Managing leukapheresis in adult and
pediatric patients eligible for chimeric
antigen receptor T-cell therapy:
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Paola Coluccia*

Chimeric antigen receptor (CAR) T-cell therapy relies on T cells engineered
to target specific tumor antigens such as CD-19 in B-cell malignancies. In
this setting, the commercially available products have offered a potential
long-term cure for both pediatric and adult patients. Yet manufacturing CAR
T cells is a cumbersome, multistep process, the success of which strictly
depends on the characteristics of the starting material, i.e., lymphocyte
collection yield and composition. These, in turn, might be affected by
patient factors such as age, performance status, comorbidities, and previous
therapies. Ideally, CAR T-cell therapies are a one-off treatment; therefore,
optimization and the possible standardization of the leukapheresis procedure
is critical, also inview of the novel CAR T cells currently under investigation
for hematological malignancies and solid tumors. The most recent Best
Practice recommendations for the management of children and adults
undergoing CAR T-cell therapy provide a comprehensive guide to their
use. However, their application in local practice is not straightforward and
some grey areas remain. An Italian Expert Panel of apheresis specialists and
hematologists from the centers authorized to administer CAR T-cell therapy
took part in a detailed discussion on the following: 1) pre-apheresis patient
evaluation; 2) management of the leukapheresis procedure, also in special
situations represented by low lymphocyte count, peripheral blastosis,
pediatric population <25 kg, and the COVID-19 outbreak; and 3) release
and cryopreservation of the apheresis unit. This article presents some of
the important challenges that must be faced to optimize the leukapheresis
procedure and offers suggestions as to how to improve it, some of which are
specific to the Italian setting.
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INTRODUCTION

Chimeric antigen receptor (CAR) T-cell therapy relies on T cells engineered to express a
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CAR targeting a specific tumor antigen'. This form of autologous immunotherapy is now
an option for blood cancers, especially B-cell malignancies (non-Hodgkin lymphomas)**,
adult and pediatric acute lymphoblastic leukemia (ALL)’, and chronic lymphocytic
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leukemia (CLL)®, with unprecedented response rates
and durability, offering a potential long-term cure™.
So far, CD19-specific autologous CAR T-cell therapies
have been approved for aggressive B-cell lymphoma®*,
B-ALL®, multiple myeloma®, and mantle cell ymphoma®.
However, efforts are underway to develop effective CAR T
cells also for other hematological malignancies and solid
tumors'”’.

There are several CAR T-based treatments already in use
in Europe: axicabtagene ciloleucel (Yescarta, Kite Pharma/
Gilead Sciences, Foster City, CA, USA), indicated for the
treatment of adult patients with relapsed/refractory (R/R)
diffuse large B-cell lymphoma (DLBCL) and primary
mediastinal large B-cell lymphoma (PMBCL), after
>2 lines of systemic therapy?; tisagenlecleucel (Kymriah,
Novartis Pharmaceuticals, Basel, Switzerland), indicated
for the treatment of pediatric and young adult patients
up to 25 years of age with B-ALL who are refractory, in
relapse after transplant, or in second or later relapse’,
and of adult patients with R/R DLBCL after >2 lines of
systemic therapy*; brexucabtagene autoleucel (Tecartus,
Kite Pharma/Gilead Sciences, Foster City, CA, USA),
used to treat adults with R/R mantle cell lymphoma’;
idecabtagene vicleucel (Abecma, Bristol-Myers Squibb
Dublin, Ireland),
patients with R/R multiple myeloma®; and lisocabtagene

Pharma, recommended for adult
maraleucel  (Breyanzi, Juno Therapeutics = Inc./
Bristol-Myers Squibb, Seattle, WA, USA)* approved by the
US Food and Drug Administration (FDA) and the European
Medicines Agency. The FDA has recently granted approval
for the use of ciltacabtagene autoleucel (Cilta-cel; Janssen,
Raritan, NJ, USA) in the treatment of adult patients with
relapsed or refractory large B-cell lymphoma (LBCL)®.
Manufacturing CAR T cells is a labor-intensive, multistep
procedure that involves collection of autologous cells by
leukapheresis, T-cell selection and activation, ex vivo CAR
loading and T-cell expansion, end-of-process formulation,
cryopreservation, and intravenous infusion. It is further
hampered by the fact that patients are often heavily pre-
treated and have a low absolute lymphocyte count (ALC),
and their clinical status may substantially deteriorate in
the period required for the manufacturing cycle to be
completed. Furthermore, complex administrative and
logistic challenges must be faced to ensure effective
delivery of CAR T-cell therapies in clinical practice®.

Leukapheresis is critical to ensure the success of CAR
T-cell manufacturing®**. Some patient factors, such as
age, performance status, comorbidities, and previous
therapies, affect the characteristics of the source material
(e.g., T-cell fitness, ALC, and composition). These represent
major determinants of the yield and composition of
lymphocytes, and downstream manufacturing success,
especially cell expansion®*#°. To date, the reported rate of
manufacturing failure with product-related issues ranges
between 4 and 7.6%*73..

Cells for CAR T-cell therapies are collected from heavily
pre-treated, non-mobilized patients.

Although the procedure shares some elements with
hematopoietic progenitor cell and donor lymphocyte
harvesting, important differences remain, and these
warrant further research. The European Society for
Blood and Marrow Transplantation (EBMT) and the
Joint Accreditation Committee of the International
Society for Cell & Gene Therapy and EBMT (JACIE) have
recently released Best Practice recommendations for the
management of children and adults undergoing CAR T-cell
therapy?®?. Nevertheless, their application in local practice
is not straightforward and some grey areas remain, for
instance regarding the best timing and modalities for
harvesting. To address some of the most urgent issues,
an Italian Expert Panel of apheresis specialists and
hematologists from the centers authorized to administer
CAR T-cell therapy from pediatric and adult patients met
to share their experiences and opinions on the topic. More
recently, a review related to these issues revealed that the
scientific literature on the subject is still lacking®.

This article summarizes the challenges and opportunities
presented by this therapeutic approach in the form of
expert suggestions to help optimize the collection of
apheresis products intended for CAR T-cell treatment.

MATERIALS AND METHODS

An Italian Expert Panel composed of 15 apheresis

specialists and hematologists from the centers authorized
to administer CAR T-cell therapy convened in two
meetings: a face-to-face meeting in December 2019 in
Rome, Italy, and an online meeting in September 2020.
In the first meeting, two specialists reported their
experience and the technical and practical problems
encountered in collecting cellular products for CAR T-cell
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therapy from adult and pediatric patients. The EBMT and
JACIE recommendations, and the main literature on the
topic were reviewed. The representatives from each center
discussed their opinions in the light of their personal and
local experience. The summary of the discussion was
shared in the second online meeting, and panel agreement
was achieved on the issues reported in the following
phases (Figure1).

« Phase I pre-apheresis patient evaluation of eligibility for
CAR T-cell therapy and suitability for the leukaphereses
procedure;

« Phase II: management of the leukapheresis procedure;

« Phase III: release and cryopreservation of the apheresis
unit.

The investigation into each issue reflected the clinical

experience of the individual experts. All the individual

opinions of the committee members were taken into

-
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Figure 1 - Flow chart of the leukapheresis management

process for Car T-cell therapy
Subsequent actions that may be required are reported in brackets.
TE: tissue establishment.
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consideration and thoroughly discussed to reach a
consensus. However, when neither a unanimous nor shared
agreement could be reached to make a formal opinion, the
point of discussion is reported as an open question.

Phase I: pre-apheresis patient evaluation

CAR T-cell therapy is only allowed in accredited centers;
so far, in Italy, there are almost 30 centers authorized
to provide CAR T cells®**. The implementation of
CAR T-cell therapy requires an appropriately trained
The
evaluation should include hematologists or oncologists,

multidisciplinary  team. preliminary patient
apheresis specialists, anesthesiologists and neurologists,
as well as nursing staff (clinical and apheresis nurses),
all with proven, documented experience in CAR T-cell
therapy in each specialization. The actions that should
be taken for the pre-leukapheresis work-up, the reference
facilities, and the panel’s suggestions are summarized in
TableI.

Eligibility for CAR T-cell therapy

Eligibility for CAR T-cell therapy is determined within
the CAR T-cell unit by the hematologist (or oncologist),
and strictly depends on the patients’ medical history and
condition, with particular regard to the performance
status, the underlying hematological disease, and
previous treatments. The panel agreed on the criteria
recently defined by the Best Practice recommendations of
EBMT-JACIE and the Italian Medicines Agency (Agenzia
Italiana del Farmaco, AIFA) for selecting patients eligible
for CAR T-cell therapy**3=.

Suitability for the leukapheresis procedure

Patient suitability for the leukapheresis procedure should
be determined by the staff in the apheresis facility
after evaluation of a comprehensive set of information,
as summarized in Table I. EBMT-JACIE has defined a
minimum set of tests to be performed atscreeningtoassess
organ function and eligibility, together with indications on
wash-out periods between previous chemotherapy regimens/
corticosteroids and leukapheresis®. The panel agreed with the
recommendations, but added specific indications based on
the Italian experience, as mentioned earlier.

Timing for patient evaluation and organizational/
logistic considerations

Experts highlighted the usefulness of preliminary patient
evaluation by the apheresis specialists, medical doctor and



Table I - The work-up to be completed before leukapheresis

Work-up Reference facility

Expert Panel’s suggestions

Eligibility for CAR T-cell therapy
« Medical history and performance status

« Underlying hematological disease T-cell unit

+ Hematology/oncology within the CAR |« Referto EBMT-JACIE recommendations®

Refer to AIFA eligibility criteria®**s

Patient suitability for leukapheresis

Timing for patient evaluation (consider
organizational/logistic issues for patients
from different centers)

Previous therapies causing lymphocytopenia
or interfering with lymphocyte fitness;
consider wash-out from chemotherapy and
corticosteroid treatment

Blood and coagulation tests; lymphocyte
count and immunophenotype

Infectious statusand timing forreassessment
before the procedure

Concomitant therapies (e.g., ACE inhibitors)

« Venous access assessment

« Authorized apheresis collection center in | « Refer to EBMT-JACIE recommendations®?
cooperation with authorized laboratories | « Preliminary patient evaluation
+ Anesthesiologists/CVC team

Establish protocols at each site, defining the
timeline for sharing information between
clinicians and apheresis specialists (<30 days)
Hub-spoke network

Identify a coordinator

Adopt less stringent cut-off values for blood tests,
with alerts

Distinguish the different trends in
parameters by age and disease

Obtain pre-apheresis values of MNC, lymphocyte
and possibly CD3+ cell counts

Checkif HTLV testing is requested for anamnestic
criteria and/or cell factory request

blood

Timely apheresis

Only in selected cases

+ Inthe contextof a hub-spoke model, the reference
site should indicate the future regimens affecting
lymphocyte quantity and quality

Patients with lymphoma: before commencing a
salvage therapy

Patients with ALL: in high- risk patients based
on age (18-25 years) and with unfavorable
prognostic characteristics at baseline; after an
unsatisfactory result following minimal residual
desease assesstement, at the end of the first
consolidation therapy, and as a bridge before
transplantation

CAR: chimeric antigen receptor; EBMT: European Bone Marrow Transplantation; JACIE: Joint Accreditation Committee of the International Society for Cell &
Gene Therapy and EBMT; AIFA: Agenzia Italiana del Farmaco; CVC: central venous catheter; ACE: angiotensin-converting enzyme; MNC: mononuclear cells;

HTLV: human T lymphotropic virus; ALL: acute lymphoblastic leukaemia.

nurses with proved experience in lymphocyte apheresis
(similar to established procedures for hematopoietic
stem cell collection) to identify possible clinical situations
that may impede cell collection on the scheduled day
and to carefully evaluate patients with comorbidities
(e.g., cardiac diseases) or who are at medical risk for the
collection procedure. Considering the organizational and
logistic differences among centers, and according to the
panel’s opinion, the establishment of protocols defining
the timeline for sharing information between clinicians
and apheresis specialists is crucial. The information
should be available within no more than 30 days after
the procedure, acknowledging that the communication
of such information is particularly challenging when
patients are referred to a designated center from another
institution. In this regard, the creation of a hub-spoke
network model would facilitate the information flow.

It could be useful to identify a co-ordinator, especially
when the multidisciplinary team members belong to

different departments. The co-ordinator should have

proven experience in CAR T-cell therapy and could be

chosen from among the medical or nursing staff who have

a managerial role within the institution. The co-ordinator

will be responsible for co-ordinating the activities of:

1. the onco-hematology unit that enrols the patient;

2. the manufacturer that identifies the time slot available
for processing the material;

3. the apheresis unit that evaluates patient suitability
for apheresis collection and venous access (when
necessary, the latter should be in collaboration with the
anesthesiologist) and then conduct the apheresis;

4. the Tissue Establishment (TE) for laboratory and
export requirements.

The co-ordinator should also assess the correctness of

the wash-out periods from previous therapies and help

in updating the apheresis facility on the patient’s clinical
condition in a timely manner, especially for critical
patients.
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Previous therapies and wash-out periods
The issue of wash-out from previous therapies is

particularly important because certain cytotoxic
therapies (e.g., fludarabine, cisplatin, cyclophosphamide,
polyethylene glycol-asparaginase, lenalidomide and

bendamustine) preferentially deplete early lineage cells
and more time is required for lymphocyte recovery*:7=°.
In the panel’s opinion, performing timely apheresis could
be a useful option in selected cases. (See the section on timely
apheresis.)

The EBMT-JACIE recommendations have established the
wash-out periods following different salvage treatments
before starting leukapheresis: time for recovery from
cytopenia is essential and, in the case of systemic
corticosteroids, the target of ALC >0.2x10°/L and of CD3+
>150/mm? must be reached®?. A wash-out period of at least
one week is recommended after antibody-drug conjugates
and bispecific T-cell engager (BiTE)*.

Blood and coagulation screening tests

Patients are considered eligible for CAR T-cell therapy
based on clinical indication, toxicity evaluation, and
reimbursement criteria. A possible barrier to the access of
patients to therapy is represented by the stringent criteria
for blood tests established by the AIFA for reimbursement
purposes: for example, the AIFA has set the cut-off for
platelet (PLT) count at values >75x10°/L, whereas the
EBMT-JACIE recommends a PLT count >30x10°/L.
Regarding the procedure for patients with alow PLT count,
it is advisable to postpone, if possible, leukapheresis by at
least one week in order to optimize apheresis performance,
reduce the risk associated with the procedure, and achieve
the target collection. Sometimes patients are evaluated
10-15 days before collection, therefore, the only option
might be transfusion before apheresis if necessary (e.g.,
hemoglobin [Hb] <8 g/dL in stable adult patients and
PLT <30x10°/L) to establish a good interface during the
collection and to achieve the target collection, especially
if large volume leukaphereses are needed in patients with
very low lymphocyte/CD3+ counts.

Similar to the PLT count, low white blood cell (WBC) and
CD3+ lymphocyte counts must be considered in view of
apheresis collection®. The panel proposed adding alerts
if the patient’s values are lower than expected (i.e., when
WBC <1x10°/L and ALC <0.2x10°/L), suggesting a 7-10-day
delay, when possible, to prolong the wash-out period from
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previous therapies and allow bone marrow recovery in
order to improve the collection.

The experts also emphasised the importance of
distinguishing the different trends in values according
to age and underlying disease when determining
patient suitability for cell collection*?. For patients with
hematocrit (Hct) values <24-25%, a red blood cell (RBC)
transfusion is advisable to ensure the hemodynamic
compliance and improve the formation of the cellular
interface in the blood cell separator. In the pediatric
setting, the suggested values for Hb and Hct are >9 g/dL
and >30%, respectively, and in the case of very-low-weight
pediatric patients (weight <25 kg), blood priming of the cell
separator is recommended using compatible irradiated
packed RBCs*.

Blood cell counts vary widely among patients with
leukemia or lymphoma. In the case of ALL, blood test
values may change rapidly within 30 days and, thus, even
if the patient’s blood cell counts have been reviewed, it may
be useful to indicate in the work-up that the peripheral
blood immunophenotype and blood parameters, including
blast and CD3+ lymphocyte count, should be reassessed
2-3 days before collection.

The panel acknowledged the importance of having
the pre-apheresis values of mononuclear cells (MNC),
lymphocytes, and possibly CD3+ cells available in order to
estimate the blood volume to be processed; these may help
decision making in emergency situations and to satisfy
the collection requirements for the manufacturing stage
(see below).

Infectious status and timing for reassessment before
the procedure
EMBT-JACIE has
infectious diseases required: hepatitis B, hepatitis
(HIV),
human T lymphotropic virus (HTLV). According to

detailed the minimum tests for

C, human immunodeficiency virus and
recommendations, these tests, which are mandatory in
some countries, must be performed “within 30 days of
leukapheresis and the results must be available at the time
of collection and shipment™.

According to Italian legislation®, lymphocyte donors must
meet the same requirements as for human blood and blood
components. Every donation must undergo the biological
qualification tests established by the current legislation

for human blood and blood components, and, with regard



to the infectiology tests, in the case of autologous cells
or tissue collected for storage or culture, it is necessary
to perform the minimum set of laboratory tests as for
living allogeneic donors*. These tests must be completed
within 30 days of collection and include serum tests for
the presence of anti-HIV 1-2 antibodies (Abs), HBsAg,
anti-HBc Abs, anti-HCV Abs, and syphilis.

The panel proposed recommending HTLV testing only on the
basis of anamnestic criteria according to Italian legislation
(i.e., based only on risk assessment for patients either born
or living in areas of high incidence of HTLV infection, or if
their parents and/or sexual partner originated from those
areas), or if requested by the cell factory.

The Treponema pallidum hemagglutination assay (TPHA)
and the nucleic acid test (NAT) for HIV/HCV/HBV are
mandatory*; the latter must be performed on the day
of collection at the latest for biological qualification of
the product to be released. In the panel’s opinion, the
CAR T-cell procedure should be made simpler and more
flexible, and minimal tests for infectious diseases should be
clarified by the legislator for this emergent use of human cells.

Concomitant therapies

The experts agreed that concomitant therapies should be
thoroughly reviewed at the time of patient evaluation. The
opinion of the main panel was that particular attention
should be paid tothe use ofangiotensin-convertingenzyme
inhibitors (ACEi). These are mainly contraindicated for
therapeutic apheresis (i.e., plasma exchange) because they
may enhance the hypotensive effect of bradykinin®, or of
other concomitant anticoagulants, antiplatelet drugs and
therapies interfering with serum electrolytes, especially
calcium (Ca), potassium (K), and magnesium (Mg) (the
latter worsens during citrate anticoagulation). Although
also the ACEi reactions are much more frequent when
using devices that involve a lot of blood contact with
artificial surfaces (such as filtration systems in general),
in all the centers, when possible, ACEi are to be either
avoided or switched with antihypertensive agents with
different mechanisms of action at least 48 hours before
the scheduled collection date.

Venous access assessment and blood flow

According to the panel, evaluation and planning of venous
access placement should be the responsibility of medical or
nursing staff with specific expertise, possibly even of the
co-ordinator. Peripheral access should be preferred over

central access, because it is less invasive, but the choice
depends on the patient’s profile (adult vs pediatric)*>.

A crucial parameter for leukapheresis success is blood
flow, which depends on an adequate venous access and on
the weight/age of the patient; <1-2 mL/kg/min in children
and <70 mL/min in adults is recommended, as in stem cell
apheresis*.

The panel emphasized that the decision as to whether to
use a central venous catheter (CVC) could be much more
important in candidates for CAR T-cell therapy than in
those undergoing autologous stem cell collection. In the
former case, the CVC option is more often considered
because the collection is a one-off procedure and may take
longer, as in the case of a low ALC or peripheral blastosis;
in younger children, it may even require sedation.

Central catheter insertion should be performed by
anesthesiologists or a CVC team expert in leukapheresis
catheters. The panelists’ experience with peripheral
catheters is limited, and they agreed on the need for more
data. They also recommended that a group of health care
professionals trained in how to setup a central venous access
should be established, to be called upon when needed.
Timely apheresis

Timely apheresis may be useful in selected patients who
have to undergo cytotoxic therapy. The best timing for
collection remains a matter of debate. In patients with
lymphoma, the harvest should be completed before
starting salvage therapy, for example, in patients with
high-risk relapse or refractory disease¥. In these cases,
timely apheresis might be particularly beneficial before
salvage treatment, reducing the risk of compromising
lymphocyte fitness that may occur in heavily treated
patients. In patients diagnosed with high-risk disease,
first-line therapy varies according to the treatment center.
Thus, it is the panel’s opinion that in the context of a
hub-and-spoke model the reference site should indicate
the regimens that affect lymphocyte quantity and quality,
so that the other centers may appropriately plan the timing
of collection for each candidate for CAR T-cell therapy.

In the setting of ALL, timely apheresis may be useful in
high-risk patients based on age (18-25 years) and on any
unfavorable prognostic characteristics at baseline. It
should be performed: 1) when the results from monitoring
minimal residual disease are unsatisfactory;2) atthe end of
induction therapy; or 3) at the end of the first consolidation
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therapy. For ethical and logistic reasons (linked to storage
and non-use of a significant portion of stored products),
more data are needed to clarify the actual value of timely
apheresis before its use in clinical practice.

Subsequent to early well-timed lymphocyte apheresis,
the collected material undergoes cryopreservation.
This processing step can be critical due to a possible
divergence between the manufacturer’s instructions for
the collection of the apheresis material and the method of
cryopreservation. It is, therefore, strongly recommended
to make this two-step procedure rigorous and consistent
in order to collect usable material.

Phase Il: management of the leukapheresis procedure
The work-up that must be completed on the day scheduled
for blood collection and the panel’s suggestions are
summarized in Table IT (Phase II).

Informed consent for leukapheresis

This consent form differs from that required for the
CAR T-cell therapy protocol and must be obtained before
leukapheresis; in the case of multiple collections, consent
must be obtained each time. However, it would be
appropriate to provide patients with some explanatory
material and possibly the consent form itself, so that
they have enough time to process and understand all the
information. The consent form varies according to each
institution’s procedures.

Pre-collection blood test

In addition to the suggestions set out in Table II, on the
day scheduled for leukapheresis, it is important to check
the MNC/ALC count and, possibly, the CD3+ cell count

before apheresis. Moreover, it is crucial to complete
this count during the pre-collection, or at least to have
these results as soon as possible (the panel believes this
should be within an hour of collection) to optimize the
leukapheresis, particularly in special cases (Table III), and
estimate the total blood volume that must be processed
to achieve a specific target. The equation to calculate the
volume to be processed based on the collection efficiency
percentage (CE%) of the cell separator is as follows**°:

estimated minimum blood volume to be processed (L)=desired total

CD3+x10°/[CE% x peripheral CD3+ lymphocyte count (cells/uL)x10°].

Collection efficiencyis specific to the institution, apheresis
device and software. All authors were in agreement about
the use of the following formula based on their experience
with peripheral blood stem cells®:

CE%={product MNCs (x105/mL)xproduct volume (mL)/
[pre-apheresis MNCsx(10°/mL)xTBV)}x100

TBV=volume processed (mL) — acid citrate dextrose volume (mL).

These calculations are particularly important in low-weight
pediatric patients whose total blood volume is <1,000 mL.
Based on the clinical evaluation of the patient, it is suggested
that a maximum of 5-6 blood volumes should be processed*.

Compared with patients eligible for autologous
transplantation, those eligible for CAR T-cell therapy are
usually heavily pre-treated and may have received highly

lymphocytotoxic treatments such as bendamustine; thus,

Table II -Phase I1: the work-up to be completed on the day of blood collection, with the panel’s suggestions

Work-up

Panel’s suggestions

« Informed consent for leukapheresis

+ To be obtained before every collection

« Pre-collection blood test

Peripheral blood hemocytometric parameters with differential MNC count,
ANC and CD3+ counts; coagulation tests, electrolytes (Ca/K/Mg)

« Biological qualification of the product

Check the validity of the infectious disease tests and additional tests
required by local regulations

« Calculation of the volume to be processed

Product sampling during collection

« Possibility of using different cell separators and validated
software

Protocol with low extracorporeal volume preferred in smaller children

« Management of anticoagulation and citrate toxicity

ACD-A+ heparin (if there is no contraindication) in pediatric population; use
of activated clotting time device (for real-time monitoring)

« Management of interruption/CVC in emergency situations

CVC team immediately available in an emergency

« Possibility of a second collection

Check cell factory slot availability

MNC: continuous mononuclear cells; ANC: absolute neutrophil count; ACD-A: acid citrate dextrose solution A; CVC: central venous catheter.
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Table III - Panel’s suggestions for the management of special case

Special case Panel’s suggestions

« Postpone leukapheresis by >7 days
Transfusion of concentrated RBCs or PLTs
if needed

Plan a large volume apheresis

Perform  multiple harvests to be
cryopreserved

Low lymphocyte count

Assess the immunophenotype before cell
harvesting besides blood tests

+ Adjust the number of volumes to be
processed

Peripheral blastosis

Availability of trained staff

Central venous access preferred
Pediatric population » Blood priming (mandatory for patients
<25 kg weighting <25 kg)

Anticoagulation with ACD-A + heparin
Sedation in the case of lengthy procedure

In line with EBMT recommendations®,
and local and institutional requirements
Possible cell factory risk assessment
request

RBCs: red blood cells; PLTs: platelets; ACD-A: acid citrate dextrose solution A;
EBMT: European Society for Blood and Marrow Transplantation.

COVID-19 outbreak

lymphocyte count and fitness may be low. Therefore,
after considering the patient’s clinical status and
previous therapies, it would be reasonable to process
multiple volumes to allow cryopreservation and further
manufacturing in case of failure. Although some sites
are already implementing the collection of additional
volumes, not all panelists agreed on this practice. Some
experts argued against collecting multiple volumes
from patients with acute, progressive disease who
may not have the chance to undergo an additional
apheresis, because it is likely they will not be eligible for
CAR T-cell therapy regardless of the feasibility of collecting
additional volumes. In the future, it will be important to
verify the presence of specific immunophenotypes and
peripheral blasts (which, in ALL patients, may be up to
60% of blood cells) with regard to collection efficiency and
manufacturing failure.

The protocol followed in some centers relies on sampling
the harvest during the collection to refine the calculation
of the volumes to be processed; these should be taken
from the sample bulbs of the apheresis bag, if available,
and if permitted by the manufacturing facility. This is an
effective method to reduce the collection time and, thus,
the risk of adverse events and citrate toxicity, especially in
low-weight children. As the separators currently in use are
usually highly efficient, it is common practice to process a
lower volume than that calculated by the formula.

It is also important to perform coagulation tests and
assess electrolytes (Ca, K, and Mg).

According to the EBMT, the ALC should be >0.200x10°/L,
with a higher count in small children.

data that
manufacturing T cells is possible even if the CD3+ cell

However,  real-world demonstrate
count is below the target®, but these patients must be
considered at risk of inadequate yield; in some cases,
processing a greater volume (with the possibility of
cryopreserving the harvest) may increase the yield of
CD3+ cells and provide an adequate collection?. However,
there is a limit to the blood volume to be processed:
if >12 L, the collection becomes too demanding for the
patient in terms of the time required, the amount of
acid citrate dextrose (ACD), and the peripheral blood
parameters (e.g., thrombocytopenia).

All the experts agreed that, after the COVID-19 outbreak,

the EBMT recommendations® should be followed.

Table III summarizes the main suggestions provided by

the panel with regard to the management of the following

special cases:

1. - lowlymphocyte count;

2. peripheral blastosis;

3. pediatric population <25 kg; and

4. the COVID-19 outbreak.

Biological qualification of the product

The EBMT-JACIE recommendations pointed out that

the manufacturers’ requirements for quality control are

limited and local requirements may be more stringent®.

Moreover, there may be differences between the US and

EU regulatory agencies. Reasonable quality assurance

must rely on accredited and validated testing methods,

and should include:

1. infectiology tests (HIV, HCV, HBV, TPHA serology,
NAT);

2. sterility testing (aerobic, anaerobic, fungi) and
hemocytometric parameters such as WBC count with
differential counts of MNC and of viable CD3+ and
CD45+%; and

3. estimation of red blood cell contamination or
Hct% and PLT contamination to verify the purity
(MNC%) of the collection. Accredited centers must
comply with the Foundation for the Accreditation
of Cellular Therapy (FACT)-JACIE requirements
regarding the release of the starting material.
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Possibility of using different cell separators and
validated software

Several devices and systems are currently on the market.
Companies may indicate preferences, but the selection of
technology depends on the local experience, permits, and
regulatory approval status of each device and system?.
According to the panel, separators and software for
low extracorporeal volume should be preferred in very
children. if a
extracorporeal volume is present in a discontinuous

low-weight Sometimes, even low
semi-automated collection method, continuous collection
software with higher collection efficiency is preferred to
achieve the target in a shorter time and to reduce the risk
of adverse events.

Management of anticoagulation and citrate toxicity
Adequate anticoagulation is particularly important
at the beginning of cell collection. According to the
EBMT-JACIE

achieved with an initial acid citrate dextrose solution

recommendations, anticoagulation is
A (ACD-A) at a ratio ranging from 1: 10 to 1: 12, after
which the ratio may be reduced for the remainder of
the procedure. Most manufacturers discourage adding
heparin because it may interfere with some of the
downstream processing steps*. However, based on the
experience of some centers with lymphocyte donors, in
the absence of contraindications for heparin use, and if the
technology specifications allow it, the best combination of
anticoagulants seems to be heparin plus ACD-A, at least in
pediatric populations (with the possibility of reducing the
dose of ACD-A and related toxicity)™>*.

In clinical practice, some experts use an activated
clotting time device that allows the coagulation status
to be monitored in real time, adjusting the amount
of heparin accordingly, and checking the electrolytes
(urgent venous hemogasanalysis) for adequate
replacements. In each collection center, adoption of a
standard operating procedure (SOP) for citrate toxicity

treatment and prophylaxis is advisable.

Phase Ill: release and cryopreservation of the
apheresis unit

To release the product from the collection center to the
TE, and from the TE to the cell factory, the information
reported in Table IV should be provided. These criteria
must be defined in the SOP at each site and must
include manufacturing-related information according
to the pharmaceutical company’s instructions. The main
differences regard the release of fresh vs cryopreserved
collection products.

In the panel’s opinion, there is no need for any more
stringent criteria because all authorized collecting
centers use validated separators that provide good-quality
products, with high purity (MNC%) and minimal PLT
contamination, and factories do not require specific cut-
offs. However, the experts agreed that the pharmaceutical
companies should specify more precisely the minimum
CD3+ count required with respect to the total nucleated
cell count because this can be misleading, (especially in
the case of peripheral blastosis). A more specific indication
of minimal harvest volume with or without autologous
plasma could also be useful. It is common practice for the

Table IV - Information required for the release of the product to the tissue establishment

Information

Panel’s suggestions

« Cell content and volume

« TNC/MNC

« Lymphocytes and CD3+ cells

« Volume/ACD-A/autologous plasma

« Moreindications needed by the pharmaceutical companies

« Hct and unit concentration

« Usually not requested by the cell factory, but useful to check the cell concentration

« Presence of RBC/PLT/MNC%

« Usually not requested by the cell factory, but useful to check the harvest purity

« Microbiology

« Evenif not requested by the cell factory, should be checked for each apheresis released

« Biological qualification of the product -

« Labeling and accompanying reports

« ISBT 128 and Eurocode coding and labeling should be respected

« Indications for cryopreserved products
« Indications for fresh products

« Indications for the release of cryopreserved products | --

TNC: total nucleated cells; MNC: mononuclear cells; ACD-A: acid citrate dextrose solution A; Hct: hematocrit; RBC: red blood T cells; PLT: platelets.
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site TE to perform the microbiology tests even when not
requested by the manufacturer.

The ISBT 128 and Eurocode coding and labeling operation
should be respected. Any additional requirements for
labeling accessories or accompanying information printed
or recorded in a specific factory software should be
standardized between the companies. The panel believes
that any manual compilation or transcription could be a
source of error.

Most separator companies have implemented apheresis
traceability software, so that technical apheresis reports
can be recorded directly in most software and hospital
archives without the need for manual transcription. This
procedure must also be validated at each collection center
as part of good quality practice. Therefore, most authors
believe that non-manual traceability procedures should
be followed and that these should be considered the
appropriate information source also by the factories.

Indications for possible cryopreservation

Co-ordinating the first available manufacturing slot is
one of the factors limiting the availability of commercial
CAR T-cell therapies, so leukapheresis must be scheduled with
the manufacturer. The viability of fresh material decreases
over time so the manufacturing process must begin without
delay within a strictly limited time window (24-48 hours)*.
Cryopreservation has important advantages, such as
maximum flexibility of patient management, especially
regarding the optimal timing of collection based on
the patient’s health and needs (without waiting for a
manufacturing slot), and extended storage in cases of
delays in shipping or manufacturing. However, in the
long term, the actual possibility of occupying cryogenic
spaces with unused lymphocyte apheresis must be
considered; this inconvenience does not occur with the
shipment of fresh material to the cell factory. In the
case of tisagenlecleucel, the leukapheresis material has
been cryopreserved since the start of clinical trials.
Preliminary data support the practice of cryopreserving
starting material because no relevant difference has
been found in terms of persistence and clinical response
in vivo between cryopreserved and fresh collections®.
With regard to the cryopreservation method and
targets (cryoprotectant medium, type of bags, WBC
concentration, etc.), it is advised to follow internal
validated procedures and the indications of the companies

to guarantee the quality and viability of the product.
To release a unit that must be cryopreserved, the panel
concluded that each manufacturer should use the same
criteria for every single product. Even a high neutrophil
count should not exclude the unit from cryopreservation,
release, and possible manufacture.

CONCLUSIONS

Manufacturing CAR T cells is a cumbersome process that
requires adequate starting material.

Ideally, CAR T-cell therapies are a one-off treatment and,
therefore, optimization of the leukapheresis procedure is
of the utmost importance, also in view of the expansion
of the therapeutic indications to oncological settings
beyond B-cell malignanciess®. Variability in apheresis can
occur not only among patients, but also from differences
between devices, operators, institutions, and the
healthcare systems of each country.

Therefore, the expert panel has thoroughly revised
and discussed the work-up for leukapheresis (from
pre-apheresis patient evaluation to management
of the collection) as well as the management and
cryopreservation of harvested units before their release.
The panel’s efforts have allowed a common approach to
leukaphereses methods for CAR T-cell manufacturing to
be set up and shared.

This article illustrates the current challenges in optimizing
the apheresis procedure for CAR T-cell treatment and
provides suggestions for clinical practice. Consensus
was reached on the need for standardized therapeutic
products, released by authorized and good manufacturing
practice qualified collection centers for CAR T-cell therapy,
as for other blood components.

Standardization is important both to share data
among different centers and to guarantee adherence
to international regulations. To achieve this, factories
must also all work together to establish and implement
common procedures. It is the authors’ opinion that
the small differences among companies with regard to
targets, volumes, labeling and accompanying information
can result in errors that could alter the outcome of the
manufacturing process, and ultimately, the safety and
efficacy of the therapy for the patient.

The authors shared a real practice approach. However,

solid evidence is still lacking, as is the availability of
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good retrospective analyses for specific clinical settings;
consequently, in these cases, the panel was unable to
provide specific guidelines.

In the future, it will be important to use the knowledge
gainedtoimproveclinical practice. The followinginitiatives
would be useful. Firstly, real-world data on the correlation
between specific lymphocyte subpopulations and blasts,
and between collection yield and the manufacturing failure
rate should be collected. Secondly, more data on the use of
different devices forvenous access, and peripheral vs central
access should be provided. Finally, it is the general opinion
that manufacturing failure depends on pre-collection
treatments. However, centers should, in collaboration
with the pharmaceutical companies, collect information
on failures and unmet specifications to explore possible
ways to improve the characteristics of these products. Site
procedures could then be adapted accordingly.
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