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“Although targeted therapeutic agents 
demonstrate a narrow spectrum of 

toxicity, primarily due to their specific 
signaling pathways, they have the 

potential to cause downstream path 
inhibition, which can alter the immune 

system”

“Infections are the most common 
complication of treatment with novel 

immunotherapies”

Ludwig Blood Adv 2024

Andreescu Life 2023



Targeted therapies and immune sequelae

Little J Fungi 2021



In lymphoproliferative syndromes

Target therapy and infections

• Signaling pathway inhibitors
➢ BTK-i

➢ Venetoclax

• Immunotherapy
➢ Bispecific MoAb

➢ CAR-T
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• Between 2013 and 2017, from 16 French centers 
33 cases of invasive fungal infections in patients 
receiving ibrutinib alone or in combination

• Invasive aspergillosis was overrepresented
(27/33) and was associated with cerebral 
localizations in 40% of the cases

• Most infections usually occur during the first 
months of treatment, often in patients with 
other risk factors for fungal infections



The immunomodulatory effect of BTK-i

• The expression of BTK is 
not restricted to B cells

• BTK is critical for 
regulating myeloid cell-
mediated innate host 
defense, particularly in 
neutrophils and 
macrophages

Jiang Cancers 2024



BTKi and adaptive immunity

Maffei Blood rev 2020

• Dendritic cells deficient for BTK 
efficiently promotes T cell 
activation

• In T lymphocytes, ibrutinib
suppresses the survival of TH2 
cells, down-regulates PD-1 
expression and reduces T 
regulatory cells, whereas favors 
TH1 and TH17 accumulation

• T lymphocytes are spared from 
activation-induced cell death and 
efficiently secretes IFN-γ in 
response to inflammatory stimuli 
in the presence of ibrutinib



Differences between BTKi

Estupiñán Front Cell Dev Biol 2021
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2017;31(6):833–843; 5. Ghez, et al. Blood. 2018;131(17):1955–1959; 6. Choquet et al ASH 2016, Abstract 784; 7. Varughese, et al. Clin Infect Dis. 2018;67(5):687–692; 8. Gaye,

et al. Med Mal Infect. 2018;48(4):294–297.

Ibrutinib and fungal infections



Infante et al. Cancer Med 2021

Severe infections

105/462 (23%)

0.55 per 1000 person-days

1 severe infection over 7.2 y



• 5358 matched patients with CLL
• Anti-CD20 monoclonal antibodies were 

administered to <10% of patients
• IFIs: 4.6% in patients on a BTKi versus 3.5% 

in patients not on a BTKi at 5 years
• Annual rates of 0.9% and 0.7%, respectively
• Additional 1% risk of IFI in patients with CLL 

while on a BTKi over 5 years compared to 
those not on a BTKi

No antifungal prophylaxis!



• CLL-derived LNs contained twice the 
amount of suppressive regulatory T cells 
(Tregs) and CLL supportive follicular T 
helper (Tfh) cells compared with PB

• Venetoclax-based treatment led to deep 
responses in the majority of patients, but 
also to decreased absolute numbers of B, T, 
and NK cells. Tfh cell, Treg, and PD-11 CD81 
T cell numbers were reduced more than 
fivefold after venetoclax-based therapy, and 
overproduction of inflammatory cytokines 
was reduced. Furthermore, we observed 
restoration of NK cell function

• Venetoclax-based regimens reduced the 
immunosuppressive footprint of CLL, 
suggesting immune recovery after the 
elimination of leukemic cells



• Severe infections were more 
frequent in the triple therapy and 
chemoimmunotherapy groups 
than in the other two groups



Autore Am J Hematol 2024

Risk factor HR (95% CI)

COPD 2.04 (1.37-3.03)

Previous infections 1.99 (1.43-2.76)

≥ 1 previous treatment 2.59 (1.14-5.89)

• 287 CLL patients treated with venetoclax
single agent or venetoclax plus anti-CD20 
antibody (R or O)

• 285 infections of any grade, in 158 patients 
(55%)

• Median time to first infection was 219 days 
for any grade infection and224 days for 
grade 3–5 infections



Mind the DDI…!

Lewis R J Antimicrob Chemotjer 2024



Don’t forget the old drugs for DDI…

Lewis R J Antimicrob Chemotjer 2024

Concomitant triazole therapy also increased the exposure to both methylprednisolone and 
dexamethasone, resulting in the suppression of endogenous cortisol secretion 



In lymphoproliferative syndromes

Target therapy and infections

• Signaling pathway inhibitors
➢ BTK-i

➢ Venetoclax

• Immunotherapy
➢ Bispecific MoAb

➢ CAR-T



Bispecific MoAb in NHL

Anti-CD20xCD3 BsAb have
demonstrated remarkable 
single-agent activity in 
patients with heavily 
pretreated B-NHL with a 
manageable toxicity profile 
dominated by T-cell 
overactivation syndromes

Falchi Blood 2023



Bayly-McCredie Int J Mol Sci 2024

Summary of MoAb toxicity in NHL

The median of any grade infection rates ranged from 41.6% to 49%, 
while the median grade ≥3 infection rates ranged from 14.6% to 23%



• BCMA is a type 3 transmembrane domain protein of 
the tumour necrosis factor receptor (TNFRSF17) 
superfamily that is expressed on both normal and 
malignant plasma cells at high levels that makes it an 
ideal target antigen for myeloma therapy

• Along with its ligands B cell activator of the TNF family 
(BAFF) and a proliferation inducing ligand (APRIL), it 
delivers pro-survival cell signals that regulates B cell 
proliferation, maturation, survival as well as 
differentiation into plasma cell

• GPRC5D is a transmembrane receptor protein, 
encoded by the GPRC5D gene on chromosome 12p and 
is highly expressed on surface of malignant plasma 
cells, however, its functions remains unknown

Devasia Blood Cancer J 2024

Bispecific MoAb in MM



Bispecific MoAbs in MM: infections

Mazahreh Blood Adv 2023

Of the patients treated with BsAbs, half developed an infection, and a quarter 
developed grade III/IV infections

Liu Haematologica 2024



• Recruitment for the phase 1/2 MajesTEC-1 
study evaluating teclistamab ran 
concurrently with the start of the COVID-
19 pandemic

• The majority of the 165 patients in the 
teclistamab recommended phase 2 dose 
(RP2D) cohort were enrolled between 
March 2020 and March 2021 (n = 151; 
91.5%), overlapping with peak infection 
and death rates worldwide

• During the study, 48 patients (29.1%) had a 
COVID-19 infection (grade 3/4 in 35 
patients [21.2%]) and 18 patients (10.9%) 
died from COVID-19

Van de Donk Blood Cancer J 2024

MajesTEC-1 and infections



• Among the 229 patients, 142 (62%) presented at 
least one infection affecting patient 
management with a median time from BsAb
initiation of 49 days (IQR: 17-112)

• 133 (61%) infections in patients with 
hypogammaglobulinaemia <400 mg/dL at the 
time of infection and 50 (21%) in patients under 
immunoglobulin substitution

• Global cumulative incidence of the first infection 
was 70% in all patients, 73% in patients treated 
with BCMA-targeting, and 51% with GPRC5D-
targeting BsAb

• All grade 4-5 or requiring ICU admission 
infections involved patients undergoing BCMA-
targeting BsAb

Jourdes Clin Microbiol Infect 2024

Retrospective, multicentre study



• Retrospective study
• Among 37 patients, 15 (41%) experienced a grade 3–5 infection, with two infection-related deaths during 

deep remissions
• Most (84%) infections occurred during disease remissions
• The cumulative probability of grade 3–5 infection increased over time with no plateau

Hypogammaglobulinemia and anti BCMA MoAbs

Lancman Blood Cancer Disc 2023



iv Ig supplementation if IgG<400 mg/dl



• Ongoing T-cell activation, T-cell 
exhaustion, or treatment-induced 
depletion of some T-cell populations in 
addition to hypogammaglobinaemia and 
neutropenia might partially explain the 
high risk of infections seen in patients 
treated with bispecific antibodies

• For non-BCMA bispecific Ab, 
new onset of grade 3–4 
infections generally occurred in 
the first 100 days of therapy

• For BCMA bispecific antibodies 
the incidence is more or less 
constant throughout therapy



Infection 
susceptibility 
for CAR-T cell 

therapy

Kampouri Transpl Infect Dis 2023



Kampouri Transpl Infect Dis 2023

Bacterial and viral infections predominate



CAR-T cell therapy – timing of infections
Bacterial
• Early 17-30%
• Late 7-16%

Viral 8-28%

Fungal 2-8%

Prophylaxis

Gudiol Lancet Haematol 2021
Hill Blood 2018



• Case-control study
• June 2018-December 2020
• 330 pts
• 32 IFI

IFI was not a risk factor for death within 1 year of CAR-T therapy

Cumulative incidence curves of time-to-first IFIs 



CAR-T HEMATOTOX



• Multicenter retrospective analysis
• 248 patients CD19 CAR-T for relapsed/refractory large B-

cell lymphoma
• Early infection events (days 0–90) and clinical outcomes

• Infection risk was increased by prolonged neutropenia (≥14 days) and 
corticosteroid use (≥9 days), and decreased with fluoroquinolone prophylaxis





1-y restrospecive study



Infections in bispecific MoAbs and CAR-T cells:
the winner is..?



Kim Blood 2024

Grade ≥3infections: bispecific MoAb vs CAR-T (lymphoma patients)

Infections



«…the incidence of severe (grade ≥3) 
infections was numerically lower with CAR-
T with 26% of patients experiencing severe 
infections compared to 40% with BsAb
(hazard ratio [HR] 0.58, 95% confidence 
interval [CI] 0.32−1.04, P = 0.067)»

Higher and more persistent risk of severe infections with BsAb



• Overall NRM 4.7%

• NHL: 4.2%, MM: 6.2%

• In NHL increased NRM in 
real-world studies 
compared to clinical trials 

• For MM, an association 
between NRM and higher 
response rates and longer 
follow-up was noted 

• Infections were the 
leading cause of NRM

Tix Mol Ther 2025

Non-relapse mortality in Bispecific MoAbs: comparison with CAR-T



Conclusions
• Mind the immune sequelae of targeted therapies (off-target effects can 

impact on innate or adaptive immunity)

• Age, type of hematological disease, as well as treatment delivered, should be 
considered for risk of infections

• Fungal infections during BTK-i treatment, particularly in association with 
steroids, although AF prophylaxys is not recommended

• Persistent risk of infections with bispecific MoAB, particularly in MM
patients; Ig supplementation

• CAR-T hematotox to predict the severity of infections in antiCD19 CAR-T cell
therapy
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