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A B S T R A C T

Background: Cyclin-dependent kinase (CDK) 4/6 inhibitors have remarkably improved the survival outcome in
hormone-receptor-positive (HR+)/human epidermal growth factor-2-negative (HER2-) metastatic breast cancer
(mBC). Although PALOMA-2 has met its primary outcome, overall survival (OS) was relatively shorter compared
to ribociclib and abemaciclib. In Korea, use of palbociclib + aromatase inhibitor (AI) + gonadotropin-releasing
hormone agonist (GnRHa) in premenopausal women is limited, and bilateral salpingo-oophorectomy (BSO) is
necessary before treatment. We analyzed the real-world clinical outcome and patient characteristics of letrozole
+ palbociclib in Korea.
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Methods: Between August 2016 and December 2022, 1017 HR+/HER2-postmenopausal women treated with
first-line letrozole + palbociclib were enrolled. Primary endpoints were real-world progression-free survival
(rwPFS) in total population and survival differences according to menopausal status (natural or induced
menopause via BSO).
Results: Patients’ median age was 56 (range 27–92) years. Median rwPFS, real-world OS (rwOS) were 28.0
months (95 % confidence interval [CI] 25.5–32.1) and 61.8 months (95 % CI 57.7–70.5), with a median follow-
up of 45.1 (IQR, 31.0–56.6) months. BSO group demonstrated similar median rwPFS compared to natural
menopause group. Adjuvant tamoxifen ± GnRHa was most frequently prescribed (73.3 %). Primary endocrine
resistant mBC patients showed inferior median rwPFS compared to secondary resistant mBC (14.6 vs. 27.1
months, p = 0.0063). Overall response rate was 47.5 %, with a disease control rate of 89.6 %.
Conclusion: This is the largest country-based real-world study on palbociclib + letrozole in Asia. Palbociclib
demonstrated median rwOS over 60 months, comparable to other pivotal trials.

1. Introduction

Breast cancer is the most prevalent cancer diagnosed among females
worldwide [1], and is also the most common cancer among Korean
women [2]. Hormone-receptor-positive (HR+)/human epidermal
growth factor-2-negative (HER2-) metastatic breast cancer (mBC) ac-
counts for approximately 70 % of all mBC in both Western and Asian
countries [3,4]. However, the median age of Asian patients is approxi-
mately 45–49 years, which is lesser than the median age of 70 years in
the Western population [5]. Considering the younger median age of
diagnosis in Asia, approximately 40 % of Asian patients are diagnosed
during the premenopausal stage, while approximately 20–30 % of these
patients are premenopausal in Western countries [6,7]. Other than age
and menopausal status, constant data suggest that biologic features are
different between Western and Asian patients [8,9].

The combination of cyclin-dependent kinase 4/6 (CDK4/6) in-
hibitors with endocrine treatment dramatically improves survival out-
comes in patients with HR+/HER2-mBC in terms of progression-free
survival (PFS) and overall survival (OS). At present, the combination of
CDK4/6 inhibitors with aromatase inhibitors (AI) is the standard first-
line treatment for HR+/HER2-mBC patients [10,11] based on three
pivotal clinical trials [12–14]. Palbociclib is the first-comer among the
three CDK4/6 inhibitors, and PALOMA-2 showed prolonged PFS with
letrozole + palbociclib compared to letrozole alone as the first-line
treatment. Based on the PALOMA-2 trial, palbociclib was approved by
the U.S Food and Drug Administration in February 2015 [15] and the
Korean Ministry of Food and Drug Safety in August 2016 [16].

PALOMA-2 trial met its primary endpoint (PFS) but did not show a
benefit in terms of OS [17]. Additionally, it showed a relatively shorter
median OS compared to that of other pivotal phase III trials with ribo-
ciclib or abemaciclib [18,19]. However, PARSIFAL-LONG reported a
median OS (mOS) of 61.9 months in letrozole + palbociclib-treated
patients [20], and Young-PEARL demonstrated mOS of 54.8 months in
premenopausal women, which is longer than that reported in the
PALOMA-2 [21]. Therefore, a growing need exists to investigate the
treatment pattern and survival outcome of palbociclib as first line
treatment in various real-world settings.

Randomized controlled trials (RCT) have strengths based on the
power of randomization and minimization of confounding bias. How-
ever, owing to the firm inclusion and exclusion criteria, the enrolled
patients may differ somewhat from the general population. Although a
risk of bias exists, population-based real-world studies reflect patients in
routine practice and may focus on specific topics or long-term clinical
outcomes, which are difficult to address in large-scale RCTs [22].
Large-scale real-world studies of palbociclib were conducted inWestern,
showing the superiority of palbociclib + AI compared to AI alone
[23–25]. Palbociclib demonstrated its clinical benefit in Asian
real-world studies as well, but the endocrine partners and treatment
lines were heterogeneous [26,27].

In Korea, only ribociclib + AI + gonadotropin-releasing hormone
agonist (GnRHa) is approved and reimbursed as first line treatment in

premenopausal women, based on MONALEESA-7 [28,29]. Use palbo-
ciclib + AI + GnRHa as first line treatment in premenopausal women is
limited, and bilateral salpingo-oophorectomy (BSO) is necessary before
starting palbociclib based on the unique approval and reimbursement
status. We previously reported that survival outcomes did not differ
between patients experiencing natural menopause and those who un-
derwent BSO in a pilot analysis [30]; however, a large-scale study is
warranted to analyze the unique characteristics of these patients in
Korea. Herein, we analyzed the real-world clinical outcomes of letrozole
+ palbociclib as first line treatment for HR+/HER2- Korean mBC pa-
tients, including distinct characteristics of Korean patients.

2. Patients and methods

2.1. Patients

Between August 2016 and December 2022, the medical records of
HR+/HER2-postmenopausal women treated with letrozole + palboci-
clib as first line treatment were reviewed. A total of 1017 patients from
21 tertiary institutions participating in the Korean Cancer Study Group
(KCSG) Breast Cancer Committee were enrolled. Patient data were
collected mostly from clinical data warehouses (CDW) or retrospectively
from a few institutions. The principal investigators or sub-investigators
thoroughly reviewed the records for accurate data collection. Enrolled
patients received at least one cycle of letrozole + palbociclib.

Menopause was defined in patients aged≥60 years or 12 consecutive
months of amenorrhea in those aged <60 years. Patients who were
premenopausal but received BSO for ovarian function suppression were
also considered postmenopausal. Estrogen receptor (ER) and proges-
terone receptor (PR) positivity and HER2-negativity was defined based
on the American Society of Clinical Oncology/College of American Pa-
thologists guideline (ASCO/CAP guideline) [31,32]. Luminal A-like
subtype was defined as ER and/or PR-positive, HER2 negative with a
Ki-67 index ≤20 %. Luminal B-like subtype was defined as ER and/or
PR-positive, HER2 negative with a Ki-67 index >20 % [33]. Primary
endocrine resistance was defined as recurrence during the first 2 years of
adjuvant tamoxifen or aromatase inhibitor treatment. Secondary endo-
crine resistance was defined as a recurrence during adjuvant tamoxifen
or aromatase inhibitor but after the first 2 years, or within the first 12
months after completion of adjuvant endocrine treatment [34]. To
reflect the unique characteristics of the patient population and adjuvant
treatment patterns in Korea, we introduced the concept of “tamoxifen
resistance” in the study. Among patients who received adjuvant
tamoxifen, recurrence within the first 2 years was classified as primary
tamoxifen resistance. In line with the definition of secondary endocrine
resistance, recurrence occurring after the initial 2 years of adjuvant
tamoxifen or within 12months following its completion was classified as
secondary tamoxifen resistance in our analysis.
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2.2. Treatment schedule and response evaluation

Patients received 125 mg palbociclib orally for 3 weeks, followed by
1 week off schedule (4-week cycle). Letrozole was administered at 2.5
mg/day orally daily. Premenopausal patients underwent BSO before
initiating palbociclib. Response evaluation was performed based on
appropriate imaging studies, such as computed tomography scans or
magnetic resonance imaging scans every three cycles, using the
Response Evaluation Criteria in Solid Tumors (RECIST) criteria version
1.1. 18F-FDG positron emission tomography-computed tomography was
also available for response evaluation based on physicians’ clinical
needs. Toxicity was assessed using the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events, version 4.0, during each
cycle. Treatment was administered until disease progression, unac-
ceptable toxicity, or patients’ refusal.

2.3. Statistical analysis

Real-world PFS (rwPFS) was defined as the period from the first date
of letrozole + palbociclib administration to the date of disease pro-
gression confirmed by imaging studies or patients’ death. Real-world
PFS2 (rwPFS2) was defined from the first date of letrozole + palboci-
clib administration to the progression date of subsequent line of therapy
or death of any cause. Real-world OS (rwOS) was calculated from the
start date of letrozole+ palbociclib administration to patient death or to
last follow-up date. Disease-free survival (DFS) was defined from the
date of surgery to cancer recurrence, confirmed by imaging studies.
Treatment-free interval (TFI) was defined from the completion date of
any type of adjuvant endocrine treatment such as tamoxifen or AIs to the
time of cancer recurrence. Overall response rate (ORR) was defined as
the proportion of patients showing a complete response (CR) or partial
response (PR) over the total patient population, based on RECIST v.1.1.
Disease control rate (DCR) was defined as the ratio of patients showing
CR, PR, or stable disease (SD) to the total patient population. Continuous
variables are presented as median values, and categorical variables are
presented as percentages. Continuous variables were compared using
the Mann-Whitney U test, while categorical variables were compared
using the chi-square or Fisher’s exact tests. Survival analyses were
performed using the Kaplan-Meier method and compared using the log-
rank test. Hazard ratios (HRs) for rwPFS and rwOS were estimated using
the Cox proportional hazards model with a 95 % confidence interval
(CI). Two-sided p-values are presented for all analyses, with p < 0.05
considered statistically significant. R ver. 4.4.1 (R Foundation for Sta-
tistical Computing, Vienna, Austria) was used for the statistical analyses.

3. Results

3.1. Patient characteristics

Between August 2016 and December 2022, 1017 HR+/HER2-pa-
tients who received first line letrozole + palbociclib were enrolled
(Supplementary Fig. 1). The median follow-up duration was 45.1
months (interquartile range 31.0–56.6 months). Table 1 summarizes the
baseline patient characteristics. The median age was 56 years (range,
27–92 years), which was slightly younger than that of the PALOMA-2
population. Approximately 40 % of the patients were classified as
luminal A-like subtype. Over one-third (383 patients, 37.7 %) of the
patients were initially diagnosed with de novo stage IV disease. Among
stage I–III breast cancer, approximately 80 % of patients received neo-
adjuvant or adjuvant chemotherapy. All patients were postmenopausal,
and 349 (34.3 %) patients underwent BSO for induced menopause prior
to initiation of palbociclib. Among the total patient population, 191
(18.9 %) patients were diagnosed with bone-only disease, more than
half of the patients (58.1 %) with visceral disease, and 190 (18.8 %)
patients presented with liver metastasis. The exact incidence of germline
Breast Cancer Susceptibility Gene 1/2 (gBRCA1/2) mutations is largely

Table 1
Baseline patient characteristics.

Patients (%)

Patients 1017
Age (years)
median, range 56 (27–92)
<40 51 (5)
40~64 725 (71.3)
65~75 164 (16.1)
>75 77 (7.6)
ECOG
0~1 585 (57.5)
2~3 309 (30.3)
Not assessed 123 (12.1)
Histology
Invasive ductal carcinoma 756 (74.4)
Invasive lobular carcinoma 125 (12.3)
Invasive papillary carcinoma 23 (2.3)
Mucinous carcinoma 19 (1.9)
others 13 (1.3)
Not assessed 80 (7.9)
Estrogen Receptor
Positive 939 (92.3)
Negative 22 (2.2)
Not assessed 56 (5.5)
Progesterone receptor
Positive 769 (75.6)
Negative 190 (18.7)
Not assessed 58 (5.7)
Luminal
A-like 434 (42.7)
B-like 340 (33.4)
Unknown 243 (23.9)
Stage at initial diagnosis
I 108 (10.6)
II 254 (25.0)
III 211 (20.7)
IV 383 (37.7)
Not assessed 61 (6.0)
Prior neoadjuvant and adjuvant chemotherapy 517 (50.8)
Neoadjuvant and adjuvant chemotherapy 37 (3.6)
Neoadjuvant chemotherapy 83 (8.2)
Adjuvant chemotherapy 397 (39.0)
Not done 105 (10.3)
Not assessed 12 (1.2)
Method of menopause
Natural menopause 657 (64.6)
Menopause after BSO 349 (34.3)
Not assessed 11 (1.1)
Presence of visceral metastasis
Nonvisceral 422 (41.5)
Asymptomatic visceral 478 (47.0)
Symptomatic visceral 113 (11.1)
Not assessed 4 (0.4)
Bone only metastasis
Yes 191 (18.9)
No 822 (81.1)
Liver metastasis
Yes 190 (18.8)
No 823 (81.2)
Lung metastasis
Yes 396 (39.1)
No 617 (60.9)
Brain metastasis
Yes 46 (4.5)
No 967 (95.5)
Palbociclib combined after prior letrozole
Yes 28 (2.8)
No 989 (97.2)
Familial history of cancer
No 663 (65.2)
Yes 210 (20.6)
Breast 82 (8.1)
Ovary 4 (0.4)
Pancreas 7 (0.7)
Prostate 5 (0.5)
Others 116 (54.2)

(continued on next page)
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unknown because most patients (73.5 %) did not undergo gBRCA1/2
mutation study. Among 270 (26.5 %) patients who underwent the
gBRCA1/2 mutation study, 28 (10.4 %) harbored gBRCA1/2 mutation.

Patients with recurrent breast cancer were relatively younger than de
novo mBC patients, and there was no statistical difference in the rate of
natural or induced menopause between the two groups (Supplementary
Table S1). Among patients with recurrent breast cancer, most received
adjuvant endocrine treatment (550 patients, 87.9 %), with a completion
rate of 41.5 %. The median duration of adjuvant endocrine treatment
was 4.4 years. Overall, 35 % of the patients did not complete adjuvant
endocrine treatment due to early cancer recurrence, and 12.3 % dropped
adjuvant endocrine treatment due to intolerance. Tamoxifen was the
most commonly prescribed adjuvant endocrine therapy (n= 374, 68 %).
Among 285 patients (45 %) who showed primary or secondary endo-
crine resistance to adjuvant tamoxifen or aromatase inhibitor based on
ESMO guideline [34], most patients (267 patients, 41.5 %) were treated
with tamoxifen. About 30 % of endocrine resistance patients showed
primary tamoxifen resistance, 61.4 % of patients with secondary
tamoxifen resistance (Table 2) [34].

Most patients (87 %, 543) had a median DFS (mDFS) of >24 months.
Regarding the TFI, 41.4 % of patients presented with a TFI >24 months,
and 51.5 % of patients presented with a TFI less than 12 months
(Table 2).

3.2. Efficacy

The median rwPFS of letrozole + palbociclib was 28.0 months (95 %
CI 25.5–32.1 months) (Fig. 1A). There were no statistical difference of
median rwPFS according to natural or induced menopause (Fig. 1B).
According to subtype, luminal A-like patients showed superior median
rwPFS compared to luminal B-like subtype patients (35.2 months vs.
21.3 months, HR= 0.63, p< 0.0001). Patients who were diagnosed with
de novo mBC demonstrated better median rwPFS compared to recurrent
breast cancer patients (3 2.6 months vs. 25.2 months, HR = 0.78, p =

0.005) (Supplementary Fig. 2A and B). Patients with bone-only metas-
tases showed favorable survival, while those with liver metastases
showed poor outcome. Patients with gBRCA1/2 or PALB2 mutations
demonstrated inferior PFS compared to patients without germline mu-
tations (Supplementary Fig. 3A).

The median rwOS of enrolled patients was 61.8 months (95 % CI
57.73–70.53 months) (Fig. 1C). There was no statistical difference of
median rwPFS between natural or induced menopause. However, pa-
tients who underwent BSO before starting palbociclib showed superior
median rwOS compared to natural menopause breast cancer patients
(72.7 months vs. 58.8 months, p = 0.025) (Fig. 1D). Luminal A-like
breast cancer patients showed longer median rwOS compared to luminal
B-like breast cancer (65.2 vs. 57.8 months, p< 0.0001), and de novomBC
patients showed superior median rwOS compared to the recurrent breast
cancer patient subgroup (70.5 months vs. 56.8 months, p = 0.0022)
(Supplementary Fig. 2C and 2D). Similar to the rwPFS data, patients
with bone-only metastasis showed superior rwOS, and patients with
liver metastasis showed poor rwOS outcomes. Patients with gBRCA1/2
or PALB2 mutations showed similar rwOS to patients without germline
mutations (Supplementary Fig. 3B).

The ORR and DCR were 47.5 % and 89.6 %, respectively

(Supplementary Table S2).

3.3. Survival according to endocrine resistance and TFI in recurrent
patients

Among patients with recurrent breast cancer, patients with second-
ary endocrine resistance demonstrated superior median rwPFS and
median rwOS, compared to those with primary endocrine resistance
(median rwPFS 26.8 vs. 14.5 months, p = 0.004; median rwOS 57.8 vs.
40.5 months, p = 0.049) (Fig. 2A and B). Trends for improvement of
median rwPFS and median rwOS were noted in patients with TFI ≥12
months, but without statistical significance (Fig. 2C and D).

We performed a subgroup analysis based on previous adjuvant
tamoxifen or AI treatment in patients with recurrence. Considering that
a large proportion of patients were pre-treated with adjuvant tamoxifen,
TFI was defined from the completion of treatment with adjuvant
tamoxifen or AI to the date of disease recurrence. In the adjuvant
tamoxifen pretreatment group, patients with secondary tamoxifen
resistance demonstrated longer median rwPFS and median rwOS than
those with primary resistance (Fig. 3A and B). Regarding TFI in the
tamoxifen-pretreated group, those with a TFI of ≥12-month showed
trends for better median rwPFS andmedian rwOS, but without statistical
significance compared to those with a TFI of<12-month (Fig. 3C and D).

Table 1 (continued )

Patients (%)

Not assessed 144 (11.4)
gBRCA status
Not detected 211 (20.8)
BRCA1 5 (0.5)
BRCA2 23 (2.3)
BRCA1 or BRCA2 VUS 19 (2.9)
PALB2 1 (0.1)
Not assessed 747 (73.5)

Table 2
Patient characteristics among recurrent disease.

Patients (%)

Patients 633
Menopausal state at initial cancer diagnosis
Premenopausal 386 (61.0)
Postmenopausal 232 (36.7)
Not assessed 15 (2.4)
Menopausal state at palbociclib administration
Postmenopausal ​
Natural menopause 399 (63.0)
Prior BSO 225 (35.5)
Not assessed 9 (1.5)
Adjuvant endocrine treatment
Refused 49 (7.8)
Yes 550 (87.9)
Not assessed 27 (4.3)
Adjuvant endocrine regimen
Tamoxifen or toremifene 374 (68.0)
Tamoxifen + GnRHa 29 (5.3)
Aromatase inhibitor 102 (18.5)
Tamoxifen followed by aromatase inhibitor 28 (5.1)
Aromatase inhibitor followed by tamoxifen 4 (0.7)
GnRHa monotherapy 1 (0.2)
Not assessed 12 (2.2)
Duration of endocrine treatment (year)
Median duration (range) 4.4 (0.09–12.77)
Completion of adjuvant endocrine treatment
No 304 (55.3)
intolerance 78 (12.3)
recur 226 (35.7)
Yes 228 (41.5)
Not assessed 18 (3.3)
Endocrine resistance
No 332 (52.4)
Yes 285 (45.0)
Primary tamoxifen resistance 92 (32.3)
Secondary tamoxifen resistance 175 (61.4)
Secondary resistance to aromatase inhibitor 18 (6.3)
Not assessed 16 (2.5)
Disease-free survival
<12 months 27 (4.3)
≥12 months 597 (95.7)
Treatment-free interval
<12 months 274 (51.5)
≥12 months 258 (48.5)

J. Lee et al.
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3.4. Post-progression treatment and PFS2

In our study, post-treatment and rwPFS2 data were analyzed in pa-
tients who demonstrated disease progression during treatment with
letrozole + palbociclib. Among 577 patients who showed disease pro-
gression, post-treatment data were collected from 547 patients. In this
subgroup, the median rwPFS was 15.1 months (95 % CI 14.1–16.7
months). More than half of the patients (315, 57.6 %) received endo-
crine treatment, and the most common endocrine treatment was ever-
olimus with exemestane (142, 25.9 %). Approximately one-third of the
patients (206, 37.7 %) received cytotoxic chemotherapy, and capecita-
bine was the most commonly prescribed (195 patients, 35.6 %)
(Table 3).

The median rwPFS2 was 23.8 months (95 % CI 21.4–26.4 months).
Chemotherapy-treated patients showed inferior median rwPFS2
compared to endocrine-treated patients (median rwPFS2, 22.0 months
vs. 24.7 months, p= 0.028) (Supplementary Fig. 4). This result might be
due to the selection of chemotherapy in the patient subgroup with

aggressive clinicopathological characteristics compared with the
endocrine-treated patient subgroup.

3.5. Dose adjustment and safety

Most patients received an initial dose of 125 mg as the starting dose.
Approximately half of the patients underwent one dose reduction to 100
mg, with a median 3 cycles of palbociclib before dose reduction
(Supplementary Table S3). The most common adverse event resulting in
dose reduction was neutropenia. Patients tolerated the treatment with
more than 90 % drug continuation without dropping out during
treatment.

The most common adverse event was neutropenia of any grade, and
82.5 % of the patients experienced grade 3 or 4 neutropenia. Approxi-
mately one-third of the patients complained of fatigue of any grade
(Supplementary Table S4). No new safety signals have been reported
compared to previous clinical trials.

Fig. 1. Survival Outcomes. (A) Median PFS in total patient population. (B) Median PFS according to method of menopause. (C) Median OS of total patient popu-
lation. (D) Median OS according to method of menopause.

J. Lee et al.
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4. Discussion

In this study, we aimed to analyze the real-world survival outcomes
and unique characteristics of patients treated with letrozole + palboci-
clib in routine clinical practice in Korea. Our study revealed outstanding
survival outcomes, with median rwPFS of 28.0 months and median
rwOS of 61.83 months, which are comparable to the survival outcomes
with the use of other CDK4/6 inhibitors. Furthermore, the survival data
are consistent with previously reported real-world data (RWD) in
Western countries and Japan [23,27,35]. To the best of our knowledge,
this is the largest RWD of homologous first-line letrozole+ palbociclib in
the Asian region.

Before the approval of ribociclib and abemaciclib, palbociclib was
the only CDK4/6 inhibitor used as first- or second-line treatment in
Korea. At that time, there were substantial limitations in the selection of

endocrine treatment for HR+/HER2-premenopausal mBC women.
PALOMA-2 demonstrated profound median PFS with first-line treat-
ment, but this trial had a critical weakness in omitting premenopausal
women from the inclusion criteria. Palbociclib granted FDA approval
only in postmenopausal women, and many other countries including
Korea approved palbociclib only in postmenopausal women based on
the suboptimal inclusion criteria of PALOMA-2. Therefore, premeno-
pausal women had limitations in using CDK4/6 inhibitors in the first-
line setting, although many clinicians assumed that palbociclib may
have a similar magnitude of benefit. Administration of AI + GnRHa in
premenopausal patients has been approved in Korea since 2017, and
they only had a choice of cytotoxic chemotherapy, except tamoxifen, as
a systemic treatment before this approval. Based on approval status,
adjuvant or palliative tamoxifen was mandatory before starting AI +
GnRHa in premenopausal women. A lack of evidence and the absence of

Fig. 2. Survival outcomes according to endocrine resistance and TFI in recurrent patient population. (A) Median PFS according to primary or secondary endocrine
resistance. (B) Median OS according to endocrine resistance. (C) Median PFS according to TFI <12 months or ≥ 12 months. (D) Median OS according to TFI.
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approval from authorities had driven many premenopausal patients to
receive cytotoxic chemotherapy irrespective of the disease burden. To
use palbociclib as a first-line treatment in premenopausal women, they
had to be postmenopausal status before treatment. Therefore, many
premenopausal women had to undergo BSO to become postmenopausal
before starting palbociclib. This is one of the biggest differences in Korea
compared to other RWDs.

This unmet medical need of premenopausal women came into focus
based on the positive results of the MONALEESA-7, which showed sig-
nificant survival benefit of AI + ribociclib in premopausal women [28].
Young-PEARL also focused on premenopausal patients and proved the
survival benefit of palbociclib + AI compared to capecitabine. Based on
Young-PEARL, FDA expanded the approval of palbociclib to premeno-
pausal women in December 2022 [36]. However, many premenopausal
women still have limitations in assessing palbociclib in real-world
practice due to approval issue in each country. Based on previous tri-
als, the Advanced Breast Cancer International Consensus recommended
that future trials should include both premenopausal and post-
menopausal women and that premenopausal women should be treated

equally to postmenopausal women [37].
In our study, 34.3 % of patients were premenopausal and underwent

BSO before starting letrozole + palbociclib. Therefore, a relatively
higher proportion of included patients were younger than those in the
PALOMA-2. Moreover, our study showed different recurrence pattern in
those with luminal-like breast cancer; 35 % recurred on adjuvant
endocrine treatment with shorter DFS and comprised a higher
endocrine-resistant population, which is the most important discrimi-
nating finding to consider compared with other Western populations.
Compared to PALOMA-2, more patients had a TFI of <12 months (51.5
% vs. 22.3 %), representing a more resistant tumor biology to endocrine
treatment. PALOMA-2 enrolled endocrine-sensitive patients with TFI
>12 months after the completion of adjuvant AI. Exceptionally,
approximately 10 % of tamoxifen-pretreated patients who showed
progression during adjuvant treatment or within 1 year of TFI were
enrolled in the PALOMA-2 [12,38]. In Korea, the approval of palbociclib
was based on the inclusion criteria of the PALOMA trials. Therefore,
tamoxifen-pretreated postmenopausal women who showed disease
progression during adjuvant treatment or TFI <1 year could receive AI

Fig. 3. Survival outcomes according to tamoxifen resistance and TFI in recurrent patient population who received adjuvant tamoxifen. (A) Median PFS according to
primary or secondary tamoxifen resistance. (B) Median OS according to tamoxifen resistance. (C) Median PFS according to TFI < 12 months or ≥ 12 months. (D)
Median OS according to TFI.
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+ palbociclib. Despite these different patient profiles, our data showed
consistent median rwPFS compared with the long-term follow-up data of
the PALOMA-2 trial and a median rwOS of over 60 months.

In this study, no difference in median rwPFS was observed based on
natural menopause or induced menopause (BSO). However, superior
median rwOS was observed in the BSO group. This is in line with Spain’s
RWD, which showed a similar rwPFS irrespective of menopausal status
and a superior rwOS in premenopausal group [39]. These data might
suggest that palbociclib may play a role irrespective of patients’ age and
molecular tumor biology. MONALEESA-7 which enrolled premeno-
pausal women exclusively, ribociclib + AI also showed a durable
extension of mPFS and OS [28,29]. Even though this may be a hypo-
thetical theory, CDK4/6 inhibitors, including palbociclib, may play a
role irrespective of menopausal status, patients’ age, and molecular
biology.

Recently, superior rwPFS2 was reported in P-REALITY X trial, but a
detailed post-treatment regimen was not reported [40]. In our study,
post-treatment regimens and rwPFS2 were reviewed in detail. Although
guidelines suggest subsequent endocrine treatment unless the patient
does not show endocrine resistance [10,11], approximately 40 % of the
patients in this study received cytotoxic chemotherapy as a subsequent
line of treatment. This preference for chemotherapy might be due to the
relatively short mPFS of standard endocrine treatment after the pro-
gression of CDK4/6 inhibitors [41]. Among patients who received
cytotoxic chemotherapy, capecitabine was the most preferred regimen.
This preference is based on the data of Young-PEARL, in which capeci-
tabine showed an mPFS of up to 14 months [21]. As fulvestrant mono-
therapy shows an mPFS of approximately 3 months and alpelisib is not
reimbursed with a high risk of adverse events [41,42], everolimus plus
exemestane was the most preferred regimen in patients receiving
endocrine treatment. The median rwPFS2 in this study was 23.8 months,
which is relatively shorter than that in the P-REALITY X trial, implying
more aggressive tumor behavior in this dataset. Although median
rwPFS2 was relatively short, median rwOS was durable in the analysis,
indicating the importance of early palbociclib administration. More
long-term follow-ups are warranted to estimate mPFS2 levels in the
clinical setting.

This study included postmenopausal women treated with first-line
regimen of letrozole + palbociclib homogeneously. Palbociclib demon-
strated a sustained survival benefit irrespective of the type of endocrine
resistance. In addition to favorable median rwPFS, our study reported a
durable median rwOS of>60months, which is longer than that reported
in pivotal PALOMA-2 and comparable to PARSIFAL-LONG. Although
MONALEESA7 used different CDK4/6 inhibitor (ribociclib) for the

study, it was an only trial dedicated for premenopausal women and the
endocrine resistance pattern may be similar to our patient cohort.
Within line of superior survival outcome of AI + CDK4/6 inhibitor over
AI alone in MONALEESA7, the favorable survival outcome of AI +

palbociclib was reproduced in our real-world study.
We estimated the following potential factors that may have

contributed to superior survival outcomes in our analysis. A higher
proportion of patients with de novo mBC may have also contributed to
this prolonged survival; in our cohort, de novo mBC accounted for
approximately 38 %, compared to 32 % in PALOMA-2. In our subgroup
analysis, de novo patients showed statistically superior survival out-
comes and these may influenced the durable rwPFS and rwOS. In
addition, the younger age distribution in our cohort led to a higher
proportion of patients receiving adjuvant tamoxifen without previous
aromatase inhibitor exposure when compared to PALOMA-2 trial. Most
recurrent breast cancer patients in our cohort had been pretreated with
tamoxifen and exhibiting primary or secondary tamoxifen resistance
without history of AI exposure. This unique treatment background,
which differs from other patient populations, might have influenced the
favorable survival outcome observed in our patient cohort. Lastly, the
distinct biological characteristics of Asian breast cancer patients [5,9],
compared to their Western counterparts, may also have contributed to
the observed outcomes.

The primary limitation of this study is its retrospective nature.
Although most data were collected from the CDW, some data were
collected in retrospective manner in few institutions. To overcome the
limitation of retrospective study, authors have intensively reviewed the
electronic medical records of each enrolled patient and rechecked the
missing data to enhance the accuracy of the collected medical data.
Another limitation is the lack of a control arm, which may be a reference
to interpretate the survival outcome of the study. Finally, comparing the
survival outcome with PALOMA-2 should be interpretated with caution
considering PALOMA-2 trial is based on randomized, control study
which controlled heterogeneous bias during analysis. Nevertheless, our
study has the strength of being the largest real-world Asian dataset of
homogeneous first-line treatment with letrozole + palbociclib in post-
menopausal patients with HR+/HER2-metastatic breast cancer.

5. Conclusion

This study analyzed the unique patient characteristics and survival
outcome of first-line letrozole + palbociclib as nationwide, real-world
data analysis. This data holds its significance as a largest real-world
dataset reported from Asia. We demonstrated a durable rwOS outcome
of over 60 months, comparable to that of other pivotal phase III clinical
trials. Furthermore, many patients who had undergone BSO, which is a
unique Korean patient population, were included in this study, and this
patient characteristic cannot be reproduced in other countries. These
findings can be one of a valuable reference to letrozole + palbociclib as
first-line treatment in real-world patient population.
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Glossary

AI aromatase inhibitors
BSO bilateral salpingo-oophorectomy
CDK4/6 cyclin-dependent kinase 4/6
CDW clinical data warehouses
CR complete response
DCR disease control rate
DFS disease-free survival
ER estrogen receptor
GnRHa gonadotropin-releasing hormone agonist
HR+/HER2 Hormone receptor-positive/human epidermal growth

factor receptor 2-negative;
KCSG Korean Cancer Study Group ORR, overall response rate
OS overall survival
PFS progression-free survival
PR progesterone receptor

PR partial response
RCT Randomized controlled trials
RECIST Response Evaluation Criteria in Solid Tumors
SD stable disease
TFI treatment-free interval
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