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Abstract

Patients with hematological malignancies receiving hematopoietic stem cell transplantation (HSCT) or chimeric
antigen receptor (CAR) T-cell therapy are known to have complex pharmacotherapy. To ensure safe and effec-
tive care in preventing and managing drug-related problems, pharmacists trained in HSCT and CAR T-cell ther-
apy fulfill various roles in providing care for these patients. With polypharmacy and complex medication regi-
mens, drug interactions are one of the major aspects that pharmacists review regularly to ensure the efficacy of
treatment while minimizing toxicity. Pharmacists anticipate various complex drug interactions, understanding
the possible mechanisms of drug interactions, and manage these complex drug regimens in patients undergoing
HSCT and CAR T-cell therapy. In addition, antimicrobial prophylaxis is also important supportive care for im-
munocompromised patients. Pharmacists are capable of evaluating the risk of opportunistic infections, anticipat-
ing the type of antimicrobial prophylaxis required, and setting a policy with a robust antimicrobial regime. This
can promote consistency in patient care and improve patient outcomes in terms of morbidity and mortality as-
sociated with opportunistic infections. Lastly, pharmacists are equipped with a skillset to ensure a seamless tran-
sition of care, provide education for patients and healthcare providers, promote medication adherence, and
contribute to research and quality improvement.
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Introduction

Hematopoietic stem cell transplantation (HSCT) and
CAR T-cell therapy are actively performed for the treat-
ment of many hematological malignancies1. Patients
with hematological malignancies receiving HSCT and
CAR T-cell therapy are known to have very complex
pharmacotherapy. Multidisciplinary collaboration among
pharmacists, physicians, nurses, and coordinators is of
paramount importance to ensure safe and effective care
in preventing and managing drug-related problems.
Pharmacists who are trained in HSCT and CAR T-cell
therapy fulfill various roles in providing care for the pa-

tient population, including direct patient care, medica-
tion management, policy development, transition of
care, patient and staff education, supportive care, and
quality tracking2.
In this section, we highlight three important aspects

that pharmacists are actively involved in for the care of
patients undergoing HSCT and CAR T-cell therapy.
First, we reviewed clinical data describing clinically im-
portant pharmacokinetic drug interactions and provided
recommendations for preventing and/or managing these
drug interactions. Next, we focused on the indications
and options for antimicrobial prophylaxis in patients re-
ceiving chimeric antigen receptor (CAR) T-cell therapy.
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Lastly, we explored the various contributions of phar-
macists as drug experts in specific areas of transition of
care, education, medication adherence, and research.

Management of Common Drug Interactions in
HSCT Patients

Patients undergoing HSCT are often treated with
polypharmacy, a complex medical regimen consisting of
at least five drugs. Various combinations of chemother-
apy, immunosuppressants, and antimicrobial drugs have
the potential for multiple adverse drug interactions due
to the narrow therapeutic windows and high toxicity
profiles of these drugs3.
Drug interactions can occur through pharmacokinetic
or pharmacodynamic interactions. Pharmacokinetic in-
teractions may occur at the level of absorption, distribu-
tion, metabolism, and elimination. Drug interactions are
difficult to interpret, given the great disparities in how
these interactions are defined and the wide spectrum of
their severity among patients. Although some drug in-
teractions may be anticipated based on a theoretical ba-
sis, not all interactions are clinically significant4, 5. Poor
nutritional status, renal and liver dysfunction, and al-
tered protein binding are known to potentiate the risk of
clinically significant drug interactions. Morbidity in-
creases when drug interactions lead to unexpected out-
comes, including treatment failure6, 7.
In this section, we review the potential mechanism
and management of clinically important drug interac-
tions that transplant physicians and pharmacists should
know in order to reduce toxicity and maintain the effi-
cacy of the intended treatment.

Phenytoin and calcineurin inhibitors
Phenytoin is an anti-epileptic drug prescribed for
busulfan-based conditioning regimens in HSCT to pre-
vent busulfan-induced seizures. Ciclosporin and
tacrolimus are calcineurin inhibitors used in HSCT to
prevent graft-versus-host disease (GVHD). As a
CYP3A4 inducer, phenytoin is expected to have a sig-
nificant interaction with CYP3A4 substrates, such as
calcineurin inhibitors. Maintaining the trough level of
calcineurin inhibitors within narrow therapeutic win-
dows is not an easy task and requires pre-emptive man-
agement and close monitoring. Sub-therapeutic levels of
cyclosporine at the earlier phase of HSCT are known to
increase the risk of GVHD and early graft failure8.
Strategies to avoid this significant drug interaction
have been adopted, including the use of non-interacting
anti-epileptic medicines (AEMs) such as levetiracetam,
given its favorable drug interaction profile8. While there
are some concerns that this strategy may affect trans-
plant outcomes, the study by Mccune et al. found no

difference in the outcome of non-relapse mortality
(NRM) or overall survival (OS)9, 10. Despite the use of
alternative AEMs to prevent busulfan-induced seizures
in HSCT recipients, the acceptance has been slow, as
most studies using busulfan-based conditioning were
conducted with phenytoin11. Therefore, the strategy of
adopting alternative AEMs is more feasible in institu-
tions that have the facility to support busulfan therapeu-
tic drug monitoring (TDM), to ensure that patients re-
ceive the intended busulfan plasma area under the
curve12.
Another strategy proposed to manage this significant

drug interaction is to dose cyclosporine at a higher
starting dose to ensure that ciclosporin achieves thera-
peutic levels by the day of stem cell infusion. In the
study by Ho et al., patients receiving phenytoin as pro-
phylaxis for busulfan-induced seizures were initiated at
a higher starting dose of intravenous cyclosporine (4
mg/kg/dose twice daily instead of 3 mg/kg/dose twice
daily). This higher starting dose resulted in a higher
proportion of patients with therapeutic cyclosporin,
without an increase in cyclosporin-related adverse
events13.

Azoles and calcineurin inhibitors
Azoles are a group of antifungals commonly used to

prevent or treat fungal infections in patients undergoing
HSCT14. Azoles are metabolized by CYP3A4 isoen-
zymes and are strong inhibitors of CYP3A4 or
CYP2C9, resulting in many potential drug interactions.
One of the most significant drug-drug interactions in
the HSCT setting is between azoles and calcineurin in-
hibitors, which can increase the serum levels of cal-
cineurin inhibitors7. In view of the narrow therapeutic
window of calcineurin inhibitors, TDM of calcineurin
should be routinely conducted to adjust the dose of cal-
cineurin inhibitors. More importantly, the degree of
drug interactions may be affected by the route of ad-
ministration of calcineurin inhibitors. For instance, ci-
closporin has a large inter- and intra-individual variabil-
ity in bioavailability due to differences in absorption
and first-pass effects during oral administration. In the
absence of azoles, the conversion ratios adopted for ci-
closporin or tacrolimus from intravenous to oral formu-
lations were 3:1 and 2:1, respectively. However, when
used in combination with azoles, the degree of CYP3A
4 inhibition may differ; hence, the conversion ratios are
changed to a lower ratio depending on the azole used to
prevent supra-therapeutic concentration of calcineurin
inhibitors, which may increase the risk for toxicity,
such as nephrotoxicity and hepatotoxicity15, 16.
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Managing Patients Receiving CAR-T Cell Ther-
apy from a Pharmacists Perspective: Our Experi-
ence at Singapore General Hospital

Patients receiving chimeric antigen receptor (CAR) T-
cell therapy are at an increased risk of opportunistic in-
fections due to the cumulative effect of prior treatments.
In addition to cytokine release syndrome (CRS) and
IEC-associated neurotoxicity syndrome (ICANS), infec-
tions are one of the most common side effects associ-
ated with CAR T-cell therapy, due to prolonged and
protracted neutropenia in this patient population17. How-
ever, there are no clear recommendations on antimicro-
bial prophylaxis in CAR-T patients, and most studies
adopted standard practices extrapolated from the alloge-
neic hematopoietic stem cell transplantation (allo-
HSCT) population.
In this section, we reviewed the antimicrobial pro-
phylaxis that should be considered in patients undergo-
ing CAR T-cell therapy. The current practices for an-
timicrobial prophylaxis at Singapore General Hospital
(SGH) were derived from the European Society for
Blood and Marrow Transplant (EBMT) and the Joint
Accreditation Committee of ISCT and EBMT (JACIE),
international guidelines, and best practices around the
world17-20.

Anti-bacterial prophylaxis
Given the anticipated prolonged neutropenia in pa-
tients receiving CAR T-cell therapy, we advocate for
antibacterial prophylaxis with fluoroquinolone until pa-
tients are out of neutropenia. The drug of choice for
SGH is oral ciprofloxacin, administered at 500 mg
twice daily17-20.

Anti-viral Prophylaxis
In line with the EBMT recommendation, all patients
receiving CAR T-cell therapy at SGH receive prophy-
laxis for herpes virus, starting from lymphodepleting
(LD) conditioning until one-year after CAR T-cell infu-
sion and/or until the CD4+ count >0.2 x 109/L (>200
cells/mm3). The drug of choice for SGH is oral acy-
clovir at a dose of 800 mg twice daily17-20. After 30
days, frequently observed viral infections included res-
piratory viral infections, cytomegalovirus viremia
(CMV), and pneumonia17. However, there is no recom-
mendation concerning the frequency of CMV monitor-
ing after CAR T-cell therapy. Hence, we propose CMV
PCR monitoring every 1-2 weeks, starting 30 days after
CAR-T cell infusion.

Anti-pneumocystis prophylaxis
All patients receiving CAR T-cell therapy should re-
ceive prophylaxis against Pneumocystis carinii jiroveci

(PCP), as lymphodepleting conditioning typically con-
sists of purine analogs such as fludarabine. Prophylaxis
should commence following recovery from neutropenia
or around day +21 if neutropenia persisted, at the dis-
cretion of the attending physician. Our drug of choice
at SGH is oral co-trimoxazole, to be administered at
least until one-year after CAR T-cell infusion and/or
until the CD4+ count >0.2 x 109/L (>200/mm3). For pa-
tients with contraindications to co-trimoxazole, the al-
ternative would be intravenous pentamidine or oral dap-
sone17-20.

Anti-fungal prophylaxis
The use of antifungal prophylaxis in patients receiv-

ing CAR-T cell therapy is less straightforward and de-
pendent on the patients’ risk factors. At SGH, the pre-
ferred primary antifungal prophylaxis is oral flucona-
zole. At-risk patients (defined as prior allogeneic HSCT,
prior invasive aspergillosis, or receiving corticosteroids)
should receive oral posaconazole. However, in patients
who are already on treatment for pre-existing fungal in-
fections, the choice of antifungal agents for secondary
prophylaxis should be made in consultation with an in-
fectious disease physician17-20. Additionally, considering
the potential drug-drug interactions between cyclophos-
phamide active metabolites and azoles, we recommend
the initiation of antifungal prophylaxis after the comple-
tion of lymphodepleting conditioning or on day zero of
CAR T-cell therapy, and to continue until the recovery
from neutropenia21.

Use of granulocyte colony stimulating factors (G-
CSF)
The use of G-CSF in patients receiving CAR-T cell

therapy is controversial. The survey conducted by
ASBMT showed that there were varying practices
among 28 respondents on the use of G-CSF in patients
receiving CAR T-cell therapy. About 46% used G-CSF
according to product labeling, 29% never administered
growth factors, 14% determined the use of growth fac-
tors on a patient-specific basis, and 11% administered
growth factors to all patients20. Conventionally, G-CSF
has been postulated to increase the risk of CRS and
ICANS22. However, Galli et al. reported that prophylac-
tic administration of G-CSF in patients with grade 4
neutropenia did not increase the risk of severe CRS or
ICANS. GCSF administration did not interfere with
CAR T-cell expansion kinetics while preserving CAR-T
anti-lymphoma activity with no impact on the quality of
responses and outcomes23. Considering the varied prac-
tices in a relatively new therapy, the consensus at SGH
is to consider the use of G-CSF after day 5 of CAR T-
cell infusion, only if clinically indicated, and there is no
ongoing CRS/ICANS.
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Hypogammaglobulinemia
Monitoring of serum immunoglobulin is crucial be-
cause of B cell aplasia and hypogammaglobulinemia
caused by CAR T-cell therapy. Hence, we propose in-
travenous immunoglobulin (IVIg) replacement at a dose
of 0.25 g/kg when serum lgG level is <400 mg/dL or
<4 g/L24.

Pharmacist Role in HSCT Unit: China Experi-
ence

HSCT pharmacists play an important role in the
HSCT unit at Shanghai Tongren Hospital, as they over-
see and manage a wide range of pharmacy services to
cater for patients with complex clinical trajectories. In
this session, we will focus on the role of pharmacy
services for patients who undergo HSCT in various as-
pects, including the transition of care, education, medi-
cation adherence, and research.

Transition of care
The transition of care involves the coordination and
continuity of healthcare. Critical points of transitions
include admission and discharge from hospital, escala-
tion, and de-escalation of care to and from intensive
care units, and transitions to home or step-down care
facilities. The transition of the care environment is a
major risk factor for medication errors due to the lack
of communication between healthcare providers, missed
follow-ups of patients, inadequate medication reconcili-
ation, and the absence of patient involvement in medi-
cation management. Inconsistent care coordination con-
tributes to a readmission rate of 20% within 30 days of
discharge25. At Shanghai Tongren Hospital, HSCT phar-
macists can provide support in the risk management of
patients in terms of medication reconciliation, medica-
tion adherence, and patient education.

Education
Education for HSCT and cellular therapy should be
carried out not only for patients but also for caregivers.
The contents should include but are not limited to, in-
structions to take the medications correctly Pharmacists
also educate patients about potential drug-drug/drug-
food/drug-herb interactions. In addition to helping
shape new programs for HSCT-related pharmacy serv-
ices, HSCT pharmacists also hold several key academic
positions and provide pharmacy training all around
China. Furthermore, education also extends to the train-
ing of healthcare providers and trainees, in various
pharmacist-led educational services, to optimize col-
laborative, patient-centered care focused on patient
safety26. At Shanghai Tongren Hospital, some examples
of pharmacist-led training include safe handling of che-

motherapy and supportive care management.

Medication adherence
The World Health Organization (WHO) describes

medication adherence as the most important factor de-
fining treatment efficacy27. Medication adherence is par-
ticularly challenging to reinforce in the setting of HSCT
as post-transplant medications to prevent transplant-
associated complications involving many drugs such as
immunosuppressants, anti-infective drugs, and supple-
ments (e.g., magnesium, folic acid). Adherence to medi-
cations has been reported to fall below the recom-
mended 80%-95% in pediatric and adult HSCT recipi-
ents28. Some patients are discouraged by the side effects
of medications (e.g., magnesium-induced diarrhea).
Others may not understand the rationale for anti-
infective drugs when patients are often asymptomatic.
However, it is known that non-adherence could poten-
tially cause major and serious post-HSCT complica-
tions, such as GVHD and infections29. At Shanghai Ton-
gren Hospital, pharmacists emphasize the importance of
optimal medication adherence through constant engage-
ment with patients and caregivers at various transitions
of care.

Research
Pharmacists are also involved in the management of

clinical trials involving patients receiving HSCT or cel-
lular therapy. There is an increasing number of clinical
trials related to HSCT and cellular therapy, such as the
combination of novel treatments with HSCT and B-cell
maturation antigen (BCMA)-targeted CAR-T cell ther-
apy. The patients included in these clinical trials may
have received multiple lines of therapy. Therefore,
safety monitoring is extremely important, and pharma-
cists can help reduce or identify any potential harm or
adverse effects associated with trial medications30.

Conclusion

Patients with hematological malignancies receiving
HSCT or CAR T-cell therapy, are known to have very
complex pharmacotherapy. Pharmacists are integral
members of multidisciplinary teams aiming to ensure
safe and effective care in the prevention and manage-
ment of drug-related problems. In this review, we high-
lighted the key roles of pharmacists: 1) preventing and/
or managing drug interactions, 2) developing policies
on antimicrobial prophylaxis to prevent opportunistic
infections, and 3) providing education to improve medi-
cation adherence at various transitions of care. Beyond
these core roles, pharmacists in the Asia-Pacific region
are encouraged to build upon existing knowledge to im-
prove pharmacy practice and patient outcomes. This can
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be done through pharmacist-led clinical services in ar-
eas such as long-term follow-up and palliative care,
which has much to offer to patients undergoing HSCT
and CAR T-cell therapy.
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