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Simple Summary: The recent growing interest in intermittent fasting (IF) is attributed to its preclinical
benefits in various aspects of cancer management. Novel agents, namely, venetoclax and Bruton
tyrosine kinase inhibitors (BTKIs), are widely used in the frontline setting of chronic lymphocytic
leukemia (CLL). However, tumor lysis syndrome (TLS) and gastrointestinal bleeding (GIB) are
particularly concerning for patients. This narrative review aimed to pioneer the exploration of the
potential implications of IF for CLL patients receiving novel agents, focusing on GIB and TLS risks.
In fluid-restricted IF, there is a higher risk of TLS with venetoclax due to dehydration, while in
fluid-liberal IF, its absorption can be reduced. Moreover, during fasting conditions, the levels of
gastric acid increase along with the risk of GIB in patients receiving BTKis. In the context of IF in
CLL, further research is warranted to establish the safety of IF in CLL patients on novel agents.

Abstract: Intermittent fasting (IF) has recently gained popularity due to its emerging benefits in reduc-
ing weight and improving metabolic health. Concurrently, novel agents (NAs) like venetoclax and
Bruton tyrosine kinase inhibitors (BTKIs) have revolutionized the treatment of chronic lymphocytic
leukemia (CLL). Unfortunately, it is unclear whether the associated risks of tumor lysis syndrome
(TLS) and gastrointestinal bleeding (GIB) are increased in IF practitioners receiving NAs. This review
explored the literature available on the permissibility of IF in CLL patients undergoing treatment
with first-line NAs (FLNAs). Literature was scoped to identify IF patterns and the available data on
TLS and GIB risks associated with food and fluid intake in CLL patients receiving FLNAs. Although
current evidence is insufficient to recommend IF in this population, it may be possible for patients
on venetoclax to conservatively practice fluid-liberal IF, provided that adequate hydration and the
consistent administration of food are achieved. In contrast, considering the significant risk of TLS and
the pharmacokinetics of venetoclax, patients should be discouraged from practicing fluid-restricted
IF, especially during the ramp-up phase. Moreover, patients on BTKIs ought to refrain from IF due
to the possible risk of GIB until further data are available. Further research is needed to provide
conclusive recommendations.
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1. Introduction

Chronic lymphocytic leukemia (CLL) is a neoplasm that affects mature B cells and is
characterized by the expansion of the immunologically incompetent monoclonal B lympho-
cytes [1]. In the United States, CLL accounts for around 25% of new cases of leukemia [2].
Conventionally, CLL was treated with chemoimmunotherapy through fludarabine-based
regimens in combination with the anti-CD20 monoclonal antibody rituximab. Recent
developments in the treatment of CLL have resulted in the introduction of novel agents
(inhibitors of BCL2 and Bruton tyrosine kinase [BTK]). Because of their favorable sur-
vival outcomes, these treatments have largely replaced chemoimmunotherapy, whether
alone or in combination with other targeted therapies in first-line and relapsed/refractory
settings [3,4].

Venetoclax, the only approved BCL-2 inhibitor to date, works by restoring the impaired
apoptotic activity of the affected B-cells, thereby reducing uncontrolled cellular proliferation
(details in Section 4.1) [5]. By potently reactivating apoptosis, venetoclax causes rapid lysis
of the CLL cells; hence, its main concerning side effect remains tumor lysis syndrome (TLS).
The incidence of TLS with venetoclax ranged from 2.7% to 8.9% (with fatalities) in phase
I clinical trials [6]. Therefore, adequate strategies to prevent TLS, such as gradual dose
escalation, hydration, and urate-lowering therapies, are crucial for the safe administration
of venetoclax (details in Section 5.1) [6].

Another mechanism by which B-cell proliferation is enhanced in CLL cells is the
activation of the B-cell receptor (BCR), regardless of the presence of an antigen (ligand-
independent activation) [7]. BCR activation initiates a multistep downstream cascade,
including BTK and dependent pathways, resulting ultimately in increased DNA transcrip-
tion and higher cellular proliferation. BTK inhibitors, such as ibrutinib, acalabrutinib, and
zanubrutinib, inhibit BTK and dependent pathways, thereby reducing CLL cell survival [7].

Unfortunately, BTK inhibitors have the potential to inhibit other kinases, such as
the Tec family of kinases that are important for platelet signaling [8,9]. This leads to an
increased risk of bleeding events [8,9]. The incidence of bleeding varies among the different
BTK inhibitors due to the variability in their selectivity toward BTK inhibition and the
extent of their off-target inhibitions [10]. Major hemorrhage (higher than grade 3), including
gastrointestinal bleeding (GIB), was reported in 4%, 3%, and 2% of ibrutinib, acalabrutinib
and zanubrutinib patients, respectively, in clinical trials [8].

Despite the presence of risk-mitigating recommendations in the medical literature
for the care of patients using venetoclax and BTK inhibitors, TLS and GIB remain active
concerns for the care of CLL patients, respectively [8–13]. Moreover, in recent years,
intermittent fasting (IF), defined as a period of voluntary abstinence from food and/or
drink [14], has gained popularity. This is due to its benefits in reducing weight and
improving metabolic health, as shown by Varady et al. [15]. Furthermore, preclinical
and animal studies have suggested that IF holds potential for improving the response to
chemotherapeutic agents and reducing related side effects and cancer proliferation [16].
The mechanism of those possible benefits is hypothesized to be related to the role of
IF in weight reduction, the modulation of glucose and insulins levels, and increases in
oxidative phosphorylation. This leads to the release of reactive oxygen species (ROS) and
the induction of apoptosis in cancer cells [17,18].

In addition, Nista et al. demonstrated that the gut microbiota may contribute to the
lack of response to some anticancer therapies in pancreatic cancer [19]. Even in non-cancer
conditions, the microbiota is thought to affect the oral bioavailability of orally administered
medications [20]. In CML, Yassin et al. illustrated that IF did not significantly affect
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hematological and BCR::ABL outcomes in patients receiving tyrosine kinase inhibitors [14].
In CLL, a high variability in the gut microbiota was observed among patients, irrespective
of the treatment received [21]. However, whether this variability has any effect on clinical
disease outcomes or response to therapy is still unclear.

Various types of IF exist (Section 3), with some involving abstinence from a certain or
any type of food with or without fluids for a certain duration of time. Some may be part
of a nutritional choice that is practiced all year or pertain to religious traditions that are
usually shorter in duration. For example, Ramadan fasting runs for 29 to 30 consecutive
days per year, during which practitioners abstain from food and water from sunrise to
sunset. This may expose them to dehydration [22], which is a risk factor for developing
TLS in patients with hematologic malignancies [23]. Furthermore, during this period of
fasting, gastric acid levels rise [24], along with the chances of GIB in high-risk patients [25].
Whether this risk increases with the use of BTK inhibitors is still unclear.

The current knowledge about the effects of IF on the side effects of venetoclax and
BTK inhibitors, particularly TLS and GIB, is scarce. Therefore, this review aims to explore
the literature available to investigate the permissibility of IF in CLL patients who are being
treated with the first-line novel agents (FLNAs) venetoclax or BTK inhibitors. This was to
identify the possible effects that fasting conditions may have on the risks of GIB and TLS
as well as on the pharmacokinetics of BTK and BCL-2 inhibitors. The ultimate target is to
direct future research by shedding light on the current gaps in the literature.

2. Methodology

Initially, a literature search was conducted to identify the different types of IF practices
to categorize them according to the groups of consumables abstained from (food only or
food with beverages). This was followed by another literature exploration of the possible
effects of fasting conditions and fluid restriction on the pharmacokinetics (PK) of FLNAs,
as reported by PK studies and the FDA labels of the medications. Moreover, pre- and
post-marketing reports were scoped for data on TLS and GIB risks associated with FLNAs
in CLL patients. Thereafter, the effects of fasting and or fluid-restricted states on GIB and
TLS risks were identified. Lastly, all the risks found were accumulated to build a pathway
for the permissibility of IF in this patient population based on the current knowledge of
the topic.

3. Types of Intermittent Fasting

IF patterns differ between religious and non-religious practices primarily in the dura-
tion of fasting and the consumables abstained from during fasting periods. For example,
during the holy month of Ramadan, conventionally a form of 16:8 fasting, practitioners
abstain from food and beverages during fasting hours for 29 to 30 days each year (fluid-
restricted IF). However, other non-religious forms of 16:8 fasting may be fluid-liberal,
i.e., they allow water and non-caloric beverages during fasting hours [26,27]. As shown
in Table 1, religious IF types are limited to specific durations and days per year, while
non-religious IF practices are usually nutritional choices that are not limited to certain
durations [26,27]. Understanding the type of fasting patients are practicing (Table 1) is vital
to evaluate the risk of fasting with CLL treatments (Section 6).

Table 1. Examples of some types of fasting practices.

Fluid-Liberal IF *:
Fasting Practices That Allow Liquid Intake

Fluid-Restricted IF *:
Fasting Practices That Prohibit Liquid Intake

• Baguan zhai (Buddhism; religious fasting)

Practitioners abstain from meat and fish during fasting hours
(from midday to the next morning on specific days).

• Ramadan (Islam; religious fasting)

Practitioners abstain from all food and fluids (oral or
intravenous) during fasting hours (daylight hours for 29 to
30 consecutive days).
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Table 1. Cont.

Fluid-Liberal IF *:
Fasting Practices That Allow Liquid Intake

Fluid-Restricted IF *:
Fasting Practices That Prohibit Liquid Intake

• Lent (Christianity; religious fasting)

Practitioners abstain from dairy products, meat, alcohol, eggs,
and oil during fasting hours (daytime hours for 40 days).

• Proşadhopavāsa (Jainism; religious fasting)

Practitioners abstain from satiating food, water, and desserts
during days 8 and 14 of the lunar cycle.

• Calorie restriction for specific days of the week
(non-religious fasting)

Practitioners restrict calories for a specific number of days of the
week (e.g., 5:2, where calorie restriction is performed on 2 days
of the week, without specific dietary restriction). Liquids are
allowed on fasting days.

• Time-restricted eating (non-religious fasting)

Practitioners abstain from any food during fasting hours (e.g.,
16:8 is fasting for 16 h and allowing food consumption for 8 h).
Water and non-caloric drinks (e.g., coffee) are allowed during
fasting hours.

• Yom Kippur (Judaism; religious fasting)

Practitioners abstain from food and fluids for a full 24 h for
1 day.• Eat-stop-eat approach (non-religious fasting)

Practitioners abstain from any food for 24 h on alternate days
with 150% energy intake on non-fasting days.

* This is not a comprehensive list of all types of religious and non-religious fasting practices. These are the IF
practices described by Mandal et al. [27] and Templeman et al. [26].

4. First-Line Novel Therapies
4.1. BTK Inhibitors

Bruton tyrosine kinases (BTK) are non-receptor kinases that are expressed in many cells,
primarily hematopoietic B-cells, myeloid cells, and lymphoid cells. Upon the activation of B-
cell receptors (BCR), BTKs are recruited by cell membranes where they are phosphorylated
and hence activated. This results in a multistep downstream cascade that results in the
activation of NF-kB pathway. This increases DNA transcription and cell proliferation and
survival (Figure 1A,B). The currently approved BTK inhibitors for CLL treatment (ibrutinib,
acalabrutinib, and zanubrutinib) all bind to the C481 site in BTK, thereby blocking its kinase
activity [28–30].

4.2. BCL-2 Inhibitors

In CLL, the pro-apoptotic BH3-only proteins are bound to BCL2, thereby allowing the
leukemic cells to evade apoptosis. Venetoclax is a small and selective oral BCL-2 inhibitor
with a high affinity for binding to the BH3′s binding site on BCL2 (Figure 1A,C). This leads
to the displacement of the BH3-only proteins, the activation of the apoptotic effectors (BAX
and BAK), and the restoration of apoptosis in tumor cells [31].
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Figure 1. Illustration of the role of BCL-2 and BTK in B-cell malignancies with the mechanisms of
action of venetoclax and BTKi. (A). Intracellular illustration of the mechanisms of action of venetoclax
and BTK inhibitors. (B). A closer look at the mechanism of action of BTK inhibitors (the solid line
shows direct inhibition while the dotted line shows indirect inhibition because of the inhibition of
BTK). (C). An in-depth insight into the mechanism of action of venetoclax.

5. TLS in CLL

TLS is a relatively uncommon but potentially life-threatening oncologic and metabolic
emergency that is associated with the treatment of cancers, especially hematological malig-
nancies [32]. The fifth version of the Common Terminology Criteria for Adverse Events
(CTCAE) has defined TLS as a disorder highlighted by metabolic derangements that are
caused by the rapid lysis of tumor cells, whether spontaneously or due to the initiation
of therapy [33]. The abrupt death of tumor cells results in the release of their intracellular
contents into the bloodstream. This raises the serum concentrations of uric acid, potassium,
and phosphate while simultaneously decreasing the serum concentration of calcium [34].
These metabolic derangements can lead to significant morbidities ranging from renal in-
sufficiency, seizures, neurological complications, and cardiac arrythmias to possibly death
if not promptly addressed [35]. In the current era of novel therapies and highly effective
cytoreductive agents, the incidence of TLS in malignancies that were previously rarely
associated with it, such as CLL, is being increasingly reported in the literature [6,36,37].

Although the risk of developing TLS is the greatest amongst patients treated for
hematological malignancies, it varies considerably depending on the tumor type and tumor
burden, as well as patient- and treatment-related factors [1,23]. Historically, CLL has not
been linked to a high incidence of TLS due to its slow proliferation rate [23,38]. However,
targeted therapies that cause the rapid destruction of leukemic cells have intensified the
risk of TLS in patients with a high tumor burden of CLL (characterized by the involvement
of the lymph nodes, spleen, and liver) [3,23,32,34]. In particular, the discovery of venetoclax
has been responsible for the recently marked amplification of the TLS risk in CLL [6,23].

5.1. TLS in CLL Patients Treated with Novel Agents

It is essential to identify patients at a high risk of developing TLS to quickly prevent
the associated morbidity and mortality [39]. An international TLS expert panel released a
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risk stratification system for TLS based on the type of malignancy and incorporated all risk
factors including tumor burden [40]. The provided recommendations for prevention and
management vary according to a patient’s risk category (high, intermediate, low) [41].

The use of venetoclax-based therapy has led to the stratification of most CLL patients
into intermediate- and high-TLS-risk groups (Figure 2) [38,41]. The literature has warned
against TLS incidence with venetoclax therapy due to the associated severity and fatality
that was reported in phase I/II studies. This was further emphasized in a systematic
review of six phase I studies that investigated the use of venetoclax therapy in diffuse
large B-cell lymphoma (DLBCL) and CLL patients. All reported fatalities in those studies
had occurred among CLL patients even though, traditionally, CLL was considered to be
a lower-risk disease for TLS compared to DLBCL [6]. Therefore, venetoclax initiation is
slowly performed over 5 weeks with a gradual increase in the dose (i.e., ramp-up dosing
schedule; Table 2) to reduce this risk of TLS.

Figure 2. The recommended measures for TLS prevention in CLL patients who are specifically
receiving venetoclax.

Table 2. Ramp-up schedule of venetoclax monotherapy in CLL.

Week/Dose Week 1 Week 2 Week 3 Week 4 Week 5 → Onward
400 mg/day
200 mg/day
100 mg/day
50 mg/day
20 mg/day

TLS was rarely reported in the literature as a complication for the treatment of CLL
with BTK inhibitors. Few cases were reported among ibrutinib patients including three
patients from a phase Ib/II study [36,42]. Even in the landmark clinical trials that compared
BTK inhibitors with each other, TLS was reported in less than 1% of the study populations
(Table 3) [43,44]. Interestingly, when ibrutinib was used as a debulking strategy (i.e., to
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reduce the disease burden) for three cycles before the addition of venetoclax (CAPTIVATE
phase II trial), there were no TLS cases highlighted within the 27.9-month follow-up [45].

Table 3. Incidence of TLS extracted from landmark head-to-head clinical trials of novel agents
approved for CLL management.

Trial ELEVATE-RR ALPINE CAPTIVATE

Comparison Ibrutinib
(n = 263)

Acalabrutinib
(n = 266)

Ibrutinib
(n = 324)

Zanubrutinib
(n = 324)

Ibrutinib +
Venetoclax

(n = 159)

Any grade, n (%) 1 (0.4) 1 (0.4) 0 1 (0.3) 0 *

Grade ≥ 3–n (%) 1 (0.4) 1 (0.4) 0 1 (0.3) 0 *
* Percentage was reported among the adverse events that were identified in ≥2% of the included patients. For
TLS, it was reported as 0% and the exact number is unavailable.

To further formulate an idea of the real-world incidence of TLS risk among CLL
patients, the FDA Adverse Events Reporting System (FAERS) was scouted [46]. Records of
FAERS implementation until the end of June 2023 were scanned by the database. There
was a total of 905 cases of TLS reported among CLL patients in FAERS (those using novel
agents, monoclonal antibodies, chemoimmunotherapy, combination therapies, and others).
As shown in Table 4, when data were filtered to novel agents as monotherapies, venetoclax
had the highest number of cases of TLS reported (n = 195), followed by ibrutinib (n = 73),
acalabrutinib (n= 36), and zanubrutinib (n = 3). The fatalities reported in the database were
also the highest among venetoclax patients (n = 68).

Table 4. TLS cases reported in FAERS among CLL patients treated with novel agent monotherapies.

Novel Agent Ibrutinib Acalabrutinib Zanubrutinib Venetoclax

Total number of all adverse
events reported by June 2023 63,316 3694 760 35,886

Cases of TLS reported as monotherapies in CLL

Total number of cases 73 36 3 195

Total number of serious cases 71 36 3 192

Deaths 20 2 0 68

The results inferred from FAERS are insightful but should be interpreted with caution
due to multiple limitations. Firstly, it is challenging to correlate each of the events reported
with the predisposing patient and disease-related risk factors. For example, it would be
important to identify certain factors (e.g., disease stage, tumor burden, concomitant use
of monoclonal antibodies, baseline kidney function, and TLS prevention measures) in a
case to determine the risk of TLS and whether, as an adverse event, it was indeed caused
by the suspected medication. Secondly, the database itself, while rich in adverse event
reports, allows for discrepancies in the keywords used to report them, which would yield
different search results according to the search terms used. Lastly, the total number of all
adverse events reported (unrestricted to TLS) varies drastically among the different agents
according to the date of their introduction to the market (Table 3). Hence, it is expected
that the newer a medication is, the more likely that the number of adverse events reported
on it will be underestimated. Despite these limitations, these data present the currently
obtainable real-world data on the incidence of TLS among CLL patients using novel agents
other than venetoclax.

5.2. TLS Prevention in CLL Patients Treated with Novel Agents

The prompt prevention of TLS is critical in reducing its incidence and fatalities [34].
Adequate hydration is the cornerstone of TLS prophylaxis as it enhances renal perfusion
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and filtration while minimizing acidosis. This further contributes to the prevention of
the deposition of uric acid and calcium phosphate crystals in renal tubules [40]. The 2010
refined and updated International Expert Panel on TLS advises patients in the intermediate-
and high-risk groups to receive at least 3 L/m2 per day of IV fluid, with close monitoring
of urine output to be maintained within 80 to 100 mL/m2 per hour [34,47]. The optimally
recommended duration of hydration is until the markers of tumor burden have been
considerably resolved [13,47,48].

TLS prevention among patients treated with BTK inhibitors highly depends on the
disease burden, baseline organ function, and tolerability of urate-lowering therapies, rather
than the agent itself. As for venetoclax, considering its high TLS risk, specific evidence-
based guidance was required for TLS risk mitigation in CLL patients receiving it (Figure 2).
This guidance has recommended ramp-up dosing, aggressive oral/intravenous hydration,
the use of hypouricemic agents, and the careful monitoring of serum electrolytes, uric
acid, and urine output at each dose ramp-up as the main prophylactic strategies [13,36,48].
The guidance also suggests a pathway to recognize patients at a high risk of TLS (high
tumor burden and compromised renal function at baseline) to initiate more aggressive
prophylactic measures (rasburicase and IV hydration).

6. GIB in CLL

GIB is defined as bleeding that originates at any point within the gastrointestinal tract.
It can be categorized either anatomically as upper (UGIB) versus lower GIB (LGIB) or
qualitatively as overt or occult [49]. UGIB originates above the ligament of Treitz while
LGIB originates below it. Alternatively, overt GIB is defined as that which is symptomatic,
acute, and grossly identifiable. On the other hand, occult GIB has a more chronic nature
and can only be diagnosed using specialized chemical tests [50]. Peptic ulcer disease (PUD)
is the most common cause of UGIB, with around 30–50% of its cases attributed to PUD.
Subsequently, esophagitis amounts to 15–20% of all of the UGIB cases [51,52]. In contrast,
patients with liver cirrhosis are at the highest risk of variceal bleeds, with almost 50–60% of
the cases arising secondary to esophageal varices [53].

In addition to PUD and esophagitis, recent research has demonstrated the risk of
bleeding diathesis as a complication of acquired von Willebrand disease (VWD) with
CLL [50]. Furthermore, it is thought that patients with CLL can develop immune throm-
bocytopenia, as demonstrated by multiple case reports, which can also increase the risk
of bleeding [51,54]. Also, as a result of the progression of direct lymphoproliferation into
chronic PUD, patients with CLL can rarely develop GIB regardless of therapy choice [53].
The existence of these comorbidities can pose a risk to patients with CLL. This risk is further
exacerbated with the use of BTK inhibitors, which are known to cause bleeding [8]. As
such, it is important to consider each patient’s individual risk factors for GIB, particularly
when starting novel agents.

BTK inhibitors differ in their inhibitory potency of different enzymes, which ex-
plains the intraclass variability in the severity of adverse drug reactions between BTK
inhibitors [55]. At the level of BTK, ibrutinib and zanubrutinib had the lowest inhibitory
concentrations (IC50) and thereby the highest potencies [55]. However, ibrutinib main-
tained this high potency across other enzymes and receptors, such as TEC, EGFR, ITK, BLK,
JAK3, ERBB2, and ERBB4. This off-target activity, particularly at TEC tyrosine kinases, may
explain the higher rates of bleeding adverse events with ibrutinib compared to other BTK
inhibitors, as illustrated in Table 5 [43,44,55,56].
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Table 5. Incidence of hemorrhage extracted from landmark head-to-head clinical trials of novel agents
approved for CLL management.

Trial ELEVATE-RR ALPINE CAPTIVATE

Comparison Ibrutinib
(n = 263)

Acalabrutinib
(n = 266)

Ibrutinib
(n = 324)

Zanubrutinib
(n = 324)

Ibrutinib +
Venetoclax (n = 159)

Hemorrhage
Any grade, n (%) 135 (51.3) 101 (38) 134 (41.4) 137 (42.3)

Not reported
Grade ≥ 3–n (%) 12 (4.6) 10 (3.8) 12 (3.7) 11 (3.4)

Major hemorrhage
Any grade, n (%) 14 (5.3) 12 (4.5) 14 (4.3) 12 (3.7) 3 (2)
Grade ≥ 3–n (%) 12 (4.6) 10 (3.8) 12 (3.7) 11 (3.4) 2 (1)

The limitation of solely inspecting the data from the landmark trials is that they
do not provide specific information on GIB. Rather, these trials report the cumulative
incidence of all bleeding events. Moreover, they do not provide accurate subcategorization
of patients who were concomitantly treated with a BTK inhibitor and anticoagulants or
antiplatelets. Hence, FAERS was explored again for the reported cases of GIB in CLL
patients. There was a total of 377 cases of GIB and CLL reported in the database. The
highest number of GIB adverse events was reported among ibrutinib patients (n = 191).
This was slightly higher among patients who were concomitantly using an anticoagulant or
an antiplatelet (n = 207), as shown in Table 6 [46]. Given the shortcomings of using FAERS,
as highlighted in Section 4.1, there is a need for the systematic collection of real-world
evidence on the risk of GIB in CLL patients treated with novel agents. This is of particular
importance for the identification of risk factors for GIB in this patient population and
possible protective measures.

Table 6. GIB cases reported in FAERS.

Novel Agent Ibrutinib Acalabrutinib Zanubrutinib Venetoclax

Total number of all adverse events reported
by June 2023 63,316 3694 760 35,886

Cases of GIB reported as monotherapies in CLL

Total number of cases, n (concomitant
antiplatelet or anticoagulant) 191 (207) 5 (NA) 1 (NA) 19 (NA)

Total number of serious cases, n (concomitant
antiplatelet or anticoagulant) 189 (205) 5 (NA) 1 (NA) 19 (NA)

Deaths, n (concomitant antiplatelet or
anticoagulant) 26 (29) 0 0 10 (NA)

NA: not available.

7. Challenges for Fasting in CLL Patients Treated with Novel Agents
7.1. The Need for Aggressive Hydration in Fluid-Restricting Fasting Practices

Aggressive hydration is required to prevent the life-threatening manifestations of
TLS, particularly in patients treated with venetoclax. This poses an obstacle to patients
wishing to practice fluid-restricted IF as it can interfere with the recommended hydration
goal [38]. Furthermore, the estimated kidney function plays an integral role in determining
the adaptive capacity of patients to combat the metabolic consequences of therapy-induced
cell lysis [34]. Therefore, the pre-existing states of low urinary flow caused by dehydra-
tion, hypotension, or inadequate hydration during cytoreductive therapy can weaken the
kidney’s ability to adjust to the metabolic derangements seen in tumor lysis [35,57]. This
increases the risk of developing TLS and intensifies the risk of its detrimental complica-
tions [35]. The vitality of adequate hydration for TLS prevention, prior to and during
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therapy initiation, can hinder patients from practicing fluid-restricted IF by increasing their
risk of dehydration.

7.2. The Risks of GIB with BTK Inhibitors and Fasting

Studies have indicated that gastric acid levels increase during the holy month of
Ramadan, which is a form of 16:8 fluid-restricted fasting [24]. Consequently, a higher
incidence of bleeding and PUD complications has been observed during this period of
fasting [25]. In contrast, a study conducted on patients with chronic liver disease showed
that Ramadan fasting decreased the incidence of variceal bleeding (1%) compared to the
non-fasting group (9.1%) [15,58,59]. This suggests that, overall, fasting may carry an
increased risk of acute bleeding events, especially in patients with a history of PUD and
esophagitis [25].

7.3. Possible Interactions with Food

The phase I and II studies that explored the pharmacokinetics of venetoclax concluded
that the exposure of venetoclax and time to peak concentration (Cmax) are affected by fed
and fasted states [60]. In fasting patients, the time to Cmax is delayed by about 2 h, while
the exposure (as measured by AUC) is increased by 3 to 5 times when the dose is preceded
by food, particularly if high in fat content [61]. This explains the recommendation by drug
labels to administer venetoclax with meals.

However, among BTK inhibitors, the data from zanubrutinib’s pharmacokinetic stud-
ies have shown that it is the least affected by food intake, as shown in Table 7 [62,63]. As for
ibrutinib, its AUC and ability to reach its Cmax are increased by food intake [64]. Despite
these pharmacokinetic properties, ibrutinib’s drug label recommends its administration
regardless of food intake. This is based on the assumption that repeated fasting conditions
are unlikely [64,65]. Hence, data are scarce in relation to the effects of consecutive fasting for
a prolonged period on ibrutinib’s pharmacokinetics. As for acalabrutinib, it exists in tablet
and capsule formulations [66,67]. The administration of acalabrutinib after high-fat/high-
caloric meals, in either formulation, reduces its Cmax [66,67]. However, this reduction in
Cmax did not appear to have any significant effect on acalabrutinib’s AUC [66,67]. Therefore,
acalabrutinib tablet and capsule drug labels also recommend administration, irrespective
of food intake [66,67].

Table 7. Literature- and drug-label-based comparative food interactions of BTK inhibitors approved
for CLL food management.

BTK Inhibitor Ibrutinib Acalabrutinib Zanubrutinib

PK Data

• Food increased AUC
by 2-fold

• Food increased Cmax
by 2- to 4-fold

Capsules: For high-fat and
high-caloric meals:

• No effect on mean AUC
compared to fasting
conditions

• Decreased Cmax by
73%

• Delayed Tmax by 1–2 h

Tablets: For high-fat and
high-caloric meals:

• No effect on mean AUC
compared to fasting
conditions

• Decreased Cmax by 54%
• Delayed Tmax by 1–2 h

No significant
clinical effect

Drug Label Can be given without
regard to food * Capsules and tablets: Can be given without regard to food

Can be given
without regard

to food

PK: Pharmacokinetic. * Label recommendation assumes that repeated fasting condition is unlikely.

7.4. Fasting Practices for a Day or More

Some IF patterns require the practitioner’s food abstinence for 24 h on alternate days
(eat-stop-eat approach, as explained in Table 1). Considering that all novel agents require
at least daily administration (twice daily in the case of acalabrutinib), this can present a
challenge congruent to missing doses of therapy. This can pose a threat to treatment efficacy,
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especially when consistently practiced. Therefore, it is vital to advise patients against the
types of fasting that involve food abstinence for 24 h.

8. Pathway for Decision of Fasting

The current evidence is insufficient to recommend IF in CLL patients. However, for
patients strongly inclined toward practicing IF, there are major points that we took into
consideration for creating the pathway demonstrated in Figure 3. This was to highlight
the possible safety issues that may be associated with practicing IF among CLL patients
treated with novel agents. These points include the following crucial concerns for each
class of novel agent:

• Venetoclax and TLS: Attaining adequate hydration is a necessity that may challenge
fluid-restricted fasting during the venetoclax ramp-up phase.

• BTK inhibitors and GIB: Identifying the risk factors for GIB for each patient is vital.
In addition, the increased gastric acidity during fasting periods (fluid-restricted and
fluid-liberal IF) can increase the risk of GIB.

• The fasting patterns practiced by CLL patients should accommodate the daily admin-
istration of iburinib, zanubrutinib, and venetoclax (after food) and the twice-daily
administration of acalabrutinib.

• Comorbidities that can increase the risks for GIB and TLS should be considered before
permitting CLL patients to fast.

Figure 3. Suggested pathway for IF decision making with first-line novel agents in CLL (Red-
colored boxes: fasting is not advised, yellow-colored boxes: primary concern and assessment needed,
orange-colored boxes: caution is advised, green-color boxes: conditional fasting may be practiced).
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9. Discussion and Future Directions

The role of IF in cancer therapy is under the research spotlight for the potential
optimization of cancer therapy outcomes. In a clinical trial described by Groot et al.,
13 patients with HER-2 negative breast cancer undergoing neo-adjuvant intravenous (IV)
chemotherapy were randomized to fasting versus non-fasting groups [68]. The fasting
period for the first group lasted for 24 h before and after chemotherapy days and involved
abstinence from food only (fluid-liberal fasting) [68]. The fasting group demonstrated
reductions in chemotherapy-related side effects and improved treatment tolerability [68].
Despite the importance and relevance of this topic, limited data are published on the effects
of fasting on cancer patients, with most of these trials being qualitative [68–70].

In a small case series by Safdie et al., 10 patients who were diagnosed with solid malig-
nancies and underwent IV chemotherapy with fasting reported a reduction in chemother-
apy fatigue and weakness while fasting [69]. All of the 10 cases abstained from food for
48–140 hours prior to and/or 5–56 h following IV chemotherapy (fluid-liberal IF) [69]. None
of these patients reported significant side effects [69].

Moreover, Dorff et al. investigated 20 solid cancer patients who were receiving IV
chemotherapy containing platinum-derived agents with multiple IF durations (24, 48,
and 72 h) in a dose-escalation and feasibility study [70]. IF involved abstaining from
food (fluid-liberal IF) and was found to be safe and applicable for cancer patients [70].
It also demonstrated some preliminary results of lower DNA damage, as shown in the
post-chemotherapy leukocyte counts in patients who fasted for 72 h [70].

In line with the previously published data, a comparable safety profile for IF during
chemotherapy was observed by Badar et al. [71]. In Saudi Arabia, this clinical trial assessed
the safety of chemotherapy administration during IF in Ramadan [71]. The fluid-restricted
IF in this study involved daily abstinence from food and beverages from sunrise to sunset
for 2 weeks (the study took place in the last 2 weeks of Ramadan) [71]. IV chemotherapy
was administered after fasting was broken at sunset [71]. The reporting of adverse events
was obtained daily and compared between the 2 weeks of fasting and another 2 weeks
after Ramadan during which no fasting took place [71]. The chemotherapy regimen was
remained the same throughout the 4 weeks of the study [71]. Eleven cancer patients (four
hematological malignancies and seven solid tumors cases) were followed [71]. Badar T
et al. concluded that chemotherapy administration during IF in the month of Ramadan
was safe [71]. On the other hand, a systematic review and meta-analysis (SR/MA) by Ferro
et al. showed that there is no significant amelioration in chemotherapy-related adverse
events amongst IF patients [72]. All the studies included in this SR/MA were on solid
cancer patients who underwent IV chemotherapy [72].

Hence, the results presented here attempt to fill many of the current gaps in the existing
literature. Firstly, the existing literature focuses on solid cancer patients who are rarely at
risk for TLS compared to hematological malignancy patients [73]. Therefore, the possible
risks associated with fluid-restricted IF are more relevant to hematology patients receiving
potent therapies. In addition to that, the anticancer medications covered in the existing
literature are all IV chemotherapies, while, in this review, we present orally administered
targeted agents that rely on multiple factors for their bioavailability. These factors could
include administration with respect to food (e.g., venetoclax [60]) and the gut microbiota
that is altered by IF [20,74].

Overall, the currently available studies investigating fasting therapy on cancer patients
are limited, with small sample sizes and limited real-world evidence. It is, therefore,
challenging to recommend IF for CLL patients on novel therapies. Furthermore, if practicing
any type of IF is desired by patients while on cancer therapy, it should be with caution
and needs to be more firmly established. This review has highlighted the available data
on the risks of TLS and GIB in CLL patients receiving FLNAs as monotherapies. It has
also shed light on the pharmacological data that may provide some guidance points on
the permissibility and risks associated with different IF patterns in this patient population.
Finally, it has illustrated the need to fill many gaps in the literature, starting with clinical
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real-world data on the effects of IF on the outcomes of therapy with monotherapy novel
agents in CLL as well as in combination with monoclonal antibodies. Future studies are also
needed to identify risk factors and protective measures to individualize the decision of IF.

10. Conclusions

The allure of IF to cancer patients stems from the pre-clinical evidence suggesting that
it improves the response to anticancer therapy and mitigates the associated side effects.
This narrative review is the first of its kind to explore the possible effects of IF on the
risks of TLS and GIB in patients with CLL. TLS and GIB are particularly concerning in
CLL in the era of frontline venetoclax and BTK inhibitors. In fluid-restricted IF, patients
are at a higher risk of dehydration, which may pose an additional contributing factor for
developing TLS, particularly with venetoclax therapy. In contrast, during fasting conditions
(fluid-restricted or fluid-liberal), the administration of venetoclax can adversely affect its
absorption. Moreover, the higher levels of gastric acid during fasting conditions may
exacerbate the risk of GIB in patients receiving BTK inhibitors.

The current evidence available on IF and FLNAs in CLL is insufficient to recommend
IF in this population. Hence, the results here should not be relied upon as evidence to
initiate IF for CLL patients treated with FLNAs. However, given the value that some
patients may place on practicing IF for religious, nutritional, or other reasons, it is crucial
to have a thorough discussion with patients about what is currently known about the risks
and benefits of IF before starting any pharmacotherapy. In CLL, the treatment paradigm is
shifting toward therapy personalization based on multiple factors including comorbidities,
response to therapy, and patient preference. This review emphasizes the importance of an
individualized risk assessment for TLS and GIB before allowing CLL patients to practice IF,
particularly when they are receiving BTK inhibitors or venetoclax. All in all, it is vital to
adopt a collaborative decision-making approach with patients to ensure that the treatment
plan is safe, optimal, and in alignment with the goals of therapy as well as the patient’s
values and expectations from treatment. Further clinical research is encouraged to safely
deduce the permissibility of IF in CLL patients on novel agents.

Author Contributions: Conceptualization, M.A.Y. and M.B.; methodology, N.F. and S.A. (Soha
Aboukhalaf); validation, M.B., R.G. and M.A.Y.; resources, M.M., K.A. and S.A. (Salem Alshemmari);
data curation, M.B., R.G. and M.A.Y.; writing—original draft preparation, N.F. and S.A. (Soha
Aboukhalaf); writing—review and editing, M.M., K.A. and S.A. (Salem Alshemmari); visualization,
M.B.; supervision, M.A.Y.; funding acquisition, M.A.Y., N.F. and S.A. (Soha Aboukhalaf). All authors
have read and agreed to the published version of the manuscript.

Funding: Open Access funding provided by the Qatar National Library. This research did not receive
any grants from funding agencies in the public, commercial, or not-for-profit sectors.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Campo, E.; Harris, N.L.; Jaffe, E.S.; Pileri, S.A.; Stein, H.; Thiele, J.; Vardiman, J.W. WHO Classification of Tumours of Haematopoietic

and Lymphoid Tissues; International Agency for Research on Cancer: Lyon, France, 2017; Volume 2.
2. ASCO Cancer. Net [Internet]. Leukemia—Chronic Lymphocytic—CLL: Statistics. 2023. Available online: https:

//www.cancer.net/cancer-types/leukemia-chronic-lymphocytic-cll/statistics#:~:text=In%202023,%20an%20estimated%
2018,740,is%20very%20rare%20in%20children (accessed on 15 May 2023).

3. Patel, K.; Pagel, J.M. Current and future treatment strategies in chronic lymphocytic leukemia. J. Hematol. Oncol. 2021, 14, 69.
[CrossRef]

4. Weide, R.; Feiten, S.; Chakupurakal, G.; Friesenhahn, V.; Kleboth, K.; Köppler, H.; Lutschkin, J.; van Roye, C.; Thomalla, J.;
Heymanns, J. Survival improvement of patients with chronic lymphocytic leukemia (CLL) in routine care 1995–2017. Leuk.
Lymphoma 2019, 61, 557–566. [CrossRef]

5. Lin, S.; Liu, H.; Tan, R.; Zhang, W.; He, C.; Rong, Y.; Huang, Z.; Yu, J.; Wang, Y.; Qi, Y.; et al. Abstract 2531: FCN-683, a novel
second-generation BCL-2 inhibitor, is highly potent, selective and efficacious against clinically relevant venetoclax-resistant
mutations. Am. Assoc. Cancer Res. 2023, 83, 2531. [CrossRef]

https://www.cancer.net/cancer-types/leukemia-chronic-lymphocytic-cll/statistics#:~:text=In%202023,%20an%20estimated%2018,740,is%20very%20rare%20in%20children
https://www.cancer.net/cancer-types/leukemia-chronic-lymphocytic-cll/statistics#:~:text=In%202023,%20an%20estimated%2018,740,is%20very%20rare%20in%20children
https://www.cancer.net/cancer-types/leukemia-chronic-lymphocytic-cll/statistics#:~:text=In%202023,%20an%20estimated%2018,740,is%20very%20rare%20in%20children
https://doi.org/10.1186/s13045-021-01054-w
https://doi.org/10.1080/10428194.2019.1680840
https://doi.org/10.1158/1538-7445.AM2023-2531


Cancers 2024, 16, 2079 14 of 16

6. Howard, S.C.; Trifilio, S.; Gregory, T.K.; Baxter, N.; McBride, A. Tumor lysis syndrome in the era of novel and targeted agents in
patients with hematologic malignancies: A systematic review. Ann. Hematol. 2016, 95, 563–573. [CrossRef]

7. Burger, J.A.; Chiorazzi, N. B cell receptor signaling in chronic lymphocytic leukemia. Trends Immunol. 2013, 34, 592–601. [CrossRef]
8. Von Hundelshausen, P.; Siess, W. Bleeding by Bruton Tyrosine Kinase-Inhibitors: Dependency on Drug Type and Disease. Cancers

2021, 13, 1103. [CrossRef]
9. Shatzel, J.J.; Olson, S.R.; Tao, D.L.; McCarty, O.J.T.; Danilov, A.V.; DeLoughery, T.G. Ibrutinib-associated bleeding: Pathogenesis,

management and risk reduction strategies. J. Thromb. Haemost. 2018, 15, 835–847. [CrossRef]
10. St-Pierre, F.; Ma, S. Use of BTK Inhibitors in Chronic Lymphocytic Leukemia/Small Lymphocytic Lymphoma (CLL/SLL):

A Practical Guidance. Blood Lymphat. Cancer Targets Ther. 2022, 12, 81–98. [CrossRef]
11. Salter, B.; Burns, I.; Fuller, K.; Eshaghpour, A.; Lionel, A.C.; Crowther, M. Tyrosine kinase inhibitors and tumor lysis syndrome in

hematologic malignancies: A systemic review. Eur. J. Haematol. 2022, 109, 166–181. [CrossRef]
12. Antic, D.; Milic, N.; Chatzikonstantinou, T.; Scarfò, L.; Otasevic, V.; Rajovic, N.; Allsup, D.; Cabrero, A.A.; Andres, M.; Gonzales,

M.B.; et al. Thrombotic and bleeding complications in patients with chronic lymphocytic leukemia and severe COVID-19: A study
of ERIC, the European Research Initiative on CLL. J. Hematol. Oncol. 2022, 15, 116. [CrossRef]

13. Sharman, J.P.; Biondo, J.M.L.; Boyer, M.; Fischer, K.; Hallek, M.; Jiang, D.; Kater, A.P.; Lurà, M.P.; Wierda, W.G. A review of
the incidence of tumor lysis syndrome in patients with chronic lymphocytic leukemia treated with venetoclax and debulking
strategies. eJHaem 2022, 3, 492–506. [CrossRef]

14. Yassin, M.A.; Ghasoub, R.S.; Aldapt, M.B.; Abdulla, M.A.; Chandra, P.; Shwaylia, H.M.; Nashwan, A.J.; Kassem, N.A.; Akiki, S.J.
Effects of Intermittent Fasting on Response to Tyrosine Kinase Inhibitors (TKIs) in Patients with Chronic Myeloid Leukemia:
An Outcome of European LeukemiaNet Project. Cancer Control 2021, 28, 10732748211009256. [CrossRef]

15. Varady, K.A.; Cienfuegos, S.; Ezpeleta, M.; Gabel, K. Cardiometabolic Benefits of Intermittent Fasting. Annu. Rev. Nutr. 2021, 41,
333–361. [CrossRef]

16. Gabel, K.; Cares, K.; Varady, K.; Gadi, V.; Tussing-Humphreys, L. Current Evidence and Directions for Intermittent Fasting During
Cancer Chemotherapy. Adv. Nutr. Int. Rev. J. 2022, 13, 667–680. [CrossRef]

17. Clifton, K.K.; Ma, C.X.; Fontana, L.; Peterson, L.L.; Fontana, L.; Peterson, M.L.L. Intermittent fasting in the prevention and
treatment of cancer. CA Cancer J. Clin. 2021, 71, 527–546. [CrossRef]

18. Tiwari, S.; Sapkota, N.; Han, Z. Effect of fasting on cancer: A narrative review of scientific evidence. Cancer Sci. 2022, 113,
3291–3302. [CrossRef]

19. Nista, E.C.; Del Gaudio, A.; Del Vecchio, L.E.; Mezza, T.; Pignataro, G.; Piccioni, A.; Gasbarrini, A.; Franceschi, F.; Candelli, M.
Pancreatic Cancer Resistance to Treatment: The Role of Microbiota. Biomedicines 2023, 11, 157. [CrossRef]

20. Zhang, X.; Han, Y.; Huang, W.; Jin, M.; Gao, Z. The influence of the gut microbiota on the bioavailability of oral drugs. Acta Pharm.
Sin. B 2021, 11, 1789–1812. [CrossRef]

21. Faitová, T.; Svanberg, R.; Da Cunha-Bang, C.; Ilett, E.E.; Jørgensen, M.; Noguera-Julian, M.; Paredes, R.; MacPherson, C.R.;
Niemann, C.U. The gut microbiome in patients with chronic lymphocytic leukemia. Haematologica 2022, 107, 2238–2243. [CrossRef]

22. Leiper, J.B.; Molla, A.M.; Molla, A.M. Effects on health of fluid restriction during fasting in Ramadan. Eur. J. Clin. Nutr. 2003, 57,
S30–S38. [CrossRef]

23. Gupta, A.; Moore, J.A. Tumor Lysis Syndrome. JAMA Oncol. 2018, 4, 895. [CrossRef]
24. Iraki, L.; Abkari, A.; Vallot, T.; Amrani, N.; Khlifa, R.H.; Jellouli, K.; Hakkou, F. Effect of Ramadan fasting on intragastric pH

recorded during 24 hours in healthy subjects. Gastroenterol. Clin. Biol. 1997, 21, 813–819.
25. Özkan, S.; Durukan, P.; Akdur, O.; Vardar, A.; Torun, E.; Ikizceli, I. Does Ramadan Fasting Increase Acute Upper Gastrointestinal

Haemorrhage? J. Int. Med. Res. 2009, 37, 1988–1993. [CrossRef]
26. Templeman, I.; Smith, H.A.; Chowdhury, E.; Chen, Y.-C.; Carroll, H.; Johnson-Bonson, D.; Hengist, A.; Smith, R.; Creighton,

J.; Clayton, D.; et al. A randomized controlled trial to isolate the effects of fasting and energy restriction on weight loss and
metabolic health in lean adults. Sci. Transl. Med. 2021, 13, eabd8034. [CrossRef]

27. Mandal, S.; Simmons, N.; Awan, S.; Chamari, K.; Ahmed, I. Intermittent fasting: Eating by the clock for health and exercise
performance. BMJ Open Sport Exerc. Med. 2022, 8, e001206. [CrossRef]

28. Burger, J.A. Bruton Tyrosine Kinase Inhibitors. Cancer J. 2019, 25, 386–393. [CrossRef]
29. Singh, S.P.; Dammeijer, F.; Hendriks, R.W. Role of Bruton’s tyrosine kinase in B cells and malignancies. Mol. Cancer 2018, 17, 57.

[CrossRef]
30. Ahn, I.E.; Brown, J.R. Targeting Bruton’s Tyrosine Kinase in CLL. Front. Immunol. 2021, 12, 687458. [CrossRef]
31. Mihalyova, J.; Jelinek, T.; Growkova, K.; Hrdinka, M.; Simicek, M.; Hajek, R. Venetoclax: A new wave in hematooncology. Exp.

Hematol. 2018, 61, 10–25. [CrossRef]
32. Annemans, L.; Moeremans, K.; Lamotte, M.; Conde, J.G.; Berg, H.v.D.; Myint, H.; Pieters, R.; Uyttebroeck, A. Incidence, medical

resource utilisation and costs of hyperuricemia and Tumour lysis syndrome in patients with acute Leukaemia and non-hodgkin’s
lymphoma in four European countries. Leuk. Lymphoma 2003, 44, 77–83. [CrossRef]

33. US Department of Health and Human Services. Common Terminology Criteria for Adverse Events (CTCAE) Version 5.0.
Available online: https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7
.pdf (accessed on 15 May 2023).

https://doi.org/10.1007/s00277-015-2585-7
https://doi.org/10.1016/j.it.2013.07.002
https://doi.org/10.3390/cancers13051103
https://doi.org/10.1111/jth.13651
https://doi.org/10.2147/BLCTT.S326627
https://doi.org/10.1111/ejh.13786
https://doi.org/10.1186/s13045-022-01333-0
https://doi.org/10.1002/jha2.427
https://doi.org/10.1177/10732748211009256
https://doi.org/10.1146/annurev-nutr-052020-041327
https://doi.org/10.1093/advances/nmab132
https://doi.org/10.3322/caac.21694
https://doi.org/10.1111/cas.15492
https://doi.org/10.3390/biomedicines11010157
https://doi.org/10.1016/j.apsb.2020.09.013
https://doi.org/10.3324/haematol.2021.280455
https://doi.org/10.1038/sj.ejcn.1601899
https://doi.org/10.1001/jamaoncol.2018.0613
https://doi.org/10.1177/147323000903700637
https://doi.org/10.1126/scitranslmed.abd8034
https://doi.org/10.1136/bmjsem-2021-001206
https://doi.org/10.1097/PPO.0000000000000412
https://doi.org/10.1186/s12943-018-0779-z
https://doi.org/10.3389/fimmu.2021.687458
https://doi.org/10.1016/j.exphem.2018.02.002
https://doi.org/10.1080/1042819021000054661
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf


Cancers 2024, 16, 2079 15 of 16

34. Pession, A.; Masetti, R.; Gaidano, G.; Tosi, P.; Rosti, G.; Aglietta, M.; Specchia, G.; Porta, F.; Pane, F. Risk evaluation, prophylaxis,
and treatment of tumor lysis syndrome: Consensus of an Italian expert panel. Adv. Ther. 2011, 28, 684–697. [CrossRef]

35. Cairo, M.S.; Coiffier, B.; Reiter, A.; Younes, A. Recommendations for the evaluation of risk and prophylaxis of tumour lysis
syndrome (TLS) in adults and children with malignant diseases: An expert TLS panel consensus. Br. J. Haematol. 2010, 149,
578–586. [CrossRef]

36. Cheson, B.D.; Enschede, S.H.; Cerri, E.; Desai, M.; Potluri, J.; Lamanna, N.; Tam, C. Tumor Lysis Syndrome in Chronic Lymphocytic
Leukemia with Novel Targeted Agents. Oncologist 2017, 22, 1283–1291. [CrossRef]

37. Roberts, A.W.; Davids, M.S.; Pagel, J.M.; Kahl, B.S.; Puvvada, S.D.; Gerecitano, J.F.; Kipps, T.J.; Anderson, M.A.; Brown, J.R.;
Gressick, L.; et al. Targeting BCL2 with Venetoclax in Relapsed Chronic Lymphocytic Leukemia. N. Engl. J. Med. 2015, 374,
311–322. [CrossRef]

38. Fischer, K.; Al-Sawaf, O.; Hallek, M. Preventing and monitoring for tumor lysis syndrome and other toxicities of venetoclax
during treatment of chronic lymphocytic leukemia. Hematol. Educ. Program Am. Soc. Hematol. 2020, 2020, 357–362. [CrossRef]

39. Sarno, J. Prevention and Management of Tumor Lysis Syndrome in Adults with Malignancy. J. Adv. Pract. Oncol. 2013, 4, 101–106.
40. Jones, G.L.; Will, A.; Jackson, G.H.; Webb, N.J.A.; Rule, S.; British Committee for Standards in Haematology. Guidelines for

the management of tumour lysis syndrome in adults and children with haematological malignancies on behalf of the British
Committee for Standards in Haematology. Br. J. Haematol. 2013, 169, 661–671. [CrossRef]

41. Roeker, L.E.; Fox, C.P.; Eyre, T.A.; Brander, D.M.; Allan, J.N.; Schuster, S.J.; Nabhan, C.; Hill, B.T.; Shah, N.N.; Lansigan, F.; et al.
Tumor Lysis, Adverse Events, and Dose Adjustments in 297 Venetoclax-Treated CLL Patients in Routine Clinical Practice. Clin.
Cancer Res. 2019, 25, 4264–4270. [CrossRef]

42. Ozturk, E.; Ozunal, I.E. A Rare Side Effect of Ibrutinib: Tumor Lysis Syndrome. Medeni. Med. J. 2021, 36, 176.
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