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Pretreatment neutrophil to
lymphocyte ratio as prognostic
factor in metastatic breast
cancer treated with cyclin
dependent kinase 4/6 inhibitors
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Carine Segura®, Adeline Morel*, Maud Villemin*,
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‘Breast Cancer Unit, Francois Baclesse, Comprehensive Cancer Center Institut Normand du Sein,
Caen, France, ?Department of Clinical Research, Francois Baclesse Comprehensive Cancer Center,
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Background: Cyclin dependent kinase inhibitors (CdK4/6i) changed the
course of hormone receptor positive (HR+) HER2 negative (HER2-)
metastatic breast cancer (mBC). To date, no factors have been shown to
predict response to CdK4/6i. Neutrophil-to-lymphocyte ratio (NLR), an
indicator of the host systemic inflammatory response, is an independent
prognostic factor for survival in cancers. We conducted this study to
evaluate the impact of NLR on survival in mBC patients treated with first
line CdK4/6i.

Methods: All mBC patients treated with first line CdK4/6i between November
2015 and December 2019 were retrospectively included. The biomarker
threshold was defined using ROC curves. We analyzed progression free
survival (PFS), overall survival (OS), 12-month PFS and response rate
according to NLR in univariable and multivariable analysis.

Results: A total of 126 patients treated with palbociclib (n=101), ribociclib
(n=18) or abemaciclib (h=7) were included, with a median follow-up of 33
months [range: 2.9-57]. Median age was 65 years [29-86], 40% patients had
good performance status (ECOG-PS 0). Most patients (71%) were included at
the metastatic relapse stage and 29% had only bone metastases. Median PFS
and median OS were 27 and 51 months, respectively. High NLR (> 2.53) was
significantly associated with worse PFS (Hazard Ratio (HR)=0.50, Clgss, = [0.32—
0.79]) and worse OS (HR=0.45, [Clgsy: 0.23-0.87]). In multivariable analysis,
NLR and ECOG PS were independently factors associated with PFS (p=0.016
and p=0.001, respectively).
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Conclusion: High NLR was associated with worse PFS and OS in HR+ HER2-
mBC patients treated with first line CdK4/6i. NLR is a reliable and inexpensive
prognostic marker, easily accessible in routine clinical practice, which could
help optimize the therapeutic strategy. These results need to be confirmed in

metastatic breast cancer, NLR, cyclin dependent kinase inhibitor, prognostic factor,

Rottier et al.
larger prospective studies.
KEYWORDS
hormone dependent cancer
Introduction

Breast cancer (BC) is the most common malignancy among
women and one of the leading causes of death by cancer
worldwide (1) despite effective early detection methods and
new therapeutic advances. Around 6-10% of BC are diagnosed
with de novo metastatic disease and 25-30% present a metastatic
relapse (2). Metastatic breast cancer (mBC) has a poor survival
with a 5-year relative survival rate dropping to around 38% vs.
96% for early BC (eBC), in Europe (3). Approximately 70% of
BC are hormone receptor positive (HR+) and human epidermal
growth factor receptor 2 negative (HER2-). Endocrine therapy
(ET) is the main treatment for patients with HR+/HER2- mBC.
The advent of cyclin-dependent kinase inhibitors (CdK4/6i) has
considerably improved the prognosis. They are now the gold
standard for first line treatment of HR+/HER2- mBC without
extensive visceral involvement (3-6).

Prognostic factors are important in estimating outcomes and
identifying the optimal treatment for each patient. Some clinical
or histological markers are commonly used and validated in HR
+/HER2- mBC such as poor Eastern Cooperative Oncology
Group Performance Status (ECOG-PS), higher tumor grade
and Ki67 expression, negative progesterone receptor (PR)
status, prior therapy, sites and number of metastases (multiple
vs single), and shorter time to progression to mBC (7). The
choice of first-line treatment is crucial, as it affects patients’
outcome. However, until now no predictive factor of response to

Abbreviations: ALC, Absolute lymphocyte count; BC, Breast Cancer; DFI,
Disease-Free Interval; DVT, Deep Vein Thrombosis; ECOG PS, Eastern
Cooperative Oncology Group - Performance Status; EMA, European
Medicines Agency; ET, Endocrine Therapy; FDA, Food and Drug
Administration; HER2-, Human Epidermal growth factor Receptor 2
negative; HR+, Hormone Receptor positive; HR, Hazard ratio; ILD,
Interstitial Lung Disease; LMR, Lymphocyte-to-Monocyte Ratio; NLR,
Neutrophil-to-Lymphocyte Ratio; NR, Not reached; PE, Pulmonary
Embolism; PLR, Platelet-to-Lymphocyte Ratio; TNBC, Triple-Negative

Breast Cancer; VTE, Venous ThromboEmbolism.
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CdK4/6i and ET has been identified. Novel biomarkers are
needed to help personalize first line treatment.

Over the last decade, host systemic inflammatory response
have been shown to be involved in tumor growth, invasion,
angiogenesis and progression (8, 9). This inflammation could be
assessed by pretreatment peripheral differential leukocyte count
with estimation of lymphocyte count and the calculation of more
informative ratios such as neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), lymphocyte-to-
monocyte ratio (LMR) and estimation of lymphocyte count.
Several studies in different stages of solid cancers (10-12),
including BC, evaluated these ratios and they are now
acknowledged as predictive and prognostic factors. In a
metanalysis, it was highlighted that high pretreatment NLR
was an independent poor prognostic factor for overall survival
(OS) and progression-free survival (PFS) in all-stage BC, with
the strongest association in the HR+/HER2- subgroup (13). Koh
etal. (14) revealed in a prospective study that both NLR and PLR
are independently associated with an increased risk of mortality
in all-stage BC. However, these inflammation biomarkers have
mostly been evaluated in the (neo)adjuvant chemotherapy
setting for eBC (15, 16), particularly in triple-negative BC
(TNBC) (17). Data remains limited and inconsistent for mBC
(18). High LMR before neoadjuvant chemotherapy was reported
as a favorable prognostic factor in eBC regardless of HR/HER2
status (19), but no data has been reported for mBC HR+/HER2-.

The aim of our study was to assess the prognostic impact of
NLR, lymphopenia, PLR and LMR on survival and response
rates in women receiving first line CdK4/6i in association with
ET for locally advanced or mBC.

Methods
Population
We carried out a retrospective single center study at the

Comprehensive Cancer Center Frangois Baclesse in Caen, France,
as recommended by REMARK (REporting recommendations for
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tumor MARKer prognostic studies) for the evaluation of prognostic
tumor marker (20). All adult women who received CdK4/6i for
histologically proven HR+/HER2- locally advanced or mBC from
November 2015 to December 2019 were included. Patients
receiving any of the European Medicines Agency (EMA) or Food
and Drug Administration (FDA)-approved CdK4/6i (palbociclib,
ribociclib, abemaciclib) in association with ET as first-line treatment
were included. Patients were excluded if they had received other
prior first-line treatment or presented with visceral crisis.

Endpoint

We collected the general characteristics of patients (e.g., age,
ECOG-PS, menopausal status), their disease (e.g., TNM staging,
hormone receptor expression and SBR (Scarff Bloom
Richardson) grade from the primary tumor site or a current
metastatic lesion) and prior therapy (adjuvant treatment,
palliative radiotherapy or corticosteroid therapy). Results of
the blood test performed at the latest the week before starting
treatment were collected. NLR was defined as the absolute
neutrophil count divided by the absolute lymphocyte count,
PLR was defined as the absolute platelet count divided by the
absolute lymphocyte count and LMR was defined as the absolute
lymphocyte count divided by the absolute monocyte count.
Lymphopenia was defined by absolute lymphocyte count
(ALC) below 1.5 G/L. Tumor imaging (by computed
tomography scan) was performed every 3 cycles and disease
response was classified by the radiologist according to the
Response Evaluation Criteria in Solid Tumors [RECIST,
version 1.1 (21)] as complete response (CR), partial response
(PR), stable disease (SD) or progressive disease (PD). Objective
response rate (ORR) corresponded to the proportion of patients
in whom a CR or PR was observed. Disease control rate (DCR)
represented the percentage of patients with either CR, PR, or SD
as the best overall response. PFS was defined as the time elapsed
between CdK4/6i initiation and radiological progression, death
or lost to follow-up. Overall survival (OS) was defined as the
time elapsed between CdK4/6i initiation and death from any
cause. Adverse events (AE) collected at each medical visit were
graded according to National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI CTCAE)
version 5.0.

Objectives

The primary objective was to assess the PFS according to
pretreatment NLR.

Secondary objectives included assessment of 12-month PFS,
OS, ORR and DCR according to pretreatment NLR; assessment
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of PFS and OS according to lymphopenia, PLR and LMR and
evaluation of safety.

Statistical analysis

Descriptive analysis of data provided frequencies and
percentages for qualitative variables, and median and extreme
values for quantitative variables. Survival curves were estimated
by the Kaplan Meier method, and compared by the log-rank test.
Multivariable analysis for PFS and OS was performed using
Cox’s proportional hazards regression model including
biological markers significantly associated with survival at a
significance level of 0.10 and adjusted on clinical parameters.
A stepwise model selection was performed through Akaike’s
Information Criterion optimization, corresponding to
significance-based selection at a significance level of 0.157. The
optimal cut-off values for the NLR, PLR and LMR to predict 1-
year progression were determined by maximizing the product of
sensitivity and specificity, through receiver operating
characteristics (ROC) curve analysis. The characteristics of
high NLR and low NLR patients were compared by y2 test (or
Fisher’s exact test, in case of observed values per category < 5) for
the qualitative variables, and by the Student’s t-test for the
quantitative variables (or Wilcoxon non-parametric test if data
were not normally distributed). Statistical tests and confidence
intervals were calculated with an overall risk of 5%. All incident
cases were assessed (no calculation of the number of subjects
needed). Analyses were conducted using R software, version
4.0.2 (https://cran.r-project.org/bin/windows/base/).

Ethic

The study was in accordance with national regulations
regarding research involving human subjects. Registration in
the CIL (Correspondant Informatique et Libertes) register was
carried out for this study. Patients non-opposition to the use of
their data was sought after verification of vital status. All data
were anonymized for statistical analysis.

Results
Population

From November 2015 to December 2019, 126 patients were
included, with a median follow-up of 33 months (range, 2.9 to 57)
(Figure 1: Flow-chart). The median age at inclusion was 65 years
(range, 29 to 86). Thirty-six (28.6%) patients presented with de
novo mBC. 37 patients (29.4%) had bone metastases only, of whom
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Screening
(November 2015 to December 2019)

Patients undergoing
CdK4/6 with ET

n=322 patients

10.3389/fonc.2022.1105587

Ineligible because of
visceral crisis or prior first line treatment

Eligible Population

Patients receiving CdK4/6 and ET
in first line for LA or mBC

n=131 patients

(n=191)

Treatment not received (n=1)

n=126 patients

Overall Study Population ’

FIGURE 1
Flow-chart.

14 were de novo metastatic. The mean disease-free interval (DFI),
time between the end of adjuvant treatment before starting any ET
and tumor recurrence, was 124.6 months (range, 1 to 360 months).
Only 2 patients, one in each NLR group, received chemotherapy in
the year preceding the introduction of treatment (last injection 48
days and 51 days before). Thirty patients (23.8%) received
radiotherapy within 90 days of beginning ET and CdK4/6i, for a
median time interval of 21 days (range, 3 to 66 days). Ten patients
had a concomitant prescription of corticosteroid therapy at the first
intake of CdK4/6i, with a mean dosage of 35.5 mg. The most
commonly prescribed CdK4/61 was palbociclib (n=101, 80%),
followed by ribociclib (n=18, 14%) and abemaciclib (n=7, 6%),
combined with ET (aromatase inhibitor +/- LHRH analogue for
104 patients (82.5%) or fulvestrant for 22 patients (17.5%)). To the
pretreatment stage, median and range of neutrophil, lymphocyte,
platelet, and monocyte counts were 3.46 G/L [1.19;14.73], 1.44 G/L
[0.14;4.40], 267 G/L [101;622] and 0.49 G/L [0.10;1.30],
respectively. Patient characteristics are presented in Table 1.

Overall population outcomes

The median PFS time was 27 months (Clgse,= [21-36]), with
a 12-month PFS rate of 73.8% (Close,= [65.7-81.2]). At the end
of the follow-up, 61.9% patients (n=78) progressed with first-line
metastatic therapy and 31.7% patients (n=40) died. The median
OS was 51 months. DCR was 92.1% (16 RC, 64 PR and 36 SD, i.e.
116 patients) and ORR was 63.5% (80 patients).

Frontiers in Oncology

Blood test not available (n=1)
Opposition to use of data (n=3)

Prognostic value of NLR

The optimal NLR cut-off value to predict progression within
12 months after metastatic diagnosis was 2.53; 64 patients
(50.8%) were classified in the high NLR group (NLR > 2.53).
The two groups were similar except for pretreatment ECOG-PS
and the occurrence of radiotherapy within 90 days. (Table 2).
PFS was significantly better in the low NLR group (Figure 2: PFS
and OS probability according to pretreatment NLR) with a
median of 39 months compared to the high NLR group with a
median of 21.5 months (HR=0.50, [Clgs: 0.32-0.79], log-rank
p=0.002). The 12-month PES rate for the low NLR group was
80.7% [Close,: 71.4-91.1] versus 65.5% [Clgse,: 55.0-78.4] for the
high NLR group (Table 3). In a subgroup analysis excluding
patients who received radiotherapy within 90 days, we observed
the same difference of PFS between the two NLR groups with a
HR=0.49 ([Clyse,: 0.29-0.83]) in favor of low NLR group.

Low NLR was significantly associated with better OS,
HR=0.45 ([Clgse,: 0.23-0.87], log-rank p=0.015). Median OS
was 43 and 56 months for the high NLR and low NLR group,
respectively (Figure 2: PFS and OS probability according to
pretreatment NLR).

Distribution of response was significantly different between
the low NLR and the high NLR groups (p=0.041), with better
response in the low NLR (Table 4). We observed more CR in the
low NLR group (n=12, 19.4%) than in the high NLR group (n=4,
6.2%). ORR was 66.2% in the low NLR group and 60.9% in the
high NLR group; DCR was 96.8% and 87.5% respectively.
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TABLE 1 Patient characteristics at baseline.

Population characteristics

10.3389/fonc.2022.1105587

N =126 (%)

Frontiers in Oncology 05

Median age, years [range] 65 [29;86]
ECOG PS
0 50 (39.7)
1 62 (49.2)
2 12 (9.5)
3 2 (1.6)
Histology at diagnosis
Ductal 94 (74.6)
Lobular 29 (23.0)
Other 3(2.4)
SBR grade at diagnosis
I 18 (14.3)
11 72 (57.1)
11 32 (25.4)
Unknown 4 (3.0)
Stage at diagnosis
I 13 (10.8)
II 37 (30.8)
jiis 34 (27)
v 36 (28.6)
Unknown 6 (4.8)
Menopause
Yes 94 (74.6)
No 32 (25.4)
De novo metastatic cancer
Yes 36 (28.6)
No 90 (71.4)
Metastatic sites
Locoregional only 3(24)
Bone only 37 (29.4)
Others 86 (68.3)
Adjuvant treatment ¢
Yes 87 (69)
No 39 (31)
Radiotherapy within 90 days
Yes 30 (23.8)
(Continued)
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TABLE 1 Continued

Population characteristics
No

Corticosteroid therapy °

Yes

No

Blood count (G/L; [range])

10.3389/fonc.2022.1105587

N =126 (%)

96 (76.2)

10 (7.9)

116 (92.1)

Neutrophils count

3.46 [1.19;14.73]

Lymphocytes count 1.44 [0.14;4.40]
Platelets count 267 [101;622]
Monocytes count 0.49 [0.10;1.30]
NLR (cut-off = 2.53)

High 64 (51)
Low 62 (49)
Lymphopenia (< 1.5G/L)

Yes 67 (53)
No 59 (47)
PLR (cut-off = 174.4)

High 68 (54)
Low 58 (46)
LMR (cut-off = 3.3)

High 60 (48)
Low 66 (52)

ECOG-PS, Eastern Cooperative Oncology Group — Performance Status; SBR, Scarff-Bloom-Richardson; NLR, Neutrophil to Lymphocyte Ratio; PLR, Platelet to Lymphocyte Ratio;

LMR, Lymphocyte to Monocyte Ratio.
“including chemiotherapy and/or radiotherapy and/or endocrine therapy.
bprior or at baseline.

Prognostic value of lymphopenia and
other ratios

Lymphopenia group (n=67 patients) had shorter median
PFS, 21 months versus 36 months for patients with normal ALC
(HR=0.52, [Clgsy,: 0.30-0.90], log-rank p=0.068) (Figure 3: PFS
and OS probability according to pretreatment ALC). The 12-
month PFS rate was 78.0% [Clyso,: 68.1-89.3] in the normal ALC
group and 68.7% [Clgse: 58.4-80.7] in the lymphopenia group
(Table 3). OS was greater in the normal ALC with a 10 months
differential on median OS (51 vs 41 months, HR=0.58 [Clysy;:
0.30-1.10], log-rank p= 0.09).

The optimal PLR cut-off was 174.4, accounting for 68
patients (54%) in the high PLR group. Pretreatment PLR did
not influence PFS (HR=0.73, [Clysy: 0.47-1.15], log-rank
p=0.17) with median PFS of 22.6 months in the high PLR
group and 36 months in the low PLR group (Table 3). The
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optimal LMR cut-off was 3.3, accounting for 60 patients (48%) in
the high LMR group. Pretreatment LMR did not influence PFS
(HR=0.75, [Clgsg: 0.48-1.18], log-rank p=0.21), with median
PFES of 36 months in the high LMR group and 24.5 months in the
low LMR group (Table 3). There was no association between
PLR or LMR and OS.

Multivariable analysis

In multivariable analysis, NLR< 2.53 and lymphopenia were
included in the model, with adjustment on dose reduction,
occurrence of grade 3/4 toxicity, de novo metastatic cancer,
bone metastases, radiotherapy within 90 days, SBR grade, RP
status and ECOG-PS status. Selection model retained NLR< 2.53
and ECOG PS as independently factors associated with PFS, with
respectively p=0.016 and p=0.001. NLR< 2.53 was an
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TABLE 2 Patient characteristics at baseline according to NLR groups.

Variable NLR

High (= 2.53)
n = 64 (50.8%)

Low (< 2.53)
n = 62 (49.2%)

Median age, years [range] 65 [29;86] 65.5 [32;83] 0.58
ECOG-PS 0.012*

0 18 (28.1) 32 (51.6)

1,20r3 46 (71.9) 30 (48.4)
Postmenopausal patients 50 (78.1) 44 (71) 0.47
Prior therapy for eBC ! 46 (71.9) 41 (66.1) 0.69
De novo stage IV disease 15 (25) 21(33.9) 0.39
Bone metastases only 19 (29.7) 18 (29) 1
Existence of visceral metastases 38 (59.4) 33 (53.2) 0.61
Radiotherapy within 90 days 23 (35.9) 7 (11.3) 0.0004 *
Corticosteroid therapy prior or at treatment initiation 4(6.3) 6(9.7) 0.53
iCDK 4/6 0.58

Palbociclib 53 (82.8) 48 (77.4)

Ribociclib 7 (10.9) 11 (17.8)

Abemaciclib 4 (6.3) 3 (4.8)
Endocrinotherapy 0.19

Al 15 (23.4) 7 (11.3)

Fulvestrant 35 (54.7) 38 (61.3)

AI + LHRH analog 14 (21.9) 17 (27.4)

eBC, early Breast Cancer; iCDK 4/6, inhibitor of cyclin dependent kinase 4/6; Al, aromatase inhibitor.

'including chemotherapy and/or radiotherapy and/or endocrine therapy.
“significant if p<0.05.

independent protector factor with a HR=0.57 ([0.36-0.90]). An
impaired of general status (ECOG-PS 1, 2 or 3) was associated
with worse survival (HR=2.3 [1.37-3.79]) in multivariable Cox
model (Supplementary Table 1).

Safety

The most frequently reported AE were hematologic
toxicities with neutropenia (n=110 patients, 87.3%), anemia
(n=79, 62.7%) and thrombocytopenia (n=38, 30.2%). Grade 3/
4 neutropenia was observed in 57 patients (45%). Only few
patients experienced grade 3/4 anemia (n=12, 9.5%) and
thrombocytopenia (n=2, 1.6%). Dose reductions were required
for 52 patients (41.3%). We also reported 7 venous
thromboembolism (VTE) events (n=5.6%), including 2
pulmonary embolism (PE) (n=1.6%) and 5 deep vein
thrombosis (DVT) (n=4.0%), and all with Palbociclib which
represented 6.9% of patients treated with Palbociclib. None
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stopped treatment. Two patients (n=1.6%) were suspected of
developing interstitial lung disease (ILD), both receiving
Palbociclib and with high NLR.

Discussion

Our study highlighted that pretreatment high NLR (> 2.53)
was a prognostic biomarker associated with worse PFS and OS in
women treated with first-line CdK4/6i and ET for metastatic or
locally advanced HR+/HER2- breast cancer.

Low NLR appears to be an independent protective factor for
PFS and OS with more than 50% risk reduction of progression or
death (HR=0.44, [Clyso,: 0.23-0.87] for OS). Our results are
consistent with previous studies. Four recent meta-analyses
corroborate our findings showing that NLR is an independent
prognostic factor for PFS and OS in patients with BC at different
stages (13, 22, 23), especially for luminal A subtype (24). Wariss
et al. (25) reported an association between high NLR and worse
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FIGURE 2

PFS and OS probability according to pretreatment NLR.

OS in 2,374 eBC and mBC patients, for patients with luminal
subtypes. In another study concerning mTNBC, NLR> 2.5 at
diagnosis was a useful predictor of poor OS, regardless of the
subsequent treatment (26). In HR+/HER2- eBC, high NLR
(>2.25) after neoadjuvant chemotherapy was correlated with
poorer disease free survival (DFS) and OS, especially in patients
with non-pathologic complete response (pCR) (15). No
consensus has been reached to define a cut-off or threshold
value for each factor (NLR, lymphopenia, PLR or LMR). We first
determined these cut-offs with ROC curves. In our study, NLR
cut-off was similar to those found in the literature mostly
ranging between 2 and 5. A meta-analysis conducted in BC

TABLE 3 12-month PFS rate according to biomarkers.

reported a median NLR cut-off value of 2.5 in 10 out of 15
studies (13). Among different parameters studied, NLR was the
only biomarker to show a difference on OS. The median PFS of
27 months in our study was similar to that expected and
obtained in the registration trials of CdK4/6 inhibitors (5, 27,
28). To our knowledge, until now our study is the first to report
significative prognostic impact of NLR on survival and a
benefit in response rates to first line CdK4/6i and ET for
HR+/HER2- mBC.

Cell death secondary to breast tumor cells expressing pro-
apoptotic ligands and reduced thymic function have been
suggested as possible mechanisms of peripheral lymphopenia

Variable N Number at risk 12-month PFS rate Clgso,

NLR

>2.53 64 42 65.6 [55.0 - 78.4]
<253 62 50 80.7 [71.4 - 91.1]
Lymphopenia

<15G/L 67 46 68.7 [58.4 - 80.7]
>15G/L 59 46 78.0 [68.1 - 89.3]
PLR

> 174.4 68 47 69.1 [59.0 - 81.0]
<1744 58 45 77.6 [67.6 - 89.1]
LMR

>33 60 43 717 [61.1 - 84.0]
<33 66 49 74.2 [64.4 - 85.6]

NLR, Neutrophil to Lymphocyte Ratio; PLR, Platelet to Lymphocyte Ratio; LMR, Lymphocyte to Monocyte Ratio.
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TABLE 4 Best response according to NLR.

Variable \ CR (%)
NLR ‘
>253 64 ‘ 4(62)
<253 62 12 (19.4)

PR (%)

35 (54.7)

29 (46.8)

10.3389/fonc.2022.1105587

SD (%) PD (%) p value
0.041°

17 (26.6) 8 (12.5)

19 (30.6) 2(32)

NLR, Neutrophil to Lymphocyte Ratio; CR, Complete response; PR, partial Response; SD, Stable disease; PD, Progressive disease.

“p< 0.05.

observed in metastatic patients (29). Lymphopenia and NLR are
two complementary prognostic factors. Lymphopenia is
multifactorial and can be associated with patient characteristics
(age, ECOG-PS) (30) or tumor burden and evolves with previous
therapies. Increased systemic inflammation markers have been
reported in lymphopenic patients, with an inverse increase in the
percentage of peripheral neutrophils in response to the
expression of pro-inflammatory cytokines such as IL-6 and IL-
7, CD4+CD8+ double-positive (DP) thymocytes and an age-
related decrease in thymic function or combinatorial T cell
receptor diversity (30). The median age was similar between
the two groups of pretreatments NLR, but they differed on
ECOG-PS: patients in the high NLR group had a worse
ECOG-PS. After adjustment on ECOG-PS, NLR was still
significantly associated with poorer PFS.

In our study, we observed that more patients with high NLR
received radiotherapy within the previous 90 days. This may be
explained by the fact that radiotherapy induced lymphopenia
can persist for several months (31). In multivariate analysis, we
observed that the occurrence of radiotherapy was not associated
with PFS. In our study, radiotherapy is not an independent poor
prognostic factor and the prolonged lymphopenia may be
multifactorial, partly secondary to cancer itself. Systemic
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FIGURE 3
PFS and OS probability according to pretreatment ALC.
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treatments (corticosteroid therapy, chemotherapy) could also
alter NLR and ALC. We did not observe significant difference
regarding corticosteroid therapy between the two NLR groups at
baseline. Only one patient in each NLR group received
chemotherapy in the months before introduction CdK4/6i but
none had presented a disease progression at the time of analysis.

Tumorsare infiltrated by leucocytes and produce cytokines and
chemokines. Lymphocytes, whether in peripheral blood or as
tumor-infiltrating lymphocytes, play a major role in controlling
disease progression. In a population of HR+/HER2 mBC patients
already treated atleast for one metastaticline, we previously showed
that those with pretherapeutic ALC< 1.5 G/L had significantly
shorter PES time (6 vs. 10 months, p=0.004), shorter OS time (20 vs.
33 months, p=0.018) and more disease progression at first imaging
evaluation (32). The difference on PFS and OS was demonstrated
from the onset of lymphopenia. For this reason, we have selected a
lymphocyte count of 1.5 G/L to. Although the results are not
significant probably due to the lack of power, our study provided
further evidence that lymphopenia is a negative prognostic factor
for PES and OS for patients receiving CdK4/6i.

It is necessary to thoroughly understand the impact of the
immune system on tumor control. On the one hand,
neutrophils, B lymphocytes and some CD4+ T cells may
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stimulate cancer growth. On the other hand, cytotoxic CD8+ T
cells are crucial components of tumor-specific cellular adaptive
immunity as Thelper (TH) 1, TH17, CD4+ T cells and Natural
Killer cells are in the tumor microenvironment are. They inhibit
tumor growth by producing interferon gamma, subsequently
leading to angiostasis, cell cycle inhibition, apoptosis and tumor
phagocytosis by macrophages (9). A retrospective study of 1,902
patients with eBC showed that a high total and peripheral CD8+
T cell count was associated with significantly longer breast
cancer-specific survival (BCSS) (33). More specifically, in
patients with ER-positive tumor, the total number of
infiltrating CD8+ T cells was not significantly associated with
patient outcome, whereas peripheral CD8+ count was associated
with longer BCSS (33). Furthermore, Coffelt et al. demonstrated
that elevated neutrophil counts induced by BC tumor cells
suppressed CD8+ T cells and promoted metastasis through
immunosuppression (34). CdK4/6i have been reported to
increase tumor immunogenicity by overcoming two principal
mechanisms of tumor immune evasion. They limit the
proliferation of regulatory T cells leading to reduced
immunosuppression and enhance antitumor immunity by
increasing T cell activation, promoting T cell tumor
infiltration, and expanding the functional capacity of tumor
cells to present antigens (35, 36). This may explain that NLR
could be a good biomarker to predict survival and response to
CdK4/6i.

Other biomarkers evaluated had no significant impact on
survival. PLR has been described as a reliable prognostic marker
in many cancers including BC (37, 38). Concerning LMR in the
BC neoadjuvant chemotherapy setting, a recent study confirmed
this result in a multivariable analysis and showed that patients
with low LMR had shorter DFS (16).

Immune status is emerging as an essential biomarker of the
tumor biology and microenvironment with an impact on patient
outcome. Other biomarkers, such as tumor infiltrating
lymphocytes (TILS) and circulating tumor cells (CTC), are still
being evaluated in clinical research as prognostic factors but are
not easily obtained in routine clinical practice (7).

Despite adjustment on confounding factors, our study had
some limitations. Due to the retrospective nature, we were
unable to collect the values of some inflammation parameters
(albumin, C-reactive protein and LDH). Also we did not have
complete information on other discriminating factors of
immune response, such as number of B cells, T cells or CD4/
CD8 ratio, as these are not routinely performed. The sample size
is limited and results must be interpreted with caution.
Especially, PLR and LMR were not significant on the primary
outcome possibly due to a lack of power, but also because the
cut-off determined was not sufficiently discriminating.
Moreover, as previously mentioned, there is no NLR threshold
recognized in the literature in either breast cancer or any solid
cancer, possibly due to its recent identification as a potential
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prognostic factor. Thus, our 2.53 cut-off NLR obtained by ROC
curves requires internal and external validation in future studies.

Our study is the first one concerning the NLR prognostic factor
for HR+ HER2- mBC population in first line metastasis only, and
treated in this setting with cdk4/6 inhibitors and endocrinotherapy.
Our population is therefore notably homogeneous, that increasing
the power. Indeed, other studies were interested in the NLR
prognostic factor, but their population was inhomogeneous as
they included patients at the localized and metastatic stage (39),
or metastatic patients only and under cdk4/6 inhibitors but all lines
combined without information on previous treatments (40, 41). In
this sense, it is an original study.

Nevertheless, in view of these first interesting results, it prompted
us to design a prospective study (NCT05303129) in order to
complete, confirm and improve these results more powerfully.

Conclusion

Our study highlights NLR as new interesting biomarkers for
mBC patients treated with CdK4/6i in the first-line setting. It can
be used in routine clinical practice related to it availability, easy-
to-use, reliable and inexpensive prognostic factor. These results
may allow us to identify different prognostic groups. There are
currently few prognostic factors in mBC. To date, none have
been validated and are commonly used in first-line metastasis in
patients receiving CDK4/6i. Our next project is to validate our
results in a prospective study (NCT05303129).
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