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BACKGROUND
The administration of endocrine therapy for 5 years substantially reduces recurrence 
rates during and after treatment in women with early-stage, estrogen-receptor (ER)–
positive breast cancer. Extending such therapy beyond 5 years offers further protection 
but has additional side effects. Obtaining data on the absolute risk of subsequent distant 
recurrence if therapy stops at 5 years could help determine whether to extend treatment.
METHODS
In this meta-analysis of the results of 88 trials involving 62,923 women with ER-posi-
tive breast cancer who were disease-free after 5 years of scheduled endocrine therapy, 
we used Kaplan–Meier and Cox regression analyses, stratified according to trial and 
treatment, to assess the associations of tumor diameter and nodal status (TN), tumor 
grade, and other factors with patients’ outcomes during the period from 5 to 20 years.
RESULTS
Breast-cancer recurrences occurred at a steady rate throughout the study period from 
5 to 20 years. The risk of distant recurrence was strongly correlated with the original 
TN status. Among the patients with stage T1 disease, the risk of distant recurrence 
was 13% with no nodal involvement (T1N0), 20% with one to three nodes involved 
(T1N1–3), and 34% with four to nine nodes involved (T1N4–9); among those with 
stage T2 disease, the risks were 19% with T2N0, 26% with T2N1–3, and 41% with 
T2N4–9. The risk of death from breast cancer was similarly dependent on TN status, 
but the risk of contralateral breast cancer was not. Given the TN status, the factors of 
tumor grade (available in 43,590 patients) and Ki-67 status (available in 7692 patients), 
which are strongly correlated with each other, were of only moderate independent 
predictive value for distant recurrence, but the status regarding the progesterone recep-
tor (in 54,115 patients) and human epidermal growth factor receptor type 2 (HER2) 
(in 15,418 patients in trials with no use of trastuzumab) was not predictive. During the 
study period from 5 to 20 years, the absolute risk of distant recurrence among patients 
with T1N0 breast cancer was 10% for low-grade disease, 13% for moderate-grade 
disease, and 17% for high-grade disease; the corresponding risks of any recurrence or 
a contralateral breast cancer were 17%, 22%, and 26%, respectively.
CONCLUSIONS
After 5 years of adjuvant endocrine therapy, breast-cancer recurrences continued to 
occur steadily throughout the study period from 5 to 20 years. The risk of distant recur-
rence was strongly correlated with the original TN status, with risks ranging from 10 
to 41%, depending on TN status and tumor grade. (Funded by Cancer Research UK 
and others.)
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• Meta-analysis of 88 Trials
• 62,923 women with ER+
• ET for 5 years
• Disease Free for 5 years
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Breast-Cancer Recurrence after Endocrine Ther apy

prognosis in T1N0 disease, even women with 
T1N0 tumors that were well differentiated or 
measured 1.0 cm or less in diameter (i.e., T1a or 
T1b) had appreciable recurrence rates through-
out the period from 5 to 20 years. For low-grade 
T1N0 disease, the absolute risk during the study 
period was 10% for distant recurrence and 17% 
for any breast-cancer event (distant, local, or con-
tralateral); the risks were similar for the com-
bined T1a and T1b N0 group.

Other Prognostic Factors
The importance of TN status as a determinant of 
the distant-recurrence rate, and the additional 
relevance of age, tumor grade, and various tumor 
markers, are described separately for recurrences 
during the first 5 years and for those during the 
subsequent 15 years (to year 20) (Fig. S5 in the 
Supplementary Appendix). The importance of 
TN status was similarly strong during both time 
periods, as was the importance of a young age 
at the time of diagnosis. In contrast, other fac-
tors that were of some additional relevance dur-
ing the first 5 years were of less, or no, addi-
tional relevance thereafter, given the TN status. 
Tumor grade and the presence of Ki-67 antibody 
(which were strongly correlated with each other) 
were important independent factors of prog-
nostic value during the first 5 years but were of 
only moderate relevance thereafter. Progesterone-
receptor status was independently prognostic 
during years 0 to 5 but not thereafter. Only 2% 
of all the women in the study were scheduled to 
receive trastuzumab (Table S2 in the Supplemen-
tary Appendix), but in trials with no scheduled 
trastuzumab, 20,648 women had known HER2 

status. Among these women, those with HER2-
positive tumors who did not receive trastuzumab 
had a worse prognosis than those with HER2-
negative tumors during years 0 to 5 but not 
thereafter.
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Figure 3. Association between Pathological Nodal Status 
and the Risk of Distant Recurrence during Years 5 to 20 
of the Study, According to Tumor Stage.

Shown are the data for 62,923 women with ER-positive 
disease who were enrolled in 88 trials of breast-cancer 
therapy and who initiated therapy either at year 0 or 
within the first 5 years, according to whether they had 
T1 disease (Panel A) or T2 disease (Panel B). All the 
women were scheduled to receive 5 years of endocrine 
therapy and were event-free and still being followed at 
year 5. The I bars indicate 95% confidence intervals. The 
dashed lines indicate that the event rate is for the whole 
5-year period, rather than for individual years, as is other-
wise shown. Data for the number of events and annual 
rate begin at 5 years, since the analysis of the risk of 
distant recurrence starts at year 5.
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prognosis in T1N0 disease, even women with 
T1N0 tumors that were well differentiated or 
measured 1.0 cm or less in diameter (i.e., T1a or 
T1b) had appreciable recurrence rates through-
out the period from 5 to 20 years. For low-grade 
T1N0 disease, the absolute risk during the study 
period was 10% for distant recurrence and 17% 
for any breast-cancer event (distant, local, or con-
tralateral); the risks were similar for the com-
bined T1a and T1b N0 group.

Other Prognostic Factors
The importance of TN status as a determinant of 
the distant-recurrence rate, and the additional 
relevance of age, tumor grade, and various tumor 
markers, are described separately for recurrences 
during the first 5 years and for those during the 
subsequent 15 years (to year 20) (Fig. S5 in the 
Supplementary Appendix). The importance of 
TN status was similarly strong during both time 
periods, as was the importance of a young age 
at the time of diagnosis. In contrast, other fac-
tors that were of some additional relevance dur-
ing the first 5 years were of less, or no, addi-
tional relevance thereafter, given the TN status. 
Tumor grade and the presence of Ki-67 antibody 
(which were strongly correlated with each other) 
were important independent factors of prog-
nostic value during the first 5 years but were of 
only moderate relevance thereafter. Progesterone-
receptor status was independently prognostic 
during years 0 to 5 but not thereafter. Only 2% 
of all the women in the study were scheduled to 
receive trastuzumab (Table S2 in the Supplemen-
tary Appendix), but in trials with no scheduled 
trastuzumab, 20,648 women had known HER2 

status. Among these women, those with HER2-
positive tumors who did not receive trastuzumab 
had a worse prognosis than those with HER2-
negative tumors during years 0 to 5 but not 
thereafter.
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Figure 3. Association between Pathological Nodal Status 
and the Risk of Distant Recurrence during Years 5 to 20 
of the Study, According to Tumor Stage.

Shown are the data for 62,923 women with ER-positive 
disease who were enrolled in 88 trials of breast-cancer 
therapy and who initiated therapy either at year 0 or 
within the first 5 years, according to whether they had 
T1 disease (Panel A) or T2 disease (Panel B). All the 
women were scheduled to receive 5 years of endocrine 
therapy and were event-free and still being followed at 
year 5. The I bars indicate 95% confidence intervals. The 
dashed lines indicate that the event rate is for the whole 
5-year period, rather than for individual years, as is other-
wise shown. Data for the number of events and annual 
rate begin at 5 years, since the analysis of the risk of 
distant recurrence starts at year 5.
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from 5 to 20 years for the 62,923 women who 
reached year 5 without breast-cancer recurrence or 
any second cancer and who were scheduled to dis-
continue endocrine therapy are shown in Figure 3. 
The results are presented separately for T1 and 

T2 tumors and are subdivided according to 
nodal status at diagnosis. Although all the 
women had been clinically disease-free for many 
years, the original tumor diameter and espe-
cially the original nodal status remained power-
ful determinants of late distant recurrence, even 
during the second decade after diagnosis. With-
in each TN-status category, distant recurrences 
continued to occur steadily throughout the period 
from 5 to 20 years.

Even for women with the best prognosis, the 
risks were appreciable. For those with T1N0 
disease, the annual rate of distant recurrence 
remained approximately 1% throughout the pe-
riod from 5 to 20 years, resulting in a cumulative 
risk of distant recurrence of 13% (Fig. 3A). The 
associations of tumor diameter and nodal status 
with the risk of distant recurrence during the 
period from 5 to 20 years were approximately 
additive, with a progressive increase from 13% 
for T1N0 to 41% for T2N4–9 disease (Fig. 3B). 
Similar results were observed for rates of death 
from breast cancer (Figs. S13 through S16 in the 
Supplementary Appendix).

To further explore the possibility of identify-
ing groups at very low risk, we subdivided the 
rates of distant recurrence and of any breast-
cancer event (distant, local, or contralateral) 
among women with T1N0 disease according to 
tumor grade and size (T1a or T1b [≤1.0 cm] vs. 
T1c [>1.0 to 2.0 cm]) (Fig. 4). Although both tu-
mor grade and tumor size significantly affected 

Figure 2. Association between Pathological Nodal Status 
and the Risk of Distant Recurrence or Death from Breast 
Cancer during the 20-Year Study Period.

Shown are data regarding the risk of distant recurrence 
(Panel A) and death from breast cancer (Panel B) among 
74,194 women with ER-positive T1 or T2 disease who 
were enrolled in 78 trials at year 0 and were scheduled 
to receive 5 years of endocrine therapy. (Data for an-
other 10,200 women who enrolled in 10 trials after year 
0 are not shown here.) The risk was calculated according 
to the patients’ pathological nodal status at the time of 
diagnosis: N0, N1–3, or N4–9. The number of events 
and annual rate are shown for the preceding period 
(e.g., data for years 0 to 4 are shown at 5 years). The  
I bars indicate 95% confidence intervals. The dashed 
lines indicate that the event rate is for the whole 5-year 
period, rather than for individual years, as is otherwise 
shown. The annual rate of death from breast cancer 
was estimated by subtracting the death rate in women 
without recurrence from the rate in all women.

D
is

ta
nt

 R
ec

ur
re

nc
e 

(%
)

50

40

30

10

20

0
0 5 10 15 20

Years

B Risk of Death from Breast Cancer

A Risk of Distant Recurrence

No. at Risk
N4–9
N1–3
N0

12,333
31,936
29,925

8,116
23,576
24,081

2165
7250
8571

259
949

1982

52
183
414

No. of Events —
annual rate (%)

N4–9
N1–3
N0

2568 (4.8)
3126 (2.2)
1646 (1.2)

969 (4.0)
1421 (1.9)  

835 (1.1)

121 (3.1)
241 (1.7)
272 (1.3)

13 (2.2)
39 (1.8)
68 (1.4)

N4–9

N1–3

D
ea

th
 fr

om
 B

re
as

t C
an

ce
r (

%
)

50

40

30

10

20

0
0 5 10 15 20

Years

No. at Risk
N4–9
N1–3
N0

12,333
31,936
29,925

9,079
24,866
24,819

2481
7728
8926

294
1011
2144

57
197
476

No. of Events —
annual rate (%)

N4–9
N1–3
N0

1463 (2.6)
1600 (1.1)
  826 (0.6)

1154 (4.1)
1506 (1.9)
  890 (1.0)

185 (3.7)
319 (1.9)
228 (0.8)

20 (2.3)
52 (1.8)
77 (1.0)

N0

6

11

1610

19

25

22

36

45

22

31

52

N4–9

N1–3

N0

3
8

125

14

21

12

29

40

15

28

49

The New England Journal of Medicine 
Downloaded from nejm.org on February 4, 2024. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 

n engl j med 377;19 nejm.org November 9, 20171840

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

from 5 to 20 years for the 62,923 women who 
reached year 5 without breast-cancer recurrence or 
any second cancer and who were scheduled to dis-
continue endocrine therapy are shown in Figure 3. 
The results are presented separately for T1 and 

T2 tumors and are subdivided according to 
nodal status at diagnosis. Although all the 
women had been clinically disease-free for many 
years, the original tumor diameter and espe-
cially the original nodal status remained power-
ful determinants of late distant recurrence, even 
during the second decade after diagnosis. With-
in each TN-status category, distant recurrences 
continued to occur steadily throughout the period 
from 5 to 20 years.

Even for women with the best prognosis, the 
risks were appreciable. For those with T1N0 
disease, the annual rate of distant recurrence 
remained approximately 1% throughout the pe-
riod from 5 to 20 years, resulting in a cumulative 
risk of distant recurrence of 13% (Fig. 3A). The 
associations of tumor diameter and nodal status 
with the risk of distant recurrence during the 
period from 5 to 20 years were approximately 
additive, with a progressive increase from 13% 
for T1N0 to 41% for T2N4–9 disease (Fig. 3B). 
Similar results were observed for rates of death 
from breast cancer (Figs. S13 through S16 in the 
Supplementary Appendix).

To further explore the possibility of identify-
ing groups at very low risk, we subdivided the 
rates of distant recurrence and of any breast-
cancer event (distant, local, or contralateral) 
among women with T1N0 disease according to 
tumor grade and size (T1a or T1b [≤1.0 cm] vs. 
T1c [>1.0 to 2.0 cm]) (Fig. 4). Although both tu-
mor grade and tumor size significantly affected 

Figure 2. Association between Pathological Nodal Status 
and the Risk of Distant Recurrence or Death from Breast 
Cancer during the 20-Year Study Period.

Shown are data regarding the risk of distant recurrence 
(Panel A) and death from breast cancer (Panel B) among 
74,194 women with ER-positive T1 or T2 disease who 
were enrolled in 78 trials at year 0 and were scheduled 
to receive 5 years of endocrine therapy. (Data for an-
other 10,200 women who enrolled in 10 trials after year 
0 are not shown here.) The risk was calculated according 
to the patients’ pathological nodal status at the time of 
diagnosis: N0, N1–3, or N4–9. The number of events 
and annual rate are shown for the preceding period 
(e.g., data for years 0 to 4 are shown at 5 years). The  
I bars indicate 95% confidence intervals. The dashed 
lines indicate that the event rate is for the whole 5-year 
period, rather than for individual years, as is otherwise 
shown. The annual rate of death from breast cancer 
was estimated by subtracting the death rate in women 
without recurrence from the rate in all women.
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• After 5 years of adjuvant ET, distant recurrences occurred steadily for at least another 15 years.
• Small node negative (T1N0), low-grade tumors the risk of distant recurrence is 10% during years 5 to 20.
• There was a strong association of tumor grade and Ki-67 with the risk of recurrence during years 0 to 5
     but moderate association during years 5 to 20. Same with tumors with PgR negative.



MonarchE: Abemaciclib combined with ET for the adjuvant 
treatment of HR+, HER2-, Node-positive, EBC

Johnston SRD, JCO 2020; Harbeck S, et al ESMO 2023, Abstr. LBA17.
Slide credit: clinicaloptions.com

monarchE: Adjuvant Abemaciclib + ET in High-Risk, 
Node-Positive HR+/HER2- EBC
§ International, randomized, open-label phase III trial

Johnston. JCO. 2020;38:3987. Harbeck. ESMO 2023. Abstr LBA17.

Patients with high-risk, node-
positive, HR+/HER2- EBC; prior 

(neo)adjuvant CT permitted; 
pre- or postmenopausal;

no distant metastasis;
≤16 mo from surgery to 

randomization; ≤12 wk of ET 
after last non-ET

(N = 5637)

Abemaciclib 150 mg BID up to 2 yr +
ET per standard of care of physician’s 

choice for 5-10 yr as clinically indicated
(n = 2808)

ET per standard of care of physician’s 
choice for 5-10 yr as clinically indicated

(n = 2829)

Cohort 1 (91% of patients)
≥4 positive ALNs or 1-3 

positive ALNs plus histologic 
grade 3 and/or tumor ≥5 cm

Cohort 2 (9% of patients)
1-3 positive ALNs, Ki-67 ≥20% 
per central testing, grade 1/2, 

tumor size <5 cm

ITT Population (Cohorts 1 + 2)
Stratified by prior CT, 
menopausal status, region

§ Primary endpoint: iDFS
§ Key secondary endpoints: iDFS in Ki-67 high (≥20%) population, DRFS, OS, safety, PROs
§ Median follow-up for analysis presented at OS IA3 (data cutoff: July 3, 2023): 4.5 yr (54 mo)

‒ All patients off abemaciclib and >80% followed for ≥2 yr since completing abemaciclib



MonarchE: iDF in ITT Population at Median Follow-up
of 4.5 Yr

Harbeck N, et al. ESMO 2023. Abstr LBA17.Slide credit: clinicaloptions.com
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)

Mo

92.7%
89.2% 86.0% 83.6%
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Patients at Risk, n

monarchE: iDFS in ITT Population at 
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Consistent benefit across all patient and disease subgroups, independent of Ki-67 index
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MonarchE: OS in ITT Population at
 Median Follow-up of 4.5 Yr.

Slide credit: clinicaloptions.com
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Median Follow-up of 4.5 Yr (OS IA3)

Harbeck. ESMO 2023. Abstr LBA17.

No statistically significant difference in OS; numerically fewer deaths with abemaciclib
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MonarchE: Safety Summary

Johnston SRD, JCO 2020.

1. Harbeck N, et al. Ann Oncol. 2021;S0923-7534(21):04494-X. 2. O’Shaughnessy J, et al. ESMO Virtual Plenary 2021. Abstract VP8-2021. 
3. Tolaney S, et al. St. Gallen 2021. Abstract PO13. 

AEs ≥20% in Both Treatment Arms2

Among the 2304 patients who experienced 
diarrhea3

§ Median time to onset (any grade) was 8 days
§ 20.5% had ≥1 dose reduction
§ 22.9% had dose holds
§ 5.0% of patients had their treatment discontinued

Other events of 
interest,2 any grade

Abemaciclib + 
ET
(n=2791)

ET alone 
(n=2800)

VTE, % 2.5 0.6
PE, % 1.0 0.1

ILD, % 3.2 1.3

MonarchE Safety Summary

Safety data at additional follow-up are consistent with the known safety profile of abemaciclib1
Median duration of treatment: 24 months
The safety population includes patients who received at least 1 dose of study treatment
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NATALEE: Adjuvant Ribociclib plus ET in Intermediate- to 
High-risk HR+/HER2- EBC

Hortobagyi G, et al, SABCS 2023; Slamon ASCO 2023. Abst LBA500.Slide credit: clinicaloptions.com

NATALEE: Adjuvant Ribociclib + ET in 
Intermediate- to High-Risk HR+/HER2- EBC
§ International, randomized, open-label phase III trial

Ribociclib 400 mg PO QD for 3 wk on/1 wk off for 3 yr +
NSAI* for ≥5 yr

(n = 2549)

NSAI* for ≥5 yr
(n = 2552)

Pre/postmenopausal women and men with 
HR+/HER2- EBC; stage IIA (either N0 with 

grade 2 and Ki-67 ≥20%, Oncotype DX 
RS ≥26, or high risk via genomic risk profiling, 
N0 with grade 3, or N1, stage IIB (N0 or N1), 

or stage III disease; prior ET up to 12 mo 
permitted; prior (neo)adjuvant CT permitted

(N = 5101)

*Letrozole or 
anastrozole. Men 
and premenopausal 
women also 
received goserelin 
3.6 mg/28 d.

Hortobagyi. SABCS 2023. Abstr GS03-03. Slamon. ASCO 2023. Abstr LBA500. NCT03701334. 

Stratified by stage (II vs III), menopausal status (men and premenopausal vs postmenopausal women), 
prior (neo)adjuvant CT (yes vs no), geography (N America/W Europe/Oceania vs rest of world)

§ Primary endpoint: iDFS (STEEP criteria)

§ Key secondary endpoints: recurrence-free survival, DDFS, OS, PROs, PK, safety

§ Median follow-up for final protocol-specified iDFS analysis: 33.3 mo (data cutoff: July 21, 2023)

‒ Ribociclib x 3 yr completed by 42.8%; ongoing for 20.7%; early d/c for 35.5%



NATALEE: Final iDFS Analysis at Median Follow-up at 33.3 
Months

Hortobagyi G, et al, SABCS 2023, Abstr GS03-03.Slide credit: clinicaloptions.com
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Ribociclib + NSAI significantly reduced risk of invasive disease by 25.1% vs NSAI alone (P = .0006)

iDFS Events, n/N (%)
Ribociclib + 

NSAI
NSAI Alone

226/2549 
(8.9)

283/2552 
(11.1)

Hazard ratio: 0.749 
(95% CI: 0.628-0.892; nominal 

1-sided P = .0006)
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NATALEE: OS at Median Follow-up at 35.9 Mo

Hortobagyi G, et al, SABCS 2023, Abstr GS03-03.Slide credit: clinicaloptions.com

NATALEE: OS at Median Follow-up of 35.9 Mo 

Hortobagyi. SABCS 2023. Abstr GS03-03. 

OS data immature (events in <4% at time of analysis)
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NATALEE: Safety With Adjuvant Ribociclib + ET

Hortobagyi G, et al, SABCS 2023, Abstr GS03-03.
Slide credit: clinicaloptions.com

NATALEE: Safety With Adjuvant Ribociclib + ET

§ Ribociclib 400 mg had lower rates of dose-dependent toxicities vs pooled analysis of 
MONALEESA trials using ribociclib 600 mg for advanced disease2

‒ Neutropenia: 62% vs 74%; ECG QT prolongation: 4.2% vs 6.5% (grade ≥3: 0.2% vs 1.2%)
1. Hortobagyi. SABCS 2023. Abstr GS03-03. 2. Slamon. ASCO 2023. Abstr LBA500. 

AEs of Special 
Interest, %1

Ribociclib + NSAI 
(n = 2525)

NSAI Alone
(n = 2442)

Any Gr ≥3 Any Gr ≥3
Neutropenia
§ Febrile 

neutropenia

62.5
0.3

44.3
0.3

4.6
0

0.9
0

Liver-related AEs 26.4 8.6 11.2 1.7
QT interval 
prolongation
§ ECG QT 

prolonged

5.3

4.3

1.0

0.3

1.4

0.7

0.6

0

ILD/pneumonitis 1.5 0 0.9 0.1

Other Clinically 
Relevant AEs, %1

Ribociclib + NSAI 
(n = 2525)

NSAI Alone
(n = 2442)

Any Gr ≥3 Any Gr ≥3
Arthralgia 37.3 1.0 43.3 1.3
Nausea 23.0 0.2 7.8 0.0
Headache 22.8 0.4 17.0 0.2
Fatigue 22.3 0.8 13.2 0.2
Diarrhea 14.5 0.6 5.5 0.1
VTE 1.5 0.6 0.8 0.4



Who May Benefit From Adjuvant Treatment with 
CDK4/6 inhibitors for HR+/HER2- EBC?

Slide credit: clinicaloptions.com

Who May Benefit From Adjuvant Treatment 
With CDK4/6 Inhibitors for HR+/HER2- EBC?

§ Pre/postmenopausal 
women

§ Men
§ Tx choice depends on:

‒ Approval
‒ Access
‒ Risk
‒ Long-term efficacy
‒ Safety profile
‒ Patient preference

§ Do not forget to test for 
gBRCAm – determines 
eligibility for adjuvant 
olaparib (OlympiA) 

24

AJCC Anatomical Staging TN (M0) NATALEE: Ribociclib monarchE: Abemaciclib
IA T1N0

IB
T0N1mi
T1N1mi G3 or Ki67 ≥20%

IIA

T0N1 
T1N1 G3 or Ki67 ≥20%

T2N0 G3, or G2 with Ki-67 ≥20% 
or high genomic risk*

IIB
T2N1 G3 or Ki67 ≥20%
T3N0

IIIA

T0N2
T1N2
T2N2
T3N1
T3N2

IIIB
T4N0
T4N1
T4N2

IIIC Any TN3 

Harbeck. ASCO 2023. Breast Cancer—Local/Regional/Adjuvant: Abstracts Discussion 1.
*According to Oncotype DX, Prosigna PAM50, or EndoPredict EPclin Risk Score. 

Eligible Eligible if meet additional criteria Ineligible

Herbert N, ASCO 2023..
Slide credit: clinicaloptions.com
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Conclusions: Adjuvant CDK4/6 Inhibitors for Patients 
With HR+/HER2- EBC

Slide credit: clinicaloptions.com

Key Takeaways on Adjuvant CDK4/6 Inhibitors for 
Patients With HR+/HER2- Early Breast Cancer
§ Recurrence is a concern for patients with HR+/HER2- early breast 

cancer, especially those with high-risk features 
§ Risk of recurrence is decreased with: 
‒ Adjuvant abemaciclib for high-risk, node-positive disease 

‒ Adjuvant ribociclib for intermediate-/high-risk disease 

§ AEs associated with adjuvant CDK4/6 inhibitors can be effectively 
managed with supportive care and dose reductions

§ FDA approval and guidelines recommend use of abemaciclib in 
ITT population on monarchE trial—not limited to those with Ki-67 ≥20%



Keynote-756: Phase III study of PST Pembrolizumab 
or Placebo plus Chemotherapy in HR EBCKEYNOTE-756 Study Design (NCT03725059)

Eligibility 
• Locally confirmed invasive 

ductal breast carcinoma
• T1c-T2 (≥ 2 cm) cN1-2 or 

T3-4 cN0-2
• Centrally confirmed 

ER+/HER2- grade 3
• Treatment-naive

SurgerySurgery

N=1278
1:1

Placebo Q3W x 4 cycles +
Paclitaxela x 12 weeks

↓
Placebo + 

Doxob/Epirubicinc +
Cyclophosphamided x 4 cycles

Pembro 200 mg Q3W x 4 cycles + 
Paclitaxela x 12 weeks

↓
Pembro 200 mg + 

Doxob/Epirubicinc +
Cyclophosphamided x 4 cycles

SurgerySurgery

Dual Primary Endpoints
• pCR (ypT0/Tis ypN0)
• EFS

  
  

Pembro 200 mg Q3W 
x 6 months

+ 
Endocrine Therapye 

up to 10 years

Placebo Q3W 
x 6 months

+ 
Endocrine Therapye 

up to 10 years

RT if indicatedf

Stratification factors 
1. Eastern Europe – PD-L1 status (CPS ≥1 or <1)
2. China – No further stratification
3.  All other countries –

1. PD-L1 status (CPS ≥1 or CPS <1)
2. Nodal status (Positive vs Negative)
3. AC/EC (Q2W vs Q3W)
4.  ER+ (1-9% vs ≥10%)

Adjuvant PhaseNeoadjuvant Phase

Neoadjuvant phase: starts from the first neoadjuvant treatment and ends after definitive surgery 
(post-treatment included)
Adjuvant phase: starts from the first adjuvant treatment and includes radiation therapy as 
indicated (post-treatment included)

aPaclitaxel dose was 80 mg/m2 QW. bDoxorubicin dose was 60 mg/m2 Q3W. cEpirubicin dose was 100 mg/m2 Q3W. dCyclophosphamide dose was 600 mg/m2 Q3W or Q2W. 
eEndocrine therapy was administered according to institution guidelines. fRadiation therapy (concurrent or sequential) was administered according to institution guidelines.
This presentation is the intellectual property of the author/presenter. Contact them at Joyce.OShaughnessy@USONCOLOGY.COM for permission to reprint and/or distribute. 

San Antonio Breast Cancer Symposium®, December 5–9, 2023

O’Shaughnessy J, et al. SABCS 2023.



CA209-7FL study design

aGrade was determined locally by investigator. bInvestigator’s choice: anthracycline dosing frequency of Q2W or Q3W for AC cycles determined by the investigator. cAfter protocol amendment 3, the 
study was unblinded in the adjuvant phase; participants in arm B did not receive NIVO PBO.  dAvailable ET agents included tamoxifen, letrozole, anastrozole, and exemestane. 
AC, anthracycline + cyclophosphamide; ECOG PS, Eastern Cooperative Oncology Group performance status; ER, estrogen receptor; ET, endocrine therapy; 
HER2−, human epidermal growth factor receptor 2-negative; IC, immune cell; N, lymph node involvement; NIVO, nivolumab; PBO, placebo; PD-L1, programmed death ligand 1; PTX, paclitaxel; 
QXW, every X weeks; SP142, Ventana PD-L1 SP142 assay; T, size and extent of primary tumor; wk, week.

Screening

Key inclusion criteria
• Newly diagnosed ER+ HER2− breast 

cancer
• Confirmed ER+ breast cancer 
• T1c (tumor size 2 cm only)-T2, 

cN1–cN2 or T3-T4, cN0-cN2 
• Grade 3 with ER ≥ 1% or grade 2 

with ER 1–10%a

• Adequate organ function
• Tissue available for biomarker 

assessment
• ECOG PS 0–1

Stratification factors
• PD-L1 IC (≥ 1% or < 1%) by SP142
• Tumor grade (3 or 2)
• Axillary nodal status (positive or 

negative)
• AC frequency (Q3W or Q2W)
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1:1
A

rm
 A

NIVO 360 mg Q3W + 
AC Q3W
or

NIVO 240 mg Q2W + 
AC Q2W

NIVO 360 mg Q3W + 
PTX QW Surgery

NIVO 480 mg Q4W + 
investigator’s
choice ETd

A
rm

 B

NIVO PBO Q3W + 
AC Q3W

or

NIVO PBO Q2W + 
AC Q2W

NIVO PBO Q3W + 
PTX QW Surgery

NIVO PBO +
Investigator’s
choice ETc,d

Safety
follow-up
30 days
100 days

Long-term
follow-up
(12 months

post-surgery)

PTX cycles 1–4
1 cycle = 3 wks

AC cycles 1–4
1 cycle = 2 or 3 wksb

Adjuvant cycles 1–7
1 cycle = 4 wks

Neoadjuvant phase 
(double-blind)

Surgery Adjuvant phasec Follow-up

5

CheckMate 7FL
San Antonio Breast 

Cancer Symposium®, 
December 5-9, 2023

Loi, S, et al. SABCS 2023.

CheckMate 7FL: Phase III study of PST Nivolumab or 
Placebo plus Chemotherapy in HR EBC



Primary End Point: pCRResults: Pathological Complete Response (ypT0/Tis ypN0)
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O’Shaughnessy J, et al. SABCS 2023.Loi, S, et al. SABCS 2023.



Keynote 756: Key Subgroup and Biomarker AnalysisKN756: Key subgroup and 
biomarker analyses

Clinical charact. Impact of pembro on pCR rate
Stage
II (n-807)
III (n=471)

LN involvement 
pos (n=1152)
neg (n=126)

Chemo exposure 
full (n=634)
partial (n=641)

• Benefit regardless of stage - 
stage II (+Δ 9.1) and III (+Δ 8.0)

• Benefit regardless of whether 
chemotherapy completed

PD-L1 status (22C3 CPS)

Cardoso et. al. SABCS 2023

• Benefit in LN pos (+Δ 9.3)
• Benefit less clear LN neg (+Δ3.8)

Biomarker Impact of pembro on pCR rate
PD-L1 
22C3 CPS

ER status 
Stratified by CPS score

• Benefit if CPS ≥1. Higher pCR 
rates & larger Δ with higher CPS

• Benefit less clear CPS <1

• CPS ≥1: Benefit for all ER%, with 
larger benefit if ER <10% 

• CPS <1: Benefit less clear ER ≥10%
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Checkmate-7FL: Biomarkers Predictive of pCR or 
RCB 0/1

Biomarker Impact of nivo on pCR and RCB 
0/1 rates

PD-L1 score 
SP142 IC% (n=510)
28-8 CPS (n=349)

ER%

PR% 
Stratified by ER

sTIL 
(<5%, ≥5%)

Ki67 
(<20%, ≥20%)

Checkmate-7FL: Biomarkers 
predictive of pCR or RCB 0/1

• Benefit if PD-L1+ by both 
assays, with increasing benefit 
in higher 28-8 CPS scores

• Benefit less clear PD-L1 neg

• Benefit with low ER% (<50%) 
• Benefit less clear high ER% (≥50%)

• Benefit with low PR% (<10%)
• Benefit less clear high PR% (≥10%)

• Higher with sTIL ≥1%
• Benefit less clear sTIL <1%

• No association

Loi et. al. SABCS 2023
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Loi, S, et al. SABCS 2023.



Conclusions: PST with and without IOs in HR+ HR-BC

Key findings from KN756 and Checkmate-7FL biomarker data: 
• Neoadjuvant IO in combination with NACT improved pCR rates in high-risk HR+/HER2- 

early-stage breast cancer, particularly in patients who were:
• PD-L1+ (both KN756 and 7FL; especially with higher CPS scores)
• Low %ER (<50% 7FL; if PD-L1+, regardless of ER% <10% or ≥10% in KN756)
• Low %PR (7FL)
• Low sTILs (≥1%) (7FL) 

Future steps: 
• Await EFS data!
• How do these biomarkers correlate with EFS data?
• Response by sTIL in KN756? Response in the PD-L1 subgroup over the full continuum 

of ER % positivity?
• Should biomarker(s) be used to help allocate IO for patients with HR+/HER2- EBC? Can 

we identify an optimal composite biomarker of IO response?

      GOAL = Balance efficacy with potential toxicity and help individualize care!!

Conclusions: Are there unique biomarkers of IO response for HR+/HER2- EBC?
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INTRODUCTION

For the purpose of advanced breast cancer (ABC) guidelines,
ABC comprises both inoperable locally advanced breast
cancer (LABC) and metastatic breast cancer (MBC).1,2

Advanced/metastatic breast cancer remains a virtually

incurable disease, with a median overall survival (OS) of
about 3 years and a 5-year survival rate of around 25%,3,4

even in countries without major accessibility problems.
Survival is strongly related to breast cancer subtype, with
the major advances seen in human epidermal growth factor
receptor 2 (HER2)-positive ABC.5-9 ABC is a treatable disease
with several available therapies and many others in devel-
opment. However, their impact on survival and quality of
life (QoL) of ABC patients has been slow3 and different for
de novo versus recurrent ABC, with the latter becoming
much harder to treat in recent years.10 Outcomes are also
strongly related to access to the best available care, which
includes not only the most efficacious medicines, but also
multidisciplinary, specialised care, implementation of

*Correspondence to: Dr Fatima Cardoso, Breast Unit, Champalimaud Clinical
Center, Av. De Brasília s/n, 1400-038 Lisbon, Portugal.
E-mail: fatimacardoso@fundacaochampalimaud.pt (F. Cardoso).

5These Guidelines were developed by the European School of Oncology
(ESO) and European Society for Medical Oncology (ESMO).
0923-7534/© 2020 European Society for Medical Oncology. Published by

Elsevier Ltd. All rights reserved.
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Current Approach to Newly Diagnosed HR+/HER2-MBC

Slide credit: clinicaloptions.com

First-line Therapy

PALOMA-21-3

(N = 666)
MONALEESA-24,5

(N = 668)
MONALEESA-36,7

(N = 365)
MONALEESA-78,9

(N = 672)
MONARCH-310,11

(N = 493)

Endocrine partner Letrozole Letrozole Fulvestrant Letrozole, 
anastrozole, or 

tamoxifen + LHRH 
agonist

Letrozole

CDK4/6 inhibitor Palbociclib Ribociclib Ribociclib Ribociclib Abemaciclib

Median PFS, CDK4/6 inhibitor + 
ET vs ET, mo

27.6 vs 14.5 (Δ13.1) NR vs 14.7 20.5 vs 12.8 (Δ7.7)6 23.8 vs 13.0 (Δ10.8) NR vs 14.7

Hazard ratio 0.58 0.56 0.596 0.55 0.54

Median OS, CDK4/6 inhibitor + 
ET vs ET, mo

53.9 vs 51.2 63.9 vs 51.4 67.6 vs 51.87 58.7 vs 48.0 Not yet reported
(Int: 67.1 vs 54.5 

mo; hazard ratio = 
0.754)11

Hazard ratio 0.956 0.76 Significant 0.677 0.76 Significant --

Summary Data for First-line Combinations of CDK4/6 
Inhibitors and ET in HR+/HER2- Breast Cancer: PFS and OS

1. Finn. NEJM. 2016;375:1925. 2. Rugo. Breast Cancer Res Treat. 2019;174:719. 3. Finn. ASCO 2022. Abstr LBA1003. 4. Hortobagyi. NEJM. 
2016;375:1738. 5. Hortobagyi. NEJM. 2022;386:942. 6. Slamon. JCO. 2018;36:2465. 7. Neven. Breast Can Res. 2023;25:103. 8. Tripathy. 
Lancet Oncol. 2018;19:904. 9. Lu. Clin Cancer Res. 2022;28:851. 10. Goetz. JCO. 2017;35:3638. 11. Goetz. ESMO 2022. Abstr LBA15. 

PALOMA-2
(N=666)

MONALEESA-2
(N=668)

MONALEESA-3
(N=365)

MONALEESA-7
(N=672)

MONARCH-3
(N=493)

Endocrine 
Partner

Letrozole Letrozole Fulvestrant Letrozole, 
Anastrozole, or 

Tamoxifen + 
LHRH ag

Letrozole

CDK 4/6 
Inhibitor

Palbociclib Ribociclib Ribociclib Ribociclib Abemaciclib

Median PFS 27.6 vs. 14.5
(△ 13.1)

NR vs. 14.7 20.5 vs. 12.8
(△ 7.7)

23.8 vs. 13.0
(△ 10.8)

29 vs. 14.8
(△ 14.2)

Hazard Ratio 0.58 0.56 0.59 0.55 0.53

Median OS 53.9 vs. 51.2 63.9 vs. 51.4 67.6 vs. 51.8 58.7 vs. 48.0 68.8 vs. 53.7

Hazard Ratio 0.956 0.76 0.67 0.76 0.80



The Treatment Journey for MBC
PFS, OS and SPP (Survival Post Progression)

Diagnosis
Surgery, initial
Adjuvant Rx

Broglio C, JNCI. 2010

OS = PFS + (OS - PFS)
or  OS = PFS + SPP

Progression 
End of 

Life Care

A B DC E F

#  Rx lines

PFS SPP
OS

DFI

G H

This presentation is the intellectual property of Carlos Barrios. Contact barrios@thummi.global for permission to reprint and/or distribute

Diagnosis
Surgery
Initial

Adjuvant
therapy

Distant
Recurrence
First Line
Therapy Progression

ET + CDK4/6 inhibitors

ET 
Resistant 
and/or 

Refractory

Post-Progression
Survival

Progression
Free

Survival

The Treatment Journey for Metastatic HR+ BC
The hidden & unexplored impact of Post-Progression Survival

2L ET 3L ET

Strategies 
post-CDK4/6i

Rx beyond progression
PIK3CAi

SERDs et al.
AKT inhibitors
New ET agents
PARP inhibitors
Chemotherapy

3L CT1L CT 2L CT 4L CT PC

PARP inhibitors
Chemotherapy
• Combinations or Single Agents
ADCs
• Anti-TROP2 agents
• Anti-HER2 low agents

End of 
Life Care

Barrios, C. Author’s slide, 2023

Previous exposure 
to an adjuvant 

CDK4/6 inhibitor

Even though individual drug names are not mentioned in this slide, 
please refer to local regulatory approvals in your country or region as 
these may differ from place to place. 

Strategies post-CDK4/6i
 PIK3CAi  New ET agents
 SERDs  PARPi
 AKTi  CT and ADC



AKT is a Central Node in the PIK3C/AKT/mTOR Pathway

Tumour type PIK3CA  
mutation (%)

PTEN mutation 
or loss (%)

AKT1 mutation (%)

Breast 35 11 3
Prostate 

(metastatic)*
5 40 1

Bladder 22 9 1
Endometrial 53 66 2
Glioblastoma 9 30 <1

Head and Neck 18 2 <1
Lung: 

squamous
11 18 <1

Gastric-
esophageal

5 9 1

Ovarian <1 6 <1

• AKT is a central node in the PI3K-AKT-mTOR pathway

• Pathway activated by multiple mechanisms (tumour-
dependent), 

• activating mutations in PIK3CA (PI3K catalytic sub-unit) and AKT1; 

• loss of function alterations in PTEN

• AKT activation mediates resistance to inhibitors of RTKs, 
anti-hormonal agents and chemotherapy

MAPK

AKT is a central node in PI3K/Akt/mTOR pathway

Yap TA, et al. Curr Opin Pharmacol 2008; 8(4):393-412; Manning BD and Toker A. Cell. 2017;169(3):381-405

Source data:  TCGA; except *SU23/PCF Dream Team 
Tumour type PIK3CA  

mutation (%)
PTEN mutation 

or loss (%)
AKT1 mutation (%)

Breast 35 11 3
Prostate 

(metastatic)*
5 40 1

Bladder 22 9 1
Endometrial 53 66 2
Glioblastoma 9 30 <1

Head and Neck 18 2 <1
Lung: 

squamous
11 18 <1

Gastric-
esophageal

5 9 1

Ovarian <1 6 <1

• AKT is a central node in the PI3K-AKT-mTOR pathway

• Pathway activated by multiple mechanisms (tumour-
dependent), 

• activating mutations in PIK3CA (PI3K catalytic sub-unit) and AKT1; 

• loss of function alterations in PTEN

• AKT activation mediates resistance to inhibitors of RTKs, 
anti-hormonal agents and chemotherapy

MAPK

AKT is a central node in PI3K/Akt/mTOR pathway

Yap TA, et al. Curr Opin Pharmacol 2008; 8(4):393-412; Manning BD and Toker A. Cell. 2017;169(3):381-405

Source data:  TCGA; except *SU23/PCF Dream Team 

Yap TA, et al, Curr Op Pharma 2008.



CAPItello-291: Study Design
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CAPItello-291

Adults with HR+/HER2-unresectable 
or metastatic breast cancer
• Recurrence/progression while on or 

<12 months from the end of adjuvant 
AI, or progression on AI in advanced 
setting

• ≤ 2 lines prior endocrine therapy
• ≤ 1 line chemotherapy
• Prior CDK 4/6 inhibitor in at least 51% 

of patients
• HbA1c <8% and diabetes not 

requiring insulin
• FFPE tumor sample from the 

primary/recurrent cancer available for 
retrospective testing 

Stratification:
• Liver metastases 
• Prior CDK 4/6 inhibitors
• Geographic region

Co-Primary endpoints: 
• PFS in overall population; AND
• PIK3CA/AKT1/PTEN-biomarker-pos 

population

Secondary endpoints: 
• OS in overall population
• PIK3CA/AKT1/PTEN-biomarker-pos 

population
• ORR 
• DoR

R: 1:1

Fulvestrant

Capivasertib

Fulvestrant

Placebo

n=355 

n=353 

Turner NC, et al. NEJM 2023.



CAPitello-291: Investigator-Assessed PFS

Turner NC, et al. NEJM 2023.
Slide credit: clinicaloptions.com

155 150 127 212 99 97 80 76 65 62 54 49 38 31 26 22 21 12 12 9 3 3 2 1 1 0 0

134 124 77 64 48 47 37 35 28 27 24 20 17 14 11 6 6 2 2 2 1 1 1 0 0 0 0

CAPItello-291: Investigator-Assessed PFS

Turner. SABCS 2022. Abstr GS3-04.  

PFS in Overall Population

§ Study met dual primary endpoints, showing significantly prolonged PFS with capivasertib + Fulv vs placebo + Fulv in overall and 
AKT pathway–altered populations

§ PFS benefit consistent across subgroups, including those with prior CDK4/6 inhibitor and those with liver metastases
§ OS data at 28% maturity in overall population; HR: 0.74 in overall population; HR: 0.69 in AKT-altered population 

PF
S (

%
)

Patients at Risk, n

Capivasertib + Fulv

Placebo + Fulv

+ Censored
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0
Mo From Randomization

1 2 3 4 5 6 7 8 9 10 11121314 15 161718 1920 2122 2423 2526

355 330 266 252 207 199 172 166 138 133 115 98 78 64 55 44 43 25 25 21 8 8 5 2 2 1 0

353 329 207 182 142 136 106 100 86 81 66 59 51 41 33 24 23 12 11 10 4 4 3 1 1 0 0

Capivasertib + Fulv
(n = 355)

Placebo + Fulv
(n = 353)

PFS events 258 293
Median PFS, mo 
(95% CI)

7.2 (5.5-7.4) 3.6 (2.8-3.7)

Adjusted HR: 0.60 (95% CI: 0.51-0.71; 
2-sided P <.001)

PFS in AKT-Pathway Altered Population
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Capivasertib + Fulv
(n = 155)

Placebo + Fulv
(n = 134)

PFS events 121 115
Median PFS, mo 
(95% CI)

7.3 (5.5-9.0) 3.1 (2.0-3.7)

Adjusted HR: 0.50 (95% CI: 0.38-0.65; 
2-sided P <.001)



CAPitello-291: OS

This presentation is intellectual property of the author/presenter.  Contact 
Christy.Osgood@fda.hhs.gov for permission to reprint and/or distribute. 12San Antonio Breast Cancer Symposium®, December 5-9, 2023

Overall Survival
Overall
N=708 

Biomarker-Pos 
N=289 

Event #: 87 (25%) vs. 108 (31%)

Median = NR (NR, NR) vs NR (21.7, NR)

Event #: 41 (27%) vs. 46 (34%)

Median = NR (NR, NR) vs NR (20.3, NR)

Biomarker-Neg
N=313

Event #: 36 (25%) vs. 46 (27%) 

Median = NR (22.4, NR) vs. NR (21.3, NR)

HR = 0.91 (0.59, 1.41)HR = 0.69 (0.45, 1.05)HR = 0.74 (0.56, 0.98)

Turner NC, et al. NEJM 2023.



CAPitello-291: Adverse EventsCAPItello-291: Capivasertib, AKT inhibitor
Adverse Events

Turner SC, et al. SABCS 2022; Turner NC et al. N Engl J Med. 2023;388(22):2058-2070. 

AEs in > 10% of Patients

35% dose interruption; 20% dose reduction and Discontinuation rate 13%; 9% due to capivasertib
Turner NC, et al. NEJM 2023.



Toxicity Summary: Everolimus, Capivasertib, 
AlpelisibToxicity Summary: Everolimus, Capivasertib, Alpelisib

Alpelisib (PI3Ki) Capivasertib (AKTi) Everolimus (mTORi)
Toxicity All grades Grade 3+ All grades Grade 3+ All grades Grade 3+

Diarrhea % 57.7 6.7 72.4 9.3 30 2
Rash % 35.6 9.9 38 12.1 36 1
Hyperglycemia % 63.7 36.6 16.9 2 13 4
Stomatitis % 24.6 2.5 14.6 2 56 8
Discontinuation 
rate 

25% 13% 19%

Rugo et al Ann Oncology 2020; Rugo et al ASCO 2023; Baselga et al NEJM 2012



CAPitello-291: Conclusions
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Capivasertib Conclusions
• Granted regular approval Nov 16, 2023: In combination with 

fulvestrant for the treatment of adult patients with hormone receptor 
(HR)-positive, human epidermal growth factor receptor 2 (HER2)-
negative, locally advanced or metastatic breast cancer with one or 
more PIK3CA/AKT1/PTEN-alteration as detected by an FDA 
approved test following progression on at least one endocrine 
based regimen in the metastatic setting or recurrence on or within 
12 months of completing adjuvant therapy 

• First approval of an inhibitor of serine/threonine kinase AKT

• Contemporaneous Pre-Market Approval for FoundationOne® CDx

This presentation is intellectual property of the author/presenter.  Contact 
Christy.Osgood@fda.hhs.gov for permission to reprint and/or distribute.



ERS1mut TimelineERS1mut Timeline 

1997 2013 2023

Discovery Role of ERS1
In endocrine resistance

First in class
ERS1 antagonist

FIGURE 1 | The ESR1 gene and most common mutations [reprinted with permission—Ma et al. (1)]. A schematic diagram of estrogen receptor-α (ERα) 
mutations and their frequencies in ER+ metastatic breast cancer after therapy with aromatase inhibitors and other endocrine agents. The structural domains of ERα 
are shown, including the transcription activation function 1 (AF1) domain, the DNA-binding domain (DBD), the receptor dimerization and nuclear localization (hinge) 
domain, and the ligand-binding domain (LBD), and AF2 domain.

4

Reinert et al. ESR1 Mutations in Breast Cancer

Frontiers in Oncology | www.frontiersin.org March 2017 | Volume 7 | Article 26

Schiavon et  al. explained this difference by hypothesizing that 
preexisting ESR1 mutant subclones are selected by AI therapy, but 
the tumor burden in the micrometastatic setting may be too low 
for such clones to be detected (24). This hypothesis-generating 
association should be further evaluated in prospective studies, 
even more so with the recent publication of the extension of AI 
adjuvant therapy to 10 years (32).

Which subgroups are at higher risk of developing ESR1m?
– HR+ advanced breast cancer
– Resistance to AIs
– Secondary (acquired) resistance
– Long disease control interval with ET
– Aromatase inhibitors used in the metastatic setting
– Bone and visceral disease

HOW SHOULD WE TEST FOR  
ESR1 MUTATIONS?

Initial studies describing ESR1 mutations were performed in 
metastatic tumor samples from retrospective cohorts and clinical 
trials. Mutations were detected by whole-genome sequencing and 
were confirmed with analysis of the originating tumors (2). With 
the potential evolution of the tumor genome through treatment, 
repeated sampling of a tumor would be required to optimally 
guide therapy, because the mechanism of resistance may not be 
evident in analyses of pre-treatment samples. Yet, serial biopsies 
of recurrent, metastatic cancer would be invasive, risky, and unac-
ceptable to many patients.

The ability to study non-hematologic cancers through 
minimally invasive sampling of blood is an exciting and rapidly 
advancing field in cancer diagnostics. These liquid biopsies have 

been driven both by major technologic advances, including the 
isolation of intact cancer cells and the analysis of cancer cell-
derived DNA from blood samples and by the increasing applica-
tion of molecularly driven therapeutics, which rely on accurate 
and timely measurements of biomarkers (33). Tumor-derived 
DNA is found in the plasma of patients with recurrent cancer, 
and in-depth analysis of circulating tumor DNA (ctDNA) 
presents a non-invasive way of analyzing tumor genetics and 
the acquisition of selected abnormalities throughout the course 
of treatment. Numerous recent reports have demonstrated 
the detection of mutant ESR1 DNA alleles as tumor-specific 
biomarkers in cell-free DNA (cfDNA) from blood (21, 23, 
24, 34–37). In this context, digital polymerase chain reaction 
(PCR)-based methods appear to be a simpler and more sensitive 
approach for ESR1 detection in ctDNA than NGS techniques 
(35, 36, 38).

ESR1 MUTATION AS A BIOMARKER

At the present time, there is no evidence demonstrating a role for 
specific biomarkers other than ER, PR, and HER2 in the clinical 
management of HR+ advanced breast cancer (7, 8). Use of other 
biomarkers is considered experimental and currently should be 
reserved for selection of treatment in clinical trials. Technical 
developments in sequencing ctDNA, among other ongoing 
efforts attempting to define changes induced by previous treat-
ments, will allow us to better understand what happens after HR 
signaling is altered by therapy. The availability of new sensitive 
sequencing technologies to analyze data from prospective and 
retrospective studies will provide important information on the 
clinical significance of ESR1 mutations and possibly guide the 
development of novel therapeutic strategies.
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FIG 1. Kaplan-Meier estimates of PFS assessed by blinded independent central review are shown for (A) elacestrant versus
SOC in all patients, (B) elacestrant versus SOC in patients with detectable ESR1 mutation, (continued on following page)
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EMERALD: Phase III Study of Elacestrant vs. 
Investigator’s Choice
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EMERALD (Study RAD1901-308)

Postmenopausal women or 
men with ER+HER2- 
metastatic breast cancer
• 1-2 prior lines of ET
• 1 line ET with a CDK4/6i 
inhibitor

Elacestrant
345 mg PO daily

Investigator’s Choice 
(AI or fulvestrant)

R: 1:1

n=239 

n=239 

Primary endpoint
• PFS per BICR in ESR1-mut and ITT

Secondary endpoint
• OS in ESR1-mut and ITT

Stratification factors
• ESR1 mutation(s) (detected or not detected)
• Prior treatment with fulvestrant (yes or no)
• Visceral metastases (yes or no)

Bidart F-C, et al. JCO 2022.



EMERALD: PFS ResultsEmerald trial: ResultsEMERALD Trial: Results in ITT Population

Elacestrant is associated with a 30% reduction in the risk of 
progression or death in all patients with ER+/HER2- mBC

Elacestrant is associated with a 45% reduction in the risk of 
progression or death in patients harboring mESR1

All Patients Patients With Tumors Harboring mESR1

Bidard et al, JCO 2022

Bidard F-C. JCO 2022.

Elacestrant is associated with a 30% reduction 
in the risk of progression or death in all patients

with ER+/HER2- MBC

Elacestrant is associated with a 45% reduction 
in the risk of progression or death in patients 

harboring mESR1

Bidart F-C, et al. JCO 2022.



EMERALD: Safety
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Safety
  Elacestrant

%
(n=237)

SOC
%

(n=230)

Treatment-Emergent Adverse Events, All Grade (≥5% Higher with Elacestrant vs. SOC)
Nausea 35 19
Vomiting 19 9
Decreased Appetite 15 10
Constipation 12 6
Dyspepsia 10 2.6
Laboratory Abnormalities, All Grade (≥5% Higher with Elacestrant vs. SOC)
Cholesterol Increased 30 17
Triglycerides Increased 27 15
Creatinine Increased 16 6
Hemoglobin Decreased 26 20

Bidart F-C, et al. JCO 2022.



Conclusions
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Regulatory Decision-Making
• Indication restricted to patients with ESR1 mutations

– Trial met PFS endpoint in ESR1-mut and ITT, no potential OS detriment
– PFS improvement in ITT primarily attributable to ESR1-mut subgroup
– Modest PFS improvement in replacement trial may support approval

• Benefit-risk assessment unfavorable in patients without ESR1 mutations
– Marginally positive PFS trend, uncertainty in OS
– External data from oral ER antagonists suggest greater activity in ESR1-mut

• Safety
– ↑GI toxicity and ↑dyslipidemia



INAVO120: Study Design

Jhavery K, et al. SABCS 2023.

INAVO120 study design

* Central testing for PIK3CA mutations was done on ctDNA using FoundationOne®Liquid (Foundation Medicine). In China, the central ctDNA test was the PredicineCARE NGS assay (Huidu). † Defined per 4th European School of Oncology 
(ESO)–European Society for Medical Oncology (ESMO) International Consensus Guidelines for Advanced Breast Cancer. 1 Primary: relapse while on the first 2 years of adjuvant ET; Secondary: relapse while on adjuvant ET after at least 2 
years or relapse within 12 months of completing adjuvant ET.  ‡ OS testing only if PFS is positive; interim OS analysis at primary PFS analysis; **Pre-menopausal women received ovarian suppression. ctDNA, circulating tumor DNA; R, 
randomized. 1. Cardoso F,  et al. Ann Oncol 2018;29:1634–1657.

This presentation is the intellectual property of the authors. Contact jhaverik@mskcc.org for permission to reprint and/or distribute

N=325
Key eligibility criteria

Enrichment of patients with poor prognosis:
• PIK3CA-mutated, HR+, HER2- ABC by central 
ctDNA* or local tissue/ctDNA test

• Measurable disease
• Progression during/within 12 months of 

adjuvant ET completion

• No prior therapy for ABC
• Fasting glucose <126 mg/dL and HbA1C <6.0% 

Inavolisib (9 mg QD PO)
+ palbociclib (125 mg PO QD D1-D21)

+ fulvestrant (500 mg C1D1/15 and Q4W)**

Placebo (PO QD)
+ palbociclib (125 mg PO QD D1-D21)

+ fulvestrant (500 mg C1D1/15 and Q4W)**

SU
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Until PD 
or toxicity

R
1:1

Stratification factors:
• Visceral Disease (Yes vs. No)
• Endocrine Resistance (Primary vs. Secondary)†
• Region (North America/Western Europe; Asia; Other)

Enrolment period: December 2019-September 2023

Endpoints
• Primary: PFS by Investigator
• Secondary: OS‡, ORR, BOR, CBR, DOR, PROs 

San Antonio Breast Cancer Symposium – December 5-9, 2023
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INAVO120: Investigator-Assessed PFS

Jhavery K, et al. SABCS 2023.

Primary endpoint: PFS (investigator assessed)

This presentation is the intellectual property of the authors. Contact jhaverik@mskcc.org for permission to reprint and/or distribute

Inavo+Palbo+Fulv 
(n=161)

Pbo+Palbo+Fulv 
(n=164)

No. of events, n (%) 82 (50.9) 113 (68.9)
Median (95% CI), mo 15.0 (11.3, 20.5)  7.3 (5.6, 9.3) 
Stratified hazard ratio (95% CI) 0.43 (0.32, 0.59)

p<0.0001

Patients at risk:  
Inavo+Palbo+Fulv 161 134 111 92 66 48 41 31 22 13 11 5 1
Pbo+Palbo+Fulv 164 113 77 59 40 23 19 16 12 6 3 3 1
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Inavo+Palbo+Fulv
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82.9%

6-month 

55.9%

55.9%

12-month 

32.6%
46.2%

18-month 

21.1%

CCOD: 29th September 2023
CI, confidence interval; Fulv, fulvestrant;  Inavo, inavolisib; mo, months; Palbo, palbociclib; Pbo, placebo;  PFS, progression-free survival.

Median follow-up: 21.3 
months

San Antonio Breast Cancer Symposium – December 5-9, 2023
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INAVO120: ORR and DOR

Jhavery K, et al. SABCS 2023.

ORR and DOR
San Antonio Breast Cancer Symposium – December 5-9, 2023
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Inavo+Palbo
+Fulv (n=94)

Pbo+Palbo+Fulv 
(n=41)

No. of events, n (%) 46 (48.9)  27 (65.9)
Median (95% CI), mo  18.4 (10.4, 22.2) 9.6 (7.4, 16.6)
Stratified hazard ratio (95% CI) 0.57 (0.33, 0.99)

Patients at risk:  
Inavo+Palbo+Fulv 94 89 71 58 43 32 29 17 12 11 7 3
Pbo+Palbo+Fulv 41 41 29 21 12 8 7 5 2 2 1 1

OR
R*

, %

Inavo arm Pbo arm

100
90
80
70
60
50
40
30
20
10
0

58.4%

25.0%

7%

ORR
Δ 33.4%

Inavo+Palbo+Fulv 
(n=161)

Pbo+Palbo+Fulv 
(n=164)



REVIEW ARTICLE OPEN

An emerging generation of endocrine therapies in breast
cancer: a clinical perspective
Rima Patel 1✉, Paula Klein1, Amy Tiersten1 and Joseph A. Sparano 1

Anti-estrogen therapy is a key component of the treatment of both early and advanced-stage hormone receptor (HR)-positive
breast cancer. This review discusses the recent emergence of several anti-estrogen therapies, some of which were designed to
overcome common mechanisms of endocrine resistance. The new generation of drugs includes selective estrogen receptor
modulators (SERMs), orally administered selective estrogen receptor degraders (SERDs), as well as more unique agents such as
complete estrogen receptor antagonists (CERANs), proteolysis targeting chimeric (PROTACs), and selective estrogen receptor
covalent antagonists (SERCAs). These drugs are at various stages of development and are being evaluated in both early and
metastatic settings. We discuss the efficacy, toxicity profile, and completed and ongoing clinical trials for each drug and highlight
key differences in their activity and study population that have ultimately influenced their advancement.

npj Breast Cancer �����������(2023)�9:20� ; https://doi.org/10.1038/s41523-023-00523-4

INTRODUCTION
Anti-estrogen therapy targeting the estrogen-mediated signaling
pathway is an essential component of treatment for both early
and advanced-stage breast cancer expressing the estrogen
receptor (ER) and/or progesterone receptor (PR)1,2. The ER is a
steroid hormone nuclear receptor consisting of a DNA-binding
domain (DBD), ligand-binding domain (LBD), and transcriptional
activation function domains 1 (AF1) and 2 (AF2). Activated ER can
interact with estrogen-responsive elements (EREs) within the DNA
through its DBD or interactions with other transcription factors3.
ER expression occurs in the normal ductal epithelium and invasive
breast cancer, and immunohistochemistry can be used to semi-
quantitatively measure the degree of ER and PR expression in
tumor tissue4. Approximately 70% of all breast cancers exhibit ER
and/or PR expression and, therefore, potentially sensitive to
agents targeting the estrogen signaling pathway, also commonly
referred to as “endocrine therapy” (ET)5.
For the past 30 years, ET for the treatment of ER-positive

metastatic breast cancer (MBC) has generally included selective
estrogen receptor modulators (SERMs, e.g., oral tamoxifen),
aromatase inhibitors (AIs, e.g., oral anastrozole, letrozole, exemes-
tane), and selective estrogen receptor degraders/downregulators
(SERDs, e.g., intramuscular fulvestrant). Tamoxifen, AIs, or ovarian
function suppression plus AIs are also effective in reducing
recurrence risk when used as adjuvant therapy after primary
surgical treatment of localized disease. Of note, AIs have
demonstrated superior efficacy compared to tamoxifen, likely
due to the agonist activity of tamoxifen, which limits its
effectiveness6,7. Combination of CDK 4/6 inhibitors with ET has
been shown to improve objective response rate (ORR),
progression-free survival (PFS), and overall survival (OS) in ER-
positive MBC, whether added to an aromatase inhibitor (AI) for
first-line ET or fulvestrant as second-line ET after progression or
relapse on an AI8–13. The CDK 4/6 inhibitor abemaciclib has also
been shown to reduce recurrence risk when added to adjuvant AI
therapy in those with localized disease at high risk of recurrence14.
ET combined with agents targeting the PI3K-AKT-mTOR pathway,

specifically the mTOR inhibitor everolimus and PI3K inhibitor
alpelisib, in the metastatic setting has demonstrated improve-
ments in PFS compared with ET alone15,16.
Although most ER-positive breast cancers benefit from ET, some

exhibit primary intrinsic resistance, defined as disease progression
within 6 months of initiating ET for MBC or relapse within 2 years
of initiating adjuvant ET for early breast cancer (EBC). Secondary
endocrine resistance, defined as progression ≥6 months after
initiating ET for MBC, ultimately develops in most patients. Relapse
while on adjuvant ET but after the first 2 years or within 1 year of
completing adjuvant ET is also commonly characterized as
acquired secondary resistance5,17. Secondary resistance to AI
therapy is often associated with mutations in the ligand-binding
domain of Estrogen Receptor 1 (ESR1) that confers ligand-
independent activation of ERα18. ESR1 mutations occur in up to
50% of patients receiving AI therapy for MBC and in some
receiving adjuvant ET and may be detected by blood using assays
that identify circulating tumor DNA (ctDNA)19. ESR1 mutations
often occur concurrently with other genomic alterations, which
collectively are associated with a worse prognosis20. As described
in the PADA-1 trial, among patients with baseline ESR1 mutations
and on AI and CDK 4/6 inhibitor therapy for MBC, up to 27% can
develop a rise in ESR1 mutation based on ctDNA at a median time
of 15.6 months21. Other resistance mechanisms that may be
implicated in primary or secondary resistance to ET include ESR1
loss, amplification, and translocation, and activating alterations in
the PI3K-AKT-mTOR, RAS-MAPK, and CDK4/6-RB-E2F pathways,
some of which may also contribute to resistance to CDK4/6
inhibitors18.
A new generation of novel anti-estrogen therapies was

designed to circumvent some of these resistance mechanisms,
especially acquired ESR1 mutations, and address limitations of
current endocrine therapy, such as the agonist activity of
tamoxifen and intramuscular administration of fulvestrant. These
agents include variations of drug classes that already exist,
including SERMs other than tamoxifen and novel orally adminis-
tered SERDs. SERDs were initially identified as selective estrogen

1Department of Medicine, Division of Hematology and Medical Oncology, Icahn School of Medicine at Mount Sinai, Tisch Cancer Institute, New York, NY, USA.
✉email: Rima.patel2@mountsinai.org

www.nature.com/npjbcancer
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receptor down-regulators, but after studies confirmed that
reduction in ER levels through proteasome-dependent degrada-
tion was responsible for their efficacy, they were termed
degraders22. Novel anti-estrogen drug classes include complete
estrogen receptor antagonists (CERANs), selective estrogen
receptor covalent antagonists (SERCAs), and proteolysis-targeting
chimerics (PROTACs) targeting ER. Each class of medication has a
distinct mechanism of action, as illustrated in Fig. 1.
In this perspective, we will review novel anti-estrogenic agents

being evaluated in breast cancer, including preliminary or final
efficacy and safety results from some trials and ongoing and/or
planned randomized phase II–III trials that will define whether
they will have a potential role in the management of early and
advanced stage breast cancer. The results of phase I trials
evaluating various agents are summarized in Table 1, including
the recommended phase II doses (RP2D) when used as mono-
therapy or in combination with CDK4/6 inhibitors. The efficacy of
various novel agents in phase I or phase I–II trials are summarized
in Table 2, which also includes the characteristics of the patient
populations. Notably, several of these trial results have only been
presented at national meetings in abstract form and published
data in peer-reviewed journals is pending.

Results of completed randomized phase II–III trials
Randomized trials with results reported are summarized in Table 3,
including those for metastatic and localized breast cancer. In all of
these trials, only patients with ER-positive and HER2-negative
diseases were included. For some of these agents, other
randomized trials (Table 4) and/or non-randomized trials (Table 5)
are ongoing.

Selective estrogen receptor modulators
SERMs display ER antagonist or agonist activity, depending on the
cell type, through the recruitment of different co-activators and
co-repressors. SERMs inhibit activating function domain 2 (AF2) of
ER but allow for agonist signaling through activating function
domain 1 (AF1) through other signaling pathways such as mTOR,
PI3K, and MAPK. Tamoxifen was the first approved SERM and is
now widely used in the adjuvant and metastatic settings for breast
cancer based on randomized Phase III trials23,24. Evidence of
superior efficacy of AIs and the side effect profile of tamoxifen has
decreased the enthusiasm for this class though other SERMs are
currently in development6,7. Raloxifene, another SERM, was as
effective as tamoxifen in breast cancer prevention in high-risk

Fig. 1 Mechanisms of action of various classes of anti-estrogen therapies. The binding of estrogen to the ligand-binding domain of ER
induces an activating conformational change enabling its dimerization and intranuclear localization. Activated ER can interact with estrogen-
responsive elements (EREs), allowing for gene transcription, which leads to cell survival and proliferation. Aromatase inhibitors (AIs). AIs, block
estrogen production by inhibiting aromatase, which converts androgens to estrogens. Selective estrogen receptor modulators (SERMs). SERMs
competitively inhibit the binding of estrogen to ER. SERM-bound ER dimers interact with chromatin at EREs of the DNA. In the breast, they are
associated with co-repressors (CoR) which inhibit ER transcriptional activity, but in other organ tissues such as bone and endometrium, they
are associated with co-activators (CoA), allowing for gene transcription. Selective estrogen receptor downregulators (SERDs). SERDs are pure ER
antagonists. The SERD–ER complex is unable to translocate to the nucleus or undergo an open chromatin conformation that would allow
transcription of ER-regulated genes. The SERD-ER complex subsequently undergoes proteosomal degradation. Proteolysis targeting chimerics
(PROTACs): PROTACs are bifunctional molecules that consist of a ligand that binds to a target protein (ER) and another ligand that binds to the
E3 ubiquitin ligase. The interaction results in ubiquitination and degradation of the target protein through the ubiquitin-proteasome complex.
Complete estrogen receptor antagonists (CERANs). CERANs block both transcriptional activation domains (AF1 and AF2) of ER by recruiting
nuclear receptor corepressors (N-CoR) to inactivate AF1 and directly inhibit AF2. Selective estrogen receptor covalent antagonists (SERCAs).
SERCAs covalently bind to a cysteine residue (C530) on ER, resulting in ER inactivation and inhibition of gene transcription.
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Current Approach to Newly Diagnosed HR+/HER2- MBC

Stover ASCO 2023.Slide credit: clinicaloptions.com

Current Approach to Newly Diagnosed HR+/HER2- MBC

1L Therapy
Most patients: ET + ribociclib or abemaciclib
Select patients:
• ET only • CT
• ET + palbociclib • Trial

Stover. ASCO 2023. Breast Cancer—Metastatic: Abstracts Discussion 1.

Mets identified on imaging

Tumor biopsy

2L Therapy
PIK3CAm: Fulvestrant + alpelisib or capivasertib
ESR1m: Elacestrant
gBRCA1/2 (gPALB2/sBRCA): olaparib, talazoparib
No mut: Fulv ± everolimus or CDK4/6i switch

Rapid progression: CT/ADC

Consider ET switch: AI → Fulv

Definite 
progression

Indeterminate 
progression

Liquid biopsy → ESR1m Liquid biopsy → ESR1m



Heterogeneity of HR+ Disease

Llombard-Cusac A, et al, 2022; Adapted from Barrios C, at SBCS 2013.
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Only bone mets

Asymptomatic

Long DFI
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Short DFI
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Summary
•Conceptually, ET has changed forever!
•Therapeutic decisions following a progression of ET and CKD 4/6i 
should be made on genomic analysis of tumor or ctDNA.
•Alpelisib or Capasertib for PIK3CA-mutated and elacestrant for 
ERS1-mutated cancer.
• If no actionable mutations switch CDK 4/6i or Everolimus + ET.
•The sequence may be impacted as ADCs move up in treatment plan.
•Our ability to identify different clinical and biological profiles within 
this patient population is the most important factor in improving 
therapies and outcomes.
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