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Supplement 1: How to perform leukapheresis
Local apheresis experience should be used to benchmark apheresis outcomes (1-3), most
importantly, Collection Efficiency (CE) (4).
CE for T-cells and similarly for total MNCs is calculated using the formula:
CE = T-cells in bag/ (peripheral blood T-cells per Litre x processed blood volume in Litres) x
100%

Thus, in a normal DLI donor with a peripheral blood T cell count of 2 x109/L at the onset of
the apheresis and 10x109/L T cells in the bag after an 8 Litre apheresis, the CE is calculated
as follows:

CE = 10x109/ (2x109 x 8) x 100% = 10/16 x 100% = 62.5%

CE is then used to estimate the volume that will need to be processed to achieve the target
dose of T-cells. For those manufacturers indicating target doses for mononuclear cells, CE
can be calculated for MNC using this method and target volumes gauged accordingly (see
below). However, not all commercial CAR T-cell manufacturers provide target cell counts
for the apheresis product; some instead request the processing of a certain Blood Volume,
regardless of patient size and lymphocyte counts. However, a dose of one-to-two billion Tcells is usually sufficient to start CAR T-cell manufacturing. CE and a target number allow
for the calculation of the blood volume that needs to be processed in order to achieve this
target. The formula to calculate target process volume is as follows:

Process Volume (Liters) = T-cell target dose/ (CE x T-cell concentration in blood) (Liters)
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As an example, a typical patient undergoing apheresis might have a peripheral blood CD3+
count of 200/µL; in this case, the target process volume is calculated as follows:

PV = 109/ ((0.4 x 200 x 106)/Liters) = 1000/80 Liters = 12.5 Liters.

Although the CE of 62.5% used in the calculation of our first example is a fairly typical CE,
significant inter-individual variation between donors and recipients necessitates working with
a significant margin of error. We therefore recommend working with a Collection Efficiency
which at least 90% of patients have achieved, based on local experience. The 40% CE used in
the second example is based on this principle. Benchmarking one’s own apheresis
performance is recommended. Typically, apheresis is relatively more efficient at lower
leukocyte counts and the calculated CE will deteriorate the longer the patient is processed. In
adults this will rarely be relevant but it may be a factor in small children.

In light of these factors, the collection of an adequate cell count in a smaller patient in whom
less blood can be processed requires a correspondingly higher peripheral blood lymphocyte
count. For normal-sized adults, a peripheral blood CD3+ cell count of 200/µL will usually
suffice to achieve reasonable cell doses in the apheresis product. Currently, most commercial
and clinical protocols do not contain strict guidance as to minimal lymphocyte counts, and
apheresis targets are not always defined as a specific cell number in the bag. For patients with
very low lymphocyte counts, more than one apheresis may be necessary to achieve the target
dose although in adults this will be an infrequent occurrence.
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Performing apheresis collection
Two large-bore venous access lines supporting adequate blood flow are required for
leukapheresis. Fresh lines are preferable to long-standing catheters due to the risk of bacterial
contamination. For adults, adolescents and children weighing more than 15 kg, peripheral
venous access usually suffices; in low-weight children as well as very occasionally in adults,
the placement of a central line may be necessary. If so, this should be formally scheduled to
take place in advance of the planned time for starting apheresis, especially for Marketing
Authorization Holders which require fresh apheresis material as the courier in charge of
transporting the collected cell product may otherwise be delayed. Prior to apheresis, patient
identity is confirmed using standard local procedures and the apheresis bag is labelled in
accordance with local and MAH requirements. The specific patient identifiers required by a
given CAR T-cell manufacturer may vary; however, the use of unique patient identifiers is
critical as no further identity checks (e.g. HLA typing) will be performed during
manufacturing or before re-infusion and it is critical that the chain of custody/chain of
identity is maintained throughout the multi-stage manufacturing process until final
administration to the patient.

Anti-coagulation is initially achieved with ACD-A at a 1:10-1:12 ratio though this may be
reduced over time. Most manufacturers discourage additional use of heparin as it may
interfere with down-stream processing. The amount of ACD-A allowed per minute and
hence, inlet flow, is limited by the patient’s total blood volume. Veins permitting, higher flow
can be achieved by raising the infusion rate of ACD-A; this predisposes patients to significant
electrolyte shifts which should be monitored regularly and, if necessary, corrected with i.v. or
oral electrolytes (mostly calcium and potassium). The apheresis collection should target a
“light” colour with a final Hb concentration of 4 g/dL or less. Typical low MNC counts, as
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seen in patients, allow for the reduction of collection flow rates, thus limiting product size
and plasma depletion of the patient. At the end of the apheresis procedure, labelling of the
apheresis bag is completed prior to its separation from the apheresis set using sterile tube
welding devices; clamps are no longer acceptable. Some MAH have specific requirements
regarding the length of tubing that needs to be left attached to the bag; in addition, some ask
that the tubing not be stripped. Apheresis data should be recorded according to local practice,
including, as a minimum, apheresis start and end times as well as product volume.
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