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CUMULATIVE INCIDENCE (%)

Prospective Surveillance for Invasive Fungal Infections
in Hematopoietic Stem Cell Transplant Recipients,
2001—2006: Overview of the Transplant-Associated
Infection Surveillance Network (TRANSNET)
Database

Dimitrios P. Kontoyiannis, Kieren A. Marr, Benjamin J. Park, Barbara D. Alexander, Elias J. Anaissie,
Thomas J. Walsh, James Ito, David R. Andes, John W. Baddley, Janice M. Brown, Lisa M. Brumble,

Alison G. Freifeld, Susan Hadley, Loreen A. Herwaldt, Carol A. Kauffman, Katherine Knapp, G. Marshall Lyon,
Vicki A. Morrison, Genovefa Papanicolaou, Thomas F. Patterson, Trish M. Perl, Mindy G. Schuster,

Randall Walker, Kathleen A. Wannemuehler, John R. Wingard, Tom M. Chiller, and Peter G. Pappas®

« = ALLOMMR
| &= ALLOURD Mismatch 8.1% -+- CANDIDA
- - auto ' -+~ ASPERGILLOSIS

. '.I\'/Iatch-sib 5.8%

Overall 3.4%

z
0
I
-
2
e
3
N

Auto 1.2%

- e W e e e wmm o e w—
___.—-——"
- —

[ | | |

o 90 180 270 360
JAN-APRO3 SEP-DECI3 MAY-AUGH JAN-APRO5

DAYS FROM TRANSPLANTATION




Target Impiego terapeutico

BCR inhibitors
Ibrutinib BTK CLL, MCL, Waldenstrom, cGVHD
Idelalisib PI3K CLL, FL
Checkpoint inhibitors
Nivolumab Anti PD-1 L o
Pembrolizumab Anti PD-1 HD, NHL primitivi mediastino
Ipilimumab Anti CTLA-4
Sorafenib,quizartinib, gilteritinib, TKI AML FLT3+
midostaurin, crenolanib
MoAb  Rituximb, oftumumab, CD20 NHL, CLL
obinutuzumab
Brentuximab CD30 HD, NHL anaplastico
Gentuzumab ozogamicin CD33 AML
Blinatumomab CD19 ALL
Inotuzumab ozogamicin CD22 ALL
venetoclax BCL2 AML, CLL

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




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

Alkylating agents

Purine analogues

MoAb

Chlorambucil, cyclophosphamide,

bendamustina

fludarabine

Anti CD20, Anti CD52

Neutropenia, T cell
dysfunction

Neutropenia, quantitative and

functional T cell defects

Band T cell
dysfunction

Bacterial (capsulated)

fungal

Bacterial, fungal, PJP, HSV,

HZV

Bacterial, fungal, PJP,
CMV,HSV,HZV,HBV,JC
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How ibrutinib may decrease antifungal immunity remains to be clarified. Multiple
mechanisms may be involved.!

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.?
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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.
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Systematic review of infectious events with the BTK inhibitor ibrutinib in

the treatment of haematologic malignancies

Ibrutinib as single agent

Study, disease and setting, trial Phase Patients Infections Events by Grade No. (%) Poemmonia by Grade No_ (V) A;T:Ei:fe
AIL 34 3 AIL LR 3 No. (%)
Fowler, et al ¥ FL* (NCT 00849634) I 16 1(6) 16) | 0 1(6) 16 | o@ | oW
Furman, et al. > WM*(NCT 01109069) I 1 5oy [ 4a0m | o@ | 3¢9 | 200 | 0@ | o
Byrd, et al. ' CLL* (NCT 01105247) TbII gs* | 768 [ 3@y | 43 | 13an |wan | 3@ | s@
O'Brien, et al ¥ CLL** (NCT 01105247) ThII 30 [ 256D [ 300 | 0@ | 1(3)
Byrd. et al I CLL*** (NCT 01105247 & 01109060) Tb/II 132 | 5169 | 5@ | 200 | 20 | 140D
Coutre, et al ' CLL*** (NCT 01105247 & 01109060) Tb/II 04+ - (59) o023 8 (%)
O'Brien. et al.'” CLL*(NCT 01
e w—rc e | [ 01 & Infectious events Pneumonia Any grade
Burger, et al. & Barr et al. ! CLL**( Any grade  grade 3-4 Any grade grade 3-4 5 event
Wang, et al 2 MCL*(NCT 01
Dreyling ot al *MCL'ONCT 0 1629 56% 26% 21% 13% 10%
Farooqui, et al ** CLL***(NCT

Treon. et al ¥ WM*(NCT 01614821) il 63 18020) | 6010y | o | 508 12 | o@ | om
Dimopoulos, et al 2 WM*(NCT 021635397) III 31 268 | 56 | o@ |[wen | 3am | o@m | o
Bartlett, et a1 FL*(NCT 01849263) il 38 2(5) 1(3) 13 | 3®
Choquet, et al ** PCNSL/PVRL*(NCT 02542514) it 18 1(6) | 0 16 | om | 5¢9
Grommes, et al ** PONSL/SCNSL*(NCT 02315326) I 20 1155 | 6630 | 13 | 200 | 200 | o@ 1(5)
Jones, et al * HCL***(NCT 01841723) it 28 29 | 2m a2 | 20
Noy. et al ® MZL*(NCT 01980628) Il 63 |29u@s |15 1@ | 600 | 5 1) | 8(13)
Tobinai, et al ¥ NHL*(NCT 01704963) I 15 san |40 | o [ 300 [ 2a%) | o@ | o
Maruyama, et al ¥ MCL*(NCT 02169180) il 16 1063 | 16 | o@m 5 (31)
Iskierka, et al*® CLL*(PALG) I 165 | 65(39) 6(4) 20 (12) 26 (16)

Tillman et al Eur. ) Hematol 2018



Systematic review of infectious events with the BTK inhibitor ibrutinib in

the treatment of haematologic malignancies

Ibrutinib in combination therapy

Combination Infectious E"EEE_:?M'G““ M0 | Drewmania by Grade No. (%) f%:
Snady & Disease setting (irial) - therapy Phass | Patients %) ’
ALL 34 5 ALL 34 5
Maddncks, et al ® NHL***(NCT 01479542) BE I | 4 6125 | 10 204 12 | 2
Burger, etal ® CLL*** [NCT 01520519 Finrimat I 40 0007 | 5025 | 400 [2000 | 23 | 400 |00
Browr et al ® CLL* (NCT 01292135) BR(30.FCE(3) | I 33 15 (16) LY, 0 o [ oo | om [ e
Chanan-Fhan, et al ® CLL* (NCT 01611090) BE m | 288 | 222(77) | 13737 | 5 476 | 311y | L@@ |2007)
Yaumes, etal ¥ NEL** (NCT 01568750) R-CHOP h 31 wEe [wiers | om (2025 om | om [ om
Christian, et al ** NHL* . .
Bome e Bee 5 NO. PES Infectious events Pneumonia Any grade

Dallyea, etal #* CLL*
Wi, et al *** MM*
Chari, st al ™ MM* (NCT 0196278

Any grade grade 3-4 Any grade  grade 3-4 5 event

. _—————
“f:::;] fflff:;fl 490 52% 20% 17% 8% 6%
Armaya-Chamaga, et al™ CIL*
Tresckow, et al ™™ CLL*** (CLL2-BIG) BO I i | 209 | 20 1@ | 0 | 2@ | om | t@
Wazz, et al” MCL® (NCT 01820567) ] I 50| 35(EE | a0 | 1@ | 1 | 2eh | om | 1@
Hillmen, e1al = CLL* Venetocn T | a1 318 | 0 I | 0 | 0@
Ujjam, a1 al ™ FL** (Q9CT 0182035%) FE I T | -G | - | oW
Davids, stal ™ CLL®, MCL* (NCT 02268850 Tmbralisih I | 2 @ | om 1(4)
Darvids, atal ™ CLL** (NCT 02251548) FCR. T | = @ | oW 13 | om | om
Teskeman, et al ™ MCL* (NLG MCLS) R I 5 1@ T | 1@
Marez, ral ™ MCL* Palvociciin 1 BT 00 | 0@ 15 | om | om
Batievi, eral ™ DLBCL®, MCL®, FL* Bupalih 1 I o o | o
Goy, stal " DLECL® R I | 37 16 im | =
Wang ezal ™ MCL* RHCVADEMA | O | 36 iE | om o | 0@ | om
Wilson, eral’” DLBCL® RDAREPOCH | I | 5 T 10 i
Taim, &1 al ™ CLL** (NCT 02629309) FOG o | 2 S | 0 1 T Tillman et al Eur. )
Grommes, gtal ©* PCNSL®, SCNSL® (NCT Methotresate i) 5 0 () 0 0@ | o | o Hematol 2018
Tionakis, o2l ® PONSL*+* (NCT 01203526) DA-TEDDIR | T | 18 | 28Q007 | 35Q007 | 307 | LLG8L) | o¢0) | 200) | &3




Fatal events

Organism Cases
Aspergillosis (pulmonary and/or CNS) 14
Cryptococcus 1
Cytomegalovirus 1
Histoplasmosis 1
Listeria 1
Mycobacterium avium intracellulare, pulmonary 1
Mycobacterium tuberculosis, CNS 1
Nocardiosis 1
Pneumocystis jirovecil pneumonia 6
Varicella zoster 15

Tillman et al Eur. ) Hematol 2018




Serious infections in patients receiving ibrutinib for treatment of lymphoid malignancies

Varughese T el al. Clin Infect Dis 2018

Patient Characteristics All patients CLL NHL p-value
(n=378 patients) (n=378) (n=165) (n=213)
Ibrutinib monotherapy 316 (84%) 157 (95%) 159 (75%)  <0.0001
- 15% : :
-,9_, 11.4% All infections
§ —— Fungal Infections
£ 10%- —— Bacterial Infections
=
-‘;’ 6% - Viral Infections
: ' ]
2 5% 4%
a
E - 1%
o% = 1 1 1
0 500 1000 1500

Days from Ibrutinib Initiation




Table 4: Infection nsk analysis - patients with IFl versus patients without IF|

Parameter Univariate comparison
OR (95% CI) p-value
Age 1.002 (0.96 - 1.05) 0.94
Female sex 0.46 (0.13-1.58) 0.21
Underlying malignancy CLL 1.78 (0.66 - 4.83) 0.26
Ibrutinib daily dose 1.00 (0.996 - 1.004) 0.92
Prior treatment regimens >=3 335(1.22-9.) 0.013
Ims ather than ibrutinib 2.33(0.74-731) 0.15
Prior fludarabine 1.34(0.25-5.41) 0.66
Meutropenia 292 (0.71-12.09) 0.14
Lymphopenia 3.36 (0.98 -11.55) 0.054
Corticosteroid use 4.29 (1.40-13.18] 0.011
|
Antimicrobial prophylaxis
PJP prophylaxis 1.63 (0.47 - 5.66) 0.44
2.12 (0.28-15.91) 0.45

Antifungal prophylaxis

Varughese et al CID 2018



Table2. Frequency of Reported IFls in Clinical Studies of Ibrutinib Treatment for Hematological Cancer

Madian
Fraquency of Follow-up,  StudyTiming, Month/

Type and Status of Cancer Type of IFl [No. of Cases) IFl, % Patients, No. mo Year Reference
Relapsed CLL Cryptococcosis (1) 12 85 209 5/2010-2/2013 Byrd et al {11]
Relapsed CLL/SLL 1A (2) 05 391 94 6/2012-11/2013 Byrd etal [10]
Relapsad WM IA(1) 32 K 181 8/2014-2/2015 Dimopouios et al [9
Relapsed MCL Cryptococcaosis (1), PJP (1), 2.1 m 26.7 2/2011-1/2014 Wang et al [7]

histoplasmosis (1)
CLL 1 muttifocal 1A, 1 fungal 16 127 13 7/2010-5/2014 Jain et al [6]

pneumonia
Relapsed/refractory DLBCL  None 0 80 15 5/2012-5/2013 Wilson et al [8]
Refractory CLL/SLL PJP (1) 0.7 145 276 1/2013-6/2013 O'Brien et al [21]
Refractory PCNSL® 1A (7), PJP (1) A4 18 16.5 8/2014-3/2016 Lionakis et al 12]
Rafractory PCNSL IA(2) i 18 NA 9/2015-8/2016 Choguet et al [24]
Refractory PCNSL A1) 5 20 NA NA Grommes at al [25]

Chamilos G. et al CID 2018
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Inhibition of B Cell Receptor Signaling
by Ibrutinib in Primary CNS Lymphoma

7 of 18 (39%) patients developed proven (3), probable (1), or
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Brief Report

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

8
]

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

Median time between ibrutinib initiation and IFl 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

sepsis PJP cMV

Furman CLL IDE-Ritux 4% 3% _
2014 Rel/refr VS
Placebo-Ritux 3% 1% -
Jones 2017 CLL IDE-Ofatum 7% 5% 2%
Rel/refr VS
Ofatum 1% 1% 0%
Zelenetz CLL IDE-Benda-Ritux _ 2% 6%
2017 Rel/refr VS
Benda-Ritux - 0% 1%
Brown CLL IDE monotherapy _ 4% 2%
2014 Rel/refr
O’Brien CLL IDE-Ritux - - 2%

2015 Rel/refr



Aspergillosi Invasiva & Idelalisib

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

Lafon- Médecine et maladieslinvolvement and tongue localization, followed
Desmurs B. [infectieuses 47, 2017 by pulmonary tuberculosis
A case of Aspergillus pneumonia (Phase 2
Trial Evaluating ldelalisib Plus Ofatumumab
In Patients with Previously Untreated Chronic
Lampson |ASH 2017 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

Trial

Patients

Infection
(all grades)

Infection
(grade 3 and above)

Roberts et al. (2016)

Stilgenbauer et al. (2016)

Seymour et al. (2017)

Jones et al. (2018)

Coutre et al. (2018)

Relapse/Refractory
Median 3 lines of therapy

Relapse/Refractory
Median 2 lines of therapy
Relapse/Refractory
Median 2 lines of therapy

Relapse/Refractory
Medican 4 lines of therapy
Previous ibrutinib therapy
Relapse/Refractory
Median 3 lines of therapy
Previous idelalisib therapy
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Checkpoint Inhibitors
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Checkpoint inhibitors and aspergillosis in AML: the double
hit hypothesis

Naval Daver, *Dimitrios P Kontoyiannis

Department of Leukemia, Division of Medical Oncology (ND) and
Department of Infectious Diseases, Infection Control and
Employee Health (DPK), The University of Texas, MD Anderson
Cancer Center, Houston, Texas 77030, USA
dkontoyi@mdanderson.org

Lancet Oncol 2017



Nivolumab plus Lancet Infect 2017
P David Grimaldi, Olivier Pradier,

interferon‘Y inthe Richard S Hotchkiss,
treatment of intractable § “Jean-Louis Vincent

MUCOrmycosis

L-AmB + posaconazolo

Linfocitopenia e aumentata espressione di PD-1

IFN-gamma + Nivolumab: risoluzione della linfocitopenia
RC mucormicosi




The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Blinatumomab versus Chemotherapy
for Advanced Acute Lymphoblastic Leukemia

Blinatumomab | Chemotherapy group

N=267 N=109
infection 34% 52%

IFI 1.5% 3%
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CAR T cells: Mechanism of Action
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Cumulative Incidence

Cumuiative Incidence

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

No. Patients 133: 47 ALL, 24 CLL, 62 NHL
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804

60+

100+ ) _
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80-
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Infezioni d 29-90
23 in 17/119 (14%)
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DETERMINAZIONE DEL GRADO DI CRS

GRADO 1 - Febbre (TC > 38.0 °C)
- Sintomi costituzionali (artralgia, mialgia)

GRADO 2 - Ipotensione: responsiva a fluidi o basse dosi di vasopressori
- Ipossia: responsiva a O2-terapia FIO2<40%
- Insufficienza d’organo: grado 2*

GRADO 3 - Ipotensione: con necessita di associazione o alte dosi di -
vaopressori**

- Ipossia: con necessita di O2-terapia FIO2>40%

- Insufficienza d’organo: grado 3 oppure transaminite di grado 4

GRADO 4 - Necessita di ventilazione meccanica
- Insufficienza d’organo: di grado 4 (esclusa transaminite)




Table 3 | Recommendation: for the rnanogement of cytohne—releese syndrome (CRS)

mg& Syuphnwip
Grade 1 Fever or organ
toxicity

Grade 2 Hypotenzion

Organ toxicity

Grade 3 Hypotenzion

Hypoxia

Organ towicity

Organ towcity

. Ace(eminophen and hypothermia blanket for the trestment of fever

* |buprofen cen be uzad as zecond treatment option for faver, if not contraindicated
* Azzesz forinfection using blood and urine cultures, and chest radiogrephy
* Empiric broad-zpectrum antibiotics and filgrastim if neutropenic

* Maintenance intravenous (IV) fluidz for hydretion

* Symptomeatic mansgement of constitutional symptoms end organ toxicities

* Conzider tocilizumab 8 ma/kg® IV or siltuximab 11 mg/kg IV for persistent (lasting >3 dayz) and refractory fever

* IV fluid bolus of 500-1,000 ml of normal zaline

* Can give a second IV fluid boluz if systolic blood prezsure (SBP) remeinz <90 mmHg

* Tocilizumab 8 mg/kg* IV or ziltuximeb 11 mg/kg IV for the treatment of hypotension that iz refractory to fluid
boluzes; tocilizumeb can be repeated after 6hif needad

* |f hypotenzion persizts after two fluid boluze: and anti-IL-6 therapy. start vezoprezcors, consider tranzfer to
intensive-care unit (ICU), obtain echocardiogram, and initiate other methods of haemodynamic monitoring

* In patients at high-rizk’ orif hypotenzion perzizts after 1-2 dozes of anti-IL-6 therapy, dexamethazone can be
usedet 10mg Veverybh

* Menage fever and constitutional symptomz azingrade 1

* Supplemental oxygen
* Tocilizumab or ziltuiomeb = corticosteroids and supportive care, as recommended for the management of
hypotension

* Symptomatic management of organ toxicities, ez per standard guidelinez
* Tocilizumab or siltuximeb * corticosteroids and supportive care, az indiceted for hypotension

* |V Auid boluzes as needed, as recommended for the treatment of grade 2CRS
* Tocilizumeab and siltuximab az recommended for grade 2 CRS, if not adminiztered praviously
* Vazoprezzors as needed

* Trarzfer to ICU, obtain echocardiogram. and perform hesmodynamic monitoring as in the management of
grade 2CRS

* Dexamethazone 10mg IV every 6h; if refractory increaze to 20mg IV every 6 h
* Meanege fever and constitutional symptoms as indicated for grede 1CRS

* Supplemental oxygen including high-Aow oxygen delivery and non-invesive positive pressure ventilstion
* Tocilizumab or siltuximeb plus corticozteroids and supportive cere, as dezcribed above

* Symptometic manegement of organ toxicities as per standard guidelines
* Tocilizumeb or ziltuiximab pluz corticoztarcids and supportive care, az dezcribad above

* [V Auids, anti-IL-6 therapy, vasoprazzors, and heemodynamic monitoring as defined for the menagement of
grade 3CRS

* Methylprednizolone 1 g/day [V

* Menage faver and constitutional symptoms azin grade 1CRS

* Mechanical ventilation

* Tocilizumab or ziltuximeb plus corticozteroids and zupportive cere, as dezcribed above

* Symptometic management of organ toxicities az per standeard guidelines
* Tocilizumeb or ziltuximeb plus corticoztercidz and zupportive cere, ez dezcribed above
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fattori associati a rischio di infezione:
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Cytokine Release Syndrome Grade as a Predictive Marker
for Infections in Patients With Relapsed or Refractory
B-Cell Acute Lymphoblastic Leukemia Treated With
Chimeric Antigen Receptor T Cells

Jae H. Park,'*** F. Andres Romero,** Ying Taur,>** Michel Sadelain,>>® Renier J. Brentjens,"** Tobias M. Hohl,** and Susan K. Seo**
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