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ABSTRACT: Over the past few decades, the role of nutrition as a vital element of health has gained significant recognition. Both the
quality and quantity of dietary intake play a pivotal role in preventing age-associated diseases, such as cardiovascular conditions,
neurodegenerative disorders, metabolic syndromes, and cancer. Adequate nutrition can improve the condition of cancer patients,
who are often malnourished, by enhancing their response to anti-tumor therapies and reducing drug side effects, thereby improving
their quality of life. Calorie restriction and periodic fasting have recently been the focus of extensive preclinical research due to
their potential to extend lifespan and enhance the efficacy of anti-tumor therapies in mouse models. These dietary interventions
have garnered significant attention on social media and in the media, gaining public support despite the lack of clinical validation.
In this review, we examine clinical studies on dietary restriction within the contexts of oncology and longevity, with the aim of clarifying
the concrete advantages these interventions may offer. As anticipated in our previous analyses, the results of clinical studies have
been disappointing, as these interventions fail to provide significant benefits. This highlights the challenges associated with translating
successful outcomes from animal models to human applications. However, the promotion of these dietary interventions in the mass
media and on social media continues to spread alleged benefits that are not supported by clinical data.

doi: 10.48286/aro0.2025.116 Key Words: fasting mimicking diet; cancer; aging; metabolism;
cancer therapy.
Abbreviations: CR: Calorie Restriction- consistent reduction in
daily caloric intake without malnutrition. FMD: Fasting Mimick-
ing Diet- a plant-based, low-calorie and low-protein 5-day lasting
dietary intervention. PF: Periodic Fasting- significant calorie restric-
tion over consecutive days, such as for 2 to 7 days at a time. STF:
Short Term Fasting- a period of voluntary abstinence from food.
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INTRODUCTION

The nutritional status of cancer patients is compro-
mised even at the initial stages of the disease, at the
time of diagnosis. Indeed 20-70% of cancer patients
experience malnutrition, a condition frequently
linked to poorer prognosis, diminished treatment
response, and reduced quality of life (1). Malnutri-
tion may result from impaired food absorption due
to tumor type, particularly when the gastrointesti-
nal tract is affected; the development of cachexia,
a multifactorial condition characterized by organ
and tissue wasting as result of pro-inflammatory
and metabolic alterations; and sarcopenia, or skel-
etal muscle wasting, arising from patients’ physical
inactivity, inflammatory processes, metabolic alter-
ations, and hormonal imbalances orchestrated by
the tumor. It is important to emphasize that a mal-
nourished individual is not necessarily underweight,
as the accumulation of adipose tissue can mask the
degradation of internal organs and the decline in
lean body mass (2, 3).

In recent years, clinical research has focused on
this pathological condition, aiming to explore and
elucidate the mechanisms involved in this process
to develop novel dietary or pharmacological inter-
ventions capable of preventing malnutrition and
enhancing the nutritional status of cancer patients
(4). Despite the concerning clinical picture regard-
ing the nutritional status of cancer patients, several
preclinical studies, primarily conducted on mouse
models, have reported promising and encouraging
results regarding the benefits of calorie restriction
(CR), such as periodic fasting (PF), in enhancing the
efficacy of anticancer therapies, in some instances
even achieving complete tumor eradication and per-
manent cancer remission in mice, as well as extend-
ing the lifespan of healthy mice (5-16).

Considering that cancer patients often experience
malnutrition, the imposition of CR may exacer-
bate their clinical condition. In light of the remark-
able antitumor effects observed in preclinical stud-
ies involving PF, several clinical trials have been
undertaken to assess the efficacy of such dietary
restrictions in cancer patients (7, 17-29). A primary
challenge in implementing these dietary interven-
tions in humans is the difficulty in ensuring com-
pliance, given the highly restrictive nature of the
regimen. Moreover, these dietary interventions
significantly impact the metabolism and physiol-
ogy of animal models, and if such changes were to
occur in humans, they could be dramatic and poten-

tially life-threatening. Consequently, as discussed
in our previous work, it is improbable that the ben-
eficial effects of these dietary interventions can be
effectively translated to humans due to the inabil-
ity to replicate the same physiological and meta-
bolic changes induced by severe caloric restriction
in mice (30).

In this review, we will focus on and analyze the
outcomes of clinical studies conducted on cancer
patients and healthy individuals wherein the PF diet
has been tested both as an independent interven-
tion and in conjunction with various therapies. In this
analysis, we will critically evaluate the results and
address any uncertainties regarding the true effec-
tiveness of such stringent dietary regimes in humans
and the transferability of the benefits observed in
mice to human subjects.

PERIODIC FASTING IN CANCER
PATIENTS FAILS TO MEET
EXPECTATIONS.

The clinical oncological trials analyzed in this review
are detailed in Table 1, which specifies the sample
size, outcomes, and confounders for each study.
The research primarily involved patients with breast
cancer (HR*and TNBC), with additional studies con-
ducted on other cancers, including skin cancer, col-
orectal cancer, lumbar duct cancer, and hemato-
logic cancers such as myeloma and CLL. Many of
these studies are single-arm, Phase | pilot studies,
which are small-scale trials assessing the feasibility
and safety of Fasting Mimicking Diet (FMD) in can-
cer patients undergoing anticancer therapies, and
they do not include a control group. These prelim-
inary studies produced conflicting and inconclu-
sive outcomes due to the limited number of partic-
ipants (Table 1).

An early study involving ten patients with various
malignancies indicated that a 2-3-day fast, conducted
before and after therapy, mitigated chemotherapy
side effects such as fatigue and weakness, and com-
pletely prevented vomiting and diarrhea. Although
fasting induced dizziness, hunger, and headaches
(26), it was generally well tolerated by the patients.
However, itis crucial to acknowledge that the small
sample size lacked sufficient statistical power. Addi-
tionally, the study relied on patient self-reporting of
toxicity symptoms, raising the possibility that the
effects might be overestimated and attributable to
a placebo effect (26).
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Another prospective study, conducted on 20 patients
with various malignancies divided into three exper-
imental groups and subjected to a 24-hour and
48-hour fast, either before platinum-based che-
motherapy or 48 hours before and 24 hours after
chemotherapy, demonstrated that fasting reduced
drug toxicity, including fatigue, headache, and dizzi-
ness. Nevertheless, this study also faced significant
limitations (20): it lacked a control group of patients
on a normal diet, the sample size was small, and
the diversity of tumors further constrained statisti-
cal validity. Adherence to the 72-hour fast was low,
complicating the ability to draw definitive conclu-
sions and affirm the protective effect of fasting due
to the study's limited power. Furthermore, analysis
of IGF1 levels, which are hypothesized to play a key
role in protecting against nonspecific chemother-
apy toxicity, revealed that although fasting reduces
IGF1 levels, these levels remain reduced even during
the refeeding phase. Moreover, no significant dif-
ferences in IGF1 reduction were observed between
a 24-hour and a 72-hour fast. Consequently, the
absence of an internal control precludes determin-
ing whether the reduced IGF1 levels are attributable
to chemotherapy in addition to fasting and whether
this reduction in IGF1 could be associated with a
reduction in side effects. Additionally, fasting was
found to reduce chemotherapy-induced DNA dam-
age in lymphocytes, particularly in the 72-hour fast-
ing group compared to the 24-hour fasting group.
However, it is important to note that the chemo-
therapy regimens differed between the experimen-
tal groups, as the 24-hour fasting group received a
higher dose of gemcitabine/cisplatin compared to
the 48- and 72-hour fasting cohorts. Furthermore,
leukocytes collected during different chemother-
apy cycles may not be comparable, as patients were
enrolled even when they had already undergone
chemotherapy cycles (20).

A randomized clinical trial involving 34 patients
diagnosed with breast and ovarian cancer demon-
strated that a stringent calorie restriction of 350
kcal per day, akin to fasting, mitigated the toxicity
associated with chemotherapy and enhanced the
patients’ quality of life. It is noteworthy that this
study relied on patient self-reported toxicity, which
may introduce a degree of subjectivity and poten-
tial placebo effect, as the psychological state of the
patients could influence their perception and report-
ing of these effects (17).

A randomized study involving 13 patients with
HER2-negative breast cancer demonstrated that a

168

48-hour water-only fast (24 hours before and after
chemotherapy) mitigated the hematological tox-
icity associated with the docetaxel/doxorubicin/
cyclophosphamide regimen, in comparison to a
control group on a standard diet (19). The fasting
cohort exhibited an increase in erythrocytes and
platelets, although no significant differences were
noted in lymphocytes and neutrophils. Additionally,
a reduction in DNA damage was observed, as mea-
sured by FACS detection of y-H2AX phosphorylation
in CD45+*CD3- myeloid cells 30 minutes post-ther-
apy, and in CD45+*CD3* lymphocytes and CD45+C-
D14+*CD15 monocytes 7 days post-therapy. However,
it is noteworthy that no significant differences in the
onset of side effects were detected between the two
groups, nor were there differences at the metabolic
level. For instance, glucose and insulin levels were
comparable between the groups, as were IGF-BP3
and TSH levels, while a slight but significant reduc-
tion in IGF-l and an increase in the pro-inflamma-
tory marker C-reactive protein (CRP) were observed
in the fasting group. The absence of metabolic dif-
ferences between the groups may be attributed to
dexamethasone treatment, which could have miti-
gated the effects of fasting. Consequently, this study
is subject to several limitations, including the small
sample size and the use of dexamethasone, which,
by reversing the metabolic effects of fasting, pre-
cludes a comprehensive explanation and justifica-
tion of the protective effect of fasting on chemo-
therapy-induced DNA damage. In this context, it is
crucial to acknowledge that the data on DNA dam-
age in leukocytes may be imprecise or contingent
upon the speed of blood sample processing. Given
the rapid repair of DNA damage, the absence of a
swift and efficient protocol for the isolation and fixa-
tion of peripheral blood mononuclear cells (PBMCs)
may have influenced the quantification of DNA dam-
age, as highlighted by the authors (19).

A pilot study involving 30 patients with gynecologi-
cal tumors demonstrated that four cycles of 96-hour
fasting (48 hours before and after chemotherapy)
significantly reduced grade I/l side effects, such
as stomatitis [- 0.16 + 0.06; 95% Cl -0.28 - (- 0.03);
P = 0.013], headaches [~ 1.80 + 0.55; 95% C| -2.89 -
(= 0.71); P=0.002], and weakness [-1.99 + 0.87; 95%
Cl-3.72 - (- 0.26); P =0.024] (31). Additionally, fast-
ing improved tolerance to therapy by decreasing
the frequency of chemotherapy postponements.
However, this study did not observe a reduction in
gastrointestinal toxicities, such as nausea, vomit-
ing, and diarrhea, as reported by Safdie et al. and
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Dorff et al (20, 26). Contrary to the findings of De
Groot and Dorff (19, 20), fasting cycles in this study
did not affect erythrocyte, thrombocyte, and neu-
trophil counts, thereby not supporting the hypoth-
esis that fasting protects against leukocyte deple-
tion and DNA damage. Furthermore, unlike previ-
ous studies by De Groot and Dorff, this study found
that fasting cycles significantly reduced insulin and
free T3 levels, while confirming the reduction in IGF-1
and increase in free T4 observed in prior research.
A limitation of this study is the small sample size,
which restricts its statistical power, along with low
compliance with fasting protocols. Additionally, the
study was not randomized, as patients were selec-
tively assigned to study groups, potentially influenc-
ing their psychological state (31) .

In a randomized clinical trial involving 131 patients
with HER2-negative stage II/1ll breast cancer, FMD,
administered for 96 hours (24 hours prior to and
48 hours following neoadjuvant chemotherapy), did
not demonstrate efficacy in enhancing pathological
complete response (pCR) (10.8% in the FMD group
versus 12.7% in the control group; OR 0.830, 95%
Cl1 0.282-2.442, P = 0.735) or in mitigating grade Ill/
IV chemotherapy side effects compared to the con-
trol group (27.7% FMD vs 23.8% control, P = 0.580)
(18). Consequently, the study was terminated pre-
maturely. Additionally, the rate of chemotherapy
discontinuation was comparable between the con-
trol and FMD groups, with no significant differences
observed in quality of life or overall distress. Nota-
bly, patient adherence to FMD was suboptimal, with
only 50% of participants completing two cycles and
33.8% completing four cycles. Data analysis indicated
that radiological complete and partial responses,
assessed via MRI and ultrasound prior to surgery,
were approximately three times higher in the FMD
group compared to the control group, with improve-
ments correlating with FMD compliance. However, it
is important to emphasize the discrepancy between
pathological and radiological responses, despite
similar trends. Therefore, the radiological response
data, while promising, should be interpreted with
caution as it does not correspond with the patho-
logical response. FMD was found to significantly
reduce insulin, glucose, and IGF levels after three
or more cycles. Furthermore, the FMD group exhib-
ited a significant increase in the pro-inflammatory
marker CRP, consistent with findings from other
studies. A protective effect of FMD against chemo-
therapy-induced DNA damage was also observed
in CD45+*CD3* T lymphocytes, as evidenced by a

reduction in phosphorylated H2AX levels 30 min-
utes post-chemotherapy in the FMD group. A major
limitation of this study is the experimental design,
as dexamethasone was administered throughout
the treatment course in the control group but omit-
ted in the FMD group. Previous studies have shown
that dexamethasone alters metabolic markers such
as insulin, glucose, and IGF-1, potentially amplify-
ing in this study the observed differences between
the control and FMD groups. However, these met-
abolic differences do not appear to correlate with a
reduction in chemotherapy side effects or improve-
ments in quality of life, as previously hypothesized.
Additionally, dexamethasone may induce DNA dam-
age in lymphocytes, potentially exacerbating che-
motherapy toxicity and explaining the differences
in H2AX phosphorylation between the control and
FMD groups. Finally, it is possible that dexametha-
sone administration may influence the differences
in radiological responses between the control and
FMD groups by modulating the immune response
(18). In this context, it is noteworthy that a recent
Phase lll clinical trial, initiated in 2023, involving HR*
HER2- breast cancer patients has been suspended.
The data indicate that FMD is unlikely to provide a
significant or meaningful benefit to patients (https://
www.clinicaltrials.gov/study/NCT05503108).

The FMD was demonstrated to be safe and effec-
tive in improving various metabolic markers in a sin-
gle-arm, phase I/ll clinical trial (NCT03595540) involv-
ing 90 patients with solid and liquid tumors (7, 32).
The regimen, which included cycles of FMD com-
bined with 20-30 minutes of daily physical activity
and a protein supplement of 1.2-1.5 g/kg daily during
the three-four week refeeding period, resulted in
reduced circulating levels of growth factors, adi-
pokines, and cyto/chemokines, as well as serum
c-peptide, IGF1, IGFBP3, and leptin, while adiponec-
tin and IGFBP1 levels increased. These alterations
persisted several weeks post-FMD cycle, during
the refeeding phase. Additionally, patients under-
going FMD maintained their weight and handgrip
strength, reduced fat mass, and increased lean mass.
Although the study presents promising findings, as
the reduction in growth factors such as insulin and
IGF-1 may influence tumor growth and enhance the
efficacy of anti-tumor therapies, significant limita-
tions exist due to the sample size, absence of a con-
trol arm, and lack of an experimental arm to assess
the effects of physical activity and protein supple-
mentation on metabolic markers and body com-
position changes. Nonetheless, adherence to FMD
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was observed to decrease with the progression of
cycles (7, 32).

In a single-arm clinical study (NCT03340935) involv-
ing 101 participants, primarily with solid tumors but
also including healthy subjects, cycles of FMD demon-
strated potential in enhancing antitumor responses
(29). This was achieved by reducing the percentage of
immunosuppressive myeloid and regulatory T cells
both systemically and intratumorally, while concur-
rently promoting the activation of CD8 T cells and nat-
ural killer (NK) cells. Consistent with prior research,
the FMD cycles resulted in a systemic reduction in
glucose and other growth factor levels, replicat-
ing metabolic changes similar to those observed in
preclinical studies, albeit less pronounced, which
may facilitate a more effective antitumor response.
Notably, compliance with FMD in this study was sig-
nificantly higher than in previous studies, achiev-
ing a rate of 91.8% when evaluating individual FMD
cycles. Specifically, patients completed 404 out of the
440 cycles that were scheduled. Importantly, these
fasting cycles did not adversely affect the patients’
nutritional status, as all participants regained their
weight during the 3-week refeeding period. Despite
the promising nature of the data, the study is lim-
ited by its small sample size, tumor heterogeneity,
and absence of a control arm, necessitating cau-
tion in data interpretation. FMD-induced immuno-
modulation was observed in both cancer patients
undergoing therapy and healthy individuals. While
the activation of cytotoxic T lymphocytes and cyto-
lytic NK cells in peripheral blood may suggest an
enhanced antitumor response in cancer patients,
the reason for similar activation in healthy individ-
uals remains unclear and may be attributed to a
stress response, as fasting cycles have been asso-
ciated with increased levels of the proinflamma-
tory factor CRP, a stress indicator, in several clinical
studies. Additionally, the study indicates that T lym-
phocyte activation in cancer patients follows a cycli-
cal pattern, increasing during the fasting phase and
returning to baseline during the refeeding phase.
This suggests that the immune response activation
is not tumor-specific, as it would otherwise exhibit a
constant pattern throughout the therapeutic course,
irrespective of the fasting/refeeding cycles. Regard-
ing the increased intratumoral immune response, it
is noteworthy that the immune signature associated
with enhanced Th1/cytotoxic responses and enrich-
ment of IFNy signaling was identified through com-
parative RNA sequencing analysis of tumor biopsy
samples taken before and after FMD and chemo-
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therapy cycles. However, the study lacks a control,
such as RNA sequencing analysis of biopsies from
patients on a normal diet before and after chemo-
therapy. Consequently, it is not possible to ascer-
tain whether the favorable antitumor immune sig-
nature observed in FMD-treated samples is attrib-
utable to FMD, chemotherapy, or potentially linked
to the wound healing effect of the biopsy on pro-in-
flammatory and immune cell activation. Therefore,
these data should be interpreted with caution (29).
Moreover, the remarkable responses observed in
this study among a limited number of patients lack
statistical significance, as they may represent outli-
ers commonly found in clinical trials (23).

A subanalysis of the NCT03340935 clinical trial indi-
cates that FMD cycles may enhance overall sur-
vival (OS) but not progression-free survival (PFS) in
patients with advanced triple-negative breast cancer
undergoing first-line carboplatin-gemcitabine ther-
apy (22). The OS for 14 patients who underwent FMD
and were treated with carboplatin-gemcitabine (CG)
was 30.3 months (95% Cl 18-NR). In contrast, the OS
for 76 patients treated with either carboplatin plus
gemcitabine or carboplatin plus paclitaxel (CP) was
17.2 months (95% Cl 15.3-25.1), with a log-rank P value
of .041(22). This subanalysis yielded promising data;
however, certain biases must be acknowledged. In
the control group, only 25% of patients received car-
boplatin-gemcitabine, while 75% received carboplatin
plus paclitaxel. This distribution could affect OS out-
comes, as the authors found patients receiving first-
line carboplatin-gemcitabine showed superior PFS
and OS compared to those receiving carboplatin-pa-
clitaxel. When comparing OS of patients in the FMD
group with those of the 19 control patients treated
with carboplatin-gemcitabine, differences are not
statistically significant, though trending toward bet-
ter OS in the FMD group (median OS: 30.3 months,
95% Cl: 18.0-NR, vs. 15.3 months, 95% Cl 13.7-31.6,
log-rank P value = .052). Even more importantly,
it is worth emphasizing that, in the overall control
group, 80% had received anthracyclines and 75%
taxanes, while in the control subgroup treated with
carboplatin-gemcitabine, all patients had previously
received treatment with taxanes and 79% anthracy-
clines, compared with 57% in the FMD group. The
choice between carboplatin-paclitaxel and carbopla-
tin-gemcitabine likely depends on clinical consider-
ations, such as prior taxane use, rather than random-
ization. Therefore, the selection and combination of
these treatments in the control group is not random
and this clinically significant disparity increases con-
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founding risk. Patients previously treated with anth-
racyclines and taxanes may present with more che-
morefractory disease or cumulative toxicities affect-
ing OS in first-line metastatic therapy, while those
without prior therapies may be more chemosensi-
tive. To interpret the outcomes of first line therapy,
considering previous therapies is essential. In the
FMD group, 36% of metastases are de novo, versus
5.3% in the control group. Within the CG control sub-
group, most metastases are recurrent. Patients with
de novo metastases typically experience better out-
comes compared to those with recurrent metasta-
ses, especially when the disease-free interval after
adjuvant therapy is short. The FMD group comprises
many de novo cases, while the CG control subgroup
consists of relapses, which are presumably harder
to treat. This meta-analysis does not permit defini-
tive conclusions regarding FMD efficacy in enhanc-
ing outcomes in advanced TNBC. This is due to con-
founding factors, including control arm heterogene-
ity with mixed CP and CG, imbalance in prior expo-
sure to anthracyclines and taxanes between groups,
and higher proportion of de novo cases in the FMD
group versus relapsed controls, which may have influ-
enced the analysis and presumed FMD benefits (22).
A recent clinical study (NCT04248998) published in
Cell Metabolism reports that cycles of FMD admin-
istered every three weeks in conjunction with che-
motherapy (anthracycline-cyclophosphamide-tax-
ane chemotherapy, with or without metformin) prior
to surgery significantly enhance the rate of pCR and
prolong event-free survival (EFS) in patients with ear-
ly-stage triple-negative breast cancer (TNBC) (21). The
study involved 30 patients, divided into two exper-
imental cohorts (group A: 13 patients; group B: 17
patients), both receiving FMD and anthracycline-cy-
clophosphamide-taxane chemotherapy, with the dis-
tinction that metformin treatment was excluded in
group A butincluded in group B. The pCR rates were
53.9% in group A and 58.8% in group B, with an over-
all mean of 56.6% across both groups. Due to the
absence of aninternal control, pCR rates were com-
pared with those from previous studies with simi-
lar experimental designs. This comparison indicated
that the overall pCR rate in the FMD group exceeded
that of other control studies, particularly among over-
weight women who achieved weight loss by limiting
food consumption and energy intake through FMD.
Additionally, the 3-year EFS in the FMD group sur-
passed that of the external control group (86.7% vs.
65.8%, respectively). Omics analyses of tumor biop-
sies suggested that FMD may potentiate the effects

of chemotherapy by inhibiting glycolytic metabolism,
particularly in TNBC characterized by high glycolytic
activity, and to a lesser extent in TNBC with oxidative
phosphorylation (OXPHOS) metabolism. The influ-
ence of FMD on glycolytic metabolism results in a
significant reduction in lactate dehydrogenase (LDH),
detectable in the blood primarily after the first FMD
cycle, which may correlate with an enhanced anti-tu-
mor immune response. The authors observed too an
increase in immune signature, as detected by RNA
sequencing analysis of tumor biopsies, indicating acti-
vation and enrichment of cytotoxic T lymphocytes
and cytolytic NK cells exclusively in patients with gly-
colytic TNBC who responded to therapy and achieved
complete pathological response, whereas this signa-
ture was absent in non-responsive TNBC tumors (21).
However, the study is limited by its small sample size
and, notably, the lack of an internal control, which
precludes obtaining statistically significant data to
substantiate the hypothesis that FMD augments the
efficacy of chemotherapy in TNBC patients. Firstly,
the standard deviations of the pCR for both individ-
ual and combined experimental groups are nota-
bly high, therefore achieving statistically significant
results would likely require a considerable increase
in the sample even with an internal control. Second,
given that pCRrates in clinical trials used as external
controls vary significantly, ranging from 14% to 48.5%
(33-40), the inclusion of an internal control is crucial
for ensuring the validity and reliability of experimen-
tal results. Third, although pCR in studies analogous
to the one under discussion vary between 30% and
39% (33, 36, 38), itis worth highlighting that the per-
centage of patients with node-negative (cNO) disease
enrolled in this study (NCT04248998) is significantly
higher than in other studies used as external con-
trols and this could positively influence pCR. Indeed,
a Dutch retrospective study presented at the ESMO
Congress 2024, showed that neoadjuvant anthra-
cycline-taxane-based chemotherapy administered
to 1,144 patients with stage 1 cT1c TNBC from 2012
to 2022, as recorded in the Dutch Cancer Registry,
achieved a pCRin 57.6% of patients. Notably, no sig-
nificant differences were observed between patients
receiving platinum-based therapy and those treated
solely with anthracyclines and taxanes (57.1% ver-
sus 57.6% for patients not treated with platinum;
p = 0.9) (41). The findings of this Dutch study con-
test and refute the conclusions regarding the advan-
tages of FMD in augmenting the effectiveness of che-
motherapy in patients with TNBC. Fourth, the per-
centage of patients with BRCA pathway mutations
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enrolled in NCT04248998 is notably higher, with only
50% of patients being wild-type (WT), 25% carrying
mutations in the BRCA pathway, and the remaining
25% untested, compared to 10% in the external con-
trol studies. This aspect is pertinent, as tumor cells
with BRCA pathway mutations exhibit a high gly-
colytic metabolism (42), and glycolytic tumor cells
have been found to be more sensitive to FMD com-
bined with chemotherapy. Furthermore, it is note-
worthy that tumors with mutated BRCA respond
more favorably to anthracycline/taxane therapy than
BRCA wt tumors, suggesting that a higher prevalence
of patients with mutated BRCA may have positively
influenced the pCR and EFS observed in the study
(43, 44). Anyway, it is possible that FMD may enhance
therapeutic responses, particularly in individuals with
overweight or obesity, by modulating metabolic and
endocrine functions. By decreasing adiposity in these
patients, FMD could potentially lower estrogen pro-
duction, hyperinsulinemia, and insulin resistance,
thereby preventing the activation of the phosphati-
dylinositol-3-kinase/AKT/mammalian target of rapa-
mycin (MTOR) pathway and mitigating the chronic
proinflammatory state, both of which are adverse
prognostic factors associated with elevated body
mass index (BMI). Although this hypothesis is plau-
sible, a study (NCT01627067) involving overweight
and obese patients with metastatic, hormone recep-
tor-positive, HER2-negative breast cancer indicated
that treatment with metformin (an antidiabetic drug),
everolimus (an mTOR inhibitor), and exemestane (an
aromatase inhibitor), targeting these specific path-
ways altered in overweight individuals, has moder-
ate clinical benefits. Consequently, the absence of
aninternal control represents a significant limitation
that may have also affected the various omics anal-
yses conducted in the study, given that the external
controls employed differed in terms of chemother-
apy type, timing and cycles of drug administration,
as well as the timing of biopsy collection and the bio-
logical samples used for analyses. These discrepan-
cies could serve as confounding factors potentially
influencing the final results and conclusions. For
instance, a notable distinction between this study
and the preceding one pertains to the influence of
FMD on immunomodulation (21, 29). The previous
study asserted that FMD enhances the presence of
cytotoxic T lymphocytes and cytolytic NK cells within
the tumor, based on the immune signature derived
from RNA sequencing of biopsies obtained solely
from the experimental FMD group (29). In contrast,
the current study identified the immune signature
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exclusively in tumors that exhibited a pCR to ther-
apy, and not in those that did not achieve such a
response (21). Consequently, this data raises ques-
tions regarding whether the immune signature and
intratumoral enrichment of cytotoxic lymphocytes are
primarily effects related to the response to chemo-
therapy, independent of fasting. Similarly, the periph-
eral blood immunomodulation observed in the pre-
vious study may be more attributable to fasting-in-
duced stress rather than a tumor-specific response
(29). Therefore, while the reported results and their
interpretations offer significant insights, they are
not necessarily substantiated by statistical evidence,
given the absence of internal controls, a limited sam-
ple size that constrains statistical power, and vari-
ous inaccuracies in the experimental design. These
findings necessitate prospective, randomized stud-
ies with homogeneous control arms and predefined
stratifications to determine whether FMD confers a
genuine survival benefit in TNBC.

The fragility of clinical data regarding the benefits of
FMD in oncology practice is further supported by a
pilot study (NCT04387084) presented at ASCO 2025
(45). This study demonstrated that a 72-hour FMD
(200 calories/day), administered 48 hours before and
24 hours after immunotherapy every three weeks
to 10 oncology patients (70% with melanoma, 20%
with cutaneous squamous cell carcinoma, and 10%
with basal cell carcinoma), did not enhance the effi-
cacy of anti-PD-1-based therapy (45). This finding
aligns with some preclinical studies (46) but con-
tradicts others that have reported its efficacy (47).
The results were consistent with historical outcomes
for cutaneous malignancies, showing a 30% over-
all response rate (10% complete responses and 20%
partial responses), 40% stable disease, and 20%
progressive disease. Full compliance with the FMD
regimen (9 out of 9 cycles) was achieved by 50% of
patients, while 70% achieved partial compliance
(i.e., 6 out of 9 cycles). The study's limitations are
evident due to the small sample size of skin can-
cer patients, who, despite being among the most
responsive to immunotherapy, did not exhibit any
improvement in their therapeutic response (45).
Additionally, the impact of FMD on body composi-
tion in cancer patients warrants consideration. An
analysis of 36 patients enrolled in a phase IB clini-
cal study (NCT03340935) indicated that FMD cycles
reduce visceral (VAT) and subcutaneous (SAT) adi-
posity, as well as the Skeletal Muscle Index (SMI),
potentially leading to sarcopenia and an increased
risk of mortality in cancer patients (48).
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IS FASTING AN EFFECTIVE
APPROACH TO COMBAT AGING?
THE PERSPECTIVE IS CHANGING

Research on aging faces inherent limitations in track-
ing long-term effects of interventions on health,
quality of life, and longevity. Existing studies have
focused on interventions over shorter periods (3
months to 2 years), examining their impact on car-
diometabolic, inflammatory, or epigenetic markers
linked to aging. No research has conclusively demon-
strated any intervention's effectiveness in halting
aging. The positive outcomes in short-term studies
on aging-related biomarkers suggest potential to
lower disease risks associated with aging. However,
long-term physiological effects remain uncertain. In
this review, Table 2 outlines notable preclinical stud-
ies and limited clinical studies on healthy individuals
over brief periods, with details on sample sizes, pri-
mary outcomes, and adverse effects. Dietary strat-
egies, including CR and FMD, have been tested on
overweight or obese populations, who showed the
most significant benefits.

Numerous preclinical investigations have demon-
strated that CR represents the most potent non-phar-
macological intervention capable of extending the
maximum lifespan in mice (49, 50). The advanta-
geous effects on aging are directly proportional to
the extent of CR, with more stringent dietary regi-
mens yielding greater anti-aging outcomes. A study
published in Nature in 2024 revealed that a 40% cal-
orie restriction can extend the maximum lifespan in
mice by 30%, whereas a less restrictive regimen, such
as fasting for 1-2 days per week, enhances median
lifespan but does not affect maximum lifespan. The
impact of CR on aging is contingent upon the mouse
strain, thereby being intricately linked to the genetic
and epigenetic characteristics of each strain. A nota-
ble finding from this study is that the health bene-
fits of CR are not necessarily correlated with lifespan
extension. For instance, metabolic shifts induced by
calorie restriction, such as improved fasting blood
glucose levels, reduced adiposity, increased energy
expenditure, and preservation of metabolic flexibil-
ity (delta respiratory quotient), did not predict lifes-
pan extension. Consequently, the health benefits
of CR may not translate into a significant extension
of lifespan. In fact, life extension was observed in
mice that maintained better body weight retention,
exhibited a high proportion of lymphocytes, and
had immune cells in a physiological resting state,
such as CD4* and CD8* naive T cells and immature

NK cells. Conversely, immune cells displaying activa-
tion or mature phenotypes, such as CD4* and CD8*
effector T cells and CD11* memory B cells, were gen-
erally associated with a reduced lifespan. Further-
more, certain adverse effects of dietary restriction
may be detrimental to other aspects of physiologi-
cal health, such as lifelong loss of lean mass, lower
body temperature, increased food-seeking behavior
(indicative of hunger), and alterations in the immune
repertoire that could potentially increase suscepti-
bility to infection (51). These findings in mice raise
concerns regarding the potential risks of extreme
dietary restriction for humans. Therefore, as dis-
cussed and highlighted in our previous review, given
the differences in metabolic rates between humans
and mice, itisimprobable that the beneficial effects
of dietary restriction interventions can be replicated
and applied to humans (30) (Figure 1A).

Aging is associated with epigenetic drift, which is
characterized by alterations in DNA methylation
at various sites. The methylation status of several
age-related methylated (ARM) genes in the blood has
been demonstrated to correlate with aging, thereby
serving as biomarkers for assessing biological age,
as exemplified by the PhenoAge and GrimAge tests
(52). Research conducted on animal models has indi-
cated that CR of 40% and 30% can reduce biological
age in mice and monkeys (53). However, the effects
of CR on biological age in humans are not as pro-
nounced as those observed in animal models. In the
CALERIE study, where normal-weight subjects under-
went an average 12% calorie restriction for two years,
no significant differences in biological age, as mea-
sured by PhenoAge and GrimAge, were observed
between the experimental and control groups (54),
although improvements in certain cardiometabolic
markers associated with aging were scored. Con-
versely, three cycles of the FMD, conducted once
a month for 6 months, were shown to reduce bio-
logical age by an average of 2.5 years in predomi-
nantly overweight or obese patients enrolled in the
NCT02158897 and NCT02158897 studies. Simultane-
ously, FMD improved several age-related cardiomet-
abolic markers, such as insulin resistance, reduced
hepatic fat, and an increased lymphoid-to-myeloid
ratio, in overweight or obese participants (55). Nev-
ertheless, this final observation is intuitive, consider-
ing the established understanding that weight gain
and obesity contribute to elevated blood pressure,
cholesterol, and inflammation—three factors that
increase the risk of numerous life-threatening dis-
eases, including type 2 diabetes, cardiovascular dis-
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Figure 1. The Impact of Caloric Restriction and Fasting on Lifespan, Biological Age, and Stem Cells.

A) Caloric restriction, as opposed to fasting for 1-2 days per week, has been shown to extend the maximal lifespan in mice. B) Biological age,
an indicator of cellular aging determined by DNA methylation, which diminishes with age, is affected by various environmental factors and
lifestyle choices. C) In mice, severe caloric restriction, such as periodic fasting, leads to significant organ shrinkage due to limited nutrient
availability. Upon refeeding, the provision of nutrients and the release of growth factors restore the original tissue dimensions, facilitating the
enrichment of stem cells and their differentiation into the diverse cell types that comprise the tissue. The impact of nutrient deprivation on
tissues is analogous to a tissue wound and its subsequent repair process. L: Lymphocytes; M: Macrophages; Neu: Neutrophils; EGF: epidermal
growth factor; FGF: fibroblast growth factor; CXCL2-3: Chemokine (C-X-C motif) ligand; IL6: Interleuchin 6; TNF: Tumor Necrosis Factor.

eases such as myocardial infarction and stroke, and
various cancers. Consequently, the advantageous
effects of FMD may not be linked to the modulation
of specific molecular pathways or cellular mecha-
nisms, as it does not provide significant benefits in
normal-weight individuals. Instead, these benefits
could primarily result (56) from weight loss and,
more importantly, the reduction of adipose tissue,
thereby mitigating the principal risk factors associ-
ated with ageing diseases.

Extensive preclinical research has consistently shown
that CR stands as the only dietary intervention capa-
ble of extending lifespan, surpassing FMD in its effi-
cacy to enhance cardiometabolic markers. Given

that the benefits of fasting in humans are largely
attributed to reduced caloric intake and not to the
regulation of fasting dependent mechanism (auto-
phagy, ketone bodies) (56), CR is often favored over
fasting diets due to its primary role in promoting fat
mass reduction, whereas fasting regimen leads to
substantial lean mass loss (56). Additionally, fasting
interventions in humans has been found to exert no
influence on the expression of critical cardiometa-
bolic markers, such as glucose tolerance and insu-
lin sensitivity, nor on stress and proinflammatory
markers, including CRP and a range of cytokines
and chemokines, in obese individuals (57). There-
fore the reasons behind the pronounced differ-
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ences in biological age observed in the two studies
remain elusive.

The Santiago Longitudinal Study, which monitored
1,000 individuals from birth until they reached ages
28 to 31, offers a solution to this issue(58). The
study’s primary advantage is its extensive duration
and its examination of a cohort from birth, which
facilitates the comparison between biological and
chronological age. This approach differs from prior
clinical studies, which often assessed intervention
effects over shorter durations and lacked a clearly
defined control group. The Santiago study revealed
that biological age, assessed through two epigenetic
clock tests (Horvath and GrimAge), increased from
2.23 years to 4.68 years in individuals who main-
tained a high BMI from early childhood or adoles-
cence, as opposed to those with a normal BMI. The
study involved 205 participants, who were catego-
rized into three distinct groups: 89 individuals with
a normal BMI, 43 individuals who developed obe-
sity during adolescence, and 73 with obesity from
early childhood. As a result, this study challenges
the conventional understanding of CR’s impact on
aging by demonstrating, for the first time, that over-
weight and obesity initiate metabolic and physiologi-
cal processes that accelerate DNA methylation linked
to aging (59). Contrary to prevailing hypotheses, CR
does not reduce biological age but rather mitigates
the acceleration of aging associated with overweight
and obesity (60). In murine models, restricting nutri-
ents may extend lifespan by preventing overweight
and obesity in rats and mice that are fed ad libitum.
This restriction helps avoid the accumulation of fat
and weight, which can lead to a pro-inflammatory
state and the development of dermatitis and ulcer-
ative conditions that contribute to age-related dis-
eases. In the study examining the impact of vari-
ous dietary restrictions on the longevity of diver-
sity outbred female mice (517), it was observed that
the control group females attained a peak weight of
45 grams at 20 months, significantly exceeding their
typical weight range of approximately 25-30 grams.
Conversely, the dietary interventions under investi-
gation successfully reduced weight, maintaining it
within the normal range of 25-35 grams (51). Thus,
the enhancement of lifespan and healthspan is not
contingent upon the mechanisms regulated by cal-
orie restriction or fasting, but rather on the altered
metabolism and inflammatory processes linked to
excess fat mass and weight in ad libitum fed mice
which may result in a decreased life expectancy.
If the mice in the control group of calorie restric-
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tion studies, which have been published so far, are
found to be overweight or obese, it would necessi-
tate a complete reevaluation of the benefits of cal-
orie restriction on longevity. To improve health and
reduce disease risk, maintaining a healthy weight
through attention to dietary quality and quantity,
as well as lifestyle choices that favor physical activ-
ity and exercise, is sufficient. It is noteworthy that,
although the biological clock is currently regarded
as the optimal tool for measuring biological aging in
gerontology, it is not yet considered a reliable and
accurate system due to conflicting opinions regarding
its clinical validity. The variability in biological aging
is influenced by numerous factors, including obe-
sity, genetic variants, diet quality, tobacco use, and
environmental pollutants, which may affect epigen-
etic remodeling. However, current epigenetic anal-
yses are still unable to fully decipher and encom-
pass all aspects of epigenetic changes, and the data
are not easily interpreted in a clear and unequivo-
cal manner (61) (Figure 1B).

Proponents of CR and PF propose a hypothesis
that these dietary interventions may counteract
aging by enhancing tissue regeneration. This pro-
cess is thought to occur through the stimulation
of self-renewal and the enrichment of stem cells,
alongside the potential reprogramming of differen-
tiated cells back into stem cells (62-65). Severe CR
appears to promote the enrichment of stem cells,
as the deprivation of nutrients, growth factors, and
cytokines results in a notable reduction in organ
size within animal models. This phenomenon arises
from the necessity to curtail metabolic activity and
energy expenditure by entering a conservation state,
thereby activating autophagy to derive energy from
the degradation of organelles and macromolecules.
Additionally, the body's inability to adequately syn-
thesize all necessary metabolites and molecules
to maintain the structural integrity of organs such
as the spleen, liver, immune system, and intestine
contributes to this effect. In studies involving mice,
even short-term fasting significantly impacts their
metabolism and physiology, leading to a notable
decrease in leukocyte levels and a substantial slow-
down in the differentiation and regeneration of the
intestinal epithelium. Extended fasting further exac-
erbates these effects, causing significant changes
in the microvilli and nutrients absorption (30, 66).
During the refeeding period, this tissue and organ
“damage” is repaired as nutrient intake supports
the production of factors crucial for the activation
and proliferation of stem cells. Thus, the increase
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in hematopoietic and intestinal stem cells observed
post-fasting is a physiological response to the tis-
sue “damage” induced by fasting, without involving
any genetic reprogramming or conversion of dif-
ferentiated cells into stem cells (63, 67-69). Conse-
quently, the enrichment of stem cells during severe
dietary restriction may be regarded as a physiologi-
cal response to the “damage” inflicted on organs by
insufficient nutrient availability. This adaptation to
limited nutrient availability also serves as a biolog-
ical alert mechanism, ready to be activated when
nutritional conditions improve. The proliferation of
stem cells and their differentiation into various cell
types during refeeding facilitate the restoration of
organ structures to their full size. Therefore impact
of severe dietary restriction on stem cells mirrors a
scenario akin to tissue damage induced by a wound.
Indeed, lesions of the epidermis or intestinal epithe-
lium, as well as hemorrhages, release factors that
promote the activation of hematopoietic stem cells
(HSCs) and, more broadly, an increase in the stem
cells required to repair the damage and restore
the tissue. However, during the healing phase, the
increase in stem cells necessary for tissue regener-
ation is not attributed to the epigenetic reprogram-
ming of differentiated cells into stem cells. Instead, it
results from the stimulation of self-renewal in exist-
ing stem cells (70, 71) (Figure 1C).

What are the limitations of the hypotheses linking
CR and fasting to increased stem cell activity and tis-
sue regeneration as prerequisites for their anti-ag-
ing effects? While these theories are compelling, itis
crucial to consider the complexities of human phys-
iology. Throughout an individual's lifespan, the body
undergoes continuous transformations, resulting
in alterations in both appearance and physiologi-
cal function. This ongoing process necessitates con-
stant tissue remodeling, which relies on the capac-
ity of stem cells to proliferate and regenerate tis-
sue by producing new cells. Consequently, organ-
isms periodically regenerate and renew their tis-
sues and organs. A study published in Nature Med-
icine (72) indicates that the human body turns over
approximately 330 £ 20 billion cells daily (equivalent
to about 4 million cells per second), with blood cells,
along with intestinal and gastric cells, exhibiting the
highest turnover rates, accounting for approximately
96% of cell turnover. The average turnover time
for intestinal cells is about 5 days, for leukocytes it
ranges from 12 to 20 days (T lymphocytes 100-200
days, monocytes 1-2 days, granulocytes a few hours,
platelets 7 days), while the regeneration of the skin

epithelium (epidermis) occurs within 15 days. Thus,
almost of tissues and organs are in a state of con-
stant regeneration due to the self-renewal capac-
ity of stem cells, which diminishes with age. There-
fore, if tissues and organs are capable of continu-
ous and rapid regeneration, what advantages might
severe caloric restriction confer? In the hypotheti-
cal absence of these regenerative mechanisms in
humans, it would be reasonable to consider nutri-
ent deprivation as a means to stimulate stem cell
self-renewal; however, this scenario does not apply.
Under physiological conditions, stem cells represent
a small population of cells that self-renew through
replication, maintaining a constant number (72). If
this equilibrium is disrupted by adverse events such
as tissue damage or nutrient deprivation, it triggers
anincrease in stem cell activity through the release
of factors that promote their division. Therefore CR
or fasting may be conceptualized as stressors that
facilitate stem cell enrichment, not through the epi-
genetic reprogramming of differentiated and aged
cells into stem cells, as posited by some scientist,
but rather by activating mechanisms that promote
stem cell self-renewal and expansion. The activa-
tion of these tissue regeneration processes, induced
by stringent dietary restrictions, could theoreti-
cally prevent aging if the human body were inca-
pable of self-renewing stem cells and regenerating
its organs and tissues within a relatively short time-
frame. Moreover, as extensively discussed in prior
reviews, fasting in mice—the primary preclinical
model used to study this intervention—induces sig-
nificant metabolic and physiological changes, lead-
ing to a severe structural tissue and organs alter-
ations that are not replicable in humans due to the
potential for severe adverse health effects, including
potentially fatal outcomes. Consequently, it is uncer-
tain whether dietary restriction will yield the same
lifespan benefits in humans as observed in mice.
Although preclinical studies have shown promise,
there are numerous inconsistencies, controversial
interpretations regarding the effects of restriction
on aging biomarkers, and challenges in translating
these dietary interventions from rodents to humans.
Assertions that such interventions can effectively
extend human lifespans to 120 years are exceed-
ingly imprudent and hazardous, given the absence
of robust scientific evidence supporting their effi-
cacy in humans. These claims appear more akin to
marketing slogans for the longevity industry, aimed
at promoting various purportedly miraculous prod-
ucts for profit and personal gain.
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CONCLUSIONS

In general, pilot clinical studies on FMD in clinical
oncology have been conducted with a limited num-
ber of participants, and the data obtained, despite
lacking statistical significance, have been interpreted
with optimism (73, 74). This has led to biased con-
clusions, occasionally resulting from data misinter-
pretation, which authors have emphasized without
providing robust evidence for the potential bene-
fits of fasting. It is evident that small sample sizes
and the frequent lack of internal controls can sub-
stantially affect the variability of results, potentially
resulting in unreliable outcomes and discrepancies
between studies. These clinical studies are justified
by the remarkable preclinical data of FMD in oncol-
ogy studies; however, as previously discussed in our
review (30), there are significant limitations in trans-
lating the benefits of fasting from animal models to
humans. Furthermore, clinical studies conducted to
date confirm that the metabolic changes induced
by FMD, or fasting, in humans are mild compared
to the mouse model. Therefore, we recommend
exercising great caution as multicenter, random-
ized, two-arm study using the same therapeutic
regimen, with aligned follow-up after the first infu-
sion, and with a careful balancing of key prognos-
tic factors has not yet been conducted. Such clin-
ical trial would allow analysis of FMD's sensitivity
and efficacy, and definitively establish its efficacy
in oncology, excluding confounding factors, help-
ing resolve the inconclusive results of initial clini-
cal studies that tested fasting's potential benefits
in oncology. Moreover, it will be essential to eval-
uate the potential adverse effects of FMD on mal-
nourished cancer patients. As highlighted in a recent
review(2), 30-70% of cancer patients are malnour-
ished at diagnosis, even if their weight appears nor-
mal or above normal. Malnutrition is particularly
common in patients with advanced cancers. Sarco-
peniais also prevalent among overweight or obese
cancer patients, indicating underlying metabolic dis-
orders and nutritional deficiencies. Malnutrition acts
as a negative prognostic factor; thus, it will be cru-
cial to assess the impact of FMD on the nutritional
status of patients, especially those suffering from
cachexia and sarcopenia.

In evaluating the purported advantages of dietary
restriction on aging and longevity, it is imperative
to acknowledge the necessity of long-term clini-
cal studies to substantiate its efficacy and validity.
Contrary to prevailing assumptions, dietary restric-

178

tions may extend lifespan in preclinical models pri-
marily by preventing age-related weight gain and
obesity rather than by reprogramming metabolic,
genetic, and epigenetic profiles. Evidence shows
that mice in control groups fed ad libitum become
overweight and obese as they age. This occurs due
to age-associated metabolic deceleration, limited
physical activity in cages, and unrestricted food
access, which contribute to excessive weight gain.
For instance, the weight of an adult female mouse,
typically 25-30 grams, can increase to 45 g at 20
months when fed ad libitum, representing a 50%
or more increase in body mass, indicating obesity.
This aspect has been overlooked by researchers,
who believe that the benefits of caloric restriction,
considered the most potent non-pharmacologi-
cal intervention for decelerating aging and extend-
ing lifespan, are solely attributable to gene expres-
sion modulation, epigenetic reprogramming, and
autophagy induction. This perspective fails to con-
sider that the advantages of calorie restriction for
extending lifespan and preventing age-related dis-
eases may merely result from mitigating excessive
weight gain in mice fed ad libitum, which were erro-
neously classified as having normal weight rather
than being overweight and obese. Consequently,
asserting that fasting or CR can enhance human
longevity is a precarious and somewhat imprudent
stance. Disseminating such unverified information
within the scientific community could have adverse
effects on the population, exacerbating eating disor-
ders that increasingly afflict young individuals and
potentially deteriorating the health of older adults,
who require adequate energy and protein intake
to prevent sarcopenia. Moreover, recent studies
on aging indicate that both overweight and obe-
sity may expedite the aging process. CR does not
possess the capacity to “rejuvenate” the popula-
tion, as it offers no benefit to individuals of normal
weight. Its positive impact on aging is confined to
those who are obese or overweight, not due to the
activation of specific mechanisms or pathways, but
rather because it facilitates weight reduction and,
importantly, decreases fat mass, which appears to
be a catalyst for aging through the modulation of
metabolism and chronic inflammation.

In conclusion, this analysis suggests that the “secret”
to improved and prolonged life lies in maintaining a
healthy weight through dietary regulation and phys-
ical activity, without resorting to fad diets that, while
potentially effective, are often promoted primarily
for commercial and profit-driven purposes.
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An important consideration involves the current
condition of the scientific community and measures
to avert harmful developments. Since the COVID-
19 pandemic, pseudo-scientists have gained visi-
bility through sensational claims based on weak
research. These individuals, acting as science com-
municators and former scientists, have reached a
wide audience susceptible to misinformation due to
inadequate scientific literacy. This has facilitated the
spread of anti-scientific ideas, leading to public con-
fusion. The scientific community’s failure to exercise
oversight in information dissemination, along with
insufficient efforts to counter anti-scientific narra-
tives, has empowered those who question science,
favoring persuasive stories that exploit the existing
confusion and lack of scientific authority. Therefore,
the scientific community must implement rigorous
self-regulation to curb the spread of pseudo- and
anti-scientific narratives.

METHODS

Search Strategy and Data Sources

We conducted a comprehensive literature search to
identify clinical studies examining fasting and caloric
restriction interventions in oncology and aging. The
search was performed in PubMed/MEDLINE and
Scopus databases from January 2009 through Jan-
uary 2025. The search strategy combined Medi-
cal Subject Headings (MeSH) terms and text words
including: (“fasting” OR “fasting-mimicking diet” OR
“FMD" OR “short-term fasting” OR “caloric restriction”
OR “periodic fasting” OR “intermittent fasting” OR
“water-only fasting”) AND (“cancer” OR “neoplasm”
OR “chemotherapy” OR “neoadjuvant therapy” OR
“breast cancer” OR “triple-negative breast cancer”
OR “aging” OR “biological age” OR “longevity”) AND
(“clinical trial” OR “randomized controlled trial” OR
“pilot study”). No language restrictions were applied
initially, though only English-language publications
were ultimately included.

Study Selection

This narrative review focused on human clinical
studies evaluating dietary restriction interventions.
Inclusion criteria were: (1) prospective clinical trials
(Phase I/1l, pilot studies, or randomized controlled
trials) testing fasting or fasting-mimicking diet inter-
ventions; (2) studies conducted in cancer patients
receiving active treatment or in healthy individuals;

(3) studies reporting clinical, metabolic, or aging-re-
lated outcomes; and (4) full-text articles published
in peer-reviewed journals. Exclusion criteria were:
preclinical studies, case reports with fewer than 5
participants, review articles, editorials, and confer-
ence abstracts without full publication.

Given the narrative review design, article selection
was performed by the authors based on relevance
to the review objectives, with emphasis on studies
that could inform understanding of the translational
potential of dietary restriction from bench to bed-
side. The selection process was guided by the mul-
tidisciplinary expertise of the author team, incorpo-
rating perspectives from molecular biology, nutri-
tion science, and clinical oncology.

Data Extraction and Quality Assessment

From each selected study, we extracted the follow-
ing data: first author, publication year, study design,
sample size, participant characteristics (cancer type
and stage for oncology studies; age and health sta-
tus for aging studies), intervention protocol (type,
duration, and timing of dietary restriction), compar-
ator interventions, concurrent treatments, primary
and secondary outcomes, adverse events, and study
limitations. For oncology trials, we specifically noted
pathological response rates, toxicity grades, and
survival outcomes. For aging studies, we focused
on biological age assessments, metabolic markers,
and body composition changes.

While formal quality assessment tools were not
applied given the narrative review methodology,
we critically evaluated each study for methodolog-
ical rigor, including presence of control groups, ran-
domization, blinding where applicable, statistical
power, adherence rates, and potential confound-
ing factors. Particular attention was paid to identi-
fying design limitations that could affect interpre-
tation of results.

Data Synthesis

We employed a narrative synthesis approach to inte-
grate findings across studies. Studies were orga-
nized thematically into two main categories: (1) fast-
ing interventions in cancer patients, and (2) caloric
restriction effects on aging markers. Within each
category, we analyzed patterns of findings, consis-
tency of results, and methodological factors that
might explain heterogeneity in outcomes.

The synthesis emphasized critical evaluation of the
evidence, including assessment of the gap between
preclinical promises and clinical results, identifica-

179



Vol. 5(4), 164-184, 2025

tion of common methodological limitations, and
evaluation of potential biases in study design and
interpretation. We specifically examined whether
metabolic and physiological changes observed in
animal models were replicated in human studies
and whether these translated to meaningful clin-
ical benefits.

A total of 19 primary studies met our inclusion cri-
teria and were included in the final analysis: 13 clin-
ical trials examining fasting interventions in cancer
patients and 5 studies investigating caloric restric-
tion effects on aging biomarkers, with one study
addressing both domains. The narrative synthesis
approach allowed us to provide a comprehensive
critical assessment while acknowledging the lim-
itations inherent in translating dietary restriction
interventions from preclinical models to human
clinical practice.
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