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1 | INTRODUCTION

STEFANIA INFANTE ET AL.

Abstract

Background: Lymphoid neoplasms treatment has recently been renewed to in-
crease antitumor efficacy and conventional chemotherapies toxicities. Limited
data have been published about the infection risk associated with these new
drugs, therefore this study analyzes the infectious complications in patients with
lymphoproliferative diseases (LPD) treated with monoclonal antibodies (obi-
nutuzumab, ofatumumab, brentuximab, nivolumab, or pembrolizumab), BTK
inhibitors (ibrutinib and acalabrutinib), PI3K inhibitors (idelalisib) and BCL2
inhibitors (venetoclax).

Methods: Multicenter retrospective study of 458 LPD patients treated with tar-
geted therapies in real-life setting, in 18 Spanish institutions, from the time of
their commercial availability to August 2020.

Results: Severe infections incidence was 23% during 17-month median follow-
up; cumulative incidence was higher in the first 3-6 months of targeted drug
treatment and then decreased. The most frequent etiology was bacterial (54%).
Nine (6%) Invasive fungal infections (IFI) were observed, in its majority in chronic
lymphocytic leukemia (CLL) patients treated predominantly with ibrutinib.
Significant risk factors for severe infection were: severe lymphopenia (p = 0.009,
OR 4.7, range 1.3-1.7), combined targeted treatment vs single agent treatment
(p = 0.014 OR 2.2 range 1.1-4.2) and previous rituximab (p = 0.03 OR 1.8, range
1.05-3.3). Infection-related mortality was 6%. In 22% of patients with severe infec-
tions, definitive discontinuation of the targeted drug was observed.

Conclusion: A high proportion of patients presented severe infections during fol-
low-up, with non-negligible attributable mortality, but infection incidence is not
superior to the one observed during the chemotherapy era. In selected cases with
specific risk factors for infection, antimicrobial prophylaxis should be considered.
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appears to contribute to specific ibrutinib toxicities.*> It

In recent years, there has been a renewal of therapeutic
tools in the treatment of lymphoid neoplasms with the
appearance of different targeted drugs, among others,
against B-cell receptor or lymphocytic expression antigens
signalization way. The increasing use of targeted thera-
pies' aims to increase antitumor efficacy beyond that of
conventional chemotherapies, in addition to avoiding the
latter's toxicity, which adds to the intrinsic immunological
dysfunction of the disease itself.*

Ibrutinib's main target is Bruton's tyrosine kinase (BTK),
a non-receptor tyrosine kinase from the Tec family that
has a critical role in B-cell proliferation. Ibrutinib not only
inhibits BTK potently and irreversibly, but it also inhibits
other related Tec family kinases, and off-target inhibition

also regulates other cells of the immune system, such as
receptor-mediated phagocytosis of Candida albicans®’ in
macrophages. A “net state of immunosuppression” has been
proposed, which includes factors affecting the adaptive and
innate immune system, disease-related factors, aging, co-
morbidities, immunosuppressive drugs, and possibly a ge-
netic predisposition as contributing to ibrutinib-associated
IFL.® Cases of invasive fungal infections (IFI) including
brain aspergillosis,”'® Pneumocystis jirovecii pneumonia
(PJP), or cryptococcosis''? have been described in patients
during the first months of ibrutinib treatment™®: the latest
findings describe an immunomodulatory effect of ibrutinib
that rapidly impair innate immune cell functions, while
concomitantly restoring an effective and protective adap-
tive immune response to fungal infection."?
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In addition, other opportunistic infections such as mil-
iary tuberculosis'* (TBC), disseminated herpes zoster'
(HZV), and hepatitis B reactivation'® (HBV) have been
reported.

Acalabrutinib is a second-generation BTK inhibitor
that, unlike ibrutinib, has no activity on ITK (Interleukin-
2-Inductible-T-cell kinase) or other kinases. Consequently,
its administration could potentially reduce the risk of side
effects and toxicities'”: a phase 2 study of 124 patients with
refractory or relapsed (R/R) mantle cell lymphoma (MCL)
describes 55% of infections, with 5% pneumonias, 1 PJP,
and 1 cytomegalovirus CMV reactivation.'® Idelalisib is an
oral inhibitor of PI3K. Inhibition of PI3K could alter the
function of regulatory CD4 + T lymphocytes, which, in
addition to accounting for the immune-mediated toxici-
ties of the drug (colitis and hepatitis),'” appears to be in-
volved in the response to infections. In a study of relapsed
CLL, idelalisib showed 7.4% incidence of death due to fun-
gal infection like PJP or CMV reactivation® (vs 3.5% of the
alternative branch).

Venetoclax is a BCL2 inhibitor that, despite an inci-
dence of severe infections of 17% and grade 4 neutropenia
in 41% of the patients in a stage I trial in R/R CLL,* does
not show a higher incidence of IFI or CMV reactivation.*

Among monoclonal antibodies used in the treatment of
lymphoid malignancies, nivolumab and pembrolizumab
are PD1-inhibitors. In melanoma studies, infection risk
is associated with corticosteroids and anti-TNF treatment
used to manage their immune-mediated toxicities (pneu-
monitis, colitis, hepatitis etc.); there is still little published
data on their use in lymphoid neoplasms.**** Conjugated
monoclonal antibody brentuximab vedotin is associated
with an increased risk of neutropenia and VZV and HSV
infections (1%-10% incidence) are described as a common
effect.”” Cases of progressive multifocal leukoencephalop-
athy (PML) have been described in patients treated with
brentuximab.?® The Gallium trial has shown that the sub-
stitution of rituximab by obinutuzumab anti-CD20 type
IT antibody in association with immunochemotherapy in
the treatment of first line FL improves progression-free
survival. The incidence of infections in the obinutuzumab
branch was slightly higher than in the rituximab branch
(77.3% vs. 70%).”’

Treatment with the new molecules is becoming in-
creasingly common in routine clinical practice, but in-
fection incidence while receiving targeted therapies is
extrapolated generally from clinical trials*® and real-world
data are lacking. Most existing studies are focused on risk
of opportunistic infections in patients treated with ibruti-
nib.? There are no clear recommendations regarding anti-
infective prophylaxis in these patients.

The aim of the present study is, in a real-world setting,
to describe the infectious complications in patients with
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indolent or aggressive LPD treated with targeted drugs in
routine clinical practice, to identify additional factors of
infectious risk in these patients and to propose, according
to the infectious risk, which patients would benefit from
close monitoring and targeted anti-infective prophylaxis.

2 | METHODS

The electronic medical records of all patients >18 years
of age diagnosed with lymphoid cancer (including CLL,
NHL, and HL), who were treated with new drugs, either
as monotherapy or in combination with other drugs, were
reviewed since their use was available in clinical practice
from March 2011 to August 2020, in 19 Spanish academic
and general hospitals.

Patient demographics, type of underlying cancer, new
drug exposure and treatment duration, prior and concur-
rent cancer treatments, as well as clinical outcomes were
collected. The following potential risk factors for infection
were recorded: diabetes, liver disease, previous cancer,
previous HSCT, heavily pretreated hemopathy (>3 prior
lines of treatment), previous exposure to fludarabine, rit-
uximab, bendamustine or alemtuzumab, aggressive vs.
indolent LPD, combined vs single treatment, use of ad-
junctive corticosteroids, receipt of antimicrobial prophy-
laxis, presence of neutropenia or lymphopenia at any time
during therapy.

Receipt of corticosteroids was defined as receipt of an
average daily dose equivalent to >20 mg of prednisone
at any time from initiation of new drug treatment to its
discontinuation. Neutropenia was defined as an absolute
neutrophil count <1.5 x 10°/L (<500/pl severe) and lymph-
openia as an absolute lymphocyte count <1.8 x 10°/L
(<800/pl severe) at any time during the course of therapy.

Infections were identified by reviewing patient medical
record, laboratory data, imaging studies and histopatho-
logical or cytology results when available. For cases with
microbiological and/or radiological findings suggestive
of infection, we further reviewed the clinical chart to
confirm the presence of associated symptoms to exclude
mere colonization and ascertain clinical outcomes. The
source of infection was classified according to clinical
and microbiological criteria following the Centers for
Disease Control (CDC) guidelines.* Severe infection was
defined as an infection that required hospitalization and/
or parenteral antimicrobial therapy that occurred at any
time from initiation of the new drug until 30 days after
its discontinuation. IFIs were defined as per the revised
2008 European Organization for Research and Treatment
of Cancer/Invasive Fungal Infections Cooperative Group
guidelines.”’” The cause of death was determined by con-
sensus agreement among the investigators.
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2.1 | DATA ANALYSIS

Data were processed using REDCap (Research
Electronic Data Capture) tools hosted at GELTAMO
offices. Cases with and without severe infection were
compared regarding baseline characteristics and tar-
geted treatment exposure. Quantitative variables were
expressed as means (standard deviation) or as medians
with interquartile range (IQR), as appropriate; qualita-
tive variables were expressed as frequency and percent-
age. Continuous variables were compared using the
t-test, and categorical variables were compared using
the y* test or Fisher exact test when the y* test was not
appropriate. In addition, infection incidence per 1000
person-year was computed to incorporate the multi-
ple severe infections per patient. Adjusted odds ratios
(ORs) were calculated using logistic regression analysis
to compare cases and controls. Multivariable stepwise
logistic regression analysis was performed including
variables with a p-value <0.05 in the univariate analy-
sis. All statistical analyses were performed using IBM
SPSS Statistics for Windows, version 22 (IBM Corp.).
The study and the case report form were approved by
the local institutional review board and ethics commit-
tee (Institutional Review Board of University Hospital
Gregorio Marafion, Madrid, Spain, GEL-IBR-2018-02).

3 | RESULTS

A total of 462 patients with LPD received targeted drugs
during the study period: 4 patients were excluded for
missing data during the follow-up; among the 458 re-
maining patients, median follow-up was 17 months
(range 1-103), the longest follow-up corresponding to
CLL patients (24 months, range 1-98) and the shortest
to Diffuse Large B-cell Lymphoma (DLBCL) (5 months,
range 0-25).

3.1 | Characteristics of the cohort

Patient baseline characteristics are shown in Table 1.
The most frequent underlying cancer was CLL in 219
patients (48%). Only 64 patients (12%) had previously
undergone autologous hematopoietic stem cell trans-
plantation (auto-HSCT) and 10 (2%) allogeneic hemat-
opoietic stem cell transplantation (allo-HSCT). Up to
16% of cases had either neutropenia (severe in 34.7%
of them) or lymphopenia, which were receiving cor-
ticosteroid treatment at the beginning of the targeted
therapy; and immunoglobulin deficiency was present in
26% of cases.

3.2 | Targeted therapy and prophylaxis
Median exposure to targeted drug was 8 months (range
1-72). The most frequently administered drug in mono-
therapy was ibrutinib in 263 (58%) patients, brentuximab
in 40 (9%), and idelalisib in 26 (6%) patients, with the most
frequent drug administered in combination being bren-
tuximab (37 patients, 8%), mostly with bendamustine.
The median number of prior treatment regimens was 2
(range, 1-9), while 42% of patients underwent 3 or more
lines of treatment before targeted therapy. The most com-
mon prior therapy was rituximab in 244 patients (53%)
(see Table 1 for other previous therapy lines and details of
targeted drugs treatment).

PJP prophylaxis was administered to 267 patients
(58%), due to different reasons (heavily pretreated patients,
current steroid treatment, and/or aggressive lymphoma).
Antibacterial prophylaxis was almost absent (only 9 pa-
tients were treated with levofloxacin). Two-hundred and
two patients received acyclovir (44%) and 48 (10%) valacy-
clovir as antiviral prophylaxis. HBV prophylaxis was used
in 2 patients (1 tenofovir, 1 lamivudine). Two patients
were under treatment with isoniazid for latent TBC and
one patient received isavuconazole as secondary antifun-
gal prophylaxis for a previous IFL

3.3 | Characteristics of episodes of
severe infection

3.3.1 | Incidence

One-hundred forty-seven severe infections developed in
105 patients (23%) during follow-up. Twenty-six infec-
tious episodes developed in 20/115 patients treated with
targeted drugs in first line (23%).

The infection incidence was higher in the first
3-6 months of targeted drug treatment (1.09 and 0.89,
respectively, per 1000 person-day) and it decreased from
0.55 infections per 1000 person-day during the first year
of targeted therapy to 0.08 infections per 1000 person-day
during the second and the incidence continued to de-
crease over time (Figure 1). Focusing on the type of tar-
geted drug, ibrutinib presented the highest CI of severe
infections during the first year of treatment (0.27 per
1000 person-day), followed by idelalisib (0.19 per 1000
person-day) and brentuximab (0.02 per 1000 person-day).
All types of drugs maintained a decreasing trend of infec-
tion over time, with a higher incidence during the first
6 months of treatment. Of 290 patients under ibrutinib
treatment, 71 developed severe infection (24%); 17 out of
77 (22%) taking brentuximab (76% in combination); 9 out
of 37 (33%) receiving idelalisib (55% in combination); 7
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TABLE 1 Characteristics of the cohort

Characteristics N =458

Age, median (range) 64 (16-91)

Women; n (%) 167 (36%)

Prior treatments, median (range) 2(0-9)

Malignancy type N %
Chronic lymphocytic leukemia 219 48
Mantle cell lymphoma 54 12
Diffuse large B-cell lymphoma 33 7
Follicular lymphoma 34 7
Waldenstrom's macroglobulinemia 38 8
Hodgkin lymphoma 59 13
T lymphoma 21 4.5

Medical comorbidities N %
Hypertension 29 6
Diabetes 49 11
Chronic kidney disease 19 4.5
Pulmonary disease 21 4
Autoimmune disease 15 3
Liver disease 14
Solid organ transplant 2 0.5
Previous malignancy 42

Antimicrobial prophylaxis N %
Viral 250 54
Acyclovir 202 44
Valacyclovir 48 10
None 130 28
Pneumocystis jirovecii pneumonia prophylaxis 267 58
Cotrimoxazole 243 53
Pentamidine 24 5
None 222 48

Antibacterial prophylaxys N %
Quinolones 9 2
None 449 98

Previous hematological treatment N %
Rituximab 244 53
Bendamustine 109 24
Fludarabine based 66 14
CHOP 121 26
Alemtuzumab 3 0.6
Corticosteroids 76 16
Previous stem cell transplantation 71 15

Target drug Monotherapy N (%) Combination N (%)
Ibrutinib 263 (58) 27 (6)
Brentuximab 40 (9) 37 (8)
Idelalisib 26 (6) 11 (2.5)

(Continues)
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TABLE 1 (Continued)
Characteristics N =458
Obinutuzumab 0 31(6.7)
Nivolumab 8(2) 7 (1.5)
Ofatumumab 0 3(1)
Acalabrutinib 2(0.5) 0
Venetoclax 1(0.2) 1(0.2)
Pembrolizumab 1(0.2) 0

CHOP, Cyclophosphamide, Doxorubicin, Vincristine, Prednisone.

Cumulative incidence of severe infection per 1000 person-day

15

0.5

Incience of severe infections

Months from target drug beginning

= All drugs infections Infections under Ibrutinib

—— Infections under Idelalisib

out of 31 (22%) taking obinutuzumab combinations and
1/1 under venetoclax.

3.3.2 | Type of infection

Among 147 infectious episodes of our series, the most fre-
quent were bacterial infections (79 episodes, 54%) and the
most commonly identified bacterial pathogens were E.
coli and S. aureus.

Among the 38 episodes caused by identified Gram-
negative bacteria, only 3/29 (10%) were extended-spectrum
beta-lactamase producers (ESBL). This information was
not available for the remaining 9 episodes. Documented
infection sources were mainly pulmonary and urinary;
6 bloodstream and 5 catheter-related infections were de-
tected. We observed one case of atypical mycobacterial
infection. Ibrutinib and brentuximab were the most in-
volved targeted drugs and CLL was the most frequent ma-
lignancy. Infections resolved in 77% of cases (Table 2).

36

Infections under Brentuximab

FIGURE 1 Cumulative incidence of

severe infections

005
48

Viral infections represented 19% of total episodes
(28/147). Respiratory viruses (including 11 SARS-CoV-2
pneumonia, diagnosed during the 17 months of follow-up
of our series) produced most of the episodes. One case of
hepatitis B, 4 CMV, 3 HSV, and 1 EBV reactivations were
identified and no primary infection was observed. Again,
the most commonly involved targeted drugs were ibruti-
nib (57%) and brentuximab (25%).

Regarding fungal infections, 9 (6%) episodes were re-
corded, including 8 proved or probable invasive aspergillo-
sis (IA) and 1 C. albicans bloodstream infection (Table 3).
All but one IFI were identified in indolent LPD patients
receiving ibrutinib treatment, while the remaining one
was reported in a CLL patient under idelalisib; incidence
of IFI in ibrutinib patients was 3.3% with a median ex-
posure to targeted drug of 6.2 months (range 2.7-33.1).
Median number of prior lines of treatment in this cohort
was 2 (range 1-5). Aspergillus spp. was the fungus most
frequently isolated. Of note, there were no cases of PJP
pneumonia in our series.
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TABLE 2 Severe bacterial infections characteristics

Bacterial severe infections (79) N (%)
Clinical presentation
Fever 34(43)
Respiratory symptoms 35(44)
Abdominal symptoms 9(11)
Urinary symptoms 12 (15)
Neurological symptoms 3(3)
Celulitis 4(5)
Sepsis 9(11)
Organ involvement
Pulmonary 36 (45)
Abdominal/urinary 23 (29)
Bloodstream 6(7.5)
Skin 4(5)
Catheter related 5(6)
Septic embolism 2(2.5)
CNS 33
Type of bacteria
Staphylococcus aureus 16 (20)
Escherichia coli 16 (20)
Coninfections 6(7.5)
Klebsiella pneumoniae 9(11)
Pseudomonas aeruginosa 8 (10)
Clostridioides difficile 3(3)
Enterococcus spp 5(6)
Haemophilus influenzae 3(3)
Listeria moncytogenes 2(2.5)
Streptococcus Spp 3(3)
Staphylococcus lugdensis 2(2.5)
Coxiella burnetti 1(1)
Proteus mirabilis 1(1)
NTM Mycobacteria 1(1)
Bacilus cereus 1(1)
Target drug
Ibrutinib 51(64)
Brentuximab 13 (16)
Idelalisib 8(10)
Obinutuzumab 5(6)
Venetoclax 1(1)
Acalabrutinib 1(1)
Underlying malignancies
Chronic lymphocytic leukemia 35 (44)
Mantle cell lymphoma 12 (15)
Follicular lymphoma 8(10)
Hodgkin lymphoma 7(8)

(Continues)

.. 7635
Cancer Medicine W1 LEYJ—

TABLE 2 (Continued)

Bacterial severe infections (79) N (%)
Diffuse large B-cell lymphoma 9(11)
T lymphoma ZHG)
Waldenstrom's macroglobulinemia 4(5)
Outcome
Resolved 61 (77)
Dead due to infection 18 (23)

We described 32 (22%) clinically diagnosed infections
without microbiological identification. Among them, the
most common presentations were pneumonia and febrile
neutropenia. There were 6 polymicrobial severe infections
in our series: 5 abdominal sepsis or severe infections caused
by Enterococcus faecium or C. difficile in association with
other pathogens, 1 patient with coexistence of CMV and
Herpes simplex reactivation; in all these cases, patients had
received 3 or more lines of previous treatment, including
bendamustine; moreover, 3 of the 4 patients were treated
with corticosteroids (>=1mg/kg or more).

3.3.3 | Management

In 114/147 (77%) infections, targeted treatment was tem-
porarily discontinued, while only in 33/147 (22%) discon-
tinuation was permanent. Specifically, in patients with
IFI (8), the targeted drug was discontinued temporarily or
indefinitely in almost all cases to avoid possible interac-
tions between targeted therapy and antifungal therapy.
In patients with SARS-CoV-19 pneumonia under ibruti-
nib treatment (8/11), BTK inhibitor was maintained in 6
patients.

3.3.4 | Outcome

Only 10 patients (9.5%) developed 3 or more new episodes
of severe infections. Twenty patients (19.5%) developed
more than one severe infections, of which 2 where rein-
fections (S. aureus and P. aeruginosa lung infections) in
two patients heavily pretreated (2 prior lines of therapy
and 2 auto-HSCT).

A total of 29 patients (6%) died due to the infection;
these were mostly cases of bacterial infections (62%) with
S. aureus, E. coli and P. aeruginosa as the most frequent
pathogens. Median time from the beginning of the new
drug to death was 7 months (range 0-54); lymphoid can-
cer was in progression in 19 patients (58%) who died. Two
deaths occurred among patients with IFI, only one was
attributable to IFI (Table 3).
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TABLE 3 Characteristics of patients with IFI

No.

Drug

IFI

Use of
CE

previous
lines

Days of exposure to the drug

prior to infection

Age, sex

Alive
Y
Y

suspension

criteria

Method of diagnosis

Location

malignancy  Drug

Case

Probable = Temporary
Proven

NA

Lung

276
994

63, M,CLL Ibrutinib

65, F,CLL

1
2

Indefinite

A. fumigatus serum

Lung

Ibrutinib

GM

Y
Y
Y

Indefinite

Probable
Proven

NA

Lung+eye

88
617
655

40
188

Ibrutinib
Ibrutinib

58,M, MCL
75,M,CLL
72,M,WM
73,M,CLL
77, F,CLL

3
4

Temporary

calcofluor

Lung

Temporary

Proven

C. albicans BAL GM

NA

Disseminated

Ibrutinib

N
N

Indefinite

Probable
Proven

Lung

Ibrutinib
Idelalisib

6

Indefinite

A. fumigatus +A.

Abdominal+lung

Terreus serum GM

STEFANIA INFANTE ET AL.

Y

Indefinite

Proven

A. fumigatus serum

Lung

53,M,CLL Ibrutinib 81

8

GM

A. flavus brain biopsy

N

Indefinite

Proven

Brain

187

65,M,WM Ibrutinib

9

CE, corticosteroids; BAL, bronchoalveolar lavage; GM, galactomannan antigen test.

One out of the 8 patients who developed SARS-CoV19
pneumonia undergoing ibrutinib died due to the infection:
ibrutinib was not suspended during the infection episode.

3.4 | Risk of severe infection

When comparing patients with and without severe infec-
tion, severe lymphopenia (p = 0.009, OR 4.7, CI 1.3-1.7),
combined targeted treatment vs. monotherapy (p = 0.014,
OR 2.2, CI 1.1-4.2) and previous rituximab (p = 0.03, OR
1.8, CI 1.05-3.3) were more frequently associated with
infection. In multivariate analysis, all these parameters
remained significant. Type of LPD, presence of CLL, ster-
oids, previous number of treatment lines among others,
were not significant infection risk factors, either in uni-
variate or multivariate analysis in our study (Table 4).

Focusing on infectious etiology, previous use of ritux-
imab (p = 0.013, OR 2.1, CI 1.1-3.9) and severe lymph-
openia (p = 0.004, OR 4.5 CI 1.2-1.8) were significantly
associated with the development of bacterial infection
both in univariate and multivariate analysis. Again, rit-
uximab (p = 0.007, OR 0.3 CI 0.1-0.7) and fludarabine
(p =0.024, OR 2.6 CI 1.1-6.2) prior use seemed to be a risk
factor for viral infection. Ibrutinib treatment was associ-
ated with viral infection in the univariate analysis but did
not remain significant in the multivariate.

Previous use of alemtuzumab (p < 0.001, OR 0.36, CI
0.018-0.075) was the only risk factor for development of
IFI in our series in univariate analysis but was not sig-
nificant in multivariable. In 10 patients of the series who
presented 3 or more severe infections, the only significant
risk factor was the presence of 1 or more comorbidities
(p = 0.03, OR 1.6, CI 0.4-4.5), being the most frequent the
chronic respiratory diseases.

4 | DISCUSSION

This is one of the largest series to describe infection inci-
dence in a general population of patients with lymphopro-
liferative diseases receiving all types of targeted therapy in
areal-life setting. We found a cumulative incidence 0of 0.55
infections per 1000 person-days during the first year of
targeted therapy, with higher rates in the first 3-6 months
of therapy, accounting for a 23% incidence of severe in-
fections during a median follow-up of 17 months among
patients with lymphoid cancer who received targeted
drugs. We identified risk factors for the development of
severe infections that include previous use of rituximab,
combined treatment and severe lymphopenia. Moreover,
pretreated patients seemed to be at higher risk for bacte-
rial and viral infections.
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TABLE 4 Infection risk analysis: patients with severe infections versus those with no infection
Univariate Multivariate p value OR (95%

Parameter analysis p value OR (95% CI) analysis CI)

Age 0.4 1.2 (0.6-2.3)

Female sex 0.18 1.6 (0.8-2.6)

CLL as underlying cancer 0.7 0.9 (0.5-1.6)

Ibrutinib as target treatment 0.39 1.2 (0.7-2.3)

3 or > prior treatment regimen 0.71 0.9 (0.5-1.5)

Prior fludarabine 0.44 1.3 (0.6-2.8)

Prior bendamustine 0.97 0.9 (0.5-1.8)

Prior rituximab 0.03 1.8 (1.05-3.3) 0.036 2.3 (1.05-5.1)

Prior alemtuzumab 0.35 0.5 (0.4-0.6)

Neutropenia <1500 0.7 1.1 (0.5-2.3)

Neutropenia <500 0.3 1.7 (0.5-6.0)

Lymphopenia <800 0.009 4.7 (1.3-17) 0.016 4.7 (1.3-17)

Corticosteroids use 0.5 1.19 (0.6-2.3)

PJP prophylaxis 0.5 1.2 (0.6-2.2)

Hepatis disease 0.2 1.2 (0.5-3.0)

Diabetes 0.28 1.5 (0.6-3.8)

Previous cancer 0.61 1.2 (0.5-3.0)

Aggressive vs indolent LPD 0.68 0.8 (0.4-1.5)

Previous SCT 0.64 0.4 (0.2-1.05)

Combined vs single treatment 0.014 2.2(1.1-4.2) 0.006 3.1(1.3-7.1)

CLL, chronic lymphocytic leukemia; PJP, Pneumocystis jirovecii pneumonia; LPD, lymphoproliferative diseases; SCT, stem-cell transplantation.

During the chemotherapy era, an incidence of bac-
terial infections ranging from 18% to 36% was described
with fludarabine or bendamustine combination.**** Qur
findings confirm that the incidence of severe infections
with the new targeted therapies is not superior to that of
prior chemotherapeutic regimens. Interestingly, severe in-
fections were more common during the first six months of
treatment, but then decreased progressively. We consider
this to reflect the strong influence in the incidence of in-
fection of previous treatments and uncontrolled hemato-
logical malignancy status at the beginning of the targeted
drug treatment. As the underlying disease becomes con-
trolled under the new treatment, infection progressively
subsides. The majority of infections were seen in ibrutinib
patients, therefore the contribution of the ITK in promot-
ing immune reconstitution after the first 6 months of ther-
apy must be taken into consideration: increasing levels of
IgA have been described after the first year of ibrutinib
treatment,® as well as ITK inhibition®® that leads to re-
covery of TCR repertoire diversity’’ by T-cell reset with
improvement of immunologic synapsis, reduction of Th2
and PD1 expression and conversely, Th1 increase.

Our results support those reported by Varughese’ who
describes 11.4% of infections occurring during the first
year of ibrutinib treatment in lymphoid cancer patients,

with a predominance of bacterial infections, S. aureus
being the most frequent pathogen, respiratory tract infec-
tion the most frequent clinical presentation and present-
ing a similar incidence of IFI as our series. The majority of
patients in our series received ibrutinib and our findings
coincide with those of Varughese.” In contrast, we showed
a higher incidence of severe infections (26% vs. 11.4%).

In patients treated with idelalisib, clinical tri-
als?®* show a 5-fold increase in PJP infection risk. All
patients under idelalisib in our series received PJP pro-
phylaxis and no PJP pneumonia was reported. CMV reac-
tivation was observed in 3.8% of these patients, similar to
that described in clinical trials.

According to clinical trials, brentuximab vedotin does
not seem to increase infectious risk,>>*’ even though neu-
tropenia is a common adverse effect; in contrast, in our
series, we found a non-negligible cumulative incidence of
infection, with severe bacterial infections under brentux-
imab. This could be due to a heavily pretreated population
and uncontrolled hemopathy, as 76% of infections hap-
pened in the first 2 months of treatment.

No severe infections developed in patients under im-
mune checkpoint inhibitors, suggesting that those tar-
geted drugs are not directly related to higher risk of
infection. Patients under treatment with acalabrutinib,
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ofatumumab, venetoclax, pembrolizumab, or nivolumab
are scarce in our series, therefore more data are needed
to draw a conclusion about infection risk of those drugs.

There is a concern specifically regarding increased in-
cidence of IFI in patients treated with targeted therapies.
In the present series, incidence of IFI was lower than de-
scribed in the literature (0.5%-18%).>"** In particular,
we did not record any case of PJP pneumonia in contrast
with other reports.”''? Of note, almost all IFI cases in
our series were diagnosed in CLL patients under ibrutinib
with similar incidence to what has been reported before
(2.5%-4%),***> and presence of other known risk factors
such as receipt of >3 prior treatment regimens and/or cor-
ticosteroids (Table 3). However, no specific independent
risk factors for IFI were found in the statistical analysis.

Infection conveyed the need for discontinuation of the
novel drug in a high proportion of cases, which can impact
outcome in the long term. Only 22% of cases required a de-
finitive discontinuation, however in most of the cases (69%)
discontinuation was temporary. The mortality rate among
patients with severe infection was 6%. The role of infection
in mortality is difficult to ascertain. Most of the deaths oc-
curred soon after the introduction of the targeted therapy
(median of 7 months), which points to the role of uncon-
trolled hematological disease as a co-trigger of mortality.

There is a need for prevention of infection to mitigate
the consequences of infection, yet there remains a lack of
information regarding specific risk factors for infection in
LPD patients treated with targeted therapy. The study by
Varughese’ described the association of neutropenia and
3 or more previous treatment lines as significant risk fac-
tors for severe infection in patients treated with ibrutinib,
and use of corticoids and >3 lines of previous treatment
were related specifically to IFI infections; moreover, co-
morbidities as diabetes or liver disease have been described
as risk factors for opportunistic infections (OI) in ibrutinib
patients.29 In view of this lack of information, there are few
definite recommendations for antimicrobial prophylaxis in
patients with LPD treated with targeted therapies.* Besides
hepatitis B prophylaxis during treatment with anti-CD20,
a recent position paper*” proposes PJP prophylaxis during
BTK or PI3K inhibitors and immune checkpoints inhibi-
tors when glucocorticoids medications exceeds 3-4 weeks.
CMV monitoring is suggested with anti-CD30 antibodies
and idelalisib. No specific prophylaxis is recommended
with ibrutinib treatment, in spite of a trend to an increased
incidence of fungal infections in these patients.

Our opinion is that heavily pretreated patients, and/or
those with severe lymphopenia and/or targeted drug used
in combination, should be closely monitored and consid-
ered for viral prophylaxis with acyclovir, at least during
the first 6 months of treatment with idelalisib or ibrutinib.
Antibacterial prophylaxis is controversial, considering

the concern for development of antibiotic resistance, and
should be evaluated on a case-by-case basis in high-risk
patients, where benefits outweigh the risks. Regarding
IF1, as incidence in the present series is below the 10%
threshold, and furthermore, the current drugs used as
prophylaxis interact with ibrutinib through inhibition of
CYP3A4, we consider that antifungal prophylaxis is not
indicated. In CLL patients treated with ibrutinib, with
>2 prior lines, or idelalisib, we suggest careful monitor-
ing and considering periodical screening (GM, PCR etc.)
during the first 6 months of treatment. For PJP, an import-
ant proportion of cases received prophylaxis according to
the protocol of each hospital and no PJP was reported in
our series, confirming the effectiveness of prophylaxis.
Accordingly, we agree on PJP prophylaxis indication as
per the international peer-reviewed guidelines.***’

Limitations of this study include retrospective design,
dependence on the accuracy of electronic medical records
and possible selection bias. Moreover, heterogeneity of
underlying disease and drug exposure could be another
limitation, as a confounding factor for infection risk in
the series. On the other hand, our contribution is the first
multicentric and cooperative series of LPD treated with
different target drugs in real life, giving a real-world point
of view of current clinical practice, with a follow-up of
17 months. We consider the results generalizable because
they come from different clinical scenarios.

In conclusion, a high proportion of patients in our se-
ries presented severe infections during follow-up, with non-
negligible attributable mortality, but infection incidence is not
superior to that observed during the chemotherapy era. In se-
lected cases with specific risk factors for infection, close mon-
itoring and antimicrobial prophylaxis should be considered.
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