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ABSTRACT: Human papillomavirus (HPV), especially high-risk types like HPV 16 and 18, can progress from low-grade lesions
(LSIL) to cancer. While HR-HPV and LSIL often regress naturally, some cases may advance to malignancy. Current treatments
vary in efficacy and can have adverse effects. Emerging research on Lactobacillus Crispatus M247 and Active Hexose Correlated
Compound (AHCC) shows potential for enhancing HPV clearance and LSIL regression with minimal side effects. However, the
precise impact of these treatments remains under study.

The primary endpoint is to evaluate the effectiveness of AHCC and L. Crispatus M247 in treating women with chronic cervicitis or
low-grade squamous intraepithelial lesions (L-SIL) caused by high-risk HPV. The secondary endpoint is to monitor any side effects
and measure patient adherence to the treatment regimen.

This prospective observational cohort study followed 40 women with abnormal cervical cytology up to L-SIL and HR-HPV infection
over 6 months. Cohort A (20 patients) underwent AHCC and L. Crispatus treatment, while Cohort B (20 patients), received
regular follow-up without specific treatment. The study assessed the treatment's impact, controlling for age, BMI, sexual history,
contraception use, and smoking habits. Key evaluations included molecular tests, colposcopy, and biopsy at the start and end of
the study period, with additional monitoring of dropout and adherence rates and any side effects to determine the treatment's
feasibility and safety.

With a 17.5% dropout rate (mostly COVID-related) from the initial 40 patients, no side effects were noted. HR-HPV clearance was
achieved by 73.3% in Group A, versus 0% in Group B (p <0.001) at the 6th month. L-SIL regressed to chronic cervicitis in 13% of
Group A (p = 0.048), while 26.3% of Group B progressed to H-SIL, significantly differing from Group A (p = 0.042) at the 6th month.
This observational cohort study confirms the feasibility and efficacy of AHCC and L. Crispatus M247 supplementation for improving
HR-HPV clearance and L-SIL regression, with no side effects and good adherence. Results support further investigation through
randomized controlled trials and studies on the vaginal microbiota’s role in cancer prevention.

© 2024 Annals of Research in Oncology - ARO. Published by EDRA SpA. All rights reserved. 3
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Impact statement: Combining AHCC and L. Crispatus M247
significantly enhances HR-HPV clearance and LSIL regression,
potentially reducing future oncogenesis risks in patients without
adverse effects.

INTRODUCTION

Background

HPV is a group of more than 200 related viruses, of
which at least 14 are cancer-causing (also known as
high-risk types). HPV types 16 and 18 are the most
dangerous being responsible for most cervical can-
cer cases. These viruses infect the epithelial cells of
the cervix (1, 2) and induce oncogenesis by two
mechanisms: the E6 protein degrades the p53 tu-
mor suppressor, while the E7 protein impairs the
retinoblastoma (Rb) protein leading to the accumu-
lation of mutations and ultimately result in malig-
nant cell transformation (3). Low-Grade Squamous
Intraepithelial Lesion (LSIL) indicates mild abnor-
malities in cervical cells, often related to HPV infec-
tion. While some HR-HPV infections may spontane-
ouslyclearandLSIL canregresswithoutintervention,
other cases see the persistence of HPV and progres-
sion of LSIL to cancerous states. The contemporary
presence of both HR-HPV infections and LSIL reduc-
es the chance to clear the virus infection and the
spontaneous regression of LSIL (4-7). At the same
time, all LSIL treatments, such as cryotherapy and
laser therapy, and excisional methods like Cold
Knife Conization (CKC), Loop Electrical Excision Pro-
cedure (LEEP), and laser conization, have distinct
side effects and may not clear HPV entirely. Abla-
tive methods lack specimen for further study, po-
tentially causing discomfort and requiring multiple
sessions while excisional methods vary in side ef-
fect rates, with CKC leading to 2-17% major bleed-
ing and a 16% chance of premature birth. While la-
ser conization and LEEP show lower rates of
premature birth, it is not 0%. Equipment costs and
the need for specialized training can also limit ac-
cess to these treatments. This uncertainty compli-
cates decision-making regarding treatment, espe-
cially considering that no conclusive treatment
exists for the complete eradication of HR-HPV in-
fection, which poses a risk of driving malignant
transformation in other area of the cervix and gen-
ital areas (8, 9). The necessity for a new treatment

Key words: Human papillomavirus (HPV); Lactobacillus
Crispatus M247; Active Hexose Correlated Compound (AHCC); LSIL
regression; HPV clearance.
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approach is evident, particularly for patients newly
diagnosed with HR-HPV infection, with or without
LSIL, where the likelihood but not the certainty of
spontaneous resolution argues against immediate,
aggressive treatment due to the risk of outweigh-
ing potential benefits. The spontaneous clearance
rate of high-risk HPV (HR-HPV) without any treat-
ment varies across studies, underscoring the body’s
innate ability to clear HPV infections and our in-
complete understanding of this process. Reported
clearance rates vary, ranging from 43% after 6
months to 65% after 18 months (10, 11). Converse-
ly, half of HR-HPV-positive women cleared the virus
in @a mere 7.5 months (12). Additionally, an observa-
tional study involving 1079 women showed that
46.3% cleared HPV, with a notably quicker clear-
ance in the biopsy cohort (68.7%) compared to the
baseline. This indicates that conservative manage-
ment, when excluding high-grade disease via biop-
sy, is effective for HPV clearance and diagnostic
procedures like biopsies do not impair, but rather
may correlate with, an increased chance of HPV
clearance (13). Existing literature identifies various
factors associated with the progression and regres-
sion of HR-HPV and LSIL. However, despite the de-
velopment of numerous nomograms and algo-
rithms, there remains an inability to predict the
progression of these conditions with absolute cer-
tainty. Persistent HR-HPV infection, particularly
types 16 and 18, is a critical factor in the progres-
sion from LSIL to HSIL and cervical cancer (14). The
immune system'’s response is central to controlling
or eliminating HPV (15), with factors such as nutri-
tional status, particularly levels of vitamins A, C, E,
and folate, and zinc, by supporting the growth and
normal functioning of lymphocytes, neutrophils,
and macrophages, playing supportive roles (16).
Lifestyle factors, including smoking, obesity, and
physical inactivity, negatively impact immune effi-
ciency and facilitate lesion progression (17, 18).
Emerging evidence suggests strongly that HPV vac-
cination may encourage LSIL regression by enhanc-
ing immune response to the virus (19). Other influ-
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ential factors include chronic stress, which weakens
immune function (20), and specific conditions such
as HIV/AID or those undergoing immunosuppres-
sive therapy for any disease which compromise im-
mune surveillance (21). Genetic predispositions
(22) and additional cofactors like age, number of
childbirths, prolonged oral contraceptive use, and
co-infections with other sexually transmitted infec-
tions further affect the likelihood of LSIL progres-
sion to HSIL and cervical cancer (23). Recent studies
have increasingly substantiated the significant role
that vaginal microbiota plays in both the risk and
progression of HPV infection, leading to HPV-relat-
ed diseases. It has become apparent that the com-
position of the vaginal microbiota is a determinant
in the trajectory of these diseases; a reduction in
the prevalence of Lactobacillus species alongside a
rise in microbial diversity correlates with sustained
HPV infections and the development of cervical le-
sions. This association indicates a progression to-
ward more severe HPV-related conditions (24, 25).
On the contrary, the predominance of certain Lac-
tobacillus strains, especially L. Crispatus, is associat-
ed with the regression and clearance of HPV, which
suggests a protective effect against the progression
of the disease (26). The L. Crispatus M247 strain,
which was isolated from the fecal material of a
healthy child, is distinguished by its positive traits
related to aggregation, colonization, and the modu-
lation of inflammatory responses. The genome of
this strain spans 2.1 Mbp and contains 2187 coding
genes that are essential for various cellular process-
es, including carbohydrate and protein metabolism,
DNA and RNA processing, and the biosynthesis of
cell walls, capsules, and ribosomes. Remarkably, L.
Crispatus M247 includes genes that encode for Lac-
tobacillus epithelium adhesin (LEA) and fibronectin,
which are crucial for vaginal colonization and out-
competing pathogens, such as Gardnerella vagina-
lis. Additionally, this strain synthesizes exopolysac-
charides (EPS) that facilitate bacterial adhesion,
offer protection from environmental stressors, and
display antibiotic properties. The potential of L.
Crispatus M247 for the colonization of vaginal tis-
sues and the production of bacteriocins has been
noted, particularly for its antagonistic action against
specific strains of uropathogenic Staphylococcus ep-
idermidis and Escherichia coli (27, 28). Based on cur-
rent evidence, L. Crispatus M247 is deemed safe,
lacking virulence factors, and is unlikely to carry
plasmids. This assessment aligns with the safety
criteria established by the European Food Safety

Authority (EFSA), confirming its phenotypic safety
(29). According to Wan et al., Lactobacillus Crispatus
can cause cells to undergo apoptosis and inhibit
the proliferation of the cervical precancerous cell
line Ect1/E6E7 in a time-dependent way (30). L. Cris-
patus M247 is a tested probiotic for oral administra-
tion shown to have fecal and vaginal colonizing
properties (31, 32). Two clinical studies have inves-
tigated the effects of L. Crispatus M247 on HPV
clearance. The first, an open, non-controlled trial
with 35 HPV-positive women, showed a 70% reduc-
tion in HPV positivity after a 90-day oral treatment
with the probiotic. Notably, 94% of these women
shifted to a healthier Community State Type | sta-
tus (33). The second study, a randomized controlled
trial with 160 women, compared the effects of long-
term oral administration of L. Crispatus M247
against a placebo. It was found that the group re-
ceiving L. Crispatus M247 had a notably higher suc-
cess rate in eliminating HPV-related cytological
anomalies after six months, with 61.5% showing
resolution as opposed to 41.3% in the placebo
group (p = 0.041). Despite this, the rate of complete
HPV-DNA clearance by the end of the study did not
significantly differ between the two groups (34). Ad-
ditionally, the study did not account for variables
such as the vaccination history of the participants
or whether they had single or multiple HPV geno-
type infections. Cultured Lentinula edodes Mycelia
Extract also known as, ACTIVE HEXOSE CORRELAT-
ED COMPOUND, AHCC, Cultured Lentinula edodes
Mycelia Extract, Cultured Lentinula edodes Mycelia
Extract AHCC, ECLM, Lentinula edodes Mycelia Ex-
tract AHCC, Lentinula edodes Mycelia Extract Stand-
ardized Extract of Cultured Lentinula edodes Mycelia
and, Yinuojin Ruanjiaonang is an orally bioavailable
capsule-based formulation of a standardized ex-
tract of cultured Lentinula edodes (Shiitake mush-
room) mycelia (ECLM), which is high in the polysac-
charides beta- and alpha-glucans, with potential
antioxidant, immunomodulating and antineoplas-
tic activities. When ingested, the extract derived
from cultured Lentinula edodes Mycelia initiates an
immune response by interacting with toll-like re-
ceptors, particularly TLR-4. This interaction prompts
the activation of various immune cells, including
dendritic cells, natural killer cells, macrophages,
and T-cells, and stimulates the production of cy-
tokines, potentially leading to the elimination of
HPV infections (35). AHCC has been the subject of
research for its potential immune-modulating ef-
fects and its role in supporting cancer treatment,
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improving immune responses, and possibly affect-
ing the clearance of viral infections. A recent study
by Smith et al. suggested that AHCC, a mushroom
extract, may effectively clear high-risk HPV infec-
tions. The study included laboratory tests and ani-
mal studies, which supported the clearance of HPV,
followed by two small pilot studies with women
having persistent high-risk HPV. In one group, 6 out
of 10 participants taking 3 grams of AHCC orally
showed clearance after 3 to 6 months, while in an-
other, 4 out of 9 participants taking 1 gram achieved
clearance after 7 months. Low levels of Interfer-
on-beta (IFNB) were observed in those who cleared
the virus, suggesting that AHCC might work by
modifying IFNB expression and signaling (36). De-
spite these encouraging results, the effectiveness
of AHCC awaits confirmation from an ongoing
phase Il clinical trial and another study by Beihua
Kong, as AHCC is not yet established as a definitive
treatment for high-risk HPV infections (37). AHCC
and L. Crispatus M247, both recognized for their po-
tential benefits, have found their way into our gy-
necological practices due to their availability in the
free market. The clinical challenge we face involves
a specific group of patients: those HR-HPV infec-
tion, with or without LSIL. These individuals are not
immediately recommended for conventional treat-
ments because of the high likelihood of spontane-
ous regression. However, relying solely on fol-
low-up care doesn'tassure complete HPV clearance,
and other treatments might be more harmful than
beneficial due to their invasive nature.

Objectives

Our research seeks to address a critical question:
can the combined therapy of AHCC and L. Crispatus
M247 enhance HR-HPV clearance and LSIL regres-
sion rates beyond what is seen with spontaneous
recovery, without inducing side effects?

MATERIALS AND METHODS

Study design

This study is an observational, prospective, sin-
gle-centre investigation. Our primary goal was to
determine the effectiveness of the combined treat-
ment of AHCC and L. Crispatus M247, in achieving
HR-HPV clearance and in facilitating the regression
of LSIL, while also closely monitoring for any pro-
gression towards more severe lesions. Additional-

ly, we sought to assess the side effects associated
with the treatment and gauge patient adherence
to the regimen.

We observed the cohort of patients who decided
to follow the combined treatment (Papion plus
Crispact) and the matched cohort of patients who
completed follow up only. To evaluate the effec-
tiveness of this treatment, both groups underwent
HPV-DNA testing, colposcopy, and biopsy after 6
months. Combined treatment included Papion
500mg capsules, derived from Lentinula edodes,
two capsules in the morning, two after lunch, and
two after dinner and Crispact, a sachet contain-
ing @ minimum of 20 billion colony-forming units
of L. Crispatus M247 (IMG-P-23257), to be taken
daily. Dosage and administration guidelines were
established based on preliminary research and
safety profiles. Written informed consent for ob-
servational studies was obtained from all partici-
pants; the protocol and other materials were in
accord with the Helsinki Declaration of 1975 and
approved by institutional review boards.

Setting

This study was conducted in the Eastern Sicily re-
gion, within the province of Messina, Southern It-
aly at a tertiary university hospital. The period of
recruitment and data collection extended from
July 2020 to July 2023. All procedures, ranging from
data collection to diagnostic assessments were
conducted at the Department of Gynecology and
Obstetrics at the University Hospital “G. Martino”
in Messina.

Participants

Participants for this observational prospective co-
hort study were recruited from women attending
the outpatient clinic for cervical cancer prevention
and colposcopy at our department. The inclusion
criteria were limited to women diagnosed with HR-
HPV and concurrent abnormal cervical cytology up
to LSIL, who also consented to share their data for
the observational study. Exclusion criteria were
set for those presenting with HSIL, invasive cervi-
cal cancer, a history of surgical treatment for HSIL,
immunosuppressive conditions, any oncological
diseases, inflammatory disorders, a history of HPV
vaccination, or those under 18 years old and preg-
nancy. To ensure a pure evaluation of the thera-
py's effectiveness, our study intentionally excludes
individuals who have chosen to receive the HPV
vaccine from both groups. This decision is based
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on two considerations: the vaccine's potential to
significantly boost HPV clearance and LSIL regres-
sion, and the variability of vaccine efficacy among
patients due to age and comorbidities. From the
eligible population, we selected two well-balanced
cohorts, matched for confounding factors but sig-
nificantly differing in one variable: the exposure
factor, represented by the combined therapy of
AHCC and L. Crispatus M247.

Variables

The primary endpoints were changes in HR-HPV
status and cervical histological status between the
two cohorts.

The secondary endpoints focused on the rate of
side effects and patient compliance with the com-
bined treatment.

Matching factors for the study consisted of age, BMI,
sexual history (age at first intercourse and number
of partners), use of contraception, and smoking
habits (defined as more than 10 cigarettes per day).

Data Sources/Measurement

The changes in HR-HPV status and cervical histolog-
ical status were determined using molecular tests,
colposcopy, and biopsy. Following the detection of
cytological abnormalities on routine PAP tests, HPV-
DNA testing was conducted. Women with a single
abnormal cytology result (including atypical squa-
mous cells of undetermined significance (ASCUS),
atypical squamous cells cannot exclude high-grade
squamous intraepithelial lesion (ASC-H), or LSIL as-
sociated with an HR-HPV type) were referred for
colposcopy. Cervical cells from each sample were
collected by centrifugation, and DNA was extract-
ed using the QlAamp DNA Mini Kit (Qiagen GmbH,
Germany). This was followed by a PCR-based HPV-
DNA assay and reverse dot blot genotyping (HPV-
HS Bio plus HPV-strip or HPV-type, AB Analitica,
Padova, Italy), which facilitated the identification of
11 low-risk HPV types (HPV-6, -11, -40, -42, -43, -44,
-54, -61, -70, -72, -81) and 18 high-risk or probable
high-risk HPV types (HPV-16, -18, -26, -31, -33, -35,
-39, 45, -51, -52, -53, -56, -58, -59, -66, -68, -73, -82).
Colposcopic examinations were performed by a
single experienced colposcopist in accordance with
the standards of the Italian Society of Colposcopy
and Cervical-Vaginal Pathology (SICPCV) (38). The
colposcopic findings were categorized as normal
transformation zone (NTZ), abnormal transforma-
tion zone of low grade (ATZG1) with minor changes,
and abnormal transformation zone of high grade

(ATZG2) with major changes. Histological diagnoses
were classified into three categories: chronic cervi-
citis (inflammatory/reactive lesions), LSIL, and HSIL,
following the guidelines of the College of American
Pathologists and the American Society for Colpos-
copy and Cervical Pathology (38).

Bias

To mitigate selection bias, we deliberately chose a
very specific population within a narrowly defined
geographic area. Both the cohorts were matched for
cofounding factors. This targeted approach was em-
ployed to enhance both the internal validity and the
potential external validity of the data, ensuring that
our findings could be more accurately generalized to
similar contexts. To address measurement bias, we
standardized our data collection methods and utilized
validated measurement tools across the study. This
included comprehensive training for all research staff
involved in data collection to ensure consistency and
accuracy in the measurements recorded. Regarding
the classical observer bias typically associated with
this kind of study, in our case, it was effectively nul-
lified since all primary endpoints involved objective
assessments. The HR-HPV status was determined
using automated processes, eliminating the potential
for subjective interpretation by researchers. Similarly,
the histological status was assessed by an expert pa-
thologist who conducted evaluations on biopsy sam-
ples obtained post-colposcopy. This pathologist was
blinded to the study cohorts. To lessen attrition bias
resulting from participant dropout, we implemented
strategies aimed at maximizing retention, including
regular follow-up reminders.

Study size

Considering the very specific and restricted nature
of our target population, alongside the exploratory
aims of our study, we opted to commence with a
sample size of 20 patients in each group. This ap-
proach was chosen to ensure a precise and con-
centrated examination of the research questions
within a manageable cohort, facilitating detailed
insights into the initial outcomes.

Statistical methods

Numerical data were expressed as mean and stand-
ard deviation (S.D.) and categorical variables as ab-
solute frequencies and percentage. Examined varia-
bles did not present normal distribution, as verified
by the Kolmogorov Smirnov test; consequently,
the non-parametric approach was used. Compari-
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Table 1. Descriptive analysis of the clinical characteristics of the 2 groups of patients.

_ GROUP A N.15 GROUP B N.19 P VALUE

354+10.7
Body mass index 223+ 2.1
Smokers n. (%) 5(33.3)
Age at first intercourse 17.8+2.3
N. of Partners 46+3.2
Estroprogestins use (%) 4(26.7)

37.3£10.1 0.603
23+1.9 0.365

1(57.9) 0.154
16.5+1.9 0.104
3.6+ 1.1 0.309
5(26.3) 0.982

P values are typed bold-face if statistically significant (P <0.05 or lower) or bold-face in italics if borderline significant (P = 0.10 to 0.05).

son between group A and B was performed by us-
ing the Mann Whitney test for numerical variables
and the Chi Square test for categorical variables. To
evaluate, for each group examined, the existence of
statistically significant differences in two different
points (at baseline and after six months), the Mc Ne-
mar test for the binary variables (HR-HPV and his-
tological findings in group B) and the Wilcoxon test
(for histological findings in group A) were applied.
Statistical analysis was performed using IBM SPSS
Statistics for Windows, Version 17 (Armonk, NY, IBM
Corp.). A p-value smaller than 0.05 was considered
statistically significant.

RESULTS

The comparative descriptive analysis, detailed in Ta-
ble 1, reveals the clinical characteristics of the two

patient groups, highlighting the lack of significant
differences across the cofounding factors including
age, Body Mass Index (BMI), smoking habits, age at
firstintercourse, number of sexual partners, and the
use of estroprogestins. The average age in group A
was 35 years, compared to 37 years in group B. The
BMI was closely matched at 22.3 for group A and
23 for group B. Although the number of smokers
in group B was higher compared to group A, this
difference was not statistically significant (p-value =
0.154). This suggested that this discrepancy did not
materially influence the comparative outcomes of
the study. Additionally, the age at first intercourse
was comparable (17.8 years for group A vs. 16.5
years for group B), as was the average number of
sexual partners (4.6 for group A vs. 3.6 for group B).
The use of estroprogestins was also similar, with a
4% usage rate in group A versus 5% in group B.

This uniformity across both cohorts underscores

Enrolment in 2020 (n=40)
Inclusion criteria: women affected by ASCUS oor ASC-H or L-SIL associated with FR-HPV

Exlusion criteria: HSIL, invasive cervical cancer, a history of surgical treament for
HSIL, immunosuppresive conditions, any oncologial diseases, inflamatory
disorders, a history of HPV vaccination, or those under 18 years old and pregnancy.

COHORT A exposed to treatment
(n=20)

COHORT B follow up (n=20)

5 drop out

(1 for onset of prengancy
and 4 COVID pandemic)

Completed 6-months Follow Up and
included in analysis (n=15)

1 drop out COVID
pandemic

Completed 6-months Follow Up and
included in analysis (n=19)

Figure 1. STROBE flow chart.
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Table 2. HPV type distribution in cervical samples detected by PCR in groups A and B at time 0 and after 6 months.
GROUP A

HPV DETECTION ALL
N. (%)

N. (%)

GROUP B
N. (%)

Single infections 22 (64.7) 9 (60) 0 13 (68.4) 14 (73.6)
Multiple infections 12 (35.3) 6 (40) 4 (26.6) 6 (31.5) 5(26.3)
16 8 (23.5) 0 0 8 (42.1) 8 (42.1)
18 5(14.7) 3(20) 0 2(10.5) 2(10.5)
31 2 (5.8) 0 0 2(10.5) 2(10.5)
39 1(2.9) 0 0 1(5.2) 1(5.2)
45 5(14.7) 3(20) 1(6.6) 2(10.5) 2(10.5)
51 5(14.7) 4 (26.6) 1(6.6) 1(5.3) 1(5.3)
56 2 (5.8) 1(6.6) 1(6.6) 1(5.2) 1(5.2)
58 3(8.8) 1(6.6) 1(6.6) 1(5.2) 1(5.2)
59 1(2.9) 0 0 1(5.2) 1(5.2)
66 9 (26.4) 7 (46.6) 2(13.3) 2(10.5) 2(10.5)
68 1(2.9) 0 0 1(5.2) 1(5.2)
73 1(2.9) 1(6.6) 1(6.6) 0 0

42 2(3.3) 0 0 2(10.5) 2(10.5)
61 3(8.8) 3(20) 3(20) 0 0

87 1(2.9) 0 0 1(5.2)

HPV: Human Papilloma virus; HR: high risk; LR: low risk. Due to multiple HPV infection, the overall percentage of HPV types exceeds 100%,
because it expresses the HPV genotype-specific distribution in the studied population.

the balanced nature of the study’s sample, facili-
tating a more reliable comparison of the treatment
outcomes. Out of 40 patients enrolled, 34 com-
pleted the study. Among the 20 treated patients
(group A), one was excluded because of the onset
of pregnancy. Due to the COVID pandemic, 4 pa-
tients of group A and one of group B dropped out
because of declining to continue follow up (Figure
1 - Appendix 1). HPV type distribution in cervical
samples is shown in Table 2. In our study the HPV-
66 was found as the most common type (26.4.%)
followed by HPV-16 (23.5%), -18, -45, -51 (14.7%
respectively), -58 (8.8%), -31, -56 (5.8% respective-
ly) and -39, -59, -68, -73 (2.9% respectively). Due to
multiple HPV infection, the overall percentage of
HPV types exceeds 100%, because it expresses the
HPV genotype-specific distribution in the studied
population.

The descriptive sub analysis of HR-HPV genotypes
within each group revealed a non-uniform distri-
bution across the different HPV types, as illustrat-
ed in the heatmap (Figure 2). Notably, HPV-16 was
absent in group A (0%) but showed a significant
presence in group B (42.1%). Conversely, HPV-18

appeared in 20% of cases in group A versus 10.5%
in group B. Other types such as HPV-31, HPV-39,
and HPV-68 were not found in group A but were
present in group B at rates of 10.5%, 5.2%, and
5.2%, respectively. Meanwhile, HPV-45 and HPV-51
were more common in group A, at 20% and 26.6%
respectively, compared to 10.5% and 5.3% in group
B. HPV-56 and HPV-58 showed similar prevalence
across groups, with a slight edge for group A. Sig-
nificantly, HPV-66 was markedly more prevalent
in group A (46.6%) than in group B (10.5%), while
HPV-73 was found exclusively in group A (6.6%).
The clinical findings after six months are shown in
Table 3. The clearance of HR-HPV was significantly
higher in group A, where 73.3% of the cases (11
out of 15) achieved clearance, compared to group
B, which saw no cases of clearance among 19 pa-
tients, marking a statistically significant difference
between the two groups (p <0.001). While colpo-
scopic findings remained largely unchanged after
six months in both groups, the biopsy results re-
vealed a notable contrast. On biopsy, a regression
of L-SIL to chronic cervicitis was found in 2/15 (13%)
of cases in group A compared to 0/19 (0%) of cases
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Figure 2. HPV type distribution in cervical samples detected by PCR in groups A and B at time 0 and after 6 months.

in group B with significant difference between the
2 groups (p = 0.048); on the other hand, there was
no worsening of the histological finding in group A,
while it was found a progression from LSIL to HSIL
in 5/19 (26.3%) of cases in group B with significant
difference between the 2 groups (p = 0.042) (Figure
3, Figure 4). There were no reported side effects,
and patient compliance with the therapy reached

100%. It's important to note that any instances of
dropout were attributed to reasons related to the
COVID-19 pandemic, rather than any issues as-
sociated with the therapy itself. We acknowledge
that the differential dropout rates in group Aand B
pose a limitation that is why our statistical analysis
focused solely on participants who completed the
study to maintain data integrity.

p=<0.001
BN Group A
70+ EEl Group B
60
;\; 50
]
g 40t
-~
c
[
(3}
g 301 p=0.042
a
201
p=0.048
10
0% 0% 0%
Group B Group B Group A
Negativization HR-HPV ~ Regression L-SIL to chronic cervicitis Progression L-SIL to H-SIL
Conditions

Figure 3. HR-HPV and histological findings after 6 months in groups A and B (group B zeros highlighted).
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Figure 4. Histological status changes in groups A and B after 6 months (adjusted).

Table 3. HR-HPV and histological findings after 6 months in groups A and B.

GROUP A GROUP B P VALUE
N.15 (%) N.19 (%)

Negativization HR-HPV 11 (73.3)
Regression L-SIL to chronic cervicitis 2(13)
Progression L-SIL to H-SIL 0 (0)

0 (0) <0.001
0(0) 0.048
5/19 (26.31) 0.042

HR-HPV: High Risk Human Papilloma virus; L-SIL: Low Grade Squamous Intraepithelial Lesion; H-SIL: High Grade Squamous Intraepithelial
Lesion. P values are typed bold-face if statistically significant (P <0.05 or lower) or bold-face in italics if borderline significant (P = 0.10 to

0.05).

Subgroups analysis:

-differential clearance rates in single and mul-
tiple HR-HPV infections: the analysis of HR-HPV
clearance rates reveals a marked contrast in the
effectiveness of the treatment between patients
with single versus multiple infections. Specifi-
cally, in group A, which received the combined
therapy, patients with a single HR-HPV infection
showed a 67% higher likelihood of achieving viral
clearance compared to those with multiple infec-
tions, a difference that was statistically significant
with a p-value of 0.01099. This suggests that the
combined therapy was particularly effective for
patients with single infections. Conversely, we
observed, in group B, that only one patient with
multiple infections spontaneously regressed to a
single infection, while none of the patients with
a single infection regressed to no infection. This
light change was not statistically significant (0%
clearance rate in “group B single infection” versus
16.6% clearance rate in “group B multiple infec-

tions”; p-value of 0.3157) (Figure 5). In summary,
the findings strongly indicate that within group
A, individuals with single HR-HPV infections re-
sponded more favorably to the treatment than
those with multiple infections. However, it is cru-
cial to interpret these results with an understand-
ing of the limited sample size, which may con-
strain the extendibility of these conclusions to a
wider population;

-dynamics of each HR-HPV genotype clearance: in
group A, the therapy led to distinctive responses
among various HR-HPV genotypes over the six-
month period. Specifically, HPV 18 experienced
the highest reduction at 100%, followed by HPV
51 with 75.19%, HPV 66 with 71.46%, and HPV
45 with 67%, while HPV 56, HPV 58, and HPV 73
showed no impact from the treatment. It's impor-
tant to note that no increases in detection rates
were observed for any of the genotypes, and cru-
cially, no new HPV genotypes were identified at
the six-month mark (Figure 6). In contrast, the
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Figure 5. Differences in HPV infection clearance rates over 6 months.

HR-HPV genotype distribution in group B showed
no change at the six-month mark.

DISCUSSION

In this prospective observational study, the com-
bined therapy of AHCC and L. Crispatus M 247 was
associated for the first time with an improvement

in HR-HPV clearance and the regression rate of LSIL,
notably without any adverse effects and demon-
strating excellent patient compliance. Literature
review indicates the best performing spontaneous
clearance rates for HR-HPV fluctuate around 65%
(10, 11). These variations are influenced by demo-
graphic and geographical factors, highlighting the
value of targeted studies for gaining insights into
the disease’s distribution and behavior across dif-

HPV 73
HPV 68
HPV 66
HPV 59
HPV 58
HPV 56
HPV 51
HPV 45
HPV 39
HPV 31

HPV 16

W |nitial Prevalence (%)
mmm Prevalence after Reduction (%)

0 10 20

30 40

Prevalence (%)

Figure 6. HPV genotype prevalence and reduction in group A over 6 months.
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ferent populations. Given the high rates of spon-
taneous HR-HPV clearance, follow-up is often pre-
ferred over more invasive treatments due to the
potential for adverse effects. However, about 30%
of individuals may either retain the virus or expe-
rience progression to more severe preneoplastic
stages, underlining the urgent need for effective
and safe treatments. Observations from our cohort
(group B) over six months revealed no instances of
spontaneous HR-HPV clearance or LSIL regression;
conversely, 19% of cases progressed to HSIL. Our
findings from group B contrast sharply with those
reported in the literature, often due to the absence
of crucial data necessary for normalizing observed
populations and drawing definitive conclusions.
Factors such as the absence of HPV vaccination,
short follow-up durations, and discrepancies in risk
factor distribution relative to the general popula-
tion are believed to explain these differences. Our
cohorts, both group A and B, though comparable
to each other, represented a high-risk segment
for disease progression from HR-HPV infection,
indicated by prevalent risk factors such as smok-
ing (33.3%-57.9%), number of sexual partners (4.6-
3.6), and age at first intercourse (16.5-17.8 years).
Another variable that could influence the disparity
between our observed population and the general
population, or those in other studies, is the average
age of the groups, which ranges from 35.4 to 37.3
years. It is well-documented that spontaneous LSIL
regression or HR-HPV clearance is more likely at a
younger age, specifically under 25 years old. De-
spite deviations from the general population, our
cohorts were balanced and matched for confound-
ing factors, leading to a significant statistical differ-
ence between the combined therapy and follow-up
groups in a very short time. And, when comparing
our group A, which received the combined thera-
py, to the observed groups from the literature that
underwent only follow-up, still a notable difference
emerges. Our group A exhibited a HR-HPV clear-
ance rate of 73.3% within six months, surpassing
the best average spontaneous HR-HPV clearance
rate reported in the literature of 65%, which was
achieved over a period of two years (10, 11). This
aligns with other studies that underscore the ef-
fectiveness of such treatments. For instance, AHCC
supplementation significantly boosted the immune
response against persistent HPV infections, with
63.6% of patients (14 out of 22) testing negative for
HPV RNA and DNA after six months (39). Oral L. Cris-
patus M247 supplementation was linked to a higher

resolution rate of HPV-related cytological abnormal-
ities compared to follow-up care alone (60.5% vs.
41.3%, p = 0.05), even though complete HPV clear-
ance was achieved in only 15.3% of treated patients
versus 9.3% in untreated cases (34). Furthermore,
in our sub-analysis focused on the significant con-
tribution to clearance in group A, when we examine
the two subgroups (single infection versus multiple
infections, defined by the presence of more than
one HPV type), a statistical difference is observed
between them: patients with a single HR-HPV infec-
tion had a 67% greater likelihood of achieving viral
clearance compared to those with multiple infec-
tions. This suggests that it is more feasible to re-
duce a single infection than multiple infections with
this therapy within 6 months. One limitation arises
from the non-homogeneous distribution of HR-HPV
genotypes between the two cohort groups. Given
this limitation, further randomized clinical studies
are needed to randomize the two arms, ensuring
a balance and match in the distribution of this var-
iable that can influence the expected efficacy of
the treatment outcome. Despite this limitation, it
is noteworthy to report the differential response
across all the different HPV genotypes underscores
the importance of considering genotype-specif-
ic dynamics when assessing the efficacy of HPV
treatments, as it highlights significant clearance in
certain genotypes, preventing new genotype on-
set. In contrast, the HR-HPV genotype distribution
in Group B remained unchanged at the six-month
evaluation. This consistency contrasts with the dy-
namic changes observed in group A, where specific
genotypes showed significant reductions in preva-
lence. While HPV vaccination and cervical screening
have significantly lowered cervical cancer rates and
preneoplastic lesions (40-42), thereby mitigating
the disease’s severe impact on women’s survival
and quality of life (43-46), global coverage remains
low at only 21% in 2022 (47). This gap in preven-
tion accentuates the urgent need to enhance HPV
clearance and LSIL regression rates, particularly in
populations with high-risk HPV infections. In light
of this, our observational study targeted individu-
als with HR-HPV infection, with abnormal cervical
cytology up to LSIL but not beyond. Considering
the side effects of invasive treatments and the high
rate of spontaneous resolution, current guidelines
typically recommend regular follow-up. The over-
mentioned treatments, however, addressed the
lesions without eliminating the HR-HPV infection
itself, which could potentially lead to oncogenesis
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in other genital areas in the future of the patient's
medical history. Since our study demonstrated
that the combination therapy of AHCC and L. Cris-
patus M247 more effectively enhances HR-HPV
clearance and LSIL regression compared to regu-
lar follow-up, without causing adverse effects, and
potentially reduces oncogenesis risk by directly
targeting HR-HPV, there is potential for prescribing
this combination to patients with genital HPV in-
fections independently from potential histological
lesions of the cervix. This approach could comple-
ment existing therapies across various stages of
HPV-related diseases, from preneoplastic lesions
to cancer.

CONCLUSIONS

The observed HR-HPV clearance rate difference
of 73.3% between group A and group B over six
months, alongside the notable modification in
histological status - with a 13% regression rate in
Group A versus a 26.3% progression rate in Group
B - highlights the potential of AHCC and L. Crispatus
supplementation in the immunomodulation of cer-
vical preneoplastic lesions. Despite the challenges
in drawing definitive conclusions due to the small
cohort size, this observational prospective study
involving women at high risk of progression from
Sicily, affected by HR-HPV infection with abnormal
cervical cytology up to LSIL, suggests a promising
avenue for enhancing HR-HPV clearance and pre-
venting cervical preneoplastic lesions through oral
supplementation of AHCC and L. Crispatus. These
findings underscore the importance of conducting
further in vivo clinical randomized studies to verify
the efficacy of this supplementation in preventing
cervical cancer in women with HR-HPV-related LSIL,
thereby strengthening the case for such interven-
tions in clinical practice.
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APPENDIX 1

STROBE Statement-Checklist of items that should be included in reports of cohort studies

_ ITEM NO RECOMMENDATION |_PAGE NO |

Title and abstract

Introduction

Background/ rationale 2 Explain the scientific background and rationale for the investigation being reported
Objectives 3 State specific objectives, including any prespecified hypotheses 6
Methods
Study design 4 Present key elements of study design early in the paper 6
Setting 5 Describe the setting, locations, and relevant dates, including periods of 6
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 6
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and
unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 7
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 7
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 7
Study size 10 Explain how the study size was arrived at 7
Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 7
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed
(e) Describe any sensitivity analyses
Results 8
Participants 13*% (a) Report numbers of individuals at each stage of study-eg numbers potentially 8
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
Descriptive data 14% (a) Give characteristics of study participants (eg demographic, clinical, social) and 8
information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest
(c) Summarise follow-up time (eg, average and total amount)
Outcome data 15 Report numbers of outcome events or summary measures over time 8
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 8
and their precision (eg, 95% confidence interval). Make clear which confounders
were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other analyses 17 Report other analyses done-eg analyses of subgroups and interactions, and 11
sensitivity analyses
DISCUSSION
Key results 18 Summarise key results with reference to study objectives 12
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 12
imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 14
multiplicity of analyses, results from similar studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 14
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 14

(a) Indicate the study’s design with a commonly used term in the title or the abstract 3

(b) Provide in the abstract an informative and balanced summary of what was 3
done and what was found

applicable, for the original study on which the present article is based

*Give information separately for exposed and unexposed groups.

An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of
transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at
https://journals.plos.org/plosmedicine/, Annals of Internal Medicine at https://www.acpjournals.org/journal/aim, and Epidemiology at https://
journals.lww.com/epidem/pages/default.aspx). Information on the STROBE Initiative is available at https://www.strobe-statement.org/).
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ABSTRACT: The use of Aflibercept plus Folfiri represents the second-line chemotherapy in patients with metastatic colorectal
cancer (mCRC) previously treated with Oxaliplatin. The outbreak of COVID-19 upset the standardized procedure of routinary access
to the hospital with a lot of difficulty in administering chemotherapy. For this reason, we conducted this retrospective study on
78 enrolled patients who were diagnosed with mCRC, through the pandemic period. Primary endpoints were quality of life (QoL),
progression-free survival (PFS) and overall response rate (ORR) in two patient groups treated before and after the onset of COVID-19,
group A and group B, respectively. Secondary endpoints were tolerability profile, prognostic factors and carcinoembryonic antigen
(CEA) reduction. The median age in all patients was 58 years old, and the median PFS was 6.2 months (95% Cl: 5.1-7.2). A significant
correlation was observed between decreased CEA levels and PFS with a P value of 0.63 (P = 0.009), which led to consequent
improvement of QoL. The treatment was well tolerated, with good disease control and a manageable toxicity profile. Our survival
analysis shows a non-significant difference in PFS in the two groups of patients treated before and after COVID-19 (6.1 versus 6.2
months). Furthermore, our analysis suggests left-side tumor site and wild-type RAS/BRAF status as potential prognostic factors
for PFS and ORR. The results showed therapeutic benefits of AFL plus Folfiri as second-line therapy in mCRC patients previously
treated with Oxaliplatin. The use of AFL plus Folfiri showed efficacy and safety, although the COVID-19 pandemic has affected the
management of patients’ care.

Doi: 10.48286/aro0.2024.82 Key words: Aflibercept; chemotherapy; colorectal cancer;
pandemic; covid-19; survival; quality of life.
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INTRODUCTION

The outbreak of the coronavirus disease 2019
(COVID-19) has generated new challenges in can-
cer patients’ care procedures, with a particular im-
pact on the readjustment of the resources and the
risk-benefit balance of cancer therapies (1). Can-
cer centers have developed new strategies and
also preventive measures to deal with oncological
patients during the COVID-19 pandemic (2). Such
measures include the performance of oropharyn-
geal swabs, the administration of oral therapies
instead of intravenous ones, and the spreading of
remote multidisciplinary teams (general practition-
ers, psychologists, health professionals) to reduce
the access of patients to the wards at a high risk
of contagion (3, 4). The pandemic has called for a
review of our daily medical practices, including our
approach to colorectal cancer (CRC) management.
Even during the COVID-19 pandemic, chemother-
apy combined with target therapies remains an
effective strategy to treat metastatic colorectal
cancer (mCRCQ) (5, 6). Aflibercept (AFL) plus FOLF-
IRI (Fluorouracil, Leucovorin, and Irinotecan) has
been shown effective in increasing the chances of
survival of patients with advanced CRC, after pre-
vious treatments including oxaliplatin-based regi-
mens with the addition of anti-VEGF (vascular en-
dothelial growth factor) Bevacizumab monoclonal
antibody or anti-EGFR (Epidermal growth factor
receptor) Cetuximab or Panitumumab monoclonal
antibodies, according to RAS/BRAF gene status (7-
9). AFL is a second-generation antiangiogenic with
a broader spectrum of action than Bevacizumab,
as it can block both VEGF-A and PIGF, inhibiting
the activity of VEGFR-1 and VEGFR-2 receptors
by blocking tumor neoangiogenesis (10-12). VE-
LOUR phase lll randomised controlled trial (Clin-
icalTrials.gov NCT00561470) analyzed the effect
of adding AFL to FOLFIRI, as a second-line option.
Compared to FOLFIRI alone, the combination re-
sulted in 1.5 month median overall survival (OS),
(13.50 vs.12.06 respectively; HR: 0.817; 95% Cl:
0.713-0.937; p = 0.0032) and median 2.2 months in
PFS improvements (6.90 vs. 4.67 respectively; HR:
0.758; 95% Cl: 0.661-0.869; p = 0.00007) (13, 14).
The safety profile of this combination has been
proven acceptable and manageable. Based on the
results of the VELOUR study, we conducted a mo-
no-institutional retrospective analysis, which em-
braced both the pre-pandemic and the pandemic
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periods, to evaluate the safety and efficacy of AFL
in combination with FOLFIRI in patients with pro-
gressing mCRC previously treated with Oxaliplatin
based regimens as routinely used in clinical prac-
tice (15, 16).

PATIENTS AND METHODS

Design and Participants

Between June 2016 and March 2022 a total of 78
patients were enrolled in the study. The inclusion
criteria were: histologically confirmed diagnosis
of mCRC; age >18 years old; Eastern Cooperative
Oncology Group (ECOG) performance status from
0 to 2; measurable disease according to Response
Evaluation Criteria in Solid Tumours (RECIST) ver-
sion 1.1 (17, 18); progressive disease after first-
line therapy with Oxaliplatin (according to RAS/
BRAF gene status) regular heart function with left
ventricular ejection fraction (LVEF) >50% and elec-
trocardiogram (ECG) with sinus rhythm; adequate
bone marrow, renal and hepatic functions; com-
puterized tomography and/or magnetic resonance
imaging of the central nervous system available for
radiological review.

The exclusion criteria were: patient whit hyper-
sensitivity to AFL, its excipients, or any other for-
mulation components; no concomitant anticancer
therapies were allowed, and radiotherapy at ex-
tracranial sites must have been stopped at least
one month before starting the treatment.

Method of Administration

All patients received 4 mg/kg of AFL intravenously
according to the treatment assignment, for more
than an hour on day 1 every two weeks, immedi-
ately followed by the FOLFIRI regimen (Irinotecan
180 mg/m? IV for more than 90 minutes, with leu-
covorin 400 mg/m? IV for more than 2 hours, fol-
lowed by FU 400 mg/m? bolus and FU 2400 mg/
m? continuous infusion for more than 46 hours)
(19). Patients were premedicated as indicated in
routine clinical practice. Electrocardiogram (ECG)
and echocardiogram were performed at baseline
and every three months. Treatment was admin-
istered until disease progression or development
of unacceptable toxicity (20). The outbreak of the
COVID-19 pandemic has required a revision of rou-
tine medical care to minimize the risk of exposing
patients to the virus infection.
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Evaluation of Response and Toxicity

Dose interruption was allowed to manage treat-
ment-related adverse events (TRAEs). FOLFIRI
TRAEs and side effects were assessed at the end of
each cycle and reported according to the Common
Terminology Criteria for Adverse Events (CTCAE),
Version 4.0. G3 or G4 toxic effects were managed
with dose reduction or delay, in compliance with
clinical practice procedures. Patient characteris-
tics such as performance status, histopathological
data, laboratory and radiological data (humber of
metastatic sites >2), and treatment outcomes were
collected and reviewed to identify any prognostic
factors to assess the best second-line therapy.

Quality of Life

QoL was regularly assessed by the psycho-oncol-
ogists, which provided all patients with the EORTC
QLQ-C30 (European Organization for Research and
Treatment of Cancer) questionnaire at the begin-
ning of the treatment and after three months (21).
The questionnaire is composed of both single-item
and multi-item scales. The scaling is organized into
five functional domains (physical, role, cognitive,
emotional, and social), three-item symptom scales
(fatigue, pain, and nausea and vomiting), a global
health status/QoL scale, and six single-item scales
(dyspnoea, loss of appetite, insomnia, constipa-
tion, diarrhoea and perceived financial impact of
the disease). The score is evaluated according to a
linear grading scale ranging from 0 to 100. A high
score on a functional scale and global health sta-
tus/QolL represents a high/healthy level of func-
tioning, whereas a high score on a symptom scale/
item represents a high level of symptomatology/
problems.

Statistical Analysis

All statistical analyses ware performed using Sta-
tistical Package for Social Science (SPSS) software
version 25. for Mac (IBM Corp., Armonk, NY, USA).
Descriptive statistics were used to describe the
baseline data of the patients, divided into two
groups, respectively cancer treatment before COV-
ID-19 (Group A) and after COVID-19 (Group B),
with standard deviation or qualitative data being
expressed as percentages. Proportions for cate-
gorical variables were compared using Student t
tests. ORR is defined as the percentage of patients
who achieved complete or partial response after
treatment. PFS was calculated from the beginning
of the treatment until progression, the PFS curve

was assessed using the Kaplan-Meier method and
the subgroup analysis of survival curves was per-
formed with the Log-rank test. Bravais-Pearson’s
(r) linear correlation index was used to define the
relation between PFS and CEA with a 95% confi-
dence interval (Cl). The statistical significance was
defined as a p-value of less than 0.05. The last fol-
low-up was in August 2022.

Endpoints

The main objective was to assess the impact of the
COVID-19 pandemic on the management of pa-
tients. Primary endpoints were the comparison of
the QoL, PFS and ORR in the two patient groups
treated before and after the onset of COVID-19,
group A and group B, respectively. Tolerability pro-
file, prognostic factors and carcinoembryonic an-
tigen (CEA) reduction were secondary endpoints.

Ethical Aspects

The study, approved by the Local Ethics Commit-
tee, Policlinico Palermo 1, was conducted in full
compliance with the provisions of the Declaration
of Helsinki as well as with the Good Clinical Practice
guidelines. All patients provided written informed
consent to be included in this study.

RESULTS

Descriptive Patients Characteristics

A total number of 78 patients were enrolled in
this retrospective study, divided into two groups.
Group A comprised all patients who underwent
cancer treatment before the onset of the COVID-19
pandemic, between Jun 2016 and February 2020,
while Group B included all those patients who were
treated between March 2020 and March 2022.
Demographic characteristics of the patients were
well-balanced in all two cohorts (Table 1), in the
Group A (cancer treatment before COVID-19) were
56 patients (29 male and 27 female), with a median
age of 58 years old (range 49-68), in the Group B
(cancer treatment after COVID-19) were 22 patient
(12 male and 10 female) with a median age of 57
years old (range 51-62). All patients were previous-
ly treated with an Oxaliplatin first-line regimen.
As for the ECOG performance status, in all 78 pa-
tients, 25 (32%) patients had ECOG 0, 43 (55%) had
ECOG 1, and 10 (13%) had ECOG 2. Patients who
had already undergone primary surgery were 65,
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Table 1. Baseline clinical and pathological characteristics (n. 78)
divided in two groups (Group A and Group B).

GROUPA | GROUP B
- 1565 | WIS v

Mean age 8(49-64)  57(51-62)
(range)
Sex
Male 29 (52%) 12 (58%) 1.93
Female 27 (48%) 10 (42%) 1.09
ECOG performance status
0 18 (32%) 7 (31%) 0.78
1 32 (57%) 1 (50%) 1.45
2 6 (11%) 4 (18%) 0.08
Primary tumor location
Single left-site 21 (38%) 14 (64%) 0.92
Single right-site 34 (61%) 8 (36%) 0.88
Single
transverse-site 1 3] i
K-RAS and B-RAF status
Wild-type 33 (59%) 16 (72%) 0.78
Mutant 23 (41%) 6 (28%) 0.98
Location of metastasis
Liver 14 (25%) 8 (36%) 0.16
Lung 9 (16%) 5 (23%) 0.08
Lymph nodes 33 (59%) 9 (41%) 1.51

Group A: cancer treatment before COVID-19; Group B: cancer treatment
after COVID-19; ECOG: Eastern Cooperative Oncology Group.

whilst 13 had concurrent hepatic metastasectomy.
Anti-EGFR therapies were administered to 49 pa-
tients with wild-type RAS tumors, whilst anti-VEGF
therapy with Bevacizumab was administered to 29
patients with mutant RAS/BRAF tumors. Further-
more, 17 patients (22%) were treated with FOLFOX
and 61 patients (78%) with CAPOX. The primary tu-
mor site was the left side in 35 patients, the right
side in 42 patients, and the transverse colon in 1
patient only. The metastatic sites of the disease
were the liver, lungs, and peritoneum. 16 patients
had pre-treatment CEA values <10 mg/dl and only
one metastatic site (liver or lung). Table 1 shows
the main characteristics of the study groups.

Clinical outcomes

On average, patients received 9 cycles of chemo-
therapy (range: 7-11). AFL plus FOLFIRI was well-tol-
erated, with a manageable toxicity profile. After a
median follow-up of 12.6 months (range: 9.2-13.6)
response rates according to RECIST criteria showed
1 (1%) complete response (CR); 15 (19%) partial re-
sponse (RP); 48 (62%) disease stabilization (SD); 13
(17%) progression disease (PD) and 1 (1%) not eval-
uable. Accordingly, ORR (CR + PR) was 19.4%, and
DCR (CR+PR+SD) was >82% (Table 2) summarized
results for groups A and B respectively). The me-
dian response time in all patients (n = 78) was 6.5

Progression Free Survival
1,0 HR = 0.64 (95% Cl, 0.47-0.86)
Log rank test P = 0.13 —Tmutant
Kaplan-Maier median —wild-type
08 wild-type RAS/BRAF = 6.8 month
' RAS/BRAF mutant = 6.3 month
2 06
S
S
=
(]
£
S 0,4
0,2
0,0
,00 2,00 4,00 6,00 8,00 10,00 12,00
Time (month)

Figure 1. Log rank test for PFS in wild-type RAS/BRAF (n. 49) and RAS/BRAF mutant (n. 29). PFS: progression-free survival.
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Progression Free Survival
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Figure 2. Log rank test for PFS in primary tumor site in the left colon (n. 35) and primary tumor site in the right colon (n. 42).

PFS: progression-free survival.
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Figure 3. Log rank test for PFS in patients treated before COVID-19 period (n. 56) and patients treated after COVID-19 period (n. 22).

PFS: progression-free survival; Group A: cancer treatment before COVID-19; Group B: cancer treatment after COVID-19.
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Table 2. Overall Response Rate divided in two groups (Group A and
Group B).

(c]:{0]V] .\ GROUP B
- N=56(%) | N=22(%) | " VALY
(2%) =

1(2%

Complete
response
P 9(16%)  6(7%)  0.05
response
Stable response 36 (64%) 12 (55%) 0.46
Progressive g 160y  4(18%)  0.03
response
Not evaluable 1(2%) -
Overall
response rate 10 (18%) 6 (27%) 0.12
(CR+PR)
Clinical
benefit rate 46 (82%) 18 (82%) 0.46
(CR+PR+SD)

Group A: cancer treatment before COVID-19; Group B: cancer treatment
after COVID-19; ECOG: Eastern Cooperative Oncology Group; CR:
complete response; PR: partial response; SD: stable response.

months (95% Cl: 4.9-8.1) with a modest improved
QoL. Bravais-Pearson index showed a positive cor-
relation between PFS and CEA reduction, with a
correlation coefficient (95% Cl:0.31-0.76) value of
0.59, p = 0.009. We observed a mean CEA reduc-
tion >50% reflecting an increase in PFS.

Our analysis of the final cohort of patients showed
a median PFS of 6.2 months (95% CI:5.1-7.2). Ac-
cording to RAS/BRAF status (WT vs mutant), PFS
was 6.8 months versus 6.3 months respectively

(Figure 1); also sideness (left vs right) did not affect
PFS (7.0 months versus 6.7 months respectively)
(Figure 2); we have recorded a PFS of 6.1 months
in Group A versus 6.2 months in Group B with a HR
of 0.89 (95%, Cl 0.53-1.15), furthermore, in patients
with low pre-treatment CEA levels and a low num-
ber of metastatic sites, we registered also great-
er PFS time. Figure 3 reports the PFS analyses of
patients, divided according to the treatment peri-
od before COVID-19 (group A) and after COVID-19
(group B). Our analyses showed no statistically sig-
nificant differences in PFS between the two groups
likely due to their small size.

Quality of Life

At baseline (treatment beginning), the EORTC
QLQ-C30 questionnaires showed an overall slight-
ly lower QoL outcome (the score for global health
status was 57.7 in group A vs 56.3 in the group
B). As for the symptom scales, patients reported
sleeping disorders (24.3), fatigue (41.6) and nau-
sea/vomiting (50.3) in two groups. Furthermore,
the group B shows a worsening in the social area
(47.0 group A vs 58.1 group B) and financial area
(44.3 group A vs 45.7 group B). At follow-up, QoL
had improved with a score of 61.3 for global health
status (61.5 group A vs 60.7 group B). In the two
groups we observe a reduction in pain symptoms
(44.3 group A vs 45.2 group B), (Table 3). The re-
duction of financial impact appeared also relevant.
In fact it was at baseline 44.3 in group A and 45.3

Table 3. The Quality of Life score (n. 78) divided in two groups (Group A and Group B).

GROUP A GROUP B
N =56 N =22 P VALUE

BASELINE FOLLOW UP BASELINE FOLLOW UP

Global health status 57.7 61.5
Physical 46.1 47.4
Role 41.5 42.5
Cognitive 43.6 43.8
Emotional 51.4 50.6
Social 47.0 48.3
Fatigue 41.4 39.4
Pain 48.6 443
Nausea and vomiting 50.3 50.2
Dyspnoea 29.6 28.3
Loss of appetite 19.6 19.5
Insomnia 243 24.7
Constipation 18.6 18.8
Diarrhoea 18.6 18.9
Financial impact 44.3 45.7
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56.3 60.7 0.05
46.9 47.0 0.35
44.3 44.7 0.78
43.9 44.3 1.06
52.7 51.8 0.58
58.1 57.9 0.02
41.7 40.6 1.69
48.8 45.2 0.00
50.3 50.1 1.56
28.4 28.1 1.73
19.9 18.9 0.07
34.6 35.7 0.01
18.9 18.4 1.83
17.5 18.2 0.59
45.3 48.1 0.06
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in group B, respectively, and it became after three
months 45. 7 in group A and 48.1 in group B, re-
spectively.

Tolerability

No severe treatment-related hypersensitivity reac-
tions were reported, and no patients died of treat-
ment-related adverse events. The main hemato-
logical toxicities related to AFL and FOLFIRI were:
neutropenia (all grades: 36%; G3-G4: 12%), febrile
neutropenia (all grades: 8%), G2-G3 anemia (22%)
G4 anemia (5 patients), and G3 thrombocytope-
nia (12%). Granulocyte colonies-stimulating factor
(G-CSF), antibiotics, erythropoietin, oral steroids,
and blood transfusions (3 patients) were used as
expected in routine clinical practice. The most fre-
quent major non-hematological toxicities were:
asthenia (all grades: 26%); diarrhoea (all grades:
24%; G3-G4: 9%), treated with loperamide as need-
ed; arterial hypertension; G3 hypertension (18%),
treated with the dose-adjustment of the pre-exist-
ing antihypertensive therapies or with more than
one drug; G4 hypertension (only 1 case); G3 pro-
teinuria (6%); palmar-plantar erythro-dysesthesia
(in 1-4%- of G2-G3 patients) (Table 4). No heart
failure, left ventricular ejection fraction (LVEF) re-
duction, gastrointestinal perforations, or fistulas
cases were reported. No significant differences
were recorded in both incidence and severity of Ae
in the two groups of patients.

Table 4. Adverse events graded according CTCAE, Version 4.0 (n.
78).

ADVERSE EVENTS ALL GRADES | GRADE 3-4

Hematological

Anemia 22% 6%
Neutropenia 38% 14%
Trombocitopenia 16% 12%
Febbrile neutropenia  13% 13%
Non-hematological

Nausea 16% 12%
Vomiting 12% 8%
Hypertension 18% 12%
Fatigue 28% 28%
Hyperbilirubinemia 4% 2%
Hand foot syndrome 4% 4%
Peripheral 0% 0%
neuropathy

Diarrhoea 48% 13%

CTCAE: Common Terminology Criteria for Adverse Events.

DISCUSSION

The outbreak of the COVID-19 pandemic has inter-
fered with the normal practices of cancer patients'
management in both providing and receiving care.
This study was carried out before and after the COV-
ID-19 pandemic. As a result of this analysis, AFL com-
bined with FOLFIRI was proven effective and well-tol-
erated as second-line therapy for mCRC. Patients
were previously treated with Oxaliplatin-based
regimens as first-line chemotherapy and, in some
cases, they also received anti-VEGF or anti-EGFR tar-
geted agents. The pandemic has required new prac-
tices in patient management: to reduce the risk of
exposition to the virus, preventive measures were
introduced to limit access of cancer patients to the
hospital. Our results were in line with the VELOUR
trial experience (15-22). Although the retrospective
design of this study, our results showed AFL effec-
tive and well-tolerated, with good disease control
and a manageable toxicity profile, with a median PFS
of 6.2 months (95% Cl: 5.1-7.2). As a consequence,
COVID-19 pandemic had probably no impact on PFS
for FOLFIRI + Aflibercept treatment.

A significant impact on QoL was observed in most
patients (23, 24), the result of this study showed no
significantimpact due to the onset of COVID-19 pan-
demic. In the present study, mutations of the RAS /
BRAF genes were associated with a lower response
rate with a median PFS of 6.3 months, compared to
a median PFS of 6.8 months for the wild-type RAS/
BRAF subgroup. Similar trends were observed in the
biomarker sub-analyses of the VELOUR study (16).
The primary tumor site is an important independ-
ent prognostic factor in CRC due to the distinct bi-
ological characteristics of right-sided and left-sided
tumors. Of interest, right colon cancer is associated
with defective repair genes and increased numbers
of KRAS / BRAF mutations (25). In our study, no clin-
ically relevant differences were shown according to
the localization of the tumor on the left or right side
(7.0 months versus 6.7). Finally, a significant corre-
lation was observed between lower pre-treatment
CEA values, deceased post-treatment CEA values,
increased PFS. Therefore, based on these results,
the lack of RAS/BRAF mutations, the localization
of the primary tumor, and the pre-treatment CEA
levels may represent prognostic factors to achieve
greater responses and prolongation of survival.
The results of this study suggest that AFL with FOL-
FIRI may have specific benefits in patients with the
above-mentioned characteristics even during COV-
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ID-19 pandemic. Moreover, patients treated with
this combination did not experience QoL worsen-
ing. On the contrary, thanks to psyconcologist sup-
port, the 85% patients enrolled experienced either
improvement or stability in QoL. The study confirms
that the absence of RAS/BRAF gene mutations, the
localization of the primary tumor on the left side,
and low pre-treatment CEA levels might be prognos-
tic biomarkers for the treatment with AFL plus FOL-
FIRI. In addition, a significant correlation between
decreased CEA levels increased PFS, and clinical
benefits were observed. AFL is an effective antiangi-
ogenic therapy with a manageable tolerability pro-
file that provides significant clinical benefits when
combined with FOLFIRI in mCRC after Oxaliplatin
with or without biological agents (26). The results
obtained showed that AFL is well-tolerated by most
patients. AFL does not alter Qol, and its efficacy in
terms of survival is confirmed. The results show a
good QoL for patients under treatment, without
critical consequences in the management of the
disease. The physical symptoms were well tolerated
without any impact on QoL, however a greater im-
pact was observed on the social area, affecting what
were distracting and sociable activities.

CONCLUSIONS

During the recent COVID-19 pandemic, although
treatment guidelines remained unchanged, patient
management was modified. Nevertheless, the best
oncological therapy was performed with a reason-
able profile of complications and side effects of
chemotherapy due to antiemetics, antiallergics,
prophylaxis for immunodeficiencies (G-CSF). A spe-
cific patient management was crucial to limit the ac-
cess of patients to the hospital and, consequently,
to drastically reduce the risk of Covid infections in
cancer patients (27). The psycho-oncological sup-
port, as established by national and internation-
al guidelines, is a tool that allows you to improve
patients' mood and QolL. This study showed effica-
cy results for mCRC patients treated with AFL and
FOLFIRI in common clinical practice, including pa-
tients previously treated with anti-EGFR antibody or
bevacizumab during the COVID-19 pandemic (28).
AFL plus FOLFIRI has a manageable safety profile,
and the results regarding the efficacy and toxicity
are consistent with previous studies (29, 30). Limita-
tions of this analysis include the restricted number
of patients enrolled as well as the non-randomized
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sampling. According to the retrospective nature of
our analysis and the limited number of patients en-
rolled, we can suggest that our results can provide
valid assumptions for future studies.
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ABSTRACT: Pediatric patients undergoing cancer treatments often experience excessive pain and anxiety during medical
procedures, especially those involving the insertion of needles. These feelings are usually associated with dangerous consequences
such as attempts to escape and the avoidance of health care. Therefore, it is essential to improve the management of discomfort
and fear to ensure appropriate care for the patients. In recent years, many studies and numerous randomized trials have been
focusing on the effects of virtual reality (VR) during distressing procedures and rehabilitation sessions, and it has been reported
that VR is a successful form of distraction from both pain and anxiety. This innovative form of non-pharmacological analgesic
therapy has also been used together with opioids (standard care), such as morphine, while performing unpleasant therapies,
successfully reducing the feelings of distress and fear compared to the patients treated with the standard medications.

This manuscript aims to analyze the most recent literature in VR for the management of pain and anxiety during cancer-related
treatments in pediatric patients. The use of VR during medical procedures offers patients relaxing and pleasant scenarios. VR
represents a promising strategy to alleviate the suffering and stress of pediatric patients, ensuring better patient management.

Doi: 10.48286/ar0.2024.81 Key words: virtual reality; cancer pain; palliative care; opioids;
analgesics; pediatric patients; oncology; rehabilitation; non-
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has proven to be promising as a potential novel form of pal-
liative pain and anxiety management for pediatric oncology
patients.
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INTRODUCTION

Cancer is a primary cause of death among children
and teenagers. Globally, it has been estimated that
almost 400,000 children and adolescents of 0-19
years develop cancer yearly (1).

Since pain and anxiety are significant symptoms ex-
perienced during cancer treatment, palliative care
is considered an essential component of compre-
hensive oncology therapy. It has been demonstrat-
ed that patients receiving palliative treatment along

© 2024 Annals of Research in Oncology - ARO. Published by EDRA SpA. All rights reserved. 29



Vol. 4(1), 29-39, 2024

with standard cancer care, improved the manage-
ment of their symptoms, their quality of life, and
this latter effect has been showed to improve also
for the caregivers and their families (2). According to
the World Health Organization (WHO), pain in chil-
dren is a public health concern of high significance
in most parts of the world, especially in low-income
countries. Numerous data suggest that these na-
tions offer inadequate and frequently non-existent
pain treatments to patients, who are subject to un-
necessary agony (3).

The perception of children’s pain has evolved
through time, and now people value pain alleviation
highly. Pain used to be extensively disregarded, and
commonly ignored, and it was believed that chil-
dren rapidly forgot about unpleasant experiences.
Since the 1970s, pain started to be the subject of
many studies, resulting in the urgency for pediatric
pain research (4).

At this time, the standard strategy for the manage-
ment of pain and anxiety in cancer patients is phar-
macological. The WHO guidelines to manage cancer
pain usually recommend paracetamol, non-steroi-
dal anti-inflammatory drugs (NSAIDs), steroids and
opioids (3). Opioids (morphine- like drugs) are used
worldwide to alleviate painful symptoms. Most in-
dustrialized countries have widespread access to
opioids in healthcare settings, although availability
may be limited in developing nations.

Opioids are administered either parenterally or
orally, and the dosage is often based on the body
weight of the child (5).

However, these medications are well known for
their significant side effects including nausea, con-
stipation, and hallucination (6).

Therefore, to reduce these eventual risks during
pain management, it is important to find effica-
cious nonpharmacological strategies.

Recently, virtual reality (VR) has been used to dis-
tract children during painful procedures, emerging
as a novel non-pharmacological therapy for pain
and anxiety (7). This innovative technology has
been successfully appreciated by patients in the
pediatric unit, as it appeals to various age groups,
and sometimes it may be adapted to mobile
phones, thus, providing a more economic option.
It has been shown that VR has the potential to keep
patients distracted during painful procedures by
keeping them active. For instance, using a VR head-
set, playing games or observing different scenarios
during the procedure, will lead them to experience
less pain and anxiety (8).

30

VR can be used during various medical procedures,
helping the child to perceive the therapy as a safe
environment (9).

Studies have shown that regional cerebral blood
flow related to the processing of a painful event is
decreased when a person is distracted (10). Similar
to this, when the attention of the person is divert-
ed by a task, there is less activation in the brain
regions connected to pain, such as the thalamus,
insula, and anterior cingulate cortex, which results
in proportionately lower pain levels (11).

In this manuscript, we will review the most recent
literature on the effects of VR on pain and anxiety
for pediatric oncology patients.

VIRTUAL REALITY: HOW DOES IT
WORK?

Virtual Reality can be best described as the simula-
tion of a three-dimensional environment generat-
ed by a computer (10).

VR systems can be classified into three categories:
Immersive VR, Semi-immersive VR, and Non-im-
mersive VR.

Immersive VR relies on the full immersion of a per-
son in a computer-generated world, instead of the
actual one. This level of immersion is only achieva-
ble with a head-mounted display that excludes the
view of the real world, and with headphones, that
block the sounds of the surrounding environment
(11).

Semi-immersive VR involves the utilization of a
large screen for projecting the virtual environment
(VE). Advanced interface devices, such as cyber-
gloves, haptic feedback devices, or infrared camer-
as, are employed to facilitate user interaction with
the VE. Notably, users can concurrently perceive
the real world, resulting in a state of partial immer-
sion and a heightened sense of presence (12).
Lastly, the non-immersive form is distinguished
by a computer screen where the user can interact
with the real world while also connected to the vir-
tual one (11).

VR has proven to work as an efficient distraction
tool from pain.

Studies have shown that regional cerebral blood
flow related to processing a painful event is de-
creased when a person is distracted (13). Similar
to this, when the attention of the person is divert-
ed by a task, there is less activation in the brain
regions connected to pain, such as the thalamus,
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insula, and anterior cingulate cortex, which results
in proportionately lower pain levels (14).

Various studies have been conducted in recent
years to address the expanding field of Virtual Re-
ality (VR) interventions, investigating their efficacy
as palliative care for pain and anxiety manage-
ment, along with their role in rehabilitation (VRR)
(Table 1).

VR IN PAIN MANAGEMENT

Cancer therapy represents a very unpleasant ex-
perience for pediatric patients. Indeed, pediatric
cancer patients often undergo treatments, such
as chemotherapy, radiation therapy, surgery, and
procedures involving the use of needles. These ap-
proaches can result in a status of anxiety and pain
and make the management of these patients quite
difficult (13).

Many studies have been using the following meth-
ods to measure pain intensity in the patients: Nu-
merical Rating Scale (NRS), Visual Analogue Scale
(VAS), Wong-Baker FACES pain scale and Faces
Pain Scale-Revised (FPS-R) (14, 15, 16).

NRS is an 11-, 21-, or 101-point numeric rating
scale. Patients are asked to express a numeric val-
ue within a specific numeric range to quantify their
pain. Depending on the number of points that are
present on the scale, the numeric range is from
0 to 10, or 0 to 20 or O to 100 where zero corre-
sponds to “no pain” while the maximum range val-
ues represent “the worst pain”(15, 17). Instead, in
VAS, patients indicate the intensity of their pain on
a line whose extreme limits represent the absence
of pain and the worst possible pain. The addition
of a numerical scale or terms describing pain as
“ mild,” “moderate,” and “severe” in VAS defines
the “Graphical Rating Scale” (GRS) (15). However,
pain measurement methods involving the graphic
representation of pain using drawn faces, such as
Wong-Baker FACES and Faces Pain Scale-Revised,
are highly preferred for younger children, com-
pared with the usage of numerical scales (16). The
Wong- Baker FACES is a scale that is based on the
use of six drawings of faces with an expression
ranging from absence of pain (smiling face) to max-
imum pain (crying face) with associated numerical
scores from 0 to 5. The child is asked to indicate
the face that is most representative to identify his
or her level of pain (16). The Faces Pain Scale Re-
vised also uses 6 drawn faces to represent pain,

but unlike the Wong-Baker FACE, these drawings
do not express too much emotion, since there are
no significantly smiling or crying faces (16).

The measurement scales mentioned above are
widely used to assess pain in the pediatric field
(18). Since pain associated with painful procedures
during cancer treatments negatively affects the
emotional status and well-being of the child, it is
crucial to develop approaches to reduce needle-
induced anxiety and pain in pediatric patients (13,
19, 20). The use of VR is well known to improve the
emotional and psychological status of cancer pa-
tients, acting as a distractor and pain reliever dur-
ing painful procedures (11).

Several studies proved through various pain meas-
urement scales, such as VAS, Wong-Baker faces
and NRS, that VR exhibited a beneficial effect in re-
ducing pain in pediatric oncology patients (21, 22,
23) and in distracting these patients during numer-
ous medical procedures involving needles, includ-
ing port access with a Huber needle, peripheral in-
travenous cannulation, and venipuncture (21, 24,
25). Indeed, VR can simultaneously engage several
senses in patients. While using VR, patients focus
their attention on pleasant stimuli determined by
the virtual environment, thus distracting them-
selves from painful perceptions (26).

Immersive and non-immersive VR results in differ-
ent outcomes in reducing pain in pediatric patients
with solid or hematologic tumors (27). Although
non-immersive VR is well accepted by children
during procedures involving the use of needles,
Nilsson et al. observed few statistically significant
differences when comparing various quantitative
pain assessments in pediatric oncology patients
undergoing non-immersive type VR compared to
control patients (28).

In contrast, the use of immersive VR exhibits a rel-
evant beneficial effect on pain in pediatric cancer
patients undergoing painful medical procedures
(27). In detail, Atzori et al. proved that the use of
immersive VR in venipuncture procedures led to
a significant reduction in pain sensory percep-
tion and time spent by pediatric patients thinking
about pain (25).

Examples of scenarios observed during immer-
sive VR by pediatric cancer patients undergoing
painful procedures include swimming with marine
animals (Ocean Rift), discovering a forest through
the eyes of an animal (In the Eyes of the Animal),
throwing snowballs at animals or snowmen (Snow-
World) (21, 25); riding a rollercoaster that increases
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Table 1. Summary of Studies Conducted for Virtual Reality (VR) in Pain and Anxiety Management and Rehabilitation (VRR). A comprehensive
overview of the aforementioned studies conducted in the field of research for Virtual Reality (VR) as palliative care for pain and anxiety
management as well as rehabilitation (VRR). This table summarizes key findings from various studies exploring the effectiveness of VR in
alleviating pain and anxiety, and enhancing rehabilitation outcomes for pediatric oncology patients. The studies cover diverse aspects. Each
entry provides valuable insights into the evolving landscape of VR applications in the multifaceted care of pediatric patients undergoing cancer
treatments.

PAIN OR ANXIETY

MANAGEMENT OR

STUDY AUTHORS

METHODOLOGY

KEY FINDINGS

REHABILITATION

Effects of virtual reality on

(VRR)

CONSORT checklist,
Child Fear Scale,

Virtual reality significantly

pain, fear and anxiety during VR in Pain ; . p : .
blood draw in children aged ~ and Anxiety Ozalp et al. ~ Children's Anxiety redL_Jces pain, lieelr, el
. . (2020) Meter, anxiety during blood draw
5-12 years old: Arandomized Management ) .
Wong-Baker FACES  in children
controlled study . .
pain rating scale
A Pilot Randomized
Con'grollgd Trla! of Virtual ‘ ' NRS, VAS, Wong- VR exhlblts a b‘eneflc'lal
Reality Distraction to Reduce VR in Pain Hundertet gt ar FACES pain effect in reducing pain
Procedural Pain During Management al. (2021) : P in pediatric oncology
. rating scale, FPS-R '
Subcutaneous Port Access in patients
Children and Adolescents
LG i e VR intervention significantl
Targeting Pain and Anxiety NRS, VAS, Wong- . ghiricantly
A o . reduced pain and anxiety
mong Pediatric Cancer . . Baker FACES pain L
. ; VR in Pain Wong et al. A levels among pediatric
Patients Undergoing M rating scale, self- : .
3 anagement (2021) cancer patients undergoing
Peripheral Intravenous report scales of : .
I . . peripheral intravenous
Cannulation: A Randomized Anxiety ;
. cannulation
Controlled Trial
The use of VR during
venipuncture in pediatric
Virtual Reality Analgesia patients with onco
During Venipuncture in VR in Pain Atzorietal. \ag -hematological diseases
Pediatric Patients With Onco Management (2018) was associated with
Hematological Diseases an analgesic effect,
contributing to reduced
pain during the procedure
The use of Virtual Reality for . .
needle related procedural L Non-immersive VR
ain and distress in children VR in pain Nilsson et CAS, FAS, FLACC, reduced pain and distress
P ; Management al. (2009) oximeter in children undergoing
and adolescents in a
I . needle-related procedures
pediatric oncology unit
Effects of Virtual Reality on VR effectively reduces
Pain During Venous Port . . . . .

. o VR in Pain Semerciet Wong-Baker FACES pain during venous
Access in Pediatric Oncology Management / Pain Rating Scale ort access in pediatric
Patients: A Randomized & al. (2021) & gncolo atieFr)1ts
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The effect of virtual reality
on pain, fear, and anxiety Child Fear Scale, VR diminishes procedure-
during access of a port with VR in Pain K Children’s Anxiety  related pain, fear and
huber needle in pediatric and Anxiety G/ergezer €l Meter, Wong-Baker anxiety in children aged
hematology-oncology Management al. (2020) Faces Pain Rating ~ 5-12 years old during
patients: Randomized Scale blood draw
controlled trial
Effects of virtual r'eallty VR was effective in
ey o [pEEE e VR in Pain reducing pain anxiet
pain intensity, anxiety, d Anxi Sharifpour  MPQ, PASS, PCS, Jucing pa d o
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efficacy among adolescents
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PAIN OR ANXIETY
MANAGEMENT OR
REHABILITATION
(4]

AUTHORS

METHODOLOGY KEY FINDINGS

Acupressure is suggested

Acupressure and anxiety in VR in Anxiety Beikmoradi STAI as a complementary
cancer patients Management etal (2015) therapy to reduce anxiety
in oncology patients

The Impact of an Interactive eIl games can

: . i be used to improve
Computer Game on the VR in Anxiety Fazelniya et PedsQL the quality of life of
Quiality of Life of Children Management al. (2017) children undergoin
Undergoing Chemotherapy chemotherapyg &
Is virtual reality ready for CAS. VAS. FAS VR has the potential to
prime time in the medical CAS'I invésti :;ltor- serve as a preventive
space? A randomized control VR in Pain Gold et al. ! 8 intervention by making

developed Child

trial of pediatric virtual Management, VRR  (2018) the blood draw
. Presence Measure, . .
reality for acute procedural . experience less upsetting
. Malaise Scale : ;
pain management and possibly even painless
Individual
e e e ez Following treatment
assessment (e.g. O
X ) for pediatric
tests of intelligence,
verbal and visual mEell(elel i
Unmet rehabilitation memorv. attention and central nervous
needs in 86% of Norwegian Stensvold Y ' system primitive

pediatric embryonal brain VRR

tumor survivors

et al. (2020)

processing speed
and executive
functions),

SIOP, Basal
endocrinological
tests, cardiac
auscultation

neuroectodermal tumor,
a significant number of
survivors had unmet
rehabilitative needs and
significant late effects

*NRS = Numerical Rating Scale, VAS = Visual Analogue Scale, FPS-R = Faces Pain Scale-Revised, FAS = Facial Affective Scale, FLACC = Face
Legs Activity Cry and Consolability Scale, MPQ = McGill Pain Questionnaire, PASS = Pain Anxiety Symptoms Scale, PCS = Pain Catastrophizing
Scale, PSEQ = Pain Self-Efficacy Questionnaire, STAI = Spielberger’s State-Trait Anxiety Inventory, PedsQL = Pediatric Quality of Life Inventory,
CASI = Childhood Anxiety Sensitivity Index, SIOP = International Society of Paediatric Oncology Boston Ototoxicity Scale.

and slows down the speed (29), and other videos
from AAA VR Cinema v.1.6.1 application (30).
Some studies aimed to compare the effectiveness
of immersive VR with non-immersive VR in reliev-
ing pain in pediatric oncology patients and found
no significant difference in outcomes between
the two types of VR (27). In a recent study con-
ducted by Hundert et al., values obtained from
pain measurement using the NRS scale revealed
a greater reduction in pain intensity in patients
undergoing immersive VR than those undergoing
non-immersive VR, during subcutaneous port ac-
cess. Nevertheless, this difference was not statis-
tically significant (23).

Thus, VR represents an effective distraction meth-
od to reduce pain in pediatric cancer patients.
Based on registers for ongoing clinical trials, IS-
RCTN and clinicaltrials.gov, there seem to be sev-
eral clinical trials to evaluate the effect of VR on
pain in pediatric cancer patients (NCT05042479;
NCT05275881; NCT02995434; NCT04092803;

NCT03888690; NCT04138095; NCT04931745;
NCT04853303) (27) (Table 2) and further studies
are needed to clarify the mechanisms underlying
the analgesic effect of VR (26).

VR IN ANXIETY MANAGEMENT

Anxiety has often been described as the “psycho-
logic equivalent of physical pain” and in some cas-
es, it can appear in the form of phobias (31).
Cancer patients may experience anxiety due to
many different reasons, including the reaction to
the diagnosis of the disease, critical pain, and long-
term treatments (32). Anxiety has multiple nega-
tive effects on the therapies of oncology patients,
slowing down the healing process (33).

For instance, chemotherapy's physical and psy-
chological side effects cause patients to fear the
chemotherapy and sometimes even reject or resist
receiving anti-cancer treatment (34).
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Table 2. A Comprehensive List of Clinical Trials for Virtual Reality (VR) utilized as palliative care for pediatric oncology patients taken from
clinicaltrials.gov as of February 2024. Based on the various filters applied (“virtual reality pain, anxiety pediatric oncology”, childbirth-17, all
sexes, not yet recruiting, recruiting, completed, enrolled by invitation, clinical trial), there are four clinical trials worldwide which seek or have
sought to better understand the effects of VR as a method of distraction for pediatric oncology patients. There have been four completed clinical

trials. These results do not include Scopus.gov clinical trial results, thus eliminating grant clinical trials. Source: clinicaltrials.gov.

STUDY TITLE NCT NUMBER | STATUS H CONDITIONS

Virtual Reality
on Pain, Fear,

and Emotional
Appearance

: 4-12
During NCT05675358 Completed years
Phlebotomy (Child)
in Pediatric
Hematology
and Oncology
Patients
Impact of Virtual
Reality on Peri-
interventional 6-18
Pain, Anxiety years
and Distress NCT06235723 Completed (Child,
in a Pediatric Adult)
Oncology
Outpatient Clinic
The Effect of
Biofeedback- 6-12
Based Virtual NCT05585840 Completed years
Reality Game on (Child)
Children
Distracting 8-25
Through years
Procedural Pain NCT04892160 Completed (Child,
and Distress Adult)

Pharmacological and nonpharmacological tech-
niques can both be used to treat anxiety in cancer
patients (6).

However, the use of pharmacological medications
(e.g.. benzodiazepine) to treat anxiety can have
negative side effects, such as the development
of tolerance, dependency, and drug interactions.
Because of this, nonpharmacological methods for
treating anxiety were seen to be safer (35).
Studies on VR technology have shown that feelings
such as anxiety and fear can be decreased through
immersion into a relaxing and engaging environ-
ment (20, 23, 36).
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At this point, various VR applications can be used.
The reaction of each child to VR may differ. Some
kids prefer soothing, musical films while others en-
joy moving, fascinating videos.

To assess the anxiety in children during medical
procedures, many studies have used the "Chil-
dren’s Anxiety Meter” (CAM) (Figure 1).

CAM is displayed as a thermometer with a bulb at
the bottom and horizontal lines spaced out along
the top. To measure the anxiety state, children are
asked to mark how they are feeling at that specific
moment, and scores can be between 0 (very low
anxiety) and 10 (very high anxiety) (7).
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10 77N Very High
High
S Very Low

Figure 1. Children’s Anxiety Meter (CAM). This figure shows an
example of CAM that can be used to assess anxiety in children.
CAM is displayed as a thermometer and it is divided in multiple
sections, each representing a specific anxiety level. Here, five
sections have been considered: Very Low, Low, Moderate,
High, Very High. Additionally, each anxiety level is color-coded
to provide a visual reference and, to indicate a specific anxiety
level, numeric values from 0 to 10 can be used.

VR IN REHABILITATION (VRR)

Virtual reality rehabilitation (VRR) is an innovative
approach that involves interactive computer- gen-
erated environments to simulate real-world experi-
ences and promote physical and cognitive rehabil-
itation in a safe and engaging manner (36). Unlike
virtual reality (VR) intervention, or therapy, which
focuses primarily on distracting patients from pain
and anxiety during medical procedures, VRR aims
to improve patients’ physical and cognitive abilities
and promote recovery and rehabilitation (37). For
pediatric oncology patients, who often experience
a wide range of physical and cognitive challeng-
es during and after treatment, including muscle
weakness, balance impairments, and cognitive
deficits, VRR offers a tailored approach that allows
them to perform specific tasks designed to meet
their unique needs and abilities (37).

Despite the studied benefits of traditional rehabili-
tation for cancer patients and survivors, a minority
of cancer survivors are referred to rehabilitation

programs (36). A 20-year follow- up study conduct-
ed by Stensvold et al. in Norway found that among
the pediatric brain cancer survivors, 86% had an
unmet rehabilitation need (38). This lack of access
and information may be due to various factors, in-
cluding the incapability of cancer care systems to
deliver early detection of impairing symptoms, in-
adequate traditional training programs, transpor-
tation issues, and limited knowledge (39, 40, 41).
Virtual reality rehabilitation (VRR) offers a promis-
ing solution to these issues. VRR has been shown
to improve adherence rates and training intensity
due to its entertaining nature, which can lead to
greater patient engagement and motivation (42).
VRR also offers a safe and engaging environment
for pediatric oncology patients to perform reha-
bilitation exercises and activities, which may help
reduce anxiety, pain, and stress. Research studies
have shown that VRR can be effective in improv-
ing physical function, reducing pain, and enhanc-
ing emotional well-being in pediatric oncology pa-
tients (37).

For example, a recent study conducted by Nuara
et al. demonstrated that VRR was associated with
significant improvements in upper extremity func-
tion and quality of life in pediatric cancer patients
undergoing chemotherapy (41). Another study by
Tanner et al. found that VRR was effective in reduc-
ing pain and anxiety in pediatric oncology patients
undergoing bone marrow aspiration and biopsy
procedures (37).

VRR offers a promising approach to improve out-
comes in pediatric oncology patients. Despite
the potential benefits, there is a need for greater
awareness and access to VRR for patients. Health
professionals and cancer care systems should
consider incorporating VRR into rehabilitation pro-
grams to improve outcomes and quality of life for
pediatric oncology patients.

VR SIDE EFFECTS
AND LIMITATIONS

Despite the benefits of utilizing VR technology as
non-pharmacological palliative care, there are po-
tential side effects and limitations that must be
considered for pediatric oncology patients.

One of the potential side effects of VR is motion
sickness, which can cause nausea and discomfort
in some patients (43). This can be especially prob-
lematic for younger patients who may not be able
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to articulate their discomfort as well as adults.
Therefore, it is recommended that children have
a limit for screen time between 5 to 10 minutes to
avoid “simulator sickness” (44). Prolonged use of
VR headsets can also cause eye strain, headaches,
and fatigue in some patients, which could exac-
erbate existing symptoms and negatively impact
patient engagement (45). Additionally, the vari-
ous types of VR and intervention scenarios pre-
sented to the children expose them to intense or
frightening VR experiences which could potential-
ly lead to negative behavioral changes, including
increased aggression, nightmares, or anxiety (46).
Some VR simulations expose the patient and fam-
ily to a specific medical procedure, which increas-
es the patient's procedural knowledge but at the
same time may cause additional stress, anxiety
and fear (47).

Physical limitations of VR technology exist despite
offering a safe virtual environment. Although VR
provides a promising tool to influence psycho-
logical and physiological functions, the headsets,
or head-mounted displays (HMD) utilized may be
too heavy or too large for pediatric patients (48).
Therefore, alternative strategies, such as lighter
and more comfortable headsets, or the use of oth-
er devices, such as smartphones, need to be ex-
plored to overcome the physical limitations of VR
technology and enhance the patient's experience
since active interaction, navigation and immersion
are key characteristics of VR systems (49, 50).
Another limitation of VR technology is while there
are some VR experiences specifically designed for
pediatric oncology patients, there is still a limited
amount of content available, which could limit the
usefulness of the technology for some patients
(51). Finally, it is important to note that VR tech-
nology is not a replacement for human interaction
and emotional support that patients may need
from healthcare providers, family, and friends
(43). VR therapy can complement traditional care
approaches, but it cannot replace them entirely.
Children may still experience acute distress re-
actions based on the separation from parents,
unfamiliar environments, medical equipment
and negative experiences with previous medical
procedures (47). Furthermore, preschool and el-
ementary school-age children may have difficulty
differentiating virtual experiences from real ones
thus leading to potential false memories since
they are still developing the ability to distinguish
between reality and fantasy (44).
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While VR technology can provide significant ben-
efits to pediatric oncology patients, there are po-
tential side effects and limitations that must be
considered when using this technology. By care-
fully assessing patients and developing an individ-
ualized treatment plan, healthcare providers can
help maximize the benefits of VR therapy while
minimizing its potential risks.

CONCLUSION AND FUTURE
DIRECTIONS

Although VR is based on the principle of distrac-
tion and has proven to be effective, there still
remain drawbacks and limitations to its appli-
cation in the medical field for palliative care. VR
provides non-invasive real perceptual stimuli
such as visual images, spatial sounds, tactile and
olfactory feedback (48). Nonetheless, further
research must be conducted to determine the
safety of VR technology. Along with VR, Augment-
ed Reality (AR) is also at the forefront these types
of technologies in medical applications (52). AR
differs from VR in which it utilizes elements of VR
and superimposes them in the real-world envi-
ronment (52). The preliminary evidence and use
of these digital technologies has proven to be
beneficial inn diagnostics, surgical procedures
and rehabilitation. Further research must be
performed to assess the short and long-term im-
pact on clinical practices and patients' lives.

It is worth noting that not all studies have stand-
ardized criteria for what VR technology entails. VR
technology encompasses studies that utilize VR
video, VR games, and iPad videos (53), therefore it
must be specified which VR type and scenario are
used. This will allow researchers to better under-
stand which VR type is more beneficial to reduce
anxiety, pain and fear for a given pediatric patient.
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ABSTRACT: In recent years, nutrition has attracted attention and interest from the scientific community, as it has emerged as a
fundamental player in improving lifespan and healthspan by preventing non-communicable ageing-related diseases.

Preclinical studies have shown that caloric restriction and periodic fasting extend the lifespan in animal models, prevent
tumorigenesis, delay the onset of age-related diseases, and enhance the efficacy of anticancer therapies. This review provides
the current state of knowledge on the benefits of calorie restriction and periodic fasting on tumor development and ageing in a
rodent model and summarizes the clinical progress with calorie restriction and periodic fasting in clinical trials. We also discuss the
numerous caveats that might arise with the implementation of these dietary interventions in clinical practice.
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Impact statement: Dietary interventions have the potential to
impact life expectancy and prevent age-related diseases like tum-
ors and neurodegenerative disorders. However, the applicability
of calorie restriction and fasting interventions from mouse mod-
els to human populations remains controversial and inconclusive.
In this review, we examine the potential obstacles that may arise
when attempting to apply dietary interventions from mouse mod-
els to human populations.

INTRODUCTION

The ageing of the world population and the in-
crease in life expectancy have led to an increase
in age-related diseases, including obesity, cardio-
vascular diseases (CVDs), type 2 diabetes, neuro-
degenerative diseases, and cancer (1). However,
the health span (the period of life free of chronic
disease) does not improve at the same rate as
life expectancy. New approaches to therapy are
being developed (World Health Organization,
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2021) with the goal of minimizing the number of
years lived with chronic diseases and the asso-
ciated suffering, ultimately enhancing the over-
all well-being of the population and easing the
growing burden of healthcare costs (2).

Although the advent of molecular genetics in
model organisms has made it possible to iden-
tify and modulate the genes implicated in the
ageing process, these genetic strategies are dif-
ficult to apply in clinical practice. To date, caloric
restriction (CR) has proven to be the most effec-

© 2024 Annals of Research in Oncology - ARO. Published by EDRA SpA. All rights reserved.
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tive, simplest and robust geroprotective inter-
vention (3, 4).

In recent years, new dietary interventions, which
involve alternating periods of fasting (complete ab-
stinence from eating but not drinking) and normal
diet, have been shown to have the same beneficial
effects as CR in lifespan and healthspan extension
(5-11).

CR consists of reducing daily calorie intake below
energy demand without deprivation of essential
micro- and macronutrients over a given period. In
mice and rats, calorie intake is reduced by 10-50%
compared to ad libitum food intake (12, 13), where-
asitis reduced by 10-25% from the baseline level in
humans (7, 14-16).

Periodic fasting (PF) involves several strategies that
differ in the duration of fasting. The 5:2 diet in-
volves two non-consecutive fasting days per week
(5); alternate-day fasting (ADF) consists of fasting
every other day (17); time-restricted eating (TRE)
limits meal intake to a daily window of 6-8 hours
followed by a fast of 14-16 hours (6-8). The fasting
mimicking diet (FMD), on the other hand, is a 5-day
plant-based low-calorie diet program alternat-
ed with a normal diet, repeated 2-3 times a year,
which aims to reproduce the effects of fasting with-
out complete food deprivation (9-11).

In this review, we will discuss the mechanisms reg-
ulated by CR and fasting, the effects of such dietary
interventions on ageing and cancer, and the pitfalls
that might be encountered in translating such die-
tary programs from the preclinical to clinical phase.

SYSTEMIC METABOLIC
AND HORMONAL CHANGES
INDUCED BY CR AND PF

Similar to CR, acute fasting triggers catabolic and
hormonal responses in mice and humans. Drops
in glucose levels due to nutritional restriction or
abstinence reduce circulating insulin levels and
promote glucagon secretion from the pancreas,
which stimulates glucose release from the liver via
glycogenolysis and lipolysis in adipocytes via lipase
activation (18). Non-esterified fatty acids, released
into the circulation upon triglyceride breakdown,
undergo beta oxidation mainly in the liver mito-
chondria and peroxisomes, and are converted into
acetyl-CoA, which is used to fuel the mitochondrial
Krebs cycle and supply the cell's energy needs.

If the fasting period is prolonged, acetyl-CoA is

converted in the liver to ketone bodies (KB; hy-
droxybutyrate, acetoacetate, and acetone), which
become the main energy source for extrahepatic
organs, such as the brain and heart (19). Converse-
ly, KB can be catabolized to acetyl-CoA, which helps
sustain the Krebs cycle and energy production (20,
21).

Simultaneously, acetyl-CoA and glucogenic amino
acids are metabolized into glycolytic/gluconeoge-
netic or Krebs cycle intermediates that support
glucagon-stimulated glucose synthesis (gluconeo-
genesis) via the cyclic AMP (cCAMP)/protein kinase A
(PKA) signaling pathway in the liver.

Nutrient depletion leads to an increase in ghre-
lin (hunger hormone) (22), branched-chain amino
acids, adiponectin and FGF21 (fibroblast growth
factor 21). The latter are involved in both the reg-
ulation of glucose levels and energy homeostasis
(23). In contrast, the circulatory levels of various
factors, such as insulin, IGF-1, glucose, gluconeo-
genic amino acids, triglycerides, and leptin (satiety
hormone), decrease significantly over time.

These metabolic changes are accompanied by a
decrease in inflammatory markers and oxidative
stress markers, including C-reactive protein (CRP),
a liver-derived acute-phase biomarker associated
with the inflammatory response (18, 24, 25).
Furthermore, the thyroid gland function and the
secretion of the thyroid hormone triiodothyronine
(T3) decreases during fasting and caloric restric-
tion and lead a reduction in the body's energy ex-
penditure and a slowing of the metabolic rate in
human (17, 26-28). In rodents, low thyroid function
leads to a decrease in body temperature, which
could contribute to metabolic changes related to
CR and fasting (29).

CR and fasting affect intestinal microbiota popu-
lations, which depend on the diet's macronutrient
composition and metabolome content (30). Clini-
cal and preclinical studies have highlighted that CR
and fasting enrich the microbiota with probiotic fa-
vorable strains (e.g., Lactobacillus and Bifidobacteri-
um), while reducing pro-inflammatory strains (e.g.,
Desulfovibrionaceae and Streptococcaceae) (31-33).
However, returning to a normal diet restores the
original microbiota composition and reverses the
effects of CR and fasting (34).

The microbiota is a key factor in determining the
positive outcome of CR and fasting, as germ-free
mice do not benefit to the same extent from CR
and fasting-mediated effects as conventional mice
(e.g., body weight and fat loss) (34, 35).
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CELLULAR AND MOLECULAR
MECHANISM UNDERLYING
CR AND FASTING

Nutrient availability shapes the cellular metabo-
lome, epigenome, transcriptome, and proteome
by modulating several interconnected nutri-
ent-sensing pathways and influencing various cel-
lular processes.

Low glucose and insulin/IGF1 levels and amino acid
restriction inhibit mechanistic target of rapamycin
(mTOR). mTOR is a threonine-serine kinase that
acts as the catalytic domain of two protein com-
plexes: mTORC1T and mTORC2. Its inhibition leads
to the arrest of protein synthesis, lipogenesis, ribo-
some and nucleotide biogenesis, and activation of
autophagy.

MTORC1 senses and integrates different environ-
mental stimuli, and coordinates cell growth and di-
vision based on environmental nutrient availability.
MTORC2 is an effector of PI3K signaling, is sensitive
only to growth factor stimulation, and is involved in
cytoskeleton organization and cellular insulin sen-
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Figure 1. Signaling pathways regulated by CR and PF. Reduced levels
of most macronutrients (glucose and amino acids) lead to activation of
autophagy, inhibition of mRNA translation, reduced inflammation, and
anti-stress response through modulation of the IGF-1-PI3K-AKT-mTORC1
and GCN2-ATF4 signaling pathway. The high AMP/ATP ratio increases
AMPK activity which results in mTORCT inhibition, autophagy activation,
and PGC1 a-mediated mitochondria biogenesis. The low glucose level,
the increase in fatty acids and their beta oxidation promote the cellular
transition from glycolysis to oxidative phosphorylation leading to an
increase in the level of NAD+, the activation of sirtuins and consequently
epigenetic and genetic remodelling. FGF21 = fibroblast growth factor
21, IGF-1 = insulin-like growth factor, mTORC1 = mechanistic target of
rapamycin complex 1, NAD+= Nicotinamide adenine dinucleotide, AMP=
Adenosine monophosphate, ATP= Adenosine triphosphate, SIRTS=sirtuins
(created with BioRender.com).
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sitivity. Calorie restriction and fasting exert their
beneficial effects through inhibition of mMTORC1 and
activation of mTORC2 (36-41) (Figure 1).

Under low-energy conditions, increasing the AMP/
ATP ratio activates AMP-activated protein kinase
(AMPK), a cellular energy sensor serine/threonine
kinase involved in fatty acid oxidation, glucose
uptake, and lipogenesis inhibition in various cell
types (42).

AMPK activation increases NAD" levels by stimu-
lating the expression and activity of nicotinamide
phosphoribosyltransferase (NAMPT), a rate-lim-
iting enzyme in NAD* synthesis, and indirectly by
enhancing fatty acid oxidation and mitochondrial
respiration (43, 44). Elevated NAD* levels increase
sirtuin deacetylase activity, resulting in epigenetic
remodeling, metabolic reprogramming, and tran-
scriptional changes. The sirtuin family includes
seven members (SIRT1-SIRT7) that differ in their
subcellular localization and function (45, 46). Sir-
tuins also possess ADP ribosylation (SIRT4 and
SIRT6) (47, 48), demalonylation and desuccinyl-
ation (SIRT5) (49, 50), and lysine decrotonylation
(SIRT1 and SIRT2) activities, which could mediate
the beneficial effects of CR and fasting (45).

AMPK and SIRT1 enhance mitochondrial respira-
tion and mitochondrial fatty acid (FA) transport
and utilization via peroxisome proliferator-activat-
ed receptor-y coactivator 1a (PGC-1a), a master
transcriptional regulator of mitochondrial biogen-
esis (51) (Figure 1).

To maintain homeostasis during fasting, cells ini-
tiate autophagy, which is a process that results in
the degradation of damaged organelles and dys-
functional macromolecules via lysosomal path-
ways. This degradation provides energy and key
metabolites for macromolecule synthesis to sus-
tain nutrient-depleted cells (52-55).

Fasting and CR promote autophagy via AMPK-me-
diated control of mTOR and SIRTs and through the
deacetylation of nuclear and cytoplasmic proteins
due to the low availability of acetyl-CoA (56).

The effects of CR and fasting might also be mediat-
ed by the nutrient-sensitive GCN2 (general control
non-derepressible 2) signaling pathway, which is
involved in immune system homeostasis (57) and
in the coordination of integrated stress responses
and the inflammasome (58).

Upon uncharged tRNAs accumulation or riboso-
mal stalling (59-61), GCN2 phosphorylates eukary-
otic translation initiation factor 2 (elF2a) and inhib-
its MTORC1 and the translation of most mRNAs,
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except for some selected proteins, such as ATF4
(62, 63) (Figure 1).

The transcription factor ATF4 promotes the tran-
scription of genes involved in amino acid import,
glutathione biosynthesis, and antioxidative stress
response, including the energy balance hormone
FGF21 (64). FGF21 is an endocrine hormone that
improves metabolic health by increasing insulin
sensitivity and energy expenditure by regulating
lipid and glucose metabolism.

AMPK activation, low insulin and IGF-1 levels, and
PI3K-AKT-mTOR inhibition increase the levels of
reactive oxygen species (ROS) and induce a resist-
ance response to oxidative stress by upregulating
the expression of genes such as NRF2, a master
regulator of several cytoprotective and detoxifying
genes (20, 65) (Figure 1).

KB, produced during fasting, promote not only the
switch of cellular metabolism from glycolysis to
oxidative phosphorylation but also epigenetic re-
modeling and transcriptional reprogramming by
inhibiting histone deacetylases (66). In addition, KB
exerts an anti-inflammatory effect and improves
lipid profile (low triglyceride and cholesterol lev-
els combined with high HDL) by binding to G pro-
tein-coupled receptors (GPCRs) (67) (Figure 1).

CALORIE RESTRICTION, PERIODIC
FASTING AND AGEING

Ageing is characterized by the progressive decay of
biological functions due to: 1) mitochondrial dys-
function, 2) loss of proteostasis, 3) telomere short-
ening, 4) cellular senescence, 5) genomic instabili-
ty, 6) stem cell exhaustion, 7) altered intercellular
communication (inflammageing), 8) epigenetic al-
terations, and 9) deregulated nutrient detection
(68, 69).

CR and PF promote longevity in mammals and
prevent the onset of ageing hallmarks by regulat-
ing nutrient-sensing pathways, such as IGF1-AKT-
MTOR, GCN2-ATF4- FGF21, AMPK, and sirtuin path-
ways (68, 70) (Figure 2).

Genetic mouse models bearing the growth hor-
mone receptor (Ghr) deletion (Ames mice) or Pit1
inactivating mutation (Snell dwarf mice) (71) have
a lifespan longer than that of their siblings (36, 37,
41) and show reduced mTORC1 function, elevated
mMTORC2 activity (71, 72), low circulating levels of
IGF1, elevated insulin sensitivity, low AKT activity,
and increased chaperone-mediated autophagy
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Figure 2. The beneficial effects of calorie restriction and prolonged
fasting on age-related disorders and diseases. CR and PF increase
health and lifespan in rodents, non-human primates, and humans
by preventing obesity and diabetes, cardiovascular diseases, cancer,
senescence, autoimmune and inflammatory conditions (created
with BioRender.com).

compared to control mice (55). In these mouse
models, mTORC1 inhibition and PPAR signaling
pathway activation promote hematopoietic and
intestinal stem cell renewal and regeneration, and
reverse age-associated immune senescence and
myelosuppression (Figure 2).

The GCN2-elF2-ATF4 pathway could improve cel-
lular health and preserve cellular and tissue ho-
meostasis by modulating protein quality control
mechanisms that remove abnormal proteins. This
mechanism ensures cellular functional integrity by
preventing progressive deterioration of physiolog-
ical function with ageing (73).

FGF21 is a potent factor that mediates the beneficial
effects of CR and PF on ageing and longevity in ro-
dents. FGF21 treatment or transgenic overexpres-
sion extends the lifespan of mice and improves glu-
cose tolerance and insulin sensitivity independently
of calorie intake and mTORC1 activity (74-76).
Elevated levels of SIRTs increase longevity in nor-
mal mice, extend the lifespan of progeroid mice
(77, 78), and improve the regenerative capacity of
hematopoietic and intestinal stem cells (79). Epige-
netic remodeling induced by SIRTs deacetylase ac-
tivity enhances the anti-stress response, improves
DNA double-strand repair through PARP activa-
tion (47, 80, 81), and represses LINE1 element
transposition. These remodeling activities reduce
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oxidative damage, increase DNA stability, prevent
telomere shortening, inhibit cellular senescence,
and decrease inflammation (82) (Figure 2).
Activation of PGC1a, mediated by SIRT1 and
AMPK, increases mitochondrial biogenesis and
respiration, reduces oxidative stress, and im-
proves cellular function and health. Furthermore,
SIRT1-dependent upregulation of brain-derived
neurotrophic factor (BDNF) ameliorates cognitive
function in mice (83).

CR- and PF-mediated modulation of nutrient-sens-
ing signaling pathways leads to the activation of
autophagy.

Autophagy suppresses inflammatory cytokine
secretion by inhibiting ROS-mediated activation
of the NLRP3 inflammasome. The p62-mediated
autophagosomal degradation of Keap-1 releas-
es the transcription factor NRF2 from its inhibi-
tor and leads to the transcription of antioxidant
genes, such as catalase and superoxide dismu-
tase (SOD), which block ROS activity and enhance
the cellular anti-stress response (84, 85). Auto-
phagy prevents immune system exhaustion and
senescence by attenuating inflammation and oxi-
dative stress (Figure 2).

CR and PF protect against myocardial infarction
and prevent the onset and progression of neuro-
degenerative diseases such as Alzheimer disease
and Parkinson disease in mouse models via AM-
PK-mTOR-mediated activation of autophagy (86-
88).

CR and PF elicit different ageing outcomes, even
though they regulate several common pathways
and mechanisms. While CR increases both the
mean and maximum lifespan in rodents by up to
50%, PF only improves the median lifespan by 11%
without affecting the maximum lifespan (9).
Although CR has proven to be a promising in-
tervention to attenuate age-related decline in
rodents, studies on non-human primates have
produced controversial and debatable results.
In a study conducted by the University of Wis-
consin, 30% calorie restriction extended lifespan
and healthspan in rhesus monkeys (89, 90), while
a similar study at the National Institute on Aging
(NIA) demonstrated that CR improves metabolic
parameters without extending lifespan (91). How-
ever, it must be taken into consideration that in
the NIA study, the average lifespan of monkeys
was also very high (31.8 years); thus, this aspect
may not have allowed the benefits of CR to be de-
tected (92).
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CR AND PF IN CANCER
PREVENTION AND TREATMENT

Tumor cells contain genetic and epigenetic altera-
tions that reprogram cellular metabolism towards
enhanced glycolysis (Warburg effect) to meet the
high energy demand to support their uncontrolled
cellular proliferation. The high glycolytic and prolif-
erative activity of tumor cells leads to acidification
via lactate production and nutrient depletion in
the tumor microenvironment.

Tumor cells release growth factors, cytokines, and
chemokines and recruit immune cells and stromal
cells to hijack their metabolism and transcriptional
activity to constrain their antitumor capacity (93).
CR and PF prevent the onset of tumors by slow-
ing tumor progression and improve the efficacy of
anticancer therapy by remodeling the tumor mi-
cro-environment (TME) and promoting anti-tumor
immune responses even in non-immunogenic tu-
mors (93-103).

During CR and PF, glucose levels are reduced,
thereby limiting the primary energy source of the
tumor. Fasting leads to inhibition of the IGF1-PI3K-
mTOR pathway, which is often altered in tumor
cells. The metabolic switch from glycolysis to ox-
idative phosphorylation compromises the tumor
growth, reduces tumor plasticity and causes in-
creased vulnerability towards chemotherapies
and molecularly targeted therapies (94, 96, 99,
104-110).

These metabolic and hormonal changes also af-
fect the composition of the immune infiltrate and
priming and activity of the immune system.

Low levels of IGF1 and inhibition of the stress-re-
sponsive enzyme heme oxygenase 1 (HO1) reduce
immunosuppressive T cells and MDSCs in the TME.
Fasting conditions increase fatty acid beta-oxida-
tion, oxidative phosphorylation, short-chain fatty
acid (SCFA) release, and reduced methionine lev-
els in the TME. These changes in metabolism and
metabolites reshape the epigenetic landscape of T
cells leading to the activation of signaling pathways
involved in stemness and secondary immune re-
sponse (93, 96, 111-116).

In mouse models, CR and PF not only improve the
antitumor response but also exert a protective ef-
fect against the adverse effects of chemotherapy
and immunotherapy. CR and PF reverse chemo-
therapy-induced immunosuppression by promot-
ing hematopoietic stem cell (HSC) self-renewal,
while preventing immune-related cardiotoxicity of



Vol. 4(1), 40-58, 2024

checkpoint inhibitors by reducing T-cell infiltration
into the heart and levels of inflammatory mark-
ers, such as the NLRP3 inflammasome and leukot-
rienes (9, 97, 98, 100, 117, 118).

To date, clinical studies evaluating the effects of CR
and PF on cancer patients are few, controversial,
and have been conducted on small cohorts of pa-
tients.

However, the reduced cancer rates of Okinawan
people, who eat a low-calorie, antioxidant-rich diet
of mostly vegetables, fruit, fish, and seafood (119,
120), might suggest that CR could have the same
antineoplastic potential found in mouse models.
Furthermore, recent clinical studies conducted on
a limited number of cancer patients have shown
that PF is safe and well tolerated, modulates the
immune system and improves the quality of life by
reducing the adverse effects of chemotherapy (98,
100-102, 121-123).

However, to confirm the benefits of CR and PF on
tumor prevention and antitumor response in hu-
mans, new double-blind clinical trials in larger co-
horts of patients with cancer are urgently needed.

TRANSLATABILITY OF CR

AND PF EFFECTS FROM RODENTS
TO HUMAN: LIMITS

AND CONSIDERATIONS

Caloric restriction and periodic fasting have multi-
ple effects on the health and lifespan of rodents;
however, are these benefits transferable from
mice to humans?

Although mice and humans share a high degree of
genomic, anatomical, and physiological similarities,
they differ in physiology, morphometric parame-
ters, and evolutionary biology. Humans are approx-
imately 3,000 times the size of mice, live 30 times
longer than mice, and have a basal metabolic rate
per gram of body weight (mass-specific metabolic
rate) seven times lower than that of mice (Figure
3). A high mass-specific metabolic rate in mice im-
plies high production of free radicals, an increase
in oxidative damage, and enhancement of cellu-
lar senescence. This difference in metabolic rate
could translate into conflicting effects on ageing
and tumorigenesis in these two species (124-126)
(Figure 3).

Mice and humans age at different rates, implying
that the ageing mechanism is different between
the two species. The decline in physiological func-
tions associated with ageing depends on metabolic
stability, that is, the cellular ability to maintain met-
abolic homeostasis in response to external stress-
es (127, 128).

Humans have higher metabolic stability and max-
imum potential lifespan than mice, which are sus-
ceptible to significant metabolic alterations in re-
sponse to external stress (129).

In mice, one day of fasting causes profound changes
in circulating levels of metabolites (glucose, amino
acids, lipids, ketone bodies), hormones (thyroid, in-
sulin, adiponectin), and inflammatory factors (C-re-
active proteins, cytokines, and chemokines), and
consequently, lowers body temperature and tran-
siently lowers metabolism. One-day fasting also
implies strong inhibition of endocrine hormone
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Figure 3. Physiological properties for mouse (low metabolic stability) and human (strong metabolic stability) (created with BioRender.com).
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signaling pathways (130-134) and nutrient-sensing
systems (135).

In some mouse strains, the glucose and thyroid hor-
mone T3 levels are drastically reduced after 24 h of
fasting, causing pathological and life-threatening
conditions such as hypoglycemia, hypothyroidism,
and hypothermia (132-134). In fact, 48 h of fast-
ing can be lethal for some mouse strains because
of their genetic and epigenetic features (2). In hu-
mans, 24-hour fasting has negligible to mild effects
on glucose and T3 levels and must be extended for
several days to achieve metabolic outcomes similar
to those in mice (136, 137). The release of KB rises
within a few hours in mice until it reaches millimolar
concentrations after 24 h, while in humans, KB pro-
duction increases after 24 hours (0.2-0.5 mM) and
reaches millimolar concentrations after 48 h (134,
135). Therefore, the timescales of the physiological
processes in rodents and humans are extremely dif-
ferent. Laboratory mice have an average lifespan of
2 years, whereas humans live on average up to 80
years. Thus, 24 h of fasting in mice corresponds to at
least 5 days of fasting in humans (2) (Figure 3).
These fasting-induced metabolic changes lead
to weight loss of at least 20% in mice over a short
period of time. Caloric restriction of 20-30% reduc-
es the body weight of mice by up to 20% within a
few weeks, while fasting causes a 20% drop in body
weight in 2-3 days. In humans, CR or PF cause weight
loss of up to 10% continuously and gradually over a
few months (9).

Therefore, the adaptation of cellular metabolism
to food reduction or deprivation follows complete-
ly different dynamics in mice and humans. Human
cellular metabolism is much more resistant to stress
than murine cellular metabolism, and the human
metabolic network and increased energy reserves
confer greater metabolic stability during fasting,
while minimizing systemic changes. Thus, it is pos-
sible that CR and PF may have only minimal effects
on the metabolic stability of humans, but could have
significant effects on the metabolic stability of mice,
leading to an extension of lifespan (138).

The differences in metabolic rates between the two
species could influence the pathogenesis of diseas-
es, such as cancer susceptibility. If tumor genesis
had been similar in mice and humans, we would
expect to have a higher tumor incidence in human
than in mice, given that humans live 30 times longer
than mice. As the lifetime tumor incidence is simi-
lar between humans and mice, cancer development
and progression follow different patterns in the two
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species (139, 140). In mice, genetic tumor alterations
occur within a time window of 6 to 18 months and
increase exponentially with age, whereas in hu-
mans, the multistep process of carcinogenesis takes
several years to occur, begins at 40 years of age, and
ceases at age 80 (141, 142). Approximately 30% of
laboratory mice develop cancer during their lifetime,
whereas in humans, this percentage is reached only
after the age of 70 years (143).

CLINICAL TRIAL OUTCOMES
OF THE CR AND PF EFFECTS
ON HUMAN HEALTH

Given the large metabolic and physiological dif-
ferences between the two species, it is uncertain
whether such dietary interventions can have the
same benefits as those found in rodents. So far,
clinical studies aimed at evaluating the benefits
of these dietary interventions in humans remain
scarce and controversial. The main limitations of
these human clinical studies are: 1) low adherence
to diet; 2) the short duration of the study; 3) the lim-
ited number of participants; 4) enrolled participants
are mostly overweight or obese (9, 144-146).

The compliance of obese and non-obese individ-
uals to CR and PR interventions is low and repre-
sents the main challenge to overcome (15, 147). In
the CALERIE-2 study, conducted on normal-weight
healthy people to test the effect of CR on health
and markers of longevity, adherence to 18% CR de-
creased significantly after 20 weeks, and the drop in
body weight was significant in people who adhered
to such dietary interventions for a long period (148).
In the CALERIE clinical trial, participants who ad-
hered to 18% CR for 6 months, followed by 10% CR
for the remaining 18 months, demonstrated an av-
erage 8% reduction in body weight. Weight loss is
far from the 20% observed in mice, and as such, the
overall health impacts are less pronounced.
CALERIE clinical trials showed that participants who
adhered to 11% CR over 2 years demonstrated a
reduction in only some age-related cardiovascular
and metabolic disease risk factors and improved
only some longevity markers; therefore, it did not
have the same impact on humans as rodents. Fur-
thermore, this study found that CR reduced lean
mass in young and older adults, muscle strength in
older groups, and bone mass in some areas (149).
In the Minnesota Starvation Experiment, which was
designed to assess the physiological effects of se-
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vere and prolonged dietary restriction, participants
following a 40% CR for 6 months lost 25% of their
weight and developed severe socio-behavioral
changes (e.g., depression and chronic fatigue) (150).
In an experiment conducted in Biosphere 2, eight
participants subjected to a 20% CR for 2 years lost
approximately 15% of their body weight and im-
proved their metabolic profile. However, many par-
ticipants experienced severe adverse events and
psychological changes such as hunger, tiredness,
mental confusion, licking of every dish rather ob-
sessively, elaborate eating rituals, and depression
(157).

Contrary to what has been observed in mice (152),
prolonged CR or PF significantly reduced circulating
levels of the neuroprotective factor BDNF in hu-
mans (153, 154), confirming that the mechanisms
of adaptation to fasting in rodents and humans are
vastly different.

It is necessary to assess whether the CR or PF met-
abolic and physiological benefits are extended and
maintained after the end of the dietary intervention
or reversed, or even worsened, when the partici-
pant returns to a normal diet.

At the 6-month follow-up of the Biosphera2 study,
the participants’ weight recovery was exclusively
due to an increase in body fat reserves. Their lean
mass did not change, while reduced energy expend-
iture due to low spontaneous physical activity could
subsequently promote weight gain and obesity
(151). The same phenomenon also occurred in fam-
ine victims and emaciated prisoners of World War Il
(155, 156), in patients with anorexia nervosa (157),
cancer (158), and in subjects during the refeeding
period of the Minnesota experiment (150, 159).
Therefore, such dietary interventions cannot be
pursued for a long period of time in humans and
are not recommended for lean people, minors, very
elderly people, pregnant or breastfeeding women,
anorexic people, those with low bone density, and
patients affected by specific diseases, as they could
cause psychological stress, depression, and a harm-
ful impact on mental and physical health (160).

For instance, advanced-stage cancer patients al-
ready have high catabolism, are at risk of cachex-
ia, and would not be able to tolerate such stringent
regimens. Furthermore, in such patients, the lack
of appetite and reduced absorption of nutrients
should already activate the mechanisms regulated
by CR and PF involved in enhancing the effective-
ness of chemotherapies, targeted molecular thera-
pies, and immunotherapies. In any case, a nutrient

supplement is necessary for patients with cancer to
avoid worsening their physical conditions. Correct
nutrition during therapy and at the end of treat-
ment is an aspect to be considered, which has only
been receiving the right and necessary attention in
recent years (161).

Furthermore, nutritional restriction or depriva-
tion impairs immune function by suppressing the
mTOR signaling pathway and makes mice more
susceptible to viral infections (162, 163). Although
the reduction in circulating leukocytes during fast-
ing is much more marked in mice than in humans
(9, 96, 100), such dietary interventions may not be
suitable for immunosuppressed cancer patients,
as they are more exposed to infections and experi-
ence serious complications that could lead to death
(36, 164-166).

However, small clinical studies have shown that
fasting for a few days is feasible and safe in patients
with HER2 negative breast cancer, gynecological can-
cers, advanced stage cancers undergoing chemo-
therapy, suggesting that fasting can reduce toxicity
and modulate the immune system (94, 98, 100-102,
122). Although these data are encouraging, it is not
possible to draw conclusions on the effectiveness
of these interventions because these studies were
conducted on a limited number of cancer patients
with various forms of cancer. The main objective
of these studies was to evaluate the feasibility of
the intervention and did not consider tumor strat-
ification and different treatment strategies. Future
studies are needed to determine whether immune
system activation in cancer patients during fasting
is indicative of an enhanced antitumor response or
a stress condition associated with increased CRP.
In fact, fasting-induced modulation of the immune
system occurs even in healthy individuals and fades
when oncologic patients return to their normal
diet. Therefore, the activation of the immune sys-
tem in oncologic patients may not be associated
with a specific antitumor response, but could be a
stress-induced effect.

Adopting an appropriate lifestyle, based on a bal-
anced diet combined with physical exercise, plays
a fundamental role in decreasing the onset and de-
velopment of the most common tumors in Western
countries. It has been shown that following a diet
based on the Mediterranean model helps prevent
the risk of tumors. In general, a diet rich in vege-
tables (fruit and vegetables), whole grains, and leg-
umes and low in animal fats and meat constitutes a
protective factor against the onset of tumors.
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Overweight or obese people certainly tolerate these
dietary interventions for longer periods and benefit
from both weight loss and improvements in cardi-
ometabolic markers (15, 153, 167). However, it is
unclear whether the beneficial effects of these di-
etary interventions on cardiometabolic health are
mediated by weight loss, the modulation of nutri-
ent-sensing pathways, or dietary components. Sev-
eral studies have shown that weight loss mainly
depends on caloric intake. CR and PF cause differ-
ent effects even if they act on the same signaling
pathways and the composition of the diet influenc-
es cardiometabolic health and long-term metab-
olomic reprogramming in mice (147, 168-170). In
patients with thyroiditis (inflammation of the thy-
roid due to an autoimmune pathology), a balanced,
carbohydrate-free diet (bread, pasta, fruit, and rice)
reduces autoimmune antibodies (antithyroid, anti-
microsomal, and antiperoxidase antibodies), body
weight, body mass index, and fat mass by inhibiting
the translocation of carbohydrate-responsive ele-
ment-binding protein (ChREBP) into the nucleus and
consequently the transcription of genes involved in
lipogenesis and autoantibody production (171).
Recent work has shown that isocaloric CR and PF
(25% net calorie restriction), tested on lean subjects
for 2 years, reduced body weight equally; however,
PF causes greater loss of lean mass than CR, prob-
ably due to specific losses affecting skeletal muscle.
Furthermore, the positive effects of PF on metabolic
regulation or cardiovascular health are essentially
due to reduced caloric intake and not to mecha-
nisms regulated by fasting, as PF without energy re-
striction is less effective in reducing body fat mass
and improving metabolic parameters or cardiovas-
cular health (147). In addition, CR provides greater
protection against tumor growth and lung metasta-
sis compared to PF in the tumor xenograft mouse
model, by enhancing the immune response (170).
Collectively, CR and PF could improve metabolic
and cardiovascular health and have antineoplastic
potential also in humans, however it is still early to
draw conclusions in the absence of double-arm ran-
domized clinical trials performed on a statistically
significant sample (172).

FOOD DRUG INTERACTION:
WARNING AND PRECAUTIONS

The composition of food can be a factor capable of
interacting pharmacodynamically with chemother-
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apeutics. Food can influence some oral drugs that
must be taken between meals, while others have
only a mild effect on others. Foods rich in fats or
proteins can significantly increase the absorption
of the drug at the intestinal level and therefore
its bioavailability, whereas foods with a high fiber
content can alter the bioavailability of oral chemo-
therapy drugs owing to the link between the drugs
and the fiber. Liquids accelerate passage through
the stomach, thereby reducing the time interval
between drug administration and the onset of
its effects (173, 174). Grapefruit, cranberry, and
cranberry juice must not be taken together with
chemotherapy because they enhance the toxic ef-
fects of chemotherapy by increasing the concen-
tration of the drug in the blood. Garlic sensitizes
prostatic tumor cells to chemotherapy because
biologically active garlic components interact with
chemotherapy and suppress the growth of human
prostate cancer cells (175).

Therefore, it is particularly important to respect
the prescribed methods of administering oral
chemotherapy drugs with respect to meals.

It should not be underestimated that cancer pa-
tients often consume complementary medicinal
products, such as multivitamin or mineral salt sup-
plements, to replenish nutritional deficiencies due
to reduced food intake. Even the most popular nu-
tritional supplements should be consumed after
careful evaluation of their effectiveness.

Fish oil and its main components, omega 3 fat-
ty acids, are commonly used as supplements for
cancer patients. They can enhance the effects of
chemotherapy while simultaneously reducing tox-
icity to healthy tissues and systemic inflammation.
Instead, Vitamin D has poor antitumor activity and
potential toxic effects; therefore, indiscriminate
supplementation (i.e., without an actual need) of
vitamin D, alone or in combination with standard
treatments, must be avoided (175).

Many cancer patients consume dietary supple-
ments, vitamins, minerals, and herbal products
along with cancer treatments because they per-
ceive them to be anticancer and antitoxic agents.
Herbal remedies have clinical implications, with a
potential effect on drug metabolism. In fact, herb-
al products are not subjected to rigorous scientific
investigations to evaluate their effectiveness, tol-
erability, or quality control. Furthermore, they are
rarely sold with a contraindication leaflet because
they are not required by law; therefore, it is very
important to pay attention to their consumption.
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St. John's wort, most often used to treat depres-
sion, can modify hepatic metabolism and reduce
chemotherapy efficacy. Ginseng, used by cancer
patients for its alleged anti-neoplastic properties,
increases the concentration of chemotherapeutic
drugs in circulation and enhances their toxic effects.
Green tea, known for its antioxidant and anti-inflam-
matory properties, exerts an antagonistic action
with some chemotherapeutic drugs; therefore, the
use of this drink in combination with therapy should
be avoided. The consumption of Aloe Vera-based
products reduces the absorption and effectiveness
of the drugs as they have a laxative effect (175).

For these reasons, supplements and other sub-
stances with pharmacological effects should be
taken under the supervision of a specialist in the
sector because they can interact with chemother-
apeutic drugs and affect their efficacy and toxicity.

CONCLUSION

In recent years, preclinical studies have shown that
CR and PF prevent the development of diseases
associated with ageing (cardiovascular, neurode-
generative, and cancer) and prolong life extension
by improving metabolic and physiological profiles.
Although these results are promising, it is too ear-
ly to establish whether the broad health benefits
of these dietary interventions could be translated
from rodents to humans.

To date, few clinical studies have been conducted
on small cohorts, in most cases including over-
weight or obese individuals, for short periods of
time. Although these dietary interventions also ap-
pear promising in humans, new clinical trials need
to be implemented to establish long-term benefits
and safety in a large-scale population.
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