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Abstract

The aim of treating elderly patients with acute myeloid leukaemia (AML) ineligible for intensive
chemotherapy is to extend survival, but treatment vesults are often unsatisfactory. Therapy with
venetoclax combined with azacitidine allowed vemission in two-thirds of patients and significantly
prolong the median overall survival. The treatment is increasingly used in clinical practice and
establishes a new medical standard. The use of venetoclax in treating AML requires knowledge
of drug use rules and their individualization. This review summarizes critical elements of the
clinical practice of venetoclax use in combination with azacitidine regarding the dosing regimen,
management of cytopenias during thervapy and treatment adjustments to prevent drug-to-drug
interactions. Treatment with venetoclax can cause the risk of tumor lysis syndrome (TLS), and
therefore step-wise dose ramp-up is requived with the prophylaxis of TLS and reduction in leucocyte
count. Cytopenias that occur during the therapy affect most of the patients; nevertheless, it is not
recommended to modify the treatment until the remission of the disease. In haematologic toxicity
after disease remission, it is recommended to delay the next cycle and shorten the treatment while
maintaining the dose. Knowledge about venetoclax drug-to-drug interactions is necessary for an
efficacious and safe therapy. It is essential to reconsider the rationale behind using some agents,
e.g., azole derivatives commonly used in the prophylaxis of invasive fungal infections, as well as
to be aware of the rules of venetoclax dosing. Detailed knowledge of the above aspects of therapy is
essential to ensure the continuity, safety, and efficacy of venetoclax with azacitidine.
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Introduction

Acute myeloid leukaemia (AML) is the most
common type of acute leukaemia in adults [1, 2]
AML is characterized by the production of imma-
ture cells (named blasts) deriving from malignantly
transformed myeloid cells, which proliferate and
accumulate in the bone marrow. The end of the last
decade was a period of intensive development of
AML therapies, both those intended for patients el-
igible for intensive therapy, as well as breakthrough
therapies for the treatment of elderly patients, the
most difficult group of patients who often did not
qualify for intensive treatment. These patients
have previously been treated with low-dose cyta-
rabine (LDAC) and hypomethylating drugs (HMA)
— azacitidine (AZA) or decitabine. As older AML
patients are more likely to have unfavourable risk
factors such as complex karyotype and 7P53 gene
mutations [3], the response to reduced-intensity
treatment has been unsatisfactory. These non-
-intensive therapies provided short-term disease
control with an acceptable quality of life, but the
prognosis was poor with an expected overall sur-
vival (OS) <€ 12 months [4-6]. Numerous clinical
trials have evaluated the effectiveness of various
combination therapies based on LDAC or HMA in
the elderly patients with AML. Gemtuzumab ozo-
gamicin with LDAC [7], lintuzumab with LDAC [8],
durvalumab with AZA [9], avelumab with AZA [10],
and entospletinib with decitabine [11] showed no
benefit in terms of survival in this difficult-to-treat
group of patients. The introduction of venetoclax
to the therapy of patients with newly diagnosed
AML was a breakthrough. Venetoclax in combina-
tion with a hypomethylating drug in elderly people
ineligible for intensive treatment allows for a high
remission rate and prolongation of survival [12, 13]
with maintaining the health-related quality of life
(HRQoL) [14].

Venetoclax is a potent, selective inhibitor of
the anti-apoptotic protein BCL-2. Overexpression
of the BCL-2 protein often observed in the my-
eloid and lymphoid neoplasms, is responsible for
reduced apoptosis of malignant cells and resistance
to chemotherapy. Overexpression of the BCL-2
protein also contributes to the chemoresistance
of chronic lymphocytic leukaemia (CLL) and AML
blasts and is associated with poorer treatment out-
comes [15]. The mechanism of action of venetoclax,
consisting of inhibition of BCL-2 protein activity
and induction of apoptosis of leukemic cells, led to
the initiation of clinical trials in AML. Venetoclax
monotherapy showed moderate efficacy in the

treatment of relapsed and refractory AML with an
acceptable toxicity profile [16]. As the preclinical
studies demonstrated the synergy between vene-
toclax and hypomethylating drugs and cytarabine
[17, 18], early-phase clinical trials were initiated
[13, 19]. Based on their results the combination
therapies based on venetoclax were registered
in the United States for the treatment of newly
diagnosed AML in patients ineligible for intensive
chemotherapy [20]. The results of the prospective,
randomized phase III study, VIALE-A, confirmed
the superiority of venetoclax in combination with
azacitidine over azacitidine + placebo in terms
of remission rate and overall survival in patients
ineligible for intensive induction therapy [12]. The
results of the VIALE-A study led to the creation
of a new standard of treatment in the group of
patients with AML and the registration of veneto-
clax in Europe [21]. This article summarizes the
current knowledge on the use of the combination
of venetoclax with AZA and discusses the practical
aspects of this therapy.

Venetoclax in combination
with azacitidine

Proteins from the BCL-2 (B-cell lymphoma 2)
family play an important role in the mitochondrial
regulation of apoptosis [22]. AML cells are charac-
terized by high expression of BCL-2 proteins, the
level of which is a factor determining the response
to chemotherapy [23]. In preclinical studies vene-
toclax, a selective BCL-2 inhibitor, induced apop-
tosis in tumour cells dependent on these proteins
for survival. However, in AML monotherapy, the
drug showed limited efficacy [16]. This contrib-
uted to the search for drug combinations based on
venetoclax. DNA hypomethylation of abnormally
methylated genes involved in cell cycle regulation,
differentiation and cell death pathways may lead to
their re-expression and sensitization of AML cells
to the proapoptotic effects of venetoclax [24, 25].
Based on these premises, a phase Ib clinical trial
was conducted to evaluate the safety and efficacy of
venetoclax in combination with HMA in previously
untreated patients > 65 years of age not eligible for
intensive chemotherapy. The study involved 145
patients, almost half of whom had unfavourable
cytogenetic risk factors, and every fourth patient
had secondary AML. The median age (range) was
74 years (65-86 years). For the expansion phase of
the study, 1.e. the inclusion of additional patients at
the selected dose level, doses of 400 and 800 mg
venetoclax once daily were selected, which were
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Figure 1. Dose titration schedule for venetoclax (VEN) in combination with azacitidine (AZA) and prevention of tumour
lysis syndrome; WBC — white blood cell count; sc — subcutaneous; iv — intravenous

combined with AZA 75 mg/m? administered from
day 1 to 7 of the cycle or with decitabine 20 mg/m?
on days 1-5 of the cycle. Combination therapy was
well tolerated and the most frequently observed
adverse events were haematological and gastro-
intestinal toxicity. The most common grade 3 and
4 adverse events were febrile neutropenia (43%),
leukopenia (31%), anaemia (25%), thrombocyto-
penia (24%), neutropenia (17%) and pneumonia
(13%). There was no high mortality rate during
the first 30 days of therapy (3%) and the median
number of treatment cycles was 5 (1-25). Com-
plete remission (CR) and complete remission with
incomplete count recovery (CRi) rate was 67%
and the median time to response was 1.2 months.
Negativization of measurable residual disease
(MRD) was achieved in 29% of patients. Median
OS in the intention-to-treat (ITT) population was
17.5 months [13]. These results indicated high
clinical activity in terms of response rate, time to
response and OS compared to historical data on
HMA monotherapy [4, 5]. The confirmatory, ran-
domized, double-blind VIALE-A study compared
the efficacy and safety of venetoclax plus AZA with
placebo plus AZA in a similar group of patients as
in the phase Ib study [12].

VIALE-A study included 431 patients (286
in the venetoclax plus AZA group and 145 in the
placebo plus AZA group) with newly diagnosed
AML, intermediate and high cytogenetic risk, who
were ineligible for intensive chemotherapy due to
age (> 75 years) or presence of one of the follow-
ing conditions/co-morbidities: treated congestive
heart failure, left ventricular ejection fraction

< 50%, stable chronic angina pectoris, diffusion
lung capacity < 65%, forced expiratory volume in
1 second (FEV)) < 65%, performance status (PS)
according to the Eastern Cooperative Oncology
Group (ECOG) scale 2 or 3. All patients received
tumour lysis syndrome (TLS) prophylaxis, includ-
ing hyperuricemia preventive drugs and adequate
hydration [oral or intravenous (iv)]. In total 82%
of patients received anti-infective prophylaxis.
Patients in the experimental group started with
a 3-day daily titration protocol to reach the target
dose of 400 mg venetoclax once daily (Figure 1). In
subsequent cycles, venetoclax was administered at
a dose of 400 mg once daily. AZA was administered
iv or subcutaneously (sc) at a dose of 75 mg/m?
on days 1-7 every 28-day cycle (Figure 1). Pa-
tients continued treatment in cycles until disease
progression or unacceptable toxicity occurrence.
The primary endpoint was OS. Overall, the median
follow-up (range) was 20.5 months (< 0.1-30.7
months). The median duration of treatment in the
venetoclax + AZA combination group was 7 cyc-
les compared to 4.5 cycles in the control group.
Venetoclax with AZA was more effective than AZA
monotherapy (Table 1). Treatment with venetoclax
plus AZA led to rapid and sustained remission (43%
of patients achieved CR/CRi by the start of cycle 2).
The CR/CRi rate in the venetoclax plus AZA group
was significantly higher in the subgroups of pa-
tients with intermediate and high cytogenetic risk,
newly diagnosed and secondary AML, and AML
with high-risk mutations (e.g. TP53, FLT3, IDH1
or IDH2 genes) than in patients treated with AZA
in the control arm. Subgroup analysis showed an
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Table 1. Efficacy outcomes in the VIALE-A study

Evaluated parameter VEN + AZA (n = 286) PBO + AZA (n = 145) p value
0S, median (95% Cl), years 14.7 (11.9-18.7) 9.6 (7.4-12.7) < 0.001
CR/CRi, % (95% Cl) 66.4 (60.6-70.2) 28.3 (21.1-36.3) < 0.001
Time to CR/CRi, median (95% Cl), months 1.3 (0.6-9.9) 2.8 (0.8-13.2)

Duration of CR/CRi, median (95% Cl), months

17.5 (13.6-NR)

13.4 (5.8-15.5)

VEN — venetoclax; AZA — azacitidine; PBO — placebo; OS — overall survival; CI — confidence interval; CR — complete remission; CRi — complete remission with

incomplete count recovery; NR — no reached

OS benefit; mainly in groups with newly diagnosed
and secondary AML, in patients with intermediate
cytogenetic risk and with IDH1 or IDH2 gene muta-
tions. However, the results of additional analyses
should be interpreted with caution, as the number
of some subgroups was small [12]. In addition,
a pooled analysis of data from the early and late
phase studies of the venetoclax/azacitidine regimen
showed that the increased remission rate achieved
with treatment did not always translate to improved
duration of response and OS, especially in patients
with high-risk cytogenetic abnormalities and 7P53
mutations [12, 26].

The adverse reactions observed in the study
were consistent with the known toxicity profiles
of AZA and venetoclax as well as those observed
in the earlier phase studies. The most common
treatment-related adverse events were gastroin-
testinal and haematological disorders, with a higher
incidence of neutropenia and febrile neutropenia
in the venetoclax plus AZA group than in the AZA
monotherapy group. The rate of treatment inter-
ruptions due to haematological toxicity was higher
in the venetoclax plus AZA group than in the AZA
monotherapy group, but this did not translate to
more frequent treatment discontinuations or dose
reductions. In the VIALE-A study, 24% of patients
discontinued treatment with venetoclax in combi-
nation with AZA due to adverse events, compared
to 20% in the group treated with AZA. In total 72%
of patients treated with venetoclax plus AZA had
breaks between successive cycles due to adverse
events, and 3% of patients received venetoclax in
reduced doses. Breaks between and during cycles
were mainly due to febrile neutropenia (21%), neu-
tropenia (19%) and thrombocytopenia (10%). The
quality of life was similar in both study groups [12].

Safety and adverse events management
Venetoclax in combination with AZA is

a therapy that requires attention and consistency.
The beginning of therapy requires an assessment

of TLS risk and appropriate prophylaxis. Despite
the unprecedentedly high effectiveness of therapy
in this difficult-to-treat group of patients, adverse
events may lead to premature treatment discon-
tinuation and reduction of the chance to achieve
remission. In addition, as venetoclax is primarily
metabolized by CYP3A, it may interact with other
agents metabolized by this enzyme system, includ-
ing drugs commonly used to prevent infection in
AML patients. In case of concomitant use of such
drugs, the dosage of venetoclax should be adjusted
accordingly. Below are practical guidelines for
initiating therapy, cytopenia management and the
risk of venetoclax drug interactions.

Treatment initiation
and tumour lysis syndrome prevention

From experience in the treatment of CLL
patients, it is known that venetoclax can cause
arapid reduction of the tumour mass and increases
the risk of TLS [27, 28]. As in patients with CLL, in
the treatment of AML with venetoclax, prophylac-
tic measures and careful monitoring are necessary
to prevent rapid tumour lysis.

There were rare cases of TLS in clinical tri-
als with venetoclax for the treatment of AML; no
TLS was reported in the venetoclax/decitabine
efficacy study [13] and the VIALE-A study, in
the first days of therapy, TLS occurred only in
3 patients (1%) and no cases were reported in the
group treated with AZA alone [12]. No cases of
clinically symptomatic TLS were reported in the
phase II VIALE-C study, and in two patients (2.4%)
with electrolyte disturbances and elevated uric
acid level dose escalation was safely performed
[19]. Many researchers believe that in real clinical
practice, TLS in patients treated with venetoclax
and AZA is more common than in clinical trials, and
prophylaxis, which was the standard in each study,
1s sometimes underestimated. Keruakous et al. [29]
reported 14 cases of TLS associated with treat-
ment with venetoclax and AZA, despite the use
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of prophylaxis as described in the studies. Events
occurred more frequently in patients using azole
derivatives for the prophylaxis of fungal infections.
Esparza et al. [30] reported 3 cases of TLS assoc-
iated with the use of venetoclax in AML therapy,
which accounted for 7% of all patients treated in
the centre (n = 45), and Huang et al. [31] reported
4 cases, which accounted for 3% of all analysed
patients (n = 121). Although the incidence of TLS
is low in clinical practice, it appears to be higher
than in clinical trials and varies between centres,
which may indicate differences in the standard of
care or risk assessment.

Treatment with venetoclax should be initiated
in the hospital setting. To reduce the risk of TLS
during cycle 1, the dose of venetoclax should be es-
calated gradually (so-called dose-titration) starting
with 100 mg on day 1, 200 mg on day 2, and 400 mg
on day 3 and subsequent days until day 28 (Figure 1)
[12]. This basic titration regimen may change,
e.g. if there is a need to co-administer drugs that
interact with venetoclax. In patients with a white
blood cell count > 25 x 10%L before initiation
of venetoclax treatment, cytoreductive treat-
ment with hydroxycarbamide is recommended.
All patients, regardless of uric acid blood levels,
receive anti-hyperuricemic prophylaxis before
and during venetoclax dose escalation. For this
purpose, allopurinol, a xanthine oxidase inhibitor,
1s administered, which, due to its mechanism of
action, requires several days of use to effectively
reduce the concentration of uric acid. Unlike allo-
purinol, the use of rasburicase, a recombinant urate
oxidase, gives an immediate effect and additionally
does not require dose adjustment in patients with
renal failure [32]. All patients should be adequately
hydrated before initiation of venetoclax therapy,
either orally or intravenously, and adequate fluid
intake should be ensured during the titration period
and for 24-48 h after initiation of stable dosing.
Laboratory parameters of TLS (potassium, uric acid,
phosphorus, calcium and creatinine) should always
be assessed before initiation of treatment and any
abnormalities should be corrected. These parame-
ters should be monitored every 6-8 h after each new
dose, up to 24 hours after the first dose of 400 mg
[33]. In patients with risk factors for TLS (blood
circulating blasts, large tumour burden, elevated
lactate dehydrogenase levels, or renal failure), the
frequency of monitoring laboratory test results
should be further increased. The use of venetoclax
with drugs that inhibit CYP3A requires special at-
tention, among others due to the risk of TLS, and
therefore a separate chapter is devoted to this issue.

Cytopenias

Cytopenias are common in AML patients;
in the VIALE-A study 31%, 51%, and 72% of pa-
tients had grade > 3 anaemia, thrombocytopenia,
and neutropenia, respectively, before initiation
of venetoclax plus AZA. Patients with AML who
have previously been diagnosed with myelodys-
plastic syndrome (MDS) are particularly at risk of
cytopenias [34]. During treatment with venetoclax
and AZA cytopenias grade > 3 were observed in
82% of patients vs. 68% in the AZA group. Severe
adverse events, such as febrile neutropenia, were
reported twice as often in the venetoclax plus AZA
group than in the AZA group (42 vs. 19%) [12]. Such
a high incidence of haematological adverse events
requires appropriate management to maintain
treatment continuity.

Management of grade 4 cytopenia depends on
disease status. This means the need for an early
bone marrow assessment, preferably at 21-28
days of cycle 1; the result allows choosing of an
appropriate strategy. Making the right decision is
very important because effective and appropriate
long-term administration of the drug in the initial
stage creates optimal chances to achieve complete
remission. Therefore, if blasts are still present in
early bone marrow evaluation, treatment should
not be discontinued for isolated grade 4 cytopenia
(Table 2). The patient should be closely monitored
for the presence of fever or other signs of infec-
tion. These symptoms are an indication for further
treatment in a hospital and for considering inter-
ruption of treatment with venetoclax. Anaemia and
thrombocytopenia, which are commonly observed,
require transfusions of red blood cells or platelet
concentrate in a hospital setting and the use of
appropriate supportive care.

Composite complete remission was achieved
in 66.4% of the patients in the registration study,
and the majority of patients (43,4%) achieved
CR at the end of the first treatment cycle [12]. In
addition a subanalysis of this study showed that
up to 77% of patients achieved blast clearance
(< 5%) after the first cycle of treatment [35].
Elimination of blasts from the bone marrow, or
achieving at least a leukaemia-free morphological
status in the case of cytopenia, is an indication for
treatment interruption, and its resumption when
the morphology recovers (Figure 2). Making such
a decision requires an assessment of response
to treatment, which is usually performed on day
28 of cycle 1, but may be considered earlier, e.g.
on day 21 of the cycle, especially when fever or
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Table 2. Venetoclax dose modification for the management of grade 4 cytopenia during the treatment of newly diagnosed

acute myeloid leukaemia

Time of cytopenia onset Management

Before achieving remission

Do not stop treatment. Consider evaluation of bone marrow cellularity

in patients with fever or symptoms of infection to decide on further treatment.
Use transfusions and appropriate supportive care

First cytopenia after remission

Defer the next cycle and monitor blood parameters. Consider G-CSF for neutropenia.

After the resolution to grade 1 or 2, resume venetoclax at the previous dose

Another cytopenia after
achieving remission

Defer the next cycle and monitor blood parameters. Consider G-CSF for neutropenia.
After the resolution to grade 1 or 2, resume venetoclax at the previous dose, reducing

the duration of venetoclax administration by 7 days in each subsequent cycle (to 21 days
instead of 28 days). Modify the dose of AZA depending on the time it took to recover

(< or > 14 days).

AZA — azacitidine; G-CSF — granulocyte-colony stimulating factor

C1D1

C1D28 C2D1

Cycle 1: VEN, days 1-28

Cycle 1: AZA,
days 1-7

Treatment should not be interrupted
Treatment should be continued regardless
of the presence of cytopenia.

Supportive care and transfusions should
be given as needed; growth factors should
not be used until a response is assessed.

I S V
Bone marrow biopsy
is required on days 21-28

of cycle 1 to assess response

to treatment. In the absence

of morphological remission,
the next treatment cycle should

be started.

Defer next cycle Cycle 2: VEN, days 1-28

< 14 days
for recovery

Cycle 2: AZA,
days 1-7

In patients with < 5% blasts in bone marrow
in cycle 1, treatment can be interrupted

in the presence of cytopenia. G-CSF

may be considered in neutropenic patients
who are in morphological remission but with
no recovery.

Figure 2. Scheme of management during the first cycle of venetoclax (VEN) with azacitidine (AZA) therapy. In the
case of cytopenias, a bone marrow assessment should be performed at the end of cycle 1, which will make it possible
to decide whether to interrupt therapy for the duration of bone marrow regeneration; G-CSF — granulocyte-colony

stimulating factor

symptoms of infection appear during treatment
(Figure 2). Earlier confirmation of treatment
response makes it possible to defer the next cy-
cle of therapy (Figure 2). In the VIALE-A study,
75% of patients who achieved remission had
the next cycle of therapy deferred, and the me-
dian (range) delay in starting the next cycle was
9 days (1-39) [35]. In patients with bone marrow
blast reduction who do not meet the criteria for
remission after the first cycle and without recov-
ery, the next treatment cycle should be started
as scheduled. Treatment interruption could pos-
sibly reduce the chance to achieve remission.
The impact of cytopenias, delays and interrup-
tions in venetoclax administration on treatment
efficacy is under ongoing studies. In the case
of post-remission neutropenia, treatment with

granulocyte-colony stimulating factors (G-CSF)
may be considered to accelerate regeneration.
This topic will be developed later in this chapter.

Cytopenias are also common after achieving
remission. In the VIALE-A study, after-remission
cytopenias occurred in 87% of patients treated
with venetoclax plus AZA and 48% of patients
treated with AZA alone [35]. If grade 4 cytopenia
develops on treatment in a patient who has prev-
iously achieved remission, venetoclax should be
interrupted and blood counts monitored. When
the first cytopenia after remission lasts at least
7 days, venetoclax may be resumed at the previous
dose after recovery to grade 1 or 2. Recurrence of
cytopenias lasting 7 days or more requires inter-
ruption of venetoclax, and upon resolution or im-
provement to grade 1 or 2, re-initiation of treatment
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at the previous dose but reducing the duration of
venetoclax administration by 7 days, i.e. 21 days
in a cycle of 28 days. Treatment with azacitidine in
the case of cytopenias should be adapted according
to Summary of Product Characteristics (SmPC).
If morphology recovery was achieved within
14 days, AZA can be used in the next cycle at the
standard dose, and if the time to recovery was
> 14 days, the dose of AZA should be reduced [36].
Among responding patients, the median duration
of delay in starting the next cycle was 14 days in
the venetoclax plus AZA group and 11 days in the
AZA monotherapy group. The dosing intervals
during an ongoing cycle were significantly shorter
than the next cycle deferring; the median duration
of dosing intervals during a treatment cycle was
2 days in the venetoclax and AZA group and 1 day
in the AZA group [35].

G-CSF should be considered for the treatment
of post-remission neutropenia. The use of G-CSF
in AML requires an individual assessment of
benefits and risks, as blasts may possess cytokine-
-interacting receptors, which may potentially lead
to the proliferation of leukemic cells [37, 38].
However, the risk of recurrence must be balanced
with the risk of infectious complications and their
consequences. Given that treatment with veneto-
clax with AZA increases the chances to achieve
sustained remissions, supportive treatment with
G-CSF to increase exposure to primary therapy
may be appropriate. Almost every fourth patient
(23%) achieving remission in the VIALE-A trial
needed to receive > 2 cycles of venetoclax plus
AZA before achieving disease remission. On the
other hand, the elimination of blasts found in bone
marrow assessment indicates that the treatment
1s moving towards remission, allowing recovery
at a natural pace, which should not be speeded up.
In such cases, it seems reasonable to administer
G-CSF only in the case of prolonged neutropenia
increasing the risk of infectious complications
[39]. The decision to use G-CSF should be made
based on the physician’s experience and a detailed
analysis of the clinical situation, considering the
following principles for the treatment of neutrope-
nia in the course of venetoclax plus AZA therapy
with G-CSF:

* the use of G-CSF as a prophylactic therapy is
not recommended;

* the use of G-CSF is not recommended if blast
clearance in the bone marrow has not occurred,;

* G-CSF should not be used during the first
treatment cycle, i.e. between days 1 and 28 of
cycle 1;

* G-CSF should not be administered in patients
with prolonged neutropenia who are in good
general condition without signs of infection
and fever.

Isolated neutropenia during venetoclax ther-
apy is not an indication of hospitalization. Outpa-
tient treatment reduces the risk of infections with
resistant nosocomial pathogens that are difficult
to treat. This supports the discharge of patients
who are fever-free and in good general condition,
without infection. It is worth taking into account
the conditions of the patient’s home environment,
e.g. the number of cohabitants and their degree
of vaccination against infectious diseases. In the
beginning, follow-up visits should take place once
a week, but the frequency of visits should depend
on the blood count results. Patients with fever
and symptoms of infection should be admitted to
haematology departments. The above recommen-
dations are based on data from the pivotal study,
where the percentage of patients who developed
serious infections was similar in the group treated
with venetoclax plus AZA and AZA alone (pneumo-
nia, 17% and 22%, respectively, and septic shock,
6% and 8%, respectively) [12].

Interactions with other drugs

Invasive fungal disease (IFD), mainly invasive
aspergillosis, is a serious problem among pa-
tients receiving intensive chemotherapy for acute
leukaemias [40]. In the past two decades of the
215t century, significant progress has been made
in preventing infections and reducing mortality,
including with the prophylactic use of posaconazole
[41]. It 1s a treatment with a proven beneficial ef-
fect on the overall survival of AML patients [42,
43]. American studies have confirmed that other
drugs from the azole group are also effective in
IFD prevention [44].

As venetoclax is a substrate of the CYP3A
enzyme, its concomitant use with CYP3A inhibitors
or inducers may result in changes in venetoclax
concentration and exposure, which may affect the
efficacy and safety of the therapy. In early clinical
trials, venetoclax was administered at doses up
to 1200 mg daily, however, at doses > 400 mg,
haematological toxicity outweighed the clinical
benefit [13]. Therefore, venetoclax dose reduction
is necessary when there is a risk of interactions
that may result in increased venetoclax exposure,
e.g. with CYP3A inhibitors [45]. Such drugs in-
clude azoles commonly used in IFD prevention
and treatment, including the previously mentioned
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Table 3. Some medicinal products interacting with venetoclax by the mechanism of interaction and potency

Interaction mechanism and impact strength  Products

Strong CYP3A inhibitor

Clarithromycin, indinavir, itraconazole, ketoconazole, lopinavir,

posaconazole, ritonavir, telaprevir, voriconazole

Moderate CYP3A inhibitor

Ciprofloxacin, diltiazem, erythromycin, fluconazole, verapamil,

grapefruit, bitter orange, starfruit

Moderate CYP3A inducer

Strong CYP3A inducer
P-glycoprotein inhibitor
P-glycoprotein and BCRP substrates

OATP substrates Statins

Rifampicin

Bosentan, efavirenz, etravirine, modafinil, nafcillin

Carbamazepine, phenytoin, rifampicin, St. John’s wort

Digoxin, dabigatran, everolimus, sirolimus

BCRP — breast cancer resistance protein; CYP3A — cytochrome P450, family 3 subfamily A; OATP — organic anion transporting polypeptide 1B1

and used as the drug of choice posaconazole [46]
(Table 3). Administration of posaconazole, a potent
CYP3A inhibitor, increased the peak venetoclax
concentration by approximately 2-fold and the area
under the concentration-time curve by as much as
2.5-fold. To treat effectively and safely, the dose
of venetoclax must be reduced by 75% when co-
administered with posaconazole [21, 46] Particular
attention should be paid to the venetoclax titration
period when strong CYP3A inhibitors are co-
administered; 10 mg is administered on day 1, 20
mg on day 2, 50 mg on day 3 and maximum 100 mg
on day 4. This also applies to voriconazole — when
used concomitantly, the dose of venetoclax should
be reduced to 100 mg or less (or by > 75%) if it
has already been adjusted for other reasons [21].In
the case of moderate CYP3A inhibitors (Table 3),
at least a 50% reduction of venetoclax dose is
required [21]. Venetoclax at the dose used before
initiation of the CYP3A inhibitor should be resumed
2 to 3 days after discontinuation of the inhibitor.
Clinical centres increasingly use the monitor-
ing of venetoclax and/or posaconazole concentra-
tions, however, due to the limited access to this
type of laboratory tests, reliance should be placed
on the results of pharmacokinetic studies and rec-
ommendations on drug combinations formulated on
their basis [21]. Interactions between venetoclax
and CYP3A inhibitors (Table 3) may have adverse
consequences, such as TLS [29] or prolongation
of thrombocytopenia recovery [47]. On the other
hand, the concomitant use of enzyme inducers
(Table 3) may limit the effectiveness of treatment.
Table 1 lists drugs that interact with venetoclax,
including P-glycoprotein inhibitors and substrates,
breast cancer resistance protein (BCRP) and organ-
ic anion transporting polypeptide 1B1 (OATP1B1),
which are also involved in venetoclax metabolism

in vitro [48]. This is a very diverse group of drugs,
including drugs with a narrow therapeutic index
and widely used drugs. Therefore, patients treated
with venetoclax should be under the supervision of
a pharmacist to ensure that drugs or dietary sup-
plements that affect the metabolism of venetoclax
are not administered without proper monitoring.
Unfortunately, both access to pharmaceutical care
and physicians’ knowledge about the interaction of
drugs used in outpatient clinics and drug programs
is limited. Therefore, it is necessary to inform
and issue written recommendations regarding the
applied treatment for both patients and general
practitioners.

Considering the above-mentioned drug inter-
actions, it should be considered whether each AML
patient treated with venetoclax requires antifungal
prophylaxis with azole derivatives. In a retrospec-
tive real-world clinical study, the rate of probable
fungal infections in newly diagnosed AML patients
treated with venetoclax and HMA was 5%. [FDs
were significantly more common in non-responders
and those with refractory and relapsing disease.
In this study, prophylaxis with micafungin was
used in 38% of patients and with azoles in 41% of
patients, and no antifungal prophylaxis was used
in the remaining patients. The age of patients,
type of HMA and duration of neutropenia have not
been shown to influence the incidence of IFD [49].
The authors believe that in patients with newly
diagnosed AML qualified for treatment with vene-
toclax in combination with HMA, the routine use
of prophylactic antifungal treatment is not justified,
except for patients at high risk of infection. In the
VIALE-A study, azoles were administered in 36%
of patients in the study group, while echinocandins
(caspofungin and micafungin) were used in 15% of
patients [12]. Currently, there is no information on
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the effectiveness of using venetoclax in reduced
doses, therefore it is recommended, if possible, to
avoid drug-drug interactions, including unjustified
antifungal prophylaxis in patients with newly diag-
nosed AML qualified for treatment with venetoclax
and AZA. If antifungal prophylaxis is necessary, it
is recommended to use drugs non-metabolised by
cytochrome P450.

According to the European Haematology As-
sociation (EHA), the certainty of the evidence
supporting the use of antifungal prophylaxis in
patients with AML treated with venetoclax is
low. The EHA recommends limiting antifungal
prophylaxis, primarily with azoles, to patients at
high risk of IFD, e.g. patients with long-term neu-
tropenia. Accordingly, the decision on prophylactic
pharmacotherapy should be made in the context
of individual patients, treatment history and en-
vironmental conditions. The EHA recommends
reducing the dose of venetoclax with concomitant
use of azoles by at least 75% and taking special
care during breaks in prophylaxis and when there
are disturbances in the absorption of the antifungal
drug, carrying the risk of non-therapeutic concen-
tration of venetoclax [50].

Summary

The results of therapy in patients with AML
not eligible for intensive treatment have so far been
unsatisfactory. Combination therapy of venetoclax
with HMA has increased the number of treatment
options available to patients in this difficult-to-treat
group and significantly improved the prognosis.
Thus, a new standard of care was established, the
use of which allows for achieving higher rates of
remission and prolonging survival. Venetoclax in
combination with AZA is the only treatment regi-
men for newly diagnosed AML for which there is
clinical evidence from a phase III randomized trial
[12] and real-world clinical trials [51].

The main challenge during therapy with vene-
toclax plus AZA is myelosuppression, which may
also occur in patients after achieving remission.
Most patients require venetoclax and/or AZA dose
modifications, usually prolongation the intervals
between cycles, but also treatment interruptions
during the cycle. Treatment with venetoclax re-
quires attention and consistency, and too hasty
therapy discontinuation may reduce the chances
to achieve remission. (Table 1). Moreover 23,4%
(67/286) of all patients treated with venetoclax plus
AZA achieved MRD negativization and related ad-

ditional benefits in terms of OS [52]. Therefore, it is
recommended to not interrupt or modify the doses
until remission is achieved. Once remission is
achieved, modification of the duration of venetoclax
dosing (21 days instead of 28 days) is preferable
to dose reduction. Approximately 14-day intervals
between treatment cycles seem reasonable to al-
low for recovery from treatment-induced cytopenia
[53]. In the case of prolonged neutropenia, the use
of G-CSF may be considered, especially if infec-
tious complications occur.

Treatment with venetoclax requires dose ad-
justments depending on the concomitant medica-
tions that may interact. This applies to e.g. azole
derivatives used in the prophylaxis of IFD. Due
to the limited knowledge of the effectiveness of
reduced doses of venetoclax and the relatively low
risk of fungal infections in patients treated with
venetoclax with AZA compared to those treated
with intensive chemotherapy, it seems that antifun-
gal prophylaxis should be limited only to selected
patients at risk of infection. Knowledge of the use
of venetoclax in AML therapy will certainly be
expanded in the coming years.
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