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Introduction
The most common subtype of early breast cancer is the hor-
mone receptor–positive (HR+), human epidermal growth fac-
tor receptor 2–negative (HER2−) type. Patients with advanced 
breast cancer (ABC) are also mostly diagnosed with the HR+/
HER2− type, and they are initially treated with endocrine 
therapy (ET) if the disease is not life-threatening. Palbociclib 
is a cyclin-dependent kinase (CDK) 4/6 inhibitor, which 

became available for the treatment of patients with ABC in 
Japan on December 1, 2017. This drug is a highly selective 
CDK4/6 inhibitor. Preclinical studies have shown that palbo-
ciclib arrests cell-cycle progression, leading to suppression of 
tumor cell proliferation, especially in HR+ breast cancer 
cells.1,2 Several clinical trials have shown that a combination 
treatment with palbociclib and ET significantly prolongs pro-
gression-free survival (PFS) compared with treatment with 
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ABSTRACT

Background: Clinical studies have shown that palbociclib improves progression-free survival in hormone receptor–positive (HR+), 
human epidermal growth factor receptor 2–negative (HER2−) patients with advanced breast cancer (ABC). However, there are insufficient 
data on its use in a real-world setting in Japan. The aim of this study was to investigate the effectiveness, predictive factors, and safety of 
palbociclib among Japanese patients in routine clinical practice.

Methods: Between December 1, 2017, and April 30, 2019, we recruited patients from 9 hospitals and retrospectively evaluated the data 
on HR+/HER2− patients with ABC who received palbociclib for at least 1 week. The correlation between time-to-treatment discontinuation 
(TTD) and clinical background was investigated via univariate and multivariate analyses using Cox hazards models.

Results: A total of 177 women were available for analysis. Of these patients, 58 (33%) patients were treated with palbociclib with an aro-
matase inhibitor and 117 (66%) patients were treated with palbociclib and a selective estrogen receptor degrader. Approximately three-
fourths of the patients (n = 130, 73%) received palbociclib as third- or later-line therapy. One-third of the patients had 3 or more metastatic 
sites (n = 59, 33%), and one-third of the patients had liver metastasis (n = 59, 33%). The median follow-up duration at the time of data cutoff 
was 8.9 months, the median TTD was 6.3 months, and the median overall survival was not reached. Liver metastasis (hazard ratio [HR]: 1.54 
[95% confidence interval {CI}: 1.03-2.27]), high serum lactate dehydrogenase (LDH) level (>300 U/L) (HR: 2.58 [95% CI: 1.49-4.26]), and 
high neutrophil-to-lymphocyte ratio (NLR) (⩾3.0) (HR: 1.76 [95% CI: 1.13-2.69]) were significantly associated with shorter TTD. The most 
common hematologic adverse event was neutropenia, which occurred in 93% of the patients.

Conclusion: Based on the results of the pivotal phase 3 trials, the median TTD recorded in this study was shorter than expected. Our 
results suggest that liver metastasis, serum LDH level, and NLR may be predictive factors for HR+/HER2− ABC treatment outcomes.
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Et alone.3-5 Several studies have also demonstrated the efficacy 
of this combination treatment among Asian patients, including 
Japanese patients.6-8

Previous translational studies have evaluated circulating 
tumor DNA and cyclin E1 messenger RNA (mRNA) gene 
expression to identify a predictive biomarker of palbociclib.9,10 
However, these data are not yet available for use in clinical 
practice. In addition, most patients have different backgrounds 
and characteristics, such as age, line of therapy, and comorbidi-
ties, from the subjects in these clinical studies. Given that pre-
vious Japanese studies have only investigated treatment with 
palbociclib in clinical trial settings or small populations,11-13 it 
is essential to evaluate the effectiveness of palbociclib in a 
larger, real-world setting and investigate the predictive factors 
for its efficacy using lactate dehydrogenase (LDH)14 and neu-
trophil-to-lymphocyte ratio (NLR)15 as clinical markers. In 
this study, we investigated the effectiveness, predictive factors, 
and safety of palbociclib for the treatment of patients with 
ABC in routine clinical practice.

Patients and Methods
Patients and study design

This was a multicenter, retrospective, observational cohort study. 
Between December 1, 2017, and April 30, 2019, consecutive 
patients with ABC were recruited from 9 hospitals under the 
Kobe Breast Cancer Oncology Group (study registration no.: 
UMIN 000036224). We only included women who had HR+/
HER2− ABC and who were treated with palbociclib for at least 
1 week. There were no exclusion criteria regarding menopausal 
status, line of therapy, Eastern Cooperative Oncology Group 
performance status (ECOG-PS), and use of combination drugs. 
Data were collected from medical records, laboratory data, and 
prescription orders at each facility.

We obtained ethical approval from the local institutional 
review board of each participating institution. This study col-
lected only retrospective clinical data and presents no risk to 
the anonymity of the participants. Therefore, the institutional 
review board of each institution waived the requirement for 
informed consent.

Data collection

Both HR and HER2 statuses were defined based on the guide-
lines of the American Society of Clinical Oncology/College of 
American Pathologists16,17 and categorized as either primary or 
metastatic tumors. We classified tumors as metastatic if they 
spread to the lung, liver, bone, brain, distant lymph node, or 
other organs or tissues. The number and location of organs that 
were sites of metastasis were summarized regardless of whether 
the metastasis was single or multiple. Other metastatic involve-
ments such as peritoneal metastasis and lymphangitic carcino-
matosis were included as well. Treatment history for ABC was 
recorded as the number of chemotherapies (CTs) or ETs 

(including administration of everolimus) the patient under-
went. We collected baseline peripheral blood data on LDH 
levels and NLR before the first cycle of palbociclib treatment. 
NLR was defined as the absolute neutrophil count divided by 
the absolute lymphocyte count. We defined high LDH as 
LDH higher than 300 U/L18 and high NLR as NLR that was 
3.0 or higher.19 We calculated the total dose and relative dose 
intensity (RDI) and recorded the starting and ending doses of 
palbociclib.

Outcomes

The study outcomes were as follows: (1) time-to-treatment 
discontinuation (TTD), which was defined as the time from 
the start of treatment with palbociclib until the time of discon-
tinuation due to any cause; (2) overall survival (OS), which was 
defined as the duration between the initiation of treatment 
with palbociclib and death of any cause; and (3) safety of pal-
bociclib. Only safety data regarding hematologic adverse events 
(AEs) were collected because it is difficult to correctly retrieve 
data regarding nonhematologic AEs from an electronic medi-
cal record. Information about the occurrence of hematologic 
AEs retrieved from laboratory data was recorded according to 
the Common Terminology Criteria for Adverse Events version 
5.0. The correlation between TTD and patient characteristics, 
including LDH and NLR, was also analyzed to investigate the 
clinical predictive markers of palbociclib.

Statistical analysis

Descriptive statistics were used to analyze demographic and 
clinical characteristics. To assess TTD, we used the Kaplan-
Meier method and the log-rank test. We defined significance 
as P < .05 and performed a forward-backward stepwise regres-
sion; enter limit and remove limit were P = .1 and P = .11, 
respectively. Univariate and multivariate analyses were per-
formed to estimate hazard ratios using Cox proportional haz-
ard regression. We set the RDI cutoff at 80% and 60% based on 
the recommended dose reduction of palbociclib (100 mg and 
75 mg, respectively). All statistical analyses were performed 
using the JMP 12 statistical program ( JMP 12.0.0; SAS 
Institute, Cary, NC, USA).

Results
Patients

We recruited a total of 179 patients; however, only 177 were 
available for analysis. Two patients were ineligible because they 
had unknown medical histories. The patient characteristics are 
outlined in Table 1. The median age of the patients was 65 years, 
and more than 90% of the patients had ECOG-PS ⩽1. 
Premenopausal/perimenopausal patients received gonadotro-
pin-releasing hormone agonists. The progesterone receptor 
statuses of 2 patients were unknown. All, except 3 patients, had 
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Table 1.  Patient characteristics.

Characteristics  

Age, y

  Median (range) 65 (36-87)

  <70, n (%) 124 (70)

Menopausal status, n (%)

  Post 149 (84)

ECOG-PS, n (%)

  0/1 166 (94)

Hormone receptor status, n (%)a

  ER+/PgR+ 130 (74)

  ER+/PgR− 45 (26)

De novo metastatic disease, n (%) 54 (31)

Recurrent, n (%) 123 (69)

Number of metastatic sites, n (%)

  0 3 (2)

  1-2 115 (65)

  ⩾3 59 (33)

Bone-only metastasis, n (%) 18 (10)

Liver metastasis, n (%) 59 (33)

Treatment lines of palbociclib, median (range) 4 (1-13)

  First line, n (%) 20 (11)

  Second line, n (%) 27 (15)

  Third line or later, n (%) 130 (73)

History of treatment for ABC, n (%)

  Chemotherapy 97 (55)

  Endocrine therapy 153 (86)

  Everolimus 51 (29)

Treatment combination with palbociclib, n (%)

  AI 58 (33)

  SERD 117 (66)

  SERM 2 (1)

Serum LDH, medianb 212.5

  High LDH, n (%) 19 (11)

  Low LDH, n (%) 157 (89)

NLR, medianc 2.2

  High NLR, n (%) 43 (26)

  Low NLR, n (%) 122 (74)

Abbreviations: ABC, advanced breast cancer; AI, aromatase inhibitor; ECOG-
PS, Eastern Cooperative Oncology Group Performance Status; ER, estrogen 
receptor; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; PgR, 
progesterone receptor; SERD, selective estrogen receptor degrader; SERM, 
selective estrogen receptor modulator.
aPgR statuses of 2 patients were unknown.
bSerum LDH level of 1 patient was unknown. High LDH indicates LDH level more 
than 300 U/L.
cNLRs of 12 patients were unknown. High NLR indicates NLR more than 3.

(Continued)

Table 1. (Continued)

metastatic disease; 33% of the patients had more than 3 sites of 
metastases. One-third of the patients and 50% of the patients 
who were treated with palbociclib as a first-line therapy had 
liver metastasis (this result is not shown). Approximately half 
of the patients underwent CT, and 29% received everolimus for 
advanced disease. The median line of therapy was the fourth, 
and the number of patients treated with palbociclib as the first, 
second, and third or later lines of therapy were 20, 27, and 130, 
respectively. The data on serum LDH level were available for 
176 patients. The median serum LDH level was 212.5 U/L, 
and 11% of patients had high LDH levels (>300 U/L). 
Neutrophil-to-lymphocyte ratio data were available for 165 
patients, and the median NLR was 2.2. Patients who had high 
NLR (⩾3.0) accounted for 26% of the total population.

Treatment outcomes

The date of data cutoff was April 30, 2019. The median follow-
up duration was 8.9 months (range: 1.1-15.8 months). At the 
time of data cutoff, 56 patients were receiving treatment. The 
median TTD was 6.3 months (95% confidence interval [CI]: 
5.2-7.3 months), and the median OS was not reached (Figure 
1A and B). The median TTD was 13.3 months for the first-
line therapy setting, followed by 8.0 and 5.6 months for the 
second-line therapy and third- or later-line therapy settings, 
respectively (Figure 1C).

The reasons for permanent discontinuation of treatment 
were disease progression (n = 94), AE (n = 20), financial issues 
(n = 3), and others (n = 4).

Dose modification

The number of patients who received an initial palbociclib 
dose of 125 mg were 153 (86%). Of these patients, 107 (70%) 
patients required dose reduction to 100 mg, 75 mg or 50 mg. 
The remaining 24 (14%) patients received an initial palbociclib 
dose of 100 mg (n = 19, 11%) or 75 mg (n = 5, 3%). The final 
doses were 100 mg (n = 64, 36%), 75 mg (n = 60, 34%), 125 mg 
(n = 47, 27%), and 50 mg (n = 6, 3%). Dose escalation from 
75 mg to 100 mg or 125 mg was observed in 2 cases.

Univariate and multivariate analysis

The results of the univariate analysis showed that first-line 
therapy, 3 or more metastatic sites, liver metastasis, and high 
LDH levels were significantly associated with TTD (Table 2). 
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Figure 1.  Kaplan-Meier curves of (A) TTD, (B) OS, and (C) TTD indicating first-, second-, and third- or later-line therapy with palbociclib.
CI indicates confidence interval; OS, overall survival; TTD, time-to-treatment discontinuation.

Table 2.  Univariate and multivariate analyses for TTD.

Variable Reference 
group

TTD

  Univariate Multivariate

  HR P value 95% CI HR P value 95% CI

Age ⩾70, y <70 0.95 .80 0.62-1.42  

PS >2 0/1 1.05 .91 0.41-2.19  

PgR+ PgR - 0.85 .45 0.58-1.29  

De novo metastatic disease: Yes No 1.03 .88 0.69-1.50  

First line therapy: Yes No 0.44 .0092 0.21-0.83 0.36 .0029 0.16-0.72

Number of metastatic sites is ⩾3 <3 1.55 .022 1.07-2.23  

Liver metastasis: Yes No 1.59 .016 1.09-2.29 1.54 .035 1.03-2.27

Bone-only metastasis: Yes No 0.75 .36 0.37-1.36  

LDH >300 ⩽300 2.89 <.001 1.68-4.67 2.58 .0013 1.49-4.26

NLR ⩾3.0 <3.0 1.50 .059 0.98-2.25 1.76 .014 1.13-2.69

History of everolimus: Yes* No 1.22 .33 0.82-1.79  

History of CT: Yes* No 1.00 .99 0.68-1.48  

RDI ⩾80% <80% 1.21 .35 0.81-1.77  

RDI ⩾60% <60% 1.12 .53 0.78-1.64  

Abbreviations: CI, confidence interval; CT, chemotherapy; HR, hazard ratio; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; PgR, progesterone 
receptor; PS, performance status; RDI, relative dose intensity; TTD, time-to-treatment discontinuation.
*In patients who received a second- or later-line therapy.
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On the Kaplan-Meier curve, there was no significant differ-
ence between patients who received an initial dose of 125 mg 
and those who did not (Figure 2A). We defined patients in the 
dose reduction group as those who had their doses decreased to 
100 mg, 75 mg or 50 mg from 125 mg. The TTD was not dif-
ferent between the dose reduction and no dose reduction 
groups (Figure 2B). The median RDI was 68%, and the TTD 
curve showed no significant differences when 80% or 60% was 
used as the RDI cutoff point (Figure 2C and D). In the multi-
variate analysis, the hazard ratios for first-line therapy, liver 
metastasis, high LDH, and high NLR were 0.36 (95% CI: 
0.16-0.72), 1.54 (95% CI: 1.03-2.27), 2.58 (95% CI: 1.49-
4.26), and 1.76 (95% CI: 1.13-2.69), respectively.

Safety

Hematologic AE data are shown in Table 3. Patients who 
experienced any grade of AE accounted for 97% of the total 
population, whereas 72% of the patients experienced grade 3-4 
AEs. The most common hematologic AE was neutropenia, 
which occurred in 93% of patients. Leukopenia occurred in 
92% of the patients, and the proportion of patients who expe-
rienced grade 3-4 AEs was 45%.

Discussion
In this study, we investigated the effectiveness, predictive fac-
tors, and safety of palbociclib. The median TTD in our cohort, 
for both the initial and latter lines of therapy, was considerably 
shorter than expected based on the results of the PALbociclib: 
ongoing trial in the management of breast cancer (PALOMA) 

studies.20,21 The effectiveness of palbociclib as a first-line ther-
apy in our study was similar to that reported in a previous ret-
rospective study by Varella et al22 (median PFS: 15.1 months). 
However, Wilkie et  al23 reported a more prolonged median 
time-to-treatment failure (26.1 months) for patients treated 
with palbociclib plus aromatase inhibitor as a first-line therapy 
than that observed in our study. This difference may be attrib-
uted to the fact that liver metastasis results in poor outcomes, 
and the number of patients who had liver metastases in this 
study (50% of the first-line therapy patients) was greater than 
that of the previous study (10%). Even among patients who 
received palbociclib as a later-line therapy, the TTD observed 
in this study was shorter than that reported in a previous 
study.24 This may be due to the large number of patients receiv-
ing palbociclib as a third- or later-line therapy in this study.

Multivariate analysis showed that the following factors are 
significantly associated with more prolonged TTD: adminis-
tration of palbociclib as the first-line therapy, no liver metas-
tasis, low LDH level (⩽300 U/L), and low NLR (<3). 

Figure 2.  Kaplan-Meier curves of TTD for patients who received palbociclib with ET. (A) Patients who started with an initial palbociclib dose of 125 mg 

versus those who started with 100 mg or 75 mg. (B) Among patients who started with an initial palbociclib dose of 125 mg, the final dose was 125 mg 

versus 100 mg, 75 mg or 50 mg. (C) Patients who had RDI <80% versus those who had RDI ⩾80% and (D) patients who had RDI <60% versus those who 

had RDI ⩾60%.
ET indicates endocrine therapy; RDI, relative dose intensity; TTD, time-to-treatment discontinuation.

Table 3.  Hematologic adverse events.

All grades (%) Grades 3-4 (%)

Leukopenia 92.1 45.2

Neutropenia 92.7 71.2

Anemia 60.5 2.8

Thrombocytopenia 52.5 5.7

Elevation of liver enzymes 21.5 3.4
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Increase in serum LDH levels is known as an adverse prog-
nostic factor in breast cancer and many malignancies.25 
Elevated LDH is associated not only with tumor progression 
but also with alterations in the tumor microenvironment 
caused by the production of lactate, which induces local aci-
dosis and lowers extracellular hydrogen potential (pH). 
Furthermore, various immunosuppressive effects of lactate 
have been reported.26 In contrast, low NLR indicates the 
strength of the immune response to the tumor and has 
attracted attention as an indicator of systemic immune 
response.15 Thus, both high LDH levels and NLR reflect an 
inhibition of the tumor-immune system and are associated 
with TTD. In preclinical studies, CDK4/6 inhibitors induced 
T-cell-related anti-tumor immunity, suggesting synergistic 
effects of combined treatment with CDK4/6 inhibitors and 
immunotherapy.27-30 These studies have also reported the 
vital effect of CDK4/6 inhibitor in the tumor microenviron-
ment and provided the rationale for the new combination 
regimens composed of CDK4/6 inhibitors and immunother-
apies. Further consideration will be needed to learn about the 
immune response in the systemic environment and the tumor 
microenvironment. Regarding other predictive factors, Pizzuti 
et al31 reported that PFS is positively affected by no everoli-
mus/exemestane pretreatment for ABC. Conversely, pretreat-
ment with everolimus was not associated with TTD in our 
univariate analysis. However, a direct comparison of the find-
ings of these studies is difficult as our study has a smaller 
sample size.

The most frequent AE in this study, neutropenia, occurred in 
93% of patients who had all grades of AE and in 71% of those 
who had grade 3-4 AEs. This result is consistent with the results 
of the analysis of neutropenia in Japanese patients conducted by 
Masuda et al.32 Although the occurrence of grade 3-4 neutrope-
nia was high (71%), permanent discontinuation of palbociclib 
due to AE occurred in only 11% (20/177) of the cases in our 
cohort. This result is also comparable with that of a study of 
another Japanese cohort, which reported that 85% (22/26) of 
patients had grade 3-4 neutropenia and palbociclib was discon-
tinued in 8% of cases (2/26).12 Regarding the association between 
dose reduction and effectiveness, no negative impact was recorded 
in this study and in the other Japanese report.32 Therefore, suita-
ble dose adjustment could be allowed for clinical practice.

Our study has some limitations. First, this study had a 
smaller sample size, especially the number of patients who 
received palbociclib as a first-line therapy, and a shorter median 
follow-up period than the PALOMA studies. Second, there 
was a lack of data on potential confounding factors (including 
nonhematologic AEs and comorbidities) due to the retrospec-
tive nature of the study. Third, we used TTD to evaluate the 
effectiveness of palbociclib because we considered that the use 
of PFS could be biased due to the various intervals and evalua-
tions used in imaging. Therefore, direct comparison with other 
clinical studies may be difficult. However, our study also has 
several strengths. We demonstrated the possibility of using 

serum LDH levels and NLR as predictive factors and reaf-
firmed that there is no association between dose reduction and 
duration of palbociclib treatment in a relatively large cohort of 
Japanese patients.

In conclusion, our real-world cohort, which included heav-
ily pretreated patients, had a shorter treatment duration than 
expected based on the results of the pivotal phase 3 trials and 
other real-world studies. Our study also showed the possibility 
of using serum LDH levels and NLR as new predictive factors 
for HR+/HER2− ABC outcomes. Although the incidence of 
neutropenia in this study was high, suitable dose modification 
would not limit the benefits of palbociclib. To investigate the 
influence of a later line of therapy or visceral metastasis and use 
of serum LDH levels and NLR as reasonable predictive mark-
ers of palbociclib treatment outcomes, further prospective 
research is necessary.
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