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Purpose Use of cyclin-dependent kinase 4/6 inhibitors improved survival outcome of hormone receptor (HR) positive metastatic
breast cancer (MBC) patients, including Asian population. However, Asian real-world data of palbociclib is limited. We analyzed the
real-world clinical practice patterns and outcome in HR-positive, MBC Asian patients treated with palbociclib.

Materials and Methods Between April 2017 to November 2019, 169 HR-positive, human epidermal growth factor-2-negative MBC
patients treated with letrozole or fulvestrant plus palbocilib were enrolled from eight institutions. Survival outcome (progression-free
survival [PFS]), treatment response and toxicity profiles were analyzed.

Results Median age of letrozole plus palbociclib (145 patients, 85.8%) and fulvestrant plus palbociclib (24 patients, 14.2%) was 58
and 53.5 years, with median follow-up duration of 14.63 months (range 0.2 to 33.9 months). Median PFS (mPFS) of letrozole plus
palbociclib and fulvestrant plus palbociclib was 25.6 (95% confidence interval [Cl], 19.1 to not reached) and 6.37 months (95% Cl,
5.33 to not reached), comparable to previous phase 3 trials. In letrozole plus palbociclib arm, luminal A (hazard ratio, 2.86; 95% Cl,
1.20 to 6.80; p=0.017) and patients with good performance (Eastern Cooperative Oncology Group O-1 [hazard ratio, 3.68; 95% Cl,
1.70 to 7.96]) showed better mPFS. In fulvestrant plus palbociclib group, chemotherapy naive patients showed better mPFS (hazard
ratio, 12.51, 95% Cl, 1.59 to 99.17; p=0.017). The most common grade 3 or 4 adverse event was neutropenia (letrozole 86.3%,
fulvestrant 88.3%).

Conclusion To our knowledge, this is the first real-world data of palbociclib reported in Asia. Palbociclib showed comparable benefit

to previous phase 3 trials in Asian patients during daily clinical practice.
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Introduction

Breast cancer is the most common cancer diagnosed in
women worldwide [1], and also the most common cancer in
Korean women [2]. Hormone receptor (HR)-positive breast
cancer accounts 70% of breast cancer with median age of 60-
70 years in Western countries [3,4]. The incidence of HR-pos-
itive breast cancer in Asian countries is similar to Western [5],
but the peak incidence of breast cancer in Asian countries is

at around 45 to 50 years of age, relatively younger compared
to Western countries [6]. Furthermore, incidence of breast
cancer in young age population in some Asian countries even
exceed that of United States in recent generation [7]. There-
fore, higher proportion of patients are premenopausal in
Asian HR-positive breast cancer compared to Western pop-
ulation. Other than age population and menopausal status,
tumor biology and molecular signature may differ between
Western and Asian patient population [8,9].
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Fig. 1. Consort diagram of total patient population. HER2, human epidermal growth factor-2.

Endocrine treatment is the cornerstone of treatment in
HR-positive metastatic breast cancer (MBC) and combina-
tion of cyclin-dependent kinase 4/6 (CDK4/6) inhibitor
with letrozole or fulvestrant significantly improved clinical
outcomes including overall survival in HR-positive MBC
[10-15], changing the landscape of treatment paradigm. Pati-
ent population in previous phase III trials mostly reflected
Western population with higher proportion of postmenopau-
sal women. Subgroup analyses with Asian patient popula-
tion reported similar survival outcome and quality of life, but
with more hematologic toxicity [16,17]. However, only 10% to
30% of patients were Asian subpopulation in pivotal phase III
trials, relatively under-represented during analysis. Further-
more, phase III trials covering first-line endocrine therapy
plus CDK4/6 inhibitor [10,11,14] enrolled postmenopausal
patients only, except MONALEESA-7 [18]. PALOMA-3 and
MONARCH-2 trials enrolled premenopausal patients, but
those proportion was relatively small, taking 17% to 21% of
total patient population [13,15]. Premenopausal women take
considerable patient population in recurrent, MBC, but these
patients were consistently under-represented in pivotal trials.
There are growing need of clinical trials for Asian patients
and premenopausal HR-positive, human epidermal growth
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factor-2 (HER2)-negative breast cancer patients [19]. Until
pivotal phase III trial including Asian and premenopausal
women is presented, treatment guidelines are extrapolated
from data from Western, postmenopausal women. In this
situation, real-world data of Asian subpopulation may act as
a reference during patients’ treatment.

Palbociclib was approved by U.S. Food and Drug Admin-
istration in February 2015, and also approved by Korea Food
and Drug Administration in August 2016. After its approval,
palbociclib is the most widely used CDK4/6 inhibitor world-
wide including Korea. However, there are few data reporting
the treatment pattern and clinical outcome of palbociclib in
daily practice. Until present, there are no reports of real-world
data of palbociclib in Asian countries. Herein authors report
the clinical real-world evidence including progression-free
survival (PFS), clinical efficacy and toxicities of palbociclib
combined with endocrine therapy in Asian real-world prac-
tice.
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Table 1. Baseline patient characteristics

Characteristic Total Letrozole+palbociclib ~ Fulvestrant+palbociclib ~ p-value
No. of patients 169 145 24
Age (yr)
Median (range) 57.0 (37-92) 58.0 (37-92) 53.5 (38-72) 0.025
<65 129 (76.3) 106 (73.1) 23 (95.8) 0.020
> 65 40 (23.7) 39 (26.9) 1(4.2)
ECOG PS
0 89 (52.7) 74 (51.0) 15 (62.5) 0.668
1 58 (34.3) 52 (35.9) 6 (25.0)
2 20 (11.8) 17 (11.7) 3(12.5)
3 2(12) 2(1.4) 0
Histology
Invasive ductal carcinoma 135 (79.9) 116 (80.0) 19 (79.2) 0.933
Invasive lobular carcinoma 12 (7.1) 11 (7.6) 1(4.2)
Mixed 2(12) 2(1.4) 0
Mucinous 5(3.0) 4(2.8) 1(4.2)
Others 9(5.3) 7 (4.8) 2(8.3)
Unknown 6(3.6) 5(3.4) 1(4.2)
Estrogen receptor
Positive 168 (99.4) 145 (100) 23 (95.8) 0.304
Negative 1(0.6) 0 1(4.2)
Progesterone receptor
Positive 138 (81.7) 116 (80.0) 22 (91.7) 0.193
Negative 29 (17.2) 27 (18.6) 2(8.3)
Unknown 2(1.2) 2(1.4) 0
Luminal
A 54 (32.0) 45 (31.0) 9 (37.5) 0.677
B 70 (41.4) 62 (42.8) 8(33.3)
Unknown 45 (26.6) 38(26.2) 7(29.2)
Stage at initial diagnosis
1 22 (13.0) 16 (11.0) 6 (25.0) 0.850
11 39 (23.1) 32 (22.1) 7(29.2)
I 37 (21.9) 33 (22.8) 4(16.7)
v 63 (37.3) 57 (39.3) 6(25.0)
Not assessed 8(4.7) 7 (4.8) 1(4.2)
Prior neoadjuvant and adjuvant chemotherapy
Systemic chemotherapy 83 (78.3) 68 (77.3) 15 (83.4) 0.764
Neoadjuvant and adjuvant chemotherapy 13 (12.3) 10 (11.4) 3(16.7)
Neoadjuvant chemotherapy 5(4.7) 5(5.7) 0
Adjuvant chemotherapy 65 (61.3) 53 (60.2) 12 (66.7)
Not done 22 (20.8) 19 (21.6) 3(16.7)
Not assessed 1(0.9) 1(1.1) 0
Endocrine resistance
No 59 (34.9) 59 (40.7) 0 <0.001
Yes 54 (32.0) 30 (20.7) 24 (100)
De novo 55 (32.5) 55 (37.9) 0
NA 1 (0.6) 1(0.7) 0

(Continued to the next page)
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Table 1. Continued

Characteristic Total
Menopause

Postmenopausal 164 (97.0)

Natural menopause 126 (74.6)
Prior BSO 38 (22.5

Premenopausal 5(3.0)
No. of metastatic sites

1 57 (33.7)

2 54 (32.0)

>3 58 (34.3)
Presence of visceral metastasis

Yes 93 (55.0)

No 76 (45.0)
Liver metastasis

Yes 35 (20.7)

No 134 (79.3)
Lung metastasis

Yes 66 (39.1)

No 103 (60.9)
Bone only metastasis

Yes 20 (11.8)

No 149 (88.2)
RT during palbociclib administration

Yes 28 (16.6)

No 141 (83.4)

Letrozole+palbociclib ~ Fulvestrant+palbociclib ~ p-value

143 (98.6) 21 (87.5) 0.012
110 (75.9) 16 (66.7)
33 (22.8) 5(20.8)
2(1.4) 3(12.5)
49 (33.8) 8(33.3) 0.927
47 (32.4) 7(29.2)
49 (33.8) 9(37.5)
77 (53.1) 16 (66.7) 0.310
68 (46.9) 8(33.3)
22 (15.2) 13 (54.2) <0.001
123 (84.8) 11 (45.8)
58 (40.0) 8(33.3) 0.693
87 (60.0) 16 (66.7)
17 (11.7) 3 (12.5) >0.99
128 (88.3) 21 (87.5)
24 (16.6) 4(16.7) >0.99
121 (83.4) 20 (83.3)

Values are presented as number (%) unless otherwise indicated. BSO, bilateral salphingo-oophorectomy; ECOG PS, Eastern Cooperative
Oncology Group performance status; NA, not applicable; RT, radiation therapy.

Materials and Methods

1. Patients

From April 2017 to November 2019, the medical records
of patients who were diagnosed as HR-positive MBC and
received palbociclib were retrospectively reviewed. Patients’
data was collected from eight institutions: Seoul St. Mary’s
Hospital (Seoul, Korea), Yeouido St. Mary’s Hospital (Seoul,
Korea), Eunpyeong St. Mary’s Hospital (Seoul, Korea),
Incheon St. Mary’s Hospital (Incheon, Korea), Uijeongbu
St. Mary’s Hospital (Uijeongbu, Korea), Bucheon St. Mary’s
Hospital (Bucheon, Korea), St. Vincent’s Hospital (Suwon,
Korea), and Daejeon St. Mary’s Hospital (Daejeon, Korea).
HR-positive breast cancer was defined as estrogen receptor
(ER) or progesterone receptor (PR) positive by American
Society of Clinical. Oncology-College of American Patho-
logists guideline. HER2 negativity was defined as HER2
immunohistochemistry 0/1 (no staining, faint/barely per-
ceptible membrane staining, or weak incomplete membrane
staining in < 10% of invasive tumor cells) or HER? silver in
situ hybridization negative (Dual-probe HER2/Chr17 ratio
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< 2.0 with an average HER2 copy number < 4.0 signals/
cell). Luminal A subtype was defined as ER and/or PR posi-
tive, HER2 negative with Ki-67 < 20%. Luminal B subtype
was defined as ER and/or PR positive, HER2 negative with
Ki-67 > 20%. Other eligibility criteria were as follows: (1)
receiving at least 1 cycle of palbociclib combined with letro-
zole or fulvestrant; (2) patients who regularly followed up in
eight institutions with adequate medical records.

2. Treatment schedule and response evaluation

Patients were treated with letrozole plus palbociclib or
fulvestrant plus palbociclib. Patients received palbociclib
125 mg by oral, 3 weeks on followed by 1 week off schedule
(4-week cycle). Letrozole was administered 2.5 mg/ day oral-
ly daily. Fulvestrant 500 mg was administered intramuscu-
larly on days 1 and 15 of cycle 1 and then every 28 days (+7
days) thereafter starting from day 1 of cycle 1. Premenopau-
sal patients received either bilateral salphingo-oophrectomy
(BSO) or gonadotropin-releasing hormone agonist (GnRH
agonist) such as goserelin before starting treatment.

Response evaluation was performed based on computed
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tomography (CT) scans every 3 cycles of treatment, using
Response Evaluation Criteria in Solid Tumors (RECIST) cri-
teria ver. 1.1. Toxicity was assessed based on National Cancer
Institute Common Terminology Criteria for Adverse Events,
ver. 4.0, during each cycle. Treatment was administered until
progressive disease or observation of unacceptable toxicity.

3. Statistical analysis

Treatment-free interval (TFI) was defined from the time of
completion of adjuvant treatment to cancer recurrence. PFS
was calculated from the first start date of letrozole or fulves-
trant plus palbociclib administration to the date of disease
progression proven by CT scans or patient’s death. Overall
response rate (ORR) was defined as patient proportion show-
ing complete response (CR) or partial response over total
patient population based on RECIST ver. 1.1. Disease control
rate (DCR) was defined as patient proportion with CR, par-
tial response or stable disease over total patient population.

Continuous variables were presented as the median val-
ues, and categorical variables were presented as percentages.
Continuous variables were compared by Mann-Whitney U
test while categorical variables were compared using a chi-
square tests and Fisher exact tests. Survival analyses were
performed using Kaplan-Meier method and compared with
log-rank test. Hazard ratios for PFS were estimated from
the Cox proportional hazards model with a 95% confidence
interval (CI). Two-sided p-values are presented for all analy-
ses with p < 0.05 considered to be statistically significant. R
ver. 3.6.3 (R Foundation for Statistical Computing, Vienna,
Austria) was used for all statistical analyses.

Results

1. Patient characteristics

Between April 2017 to November 2019, 183 MBC patients
treated with palbociclib were enrolled for analysis. Of these
patients, 14 patients were excluded for analysis, and total 169
patients were assigned for analysis (Fig. 1). Median follow-
up duration was 14.63 months (range, 0.2 to 33.9 months).
Baseline patient characteristics are summarized in Table 1.
Median age of total patient population was 57 years (range,
37 to 92 years). Most patients showed Eastern Cooperative
Oncology Group (ECOG) performance 0 to 1, and 13% pati-
ents with ECOG of 2 to 3. Sixty-three patients (37.3%) were
diagnosed as de novo stage IV at initial diagnosis. Among
stage I to III patients, about 70% of patients received neo-
adjuvant or adjuvant chemotherapy. Half of patients (55.0%)
were presented with visceral disease and 11.8% of patients
were diagnosed as bone-only disease. Most patients (97%)
were postmenopausal, and 38 patients (22.5%) received BSO

Table 2. Systemic treatment before palbociclib in recurrent and
metastatic breast cancer

Letrozole  Fulvestrant
+palbociclib +palbociclib

First line 136 (93.8) 0
Second line 3(2.1) 7(29.2)
Third line 1(0.7) 8(33.3)
Fourth line and beyond 5(3.4) 9(37.5)
Previous systemic treatment
for recurrent and metastatic
breast cancer before
palbociclib use
Cytotoxic chemotherapy 8 14
Anthracycline 8 (100) 6 (42.9)
Docetaxel 8 (100) 10 (71.4)
Paclitaxel 2 (25.0) 4 (28.6)
nab-paclitaxel 1(12.5) 1(7.1)
Capecitabine 4 (50.0) 7 (50.0)
Eribulin 3(37.5) 5(35.7)
Gemcitabine 2(18.2) 5(35.7)
Vinorelbine 0 1(7.1)
CMEF? 2 (25.0) 1(7.1)
Endocrine treatment 2 24
Letrozole 0 17 (70.8)
Anastrozole 0 5(35.7)
Exemestane 0 4(19.0)
Exemestane+everolimus 0 5(35.7)
Tamoxifen 2 (100) 6 (25.0)

Values are presented as number (%). ?CMF: cyclophosphamide+
methotrexate+5-fluorouracil.

for artificial menopause before starting palbociclib.

One hundred and forty-five patients were treated with
letrozole plus palbociclib and 24 patients with fulvestrant
plus palbociclib. Fulvestrant plus palbociclib treated patients
were younger (median age, 53.5 years vs. 58 years) compared
to letrozole plus palbociclib group. Fulvestrant plus palboci-
clib group showed higher disease burden (visceral metasta-
sis, 66.7% vs. 53.1%) with liver metastasis (54.2% vs. 15.2%)
compared to letrozole plus palbociclib group.

Letrozole plus palbociclib was mainly administered as
first line (93.8%), equal to PALOMA-2 trial. Fulvestrant plus
palbociclib group was mostly heavily pretreated, receiving
fourth line and beyond (37.5%), including cytotoxic chemo-
therapy before starting fulvestrant and palbociclib. More
than half (58.3%) of patients received cytotoxic chemother-
apy before administration of fulvestrant plus palbociclib.
Previous treatments administered before palbociclib are
described in Table 2.

VOLUME 53 NUMBER 2 APRiL 2021 413
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Table 3. Previous endocrine treatment and pattern of resistance in patients with recurrent breast cancer

Total
No. of patients 106
Adjuvant endocrine treatment
Refused 8(7.5)
Yes 91 (85.8)
Not assessed 7 (6.6)
Regimen
Tamoxifen 63 (69.2)
Letrozole 5(5.5)
Anastrozole 12 (13.2)
Tamoxifen followed by Al 6 (6.6)
Toremifene 2(2.2)
Unknown 3(3.3)
Completion of adjuvant treatment
No 46 (50.5)
Yes 45 (49.5)
Duration of treatment (yr)
Median (range) 4.6 (0.94-9.88)
Endocrine resistance
No 59 (55.7)
Yes 46 (43.4)
Primary resistance 7 (15.2)
Secondary resistance 35 (84.8)
NA 1(0.9)
Menopausal state
Postmenopausal 102 (96.2)
Natural menopause 83 (78.3
Prior BSO 19 (17.9
Premenopausal 4 (3.8)

Disease-free survival (mo)
Median (range)

26.17 (0-247.77)

Letrozole+palbociclib ~ Fulvestrant+palbociclib ~ p-value

88 18
8(9.1) 0 0.167
73 (83.0) 18 (100)
7 (8.0) 0
51 (73.9) 12 (75.0) 0.615
3(4.3) 2(12.5)
10 (14.5) 2 (12.5)
2
2(2.9) 0
3(4.3) 0
35 (47.9) 11 (61.1) 0.461
38 (52.1) 7 (38.9)
4.7 (0.94-9.88) 4.0 (1.67-7.27) 0.142
59 (67) 0 0.021
28 (31.8) 18 (100)
4(14.3) 3(16.7)
24 (85.7) 15 (83.3)
1(1.1)
86 (97.7) 16 (88.9) 0.161
69 (78.4) 14 (77.8)
17 (19.3) 2 (11.1)
2(2.3) 2 (11.1)
36.03 (0-247.77) 0.72 (0-56.10) 0.014

Values are presented as number (%) unless otherwise indicated. Al, aromatase inhibitor; BSO, bilateral salphingo-oophorectomy; NA, not

applicable.

2. Previous endocrine treatment and pattern of endocrine
resistance

Among total patients, 106 patients showed recurrent
breast cancer during or after end of adjuvant endocrine treat-
ment (Table 3). Most patients received tamoxifen for adju-
vant endocrine treatment. Half of patients did not complete
adjuvant endocrine treatment due to cancer recurrence.
Endocrine resistance was classified as primary or secondary
resistance, based on ABC4 guideline [20]. In letrozole plus
palbociclib arm, about one-third of patients showed endo-
crine resistance, and most patients (85.7%) were presented
with secondary endocrine resistance. All patients were
endocrine resistant in fulvestrant plus palbociclib arm. Ful-
vestrant plus palbociclib group showed shorter duration
of adjuvant endocrine treatment (median, 4.0 years vs. 4.7

414 CANCER RESEARCH AND TREATMENT

years) with higher portion of endocrine resistance (100% vs.
31.8%) compared to letrozole plus palbociclib group. Median
TFI in letrozole plus palbociclib group was 36.03 months.

3. Efficacy

The median progression-free survival (mPFS) of letro-
zole plus palbociclib was 25.6 months (95% CI, 19.1 months
to not reached) (Fig. 2A), comparable to PALOMA-2.
The mPFS benefit of luminal A was superior to luminal B
patients (hazard ratio, 2.86; 95% CI, 1.20 to 6.80; p=0.017), and
good performance status was also associated to improved
mPFS (hazard ratio, 3.68; 95% CI, 1.70 to 7.96; p=0.001) (Fig.
3A and B). Interesting finding was that although not statisti-
cally significant, elderly patients showed trends for superior
mPFS compared to younger patients (Fig. 4A). There were
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Fig. 2. Progression-free survival (PFS) in letrozole (A) or fulvestrant (B) plus palbociclib treated patients. CI, confidence interval; mPFS,

median progression-free survival; NA, not available.

no differences of mPFS according to visceral metastasis or
bone-only metastasis at baseline. However, presence of liver
metastasis among visceral metastasis was associated to poor
survival, reflecting liver metastasis as a poor prognostic fac-
tor (Fig. 4A). The ORR and DCR in our study was 39.6% and
89.2%, also comparable to PALOMA-2 (Table 4).

mPFS of fulvestrant plus palbociclib was 6.37 months (95%
CI, 5.33 months to not reached) (Fig. 1B). In our analysis,
nearly half of patients were treated with four or more lines of
systemic treatment including endocrine and cytotoxic agent
before administration of fulvestrant and palbociclib (Table 2).
Patients who were not exposed to cytotoxic chemotherapy
before fulvestrant plus palbociclib showed better PFS (mPFS,
not reached) compared to patients who were pretreated with
cytotoxic chemotherapy (Fig. 3C). There were no mPFS dif-
ferences according to subtype, presence of visceral metasta-
sis or liver metastasis (Fig. 4B). The ORR and DCR was 28.6%
and 81% (Table 4).

4. Benefit of mPFS according to endocrine resistance and
methods of ovary function suppression

There was no difference of PFS according to presence of
endocrine sensitivity in letrozole plus palbociclib treated
patients. No statistical differences were found between de
novo stage IV, endocrine sensitive and endocrine resistance
patient group in regards of mPFS during analysis (Fig. 5A).
However, patients who were classified as primary endocrine
resistance showed trends for poor mPFS compared to sec-
ondary endocrine resistant patients (Fig. 5B and C).

In our analysis, most premenopausal patients received
BSO for permanent ovary function suppression and became
postmenopausal before starting letrozole plus palbociclib
as first-line treatment. Very small portion of patients in our
study (2 patients, 1.4% among total patients) received GnRH

agonist with letrozole and palbociclib. No mPFS difference
was observed according to methods of ovary function sup-
pression in letrozole plus palbociclib treated patients (Fig.
4A). This result should be interpreted with caution because
small number of patients analyzed, with possibility of selec-
tion bias.

5. Concurrent radiation during palbociclib administration

Among total patient population, 28 patients (16.5%) recei-
ved palliative radiation therapy with concurrent palbociclib
administration. Axial skeleton was the most common site for
radiation therapy. Chest wall, pelvic bone, extremity bone
and breast were treated for palliation in order of frequency.
Radiation was delivered with concurrent palbociclib admin-
istration, and one-third of patients experienced grade 3-4
neutropenia. There was no febrile neutropenia reported dur-
ing or after radiation therapy. Half of patients experienced
dose delay of palbociclib due to delayed bone marrow recov-
ery or fatigue. One-third of patients received reduced dose of
palbociclib after concurrent radiation. Most patients (85.7%)
received 21 days of palbociclib administration during con-
current radiation (Table 5). Changes of absolute neutrophil
count during and after radiation therapy of representative
patients are depicted in supplement figure (S1 Fig.).

6. Safety and dose reduction

The most common adverse events were neutropenia and
thrombocytopenia in total patient population (Table 6). The
incidence of neutropenia and anemia was similar in both
groups, but thrombocytopenia was more frequently detect-
ed in fulvestrant plus palbociclib arm. Most common non-
hematologic adverse event was fatigue in total patient popu-
lation.

More than half of patients (74 patients, 51.0%) reduced
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Fig. 3. Progression-free survival (PFS) of subgroup analysis ac-
cording to subtype (A), performance status (B) in letrozole plus
palbociclib group and previous history of cytotoxic chemother-
apy (CTx) (C) in fulvestrant plus palbociclib group. CI, confi-
dence interval; ECOG, Eastern Cooperative Oncology Group;
HR, hazard ratio; NA, not available.
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dose of palbociclib in letrozole plus palbocilib arm. In ful-
vestrant plus palbociclib group, 17 patients (70.8%) reduced
palbociclib dosage. The main cause of dose reduction was
delayed bone marrow recovery and fatigue (52 Table). There
was no mPFS difference according dose reduction of palbo-
ciclib, irrespective of letrozole or fulvestrant backbone (Fig.
4B).

Discussion

After palbociclib has proven its clinical efficacy in phase
3 trials [10,15], combination of palbociclib with endocrine
treatment has become crucial for improving survival in HR-
positive MBC patients. The efficacy of palbociclib is reported
to be equal irrespective of ethnicity but with different inten-
sity of adverse events [16,17]. In addition, different age
population and menopausal status between Asian and West-
ern population should be considered while interpreting the
results of PALOMA-2 and 3 [16,17]. Asian patient popula-
tion and premenopausal women was relatively under-repre-
sented in pivotal phase III trials, and the treatment guideline
for these patient group was extrapolated from Western and
postmenopausal women. There are growing need for clinical
trials involving premenopausal patients with diverse ethnic
populations, and based on this unmet need, MONALEESA-7
trial enrolled premenopausal women for first-line treatment
of ribociclib with aromatase inhibitor and showed promising
survival outcome comparable to postmenopausal women.
However, still there are unmet needs for Asian and pre-
menopausal patient population and real-world data of CDK
4/6 inhibitors including palbociclib may have certain role in
prior patient population.

Real-world data is important for reproducing the efficacy
of clinical trials in patient population with heterogenous clin-
ical characteristics. The real-world outcome of palbociclib in
Western countries is recently published [21-24], but currently
there are no real-world data of palbociclib in Asian countries.
Considering Asian patient population and premenopau-
sal women is relatively under-represented in pivotal trials
except MONALEESA-7, it is important to analyze the clini-
cal efficacy of palbociclib in real-world to apply it's use in
various clinical situation. To our knowledge, this is the first
report about the real-world clinical outcome and treatment
patterns of palbociclib in Asian region.

Similar proportion of de novo, endocrine sensitive and
endocrine resistant population was enrolled in our study
compared to PALOMA-2 trial. At the time point of data anal-
ysis, palbociclib was the only approved CDK4/6 inhibitor
in Korea. In Korea, HR-positive MBC patients only have a
single chance to use CDK4/6 inhibitor including palbociclib
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Table 4. Best overall response in patients with measurable dis- A
Letrozole Fulvestrant =
+palbociclib  +palbociclib 5 077
Best response 'E 050 —
Partial response 55 (39.6) 6(28.6) =
Stable disease 69 (49.6) 11 (52.4) E Endocrine resistance Ly
Progressive disease 11 (7.9) 4 (19.0) b7 0.251 $Io
Not assessed 4(2.9) 0 —_— Deesnovg p=051
Overall response rate 55 (39.6) 6 (28.6) 0 0 1'0 2'0 3'0
Disease control rate 124 (89.2) 17 (81.0) Time (mo)
Survival outcome (mo) No. of patients Events Median PFS
Median PFS (95% CI) 25.6 (191 to NA) 6.37 (533 to NA) Endocrine resistance (-) 59 15 NA
Values are presented as number (%) unless otherwise indicated. g]ed,?:;?e resistance (+) gg }; 2,\?:
CI, confidence interval; NA, not available; PFS, progression-free
survival. B
1.00 4 Primary secondary resistance
——— Primary
= ——— Secondary
during her treatment course. Therefore, nearly all patients = 0751
used palbociclib as upfront treatment option irrespective .§
of patients’ age, disease burden, and disease-free interval. =050+
Due to unique reimbursement issue for palbociclib in Korea, g
HR-positive breast cancer patients were treated homogene- = 0251
ously with letrozole plus palbociclib as first-line treatment. ;'BU(_]{:;E (95% C1, 0.08-1.27)
This unique situation might have affected patient compo- 0 T T T T T
sition in baseline population in our study. The median age 0 5 10 15 20 2
of patients treated with letrozole plus palbociclib were 58 Nzlgea(t:;)s Evonts Modian PFS
years, younger than PALOMA-2. Median age of our study Primary resistance p5 3 35
was slightly younger compared to Asian subpopulation data Secondary resistance 25 8 256
in PALOMA-2. About 25% of patients were premenopausal
before starting letrozole plus palbociclib. This proportion or _ _ C
L. 1.00 Resistance primary or secondary
premenopausal women is similar to Korean breast cancer Primary
database [25], and most of premenopausal patients received = Secondary
BSO for artificial menopause before starting palbociclib. In = 0751
addition, most patients with recurrent breast cancer recei- §
ved neoadjuvant or adjuvant chemotherapy compared to = 0501
PALOMA-2, which may reflect aggressive tumor biology =
of patients in our study. Despite these unfavorable baseline & 0257 HR 0.99 (95% CI, 0.97-1.02)
characteristics, mPFS of patients treated with letrozole plus p=0639
palbociclib in our analysis was comparable to PALOMA-2. 0 0 5 10 15 20
However, in case of fulvestrant plus palbociclib group, Time (mo)
mPFS was inferior compared to PALOMA-3. The median No. of patients Events Median PFS
age of patients treated with fulvestrant plus palbociclib was Primary resistance 10 1 NA
Secondary resistance 14 n 5.33

52.5 years, younger than PALOMA-3. The proportion of

Fig. 5. Progression-free survival (PFS) of subgroup analysis
according to presence of endocrine resistance (A) in letrozole
plus palbociclib group and primary or secondary endocrine
resistance in letrozole or fulvestrant plus palbociclib group (B,
Q). CI, confidence interval; HR, hazard ratio; NA, not available.

premenopausal women before starting fulvestrant plus pal-
bociclib was 37.5%, similar to PALOMA-3. Most premeno-
pausal women received BSO for permanent ovary function
suppression. Fulvestrant plus palbociclib treated patients
in our analysis were very heavily pretreated with extensive
disease burden compared to PALOMA-3. Especially, more
than half of patients received at least one line of cytotoxic
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Table 5. Concurrent radiation and palbociclib administration

Total Letrozole+palbociclib ~ Fulvestrant+palbociclib
Concurrent radiation
Yes 28 (16.6) 24 (16.6) 4 (16.7)
No 141 (83.4) 121 (83.4) 20 (83.3)
Age during radiation treatment (yr)
Median (range) 58 (38-92) 58 (38-92) 47 (38-62)
ECOG
0 16 (57.1) 14 (58.3) 2 (50.0)
1 8 (28.6) 7(29.2) 1(25.0)
2 4(14.3) 3(12.5) 1(25.0)
Radiation site (radiation dose, Gy)
Bone: axial skeleton (24-36 Gy) 14 (50.0) 13 (54.2) 1(25.0)
Bone: pelvis (30 Gy) 6(21.4) 4 (16.7) 2 (50.0)
Bone: extremity (30 Gy) 6(21.4) 6 (25.0) 0
Thorax: sterum, chest wall, IMN (24-54Gy) 8(28.5) 8(33.3) 0
Breast (50 Gy) 5(17.9) 5(20.8) 0
Lung (48 Gy) 1(3.6) 0 1(25.0)
Brain (30 Gy) 2(7.1) 1(4.2) 1(25.0)
RT technique
SBRT 6 (21.4) 4(16.7) 2 (50.0)
3D-CRT 21 (75) 19 (79.2) 2 (50.0)
SBRT+3D-CRT 1(3.6) 1(4.1) 0
G3-4 Neutropenia during RT
Yes 12 (42.9) 11 (45.8) 1(25.0)
Grade 3 8 (28.6) 8(33.3) 0
Grade 4 4(14.3) 3 (12.5) 1(25.0)
No 16 (57.1) 13 (54.2) 3 (75.0)
Interruption of palbociclib
No 24 (85.7) 21 (87.5) 3 (75.0)
Yes 4(14.3) 3(12.5) 1(25.0)
Delay of palbociclib
No 13 (46.4) 10 (41.7) 3 (75.0)
Yes 15 (53.6) 14 (58.3) 1(25.0)
Duration, median (day) 7 (5-15) 7 (5-14) 15
Initial palbociclib dose
125 mg 19 (67.9) 18 (75.0) 1(25.0)
100 mg 8 (28.6) 5(20.8) 3 (75.0)
75mg 1(3.6) 1(4.1) 0
Palbociclib dose after RT
125 mg 13 (46.4) 13 (54.2) 0
100 mg 11 (39.3) 7(29.3) 4 (100)
75mg 4(14.3) 4 (16.6) 0
Dose reduction of palbociclib
No 19 (67.9) 16 (66.7) 3(75.0)
Yes 9(32.1) 8(33.3) 1(25.0)
125 mg — 100 mg 6(21.4) 5(20.8) 1(25.0)
100 mg — 75 mg 3 (10.7) 3(12.5) 0

Values are presented as number (%) unless otherwise indicated. 3D-CRT, 3-dimensional conformal radiation therapy; ECOG, Eastern
Cooperative Oncology Group; IMN, internal mammary lymph node; RT, radiation therapy; SBRT, stereotactic body radiation therapy.
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Table 6. Treatment related adverse events

Letrozole+palbociclib (n=145)

Fulvestrant+palbociclib (n=24)

Any grade Grade 3 Grade 4 Any grade Grade 3 Grade 4

Hematologic

Anemia 39 (26.8) 9(6.2) 1(07) 10 (41.7) 1(4.2)

Neutropenia 135(93.1)  101(69.7)  24(16.6) 23(95.8) 9 (37.5) 11 (45.8)

Thrombocytopenia 46 (31.7) 8(5.5) 2 (1.4) 12 (50.0) 3(12.5) 1(4.2)
Non-hematologic

Mucositis 37 (25.5) 0 0 2(8.3) 0 0

Diarrhea 6(4.1) 2(1.4) 0 0 0 0

Constipation 5(3.4) 0 0 0 0 0

Fatigue 39 (26.9) 0 0 7(29.2) 0 0

Values are presented as number (%).

chemotherapy after recurrence or metastasis. Prior cytotoxic
chemotherapy exposure was associated to inferior outcome
in fulvestrant plus palbociclib group. These different patient
characteristics may have influenced the clinical outcome in
our study.

Unlike to Western, incidence of recurrent breast cancer or
MBC in premenopausal patients is higher in Asian countries
[6]. Although there are significant portion of HR-positive
breast cancer patient in premenopausal population, only
postmenopausal patients were enrolled in clinical trials and
the efficacy of CDK4/6 inhibitors including palbociclib in
premenopausal women was extrapolated from the data of
postmenopausal patients. In our study, quarter of patients
were premenopausal at the time of cancer recurrence or initial
diagnosis and showed similar survival outcomes regardless
of menopausal status at the time point of cancer recurrence
or diagnosis. Before approval of palbociclib, premenopau-
sal women tended to receive cytotoxic chemotherapy rather
than endocrine treatment with ovary function suppression
in Korea [26,27]. This non-adherence of guideline to admin-
ister endocrine treatment unless patient present with visceral
crisis was partly due to aggressive biologic behavior of pre-
menopausal women. Other than biologic behavior, lack of
approved endocrine treatment with medical ovary function
suppression in premenopausal women mostly influenced
increased rate of cytotoxic chemotherapy in Korean women.
Before national reimbursement of aromatase inhibitor with
GnRH agonist since May 2017, premenopausal women had
no other option than cytotoxic chemotherapy for systemic
treatment. Palbociclib was approved at August 2016, and
started nationwide reimbursement since November 2017.
After initiation of national insurance program from Novem-
ber 2017, there was a nationwide increase in the number
of BSO cases across Korea. Most premenopausal patients
received BSO for ovary ablation, due to limited options of
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ovary function suppression in Korea. In case of eight insti-
tutions participating in this study, 59 premenopausal breast
cancer women received BSO during recent 2-year period (Jan-
uary 2017-November 2019). Considering there was 111 BSO
cases during previous 8 years (January 2009-December 2016),
we can assume that there was rapid increase of BSO after
approval of palbociclib (S3 Fig.). Although data was selected
from eight medical centers in Korea, each center act as major
tertiary referral centers and may act as sample group reflect-
ing treatment pattern in Korean patients.

Compared to surgical ovary ablation, very small portion
of patients received GnRH agonist for medical ovary func-
tion ablation. Among letrozole plus palbociclib treated pati-
ents, there were no difference of mPFS according to meno-
pausal status nor the method of ovary function suppression.
Although small number of patients were analyzed, this result
can be one of an evidence that cautiously suggest palboci-
clib plus endocrine treatment may benefit in premenopausal
patients, and adequate medical ovary function suppression
with GnRH agonist may have similar outcome compared
to menopausal patients. This finding is in concordance to
MONALEESA-7 trial [18], and our data humbly suggest
premenopausal patients can be treated equally to postmeno-
pausal patients when adequate ovary function suppression
is based. Furthermore, authors presumed with caution that
medical ovary function suppression can substitute surgical
ovary ablation, but further studies are warranted for confir-
mation due to the limited evidence.

As reported in PALOMA-2 and 3, palbociclib plus letro-
zole or fulvestrant showed mPFS benefit irrespective of
previous exposure to endocrine treatment. However, pri-
mary endocrine resistant patients showed trends for inferior
clinical efficacy compared to secondary endocrine resistant
patients. CDK4/6 inhibitors showed clinical benefit irrespec-
tive of prior endocrine treatment in phase 3 trials, but there
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are limited data of treatment outcome in primary endocrine
resistant subgroup at present. In our analysis, primary endo-
crine resistant patients showed inferior mPFS compared
to secondary resistant patients. Based on this observation,
authors surmised that adding palbociclib to endocrine ther-
apy could not reverse the clinical outcome of primary endo-
crine resistance. CDK4/6 inhibitors are gaining its evidence
as upfront treatment options even if patients present with
endocrine resistance or visceral crisis [28]. In MONARCH-2,
fulvestrant plus abemaciclib showed survival benefit in pri-
mary endocrine resistant patients, compared to fulvestrant
monotherapy [13]. Still, the outcome of primary endocrine
resistant breast cancer may be inferior compared to second-
ary endocrine resistant population.

In our study, palliative radiation with concurrent palboci-
clib administration was shown to be relatively feasible with
tolerable toxicity profile. There are preclinical data that palbo-
ciclib may enhance the effect of radiation when administered
concurrently [29]. HR-positive MBC patients frequently pre-
sent with symptomatic bone metastasis requiring palliative
radiation therapy. However, considering the main adverse
event of palbociclib is neutropenia, many physicians are
reluctant to use palbociclib concurrently with radiation. Pre-
vious study reported 16 patients receiving palbociclib with
radiation therapy, with tolerable toxicity profile [30]. How-
ever, previous study administered palbociclib in close time of
period with radiation therapy. We presented 28 patients who
were concurrently treated with palliative radiation therapy
with palbociclib, and this is the largest study reporting the
safety of simultaneous administration of palbociclib with
radiation therapy.

Luminal A subtype showed superior mPFS compared to
luminal B in letrozole plus palbociclib group. Recent bio-
marker analysis reported that addition of palbociclib has
proven similar survival benefit in luminal A and B subtype
[31]. Survival difference between luminal A, B subtype in our
analysis may reflect the distinct biologic behavior according
to luminal subtype of breast cancer, aligned with PALOMA-2
data [31].

Although not statistically significant, elderly patients sho-
wed trends for superior mPFS compared to younger patients
in current analysis. This result is in concordance with recent
meta-analysis reporting elderly patients who were treated
with CDK4/6 inhibitor with aromatase inhibitor present-
ing superior survival with comparable toxicity to younger
patients [32]. Considering the small patient population ana-
lyzed, this result needs to be interpreted with caution. Never-
theless, prescribing CDK4/6 inhibitor including palbociclib
in elderly population can be considered with care if patient is
within medically fit condition.

Palbociclib combination benefited in patients irrespec-

tive of visceral metastasis. Patients with visceral metastasis
showed similar clinical benefit compared to non-visceral
disease group, reflecting the clinical benefit of palbociclib in
total patient population. In letrozole plus palbociclib group,
patients with liver metastasis showed worse survival out-
come. This result is in concordance to subgroup analysis of
PALOMA-2 and 3 [33], reflecting presence of liver metasta-
sis as poor prognostic marker in HR-positive MBC patients.
There was no survival benefit according to bone-only disease
in letrozole plus palbociclib treated patients. However, in
fulvestrant plus palbociclib treated group, bone-only disease
patients showed trends for superior survival, but this result
should be interpreted with caution due to small number of
patient population.

Incidence of neutropenia was higher than Western real-
world data [21], and similar compared to Asian data of PAL-
OMA-2 and 3 [16,17]. Higher rate of adverse events resulted
in more frequent dose reduction, compared to phase 3 tri-
als. More than half of patients in letrozole plus palbococlib
arm experienced dose reduction, and 76% of patients in ful-
vestrant plus palbociclib group reduced palbociclib dosage
due to any adverse events. Dose reduction rate in letrozole
plus palbociclib group in our study was similar to Asian sub-
group analysis of PALOMA-2 [16]. Fulvestrant plus palboci-
clib treated patients in our analysis experienced higher dose
reduction rate compared to Asian subpopulation in PALO-
MA-3 [17]. In the study, fulvestrant plus palbociclib group
were more heavily pretreated, and this previous treatment
may have affected dose reduction rate of palbociclib. There
was no mPFS difference according to presence of dose reduc-
tion, and this is in concordance to Asian data of PALOMA-2
and 3 [16,17].

There are some limitations to mention in this study. Events
such as progression or cancer-associated death was relatively
limited due to short follow-up duration and some follow-up
loss data may have influenced the favorable mPFS data in
our analysis. Longer follow-up of our data is warranted for
confirmation of mPFS in patients treated with palbociclib in
our study. Furthermore, although authors have intensively
reviewed the medical records of enrolled patients, there
were some missing data such as laboratory findings and
incomplete assessments of toxicities. Nevertheless, our study
has its strength as one of an Asian real-world data of pal-
bociclib used in HR-positive MBC in real-world setting. We
have demonstrated the clinical benefit of palbociclib in Asian
population is similar to the phase 3 data, and feasible to use
in patients in real-world. Sufficient long-term follow-up is
needed to analysis the role of palbociclib affecting overall
survival of Asian patients in real-world setting.

In conclusion, palbociclib plus letrozole or fulvestrant
was well tolerated in Asian patients with concordant PFS
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compared to phase 3 trials. Combination of palbociclib to
letrozole or fulvestrant with sufficient ovary function sup-
pression such as GnRH agonist or BSO showed comparable
clinical benefit to postmenopausal patients. The incidence of
adverse events and dose reduction was higher compared to
phase 3 trials as expected, but similar to subgroup Asian data
of PALOMA-2 and 3. Administration of palbociclib was fea-
sible in real-world Asian population, with manageable toxic-
ity profiles.
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