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ABSTRACT

BACKGROUND: Resistance to endocrine therapy has been a major obstacle in the management of hormone receptor (HR)-positive meta-
static breast cancer (MBC). Meanwhile, a number of treatments are available to such patients, and physicians often encounter difficulties in
choosing the most appropriate treatments for individual patients. The combination of CDK 4/6 inhibitors (CDKi) and endocrine therapy has
now become a standard treatment for HR-positive and human epidermal growth factor receptor 2 (HER2)-negative MBC. However, no pre-
dictive markers for CDKi-based treatments have been established. Considering their side effects and the financial burden on patients, iden-
tifying such markers is crucial.

METHODS: Clinicopathological features of 107 patients with HR-positive HER2-negative MBC, who received CDKi-based treatments at our
institution were retrospectively investigated. HR status in distant metastatic lesions and immunocompetent cells in peripheral blood were
also studied.

RESULTS: Progression-free survival (PFS) was significantly shorter in patients whose primary tumour was high grade (P=0.016) or high
neutrophil-to-lymphocyte ratio (NLR) at baseline (P=0.017). Meanwhile, there were no differences in other factors, such as expression levels
of hormone receptors. Patients whose metastatic lesions were of low tumour grade or high Ki67 labelling index had longer PFS, and such
trends were more obvious than primary lesions.

CONCLUSION: Our data indicate that tumour grade in primary lesion and NLR are potential predictive factors for CDKi-based treatments.

Moreover, pathological assessment of metastatic lesions might also be useful.
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Introduction

CDK 4/6 inhibitor introduction to hormone
receptor-positive metastatic breast cancer

Resistance to endocrine therapy has been a major hurdle in the
management of hormone receptor (HR)-positive metastatic
breast cancer (MBC). Cyclin-dependent kinase (CDK) 4/6
inhibitors (CDKi) are oral drugs that decrease retinoblastoma
protein phosphorylation and block cell cycle progression. In
randomized studies, combinations of CDKi and endocrine
therapy showed definitive clinical benefit, with significantly
longer progression-free survival (PFS) compared with endo-
crine therapy alone.!* Following these results, CDKi has now
become a standard treatment for HR-positive and human epi-
dermal growth factor receptor 2 (HER2)-negative MBC.

Current problems of CDKi

MBC is generally considered to be incurable. For patients with
HR-positive MBC, a number of treatment options including

endocrine and chemotherapies are available, but there is no
absolute rule for choosing the optimal drug. Drugs are selected
based on MBC conditions, such as patient age and organs with
metastases. CDKi showed its clinical benefit when adminis-
tered in early lines of treatment,!** but it is not always easy to
select CDKi-based treatments considering their side effects
and financial burden on patients. Thus, physicians often
encounter difficulties in choosing the most appropriate treat-
ments for individual patients because individual MBCs respond
differently, even to the same treatments. Therefore, identifying
predictive factors for therapeutic efficacy of CDKi is crucial.
Several studies have investigated predictive markers of
CDK:i response.”® Phosphorylation of CDK4 at T172 might
predict sensitivity to Palbociclib.” mRNA expression levels of
cyclin E1,a CDK regulator in the G1/S phase transition of the
cell cycle, were high in primary tumours of responders to pal-
bociclib.” Inhibition of MDM?2, a regulator of p53, was found
to boost the effect of CDKi both iz vitro and vive.l0 PIK3CA
in circulating tumour DNA (ctDNA) was also tested in another
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115 patients with metastatic/stage IV breast cancer
treated with CDKi-based treatments

107 patients

—> Stopped treatments within one month due to:
-adverse event such as continuous neutropenia (four patients)
-progressive disease (three patients)

— Excluded one patient with advanced local lesion

Evaluated in the current study

Figure 1. Flowchart of eligible patients. Patient selection criteria for the current study are shown. Among 115 patients who received CDKi-based
treatment at our department, eight were excluded for the reasons indicated. In total, we included 107 patients.

study.® Early reduction of PIK3CA in circulating tumour
ctDNA was observed in patients who showed good response to
palbociclib-based treatments. Aberrant FGFR (fibroblast
growth factor receptor) signalling is reported to mediate resist-
ance to CDKi and FGFRI1/2 amplification in ctDNA was
associated with shorter progression-free survival in patients
treated with ribociclib.!! However, evidence for markers pre-
dicting treatment effects of CDKi remains insufficient.

Herein, we retrospectively investigated clinicopathological
features to identify predictive factors of CDKi-based treat-
ments in patients with HR-positive, HER2-negative MBC,
including HR status in distant metastatic lesions and immuno-
competent cells in peripheral blood.

Patients and Methods

Patients and treatments

We investigated 115 patients with metastatic/stage IV breast
cancer who had started CDKi-based treatments at our depart-
ment during the period from December 2017 to December
2019.The selection criteria are shown in Figure 1. We excluded
seven patients from the current study who had CDKi-based
treatment for less than 1 month. Details of the seven excluded
patients are; four discontinued treatment due to adverse events,
such as continuous bone marrow suppression, and eventually
switched to other treatments, three developed rapid progres-
sion of disease and were transferred to palliative care. We also
excluded one patient with advanced local lesion, thus eight
patients in total were excluded from this study.
Clinicopathological features of the 107 patients are shown
in Table 1. Mean patient age at the time of starting CDKi-
based treatments was 58 (range: 35-87) years. All primary
tumours were oestrogen receptor (ER)-positive and HER2-
negative. Eighty-six patients developed metastatic disease after
undergoing curative surgery for primary breast cancer, while 21
had stage IV disease. Meanwhile, the mean disease-free inter-
val (DFI) after curative surgery for the 86 patients who devel-
oped metastasis after surgery was 73 (range: 7-321) months.

Visceral metastases, defined as the soft internal organs, such as
the lungs and digestive organs, developed in 67 patients (63%).
CDAKi was administered as the first, second, third, or fourth or
more line of endocrine therapy for metastatic disease in 30%,
26%, 17% and 27% of patients, respectively. Palbociclib and
abemaciclib were administered in 87 (81%) and 20 patients
(19%) at the standard dose of 125mg/day and 300 mg/day,
respectively, in combination with endocrine therapy, but drug
doses were reduced as needed from the start of or during treat-
ment, such as in cases with neutropenia. To date, only these two
CDKi have been approved for MBC in our country.

This study was carried out with approval from the ethics
committee of our hospital (no: 16-096). Informed consent
from participants were obtained in an opt-out manner. The
research plan is presented on the homepage of our hospital and
all patients were offered the choice to opt-out of the study at
any time.

Ewvaluation of progression—free survival

Progression-free survival (PFS) was defined as the period from
CDKi initiation to the time when disease was clinically judged
to have progressed. Since this study was conducted retrospec-
tively, the timing of evaluation, determined by individual clini-
cians based on the disease state, differed among patients.

Pathological diagnosis

Pathological examinations for primary tumours were carried
out at our hospital by two experienced pathologists. Histological
type was judged based on the WHO Classification of Tumours
of the Breast (5th Edition). Tumour grade was evaluated based
on the modified Bloom-Richardson histologic grading
system.!? Regarding Ki67 labelling index (L.I.), a hot spot was
chosen, and cells positive for nuclear Ki67 were then semi-
quantitatively counted under high-power field. ER and proges-
terone receptor (PgR) statuses were assessed semi-quantitatively
and reported as positive when 1% or more of the nuclei of
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Table 1. Clinicopathological features of the 107 patients.

VARIABLES
Age (mean)?2

Characteristics of primary tumour

Stage IV

DFI (mean, months)®

Visceral metastasis

Organs of MBC

Number of previous treatmentsc

CDKi

Combined ET with CDKi

Immune cells in peripheral blood¢

Abbreviations: ALC, absolute lymphocyte count; DFI, disease-free interval; ET, endocrine therapy; IBC, invasive breast carcinoma; L.I., labelling index; MBC, metastatic

Histology

Tumour grade

Ki67L.l. (mean)
ER

PgR

Yes

No

Yes
No
Bone
Liver
Lungs
Brain
Others
ET

Chemotherapy

Palbociclib
Abemaciclib
Fulvestrant
Aromatase inhibitors
ALC (mean, per pul)
NLR (mean)

PLR (mean)

N, (RANGE/%)

58 (35-87)
IBC-NST 88 (82%)
Others 14 (13%)
Unknown 5 (5%)
High 9 (8%)
Intermediate/low 73 (68%)
Unknown 25 (23%)

33% (2-85)
High 83 (78%)
Low 13 (12%)
Unknown 11 (10%)
High 39 (36%)
Low 59 (55%)
Unknown 9 (8%)
21 (20%)
86 (80%)
73 (7-321)
67 (63%)
40 (37%)
67 (63%)
27 (25%)
38 (36%)
2 (2%)
51 (48%)
0N 60 (56%)
=2 47 (44%)
(VA 81 (76%)
=2 26 (24%)
87 (81%)
20 (19%)
64 (60%)
43 (40%)
1505 (235-3079)
2.5(0.6-12.7)

185 (67-608)

breast cancer; NLR, neutrophil-to-lymphocyte ratio; NST, no special type; PLR, platelet-to-lymphocyte ratio.

aAt the time of starting CDKi treatment.

bFor patients who underwent curative surgery for the primary tumour.

cFor MBC.
dAt the time of the first administration of CDKi.
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cancer cells showed staining. Furthermore, we categorized ER
and PgR expression into high and low based on the proportion
of positive stained cells. We employed 66% as cut-off value for
the grouping in the current study, ie, a tumour with ER/PgR
expression over 66% of cells was defined as ‘high’, considering
that some primary tumours were assessed with Allred scoring
at previous hospitals!® and surgical specimens were not availa-
ble. Yet, ER expression levels in 11 cases (10%) were unable to
be assessed, but appeared positive based on clinical records.
HER?2 was judged to be positive if more than 10% of tumour
cells showed strong staining of the entire cell membrane, or
HER2/neu gene amplification was confirmed by fluorescence
in situ hybridization. HER2-positive cases were excluded from
this study.

Among the 107 cases, metastatic sites were biopsied in 35
cases in which patients developed MBC. Tumour grade,
Ki67L.1., ER, and PgR in these biopsy specimens were also
examined in relation to PFS. Metastatic sites of biopsy in these
35 cases were: bone in five (14%), liver in three (9%), lungs in
five (14%), pleural in three (9%), gastrointestinal tract in two
(6%) and others, such as soft tissue, in 17 cases (49%).

Ewvaluation of immune cells in peripheral blood

The absolute lymphocyte count (ALC), the neutrophil-to-
lymphocyte ratio (NLR) and the platelet-to-lymphocyte ratio
(PLR) were calculated from the baseline laboratory data
obtained on the day of the first CDKi administration.
Haematological analysis was performed with an XE-5000
(Sysmex Corporation, Japan) according to the flow cytometry
method for measuring and differentiating cell types in whole
blood.

For the evaluation of factors related to PFS, we employed
mean values for each parameter as the cut-off value for distin-
guishing between high and low groups, obtaining values of
1505 pL for ALC, 2.5 for NLR, and 185 for PLR (Table 1), as
no absolute cut-off values have been established for these
markers.

Statistical analysis

Statistical analyses were performed using JMP 11.2.1 statisti-
cal software (SAS Institute Inc., Cary, NC, USA). For analy-
sis of PFS, a Cox proportional hazard model was applied to
evaluate prognostic effects of the variables with a 95% confi-
dence interval. For the full-model analysis, we selected varia-
bles based on their clinical significance. Age, tumour grade,
expression level of ER in primary tumour, DFI, presence of
visceral metastasis, number of previous endocrine therapies
for MBC, ALC and NLR were thus chosen. Kaplan-Meier
curves were estimated, and the log-rank test was used for
comparisons of the survival distributions of the two patient
groups. A P<<0.05 was considered to indicate a statistically
significant difference.

Results
Clinicopathological features related with PFS

Mean PFS was 43 weeks (range: 4-120). With the Cox hazard
model, the relationships between clinicopathological features
and PFS were investigated (Table 2). As to the cut-off values
for continuous variables (eg, age and DFI), mean values were
employed as indicated in the Methods section and Table 1.
Among the factors investigated, tumour grade and Ki67 L.I. of
the metastatic lesion, presence of visceral metastasis, the num-
ber of previous treatments for MBC, ALC, NLR and PLR
were associated with PFS in the univariate analysis. Meanwhile,
PFS did not differ in other variables, such as age, HR status of
the primary tumours and combined endocrine therapy with
CDKi. By multivariate analysis, tumour grade of the primary
lesion and NLR remained independent predictive factors for
the length of PFS (P=0.016 and 0.017, respectively). Patients
with high-grade tumours or high NLR at baseline had signifi-
cantly shorter PFS. Next, we created Kaplan-Meier curves of
PFS for tumour grade and NLR (Figure 2). With the log-rank
test, NLR showed a significant difference in PFS (P=0.007),
consistent with the aforementioned results of the univariate
analysis.

The liver might be a potent indicator among
visceral organ metastasis sites

Presence of visceral metastasis was related to shorter PFS in the
aforementioned univariate analysis and corresponding results
were confirmed with Kaplan-Meier curves of PFS (Figure 3A,
P=0.018). Because metastatic sites are frequently key factors
when treatment selections are made in clinical practice, we fur-
ther analysed PFS according to the status of visceral metastasis.
Among the 67 patients with visceral metastasis, patients with
liver metastasis had significantly shorter PFS than those with-
out it (P=0.003), while there was no difference in PFS relating
to lung metastasis (P=0.123, Figure 3B and C). The presence of
liver metastasis seemed to be crucial, with the shortest PFS
among patients with visceral metastases (Figure 3D).

Pathological assessment of metastatic lesions might
be superior to primary breast cancer in terms of

predicting response to CDKi

In the current study, we conducted pathological assessment on
metastatic lesions (n=35). In univariate analysis (shown in
Table 2), tumour grade and Ki67L.I. were related with the
length of PFS, indicating that patients with low malignant
metastatic tumours respond well to CDKi. Tumours with high
expression of HR also seemed to have a similar trend towards
the treatments, although the differences were not statistically
significant. Hence, we further analysed these data from the 35
patients. Table 3 shows comparisons of pathological assess-
ment between primary and metastatic lesions. Between pri-
mary and metastatic lesions, only ER showed a significant
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Table 2. The relationships between PFS and clinicopathological features in the 107 patients..

VARIABLES

HR

UNIVARIATE

MULTIVARIATE

95% ClI

95% Cl

P VALUE HR P VALUE

Age? =58 vs <58 1.45

Primary lesion (n=107)

Histology IBC-NST vs others 1.38
Tumour grade High vs intermediate/low 0.58
Ki67L.I. =33% vs <33% 1.08
ER High vs low 1.03
PgR High vs low/negative 1.01
Metastatic lesion (n=35)
Tumour grade High vs intermediate/low 0.15
Kie7L.l. >33% vs <33% 0.32
ER High vs low/negative 2.01
PgR High vs low/negative 2.49
DFI (months)® =73 vs <73 1.03
Visceral metastasis Yes vs no 0.51

Number of previous treatments for MBC

ET 01 vs=2 2.29
Chemotherapy 0/1vs=2 1.95
Combined ET Ful vs aromatase inhibitors 0.92
ALC (per plL)e =1505 vs <1505 213
NLRe =2.5vs<25 0.47
PLRe =185 vs <185 0.46

0.85-2.47 0.175 1.80 0.66-4.89 0.248
0.67-2.84 0.380
0.24-1.38 0.215 0.21 0.06-0.74 0.016
0.54-2.17 0.831
0.41-2.60 0.950 1.66 0.45-6.18 0.450
0.58-1.74 0.979
0.05-0.44 <0.001
0.11-0.94 0.038
0.78-5.17 0.146
0.80-7.80 0.117
0.57-1.83 0.933 1.52 0.52-4.48 0.445
0.29-0.90 0.021 0.61 0.26-1.45 0.261
1.35-3.88 0.002 242 0.95-6.18 0.065
1.13-3.35 0.016
0.54-1.54 0.748
1.19-3.82 0.011 1.33 0.52-3.38 0.551
0.27-0.82 0.008 0.31 0.12-0.81 0.017
0.26-0.81 0.007

Abbreviations: ALC, absolute lymphocyte count; Cl, confidence interval; DFI, disease-free interval; ET, endocrine therapy; Ful, fulvestrant; HR, hazard ratio;BC, invasive
breast carcinoma; L.1., labelling index; MBC, metastatic breast cancer; NLR, neutrophil-to-lymphocyte ratio; NST, no special type;LR,, platelet-to-lymphocyte ratio.

aAt the time of starting CDKi treatment.
bFor patients who underwent curative surgery for the primary tumour.
°At the time of the first administration of CDKi.

difference: ER-high rate dropped from 90% to 69% during the
time course (P=0.042). Meanwhile, other factors did not
markedly change. Finally, Kaplan-Meier curves of PFS accord-
ing to these variables were also drawn (Figure 4). Compared to
primary lesions, metastatic lesions showed better separation in
PFS, although a statistically significant difference was observed
only in tumour grade (£<<0.001) and Ki67L.I. (P=0.028).

Discussion

We revealed that tumour grade of primary lesion and NLR
were independent factors related to the length of PFS. Patients
with high-grade primary tumours or high NLR at baseline had
significantly shorter PF'S. Meanwhile, there was no statistically
significant difference in the number of previous ET in

multivariate analysis. Some evidence from large prospective
clinical studies suggest that early administration of CDKi will
be more beneficial,!3 but our data suggest the benefit of CDKi
for MBC patients, even when administered late in clinical
practice.

As to immune cells in peripheral blood, patients with high
NLR had significantly shorter PFS. NLR is an established
prognostic marker for breast cancer patients, and high NLR is
associated with poor outcomes.*’> High NLR, indicating a
degree of inflammation, might exert a negative impact on the
host immune system, including the activities of lymphocytes
and, consequently, allow tumour progression.’®1” However, the
potential of NLR as a predictive marker is relatively unstudied.
Some reports indicate that a low NLR correlates with
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Figure 2. Kaplan-Meier curves of PFS according to tumour grade and NLR. Kaplan-Meier curves of PFS according to tumour grade (A) and NLR (B) are

shown. NLR indicates neutrophil-to-lymphocyte ratio; PFS, Progression-free survival.
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Table 3. Pathological features of primary and metastatic lesions (n=35).

VARIABLES
Tumour grade High
Intermediate/low
Unknown
Ki67L.l. (mean)
ER High
Low/negative
Unknown
PgR High
Low/negative

Unknown

Abbreviation: L.1., labelling index.

PRIMARY TUMOUR
5
17
13
41.5%
26
3
6*
6
24

5**

*All six cases were ER-positive but unable to be assessed for semi-quantitative analysis.
**includes three cases positive for PgR but unable to be assessed for semi-quantitative analysis.

METASTATIC LESION P VALUE
7 0.894
26
2
42 1% 0.950
24 0.042
11
0
8 0.780
27
0
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Figure 4. Comparisons of PFS according to pathological assessment between primary and metastatic lesions. Kaplan-Meier curves of PFS according to

tumour grade, Ki67L.1., ER and PgR in primary and metastatic lesions of 35 pati
indicates Progression-free survival.

ents, who underwent biopsy of metastatic lesions, are shown. PFS

responsiveness to neo-adjuvant chemotherapy.’$1* Myojin et
al?% reported that high NLR at baseline was independently
related to poor response to eribulin-based treatments in MBC.
Odan et al® recently reported that high NLR was associated
with shorter time-to-treatment discontinuation in palbociclib-
based treatments and our data were consistent with their
results. Yet, underlying mechanisms are still largely unknown,
and we believe that it merits further investigation with addi-
tional clinical data.

Assessing biomarkers on biopsy specimen of metastases is
recommended, if clinically feasible, by international consensus

guidelines for advanced breast cancer by the European School
of Oncology (ESO) and the European Society for Medical
Oncology (ESMO).2! However, depending on the organ
affected, biopsy of a metastatic lesion can be invasive, thus
there are safety issues. It is always the physician’s responsibility
to consider the value of biopsy for the patient (ie, whether it is
necessary for decision-making). Technically, CT-guided lung
and liver biopsies, for example, can be performed only at hospi-
tals with experienced physicians. Consequently, the level of
available medical care might vary across different regions and
countries. Moreover, tumour heterogeneity among metastases
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might cause a problem when metastases develop in multiple
organs. For instance, the expression of PD-L1 was lower in
liver metastases than in other organs.?? It is important to rec-
ognize such problems to be overcome in the future. In the cur-
rent study, biopsy specimens from metastatic lesions showed a
trend of longer PFS in patients with HR-high MBC. Moreover,
tumours with low grade and Ki67L.1., ie, biologically low
malignant tumours, had clearly longer PFS. It is easy to imag-
ine that tumour characteristics sometimes change during time
course. Interestingly, only ER levels changed in our cohort. The
ER-high rate significantly dropped from primary to metastatic
lesions but tumour grade and other markers did not change.
The discordance of biomarkers such as ER between primary
and metastatic lesions, observed at a certain rate, has been well
recognized in a number of studies.?3-2¢ While there is no con-
sensus on how to interpret discordant results,?! our data indi-
cates that the expression of biomarkers in metastases might
more precisely predict the therapeutic effect of CDKi than in
primary tumours. Although sample numbers were relatively
small, our data indicate that pathological assessment of meta-
static lesions might be potent for predicting treatment effect.
Additionally, liquid biopsy is a potentially useful tool for devel-
oping predictive markers. Some studies employing ctDNA
examination have reported positive results as mentioned
above.>!! We believe that circulating tumour cells (CTCs)
should also be employed, which can be subjected to different
immunostaining.?’

Patients with visceral metastases can expect a larger bene-
fit from adding CDKi to endocrine therapy.1>?% However,
such patients reportedly have shorter PFS than those who do
not have visceral metastasis,??-3! and our results were consist-
ent with these previous reports. Direct comparisons between
visceral organs were difficult because some patients had mul-
tiple sites of metastases, but our data clearly showed that
patients with liver metastasis had significantly shorter PFS
than those without it, while there was no difference in PFS
relating to lung metastasis. Therefore, our data suggest that
treatment selection for patients with liver metastasis should
be more carefully assessed when CDKi therapy is considered.
In other words, chemotherapy may be prioritized in some
such cases.

The main limitations of this study were the retrospective
design and the lack of a control group treated with other drugs.
Comparisons with other drugs are crucial for giving better
treatment options. Treatment responses based on imaging
findings should also be evaluated, not only PFS. Another limi-
tation is that the current analysis was conducted in a small
population at a single institution. A large-scale validation study
with a randomized population, regardless of region or country,
is warranted. We hope that such studies will be performed in
the near future.

In conclusion, we revealed that tumour grade in primary
lesion and NLR were independent factors related to the length

of PFS. Moreover, our data raise the possibility of the useful-
ness of pathological assessment of metastatic lesions for pre-
dicting the treatment effect of CDKi.
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opt-out of the study at any time.
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