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Purpose YoungPEARL (KCSG-BR15-10) trial demonstrated a significant progression-free survival (PFS) benefit for premenopausal
patients with hormone receptor–positive/human epidermal growth factor receptor 2–negative (HR+/HER2–) metastatic breast cancer (MBC) for palbociclib plus exemestane with ovarian function suppression compared to capecitabine. However, the number of
tamoxifen-sensitive premenopausal patients was small because most recurrences occurred early during adjuvant endocrine therapy
(ET), with tamoxifen being the only drug used; hence, the data for these patients were limited. Here we present a subgroup analysis
according to tamoxifen sensitivity from the YoungPEARL study.
Materials and Methods Patients were randomized 1:1 to receive palbociclib+ET (oral exemestane 25 mg/day for 28 days, palbociclib 125 mg/day for 21 days, plus leuprolide 3.75 mg subcutaneously every 4 weeks) or chemotherapy (oral capecitabine 1,250 mg/
m2 twice daily for 14 days every 3 weeks). Tamoxifen resistance was defined as: relapse while on adjuvant tamoxifen, relapse within
12 months of completing adjuvant tamoxifen, or progression while on first-line tamoxifen within 6 months for MBC.
Results In total, 184 patients were randomized and 178 were included in the modified intention-to-treat population. PFS improvement in the palbociclib+ET group was observed in tamoxifen-sensitive patients (hazard ratio, 0.38; 95% confidence interval, 0.12 to
1.19). Furthermore, palbociclib+ET prolonged median PFS compared with capecitabine in tamoxifen-sensitive (20.5 months vs. 12.6
months) and tamoxifen-resistant (20.1 months vs. 14.5 months) patients. Palbociclib+ET demonstrated a higher rate of objective
response, disease control, and clinical benefit in tamoxifen-sensitive patients.
Conclusion This post hoc exploratory analysis suggests that palbociclib+ET is a promising therapeutic option for premenopausal
HR+/HER2– MBC patients irrespective of tamoxifen sensitivity.
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Introduction
CDK4/6 inhibitors in combination with endocrine therapy have become the standard of treatment for patients with
hormone receptor–positive/human epidermal growth factor
receptor 2–negative (HR+/HER2–) metastatic breast cancer (MBC) [1-3]. Palbociclib, a first-in-class CDK4/6 inhibitor, demonstrated anticancer activity in preclinical tests and
has been approved for the treatment of patients with HR+/
HER2– MBC in combination with endocrine therapy [4,5].
The YoungPEARL (KCSG-BR15-10, NCT02592746) trial demonstrated the efficacy and safety of palbociclib plus exemes-

tane with gonadotropin-releasing hormone (GnRH) agonist
in premenopausal patients with HR+/HER2– MBC, who
have been pretreated with tamoxifen [6]. Progression-free
survival (PFS) was significantly longer for patients in the
palbociclib arm compared to those in the capecitabine arm
(median PFS, 20.1 months vs. 14.4 months; hazard ratio [HR],
0.66; 95% confidence interval [CI], 0.44 to 0.99; p=0.024).
Despite the current clinical guidelines which recommend
endocrine therapy as the standard treatment of choice for
patients with HR+/HER2– MBC, the treatment patterns
have differed in South Korea: for premenopausal women, the
availability of endocrine therapies apart from tamoxifen and
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Table 1. Baseline characteristics

ITT population
Variable
Age, median (yr)
Hormone receptor status
ER+/PR+
ER+/PR–
ECOG PS
0
1-2
Disease status
Recurrent
De-novo
Metastases site
Visceral
Non-visceral only
No. of metastatic organs
1
≥2
Previous treatment for MBC
Yes
No
Previous CTx for MBC
Yes
No

Tamoxifen sensitive (n=25)a)

Palbociclib Capecitabine Palbociclib
plus ET
group
plus ET
group (n=92)
(n=86)
group (n=16)
44 (

44 (

48 (

70 (76.1)
22 (23.9)

64 (74.4)
22 (25.6)

14 (87.5)
2 (12.5)

54 (58.7)
38 (41.3)

48 (55.8)
38 (44.2)

64 (69.6)
28 (30.4)

Capecitabine
group
(n=9)
46 (

Tamoxifen resistant (n=153)
Palbociclib Capecitabine
plus ET
group
group (n=76)
(n=77)
43 (

44 (

8 (88.9)
1 (11.1)

56 (73.7)
20 (26.3)

56 (72.7)
21 (27.3)

9 (56.3)
7 (43.7)

4 (44.4)
5 (55.6)

45 (59.2)
31 (40.8)

44 (57.1)
33 (42.9)

60 (69.8)
26 (30.2)

10 (62.5)
6 (37.5)

5 (55.6)
4 (44.4)

54 (71.1)
22 (28.9)

55 (71.4)
22 (28.6)

45 (48.9)
47 (51.1)

43 (50.0)
43 (50.0)

6 (37.5)
10 (62.5)

6 (66.7)
3 (33.3)

39 (51.3)
37 (48.7)

37 (48.1)
40 (51.9)

50 (54.3)
42 (45.7)

38 (44.2)
48 (55.8)

12 (75.0)
4 (25.0)

4 (44.4)
5 (55.6)

38 (50.0)
38 (50.0)

34 (44.2)
43 (55.8)

46 (50.0)
46 (50.0)

41 (47.7)
45 (52.3)

9 (56.3)
7 (43.7)

5 (55.6)
4 (44.4)

37 (48.7)
39 (51.3)

36 (46.8)
41 (53.2)

22 (23.9)
70 (76.1)

18 (20.9)
68 (79.1)

6 (37.5)
10 (62.5)

5 (55.6)
4 (44.4)

16 (21.1)
60 (78.9)

13 (16.9)
64 (83.1)

Values are presented as number (%). CTx, cytotoxic chemotherapy; ECOG, Eastern Cooperative Oncology Group; ER, estrogen receptor;
ET, endocrine therapy; ITT, intention-to-treat; MBC, metastatic breast cancer; PR, progesterone receptor; PS, performance status. a)Four
patients in the palbociclib arm and five patients in the capecitabine arm had not received prior tamoxifen.

GnRH agonist has been limited due to poor accessibility of
pharmacy and a concern for poor prognosis [7,8]. In reality,
premenopausal women tended to receive cytotoxic chemotherapy rather than endocrine treatment with ovary function
suppression. This non-adherence to guidelines in Korea was
partially due to the aggressive biologic features, or the lack
of available endocrine treatment for premenopausal women.
Tamoxifen with or without the GnRH agonist has been the
only endocrine therapy available until the GnRH agonist
plus aromatase inhibitor became approved and reimbursed
in 2017. Hence, premenopausal women who showed disease
recurrence during adjuvant tamoxifen treatment had to receive cytotoxic chemotherapy, and this “tamoxifen-pretreated”
population became increasingly important.
The PALOMA-2 trial, which included post-menopausal
patients with HR+/HER2– breast cancer, demonstrated a
favorable outcome with palbociclib plus letrozole compared
to letrozole alone, despite the fact that 10% of tamoxifenpretreated patients had primary endocrine refractory disease
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[4,9]. Hence, in this post hoc analysis, we aimed to investigate whether tamoxifen-pretreated patients from the YoungPEARL study also had favorable outcomes. We wanted to
elucidate whether the efficacy of palbociclib was also applicable in premenopausal patients with HR+/HER2– MBC who
were previously treated with tamoxifen.

Materials and Methods
1. Study design
The YoungPEARL study design has been previously
published [6]. In brief, premenopausal women with HR+/
HER2– metastatic or recurrent breast cancer, whose disease
had progressed on prior tamoxifen irrespective of treatmentfree interval, were randomized 1:1 to receive either palbociclib plus combination endocrine therapy (oral exemestane 25
mg/day for 28 days and oral palbociclib 125 mg/day for 21
days every 4 weeks plus leuprolide 3.75 mg subcutaneously

Jiyun Lee, Tamoxifen-Resistance for Palbociclib+ET in MBC

Palbociclib+ET Capecitabine
(events/n)
(events/n)
Age (yr)
< 35
≥ 35
ECOG PS
0
1-2
Previous chemotherapy for
metastatic breast cancer
Yes
No
Visceral metastases
Yes
No
Tamoxifen resistance
Sensitive
Resistant
All patients

Hazard ratio
(95% CI)

5/10
39/82

5/9
42/77

0.94 (0.27-3.26)
0.63 (0.41-0.98)

29/54
15/38

24/48
23/38

0.86 (0.50-1.50)
0.45 (0.23-0.87)

11/22
33/70

11/18
36/68

0.82 (0.36-1.92)
0.62 (0.38-0.99)

27/45
17/47

25/43
22/43

0.76 (0.43-1.34)
0.50 (0.26-0.94)

6/16
38/76
44/92

6/9
41/77
47/86

0.38 (0.12-1.19)
0.73 (0.47-1.14)
0.66 (0.44-0.99)
0

0.25

0.50

0.75

1.0

2.0

3.0 3.5

Favors palbociclib plus endocrine therapy Favors capecitabine
Fig. 1. Forest plot of subgroup analysis for progression-free survival. CI, confidence interval; ECOG, Eastern Cooperative Oncology
Group; ET, endocrine therapy; PS, performance status.

every 4 weeks) or chemotherapy (oral capecitabine 1,250
mg/m2 twice daily for 2 weeks every 3 weeks).
Premenopausal status was defined as having had the most
recent menstrual period within the past 12 months in any
patients (irrespective of previous treatment received); for
patients on tamoxifen, a period within the previous 3 months,
a plasma estradiol concentration higher than 10 pg/mL, follicle-stimulating hormone (FSH) concentration of at least 40
IU/L, or plasma estradiol and FSH concentrations within the
laboratory-defined premenopausal range; or in patients with
chemotherapy-induced amenorrhea, a plasma estradiol concentration higher than 10 pg/mL, FSH concentration of at
least 40 IU/L, or plasma estradiol and FSH concentrations
within the laboratory-defined premenopausal range.
2. Outcomes and assessments
The primary endpoint of this study was investigatorassessed PFS; additional endpoints included overall survival
(OS), quality of life, toxicity, the proportion of patients with
objective responses, and the proportion of patients with clinical benefit, some of which have been published previously
[6]. In this post hoc analysis, PFS was analyzed for patients
with and without tamoxifen resistance in the modified intention-to-treat (ITT) population.

Tamoxifen resistance was defined as: (1) relapse while on
adjuvant tamoxifen, (2) relapse within 12 months of completing adjuvant tamoxifen, or (3) progression while on first-line
tamoxifen within 6 months for MBC [10]. Patients who did
not match any of the criteria above were defined as tamoxifen-sensitive.
3. Statistical analyses
Descriptive statistics were used to summarize patient
and treatment characteristics. PFS were calculated using the
Kaplan-Meier method and compared using the log-rank test.
Univariate/multivariate models for clinical characteristics in
association with PFS were based on Cox proportional hazards regression analyses. Results were presented as HRs
with 95% CIs. All analyses were performed using IBM SPSS
Statistics ver. 25 (IBM Corp., Armonk, NY) and GraphPad
Prism 6 (La Jolla, CA).

Results
1. Baseline demographic and disease characteristics
The ITT population in YoungPEARL was comprised of
178 randomized patients (palbociclib plus endocrine therapy
VOLUME 53 NUMBER 3 JULY 2021
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2. Efficacy in patients with/without tamoxifen-resistance
To better understand the impact of tamoxifen resistance
on the PFS benefits provided by palbociclib, the duration
of PFS were analyzed in subgroups of patients according to
tamoxifen sensitivity. The median PFS have been previously
reported in the ITT population as 20.1 months (95% CI, 14.2
to 21.8) vs. 14.4 (12.1 to 17.0) in the palbociclib plus endocrine
therapy and capecitabine arms, respectively (HR, 0.66 [95%
CI, 0.44 to 0.99]; p=0.024). In this post hoc analysis, we found
no significant difference in PFS according to tamoxifen sensitivity in the ITT population, palbociclib plus endocrine therapy arm, and capecitabine arm (Fig. 2A-C). However, for the
subgroup of patients who were sensitive to tamoxifen, the
median PFS were 20.5 months (95% CI, not available [NA]
to NA) and 12.6 (95% CI, 6.7 to 18.6) in the palbociclib plus
endocrine therapy and the capecitabine arms, respectively,
resulting in an absolute difference of 7.9 months in favor of
palbociclib plus endocrine therapy (Fig. 2D). For tamoxifenresistant patients, the median PFS were 20.1 months (95%
CI, 14.2 to 26.0) with palbociclib plus endocrine therapy and
14.5 months (95% CI, 12.4 to 16.5) with capecitabine, resulting in an absolute difference of 5.6 months (Fig. 2D). In this
exploratory analysis, the median PFS was prolonged with
palbociclib plus endocrine therapy compared to capecitabine
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Progression-free survival

1.00
0.75
0.50
0.25
0

Tamoxifen sensitive
Tamoxifen resistant

0
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Time (mo)

30

B

Progression-free survival

1.00
0.75
0.50
0.25
0

Tamoxifen sensitive
Tamoxifen resistant

0

10

20
Time (mo)

30

C

1.00
Progression-free survival

arm, n=92; capecitabine arm, n=86) [6]. The baseline demographic and disease characteristics were generally similar
among the treatment groups (Table 1). Most of the patients in
both groups who had recurrent disease had received tamoxifen as adjuvant endocrine therapy with or without a GnRH
agonist. Among the 124 patients who had recurrent disease
after curative surgery, we identified 12 patients and four
patients from the palbociclib plus endocrine therapy arm
and the capecitabine arm, respectively, who had a tamoxifensensitive recurrence. An additional four and five patients
with tamoxifen-naïve disease were identified from the palbociclib plus endocrine therapy arm and the capecitabine arm,
respectively, revealing a total of 25 patients with tamoxifensensitive MBC.
In the ITT population of the YoungPEARL study, the
improvement in PFS in the palbociclib plus endocrine
therapy group was previously observed in patients older
than 35 years, in patients with worse Eastern Cooperative
Oncology Group performance statuses, in those who had not
previously received chemotherapy in a metastatic setting,
and in those with non-visceral disease in subgroup analyses
[6]. In this post hoc subgroup analysis, we identified a greater improvement in PFS for patients who were sensitive to
tamoxifen (unstratified HR, 0.38 [95% CI, 0.12 to 1.19];
p=0.097) compared to those who were resistant to tamoxifen
(unstratified HR, 0.73 [95% CI, 0.47 to 1.14]; p=0.167) (Fig. 1).

0.75
0.50
0.25
0

Tamoxifen sensitive
Tamoxifen resistant

0

10

20
Time (mo)

30

Fig. 2. Progression-free survival curves according to tamoxifen
sensitivity for ITT population (20.2 months vs. 15.1 months) (A),
palbociclib plus endocrine therapy arm (20.5 months vs. 20.1
months) (B), and capecitabine arm (12.6 months vs. 14.5 months)
(C). (Continued to the next page)

regardless of tamoxifen sensitivity. Consistently, a longer
duration of response (DOR) was demonstrated in patients
treated with palbociclib plus endocrine therapy compared to
those treated with capecitabine for both tamoxifen-sensitive
(18.9 months [95% CI, 2.6 to 35.2] vs. 6.6 [95% CI, NA to NA])
and tamoxifen-resistant groups (17.1 months [95% CI, 9.5 to
24.8] vs. 13.1 [95% CI, 6.8 to 19.5]) (Table 2).
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D

Progression-free survival

1.00
0.75

Tamoxifen sensitive
Palbociclib+ET 20.5 (NA-NA)
Capecitabine 12.6 (6.67-18.58)

0.50

Tamoxifen resistant
Palbociclib+ET 20.1 (14.24-25.95)
0.73 (0.47-1.14)
Capecitabine 14.5 (12.45-16.47)

0.25

Overall HR (95% CI)

0

0

5

10

15
7
63
56

13
4
42
41

No. at risk
16
9
76
77

15
20
Time (mo)

25

30

5
2
18
9

1
0
7
4

0
0
2
1

8
2
30
18

0.38 (0.12-1.19)

0.66 (0.44-0.99)

Fig. 2. (Continued from the previous page) (D) Progression-free survival curves according to tamoxifen sensitivity and treatment arms. CI,
confidence interval; ET, endocrine therapy; HR, hazard ratio; ITT, intention-to-treat; NA, not available.

Table 2. Summary of treatment efficacy

		

Tamoxifen sensitive (n=25)			

Palbociclib plus ET Capecitabine
p-value
group (n=16)
group (n=9)		
Objective response, n (%)
Disease control, n (%)
Clinical benefit, n (%)
PFS (95% CI, mo)
PFS HR (95% CI)
DOR (95% CI, mo)
DOR HR (95% CI)

7 (43.8)
16 (100)
14 (87.5)
20.5 (NA-NA)
0.38 (0.12-1.19)
18.9 (2.6-35.2)
0.37 (0.02-5.86)

2 (22.2)
8 (88.9)
7 (77.8)
12.6 (6.7-18.6)
6.6 (NA-NA)
-

0.401
0.360
0.602
0.086
0.097
0.458
0.477

Tamoxifen resistant (n=153)

Palbociclib plus ET Capecitabine
group (n=76)
group (n=77)
27 (35.5)
73 (96.1)
60 (78.9)
20.1 (14.2-26.0)
0.73 (0.47-1.14)
17.1 (9.5-24.8)
0.59 (0.25-1.39)

27 (35.1)
70 (90.9)
51 (66.2)
14.5 (12.4-16.5)
13.1 (6.8-19.5)
-

p-value
> 0.99
0.717
0.194
0.164
0.167
0.217
0.223

CI, confidence interval; DOR, duration of response; ET, endocrine therapy; HR, hazard ratio; NA, not applicable; PFS, progression-free
survival.

In the tamoxifen-sensitive group, seven of 16 patients
(43.8%) treated with palbociclib plus endocrine therapy and
two of nine (22.2%) treated with capecitabine achieved an
objective response; in addition, 16 of 16 (100.0%) treated with
palbociclib plus endocrine therapy and eight of nine (88.9%)
treated with capecitabine achieved disease control (Table
2). The proportion of patients who achieved clinical benefit
were 87.5% (14 of 16) and 77.8% (7 of 9) for those treated with
palbociclib plus endocrine therapy and with capecitabine,
respectively. In the tamoxifen-resistant group, the proportions of patients who achieved objective response (35.5% vs.
35.1%) and disease control (96.1% vs. 90.9%) did not differ
markedly between the treatment arms (Table 2).

3. Prognostic factors for PFS
Multivariate analysis was performed to identify prognostic factors associated with PFS, and we found that tamoxifen
sensitivity was not associated with PFS benefit. The only factor significantly associated with favorable PFS, other than
non-visceral metastases, was palbociclib plus endocrine therapy over capecitabine (multivariate HR, 0.67; 95% CI, 0.44 to
1.01; p=0.054), as demonstrated in the original YoungPEARL
trial (Table 3).
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Table 3. Univariate and multivariate analyses for progression-free survival

Variable

Univariate analysis
HR (95% CI)

p-value

Multivariate analysis
HR (95% CI)

p-value

Age (yr)
< 35
1 (		≥ 35
0.92 (0.47-1.77)
0.794
ECOG PS				
0-1
1 (		≥2
1.03 (0.68-1.56)
0.903
Previous chemotherapy for metastatic breast cancer				
Yes
1 (		No
0.84 (0.52-1.35)
0.468
Visceral metastases				
Yes
1 (		1 (
No
0.56 (0.37-0.85)
0.007
0.56 (0.37-0.86)
0.007
Tamoxifen resistance				
Sensitive
1 (		Resistant
1.27 (0.69-2.32)
0.449
Treatment arm				
Capecitabine
1 (		1 (
Palbociclib+ET
0.66 (0.44-0.99)
0.049
0.67 (0.44-1.01)
0.054
CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; ET, endocrine therapy; HR, hazard ratio; PS, performance status.

Discussion
A previous study has reported that a GnRH agonist (goserelin) versus ovariectomy demonstrated similar failurefree survival and OS in premenopausal women with HR+/
HER2– breast cancer [11]. The YoungPEARL study was designed to compare the combination of palbociclib plus exemestane with ovarian suppression to single-agent chemotherapy in premenopausal women who had disease progression
or relapse during or after previous endocrine therapy with
tamoxifen [6]. Its unique strength lay in the study design,
which explicitly recruited premenopausal women with
HR+/HER2– MBC, the patient population which has been
under-represented in most clinical trials other than MONALEESA-7. We hypothesized that palbociclib in combination with endocrine therapy would be more efficacious than
a commonly used chemotherapeutic agent, capecitabine,
which has been preferentially used in the context of a lack of
endocrine options in the premenopausal population.
Premenopausal women with HR+/HER2– MBC constitute
a distinctive patient population; they are more commonly
found in Eastern countries compared to Western countries,
owing to different ethnic background along with environmental and social factors [12-16]. In many Asian countries,
the peak incidence of breast cancer occurs at the age range of
40-50 years, leading to about half of the patients being premenopausal. Other studies have reported that the patients
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in the younger age group exhibit higher risk for mortality,
which is attributable to aggressive tumor behavior requiring
rapid response [7,17-19]. Nevertheless, these patients have
been under-represented, or even marginalized, in most clinical trials leading to a lack of evidence and limited treatment
options.
In Asian countries, including South Korea, tamoxifen has
been the only endocrine therapy, other than GnRH agonists,
approved for premenopausal women, and hence most patients who received endocrine therapy at the time of enrolment were treated with tamoxifen in adjuvant or metastatic
settings [20]. Under these circumstances, 25 of the total 178
patient population (14%) included in YoungPEARL had a
tamoxifen-sensitive disease at study enrolment. In this post
hoc subgroup analysis, we revealed that tamoxifen sensitivity did not significantly influence the survival benefit associated with palbociclib plus endocrine therapy compared
to capecitabine. Both patient groups with and without
tamoxifen resistance demonstrated a longer median PFS
(tamoxifen-sensitive: 20.5 months vs. 12.6 months; HR,
0.38; tamoxifen-resistant: 20.1 vs. 14.5; HR, 0.73) and DOR
(tamoxifen-sensitive: 18.9 months vs. 6.6 months; HR, 0.37;
tamoxifen-resistant: 17.1 vs. 13.1; HR, 0.59) with palbociclib plus endocrine therapy compared to capecitabine. The
proportion of patients achieving an objective response (44%
vs. 22%), disease control (100% vs. 89%), and clinical benefit
(88% vs. 78%) were consistently higher with palbociclib plus

Jiyun Lee, Tamoxifen-Resistance for Palbociclib+ET in MBC

endocrine therapy compared to capecitabine, in patients
with tamoxifen-sensitive disease.
The MONALEESA-7 trial was the first study to evaluate the efficacy of ribociclib, another important CDK4/6
inhibitor, in addition to endocrine therapy in premenopausal
patients. It included 268 of a total 672 patients (40%) who
received previous (neo)adjuvant endocrine therapy, among
whom 205 (77%) had disease progression within 12 months
and 60 (22%) had disease progression after 12 months from
the end of endocrine treatment [21]. In subgroup analysis,
ribociclib was significantly favored for PFS benefit with HR
0.59 (95% CI, 0.40 to 0.87) for patients with treatment-free
interval of less than 12 months. However, PFS benefit for
those with a treatment-free interval of more than 12 months
was rather doubtful with an HR of 0.75 (95% CI, 0.28 to 2.02)
and the upper limit of the 95% CI notably crossing over 1.0. In
the subsequent report on OS, the patients with a treatmentfree interval of more than 12 months showed an HR of 1.53
(95% CI, 0.44 to 5.34), favoring a placebo over ribociclib [22].
The worrisome results from the subgroup analysis on PFS
benefit failed to translate into any OS benefits for patients
with treatment-free survivals of more than 12 months with
ribociclib treatment.
For palbociclib, an enthusiasm for clinical benefit for
patients with endocrine sensitivity was glimpsed in the PALOMA-3 trial which analyzed patients with any menopausal
status and endocrine-resistant HR+/HER2– breast cancer
[5]. This study included 410 of total 521 patients (79%) who
had a documented clinical benefit from at least one previous endocrine therapy. A subgroup analysis for patients with
sensitivity to previous hormonal therapy demonstrated a
favorable outcome with palbociclib over a placebo in both
PFS (10.2 months [95% CI, 9.4 to 11.2] vs. 4.2 months [95%
CI, 3.5 to 5.6]; HR, 0.42 [95% CI, 0.32 to 0.56]) and OS (39.7
months [95% CI, 34.8 to 45.7] vs. 29.7 months [95% CI, 23.8
to 37.9]; HR, 0.72 [95% CI, 0.55 to 0.94]) [5,23]. Taken together
with our results, these findings suggest that palbociclib is a
promising therapeutic option for patients with tamoxifensensitive MBC. Further data on OS for patients included in
the YoungPEARL trial, in regard to tamoxifen sensitivity, are

highly anticipated.
This study has several limitations including its exploratory, post hoc nature and the small number of patients analyzed. As such, these data must be interpreted with caution.
Despite these limitations, the significant PFS benefit with palbociclib therapy demonstrated in this post hoc analysis from
the YoungPEARL study holds a robust clinical significance
for making treatment decisions in this patient subgroup. In
conclusion, palbociclib plus exemestane with ovarian suppression is an active treatment option in tamoxifen-sensitive,
as well as tamoxifen-resistant, premenopausal patients with
HR+/HER2– MBC who are candidates for cytotoxic chemotherapy.
Ethical Statement
The study was approved by the institutional ethics committees of each
hospital and by the Korean Cancer Study Group Institutional Review
Board. Written informed consent was obtained from each participant.
Author Contributions
Conceived and designed the analysis: Lee J, Im SA, Kim GM, Jung KH,
Kang SY, Park IH, Kim JH, Ahn HK, Park YH.
Collected the data: Lee J, Im SA, Kim GM, Jung KH, Kang SY, Park IH,
Kim JH, Ahn HK, Park YH.
Contributed data or analysis tools: Lee J, Im SA, Kim GM, Jung KH,
Kang SY, Park IH, Kim JH, Ahn HK, Park YH.
Performed the analysis: Lee J, Im SA, Kim GM, Jung KH, Kang SY, Park
IH, Kim JH, Ahn HK, Park YH.
Wrote the paper: Lee J, Im SA, Kim GM, Jung KH, Kang SY, Park IH,
Kim JH, Ahn HK, Park YH.
Conflicts of Interest
Conflict of interest relevant to this article was not reported.
Acknowledgments
This work was supported by a grant from the South Korean Ministry of Health and Welfare (HA17C0055) and by the South Korean
National R&D Program for Cancer Control, Ministry of Health and
Welfare (1720150).

References
1. Preusser M, De Mattos-Arruda L, Thill M, Criscitiello C, Bartsch R, Ruhstaller T, et al. CDK4/6 inhibitors in the treatment
of patients with breast cancer: summary of a multidisciplinary round-table discussion. ESMO Open. 2018;3:e000368.
2. Marra A, Curigliano G. Are all cyclin-dependent kinases 4/6
inhibitors created equal? NPJ Breast Cancer. 2019;5:27.
3. Shah AN, Metzger O, Bartlett CH, Liu Y, Huang X, Cristofan-

illi M. Hormone receptor-positive/human epidermal growth
receptor 2-negative metastatic breast cancer in young women: emerging data in the era of molecularly targeted agents.
Oncologist. 2020;25:e900-8.
4. Finn RS, Martin M, Rugo HS, Jones S, Im SA, Gelmon K, et al.
Palbociclib and letrozole in advanced breast cancer. N Engl J
Med. 2016;375:1925-36.
VOLUME 53 NUMBER 3 JULY 2021

701

Cancer Res Treat. 2021;53(3):695-702

5. Cristofanilli M, Turner NC, Bondarenko I, Ro J, Im SA, Masuda N, et al. Fulvestrant plus palbociclib versus fulvestrant
plus placebo for treatment of hormone-receptor-positive,
HER2-negative metastatic breast cancer that progressed on
previous endocrine therapy (PALOMA-3): final analysis of
the multicentre, double-blind, phase 3 randomised controlled
trial. Lancet Oncol. 2016;17:425-39.
6. Park YH, Kim TY, Kim GM, Kang SY, Park IH, Kim JH, et
al. Palbociclib plus exemestane with gonadotropin-releasing hormone agonist versus capecitabine in premenopausal women with hormone receptor-positive, HER2-negative
metastatic breast cancer (KCSG-BR15-10): a multicentre, openlabel, randomised, phase 2 trial. Lancet Oncol. 2019;20:1750-9.
7. Kim JY, Kang D, Nam SJ, Kim SW, Lee JE, Yu JH, et al. Clinical
features and outcomes of invasive breast cancer: age-specific
analysis of a modern hospital-based registry. J Glob Oncol.
2019;5:1-9.
8. Yeo W, Ueno T, Lin CH, Liu Q, Lee KH, Leung R, et al. Treating HR+/HER2- breast cancer in premenopausal Asian women: Asian Breast Cancer Cooperative Group 2019 Consensus
and position on ovarian suppression. Breast Cancer Res Treat.
2019;177:549-59.
9. Finn RS, Gelmon KA, Ettl J, Asselah J, Castrellon A, Ruiz
Simón A, et al. Impact of prior treatment on palbociclib
plus letrozole (P+L) efficacy and safety in patients (pts) with
estrogen receptor-positive/human epidermal growth factor
receptor 2-negative (ER+/HER2–) first-line advanced breast
cancer (ABC): a PALOMA-2 subgroup analysis. Ann Oncol.
2017;28(Suppl 5):v79-80.
10. Cardoso F, Senkus E, Costa A, Papadopoulos E, Aapro M,
Andre F, et al. 4th ESO-ESMO International Consensus
Guidelines for Advanced Breast Cancer (ABC 4). Ann Oncol.
2018;29:1634-57.
11. Taylor CW, Green S, Dalton WS, Martino S, Rector D, Ingle JN,
et al. Multicenter randomized clinical trial of goserelin versus
surgical ovariectomy in premenopausal patients with receptor-positive metastatic breast cancer: an intergroup study. J
Clin Oncol. 1998;16:994-9.
12. Anders CK, Hsu DS, Broadwater G, Acharya CR, Foekens JA,
Zhang Y, et al. Young age at diagnosis correlates with worse
prognosis and defines a subset of breast cancers with shared
patterns of gene expression. J Clin Oncol. 2008;26:3324-30.

702

CANCER RESEARCH AND TREATMENT

13. Liao S, Hartmaier RJ, McGuire KP, Puhalla SL, Luthra S,
Chandran UR, et al. The molecular landscape of premenopausal breast cancer. Breast Cancer Res. 2015;17:104.
14. Kan Z, Ding Y, Kim J, Jung HH, Chung W, Lal S, et al. Multiomics profiling of younger Asian breast cancers reveals distinctive molecular signatures. Nat Commun. 2018;9:1725.
15. Yap YS, Lu YS, Tamura K, Lee JE, Ko EY, Park YH, et al.
Insights into breast cancer in the East vs the West: a review.
JAMA Oncol. 2019;5:1489-96.
16. Lin CH, Yap YS, Lee KH, Im SA, Naito Y, Yeo W, et al. Contrasting epidemiology and clinicopathology of female breast
cancer in Asians vs the US population. J Natl Cancer Inst.
2019;111:1298-306.
17. Anders CK, Johnson R, Litton J, Phillips M, Bleyer A. Breast
cancer before age 40 years. Semin Oncol. 2009;36:237-49.
18. Park YH, Lee SJ, Jung HA, Kim SM, Kim MJ, Kil WH, et al.
Prevalence and clinical outcomes of young breast cancer
(YBC) patients according to intrinsic breast cancer subtypes:
Single institutional experience in Korea. Breast. 2015;24:213-7.
19. Ahn SH, Son BH, Kim SW, Kim SI, Jeong J, Ko SS, et al. Poor
outcome of hormone receptor-positive breast cancer at very
young age is due to tamoxifen resistance: nationwide survival
data in Korea: a report from the Korean Breast Cancer Society.
J Clin Oncol. 2007;25:2360-8.
20. Kim TY, Ahn JH, Yoon JH, Sohn JH, Kim GM, Lee KH, et al.
Abstract P1-09-09: role of endocrine therapy in premenopausal patients with hormone receptor-positive metastatic breast
cancer, compared with postmenopausal patients: diachronic
analyses from nationwide cohort in Korea (KCSG BR 14-07).
Cancer Res. 2016;76(4 Suppl):P1-09-09.
21. Tripathy D, Im SA, Colleoni M, Franke F, Bardia A, Harbeck
N, et al. Ribociclib plus endocrine therapy for premenopausal women with hormone-receptor-positive, advanced breast
cancer (MONALEESA-7): a randomised phase 3 trial. Lancet
Oncol. 2018;19:904-15.
22. Im SA, Lu YS, Bardia A, Harbeck N, Colleoni M, Franke F, et
al. Overall survival with ribociclib plus endocrine therapy in
breast cancer. N Engl J Med. 2019;381:307-16.
23. Turner NC, Slamon DJ, Ro J, Bondarenko I, Im SA, Masuda
N, et al. Overall survival with palbociclib and fulvestrant in
advanced breast cancer. N Engl J Med. 2018;379:1926-36.

