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Abstract

Background: CAR T-cell therapy, where a patient’s own T cells are re-engineered to
express a receptor to a target of interest, is becoming an increasingly utilized cancer-
directed therapy. There are significant toxicities that contribute to a novel state of
immunocompromise, leading to new patterns of infectious complications that require
further detailed study.

Methods: We created a single-center cohort of adult recipients of CD19-directed
CAR T-cell therapy and assessed infectious outcomes, supportive care received, tox-
icities, and markers of immune function up to 2 years following CAR T-cell therapy.
Descriptive statistics were used as appropriate for analysis. We additionally conducted
time-to-event analysis assessing time-to-first infection with either log-rank testing or
Cox regression with univariate analysis, before including significant predictors into a
multivariate Cox model of time to infection.

Results: We identified 73 patients who received CD19-directed CAR T-cell therapy
who predominantly had diffuse large B-cell lymphoma. Within 30 days of cell infusion,
bacterial and Candida infections were the most common, with 64% of infections due to
these organisms. Between 30 days and 2 years postinfusion, respiratory viruses and
pneumonia were the most frequent infections, with 68% of infections due to these
etiologies. Receipt of tocilizumab, development of immune effector cell-associated
neurotoxicity syndrome (ICANS), or lower neutrophil count were associated with
quicker onset of infection in a multivariate Cox model.

Conclusions: Respiratory viruses remain an important infectious complication of CAR
T-cell therapy following the first year. The model may be a useful tool to identify

patients at the highest risk of infection.

KEYWORDS
CAR T-cell, cellular therapy, infection, model

Abbreviations: CAR, chimeric antigen receptor; CD, cluster of differentiation; CRS, cytokine release syndrome; HSCT, hematopoietic stem cell transplant; ICANS, immune effector cell-associated
neurotoxicity syndrome; IQR, interquartile range; IVIG, intravenous immune globulin; LD, lymphodepleting; NHL, non-Hodgkin's lymphoma; RVI, respiratory viral infection.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2023 The Authors. Transplant Infectious Disease published by Wiley Periodicals LLC.

Transpl Infect Dis. 2023;e14148.
https://doi.org/10.1111/tid.14148

wileyonlinelibrary.com/journal/tid | 10of8


https://orcid.org/0000-0002-6566-5906
mailto:mczapka@bsd.uchicago.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/tid
https://doi.org/10.1111/tid.14148
http://crossmark.crossref.org/dialog/?doi=10.1111%2Ftid.14148&domain=pdf&date_stamp=2023-09-11

TRANSPLANT

20f8 INFECTIOUS
DISEASE

CZAPKAET AL.

1 | INTRODUCTION

Outcomes for relapsed or refractory B-cell non-Hodgkin lymphoma
(NHL) are poor with traditional chemoimmunotherapy and stem cell
transplantation, despite many novel approaches to treatment in the
preceding years.!”” This high unmet need accelerated the clinical
development and eventual regulatory approval of cellular therapies
targeting cluster of differentiation (CD)19, a pan-B-cell molecular
marker. In chimeric antigen receptor (CAR) T-cell therapy, patients
peripheral blood mononuclear cells are first harvested through the
process of apheresis.810 These cells are then shipped to the man-
ufacturer’s laboratory, where, via transduction with viral vectors or
other means, recombinant genes are inserted into the host cell’s DNA,
leading to the production of the CARs on the T-cell’s surface. After
laboratory clonal expansion, these cells are then shipped back to the
medical center, and the patient is then given a lymphodepleting (LD)
course of chemotherapy followed by an infusion of these recombinant
T-cells. The CAR T-cells then seek out and destroy cells expressing the
specific antigen that the CARs target.

Commercial CD19-directed products have demonstrated impres-
sive and often durable responses in high-risk B-cell NHL.1112 CD19-
directed CAR T-cells may also demonstrate on-target, off-tumor
activity against healthy B cells expressing the CD19 antigen. These
B cells are responsible for humoral immunity, and their deple-
tion may lead to hypogammaglobulinemia and an increased risk of
infections.!3-17 Specifically, prolonged lymphopenia and hypogam-
maglobulinemia (including poor mucosal immunity) have been noted
following CAR-T infusion.231# An association with hypogammaglobu-
linemia following cell infusion and delayed viral infections has been
reported,’® as well as an increased total infection risk during the early
postinfusion period.1¢

Additionally, patients undergoing CAR T-cell therapy are often
profoundly immunosuppressed from prior chemotherapy including
possible hematopoietic stem cell transplantation (HSCT). As compared
to HSCT or myeloablative regimens for acute leukemia, the initial
duration of neutropenia for CAR-T recipients is typically shorter (1-2
weeks), with the highest rate of infection in the first 30 days following
infusion.!® Limited data suggest that bacterial processes predominate
in the early postcell infusion period, followed by viral infections in the
months following. 1817

Following cell infusion, anti-IL-6 therapies and high-dose corticos-
teroids are often employed for management of CAR T-cell-related
toxicities including cytokine release syndrome (CRS) and immune
effector cell-associated neurotoxicity syndrome (ICANS). These agents
may additionally further immunosuppress patients and contribute to
the risk of infection.

Despite the advent of multiple cellular therapy products, there is
scant data to guide the use of prophylactic antimicrobials or the man-
agement of infectious complications, following CAR T-cell infusion. A
recent report suggests that infectious complications following CAR
T-cell therapy were likely underreported in the pivotal trials due to
similarities in presentation to known CAR T-cell toxicities, and fur-
thermore, longitudinal infection data are lacking.2® Which CAR T-cell

therapies, co-morbidities, and immunologic markers carry the highest
risk for infection in this population remains unclear given disparate
descriptions in the available literature.?>1%21 Therefore, there still
exists a need to describe the real-world experience related to the nat-
ural history of infections following CAR T-cell therapy and to identify
patients most vulnerable to infectious complications.

To address this gap, we performed a single-center retrospective
cohort study of patients receiving CAR T-cell products for B-cell NHL,
with the goal of creating a model of infectious complications, includ-
ing timelines, and patient and therapeutic factors associated with such

infections.

2 | MATERIALS AND METHODS
2.1 | Study population

This analysis includes adults aged > 18 years who received CD19-
directed CAR T-cell products at the University of Chicago either on-

or off-clinical protocol prior to September 1, 2021.

2.2 | Experimental design and clinical setting

Thisis a single-center retrospective cohort study using medical records
of adult patients who received CAR T-cell therapy, with the pri-
mary objective of developing a model of infectious risk following this
novel therapy. Patients who met inclusion criteria underwent man-
ual chart review and extraction of data into an encrypted REDCAP
database.?2-24 Data extracted included therapies administered, toxic-
ities, infectious complications, demographics, and markers of immuno-
logic function. CAR T-cell product and patient selection for therapy,
the use of bridging therapy, treatment setting (inpatient or outpatient),
toxicity management, and response assessment were per the treating
physician’s discretion and in accordance with institutional practices.
Patients were followed for up to 2 years, less if the recipient suffered
disease progression, or was lost to follow-up, or died (at which times
the data is censored). Planned time points of extraction of clinical data
included baseline, 30 days postinfusion, 3 months postinfusion, and
then every 3 months through the end points noted above. These time
points were chosen as they approximated the standard schedule of
hematology follow-up at our center.

CAR T-cell recipients at our center typically receive prophylaxis
against pneumocystis (such as trimethoprim-sulfamethoxazole, ato-
vaquone, and dapsone) for at least 6 months and herpesviruses (with
acyclovir or valacyclovir) for 6-12 months, depending on Cd4 count.
Bacterial (such as levofloxacin or cefdinir) and yeast prophylaxis (such
as fluconazole or micafungin) is provided during the initial period
of neutropenia following LD chemotherapy. Antifungal coverage was
expanded to cover moulds (with posaconazole or isavuconazole) if the
patient’s absolute neutrophils count (ANC) was less than 1000 for
over 7 days, they received dexamethasone at or above 10 mg per

day for more than 4 days, they received methylprednisolone at or
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above 1 gram per day for more than 2 days, or the patient required
additional immunosuppressants beyond tocilizumab or siltuximab and
corticosteroids for worsening CRS or ICANS. Replacement with intra-
venous immunoglobulin (IVIG) is only administered if immunoglobulin
G levels are noted to be less than 400 mg/dL and the patient has an
active infection.?> Granulocyte-colony stimulating factor was utilized
per institutional protocol for neutropenia. CRS and ICANS are defined
and graded in this study as per American Society for Transplantation
and Cellular Therapy (ASTCT) consensus criteria.2® Where reported,
National Cancer Institute Common Terminology Criteria for Adverse
Events (NCI CTCAE) v5.0 definitions were used.

Given that this is a retrospective study based upon chart review,
infections that are definitively diagnosed by culture isolation from
a sterile site alone (bacteremia & fungemia) or a positive NAAT
for a herpesvirus were defined as microbiologically diagnosed. Oth-
erwise, infection type was abstracted from clinical documentation
(record of diagnosis and treatment per progress note) in scenar-
ios where lab results alone are unable to differentiate between
true infection and colonization (Clostridioides difficile, UTI), the diag-
nosis of infection is typically clinical (pneumonia, cellulitis), or the
infection occurred elsewhere and was reported to the hematolo-
gist during long-term follow-up (such as presumed viral URI man-
aged by primary care doctor), if incorporated into clinical notes.
The 2019 EORTC/MSGERC definitions were used for any mould
infection.?”

Standard-dose corticosteroids were defined as <40 mg/day of dex-
amethasone or equivalent, whereas high-dose steroids were defined
as 1000 mg per day of methylprednisolone or equivalent. Where
unspecified, steroid use refers to the receipt of either dosing strategy.

2.3 | Statistical methods

Analyses were carried out in STATA 17.28 Descriptive statistics were
used as appropriate for the assessment of the distribution of data. For
the purposes of calculating median values, missing data were not incor-
porated as a zero. Some graph generation was performed in Microsoft
Excel. Time-dependent analyses were undertaken; specifically, time-
to-first infection was recorded to eventually create a multivariate Cox
regression model. Right censoring occurred at 2 years if no infec-
tion occurred, or if death or disease progression occurred before an
infection occurred. For binary predictors of time-to-first infection,
Kaplan-Meier curves were generated, and log-rank testing was per-
formed. For continuous predictors of time-to-first infection, univariate
Cox regression was performed. After multiple predictors of interest
were analyzed in univariate analyses (either by Kaplan-Meier or uni-
variate Cox regression as above), the predictors that met criteria for
admission into the final model (p < .1) were included into a multivariate
Cox-regression analysis of time-to-first infection. If there was theo-
retical concern for confounding with the predictors incorporated into
the model, an interaction term was incorporated to assess for signifi-
cance. One predictor was allowed into the multivariate model per 10

subjects experiencing the outcome of interest. The Biostatistics Core

at the University of Chicago assisted in the design of the multivariate
Cox model.

2.4 | Ethics

This research was approved by the University of Chicago Institutional
Review Board (IRB).

2.5 | Patient consent statement

Given the retrospective and noninterventional nature of the study,

waiver of informed consent was obtained.

3 | RESULTS

A total of 73 patients were identified who met the inclusion criteria.
The population was primarily males (68.49%) with good performance
status (Eastern Cooperative Oncology Group 0-1, 91.78%) (Table 1).
Diffuse large B-cell lymphoma (65.75%) and high-grade B-cell lym-
phoma (19.18%) were the most common malignancies. At the time of
referral for consideration of CAR T-cell therapy, disease status was
most commonly refractory to most recent therapy (41.10%) or primary
refractory (34.25%). Most patients received Axicabtagene ciloleucel
(60.27%) or Tisagenlecleucel (35.62%). Only 12 of 73 patients had been
receiving any IVIG prior to the CAR T-cell infusion.

At apheresis, the median age in our cohort was 64. Although prea-
pheresis the median absolute neutrophil count was 3330 cells/uL,
the median absolute lymphocyte count and IgG at that time point
were more borderline at 670 cells/uL and 465 mg/dL, respectively. A
total of 51 subjects (69.86%) underwent variable bridging therapy to
temporize the disease until cell infusion.

Regarding inflammatory toxicities of CAR T-cell therapy, 65 (89%)
patients developed any grade of CRS, which was predominantly grade
1 (40%) or grade 2 (55.38%) (Table 2). Three subjects in total devel-
oped grade 3 or 4 CRS. A total of 38 (52%) patients developed
any grade of ICANS during the study, including 18 (25%) patients
who developed grade >3 toxicity. In relation to toxicity manage-
ment, 54 (74%) patients received tocilizumab. The median number of
tocilizumab doses received was 2, with an interquartile range (IQR) of
1-3. Only five patients received siltuximab. Steroids were employed
for toxicity management in 32 (43.84%) of patients. Standard-dose
steroids (<40 mg/day of dexamethasone or equivalent) were used
in 41.10% of all patients, whereas high dose steroids (1000 mg/day
methylprednisolone or equivalent) were used in 10.96% of all patients.

Assessing markers of immunologic function over time, we noted
that the median immunoglobulin G levels (465 mg/dL at apheresis)
descended between 30 days and 3 months to 347 mg/dL postcell
infusion without ever making a full recovery back to baseline lev-
els (Supporting Information Figure S1). Some patients did receive
IVIG before (16.44%) or following cell infusion (26.03%) if infection
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TABLE 1 Baseline characteristics.

Frequency Percent

Variables (n=73) (%)
Sex

Male 50 68.49
ECOG

0-1 67 91.78

2 5 6.85

3 1 1.37
Disease type

DLBCL 48 65.75

HBGL 14 19.18

TFL 7 9.59

MCL 2 274

PMBCL or ALL 2 274
Bridging therapy 51 69.86
Disease status

Primary refractory 25 34.25

Refractory to most recent

therapy 30 41.10

Relapsed 15 20.55

Complete remission 3 411
Cell product

Axicabtagene ciloleucel 44 60.27

Tisagenlecleucel 26 35.62

Brexucabtagene autoleucel 2 2.74

Lisocabtagene maraleucel 1 1.37
Receipt of IVIG before CART 12 16.44
Variable Median IQR
Age (years) 64 51-75
Lines of prior therapy (n) 3 3-5
ANC (cells/uL) 3330 2580—4800
ALC (cells/uL) 670 430—910
1gG (mg/dL) 465 364—697

Baseline patient population characteristics as described by frequency (n)
and percent of total population or median and interquartile range (IQR).
Abbreviations. ALC, absolute lymphocyte count; ALL, acute lymphoblastic
leukemia; ANC, absolute neutrophil count; CAR, chimeric antigen receptor;
DLBCL, diffuse large B-cell lymphoma; ECOG, Eastern Cooperative Oncol-
ogy Group Performance Score; HGBL, high grade B-cell lymphoma; IgG,
immunoglobulin G levels; IVIG, Intravenous immune globulin; MCL, Mantle-
cell lymphoma; PMBCL, primary mediastinal large B-cell lymphoma; TFL,
transformed follicular lymphoma.

developed in setting of IgG was less than 400 mg/dL in accordance with
institutional protocols. The median absolute neutrophil count, on the
other hand, decreased sharply from a baseline of 3330 to 1580 cells/uL
by 30 days, followed by a rise to 2055 cells/uL by 3 months, and further
increases later (Supporting Information Figure S2). The median abso-

lute lymphocyte count decreased slightly from baseline of 670 to 545

TABLE 2 Tabulation of inflammatory toxicities of CAR T-cell
therapy and corresponding treatments by frequency (n) and percent
(%).

Frequency Percent
Variables (n=73) (%)
CRS per ASTCT criteria 65 89.04
Grade 1 CRS 26 40.00
Grade 2 CRS 36 55.38
Grade 3CRS 2 3.08
Grade 4 CRS 1 1.54
ICANS per ASTCT criteria 38 52.05
Grade 1ICANS 8 21.05
Grade 2 ICANS 12 31.58
Grade 3 ICANS 10 26.32
Grade 4 ICANS 8 21.05
Use of standard-dose steroids 30 41.10
Use of high-dose steroids 8 10.96
Receipt of tocilizumab 54 73.97
Number of tocilizumab doses
1 22 40.74
2 17 3148
3 9 16.67
4-5 6 11.11
Receipt of siltuximab 5 6.85

Percentages in subheadings are in relation to number who experienced the
toxicity or received the therapy as opposed to the entire cohort.
Abbreviations. ASTCT, American Society for Transplantation and Cellu-
lar Therapy; CRS, cytokine-release syndrome; ICANS, immune effector
cell-associated neurotoxicity syndrome.

Standard-dose steroids defined as dexamethasone 10 mg qé or simi-
lar strategy. High-dose steroids defined as methylprednisolone 1 g or
dexamethasone 200 mg at any frequency.

cells/uL by 30 days (CTCAE grade 2), but then had a relatively steady
increase to above baseline values by 24 months (1085 cells/uL)—an
interesting contrast to the change in immunoglobulin levels over time
(Supporting Information Figure S3). For our population, the median
number days under study was 284, with an IQR of 123-712.

With longitudinal follow-up, there were 91 discrete episodes of
infection seen within a total of 41 CAR T-cell recipients. Within
the first 30 days following CAR T-cell infusion, there was a rela-
tively even distribution of infection types among the 22 observed
events (respiratory viruses, pneumonia, UTI, other [as detailed below],
bacteremia, fungemia, and C. difficile) (Figure 1). Bacteremias, which
were polymicrobial, included Acinetobacter spp., Enterococcus faecium
and faecalis, Enterobacter cloacae, Raoultella spp., and Citrobacter spp.
Fungemia occurred and responsible Candida species included albicans
and glabrata (Supporting Information Table S1). Other infections at
this time point included sialadenitis, two episodes of cellulitis, proba-
ble invasive pulmonary aspergillosis (the only mould infection in this

study),2” and polymicrobial empyema.
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FIGURE 1 Number of episodes of infection following CAR T-cell infusion, stratified by time period. Each episode of infection, even within a
single patient, was counted—allowing for multiple infections per patient per time period. Abbreviations—RVI, respiratory viral infection; UTI,
urinary tract infection; CDI, Clostridium dificile infection; CAR, chimeric antigen receptor. “Other” infections within 30 days of cell infusion include
cellulitis, sialadenitis, Aspergillus pneumonia and empyema. “Other” infections between 30 days and 1-year postcell infusion included oral HSV,
intra-abdominal infection, empyema, conjunctivitis, cellulitis, bacterial sinusitis, and tooth abscess. “Other” infections between 1- and 2-year

postcell infusion included shingles and bacterial sinusitis.

After the first 30 days following CAR T-cell infusion and within
1 year, respiratory viruses were the most common infectious com-
plication, with 24 unique instances of infection during this period,
out of a total of 50 events during this time. The next most fre-
quent infection type was pneumonia, with nine episodes during this
period. Notably, there were no episodes of C. difficile diarrhea dur-
ing this period, but there was one episode of CMV viremia without
end-organ disease. Bacteremias occurring during this time included
Acinetobacter spp., E. faecium, and Escherichia coli (one patient had a
polymicrobial process) (Supporting Information Table S2). Other infec-
tions during this period included an intra-abdominal infection and
polymicrobial empyema, herpes stomatitis, cellulitis, conjunctivitis,
bacterial sinusitis, and periapical dental abscess.

Between 1 and 2 years following CAR T-cell infusion, respira-
tory virus infections continued to be the most predominant infec-
tious complication (eight episodes), again followed by pneumonia (six
episodes), out of a total of 19 events. At this timepoint, notably absent
were further bacteremias, fungemias, viremias, or C. difficile infec-
tions (Supporting Information Table S3). Other infections occurring
during this time point included bacterial sinusitis and herpes zoster.
Although individual susceptibility information was not recorded, over-
all, for bacterial cultures from sterile specimens, 40 percent would
be predicted to be nonsusceptible to typical fluoroquinolone neu-
tropenic bacterial prophylaxis (Enterococcal or Gram-positive rod

infection).

Time-to-first infection was recorded in our cohort, and univariate
time-to-event analyses were conducted (Table 3). Utilizing Kaplan-
Meier curves and log-rank testing, we determined that receipt of
tocilizumab (p-value: .0359) or development of any grade of ICANS
(.0207) were associated with a quicker onset of the first infection
(Figure 2). Other binary predictors not meeting significance criteria
(p < .1) for admission into multivariate model included development
of any grade of CRS, use of corticosteroids (as defined in Section
2), and receipt of IVIG preinfusion. Continuous predictors of time-
to-first infection were initially analyzed by univariate Cox regression.
We found that a higher absolute neutrophil count, expressed continu-
ously, at apheresis, appeared protective against time-to-first infection
and met criteria for admission into the multivariate model (hazard
ratio (HR): 0.86, 95% confidence interval [Cl]):.74-1.03, p-value: .095).
Absolute lymphocyte count at apheresis was not significantly asso-
ciated with time-to-first infection. We incorporated the significant
univariate predictors into a multivariate Cox-regression model of time-
to-first infection and found that receipt of tocilizumab (HR: 3.59,
95% Cl: 1.04-12.43, p-value: .044) and development of ICANS (HR:
5.46, 95% Cl: 1.14-26.28, p-value: .034) continued to demonstrate
increased risk for time-to-first infection, while higher ANC, expressed
continuously, appeared protective (HR: 0.82, 95% Cl: 0.68-0.99, p-
value: .038). As patients who developed ICANS may have received
tocilizumab, an interaction term was incorporated into the model but

was nonsignificant (p-value: .091).
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TABLE 3 Time-to-event analysis.
Univariate Multivariate
Covariate HR (95% Cl) p-Value HR (95% Cl) p-value
ANC at apheresis 0.868(0.735-1.025) 095 0.817(0.675-0.989) .038
ICANS by ASTCT 021 5.464(1.136-26.285) .034
Tocilizumab use 036 3.591(1.037-12.435) 044
CRS by ASTCT .309
Standard-dose steroid 114
High-dose steroid 917
1gG at apheresis 1.000 (.999-1.002) 599
IVIG pre-CART 428
ALC at apheresis 0.967 (.663-1.412) 863

Abbreviations/units: ALC, absolute lymphocyte count expressed continuously in cells/uL; ANC, absolute neutrophil count expressed continuously in cells/uL;
ASTCT, American Society for Transplantation and Cellular Therapy; CRS, cytokine release syndrome, standard dose steroid defined as dexamethasone 10 mg
g6 or equivalent , high dose steroid defined as methylprednisolone 1 g or dexamethasone 200 mg; ICANS, immune effector cell-associated neurotoxicity
syndrome; IgG, immunoglobulin G expressed continuously in mg/dL; IVIG, intravenous immune globulin.

Event (failure) defined as time-to-first infection. Right censoring occurred at 2 years, death, or disease progression. Binary predictors analyzed using Kaplan-
Meier failure curves and log-rank testing (p-value only, no hazard ratio) for univariate analysis. Continuous predictors analyzed initially using univariate Cox
regression for time to first infection. Predictors meeting significance in univariate analysis (p < .1) were admitted into final multivariate Cox-regression model
of time to first infection.

(A) Time to First Infection By Receipt of Tocilizumab (B) Time to First Infection By Development of Neurotoxicity
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Time in Days Post-CAR T-cell Infusion Time in Days Post-CAR T-cell Infusion
Number at risk Number at risk
No Tocilizumab 19 8 4 3 0 No ICANS 35 14 5 &) 0
Tocilizumab used 54 15 5 1 0 ICANS 38 9 4 1 0
| No Tocilizumab ~ ————- Received Tocilizumab | NoICANS ————- ICANS per ASTCT

FIGURE 2 Kaplan-Meier failure curves of time-to-first infection following CAR T-cell infusion. Kaplan-Meier failure curves of proportion of
patients who developed their first infection (failure) following CAR T-cell infusion by day since cell infusion. Right censoring at two years of follow
up, death, or disease progression, whichever came first. (A) Curves separated by receipt of tocilizumab (red dashed line) versus no receipt of
tocilizumab (solid blue line) during period of follow-up. Log-rank test p = .036. (B) Curves separated by development of CAR T-cell neurologic
toxicity (red dashed line), also known as immune effector cell-associated neurotoxicity syndrome (ICANS) as documented by diagnostic criteria
from American Society of Transplant and Cellular Therapy (ASTCT) versus no ICANS (solid blue line). Log-rank test p=.021.

4 | DISCUSSION

ing CAR T-cell infusion changes over time. Our data are in keeping with

findings from other groups that indicate that early infections within the

Herein, we present data on infectious complications following CAR T-
cell therapy up to 2 years following infusion. Infection is the leading
cause of nonrelapse mortality in CAR T-cell recipients, and the informa-
tion presented here has implications for monitoring, prophylaxis, and
treatment strategies which could prevent infection or improve clini-
cal outcomes in the future.2? Importantly, like hematopoietic stem cells

and solid organ transplants, the pattern of infections observed follow-

first 30 days are predominantly due to bacteria and Candida. Overall,
mould infections and herpes virus infections, although not screened
for by institutional practice, were rare. From 30 days post-CAR T-cell
infusion up to 2 years, respiratory viral infections (RVIs) and pneu-
monia become the most prevalent infectious complications. Notably,
this suggests that the period of immunodeficiency following CAR T-

cell infusion in which patients remain vulnerable to infections may
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be longer than 1 year. The marked predisposition to RVIs following
the first 30 days after therapy is important as management strate-
gies for many respiratory viruses in immunocompromised patients,
including duration of antivirals and use of IVIG, remain unclear. Further
exploration is needed to better understand the etiology of respiratory
viruses in this population, optimal treatment, prevention strategies,
and outcomes of infection.

Our model of time-to-first infection among CAR T-cell patients
incorporates a longer duration of follow-up than other models used
to risk stratify patients for toxicities of therapy. Developing a time-
to-event model for infections in this population is important given the
frequency of these complications in our population and in other stud-
ies. Some articles report the prevalence of infections as 90% of the
subjects under study, meaning that differentiating patients who all
demonstrate a similar outcome is challenging. Additionally, these data
support the notion that earlier infections postcell infusion may be more
acute and clinically severe such as fungemia and bacteremia.'>1? Our
model supports other works that demonstrate that tocilizumab and
ICANS are associated with a more rapid development of infection.3%:31
These data allow risk stratification of CAR T-cell recipients for the
development of infectious complications and pave the way for further
studies evaluating optimal monitoring and/or prophylaxis strategies
to prevent these infectious complications. If possible, reductions in
rates of CRS or ICANS, and therefore, reductions in the use of addi-
tional immunosuppressants, have the potential to also reduce the risk
of infection in this population. Newer cellular therapies are being
developed with molecular on/off switches, and risk of infection or
inflammatory toxicities could play a role in this therapy selection in the
future.

In contrast to other predictive scores for toxicity and infection
in cellular therapy candidates, baseline laboratory predictors in our
model are taken from the period of apheresis as opposed to LD
chemotherapy.2?:32 This has the potential benefit in identifying higher-
risk groups earlier and altering treatment decisions (what cell product,
what prophylaxis, what monitoring) sooner. Typically, LD chemother-
apy regimens are tailored to specific cell products, and therefore,
potentially waiting until LD chemotherapy and cell infusion to risk
stratify patients and make treatment decisions may be too late. Addi-
tionally, portions of our model are designed to evaluate cellular therapy
candidates based on their status upon referral to a program (around
the time of apheresis) and better assess their baseline immunologic
function. Many patients following apheresis receive bridging therapies
that may be markedly variable (corticosteroids, monoclonal antibodies,
chemotherapy, etc.) to prevent disease progression while awaiting cell
infusion, and this may impact other models that utilize lab predictors at
later time points.

Notable limitations of this study include its retrospective, non-
interventional nature, and incorporation of data across years when
standards and practices in this population may have evolved. The level
of detail is limited to what was documented at the time of the clin-
ical events, which introduces some uncertainty into the analysis. As
CAR T-cell therapy expands to new disease indications, and as the man-

agement of CAR T-cell therapy-related toxicities evolves over time, it
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is possible that our findings may become less applicable. Prospective
and interventional studies in this population aimed at reducing toxi-
cities and improving clinical outcomes are warranted and should be
prioritized.
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