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A B S T R A C T

The introduction of new therapeutic agents in chronic lymphocytic leukemia (CLL), including the new kinase
inhibitors (KIs) ibrutinib and idelalisib, has changed the therapeutic landscape of the disease. The new KIs have
also changed frequency and epidemiology of infections, that represent a major cause of morbidity and mortality
of the disease. Hence, the great strides in the indications and use of new KIs need parallel amelioration of
prophylaxis and supportive treatment for infections. Moving from the recognition that infection control re-
presents an unmet need, the Italian Society of Hematology (SIE) convened a panel of experts who had published
and/or expressed an interest in infection complications in CLL. The goal of the project was to provide practice
recommendations for the management of the infectious complications of CLL during ibrutinib or idelalisib
therapy. The present publication represents the results of a series of email correspondences and meetings held
during 2017 and 2018. Three domains of infectious complications during KIs therapy for CLL were explored: risk
assessment, risk management and risk monitoring. We hope these recommendations will help to minimize in-
fectious adverse events, and we believe that an optimal management of them will be rewarded by better out-
comes, and better quality of life.

1. Introduction

Advances in the understanding of B cell receptor (BCR) signaling
and its role in promoting B cell survival and proliferation have high-
lighted new targets for the treatment of chronic lymphocytic leukemia
(CLL). Ibrutinib is a first in class Bruton’s tyrosine kinase inhibitor (KI)
that was approved by US Food and Drug Administration (FDA) for re-
lapsed CLL in February 2014, for high-risk CLL with 17p deletion in
July 2014, and for first-line treatment in March 2016. Ibrutinib is in-
dicated in Europe for the treatment of adult patients with previously
untreated CLL as a single agent; who have received at least one prior
therapy as a single agent or in combination with bendamustine and
rituximab; relapsed or refractory mantle cell lymphoma and patients
with Waldenstrom macroglobulinemia (WM) who have received at least
one prior therapy, or in first-line treatment for WM patients unsuitable

for chemo-immunotherapy. Idelalisib is a first in class inhibitor of PIK3-
delta, another component of the BCR signaling pathway: it was ap-
proved by FDA in 2014 for the treatment of relapsed CLL in combina-
tion with rituximab (IR). European Medicines Agency (EMA) granted IR
marketing authorization also for the upfront treatment CLL patients in
the presence of 17p deletion or TP53 mutation, provided that they are
unsuitable to chemoimmunotherapy.

Infections are a major cause of morbidity and mortality in patients
with CLL. In a cohort of patients with newly diagnosed CLL, major in-
fections occurred at a 20.3/100 person-year rate and opportunistic
micro-organism caused 15% of the reported infections [1].In a registry-
based study, severe infections prior to treatment of CLL had a five-year
cumulative incidence of 31% among 2905 CLL patients [2].

Both ibrutinib and idelalisib affect critical components of the im-
mune system, as proved by the increased infection burden reported in
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patients with hereditary mutations of both Bruton’s tyrosine kinase and
PIK3-delta [3–5]. For these reasons, the risk of infection in patients
treated with the new KIs is higher than the overall risk reported in CLL
population. Hence, the great strides in the indications and use of new
treatments for CLL need parallel progress in the best approach to pro-
phylaxis and supportive treatment for infections.

In view of these considerations, the Italian Society of Hematology
(SIE) convened a panel of experts to exploit a project aimed to provide
guidelines for the management of the infectious complications during
treatment with new KIs in CLL. The present publication represents a
consensus document from a series of meetings and email correspon-
dence held during 2017 and 2018.

2. Design and methods

Two chairmen (ST and GB) appointed a Panel of 7 experts (hereafter
called the Panel), selected for their expertise in research and clinical
practice of CLL. A clinician with expertise in clinical epidemiology (GB)
assured the methodological consistency of the project. During an initial
meeting, the Panel agreed on the areas of major concern in the risk of
infections in CLL by generating and rank-ordering clinical key-questions
using the criterion of clinical relevance, i.e. impact on the management
of patients and risk of inappropriateness, through a Delphi process [6].
The five candidate key-questions that ranked highest formed the set of
questions of the present document. During a second meeting, the Panel
examined the current state of knowledge regarding infections and CLL.
Then, each panelist drafted statements that addressed one or more of
the preliminarily identified key questions. Subsequently, each panelist
scored his agreement with the statements made by other panelists and
provided suggestions for rephrasing. For exploiting this phase of the
process, the Panel was convened and two consensus conferences were
held in Bologna, Italy. The overall goals of the meetings were to reach a
definite consensus over question-specific statement. The nominal group
technique was used by which participants were first asked to comment
in round-robin fashion on their preliminary votes and then to propose a
new vote [7]. If an at least 80% consensus on the statement was not
achieved, the choices were discussed and a second vote taken. If an 80%
consensus was still not attained, the issue was declared undecidable,
and no further attempt was made.

3. Results

3.1. Infections in patients receiving ibrutinib for CLL

Evidence supporting a potential for infectious complications by
ibrutinib and idelalisib has been provided mostly by clinical trials.

In a phase-2, open label, multicenter study, ibrutinib was adminis-
tered to 144 patients with relapsed or refractory CLL with 17p deletion
(RESONATE-17) [8]. Overall, the most frequent grade>3 infections
were pneumonia (14.5%) and urinary tract infection (5%). Out of 22
patients who discontinued treatment owing to adverse events (ex-
cluding clinical progression) in 7 cases it was caused by an infection.

In a recent analysis of a three-year follow-up of 132 patients with
CLL and small lymphocytic lymphoma (SLL) treated with ibrutinib, the
rate of overall infectious side effects and rate of ≥grade 3 infections
was up to 51% in relapsed/refractory patients as compared to 13% in
treatment naïve patients [9]. The difference in the two groups was
observed for pneumonia (25% vs 6%), sepsis (7% vs 0%), cellulitis (5%
vs 0%), sinusitis (5% vs 0%), and bacteremia (4% vs 0%).

In the extended follow-up of the RESONATE study, the longer-term
safety profile of ibrutinib was consistent with the 3-year follow-up from
the phase 2 study [10]. The most common (> 10%) infections included
upper respiratory tract infections (25% any grade, 0.5% grade ⩾3), si-
nusitis (19% any grade, 0.5% grade ⩾3), pneumonia (17% any grade,
12% grade ⩾3), and urinary tract infections (14% any grade, 4% grade
⩾3). Nineteen patients (10%) in the ibrutinib arm had receivedTa
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prophylactic growth factor support, and 131 patients (67%) had re-
ceived some form of anti-infective prophylaxis. In this relapsed CLL
population, the rate of new infection, appeared lower later in follow-up
when compared with the first 6 months, consistent with a recent report
of long-term follow-up with ibrutinib at the Ohio State University, in
which patients who discontinued for reasons other than progression did
so relatively early, followed by a plateau [11].

Evidence that the frequency of infections decreases on continuous
therapy was also provided by long-term therapy with ibrutinib in pa-
tients with TP53 aberration or age 65 years or older enrolled in an
investigator-initiated phase 2 study [12]. Infection of any grade oc-
curred in 24 (27.9%) patients and infection grade 3 or higher in 9.3%.
Notably, the overall frequency of infections decreased with time re-
ceiving therapy, suggesting improvements in immune function.

Epidemiological data on grade >3 infections from large phase 3
clinical trials in CLL patients treated with ibrutinib are detailed in
Table 1 [13–17].

Some real life clinical series of CLL patients who received ibrutinib
as first- line or salvage therapy and with detailed data on infectious
complications have been recently published. Grade > 3 infections re-
ported in the real life occurred at rates similar to those reported in the
RESONATE trials, i.e. 22% out of 110 patients enrolled in a Named
Patient Program [18]. In a well-defined regional cohort of CLL patients,
forty-two (63.6%) of the 66 patients treated with ibrutinib experienced
at least one infection during or after ibrutinib treatment [19]. An intra-
patient comparison of infection risk conducted for the 47 patients re-
ceiving salvage ibrutinib after chemoimmunotherapy showed a sig-
nificant 135% increased risk of a major infection during their time on
ibrutinib versus previous chemoimmunotherapy. The risk of infection
in CLL patients remains high even with use of less immunosuppressive
therapies.

The spectrum of serious infections in 378 patients with lymphoid
malignancies who received ibrutinib from 2012 to 2016 at the
Memorial Sloan Kettering Cancer Center was retrospectively reviewed
[20]. Out of 165 patients affected by CLL, ibrutinib was administered as
single drug in 96% of cases and as second-line therapy in 67% of cases
(after fludarabine, rituximab or alemtuzumab). Only a minority of pa-
tients received antimicrobial prophylaxis during ibrutinib treatment.
Overall 20 of 165 (12.1%) patients developed a severe infection gen-
erally during the first year of treatment (fungal, bacterial and viral
infection in 10, 9 and 1 cases, respectively). Receipt of at least three
prior anti-tumor regimens, and the presence of neutropenia at any time
point during the course of ibrutinib were significantly associated with
increased risk of severe infection. The use of corticosteroids at any time
of ibrutinib treatment was a risk factor associated with the development
of an invasive fungal disease (IFD).

A single-institution retrospective study was conducted to determine
the incidence and type of opportunistic infections (OI) during ibrutinib
treatment as well as outcomes and characteristics associated with risk
[21]. In 566 patients treated with ibrutinib from June 2010 to March
2016 (being 74% of patients affected by CLL) the cumulative incidence
of OI was 2.3% at 0.5 years and increased to 4.7% at 5 years. IFDs
(mainly invasive aspergillosis) accounted for 74% of OI. In a multi-
variable analysis ≥3 prior treatments (HR 2.87, 95% CI: 1.12–7.35),
diabetes (HR 3.63, 95% CI: 1.50–8.77), and liver disease (HR 7.53, 95%
CI: 2.14–26.49) retained independent association with OI development.

A multicenter survey aimed at identifying cases of IFD in ibrutinib
treated CLL patients was conducted in France [22]. Out of 33 IFDs, 27
were proven, probable or possible invasive aspergillosis with cerebral
localization in 40% of cases. The remaining infections were crypto-
coccosis (4 cases), mucormycosis (one case) and Pneumocystis jirovecii
pneumonia (PJP) (one case). Remarkably, 85% of IFD occurred in the
first six months after starting ibrutinib and 61% occurred in the first 3
months. This suggests that risk for IFD may decrease with longer ex-
posure to ibrutinib. In most cases, other conditions that could have
contributed to decreased antifungal responses, such as corticosteroids,

neutropenia, or combined immune-chemotherapy, were present.

3.2. Infections in patients receiving idelalisib for CLL

For idelalisib, the initial phase 1 study for CLL patients reported
serious adverse events with ⩾ grade 3 pneumonia occurring in 20% and
additionally febrile neutropenia and bacteremia occurring in 5.6% and
9.3% of patients, respectively, with even fatal clinical course [23]. Yet,
it has to be kept in mind that patients had previously received intensive
treatment regimens such as purine analogues or alemtuzumab prior to
idelalisib.

In an analysis which sought to explore the contribution of changes
in immunoglobulins and normal B cells on the risk of infection from a
phase 2 trial [24], at a median follow-up of 27.8 months, infections
were more frequent during the first 6 months with an average rate of
16.3 infections per 100 patient-months compared with 6.9 thereafter.
Respiratory tract infections were the most common (65%), followed by
gastrointestinal or genitourinary (16%) and skin (13%) infections. Pa-
tients with relapsed/refractory CLL had more infections of any grade
than previously untreated patients (risk ratio, 1.58). Prior treatment
was also associated with a higher rate of grade≥3 infections (risk ratio,
2.23) [25].

The combination of idelalisib and rituximab in newly diagnosed CLL
patients reported pneumonia in 28% of patients, with 19% classified as
serious adverse events and also infection-related fatalities [26].

Epidemiological data on grade > 3 infections from large phase 3
clinical trials in CLL patients treated with idelalisib are detailed in
Table 2 [27–29].

Since the completion of these studies, new safety data have emerged
showing an increased incidence of opportunistic infection and death in
other randomised phase 3 studies (including a study of idelalisib in
combination with bendamustine plus rituximab in frontline CLL,
GILEAD 312-0123/NCT01980888). These findings have led by US Food
and Drug Administration (FDA) to mandatory prophylaxis for P. jirovecii
pneumonia and monitoring for cytomegalovirus infection during
treatment with idelalisib.

3.3. Pre-therapy assessment of infectious risk

Information useful to be taken before the initiation of ibrutinib or
idelalisib therapy in CLL patients are directed to those infective agents
that usually persist lifelong in the host after primary infection and can
be reactivated under certain conditions, like tuberculosis (TB), hepatitis
B and C viruses, and herpes virus family.

Even though only few cases of TB infection/reactivation have been
reported in patients undergoing ibrutinib or idelalisib therapy [30–32],
targeted screening and treatment of latent tuberculosis infection (LTBI)
is an important strategy for patients at high risk of developing active TB
[33]. A recent meta-analysis showed that patients with hematologic
cancer have a 9-fold higher rate of developing active TB compared to
those without cancer and would benefit from targeted LTBI screening
and therapy [34].

There is few information pertaining to the incidence of hepatitis B
virus (HBV) infection and the risk of HBV reactivation in CLL patients
receiving new KIs. To our knowledge, published studies do not reveal
the possible role of ibrutinib as a trigger of HBV reactivation and there
is only one case reporting an occult HBV flare during KIs treatment
[35]. In a single center experience, seven CLL patients with a hepatitis B
positive serology (HBsAg neg/HBcAb positive) treated with ibrutinib
did not receive any antiviral prophylaxis and were closely monitored
for HBsAg and HBV DNA. After a median follow-up of 25 months, none
of the patients showed a HBV reactivation [36]. In most idelalisib
clinical trials, patients with active HBV infections were excluded while
patients with serologic evidence of prior exposure but with negative
DNA testing were eligible. In these studies, no HBV reactivation was
mentioned, even though no information on the use of antiviral
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prophylaxis was available.
Reactivation of chronic hepatitis B in hematologic patients under-

going immunosuppressive or antineoplastic treatment approximately
occurs in 20–50% of HBsAg-positive patients and 1–10% in HBsAg-
negative/HBcAb-positive patients. In all patients about to receive
treatment for malignant disease, HBV screening is recommended in
order to plan a prophylaxis strategy or a laboratory monitoring of sero-
reversion and/or viremic rebound, and the subsequent introduction of
pre-emptive therapy [37].

Three cases of disseminated zoster in patients on ibrutinib and
idelalisib were reported [38]. Two cases included visceral involvement,
manifesting as pancreatitis, gastritis, and hepatitis. In the phase 3 trial
that led to FDA approval of idelalisib with rituximab in relapsed CLL, no
cases of herpes zoster were reported [39].

Recommendations
The history of previous infectious complications and treatments

should be carefully collected in patients with CLL candidate to ibrutinib
or idelalisib treatment.

The Panel agreed on recommending screening with IFN-γ-release
assays (IGRAs) or tuberculin skin testing (TST) or a combined TST-IGRA
testing to detect LTBI in all CLL patients prior to ibrutinib or idelalisib
treatment in high tuberculosis (TB) prevalence regions.

In low TB prevalence regions screening is recommended in persons
with a suspected history of TB infection, in those who come from high
TB prevalence regions, and in those who have other conditions that are
associated with an increased risk for TB infection.

All patients with a new diagnosis of CLL and candidate to ibrutinib
or idelalisib therapy should undergo HBV screening with the following
exams: HBsAg, anti-HBc, anti-HBs; HBV DNA if HBsAg or anti-HBc
detected. All patients with a new diagnosis of CLL should undergo HCV
screening with the following exams: anti-HCV and HCV RNA if anti-
HCV positive.

3.4. Infection control before treatment with ibrutinib or idelalisib

In clinical trials of CLL patients receiving ibrutinib or idelalisib
treatment, ongoing active, serious infection requiring systemic therapy,
and active B or C hepatitis were generally considered exclusion criteria.
Consequently, few information is specifically available on the infectious
conditions which may contraindicate treatment with KIs. While waiting
for the results of real life experience, precautions already used in other
patients with comparable immune system impairment were considered.

Recommendations
In patients candidate to ibrutinib or idelalisib therapy and evidence

of ongoing bacterial, fungal or viral disease, the treatment should be
delayed and started after an appropriate control of the infectious dis-
ease. All HBV-DNA positive patients should be referred to an infectious
or hepatic disease expert.

Active HBV infection (HBV-DNA positive and HBsAg positive) is not
a contraindication to ibrutinib or idelalisib therapy provided that ap-
propriate antiviral treatment, in association to strict viral monitoring, is
administered under the supervision of an infectious or hepatic disease
expert.

In patients with a positive screening for TB, CLL treatment delay and
anti-TB treatment should be considered under the supervision of an
infectious disease expert.

3.5. Antibacterial, antiviral and anti-fungal prophylaxis

Several issues should be considered in the definition of an anti-
microbial prophylaxis strategy in patients candidate to treatment with
ibrutinib or idelalisib. Both ibrutinib and idelalisib are substrates of the
CYP3A4 enzyme and, due to important drug-drug interactions, co-ad-
ministration of CYP3A4 inhibitors may be contraindicated. In particular
co-administration of fluoroquinolones, macrolids and certain antifungal
triazoles may significantly increase ibrutinib levels with possibleTa
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increase of toxicity [40]. Co-administration of CYP3A4 inducers (i.e.
rifampin) is contraindicated. Both drugs are generally administered for
a prolonged period until time of progression, therefore the risk of in-
fection should be calculated over time and the cost-effectiveness of a
prolonged antimicrobial prophylaxis considered accordingly.

Although lower respiratory tract was the most common site of in-
fection in patients treated with ibrutinib or idelalisib, only few data are
available on the etiology of such infections and there is very few in-
formation on the indication and efficacy of antibacterial and antifungal
prophylaxis [41]. EMA’s Pharmacovigilance Risk Assessment Com-
mittee (PRAC), the committee that is responsible for assessing all as-
pects of the risk management of medicines for human use, recommends
that all patients treated with idelalisib should receive antibiotics to
prevent P.jirovecii pneumonia (PJP). This is a provisional re-
commendation which the PRAC has issued, as a precaution, to protect
patients while the medicine is being reviewed.

PJP was usually reported in less than 1% of patients receiving
ibrutinib [42]. Only one report documented 5 cases out of 96 treated
patients [43]. It was highlighted that four of the five cases had pre-
viously untreated CLL. This seems to indicate that the infectious risk
was not related to prior therapies. Moreover, there is documentation
that the reported rate of PJP is much lower in patients receiving ibru-
tinib to treat other hematological malignancies [44,45]. This was in-
terpreted as indicating that the risk of infection is related to im-
munosuppression from the underlying disease or the concomitant
treatment as opposed to the drug itself. However, three phase 3 clinical
trials assessing the addition of idelalisib to standard therapies in first-
line treatment of relapsed indolent non-Hodgkin lymphoma or CLL,
reported an unexpected high rate of serious adverse events and in-
creased mortality. In these studies the combined percentage of deaths in
the idelalisib arm was 7.4% compared to 3.5% in the placebo arm. The
excess of deaths were mainly associated to infections, namely PJP and
human cytomegalovirus (HCMV) related disease [45]. Moreover, 31
cases of PJP were reported in 5 randomised trials in frontline CLL and
early-line indolent non-Hodgkin lymphoma [46]. Such data were con-
firmed by a systematic review of 2,198 patients (including CLL patients)
treated with idelalisib (and rituximab in CLL cases) in 8 comparative
and non-comparative clinical trials recently reported PJP infection in
2.5% of patients on idelalisib +/- co-therapy versus 0.2% of patients
receiving anti-CD20 mAb or brentuximab (relative risk 12.5). The
median time to a PJP event was 141 days since initiation of idelalisib
[47]. Prophylaxis of PJP reduced the incidence of infection to 1.3%
(versus 3.4% not receiving prophylaxis).

Recommendations
Neither antibacterial prophylaxis nor prophylaxis against molds and

yeasts is recommended during treatment with ibrutinib or idelalisib.
Co-trimoxazole prophylaxis against P.jirovecii is recommended

during treatment with idelalisib; prophylactic treatment should be
continued for up to 2–6 months after therapy discontinuation.

P.jirovecii prophylaxis is not generally recommended during treat-
ment with ibrutinib. However, the Panel argued that patients receiving
immunosuppressive drugs are at high risk of P.jirovecii infection: thus,
anti P.jirovecii prophylaxis should be considered during treatment with
ibrutinib when the drug is associated with anti-CD20 and/or steroid
therapy.

These are provisional recommendations until more detailed epide-
miological data will be available.

Anti varicella zoster virus (VZV) or herpes simplex virus (HSV)
prophylaxis is not recommended during ibrutinib or idelalisib treat-
ment; however, a suppressive therapy with acyclovir or valacyclovir
should be considered in patients with a history of recurrent VZV or HSV
disease in the last 12 months.

HBsAg-positive or HBV-DNA positive CLL patients receiving ibru-
tinib or idelalisib, should be always considered at high-risk of HBV
reactivation and should be treated with tenofovir or entecavir under the
supervision of an infectious or hepatic disease expert.

HBsAg-negative/HBcAb-positive CLL patients receiving ibrutinib or
idelalisib alone are at low risk of HBV reactivation and antiviral pro-
phylaxis is not recommended but monitoring of sero-reversion and/or
viremic rebound should be considered.

HBsAg-negative/HBcAb-positive CLL patients receiving ibrutinib or
idelalisib in association with anti CD-20 immunotherapy or che-
motherapy should be considered at risk of HBV reactivation and lami-
vudine prophylaxis is recommended.

Antiviral prophylaxis should be initiated prior (at least 1 week) or in
concomitance with starting immunosuppressive treatment and should
be continued for the duration and up to 6 months after discontinuation
of treatment.

Antiviral treatment should be considered for HCV RNA positive
patients as soon as possible after the successful treatment of the he-
matological malignancy under the supervision of an infectious disease
expert.

3.6. Intravenous immunoglobulin replacement therapy

The effects on immunoglobulin levels of ibrutinib and idelalisib is
still unclear. In a phase 2 study with 40 patients with symptomatic
high-risk CLL who received 420mg of ibrutinib associated with ritux-
imab once daily for 18 months, no significant changes in IgG or IgA
levels were found, although a statistically insignificant decrease in IgM
levels was noted [48]. Conversely, another phase 2 study followed 86
patients with CLL who received ibrutinib for at least 1 year and found
that IgG levels decreased significantly with prolonged treatment (23%
median decrease at 2 years) but that IgA levels generally increased
(64% median increase) [25].

Although routine intravenous immunoglobulin replacement therapy
(IRT) is not recommended for CLL, a case report demonstrated that IRT
can be a valuable treatment option to improve the quality of life and
allow continued treatment for patients with CLL on ibrutinib [49].

Recommendations
There is no strong evidence on benefit of intravenous im-

munoglobulin replacement therapy in CLL patients under treatment
with either ibrutinib or idelalisib. However, by highlighting a report
from literature and the experts’ individual experience, the Panel argued
that immunoglobulin therapy is indicated in CLL patients treated with
ibrutinib or idealisib when hypogammaglobulinemia is severe
(IgG<400mg/dL) and there is a history of serious bacterial infections.

Treatment should be started with 400mg/kg IV every 3–4 months
or 100mg/kg SC weekly.

Monitoring serum Ig levels should be done every four weeks to
adjust the immunoglobulin dosing.

3.7. Antiviral or antibacterial vaccination

One study of influenza vaccination in 19 patients on single agent
ibrutinib found that 26% had seroconversion to at least one vaccine
strain [50]. Another study looking at 13 relapsed CLL patients on
ibrutinib for median 7.5 months found no responders to influenza
vaccine [51]. A similar study of 13-valent pneumococcal conjugate
vaccination (PCV-13) found that all four untreated patients responded,
while none of the four ibrutinib patients did [52].

Recommendations
In patients having not received pneumococcal vaccination at the

onset of the hematological disease and already on ibrutinib or idelalisib
treatment the response to vaccination is expected to be low.
Nevertheless, considering the safety and the low costs of the vaccina-
tion practice, the Panel agreed that the cost-benefit ratio is in favor of
vaccination and suggests in any case to administer the vaccines even
after the start of ibrutinib and idelalisib treatment. Patients should re-
ceive the 13-valent conjugate vaccine (PVC-13) followed by the 23-
valent pneumococcal polysaccharide vaccine (PPSV23) after 8 weeks.

Vaccination against seasonal influenza is broadly recommended in
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CLL patients candidate to ibrutinib or idelalisib therapy given the se-
verity of the H1N1 pandemia, and the highly severe influenza impact
respect to general population, despite poor responses in CLL even with
two doses regimen. The evidence of poor response during the therapy
advices to refrain from vaccination during therapy.

A recombinant, adjuvated VZV vaccine (Shingrix) has been eval-
uated in patients submitted to autologous stem cell transplant and in
HIV positive subjects with promising results. However, no data are
available in subjects on immunosuppressive therapy, including CLL
patients. Consequently, to date no recommendation could be made
regarding the use of this vaccine in patients treated with idelalisib or
ibrutinib.

3.8. Monitoring the risk of infection

In the phase 3 clinical trials assessing the addition of idelalisib to
standard therapies in first-line treatment of CLL and relapsed indolent
non-Hodgkin lymphoma, an unexpected high-rate of serious adverse
events and increased mortality was reported. The excess of deaths were
mainly associated to infections, namely PJP and CMV-related disease.
However, more epidemiological and clinical data from real-life ex-
periences are required to better define the clinical implications of CMV
DNAemia detection in this population.

Recommendations
In patients under treatment with idelalisib, a monthly molecular

monitoring of cytomegalovirus (CMV) DNAemia should be performed
when CD4+T cells are less than 50, and when there is a previous of
CMV infection.

In patients with evidence of CMV reactivation (positive CMV
DNAemia without signs of end organ disease) idelalisib treatment
should be halted and antiviral preemptive treatment (ganciclovir or
foscarnet) considered.

It is not possible to define the cut-off of DNAemia to indicate the
start of antiviral therapy.

Monitoring of liver function tests and HCV RNA or HBV DNA is
recommended in HCV-of HBV-infected patients receiving ibrutinib or
idelalisib treatment.

4. Discussion

In this article, experts in CLL judged whether the body of evidence
was sufficient to provide recommendations regarding the infection
control in patients candidate to new KIs therapy. The lack of rando-
mised clinical trials testing infection screening and prophylaxis, that
now represent uncertainties in the infectious disease management, has
forced the Panel to use the methods of consensus for shaping the re-
commendations of this work.

Other recently issued reports providing guidance on how to opti-
mize outcome with novel mechanism-based treatment [53,54], high-
lighted that a number of issues with treatment-emergent adverse events
require further investigation. As a matter of fact, the incidence, timing,
and prognosis of infectious complications with these drugs should be
prospectively explored. Nevertheless, it is unlikely that ad hoc pro-
spective trials will be designed and performed to specifically address
the risk of infections and to define the most appropriate prophylaxis for
treating them. Therefore, epidemiologic investigation are most ad-
visable and successful examples of such an approach have been pro-
vided by the Gruppo Italiano Trapianto di Midollo Osseo (GITMO) in
the setting of patients undergoing allogeneic and autologous stem cell
transplantation [55,56].
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