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Abstract

Hematopoietic cell transplantation (HCT) is a highly complex procedure that requires a dedicated
multidisciplinary team to optimize its safety. In addition, institutions may have different needs
regarding indications based on regional disease prevalence or may have an interest in developing
specialized services. Yet, structured recommendations are not commonly available. Here, the
Transplant Center and Recipient Issues Standing Committee for the Worldwide Network for Blood
and Marrow Transplantation (WBMT) organized a structured review of all pertinent elements to
establish a transplant program. First, we solicited components from committee members and
grouped them in domains (infrastructure, staff, cell processing laboratory, blood banking, labora-
tory, radiology, pharmacy, HLA testing, ancillary services and quality). Subsequently, reviewers
scored all elements on a 7-point scale, from an absolute requirement (score of 1) to not required
(score of 7). An independent group of five experienced transplant physicians reviewed the rank-
ings. Minimum requirements to establish any HCT program were identified among elements with
mean score of �2.0, and specific elements for allogeneic and autologous HCT were identified.
Mean scores >2.0–4.0 were classified as preferred recommendation, and mean scores of >4.0 to
�7.0were considered ideal recommendations for advanced and complex types of transplantation.
This structured set of recommendations guides the prioritization of minimum requirements to
establish a transplant program and to set the path for expansion and further development.
� 2019 The Authors. Published by Elsevier Ltd. on behalf of King Faisal Specialist Hospital &
Research Centre and Elsevier Inc. on behalf of The American Society for Transplantation and
Cellular Therapy. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Considering the unique curative potential of hematopoietic
cell transplantation (HCT) for many diseases and the consider-
abledifferences inactivitiesworldwide, there is a global need,
especially in regions with constrained resources, to expand
access [1,2]. Now, after more than 60 years of progress, HCT
has matured as a complex procedure, which requires special-
ized care from expert professionals [3] For HCT to be safe
and successful, specialists from different fields of medicine
must cooperate. Program requirements differ depending on
the type of transplant, indications for transplant, availability
of resources, and levels of complexity, and therefore can vary
substantially.Whenestablishing a newHCTunit, it is often dif-
ficult to prioritize the elements required.

The Worldwide Network for Blood and Marrow Transplanta-
tion (WBMT), a non-governmental organization (NGO) in offi-
cial relations with the World Health Organization, works to
expand access to HCT globally [4]. To fulfill its mission, WBMT
developed the annual HCT activity survey, which highlights the
differences worldwide [1,3–5]. Thereafter, WBMT organized a
series of workshops in different countries (Vietnam, Brazil,
South Africa, Saudi Arabia Morocco, and China) to analyze
and promote regional development of transplantation and to
provide a forum for practical approaches to clinical care.

Fundamental elements necessary for establishing a trans-
plant program were developed during these workshops, but
it became evident that they were highly dependent on the
prevalence of diseases in different regions and on available
Srivastava, S. O. Ahmed et al., Worldwid
plantation program (Part I): Minimum
resources [6–9]. These factors drive the type of transplant
that is needed locally and determine what is affordable or
economically feasible [10].

It became clear that there was a need for more struc-
tured guidelines delineating minimum requirements neces-
sary to establish an HCT program. In addition, as HCT
programs expand, information on additional elements
become necessary for HCTs of greater complexity and risk,
e.g. allogeneic HCT using unrelated or alternative donors.

This report identifies key elements for establishing and
developing a new HCT program. The recommendations are
based on a structured assessment of program elements,
which were reviewed by experienced transplant physicians
from different countries. After analyzing and ranking differ-
ent elements, the recommendations were then reviewed by
a separate group of transplant physicians experts on HCT,
leading to the final recommendations presented.

Methods

Worldwide Network for Blood and Marrow
Transplantation (WBMT)

The Worldwide Network for Blood and Marrow Transplantation
(WBMT) is a federation of societies formally created in 2007 by
leaders from major HCT groups and donor registries world-
wide. It evolved into a non-governmental organization (NGO)
in working relations with the World Health Organization
(WHO) and shares a mutual vision to combine efforts towards
e Network for Blood and Marrow Transplantation (WBMT) recommendations
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improving access and at a global level optimizing HCT, cellular
therapies and related fields. WBMT includes 22 member soci-
eties and 7 standing committees, all with substantial interest
in HCT, and each with international reach and influence. The
WBMT was incorporated in Bern, Switzerland, as a non-profit
organization for educational, scientific, and philanthropic pur-
poses under Swiss law. Elected officers and appointed com-
mittee leadership span the globe [11].

This project was conducted under the auspices of the
Transplant Center and Recipient Standing Committee,
which recommends policies, programs, or actions pertaining
to the performance of HCT and other cellular therapy pro-
cedures. This committee administers activities related to
the WBMT Global Transplant Activity (GTA) reports and
leads the review of proposals and deliberations when use
of GTA data is requested with oversight and approval by
the WBMT Board. It includes recommendations for technical
processes and the conduct of individuals carrying out these
procedures and practices, including twinning with experi-
enced centers, hosting physicians, telemedicine and infor-
mation on HCT activity and HCT outcomes.

Identification of raters and reviewers

We identified volunteers for this project by polling the full
committee. There were two groups of volunteers. The first
group identified, categorized and ranked the domains and
requirements for both autologous and allogeneic HCT; the
second group reviewed these data and established a consen-
sus. Fifteen HCT physicians participated (Raters, N = 10 and
Reviewers N = 5), and they had 4–40 years’ experience in
either autologous and/or allogeneic HCT procedures. They
represented pediatric and adult programs, mostly were
from academic centers, and were from distinct global
regions (Austria, Brazil, France, Germany, India, Italy,
Japan, Morocco, Saudi Arabia and the United States). Raters
and reviewers from Brazil, Germany, India, Saudi Arabia and
the United States were directly involved in the development
of new transplant centers.

Review process

The first group of raters identified a wide variety of general
requirements for HCT programs from all the WBMT workshops
Table 1 Scoring of HCT program required elements.

Score Description Category L

1 Absolutely required Minimum I

2 Required

3 Important Preferred II
4 Good
5 Important but not

needed at early
implementation

Ideal II

6 Might be beneficial in
certain situations

7 Not recommended
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and from an initial survey to committee members. After sub-
stantial deliberation, items were categorized into domains for
allogeneic HCT, autologous HCT, and requirements common
to both types of HCT. Then, each rater received a spreadsheet
with all the items to be ranked using a 7-point scoring system
from absolutely required (score 1) to not recommended (score
7), shown in Table 1. The scores were summarized by mean
and standard deviations and then domain elements were
ranked. The group was convened on a conference call to dis-
cuss elements with discrepant scores. These discussions led to
either clarification on how the item was described or re-
categorizing the item to a separate tier.

The group categorized elements into three tiers:

I. Minimum (mean score of 1–2)
II. Preferred (mean score >2–4)
III. Ideal (mean score >4 to �7)

This three-tier set guided priorities for development of a
program. The final list of recommendations was then sent to
five reviewers via email and they performed an independent
evaluation. The external reviewers provided additional rec-
ommendations on ranking or expanding the explanation of
each the element. The interaction with external reviewers
was all online.

Results

The initial collection and review of all possible elements
that could be used for the development and daily operations
of a transplant program yielded 102 elements for an allo-
geneic HCT program and 88 for an autologous HCT program.
After review and reorganization, the final list yielded 94 and
77 elements, respectively (Tables 2–4). These elements
were grouped into 13 domains: infrastructure, staff, cell
processing laboratory, blood banking, HLA, laboratory,
microbiology, pathology, radiology, pharmacy, ancillary
services, quality and others.

Essential requirements

Table 2 outlines all elements that fulfill the criteria for
essential requirements, including 20 elements common to
the development of any HCT program, plus 6 elements
evel Comments

A program cannot be implemented without this
element
A program needs to have this in place or at least
planned in the first year of implementation
Important for further expansion of the program
Not necessary but recommended

I Ideal element but not critical for the day-to-day
operations

Item that could be specific to a patient
population or type of transplant
Should not be considered as a necessary element

e Network for Blood and Marrow Transplantation (WBMT) recommendations
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Table 2 Minimum requirements for development of HCT program by transplant type.

Domain Minimum Requirements Allogeneic HCT
Mean Score (SD)

Autologous HCT
Mean Score (SD)

Infrastructure Institution (or Hospital Leadership) support 1.7 (0.67) 1.44 (0.71)
Cell Processing laboratory (access to laboratory services for cell count, sterility assessment) 1.5 (0.71) 1.67 (1.35)
Tertiary care centera 2.60 (1.71) 2.11 (1.45)
Intensive care unit (access to vasopressors, dialysis, positive pressure or mechanical ventilatory support) 2.0 (1.49) 2.0 (1.84)
Apheresis services
Autologous HCT

2.60 (1.26) 1.67 (1.14)

Staff Medical Director: hematologist/oncologist or immunologist 1.3 (0.48) 1.44 (0.82)
Medical Director, licensed hematologist with minimum 6 months training in a BMT unit (recommended:
ability to establish relationship with an experienced transplant center)

1.5 (1.08) 1.44 (0.82)

Nursing with hematology-oncology experience or trained in handling chemotherapy and infection control 1.20 (0.63) 1.33 (0.79)
Pharmacist with experience in handling chemotherapy 2.00 (1.41) 1.78 (1.03)

Cell Processing
Laboratory -

Cryopreservation procedures and storage capability
Autologous HCT

3.30 (1.57) 1.44 (0.82)

Blood Banking Availability of blood and platelets 1.10 (0.32) 1.11 (0.47)
Availability of leukocyte-reduced [or irradiated] blood products 1.30 (0.48) 1.78 (0.88)

HLA Testing - Access to HLA typing laboratory Allogeneic HCT 1.40 (0.97) –
Laboratory Cell counter 1.00 (–) 1.00 (0.32)

Chemistry 1.20 (0.63) 1.00 (0.32)
ABO blood typing 1.40 (1.26) 1.00 (0.32)
Immunohistochemistry 2.10 (0.88) 1.89 (0.95)
CSA or tacrolimus level
Allogeneic HCT

1.30 (0.48) –

Microbiology Basic bacterial and fungal cultures 1.30 (0.48) 1.11 (0.47)
Serology for Hepatitis, HIV, HSV, syphilis and HTLV-1 1.10 (0.32) 1.33 (0.79)

Allogeneic
HCT

CMV detection (antigenemia or PCR) 1.70 (0.67) 2.67 (1.60)

Radiology X-ray and CT scanner 1.10 (0.32) 1.33 (0.63)
Pharmacy Access to chemotherapy agents used in the conditioning regimen 1.00 (–) 1.33 (1.03)

Antiemetics 1.20 (0.42) 1.22 (0.57)
Broad spectrum antibiotics 1.00 (–) 1.00 (0.32)
Antifungal agents for prophylaxis and or treatment 1.10 (0.32) 1.89 (1.06)
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unique to allogeneic HCT and 3 for autologous HCT. Among
the items of highest priority and thus essential elements
(mean score [MS] �1.4) for development of an HCT program
with the greatest agreement across reviewers (standard
deviation � 1.0) were:

� Institution (or Hospital Leadership) support to develop a
transplant program

� leadership by a hematologist, oncologist or immunologist
as a medical director;

� nursing staff trained in handling chemotherapy and infec-
tion control;

� availability of irradiated blood and platelets;
� laboratory services with blood cell counter, chemistry,
microbiology testing for bacteria and fungus, pre-
transplant infectious disease markers;

� access to standard radiology and computed tomography;
� availability of chemotherapy, antiemetics and broad-
spectrum antibiotics.

In addition to these, highest priority elements for devel-
oping an allogeneic program include:

� access to HLA typing laboratory;
� monitoring levels of calcineurin inhibitors;
� availability of antivirals and antifungal for treatment;
and

� prophylaxis and agents to prevent and treat graft-versus-
host disease (GVHD).

Corresponding elements in autologous and allogeneic
program include availability of interventional radiology
expertise for insertion of indwelling central venous
catheters.

Preferred requirements

Table 3 outlines all elements that fulfill the criteria of pre-
ferred requirements, including the largest number of items
(53). Among the common elements for the development of
any HCT program include added infrastructure, with govern-
ment support for activating or registering units, adding
more staff, focus on quality, accreditation, availability of
a series of ancillary services and more specialized labora-
tory tests and radiological services.

Ideal requirements

Table 4 outlines 19 ideal elements for a transplant program
These elements define further extension of the infrastruc-
ture, more staff, cell processing laboratory capabilities
and other services to accommodate more complex types
of transplants and extension of procedures to maximize
safety for higher risks transplant procedures.

Review of requirements

Reviewers recommended additional details on blood pro-
duct requirements, including availability of leukocyte-
reduced and irradiated blood products. Requirement for
access to a tertiary care center, defined as a center of spe-
e Network for Blood and Marrow Transplantation (WBMT) recommendations
requirements and beyond, Hematol Oncol Stem Cell Ther, https://doi.org/
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Table 3 Preferred requirements for development of an HCT program.

Domain Preferred Requirements Allogeneic
HCT Mean
Score (SD)

Autologous
HCT Mean
Score (SD)

Infrastructure Apheresis suite 2.60 (1.26) 1.67 (1.35)
Cryopreservation cell storage warehouse 3.30 (1.57) 2.78 (2.01)
Dedicated transplant unit 2.90 (1.37) 3.78 (1.65)
Government support for development or registering new programs 2.30 (1.06) 2.89 (1.52)
HEPA filtered units 2.90 (1.37) 4.00 (1.79)
Outpatient clinic for transplant patients 2.10 (0.88) 3.11 (1.25)
Operating room with availability for elective bone marrow harvesting – Allogeneic HCT 2.50 (1.08) 4.33 (2.04)
Private patient rooms 2.20 (1.32) 3.22 (1.03)
Transplant rooms in hem/onc wards 2.20 (1.40) 2.22 (1.70)

Staff Additional physicians: hematologists/oncologists 1.70 (0.95) 2.44 (1.62)
BMT program quality management professional (for accreditation) 4.30 (0.95) 3.89 (1.65)
Cell processing lab director, MD/PhD or PhD with HCT laboratory experience 2.00 (0.82) 2.33 (1.43)
Dedicated professional responsible for coordination of care: PB stem cell pheresis and bone marrow
harvest, including training personnel, assisting scheduling or performing the procedure

2.50 (1.35) 2.56 (1.57)

Social worker 4.10 (0.74) 4.00 (1.84)
Physician to oversee related donor work-up, who is not directly involved with the recipient’s work up –
Allogeneic HCT

3.90 (1.10) –

Cell Processing
Laboratory

Capabilities for minimum graft manipulation: RBC reduction, CD34+ cell enumeration 2.20 (1.40) –

Cryopreservation procedures and storage space 2.00 (1.40) 1.44 (0.82)
Blood Banking Accredited by AABB or equivalent 3.20 (0.79) 3.22 (1.66)
HLA Testing Access for consultation with immunogenetic professional to assist in donor or cord blood selection –

Allogeneic HCT
3.40 (0.97) –

Access to trained professional in performing unrelated donor searches 3.10 (1.20) –
Capabilities to test for anti-HLA antibodies 3.30 (1.64) –

Laboratory Immunoglobulin level 2.30 (1.42) 3.44 (2.33)
Chimerism analysis – Allogeneic HCT 2.60 (0.97) –

Microbiology CMV detection (antigenemia or PCR) – Autologous HCT 1.70 (0.67) 2.67 (1.60)
Availability for testing for different virus, including molecular testing (PCR) 2.80 (1.14) 3.67 (1.40)

Pharmacy Patient-controlled analgesia 3.30 (1.25) 3.33 (2.31)
Total parenteral nutrition 2.70 (1.06) 4.00 (1.37)
Ganciclovir for treatment of viral infection – Autologous HCT 1.30 (0.48) 3.33 (1.89)

Pathology Flow cytometry 2.00 (0.94) 2.56 (0.95)
PCR for disease markers Allogeneic HCT 3.70 (1.49) 4.44 (1.57)

Radiology Magnetic resonance imaging 2.60 (0.84) 2.67 (1.43)
Interventional
Radiology

Placement of central line and assistance with other procedures, including lumbar puncture,
thoracentesis, paracentesis, image-guided biopsies among others.

2.20 (1.62 2.56 (1.89)

Ancillary
Services
(Consults)

Hematopathologists 1.90 (0.99) 2.22 (1.41)
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Table 3 (Continued)

Domain Preferred Requirements Allogeneic
HCT Mean
Score (SD)

Autologous
HCT Mean
Score (SD)

Infectious diseases 2.30 (1.25) 2.78 (1.84)
Gastroenterology and endoscopies services 2.00 (1.15) 3.89 (2.27)
Pulmonary and endoscopies services 2.20 (1.03) 3.22 (1.85)
Critical care services or intensivists 1.70 (0.95) 2.22 (1.25)
Radiation oncology 2.20 (1.03) 3.00 (1.83)
Ophthalmology (chronic GVHD)- Allogeneic HCT 2.90 (1.20) –
Gynecologist (chronic GVHD) – Allogeneic HCT 4.00 (1.49) –
Neurology – Allogeneic HCT 3.20 (1.23) –

Quality Accreditation with local, regional or international BMT quality entities 3.00 (1.56) 3.22 (1.73)
Collection of demographic and outcome data according to international standardized forms 3.40 (1.07) 3.44 (1.66)
Data sharing with local, regional or international outcomes registries 3.60 (1.51) 3.78 (2.01)
Development of a quality program 3.40 (1.26) 3.44 (1.85)
Development of a relationship with an established transplant program for at least the first year of
implementation

2.00 (0.94) 2.44 (1.55)

Development of standard operating procedures for the HCT program that is available to the whole m 2.50 (1.51) 2.89 (1.78)
Other Participation and training program for junior faculty in transplantation 4.00 (1.56) 3.11 (1.55)

Abbreviations: AABB, American Association of Blood Banks; BMT, blood and marrow transplantation; CMV, cytomegalovirus; GVH , graft-versus-host disease; HCT, hematopoietic cell
transplant; hem/onc, hematology/oncology; HEPA, high efficiency particulate air; HLA, human leukocyte antigen; PB, peripheral blo PCR, polymerase chain reaction; RBC, red blood cell;
SD, standard deviation.

W
B
M
T
re
co

m
m
e
n
d
atio

n
s
fo
r
e
stab

lish
in
g
a
h
e
m
ato

p
o
ie
tic

ce
ll
tran

sp
lan

tatio
n
p
ro
gram

7

P
lease

cite
th
is
article

as:
M
.
C
.
P
asq

u
in
i,
A
.
S
rivastava,

S
.
O
.
A
h
m
ed

et
al.,

W
o
rld

w
id
e
N
etw

o
rk

fo
r
B
lo
o
d
an
d
M
arro

w
T
ran

sp
lan

tatio
n
(W

B
M
T
)
reco

m
m
en
d
atio

n
s

fo
r
estab

lish
in
g

a
h
em

ato
p
o
ietic

cell
tran

sp
lan

tatio
n

p
ro
gram

(P
art

I):
M
in
im

u
m

req
u
irem

en
ts

an
d

b
eyo

n
d
,
H
em

ato
l
O
n
co
l
S
tem

C
ell

T
h
er,

h
ttp

s://d
o
i.o

rg/
10.1016/j.h

em
o
n
c.2019.08.001
tea

D
od;

https://doi.org/10.1016/j.hemonc.2019.08.001
https://doi.org/10.1016/j.hemonc.2019.08.001


Table 4 Ideal Requirements for Development of Hematopoietic Cell Transplantation Program.

Domain Ideal Requirements Allogeneic HCT
Mean Score
(SD)

Autologous
HCT Mean
Score (SD)

Infrastructure Structure for outpatient transplants: infusion room open daily with staffing 3.20 (1.87) 3.33 (1.58)
Staff Access to a donor search coordinator 4.20 (1.48) –

Clinical coordinator for organization of pre-transplant testing and scheduling 4.00 (1.25) 5.00 (1.79)
Data manager responsible to data capture and reporting 4.60 (0.84) 4.11 (1.64)
Dietitian 4.30 (1.34) 4.11 (1.64)
Financial services professional 4.40 (1.51) 4.67 (2.10)
Psychologist for pre-transplant evaluation 5.50 (1.18) 5.22 (2.31)

Cell Processing
Laboratory

Capabilities for more than minimum graft manipulation such as T-cell depletion or CD34 cell selection 4.40 (0.84) –

Laboratory Busulfan PK, either local or as a send-out 4.40 (1.71) –
Microbiology Galactomannan assay 4.50 (1.90) 4.67 (1.69)
Pharmacy Access to ATG 4.00 (1.05) 6.89 (0.32)

Defibrotide 4.60 (1.71) –
Pathology
Autologous
HCT

PCR for disease markers 3.70 (1.49) 4.44 (1.57)

Radiology Nuclear medicine 4.20 (1.32) 4.33 (1.97)
PET/CT scan 3.80 (0.79) 4.11 (2.00)

Ancillary
Services

Psychiatrist 4.40 (0.97) –

Other Access to extracorporeal photopheresis 5.00 (1.63) –
Clinical research coordinators for development or participation in clinical trials 5.30 (1.63) 5.11 (2.07)

Abbreviations: ATG, anti-thymocyte globulin; CT, computed tomography; HCT, hematopoietic cell transplant; PCR, polymerase chain reaction; PET, positron emission tomography; PK,
pharmacokinetics; SD, standard deviation.
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WBMT recommendations for establishing a hematopoietic cell transplantation program 9
cialized medical care, was ranked as a preferred element,
however, reviewers revised this item to be considered
among the essential requirements to allow patients to be
cared for at hospitals with the maximum concentrated ser-
vices and available capabilities to address post-HCT emer-
gencies such as neutropenic fever or acute bleeding.
Among laboratory services, the reviewers stressed that
access to services off-site is also an acceptable alternative.
Access to infection-control services and an office for finan-
cial services were deleted. The requirement for a minimum
number of transplants per year was removed, as it is already
part of most accreditation procedures, which is an expected
natural evolution for an established HCT program. Blood
banking criteria were revised to blood banking accredited
by AABB or equivalent, thus allowing centers a broader
range of international accrediting agencies.

Discussion

Minimum requirement guidelines for establishing either an
autologous or allogeneic HCT program can assist in prioritiz-
ing elements within key domains for initiating a program. An
organized and stepwise approach in establishing an HCT pro-
gram is important to make sure all elements are in place,
facilitating future expansion and maximizing both patient
and donor safety. Programs embarking on allogeneic HCT
have greater challenges due to the complexity and extended
duration of patient risks. The set of requirements presented
here can assist in strategic development of programs to
optimize the utilization of resources.

Once HCT programs are established, they evolve, and
their focus may change. This natural progression leads to
increased capacity to offer HCT to a larger number of
patients, which by itself requires added resources and
increased complexity of care. Additionally, as newer trans-
plant modalities are adopted, they may require implemen-
tation of additional elements to mitigate risks. For
example, adoption of haploidentical donor allogeneic HCT
will require HLA typing for assessment of donor-specific
antibodies, which is rarely needed in an HLA-matched donor
HCT.

Essential requirements

Proper leadership, a dedicated, multidisciplinary (especially
pharmacist) team, and support within the institution is
essential for implementation of a successful HCT program.
Other fundamental requirements include access to
critical-care services (and multispecialty consultants) as
well as emergency services, because HCT, regardless of
type, can quickly result in a variety of life-threatening com-
plications. The need for apheresis services, on- or off-site,
is essential for autologous HCT. As new programs plan, they
should consider establishing a relationship early with an
experienced HCT center within the region or remotely
(e.g., telemedicine or a ‘‘twinning” partnership arrange-
ment) to provide experienced advice in the nuances of
HCT procedures. To encourage these relationships with
established transplant centers, the group required that a
medical director receive at least six months of training
Please cite this article as: M. C. Pasquini, A. Srivastava, S. O. Ahmed et al., Worldwid
for establishing a hematopoietic cell transplantation program (Part I): Minimum
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focused on HCT as well as being either a hematologist,
oncologist or immunologist.

A feature traditionally considered a minimum require-
ment for cell processing laboratories is access to a
controlled-rate freezing system for optimal stem cell viabil-
ity. However, this requirement has been debated given the
costs and constraints of cryopreservation systems. Some
centers avoid cryopreservation by shortening the period
from collection using brief conditioning and then infusion
[12]. This could be considered as an alternative in some sit-
uations. However, for certain indications, like multiple
myeloma, a second autologous HCT is sometimes planned
for a later, second salvage HCT. This cannot be done with-
out appropriate long-term graft cryopreservation.

Laboratory ancillary services must provide procedures
required for daily clinical decisions including complete
blood counts, serum chemistry, and tests for diagnosis of
bacterial and fungal infections.

Routine blood banking services are needed, as well as
providing leuko-reduced and irradiated products to avoid
the risk of transfusion associated graft-versus-host disease
in severely immunosuppressed HCT recipients. All blood
products must meet minimum standards according to inter-
national blood bank societies; AABB is widely known glob-
ally, but one regional group, the Africa Society for Blood
Transfusion (AfSBT), collaborated with other international
groups and developed a stepwise approach for the prepara-
tion and availability of blood products [13].

Basic radiology services with standard X-ray and com-
puted tomography (CT) are essential. Availability of basic
imaging and CT at the HCT institution is critical to facilitate
routine clinical decisions.

Unique to the allogeneic HCT setting is access to HLA
typing for search and verification of anti-HLA antibodies.
HLA testing and verification of antibodies can be part of
blood banking services and, like blood banking, can be per-
formed in reference laboratories. It is important that the
laboratory responsible for HLA typing follow guidelines from
the American Society of Histocompatibility and Immuno-
genetics (ASHI) and European Federation for Immunogenet-
ics (EFI) for testing and for reporting results.

Also, in the allogeneic HCT setting, viral monitoring for
cytomegalovirus (CMV) and Epstein-Barr virus (EBV) must
be available with fast turnaround. Depending on the preva-
lence of other viral infections in certain regions, access to
testing other viruses (e.g., viral hepatitis) will also deter-
mine the scope of this requirement. Pre-transplant testing
to assess patient eligibility must include serology for previ-
ous exposure to CMV, EBV, hepatitis B and C, human immun-
odeficiency virus (HIV) and human T-cell
leukemia/lymphoma virus type I (HTLV-1) and syphilis.
The same serology must be available for testing of potential
allogeneic donors.

Polypharmacy is a common scenario in transplant recipi-
ents. Pharmacists are an important asset to a program and
can assist in understanding drug interactions, drug levels,
and oversight of the use and availability of these drugs
[14]. Medications used for the transplant procedure are
expensive and often require continuing use over weeks to
months in order to minimize complications. Access and
availability of certain drugs for a prolonged period is impor-
e Network for Blood and Marrow Transplantation (WBMT) recommendations
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tant to consider. Infection prophylaxis and treatment
(including antibiotics, antifungals and antivirals); GVHD pro-
phylaxis with calcineurin inhibitors, methotrexate or
mycophenolate mofetil regimens and treatment with corti-
costeroids and a range of other immunosuppressant agents;
are all within a required list of drugs, particularly for allo-
geneic HCT. Additionally, chemotherapeutic agents used
for conditioning, and associated anti-emetic agents, are
important.

Additional laboratory tests for allogeneic HCT include
monitoring numerous drug levels, particularly calcineurin
inhibitors (cyclosporine or tacrolimus). Monitoring is critical
for routine clinical care of transplant recipients, as drugs
must be within therapeutic level in order to minimize toxi-
cities and to avoid breakthrough of GVHD. Like other labo-
ratory tests, availability of testing and fast turnaround of
drug levels is imperative to maximize clinical utility.

Autologous HCTs are mainly done using mobilized periph-
eral blood stem cells, thus programs that begin with autol-
ogous HCT are required to have leukapheresis services
available for stem cell collection. Allogeneic HCT programs
may at first choose only one type of stem cell collection in
order to contain costs and develop focused expertise.

More specialized radiology services, including interven-
tional radiology for insertion of central line access, are pre-
ferred but not critical as these procedures can be
performed by others. However, placement of central
venous access catheters is among the minimum require-
ments, so practitioners with expertise in performing this
intervention should be available for both autologous or allo-
geneic HCT. Though not encouraged and rarely needed,
donors may also require a central line placement for periph-
eral blood stem cell collection through leukapheresis. Hav-
ing this expertise available is critical to minimize risks for
the donors.

Though not part of the minimum requirements, programs
should consider quality management processes at the very
start of the program. As centers expand their services
and/or conduct higher risk procedures or newer approaches
(e.g., cellular therapies and immunotherapies), increasing
emphasis should be placed on quality management and
accreditation [10]. These services require specially trained
professional staff, not only to record and oversee results
in their own programs, but to share with relevant interna-
tional or regional registries. This can help develop standards
of practice in line with accreditation requirements and
assure team compliance with recognized performance stan-
dards. One important component related to standards of
practice is related to establish appropriate plan of care
for transplant survivors to screen and educate for late
effects after transplantation.

Additionally, in the earliest stages of development, pro-
grams should establish ongoing training for junior faculty
and nursing staff. This is important in forward-thinking pro-
grams. Simple growth or evolution into increasingly complex
procedures also demands planning, including consideration
of data reporting and participation in clinical trials—all of
which require skilled clinical coordinators dedicated to
research.

Reporting of activities through national or international
societies is an essential part of a transplant program. This
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should be performed in each center using unique and confi-
dential identifiers for each patient.

Preferred requirements

As programs grow or embark on more complex approaches,
there is the need, regardless of HCT type, for additional
trained staff, as well as highly experienced program leaders
and other clinical consultants whose sub-specialties can
support the expanding program. Access to these consultants
and off-hour emergency services is critical. It is also
advised, resources permitting, to have independent, private
patient rooms in a dedicated transplant unit space (within
or close to hematology-oncology units) with high-
efficiency particulate air (HEPA) filtered air reaching each
room. Notably, practices vary [15], and many centers per-
form allogeneic HCTs in non-HEPA filtered rooms or even
in an outpatient setting [12,15], though the latter are often
reserved for reduced-intensity conditioning HCT.

The outpatient clinic is important, as even HCT itself can
be performed in this setting, but this requires a dedicated
infusion room that must be staffed by those capable of han-
dling transplant patients and skilled in recognizing presenta-
tions and complications requiring immediate attention and
consultation from more specialized services.

As more complex HCT procedures are conducted, cell
processing laboratories, particularly in the allogeneic HCT
setting, need to develop expanded capabilities for higher
level processing techniques beyond minimal graft manipula-
tion (e.g., T-cell depletion or CD34 cell selection). Conven-
tionally performed HCT procedures can be performed just
with the graft processing needed for ABO incompatibilities
and appropriate quality assurance.

Support staff becomes increasingly valuable, particularly
dedicated personnel to coordinate bone marrow harvests
and/or apheresis activities as well as pre- and post-HCT
scheduling and testing. A social worker can also be impor-
tant to support the myriad of personal and social stressors
arising with the patients and their families.

Lastly, at this preferred tier, governmental support is
important for more complex program development, regis-
tration of new programs and support for data collection
and reporting. Regardless of the model, HCT programs need
to continuing process-improvement.

After experience performing several transplants, a deci-
sion for accreditation by international bodies and a clinical
follow-up plan needs to be in place. The importance of
accreditation depends on the region. In certain countries,
the ability to continue doing transplants is constrained by
insurance contracts, as in the US, or by registration to per-
form HCT with the government healthcare system, as in the
European Union. Participation in clinical trials may also
depend on whether the center is accredited by national or
international agencies, such as Foundation for the Accredi-
tation of Cellular Therapy (FACT) or Joint Accreditation
Committee ISCT-Europe & EBMT (JACIE). For other centers,
working through the accreditation process is important to
standardize all the processes associated with the transplant
and to improve quality. However, given the demanding nat-
ure of formal accreditation, the timing and necessity for
approval needs to be balanced with the cost and time
investment for establishing an HCT program. A commitment
e Network for Blood and Marrow Transplantation (WBMT) recommendations
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to work towards accreditation should be part of the aspira-
tional goals of any new program.

Another important activity is the development of a pro-
cess to monitor and understand HCT outcomes. This is done
by registering data from all HCTs with national or interna-
tional outcomes databases. These data collection processes
can directly support program quality improvement. Out-
come registries have harmonized the types of data and time
points required to understand transplant outcomes. Partic-
ipation in these registries is another invaluable activity that
has an impact not only locally, but within the overall trans-
plant community.

Ideal recommendations

Here the ideal, though less critical program activities are
outlined. These are usually associated with centers per-
forming more advanced procedures that require highly tech-
nical support services such as access to extracorporeal
photopheresis techniques requiring expensive equipment
and supplies, as well as professionally trained staff. Access
to a pharmacokinetics laboratory for safe administration of
busulfan is also included. Off-site testing can be also
considered.

At this level, quality management and improvement
activities are automatically incorporated into accreditation
and are an important objective for the sustained quality of a
transplant program. Clinical protocols and management
algorithms for commonly observed complications can stan-
dardize practices and minimize risks to individual patients.
Accreditation standards also highlight procedures for com-
munication and coordination of care. The importance of
monitoring and reporting transplant outcomes requires
understanding the variables to be captured and setting up
a plan to collect and store these data for reporting and anal-
ysis. In an ideal setting, a data manager responsible for data
capture and reporting is important for any HCT program, as
is a quality management professional to oversee the accred-
itation process. It is ideal for new programs to think ahead
about both these components in the earliest start-up stages.

For greater depth, it is ideal for any HCT program to have
broad, multidisciplinary staff, including a dietitian as well
as a psychologist for pre-transplant evaluations and even a
financial advisory professional to plan for payer coverage
and define the out-of-pocket expenses for the patient and
family. Donor search coordinators and clinical coordinators
for organizing all pre-transplant activities become even
more important to allogeneic programs. As programs
expand and as resources permit, in many centers, one staff
member performs multiple roles, particularly at the coordi-
nator level.

Some of these suggestions—particularly for the essential,
minimum requirements—have not necessarily been tested in
prospective studies. They are recommended based on exist-
ing practices in many centers worldwide. Thus, there could
be alternative approaches to facilitate transplantation that
can be considered safe if the broad principles are followed
in terms of having suitably trained personnel in a tertiary
health care setting. It should be appreciated that staff in
areas with scarce resources may identify alternative
approaches which adapt to the specific local challenges or
reach out to existing structures and organizations. For
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example, over the last several years, FACT and JACIE in col-
laboration with the Latin American Group for Blood and Mar-
row Transplantation (LABMT) have been developing and
piloting a stepwise process for centers in the region
[16,17]. The 6th edition of the FACT-JACIE Standards were
broken down into 3 levels in order to make them more
approachable for centers in resource-restricted environ-
ments. Level 1 was focused on safety and basic quality
structures. Level 2 was aimed at making the quality system
operational while Level 3 is considered equivalent to full
accreditation. In terms of capacity building, a series of joint
FACT-JACIE Spanish-language webinars designed to explain
fundamental concepts of quality management were pro-
vided to professionals in the region. In November 2018,
the first pilot inspection was performed of a center in
Argentina. Several more on-site assessments will be per-
formed during 2019 following which the accreditation bod-
ies will review the feasibility and effectiveness of the
process for future planning. For centers in World Health
Organization-defined low and middle income countries
(LMIC), such initiatives have the potential to complement
the recommendations presented here.

In conclusion, there is clear demand from the growing
LMIC transplant community for ways in which to maximize
quality and safety in the delivery of HCT. A phased approach
using guidelines, standards and ultimately, accreditation
supported by international. HCT specialists in better
resourced countries also have much to learn from their col-
leagues in other regions in terms of cost effective HCT prac-
tices. For all, irrespective of location, recognizing the
difficulty in implementing even the minimum required ele-
ments, and the safety margins required for a successful
HCT program, is necessary in order to refine these
recommendations.
Declaration of Competing Interest

None.
Acknowledgements

Non-author contributions.
The authors thank Carol Doleysh for assistance in

organizing the data and Jennifer Motl for editorial
support http://www.ismpp.org/gpp3. The authors also
acknowledge Eoin McGrath, Operations Manager for review-
ing and providing input on the manuscript.

References

[1] Gratwohl A, Baldomero H, Aljurf M, et al. Hematopoietic stem
cell transplantation: a global perspective. JAMA
2010;303:1617–24.

[2] Copelan EA. Hematopoietic stem-cell transplantation. N Engl J
Med 2006;354:1813–26.

[3] Gratwohl A, Pasquini MC, Aljurf M, et al. One million
haemopoietic stem-cell transplants: a retrospective observa-
tional study. Lancet Haematol 2015;2:e91–100.
e Network for Blood and Marrow Transplantation (WBMT) recommendations
requirements and beyond, Hematol Oncol Stem Cell Ther, https://doi.org/

http://www.ismpp.org/gpp3
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0005
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0005
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0005
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0010
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0010
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0015
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0015
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0015
https://doi.org/10.1016/j.hemonc.2019.08.001
https://doi.org/10.1016/j.hemonc.2019.08.001


12 M.C. Pasquini et al.
[4] Niederwieser D, Baldomero H, Szer J, et al. Hematopoietic
stem cell transplantation activity worldwide in 2012 and a
SWOT analysis of the Worldwide Network for Blood and Marrow
Transplantation Group including the global survey. Bone
Marrow Transplant 2016.

[5] Gratwohl A, Baldomero H, Gratwohl M, et al. Quantitative and
qualitative differences in use and trends of hematopoietic
stem cell transplantation: a Global Observational Study.
Haematologica 2013;98:1282–90.

[6] Baldomero H, Aljurf M, Zaidi SZA, et al. Narrowing the gap for
hematopoietic stem cell transplantation in the East-Mediter-
ranean/African region: comparison with global HSCT indica-
tions and trends. Bone Marrow Transplant 2018.

[7] Chandy M, Srivastava A, Dennison D, Mathews V, George B.
Allogeneic bone marrow transplantation in the developing
world: experience from a center in India. Bone Marrow
Transplant 2001;27:785–90.

[8] Ghavamzadeh A, Alimoghaddam K, Ghaffari F, Derakhshandeh
R, Jalali A, Jahani M. Twenty years of experience on stem cell
transplantation in iran. Iran Red Crescent Med J
2013;15:93–100.

[9] Jaimovich G, Martinez Rolon J, Baldomero H, et al. Latin
America: the next region for haematopoietic transplant pro-
gress. Bone Marrow Transplant 2017;52:671–7.

[10] Hashmi SK, Srivastava A, Rasheed W, et al. Cost and quality
issues in establishing hematopoietic cell transplant program in
Please cite this article as: M. C. Pasquini, A. Srivastava, S. O. Ahmed et al., Worldwid
for establishing a hematopoietic cell transplantation program (Part I): Minimum
10.1016/j.hemonc.2019.08.001
developing countries. Hematol Oncol Stem Cell Ther
2017;10:167–72.

[11] WBMT. Worldwide Network for Blood & Marrow Transplanta-
tion (WBMT) general information, bylaws and presentations.
Vol 2019: Worldwide Network for Blood & Marrow Transplan-
tation (WBMT).

[12] Ruiz-Arguelles GJ, Gomez-Rangel D, Ruiz-Delgado GJ, Ruiz-
Arguelles A, Perez-Romano B, Rivadeneyra L. Results of an
autologous noncryopreserved, unmanipulated peripheral blood
hematopoietic stem cell transplant program: a single-institu-
tion, 10-year experience. Acta Haematol 2003;110:179–83.

[13] African Society for Blood Transfusion, Website: http://afsbt.
org/accreditation-overview/ Last Accessed September 2017.

[14] Glotzbecker B, Duncan C, Alyea 3rd E, Campbell B, Soiffer R.
Important drug interactions in hematopoietic stem cell trans-
plantation: what every physician should know. Biol Blood
Marrow Transplant 2012;18:989–1006.

[15] Mahmoud H, El-Haddad A, Fahmy O, et al. Hematopoietic stem
cell transplantation in Egypt. Bone Marrow Transplant 2008;42
(Suppl 1):S76–80.

[16] Saccardi R, McGrath E, Snowden JA. JACIE accreditation of
HSCT programs. The EBMT Handbook 2019:35–40.

[17] Snowden JA, McGrath E, Duarte RF, et al. JACIE accreditation
for blood and marrow transplantation: past, present and future
directions of an international model for healthcare quality
improvement. Bone Marrow Transplant 2017;52:1367–71.
e Network for Blood and Marrow Transplantation (WBMT) recommendations
requirements and beyond, Hematol Oncol Stem Cell Ther, https://doi.org/

http://refhub.elsevier.com/S1658-3876(19)30054-8/h0020
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0020
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0020
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0020
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0020
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0025
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0025
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0025
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0025
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0030
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0030
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0030
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0030
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0035
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0035
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0035
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0035
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0040
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0040
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0040
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0040
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0045
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0045
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0045
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0050
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0050
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0050
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0050
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0060
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0060
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0060
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0060
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0060
http://afsbt.org/accreditation-overview/
http://afsbt.org/accreditation-overview/
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0070
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0070
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0070
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0070
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0075
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0075
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0075
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0080
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0080
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0085
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0085
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0085
http://refhub.elsevier.com/S1658-3876(19)30054-8/h0085
https://doi.org/10.1016/j.hemonc.2019.08.001
https://doi.org/10.1016/j.hemonc.2019.08.001

	Worldwide Network for Blood and Marrow Transplantation (WBMT) recommendations �for establishing a hematopoietic cell transplantation program (Part I): Minimum requirements and beyond
	Introduction
	Methods
	Worldwide Network for Blood and Marrow Transplantation (WBMT)
	Identification of raters and reviewers
	Review process

	Results
	Essential requirements
	Preferred requirements
	Ideal requirements
	Review of requirements

	Discussion
	Essential requirements
	Preferred requirements
	Ideal recommendations


	Declaration of Competing Interest
	ack17
	Acknowledgements
	References


