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Mechanism of action of CDK4/6 inhibitors

 CDK4/6 activity links the cell cycle to several different extracellular signalling

pathways. 

 CDK4/6 inhibitors “switch-off” the kinase activity, triggering the 

dephosphorylation of Rb, blocking the cell cycle at the G1-to-S transition 

phase. Consequently, they lead to an arrest of the cell cycle and prevent the 

further proliferation of cancer cells. 

 In recent years, three CDK4/6 inhibitors (Palbociclib, Ribociclib, and 

Abemaciclib) have been approved in combination with hormonal therapy as 

a front-line treatment for advanced or metastatic HR+, HER2- breast cancer. 
Cancer Cell, Volume 37, Issue 4, 13 April 2020, Pages 514-529, 

https://doi.org/10.1016/j.ccell.2020.03.010

Cells 2019, 8, 321; doi:10.3390/cells8040321
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Intrinsic and acquired resistance to CDK4/6 inhibitors

 Despite improved disease control that CDK4/6 inhibitors offer to patients with HR+ breast cancer, not all patients respond to 
these drugs and most patients whose tumors respond to CDK4/6 inhibitors eventually develop acquired resistance.

 Many preclinical studies have suggested that activation of other mitogenic signaling pathways, amplification of specific 
genes, alteration of the tumor environment and modification of tumor immunity result in the emergence of drug resistance. 

Int. J. Cancer: 145, 1179–1188 (2019), https://doi.org/10.1002/ijc.32020

Cell cycle-specific mechanisms Cell cycle-non specific mechanisms
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Intrinsic and acquired resistance to CDK4/6 inhibitors

Acta Pharmacologica Sinica (2020) 0:1–8; https://doi.org/10.1038/s41401-020-0416-4
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Overcoming resistance to CDK4/6 inhibitor through combinatorial therapies
Combination strategies testing CDK4/6 inhibitors in clinical trials

 Combining with targeted therapies

 Combining with cytotoxic chemotherapeutics

 Combining with immunotherapies

Clin Cancer Res. 2019 Jan 1;25(1):6-8. doi: 10.1158/1078-0432.CCR-18-2177.
Acta Pharmacologica Sinica (2020) 0:1–8; https://doi.org/10.1038/s41401-020-0416-4
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Palbociclib induced resistant MCF-7 cell line (MCF-7/Palbo-R)
in vitro & in vivo validation of MCF-7/Palbo-R
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 MCF-7/Palbo-R cell line was established through chronic exposure to 
increased concentrations of Palbociclib (up to 4 μM) for ~7 months. 

Compound  Cell line AbsIC50 (μM) ReIC50 (μM) Bottom (%) Top (%)

Palbociclib
MCF-7 0.083 0.099 8.70 97.47 

MCF-7/Palbo-R 2.603 NA -1.90 75.09 

 The established MCF-7/Palbo-R model is still resistant to 
Palbociclib. MCF-7/Palbo-R tumors grow very slowly in 
vivo, establish tumor derived cell line xMCF-7/Palbo-R. 
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Palbociclib induced resistant MCF-7 cell line (xMCF-7/Palbo-R)
In vitro validation of xMCF-7/Palbo-R
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 xMCF-7/Palbo-R cell line was derived from MCF-7/Palbo-R tumor and still resistant to Palbociclib in vitro.

Cell line
ReIC50 (μM)

CyQuant BRDU-ELISA CTG

MCF-7 0.030 0.088 0.083

xMCF-7/Palbo-R 7.842 NA NA
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Palbociclib induced resistant MCF-7 cell line (xMCF-7/Palbo-R)
In vitro validation of xMCF-7/Palbo-R
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 Data shows that the established xMCF-7/Palbo-R model is still resistant to Palbociclib.
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Palbociclib induced resistant MCF-7 model (Palbociclib-R-MCF-7)
CDK4/6 inhibitors in Parental MCF-7 model vs. Palbociclib-R-MCF-7

Parental MCF-7 Palbociclib-R-MCF-7 (P5)

0 7 1 4 2 1

0

3 0 0

6 0 0

9 0 0

1 2 0 0

1 5 0 0

D a y s  a f t e r  t h e  s ta r t  o f  t r e a t m e n t

T
u

m
o

r
 v

o
lu

m
e

 (
m

m
3

)

V e h ic le , P O , Q D , n = 5

P a lb o c ic lib , 5 0 m g /k g , P O , Q D , n = 5

A b e m a c ic lib , 5 0 m g /k g , P O , Q D , n = 5

0 7 1 4 2 1

-2 0

-1 0

0

1 0

2 0

D a y s  a f t e r  t h e  s ta r t  o f  t r e a t m e n t

B
o

d
y

 w
e

ig
h

t 
c

h
a

n
g

e
(%

)
V e h ic le , P O , Q D , n = 5

P a lb o c ic lib , 5 0 m g /k g , P O , Q D , n = 5

A b e m a c ic lib , 5 0 m g /k g , P O , Q D , n = 5

0 7 1 4 2 1

0

2 0 0

4 0 0

6 0 0

8 0 0

1 0 0 0

V e h ic le ,  n = 1 3

P a lb o c ic lib , 5 0 m g /k g , P O , Q D , n = 1 4

A b e m a c ic lib ,  5 0 m g /k g , P O , Q D , n = 1 4

D a y s  a f t e r  t h e  s ta r t  o f  t r e a t m e n t

T
u

m
o

r
 V

o
lu

m
e

 (
m

m
3

)

0 7 1 4 2 1

-2 0

-1 0

0

1 0

2 0

V e h ic le ,  n = 1 3

P a lb o c ic lib , 5 0 m g /k g , P O , Q D , n = 1 4

A b e m a c ic lib ,  5 0 m g /k g , P O , Q D , n = 1 4

D a y s  a f t e r  t h e  s ta r t  o f  t r e a t m e n t

B
o

d
y

 W
e

ig
h

t 
 C

h
a

n
g

e
(%

)

0.0

0.1

0.2

0.3

0.4

0.5

 P
h

o
s

p
h

o
/t

o
ta

l 
R

b

Parental MCF-7 Palbo-R-MCF-7

0h      1h      6h 0h      1h      6hPalbociclib
(50mg/kg)

 Palbociclib-R-MCF-7 model was established by chronic 
treatment in vivo, Palbociclib treated tumors were 
passaged and dosed until a stable resistance phenotype 
occurred.

 HTRF assay shows p-Rb level of Palbo-R-MCF-7 tumors is 
higher than parental MCF-7 tumors’. 
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Palbociclib induced resistant MCF-7 model (Palbociclib-R-MCF-7)
Tumor fragment revival validation test 
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 P4 frozen tumor fragments were revived for validation. 

 Data shows that the resistant phenotype of Palbociclib-R-MCF-7 model is stable. 11



Overcoming resistance to CDK4/6 inhibitor 

12

Parental MCF-7 Palbociclib-R-MCF-7 (FP7) xMCF-7/Palbo-R
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CDK2/4/6 inhibitor PF-06873600 in Palbociclib induced resistant MCF-7 models 
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Model summary

Induce method Model ID Cancer type Inoculation Drugs tested Dosage TGI (%)

Parental Parental MCF-7 Breast cancer Cell line

Palbociclib

Abemaciclib

PF-06873600

50 mg/kg, QD

50 mg/kg, QD

25 mg/kg, BID

83

114

97

In vitro induce

MCF-7/Palbo-R Breast cancer Cell line

Palbociclib

Abemaciclib

Fulvestrant

50 mg/kg, QD

50 mg/kg, QD

5 mg/mouse, QW

-1

62

55

xMCF-7/Palbo-R 

(derived from MCF-7/Palbo-R 

tumors) 

Breast cancer Cell line

Palbociclib

Abemaciclib

Fulvestrant

PF-06873600

50 mg/kg, QD

50 mg/kg, QD

5 mg/mouse, QW

25 mg/kg, BID

12

46

38

136

In vivo induce

Palbociclib-R-MCF-7 (P5) Breast cancer Tumor fragment
Palbociclib

Abemaciclib

50 mg/kg, QD

50 mg/kg, QD

16, -3

79, 60

Palbociclib-R-MCF-7 (FP6) Breast cancer Tumor fragment Palbociclib 50 mg/kg, QD 0

Palbociclib-R-MCF-7 (FP8) Breast cancer Tumor fragment
Palbociclib

Abemaciclib

50 mg/kg, QD

50 mg/kg, QD

11

39

Palbociclib-R-MCF-7 (FP12) Breast cancer Tumor fragment
Palbociclib

Abemaciclib

50 mg/kg, QD

50 mg/kg, QD

11

47

Palbociclib-R-MCF-7 (FP7) Breast cancer Tumor fragment PF-06873600 25 mg/kg, BID 102
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Palbociclib induced resistant BR-05-0380 model (Palbociclib-R-BR-05-0380)
CDK4/6 inhibitors in Parental BR-05-0380 model vs. Palbociclib-R-BR-05-0380

Parental BR-05-0380 (FP7)

 Parental BR-05-0380 PDX model is originally derived from a breast cancer patient and is sensitive to Palbociclib. 

 Palbociclib-R-BR-05-0380 model was established by chronic treatment in vivo, Palbociclib treated tumors were passaged and dosed 
until a stable resistance phenotype occurred. 
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Model  ID Cancer Type Gender Age
Tumor 
Grade

Tumor
Stage

Pathological Diagnosis Subtype

BR-05-0380 Breast cancer Female 54 NA NA Infiltrating carcinoma
ER(90%+), PR(-), HER2(2+),  

Ki-67(30%+)

Parental BR-05-0380 (FP6)
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Palbociclib induced resistant BR-05-0380 model (Palbociclib-R-BR-05-0380)
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 P5 frozen tumor fragments were revived and implanted into mice, the revival passage was defined as FP6. Tumors were passaged for further validation. 
 Data shows that the resistant phenotype of Palbociclib-R-BR-05-0380 model is stable. 

Tumor fragment revival validation test 

BR-05-0380
ER

Palbociclib-BR-05-0380
ER

 ER expression in Palbociclib-R-BR-05-0380 
is consistent with parental BR-05-0380. 
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Model summary

Induce method Model ID Cancer type Inoculation Drugs tested Dosage TGI (%)

Parental

Parental BR-05-0380 (FP6) Breast cancer Tumor Fragment
Palbociclib

DS-8201
50 mg/kg, QD

10 mg/kg, single dose
84
86

Parental BR-05-0380 (FP7) Breast cancer Tumor Fragment
Palbociclib

Abemaciclib
60 mg/kg, QD
60 mg/kg, QD

72
106

In vivo induce

Palbociclib-R-BR-05-0380 (P6) Breast cancer Tumor fragment
Palbociclib
Palbociclib

PF-06873600

50 mg/kg, QD
75 mg/kg, QD
50 mg/kg, QD

26
51
20

Palbociclib-R-BR-05-0380 (FP7) Breast cancer Tumor fragment Palbociclib 60 mg/kg, QD 28

Palbociclib-R-BR-05-0380 (FP8) Breast cancer Tumor fragment
Palbociclib

Abemaciclib
60 mg/kg, QD
60 mg/kg, QD

15
96
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MCF-7 cell line xAbemaciclib-R-MCF-7 cell line

Compound  Cell line AbsIC50 (μM) ReIC50 (μM) Bottom (%) Top (%)

Abemaciclib
MCF-7 0.066 0.056 -4.77 99.96

xAbemaciclib-R-MCF-7 0.617 1.156 -1.64 99.94

 Abemaciclib-R-MCF-7 model was established by chronic treatment in vivo,  
xAbemaciclib-R-MCF-7 cell line was derived from Abemaciclib-R-MCF-7 tumor.

xAbemaciclib-R-MCF-7MCF-7
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Abemaciclib induced resistant MCF-7 model (xAbemaciclib-R-MCF-7)
in vitro & in vivo validation of xAbemaciclib-R-MCF-7 

 The xAbemaciclib-R-MCF-7 cell line is resistant to Abemaciclib
in vitro and in vivo. 
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MCF-7 cell line xRibociclib-R-MCF-7 cell line

Compound  Cell line AbsIC50 (μM) ReIC50 (μM) Bottom (%) Top (%)

Ribociclib
MCF-7 0.621 0.431 0.30 82.72

xRibociclib-R-MCF-7 16.693 1.470 -0.16 53.49

 Ribociclib-R-MCF-7 model was established by chronic treatment in vivo, 
xRibociclib-R-MCF-7 cell line was derived from Ribociclib-R-MCF-7 tumor.

xRibociclib-R-MCF-7MCF-7

Ribociclib induced resistant MCF-7 model (xRibociclib-R-MCF-7)
in vitro & in vivo validation of xRibociclib-R-MCF-7 

 xRibociclib-R-MCF-7 cell line shows minor resistance to Ribociclib.

 The established xRibociclib-R-MCF-7 model is still resistant to 
Ribociclib in vivo. 
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Model summary

Induce method Model ID Cancer type Inoculation Drugs tested Dosage TGI (%)

Parental

Parental MCF-7 Breast cancer Cell line Abemaciclib
25 mg/kg, QD
50 mg/kg, QD

148
141

Parental MCF-7 Breast cancer Cell line Ribociclib
75 mg/kg, QD

100 mg/kg, QD
132
137

In vivo induce

xAbemaciclib-R-MCF-7 Breast cancer Cell line Abemaciclib 25 mg/kg, QD -71

xRibociclib-R-MCF-7 Breast cancer Cell line Ribociclib
75 mg/kg, QD

100 mg/kg, QD
-33
11
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Improving Health. Making a Difference. 

For questions and requests, please email to info_onco@wuxiapptec.com
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