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Summary

The objective of this guideline, prepared by the ALL subgroup of the Advanced
Cell Therapy Sub-Committee of BSBMTCT (British Society of Blood and Marrow
Transplantation), is to provide healthcare professionals with practical guidance on
the preparation of children and young adults with B-acute lymphoblastic leukae-
mia from the point of referral to that of admission for CAR T-cell treatment. The
Grading of Recommendations Assessment, Development and Evaluation (GRADE)
nomenclature was used to evaluate the levels of evidence and to assess the strength of

recommendations. The GRADE criteria can be found at http://www.gradeworking-
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SUMMARY OF RECOMMENDATIONS

relapse material (or extracted nucleic acids) with the re-
ceiving CAR T-cell centre/their associated measurable

Each patient deemed eligible for tisagenlecleucel treatment
and funding based on the National Cancer Drug Funding
should be discussed in the national CAR T-cell panel and
subsequently referred to the most appropriate CAR T-cell
centre based on capacity, distance and patient preference.
1C (based on NHSE guidance)

Referral of the patient for the CAR T-cell therapy should
include detailed information. It is recommended to use a
standard pro forma specifically adapted for this purpose
(Appendix S1). 1C (Operational recommendation and not
based on evidence)

Consideration should be made to make available a sample
for confirmatory flow cytometry as well as share prim-
ers for I[gH/TCR gene rearrangements and/or diagnostic/

residual disease (MRD) laboratory to facilitate MRD anal-
ysis post-infusion. 1C (Operational recommendation and
not based on evidence)

Once the referral is received, prompt consultation at the
CAR T-cell centre is recommended wherever possible
and should be guided by factors including disease tra-
jectory, lymphocyte recovery, etc. This consultation is
to review the clinical background, current performance
status, counsel parents about CAR T-cell therapy and
consent for the leucapheresis and cell manufacture and
storage. 1C

All the prior treatment should be recorded, and mini-
mum suggested intervals noted before leucapheresis. 1C
(Operational recommendation and not based on evidence)
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o Werecommend use of 2 weeks of a three- (dexamethasone,
vincristine, asparaginase) or four- (dexamethasone, vin-
cristine, daunorubicin, asparaginase) drug induction in
cases where reinduction therapy is required prior to har-
vest. Where reinduction therapy has already been received
within the preceding 6 weeks, an alternative regimen from
available bridging regimens should be considered. 1C
(CLCN 2019 UK Relapse guidelines)

« Prior to leucapheresis, a lymphocyte count of 0.5 x 10°/L
and a CD3 count of >0.35x10°/L are preferred, but a
lymphocyte count of >0.3x10°/L and a CD3 count of
>0.15x 10°/L are acceptable. A 2-2.5 volume harvest is
recommended. (1C)

o Bridging chemotherapy should be individualised and de-
cided on a case-by-case basis considering response and
toxicity to previous chemotherapy as well as the current
level and rapidity of disease progression. 1C

In general, if the bone marrow disease burden is 5% or
less, then oral 6-mercaptopurine and oral methotrexate as
per UKALL2019 maintenance therapywith vincristine and
dexamethasone pulses can be considered.' 1C/1D.

If the bone marrow disease is more than 5%, then Capizzi
protocol with escalating methotrexate + vincristine and
without asparaginase can be considered.' 1C/1D

o Infection during bridging should be treated aggressively,
antifungal therapy should be given early consideration in
patients with prolonged neutropenia, or prolonged steroid
exposure (e.g. reinduction therapy) and appropriate pro-
phylactic anti-microbial therapy, including anti-fungal
prophylaxis, anti-PJP and antivirals should be instituted
as per local policies for relapsed B-ALL. 1C

o In case of an out-of-specification product being no-
tified for a patient, consultation with the NHSE OOS
panel is required for all NHS patients and discussion
in the national CAR T-cell panel is recommended.
1C (Operational recommendation and not based on
evidence)

PATIENT IDENTIFICATION
AND PREPARATION

Patient identification

Patients are generally identified through the national leu-
kaemia or national paediatric ALL CAR T-cell therapy panel
which convene on an alternate 2 weekly basis. Patients may
also be identified through local MDT networks.

Urgent cases may be circulated by email to the CAR T-
cell panel members for consideration between fortnightly
meetings. However, to maintain transparency about eligibil-
ity and complete data capture of all patients considered for
this therapy, all patients not initially identified in the CAR
T-cell therapy MDT should be discussed in the next planned
meeting.

Assessment of patient eligibility

Eligibility criteria are available via NHS England national
drug funding list (Table 1).2

The Blueteq high-cost drug (HCD) management system
is in use for Tisagenlecleucel. It is the responsibility of the
CAR T-cell centre to complete the relevant online forms
during a patient's pathway. The initial form (TISOla_v1.2)
should be submitted upon approval by the CAR T-cell panel
that the patient is eligible and proceeding to leucapheresis
and manufacture. The second part of the form (TIS01b_vl1.1)
should be completed on admission to register the infusion
so that the treating centre is reimbursed for the cost.

Recommendation

o Each patient deemed eligible for tisagenlecleucel treat-
ment and funding based on the National Cancer Drug
should be discussed in the national CAR T-cell panel and
subsequently referred to the most appropriate CAR T-cell
centre based on capacity, distance and patient preference.
1C (based on NHSE guidance)

REFERRAL TO CAR T-CELL CENTRE

The selection of CAR T-cell centre is made on geographic
grounds, centre capacity and patient preference. At pre-
sent, there are only four centres across UK providing CAR
T-cell therapy in patients less than 16years of age, they
might need to travel >1 h from their home. It would be use-
ful to inform the patient/family at this point of any hos-
pital accommodation that might be available to them to
access, and any support that is available from charities, for
example, CAR-T Away from Home Service—Leukaemia
Care (Appendix S2).

Information required at referral

Please see CAR T-cell therapy pro forma in Appendix S1,
which standardises the approach to information gathering.
Relevant information relates to that required to expedite
leucapheresis and associated procedures. Response to prior
therapy and toxicities should be determined along with
information on concomitant drugs which may pose inter-
actions for bridging or anti-microbial prophylaxis or tim-
ings relevant for washout prior to leucapheresis (Figure 1).
Information used to confirm eligibility for CAR T-cell
therapy should be provided as well as assessing adequate
organ function, performance status and matters which are
of relevance to the holistic care of the patient and their
family. Upon referral, the need for anaesthesia/sedation
for the leucapheresis, both for an additional line (vascath)
placement and for the collection procedure in younger
children should be discussed with the referring physician
and the parents.
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TABLE 1
Drugs Funding list).”
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Eligibility criteria for patients aged 25years and under with B lineage acute lymphoblastic leukaemia (adapted from National Cancer

Tisagenlecleucel Criteria for use
Philadelphia positive or negative Second or more bone marrow relapse following conventional doses CD19-positive disease
B lineage acute lymphoblastic of front-line therapy (chemotherapy or monoclonal antibody in the bone marrow
leukaemia therapy) detectable by
OR flow cytometry
Bone marrow relapse after allogeneic stem cell transplantation (not isolated
(SCT) with a period of 4 months having passed since the time of extramedullary
transplant and planned time of CAR T-cell infusion ALL relapse and
Primary refractory disease, not achieving complete remission after ?Nlth no active CNS
2 cycles of standard chemotherapy for newly diagnosed B-ALL fimel yEment)
OR
Secondary refractory disease, not achieving a complete remission after
at least one cycle of standard relapsed chemotherapy
Philadelphia-positive B-ALL that is refractory to 2 lines of primary
chemotherapy with tyrosine kinase inhibitor (TKI) or refractory
to re-induction chemotherapy with TKI
OR
Relapsed post-SCT despite treatment with standard therapy plus
tyrosine kinase inhibitors (TKI)
Relapsed disease and ineligible for allogeneic SCT due to comorbid
disease, but still fit enough for CAR T-cell therapy
OR
Contraindication to allogeneic SCT conditioning or lack of suitable
donor
Special consideration:
12 weeks + Alemtuzumab and anti-thymocyte
* Allogeneic cell therapy globulin (ATG): washout =6 months?
* Bendamustine and Fludarabine:
washout >12 weeks®
8 weeks
* Clofarabine 4 weeks
* T-cell lytic agents * Donor lymphocyte infusion completed
* Pegylated asparaginase
14 days
¢ Systemic chemotherapy
. GVHD therapies (e.g. calcineurin 7 days
inhibitors)
" * Intrathecal methotrexate?
* Imatinib . .
* Therapeutic doses of steroids
¢ Long-term growth factors .
. (especially dexamethasone)
* Dasatinib ) .
- * Lenalidomide
* Ponatinib
* Blinatumomab®
5 days
3 days * Short acting growth factors
« Short acting cytotoxic/ * Nilotinib
antiproliferative drugs (e.g.
hydroxyurea)
AV
Leucapheresis
FIGURE 1 Recommended intervals from therapy to leucapheresis.®” *Alemtuzumab and ATG (T-cell lytic agents): Allow adequate washout and

avoid use for 6 months prior to leucapheresis and consider the potential prolonged effects on T cells. "For bendamustine and fludarabine, allow adequate
washout and avoid use for 212 weeks prior to leucapheresis due to the potential long-term effects on T cells; however, there are limited data in the context

of CAR-T-cell therapy for these agents. “Although blinatumomab half-life is short (~2h), it is reccommended to washout 1-2 weeks prior to leucapheresis.

4If indicated, intrathecal cytarabine can be given up to a day prior to leucapheresis. For an intravenous cytarabine dose <100 mg/m?, a washout of 7 days is

recommended; for a dose 2100 mg/m?, a washout of 14 days is recommended.
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If the patient is undergoing disease restaging it is worth
considering if a sample should be assessed for confirmatory
flow cytometry at the laboratory most used to supporting
the allocated CAR T-cell centre. Detailed interpretation of
the leukaemia-associated immunophenotype (LAIP) may
be required, especially to exclude CDI19-negative popula-
tions, assess for intensity of CD19 expression as well as to
provide samples for MRD analysis by IgH/TCR gene rear-
rangement PCR since both flow and molecular MRD tests
contribute disease monitoring post CAR T-cell infusion, as
well as planning for bridging chemotherapy. It is our prac-
tice to request samples prior to harvesting/starting bridging
therapy as a result. In the case of quantitative PCR for IgH/
TCR gene rearrangements, there would need to be a transfer
of primers and diagnostic/relapse material, or nucleic acids
isolated at these times to facilitate quantitative analysis. In
case disease samples could not be provided, flow cytometry
files upon last disease detection should be shared for assess-
ment of CD19 expression and to facilitate LAIP assessment
post infusion.

First consultation: Detailed clinical
background and current clinical status check

Once eligibility is confirmed, the patient should be re-
viewed at the CAR T-cell centre as soon as possible® con-
sidering factors like disease trajectory, lymphocyte recovery,
etc., with a view to harvesting before the need for reinduc-
tion chemotherapy. Unless there is a high circulating blast
count (>10-20 x 10°/L), it may be preferable to proceed to
harvest directly. In this guideline, we have assumed that
active CNS disease® will have been treated prior to re-
view since there is a minimum washout of 7 days required
after intrathecal therapy before leucapheresis (Figure 1),
and therefore, leucapheresis is best scheduled once CNS1
or CNS2 status has been achieved and intervals between
CNS-directed therapy are in any case being increased. At
a first consultation, it is important to verify the clinical
background (Table 2) and current clinical status (Table 3)
of the patient.

The interval from last chemotherapy or immunosup-
pressive drugs should be documented and consideration
given to the recommended minimum intervals required
from various therapies to leucapheresis (Figure 1). N.B.
These are for guidance only and may change in accor-
dance with manufacturer guidance. If for any reason the
minimum interval cannot be respected, it is suggested
to inform a medical representative at the manufacturing
company and liaise with the National Paediatric ALL CAR
T-cell panel for advice.

In terms of complications, it is important to ascertain
if any history of prior probable or proven fungal infection,
resistant Gram-negative organisms or any other atypical
infections, any predisposition to mucositis or neurologi-
cal complications which may warrant neuroimaging as a
baseline.

TABLE 2 Details of clinical background.

« History of presentation with B-ALL, CNS status, complications at
presentation, prognostic risk classifications (NCI, cytogenetic and
early MRD response)

« Nature of consolidation/intensification therapy, complications,
response

« History of first relapse, interval to and site of relapse (CNS status)
leading to relapse disease risk classification

« Evidence of cytogenetic evolution and/or confirmation that
relapse is not a second or donor-derived leukaemia from IgH gene
rearrangements, chimerism analysis

« Nature of re-induction, consolidation and re-intensification
therapy, complications, response at end of induction, consolidation

« Date of transplant, conditioning regimen, donor, degree of HLA
match, cell dose, MRD status immediately prior to transplant,
immunosuppressive agents used and dates of withdrawal, nature of
complications including details of GVHD (if applicable)

« Date of second relapse, interval to and site of relapse (CNS status)
leading to disease risk classification, therapy given (if any) with
dates for this

o Details of subsequent relapses

» Relevant toxicities, cumulative doses for anthracycline (in relation
to subsequent cardiac toxicity) and alkylating agents (in relation to
fertility considerations)

« Previous therapy with Blinatumomab requires specific mention. In
case of previous treatment, phase of treatment, number of courses
administered, response after each course, need to switch to another
treatment due to non-response and complications®

« Past medical history. Careful consideration should be given to
evidence of cancer predisposition syndromes and relevant testing

« Anaesthetic history
o Developmental, family and social history

« Language barriers

TABLE 3 Current clinical status.

1. Performance status

2. Organ (cardiac/hepatic/renal) dysfunction

3. Current neurological status

4. Peripheral blood counts including B- and T-cell subset analysis

5. Virological status, considering viral testing relevant to autologous
cellular therapy

6. Central venous access and line placement history

7. Current medications (to assess interactions with bridging, anti-
microbial prophylaxis)

HSCT donor search

Patients who have not received prior HSCT should have an
up-to-date search conducted at their allocated transplant
centre in case of poor persistence or relapse post CAR-T-cell
therapy and need for rapid consideration of HSCT. Patient
tissue typing, donor status (with confirmatory samples),
date of most recent search and HLA-specific antibody test
results should be shared with the CAR T-cell centre as part
of referral in case further liaison is required with the HSCT
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centre during patient follow-up. These details are included
in the referral pro forma (Appendix SI).

Assessment of blood groups post-HSCT

Institutional guidelines should be followed to ensure the
current grouping is adhered to when requesting blood prod-
ucts for patients post-HSCT. Relevant donor information,
including patients pretransplant blood group and donor
blood group should be provided upon referral to the CAR
T-cell centre.

Consent

At the first consultation, we recommend to discuss the
whole process associated with CAR T-cell therapy (leu-
capheresis, bridging chemotherapy, lymphodepletion and
CAR T-cell infusion) with associated toxicities expected as
well as outcomes of this intervention as compared to other
potential therapies such as second transplant or symptom
care. This is because to take consent for leucapheresis, the
patient and their family need to have a clear understand-
ing of the entire process. It also gives an opportunity to
cover the information required in advance of taking con-
sent for CAR T-cell therapy, which may then obtained at a
second appointment.

Where possible, an information leaflet should be pro-
vided to the parents in advance of the initial consultation
to reinforce the information given and provide an op-
portunity for discussion. Consent for virological/syph-
ilis screening, for leucapheresis (see Table 4) as well as
company-specific consent for transfer of the leucapheresis
product and any associated data required for maintaining
the chain of identity are required at this point. This pro-
vides the advantage of facilitating launch of the CAR T-cell
manufacturing request with the company thus securing
the leucapheresis collection date and manufacturing slots.
Leucapheresis consent should also cover the low but abso-
lute rate of failure to generate a product or of generating

TABLE 4 Considerations for leucapheresis consent.

Infectious screening for cell therapy laboratory

Need for additional central venous access (‘Vascath’) Discomfort

Infection

BRITISH JOURNAL OF HAEMATOLOGY

one which does not meet all the release requirements for
a licensed product. In this eventuality, an application can
be made to infuse this off licence, following MHRA/NHSE
and local approvals as necessary.

At the initial meeting, an assessment of venous access
should be made. Depending on the age of the patient, this
should either be undertaken by the IR team or the aphere-
sis team with considerations given to the number of sites of
prior central lines and prior complications. Patients should
be counselled about potential need for central venous access
either in advance or on day of procedure to allow collection
to take place. At the first assessment, patients and families
should be introduced to their specialist nurse where possible
and given contact details for the CAR-T Team.

Re-induction therapy (if required)

Where re-induction therapy is required prior to harvest, either
because of a delay to harvest or significant symptoms, then we
would recommend 2 weeks of a three- or four-drug induction
as per bridging guidelines below. Disease reassessment should
be undertaken after 2weeks, and in the context of adequate
disease response, a therapy holiday started at this point to facil-
itate a harvest as soon as the maximum intervals from chemo-
therapy allow (Figure 1). The patient should be commenced on
prophylactic anti-fungal therapy as well as prophylactic anti-
PJP and anti-viral therapy as per institutional guidance.

Recommendations

o Referral of the patient for the CAR T-cell therapy should
include detailed information. It is recommended to use a
standard pro forma specifically adapted for this purpose
(Appendix S1). IC (Operational recommendation and not
based on evidence)

o Consideration should be made to make available a sample
for confirmatory flow cytometry as well as share prim-
ers for IgH/TCR gene rearrangements and/or diagnos-
tic/relapse material (or extracted nucleic acids) with the
receiving CAR T-cell centre/their associated measurable

Consent for infectious screening, as per HTA requirements and local laboratory policy.

Bleeding/bruising at site of line
Damage to local structures

Failure to insert

ACD-A as an anti-coagulant in apheresis circuit

Alterations in blood calcium/other salt disturbance, the need for replacement

Alterations in blood pressure
Bleeding or bruising

Apheresis process

Need for transfusion support (blood or platelets)

Other Need for anaesthesia/sedation for the leucapheresis, both for an additional line(vascath)
placement or for the collection procedure in younger children
Failure to harvest adequate cells/need for additional harvest days
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residual disease (MRD) laboratory to facilitate MRD anal-
ysis post-infusion. 1C (Operational recommendation and
not based on evidence)

o Once the referral is received, prompt consultation at the
CAR T-cell centre is recommended wherever possible
and should be guided by factors including disease tra-
jectory, lymphocyte recovery, etc. This consultation is
to review the clinical background, current performance
status, counsel parents about CAR T-cell therapy and
consent for the leucapheresis and cell manufacture and
storage. 1C

o All the prior treatment should be recorded, and min-
imum suggested intervals noted before leucapheresis.
1C (Operational recommendation and not based on
evidence)

o« We recommend use of 2weeks of a three- (dexameth-
asone, vincristine, asparaginase) or four- (dexameth-
asone, vincristine, daunorubicin, asparaginase) drug
induction in cases where re-induction therapy is re-
quired prior to harvest. Where re-induction therapy
has already been received within the preceding 6 weeks,
an alternative regimen from available bridging regi-
mens should be considered. 1C (CLCN 2019 UK Relapse
guidelines)

LEUCAPHERESIS PROCEDURE

It is out with the scope of these guidelines to consider the
details of the leucapheresis itself, and resources are avail-
able from Novartis/ NHSBT/Advanced Therapy Treatment
Centres (ATTC) where necessary. The manufacturing
company should be informed where patients <10kg are
harvested, and consideration should be given to ordering
packed red blood cells to facilitate priming the apheresis
machine prior to the harvest. Irradiated blood products
should be used from at least 7 days prior to until leuca-
pheresis is completed.

In general, we recommend a lymphocyte count of
>0.5x10%/L, and a CD3 count of >0.35x10°/L prior to a
2-2.5 volume harvest.”

If lower, for example, CD3 count of 0.15x 10°/L, the har-
vest may well still be successful,*” but the volume of pro-
cessing may be increased to improve yields, and planning
for additional days of harvest are recommended.' There are
other variables which can be adapted to improve the yield of
the harvest, for example, haematocrit.”'' We suggest work-
ing closely with the local apheresis team, providing feedback
on the yield and proportion of T cells to optimise collection
protocols as much as possible to maximise yield and mini-
mise contaminating cell populations which can have a neg-
ative impact on the success of manufacture.'”

Recommendations

« Prior to leucapheresis, a lymphocyte count of >0.5 x 10°/L
and a CD3 count of >0.35x10°/L are preferred, but a

lymphocyte count of >0.3x10°/L, and a CD3 count of
>0.15x 10°/L are acceptable. A 2-2.5 volume harvest is
recommended. (1C)

BRIDGING CHEMOTHERAPY AND
WORK UP INVESTIGATIONS

Selection of the best bridging therapy for an individual pa-
tient will depend on past medical history of toxicities/aller-
gies and intolerances as well as consideration of the pace of
disease progression."”® To benefit from relevant UK experi-
ence, where possible bridging therapy options should be dis-
cussed with the national CAR T-cell panel. Careful disease
monitoring is required to demonstrate response in the face
of bulk disease and baseline measurements prior to CAR T-
cell infusion. The aims of bridging chemotherapy for CAR
T-cell therapy are different to those employed in other front-
line or relapse management:

o To effectively reduce disease burden (though deep remis-
sion is not required)

 To avoid persisting/profound neutropenia (may result in
infectious complications)

o To avoid significant toxicity in terms of mucositis, car-
diac/renal/hepatic impairment

o To maintain quality of life, with out-patient management
for most of the bridging period if possible

o To avoid profound B lymphopenia at the point of CAR T-
cell infusion (in which case CAR T-cell expansion may be
limited)

There is clear evidence from retrospective data that
those who achieve a tumour burden of <5% have better
outcomes after CAR T-cell therapy."* However, there is
no evidence that successive cycles of bridging therapy to
achieve this provide any benefit."”” This may reflect the
aggressive nature of more refractory disease. In contrast,
there is evidence that additional bridging cycles may con-
tribute to additional toxicity'> which can delay timely pro-
gression to CAR T-cell infusion.

Suggested bridging chemotherapy protocols
For lower levels of disease (5% BM blasts or less)

o Oral 6-mercaptopurine and oral methotrexate as per ALL
maintenance therapy*vincristine and dexamethasone
pulses

o TKI+oral maintenance with 6-mercaptopurine/oral
methotrexate for Philadelphia+ ALL

N.B. Selection of TKI should consider the presence of
BCR-ABL mutations (incidence of up to 80% in relapsed
Ph+ ALL)' as well as site of relapse.
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For patients with higher levels of disease
(more than 5%)

Consider discussing bridging strategies for patients with signif-
icant prior toxicity or refractoriness in the National Paediatric
ALL CAR T-cell panel meeting. Hybrid regimes may be needed
to effectively bridge the interval until lymphodepletion.

o Three to four-drug reinduction therapy for 2-4weeks,
four drugs for those 210years of age or WCC >50x 10%/L.
Suggest disease response assessment at 2 weeks into ther-
apy to limit further doses of asparaginase/anthracycline if
disease response kinetics are favourable.

o Capizzi protocol escalating methotrexate (starting at
100 mg/m? IV, dose escalated by 50mg/m” every 10 days
for a total of 5 doses)'” + vincristine (without asparaginase
to avoid hypersensitivity/toxicity)

o Single doses of inotuzumab (if CD22+ disease), aiming for
disease bulk reduction. The dose and intervals between
inotuzumab doses should be titrated carefully as weekly
cycles over 3weeks can cause profound B-cell aplasia and
which may in turn contribute to suboptimal CAR T-cell
expansion.

o Intermediate- to high-dose cytarabine, for example,
6-18g/m” total dose as 3g/m’ infusions given every
12hours. This may need to be repeated after 3-4 weeks
depending on blast and count recovery.

« Etoposide/cyclophosphamide as per week 7 ALLR3 con-
solidation,'® that is, Cyclophosphamide, d1-5440 mg/m®
iv+ Etoposide, d1-5100 mg/m? iv.

N.B. The management guidelines for bridging proto-
cols may need to be adapted from their use in front-line
therapy. In front line therapy, patients may have greater
bone marrow reserve than a patient in frank relapse being
bridged to CAR T-cell therapy. We therefore waive thresh-
old FBC parameters needed before proceeding with che-
motherapy doses but maintain those relevant for organ
dysfunction or mucositis.

Fertility preservation techniques

Once bridging therapy has been selected, consideration of
the doses of chemotherapy needed at lymphodepletion as
well as in prior therapy allows a basis for considering if fer-
tility preservation techniques, such as ovarian and testicular
cryopreservation, sperm banking, are recommended in ac-
cordance with institutional policies."

Disease reassessment and intrathecal therapy
during bridging

We recommend assessing a bone marrow and giving intrathe-
cal therapy at 2 weeks into the bridging period to assess disease
response. If there are any delays to CAR T-cell infusion, we
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recommend intrathecal therapy every 4weeks unless recent
CNS relapse, when more frequent intrathecal therapy may be
needed. In any patient with a history of leucoencephalopathy
or intensive prior CNS-directed therapy, consideration should
be given to reducing exposure to methotrexate wherever possi-
ble, for example, by converting to prophylaxis with hydrocor-
tisone and cytarabine or alternating regimens, but this should
be weighed against adequate disease control.

Complications during bridging chemotherapy

In case of febrile neutropenia, there should be a high suspi-
cion of atypical infection, for example, fungal infection, even
in the absence of suggestive signs. We suggest empiric therapy
is started at an earlier time point than might be considered for
front-line therapy. This is in view of the heavy treatment bur-
den these patients have generally faced by the time of bridging,
for many including stem cell transplant (SCT)."” In the case of
persisting fevers, we would suggest early involvement of mi-
crobiology and infectious diseases teams, along with a careful
history including travel history to help identify relevant inves-
tigations for an extended infectious screen to include CMYV,
EBV and adenoviral PCRs in blood and imaging studies.

As discussed above, as a minimum bridging phase pro-
phylaxis should include prophylactic anti-fungal therapy as
well as prophylactic co-trimoxazole and anti-virals as per
institutional policy.

Planning for CAR T-cell therapy admission
Timing

We assume there will be a 4- to 5-week interval between
collection of the cryopreserved product and admission for
lymphodepletion."”” When organising for this admission, it is
important to consider:

o Dates of last predicted therapy and minimum intervals
from drugs to infusion (from ELIANA trial, as reported
in Table 5).%°

o Allowing B-cell recovery, if possible, prior to admission
for CAR T-cell therapy. This is not necessary or warranted
where there remains a burden of detectable disease or
rapid disease progression.”!

o We recommend not starting lymphodepletion until the
product has been successfully received and QC checked
by the pharmacy or the cell therapy team, in case of pack-
aging damage or other concern.

Reviews and CAR T-Cell therapy consent

During the bridging period, the patient and their fam-
ily should be reviewed at least once by the CAR T-cell
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TABLE 5 Minimum suggested intervals between systemic therapies and CAR T-cell infusion (taken from ELIANA protocol).>’

Time interval prior

to infusion Medication

>72h prior to infusion

Therapeutic systemic doses of steroids, TKIs, hydroxycarbamide

Vincristine, 6-mercaptopurine, 6-thioguanine, Methotrexate <25 mg/m?, Cytosine arabinoside <100 mg/m*/day,

Clofarabine, cytosine arabinoside >100 mg/m?, Anthracyclines, cyclophosphamide, methotrexate >25mg/m?, non-CNS

>1 week
Asparaginase (non-pegylated), CNS prophylactic therapy
>2 weeks
related radiotherapy
>4 weeks Systemic GVHD therapies, pegylated asparaginase
>6weeks Donor leucocyte infusions
>8 weeks CNS-directed radiotherapy, anti T-cell antibodies (e.g. alemtuzumab)

centre, to make a baseline clinical assessment and so
consent for CAR T-cell therapy can be obtained/con-
firmed after a further discussion. Where the patient is
geographically distant from the CAR T-cell centre, this
may not be feasible, in which case, consent may be ob-
tained at leucapheresis or on admission for CAR T-cell
therapy. Consent for CAR T-cell therapy should include
a discussion of:

o Admission length

o Lymphodepleting agents and their side effects (in par-
ticular, GI upset/cytopenias/infections/neurotoxicity/
haemorrhagic cystitis/secondary malignancy/reduced
fertility)

o CAR T-cell toxicities including CRS/ICANs/hypogamma-
globulinemia/prolonged cytopenia

o Need for ICU admission to manage organ dysfunction in
the context of these toxicities

o Prolonged cytopenia related to CAR T-cell therapy, which
can be persistent or occur after 28 days and may require
supportive management (growth factor support, blood
product support, prophylactic antimicrobials)

o In TYA patients, discuss that they will not be able to drive
for at least 1 month post-CAR-T-cell infusion due to risk of
neurotoxicity.

o In TYA patients, discuss the need for contraception as per
local policies.

o Failure to respond

o Likely event-free and overall survival at 12 and 24 months
respectively

o Likelihood of need for adjunctive therapy in the case of
short persistence of CAR T cells (as measured by early
loss of B-cell aplasia within 6 months of infusion) or
relapse

o Likelihood of salvage in the case of emergence of MRD
or frank relapse, including with CD19-negative or lineage
switch leukaemia

o Frequency of blood and bone marrow testing post CAR-T-
cell infusion

 Unanticipated genotoxicity

o Secondary malignancy

o Replication competent lentivirus

o Testing positive for HIV PCR-based tests

o Alternative therapies or pathways available, including
symptom care, SCT as appropriate

Allied health professional (AHP) assessment
and planning

The complex medical history and long prior treatment course
in many CAR T-cell patients means there is a strong need
for a multidisciplinary approach to preparing the patient for
CAR T-cell therapy. Patients may be referred to a joint AHP
clinic during their bridging phase whereby they meet with
the AHP's listed below and an admission plan is made. The
plan includes involvement from members of the AHP team
to promote physical, emotional and psychological well-being
with the aim of promoting an inpatient environment that al-
lows growth, development and maintaining activity.
AHP's involved:

o Physiotherapy

o Occupational therapy

o Speech and language therapy
o Social work

o Psychology

o Play specialist

 Dietician

o Hospital School

Several charities work with families undergoing therapy
for advanced ALL. These include CCLG, leukaemia care,
teenage cancer trust, young lives versus cancer which pro-
vide information on emotional, financial and peer to peer
support (Appendix S2). Additionally, there are numerous
parents and patient-centred videos which can be accessed.

Workup investigations

We recommend the following workup (Table 6):

Where possible, images should be reviewed by the CAR
T-cell centre with involvement of specialist colleagues (i.e.
neurology) who will be jointly reviewing the patient during
the CAR-T admission.
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TABLE 6 Investigational workup during bridging therapy.

MUGA/ECHO/GFR
CT chest/lung function as per local protocols + USS abdomen

Formal GFR assessment, particularly for any patient with a prior
history of significant AKI

Chimerism analysis on PB/BM (if applicable)
Hearing test
Baseline neurological/cognitive assessment

MRI brain with contrast in any child with neurological involvement
or neurological signs/past medical history of neurological
complications, and in all treated <2 years of age

MRI spine for those with past involvement

Transfusion record, especially for post-transplant patients

Other bridging phase considerations

We recommend meticulous documentation of any allergic
reactions with blood products and if necessary, a trial of
therapy without steroid cover during the bridging period
in order that routine steroid cover following the infusion of
CART cells can be completely avoided.

Recommendation

o Bridging chemotherapy should be individualised and de-
cided on a case-by-case basis considering response and
toxicity to previous chemotherapy as well as the current
level and rapidity of disease progression. 1C

In general, if the bone marrow disease burden is 5% or
less, then oral 6-mercaptopurine and oral methotrexate as
per UKALL2019 maintenance therapy+vincristine and
dexamethasone pulses can be considered.' 1C/1D.

If the bone marrow disease is more than 5%, then Capizzi
protocol with escalating methotrexate + vincristine and
without asparaginase can be considered.' 1C/1D.

Infection during bridging should be treated aggressively,
anti-fungal therapy should be given early consideration in
patients with prolonged neutropenia, or prolonged steroid
exposure (e.g. reinduction therapy) and appropriate pro-
phylactic anti-microbial therapy, including anti-fungal pro-
phylaxis, anti-PJP and anti-virals should be instituted as per
local policies for relapsed B-ALL. 1C.

FAILURE OF MANUFACTURE/OUT
OF SPECIFICATION (OOS) PRODUCT
NOTIFICATION

The manufacturing failure rate for tisagenlecleucel is low
with a 98% manufacturing success rate (MSR) in a 6-month
period in 2022 and all products were ultimately shipped ei-
ther as Kymriah or an OOS product to all patients (Novartis,
unpublished communication).

BRITISH JOURNAL OF HAEMATOLOGY

During bridging, information may be received that the
manufacture has failed or that the product has not met re-
lease criteria. In the case of manufacturing failure, it is worth
consulting the National Paediatric ALL CAR T-cell panel to
discuss likely causative factors before considering feasibility of
recollection. In the case of an OOS product, there is an NHSE
approval pathway to follow which involves consultation with
the NHSE OOS panel. This panel considers the nature of the
OOS criterion as well as the feasibility of recollection before
making a recommendation to recollect or proceed to infusion
recommended this or proceeding to infuse the OOS product.

Recommendation

« In case of an out-of-specification product being notified
for a patient, consultation with the NHSE OOS panel is
required for all NHS patients and discussion in the na-
tional CAR T-cell panel is recommended. 1C (Operational
recommendation and not based on evidence)

AUTHOR CONTRIBUTIONS

Sara Ghorashian chaired the writing group. All authors con-
tributed to writing, editing and reviewing the manuscript,
including the final submission.

ACKNOWLEDGEMENTS

The authors wish to thank Juliana Silva and Deena
Iskander for their invaluable feedback to the manu-
script. All CAR T centres delivering tisagenlecleucel for
this indication were consulted and are represented in the
authorship.

FUNDING INFORMATION
There was no funding associated with this work.

CONFLICT OF INTEREST STATEMENT
A.K.M. is supported by MRC. M.O.R. received honoraria
from Kite/Gilead, Novartis, Janssen; travel and conference
expenses from Kite/Gilead and is on advisory board for
Kite/Gilead, Autolus. E.N. received honoraria from Kite/
Gilead, Novartis, BMS/Celgene/Sanofi/Takeda; research
grant from Kite/Gilead and is on DSMB for Autolus. S.W.
received honoraria from Janssen. D.M. consulted for
Pfizer, Novartis and Kite/Gilead. P.J.A. received royalties
on patent licensed by Autolus PLC. S.G. received speaker
honoraria from Novartis and patents and royalties from
UCLB. All other authors have no competing interests.

ORCID

Avijeet Kumar Mishra © https://orcid.
org/0000-0003-3745-835X

Maeve O’Reilly ® https://orcid.org/0000-0002-2702-397X
Emma Nicholson © https://orcid.org/0000-0002-6439-0795
Rachael Hough © https://orcid.org/0000-0001-7616-443X
Sara Ghorashian (© https://orcid.org/0000-0002-1555-2946

85UB017 SUOWWIOD aAIIa.D) 3|t (dde aup A peuienoh aJe Ss(Ie YO ‘8SN J0 s8Nl 10} AIq1T 8UIUO A8]IM UO (SUORIPUOD-PUR-SLLIBY/LID"AB | 1M ARl 1l |UO//STIY) SUONIPUOD Pue SWId | 84} 885 *[202/£0/02] U0 Afelqiaulluo A8|IM ‘Ssoines Ariqi TN uopuoabe| oD A1sieAlun Aq T8E6T YlG/TTTT 0T/I0pA0D A8 | Ake.q 1 |Buluo//:SAny Wouy papeojumod ‘0 ‘TrTZS9ET


https://orcid.org/0000-0003-3745-835X
https://orcid.org/0000-0003-3745-835X
https://orcid.org/0000-0003-3745-835X
https://orcid.org/0000-0002-2702-397X
https://orcid.org/0000-0002-2702-397X
https://orcid.org/0000-0002-6439-0795
https://orcid.org/0000-0002-6439-0795
https://orcid.org/0000-0001-7616-443X
https://orcid.org/0000-0001-7616-443X
https://orcid.org/0000-0002-1555-2946
https://orcid.org/0000-0002-1555-2946

PRACTICE GUIDELINE: PREPARATION FOR CAR T-CELL THERAPY IN CHILDREN AND YOUNG ADULTS WITH B-ACUTE

10 LYMPHOBLASTIC LEUKAEMIA
B-cell lymphoblastic leukemia after commercial tisagenlecleucel: a
REFERENCES pediatric real-world chimeric antigen receptor consortium report. J
1. The 48th Annual Meeting of the European Society for Blood and Clin Oncol. 2022;40(9):945-55.
Marrow Transplantation: Physicians — Poster Session (P001 - P578). 15. Shahid S, Ramaswamy K, Flynn J, Mauguen A, Perica K, Park JH,
Bone Marrow Transplant. 2022;57(1):100-416. etal. Impact of bridging chemotherapy on clinical outcomes of CD19-
2. National Cancer Drugs Fund list. A list of the National Institute for specific CAR T cell therapy in children/young adults with relapsed/
Health and Care Excellence (NICE) approved and baseline funded refractory B cell acute lymphoblastic leukemia. Transplant Cell Ther.
cancer drugs/indications from 1 April 2016 with criteria for use. 2022;28(2):72.e1-72.¢8.
[cited 2017 April 11]. Available from: https://www.england.nhs.uk/ 16. Pfeifer H, Wassmann B, Pavlova A, Wunderle L, Oldenburg J,
publication/national-cancer-drugs-fund-list/ Binckebanck A, et al. Kinase domain mutations of BCR-ABL fre-
3. Ghorashian S, Malard F, Yuksel MK, Mauff K, Hoogenboom ]D, quently precede imatinib-based therapy and give rise to relapse in
Urbano-Ispizua A, et al. Defining the impact of SARS-COV-2 on de- patients with de novo Philadelphia-positive acute lymphoblastic leu-
livery of CAR T-cell therapy in Europe: a retrospective survey from the kemia (Ph+ ALL). Blood. 2007;110(2):727-34.
CTIWP of the EBMT. Bone Marrow Transplant. 2022;57(2):299-301. 17. Winter SS, Dunsmore KP, Devidas M, Wood BL, Esiashvili N, Chen
4. Ajay Vora JM, Samarasinghe S, Hough R, Wynn R. UK Acute Z, et al. Improved survival for children and young adults with T-
Lymphoblastic Leukaemia (UKALL) 2019 Interim Guidelines. 2019. lineage acute lymphoblastic leukemia: results from the Children's
5. Myers RM, Taraseviciute A, Steinberg SM, Lamble AJ, Sheppard J, Oncology Group AALL0434 methotrexate randomization. J Clin
Yates B, et al. Blinatumomab nonresponse and high-disease burden Oncol. 2018;36(29):2926-34.
are associated with inferior outcomes after CD19-CAR for B-ALL. 18. Parker C, Waters R, Leighton C, Hancock J, Sutton R, Moorman AV,
J Clin Oncol. 2022;40(9):932-44. et al. Effect of mitoxantrone on outcome of children with first re-
6. Novartis Leukapheresis Reference Manual Version G2 2020. [cited lapse of acute lymphoblastic leukaemia (ALL R3): an open-label ran-
2024 January 22]. Available from: https://www.hcp.novartis.com/ domised trial. Lancet. 2010;376(9757):2009-17.
siteassets/kymriah/all/kymriah-reference-guide.pdf 19. Brougham M, Mitchell R, Lane S. Oncofertility Consensus Document,
7. Qayed M, McGuirk JP, Myers GD, Parameswaran V, Waller EK, Children's Cancer and Leukaemia Group (CCLG) Late Effects Group.
Holman P, et al. Leukapheresis guidance and best practices for op- 2019.
timal chimeric antigen receptor T-cell manufacturing. Cytotherapy. 20. Maude SL, Laetsch TW, Buechner J, Rives S, Boyer M, Bittencourt H,
2022;24(9):869-78. et al. Tisagenlecleucel in children and young adults with B-cell lym-
8. Ceppi F, Rivers ], Annesley C, Pinto N, Park JR, Lindgren C, et al. phoblastic leukemia. N Engl ] Med. 2018;378(5):439-48.
Lymphocyte apheresis for chimeric antigen receptor T-cell manufac- 21. Turtle CJ, Hanafi LA, Berger C, Gooley TA, Cherian S, Hudecek M,
turing in children and young adults with leukemia and neuroblas- etal. CD19 CAR-T cells of defined CD4+:CD8+ composition in adult
toma. Transfusion. 2018;58(6):1414-20. B cell ALL patients. J Clin Invest. 2016;126(6):2123-38.
9. Hutt D, Bielorai B, Baturov B, Z'Orbinski I, Ilin N, Adam E, et al.
Feasibility of leukapheresis for CAR T-cell production in heavily pre-
treated pediatric patients. Transfus Apher Sci. 2020;59(4):102769. SUPPORTING INFORMATION
10. Allen ES, Stroncek DF, Ren J, Eder AF, West KA, Fry TJ, et al. Additional supporting information can be found online in the
Autologous lymphapheresis for the production of chimeric antigen . . . . .
receptor T cells. Transfusion. 2017;57(5):1133-41. Supporting Information section at the end of this article.
11. Willert J, Fong D, Clough L, Magley A, Shojaee A, Tiwari R, et al.
Tisagenlecleucel leukapheresis and manufacturing outcomes in pa-
tients less than 3years of age with relapsed/refractory acute lympho-
blastic leukemia. Blood. 2021;138:3882. How to cite this article: Mishra AK, Burridge S,
12. Shah NN, Fry T]. Mechanisms of resistance to CAR T cell therapy. Espuelas MO, O’Reilly M, Cummins M, Nicholson E,
Nat Rev Clin Oncol. 2019;16(6):372-85. = et al. Practice guideline: Preparation for CAR T-cell
13. Baruchel A. Bridging to CAR-T cells in children, adolescents, and . . .
young adults with ALL. In: Kroger N, Gribben ], Chabannon C, therapy in children and young adults with B-acute
Yakoub-Agha I, Einsele H, editors. The EBMT/EHA CAR-T cell lymphoblastic leukaemia. Br ] Haematol.
handbook. Cham: Springer; 2022. p. 115-8. 2024;00:1-10. https://doi.org/10.1111/bjh.19381
14. Schultz LM, Baggott C, Prabhu S, Pacenta HL, Phillips CL, Rossoff J,

et al. Disease burden affects outcomes in pediatric and young adult

85UB017 SUOWWIOD aAIIa.D) 3|t (dde aup A peuienoh aJe Ss(Ie YO ‘8SN J0 s8Nl 10} AIq1T 8UIUO A8]IM UO (SUORIPUOD-PUR-SLLIBY/LID"AB | 1M ARl 1l |UO//STIY) SUONIPUOD Pue SWId | 84} 885 *[202/£0/02] U0 Afelqiaulluo A8|IM ‘Ssoines Ariqi TN uopuoabe| oD A1sieAlun Aq T8E6T YlG/TTTT 0T/I0pA0D A8 | Ake.q 1 |Buluo//:SAny Wouy papeojumod ‘0 ‘TrTZS9ET


https://www.england.nhs.uk/publication/national-cancer-drugs-fund-list/
https://www.england.nhs.uk/publication/national-cancer-drugs-fund-list/
https://www.hcp.novartis.com/siteassets/kymriah/all/kymriah-reference-guide.pdf
https://www.hcp.novartis.com/siteassets/kymriah/all/kymriah-reference-guide.pdf
https://doi.org/10.1111/bjh.19381

	Practice guideline: Preparation for CAR T-­cell therapy in children and young adults with B-­acute lymphoblastic leukaemia
	Summary
	SUMMARY OF RECOMMENDATIONS

	PATIENT IDENTIFICATION AND PREPARATION
	Patient identification
	Assessment of patient eligibility

	REFERRAL TO CAR T-­CELL CENTRE
	Information required at referral
	First consultation: Detailed clinical background and current clinical status check
	HSCT donor search
	Assessment of blood groups post-­HSCT
	Consent
	Re-­induction therapy (if required)

	LEUCAPHERESIS PROCEDURE
	BRIDGING CHEMOTHERAPY AND WORK UP INVESTIGATIONS
	Suggested bridging chemotherapy protocols
	For lower levels of disease (5% BM blasts or less)
	For patients with higher levels of disease (more than 5%)

	Fertility preservation techniques
	Disease reassessment and intrathecal therapy during bridging
	Complications during bridging chemotherapy
	Planning for CAR T-­cell therapy admission
	Timing
	Reviews and CAR T-­Cell therapy consent
	Allied health professional (AHP) assessment and planning

	Workup investigations
	Other bridging phase considerations
	FAILURE OF MANUFACTURE/OUT OF SPECIFICATION (OOS) PRODUCT NOTIFICATION

	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


