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There is considerable heterogeneity in manipulation and cryopreservation of hematopoietic stem cells (HSC) for
autologous HSC transplantation across Europe and Italy. To better address this point, three Italian Scientiﬁc
Societies (GITMO- Gruppo Italiano per il Trapianto di Midollo Osseo; SIDEM- Società Italiana Emaferesi e
Manipolazione Cellulare; and GIIMA- Gruppo Italiano Interdisciplinare Manipolazione e Aferesi per Terapie
Cellulari), in collaboration with the Competent Authority “National Transplant Center” (CNT) sent to 85 Italian
transplant centers (TC) a survey, which included 12 questions related to the most critical elements in graft
processing. Fifty-nine centers (70 %) responded to the questionnaire. Overall, this survey demonstrates that the
majority (> 90 %) of responding TC used standardized procedures for HSC processing; however, an intercenter
heterogeneity was clearly documented in several standard operating procedures adopted by diﬀerent TC. These
results seem to suggest that further standardization and eﬀorts are needed to provide recommendations and
guidelines on HSC manipulation, cryopreservation and functional assessment of cryopreserved material for
autologous HSCT.

1. Introduction
Hematopoietic stem cell transplantation (HSCT) has been rapidly
expanding worldwide over the last twenty-ﬁve years for several hematological malignancies as well as for non –hematological indications
[1]. The widespread use of HSCT derived from peripheral blood (PB) in
the autologous settings have evolved in the absence of consensus not
only with respect to assessment of graft adequacy, but also with respect
to method of collection, processing and cryopreservation. The Joint
Accreditation Committee of the International Society for Cellular
Therapy (ISCT) and European Society for Blood and Marrow Transplantation (EBMT) (JACIE) has provided standards which acts as
minimum guidelines that, however, leave room for signiﬁcant variations in practices at the individual transplantation center (TC) [2–6]. In
general, the primary objectives for laboratories supporting an

⁎

autologous HSCT program are to provide secure storage for leukoapheresis products, and to adequately characterize the functional properties of the graft [5].
With the increasing number of HSC transplants occurring on a
global scale it is of great interest to learn more about the procedures
that support HSC collection and their processing and reinfusion in the
autologous setting [4–6]. To explore this issue, a survey was launched
by three Italian Societies (GITMO- Gruppo Italiano per il Trapianto di
Midollo Osseo; SIDEM –Società Italiana Emaferesi e Manipolazione
Cellulare; and GIIMA: Gruppo Italiano Interdisciplinare Manipolazione
e Aferesi per Terapie Cellulari), in collaboration with the National
Transplant Center (CNT)-Italy. Survey questions were constructed to
address the diﬀerent facility types that perform collections, manipulation, cryopreservation and assessment of quality standards for HSCT.
Multiple choices and open questions were used to determine the
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3. Results

Table 1
Italian Survey on HSC enumeration, processing, and storage.

The ﬁrst question was related to the cytoﬂuorometric method used
by TC for assessing the absolute numbers of viable CD34+ cells in
mobilized blood and leukoapheresis products. Surprisingly, only a
minority of TC (11 %) used a single platform analysis for CD34+ cell
enumeration, while in 89 % of TC the dual platform approach represented the reference protocol for HSC quantitation; the latter
method is based on WBC count measurement through the use of an
external hematology analyser [7,8]. Moreover, most TC (96 %) used a
nucleic acid dye for a precise assessment of viable CD34+ cells in the
apheresis product [7,8].
Interestingly, in 43 % of the reporting Processing Labs, the CD34
cell count was performed either in fresh or cryopreserved grafts.
The procedure of autologous HSCT further requires short- and longterm storage.
Cryopreservation of cells is performed in a mixture containing dimethyl sulfoxide (DMSO), since DMSO is necessary to secure cell viability. Overnight storage of the apheresis product before freezing is a
quite common procedure in Italian TC (85 %); in particular, leukoapheresis bag is kept overnight in the fridge at + 4/+2 °C in the collection unit. However, the protocol employed by TC for diluting the
graft to be kept overnight before cryopreservation resulted quite heterogeneous in terms of types of compound used and ACD concentration.
Long-term storage was performed mainly either in liquid nitrogen or
in the vapor phase of liquid nitrogen with 10 % DMSO (87 % of the TC).
In the remaining 13 % cases, DMSO was used at a lower concentration
(4 % used DMSO at 7–8 %, and further 7 % of TC used DMSO at 5 %).
As far as DMSO removal is concerned, in only a minority (11 %) of
the responding centers washing of the graft was performed before its
infusion, either manually by centrifugation (11 %) or with automated
methods (Sepax system, 7 %). No TC used the Lovo system for cell
washing.
The graft was thawed at the bedside (89 %) in a water bath.
Most of the TC (82 %) used a controlled rate (slow) freezing before
the long term storage at vapor phase liquid nitrogen (LN2) temperatures
(≤ −160 °C).
With regard to the question related to the TNC (total nucleated
cells) concentration used for long tem storage, the protocol used by TC
resulted highly heterogeneous. A cell concentration < = 100 × 106/
mL was used in 9 % of the centers, < = 200 × 106/mL in 59 % of TC,
and higher cell concentration in the remaining cases.
The last issue examined in this survey was the policy for the disposal
of autologous HSC in the various transplant centers. Most of the TC (85
%) used the SIDEM-GITMO recommendation published by Perseghin
et al. (“Policy for the disposal of autologous hematopoietic progenitor
cells: report from an Italian consensus panel”- Transfusion, 2014) [9].
In contrast, 15 % of the Processing Lab used local guidelines for the
disposal of cryopreserved bags.

1) Which ﬂow cytometry method do you use for the enumeration of CD34+
HSCs in the leukoapheresisproduct?
a) Single platform ISHAGE-derived protocol: yes (…) ; no (…)
b) Dual platform ISHAGE-derived protocol yes(…) ; no (…)
2) Which protocol do you use for the identiﬁcation of non viable cells in the
graft?
a) ISHAGE method is based on the use of a nucleic acid dye (7-AAD) for the
identiﬁcation of non viable cells yes (…) ; no (…). If no please specify
(…………..)
3) In which samples do you perform the CD34+ cell enumeration assay in your
daily practice?
a) leukoapheresis product before cryopreservation (…)
b) leukoapheresis product after cryopreservation only (…)
c) leukoapheresis product before and after cryopreservation (...)
4) At what time do you perform the cryopreservation of the apheresis product?
a) always the same day of the collection procedure (…)
b) always the day after the collection procedure (…)
c) occasionaly the day after (it depends on the timing of the end up of the collection
procedure)(…)
5) Which is you policy for the overnight storage of the leukoapheresis bag?
a) The leukoapheresis bag is kept overnight in the fridge at + 4/+2°C in the
collection unit (…)
b) Do you use some compounds for overnight storage: ACD? yes(...) ; no (…); How
much? (…); other ……………………
6) Which is the TNC (total nucleated cells) concentration used for long tem
storage?
a)
< = 200 x 106/mL (…)
b) < = 100x106/mL (…)
c) Other …………………….
7) Which cryopreservation compound or medium do you use for long term
storage:
a) DMSO 5 % (…)
b) DMSO 7–8 % (…)
c) DMSO 10 % (…)
d) Other (…………………………………………………………………………..)
8) Long-term storage: how do you dilute the leukoapheresisbag?
a) Autologous plasma (…)
b) Steril water with albumin (…)
c) Other …………
9) Do you use a controlled rate (slow) freezing before cyopreserving the graft?
a) Yes …
b) No ….
10) Lomg-term storage: which is your policy?
a) Storage at – 80°C (mechanical freezer) (…)
b) Storage at -180°C +/- 5°C (Liquid nitrogen) (…)
c) Storage at vaporphaseliquid nitrogen (LN2) temperatures (≤ -160oC) (…)
d) other (……………………………………………………………………………..)
11) do you perform cell washing before the infusion of the cryopreserved bag?
a) yes, manual washing (…)
b) yes, automatic washing (Sepax system) (…)
c) yes, automatic washing (Lovo system) (…)
d) no (…)
12) Which policy for the disposal of autologous HSC do you use in your
transplant center?
a) I use the SIDEM-GITMO recommendation (Perseghin et al, “Policy for the disposal
of autologous hematopoietic progenitor cells: report from an Italian consensus
panel, Transfusion, 201,454:2353-2360)
b) I do not use the SIDEM-GITMO recommendations (…)
c) I use the following procedure (…………………………………………)

4. Discussion
A successful HSCT is dependent on transplantation of a suﬃcient
amount of CD34+ cells to ensure prompt and durable engraftment. The
preferred source of HSC for autologous HSCT is represented by mobilized PB stem cells (PBSC), since they are easier to collect and engraft
faster than BM-derived cells [10]. Quality assessment of stem cell graft
plays a pivotal role in the autologous setting [10,11]. The development
and worldwide use of the so called “single platform ISHAGE methodology” allows direct quantiﬁcation of the numbers of viable HSC
transplanted [8]. The required number of CD34+ cells is still under
discussion, but most investigators accept a minimum of 2.0 × 106
CD34+ cells/kg body weight (b.w.) for transplantation, although cell
doses of 4–5.0 × 106 CD34+ cells/kg b.w. are associated with faster
engraftment of neutrophils and platelets, reduced incidence of infection
and reduced need for transfusions [12,13]. Viability and potency of the

important elements included in the questionnaire. The survey has included 12 questions, related to the most critical stages of the processing
pathway(Table 1).
2. Materials and methods
A joint panel discussion within boards of promioting societies selected a list of 12 questions and were sent to 85 TC. Fifty-seven centers
(70 %) responded in 4 months to the questionnaire, for a total coverage
of 81 % of autologous transplants reported to the registry in the year
2019 (Table 1). Centers participating to the Survey were JACIE-accredited in 33/57 (58 %) as compared to those not responding (14 %).
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cryopreserved material, it is unknown whether this analysis may have
had an impact on the clinical decision to transplant patients having an
high proportion of non viable CD34+ cells in the thawed material.
With regards with other questions, most cryopreservation protocols
could involve volume reduction, addition of a cryoprotectant solution,
the use of a controlled rate (slow) freezing and storage at vapor phase
liquid nitrogen (LN2) temperatures (≤ −160 °C) [20].
In our daily practice, it is crucial that the space containing the liquid
nitrogen storage tanks and supply Dewars should be separate from the
processing facility, and needs to have suﬃcient air handling capacity to
maintain safe levels of oxygen during the times when the LN2 tanks are
ﬁlling. An oxygen sensor that alarms when levels are dangerously low is
needed.
Looking at the results derived from TNC (total nucleated cell) concentration and neutrophil contamination in the bag, we must say that
the inﬂuence of this parameter on platelet and granulocyte engraftment
following HSCT is still object of debate. It is wise to keep a TNC concentration below 200 × 106/ml in order to limit cell death at the time
of graft infusion.
Interestingly, in only a minority (11 %) of the responding centers
washing of the graft was performed in order to remove DMSO from the
cryopreserved bag before its infusion, either manually by centrifugation
or with automated methods. Recent reports in the literature have
clearly shown that lower or no DMSO contamination of the graft is
associated with fewer adverse reactions to infusion [21]. However, we
must say that DMSO removal is associated with additional resources
and costs, which limits the application of this procedure worldwide.
Generally speaking, manual removal is easier and cheaper and, despite
automated methods being highly eﬃcient, they are more expensive and
time consuming.
Regarding the main processing principles, we do believe that the
primary role in supporting an autologous HSCT is to preserve stem cell
viability during storage and to prevent the introduction of microbial
contamination at all stages of graft processing. Apheresis products
should be cryopreserved in the shortest time interval; however, overnight storage is acceptable if the graft is kept refrigerated at +4 °C.
The last issue to be dealt with is represented by the best practice for
the disposal of autologous HSC. A formal consensus process allowed
SIDEM and GITMO to propose a policy for autologous HSC disposal that
fulﬁls clinical, ethical, and economic criteria [9]. Based on these considerations, two criteria for prompt disposal of freshly collected HPCs
were identiﬁed by the working panel: an abnormal freezing procedure
causing highly reduced viability or major microbiology contamination.
Moreover, six major criteria were further proposed, each one of them
allowing for the disposal of stored HPC units: patient death, withdrawal
of consent to ASCT, contraindications or loss of indications to HSCT, a
damaged label that prevents correct identiﬁcation of the unit, and time
elapsed since harvest longer than 10 years [9]. Results from the survey
have shown that 15 % of the Processing Labs have used local guidelines
instead of the SIDEM-GITMO recommendation for the disposal of
cryopreserved bags.
In conclusion, these ﬁndings underlines the need for advanced
processing principles, quality management guidelines and references
guidance documents to better assist the HSC laboratory on a global
level.

stem cell product constitute formal release criteria from cryopreservation facilities; furthermore rigorous quality parameters and control
measures are required by regulatory agencies [14]. The major objectives were to promote quality of medical and laboratory practice in
HSCT. Moreover, cell processing hold heavy clinical implications, since
are strictly related to transplant safety and patient outcome [10,11].
However, the large majority of the results so far published in the
literature deals with the assessment of the graft before cryopreservation
[8]. The eﬀects of graft handling, cryopreservation, storage and
thawing on the recovery of CD34+ cells needs to be carefully analysed
and standardized on a global level. Pretransplant quality assessment of
reinfused autografts may be an important step in the prediction of
posttransplant support, complications and safety [10,14]. As a general
rule, we do believe that post-thaw viability assay should be routinely
performed as a measure of graft quality for autologous transplant.
Enumeration of viable CD34+ cells at the time of infusion becomes
particularly relevant in patients in whom stem cell mobilization has
been problematic and/or collected a total amount of stem cells which is
borderline to ensure a safe transplant procedure (i.e. 1.5–2.5 × 106
CD34+/kg) [15].
The main factors recognized to aﬀect cryopreserved HSCs viability
are latency time between stem cell collection and cryopreservation,
WBC contamination of the graft, method of cryopreservation (passive or
controlled freezing), freezing speed and, after thawing, delay in HSCs
reinfusion to the patient [14,15]. However, quality control measures
are challenging as there is not standardized assay for such test, little is
known on the correlation between viable CD34+ count and graft clonogenic potential, and progenitor cells responsible for hematopoietic
recovery are actually only a minority of the HSC infused [16]. Diﬀerent
authors suggested that post-thaw assessment of CD34+ cell viability
may be a more accurate method to predict hematopoietic engraftment
rather than CD34+ cell enumeration at the time of harvest [17–19].
In order to better understand the extent of heterogeneity in graft
storage conditions, quality controls, PBSC processing and disposal
across Italy, GITMO, SIDEM and GIIMA societies wanted to collect data
regarding the procedures used by the various TC in Italy. To this purpose a questionnaire composed by 12 questions was sent to 85 TC.
Some of the Cell Processing laboratories served multiple TC (Roma
transplant Network, Romagna Transplant network, Turin transplant
network).
As far as CD34+ cell count is concerned, the use of CD45 antibodies, and ﬂuorescent counting beads have given a contribution in this
area of investigation [8]. This so called “single platform” approach allows the determination of the absolute CD34+ cell count directly from
the cytometer and should be used in combination with a viability stain
such as 7-AAD and, possibly, additional markers for further immunophenotypic characterisation of CD34+ cells [16]. It represents
the reference method for the enumeration of CD34+ HSCs in fresh
samples such as mobilized blood and leukoapheresis products. As far as
the analysis of cryopreserved/thawed samples is concerned, we must
say that some technical unresolved issues still limits the application of
the ISHAGE derived single platform protocol. A study trial is needed
through the consecutive control of the fresh sample- a cryopreserved
and thawed reference ampoule- the cryopreserved thawed transplant.
The selection of reference standards for standardisation trials are critical steps in this area.
Based on a few data so far published in the literature as well as
personal data collected in Italy, we do believe that the ﬂow-cytometry
analysis of thawed samples requires an adaptation of both the acquisition setting and the gating strategy, with reference to the standard
ISHAGE technique.
Results from the survey has shown that 43 % of the Italian institutions perform a post-thaw viability assessment on a retain vial or on the
bag, using 7-AAD in combination with CD34 and CD45 antibodies, as
part of their product release procedure for cryopreserved products.
Although 43 % of the TC do perform CD34 enumeration on
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