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Abstract: Background: This review aims to provide an overview of the potential impact of fasting and
diet on cancer, and in particular, on chronic lymphocytic leukemia (CLL), which is the most frequent
form of leukemia in the Western world. Methods: Experimental and clinical studies have provided
evidence of the crucial role of fasting in enhancing cancer treatment and improving outcomes for
oncological patients, particularly at the early stages of the disease. Results: Emerging evidence
highlights that fasting creates a differential stress response under critical conditions by fostering
the survival of normal cells while limiting the survival and growth of cancer cells. Pivotal studies
on CLL have highlighted the potential of fasting and dietary components to influence the stromal
microenvironment and certain metabolic pathways, thereby affecting cancer cell apoptosis and
immune response. In addition, explorative and initial clinical studies suggest that fasting and specific
diets can mitigate the toxicity of chemotherapy. Conclusions: Clinical trials are needed to evaluate
the efficacy and safety of nutritional and fasting approaches in cancer and CLL. Future investigations
could provide new insights into the potential role of diet and fasting in the prevention and treatment
of cancer, potentially leading to more effective and personalized therapeutic strategies.
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1. Introduction

Fasting has gained significant popularity in recent years due to its potential health
benefits across various physiological systems and its promising role in enhancing the
effectiveness of cancer treatments [1,2]. Fasting can indeed be categorized into different
types, with the most common prolonged fasting periods and intermittent fasting (IF).
Prolonged fasting lasts more than 24 h, whereas intermittent fasting is characterized by
an alternation between fasting and eating lasting no more than 24 h [3,4]. Fasting plays
beneficial roles mainly on obesity and diabetes, the cardiovascular system, the renin-
angiotensin system, the immune system, and the nervous system [1,2]. In addition, the
fasting-mimicking diet (FMD) is a dietary intervention that replicates the physiological
effects of fasting while allowing limited food intake. This diet typically involves a reduced
calorie intake over a specific period, ranging from 3 to 7 days, and aims to induce the same
metabolic and cellular responses as prolonged fasting without the need for complete food
abstinence. FMD has shown promise in cancer treatment by protecting normal cells from
chemotherapy toxicity and enhancing the sensitivity of cancer cells to treatment [5-7].

In recent years, several studies have provided evidence to demonstrate that intermit-
tent fasting plays a crucial role in promoting beneficial effects in cancer treatment and
increasing positive outcomes in oncological patients [2]. Li Sucholeiki et al. investigated the
clinical and biological impact of IF in patients with cancer. Some promising clinical studies
have highlighted that IF may reduce gastrointestinal toxicities in some cancer patients
undergoing treatment, potentially improving their overall quality of life [8-10]. IF may
also help manage blood sugar levels, reducing hyperglycemia in oncological patients [8].
In addition, IF improves the efficacy and safety of therapies by decreasing off-target DNA
damage and inducing favorable cellular-level immune remodeling [11,12]. To evaluate
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the potential benefits of intermittent fasting as an adjunct intervention in cancer care,
larger controlled studies are indeed necessary. These studies should focus on several key
endpoints and broader aspects to determine the effectiveness and overall impact of IF
in terms of long-term survival rate, immune function, metabolic rate, and quality of life.
Tiwari et al. demonstrated that prolonged fasting in certain patients with cancer is safe and
limits adverse events as well as the survival and growth of cancer cells [13]. The authors
suggested that combining prolonged periodic fasting with standard conventional thera-
peutic approaches is an emerging strategy aimed at enhancing cancer treatment efficacy,
promoting cancer-free survival, and reducing side effects.

2. Fasting, Diet and Metabolism in Cancer

A very recent study conducted by Xiao et al. showed the potential applications of
various types of diets as adjunct therapies in the management of certain diseases and
cancers [14]. Changes in diet composition influence not only the availability of nutrients
within cancer cells, but also the surrounding microenvironment, thus offering potential op-
portunities to inhibit tumor growth. Fasting can cause several metabolic changes, including
alterations in the systemic levels of hormones and growth factors such as insulin, glucagon,
growth hormone, IGF-1 (insulin-like growth factor 1), glucocorticoids, or adrenaline [14,15].
In response to these changes, normal cells activate protective mechanisms against stress
and toxic substances, thereby reducing their metabolic demands and cell division rate. On
the other hand, since fasting reduces nutrients and factors that promote tumor growth,
cancer cells struggle to cope with the deprivation of metabolites and thus develop increased
sensitivity to anti-tumor therapies [14,16]. Interestingly, cancer cells utilize glucose as
their main source of energy. The Warburg effect is a metabolic phenomenon observed in
cancer cells where they preferentially produce energy (ATP) through glycolysis, even in
the presence of sufficient oxygen (aerobic conditions) [17]. This is in contrast to normal
cells, which typically generate energy through oxidative phosphorylation (OXPHOS) in the
mitochondria under aerobic conditions. Fasting can also cause an “anti-Warburg effect”
by reducing aerobic glycolysis and glutaminolysis while increasing OXPHOS uncoupled
from ATP synthesis. In cancer cells, the increase in OXPHOS boosts reactive oxygen species
(ROS) production, leading to oxidative stress, activation of p53 signaling, and DNA damage,
especially when combined with chemotherapy or other anti-tumor therapies [14].

Diet can also influence the gut microbiome with a potential anti-tumor effect during
treatments in cancer patients. The gut microbiome includes the genetic composition of all
species present in the gut, such as bacteria, viruses, yeasts, protozoa, fungi, and archaea. It
can be influenced by various endogenous and exogenous factors.

The composition of the gut microbiota can impact the health status of certain patients
with oncological diseases, as its interactions with the host’s immune system can affect
tumor development and carcinogenesis [14].

Deligiorgi et al. suggested that in response to nutrient restriction, healthy cells often
enter a “maintenance mode” to adapt to the reduced availability of resources. This condition
is characterized by the activation of catabolic processes and repair mechanisms to preserve
genome and proteome integrity, prioritizing these functions over cell proliferation and
growth [16].

Tumor cells are deprived of this shield (differential stress resistance), thus they become
vulnerable to fasting or the combination of fasting with chemotherapy (differential stress
sensitization). Supporting the hypothesis of differential stress resistance, it has been shown
that fasting combined with chemotherapy protects normal cells but not tumor cells from
chemotherapy toxicity [16]. The differential protective effect of fasting against chemother-
apy can be attributed to various biological mechanisms, including the fasting-induced
reduction in IGF-1 and glucose levels. The reduction in the levels of IGF-1 probably leads to
the downregulation of downstream effectors such as the Ras/MAPK and PI3K/ Akt path-
ways in normal cells. However, cancer cells, due to oncogene-driven constitutive activation
of these pathways, do not experience the same protective effects. The authors suggest that
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prescribing fasting as anticancer medicine may not be a long way ahead, provided that
large randomized clinical trials consolidate its efficacy, safety, and feasibility [16].

Recent studies have explored the relationship between fasting, dietary patterns, and
the development of solid tumors, particularly breast and colorectal cancers. Although these
findings may not directly apply to CLL, they provide valuable insights that could guide
future research in CLL.

Breast cancer (BC) has been linked to inflammatory, insulin, and estrogenic pathways.
Greater adherence to an anti-diabetic and anti-inflammatory diet before diagnosis is associ-
ated with lower overall mortality in BC survivors. Long-term commitment to these dietary
patterns may improve the prognosis and outcomes for BC survivors [18].

There is increasing interest in the role of diet and physical activity in preventing
and treating BC. Evidence suggests that the Mediterranean diet (MedDiet) and regular
physical activity can reduce BC risk and, for those already diagnosed, may lower the
chances of tumor recurrence and improve quality of life. Additionally, dietary interventions
like fasting, calorie restriction, ketogenic diets, and plant-based diets show potential in
enhancing BC therapy outcomes [19].

Interestingly, Boden et al. examined both data-driven and hypothesis-driven dietary
patterns to explore their relationship with plasma metabolite profiles and colorectal cancer
(CRC) risk in 680 CRC cases and matched controls. Dietary patterns were identified
using exploratory/confirmatory factor analysis. The study found that the associations
between certain dietary patterns such as meat, fast-food, and fruit soup/rice and CRC
risk varied based on tumor location in women. Alcohol and fruit/vegetable intake were
linked to specific metabolite profiles. In addition, one alcohol-related metabolite was
associated with increased CRC risk, while three metabolites related to fiber, whole grains,
and fruit/vegetables were linked to decreased CRC risk [20].

3. Fasting in Hematology

About 15,000 studies regarding fasting have been published, focusing primarily on
its potential impact on oncologic cancers. On the other hand, there is less scientific evi-
dence on the effects of fasting and dietary interventions in hematological malignancies
such as leukemias and lymphomas. Studies in the hematological field are still limited
and require further research to understand the therapeutic potential of dietary modifi-
cations. As mentioned before, fasting in the context of solid tumors has demonstrated
potential benefits in altering the metabolic environment, affecting cancer cell viability and
enhancing treatment efficacy [1,2,13]. Similar principles can be applied to hematologic
disorders, where fasting may also influence the metabolic environment and impact cancer
cell behavior. In this regard, Di Biase et al. suggested that immune-based interventions,
or immunotherapies, represent a promising strategy for achieving long-term cancer-free
survival. These therapies harness and enhance the body’s immune system to recognize
and eradicate cancer cells. The combination of chemotherapy and a fasting-mimicking
diet appeared to protect normal cells, including hematopoietic stem and immune cells,
from the toxic side-effects of chemotherapy, and simultaneously sensitized tumor cells
to the treatment. In particular, the combination of chemotherapy and FMD increases the
levels of common lymphoid progenitor cells (CLPs) in the bone marrow. These progenitor
cells are crucial for the development of lymphocytes, including T cells and B cells, which
play vital roles in immune responses against tumors. FMD combined with chemotherapy
significantly boosts the levels of CD8+ tumor-infiltrating lymphocytes (TILs) within tumor
tissues. These cytotoxic T cells are essential for the targeted killing of cancer cells, contribut-
ing to improving anti-tumor immunity. Thus, the generation of more lymphoid progenitor
cells can develop into various immune cells, which are essential for mounting effective
anti-tumor responses [21].
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4. Chronic Lymphocytic Leukemia (CLL)

Within hematological disorders, chronic lymphocytic leukemia (CLL) is indeed the
most frequent form of leukemia in the western world [22]. According to statistics from the
Surveillance, Epidemiology, and End Results (SEER) database, it is estimated that approxi-
mately 4.9 new cases of CLL per 100,000 individuals occur annually in the United States
and Europe [23]. The median age at diagnosis is around 70 years, although a significant
percentage of patients (around 10%) are diagnosed with CLL before the age of 45 [23,24]. In
Europe, the annual incidence rate is 5.87 cases per 100,000 male individuals, while among
female individuals, the rate is approximately 4 cases per 100,000 individuals [25]. CLL is
characterized by the gradual accumulation of immature lymphocytes in the blood, bone
marrow, lymph nodes, and spleen [23]. In most cases, CLL diagnosis is established in
the absence of clinically evident symptoms, typically through complete blood count tests
conducted as part of routine analyses. A distinctive hematological feature of CLL is a
significant increase in absolute lymphocyte count (lymphocytosis) in peripheral blood, with
average values ranging from 35 to 50 x 10° /L. Indeed, the diagnosis of CLL requires the
presence of >5 x 10° B lymphocytes in the peripheral blood for at least 3 months. CLL cells
are characteristically mature lymphocytes [26]. There are two staging systems to determine
the progression status of CLL: Rai and Binet methods. These are established through a
simple physical examination and blood count, based on the presence of lymphadenopathy,
splenomegaly, anemia, and thrombocytopenia [27,28]. Flow cytometry of peripheral blood
is the diagnostic test of choice to confirm the presence of circulating clonal B lymphocytes
expressing CD5*, CD19%, CD20*, and CD23" antigen expression [23,29]. Subsequently, a
physical examination and computerized tomography scan can reveal lymphadenopathy,
splenomegaly, and hepatomegaly.

Most patients diagnosed with CLL do not require immediate treatment and are placed
on active observation with regular monitoring every 3-6 months. Treatment begins when
specific criteria are met, as established by the International Workshop on Chronic Lympho-
cytic Leukemia (iwCLL) [26]. In the early stages of CLL, most patients are asymptomatic. As
the disease progresses, they may experience B symptoms such as fever, night sweats, weight
loss, and worsening fatigue. Common reasons for initiating therapy include progressive
marrow failure (hemoglobin < 10 mg/dL and platelet count < 100 x 10° /L), large or symp-
tomatic lymphadenopathy or splenomegaly, significant symptoms impacting quality of
life, symptomatic extranodal involvement, and autoimmune anemia or thrombocytopenia
unresponsive to steroids [26].

Patients with CLL may develop autoimmune complications, such as autoimmune
hemolytic anemia and immune thrombocytopenia. Regular, age-appropriate cancer screen-
ing is advised for all CLL patients [30].

In early-stage CLL, several prognostic factors can help predict the progression of the
disease and guide treatment decisions. While early-stage CLL (Rai stage 0 or Binet stage
A) often requires a “watch and wait” approach, these factors are essential in determining
which patients may develop more aggressive forms of the disease [31].

Beta-2 Microglobulin (B2M) is a protein that plays a significant role as a prognostic
marker in CLL. High levels of B2M are associated with a poor prognosis as shown in
Figure 1. Patients with more aggressive disease (Rai stage III/IV or Binet stage B/C) tend
to have higher B2M levels [32]. Elevated B2M is linked with faster disease progression and
a greater likelihood of requiring earlier treatment. B2M is often used as part of a broader
set of prognostic markers (e.g., IGHV mutation status, cytogenetic abnormalities, CD38,
and ZAP-70) to stratify patients by risk.

Based on the gene of the variable region of the heavy chain of immunoglobulin
(IGHV), patients with CLL can be clinically divided into two distinct groups (Figure 1).
The unmutated IGHV (UM-IGHV) usually presents with a more aggressive form of CLL,
characterized by faster disease progression and a higher likelihood of requiring earlier
treatment. Patients with UM-IGHYV tend to respond less favorably to standard therapies
and may need closer monitoring. In contrast, the mutated IGHV (MT-IGHV) tend to
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have a more favorable prognosis [33]. Their disease typically progresses more slowly,
and they often remain stable for longer periods without requiring treatment. As a result,
MT-IGHYV patients usually benefit from a “watch and wait” approach, with a lower risk of
early intervention.

CLL Risk Assessment:
Rai and Binet staging
Beta 2-Microglobulin lewvels (B2
IGHV mutational status
ZAP-70levels
CD38 lewvels

FISH: del(13q14.3), del(11¢23),
del(17p13)

TP53 mutational status

A

FISH: del(134q14.3)
TPS3 wild-type

Favourable prognosis: Unfavourable prognosis:
Rai 0 orBinet & Rai Il /TV orBinetB/C
B2MLow lewels B2MHighlewels
Mutated IGHV (MT-IGHV) Unmutated IGHV (UM-IGHV)
ZAP-70 Lowlevels ZAP-70Highlewvels
CD38 Lowlevels CD38 Highlevels

FISH: del(11423), del(17p13)

TP53 mutated

Figure 1. Risk assessment in CLL patients at diagnosis.

ZAP-70 (zeta-chain-associated protein kinase 70) is an important prognostic marker in
early-stage CLL (Figure 1). Its expression can provide insights into the disease’s aggressive-
ness and help guide management, even in patients at an early stage.

High levels of ZAP-70 expression in CLL cells are associated with a more aggressive
disease course. Patients with elevated ZAP-70 tend to have a faster disease progression,
shorter time to treatment, and an overall poorer prognosis compared to those with low
ZAP-70 expression. ZAP-70 expression is strongly correlated with UM-IGHYV status, which
is itself a marker of poor prognosis. Patients with high ZAP-70 levels are often found
to have UM-IGHYV, indicating a more aggressive form of CLL. Conversely, low ZAP-70
expression is more common in patients with MT-IGHV, which is associated with a more
favorable prognosis [34].

CD38 is another important prognostic marker in early-stage CLL, similar to ZAP-70
(Figure 1). Higher levels of CD38 expression on the surface of CLL cells are associated
with more aggressive disease. Similar to ZAP-70, high CD38 expression is often correlated
with UM-IGHV, which is a marker of more aggressive CLL. This means patients with high
CD38 levels tend to have more rapidly progressing disease, whereas low CD38 expression
is more frequently seen in patients with MT-IGHV, indicating a more indolent disease
course [34,35].

A complex karyotype, defined as having three or more chromosomal abnormalities,
is indeed associated with a poor prognosis in CLL. This is due to the increased genomic
instability, which can lead to more rapid disease progression, higher rates of treatment
resistance, and shorter overall survival [36].
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In CLL, there are four common chromosomal abnormalities present in approximately
80% of patients as follows: del(13q14.3) found in 55% of patients with a favorable prognosis,
especially if not associated with other aberrations, trisomy 12 present in 10-20% of cases
with intermediate risk when occurring alone, del(11g23) found in 18% of patients with unfa-
vorable prognosis. In addition, del(17p13) is associated with high risk in fewer than 10% of
patients at the time of diagnosis. Deletions or mutations of the TP53 gene, which is crucial
for DNA repair and apoptosis, provide valuable insights into disease progression and have
a significant influence on clinical decision-making as illustrated in Figure 1 [23,25,28,29].
The presence of TP53 abnormalities is associated with a more aggressive disease course,
poor response to standard chemotherapy, and shorter overall survival. As a result, these
genetic changes influence both prognostic and therapeutic evaluations, guiding clinicians
toward alternative treatment strategies, such as targeted therapies (e.g., BIK inhibitors or
BCL-2 inhibitors), which may be more effective in patients with TP53 abnormalities [37,38].

In addition to TP53 mutations, other gene mutations with prognostic significance
in CLL include ATM, NOTCH]1, SF3B1, and BIRC3. These mutations occur in 4-15% of
newly diagnosed CLL patients, rising to 15-25% in fludarabine-refractory cases. ATM,
SF3B1, and NOTCHI mutations predict shorter time to first treatment (TTFT), independent
of IGHV mutation status. TP53 and NOTCH1 mutations, along with IGHV unmutated
status, predict shorter overall survival (OS). An integrated prognostic model classifies CLL
patients into four risk groups based on genetic abnormalities: (1) high-risk: TP53 and/or
BIRC3 abnormalities; (2) intermediate-risk: NOTCHI1 and/or SF3B1 mutations, and/or
del(11q); (3) low-risk: trisomy 12, wild-type genes; and (4) very low-risk: del(13q) only
(National Comprehensive Cancer Network (NCNN) Guidelines 1.2025).

Several studies identified biological pathways associated with common mutations in
CLL. Molecular mechanisms are responsible for genomic alterations and disruptions in the
cell cycle (TP53, ATM, and POT1), chromatin alterations (HIST1H1E, HIST1H1B, CHD2,
ZMYM3,BAZ2A, ASXL1,SYNE1, ARID1, KMT2D, and SETD?2), as well as mRNA variations
and ribosomal processes (SF3B1, XPO1, RPS15, DOX3X, ZNF292, MED12, CNOT3, U1,
FUBP1, DDX3X, and NXF1) [25,39]. Certain pathways play a crucial role in CLL: the
WNT signaling pathway associated with the MYC oncogene (MGA and PTPN11), the
Notch signaling pathway (NOTCHI and FBXW?), and the inflammatory cascade (MYD88,
NFKBIE, BIRC3, TRAF3, and SAMHD1) [25,39]. Additionally, mutations in B-cell receptor
(BCR) signaling pathway (EGR2, PAX5, BCOR, IRF4, and IKZF3), genetic variants in the
MAPK-ERK pathway involving PI'PN11, BRAF, KRAS, MAP2K1, and NRAS are common
in CLL [25,39,40].

Studies on gene expression profiling deepened the understanding of the pathophysiol-
ogy of leukemic cells and provided valuable insights into the biomolecular mechanisms
that regulate the growth and survival of tumor cells, as well as predicting early progression
in CLL patients [41].

Several studies have shown the potential role of miRNAs as molecules playing a
crucial role in the prognosis of different cancers, including CLL, and their epigenetic
alterations can predict disease progression and response to treatment.

CLL showed a notable discrepancy in incidence between Asian and Western popula-
tions, suggesting the importance of genetic alterations in its pathogenesis [42]. A recent
study identified potential mediators of certain differences in microRNAs (miRNAs) by
microarray analysis among B lymphocytes from Asian CLL patients, Western CLL patients
and healthy individuals. In particular, miR-4485 acted through the suppression of the TGR5
receptor (G-protein coupled bile acid receptor 1), which plays a crucial role in regulating
metabolism and tumor suppression. Interestingly, miR-4485 was significantly overex-
pressed in tumor cells of Asian and Western patients compared to normal lymphocytes in
their respective populations.

On the contrary, miR-138, miR-181a, miR-181c, miR-181d, and miR-363 appeared to
promote tumor-suppressive functions [42]. These findings indicated miRNAs as potential
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therapeutic targets for developing personalized treatment strategies based on genetic
differences between Asian and Western populations [42,43].

Trojani et al. conducted a microarray study on 112 CLL patients divided into two
groups based on the mutational status of IGHV and the expression of ZAP-70. The compar-
ison between the two groups (MTZAP70- and UMZAP70+) highlighted significant gene
expression alterations in various enzymes involved in lipid metabolism, such as CHPT1,
ARSD, LPL, AGPAT2, MBOAT1, AGPAT4, PLD1, and APP [44]. Some authors confirmed
the crucial role of LPL and ZAP-70 in CLL, as previously described [45,46]. Indeed, LPL
expression showed a strong correlation with IGHV mutational status and overall survival,
underscoring the importance of LPL as a prognostic marker in CLL [45].

Novel targeted agents in CLL have significantly advanced treatment by focusing on
specific pathways involved in the disease. Ibrutinib is the first Bruton tyrosine kinase
inhibitor (BTKi) approved for CLL which inhibits B-cell receptor signaling, a key driver
of CLL cell survival. Acalabrutinib and Zanubrutinib are newer-generation BTKis with
improved safety profiles and reduced side effects compared to Ibrutinib. Venetoclax targets
BCL-2, a protein that prevents cancer cells from undergoing apoptosis. Venetoclax is
often combined with anti-CD20 antibodies like Obinutuzumab for time-limited treatment
regimens. Idelalisib and Duvelisib block the PI3K pathway, which plays a role in CLL
cell growth and survival. They are typically used in patients who are refractory to other
therapies or have relapsed. Rituximab, Obinutuzumab, and Ofatumumab target CD20
on the surface of B cells, marking them for destruction by the immune system. They are
often used in combination with other agents like Venetoclax to enhance efficacy while
maintaining manageable safety profiles [47].

5. Diet and Fasting in CLL

Nutritional experts from the World Cancer Research Fund concluded that there is
currently no convincing epidemiological evidence that fruits and vegetables play a role in
cancer etiology with the exception of colorectal cancer and fiber intake [48]. Vitamin C, also
known as ascorbic acid, is an essential nutrient found in various fruits and vegetables.

Darwiche et al. conducted an in vitro study examining the effects of 250 pM of
ascorbic acid (AA), an orally achievable dose, on primary CLL B-cells and two CLL cell
lines, focusing on cell death and the underlying mechanisms involved. The authors
noticed the cytotoxic effects of AA from the pro-oxidant damage due to the production of
reactive oxygen species in both the extracellular media and CLL cells, leading to caspase-
dependent apoptosis. Additionally, AA was shown to enhance the cytotoxicity of targeted
therapies for CLL. These preclinical findings suggest that ascorbic acid could serve as an
effective adjuvant therapy, potentially enhancing CLL treatments when used in combination
with targeted therapies [49]. Further clinical trials are crucial to fully understand the
potential benefits and risks of high-dose vitamin C as a complementary treatment for
cancer patients [50]. In this regard, Casabonne et al. conducted research on the role of
certain genetic variants in the vitamin C transporter gene (SLC23A2) and its interaction
with fruit intake in patients with CLL. The authors demonstrated that both environmental
and genetic factors affect CLL independently. The association between the genetic variants
SLC23A2 and CLL need to be investigated in larger prospective studies with nutritional
information including SLC23A1 expression, as well as tissue and circulating (blood and
urine) levels of ascorbic acid [51].

Vitamin D is a vital nutrient involved in many biochemical processes and plays a
significant role in various diseases. It is essential for cancer prevention and serves as a
complementary treatment for cancer through both direct and indirect biochemical pathways.
Sobhi et al. highlighted that while vitamin D is thought to have a positive impact on breast,
colorectal, hepatocellular cancers, and leukemia, the relationship between vitamin D and
prostate cancer, as well as melanoma, remains inconclusive. Current research is insufficient
for drawing definitive conclusions, and further targeted studies are needed to clarify how
vitamin D affects cancer cells [52].
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Vitamin D has been investigated in relation to CLL, and certain studies suggest
that it could play a role in disease progression and treatment outcomes [53-55]. Tadmor
et al. suggested that low levels of vitamin D are associated with a shorter TTFT and
inferior overall survival in patients with CLL. Indeed, the authors demonstrated that the
administration of vitamin D to patients with CLL in a watch and wait active surveillance
is significantly associated with a longer treatment free survival, and a longer time to first
treatment among young patients (age < 65) [56].

In addition, Vitamin D deficiency has been associated with worse outcomes in various
hematological malignancies, including diffuse large B cell lymphoma (DLBCL) [57]. Lower
vitamin D levels may impact immune function and the body’s ability to respond effectively
to cancer. There is a growing body of research exploring the relationship between vitamin
D levels and sarcopenia (loss of muscle mass and strength), particularly as vitamin D
plays a critical role in muscle health and function [58]. The study by Nakamura et al.
highlighted that the combination of low vitamin D levels and a low skeletal muscle index
(SMI) correlates with a worse prognosis in DLBCL patients, providing valuable insights for
patient management [57].

An intriguing clinical trial was conducted by Rojas et al. who explored the effects
of consuming OC/OL-EVOO, which is composed of extra virgin olive oil (EVOO) rich
in bioactive compounds such as oleocanthal (OC) and oleacein (OL), on early-stage CLL
patients. The authors observed increased levels of the apoptotic markers ccK18 and Apol-
Fas and the cell cycle negative regulator p21, while decreased levels of the antiapoptotic
protein Survivin and the cellular proliferation marker Cyclin D were noticed.

Specifically, they demonstrated that oral administration of a daily dose of 25 mg of OC
and OL through the consumption of 40 mL of EVOO, could be beneficial for CLL patients.
The study provided evidence that this regimen could induce apoptosis in cancer cells and
improve the metabolism of these patients. Further investigations are indeed necessary to
fully understand the effects of oleocanthal and/or oleacein to increase life expectancy and
stabilize neoplastic blood diseases like CLL [59].

In CLL, the non-hematopoietic stromal microenvironment plays a critical role in
promoting tumor cell recruitment, activation, survival, and expansion.

The interaction between dietary components and stromal cells is indeed a critical
factor in modulating various biological processes, including the conversion of precursors
into active retinoic acid (RA). This interaction can have profound implications for CLL
progression, and can significantly influence the effectiveness of dietary interventions aimed
at managing this disease. In this regard, Farinello et al. uncovered significant insights
into the role of the non-hematopoietic stromal microenvironment in CLL. Leukemic B
lymphocytes induced the activation of RA signaling within the stromal microenvironment.
RA signaling in stromal cells regulates genes involved in cell adhesion, tissue organization,
and chemokine secretion, including the B-cell chemokine CXCL13. The inhibition of RA
signaling in stromal cells, either through dietary reduction in retinoic acid precursors or
retinoid-antagonist therapy, disrupts the supportive microenvironment. This inhibition
results in the deregulation of critical genes, thereby preventing leukemia cell dissemination
into lymphoid tissues and prolonging survival. Leukemia cells express higher levels of
retinoic acid receptors, specifically Rary2 in murine leukemia cells and RXRa in human
leukemia cells compared to normal B cells, respectively. This study highlighted the role of
retinoids in murine CLL pathogenesis, and provided new therapeutic strategies to target
the microenvironment and to control disease progression [60].

Alterations in fatty acid (FA) metabolism can affect CLL cells in several ways, including
providing energy, supporting cell membrane synthesis, and influencing certain signaling
pathways which are crucial for cell survival and proliferation. FA metabolism is known to
contribute to tumorigenesis, progression, and therapy resistance through enhanced lipid
synthesis, storage, and catabolism. In this regard, Pan et al. aimed to construct a prognostic
model to improve risk stratification in CLL and explore the link between FA metabolism
and CLL. The study successfully established a reliable predictive signature based on FA
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metabolism-related genes and constructed a novel nomogram prognostic model. These
findings support the potential preclinical implications of FA metabolism in CLL research,
offering new avenues for risk stratification and targeted therapies in CLL [61]. Table 1
summarized the possible dietary intervention for the management of CLL.

Table 1. Dietary interventions in management of CLL.

Dietary Supplements Effects Authors
Vitamin C Induction of apoptotic death in B-cells of CLL Darwiche et al., 2020 [49]
Vitamin C Potential benefits and risk of high-dose V1tam1n Cas Abiri et al., 2021 [50]
complementary treatment for cancer patients
o Role of certain genetic variants in the vitamin C
Vitamin C transporter gene (SLC23A2) Casabonne et al., 2017 [51]
Vitamin D The calc1t'r01 / V1tam}n D Beceptor systgm regulates key Gerousi et al., 2021 [54]
immuno signaling pathways in CLL

Vitamin D Vitamin D supplementation in patient with CLL Kubeczko et al., 2016 [55]
Vitamin D Longer treatment free survival and longer time to first Tadmore et al., 2024 [56]

treatment in young patient age (<65)

Extra virgin olive oil (EVOO)

Increase of apoptotic markers ccK18, Apo-Fas and p21,

decrease of antiapoptotic protein Survivin Rojas etal,, 2022 [59]

Epigallocatechin-3-gallate (EGCG)

White blood cells decrease and stabilization of cells count Haskin et al., 2018 [62]

Meriva-500 (curcumin phytostome)

White blood cells decrease and stabilization of cells count Haskin et al., 2018 [62]

Vitamin B-12

White blood cells decrease and stabilization of cells count Plooij et al., 2020 [63]

6. Case Reports in CLL

In this review, we aim to include three case reports suggesting the potential impact of
diet on patients with CLL. The first case study involved a 56-year-old woman diagnosed
with CLL at Rai stage 2 and Binet stage A, who successfully managed CLL for over 15 years
without conventional chemotherapy [62]. The patient’s white blood cells (WBC) count
reached 175.3 x 103/pL at diagnosis. The patient began a physician-assisted regimen of
alternative dietary supplements that included omega-3, EGCG (epigallocatechin-3-gallate
green tea extract), meriva-500 (curcumin phytosome), and vitamin D3. After high-dose
EGCG and supplements regimen were added to her diet, the WBC count stabilized and
later decreased slightly, plateauing at approximately 130 to 140 x 10%/uL (Table 2).

Table 2. Clinical characteristics of patients with CLL reported in three cases reports.

Gender Age at Diagnosis (Y) Rai Stage Binet Stage Lymphocyte Count Authors
F 56 I A 173.3 x 103/uL Haskin et al., 2018 [62]
M 63 0 *N/A 27.0 x 10°/L Plooij et al., 2020 [63]
M 50 0 A 11.84 x 10°/L Bossi et al., 2023 [64]

Abbreviations: M, male; F, female; * N/A, not applicable.

Interestingly, these supplements were chosen based on their potential role to modulate
inflammatory processes by the inhibition of nuclear factor kappa B (NF-«B) signaling
pathway, which has been associated with more aggressive tumor growth and resistance
to chemotherapy and radiotherapy [65]. As previously mentioned, vitamin D analogues
induced apoptosis in primary CLL cells by a p-53 independent mechanism and vitamin D
insufficiency is a risk factor for CLL. Conversely, high levels of vitamin D are predictive of
a long time to first treatment in CLL [56]. Moreover, clinical trial findings and preclinical
research underscored the potential therapeutic benefits of EGCG and curcumin in the
context of CLL, particularly in overcoming CLL cells’ resistance to apoptosis and their
interaction with vascular endothelial growth factor (VEGF) receptors [65]. In conclusion,
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the authors highlighted the potential benefits of lifestyle strategies in managing indolent
cancers like CLL. While conventional treatments remain crucial, integrating lifestyle ap-
proaches can offer complementary benefits, potentially slowing disease progression and
improving quality of life for CLL patients [62].

The second case report focused on a 63-year-old man diagnosed with CLL at Rai stage
0, who displayed an elevated lymphocyte count of 27 x 107 /L at diagnosis (Table 2). This
patient followed two different trials one after the other. During the first trial, he took oral
Polyphenon E (antioxidant EGCG), but his lymphocyte and leukocyte counts continued to
follow an exponential growth curve. The second trial concerned a change from the regular
diet (with a lot of processed food and animal protein) to a flexitarian diet. This diet mainly
consisted of vegetarian food, no red meat, twice weekly a little piece of fat fish, hardly any
dairy products, no cookies and instead once daily a little piece of dark chocolate (72%), no
desserts, no alcohol in the evening but instead fresh fruit juice. In addition, daily vitamin
B12 (1000 pg) was taken orally.

Following the flexitarian diet, the patient showed a decrease of approximately 40% in
lymphocyte count compared to the first diet trial. In conclusion, the authors suggested that,
if the lymphocyte count is still sufficiently low (<100 x 10°/L), the first part of the wait-
and-see approach for asymptomatic Rai stage 0 classical B-CLL can be used to determine
if the lymphocyte counts follow an exponential growth curve. If they do, the whole food,
plant-based (WFPB) diet intervention can be started [63].

The third study conducted by Bossi et al. investigated an untreated patient with
CLL (#1), who voluntarily opted for a predominantly fruit and raw vegetable-based diet,
periodically engaging in prolonged total fasting (ranging from a minimum of 4 days to a
maximum of 39 days) during which he consumed only water and herbal tea. This patient
was a man aged 50 years with Rai stage 0 and Binet stage A, and displayed an absolute
lymphocyte count (ALC) of 11.84 x 10?/L at diagnosis (Table 2). The authors observed con-
tinuous fluctuations in ALC of this patient alongside a favorable prognosis since diagnosis.
Interestingly, the authors noticed that approximately 4 to 6 weeks after the end of fasting the
absolute lymphocyte count was reduced by about half. A wide gene expression profiling
study was conducted on peripheral blood CD19+ cells from this patient at various time-
points (during nutrition and fasting), compared to the same cell counterpart from five other
untreated CLL patients following varied diets. Bioinformatic analyses results demonstrated
that nine genes (IGLC3, RPS26, CHPT1, PCDHY, IGHV3-43, IGKV3D-20, PLEKHA1, CYBB,
and GABRB?2) were differently expressed between patient #1 and the other 5 patients with
CLL. In addition, clustering analysis confirmed distinct gene expression patterns in patient
#1 compared to the other patients. This study suggests that prolonged absolute fasting and
a specific gene expression signatures may play a role in the observed favorable prognosis
and a slow-growth trend of lymphocytosis in CLL, warranting further investigation into
their potential implications for disease management [64].

7. Conclusions

Despite some studies on the effects of diet and fasting in oncology, the potential impact
of dietary interventions on cancer treatment is not fully understood. The latest guidelines
from the American Society of Clinical Oncology (ASCO) suggest that there is currently
insufficient evidence to recommend for or against dietary interventions such as ketogenic
or low-carbohydrate diets, low-fat diets, functional foods, or fasting to improve outcomes
related to quality of life, treatment toxicity, or cancer control [14].

Without a doubt, recognizing the importance of metabolic reprogramming in disease
progression underscores the potential of dietary interventions in cancer management.

By understanding and leveraging these metabolic changes, dietary interventions can
be tailored to support traditional therapies and improve patient outcomes.

Fasting and a fasting-mimicking diet has shown promise in cancer treatment by protect-
ing normal cells from chemotherapy toxicity while enhancing the sensitivity of cancer cells to
treatment including hematopoietic stem and immune cells, from its toxic side effects [21].
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Fasting offers protective effects against chemotherapy toxicity through various bio-
logical mechanisms, mainly by reducing IGF-1 and glucose levels, which downregulate
protective pathways in normal cells. In contrast, cancer cells, with their constitutive acti-
vation of these pathways, do not experience the same benefits [16]. Therefore, integrating
fasting as an anticancer treatment could be viable if large randomized clinical trials validate
its efficacy, safety, and feasibility.

Recent studies indicate that intermittent fasting plays a crucial role in promoting
beneficial effects for cancer patients and improving treatment outcomes [2].

Diet also influences the gut microbiome, which can have an anti-tumor effect during
cancer treatment. The gut microbiome’s composition can interact with the immune system,
affecting tumor development and carcinogenesis [16].

Interestingly, vitamin D plays a multifaceted role in hematological diseases, affecting
immune response, cell function, and disease outcomes. Deficiency can lead to sarcopenia,
which is particularly concerning in cancer patients. Recent research indicates that low vitamin
D levels and low skeletal muscle index (SMI) can worsen prognosis in hematological malignan-
cies. Some studies have shown that vitamin D deficiency is associated with poorer outcomes
in various hematological malignancies, such as CLL and DLBCL [53,57,66]. In addition, low
vitamin D levels may correlate with advanced disease stages and reduced survival rates [57].

Vitamin C has gained attention in research related to CLL due to its potential ther-
apeutic effects. An in vitro study on primary CLL B-cells and CLL cell lines indicated
that ascorbic acid induces cell death through caspase-dependent apoptosis. Furthermore,
ascorbic acid enhances the cytotoxicity of targeted CLL therapies, suggesting its potential
as an adjuvant therapy when used in combination with these treatments [49].

While fasting has shown promising potential as an adjunct therapy in solid-tumor
treatment, its application in hematologic cancers is still underexplored. The recent surge of
interest in IF stems from its preclinical benefits in cancer management. In CLL, novel agents
like Venetoclax and BTKis are commonly used as frontline treatments. However, these
therapies raise concerns about tumor lysis syndrome (TLS) and gastrointestinal bleeding
(GIB) in patients. In fluid-restricted intermittent fasting, there is an increased risk of TLS
with Venetoclax due to dehydration, whereas fluid-liberal intermittent fasting may reduce
its absorption. Additionally, fasting can elevate gastric acid levels, increasing the risk of
GIB in patients taking BTKis. Further research is needed to determine the safety of IF for
CLL patients undergoing treatment with novel agents [67].

In summary, although preclinical studies and some epidemiological research support
the hypothesis that dietary practices and fasting may benefit CLL, further research is
necessary to confirm these findings and determine their clinical applicability [49,67-69].

Thus, controlled and randomized clinical trials are necessary to evaluate the efficacy
and safety of these nutritional and fasting approaches in CLL, as well as to better understand
the biomolecular mechanisms involved in their beneficial effects. Future studies could
provide new insights into the potential of diet and fasting as personalized medicine, offering
new avenues for the prevention and treatment of cancer.
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