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GOALS

1. Describe the procedures necessary for the clinical
and epidemiological evaluation of the chimeric anti-
gen receptor T-cell therapy (CAR-T cell therapy) can-
didate, classify the infectious risk, define the criteria
for the implementation of prophylactic, empirical and
preemptive antimicrobial strategies and guide labo-
ratory and clinical monitoring of the infectious events.

2. Define the indications and contraindications of in-
activated and attenuated vaccines and propose a vac-
cination schedule before and after CAR-T therapy.

INTRODUCTION

As a result of the underlying disease and previous
cytotoxic treatments, candidates for CAR-T cell ther-
apy are at increased risk of infections due to the high
degree of pre-existing immunosuppression. This im-
munosuppressive state is aggravated by the lympho-
depleting chemotherapy given prior to CAR-T infu-
sion, and later by prolonged cytopenias, due to the
“on target, off-tumor” depletion of normal CD19-ex-
pressing B cells in most patients, which contributes
to hypogammaglobulinemia'. Furthermore, despite
encouraging results, the currently approved CAR-T
cell therapy products have severe toxicities, including
cytokine release syndrome (CRS) and immune-effec-
tor cell associated neurological syndrome (ICANS)*=.

The treatment of these acute complications in addi-
tion to the cytopenias may result in deep and long-
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term immunological deficits, as the CAR-T cells can
persist for years*®. Approximately 18% to 34% of pa-
tients develop infections within the first 2 months af-
ter CAR-T therapy despite antimicrobial prophylaxis’.

The rapidity of commercialization and use of CAR-T
therapies has revealed an unexplored gap in the
management of infections in these patients. The rec-
ommendations suggested in this manual are based
on data from retrospective studies, expert opinion
and approaches used in other relevant settings,
since to date, there are no randomized controlled tri-
als on infections in recipients of CAR-T therapy.

PREVALENCE OF POST-CAR-T THERAPY INFECTIONS
AND RISK FACTORS

Infections post-CAR-T therapy are distributed with
varied frequency in 3 distinct periods, namely: phase
1, up to 30 days after cell therapy infusion, consid-
ered the critical period when acute toxicities are
expected (CRS, ICANS); phase 2, between 30 and
90 days after infusion, characterized by infectious
events that reflect the slow reconstitution of cellular
and humoral immunity; and phase 3, after 90 days
of CAR-T therapy with infections mainly due to hy-
pogammaglobulinemia and persistent B-cell aplasia.
Figure 1 shows the main infectious agents according
to the period after CAR-T therapy.
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FIGURE 1. Relevant infections according to period after CAR-T therapy*.
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A growing number of publications has emerged on
infections in CAR-T therapy and, therefore, the rec-
ommendations described in this manual should be
updated as information with a higher level of evi-
dence becomes available.

To date, most infections are caused by bacteria and
almost all cases of bacteremia occur within the first
2 weeks after CAR-T cell infusion. Respiratory virus
infections are the second in frequency. There are
case reports of herpes simplex virus (HSV) and var-
icella-zoster (VZV) reactivation in patients with poor
compliance to acyclovir prophylaxis but infections
due to other herpesviruses and double-stranded
DNA viruses (adenovirus, polyomavirus BK) seem to
be rare, as well as invasive fungal infections®.

The risk factors for infections reported in some re-
cently published studies are related to both the
host and CAR-T therapy. Factors related to the host
include the status of underlying disease, previous
chemotherapy, cumulative immunosuppression by
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previous therapies, previous HCT (allogeneic or au-
tologous), basal cytopenia, presence of comorbidi-
ties, previous infections and antimicrobial prophy-
laxis. Regarding to the factors associated with CAR-T
therapy are relevant the type of CAR-T therapy (dose,
administration schedule, resulting cytopenias and
other hematological side effects), the occurrence of
serious adverse events that require additional immu-
nosuppression such as, CRS, ICANS, hemophagocyt-
ic lymphohistiocytosis and macrophage activation
syndrome, the conditioning regimen and the result-
ing hypogammaglobulinemia®.

Lower infection rates are observed in patients who
used the optimized dose of CAR-T cells, determined by
the underlying disease and tumor burden'. According
to previous studies, the optimized dose of CAR-T cells
maintains the same antitumor activity with a reduced
risk of severe CRS*'°. Therefore, the use of optimized
dose of CAR-T cells is an important step in the manage-
ment of infections in this setting. Table 1 shows some
studies published to date reporting infection rates.
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TABLE 1. Recent publications reporting prevalence rates of infections in CAR-T therapy.

Agents
Author (year) Time of occurence N Frequency Reference
Bacteria Virus Fungi
i (o) (o) 0, 0,
Hill (2018) Early (28 dias) 133 23% 17% 8% 3% 1)
Late (>28 dias) 119 14% 7% 9% 2%
Early (0 30 dias) 53 42% 30% 9% 8%
Park (2018) (6)
Late (>30 dias) 32 31% 16% 28% 3%
Luo (2019) Up to 30 days 109 17% 13% 3% 2% (11)
Wudhikan (2020) Up to 12 months 60 63% 57% 44% 4% (12)
Early (128 days) 83 40% 18% 19% 1%
Vora (2020) (13)
Late (>28 days) 48 17% 6% 11% 0%
Cordeiro (2020) After 90 days 54 61% 12% 11% 3%
Early (£ 30d) 85 37% = = =
Logue (2021)
Late (>30d) 70 44% - - -
Strati (2021) Up to 24 months 31 77% 14% 24% 6% (16)

For a better understanding of the actions to control infections in CAR-T therapy, the steps will be described according to the
longitudinal follow-up of patients, namely: 1) Infectious assessment before CAR-T therapy; 2) Antimicrobial prophylaxis and
monitoring of infections and 3) Vaccination in candidates and recipients of CAR-T therapy.

1. GLINICAL AND EPIDEMIOLOGICAL EVALUATION
BEFORE CAR-T THERAPY

1.1. Serological tests

Serology for HIV, HBsAg (HBV surface antigen), an-
ti-HBs (HBV surface antibody), anti-HBc (HBV core
antibody), anti-HCV (antibody against the virus of
hepatitis C) are mandatory. In case of any positive
marker, the nucleic acid tests (NAT) must be carried
out. Prior HIV serology is important because some
PCR-based screening tests may have false-positive
results in post-CAR-T follow-up if lentiviruses were
used as vectors to produce the CAR-T cells'’.

Other recommended serologies are: cytomegalo-
virus (CMV), human T-cell lymphotropic virus type
1 (HTLV-1), Toxoplasma gondii (toxoplasmosis) and
Treponema pallidum (syphilis). In children, addi-
tional serological screening for herpes simplex virus
1/2 (HSV1/2) and varicella-zoster virus (VZV) may
be considered. Candidates who are seropositive for
HSV1/2 and/or VZV should receive prophylaxis with
acyclovir or valaciclovir. Given the high seropreva-
lence of HSV and VZV in adults, universal prophylaxis
with acyclovir is recommended, without the need
for prior serological screening (see prophylaxis).

1.2. Assessment of vaccination cards

As part of the pre-CAR-T therapy evaluation, it is
recommended to review the patient’s vaccination
history, and check the status of influenza and pneu-
mococcal vaccines. Influenza vaccine should be ad-
ministered after leukapheresis and at least 2 weeks
before lymphodepletion chemotherapy, and then
annually, before the influenza season®. The season-
ality of influenza in Brazil depends on the latitude,
with the highest concentration of cases from Janu-
ary to April in the tropical zone and from May to Sep-
tember in the south temperate zone.

1.3. Active infections in the pre-infusion period

Active or uncontrolled infections should be treated
prior to infusion of CAR-T therapy. Active infections
can be aggravated by lymphocyte-depleted che-
motherapy including fludarabine, and by the severe
suppression of humoral immunity driven by CAR-T
cells. Infections can also result in more severe tox-
icities due to elevated levels of inflammatory cyto-
kines. About 10% of serious or life-threatening infec-
tions after CAR-T therapy were cases of progression
of infections diagnosed in the pre-infusion period
of cell therapy'. Patients with respiratory symptoms
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should collect a respiratory panel and await resolu-
tion of symptoms to initiate lymphocyte depletion,
especially in cases of infection by SARS CoV-2, RSV,
PIV 1,2,3 and 4, INF A and B, h(MPV and ADV".

1.4. Empirical treatment of strongyloidiasis

Countries in tropical and subtropical regions may
have a high prevalence of strongyloidiasis, which
may be severe in immunocompromised patients.
Given the low sensitivity of serological diagnosis,
empirical treatment of Strongyloides stercoralis with
ivermectin 200mg/kg/day on 2 consecutive days
should be considered'.

1.5. Tuberculosis investigation

In addition to the increased risk of reactivation of
latent Mycobacterium tuberculosis infection (LTBI)
in cancer patients, recipients of CAR-T therapy may
need treatment with tocilizumab, an interleukin
6 (IL-6) receptor antagonist that is independently
associated with an increased risk of active M. tu-
berculosis infections'®. Given the high prevalence
of tuberculosis in Brazil, investigation of previous
tuberculosis in the patient or in close contacts is
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mandatory. A recent Brazilian study showed LTBI
prevalence of 8.7% in HCT candidates. About 10%
of the patients reported cases of tuberculosis in
their family?°. Laboratory investigation of LTBI is
recommended preferably by the interferon gamma
release assay (IGRA) or by the tuberculin skin test
(TST). Both tests may be indeterminate in patients
with severe lymphopenia. It is recommended to
maintain a high level of suspicion for prompt inves-
tigation of active TB. In case of proven LTBI, and after
exclusion of active TB, prophylaxis with INH should
be considered for 6 to 9 months, at a dose of 5to 10
mg/kg/day up to a maximum dose of 300 mg/day,
especially in patients who used tocilizumab.

2. ANTIMICROBIAL PROPHYLAXIS AND INFECTION
MONITORING

For a better management of infections, it is very
important to classify the patient’s infectious risk.
High-risk patients meet at least one of the criteria
described in Figure 2. Evaluation by an infectious
disease specialist is recommended for all high-risk
patients.

FIGURE 2. High risk definition

High risk definition

Receiving > 1 dose of tocilizumab

Requiring >3 days of 210 mg dexamethasone per day
within a 7-day period

Receiving 21 doses of methylprednisolone =1 g per day

Receiving second-line agents for management of CRS or
ICANS (e.g., anakinra, siltuximab)

Another important parameter is the classification
of infection severity. For the analysis of outcomes, it
is important to use the same definitions. The infec-
tion is considered: a) mild, if no treatment is need-
ed; b) moderate, if only oral treatment or minimal

supportive care is needed; c) severe, if intravenous
therapy or hospitalization is required; d) life-threat-
ening; or e) fatal, in the event of the patient’s
death?’. The classification of infection severity can
be seen in Figure 3.

FIGURE 3. Classification of infection severity?'.

Infection severity

Mild: spontaneous resolution of symptoms

Moderate: oral therapy or minimal support

Severe: intravenous therapy or hospitalization

Life-threatening: life-threatening complications

Fatal: death of the patient
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2.1. Bacterial infections

2.1.1. Prophylaxis: Levofloxacin 750 mg PO daily
should be given during neutropenia (if absolute
neutrophil count <500 cells/mm3). Alternative drugs
may be considered for patients with contraindica-
tions to the use of fluoroquinolones.

2.1.2. Empirical antibiotic therapy: In patients with
fever, with or without neutropenia, empirical an-
tibiotic therapy should be initiated according to
the center guidelines and blood culture routines.
If cefepime is the first choice, vancomycin should
only be introduced if there is a clear indication for
its use, as cefepime has a broad spectrum of activ-
ity for gram-positive and gram-negative agents.
As cefepime is associated with neurotoxicity in the
setting of advanced age and acute kidney injury,
alternative drugs with similar spectrum such as cef-
tazidime plus vancomycin may be considered. The
treatment of persistent or refractory CRS or ICANS
may mask typical signs and symptoms of infection.
In case of doubt whether CRS/ICANS or infection,
escalation of therapy to include meropenem and
vancomycin should be considered independent of
fever. De-escalation of antibiotics can be considered
from 48 hours after defervescence and significant
improvement in symptoms, always in consultation
with the infectious disease specialist.

2.1.3. Monitoring of bacterial infections: Blood cultures
must be taken according to local recommendations.
For patients with CRS or grade >2 neurotoxicity, aer-
obic and anaerobic blood cultures should be taken
twice a week, regardless of the occurrence of fever.

2.2. Viral infections

2.2.1. Prophylaxis: To control HSV-1, HSV-2 and VZV
reactivations, prophylaxis with acyclovir/valaciclovir
should be started with lymphodepletion chemo-
therapy and continued for up to 1 year after infusion
of CAR-T therapy. Prophylaxis should be discontin-
ued during preemptive use of ganciclovir (GCV) or
valganciclovir (vGCV), and resumed after its end.

Few information is available regarding the manage-
ment of persistent hepatitis B (HBV) and C (HCV) in-
fections because patients infected with these virus-
es were excluded from the initial CAR-T studies. Data
reported to date suggest that CAR-T therapy is safe
in patients with HBV as long as they receive prophy-
laxis with antivirals such as entecavir. Rare reports of
fulminant hepatitis and death have occurred in pa-
tients who have stopped entecavir?.
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In a case-control study in China, including 41 HBV-in-
fected patients and 29 controls, no difference was
observed in toxicity (CRS or ICANS) or response to
CAR-T therapy between groups. HBV reactivation
was observed in 17% of HBsAg positive patients and
in 3.4% of patients with past HBV infection (anti-HBc
positive). Exacerbation of hepatitis was not observed
and only one case had an elevation of alanine ami-
notransferase (ALT)*. Strati and colleagues reported
two cases of HBV and one case of HCV infected pa-
tients who received CAR-T therapy. No patient devel-
oped fulminant hepatitis or had viral reactivation or
abnormal liver function tests during CAR-T therapy*“.

Based on available information, the risk-benefit of
CAR-T therapy in patients with HBV or HCV infection
should be evaluated on a case-by-case basis. If CAR-T
cell therapy is the option, patients should receive
prolonged prophylaxis or suppressive treatment in
consultation with an infectious disease specialist or
hepatologist.

2.2.2. Preemptive therapy (CMV):. The introduction
of preemptive therapy should be done with GCV or
vGCV according to the established qPCR cut-off, or a
positive pp65 antigenemia. vGCV should be admin-
istered along with food for better drug absorption,
in patients without diarrhea and without significant
alterations in liver tests. The duration of preemptive
therapy should be at least 14 days, followed or not by
maintenance therapy (half dose, once daily for anoth-
er 2 weeks). In case of neutrophil counts below 1,000/
mm? before starting preemptive therapy, the alterna-
tive drug is foscarnet (FOS) 90mg/kg every 12 hours'®,

2.2.3. Monitoring of CMV reactivation: Patients with a
previous history of HCT should be monitored weekly
by CMV quantitative PCR (qPCR) or pp65 antigene-
mia followed by preemptive treatment with GCV,
vGCV or FOS, if necessary, according to SBTMO rec-
ommendations for allogeneic HCT recipients'®. In
patients without a history of HCT, there is no need
for monitoring, except by high-risk patients (as de-
fined above).

High-risk patients should be monitored for CMV.
Monitoring for CMV reactivation should be done
weekly for up to 30 days after the last day of dexa-
methasone (or equivalent) > 10 mg, or other cyto-
kine therapies such as tocilizumab and anakinra,
whichever occurs later. In case of reactivation and
preemptive therapy, monitoring should be done
weekly up to 30 days after discontinuation of pre-
emptive therapy or 2 consecutive negative tests
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(whichever occurs later). Differential blood count
should be evaluated within 24 hours of starting
treatment, and repeated 2-3 times a week during
treatment with vGCV, GCV, or FOS. Renal function
tests should be measured at least once a week for
proper adjustment of antiviral doses.

2.3. Fungal infections

2.3.1. Prophylaxis: Fluconazole should be adminis-
tered during neutropenia (absolute neutrophil count
<500/mm3) at a dose of 200 mg orally or IV daily.
Treatment should be continued until neutropenia
resolves. Micafungin 50 mg IV daily can be used as an
alternative for patients with contraindications to flu-
conazole therapy. Posaconazole prophylaxis should
be used in high-risk patients (defined above), or if
the patient remains neutropenic (<500/mm3) for
more than 20 days. The dose of posaconazole on the
first day is 300mg PO twice a day, followed by 300mg
PO once a day. Prophylaxis should be continued for
up to 30 days after the last day of dexamethasone (or
equivalent) above 10 mg, or other cytokine therapies
such as tocilizumab and anakinra, whichever occurs
later. Posaconazole can be discontinued if the abso-
lute neutrophil count is = 500/mm3 without G-CSF
for 3 consecutive days. If possible, monitoring the se-
rum level of posaconazole is recommended 7 to 10
days after starting prophylaxis, then weekly, main-
taining therapeutic posaconazole levels above 0.7
mg/mL. Voriconazole should be avoided after CAR-T
therapy if possible, due to the risk of neurotoxicity.
Isavuconazole is not routinely used for prophylaxis®.

2.3.2. Pneumocystis jirovecii prophylaxis: Patients tak-
ing trimethoprim-sulfamethoxazole for Pjirovecii
prophylaxis can maintain prophylaxis during neutro-
penia post-CAR-T therapy. One double-dose tablet is
recommended orally, 3 times a week. If there is con-
cern about potential myelosuppression, trimetho-
prim-sulfamethoxazole can be started after absolute
neutrophil counts above 0.5 x 10%L is reached and
maintained for at least 6 months?. Pjirovecii prophy-
laxis should be started in all patients on the 28™ day
after CAR-T cell infusion. Alternative drugs in case of
sulfa allergy or prolonged cytopenias are aerosol-
ized pentamidine (300 mg once a month), dapsone
(100 mg PO/day) or atovaquone (1500 mg PO/day).
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3. VACCINATION IN CAR-T THERAPY CANDIDATES AND
RECIPIENTS

CAR-T therapy targets cells that express CD19, pres-
ent on both malignant and non-malignant B cells.
However, terminally differentiated B cells such as
long-lived plasma cells have low expression of CD19
and can survive after lymphodepletion chemother-
apy and CAR-T therapy”. Experimental studies have
shown that, unlike memory B cells, mature plasma
cells in general do not participate in the processing
and presentation of antigens, and their main func-
tion is to secrete large amounts of specific antibod-
ies for long periods™.

In adults who had sustained complete response for 6
months after CAR-T therapy, Hill et al. demonstrated
a small decrease in serum total IgG concentrations,
with preservation of virus-specific antibody concen-
trations”’. These data suggest a small impact of CAR-T
therapy on preexisting humoral immunity for up to 1
year in adults, and raise an important question about
the current recommendation for intravenous immu-
noglobulin prophylaxis. It is noteworthy that these
observations may not be valid for children due to the
lower number of established plasma cell clones.

Therefore, it is still unclear whether there is a need
for vaccination after CAR-T therapy’. Given the pau-
city of evidence for or against, vaccination is recom-
mended in patients with a complete response for >
6 months (28).

3.1. General recommendations

In general, priority is given to the inactivated influen-
za vaccine, 13-valent pneumococcal conjugate vac-
cine, and Haemophilus influenzae type b conjugate
vaccine. According to expert opinion (EBMT and
ASTCT), vaccination schedules similar to post-HCT
revaccination program may be necessary®.

Inactivated vaccines can be administered after > 6
months of CAR-T therapy and = 2 months after the
last dose of IVIg. Attenuated vaccines can be admin-
istered after = 1 year of CAR-T therapy. Figure 4 sum-
marizes the contraindications for the use of inacti-
vated and attenuated vaccines.

.~ 34

JBMTCT. 2022:3(2) ——



JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY JBMTCT

FIGURE 4. Contraindications for the use of inactivated and attenuated vaccines.

Contraindications for inactivated vaccines Contraindications for attenuated vaccines

* Supplemental immunoglobulins within the past 2 * Administration of anti-CD20 or anti-CD19 agent
months within the past 6 months

¢ Receiving immunosuppressive therapy that ¢ <1 year post CAR—T-cell therapy
reduces T-cell or B-cell function or active

. < i
symptoms of graft-versus-host-disease that =2yeqrs post Sutaloeous orslloRensic HSET

requires treatment * <1 year off systemicimmunosuppressive therapy
* Administration of anti-CD20 or anti-CD19 agent + <8 months after last dose of supplemental
within the past 6 months immunoglobulins
* Actively receiving chemotherapy* * Absolute CD4* T-cell 200 cells/mm?3

* Absolute CD19* or CD20*B-cell <20 cells/mm?3

* Actively receiving chemotherapy*

(*Vaccination may be considered in certain therapies that do not suppress T-cell or B-cell responses, such as checkpoint
inhibitors, immunomodulatory agents (eg, lenalidomide), tyrosine kinase inhibitors, and select other agents)

TABLE 2. Proposal for a vaccination schedule in CAR-T therapy for adults.

Inactivated Pre CAR-T >6mo >7mo >8moo >12m >18m -
Influenza INF INF Annually
PCV13 PCV13 PCV13 PCV13
PPV23 PPV23
HiB HiB HiB HiB
DTaP DTaP DTaP DTaP
Hepatitis A HAV HAV Serology before
Hepatitis B HBV HBV HBV
MCV ACWY* MCV MCV
IPV* IPV IPV IPV
HPV* HPV HPV HPV 9-45 years
Live attenuated >12-24 mo
MMR MMR Serology before
VZ (Shingrix®) vz >50 years, VZVA
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3.2.Vaccination Schemes in CAR-T Therapy

Many centers wait for the resolution of B cell aplasia before restarting vaccination. The decision to initiate
vaccination should be made individually or based on institutional guidelines. Tables 2 and 3 show suggested
vaccination schedules for adults and children, respectively.

TABLE 3. Suggested vaccination schedule in CAR-T therapy for children.

AR ap

Inactivated Pre CAR-T >6mo >7mo >8mo >12mo | >18mo -
Influenza INF INF Annually
PCV13 PCV13 PCV13 PCV13
PPV23 PPV23
HiB HiB HiB HiB
DTaP DTaP DTaP DTaP
Hepatite A HAV HAV Serology before
Hepatite B HBV HBV HBV
MCV ACWY* MCV MCV
IPV* IPV IPV IPV
HPV* HPV HPV HPV 9-45 years
Live attenuated =224 mo =25 mo
MMR MMR MMR Serology before
VV (Varivax®) A% A% VZV negative

(*Can be postponed after 12 months. PCV13=13-valent conjugate pneumococcal vaccine; PPV23=23-valent polysaccharide
pneumococcal vaccine; HiB=Hemophilus influenza type B vaccine; DTaP=Diphtheria, tetanus and acellular pertussis vaccine;
MCV=tetravalent conjugate meningococcal vaccine; IPV=inactivated poliomyelitis vaccine; HPV=papillomavirus vaccine;
MMR=measles , mumps, rubella vaccine; VV=varicella vaccine; VZ=recombinant herpes zoster vaccine).
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