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Targeted Therapies in Ematologia

Target Impiego terapeutico

BCR inhibitors
Ibrutinib
Idelalisib

BTK
PI3K

CLL, MCL, Waldenstrom, cGVHD
CLL, FL

Checkpoint inhibitors

Nivolumab
Pembrolizumab

Ipilimumab

Anti PD-1
Anti PD-1

Anti CTLA-4

HD, NHL primitivi mediastino

Sorafenib,quizartinib, gilteritinib, 
midostaurin, crenolanib

TKI AML FLT3+

MoAb Rituximb, oftumumab,                                                    
obinutuzumab

Brentuximab
Gentuzumab ozogamicin

Blinatumomab
Inotuzumab ozogamicin

CD20

CD30
CD33
CD19
CD22

NHL, CLL

HD, NHL anaplastico
AML
ALL
ALL

venetoclax BCL2 AML, CLL

Terapie cellulari: CAR-T CD19 B-ALL, DLBCL



Infections in Patients with Lymphoproliferative Diseases 
Treated with Target Therapy – Italian Multicentric 
Retrospective Study SEIFEM 2017

555 pazienti, 13 Centri Italiani, trattati con:
- idelalisib
- Ibrutinib
- brentuximab
- ofatumumab
- obinutuzumab

132/555 pazienti (24%)         infezione

ASH2018 Nadali GP



Infections in Patients with Lymphoproliferative Diseases 
Treated with Target Therapy – Italian Multicentric 
Retrospective Study SEIFEM 2017





Proven/probable

0.015



Alkylating agents

Chlorambucil, cyclophosphamide, 

bendamustina

Neutropenia, T cell 
dysfunction

Bacterial (capsulated)

fungal

Purine analogues

fludarabine

Neutropenia, quantitative and 

functional T cell defects

Bacterial, fungal, PJP, HSV, 
HZV

MoAb

Anti CD20, Anti CD52

B and T cell 
dysfunction

Bacterial, fungal, PJP, 

CMV,HSV,HZV,HBV,JC

CLL: class of therapy, immune dysfuction and spectrum of infections



• How ibrutinib may decrease antifungal immunity remains to be clarified. Multiple
mechanisms may be involved.1

• BTK is an indispensable component of the B-cell receptor signaling pathway. BTK is also
found in neutrophils, monocytes and macrophages where it mediates pathways
involving innate and adaptive immunity (Herbst S. et al.; Stadler N.).2

• ITK found in T-cells has significant homology with BTK and is irreversibly inhibited by
ibrutinib, suggesting that ibrutinib may predispose patients to increased infections.2

• BTK plays an important role in neutrophil differentiation and function (Fiedler K. et al.
2011).1

• BTK plays an important role in TREM-1 mediated PMN activation, providing a potential
mechanism for the frequently observed infectious complications in patients treated
with ibrutinib.3



Ibrutinib may permit invasive fungal infections through multiple effects. 

Kerry Rogers Blood 2018;131:1882-1884



Lyonakis  et al, Cancer Cell 2017

7 of 18 (39%) patients developed proven (3), probable (1), or 
possible (3) invasive aspergillosis 



Tillman  et al Eur. J Hematol 2018

Ibrutinib as single agent

No. pts Infectious events
Any grade        grade 3-4

Pneumonia
Any grade       grade 3-4

Any grade 

5 event

1629 56% 26% 21% 13% 10%



Ibrutinib in combination therapy

No. pts Infectious events
Any grade        grade 3-4

Pneumonia
Any grade       grade 3-4

Any grade 

5 event

490 52% 20% 17% 8% 6%

Tillman  et al Eur. J 
Hematol 2018



Tillman  et al Eur. J Hematol 2018

Fatal events



Serious infections in patients receiving ibrutinib for treatment  of lymphoid malignancies

Varughese T el al. Clin Infect Dis 2018

11.4%

4%

6%

1%



Varughese et al CID 2018



Chamilos G. et al CID 2018



Ball S et al
Eur J Hematol 2018

Meta-anakysis
1227 pazienti
617 ibrutinib

610 control arm

Ibrutinib vs ofatumumab
Ibrutinib vs Chloramb.

Ibrutinib vs placebo



A retrospective multicenter survey has been carried out by the FILO CLL group
aimed at identifying cases of IFI in patients receiving ibrutinib alone or in
combination. Between 2013-2017, 33 cases of IFI from 16 French centers
were identified.

IA accounted for the majority of IFI (27/33), including 11 cases (40.7%) with
CNS localizations. The authors also observed 4 cases of disseminated
cryptococcosis, 1 mucormycosis, 1 pneumocystis pneumonia.

Median time between ibrutinib initiation and IFI diagnosis was 3 months
(range 1-30). 20 cases occurring ≤ 3 months.

In 18/33 cases, other conditions that could have contributed to decreased
antifungal responses, such as corticosteroids, neutropenia or combined
immunochemotherapy, were present.



Infection rates in clinical trials of IDELALISIB 

reference disease treatment Infections

sepsis PJP CMV
Furman 

2014

CLL 

Rel/refr

IDE-Ritux

vs
Placebo-Ritux

4%

3%

3%

1%

-

-
Jones 2017 CLL 

Rel/refr

IDE-Ofatum

vs 
Ofatum

7%

1%

5%

1%

2%

0%
Zelenetz 

2017

CLL 

Rel/refr

IDE-Benda-Ritux

vs 
Benda-Ritux

-

-

2%

0%

6%

1%
Brown 

2014

CLL 

Rel/refr

IDE monotherapy - 4% 2%

O’Brien 

2015

CLL 

Rel/refr

IDE-Ritux - - 2%



Aspergillosi Invasiva & Idelalisib

Lafon-
Desmurs B.

Médecine et maladies
infectieuses 47, 2017

A case of a patient suffering from CLL treated
by idelalisib for four months who developed
two severe infectious complications:
disseminated aspergillosis with pulmonary
involvement and tongue localization, followed
by pulmonary tuberculosis

Lampson ASH 2017

A case of Aspergillus pneumonia (Phase 2
Trial Evaluating Idelalisib Plus Ofatumumab
in Patients with Previously Untreated Chronic
Lymphocytic Leukemia)

Visentin A. Hematol. Oncol. 2016 A case of IA in a patient receiving idelalisib



Infection rates in clinical trials of VENETOCLAX in CLL 



Checkpoint Inhibitors



Signal 1
Signal 2



Lancet Oncol 2017



Lancet Infect 2017

L-AmB + posaconazolo

Linfocitopenia e aumentata espressione di PD-1

IFN-gamma + Nivolumab: risoluzione della linfocitopenia

RC mucormicosi



Blinatumomab

N=267

Chemotherapy group

N=109

infection 34% 52%

IFI 1.5% 3%







Infectious complications of CD19-targeted 
CAR-modified T cell immunotherapy

No. Patients 133: 47 ALL, 24 CLL, 62 NHL

Infezioni d 29-90

23 in 17/119 (14%)

Virali 13
Batteriche 8
IFI 2

Hill et al Blood 2018



Infectious complications of CD19-targeted 
CAR-modified T cell immunotherapy

fattori associati a rischio di infezione:

ALL, ≥ 4 prior therapies, 2x10^7/Kg CAR-T cells, CRS severity 

Hill et al Blood 2018



CID 2018



CD19-directed CAR T-cell therapy in adults with B-ALL

Ref Population CRS Results Relevant infections

Turtle 

J Clin Invest 

2016

30 patients

med age 40 y

Ref/Ref ALL

NR 93% CR NR

Brudno 

JCO 2016

ALL, n=5

CLL, n=5

DLBCL, n=5

MCL, n=5

NR 4/5 CR Febrile Neut.3; Colitis, 1

Febrile Neut.2; pneumonia 1

Febrile Neut.1

None

Pan
Leukemia 
2017

Tot 51
49 R/R ALL

9 MRD
NR 90% CR

100% CR
27/45 alloHSCT

Sepsi 1

Cao
Am J Hemat
2018

Tot 18
10 ped
8 adult

Gr2-4: n=6
Toci: n=6 6-mos OS 66% NR

Maude
NEJM 2014

Tot 30 R/R ALL
Ped 25; adult 5

27% 
severe

90% CR
6-mos EFS 67%

NR

Park
NEJM 2018

53 Rel ALL
Med age 44

26% 
severe

83% CR NR



Late Effects of CD19-Targeted CAR-T Cell Therapy
Ana Cordeiro, Evandro D Bezerra, Joshua Aiden Hill, Cameron 

J. Turtle, David G. Maloney and Merav Bar

No. patients 59

Median age 60 (34-73)

Diagnosis
NHL
CLL

42 (71%)
17 (29%)

Prior lines of treatment 4 (1-8)

Prior AUTO HSCT 23 (39%)

Prior ALLO HSCT 9 (15%)

One CAR-T cell infusion 35 (59%)

Two CAR-T cell infusion 22 (37%)

Three CAR-T cell infusion 2 (3%)
ASH 2018



Late Effects of CD19-Targeted CAR-T Cell Therapy
Ana Cordeiro, Evandro D Bezerra, Joshua Aiden Hill, Cameron 

J. Turtle, David G. Maloney and Merav Bar

No. patients 59

CRS gr I-II 38 (64%)

CRS gr III 4 (7%)

Acute neurotoxicity 20 (34%)

Overall rate of infections 52%

Microbiologically proven
infections

25%

Hospital admission due to 
infections

46%

ICU admission 15%

Infection-related death 2 (3%)
ASH 2018
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L’oratore e’ colui che non ha idee 
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