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Abstract

Introduction: Diet may influence various aspects of human
health. In fact, it is well known that diet can favour or not the
development of various human pathologies, like diabetes,
hypertension, and hypercholesterolaemia. Interestingly,
diet has an influence in cancer development too (e.g., this
relation has been studied for pancreatic, colonic, gastric, and
breast cancers). Between the mechanisms that could explain
this relation, there is epigenetic. In fact, thanks to epigenetic
reprogramming, certain substances introduced with diet
could affect gene expression, especially of those genes in-
volved in cells’ proliferation and growth. In recent years,
some studies have been published about the role that diet
could have on chemotherapy outcome. Especially, various
studies have analysed the effects of fasting and ketogenic
diet (KD) during chemotherapy. The aim of this study is to

summarize scientific evidences about diet and its effects on
chemotherapy on humans and to better understand if these
approaches deserve to be further investigated and might be
suitable and beneficial during cancer treatment. Materials
and Methods: We performed an electronic literature search
of the PubMed database, using the combination of following
terms: “fasting” or “ketogenic” with “chemotherapy,” “can-
cer treatment.” We included studies on humans about fast-
ing and KD during chemotherapy, excluding reviews, case
series including <10 patients, studies conducted on animals
or limited to radiotherapy treatment, and studies that were
mostly about molecular mechanisms. Results/Discussion In
our analysis we included 4 studies (1 randomized controlled
trial, 1 retrospective study, and 2 prospective pilot studies)
about KD and 4 studies (1 prospective cohort study, 1 case
series report, and 2 randomized trials) about fasting during
oncological treatments. Authors suggested an improve-
ment of quality of life (QoL) and fatigue in patients under
chemotherapy, especially in the 8 days after chemotherapy
treatment. We found that both fasting and KD demonstrated
to be tolerable and feasible during oncological treatments.
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Conversely, data about survival outcomes are still controver-
sial, but it should be underlined that it was not the outcome
of these preliminary studies. Conclusions: All comparatives
studies have demonstrated that even fasting then KD results
in a reduction of collateral effects of adjuvant chemotherapy
(due to reduction of drugs toxicity) and a better QoL than in
patients that follow no diet. Unfortunately, despite the fact
that various laboratory and animal studies confirm advan-
tages from KD and fasting, few data are today disposable on
humans: further studies are needed to confirm data exposed
in this review. © 2020 S. Karger AG, Basel

Introduction

Diet may influence various aspects of human health. It
is well established that a certain type of diet may favour
the development of various illnesses (i.e., diabetes, hyper-
tension, and hypercholesterolaemia) [1]. Particularly,
Fontana and Partridge [2] demonstrated that dietary re-
striction could improve organ function and resistance to
stress and, so, health and longevity. It has also been dem-
onstrated that diet may facilitate the development of can-
cer [3]. In fact, diet may alter the epigenetic programme
of our cells and, so, it could modify the expression of some
genes, including the ones that are involved in cells” pro-
liferation and growth [4]. For this reason, various studies
have been conducted to analyse the connections between
the consumption of certain types of food and the develop-
ment of some cancers, such as pancreatic cancer, colorec-
tal cancer, gastric cancer, breast cancer and so on [5, 6].

More recently, some studies have demonstrated the
role of diet during chemotherapy, as it could alter the ef-
ficacy of therapy. With this regard, Hopkins et al. [7]
demonstrated in murine models that hyperglycaemia and
the subsequent increase in insulin could compromise
chemotherapy effectiveness. Furthermore, in recent
years, various studies have also investigated the role of
some type of specific diets, such as fasting and ketogenic
diet (KD) [8, 9] during chemotherapy, trying to clarify
whether these approaches may increase chemotherapy’s
outcome. Most of these studies have been conducted on
animal models and there are only some experiences on
humans. The aim of this study is to summarize scientific
evidences about the role of both fasting and KD during
chemotherapy, with a focus on studies conducted on hu-
mans, to better understand if these approaches deserve to
be further investigated and might be suitable and benefi-
cial during cancer treatment.
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Material and Methods

Information Sources and Search Strategy

The search was carried out in December 2018, using MEDLINE
as the database. The search strategy was limited to English lan-
guage articles and there were no restrictions on date of publication.
Databases were screened for search terms in either titles or ab-
stracts. Search terms were a combination of “fasting” or “ketogen-
ic” with “chemotherapy,” “cancer treatment.”

Eligibility Criteria

Studies

We included either randomized trial (both retrospective and
prospective studies) or prospective cohort studies or case series if
the number of patients was >10. Data from hand searching (meet-
ing proceedings of the Society of Gynaecologic Oncology, the Eu-
ropean Society of Medical Oncology, and the American Society of
Clinical Oncology) were also included. We excluded reviews and
studies conducted on animals or limited to radiotherapy treat-
ment, studies about fasting mimicking diets or that were about
molecular mechanisms of fasting and KD, focussing our research
on studies on humans receiving chemotherapy. We furthermore
excluded not full-text available articles, articles not in English lan-
guage, articles that were irrelevant for our topic, and case series
including <10 patients.

Participants

Eligible patients must be: (1) at least 18 years old; (2) affected
by any cancer type; (3) receiving chemotherapy; and (4) receiving
dietary adjustments (fasting or KD).

Outcomes

The outcomes considered were quality of life (QoL), reduction
of toxicity from chemotherapy, progression-free survival (PFS),
and overall survival (OS).

Study Selection, Data Extraction, and Data Synthesis

Study selection was independently carried out by 2 authors
(G.M. and L.F.). Titles and abstracts were screened for eligibility
according to inclusion and exclusion criteria. All titles or ab-
stracts considered ineligible were excluded. Differences in judge-
ment during the selection process between the reviewers were
discussed in order to find a consensus. Information was collected
using an Excel spreadsheet. For each study data about year of
publication, study type, cancer type, chemotherapy regimen,
sample size, outcome measures, and results were presented. Stud-
ies were heterogeneous, and for this reason a meta-analysis was
not feasible.

Summary of Findings

The flow diagram in Figure 1 shows the results of literature
search and study selection process. The initial research produced
1,896 works on fasting and KD; applying our inclusion and exclu-
sion criteria (only human patients receiving chemotherapy), we
included 4 studies for KD: 1 cohort retrospective study and 3 pro-
spective randomized trials (between them, 1 was a prospective ob-
servational study); we included 4 studies for fasting: 1 prospective
cohort study, 1 case series report, and 2 prospective randomized
trials.
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Studies found according

to inclusion criteria
(n =1,896) Studies excluded (n = 1,887);
- Not full text (n = 132)
- Reviews (n = 1,205)
> - Fasting mimicking diet (n = 82)
v - Radiotherapy (n = 78)
- Molecular mechanisms (n = 232)
Eligible full text articles - Irrelevant studies (n = 149)
(n=9)

Fig. 1. Study selection.

Fasting

Considering data from laboratory and animals studies, various
studies have been to analyse the role of fasting during chemother-
apy in humans, with regards of both side effects and outcomes [10].
Bauersfeld et al. [11] conducted a prospective randomized cross-
over trial, including 50 patients affected by ovarian and breast can-
cer that underwent various types of chemotherapy (for breast can-
cer: epirubicin + cyclophosphamide, FU + epirubicin + cyclophos-
phamide + docetaxel and others; for ovarian cancer: carboplatin or
carboplatin + paclitaxel and others). Particularly, they evaluated
differences in overall survival, QoL, and fatigue improvement in
patients that received normal diet or short-term fasting during
chemotherapy. They demonstrated that fasting is safe and it is well
tolerated during chemotherapy. Particularly, they demonstrated
that fasting might reduce fatigue and improve QoL, especially in
the first 8 days after chemotherapy.

To better understand fasting timing during chemotherapy,
Dorff et al. [12] conducted a cohort study, including 20 patients
undergoing platinum-based chemotherapy for various types of
cancer. They compared 24, 48, and 72 h fasting for the reduction
of chemotherapy toxicity. They observed that fasting was safe and
feasible for cancer patients and that there was a reduced DNA
damage in leucocytes form subjects who fasted for 248 h (p =0.08).

Also, de Grootetal. [13] demonstrated a reduced DNA damage
in patients undergoing fasting in a prospective randomized trial
(in particular a pilot study). They included 13 breast cancer pa-
tients that received neoadjuvant chemotherapy with docetaxel,
doxorubicin, and cyclophosphamide. They compared normal diet
and fasting on side effects, haematological toxicity and DNA dam-
age on mononucleated blood cells. Fasting started 24 h before che-
motherapy and lasted until 24 h after. Patients could only drink
water or tea and coffee without sugar. They demonstrated no sig-
nificant differences on toxicity induced by chemotherapy in pa-
tients undergoing fasting and not, while DNA damages on mono-
nucleated blood cells were reduced in the first 30 min after therapy
administration in fasting patients (considering myeloid cells
CD45+ CD3-), suggesting a protective role of fasting in these cells.
At the same time, lymphocytes CD45+ CD3+ had the same DNA
damage 30 min after therapy administration, but after 7 days, DNA
damage remained high only in non-fasting groups, suggesting a
role of fasting in promoting DNA recovery after chemotherapy.

Effects of Fasting and Ketogenic Diet on
Cancer Treatment

Interestingly, Safdie et al. [14] published a case series on 10 pa-
tients affected by various types of cancer (4 breast, 1 oesophagus,
2 prostate, 1 lung, 1 uterine, and 1 ovarian cancer), undergoing
different types of chemotherapy and they focussed on toxicity and
side effects after chemotherapy. Fasting period was variable from
1 patient to another, and patients were cases and controls of them-
selves at the same time. This study showed that fasting may reduce
nausea, vomiting, diarrhoea, abdominal pain, and mucositis that
were almost absent in the reports from the 10 patients that fasted
before or after chemotherapy, while almost 1 of these symptoms
was reported by 5/6 patients who received normal feeding. At the
same time, the 4 patients that fasted for all the time of chemother-
apy reported fewer side effects than patients undergoing the same
chemotherapy course without fasting. Furthermore, it was not
demonstrated a higher number of side effects in patients who fast-
ed. Studies on fasting are reported in Table 1.

Ketogenic Diet

KDs are diets that mimic the metabolic state of fasting by in-
ducing a physiological rise in the 2 main circulating ketone bodies,
acetoacetate and beta-hydroxybutyrate, above the reference range
(typically 0.5 mmol/L for beta-hydroxybutyrate) [13] These diets
are high-fat, adequate protein (about 1.5 g/kg body weight), and
low-carbohydrate (<50 g/day) diets that do not necessarily induce
weightloss or micronutrient limitations but mimic fasting to some
extent mainly through lowering and stabilizing insulin levels,
mildly elevating cortisol levels, and raising fatty acid oxidation;
together these adaptions promote hepatic ketogenesis, elevating
concentrations of the ketones acetoacetate and D-b-hydroxybutyr-
ate [15]. Since the first documented cases of cancer, scientists have
been studying the differences between normal cells and tumour
cells and how they can resist in different conditions that are pro-
hibitive for human cells [16].

The first experience with KD during chemotherapy was pro-
posed by Schmidt et al. [17] in 2011, in a prospective observation-
al pilot study on 16 patients affected by advanced cancers with no
other possibility of treatment. They wanted to investigate the fea-
sibility of a KD and its influence on the QoL of patients with ad-
vanced metastatic tumours.

Sixteen patients with advanced metastatic tumours and no con-
ventional therapeutic options were enrolled and instructed to fol-
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low a KD (<70 g CHO per day) with normal groceries and were
provided with a supply of food additives to mix a protein/fat shake
to simplify the 3-month intervention period. QoL modification
was evaluated with the EORTC QLQ-C30 questionnaires. The ef-
fect of dietary change on metabolism was monitored daily by mea-
suring urinary ketone bodies.

Overall tolerability of KD was as follows: 1 patient did not tol-
erate the diet and dropped out within 3 days; meanwhile among
those who tolerated the diet, 2 patients died early, 1 stopped after
2 weeks due to personal reasons, 1 felt unable to stick to the diet
after 4 weeks, 1 stopped after 6 and 2 stopped after 7 and 8 weeks
due to progress of the disease, 1 had to discontinue after 6 weeks
to resume chemotherapy, and 5 completed the 3-month interven-
tion period. The 5 who competed 3 months of KD and the 1 who
resumed chemotherapy after 6 weeks report an improved emo-
tional functioning and less insomnia, while several other param-
eters of QoL remained stable or worsened, reflecting their very
advanced disease. Except for temporary constipation and fatigue,
there was no difference in terms of side effects, especially no chang-
es in cholesterol or blood lipids. Accordingly, KD was found to be
safe even in a retrospective series of high grade glioma-treated pa-
tients, compared with similar patients on an unspecified/standard
diet [18].

In total, 53 patients were analysed. Six underwent a KD during
treatment. The diet was well tolerated with no grade III toxicity
and 1 episode of grade II fatigue. No episodes of symptomatic hy-
poglycaemia were registered, and 4 patients were alive after a me-
dian follow-up of 14 months. Mean blood glucose of patients on
KD were remarkably lower than those on a standard diet (84 vs.
122 mg/dL) for those on a KD. Based on this retrospective study,
a KD appears safe and well tolerated during the standard treatment
of GBM. Authors concluded that dietary restriction of carbohy-
drates through a KD reduces serum glucose levels significantly,
even in conjunction with high dose steroids, with possible effect
on response to standard treatment and prognosis.

Ketogenic diet was also proposed on patients with glioblastoma
multiforme [17, 19, 20] and recurrent glioblastoma and it was
found to be tolerable and potentially useful in controlling tumour
growth. In particular, Rieger et al. [19] published a pilot study with
17 patients affected by recurrent glioblastoma under treatment
and on KD. Three patients (15%) discontinued the diet for poor
tolerability. No serious adverse events attributed to the diet were
observed. One patient achieved a minor response, and 2 patients
had stable disease after 6 weeks.

There were 1 complete response and 5 partial responses in pa-
tients treated with bevacizumab, for an overall response rate of
85%, and median PFS on bevacizumab was 20.1 (range, 12-124)
weeks, for a PFS at 6 months of 43%. The authors also compared
these results with a cohort of 28 patients who were treated with
bevacizumab in the same period but who were not on a KD. In
these, median PFS was 16.1 weeks (range, 4-90 + weeks; 95% CI,
15-17 weeks), showing no difference with the study population on
KD (p = 0.38). Interestingly, the effects of a KD alone or in combi-
nation with bevacizumab was also explored in an orthotopic
U87MG glioblastoma model in nude mice and it was found that
KD alone had no effect on median survival but increased that of
bevacizumab-treated mice from 52 to 58 days (p < 0.05). Finally,
Cohen et al. [21] recently conducted a randomized controlled trial
with 73 women with ovarian or endometrial cancer (25% of these
was in concomitant chemotherapy treatment), randomized in 2

Effects of Fasting and Ketogenic Diet on
Cancer Treatment

arms, 1 including women following KD and the other including
women following ACS (American Cancer Society) diet.

After 12 weeks, there was a significant between-group differ-
ence in adjusted physical function scores (p < 0.05), and KD par-
ticipants not receiving chemotherapy reported a significant with-
in-group reduction in fatigue (p < 0.05). There were no significant
between-group differences in mental function, hunger, or appe-
tite. There was a significant between-group difference in adjusted
cravings for starchy foods and fast food fats at 12 weeks (p < 0.05
for both), with the KD group demonstrating less frequent cravings
than the ACS. Also, there was a significant between-group differ-
ence in serum beta-hydroxybutyrate concentration at 12 weeks
(group means: ACS, 0.25 0.04 mmol/L vs. KD, 0.91 0.16 mmol/L,
P <0.001). Conversely, none differences in terms of QoL was iden-
tified between groups. Studies on KD are reported in Table 2.

Discussion

Fasting

An increasing body of evidence from experimental re-
search points to beneficial effects of intermittent and pe-
riodic fasting in chronic disease: a 20-40% reduction in
calorie intake or dietary restriction protects a wide variety
of organisms against oxidative stress and ageing. Similar
data were obtained from studies on cancer. In fact, fasting
could reduce cancer cells capability to survive and adapt,
making them more susceptible to chemotherapy. On the
other side, fasting seems to increase the capability of nor-
mal cells to resist to chemotherapy treatments and fa-
vours normal tissue regeneration. Several mechanisms
have been studied to explain these effects [22].

It has been proposed that fasting promotes pro-
nounced changes in metabolic pathways and cellular pro-
cesses such as stress response, autophagy and decreases
insulin-like growth factor 1 that affects other factors such
as Akt, Ras, and mTOR to downregulate cell growth and
proliferation [7]. Furthermore, ketone bodies produced
during fasting can reduce tumour growth and promote
cells differentiation through epigenetic mechanisms [23].

Interestingly, as said before, starvation may have dif-
ferent effects on cancer and normal cells. The theory of
starvation-dependent differential stress resistance has
been proposed by Buschiazzo et al. [24] in 2018. Accord-
ing to this hypothesis, normal cells respond to starvation
with a stress response entering in a self-maintenance
mode, protecting them from the toxic effects of both ra-
diotherapy and chemotherapy. Otherwise, cancer cells,
because of oncogenes mutations, do not have this reac-
tion, hence inhibiting normal stress response pathways.
Similar results were shown in a study published by Bian-
chietal. [25].
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DOI: 10.1159/000510839



Interestingly, various preclinical studies conducted in
laboratory on animals or human cancer cells have shown
the beneficial effects of fasting on cancer. For example, a
greater activity of Sorafenib in human hepatocellular car-
cinoma cells has been demonstrated in a laboratory study
[26]. Also Caffa et al. [27] in 2015 found that fasting could
potentiate the effects of chemotherapeutic agents, in par-
ticular tyrosine kinase inhibitors, like erlotinib, gefitinib,
lapatinib, crizotinib, and regorafenib. In fact, starvation
could increase the blockage of cancer cell growth induced
by tyrosine kinase inhibitors. Furthermore, fasting could
increase the effects of chemotherapy based on cisplati-
num too [28].

Considering these preclinical data, in recent years
some studies were published about chemotherapy and
fasting. Both Safdie et al. [14] and Dorff et al. [29] dem-
onstrated that starvation could decrease chemotherapy
toxicity, reducing symptoms like vomiting and nausea
and furthermore reducing toxic effects of oncological
drugs on cells like leucocytes. Bauersfeld et al. [11], in his
prospective randomized crossover trial, found that QoL
is less affected by chemotherapy in patients undergoing
fasting regimens. On the other side, de Groot et al. [13]
did not observe modifications in QoL of patients receiv-
ing starvation, but only reduced haematological toxicity.
In synthesis, as demonstrated in various animal studies,
fasting during chemotherapy could have various benefi-
cial effects on anti-cancer treatment (in terms of QoL and
drug toxicity). Unfortunately, only few studies on hu-
mans are now disposable and only few of them are pro-
spective studies. Furthermore, they often include a little
number of patients affected by various tumours, so that
the effects of fasting could be confounding: for example,
fasting beneficial effects could be more evident in some
tumours than in others, and these heterogeneous studies
could hide these effects.

Ketogenic Diet

Despite advances in developing new chemotherapies
and radiation targeting techniques, most of tumours con-
tinue to have a poor prognosis. With fasting and KD, we
are trying to target fundamental differences between can-
cer and normal cells; mitochondrial oxidative metabo-
lism with manipulations such as KD could represent a
valid implementable strategy for improving outcomes to
standard of care radiation and chemotherapy. KDs result
in several metabolic changes that may cause stress to can-
cer cells. Warburg in 1926 described differences in meta-
bolic pathways that lead to production of ATP. He sup-
posed that tumour cells do not use the normal oxidative

82 Chemotherapy 2020;65:77-84
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phosphorylation (that results in 32-36 mol of ATP) but
the aerobic glycolysis that consists in transformation of
glucose in pyruvate and then in lactic acid (that results in
2 mol of ATP). This metabolic characteristic is known as
the “Warburg effect.” Tumour cells’ metabolic pathway is
definitively disadvantageous than that of the normal hu-
man cells, so it results in significantly increased glucose
uptake [14]. These principles are widespread in clinical
application with the use of PET with the glucose analogue
tracer, 18fluorodeoxyglucose [17, 18, 30].

The rationale in providing a fat-rich, low-carbohy-
drate diet in cancer therapy is to reduce circulating glu-
cose levels and induce ketosis such that cancer cells are
starved of energy while normal cells adapt their metabo-
lism to use ketone bodies and survive. Furthermore, by
reducing blood glucose, levels of insulin and insulin-like
growth factor, which are important drivers of cancer cell
proliferation, drop [17]. Fatty acid oxidation occurs pri-
marily in the mitochondria and is dependent upon effi-
cient and well-integrated mitochondrial electron trans-
port chain activity. Cancer cell mitochondria are thought
have inefficiencies in mitochondrial electron transport
chain activities leading to increased steady-state levels of
0,/H,0, and they increase glucose metabolism to gener-
ate reducing equivalents to compensate for excess H,O,.
Hypothesis is that limiting consumption of glucose and
increasing dependence on oxidation of fatty acids during
consumption of a KD would selectively enhance tumour
cell versus normal cell sensitivity to radiation and chemo-
therapy by a mechanism involving oxidative stress. The
classical KD is typically designed to deliver 90% of calo-
ries from fat, 8% from protein, and 2% from carbohydrate
with a 4:1 ratio of fat to protein + carbohydrate. KD was
well tolerated by most of the patients included in the stud-
ies selected, and adverse events were negligible.

Conclusions

The role of dietary restriction regimens such as KD
and fasting during cancer treatment with chemotherapy
has been investigated via abundant preclinical experi-
ments. However, the conclusions are controversial, and
few data are available in human patients. In our analysis
we found that both fasting and KD have demonstrated to
be tolerable and feasible during treatment.

Overall, data on fasting are in favour of the safety and
feasibility of these approach, with some authors suggest-
ing an improvement even of QoL and fatigue in patients
under chemotherapy, especially in the 8 days after che-
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motherapy treatment. Conversely, data about survival
outcomes are still controversial, but it should be under-
lined that it was not the outcome of these preliminary
studies. In synthesis, all the prospective studies about
fasting found that it is able to reduce chemotherapy toxic-
ity and, at the same time, to increase quality of life in pa-
tients receiving these approach. At the same time, all
studies are concordant about safeness ad feasibility of
fasting (according the schemes pro in patients receiving
chemotherapy.

Currently, other trials about the role of fasting during
chemotherapy are ongoing, with the aim to further inves-
tigate the safety and feasibility of short-term fasting prior
to administration of chemotherapy or trying to estimate
the longest feasible fasting period prior to chemotherapy.
Furthermore, even the association of short-term fasting
prior to administration of combination chemotherapy
with platinum in patients with advanced solid cancers is
under evaluation (see Table 1).

On the other hand, KDs seem to have a promising role
in the management of oncologic patients, mainly in those
affected by tumour of the central nervous system [31, 32].
Data reported [33] show that oncologic patients in adju-
vant treatment might improve their QoL and Code Fed-
eral Regulations (adverse event) following a ketogenic
diet compared to patients that follow other diets. As for
fasting diet, data concerning survival are inconclusive but
also very preliminary. However, the role of ketogenic di-
ets on chemotherapy is still unclear, even if it has been
supposed that a high-fat diet could facilitate smarter elim-
ination of chemotherapeutical drugs, mainly ones with
biliary elimination, reducing adverse events, but data re-
ported are still lacking.
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