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Chimeric Antigen Receptor T Cell
Therapy Management and Safety:
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Roberto Collado-Borrell, Ana Herranz-Alonso and Maria Sanjurjo-Saez

Pharmacy Department, Hospital General Universitario Gregorio Marafion, Instituto de Investigacion Sanitaria Gregorio
Mararnon, Madrid, Spain

Purpose: The use process for chimeric antigen receptor T (CAR-T) cell drugs is complex
and has been associated with a number of potentially severe complications, which
requires management by a multidisciplinary team. Pharmacists are a key element in the
team and have roles and responsibilities. Our objective was to develop a structured and
practical guide that supports hospital pharmacist responsibilities and defines specific
activities in a CAR-T cell therapy program, specifically in Europe.

Methods: A literature review was performed, and the recommendations related to
pharmacy practice in CAR-T therapy programs were analyzed. A multidisciplinary team
was assembled, and meetings were held to address the key tasks in the CAR-T cells’
management process and to create the guide, based on national and international
recommendations and in expert’s opinions.

Results: The multidisciplinary team defined the following key tasks and issued
recommendations to improve patient safety, treatment efficacy, and quality: patient
selection and evaluation, CAR-T cell drug order to manufacturer, apheresis and material
shipment, reception of CAR-T cell drug and storing, CAR-T cell drug prescription and
pharmacy verification, CAR-T cell drug thawing and dispensing, CAR-T cell drug
administration, patient education, pharmacovigilance and monitoring and outcomes’
record and evaluation. In each task the pharmacist’s role and how it can improve patient
care are defined. A checklist was created to guarantee the compliance of standard
operating procedures approved in the institution to manage CAR-T cell therapy and as a
tool to collect required data for outcomes’ record and evaluation.

Conclusion: This article provides a consensus set of safety recommendations regarding
CAR-T therapy management in clinical practice, easily implementable by other institutions
in the European setting. The guide identifies key steps where the involvement of hospital
pharmacists would improve the safety and quality of the process and is a support guide to
standardize hospital pharmacists’ responsibilities within the multidisciplinary team.
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INTRODUCTION

Chimeric antigen receptor T-cell therapies (CAR-T) are a type of
advanced therapy based on the use of T lymphocytes to identify
and kill tumor cells expressing a specific antigen. This new type
of immunotherapy consists of T lymphocytes that are genetically
manipulated ex vivo to express engineered CARs specific for
particular tumor targets. These reprogrammed CAR-T cells are
subsequently expanded, selected if necessary, and conditioned to
produce the drug that the patient will eventually receive.
Tisagenlecleucel (Kymriah®, Novartis) and Axicabtagene
ciloleucel (Yescarta®, Kite Pharma EU) were the first two
CAR-T cell drugs authorized by the European Medicines
Agency (EMA) and the U.S. Food and Drug Administration
(FDA). Both therapies target the B-lymphocyte antigen CD19
and are approved: tisagenlecleucel for pediatric acute
lymphoblastic leukemia (ALL) and adult diffuse large B-cell
lymphoma subtypes (DLBCL), and axicabtagene ciloleucel for
DLBCL (1, 2).

The manufacturing and use process for CAR-T cell drugs are
complex and highly specialized. The two available CAR-T cell
drugs use autologous T cells, which are collected in a
leukapheresis process, sent to the manufacturer to be
genetically modified to express the CAR and sent back to the
treatment center to be reinfused into the patient, after they have
received a lymphodepleting chemotherapy regimen (3).

CAR-T cell therapy has been associated with a number of
potentially severe complications, such as cytokine release
syndrome (CRS) and the immune effector cell-associated
neurotoxicity syndrome (ICANS), which require coordinated
management by a diverse multidisciplinary team (hematologists,
intensivists, neurologists and pharmacists) (4, 5). CRS is a systemic
inflammatory response caused by cytokines released by infused
CAR-T cells and can lead to widespread reversible organ
dysfunction. Manifestations of CRS include fevers, nausea,
headache, myalgia, tachycardia hypotension, hypoxia, and organ
dysfunction, cytopenias, coagulopathy, and hemophagocytic
lymphobhistiocytosis. In most severe cases, hypotension requiring
high-dose vasopressors and hypoxia requiring mechanical
ventilation may occur as life-threating complications (6).
Neurologic toxicities are diverse and include encephalopathy,
cognitive defects, dysphasias, seizures, and cerebral edema (6).
Oncology pharmacists are familiar with this type of toxicities as
they are similar to those described with anti-checkpoint
immunotherapies (7) or blinatumomab treatment (a bi-specific
antibody that targets CD19 and can cause CRS and global
encephalopathy) (6, 8).

The implementation of a CAR-T cell therapy program in
clinical practice requires an exhaustive preparation of the
institution, to accomplish accreditation requirements and the
participation of professionals with different backgrounds, in
order to guarantee the safe and efficient use of these
medications (9). This complex care process has similarities to
the logistics of hematopoietic stem cell transplantation
(HSCT) (10).

The roles and competencies of the clinical pharmacist
involved in HSCT have been defined by several organizations.

The American and European societies of Blood and Bone
Marrow Transplantation (ASBMT and EBMT) have published
recommendations of HSCT clinical pharmacists’ activities and
responsibilities (11-13). Both documents endorse pharmacist
roles with medication management, patient care, transitions of
care, education, and research. Unfortunately, there is little data
about the pharmacist’s responsibilities to patients treated with
CAR-T cell therapy. The EBMT consensus includes the
pharmacist role with managing advanced therapy medicinal
products, such as CAR-T cells, as they are licensed as
medicines (12). The Foundation for the Accreditation of
Cellular Therapy-Joint Accreditation Committee ISCT EBMT
(FACT-JACIE) standards on immune effector cells therapy
recognizes the role of pharmacists in the clinical team and
describes the training and knowledge required (14). Some
other publications have addressed the roles and responsibilities
of hospital pharmacist with CAR-T cell therapy (15, 16).
However, as far as we know, there are not many published
experiences of groups that have put these recommendations into
practice in a CAR-T cell therapy program.

Therefore, the aim of this work is to develop a structured and
practical guide that supports hospital pharmacist responsibilities
and defines specific activities in a CAR-T cell therapy program,
based on national and international recommendations and in
expert’s opinions.

MATERIALS AND METHODS

This guide, supporting pharmaceutical responsibilities in the
management and safety of CAR-T cell therapy, was designed
using the nominal group technique (with direct communications
between experts and face-to-face discussion). A multidisciplinary
team was assembled with hematologists (HSCT and cell therapy
specialists) and clinical pharmacists from different backgrounds:
clinical oncohematology, traceability and patient safety, and
investigational drugs.

The professionals involved are recognized experts in CAR-T
cell therapy and belong to the institution’s multidisciplinary
Advanced Therapies Unit, which was one of the first
accredited in Spain for the treatment of patients with CAR-T
cell drugs. The center is JACIE-accredited (17) (Joint
Accreditation Committee—European Society for Blood and
Marrow Transplantation (EBMT)) and has treated 35 patients
with CAR-T cell drugs between 2019 and 2020.

We performed a review of the literature in order to identify the
guidelines and recommendations related to pharmacy practice in
CAR-T cell therapy programs. A computerized search was carried
out on MEDLINE, through PubMed, using the medical subject
heading (MeSH) ‘Tmmunotherapy, Adoptive’ and the terms
‘Pharmacy’, ‘Pharmacist’, ‘Pharmaceutical care’, ‘Pharmacy
Service, Hospital’, ‘Guidelines’, ‘Professional Role’, ‘Safety’,
‘Continuity of Patient Care’. Pharmacists conducted the
literature search and extraction of relevant titles among articles
published in the last 10 years in English, Spanish, or French.
References of reviewed articles were also searched for relevant
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titles. Recommendations by international and national well-
known hematology and pharmacy societies were also included:
Foundation for the Accreditation of Cellular Therapy (FACT) (14,
18), American Society for Blood and Marrow Transplantation
(ASBMT) (11), European Society of Blood and Bone Marrow
Transplantation (EBMT) (12), European Hematology Association
(EHA) (10), Specialist Pharmacy Service of the United Kingdom
National Health System (19), and Spanish Society of Hospital
Pharmacy (SEFH) (20). Finally, the research was complemented
with the summary of product characteristics of the CAR-T cell
drugs approved: tisagenlecleucel (1) and axicabtagene
ciloleucel (2).

The Spanish Ministry of Health published the “Boarding plan
of advanced therapies in the National Health System (NHS):
CAR therapies” (21), which establishes the organizational and
care model that aims to guarantee a planned, equitable, safe and
efficient use of CAR-T cell drugs within the NHS. These
organizational standards were also considered to develop
the guide.

To define the variables recorded for outcomes’ evaluation the
team considered the “Pharmacoclinical protocol of tisagenlecleucel
and axicabtagene ciloleucel use in diffuse large B-cell lymphoma
(DLBCL) in the National Health System” (22) and the
“Pharmacoclinical protocol of tisagenlecleucel use in B-cell acute
lymphoblastic leukemia (ALL) in the National Health System” (23).
Those protocols are defined by a national Experts Commission on
the use of CAR-T cell drugs. This Commission reviews approved
indications for CAR-T cell therapy in general and authorize each
particular case to be treated.

With the information gathered, the pharmacists elaborated
the guide considering the key tasks in the CAR-T cells
management process. In subsequent meetings, the pharmacists
presented the guide and a debate allowed the experts to contrast
opinions and reach a consensus on the responsibilities and tasks,
considering complexity and challenges of safe CAR-T cells use
process. Knowledge in clinical practice of health professionals
were taken into consideration. After a review process at the
institution, this final guidance on hospital pharmacy tasks and
responsibilities within the CAR-T cell therapy program
was adopted.

RESULTS

The multidisciplinary team defined the following key tasks during
CAR-T cell drugs use process: patient selection and evaluation,
CAR-T order to manufacturer, collection and shipment of
leukapheresis product, reception of CAR-T and storing, CAR-T
prescription and pharmacy verification of orders, CAR-T thawing
and dispensing, CAR-T administration, patient information and
education, pharmacovigilance and monitoring, and outcomes
record and evaluation (Figure 1). Therefore, the guide was
structured according to the previously mentioned items. Along
with the guide, the team created a checklist that helped with
compliance along the processes and as a tool to collect required
data to ensure traceability, efficacy and safety (Table 1).

From the literature search, the multidisciplinary team selected
the most pertinent data to improve patient safety, and treatment
efficacy and quality. The team issued the following final
recommendations regarding the key tasks:

Patient Evaluation and Selection and
Chimeric Antigen Receptor T Cell

Drug Order

The hospital CAR-T Multidisciplinary Committee, integrated by
hematologists, oncologists, critical care specialists, immunologists,
neurologists, radiologists, hospital pharmacists and nursing staft
(21), evaluates candidate patients for CAR-T cell therapy. After
patient acceptance, this board coordinates their clinical
management in a comprehensive way, before, during and after
CAR-T cell therapy (5). As part of this committee, hospital
pharmacists check that CAR-T cell drugs are going to be used
for an approved indication (10) and according to the therapeutic
protocol that defines its use in the NHS (22, 23). They also verify
that approval from the Expert Commission on the use of CAR-T
cell therapy is in place (15). Moreover, pharmacists may perform
medication reconciliation before CAR-T treatment checking
patient’s medication list for drug-drug interactions
(e.g. corticosteroids).

In the European setting, pharmacists have extensive
experience in drug acquisition and managing and monitoring
the drugs budget. The pharmacy department is in charge of
formalizing the purchase order of the advanced therapy
medicinal products, as well as billing supervising of these
therapies. This responsibility is stated in European legislation
(Regulation (EC) No 1394/2007 on advanced therapy medicinal
products) (24), that subjects these products to the same
principles as other medicines. Pharmaceutical industries have
developed platforms for the ordering and management of CAR-
T cell therapies. These platforms have been adapted to meet with
these criteria, requiring the approval of a hospital pharmacist
before the purchasing actually takes place.

Patient identification numbers from hospital and manufacturer
are important to be recorded and tracked over the therapy process,
and they should be linked to the corresponding product
identifiers: manufacturer and pharmacy order numbers. These
identifiers are basic to establish a “chain of custody” or “chain of
identity” to ensure that every patient receives the correct medicine
and that it has been handled properly (25, 26).

Apheresis and Material Shipment

An apheresis order set was included in the computerized
prescription order entry (CPOE) system with two purposes.
First, it allows documenting the date of cells’ collection, the
manufacturer’s identifiers as well as the Donation Identification
Number (DIN), which is an international and unique identifier
for a certain collection process. Second, it enables clinical
pharmacists to verify that washout periods are fulfilled, as is
the case for granulocyte colony stimulating factor (G-CSF),
cytotoxics, and steroids (27). From our perspective, the
inclusion of the apheresis order in the same system where the
CAR-T cell drug prescription and administration are recorded
enhances the safety and traceability of the process.
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FIGURE 1 | Key tasks during CAR-T cell therapy use process defined by the multidisciplinary team. Numbers represent the guide key points defined in subheading
3 in the text: 1-Patient evaluation and selection and CAR-T cell drug order; 2-Apheresis and material shipment; 3-Reception of CAR-T cell drug and storing; 4-CAR-
T cell drug prescription and pharmacy verification of orders; 5-CAR-T cell drug thawing and dispensing; 6-CAR-T cell drug administration; 7-Patient information and
education; 8-Pharmacovigilance and monitoring; 9-Outcomes’ record and evaluation.

Moreover, during the leukapheresis process, a pharmacist and
a hematologist double check the information on the apheresis
bag: patient name, medical record number, date of birth, DIN
number, and manufacturer’s identifier.

Reception of Chimeric Antigen Receptor
T Cell Drug and Storing
Pharmacists take care of the reception and storage of CAR-T cell
drugs, as well as other hospital medications (10, 16). Given that
in our institution, the storage is carried out in the Cell Therapy
Unit of the Hematology Department, an agreement between the
pharmacy and this unit is established to coordinate the reception
of the CAR-T cell drug. Manufacturer’s platforms send emails to
the reception team, so date and time are arranged in advance.

Pharmacists and hematologists will double check at this step
(19): packaging integrity, temperature compliance during transit,
integrity of the infusion bag(s), identification and labeling
(patient name, medical record number, date of birth, DIN
number, manufacturer’s identifier and lot number), number of
bags received and expiration date. It is critical that the chain of
identity is verified once again at this point (5), so we performed a
double-check between the data in the label on the bag and the
identifiers we previously recorded.

After reception, pharmacists confirm that the storing
conditions are adequate. A continuous temperature monitoring

system with 24-h working alarm is in place. Finally, pharmacists
document the reception on manufacturer’s platform and file the
documentation received, certificate of analysis and delivery note
on the Pharmacy Department.

Chimeric Antigen Receptor T Cell Drug
Prescription and Pharmacy Verification

of Orders

As part of FACT accreditation, preprinted or electronic orders
must be developed for preparative chemotherapy regimens and
cell therapy infusion, and must be recorded in chemotherapy
administration records (28).

Different lymphodepleting therapy order sets were included
in the CPOE system. These order sets are specific for each CAR-T
cell drug and diagnostic, and simplify prescription for
hematologists. Once the lymphodepleting therapy is prescribed,
clinical pharmacists verify the order, focusing on: patient’s
identity, expected date of the CAR-T infusion, drug regimen
and doses according to the CAR-T cell drug and diagnosis, and
supportive drugs (pre-medication, anti-infective prophylaxis). It
is our policy not to initiate the lymphodepleting therapy until the
CAR-T cell drug of the patient has been received in the hospital
and its integrity has been confirmed. Ready to use drugs are
compounded in the Pharmacy aseptic service and dispensed to
the ward correctly identified to be administered to the patient.
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TABLE 1 | Guide supporting pharmaceutical responsibilities in the management and safety of CAR-T cell drugs.

Patient Name: Date of Birth:

Medical Record Number: National Health System’s identifier: Manufacturer’s identifier:
Manufacturer’s operating system ordering date: Programmed apheresis date: / /_
A

Cell order/Purchase order (Manufacturer): Programmed reception date: _/_/_
Pharmacy order number: Pharmacy order date: _/_/_

Apheresis Date: /_/_ End time:

SEC: DIN Number
E S

CHECKING STEP
Apheresis prescription
Record manufacturer’s identifier and DIN number on prescription (pharmacist)
Bag label check:
Medical Record Number
Name
Date of Birth
DIN number
Manufacturer’s identifier
Cryopreservation (if applicable). Conditioning of the apheresis material:

Freezing tank temperature: Conservation time:
Apheresis material collection:
Date: /:/:
Dewar shipment: YES/NO Vehicle temperature if fresh transport:
Hematologist signature: Pharmacist signature:

CORRECT: YES/NO

YES/NO
YES/NO

YES/NO
YES/NO
YES/NO
YES/NO
YES/NO

Received by:
Date and time received: _/_/_

CHECKING STEP

Packaging integrity visual check

Transit logger temperature checked on receipt (data logger without alarms) Temp.:
Product Identification:

Medical Record Number

Name

Date of Birth

DIN number

Manufacturer’s identifier

Lot number

Number of bags received

Integrity of the infusion bag(s) visual check

Expiration Date/Correct

Correct storage tank temperature

Receipt documented on manufacturer’s platform

Certificate of Analysis received

Delivery note filed on Pharmacy Department

Hematologist signature: Pharmacist signature:

CORRECT: YES/NO

YES/NO

YES/NO
YES/NO
YES/NO
YES/NO
YES/NO
YES/NO

YES/NO

YES/NO
YES/NO
YES/NO
YES/NO

YES/NO

YES/NO

Prescribed by (hematologist): Verified by (pharmacist):
CHECKING STEP
Lymphodepletion regimen order set

Patient (Name, Medical Record Number)

Medication regimen

Dose

Supportive medication
CAR-T order set

Patient (Name, Medical Record Number)

Dose

Lymphodepleting therapy interval

Supportive medication

Record manufacturer’s identifier and DIN number on prescription (pharmacist)
Tocilizumab KIT available on ward

CORRECT: YES/NO

YES/NO
YES/NO
YES/NO
YES/NO

YES/NO
YES/NO
YES/NO
YES/NO
YES/NO

YES/NO

(Continued)
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TABLE 1 | Continued

Date: _/_/_
Thawed by:
CHECKING STEP
Drug removed from storage
Drug received on ward
Thaw process (starts/ends)
CHECKING STEP
Temperature conditions during storage
Correct drug
Medical Record Number
Name
Date of Birth
Manufacturer’s identifier
Lot number
Expiration date
Number of bags
Product shipping to ward
Thaw process (water bath preparation/sterile conditions)
Identification of thawed drug (double label: manufacturer and administration)
Administration label number (Needed to correct eMAR registration)
Documentation of the dispensing process in the patient’s electronic medical record
Hematologist signature:

CORRECT: YES/NO
YES/NO

YES/NO
YES/NO
YES/NO
YES/NO
YES/NO
YES/NO

YES/NO
Temp.: YES/NO

YES/NO

YES/NO

Pharmacist signature:

CHECKING STEP
Number of bags administered
Medication administration record by nurse

Addition of the tag “PHARMACY —Chimeric antigen receptor” in the patient’s medical record

Pharmacist signature:

CORRECT: YES/NO

YES/NO
YES/NO

SEC, Single European Code, DIN, Donation Identification Number, eMAR, electronic medication administration record.

Regarding CAR-T prescription, order sets are developed
that include pre-medications like acetaminophen and
diphenhydramine to avoid infusion reactions. Before CAR-T
preparation and dispensing, pharmacists verify patient identity,
lymphodepleting therapy interval and supportive medication.
They also verify medication restrictions and washout drug
periods prior to CAR-T cell drug infusion (29). Pharmacists
record manufacturer’s identifier and DIN number on
prescription, in order to guarantee correct traceability.

Pharmacy Service guarantees that a minimum of two doses of
tocilizumab are available for each patient receiving CAR-T cell
therapy 24/7 (see Pharmacovigilance and monitoring for details).

As mentioned, additional order sets were developed for
support medications including IV fluids, anti-infective
prophylaxis, seizure prophylaxis and anti-emetics. Also,
specific order sets were developed for the management of the
adverse events such as ICANS and CRS [tocilizumab, siltuximab-
unlicensed-, anakinra-unlicensed (30)]. The electronic
prescription of every drug needed for the patient allows
treatment follow-up by any member of the team in charge of
the patient.

Chimeric Antigen Receptor T Cell Drug
Thawing and Dispensing

Thawing and final packing before administration are under the
responsibility of a pharmacist (10). In our case, the Hematology
and Pharmacy Departments are coordinated for CAR-T cells’

retrieval from the liquid nitrogen tank, transportation on vapor
phase dewar to clinical area and defrost procedures (10).

Dispensing procedure requires a double check of the correct
drug by a pharmacist and a hematologist when the CAR-T cell
drug is retrieved from the storage. The following items must be
verified: temperature conditions during storage, patient identity
(patient name, medical record number, date of birth),
manufacturer’s identifier, lot number, and expiration date. This
step is critical to maintain the chain of custody and identity of the
CAR-T cell drug. Pharmacists check and record times of each
step (removal from storage, reception on ward, start and end of
thaw process) to ensure CAR-T cells’ stability from storage to
administration to the patient.

Due to the limited stability of CAR-T cells once thawed, in
our institution this process is performed in a dedicated area
within the HSCT unit. Thawing is done by trained stem cell lab
staff, while a pharmacist supervises the procedure checking water
bath preparation, temperature, and sterile conditions to prevent
medication contamination. This step ends with the attachment
of a label to the bag which contains patient’s identification, the
DIN code, the manufacturer’s identifier, and a barcode which
will be used at bedside by the administering nurse.

The dispensing process is registered by pharmacists in the
patient’s electronic medical record to facilitate communication
among providers. This documentation is made according to a
structured model previously established and includes: drug’s
name, DIN number, manufacturer’s identifier, expiration date,
infusion date, and number of bags administered.
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Chimeric Antigen Receptor T Cell Drug
Administration

As part of FACT accreditation, CAR-T cells’ infusion must be
recorded in chemotherapy administration records (28).
Administration procedure of the CAR-T cell drug is defined by
the multidisciplinary team, and instructions are implemented in
the drug label by pharmacists: administration equipment needed,
intravenous infusion, infusion rate and perfusion duration, purge
and wash technique. Drug labels have a unique barcode which
identifies the “five rights” of medication use: the patient, the
drug, the time, the dose, and the route (31). Nurses verify the
administration in the electronic medication administration
record (eMAR) system. In this software, a double check is
carried out by reading the barcode of the patient’s
identification bracelet and the medication’s label barcode,
which includes the administration number. The eMAR allows
nurses to record the start and end time of the infusion and any
incident that occurs during it.

Once the administration of the CAR-T cell drug has taken
place, the pharmacist will tag the patient with “CAR-T CELL
THERAPY” in the medical record software. This will allow
locating hospitalized patients or admitted to the emergency
department who have been treated with CAR-T cells, which
will facilitate transitions of care along the hospital and
later pharmacovigilance.

Patient Information and Education

Patients and their families should be given, before being
discharged from hospital, appropriate education about early
signs and symptoms of CRS and ICANS and their severity to
avoid a delay in seeking medical attention (5). Most importantly,
patients treated with CAR-T cells should be instructed to
immediately alert all providers that they have received this
therapy, especially if presenting to a facility outside of their
original treatment center (32).

Patients are given an information card for the specific CAR-T
cell drug administered, to carry with themselves and present to
all healthcare professionals if needed (emergency department,
medical visits, pharmacy, efc). This card includes:

- Information for the patient: signs and symptoms to go to the
emergency department or visit the doctor within the first 8
weeks. For example, temperature monitoring education.
Contraindication to driving in the first 8 weeks after CAR-
T cell drug administration.

- Information for healthcare professionals: CAR-T cell drug
administration date. Contact details of the responsible
hematologist, telephone number in case of emergency and
contact details of the hospital pharmacist.

- Notice about the precaution of prescribing corticosteroids and
contraindication of live vaccines.

The pharmacist is in charge of medication reconciliation at
patient discharge. It includes providing medication education to
the patient to ensure proper understanding of administration
instructions, potential interactions, and adverse effects, as well as

we confirmed that patients have been able to get the medicines
from their community pharmacy.

Pharmacovigilance and Monitoring

Health professionals involved in the management of patients
treated with CAR-T cells have been trained in the management
of the main adverse reactions, in compliance with the FDA-
mandated training as part of a Risk Evaluation Mitigation
Strategy (REMS) (33, 34). Clinical pharmacists are responsible
to ensure that appropriate treatment modalities (e.g.
tocilizumab) are promptly available for the management of
adverse events (10, 19).

As indicated by the FDA (33, 34), the inpatient pharmacy will
need to stock at least two doses of tocilizumab for each patient
before CAR-T cell administration and ordering protocols and
order sets will need to be developed to assure timely
administration of both anti-IL-6 therapy as well as
corticosteroids and supportive medications as needed for CRS
(28). Siltuximab and anakinra are two drugs considered for CRS
treatment as second-line, when tocilizumab is not sufficiently
effective (30). Both medicines are unlicensed for this indication,
so their use has been protocolized in the CRS treatment protocol
in our institution.

All the drugs needed for patients treated with CAR-T cells are
prescribed in CPOE system by the attending physician and
verified by the pharmacist, including medicines for chronic
conditions, supportive therapies and drugs for complications
or adverse events. Pharmacists create standardized protocols in
CPOE for the prescription of tocilizumab, siltuximab, or
anakinra with the recommended doses and administration
instructions, which will prevent delays in treating adverse events.

The Pharmacy Department compounds tocilizumab and
siltuximab for intravenous administration 24 h/7 days a week.
To ensure maintenance of adequate stock, tocilizumab,
siltuximab, and anakinra vials for CAR-T program are
separated from the general store in the pharmacy. Tocilizumab
kits have been developed and include four tocilizumab vials of
200 mg, instructions for nurses for its preparation and
administration and a withdrawal record sheet. A tocilizumab
kit is dispensed to the Marrow Transplant Unit when CAR-T
cells’ administration is confirmed, as required by the summary of
product characteristics (1, 2). This kit is returned to the
pharmacy when the patient is discharged. Clear workflows are
developed and coordinated with hematologists and nursing staft
for ordering tocilizumab, siltuximab, and anakinra, either during
pharmacy working hours or overnight.

Long-term clinical monitoring is important for detection
of some complications, such as hypogammaglobulinemia
or prolonged cytopenias. Furthermore, the use of a
replicationcompetent viral vector during CAR-T cell
manufacturing could pose a theoretical risk to patients of the
appearance of secondary malignancies or genotoxicity (35).
However, there are currently no studies with a follow-up
period long enough to fully characterize this kind of risks. For
this reason, a 15 years follow-up period is mandated by the
FDA for all such gene therapies (36). In our institution,
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pharmacists are responsible in the multidisciplinary team to
define and coordinate a comprehensive pharmacovigilance
CAR-T cell therapy program centralizing the evaluation and
reporting of suspected adverse drug reactions to the Spanish
Pharmacovigilance System. Long-term toxicity, as well as the risk
of genotoxicity or the development of immunogenicity will be
evaluated in subsequent Hematology visits and identified by
pharmacists by consulting the electronic medical record.

Incorporation of clinical decision support rules might be also
beneficial in advancing patient safety and outcomes (37). Due to
the known lympholytic effect of corticosteroids, they must be
avoided until 3 months after administration, unless no
reasonable alternatives exist (29, 38). Exceptions are the use of
corticosteroids for the management of CAR-T adverse reactions
or life-threatening emergencies (1, 2). Myeloid growth factors,
particularly granulocyte macrophage-colony stimulating factor
(GM-CSF), have the potential to worsen CRS symptoms and are
not recommended during the first 3 weeks after tisagenlecleucel
infusion or until CRS has resolved (1, 29). Safety alerts have been
included in the clinical decision support system integrated into
the CPOE system, such as warnings when corticosteroids or
granulocyte colony stimulating factors prescription. The tag
“PHARMACY -Chimeric antigen receptor” in the patient’s
medical record generates an alert, visible to all health
professionals, when the patient arrives at the emergency
department or is admitted to hospital. It can avoid prescribing
corticosteroids in the emergency department if the patient has
been admitted for another reason, or recommend a double
verification prior to its use.

Outcomes’ Record and Evaluation

The registration and analysis of data regarding CAR-T cell
therapy, like clinical outcomes, acute complications and long-
term toxicities will allow definition of the patients who will
benefit the most from these therapies and improve future care.
FACT recommends collecting internal data regarding CAR-T
cell therapy and submitting them to the Center for International
Blood and Marrow Transplant Research (CIBMTR) database for
collective analyses (14). In Europe, the EMA requires that all
consecutive cases of CAR-T cell therapy be reported to the
EBMT registry. Safety and efficacy data should be reported to
perform post-authorization studies. In Spain, the “Boarding plan
of advanced therapies in the National Health System: CAR
therapies” (21) also establishes another information system to
report CAR-T cell outcomes in clinical practice (VALTERMED)
(39), with the aim of determining the added therapeutic value of
CAR-T cell therapies.

Although this task is not a pharmacists’ exclusive
responsibility, they can collaborate given their extensive
experience in clinical informatics and data analysis (40). The
CPOE system serves in our model as a repository of therapeutic
and traceability data (previous and future therapeutic lines,
medicines for chronic conditions, supportive therapies and
drugs for complications or adverse events) that can be
exploited to describe efficacy and safety of the treatment. The
Pharmacy Department designed a checklist to systematically

summarize the main outcomes, so it serves as a guide when
completing the required databases (Figure 2).

DISCUSSION

CAR-T cells are a new treatment paradigm for malignancies with
unmet clinical needs, like B-cell ALL and DLBCL, as they offer a
potentially curative option. However, CAR-T cell therapy also
requires a complex patient-specific manufacturing and use
process and is associated with unique toxicities which need to
be recognized and managed. Considered as advanced therapy
medicinal products by drug regulatory agencies, hospital
pharmacists must be involved in their management to assure
an effective and safe use of these medicines.

This article provides a management and safety practice guide
for CAR-T cell drug use process and defines the legal
responsibilities and the specific activities of pharmacists
throughout the process. Since many of these responsibilities
are shared with hematologists, the guide was created from a
multidisciplinary perspective, in the context of an institutional
CAR-T cell therapy program.

Despite the consensus and recommendations issued by
professional associations which recognize the role of hospital
pharmacists in CAR-T cell therapy programs (12, 16, 20), there is
a lack of specific information about how this can be effectively
implemented in a daily basis. In a survey that detailed the
administrative, logistic, and toxicity management practices on
CAR-T cell therapy in the United States, pharmacists were
involved in multidisciplinary committees (72% of the
respondents), reimbursement process, patient education, and
tocilizumab stock management, but only 20% of the
respondents have a dedicated CAR-T cell pharmacist (41).
This work summarizes the attempt at our institution to
identify key steps where the involvement of hospital
pharmacists would improve the overall safety of the process.
The guide was created by summarizing the most important
available evidence found in the literature and has been added
to the clinical pharmacist daily practice within the CAR-T cell
therapy program.

In particular, this guide is a tool to guarantee the compliance
of standard operating procedures approved in the institution to
manage CAR-T cell therapy. The guide facilitates the
maintenance of the chain of custody and identity of the CAR-
T cell drugs and simplifies the checking of all the aspects that
guarantee the safety and secure handling of the medicine.
Although platforms developed by the pharmaceutical
industries are useful tools for tracking the process of shipping
and delivery, we strongly recommend that hospitals develop
their own records to guarantee traceability throughout the
process. The forthcoming approvals of different CAR-T cell
drugs from different manufacturers, each one with its own
platform, will make difficult to keep traceability in daily practice.

From our point of view, in order to achieve effective
implementation of the guide, the coordination of health
professionals involved in the CAR-T cell therapy program
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CART FOLLOW-UP VARIABLES

Medical Record Number:

Date of birth: __/_/__

Sex:M/F AdultPediatric: A/ P ‘

Date of CAR-T Committee : _ /|
Date of approval (Authorities): __/_/

Date of manufacturer order:_/_/

National Health System’s identifier :

Manufacturer’s identifier :

- Tisagenlecleucel: Yes / No

Treatment Indication:

- Diffuse large B-cell lymphoma (DLBCL): Yes / No
- Acute lymphoblastic leukemia (ALL): Yes / No

- Transformed follicular lymphoma (TFL): Yes / No

B-cell lymphoma subtype:
-BCL-2:Yes/No  -CD19: Yes/No
-BCL-6: Yes/No - CD20: Yes / No
-ABC: Yes / No - CD22: Yes / No
- CD30: Yes / No

CAR-T Drug: - Axicabtagene-ciloleucel: Yes / No

- Primary mediastinal B-cell lymphoma (PMBCL): Yes / No

ECOG:0/1/2 Weight:
Previous Treatment:

1stline

- Regimen: /Number cycles:
2nd line

- Regimen: /Number cycles:
3rd line:

- Regimen: /Number cycles:
4th line

- Regimen: /Number cycles:
Radiotherapy: Yes / No

Previous hematopoietic cell transplant: Yes / No

Planned Apheresis Date: _ /_ /
Real Apheresis Date: __/_/__

Shipment date of apheresis product: _/_/__

Regimen:

Other regimen:

Bridging chemotherapy treatment:

/Number cycles:

/ Lymphodepleting chemotherapy treatment:
Fludarabine/Cyclophosphamide: Yes / No

CART INFUSION AND ADVERSE EVENTS

Planned Infusion Date: __/_/
HSCT Unit Admission Date: __/_/__

Real Infusion Date: _ / /

ICU Admission: Yes / No

ICU Admission Date: __/_/__
ICU Discharge Date: _ / /

CRS:
- Yes/No

Number CAR-T bags: 1/2

- Starting date: _/_/__

- Degree: 1/2/3/4/Non-determined

ECOG Infusion Day:0/1/2 Costicosteroids: - Enddate: _/ /__
HSCT Unit Discharge Date: _/_/__| |- Yes/No
- Drug 1: ICANS:
Filgrastim: - Dose 1 (mg): - Yes /No .
- Yes/No - Datet: [/ / - Degree: 1/2/3/4/Non-determined
- Starting date: __/_/__ - - Starting date: __/_/__
IVIG: - Drug 2: - Enddate: _/_/__
- Yes/No - Dose 2 (mg):
- Starting date: __/_/__ - Date2: [ /__
Tocilizumab: Siltuximab: Anakinra:
- Yes/No - Yes/No - Yes/No
- Datet:_/ /| - Datet:_/ /| - Date1: _/_/
- Date2: _/ /__ - Date2: _/ | - Date2: /[
- Date3:_/_/__ - Date3:_/_/__ - Date3: _/_/__
- Dated: _/_/__ - Dated:_/_/__ - Dated: _/_/__
ADR Reporting: Yes /No - Number of reported ADR:
- ADR1: - ADR2: - ADR 3:
- Datet:_/ | - Date2: _/_/|__ - Date3:_/_[

TREATMENT RESPONSE

90 Days Response:
U Partial response

12 Months Response:
[ Partial response

U Partial response

] Complete metabolic  [1 CMR O cMrR

response (CMR) [ Exitus [ Exitus
[ Exitus [J Other: [ Other:
[ Other:

18 Months Response:

24 Months Response: 36 Months Response:
[ Partial response [ Partial response
O CMR [0 cMR

[ Exitus [ Exitus

[ Other: [J Other:

TREATMENT POST-CART

Chemotherapy Treatment:

- stline
- Starting date: __ /_/__
- Regimen:

- 2ndline
- Starting date: __/_/__
- Regimen:

/ Number cycles:

/ Number cycles:

Hematopoietic stem cell transplant :
- Yes/No
- Date:_/ |

CAR-T: Chimeric antigen receptor T, HSCT: hematopoietic stem cell transplantation, ICU: Intensive Care Unit, IVIG: Intravenous Immunoglobulin, CRS: cytokine release syndrome,
ICANS: immune effector cell-associated neurotoxicity syndrome, ADR: adverse drug reaction, CMR: complete metabolic response

FIGURE 2 | Recorded variables for outcomes’ evaluation.
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(hematologists, pharmacists, nurses, and other professionals) is
essential, from patient selection to outcome record
and evaluation.

As far as we know, there are few published experiences of
groups that have implemented pharmacists’ responsibilities in a
CAR-T cell therapy program. The Specialist Pharmacy Service of
the United Kingdom National Health Service has published a
guideline to outline the key areas where chief pharmacists should
focus prior to implement CAR-T cell therapy (19). It includes
checklists to document key steps, but they comprise a lot of local
details and are very extensive, which may be difficult to adopt by
other institutions. The Memorial Sloan Kettering Cancer Center
has published its process for implementing a commercial CAR-T
cell therapy program (28). The authors identified eight essential
tasks that define the CAR-T cell workflow and describe clinical,
administrative, and regulatory challenges for successful
implementation of this program. In this experience,
pharmacists are required during infusion and early post-
infusion care, to develop order sets for collection and thaw/
infusion products, to track and register cell products and to
guarantee the availability of tocilizumab. Our guide incorporates
all those activities but also includes practical details which may
serve as guidance to other institutions to implement pharmacists’
roles and responsibilities.

Pharmacists have a key role as an interdisciplinary team
member in CAR-T cell therapy program and their involvement
can improve patients’ outcomes, given previous experiences with
cancer patients (42-44). Pharmacists are in charge of
chemotherapy regimen verification (bridge, lymphodepleting
therapy), dose adjustments based on renal and/or hepatic
function and review all medications for drug-drug and drug-
food interactions. Moreover, they provide comprehensive patient
and caregiver education and assess for medication adherence and
reconciliation. Pharmacist may find difficulties given some gaps
in pharmacy didactic curriculum and experiential education in
advanced therapy medicinal products, so this guide may help to
implement specific activities throughout the process.

Finally, given the differences in pharmacists’ roles worldwide,
this guide is more applicable to the European setting. In Europe,
Regulation (EC) No 1394/2007 subjects Advanced Therapy
Medicinal Products (ATMPs) to the same principles as other
medicines. As these therapies are used in the hospital setting, the

REFERENCES

1. European Medicines Agency Kymriah. EPAR Product information. Summary
of product characteristics. (2018). Available at: https://www.ema.europa.eu/en/
documents/product-information/kymriah-epar-product-information_en.pdf.

2. European Medicines Agency Yescarta. EPAR Product information. Summary
of product characteristics. (2018). Available at: https://www.ema.europa.eu/en/
documents/product-information/yescarta-epar-product-information_en.pdf.

3. Levine BL. Performance-enhancing drugs: design and production of
redirected chimeric antigen receptor (CAR) T cells. Cancer Gene Ther
(2015) 22:79-84. doi: 10.1038/cgt.2015.5

4. Neelapu SS, Tummala S, Kebriaei P, Wierda W, Gutierrez C, Locke FL, et al.
Chimeric antigen receptor T-cell therapy - assessment and management of
toxicities. Nat Rev Clin Oncol (2018) 15:47-62. doi: 10.1038/nrclinonc.
2017.148

hospital pharmacist has the responsibility of contributing to the
rational use of CAR-T cell drugs, guaranteeing and assuming the
technical responsibility of their selection, ordering, product
receipt, storage and preparation, and dispensing (15, 45).
Otherwise, some of the processes will not be applicable to
centers in United States.

In this scenario, this guide is a practical and comprehensive
version of the international recommendations that considers
pharmacists’ responsibilities regarding the management and
safety of CAR-T cell drugs. Systematic processes with a
multidisciplinary approach are useful in health systems. The
tool is easy to use and its implementation requires little time
from health professionals and minimal technological investment.

CONCLUSION

This article provides a consensus set of safety recommendations
regarding CAR-T cell therapy management in clinical practice
and a practical support guide to standardize hospital
pharmacists’ responsibilities within the multidisciplinary team,
mainly in the European setting. The proposed guide may help
with the compliance of standard operating procedures and to
keep traceability throughout the CAR-T cell drug use process in
order to guarantee the safe and efficient use of these medications.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

MM-A, VE-V, JR-H, RC-B, AH-A, and MS-S contributed to the
conceptualization and design of the study. MM-A, VE-V, JR-H,
and RC-B contributed to the data curation and data analysis.
MM-A wrote the first draft of the manuscript. All authors
contributed to the article and approved the submitted version.

5. McGuirk J, Waller EK, Qayed M, Abhyankar S, Ericson S, Holman P, et al.
Building blocks for institutional preparation of CTL019 delivery. Cytotherapy
(2017) 19:1015-24. doi: 10.1016/.jcyt.2017.06.001

6. Brudno JN, Kochenderfer JN. Toxicities of chimeric antigen receptor T cells:
recognition and management. Blood (2016) 127:3321-30. doi: 10.1182/blood-
2016-04-703751

7. Ceschi A, Noseda R, Palin K, Verhamme K. Immune Checkpoint Inhibitor-
Related Cytokine Release Syndrome: Analysis of WHO Global
Pharmacovigilance Database. Front Pharmacol (2020) 11:557. doi: 10.3389/
fphar.2020.00557

8. Newman MJ, Benani DJ. A review of blinatumomab, a novel immunotherapy.
J Oncol Pharm Pract (2016) 22:639-45. doi: 10.1177/1078155215618770

9. Buechner J, Kersten MJ, Fuchs M, Salmon F, Jager U. Chimeric Antigen
Receptor-T Cell Therapy: Practical Considerations for Implementation in
Europe. HemaSphere (2018) 2:e18. doi: 10.1097/HS9.0000000000000018

Frontiers in Oncology | www.frontiersin.org

March 2021 | Volume 11 | Article 636068


https://www.ema.europa.eu/en/documents/product-information/kymriah-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/kymriah-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/yescarta-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/yescarta-epar-product-information_en.pdf
https://doi.org/10.1038/cgt.2015.5
https://doi.org/10.1038/nrclinonc.2017.148
https://doi.org/10.1038/nrclinonc.2017.148
https://doi.org/10.1016/j.jcyt.2017.06.001
https://doi.org/10.1182/blood-2016-04-703751
https://doi.org/10.1182/blood-2016-04-703751
https://doi.org/10.3389/fphar.2020.00557
https://doi.org/10.3389/fphar.2020.00557
https://doi.org/10.1177/1078155215618770
https://doi.org/10.1097/HS9.0000000000000018
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Marzal-Alfaro et al.

CAR-T Management and Safety Tool

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

—

22.

23.

24.

Chomienne C, Sierra J, Einsele H, Jager U. EHA Guidance Document: The
process of CAR T cell therapy in Europe. HemaSphere (2019) 3:e280.
doi: 10.1097/HS9.0000000000000280

Clemmons AB, Alexander M, DeGregory K, Kennedy L. The Hematopoietic
Cell Transplant Pharmacist: Roles, Responsibilities, and Recommendations
from the ASBMT Pharmacy Special Interest Group. Biol Blood Marrow
Transplant (2018) 24:914-22. doi: 10.1016/j.bbmt.2017.12.803

Langebrake C, Admiraal R, van Maarseveen E, Bonnin A, Bauters T.
Consensus recommendations for the role and competencies of the EBMT
clinical pharmacist and clinical pharmacologist involved in hematopoietic
stem cell transplantation. Bone Marrow Transplant (2020) 55:62-9.
doi: 10.1038/s41409-019-0538-9

Clemmons A. The Hematopoietic Cell Transplant Pharmacist: A Call
to Action. Pharm (Basel Switzerland) (2020) 8:3. doi: 10.3390/pharmacy
8010003

Foundation for the Accreditation of Cellular Therapy (FACT). FACT
Standards for Immune Effector Cells. 1st ed. Omaha, NE: Foundation for the
Accreditation of Cellular Therapy (2018). Available at: http://www.
factwebsite.org/iecstandards/. Version 1.1.

Moreno-Martinez ME, Vinent-Genestar ], Munoz-Sanchez C, Carreras-Soler
M]J. Hospital pharmacist’s roles and responsibilities with CAR-T medicines.
Farm Hosp (2020) 44:26-31. doi: 10.7399/th.11333

Pinturaud M, Vasseur M, Odou P. Role du pharmacien hospitalier dans le
circuit d’'une catégorie de medicament de thérapie innovante : les lymphocytes
T exprimant un Recepteur Chimerique a I’Antigéne. Bull Cancer (2018) 105
(Suppl):S205-13. doi: 10.1016/S0007-4551(19)30051-7

Joint Accreditation Committee-International Society for Cellular Therapy
(ISCT) and European Society for Blood and Marrow Transplantation
(EBMT; JACIE). Why Accreditation? . Available at: https://www.ebmt.org/
why-accreditation (Accessed November 15, 2020).

Foundation for the Accreditation of Cellular Therapy (FACT). FACT
Common Standards for Cellular Therapies. 2nd ed. Omaha, NE: Foundation
for the Accreditation of Cellular Therapy (2019). Available at: http://www.
factweb.org/forms/store/ProductFormPublic/second-edition-fact-common-
standards-for-cellular-therapies-free-download.

Black A. harmacy Institutional Readiness for Marketed CAR-T Therapy:
Checklists for Pharmacy Services. Version 4.0. London: NHS Specialist
Pharmacy Service (2020). Available at: https://www.sps.nhs.uk/articles/
pharmacy-institutional-readiness-for-marketed-car-t-therapy-guidance-for-
chief-pharmacists/.

Alonso Herreros JM, Calleja Hernandez MA, Carreras Soler M]J, Cordero
Cruz AM, Garcia Pellicer J, Lizeaga Cundin G, et al. Procedimiento de gestion
de medicamentos CART. Madrid: Sociedad Espafiola de Farmacia Hospitalaria
(2019). Available at: https://gruposdetrabajo.sefh.es/gedefo/images/stories/
documentos/2019/PROCEDIMIENTO_DE_GESTIN_DE_
MEDICAMENTOS_CAR-T.pdf.

Ministry of Health, Consumer Affairs and Social Welfare, Spain. In: Plan de
abordaje de las terapias avanzadas en el Sistema Nacional de Salud:
Medicamentos CAR. Madrid: Ministry of Health, Consumer Affairs and
Social Welfare (2019). Available at: https://www.mscbs.gob.es/profesionales/
farmacia/pdf/Plan_Abordaje_Terapias_Avanzadas_SNS_15112018.pdf.
Ministry of Health, Consumer Affairs and Social Welfare, Spain. In: Protocolo
farmacoclinico del uso de tisagenlecleucel y axicabtagen ciloleucel en linfoma B
difuso de celulas grandes en el Sistema Nacional de Salud. Madrid: Ministry of
Health, Consumer Affairs and Social Welfare (2019). Available at: https://
www.mscbs.gob.es/profesionales/farmacia/pdf/20191128_Protocolo_
farmacoclinico_tisagenlecleucel_axicel LBDCG.pdf.

Ministry of Health, Consumer Affairs and Social Welfare, Spain. In: Protocolo
farmacoclinico del uso de tisagenlecleucel en la leucemia linfoblastica aguda de
celulas B en el Sistema Nacional de Salud. Madrid: Ministry of Health, Consumer
Affairs and Social Welfare (2019). Available at: https://www.mscbs.gob.es/
profesionales/farmacia/pdf/20190508_Protocolo_farmacoclinico_
tisagenlecleucel LLA.pdf.

REGULATION (EC) No 1394/2007 OF THE EUROPEAN PARLIAMENT
AND OF THE COUNCIL of 13 November 2007 on advanced therapy
medicinal products and amending Directive 2001/83/EC and Regulation
(EC) No 726/2004 (Text with EEA relevance). https://eur-lex.europa.eu/
LexUriServ/LexUriServ.do?uri=0]J:L:2007:324:0121:0137:en:PDF.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Buechner J, Kersten MJ, Fuchs M, Salmon F, Jager U. Chimeric Antigen
Receptor-T Cell Therapy: Practical Considerations for Implementation in
Europe. HemaSphere (2018) 2:e18. doi: 10.1097/HS9.0000000000000018
Maus MV, Nikiforow S. The Why, what, and How of the New FACT
standards for immune effector cells. ] Immunother Cancer (2017) 5:36.
doi: 10.1186/s40425-017-0239-0

Kansagra AJ, Frey NV, Bar M, Laetsch TW, Carpenter PA, Savani BN, et al.
Clinical Utilization of Chimeric Antigen Receptor T Cells in B Cell Acute
Lymphoblastic Leukemia: An Expert Opinion from the European Society for
Blood and Marrow Transplantation and the American Society for Blood and
Marrow Transplantation. Biol Blood Marrow Transplant (2019) 25:e76-85.
doi: 10.1016/j.bbmt.2018.12.068

Perica K, Curran KJ, Brentjens R], Giralt SA. Building a CAR Garage:
Preparing for the Delivery of Commercial CAR T Cell Products at
Memorial Sloan Kettering Cancer Center. Biol Blood Marrow Transplant
(2018) 24:1135-41. doi: 10.1016/j.bbmt.2018.02.018

Evans N. Medication Restrictions for Patients Having CAR-T Cell Therapy.
Version 1.1. London: NHS Specialist Pharmacy Service and Pan UK Pharmacy
Working Group for ATMPs (2020). Available at: https://www.sps.nhs.uk/wp-
content/uploads/2020/01/Medication-Restrictions-for-Patients-Having-
CAR-T-Cell-Therapy-V2-February-2020.pdf.

London Medicines Information Service. Evidence for use of siltuximab or
anakinra as second line therapies (after failure of tocilizumab) for Cytokine
Release Syndrome (CRS) following use of Chimeric Antigen Receptor T-cell
(CAR-T) therapy. London: NHS Specialist Pharmacy Service (2019). Available
at: https://www.sps.nhs.uk/wp-content/uploads/2019/05/SPS_Siltuximab_
Anakinra_CRS_postCAR_T_FINALApr19.pdf.

Hughes R, Blegen M. “Medication Administration Safety”. In: RG Hughes,
editor. Patient Safety and Quality: An Evidence-Based Handbook for Nurses.
Rockville, MD: Agency for Healthcare Research and Quality (US) (2008).
Mahadeo KM, Khazal SJ, Abdel-Azim H, Fitzgerald JC, Taraseviciute A,
Bollard CM, et al. Management guidelines for paediatric patients receiving
chimeric antigen receptor T cell therapy. Nat Rev Clin Oncol (2019) 16:45-63.
doi: 10.1038/s41571-018-0075-2

US Food and Drug Administration. Approved Risk Evaluation and Mitigation
Strategies (REMS) for Kymriah® (tisagenlecleucel). US Food and Drug
Administration (2019). Available at: https://www.accessdata.fda.gov/scripts/
cder/rems/index.cfm?event=IndvRemsDetails.page&KREMS=368.

US Food and Drug Administration. Approved Risk Evaluation and Mitigation
Strategies (REMS) for Yescarta (axicabtagene ciloleucel) and Tecartus
(brexucabtagene autoleucel). US Food and Drug Administration (2020).
Available at: https://www.accessdata.fda.gov/scripts/cder/rems/index.cfm?
event=IndvRemsDetails.page&REMS=375.

Dalba C, Bellier B, Kasahara N, Klatzmann D. Replication-competent vectors
and empty virus-like particles: new retroviral vector designs for cancer gene
therapy or vaccines. Mol Ther (2007) 15:457-66. doi: 10.1038/sj.mt.6300054
Guidance for Industry, US Department of Health and Human Services, Food
and Drug Administration and Center for Biologics Evaluation and Research
(CBER). Supplemental guidance on testing for replication-competent
retrovirus in retroviral vector-based gene therapy products and during
follow-up of patients in clinical trials using retroviral vectors. Hum Gene
Ther (2001) 12:315-20. doi: 10.1089/10430340150218440

Dushenkov A, Jungsuwadee P. Chimeric antigen receptor T-cell therapy:
Foundational science and clinical knowledge for pharmacy practice. J Oncol
Pharm Pract (2019) 25:1217-25. doi: 10.1177/1078155219836480

Novartis Pharmaceuticals UK. Kymriah healthcare professional training
material . Available at: https://www.medicines.org.uk/emc/rmm/1287/
Document (Accessed November 15, 2020).

Ministry of Health, Consumer Affairs and Social Welfare, Spain. In: . Sistera
de Informacion para determinar el Valor Terapeutico en la Practica Clinica
Real de los Medicamentos de Alto Impacto Sanitario y Economico en el SNS
(VALTERMED). Madrid: Ministry of Health, Consumer Affairs and Social
Welfare (2019). Available at: https://www.mscbs.gob.es/profesionales/
farmacia/valtermed/home.htm.

ASHP Statement on the Pharmacist’s Role in Clinical Informatics. Am |
Health Syst Pharm (2016) 73:410-3. doi: 10.2146/ajhp150540
Mahmoudjafari Z, Hawks KG, Hsieh AA, Plesca D, Gatwood KS, Culos KA.
American Society for Blood and Marrow Transplantation Pharmacy Special

Frontiers in Oncology | www.frontiersin.org

March 2021 | Volume 11 | Article 636068


https://doi.org/10.1097/HS9.0000000000000280
https://doi.org/10.1016/j.bbmt.2017.12.803
https://doi.org/10.1038/s41409-019-0538-9
https://doi.org/10.3390/pharmacy8010003
https://doi.org/10.3390/pharmacy8010003
http://www.factwebsite.org/iecstandards/
http://www.factwebsite.org/iecstandards/
https://doi.org/10.7399/fh.11333
https://doi.org/10.1016/S0007-4551(19)30051-7
https://www.ebmt.org/why-accreditation
https://www.ebmt.org/why-accreditation
http://www.factweb.org/forms/store/ProductFormPublic/second-edition-fact-common-standards-for-cellular-therapies-free-download
http://www.factweb.org/forms/store/ProductFormPublic/second-edition-fact-common-standards-for-cellular-therapies-free-download
http://www.factweb.org/forms/store/ProductFormPublic/second-edition-fact-common-standards-for-cellular-therapies-free-download
https://www.sps.nhs.uk/articles/pharmacy-institutional-readiness-for-marketed-car-t-therapy-guidance-for-chief-pharmacists/
https://www.sps.nhs.uk/articles/pharmacy-institutional-readiness-for-marketed-car-t-therapy-guidance-for-chief-pharmacists/
https://www.sps.nhs.uk/articles/pharmacy-institutional-readiness-for-marketed-car-t-therapy-guidance-for-chief-pharmacists/
https://gruposdetrabajo.sefh.es/gedefo/images/stories/documentos/2019/PROCEDIMIENTO_DE_GESTIN_DE_MEDICAMENTOS_CAR-T.pdf
https://gruposdetrabajo.sefh.es/gedefo/images/stories/documentos/2019/PROCEDIMIENTO_DE_GESTIN_DE_MEDICAMENTOS_CAR-T.pdf
https://gruposdetrabajo.sefh.es/gedefo/images/stories/documentos/2019/PROCEDIMIENTO_DE_GESTIN_DE_MEDICAMENTOS_CAR-T.pdf
https://www.mscbs.gob.es/profesionales/farmacia/pdf/Plan_Abordaje_Terapias_Avanzadas_SNS_15112018.pdf
https://www.mscbs.gob.es/profesionales/farmacia/pdf/Plan_Abordaje_Terapias_Avanzadas_SNS_15112018.pdf
https://www.mscbs.gob.es/profesionales/farmacia/pdf/20191128_Protocolo_farmacoclinico_tisagenlecleucel_axicel_LBDCG.pdf
https://www.mscbs.gob.es/profesionales/farmacia/pdf/20191128_Protocolo_farmacoclinico_tisagenlecleucel_axicel_LBDCG.pdf
https://www.mscbs.gob.es/profesionales/farmacia/pdf/20191128_Protocolo_farmacoclinico_tisagenlecleucel_axicel_LBDCG.pdf
https://www.mscbs.gob.es/profesionales/farmacia/pdf/20190508_Protocolo_farmacoclinico_tisagenlecleucel_LLA.pdf
https://www.mscbs.gob.es/profesionales/farmacia/pdf/20190508_Protocolo_farmacoclinico_tisagenlecleucel_LLA.pdf
https://www.mscbs.gob.es/profesionales/farmacia/pdf/20190508_Protocolo_farmacoclinico_tisagenlecleucel_LLA.pdf
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2007:324:0121:0137:en:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2007:324:0121:0137:en:PDF
https://doi.org/10.1097/HS9.0000000000000018
https://doi.org/10.1186/s40425-017-0239-0
https://doi.org/10.1016/j.bbmt.2018.12.068
https://doi.org/10.1016/j.bbmt.2018.02.018
https://www.sps.nhs.uk/wp-content/uploads/2020/01/Medication-Restrictions-for-Patients-Having-CAR-T-Cell-Therapy-V2-February-2020.pdf
https://www.sps.nhs.uk/wp-content/uploads/2020/01/Medication-Restrictions-for-Patients-Having-CAR-T-Cell-Therapy-V2-February-2020.pdf
https://www.sps.nhs.uk/wp-content/uploads/2020/01/Medication-Restrictions-for-Patients-Having-CAR-T-Cell-Therapy-V2-February-2020.pdf
https://www.sps.nhs.uk/wp-content/uploads/2019/05/SPS_Siltuximab_Anakinra_CRS_postCAR_T_FINALApr19.pdf
https://www.sps.nhs.uk/wp-content/uploads/2019/05/SPS_Siltuximab_Anakinra_CRS_postCAR_T_FINALApr19.pdf
https://doi.org/10.1038/s41571-018-0075-2
https://www.accessdata.fda.gov/scripts/cder/rems/index.cfm?event=IndvRemsDetails.page&REMS=368
https://www.accessdata.fda.gov/scripts/cder/rems/index.cfm?event=IndvRemsDetails.page&REMS=368
https://www.accessdata.fda.gov/scripts/cder/rems/index.cfm?event=IndvRemsDetails.page&REMS=375
https://www.accessdata.fda.gov/scripts/cder/rems/index.cfm?event=IndvRemsDetails.page&REMS=375
https://doi.org/10.1038/sj.mt.6300054
https://doi.org/10.1089/10430340150218440
https://doi.org/10.1177/1078155219836480
https://www.medicines.org.uk/emc/rmm/1287/Document
https://www.medicines.org.uk/emc/rmm/1287/Document
https://www.mscbs.gob.es/profesionales/farmacia/valtermed/home.htm
https://www.mscbs.gob.es/profesionales/farmacia/valtermed/home.htm
https://doi.org/10.2146/ajhp150540
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Marzal-Alfaro et al.

CAR-T Management and Safety Tool

Interest Group Survey on Chimeric Antigen Receptor T Cell Therapy
Administrative, Logistic, and Toxicity Management Practices in the United
States. Biol Blood Marrow Transplant (2019) 25:26-33. doi: 10.1016/
j.bbmt.2018.09.024

Ribed A, Romero-Jiménez RM, Escudero-Vilaplana V, Iglesias-Peinado I,
Herranz-Alonso A, Codina C, et al. Pharmaceutical care program for onco-
hematologic outpatients: safety, efficiency and patient satisfaction. Int J Clin
Pharm (2016) 38:280-8. doi: 10.1007/s11096-015-0235-8

Herledan C, Baudouin A, Larbre V, Gahbiche A, Dufay E, Alquier I, et al.
Clinical and economic impact of medication reconciliation in cancer patients:
a systematic review. Support Care Cancer (2020) 28:3557-69. doi: 10.1007/
500520-020-05400-5

Segal EM, Bates J, Fleszar SL, Holle LM, Kennerly-Shah J, Rockey M, et al.
Demonstrating the value of the oncology pharmacist within the healthcare team.
J Oncol Pharm Pract (2019) 25:1945-67. doi: 10.1177/1078155219859424

42.

43.

44.

45. Lamas-Diaz MJ, Hernandez-Garcia C. Advanced therapies. Farm Hosp (2020)
44:1-2. doi: 10.7399/th.11373

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Marzal-Alfaro, Escudero-Vilaplana, Revuelta-Herrero,
Collado-Borrell, Herranz-Alonso and Sanjurjo-Saez. This is an open-access
article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

March 2021 | Volume 11 | Article 636068


https://doi.org/10.1016/j.bbmt.2018.09.024
https://doi.org/10.1016/j.bbmt.2018.09.024
https://doi.org/10.1007/s11096-015-0235-8
https://doi.org/10.1007/s00520-020-05400-5
https://doi.org/10.1007/s00520-020-05400-5
https://doi.org/10.1177/1078155219859424
https://doi.org/10.7399/fh.11373
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Chimeric Antigen Receptor T Cell Therapy Management and Safety: A Practical Tool From a Multidisciplinary Team Perspective
	Introduction
	Materials and Methods
	Results
	Patient Evaluation and Selection and Chimeric Antigen Receptor T Cell Drug Order
	Apheresis and Material Shipment
	Reception of Chimeric Antigen Receptor T Cell Drug and Storing
	Chimeric Antigen Receptor T Cell Drug Prescription and Pharmacy Verification of Orders
	Chimeric Antigen Receptor T Cell Drug Thawing and Dispensing
	Chimeric Antigen Receptor T Cell Drug Administration
	Patient Information and Education
	Pharmacovigilance and Monitoring
	Outcomes’ Record and Evaluation

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


