approach needs to be defined and
laid out. We believe that adherence to defined standards
is essential in improving HSCT practices, which can be
locally defined but well calibrated with international
norms. Establishing these standards improves outcomes
and adds to the volume and types of transplants performed at the centers.
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