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Alimentazione e carcinoma 

mammario: quali dati dalla ricerca?
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Metabolic reprogramming: an established hallmark of cancer

Hanahan D. Cancer Discov 2022
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Vernieri C et al Cancer Discov 2016

The crosstalk between oncogenic and metabolic pathways



Tumor genetics

(e.g. KRAS, c-MYC)

Extracellular metabolic environment

(e.g. metabolite availability)

Metabolic dependencies

(HK, PFK, FASN)

Dietary 

interventions

Pharmacologic inhibition 

of oncogenic pathways

Different approaches to target metabolic reprogramming in human cancers

Pharmacologic inhibition 

of metabolic pathways
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• Nutrient deprivation

• Nutrient supplementation

Different nutritional interventions
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• Nutrient deprivation

• Nutrient supplementation

Different nutritional interventions
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Differential stress resistance to nutrient starvation of normal cells vs. cancer cells: 

the currently accepted model

Longo VD and Mattson MP. Cell Metab 2014

Lee C et al. Sci Transl Med 2012

Guevara-Aguirre J et al. Sci Transl Med 2011

Lee C et al. Cancer Res 2010
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Lee et al. Sci Trans Med 2012

Cyclic fasting improves the in vivo effects of cytotoxic chemotherapy in murine 

TNBC models, and it simultaneously protects normal tissues 

Ortothopic, syngeneic murine TNBC model
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Cyclic fasting improves the in vivo effects of cytotoxic chemotherapy in murine 

TNBC models, and it simultaneously protects normal tissues 

Ortothopic mouse xenografts of human 

TNBC cells
Ortothopic, syngeneic murine TNBC model

Lee et al. Sci Trans Med 2012
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Fasting-mimicking diets (FMDs)

"Any diet that is specifically composed to induce the metabolic effects of fasting while allowing for a 

potentially higher caloric intake, including solid foods. It usually refers to aplant-based, calorie-

restricted diet with a maximum of approximately 1000 Kcal per day that lasts 3 to 7 days"

International Consensus; Koppold D et al. Cell Metabolism 2024



FMD is as effective as water-only fasting as an anticancer treatment

Di Biase S. et al. Cancer Cell. 2016
13



FMD is as effective as water-only fasting as an anticancer treatment

14
Di Biase S. et al. Cancer Cell. 2016
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What are the metabolic and mechanistic determinants of 

fasting/FMD antitumor effects?



Tumor cell autonomous and immune system mediated mechanisms of FMD 

antitumor effects

16
Vernieri C et al. Cell Metab 2024



While reducing TNBC CSCs, cyclic FMD makes more differentiated cancer 

cells exquisitely sensitive to pharmacologic inhibition of the 

PI3K/AKT/mTORC1 axis 

17
Vernieri C et al. Cell Metab 2024



Cyclic FMD reduces intratumor TNBC cancer stem cells (CSCs) as a result or 

lowered extracellular blood glucose concentration

Salvadori G et al. Cell Metab 2021
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Cyclic FMD is a non pharmacological inhibitor of the PI3K/AKT/mTORC1 axis, 

which is crucially involved in acquired HR+/HER2- BC cell resistance to endocrine 

therapies plus CDK4/6 inhibitors 

Vernieri C et al. Cell Metab 2024



Endocrine therapy synergizes with cyclic fasting/FMD in mouse models of 

HR+/HER2- BC

Caffa I, Spagnolo V et al. Nature 2020
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Fig. 1. Fasting/FMD potentiate the activity of ETs in HR+ BC. a-c Viability and colony forming ability of 

MCF7 treated w/ or w/o ETs in the presence or absence of STS conditions. d-f, Growth of MCF7, ZR-75-1 and 

T47D xenograft in response to TMX, FULV or their combination with weekly cycles of fasting or of a FMD. g, 

MCF7 xenograft growth and corresponding mouse survival in response to chronically administered TMX, FMD 

or their combination. h, fold change in serum Igf-1 and leptin levels as detected before and immediately after a 

FMD cycle in mice. i, MCF7 cells viability in response to TMX, FULV, STS conditions or their combination in the 

presence or absence of IGF-1, insulin, or leptin supplementation. 
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Fig. 1. Fasting/FMD potentiate the activity of ETs in HR+ BC. a-c Viability and colony forming ability of 

MCF7 treated w/ or w/o ETs in the presence or absence of STS conditions. d-f, Growth of MCF7, ZR-75-1 and 

T47D xenograft in response to TMX, FULV or their combination with weekly cycles of fasting or of a FMD. g, 

MCF7 xenograft growth and corresponding mouse survival in response to chronically administered TMX, FMD 

or their combination. h, fold change in serum Igf-1 and leptin levels as detected before and immediately after a 

FMD cycle in mice. i, MCF7 cells viability in response to TMX, FULV, STS conditions or their combination in the 

presence or absence of IGF-1, insulin, or leptin supplementation. 
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Fig. 1. Fasting/FMD potentiate the activity of ETs in HR+ BC. a-c Viability and colony forming ability of 

MCF7 treated w/ or w/o ETs in the presence or absence of STS conditions. d-f, Growth of MCF7, ZR-75-1 and 

T47D xenograft in response to TMX, FULV or their combination with weekly cycles of fasting or of a FMD. g, 

MCF7 xenograft growth and corresponding mouse survival in response to chronically administered TMX, FMD 

or their combination. h, fold change in serum Igf-1 and leptin levels as detected before and immediately after a 

FMD cycle in mice. i, MCF7 cells viability in response to TMX, FULV, STS conditions or their combination in the 

presence or absence of IGF-1, insulin, or leptin supplementation. 
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Fig. 1. Fasting/FMD potentiate the activity of ETs in HR+ BC. a-c Viability and colony forming ability of 

MCF7 treated w/ or w/o ETs in the presence or absence of STS conditions. d-f, Growth of MCF7, ZR-75-1 and 

T47D xenograft in response to TMX, FULV or their combination with weekly cycles of fasting or of a FMD. g, 

MCF7 xenograft growth and corresponding mouse survival in response to chronically administered TMX, FMD 

or their combination. h, fold change in serum Igf-1 and leptin levels as detected before and immediately after a 

FMD cycle in mice. i, MCF7 cells viability in response to TMX, FULV, STS conditions or their combination in the 

presence or absence of IGF-1, insulin, or leptin supplementation. 
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Fasting/FMD-induced reduction of blood insulin, leptin and IGF-1 

concentration is responsible for its antitumor effects
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Fig. 1. Fasting/FMD potentiate the activity of ETs in HR+ BC. a-c Viability and colony forming ability of 

MCF7 treated w/ or w/o ETs in the presence or absence of STS conditions. d-f, Growth of MCF7, ZR-75-1 and 

T47D xenograft in response to TMX, FULV or their combination with weekly cycles of fasting or of a FMD. g, 

MCF7 xenograft growth and corresponding mouse survival in response to chronically administered TMX, FMD 

or their combination. h, fold change in serum Igf-1 and leptin levels as detected before and immediately after a 

FMD cycle in mice. i, MCF7 cells viability in response to TMX, FULV, STS conditions or their combination in the 

presence or absence of IGF-1, insulin, or leptin supplementation. 

  

a

Figure 1

v
ia

b
il
it
y

%

FULV (µM)

MCF7

0 2 4 6 8 10
0

40

80

120
DMEM 1g/LGlucose 10%FBS

DMEM 0,5/LGlucose 1%FBS

Tamoxifen uM

V
ia

b
il
it

y
 %

TMX (µM)

MCF7

0 10 20 30
0

40

80

120
DMEM 1g/LGlucose 10%FBS

DMEM 0,5/LGlucose 1%FBS

Fulvestrant uM

V
ia

b
il
it

y
 %

0

40

80

120

0 10 20 30 8 10

v
ia

b
il
it
y

%

0

40

80

120

0 2 4 6

ZR-75-1

0 2 4 6 8 10
0

40

80

120
Vector

Vector STS condition

Tamoxifen uM

V
ia

b
il
it

y
 %

CTR

STS

b c

TMX

CTR

FULVnone

0

50

100

150

200

n
m

b
e

r
o

f 
c

o
lo

n
ie

s

-

T
M

X

F
U

L
V

N
T

T
am

 5
u
M

T
a
m

 2
,5
u
M

F
u
lv
 3
0
u
M

F
u
lv
 1
0
u
M

0

50

100

150

200 Reg Medium

STS Medium

*

ns

*

*

*

N
u

m
b

e
r
 o

f 
c
o

lo
n

ie
s

N
T

T
am

 5
u
M

T
a
m
 2
,5
u
M

F
u
lv
 3
0
u
M

F
u
lv
 1
0
u
M

0

50

100

150

200 Reg Medium

STS Medium

*

ns

*

*

*

N
u

m
b

e
r
 o

f 
c
o

lo
n

ie
s

*

*

ns

CTR

STS

STS

d

f

50 100 150
0

400

800

1200

1600
Control

Tamoxifen 45mg/Kg

Fasted

Fasted+Tam 45mg/kg

End of

treatment

Days after s.c.cells injection

M
a
s
s
 v

o
lu

m
e
 (

m
m

3
)

control

FMD

TMX

FMD+TMX 

12 16 20 24 28 32

0

200

400

600

800

Control

Fasted

Tamoxifen 30mg/kg

Fasted + Tamoxifen 30mg/kg

Fulvestrant 150mg/kg

Fasting+fulvestrant

Days after s.c.cells injection

M
a
s
s
 v

o
lu

m
e
 (

m
m

3
) control

fas ting/FMD

TMX

fas ting/FMD+TMX 

FULV

fas ting/FMD+FULV 

none

TMX

FULV

ad lib. diet FMD

e

Tamoxifen aquired resistance

0 20 40 60 80 100 120
0

20

40

60

80

100

120

F
a

s
t
e

d

F
a

s
t
e

d

F
a

s
t
e

d

F
a

s
t
e

d

F
a

s
t
e

d

F
a

s
t
e

d

F
a

s
t
e

d

F
a

s
t
e

d

F
a

s
t
e

d

F
a

s
t
e

d

F
a

s
t
e

d

F
a

s
t
e

d

TAM

FMD

FMD+TAM

Days after cell injection

%
 o

f 
M

ic
e

 T
u

m
o

r
 F

r
e

e

0

40

80

120

20

60

100

p
e

r
c

e
n

t
s

u
r
v

iv
a

l

8020 100
days after cells injec tion

40 120600

             MCF7

C
T
R

S
T
S

T
a
m

 5
u
M

S
T
S
+
T
am

 5
u
M

F
ul

v 
1
0u

M

S
T
S
+
F
u
lv
 1
0u

M

0

20

40

60

80

100

120

140
nt

IGF-1 5ng/ml

Insulin 10ug/ml

Leptin 50ng/ml

IGF-1+Insulin+Leptin

***

***
ns

ns
***

***
ns

* ***

***

***

***
ns
***

***
ns

***

***

*

**

%
V

ia
b

il
it

y

ns

*

***

***

***

***
ns

ns ***
***
***

***

***
***
**

*

***ns

ns***

v
ia

b
il
it
y

(
%

)

40

20

60

0

80

100

120

140

CTR STS

vehic le

TMX TMX+STS FULV+STSFULV

IGF-1

ins

lep

IGF-1+ins

+lep

CTR

STS

TMX FULVnone

h

fo
ld

c
h

a
n

g
e

v
s

. 
b

a
s

e
li
n

e

C
T
R

T
M
X

F
U
L
V

F
M
D

F
M
D
+
T
M
X

F
M
D
+
F
U
L
V

0.0

0.5

1.0

1.5

2.0

2.5

Leptin

ns
*

*

**

**ns

ns

L
e

p
t
in

 n
o

r
m

a
li

z
e

d
 o

n
 b

a
s

a
l 

le
v

e
l

*
*ns

ns **ns **

C
T

R

F
M

D
+

T
M

X

T
M

X

F
U

L
V

F
M

D

F
M

D
+

F
U

L
V

1

0.5

0.0

2.5

2.0

1.5

serumleptin

g

C
T
R

T
M
X

F
U
L
V

F
M
D

F
M
D
+
T
M
X

F
M
D
+
F
U
L
V

0.0

0.5

1.0

1.5

IGF-1

ns

**

*

*

*

ns

**

IG
F

1
 n

o
r
m

a
li

z
e

d
 o

n
 b

a
s

a
l 

le
v

e
l

C
T

R

F
M

D
+

T
M

X

T
M

X

F
U

L
V

F
M

D

fo
ld

c
h

a
n

g
e

v
s

. 
b

a
s

e
li
n

e

0.5

0.0

1.5

1.0

serumIgf-1

*

**
**

ns
ns *

*

F
M

D
+

F
U

L
V

12 1
6

2
0 24 28 32

0

200

400

600

800

Control

Fasted

Tamoxifen 30mg/kg

Fasted + Tamoxifen 30mg/kg

Fulvestrant 150mg/kg

Fasting+fulvestrant

Days after s.c.cells injection

M
a

s
s

 v
o

lu
m

e
 (

m
m

3
)

800

600

400

200

0

MCF7

tu
m

o
r
 v

o
lu

m
e

 (
m

m
3
)

12 16 20 24 28 32

fa
s
ti
n
g

fa
s
ti
n
g

days after cell injec tion

fa
s
ti
n
g

20 25 30 35 40 45
0

100

200

300

400
Control

Tamoxifen 45mg/Kg

FMD

FMD+Tam 45mg/kg

fulvestrant

FMD+fulv

Days after s.c.cells injection

M
a

s
s

 v
o

lu
m

e
 (

m
m

3
)

tu
m

o
r
 v

o
lu

m
e

 (
m

m
3
)

days after cell injec tion

800

600

400

200
F

M
D

F
M

D

F
M

D

F
M

D

MCF7

0
20 25 30 35 40 45

35 40 45 50 55 60
0

100

200

300

CTR

Tamoxifen

FMD

FMD+Tam 45mg/kg

Days after s.c.cells injection

M
a
s
s

 v
o

lu
m

e
 (

m
m

3
)

control

FMD

TMX

FMD+TMX 

35 40 45 50 55 60
0

100

200

300
CTR

Tamoxifen

FMD

FMD+Tam 45mg/kg

Days after s.c.cells injection

M
a

s
s

 v
o

lu
m

e
 (

m
m

3
)

300

100

0

200

ZR-75-1

tu
m

o
r
 v

o
lu

m
e

 (
m

m
3
)

F
M

D

F
M

D

F
M

D

F
M

D

days after cell injec tion

35 40 45 50 55 60 20 40 60 80 100 120
0

100

200

300

400

500

600

CTR

Tamoxifen

FMD

FMD+Tam 45mg/kg

Days after s.c.cells injection

M
a
s

s
 v

o
lu

m
e

 (
m

m
3

)

600

0

200

400

tu
m

o
r
 v

o
lu

m
e

 (
m

m
3
)

500

300

100

8020 100
days after cells injec tion

40 12060

50 μm

*
*

**

*

log rank tes t: p<0.01
i

50 100 150
0

400

800

1200

1600
Control

Tamoxifen 45mg/Kg

Fasted

Fasted+Tam 45mg/kg

End of
treatment

Days after s.c.cells injection

M
a

s
s
 v

o
lu

m
e

 (
m

m
3
)

control

FMD

TMX

FMD+TMX 

30 40 50 60 70 80 90 100 110
0

100

200

300

400

500

600 CTR

Fulvestrant

Tam

FMD+Tam

FMD+fulv

Days after s.c.cells injection

M
a

s
s

 v
o

lu
m

e
 (

m
m

3
)

control

FULV

FULV+FMD

TMX+FMD

T47D

600

0

200

400

tu
m

o
r
 v

o
lu

m
e

 (
m

m
3
)

500

300

100

80 100
days after cells injec tion

40 6030 50 70 11090

TMX

**

ns

30 40 50 60 70 80 90 100 110
0

100

200

300

400

500

600 CTR

Fulvestrant

Tam

FMD+Tam

FMD+fulv

Days after s.c.cells injection

M
a

s
s
 v

o
lu

m
e
 (

m
m

3
)

F
M

D

F
M

D

F
M

D

F
M

D

F
M

D

F
M

D

F
M

D
F

M
D

F
M

D
F

M
D

F
M

D

F
M

D

F
M

D

F
M

D
F

M
D

F
M

D
F

M
D

F
M

D

F
M

D
F

M
D

F
M

D
F

M
D

F
M

D
F

M
D

F
M

D
F

M
D

F
M

D
F

M
D

F
M

D
F

M
D

In vitro In vivo

22
Caffa I, Spagnolo V et al. Nature 2020



16 
 

Fig. 3. Fasting/FMD plus ETs induce cell-cycle arrest and DNA damage in HR+ BC cells. a-d, G1/S 

transition-promoting gene down-regulation with combined ETs and STS as shown by GSEA, QPCR and WB in 

vitro and in vivo. e, f, Cell-cycle analysis of control and myr-AKT-overexpressing MCF7 treated with ETs, STS 

and combinations. g, MCF7-xenograft growth and mouse PFS with FULV, FMD, palbociclib and combinations. 

h, MCF7 doubling-time with FULV, palbociclib, STS and combinations. i, In vivo response to FMD of MCF7 that 

are resistant to FLUV+palbociclib (n=3). l-n, HR gene down-regulation and DNA damage in response to ETs 

and STS.  
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FMD in combination with Fulvestrant plus Palbociclib results in long term 

inhibition of in vivo tumor growth and in prolongation of animal survival

MCF-7 mouse xenografts

23
Caffa I, Spagnolo V et al. Nature 2020



Safety, feasibility and metabolic effects of FMD in cancer patients: the INT 

experience (NCT03340935 trial)  

• ~600 Kcal on day 1; ~300 Kcal on days 2-5

• 5-day FMD to be repeated every 21-28 days

RefeedingFMD FMD

Up to a maximum of 8 consecutive FMD cycles 24



Distribution of cancer types in enrolled patients

(n=101)

Pancreas = 5 patients

Prostate = 5 patients

Others = 20 patients

Colorectal: 10 patients

Lung: 7 patients

Prostate: 4 patients

Pancreas: 3 patients

Others: 21 patients

1

2

3

4

5

6

Breast: 56 patients

25



FMD-related adverse events

Vernieri C et al. Cancer Discov 2022

26

Incidence of G3/G4 FMD-related 

AEs: 12.9%, lower than the pre-

specified 20% threshold



FMD rephapes systemic metabolism in a way that reproduces the metabolic effects 

of fasting/FMD in tumor-bearing mice

Vernieri C et al. Cancer Discov 2022

27



Cyclic FMD stimulates tumor infiltration by CD8+ T cells and reduces the 

CD8/CD68 ration in patients with limited-stage breast cancer

28
Vernieri C et al. Cancer Discov 2022



Cyclic FMD stimulates tumor infiltration by CD8+ T cells and reduces the 

CD8/CD68 ration in patients with limited-stage breast cancer

29
Vernieri C et al. Cancer Discov 2022



Cyclic FMD globally reshapes the intratumor immune contexture

Estimates of tumor-infiltrating immune cell subsets 

by deconvolution analysis of RNA-sea data

N=22 patients
30

Vernieri C et al. Cancer Discov 2022



Cyclic FMD globally reshapes the intratumor immune contexture

Estimates of tumor-infiltrating immune cell subsets 

by deconvolution analysis of RNA-sea data
Estimated tumor-infiltrating immune cell populations 

before and after the FMD

N=22 patients
31

Vernieri C et al. Cancer Discov 2022



Two advanced TNBC patients among exceptional responders receiving cyclic FMD 

plus standard platinum-based chemotherapy

Patient n.2: TNBC

Ligorio F et al. Eur J Cancer 2022

Patient n.1: TNBC

32



Ligorio F et al. Int J Cancer 2024

Combining cyclic FMD with first-line platinum chemotherapy is associated with 

better OS when compared to platinum chemotherapy alone in aTNBC patients 

33



Cyclic FMD reduces immunosuppressive cell subsets, while boosting systemic and 

intratumor immunity
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Glucose deprivation synergizes with the OXPHOS inhibitor metformin by 

causing acute metabolic stress 

Elgendy M et al. Cancer Cell 2019

35



Glucose deprivation synergizes with the OXPHOS inhibitor metformin by 

causing acute metabolic stress 

Elgendy M et al. Cancer Cell 2019

36



FMD plus/minus metformin in early-stage TNBC: the phase II trial 

BREAKFAST (NCT004248998) 

37



38



39

Chemoimmunotherapy improves EFS and OS when compared to 

chemotherapy alone in early-stage TNBC patients 

Schmid P. ESMO meeting 2024 



Study flow chart

40Vernieri C. SABCS 2023

Ligorio F et al. Cell Metabolism 2025 



Patient compliance to FMD was excellent

41

22/30 (73%) patients completed 8 FMD 

cycles (max number allowed) 

Vernieri C. SABCS 2023

Ligorio F et al. Cell Metabolism 2025 



Overweight/obese patients undergo the highest BMI reduction during 

chemotherapy plus FMD 

44

T0: baseline

T2: before surgery (end of therapy)

Ligorio F et al. Cell Metabolism 2025



The FMD results in long-term reduction of visceral fat, while total fat tissue 

and skeletal muscle loss is partially restored

45
Ligorio F et al. Cell Metabolism 2025



46

Chemotherapy plus FMD is associated with excellent antitumor activity 

and efficacy regardless of metformin

Historical pCR rates1,2,3

30-39% 

1. Alba E et al. Breast Cancer Res Treat 2012;136(2):487-93

2. Sikov WM et al. J Clin Oncol 2015;33(1):13-21

3. Loibl S et al. Lancet Oncol 2018;19(4):497-509 Vernieri C. SABCS 2023

Ligorio F et al. Cell Metabolism 2025 
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Chemotherapy plus FMD is associated with excellent antitumor activity 

and efficacy regardless of metformin

Historical pCR rates1,2,3

30-39% 

1. Alba E et al. Breast Cancer Res Treat 2012;136(2):487-93

2. Sikov WM et al. J Clin Oncol 2015;33(1):13-21

3. Loibl S et al. Lancet Oncol 2018;19(4):497-509 Vernieri C. SABCS 2023

Ligorio F et al. Cell Metabolism 2025 



48

The pCR rate was numerically higher in patients with higher baseline BMI

Ligorio F et al. Cell Metabolism 2025



Early modulation of TNBC metabolism during chemotherapy plus FMD

49

T0 T1



50

T0 T1
- Bulk RNA-seq

- scRNA-seq

Early modulation of TNBC metabolism during chemotherapy plus FMD



51

Several tumor-infiltrating immune cells are increased after the first 

treatment cycle only in patients achieving pCR

Vernieri C. SABCS 2023

Ligorio F et al. Cell Metabolism 2025 



Glucose and pyruvate metabolism are only downregulated in tumors 

undergoing pCR

54Vernieri C. SABCS 2023

Ligorio F et al. Cell Metabolism 2025 



FMD downregulates glycolysis especially in more glycolytic cells in TNBC 

masses

UMAP of scRNAseq data and cell map 

56
Ligorio F et al. Cell Metabolism 2025



FMD downregulates glycolysis especially in more glycolytic cells in TNBC 

masses

UMAP of scRNAseq data and cell map 

Cancer cells

Fibroblasts
T cells

Myeloid cells

Plasma cells

B cells

Pericytes

NK cells

57
Ligorio F et al. Cell Metabolism 2025



FMD downregulates glycolysis especially in more glycolytic cells in TNBC 

masses

UMAP of scRNAseq data and cell map 

Cancer cells

Fibroblasts
T cells

Myeloid cells

Plasma cells

B cells

Pericytes

NK cells

58
Ligorio F et al. Cell Metabolism 2025



FMD downregulates glycolysis especially in more glycolytic cells in TNBC 

masses

UMAP of scRNAseq data and cell map 

Cancer cells

Fibroblasts
T cells

Myeloid cells

Plasma cells

B cells

Pericytes

NK cells

59
Ligorio F et al. Cell Metabolism 2025
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Fasting-mimicking diet +
chemotherapy

Pericytes

Myeloid cells

Cancer cells

Glycolysis and pyruvate 
metabolism 

pathologic
complete
response

residual 
disease

Glycolysis and pyruvate 
metabolism 

Cancer cell

T cell

Fibroblast

Cancer cell

T cell

Pericyte

Model of FMD plus chemotherapy effects in human TNBCs

Ligorio F et al. Cell Metabolism 2025



Arm A

Patients with clinical 

stage II-III TNBC

Arm B

Surgery

Primary endpoint: 

pCR rate

R 1:1

Pembrolizumab (8 cycles Q3W)

Paclitaxel + Carboplatin  

(12 weekly cycles) 

Doxo/Epirubicin + 

Cyclophosphamide

(4 cycles Q3W)

Paclitaxel + Carboplatin  

(12 weekly cycles) 

Fasting-mimicking diet  (8 cycles Q3W)

Pembrolizumab

(9 cycles Q3W)

Stratification factors: 

- Clinical stage (II vs. III)

- BMI ≥ 25 vs. <25 kg/m2

~145 patients

Pembrolizumab (8 cycles Q3W)

Paclitaxel + Carboplatin  

(12 weekly cycles) 

Doxo/Epirubicin + 

Cyclophosphamide

(4 cycles Q3W)

Follow-up for:
- Event-Free Survival (EFS)

- Disease free survival (DFS)

- Distant-metastasis-free survival

- Overall Survival (OS)

- Late AEs

- Secondary tumors

BREAKFAST 2 trial (NCT05763992)



RECRUITING

RECRUITING

ACTIVE

N=24 patients enrolled  

(22 at INT)

APPROVED

APPROVED

APPROVED

APPROVED

BREAKFAST 2 trial: participating centers

RECRUITING

RECRUITING



Arm A

Patients with clinical 

stage II-III TNBC

Arm B

Surgery

Primary endpoint: 

pCR rate

R 1:1

Pembrolizumab (8 cycles Q3W)

Paclitaxel + Carboplatin  

(12 weekly cycles) 

Doxo/Epirubicin + 

Cyclophosphamide

(4 cycles Q3W)

Paclitaxel + Carboplatin  

(12 weekly cycles) 

Fasting-mimicking diet  (8 cycles Q3W)

Pembrolizumab

(9 cycles Q3W)

Stratification factors: 

- Clinical stage (II vs. III)

- BMI ≥ 25 vs. <25 kg/m2

~145 patients

Pembrolizumab (8 cycles Q3W)

Paclitaxel + Carboplatin  

(12 weekly cycles) 

Doxo/Epirubicin + 

Cyclophosphamide

(4 cycles Q3W)

Baseline Post-C1 (optional) SurgeryTumor

Samples 

Blood/fecal/saliva 

samples
C1 C2 C5 Surgery Adjuvant phase

BREAKFAST 2 trial: translational platform



A WebApp to follow patients from other centers

64



WebApp interface

65



WebApp: an open chat with patients 

66



Daily management of patients: how the chat helps

67



Daily management of patients: how the WebApp helps

68
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Fig. 3. Fasting/FMD plus ETs induce cell-cycle arrest and DNA damage in HR+ BC cells. a-d, G1/S 

transition-promoting gene down-regulation with combined ETs and STS as shown by GSEA, QPCR and WB in 

vitro and in vivo. e, f, Cell-cycle analysis of control and myr-AKT-overexpressing MCF7 treated with ETs, STS 

and combinations. g, MCF7-xenograft growth and mouse PFS with FULV, FMD, palbociclib and combinations. 

h, MCF7 doubling-time with FULV, palbociclib, STS and combinations. i, In vivo response to FMD of MCF7 that 

are resistant to FLUV+palbociclib (n=3). l-n, HR gene down-regulation and DNA damage in response to ETs 

and STS.  
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Severe calorie restriction reduces blood IGF-1 levels and intratumor expression of 

IGF1R and phosphorylated (activated) IGF1R in breast cancer patients

Vernieri C et al. Cancer Discov 2022

70



aHR+ 

HER2-

BC 

*NSAI or fulvestrant #Each calorie restriction cycle consists of 5 consecutive days (on days 1 through 5 of each cycle) of a plant-based, low-calorie (about 600 

Kcal on day 1; about 300 Kcal on day 2 to 5), low-protein, low-carbohydrate diet. 

Until PD or 

unacceptable 
toxicity

Experimental treatment

+ 5-day calorie restriction cycles (q28) #

ET* + CDK4/6i

Main inclusion criteria:

- No previous treatment 

for advanced disease 

- ECOG PS 0-2

- BMI > 19 Kg/m2

Primary endpoint: PFS rate at 12 months

Secondary endpoints: OS, PFS, ORR, safety of the experimental regimen

Study design

FASTENCICLIB: a phase II, multicenter, single arm trial to investigate the efficacy 

of calorie restriction with first-line ET+CDK4/6i in patients with HR+/HER2- aBC

Primary endpoint: 

clinical (12 month PFS) 

Enrollment initiation: June 2024 N=152 patients (multicentric)
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• Nutrient deprivation

• Nutrient supplementation

Different nutritional interventions
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• Ketogenic diets

• Amino acid supplementation

• Unsaturated fatty acid supplementation

Nutrient supplementation approaches
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• Ketogenic diets

• Amino acid supplementation

• Unsaturated fatty acid supplementation

Nutrient supplementation approaches
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Ketogenic diet: macronutrient composition

Zhu H et al. Signal Tranduct Target Ther 2022
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Impact of ketogenic diets on systemic metabolism

Zhu H et al. Signal Tranduct Target Ther 2022
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Ketogenic diets and cancer: results of preclinical studies

Zhu H et al. Signal Tranduct Target Ther 2022
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Clinical evidence regarding ketogenic diets in cancer patients
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Clinical evidence regarding ketogenic diets in cancer patients
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• Ketogenic diets

• Amino acid supplementation

• Unsaturated fatty acid supplementation

Nutrient supplementation approaches
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