
Cancer As A Metabolic Disease

Downloaded from ges.cursor.cl by Hess & Rivas •
The journey of a thousand miles begins with a

single page. • Page 1

Cancer As A
Metabolic Disease

The
Paradigm
Shift:
Understandi
ng Cancer
As A
Metabolic
Disease

For  decades,  the
prevailing  view  in
oncology  has  been
t h a t  c a n c e r  i s
primarily  a  genetic
d i s e a s e .  T h i s
perspective,  rooted

i n  t h e  s o m a t i c
mutation  theory,
s u g g e s t s  t h a t
random mutations in
the DNA accumulate
over time, leading to
uncontrolled  cell
growth.  While  this
model  has  driven
significant  advances
in targeted therapies
and  diagnostics,  a
growing  body  o f
e v i d e n c e  i s
chal lenging  this
l o n g - h e l d
assumpt i on .  An
increasing number of
r e s e a r c h e r s ,
c l i n i c i a n s ,  a n d



biochemists are now
c h a m p i o n i n g  a
f u n d a m e n t a l l y
different  view:  that
c a n c e r  a s  a
metabolic  disease
o f f e r s  a  m o r e
comprehensive  and
a c t i o n a b l e
understanding of the
cond i t i on .  Th i s
paradigm shift is not
merely  an  academic
d e b a t e ;  i t  h a s
p r o f o u n d
implications for how
w e  p r e v e n t ,
diagnose,  and  treat
o n e  o f  t h e  m o s t
complex  diseases
known to humanity.

The metabolic theory
of cancer posits that
the primary defect in
cancer cells is not in
the  nucleus  but  in
t h e
mitochondria—the

powerhouse  of  the
cell. At its core, this
theory suggests that
cancer is a disease of
disrupted  energy
metabolism,  where
cellular respiration is
impaired,  leading  to
a reliance on a less
eff ic ient  form  of
energy  production.
By examining cancer
through this lens, we
move  away  f rom
t r e a t i n g  i t  a s  a
purely  stochastic
genetic  event  and
t o w a r d
understanding it as a
systemic  metabolic
dysfunction.  This
article  will  explore
the  foundational
science  behind  this
idea,  the  evidence
supporting  it,  and
t h e  e x c i t i n g
therapeutic  avenues
it  opens  up.
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The
Warburg
Effect: The
Cornerstone
of Metabolic
Cancer
Theory

To  understand  why
c a n c e r  a s  a
metabolic  disease
is  gaining  traction,
we must  first  travel
back  to  the  1920s.
T h e  G e r m a n
physiologist  Otto
Warburg  made  a
seminal  observation
that  would  later
b e c o m e  t h e
cornerstone  of  this
en t i re  f i e ld .  He
noticed  that  cancer
cells exhibit a unique
a n d  p e c u l i a r
metabolic  behavior:

they  consume  vast
amounts  of  glucose
and  convert  it  into
lactic  acid,  even  in
the  p resence  o f
abundant  oxygen.
This  process,  called
aerobic glycolysis, is
now famously known
a s  t h e  W a r b u r g
Effect.

In  normal  ce l l s ,
glucose  is  broken
d o w n  t h r o u g h
glycolysis  in  the
cytoplasm,  and  the
resulting pyruvate is
shuttled  into  the
mitochondria for the
Krebs  cyc le  and
o x i d a t i v e
p h o s p h o r y l a t i o n ,
w h i c h  y i e l d s  a
s u b s t a n t i a l  3 6
molecules of ATP per
glucose  molecule.
Warburg  observed
that  cancer  cells



bypass  this  efficient
m i t o c h o n d r i a l
pathway,  instead
relying on glycolysis
even when oxygen is
p l e n t i f u l .  T h i s
process yields only 2
ATP  molecules  per
g l u c o s e — a
staggering  18-fold
reduction  in  energy
e f f i c i e n c y .  T o
compensate,  cancer
cells  dramatically
upregulate  glucose
uptake,  consuming
up to 200 times more
g l u c o s e  t h a n  a
healthy  cell.

The
Mitochondrial
Theory of
Cancer

Warburg’s  central
hypothesis  was  that
this  metabolic  shift
w a s  n o t  a

consequence  o f
cancer, but rather its
r o o t  c a u s e .  H e
argued  tha t  the
i n i t i a l  e v e n t  i n
carcinogenesis  was
an irreversible injury
to  the  respiratory
machinery  of  the
mitochondria.  When
the  mitochondria
become damaged or
dysfunctional,  the
ce l l  i s  forced  to
revert  to  a  more
p r i m i t i v e ,
fermentation-based
m e t a b o l i s m  t o
s u r v i v e .  T h i s
m e t a b o l i c
r e p r o g r a m m i n g ,
a c c o r d i n g  t o
Warburg ,  i s  the
d e f i n i n g
characteristic  of  a
cancer  cell.

Modern research has
refined this view. We
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now understand that
the  Warburg  Effect
is  not  merely  about
energy  production.
The  metabolic  shift
serves  several  other
critical  functions for
the cancer cell:

Biosynthetic
precursors:
Glycolysis
provides
building blocks
for nucleotides,
amino acids,
and lipids,
which are
essential for
rapid cell
proliferation.
Redox
balance: The
pentose
phosphate
pathway, a
branch of
glycolysis,
generates
NADPH, which

helps cancer
cells manage
oxidative
stress.
Acidic
microenviron
ment: The
production of
lactic acid
acidifies the
tumor
microenvironm
ent, promoting
invasion,
metastasis, and
immune
evasion.

T h u s ,  v i e w i n g
c a n c e r  a s  a
metabolic  disease
helps  explain  why
the  Warburg  Effect
i s  so  un i ve r sa l .
Nearly all aggressive
cancers,  regardless
of  their  t issue  of
origin,  display  this
metabolic phenotype.



This  universality
suggests  a  common
u n d e r l y i n g
mechanism  that
transcends  the  vast
g e n e t i c
heterogeneity  seen
across  di f ferent
tumors.

Mitochondri
al
Dysfunction:
The Driver
or a
Passenger?

One  o f  t he  mos t
debated questions in
cancer  biology  is
w h e t h e r
m i t o c h o n d r i a l
dysfunction  is  the
i n i t i a l  c a u s e  o f
c a n c e r  o r  a
s e c o n d a r y

consequence  o f
genetic  mutations.
While the traditional
v i e w  h o l d s  t h a t
m u t a t i o n s  i n
o n c o g e n e s  a n d
tumor  suppressor
genes  (like  KRAS,
p53, and MYC) drive
t h e  m e t a b o l i c
c h a n g e s ,  t h e
metabolic  theory
flips this causality. It
a rgues  tha t  t he
m i t o c h o n d r i a l
damage comes  first,
and  the  gene t i c
i n s t a b i l i t y  a n d
m u t a t i o n s  a r e
downstream  effects
o f  the  resu l t ing
metabolic  stress.

C o n s i d e r  t h e
following  lines  of
e v i d e n c e  t h a t
support  v iewing
c a n c e r  a s  a
metabolic disease:
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Mitochondrial
inheritance
patterns:
Many cancers
have mutations
in
mitochondrial
DNA (mtDNA),
and these
mutations are
often
homoplasmic,
meaning they
are present in
all
mitochondria
within the cell.
This suggests
an early,
perhaps
initiating,
event.
Cybrid
experiments:
When
mitochondria
from cancer
cells are
transferred into

healthy cells
(cytoplasmic
hybrid or cybrid
experiments),
the recipient
cells often
display
cancerous
characteristics,
including
increased
glycolysis and
tumorigenicity.
Environmenta
l factors: Many
known
carcinogens,
such as certain
chemicals and
radiation, are
known to
directly damage
mitochondria,
long before
genetic
mutations are
detected.
Reversibility
studies: In



some
experimental
models,
restoring
normal
mitochondrial
function can
reverse the
malignant
phenotype,
even in the
presence of
oncogenic
mutations.

These  observations
challenge the genetic
determinism  model
and suggest that the
metabolic  state  of
the cell  is  a  master
regulator  of  cel l
behav ior .  When
m e t a b o l i s m  i s
disturbed,  the  cell
enters  a  state  of
c h r o n i c  s t r e s s ,
leading  to  genomic
i n s t a b i l i t y ,

epigenetic  changes,
and  ultimately,  the
hallmarks  of  cancer.

The
Systemic
Nature of
Metabolic
Dysfunction
in Cancer

Another  compelling
reason  to  consider
c a n c e r  a s  a
metabolic  disease
is that it is rarely an
i s o l a t e d  e v e n t
confined to  a  single
cell.  The  metabolic
environment  of  the
who le  organ ism
plays  a  critical  role
in  cancer  initiation
and  progression.
Systemic  metabolic
conditions  such  as
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o b e s i t y ,  t y p e  2
diabetes,  metabolic
s y n d r o m e ,  a n d
chronic inflammation
are  well-established
risk factors for many
types of cancer.

F o r  i n s t a n c e ,
individuals with type
2  diabetes  have  a
significantly  higher
risk  of  developing
liver,  pancreatic,
co l o rec ta l ,  and
breast  cancers.  The
common  thread  is
hyperinsul inemia,
insulin  resistance,
and  elevated  blood
glucose levels—all of
w h i c h  c r e a t e  a
metabolic  landscape
t h a t  f a v o r s  t h e
Warburg  Ef fect .
High  circulating
glucose  feeds  the
voracious appetite of
cancer  cells,  while

high  insul in  and
insulin-like  growth
factor  1  ( IGF-1)
promote cell  growth
and inhibit apoptosis.

The Role of
Nutritional
Ketosis

I f  c a n c e r  a s  a
metabolic  disease
i s  cor rec t ,  then
manipulating  the
host's  metabolism
s h o u l d  h a v e
t h e r a p e u t i c
potential.  This  is
where the concept of
nutritional  ketosis
enters the picture. A
ketogenic  diet—very
l o w  i n
c a r b o h y d r a t e s ,
moderate in protein,
and  high  in  healthy
fats—dramatically
lowers blood glucose
and  insulin  levels



whi le  e leva t ing
ketone bodies (beta-
hydroxybutyrate  and
acetoacetate).

N o r m a l  c e l l s ,
including most brain
c e l l s  a n d  h e a r t
m u s c l e ,  c a n
e f f i c i e n t l y  u s e
ketones  for  energy
via the mitochondria.
However,  cancer
cel ls ,  wi th  their
d e f e c t i v e
mitochondria,  are
o f t e n  u n a b l e  t o
metabolize  ketones
effectively.  This
creates a therapeutic
window: by lowering
glucose  availability,
the  cancer  cell  is
s t a r v e d  o f  i t s
primary fuel  source,
while  normal  cells
thrive  on  ketones.
Preclinical  studies
and  early  clinical

trials  have  shown
that  ketogenic  diets
c a n  s l o w  t u m o r
growth, enhance the
e f f i c a c y  o f
c o n v e n t i o n a l
t h e r a p i e s ,  a n d
improve  quality  of
life in certain cancer
patients.

Furthermore,  beta-
h y d r o x y b u t y r a t e
itself  is  not  just  a
fuel; it is a signaling
m o l e c u l e  t h a t
inhib i ts  h is tone
d e a c e t y l a s e s
(HDACs),  reduces
inflammation,  and
activates  antioxidant
pathways.  These
effects  may  further
suppress  cancer
progression  and
reduce the metabolic
stress  that  drives
malignancy.



Cancer As A Metabolic Disease

Downloaded from ges.cursor.cl by Hess & Rivas •
The journey of a thousand miles begins with a

single page. • Page 11

Targeting
Metabolism:
New
Therapeutic
Horizons

Viewing cancer as a
metabolic  disease
opens the door to a
r a n g e  o f  n o v e l
t h e r a p e u t i c
strategies that target
the Achilles'  heel  of
cancer  cells—their
m e t a b o l i c
inf lexibi l i ty  and
addiction to glucose.
Unlike  traditional
chemotherapy, which
indiscriminately  kills
rapidly dividing cells,
metabolic  therapies
aim  to  exploit  the
u n i q u e
vulnerabilities  of
cancer  metabolism.

Metabolic Drugs
and
Interventions

Several  drugs  and
natural  compounds
a r e  b e i n g
investigated for their
ability  to  disrupt
cancer metabolism:

Metformin:
This common
diabetes drug
reduces hepatic
glucose
production,
lowers insulin
levels, and
activates
AMPK, a
master
metabolic
regulator.
Epidemiological
studies show
that diabetic
patients taking
metformin have



a lower
incidence of
cancer and
better
outcomes.
Dichloroaceta
te (DCA): DCA
reactivates
pyruvate
dehydrogenase,
the enzyme that
shunts pyruvate
into the
mitochondria.
By promoting
mitochondrial
oxidation over
glycolysis, DCA
can reverse the
Warburg Effect
and induce
apoptosis in
cancer cells.
3-
Bromopyruvat
e: This
compound
inhibits
hexokinase II,

the enzyme that
traps glucose in
the cell. It
selectively
targets cancer
cells with high
glycolytic
activity.
Hydroxycitrat
e: Found in
Garcinia
cambogia, this
compound
inhibits ATP-
citrate lyase,
blocking the
synthesis of
fatty acids that
cancer cells
need for
membrane
production.
Glutamine
antagonists:
Many cancers
are also
addicted to
glutamine,
which feeds the
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TCA cycle.
Drugs like 6-
diazo-5-oxo-L-
norleucine
(DON) target
glutamine
metabolism.

These  metabol ic
therapies  share  a
common  advantage:
t h e y  t a r g e t
fundamental  cellular
processes  that  are
less likely to develop
resistance  compared
to targeted therapies
that focus on a single
mutated  protein.
Cancer  cel ls  can
mutate  around  a
drug  that  blocks  a
specific  kinase,  but
they  cannot  easily
evolve  away  from
their dependence on
g l u c o s e  a n d
glutamine for energy
and building blocks.

Integrating
Genetics and
Metabolism

It  is  important  to
note that the debate
between the genetic
a n d  m e t a b o l i c
theories of cancer is
not a zero-sum game.
The  most  promising
a p p r o a c h  i s  a n
integrated  model
that  recognizes  the
interplay  between
g e n e s  a n d
m e t a b o l i s m .
Mutations  in  genes
like KRAS, PI3K, and
MYC certainly  drive
m e t a b o l i c
reprogramming,  but
t h e  m e t a b o l i c
environment  also
influences  which
m u t a t i o n s  a r e
selected for and how
they behave.



For  example,  a  cell
with  a  mutation  in
p 5 3  m a y  o n l y
become cancerous if
it is also subjected to
metabolic  stress,
such as high glucose
or  low  oxygen.  In
t h i s  s e n s e ,
metabolism  acts  as
the soil in which the
seeds  of  genet ic
mutations  grow.  By
c h a n g i n g  t h e
soil—the  metabolic
e n v i r o n m e n t — w e
c a n  i n f l u e n c e
whether those seeds
flourish  or  wither.
This  integrat ive
framework  is  the
most  powerful  lens
through  which  to
understand  cancer
as  a  metabol ic
disease.

Epigenetics and
Metabolism

Another  crucial  link
between  genetics
and  metabolism  is
epigenetics.  Many
m e t a b o l i c
intermediates  serve
as  substrates  for
e p i g e n e t i c
modifications.  For
instance,  acetyl-CoA
is  used  for  histone
acetylat ion,  and
alpha-ketoglutarate
is a cofactor for DNA
demethylases.  When
m e t a b o l i s m  i s
d i s r u p t e d ,  t h e
epigenetic landscape
of  the  cell  changes,
leading  to  altered
gene  expression
patterns  that  can
drive  malignancy.
This  provides  yet
another  mechanism
by  which  metabolic



Cancer As A Metabolic Disease

Downloaded from ges.cursor.cl by Hess & Rivas •
The journey of a thousand miles begins with a

single page. • Page 15

dysfunct ion  can
initiate  and  sustain
c a n c e r  w i t h o u t
requiring  a  specific
genetic mutation.

Practical
Implications
for Cancer
Prevention

If  we  accept  that
c a n c e r  a s  a
metabolic  disease
prov ides  a  va l id
m o d e l ,  t h e n
prevention strategies
become  far  more
p r o a c t i v e  a n d
accessible.  Rather
than  wait ing  for
genetic  testing  to
reveal  risk,  we  can
focus  on  optimizing
metabolic  health  to
create  a  cel lular
environment  that  is

r e s i s t a n t  t o
carcinogenesis.

K e y  p r e v e n t i v e
strategies  based  on
the metabolic model
include:

Dietary
carbohydrate
restriction:
Lowering
glucose and
insulin levels
reduces the fuel
supply for
potential
cancer cells.
Intermittent
fasting or
time-
restricted
eating: Fasting
periods allow
the body to
clear damaged
cells through
autophagy and
reduce growth
factor



signaling.
Regular
physical
exercise:
Exercise
improves
insulin
sensitivity,
reduces
inflammation,
and enhances
mitochondrial
function.
Adequate
sleep and
stress
management:
Cortisol
dysregulation
and sleep
deprivation
promote insulin
resistance and
metabolic
dysfunction.
Avoiding
environmental
toxins: Many
pollutants and

industrial
chemicals are
mitochondrial
poisons.

These  interventions
a r e  l o w - c o s t ,
accessible, and have
broad health benefits
b e y o n d  c a n c e r
prevention.  They
empower  individuals
to take an active role
in  the i r  hea l th ,
rather  than  feeling
helpless  in  the  face
o f  a  supposed ly
random  genet i c
disease.

Limitations
and
Controversie
s

It  is  important  to
acknowledge  that
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the metabolic theory
o f  cancer  i s  no t
without  its  critics
and  l imitat ions .
Some  researchers
argue  that  while

metabolic  changes
are  important,  they
are  downstream
consequences  of
driver mutations, not
the initiating


