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Abstract
Chimeric antigen receptor T-cell (CAR-T) therapy targeting CD19 has significantly improved outcomes in the treatment 
of refractory or relapsed (R/R) B-cell non-Hodgkin lymphoma (NHL). Several risk factors including CAR-T cell-related 
toxicities and their treatments often lead to infectious complications (ICs); however, the pattern and timeline is not well 
established. We evaluated ICs in 48 patients with R/R B-cell NHL following CAR-T cell therapy at our institution. Overall, 
15 patients experienced 22 infection events. Eight infections (4 bacterial, 3 viral and 1 fungal) occurred within the first 30 
days and 14 infections (7 bacterial, 6 viral, 1 fungal) between days 31 to 180 following CAR-T infusion. Most infections were 
mild-to-moderate and fifteen infections involved the respiratory tract. Two patients developed mild-to-moderate COVID-19 
infection and one patient a cytomegalovirus reactivation after CAR-T infusion. Two patients developed IFIs: one case each 
of fatal disseminated candidiasis and invasive pulmonary aspergillosis at day 16 and 77, respectively. Patients with more than 
4 prior antitumor regimens and patient’s ≥ 65 years had a higher infection rate. Infections in patients with relapsed/refrac-
tory B-cell NHL are common after CAR-T despite the use of infection prophylaxis. Age ≥ 65 years and having > 4 prior 
antitumor treatments were identified as risk factors for infection. Fungal infections carried significant impact in morbidity 
and mortality, suggesting a role for increase fungal surveillance and/or anti-mold prophylaxis following high-dose steroids 
and tocilizumab. Four of ten patients developed an antibody response following two doses of SARS-CoV-2 mRNA vaccine.
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Introduction

Chimeric antigen receptor T-cell (CAR-T) therapy is an 
effective treatment for relapsed and refractory (R/R) b-cell 
non-Hodgkin lymphoma (NHL) [1-4]. Cytokine release syn-
drome (CRS) and immune effector cell-associated neurotox-
icity syndrome (ICANS) are well-known complications of 
CAR-T therapy; however, patients are at risk for significant 

infections as well. Patients receiving CAR-T cell therapy 
are typically immunosuppressed due to prior treatments 
leading to prolonged cytopenias and hypogammaglobine-
mia followed by exposure to additional lymphodepleting 
chemotherapy. CRS and ICANS exhibit non-specific clinical 
manifestations of a hyperinflammatory state, and their dif-
ferential diagnosis includes, among others, sepsis. The use 
of high-dose corticosteroids and IL-6 blockers to treat severe 
CRS/ICANS not only intensifies the risk of infection but can 
also mask infection-related symptoms such as fever, mak-
ing the diagnosis of infection more challenging [5]. Severe 
infections (i.e., grade ≥ 3) have been reported in each of the 
CAR-T registration studies, with the incidence of infectious 
complications (ICs) ranging from 8 to 25% [1, 4]. Bacterial 
complications (e.g., bacteremia, C. difficile gastroenteritis, 
pneumonia), viral (e.g., respiratory viruses, cytomegalovi-
rus, varicella zoster virus), and fungal infections (e.g., candi-
demia and invasive molds) have been described, along with 
a higher burden of ICs occurring within 30 days following 
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CAR-T cell infusion [5]. While data from clinical trials have 
contributed to the understanding of infection risk, they often 
lack the granularity provided by single-center studies where 
the local epidemiology, patients’ characteristics, and treat-
ment practices affect the pattern of ICs related to CAR-T 
cell therapy.

Herein, we report a single-center retrospective study of 
IC following CAR-T cell therapy in 48 adult patients with 
R/R B-cell NHL.

Methods

Patients and data collection

Adult patients (≥ 18 years) with R/R CD19 B-cell malig-
nancies treated with CAR-T cell therapy at the Hunts-
man Cancer Institute between May 2018 and March 2022 
were included. Patients’ electronic medical records were 
reviewed for patient and disease characteristics, including 
demographics, laboratory data, ICs early (0–30 days) and 
late (31–180 days), antimicrobial prophylaxis and treat-
ment courses, prior therapies received, bridging therapy, 
disease status before CAR-T infusion, CAR-T indications, 
CAR-T infusion, CAR-T-related toxicities, ICU admission, 
and death events. Also, pre-infusion (age, sex, type of 
disease, ECOG, median prior treatments, lymphodeple-
tion, type of CAR-T, Ferritin, lactic acid dehydrogenase, 
C-reactive protein, and IgG levels) and post-infusion fac-
tors (CRS, ICANS, use of steroids, and use of tocilizumab) 
that could be associated with infections were collected. 
COVID-19 infections, along with COVID-19 vaccination 
status and subsequent testing for anti-spike IgG, were 
captured following the availability of mRNA vaccines 
in December 2020. Antigen-specific immunoglobulin G 
(IgG) antibody titers were assessed using fresh plasma 
samples and direct enzyme-linked immunosorbent assay 
after 4 weeks receiving at least two COVID-19 vaccines. 
The Huntsman Cancer Center Institutional Review Board 
approved this retrospective analysis. Informed consent was 
obtained from all patients for being included in the study. 
All procedures followed were in accordance with the 
ethical standards of the responsible committee on human 
experimentation (institutional and national) and with the 
Helsinki Declaration of 1964, as revised in 2008.

Lymphodepletion chemotherapy and adoptive 
transfer of CD19‑directed CAR‑T cells

All patients received lymphodepleting chemotherapy con-
sisting of cyclophosphamide 300–500 mg/m2 and fludara-
bine 30 mg/m2 on days − 5, − 4, and − 3, followed by single 

infusion of axicabtagene (n = 20), tisagenlecleucel (n = 13), 
lisocabtagene (n = 9), and brexucabtagene (n = 6).

Infectious prophylaxis

All patients received standard infectious prophylaxis con-
sisting of levofloxacin and fluconazole from the day of 
cell infusion until absolute neutrophil count (ANC) recov-
ery above 500 cells/mm3. Acyclovir and anti-Pneumocys-
tis jirovecii (PJP) prophylaxis were given for a minimum 
of 6 months or until CD4+ lymphocyte count > 200 cells/
mm3.

Definition of infection

Bacterial infections were categorized as a bacteremia or a 
site-specific infection. Repeated positive cultures for the 
same organism were considered a second event if they 
occurred ≥ 21 days after the initial event and interval cul-
tures were negative. Site-specific infections were defined 
by a positive culture of a normally sterile site or by cul-
ture and clinical or radiographic evidence of infection in 
a nonsterile site. Viral infections were defined as upper or 
lower respiratory tract infections based on the presence of 
compatible symptoms and a positive viral molecular test, 
including detection for SARS-CoV-2. Cytomegalovirus 
(CMV) viremia was defined as any detection of CMV DNA 
in peripheral blood at any level using our institutional real-
time CMV PCR assay independent of the present of com-
patible CMV viremia symptoms. Invasive fungal infections 
(IFIs) were classified as proven or probable based on the 
EORTC/MSG 2019 revised criteria for invasive fungal 
disease [6]. Infection severity was graded according to 
CTCAE v5.0 specific to the event of interest. Severe infec-
tions (grade ≥ 3) were those that required IV antimicrobial 
therapy and/or hospitalization or were associated with life-
threatening symptoms or invasive interventions, in keeping 
with previously reported categorizations.

Statistical analysis

Descriptive statistics were used to summarize the clini-
cal data. Categorical data were compared using the chi-
square test, whereas, for continuous variables, non-para-
metric tests were used. Differences among the subgroups 
of patients were compared by using the chi-square test 
(two-tailed), Student’s t-test, or non-parametric tests 
when necessary. Prognostic factors significant (p-value 
less than 0.05) in the univariate analysis were included 
in multivariate analyses. Multivariate logistic regression 
analysis was used to test the association between infection 
occurrence and putative risk factors.



1839Annals of Hematology (2023) 102:1837–1843 

1 3

Results

General characteristics of the series (N = 48)

The cohort included patients with large B-cell lym-
phoma (LBCL) (n = 38), mantle cell lymphoma (n = 
5), transformed LBCL (n = 4), and follicular lymphoma 
(n = 1). Demographic and clinical characteristics are 
shown in Table 1. Thirty-eight out of 48 patients (79%) 
developed any grade of CRS, being 21% of them grade 
3 or higher. Twenty-one (44%) developed any grade of 
ICANs, being 38% grade 3 or higher. The main clini-
cal and biological characteristics are shown in Table 1. 
Responses after CAR-T infusion at day 30 and relapses 
are shown in Table 2.

Infectious complications

Thirty-seven (77%) patients of all series developed neutro-
penic fever after CAR-T infusion. Overall, fifteen patients 
(31%) experienced 22 infection events. Eight infections 
(36%) (4 bacterial, 3 viral and 1 fungal) occurred within the 
first 30 days of CAR-T infusion, and 14 infections (64%) (7 
bacterial, 6 viral, 1 fungal) between days 31 to 180 follow-
ing CAR-T infusion (Table 3). Most infections were mild-
to-moderate in severity (87%) and did not require intra-
venous antibiotic therapy or hospital admission. Fifteen 
infections (68 %) involved the respiratory tract (upper res-
piratory infection: 10, pneumonia: 5). In general, bacterial 
and viral infections were detected at a median of 19 and 33 
days following CAR-T infusion, respectively. Two patients 
developed mild-to-moderate COVID-19 infection and one 
patient had CMV reactivation at days 73, 82, and 49 after 
CAR-T infusion, respectively. Two patients (3.9%) devel-
oped IFIs: one case each of fatal disseminated candidiasis 
from a fluconazole-resistant Candida glabrata and invasive 
pulmonary aspergillosis (Aspergillus fumigatus complex) 
that occurred at day 16 and 77, respectively. Both cases 
required before the use of high-dose corticosteroids and 
tocilizumab to treat CRS toxicity grades 2 and 3, respec-
tively. All bacterial, viral, and fungal infections and their 
pathogens are described in Table 3. Also, we developed a 
univariate and multivariate analysis with some of the prog-
nostic factors previously reported in the literature and risk 

Table 1  Demographic, clinical and biological characteristics of 
CAR-T cell patients

ECOG Eastern Cooperative Oncology Group, LD lymphodeple-
tion, LDH lactic acid dehydrogenase, CRP C-reactive protein, CRS 
cytokine release syndrome, ICANS immune effector cell-associated 
neurotoxicity syndrome
*Flu/Cy fludarabine and cyclophosphamide

Characteristics CAR-T cell 
patients (N = 
48)

Median age (range) 62.5 (26–85)
Sex (male/female) 40/8
Type of disease:
 Large B-Cell Lymphoma (LBCL) 38
 Mantle cell lymphoma 5
 Transformed LBCL 4
 Follicular lymphoma 1
ECOG 0-1 (%) 95
Median prior treatments 3 (3–10)
Prior autologous transplant 8 (17)
Flu/Cy* lymphodepletion (LD) (%) 100
Type of CAR-T:
 Axicabtagene 20
 Tisagenlecleucel 13
 Lisocabtagene 9
 Brexucabtagene 6
LDH > 250 U/L prior LD (%) 35
CRP > 0.8 mg/dL prior LD (%) 58
Ferritin > 500 ng/mL prior LD (%) 38
IgG < 400 mg/dL prior LD (%) 48
High tumor burden (%) 21
CRS grade 3–4 (%) 17
ICANS grade 3–4 (%) 17
Use of corticosteroids (%) 48
Use of tocilizumab (%) 54

Table 2  Prior treatments, response and relapse characteristics of 
CAR-T cell patients

CAR-T cell 
patients 
(N = 48)

Prior treatments before CAR-T
 R-CHOP/R-CHOP like (%) 94
 Fludarabine/bendamustine-based regimen (%) 19
 Cisplatin-based regimen (%) 50
 Gemcitabine-based regimen (%) 45
 Tyrosine kinase inhibitors (%) 31
 Lenalidomide (%) 5
 Polatuzumab (%) 7
 Radiotherapy (%) 24
Response day 30 after CAR-T
 Complete remission (CR) 27
 Partial remission 6
 Progression disease 15
Relapse (patients in CR) 4
Median time relapsing patients after CAR-T (months) 3
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of infection as is showed in Table 4. In our series, patients 
with more than 4 prior antitumor regimens and patient’s ≥ 
65 years had a higher infection rate, being age ≥ 65 years 
the most important factor for infection in the multivariate 
analysis (see Table 4).

COVID‑19 vaccination

We evaluated humoral response to two-dose SARS-CoV-2 
mRNA vaccines (BNT162b2 or mRNA-1273) in ten patients 
who were vaccinated after 90 days of CAR-T cell infusion 
when COVID-19 vaccine was available in December 2020. 
In this series, four patients received also tixagevimab plus 
cilgavimab after CAR-T infusion. At a median of 48 days 
following the second dose, an anti-Spike IgG was detectable 
in four (40%) of them.

Conclusions

In this single-center study, we report a high proportion of 
infectious complications occurring predominantly within the 
first 30 days following CAR-T cell infusion, with a modest 
predominance of viral over bacterial infections. Infections 
of the respiratory tract were the most common; most ICs 
were mild-to-moderate in severity, not requiring hospitaliza-
tion or IV antibiotic therapy. Moreover, our uni/multivariate 
analysis showed age ≥ 65 years and ≥ 4 prior antitumor 
treatments as the main risk factors for infection.

Our results are in line with previously reported studies. 
Hill et al. [7] analyzed infectious complications in 133 adult 
patients in a cohort study including ALL (n = 47), CLL (n 
= 24), and NHL (n = 62) receiving CAR-T in a phase 1/2 
study. In this series, 24% of patients experienced any infec-
tion, including 5% fungal and 4% of fatal events. Risk factors 

Table 3  Microbiological description of infection events (n = 22) and 
pathogens

LRTI lower respiratory tract infection, URI upper respiratory tract 
infection, UTI urinary tract infection

Infection type < 30 days
Post-CAR-T

30–180 days
Post-CAR-T

Bacterial 4 7
 Skin soft tissue 2
 Line associated 1
 Pneumonia 1 3
 Intra-abdominal 1
 Otitis/sinusitis 2
 UTI 1
Viral 3 6
 Rhinovirus URI 2 2
 Influenza/rhinovirus LRTI (mixed) 1
 CMV viremia 1
 COVID-19 pneumonia 3
Funga 1 1
 Invasive candidiasis 1
 Invasive pulmonary aspergillosis 1
Total infection episodes 8 14

Table 4  Univariate and 
multivariate analysis for 
prognostic factors and risk of 
infection

M male, F female, DLBCL diffuse large b-cell lymphoma, ECOG Eastern Cooperative Oncology Group, 
LDH lactic acid dehydrogenase, LD lymphodepletion, CRP C-reactive protein, CRS cytokine release syn-
drome, ICANS immune effector cell-associated neurotoxicity syndrome

Univariate (p) Multivariate (p)

Age (< 65 y vs. ≥ 65 y) 0.001 0.009
Sex (M vs. F) 0.210
Type of disease (DLBCL vs. others) 0.871
ECOG (0–1 vs. ≥ 2) 0.168
Median prior treatments (≤ 4 vs. > 4) 0.026 0.140
Prior autologous transplant (yes vs. no) 0.495
Type of CAR-T (axicabtagene vs. tisagenlecleucel vs. lisocabtagene vs. 

brexucabtagene)
0.381

LDH prior LD (normal vs. high) 0.654
CRP prior LD (normal vs. high) 0.173
Ferritin prior LD (normal vs. high) 0.913
IgG prior LD (normal vs. high) 0.203
High tumor burden (< 6 cm vs. ≥ 6 cm) 0.536
CRS grade 3–4 (yes vs. no) 0.676
ICANS grade 3–4 (yes vs. no) 0.676
Use of corticosteroids (yes vs. no) 0.613
Use of tocilizumab (yes vs. no) 0.584
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identified in this series were ≥ 4 prior treatments, a diagno-
sis of ALL and receiving a higher dose of CAR-T cells (2 × 
 107cells/kg). Strati et al. [8] analyzed 31 patients with relapsed/
refractory LBCL who underwent CAR-T cell treatment with 
axicabtagene and were included in the clinical trials ZUMA-1 
(NCT02348216) and ZUMA-9 (NCT03153462). Among all 
31 patients, 71 infectious events of any grade were reported 
(42% grade 3–4 infection). Most common infections were viral 
and 6% of patients developed a fungal infection. Logue et al. 
[9] conducted a retrospective, single-center study of 85 patients 
with relapsed/refractory LBCL treated with axicabtagene. In 
the first 30 days, 36.5% patients presented an infection event, 
with 12.9% of them requiring IV antibiotics or hospitaliza-
tion. CRS, ICANS, use of tocilizumab, or steroids and bridging 
therapy were risk factors for ICs in this series. After day 30, 
44.3% of patients had any infection requiring hospitalization or 
IV antibiotics. Infection was a contributor to death in 3 cases 
(3.5%) in this series. Cordeiro et al. [10] analyzed a cohort 
of 86 patients with relapsed/refractory ALL, NHL, and CLL 
treated with CAR-T infusion included on a phase 1/2 clinical 
trial. After day 30th, 61% of patients developed any infection, 
with 71% respiratory tract involvement. Bacterial was the most 
frequent (60%), 31% viral and 9% fungal etiology. Moreover, 
20% of patients in this series required hospitalization.

Baird et al. [11] evaluated hematologic recovery, immune 
reconstitution, and also infectious complications in 41 patients 
with NHL treated with axicabtagene ciloleucel. In the first 28 
days following infusion, 46.3% patients had an infection, with 
the majority being mild-to-moderate in severity (68.4%). The 
most common etiology was viral respiratory tract infections 
(21.1%). Receipt of corticosteroids was the only factor that 
predicted risk of infection in a multivariate analysis.

Wudhikarn et al. [12] analyzed 60 patients with LBCL treated 
with CD19 CAR-T cells and a total of 101 infectious events were 
observed, being 75% of them mild-to-moderate and bacteria the 
most common causative pathogens. Thirty-seven percent of them 
are within the first 30 days. In a multivariate analyses, the use of 
systemic corticosteroids for the management of CRS or ICANS 
was associated with an increased risk of infections.

Lastly, a study by Mikkilineni et al. [13] focused on infec-
tions occurring within the first 30 days of treatment in 162 
CAR-T cell patients who received CAR-T antigen targets 
(CD19, CD22, D2, and BCMA). The proportion of infectious 
complications in the first 30 days was 32.7%; greater lines of 
chemotherapy and a recent infection within 100 days of CAR-T 
cell infusion were associated with higher risk of infection.

Despite high degree of immunosuppression and prolonged 
neutropenia, fungal infections have remained infrequent in 
patients undergoing CAR-T cell therapy. Depending on the 
study, the incidence of IFI has ranged between 1 and 15%, 
and most of these infections occur as breakthrough to anti-
fungal prophylaxis [14]. In our series, two patients (3.9%) 
developed IFIs: one fatal case of disseminated Candidemia 

due to fluconazole-resistant Candida glabrata (breakthrough 
fluconazole prophylaxis) and one case of invasive pulmonary 
aspergillosis. Of note, both patients had received immuno-
suppression augmentation with tocilizumab and high-dose 
steroids for high-grade CRS. Several reports have described 
molds other than Aspergillus, complicating CAR-T cell ther-
apy [15]. Targeted anti-mold prophylaxis has been proposed 
for individuals with a history of past-fungal infection, severe 
and prolonged neutropenia (> 3 weeks), previous allogeneic 
HSCT, and in patients receiving high-dose  corticosteroids5. In 
low-risk patients and/or at treatments centers with low IFI inci-
dence, a preemptive strategy based on biomarkers and imag-
ing screening could be adopted. As the option for CAR-T cell 
therapy move upstream in the treatment line for several hema-
tological malignancies, the landscape for IFI complications 
will continue evolving in the upcoming years. Future studies 
are needed to elucidate specific risk factors for IFI and define 
the population who benefit the most of anti-mold prophylaxis.

In our case series, the spectrum of clinical syndromes 
associated with bacterial and viral infections was similar to 
those previously reported in the literature, with predomi-
nance of viral respiratory infections (including COVID-19) 
and nosocomial infections (see Table 2).

Our study has several limitations. First, it is restricted 
to a single center and included only patients with relapse/
refractory CD19 B-cell NHL. As such, the overall results 
might not be applicable to centers with different antimicro-
bial prophylaxis practices or centers that offer CAR-T cell 
for other than CD19 B-cell NHL. Second, our median time 
to follow-up was almost 8 months post-CAR-T cell infusion. 
Hence, infection complications that occurred late in the post-
CAR-T cell period might have not been entirely captured in 
our review. Notably, our study did not link laboratory mark-
ers for B-cell aplasia, B-cell dysfunction, or reconstitution 
of the T-cell compartment with tangible clinical outcomes 
for infection. Other factors such as CAR-T-cell-related neu-
tropenia, reactivation of latent viral infections (e.g., CMV, 
HHV-6), and the need for stem-cell reinfusion in refractive 
cytopenias might play a role in late-onset infection follow-
ing CAR-T infusion and should be assessed in prospective 
studies. Lastly, in our series, serological testing to assess 
immune response to SARS-CoV-2 vaccination was per-
formed inconsistently and at different time points following 
CAR-T cell infusion. For instance, only 21% of patients had 
anti-spike IgG titers available to assess immunogenicity fol-
lowing two doses of SARS-CoV-2 mRNA vaccine. Several 
studies have described suboptimal vaccination responses in 
patients with hematological malignancies, including CAR-T 
cell recipients [16-19]. Other markers of vaccine-immune 
response (e.g., T-cell response) and the effect of vaccine 
boosters over the augmentation of anti-spike IgG titers were 
not addressed in this study and may play a substantial role in 
COVID-19 disease prevention following CAR-T cell therapy. 
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Moreover, the ”real-world” impact of prophylactic strategies 
using anti-SARS-CoV-2 long-lasting monoclonal antibodies 
(e.g., tixagevimab plus cilgavimab) remains unknown and 
deserves further research in this population.

In summary, the reporting of infectious complications 
from CAR-T cell therapy’s clinical trials has been incon-
sistent, often lacking details about the nature, timing and 
course of common infections. In that context, single-center 
case series like ours contribute to understanding the local 
epidemiology and to guide antimicrobial prophylaxis strate-
gies. Data from patients’ registries are welcome to delineate 
national and center-specific CAR-T cell-associated infection 
rates and define future research targets. In the upcoming 
years, several factors will continue reshaping the risk for 
infection following CAR-T cell therapy. The use of CAR-T 
cells with novel antigen targets (e.g., CAR-T targets NK, 
anti-BCMA, CD22, disialonganglioside [GD2]) along with 
the expansion of CAR-T cell indications and its use earlier 
in the treatment course will inevitably alter the infection risk 
framework. Research focused on infectious complications 
CAR-T cells will hopefully provide guidance on adequate 
standards and extension of antimicrobial prophylaxis in 
CAR-T cell patients.
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