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Background: More and more studies show that platelets are closely related to the occur-
rence and development of tumors. This study aims to explore the predictive value of
peripheral blood platelet count on the prognosis of breast cancer patients with ipsilateral
supraclavicular lymph node (ISLN) metastasis.

Methods: Eighty-five breast cancer patients with ISLN metastasis in the Affiliated Cancer
Hospital of Zhengzhou University were collected retrospectively in this study. Chi-square
test was used to analyze the correlation between clinical pathological data and platelet count.
DFS rate was estimated by K-M curve and Log Rank test was performed. Univariate and
multivariate Cox regression were used to determine the prognostic value of platelets. Time-
dependent Cox regression was used to further analyze the correlation between peripheral
blood platelets and prognosis to determine the stability of the results.

Results: The pathological complete response rate of ISLN after neoadjuvant chemotherapy
(NAC) was 51.8%. Platelet count was correlated with PR status of breast cancer at first visit
(P=0.01). After a median follow-up of 30 months, multivariate Cox analysis showed that
high platelet count (HR=3.18, 95% CI=1.13-8.93, P=0.028), premenopausal status
(HR=0.40, 95% CI=0.17-0.97, P=0.043), and ISLN pathological failure (HR=0.25 95%,
CI=0.10-0.62, P<0.01) were associated with poor prognosis. K-M curve analysis showed
that the prognosis of patients with a high platelet count was worse than that of patients with
low platelet count (HR=5.32, 95% CI=2.41-11.75, P<0.01). To further verify the stability of
this result, multivariate time-dependent Cox model also suggested that higher platelet level
was related to poor prognosis (HR=1.009, 95% CI=1.003-1.016, P<0.01). Meanwhile,
menopausal status (HR=0.32, 95% CI=0.14-0.76, P=0.01) and sPCR (HR=0.29, 95%
CI=0.12-0.70, P=0.01) were also independent predictors of DFS.

Conclusion: Platelets have important predictive value for the prognosis of breast cancer
patients with ISLN metastasis, which indicates that platelet count can be used to distinguish
high-risk patients so as to obtain clinical benefits.

Keywords: platelet, neoadjuvant chemotherapy, prognosis, ipsilateral supraclavicular lymph
nodes

Introduction

Breast cancer patients with ipsilateral supraclavicular lymph node (ISLN) metas-
tasis without distant metastasis account for about 1-4.3% of all breast cancer
patients.'” Metastasis of ISLN often indicates a poor prognosis, with a median
survival time of 2—4 years.*> In the sixth edition of AJCC’s TNM staging of breast
cancer, the ISLN metastasis is considered as N3C stage, and breast cancer with
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ISLN metastasis without distant metastasis is considered
as locally advanced lesion, belonging to the IIIC stage.’
This indicates that such patients have changed from incur-
able to curable. Platelets are an important component of
thrombosis and hemostasis. Studies have found that plate-
lets interact with cancer cells. On the one hand, platelets
promote tumor cell migration and invasion,’ participate in
tumor cell metastasis,® and protect tumor cells from
immune elimination.” On the other hand, cancer cells can
thus their
morphology.'® Cancer cells can also drive thrombocytosis

activate  platelets, rapidly  changing

and cause platelet aggregation, and thrombocytosis is
a prognostic factor for inflammatory breast cancer.'’:'?
Previous studies have shown that increased platelet count
is associated with poor disease-free survival (DFS) and
overall survival of various cancers.'>!> However, the
prognostic value of the platelet count for locally advanced
breast cancer patients with ISLN metastasis is rarely
reported. The purpose of this study is to explore the prog-
nostic value of peripheral blood platelet count in breast
cancer patients with ISLN metastasis.

Patients and Methods

Enrolled Patients
This study continuously and retrospectively collected 85
breast cancer patients with simultaneous ISLN metastasis
from January 2012 to December 2019 in Affiliated Cancer
Hospital of Zhengzhou University. Inclusion criteria: 1)
diagnosis of unilateral primary invasive ductal breast cancer
at first visit; 2) biopsy confirmation of ISLN metastasis; and
3) treatment measures include NAC, surgical resection, and
radiotherapy. Among them, the NAC regimen is standard
EC-T8  (Epirubicin,  Cyclophosphamide,
eight cycles), TEC6 (Taxotere,
Cyclophosphamide, six cycles), and TCbH6 (Taxotere,

including
Taxotere, Epirubicin,
Carboplatin, Herceptin, six cycles); 4) Complete peripheral
blood platelet count at baseline and during treatment.
Exclusion criteria: 1) Pathological biopsy confirmed distant
metastasis at first visit; 2) accompanied by other tumors or
with tumor history.

Clinical Data Collection

Clinical data were obtained by collecting information from
patients’ electronic medical records. Clinical data include
age at diagnosis, menopausal status, and clinical T staging.
The state of ER, PR, and HER2 were obtained by immu-
nohistochemistry of biopsy specimen; Chemotherapy

scheme; Pathological response of tumor masses, axillary
lymph nodes, and ISLN after NAC; Complete peripheral
blood platelet count at baseline, after NAC (detected
immediately after the last course of NAC), before surgery,
before radiotherapy, and after radiotherapy (detected
immediately after the last course of radiotherapy).
Platelet count was obtained by routine laboratory exam-
ination of blood. The outpatient registration system was
used for follow-up and DFS was determined. Pathological
complete response (pCR) is defined as Miller-Payne grade
5 of tumor after NAC or only residual carcinoma in
catheter.'® DFS is defined as: no local or regional recur-
rence, no distant recurrence, and no contralateral invasive
breast cancer. This study was approved by the Ethics
of the Affiliated Cancer
Zhengzhou University.

Committee Hospital of

Statistical Analysis

SPSS 23.0 and R software were used for statistical analy-
sis in this study. The ROC curve is a curve drawn accord-
ing to a series of different dichotomies with a true positive
rate as the ordinate and false positive rate as the abscissa.
It is mainly used for analysis and evaluation of dichoto-
mies discrimination effect. Since there was no effective
cutoff value, the best cutoff value for platelet diagnosis of
long-term recurrence is obtained by using the ROC curve.
The best cutoff value is the maximum value of the sum of
sensitivity and specificity on the ROC curve. The correla-
tion between clinical data and platelets was analyzed by
bilateral Chi-square test. DFS rate under different platelet
counts were estimated using K-M curves and Log Rank
test was performed. Univariate Cox regression was used to
analyze the relationship between clinicopathological fac-
tors and recurrence risk, and multivariate Cox regression
was used to determine independent prognostic factors. In
order to verify the stability of the results, our study further
considered the peripheral blood platelet count as a time-
dependent covariate and collected the complete peripheral
blood platelet count at five time points including baseline,
after NAC, before surgery, before radiotherapy, and after
radiotherapy. Univariate and multivariate Cox models
were used to determine the predictive value of platelet
count for prognosis, and confounding factors were cor-
rected. The risk ratio of covariates, 95% confidence inter-
val, and Wald test P-value were reported. P-values less
than 0.05 in bilateral tests are considered to have statistical

significance.
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Results

Patient Baseline Characteristics

According to the inclusion criteria, we identified 85 breast
cancer patients with ISLN metastasis. Among them, the age
distribution at first visit was from 19-64 (median=48), 45.9%
(39) of the patients were postmenopausal, and 72.9% (62) of
the patients were diagnosed with cT1-2. After NAC, the pCR
rate of breast masses was 22.4% (19), axillary lymph node was
36.5% (31), and 51.8% (44) breast cancer patients reached
supraclavicular lymph node pathological complete response
(sPCR). Fifty-five, 49, and 25 breast cancer patients were ER,
PR, and HER? positive, respectively. Figure 1 showed platelet
count at five different time points (mean+SD). In all patients,
the mean value of peripheral blood platelet count at first visit
was 261.08+67.61 (10°/L). According to ROC curve analysis
results, the best cut-off value for platelet diagnosis of long-
term recurrence was 229.50.

Correlation Between Clinicopathological

Data and Platelet Count

Table 1 shows the results of correlation analysis between
clinical pathological data and platelet count. Among them,
platelet count was correlated with PR status. Compared
with the low platelet count group (Platelet<229.50), the PR
positive rate in the high platelet count group (Platelet
>229.50) was higher (P=0.01).

Platelet Count

350+

300+

250+

200+

150+

100-

Figure | Platelet count at five different time points.

Table | Baseline Characteristics of Patients

Variables Platelet<229.5 | Platelet>229.5 | »* P

Age 0.27 | 0.6l
<50 19 (38.8) 30 (61.2)
250 12 (33.3) 24 (66.7)

Menopause 0.0l | 0.92
No 17 (37.0) 29 (63.0)
Yes 14 (35.9) 25 (64.1)

Clinical T stage 0.04 | 0.84
TI-2 23 (37.1) 39 (62.9)
T34 8 (34.8) 15 (65.2)

ER 0.25 | 0.62
Negative 12 (40.0) 18 (60.0)
Positive 19 (34.5) 36 (65.5)

PR 7.17 | 0.0l
Negative 19 (52.8) 17 (47.2)
Positive 12 (24.5) 37 (75.5)

HER2 0.19 | 0.66
Negative 21 (35.0) 39 (65.0)
Positive 10 (40.0) 15 (60.0)

aPCR 0.02 | 0.89
No 20 (37.0) 34 (63.0)
Yes Il (35.5) 20 (64.5)

bPCR 2.76 | 0.10
No 21 (31.8) 45 (68.2)
Yes 10 (52.6) 9 (47.4)

sPCR 1.77 | 0.18
No 12 (29.3) 29 (70.7)
Yes 19 (43.2) 25 (56.8)

High Platelet Count Indicated Poor

Prognosis

The outpatient registration system was used for follow-up,
with a median follow-up time of 30 months (8—67 months),
of which 29.4% (25) of patients had distant metastasis. First
of all, we used univariate and multivariate Cox regression to
analyze the prognostic value of clinicopathological data, of
which platelet count at first visit was a binary variable (Table
2). Univariate analysis showed that platelet count (HR=2.94,
95% CI=1.07-8.10, P=0.037) and sPCR (HR=0.23, 95%
CI=0.09-0.61, P<0.01) were correlated with prognosis.
Multivariate analysis further showed that platelet count
(HR=3.18, 95% CI=1.13-8.93, P=0.028), sPCR (HR=0.25,
95% CI=0.10-0.62, P<0.01), and menopausal status
(HR=0.40, 95% CI=0.17-0.97, P=0.043) were independent
predictors of prognosis. K-M curve analysis showed that the
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Table 2 Univariate and Multivariate Analysis for DFS

Variables HR 95% ClI P HR 95% CI P
Age 0.65 0.28-1.50 0.31

Menopausal status 0.43 0.18-1.03 0.06 0.40 0.17-0.97 0.043
Clinical T stage 1.71 0.76-3.84 0.19

ER 0.99 0.43-2.31 0.98

PR 1.04 0.47-2.32 0.92

HER2 0.74 0.27-2.03 0.56

aPCR 0.64 0.25-1.61 0.34

bPCR 1.01 0.28-3.58 0.39

sPCR 0.23 0.09-0.61 <0.01 0.25 0.10-0.62 <0.01
Platelet 2.94 1.07-8.10 0.037 3.18 1.13-8.93 0.028

prognosis of patients with a high platelet count was worse
than that of patients with a low platelet count (HR=5.32 95%
CI=2.41-11.75, P<0.01; Figure 2). In order to verify the
stability of the results, we further analyzed the correlation
between clinicopathological data and prognosis using a time-
dependent Cox model, and corrected other baseline charac-
teristics, in which platelet count is a time-dependent
covariate (Table 3). Data of peripheral blood platelet count
at five time points including baseline, post-NAC, pre-
surgery,
included in the model. The multivariate time-dependent

pre-radiotherapy, and post-radiotherapy were

Cox model showed that high platelets were associated with
poor prognosis (HR=1.009, 95% CI=1.003-1.016, P<0.01),

menopausal status (HR=0.32, 95% CI=0.14-0.76, P=0.01),
sPCR (HR=0.29, 95% CI=0.12-0.70, P=0.01), which were
independent predictors of DFS.

Discussion

Platelets played an important role in tumor cell migration,
invasion, and metastasis. Platelets were prognostic factors
for many tumors, and high platelets were associated with
poor prognosis. ISLN metastasis was an important indica-
tor of poor prognosis in breast cancer patients. In this
study, the prognostic value of platelets in breast cancer
patients with ISLN metastasis was analyzed in order to
provide help for clinical decision-making of such patients.

Platelet
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Figure 2 K-M analysis of different platelet counts.
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Table 3 Time-Dependent Cox Regression Analysis of Time-Varying Platelet Count
Variables HR 95% CI P HR 95% CI P
Age 0.61 0.27-1.40 0.24
Menopausal status 0.38 0.16-0.87 0.02 0.32 0.14-0.76 0.01
Clinical T stage 1.60 0.70-3.64 0.26
ER 0.87 0.39-1.93 0.73
PR 0.94 0.45-1.99 0.88
HER2 0.71 0.27-1.88 0.50
aPCR 0.75 0.31-1.78 0.51
bPCR 0.49 0.14-1.72 0.27
sPCR 0.28 0.12-0.65 <0.01 0.29 0.12-0.70 0.01
Platelet 1.01 1.001-1.014 0.03 1.009 1.003-1.016 <0.01

At present, breast cancer patients with ISLN metastasis
were considered as locally advanced breast cancer, namely
ITIC stage. For these patients, NAC, surgical resection of
the primary lesion, combined with local radiotherapy and
other comprehensive treatments, were mostly used clini-
cally, but the clinical benefits of supraclavicular lymph
node dissection were still controversial.'’?® NAC can
reduce tumor size and tumor stage, thus improving breast-
conserving rate and increasing clinical survival benefits.”'
Consistent with previous studies, the pCR rate of the
axillary lymph node after NAC was higher than that of
breast Pcr.?* In this study, the pCR rate of axillary lymph
node was 36.5%, and the pCR rate of breast was 22.4%.
Previous studies have shown that the pCR of breast and
axillary lymph nodes can be regarded as a surrogate for the
curative effect of NAC.>* The pCR of ISLN was signifi-
cantly increased to 51.8%, suggesting that ISLN were
more sensitive to NAC than breast and axillary lymph
nodes. Then whether sPCR can be used as a surrogate
for the curative effect of NAC like bPCR and aPCR and
which was more accurate was worth further exploration.

After a 30-month median follow-up period, 29.4% (25)
patients had distant metastasis. Previous studies have shown
that pCR of ISLN after NAC was related to a local control
rate and favorable DFS.?* In this study, the recurrence risk of
the ISLN pCR group was 0.29 times that of the non-pCR
group (HR=0.29, 95% CI=0.12-0.70, P=0.01). Previous stu-
dies have found that high platelet count before treatment was
associated with poor prognosis of breast cancer.”> The results
of this study showed that in breast cancer patients with ISLN
metastasis, higher platelets was associated with poor DFS
(HR=1.009, 95% CI=1.003-1.016, P<0.01), and the stability
of this result was verified.

In addition, the study found that menopausal status was
an independent prognostic factor for breast cancer patients

with ISLN metastasis, and the recurrence risk of postme-
nopausal patients was 0.32-times that of premenopausal
patients (HR=0.32, 95% CI=0.14-0.76, P=0.01). This
result was inconsistent with our previous findings that
menopausal status was not related to the prognosis of
breast cancer patients with ISLN metastasis.”® We think
the reasons were as follows: there were differences in the
follow-up time between the two studies. The median fol-
low-up time in this study was 30 months, while the median
follow-up time in a previous study was 16.2 months. The
median survival time of the breast cancer patients with
ISLN metastasis was 24-48 months, which indicated that
the follow-up time of the two studies was relatively short,
and the short-term follow-up may cause the prognostic
value of some clinicopathological indicators to fail to
appear. In addition, there were differences in the che-
motherapy regimens of the two studies. In this study, the
NAC regimens were the standard regimens, so the influ-
ence of differences in NAC regimens on the prognosis was
excluded, while the NAC regimens for patients in
a previous study were different.

Previous studies have shown that high levels of platelets
(Platelet >350) were associated with high expression of
HER?2 in breast cancer before treatment,?> while no correla-
tion between platelets and HER2 expression had been found
in this study. When the platelet level in this study was divided
into high expression and low expression by the boundary of
350 (10°/L), the platelet level and HER2 expression still had
no correlation (results were not shown), which indicated that
there were differences in the correlation between platelet
level and HER2 expression in different types of breast can-
cer. In addition, some studies have found that when the level
of platelet P-selectin was high, the hormone-treated T47D
cell line showed larger membrane folds than the MCF-7 cell
line.?” The T47D cell line has a lower expression of estrogen
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receptor and higher expression of progesterone receptor than
MCF-7 cell line, thus showing higher invasiveness.”® This
indicated that the difference in hormone receptors may result
in different abilities of activating platelets. This study found
that the PR positive rate of breast cancer was higher in the
high platelet group (P=0.01). These clinical data and cell
experiments showed that platelets were related to PR, but
whether the ability of PR to activate platelets at cell level can
directly result in a high PR positive rate of breast cancer in
the high platelet group still needs further research.

There are some deficiencies in this study. First of all,
this study is a retrospective clinical study. The evidence
level is low and there may be bias. In addition, the
research sample size is medium, and the follow-up time
is relatively short, so the clinical research verification
results of long-term follow-up of large samples are still
needed.

In conclusion, as far as we know, this study is the first
to collect breast cancer patients with ISLN metastasis and
study the predictive value of peripheral blood platelet
count on their prognosis. Our study shows that higher
platelet levels are associated with poor DFS (HR=1.009,
95% CI=1.003-1.016, P<0.01), suggesting that platelets
can be used as a clinical marker to predict the prognosis
of breast cancer patients with ISLN metastasis.
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acteristics; pCR, pathological complete response; DFS,
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terone receptor; HER2, human epidermal growth factor
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