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Background. This study aimed to describe documented infections associated with postinfusion fever after CAR T-cell therapy
and to evaluate daily changes in vital signs, laboratory results, and the National Early Warning Score (NEWS) in patients with and
without confirmed bacterial infections following fever onset, with the objective of assisting in antibiotic stewardship.

Methods. This was a retrospective, observational study including all consecutive adult patients who received CAR T-cell
therapy. Documented infection in the first fever episode after infusion, and clinical and analytic trend comparison of patients
with bacterial documented infections and those without documented infections, are described.

Results. Among 152 patients treated with CAR T-cell therapy, 87 (57.2%) had fever within 30 days of infusion, with a median
time from infusion to fever of 3 (interquartile range, 2-5) days. Of these 87 patients, 82 (94.3%) received broad-spectrum antibiotics.
Infection was documented in 9 (10.3%) patients and only 4 (4.6%) had bacterial infections. Clinical signs and biomarkers were
similar in patients with bacterial documented infection and in those without documented infection at fever onset. Fever,
tachycardia, and high C-reactive protein levels remained high during the first 3 days after CAR T-cell infusion, even when no
infection was documented.

Conclusions. Fever is a common symptom following CAR T-cell infusion and is largely treated with broad-spectrum
antibiotics. However, confirmed bacterial documented infections after the first fever post-CAR T-cell infusion are very unusual.
Because clinical parameters and biomarkers are not useful for identifying infectious fever, other methods should be assessed to

ensure the proper use of antibiotics.
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CD19 and B-cell maturation antigen (BCMA)-targeted chimeric
antigen receptor (CAR) T-cell immunotherapies are effective
treatments that have drastically improved outcomes in patients
with refractory B-cell malignancies and multiple myeloma
[1-3]. Following CAR T-cell infusion, it is prevalent for patients,
often neutropenic patients, to experience episodes of fever com-
monly treated with broad-spectrum antibiotics. Consequently,
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high rates of Clostridioides difficile and multidrug-resistant infec-
tion have been described often in this population days and
months after CAR T-cell therapy [4, 5]. However, the fever expe-
rienced after infusion can be predominantly caused by different
pathogenic mechanisms, such as infection or inflammatory re-
sponse related to CAR T-cell treatment [6-8].

Studies comprehensively catalog all infectious episodes fol-
lowing the injection of CAR T cells, with rates ranging from
33% to 53% depending on the follow-up period (1, 2, 3, and
even 12 months) [9-14]. However, none specifically explore
the first febrile episode that follows the infusion in the first weeks,
during which the question of etiology between infection and cy-
tokine release syndrome is primarily raised. Furthermore, there
is a lack of current information regarding the clinical and biolog-
ical features to distinguish between infection and inflammatory
response. Therefore, the aim of this study was to identify docu-
mented infections associated with post-CAR T-cell infusion ini-
tial fever and to evaluate daily changes in vital signs, laboratory
parameters, and the National Early Warning Score (NEWS),
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an objective scale for assessing clinical stability in hospitalized
patients [15, 16], among hematologic patients with bacterial doc-
umented infection and in those without documented infection
associated with fever following CAR T-cell infusion. Our goal
was to identify parameters that could facilitate antibiotic de-
escalation in this specific population in the first fever post-
CAR T-cell therapy infusion.

METHODS

Study Design and Setting

This was a retrospective, observational cohort study conducted
at the Hospital Clinic of Barcelona (Spain), a 700-bed university
center with 30 beds allocated to patients with hematological
malignancies. From 2017 onward, patients from our institution
have received therapy with our own anti-CD19 CAR T-cell
product, varnimcabtagene autoleucel (ARI-0001 cells) [17];
our own anti-BCMA product, cesnicabtagene autoleucel
(ARI0002h) [18-21]; and commercial products. Both of the in-
house products are locally manufactured at the Hospital Clinic
of Barcelona and consist of autologous, second-generation
(4-1BB and CD3z based) CAR T-cell products targeting CD19
(ARI-0001) or BCMA (ARI0002h). Both therapies are able to re-
direct the antitumor activity of autologous T cells to target and
eliminate CD19-positive or BCMA-positive cells present both
in B-cell malignancies (B-cell lymphomas and leukemias) and
plasma cell malignancies (multiple myeloma, plasma cell leuke-
mia, and amyloidosis), respectively. Both products are manufac-
tured locally using the CliniMACS Prodigy bioreactor and are
cryopreserved until their administration in a fractionated man-
ner. According to the hospital protocol, antimicrobial prophylax-
is consists of acyclovir 400 mg or valacyclovir 500 mg twice a day
for seropositive individuals with either herpes simplex or varicella
zoster virus. It further includes levofloxacin 500 mg daily and flu-
conazole 400 mg daily while the absolute neutrophil count is
<500 cells/pL, and trimethoprim 160 mg/sulfamethoxazole 800
mg 3 times weekly, post-neutrophil recovery and until 3 months
after CAR T-cell infusion. The serum immunoglobulin G (IgG)
concentration is assessed before and approximately a month after
CAR T-cell infusion; immunoglobulin (400 mg/kg, intravenous)
reposition is recommended if the serum IgG concentration is
<400 mg/day and the patient has been diagnosed with “recurrent
infections.” In general, patients who experience postinfusion fe-
ver are neutropenic and are managed according to a protocol
based on the recommended standard of care approach to febrile
neutropenia.

Selection of Participants

We included all consecutive adult patients with hematological ma-
lignancies who received CAR T-cell therapy between January 2020
and July 2022. Data were automatically retrieved from the pa-
tients’ electronic health records (EHRs) after a 9-step quality re-
view pathway to assess data quality (Supplementary Figure).

We collected information regarding demographics, underlying
malignancy and comorbidities, and type of CAR T-cell product
used (ARI001 [varnimcabtagen autoleucel], axicabtagene ciloleu-
cel, lisocabtagene maraleucel, tisagenlecleucel, or ARI0002h [ces-
nicabtagene autoleucel]). Clinical characteristics, laboratory data,
and microbiological features were retrieved daily during hospital-
ization. For patients who had fever (temperature >38°C) in the 30
days following CAR T-cell infusion, we looked for vital signs, lab-
oratory and microbiological data, treatment, and outcomes.
NEWS [15, 16] was calculated at fever onset (day 0) and every
day until day 3 to objective assess the clinical deterioration in
our adult patients.

The management of febrile neutropenic patients in our insti-
tution is extremely protocolized with exhaustive exploration and
systematic sampling of peripheral venous blood, from the central
catheter, urine, respiratory viruses and pathogens, and any other
infectious focus. Patients are then placed on empirical antibiotic
therapy, taking into account their history of infection and colo-
nization with multiresistant bacteria. Every morning, a team of
infectious disease specialists reviews all the records of hemato-
logical patients presenting with fever and conducts very close
monitoring, adjusting the antibiotic therapy based on the micro-
biological results and the clinical progression of the patient.

The Hospital Clinic Ethics Committee approved this study
(number HCB/2022/0958) and waived the requirement for in-
formed consent due to the retrospective study design and full
anonymization of the data.

Analysis

We reported descriptive statistics as median with interquartile
range (IQR) for continuous variables and absolute numbers
with percentages for categorical variables. For patients who
had fever during the 30 days following CAR T-cell infusion,
the values of vital signs and laboratory tests were retrieved dur-
ing the first 3 days after fever onset (day 0) in patients without
documented infection and in those with documented bacterial
infection. Values at days 1, 2, and 3 were compared to day 0 in
each group and between groups at fever onset (day 0) using the
Mann-Whitney test. The threshold for statistical significance
was defined as 2-tailed P <.05. Graphs were plotted and data
analyzed with R software version 4.2.2 (R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

General Characteristics

During the study period, 152 patients with hematological ma-
lignancies received CAR T-cell therapy. Their characteristics
are reported in Table 1. A total of 87 (57.2%) patients had fever
within 30 days following CAR T-cell infusion, with a median
time from infusion to fever of 3 (IQR, 2-5) days. Patients
with fever received antibiotics within 3 days of fever onset in
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Table 1. General Characteristics of Patients Who Received Chimeric
Antigen Receptor T-Cell Therapy

Table 3. Documented Infections in Patients With Initial Fever Post—
Chimeric Antigen Receptor T-Cell Infusion

Variable No. (%) Patient Bacteria Virus Fungi
No. 152 1 Staphylococcus
Sex (female) 85 (55.9) epidermidis
Age, y, median (IQR 55 (38-65) (BC and catheter)
) ) Coronavirus (BAL)
Hematologic malignancy
Non-Hodgkin lymphoma 61 (40.1) g SRSy 2 I o
ALL 59 (38.9) 4 SARS-CoV-2 (NPS) Candida o
Multiol | 24 (22.41 parapsilosis (BC)
Ltpie myetoma ' 5 RSV (NPS)
HSCT 92 (60.5)
. 6 Enterococcus
Comorbidities faecium (BC)
Hypertension 25 (16.4) 7 ErfEieeaEas
Previous solid tumor 23 (156.1) faecalis (BC)
Chronic heart disease 22 (14.5) 8 Staphylococcus
Diabetes mellitus 9(5.9) haemolyticus (BC)
Chronic pulmonary disease 7 (4.6) 9 SARS-CoV-2 and
Chronic liver disease 6(3.9) ?,\t";% coronavirus
Chronic kidney disease 5(3.3)
Solid organ transplant 1(0.7) Abbreviatipns: BAL, brpnchoalveo\ar lavage; BC, blood culturg; NSP, nasopharyngeal ;wab;
RSV, respiratory syncytial virus; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
CAR T-cell therapy
Academic-ARI001 121 (79.6)
Axicabtagene ciloleucel 27 (17.8)
Lisocabtagene maraleucel 2(1.3) Table 4 details the vital signs, NEWS, and laboratory results
Tisagenlecleucel 2(1.3) for the 87 patients at fever onset (day 0) after CAR T-cell infu-
Days between timepoints, median (IQR) sion and their evolution within the first 3 days in patients de-
Adml.ssmn and 'h_fus'on 10-6) pending on whether they had a documented bacterial
Infusion and tocilizumab 6 (5-9)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: ALL, acute lymphoblastic leukemia; CAR, chimeric antigen receptor; HSCT,
hematopoietic stem cell transplant; IQR, interquartile range.

Table 2. Prescribed Antibiotics Within 3 Days of Fever Onset

Antibiotic No. (%)
No. 87
Meropenem 55 (63.2)
Piperacillin-tazobactam 24 (27.6)
Teicoplanin 20 (23.0)
Levofloxacin 20 (23.0)
Ertapenem 5(5.7)
Amikacin 5(5.7)
Vancomycin 4 (4.6)
Others 12 (13.8)

82 (94.3%) cases and tocilizumab in 51 of 87 (58.6%) cases. The
antibiotics prescribed are listed in Table 2. The median time to
tocilizumab prescription after infusion was 6 (IQR, 5-9) days.

A total of 9 (10.3%) patients had a documented infection:
4 (4.6%) with bacteria, 4 with a virus, and 1 with both candide-
mia and viral infection (1.1%). Three patients tested positive
for severe acute respiratory syndrome coronavirus 2. In 2 of
these cases, CAR T-cell infusion was performed with prior
knowledge of viral infection. Table 3 details documented
infections.

infection or no documented infection. At fever onset, there
were no differences among those parameters between patients
without infection and those with documented bacterial infec-
tion, except for NEWS, which was higher in patients without
infection (5 [IQR, 4-6] vs 3 [IQR, 3-3]; P=.03). Tachycardia
and hypotension were common in the first 3 days, both in pa-
tients with bacterial documented infection and in those without
documented infection. In patients with bacterial documented
infection, the median temperature on day 3 postinfusion and
after appropriate treatment was 37°C (IQR, 36.7°C-37.6°C),
whereas in patients without documented infection, the temper-
ature tended to remain high (37.8°C [IQR, 37.1°C-38.4°C]).
The NEWS did not show any significant clinical changes in
any group. On day 3, there were no differences among those pa-
rameters between patients without documented infection and
those with bacterial documented infection.

DISCUSSION

In this study, more than half of the patients treated with CAR
T-cell experienced fever postinfusion. Of these, <5% had doc-
umented bacterial infections. Clinical parameters and biomark-
ers at fever onset were similar in patients with documented
infection and in those without documented infections.
Despite the low incidence of bacterial infection in the first fever
episode post-CAR T-cell infusion, almost all of these patients
received broad-spectrum antibiotic therapy. This discrepancy
between the low number of proven bacterial infections and

CAR T Cells Postinfusion Fever « OFID « 3



Table 4. Evolution of Vital Signs, National Early Warning Score, and Laboratory Results at Fever Onset and Each Day Until Day 3 in Patients Who Received
Chimeric Antigen Receptor T-Cell Therapy and Whether They Had a Documented Bacterial Documented Infection or No Documented Infection

Variable Documented Infection Day 0 Day 1 Day 2 Day 3
Temperature, °C No documentation 38.2 (38.1-38.5) 38.1 (37.6-38.6) 38.2 (37.6-38.8) 37.8(37.1-38.4)
Bacterial documentation 38.1 (38.0-38.2) 38.1 (37.6-38.6) 37.5(37.2-37.8) 37.0 (36.7-37.6)
Heart rate, bpm No documentation 106 (100-114) 106 (98-113) 105 (98-116) 103 (93-113)
Bacterial documentation 96 (95-98) 97 (94-108) 87 (83-94) 98 (84-115)
SBP, mm Hg No documentation 94 (86-103) 94 (86-103) 94 (86-104) 96 (85-104)
Bacterial documentation 101 (101-101) 95 (94-96) 96 (95-102) 103 (96-107)
DBP, mm Hg No documentation 58 (52-65) 57 (60-65) 57 (562-66) 57 (52-66)
Bacterial documentation 57 (65-62) 54 (563-56) 56.5 (53-58) 61 (58-64)
Respiratory rate, com No documentation 18 (17-20) 18 (16-20) 18 (16-20) 18 (16-20)
Bacterial documentation 16 (16-17) 16 (16-17) 16 (16-18) 20 (18-20)
Oxygen saturation, % No documentation 96 (95-98) 96 (95-98) 96 (95-97) 96 (95-97)
Bacterial documentation 97 (97-97) 97 (97-98) 98 (98-98) 97 (96-97)
NEWS No documentation 5 (4-6) 4 (3-5) 4 (3-6) 4 (3-6)
Bacterial documentation 3(3-3) 3 (3-4) 2 (2-3) 2 (1-4)
CRP, mg/dL No documentation 2.08 (0.98-3.64) 4.36 (2.83-7.46) 5.59 (3.58-9.99) 5.27 (2.82-9.64)
Bacterial documentation 2.37 (1.88-3.58) 7.23 (4.54-9.90) 6.36 (4.92-8.63) 10.68 (7.38-11.81)

Ferritin, ng/mL

No documentation
Bacterial documentation

739 (282-1280)
1183 (935-1432)

Lymphocytes, 10%/L No documentation 0.10 (0-0.20)
Bacterial documentation 0.80 (0.40-0.85)

Neutrophils, 10%/L No documentation 0.40 (0.10-1.00)
Bacterial documentation 0.40 (0.25-30)

721 (303-1556)
1469 (1176-1763)

989 (385-1746)
2078 (1585-2570)

1124 (503-2685)
200 {focd)

0.10 (0-0.20) 0.10 (0-0.20) 0.10 (0-0.20)
0.40 (0.18-0.75) 0.25 (0.08-0.75) 0(0-0.15)
0.20 (0.10-0.80) 0.30 (0.10-0.60) 0.20 (0.10-0.40)
1.65 (0.15-3.20) 1.20 (0.18-2.22) 0.10 (0.05-1.45)

Data are presented as median (interquartile range).

Abbreviations: CRP, C-reactive protein; DBP, diastolic blood pressure; NEWS, National Early Warning Score; SBP, systolic blood pressure.

systematic use of broad-spectrum antibiotics in these patients
raises major questions. Indeed, in addition to the risks of ad-
verse events and drug interactions related to certain antibiotics,
the main danger is promoting the emergence of resistance.
Infection with C difficile represents a significant threat in this
population, as it is the most common bacterial microorganism
isolated in early infections following CAR T-cell infusion [4, 5]
and has been reported to range from 12.5% to 30% [5, 22].
Moreover, a restrictive antibiotic treatment strategy has shown
to protect microbiota in neutropenic allogeneic stem cell recip-
ients with early fever due to cytokine release syndrome, without
increasing the risk of infectious complications [22].

Our infection rate was lower than that reported in other
studies [5, 9, 10]. However, it is important to note that in con-
trast to previous reports, we focused on the first fever episode
following CAR T-cell infusion. The policy of antimicrobial pro-
phylaxis protocols at our institution may also play a role. It is
also interesting to note that there was a discrepancy between
the spectrum of empirically initiated antibiotic therapies at
the onset of fever, which primarily targeted gram-negative bac-
teria, and the type of bacteria identified, which were predomi-
nantly gram-positive. This finding is likely related to the fact
that the first fever post-CAR T-cell infusion, when not inflam-
matory, was due to catheter sepsis. We did not find cases of en-
dogenous bacteremia in this situation, as we are accustomed to
seeing in other scenarios of patients with febrile neutropenia.

Identifying a pattern that could distinguish between the in-
flammatory response and infection in fever onset is the most
important challenge for the antibiotic decision-making pro-
cess. In our study, we observed no differences in fever onset be-
tween patients without documented infection and those with
bacterial documented infection. Importantly, clinical parame-
ters, such as temperature or heart rate, remained high during
the first days after CAR T-cell infusion, even when no infection
was documented. This finding is significant because these clin-
ical parameters should not be used to decide whether antibiot-
ics should be continued. Our study suggests that patients with
fever following CAR T-cell infusion who do not have an infec-
tion do not show significant variations in NEWS. The NEWS is
an objective scale created to identify patients at risk of deterio-
ration [15, 16].

Further studies should assess whether a bundle that includes
negative microbiological results and NEWS stability despite
persistent fever and tachycardia is safe and useful for improving
antibiotic stewardship in these patients.

Our study had several limitations. First, it was a single-center
study that uses antibiotic prophylaxis in this population.
Infection rates may differ in the absence of bacterial prophylax-
is. Second, due to the retrospective design, infectious suspected
clinically without microbiological documentation were not
considered. The decision not to report this suspected clinical
infection was based on 2 concepts: (1) the methodology used
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for the study (data directly retrieved from EHRs) is very strong
in objective data and weak in subjective data; and (2) the utility
of syndromic-based reporting (eg, pneumonia) is limited, espe-
cially in this population, by factors such as the challenge in dif-
ferentiating inflammation from infection, and the subjectivity
and/or inconsistent definitions of suspected infections used
across studies [23].

Third, the study focused on the first episode of fever follow-
ing CAR T-cell infusions during hospital stay and did not con-
sider subsequent infectious episodes.

In conclusion, fever is a common symptom following CAR
T-cell infusion and is largely treated with broad-spectrum an-
tibiotics. However, confirmed bacterial infections are very un-
usual. Just as clinical parameters and biomarkers are not useful
for identifying infectious fever, other parameters must be deter-
mined to ensure proper use of antibiotics. Bundles including
clinical stability and ruling out of bacterial documented infec-
tions may help clinicians to stop antibiotics early to avoid emer-
gence of resistance and infections due to C difficile.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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