
Cancer Science. 2022;113:3291–3302.    | 3291wileyonlinelibrary.com/journal/cas

1  |  BACKGROUND

Cancer, one of the most dreadful diseases, causes increased mor-
bidity and mortality worldwide regardless of human development. 
Cancer is characterized by the uncontrolled growth of aberrant cells. 
It afflicted 19.3 million people and caused almost 10 million people 
deaths globally in 2020.1 Surgical tumor removal, radiation, and che-
motherapy, together with recently discovered immunotherapy, have 
become routine treatment protocols for cancer patients as a result 
of incredible advancements in oncology; yet, patients' overall sur-
vival time and prognosis remain unsatisfactory.1,2 Furthermore, pa-
tients must endure various side effects when undergoing standard 

therapy, with the risk of illness recurrence, which affects patients 
on several levels, including physically, emotionally, cognitively, fi-
nancially, and socially. Emerging evidence suggests that intermittent 
fasting might help prevent and treat cancer by boosting the efficacy 
and tolerance of anticancer drugs and improving cancer patients' 
quality of life through various adaptability biological mechanisms 
caused by intermittent fasting.3– 6 Studies have shown that fasting 
can benefit a person's general health throughout their entire life by 
lowering oxidative stress and inflammation, slowing the aging pro-
cess and increasing longevity, initiating cellular repair mechanisms, 
and boosting brain and heart function. Till now, human studies 
of fasting on cancer have only focused on small groups of young 
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Abstract
Emerging evidence suggests that fasting could play a key role in cancer treatment by 
fostering conditions that limit cancer cells' adaptability, survival, and growth. Fasting 
could increase the effectiveness of cancer treatments and limit adverse events. Yet, 
we lack an integrated mechanistic model for how these two complicated systems in-
teract, limiting our ability to understand, prevent, and treat cancer using fasting. Here, 
we review recent findings at the interface of oncology and fasting metabolism, with 
an emphasis on human clinical studies of intermittent fasting. We recommend com-
bining prolonged periodic fasting with a standard conventional therapeutic approach 
to promote cancer- free survival, treatment efficacy and reduce side effects in cancer 
patients.
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individuals for short periods. This review examines the published 
and continuing clinical trials that have used intermittent fasting to 
treat cancer patients, focusing on improving cancer outcomes and 
decreasing adverse events. The biological underpinnings for adopt-
ing fasting along with intermittent fasting to prevent and treat can-
cer are also discussed.

2  |  FA STING , INTERMIT TENT FA STING , 
AND ITS MECHANISM: FOCUSING ON 
C ANCER

Fasting, a period of voluntary abstention from all foods or specific 
food products, has a long history steeped in religious traditions. For 
thousands of years, distinct types of fasting have been advocated 
and followed by different religions based on their own beliefs and 
norms. Intermittent fasting is an eating regimen that alternates be-
tween a brief period of fasting, with either no food or a considerable 
calorie restriction, and periods of unrestricted eating, focusing on 
when you eat rather than what you eat. Fasting on alternate days, 
short- term intermittent fasting (16– 8 h of daily fasting), prolonged 
intermittent fasting, entire day fasting with a particular frequency 
per week, or fasting within a predetermined time frame (i.e., 1– 2 days 
per week of total fasting or meeting up to 25% of daily calorie needs 
with no dietary restriction on the other days) are all common vari-
ations of intermittent fasting. Fluids (without calories) are often in-
gested in sufficient quantities to fulfill hydration and physiological 
needs. Intermittent fasting can improve the body's overall function 
and help alleviate various diseases, such as obesity, diabetes, neuro-
generative diseases, and cancer.4,7

Fasting causes alterations in the activity of several metabolic 
pathways as the body transitions to a mode that generates energy 
and metabolites predominantly from adipose tissue and, to a lesser 

extent, muscle.6 Normal cells are protected from chemotherapeutic 
assaults by changes in circulating hormones and metabolites, result-
ing in decreased cell differentiation and activity in the metabolism. 
Cancer cells may react differently to normal cells, making them 
more susceptible to chemotherapy and other cancer treatments if 
they violate the anti- growth directives required by these fasting 
environments.

To fulfill the body's fuel demands during fasting, metabolic 
stress causes insulin levels to drop and glucagon levels to rise, in-
creasing the breakdown of liver glycogen reserves (into glucose) and 
triglycerides (into glycerol and free fatty acids). As a result, in the 
long run, fasting benefits the brain, muscle, liver, and adipose tissue 
through various biological mechanisms (Figure 1).3,6,8 The brain pro-
gressively adjusts using the ketone bodies in addition to glucose to 
satisfy its energy requirements, while other tissues use fatty acids 
for energy. Gluconeogenesis is fueled by ketone bodies created 
in the liver from fatty acids, fat- derived glycerol, and amino acids 
during the ketogenic state. Therefore, glucose levels are maintained 
at around 70 mg per dL, which is used mainly by the brain.9,10 Histone 
deacetylases are inhibited by ketone bodies, which may slow tumor 
development.11,12 Furthermore, β- hydroxybutyrate, a ketone body, 
works as an endogenous histone deacetylase inhibitor. This inhibitor 
inhibits the signals, which protects the body from oxidative stress.13 
Glucocorticoids and adrenaline are also involved in direct metabolic 
responses to fasting, assisting in maintaining blood sugar levels and 
increasing lipolysis.14 FGF21 rises during intermittent fasting, and it 
plays a vital role in lowering IGF1 levels by inhibiting phosphory-
lated STAT5 in the liver.15 In addition, increased insulin- like growth 
factor- binding protein 1 (IGFBP1) binds to circulating IGF1 and in-
hibits it from interacting with the appropriate cell surface receptor, 
limiting IGF1 biological activity under intermittent fasting condi-
tions.6,16 IGF1 downregulation is one of the fundamental mecha-
nisms engaged in fasting to promote chemotherapy tolerance and 

F I G U R E  1  Effect of prolonged fasting 
on different systems of the body on 
patients. During fasting, the breakdown of 
liver glycogen reserves (into glucose) and 
triglycerides (into glycerol and free fatty 
acids) occurs. The brain progressively 
adjusts using the ketone bodies in 
addition to glucose to satisfy its energy 
requirements, while other tissues use 
fatty acids for energy. Gluconeogenesis 
is fueled by ketone bodies created in the 
liver from fatty acids, fat- derived glycerol, 
and amino acids during the ketogenic 
phase of fasting.
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minimize significant adverse effects. Increased IGF- 1 levels appear 
to be attributed to the colon, prostate colon, and breast cancer due 
to suppressed apoptosis, boosted cell proliferation, and genetic in-
stability.17,18 Finally, fasting lowers glucose, IFG1, insulin, and circu-
lating leptin levels while raising adiponectin levels and altering the 
IGF- 1/mTOR signaling pathway. All of these effects are known to 
affect cancer etiology, resulting in anti- tumor effects, decreased 
free radical production, and increased body resistance to stress 
(Figure 2).3– 6 In addition, lowered levels of IGF1 and insulin have the 
potential to protect healthy cells from side effects.19

Fasting has been demonstrated to have significant restorative 
benefits through molecular mechanisms, such as enhanced autoph-
agy and sirtuin activity (Figure 2). Autophagy is a naturally preserved 
process that uses a lysosome- dependent controlled mechanism to 
deconstruct superfluous or malfunctioning cellular components, 
allowing for orderly breakdown and recycling.20,21 Both procar-
cinogenic and anticarcinogenic mechanisms have been connected 
to autophagy, which regulates oncogenes and tumor suppressor 
genes and has a complicated relationship with cancer. It has several 
functions in healthy cells that all work together to prevent malig-
nant transformation, including maintaining adequate energy and 
the oxidative metabolism, eliminating highly unsafe and mutagenic 
and carcinogenic chemicals, battling against cancer- causing infec-
tions, and maintaining healthy stem cellular organelles.21– 23 Two 
protein kinases, AMPK and mTOR, inhibit ULK1 and ULK2, which 
control autophagy.21– 23 Furthermore, autophagy- related genes 
(Atgs), Beclin- 1, LC3, P62, Sirt1, LAMP2, and the class III PI3K path-
way all play essential roles in autophagy regulation (Figure 2).21– 23 
Autophagy might also alter cancer treatments since it is known that 
autophagy makes cancer cells more sensitive to chemotherapy.24 
Enhanced autophagy, in contrast, may play a role in cancer therapy 
resistance.23 It is unclear if intermittent fasting boosts autophagic 
processes in people, and further study is needed to better under-
stand the advantages and risks of fasting- induced autophagy in can-
cer patients. Moreover, in model organisms, Sirtuins, which function 
as NAD + - dependent deacetylases, have protective and lifespan- 
extending benefits.25,26 During nutrient deprivation, amplified intra-
cellular NAD+ levels promote the mitochondrial activity of sirtuins, 
especially SIRT3 and SIRT4, and thus safeguard the cells from che-
motherapeutics.25,26 Overall, fasting causes normal healthy cells 
to adopt a slower cell division process, protecting them from toxic 
shocks induced by anticancer medications while sensitizing cancer 
cells to these treatments.

By lowering glucose intake and boosting fatty acid oxidation, 
fasting can induce a transition from aerobic glycolysis to mitochon-
drial oxidative phosphorylation in cancerous cells, resulting in in-
creased ROS. Thus, enhanced activity of mitochondrial respiratory 
and cellular redox potential might be reduced due to a decrease in 
the glutathione synthesis resulting from the pentose phosphate and 
glycolysis mechanism (Figure 2).5,6,8,27 The combined impact of in-
creased ROS and decreased antioxidant defense increases oxidative 
stress in cancerous cells and enhances chemotherapeutic action. 
Moreover, fasting induces SUMO2-  and/or SUMO3- mediated REV1 

alteration, resulting in enhanced p53- mediated transcription of pro- 
apoptotic genes and, eventually, death of cancerous cells.3,5,6,28 
Fasting also improves the efficacy of TKIs to limit cancerous cell 
growth and death by enhancing MAPK signaling inhibition.3,28,29 
Finally, via the protein PR/SET domain 1 (PRDM1), fasting might reg-
ulate the leptin receptor, suppressing and reversing the course of B 
cell and T cell acute lymphoblastic leukemia.3,5,6,16,29

As per differential stress sensitization (DSS) assertion, many 
types of cancer cells cannot implement adjustments that would 
allow them to survive in the nutrient- deficient hazardous envi-
ronment created by fasting and chemotherapy; thus, incorporat-
ing fasting with other treatments is far more promising.29 Periodic 
fasting cycles have the potential to limit the growth of several can-
cerous cells and make cancerous cells more susceptible to chemo-
therapeutics, radiation, and tyrosine kinase inhibitors (TKIs).5,16,29 
Interestingly, the transcription factors PAX5 and IKZF1 impose a 
prolonged limitation in glucose and energy sources on B cell pro-
genitors.30 Genetic encoding mutations of PAX5 and IKZF1 are seen 
in more than two- thirds of pre- B cell ALL cases, which enhance glu-
cose absorption and the production of ATP. Reconstituting PAX5 
and IKZF1 in pre- B- ALL cells, in contrast, results in an energy crisis 
and cell death. Altogether, it is observed that ALL might have more 
sensitivity towards the nutritional and energy limitation enforced by 
the fasting state, thus making it an excellent clinical candidate for 
determining the efficiency rate of fasting.

Fasting has been shown to have a direct impact on the gut mi-
crobial community's constitution, function, and interaction with the 
host, which is the complex and diverse microbial population that 
lives in the intestine. The interaction between the host and the gut 
microbiota results in a homeostatic balance of bacteria that is ad-
vantageous to the host and boosts immunity. Dysbiosis has been 
linked to a variety of illnesses, including cancer. The gut microbiota 
is undoubtedly one of the key mechanisms through which fasting 
produces metabolic or cellular benefits (inducing beige formation).31 
Fasting, for example, caused a change in the gut microbiota com-
position, boosting Firmicutes while lowering most other phyla and 
enhancing short- chain fatty acid synthesis compared to control an-
imals fed ad libitum. Fasting also reduces the number of potentially 
harmful Proteobacteria while boosting the levels of Akkermansia 
muciniphila.32 Donohoe et al. (2012) discovered that when butyrate 
metabolism is disrupted in colon cancer cells, it accumulates in the 
nucleus, enhancing its action as a class I and II histone deacetylase 
inhibitor (HDACi), which inhibits cell development and causes cell 
death.33 Anti- PD1 treatment is effective in patients with metastatic 
melanoma and high levels of A. muciniphila, suggesting that microbi-
ota may play a role in immunotherapy as well.34 Fasting generates an 
anti- Warburg effect in colon cancer models, which increases oxygen 
demand but decreases ATP production, indicating an increase in mi-
tochondrial uncoupling.35

Cancerous cell types are likely to develop resilience by avoiding 
the cellular alterations induced by fasting, and the metabolic hetero-
geneity that characterizes various tumors adds to this probability.36 
As a result, identifying the cancers most sensitive to these dietary 
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regimens through biomarkers will be a significant focus in future 
days to come. Identifying which cancers are the ideal prospects for 
fasting benefits will be a critical future problem. Even with cancer-
ous cells that are less sensitive to fasting, it might be feasible to dis-
cover the causes of resilience and assist with medication that can 
reverse the resilience. Fasting, in contrast, has just a few times led in 
the development of resilience when combined with standard ther-
apies in cancer preclinical studies. Resilience to fasting combined 
with chemotherapy is even more rare in vitro research studies, thus 
stressing the necessity of discovering therapies that result in signif-
icant cytotoxic actions on cancerous cells with negligible adverse 
effects on normal healthy cells.3,5,6,24,37,38

3  |  INTERMIT TENT FA STING IN CLINIC AL 
STUDIES OF C ANCER

Clinical studies have been carried out to measure the relevance of 
various modalities of intermittent fasting on metabolic and hor-
monal endpoints correlated to cancer development and prognosis, 
given their practicality and the beneficial weight reduction effect 
in overweight/obese people (Tables 1 and 2). Intermittent fasting 
has been demonstrated to improve cancer risk variables in several 
short- term randomized clinical studies, including lowered levels of 
glucose, insulin, leptin, and higher adiponectin; which are linked 
to cancer etiology.39 Long- term intermittent fasting, however, has 

failed to show a substantial increase in the sensitiveness of insulin or 
C  reactive protein.40– 42 Time- restricted feeding has been reported 
to cause substantial alterations in biochemical indicators linked to 
weight, including insulin sensitivity and oxidative stress in small 
and underpowered investigations.43,44 Nonetheless, in one major 
study (including 116 obesity diagnosed patients) on time- limited 
feeding, no significant change in weight, fasting insulin, or fasting 
glucose level was reported.45 Furthermore, evidence shows that, un-
like rats, people require weight loss to optimize metabolic health. 
Whether weight reduction has a causal function in lowering cancer 
risk and improving prognosis without considerable food composition 
changes remains a critical but unresolved subject.

A few studies have used intermittent fasting in patients as one of 
the regimens (Tables 1 and 2).32,46– 53 One recently published clinical 
trial of glioma patients observed a significant decrease in HbA1c, 
insulin, and fat, while lean body weight and ketone bodies (in the 
brain) were increased with a well- tolerated ketogenic intermittent 
fasting diet.46 Another study on patients with a high risk of breast 
cancer reported that 1 month of intermittent resulted in a 4.8% 
weight loss, 8% fat loss, and an improvement in insulin resistance.54 
Furthermore, a study that enrolled stage II breast cancer patients 
suggested that the fasting regime is well tolerated, with a lower rate 
of withdrawals from adverse events.52 In addition, fasting for a brief 
time was observed to minimize hematologic damage in female cancer 
patients receiving chemotherapy, with the fasting group having con-
siderably increased erythrocyte and thrombocyte levels following 

F I G U R E  2  Mechanisms of fasting on cancer cells. Fasting suppresses glucose, IGF1, insulin, the MAPK pathway, and heme oxygenase 1 
while increasing many autophagy- regulating components (Atgs, LC3, Beclin1, p62, Sirt1, and LAMP2). Fasting causes cancer cells to release 
oxidative phosphorylation (OXPHOS) through aerobic glycolysis, which leads to an increase in reactive oxygen species (ROS), p53 activation, 
DNA damage, and cell death in response to chemotherapy. Fasting activates the autophagic process, which induces cell death through a 
variety of mechanisms. It also suppresses CD73 and CD39 expression and causes extracellular ATP accumulation, which inhibits Treg cells 
and the M2 phenotype while activating CD8+ cytotoxic T cells. Fasting also inhibits hemoxygenase 1. It accelerates cellular death and 
activates CD8+ cytotoxic T lymphocytes, which drive the apoptosis cycle once again.



    |  3295TIWARI et al.

TA
B

LE
 1

 
In

te
rm

itt
en

t f
as

tin
g 

on
 c

an
ce

r p
at

ie
nt

s

A
ut

ho
r a

nd
 Y

ea
r

Ty
pe

 o
f c

an
ce

r
En

ro
lle

d 
pa

tie
nt

 d
et

ai
ls

Fa
st

in
g 

re
gi

m
e

Re
su

lts

Sc
hr

ec
k 

et
 a

l.46
2–

 4 
gr

ad
e 

as
tr

oc
yt

om
a

A
 to

ta
l o

f 2
5 

pa
tie

nt
s 

w
er

e 
re

cr
ui

te
d 

in
 a

n 
8-

 w
ee

k 
gl

io
m

a 
A

tk
in

s 
di

et
.

Tw
o 

fa
st

in
g 

da
ys

 (c
al

or
ie

s 
<

20
%

 c
al

cu
la

te
d 

es
tim

at
ed

 n
ee

ds
) i

nt
er

le
av

ed
 b

et
w

ee
n 

5 
m

od
ifi

ed
 A

tk
in

s 
di

et
 d

ay
s 

(n
et

 
ca

rb
oh

yd
ra

te
s 

≤2
0 

g/
d)

 e
ac

h 
w

ee
k.

• 
D

ie
t w

as
 g

en
er

al
ly

 to
le

ra
te

d,
 w

ith
 o

nl
y 

tw
o 

gr
ad

e 
3 

si
de

 e
ff

ec
ts

 (n
eu

tr
op

en
ia

 a
nd

 s
ei

zu
re

)
• 

Sy
st

em
ic

 a
ct

iv
ity

 m
ea

su
re

m
en

ts
, s

uc
h 

as
 h

em
og

lo
bi

n 
A

1c
, i

ns
ul

in
, a

nd
 fa

t b
od

y 
m

as
s,

 a
ll 

de
cl

in
ed

, w
hi

le
 le

an
 

bo
dy

 m
as

s 
in

cr
ea

se
d.

• 
H

ig
he

r k
et

on
e 

co
nc

en
tr

at
io

ns
 in

 b
ot

h 
th

e 
le

si
on

al
 a

nd
 

co
nt

ra
la

te
ra

l b
ra

in
 a

s 
co

m
pa

re
d 

to
 b

as
el

in
e.

de
 G

ro
ot

 e
t a

l.47
H

ER
2-

 ne
ga

tiv
e 

br
ea

st
 c

an
ce

r, 
St

ag
e 

II/
III

In
 to

ta
l, 

13
1 

in
di

vi
du

al
s 

re
ce

iv
ed

 
ne

oa
dj

uv
an

t c
he

m
ot

he
ra

py
.

Fa
st

in
g 

m
im

ic
ki

ng
 d

ie
t 3

 d
ay

s 
be

fo
re

 a
nd

 
du

rin
g 

ne
oa

dj
uv

an
t c

he
m

ot
he

ra
py

• 
Th

er
e 

w
er

e 
no

 d
iff

er
en

ce
s 

in
 g

ra
de

 ¾
 to

xi
ci

ty
 d

ur
in

g 
ch

em
ot

he
ra

py
 b

et
w

ee
n 

pa
rt

ic
ip

an
ts

 in
 th

e 
fa

st
in

g 
an

d 
us

ua
l c

ar
e 

gr
ou

ps
.

• 
M

ill
er

- P
ay

ne
 4

/5
 p

at
ho

lo
gi

c 
re

sp
on

se
 is

 m
or

e 
co

m
m

on
 

in
 th

e 
FM

D
 c

oh
or

t.
• 

Pa
tie

nt
s 

w
ho

 fo
llo

w
ed

 th
e 

FM
D

 m
or

e 
cl

os
el

y 
ha

d 
a 

m
or

e 
si

gn
ifi

ca
nt

 p
er

ce
nt

ag
e 

of
 M

ill
er

– P
ay

ne
 4

/5
 

sc
or

es
.

Zo
rn

 e
t a

l.48
G

yn
ec

ol
og

ic
al

 c
an

ce
rs

 a
t a

ny
 

st
ag

e
Th

irt
y 

pa
tie

nt
s 

re
ce

iv
in

g 
(n

eo
)- 

ad
ju

va
nt

 c
he

m
ot

he
ra

py
 fo

r 
a 

m
in

im
um

 o
f f

ou
r c

yc
le

s 
of

 
th

e 
sa

m
e 

tr
ea

tm
en

t

N
in

et
y-

 si
x-

 ho
ur

 fa
st

in
g 

fo
r h

al
f o

f s
ch

ed
ul

ed
 

ch
em

ot
he

ra
py

 c
yc

le
s,

 fo
llo

w
ed

 b
y 

a 
re

gu
la

r d
ie

t f
or

 th
e 

re
m

ai
ni

ng
 c

yc
le

s

• 
Fa

st
in

g 
is

 li
nk

ed
 to

 g
re

at
er

 k
et

on
e 

bo
di

es
 a

nd
 lo

w
er

 
in

su
lin

 a
nd

 IG
F-

 1 
le

ve
ls

 in
 th

e 
bl

oo
d.

• 
Le

ss
 s

to
m

at
iti

s,
 h

ea
da

ch
es

, a
nd

 w
ea

kn
es

s;
 lo

w
er

 
ov

er
al

l t
ox

ic
ity

 s
co

re
; a

nd
 fe

w
er

 c
he

m
ot

he
ra

py
 d

el
ay

s 
w

hi
le

 fa
st

in
g.

• 
N

o 
im

pr
ov

em
en

t i
n 

pa
tie

nt
- r

ep
or

te
d 

qu
al

ity
 o

f l
ife

, 
ch

em
ot

he
ra

py
- in

du
ce

d 
ne

ur
op

at
hy

, o
r f

at
ig

ue

Ba
ue

rs
fe

ld
 e

t a
l.49

Br
ea

st
 a

nd
 o

va
ria

n 
ca

nc
er

 a
t a

ny
 

st
ag

e
A

 to
ta

l o
f 3

4 
in

di
vi

du
al

s 
ar

e 
un

de
rg

oi
ng

 c
he

m
ot

he
ra

py
.

Pa
tie

nt
s 

w
er

e 
ra

nd
om

ly
 a

ss
ig

ne
d 

to
 e

ith
er

 
a 

sh
or

t- t
er

m
 fa

st
in

g 
di

et
 fo

llo
w

ed
 b

y 
a 

no
rm

al
 c

al
or

ic
 d

ie
t o

r a
 n

or
m

al
 c

al
or

ic
 d

ie
t 

fo
llo

w
ed

 b
y 

a 
sh

or
t- t

er
m

 fa
st

in
g 

di
et

 in
 th

e 
fir

st
 h

al
f o

f c
he

m
ot

he
ra

py
.

• 
W

ith
in

 8
 h

ou
rs

 a
ft

er
 tr

ea
tm

en
t, 

pa
tie

nt
s 

on
 th

e 
fa

st
in

g 
di

et
 re

po
rt

ed
 im

pr
ov

ed
 q

ua
lit

y 
of

 li
fe

 a
nd

 ti
re

dn
es

s.

M
ar

in
ac

 e
t a

l.50
Br

ea
st

 c
an

ce
r a

t a
n 

ea
rly

 s
ta

ge
A

t b
as

el
in

e,
 y

ea
r 1

 a
nd

 y
ea

r 4
, 

24
13

 p
at

ie
nt

s 
co

m
pl

et
ed

 
24

- h
 d

ie
ta

ry
 re

ca
lls

.

D
ie

ta
ry

 re
ca

lls
 w

er
e 

ut
ili

ze
d 

to
 c

al
cu

la
te

 th
e 

le
ng

th
 o

f t
im

e 
sp

en
t f

as
tin

g 
at

 n
ig

ht
.

• 
Fa

st
in

g 
fo

r l
es

s 
th

an
 1

3 
ho

ur
s 

pe
r n

ig
ht

 is
 c

on
ne

ct
ed

 
w

ith
 a

 3
6%

 g
re

at
er

 ri
sk

 o
f r

ec
ur

re
nc

e 
of

 b
re

as
t c

an
ce

r 
w

he
n 

co
m

pa
re

d 
to

 in
di

vi
du

al
s 

fa
st

in
g 

fo
r ≥

13
 h

ou
rs

 p
er

 
ni

gh
t

D
or

ff
 e

t a
l.51

Br
ea

st
, o

va
ria

n,
 a

nd
 u

te
rin

e 
ca

nc
er

 a
t a

ny
 s

ta
ge

Tw
en

ty
 in

di
vi

du
al

s 
ar

e 
be

in
g 

tr
ea

te
d 

w
ith

 p
la

tin
um

- b
as

ed
 

ch
em

ot
he

ra
py

.

Fa
st

in
g 

fo
r 2

4 
ho

ur
s,

 4
8 

ho
ur

s,
 o

r 7
2 

ho
ur

s 
be

fo
re

 c
he

m
ot

he
ra

py
• 

Fa
st

in
g 

is
 d

oa
bl

e 
an

d 
sa

fe
.

• 
Fa

st
in

g 
co

ho
rt

s 
ha

d 
lo

w
er

 in
ci

de
nc

es
 o

f n
eu

tr
op

en
ia

 
an

d 
ne

ur
op

at
hy

.
• 

Fa
st

in
g 

co
ho

rt
s 

ha
ve

 le
ss

 D
N

A
 d

am
ag

e.

(C
on

tin
ue

s)



3296  |    TIWARI et al.

treatment. Following chemotherapeutic treatments, patients in the 
control group exhibited higher DNA damage indicators and low-
ered circulating IGF1 levels than those who had fasted and had 
lower IGF1 levels.52 Fasting may have aided in the healing process 
of chemotherapy- induced DNA damage. In another clinical study of 
diverse tumor types, fasting for 24, 48, or 72 hours before treatment 
was determined to be possible and safe, with only minor adverse 
effects, such as weariness, headache, and dizziness.51 Patients fast-
ing for 48– 72 h before the chemotherapeutic treatment had a non-
significant tendency towards a lower incidence of neutropenia and 
neuropathy than those who fasted for 24 h before treatment.51 In 
peripheral blood mononuclear cells, markers of DNA damage rose in 
all groups, although less so in the extended fasting group.

Despite initial concerns about weight loss in cancer patients re-
ceiving chemotherapy, no trials have revealed substantial loss of body 
weight (lean body mass) or malnutrition due to fasting.3 Fasting was 
deemed safe and tolerable in a study of patients with diverse cancers 
undergoing treatment during Ramadan.53 In a case series, fasting be-
fore and after chemotherapy was deemed secure and well- received 
in 10 patients with numerous types of cancer.32 In Bauersfeld et al., 
cancer patients were assigned to either a short- term fasting diet fol-
lowed by a standard caloric diet or a standard caloric diet followed 
by a short- term fasting diet in a clinical trial of patients undergoing 
chemotherapy.49 Those patients fasted for 36 h before treatment and 
24 h thereafter, having a total of 350 calories per day. Within 8 days 
of chemotherapy, no substantial weight loss was recorded, although 
there was an improvement in quality of life and weariness. Such ben-
efits, in contrast, were not seen while having a regular diet.

Although clinical evidence is limited, several studies are under 
way in the advanced cancer scenario. For instance, intermittent 
fasting clinical trials for metastatic prostate cancer (NCT02710721), 
early breast cancer patients (NCT05023967) and metastatic breast 
cancer (NCT04708860), gynecological cancers (NCT03162289), 
breast cancer survivors (NCT04330339, NCT04691999, 
NCT04560439), head and neck cancer (NCT05083416), pros-
tate cancer survivors (NCT04288336), colon cancer survivors 
(NCT04345978, NCT05114798), obesity- related malignant neo-
plasm, chronic lymphocytic leukemia/small lymphocytic lymphoma 
survivors (NCT04626843), gliomas survivors (NCT04461938, 
NCT02286167), melanoma (NCT04387084), childhood can-
cer survivors (NCT03523377), and non- small cell lung cancer 
(NCT03700437, NCT03151161, NCT02066038) are currently un-
derway (Table 2). However, the information on the nutritional in-
terventions carried out in clinical trials is incomplete/inconsistent, 
including nutrition guidelines and supervision, meal quality, and food 
items included in the diets.

4  |  FA STING , INTERMIT TENT FA STING , 
AND C ANCER PRE VENTION/TRE ATMENT

Emerging evidence suggests that intermittent fasting might lower 
cancer risk in people by creating healthy eating habits and lifestyle A
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changes. However, a well- tolerated fasting regimen with excellent 
clinical efficacy and few adverse effects has yet to be found and 
adopted in cancer patients. Calorie restriction, one type of fast-
ing, has been shown in rats to be effective in lowering tumor de-
velopment, including breast malignancies and lymphomas.5,7,38,55 
Recently, a 30% calorie- restricted diet resulted in a 50% reduc-
tion in spontaneous cancer incidence in rhesus monkeys with a 
nearly identical genome to humans compared to ad libitum- fed ani-
mals.56,57 Human trials have demonstrated similar results. After a 
median 20 follow up, Carlsson et al. discovered a 29% reduction in 
cancer incidence and a 20% reduction in cancer death.58 The lower 
cancer incidence was linked to a lower risk of malignancies, espe-
cially cancers related to women, with a more significant benefit in 
individuals with higher baseline blood insulin levels who underwent 
bariatric surgery.58,59

The preventive benefits of a fasting, calorie- restricted diet on 
cancer formation and progression are due to several interconnected 
processes. Energy restriction resulted in major metabolic and hor-
monal adaptations referenced to lower cancer risk, including lower 
insulin levels and enhanced sensitiveness of insulin sensitivity, 
higher levels of IGFBP1 and SHBG, lower levels of testosterone and 
estrogen, and lower oxidative and inflammatory processes.3,5,6,9,16 
Long- term calorie restriction diets, a form of fasting, stimulate repair 
in the DNA, autophagy, antioxidant, and heat- shock protein chap-
erone pathways at the molecular level while reducing cell growth 
and senescence indicators.3,5,6,8,21,50 Reduced synthesis of various 
growth factors and reactive oxygen and improved anticancer immu-
nity are other processes.55

Fasting for more than 1 day regularly might be beneficial to 
health through shielding healthy normal cells from the toxicity of 
chemotherapy and radiation. Cancerous cells, but not healthy normal 
surrounding cells, may be prevented from converting into a stress re-
silience state in fasting by genetic abnormalities such as RAS, AKT, 
and mTOR.5,22,28,29 Fasting could preserve normal tissue against 
the harmful side effects of chemotherapeutic drugs while enhanc-
ing cancerous cell therapeutic outcomes, using a process known as 
the differential stress response.24,29,37 Furthermore, cancerous cells 
have an aberrant metabolic activity predominantly based on glycol-
ysis, resulting in greater glucose absorption and glucose degrada-
tion to lactate, a phenomenon known as the Warburg effect.27,60 
As a result, glucose deprivation may sensitize cancerous cells to the 
harmful side effects of chemotherapeutic drugs and increase apop-
tosis, as shown in extended fasting and ketogenic diets.18,24,29,37,38 
A decrease in IGF- 1 due to prolonged fasting enhanced cancer cells' 
sensitization to chemotherapy, promoting hematopoietic stem cell- 
based regeneration and reversing immunosuppression action.61,62 
This long- term fasting practice was correlated with low insulin and 
IGF- 1 levels, as well as a reduction in headaches, weakness, and sto-
matitis. Additionally, during the fasting periods, the overall toxicity 
score was dramatically lowered, and there were much fewer treat-
ment delays.

The risk that this dietary regimen might trigger malnutrition, sar-
copenia, and cachexia in susceptible or fragile individuals is a major 

issue in the studies of periodic fasting in cancer.63 However, in the 
clinical investigations of fasting in conjunction with chemotherapeu-
tic drugs published so far, no cases of severe weight loss or malnutri-
tion have been documented with a discernible effect. Nonetheless, 
clinical trials include periodic anorexia and nutritional status checks, 
and any nutritional deficiency that occurs as a result of fasting is 
quickly rectified.

5  |  CONCLUSIONS

Because intermittent fasting efficiently decreases body mass and 
has a tremendous impact on cancerous pathophysiology through its 
associated metabolic, biochemical, and immunologic abnormalities, 
research into the function of intermittent fasting in the prevention 
and treatment of cancer is continuing. Human studies examining 
the effects of intermittent fasting on insulin- stimulated growth and 
other relevant hormonal and inflammatory indicators of carcinogen-
esis, in contrast, appear to be clinically unimportant thus far. Due 
to limited clinical research, the effects of intermittent fasting on 
clinically relevant cancer- related effects remain unclear. Despite the 
information gaps and problems involved with modifying human di-
etary habits, intermittent fasting remains an appealing modality to 
investigate in a research environment since it has few side effects, is 
inexpensive, and is likely tumor agnostic.

Several studies posit that prolonged periodic fasting may be ac-
ceptable, viable, and able to potentiate the chemoradiotherapy and 
TKIs, triggering anticancer immunity and curbing chemo- related 
hazards and tumorigenesis in certain cancer patients undergoing 
chemotherapy. In particular, extended periodic fasting would pre-
sumably have slight effectiveness against existing cancers if it used 
alone without any adjunct treatments. Fasting, in fact, has a com-
parable effect on the course of a variety of malignancies in mice as 
chemotherapy. However, when used alone, they seldom achieve the 
same level of success as when used in conjunction with cancer med-
ications, resulting in cancer- free survival. As a corollary, we advo-
cate for the adoption of prolonged periodic fasting and conventional 
therapies.

There is presently little evidence that intermittent fasting, with-
out any reduction in body weight and proper balanced diet and ex-
ercise, can enhance cancer outcomes. Fasting's risks and benefits 
must be discussed with patients, just like any other prospective 
treatment option. Patients who are frail or malnourished or who are 
in danger of malnutrition should not be included in fasting clinical 
trials, and patients' overall physical and mental health ought to be 
closely monitored during the clinical research studies. The advan-
tages of fasting will be maximized while patients are protected from 
malnutrition with this multimodal dietary strategy. Before suggesting 
fasting in the care of cancer patients, further research is needed to 
see if and how patients would benefit from fasting in the long run. 
Overall, evidence suggests that if done properly under the supervi-
sion of a dietician/physician, intermittent fasting is not hazardous to 
cancer patients physically or emotionally and, hence, may be added 
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to standard anticancer therapies to maximize their benefit while min-
imizing adverse effects.
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