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Introduction 

Existing studies suggest that invasive breast cancer with 
ipsilateral supraclavicular lymph node (ISLN) metastasis 
without distant metastasis accounts for 1–4% of all 
breast cancers (1-3). In the case of suspected metastasis 

of ISLN, clinical diagnosis is usually made by core 

needle biopsy of ISLN. Breast cancer patients with ISLN 

metastasis have a higher risk of distant metastasis, with 

a 5-year DMFS of 14.5–22% (4,5). Brito et al. reported 

for the first time that the 5-year overall survival rate of 
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patients with breast cancer with ISLN metastasis after 
multimodal comprehensive treatment was 41.1%, which 
was significantly better than that of patients with distant 
metastasis (6). This result makes breast cancer patients 
with ISLN metastasis classified as N3C stage in the 
sixth edition of AJCC staging system (7). At present, 
comprehensive therapy such as neoadjuvant chemotherapy 
(NAC), surgical resection, local radiotherapy, etc. 
are mostly used clinically for such patients (8-11). 
Inflammation plays an important role in the occurrence 
and development of cancer (12). Tumor microenvironment 
consists of cells of mesenchymal and hematopoietic origin 
and non-cell components (13). The cellular components 
include fibroblasts, mesenchymal stem cells, epithelial 
cells, lymphoid and myeloid cells, etc., while the non-
cellular components refer to extracellular matrix (13). 
Inflammatory tumor microenvironment can enhance the 
growth, invasiveness and stem cell characteristics of breast 
cancer tumor cells (14,15). Inflammatory reaction can 
cause an increase in neutrophil count and a slight increase 
in platelet count (16). Previous studies have shown that 
peripheral blood inflammatory markers have important 
value in predicting breast pathological response and breast 
cancer prognosis after NAC for breast cancer (17-20).  
However, there are few reports on the predictive 
value of peripheral blood inflammatory markers for 
pathological response and prognosis of breast cancer 
patients with ISLN metastasis after NAC. In this study, 
we mainly explored the predictive value of peripheral 
blood inflammatory markers for pathological response 
and prognosis of ISLN after NAC for breast cancer. 
We present the following article in accordance with the 
REMARK reporting checklist (21) (available at http://
dx.doi.org/10.21037/gs-20-341).

Methods

Enrolled patients

This retrospective study included 117 breast cancer patients 
with simultaneous ISLN metastasis treated in the affiliated 
Cancer Hospital of Zhengzhou University from January 2012 
to December 2019. At the same time, patients were divided 
into two cohorts, 85 cases and 90 cases respectively, according 
to the research purpose. Enroll criteria: (I) diagnosis of 
unilateral primary breast cancer at first visit; (II) biopsy 
confirmation of ISLN metastasis; (III) treatment measures 
at least include NAC, surgical resection, and radiotherapy. 

Among them, in the cohort of studying supraclavicular pCR 
after NAC, patients should meet the standard neoadjuvant 
chemotherapy scheme (EC-T8, TEC6, TCbH6). In the 
cohort of studying prognosis of breast cancer with ISLN 
metastasis, patients should satisfy the whole chemotherapy 
process as the standard scheme (EC-T8, TEC6, TCbH6); 
(IV) Complete peripheral blood inflammatory marker 
data including platelets, neutrophils and lymphocytes were 
available at baseline and during treatment. NLR referred to 
peripheral blood neutrophil count divided by lymphocyte 
count, while PLR referred to peripheral blood platelet count 
divided by lymphocyte count. Exclusion criteria: (I) distant 
metastasis at first visit; (II) concomitant with other tumors or 
with a history of tumors. 

Clinicopathological data

The clinical data of the patients were collected, including 
age at first diagnosis, menopausal status, clinical T stage, 
chemotherapy regimen and pathological response of 
mass, axillary lymph node and ISLN after NAC, and the 
expression of ER, PR and HER2 in biopsy specimens was 
detected by immunohistochemical method (Figure S1). 
Complete peripheral blood inflammatory marker data 
including platelets, neutrophils and lymphocytes at 5 time 
points including baseline, post neoadjuvant chemotherapy, 
pre-operation, pre-radiotherapy and post-radiotherapy. 
Finally, we used the outpatient registration system for 
follow-up and determined the disease-free survival (DFS) 
according to the criteria. pCR was defined as Miller-Payne 
grade 5 of tumor after NAC or only ductal carcinoma  
in situ (22). (Specimens of breast masses, axillary lymph 
nodes and supraclavicular lymph nodes were obtained by 
modified radical mastectomy and supraclavicular lymph 
node dissection, and their pathological response were 
determined according to this standard). DFS was defined as 
the interval between initial diagnosis and local recurrence, 
distant recurrence, or contralateral breast cancer. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). This study was approved by the 
Ethics Committee board of the Affiliated Cancer Hospital 
of Zhengzhou University (No. 2019001). As this study was 
retrospectively designed, informed consent was waived by the 
Affiliated Cancer Hospital of Zhengzhou University.

Statistical analysis

SPSS 23.0 and R software were used for statistical 
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analysis in this study. Since there was no effective cut-
off value, the ROC curve was analyzed to determine the 
best cut-off value for diagnosing the pCR of the ISLN. 
The best cutoff value was the maximum value of the sum 
of sensitivity and specificity on the ROC curve. At the 
same time, the area under the curve was calculated. The 
correlation between clinical data and pathological response 
of ISLN was analyzed by bilateral chi-square test. Binary 
logistic regression was used to determine the independent 
predictors of pathological response of ISLN. Univariate 
and multivariate time-dependent COX models were used 
to determine the predictive value of peripheral blood 
inflammatory markers for prognosis. Among the univariate 
variables, the variables with P<0.1 were selected into the 
multivariate analysis. There was statistical difference when 
the bilateral test P<0.05.

Result

Patient baseline characteristics

According to the enroll criteria, 117 breast cancer patients 
with ISLN metastasis were identified and patients were 
divided into two cohorts, 85 cases and 90 cases respectively. 
In the cohort of studying supraclavicular pCR after NAC 
(Table 1), the age distribution at initial diagnosis ranged 
from 26 to 69 years (median 50). 44.4% (n=44) of the 
patients were premenopausal, and 77.8% (n=70) of the 
patients had cT1-2 tumor size at the time of diagnosis. 
After NAC, the pCR rate of ISLN was 64.4% (n=58), 
axillary lymph nodes was 47.8% (n=43), and breast masses 
was 35.6% (n=32). The mean baseline platelet count of this 
cohort was 255.07±64.44 (×109/L), the mean neutrophil 
count was 3.77±1.83 (×109/L), the mean PLR count was 
140.09±44.73, and the mean NLR count was 2.01±0.93. 
According to the analysis results of the ROC curve, the 
optimal cutoff values of platelets, neutrophils, PLR and 
NLR were 261.5, 3.36, 129.60 and 1.51 respectively  
(Table 2). According to the best cutoff value, we divided 
90 patients into two groups (low value group vs. high 
value group). 42.2% (n=38), 52.2% (n=47), 53.3% (n=48) 
and 68.9% (n=62) patients had high platelet, neutrophil, 
PLR and NLR respectively. In the cohort of studying the 
correlation between peripheral blood inflammatory markers 
and prognosis (Table 3), the age distribution at initial 
diagnosis was from 19 to 64 years (median 48), 47.1% (n=40) 
of the patients were postmenopausal, and 72.9% (n=62) of 
the patients had tumor size cT1–2 at initial diagnosis.

Correlation between baseline characteristics and 
pathological response of ISLN 

Univariate analysis showed that pathological response 
of ISLN after NAC were correlated with axillary pCR 
(P<0.01), breast pCR (P<0.01), platelets (P=0.01), PLR 
(P=0.03). Multivariate analysis further confirmed that 
breast pCR (OR 9.67, 95% CI: 2.64–35.31, P<0.01) was an 
independent predictor of ISLN pathological response after 
NAC (Table 1).

Correlation between peripheral blood inflammatory 
markers and prognosis

After a median follow-up of 25 months (7–65 months), 
29.4% (n=25) of the patients developed distant metastasis. 
In order to explore the relationship between peripheral 
blood inflammatory markers and prognosis, and to consider 
the effect of changes of peripheral blood inflammatory 
markers on prognosis during treatment, we adopted time-
dependent COX model, which included baseline, post-
neoadjuvant, pre-operation, pre-radiotherapy and post-
radiotherapy data of 5 clinically valuable time nodes, and 
corrected other confounding factors (Table 4). Univariate 
time-dependent COX regression analysis results confirmed 
that premenopausal status (HR 0.38, 95% CI: 0.16–0.88, 
P=0.02), non-sPCR group (HR 0.30, 95% CI: 0.13–0.68, 
P<0.01), high platelet (HR 1.01, 95% CI: 1.00–1.02, 
P=0.03), high PLR group (HR 1.002, 95% CI: 1.000–
1.004, P=0.03) patients were associated with poor DFS. 
Multivariate time-dependent COX model showed that high 
platelets were associated with poor prognosis (HR 1.008, 
95% CI: 1.001–1.015, P=0.028), menopausal status (HR 
0.35, 95% CI: 0.15–0.79, P=0.01), supraclavicular pCR 
(HR 0.33, 95% CI: 0.14–0.77, P=0.01) were independent 
predictors of DFS.

Discussion

Lymphatic drainage of breast was mainly axillary lymph 
node, supraclavicular lymph node was one of lymphatic 
drainage areas of breast, about 3.1% of which is directly 
injected into supraclavicular lymph node on the same  
side (23). Breast cancer patients with ISLN metastasis and 
no distant metastasis account for about 1–4.3% of all breast 
cancer patients, and often indicate poor prognosis (1-4). 
At present, NAC, surgical resection of the primary lesion, 
combined with local radiotherapy are mostly used for 
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Table 1 Cohort baseline characteristics of studying supraclavicular pCR after NAC

Variables Total Non-sPCR, n (%) sPCR, n (%) P OR 95% CI P

Age, years 0.55 – – –

<50 44 17 (38.6) 27 (61.4)

≥50 46 15 (32.6) 31 (67.4)

Menopause 0.47 – – –

No 44 14 (31.8) 30 (68.2)

Yes 46 18 (39.1) 28 (60.9)

Clinical T stage 0.32 – – –

T1–2 70 23 (32.9) 47 (67.1)

T3–4 20 9 (45.0) 11 (55.0)

ER 0.16 – – –

Negative 34 9 (26.5) 25 (73.5)

Positive 56 23 (41.1) 33 (58.9)

PR 0.70 – – –

Negative 39 13 (33.3) 26 (66.7)

Positive 51 19 (37.3) 32 (62.7)

HER2 0.27 – – –

Negative 55 22 (40.0) 33 (60.0)

Positive 35 10 (28.6) 25 (71.4)

bPCR <0.01 9.67 2.64–35.31 <0.01

No 58 29 (50.0) 29 (50.0)

Yes 32 3 (9.4) 29 (90.6)

aPCR <0.01 – – –

No 47 25 (53.2) 22 (46.8)

Yes 43 7 (16.3) 36 (83.7)

Platelet 0.01 – – –

≤261.5 52 13 (25.0) 39 (75.0)

>261.5 38 19 (50.0) 19 (50.0)

Neutrophil 0.10 – – –

≤3.36 43 19 (44.2) 24 (55.8)

>3.36 47 13 (27.7) 34 (72.3)

PLR 0.03 – – –

≤129.60 42 10 (23.8) 32 (76.2)

>129.60 48 22 (45.8) 26 (54.2)

NLR 0.05 – – –

≤1.51 28 14 (50.0) 14 (50.0)

>1.51 62 18 (29.0) 44 (71.0)
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Table 3 Cohort baseline characteristics of studying prognosis of 
breast cancer with ISLN metastasis

Variables Total, n (%)

Age, years

<50 49 (57.6)

≥50 36 (42.4)

Menopause

No 45 (52.9)

Yes 40 (47.1)

Clinical T stage

T1–2 62 (72.9)

T3–4 23 (27.1)

ER

Negative 30 (35.3)

Positive 55 (64.7)

PR

Negative 36 (42.4)

Positive 49 (57.6)

HER2

Negative 60 (70.6)

Positive 25 (29.4)

aPCR

No 54 (63.5)

Yes 31 (36.5)

bPCR

No 66 (77.6)

Yes 19 (22.4)

sPCR

No 41 (48.2)

Yes 44 (51.8)

Table 2 Analysis of inflammation markers of breast cancer ROC curve

Variables Cut-off value AUC (95% CI) Specificity Sensitivity

Platelet 261.5 0.62 (0.49–0.74) 0.67 0.59

Neutrophil 3.36 0.54 (0.41–0.67) 0.59 0.59

PLR 129.60 0.54 (0.42–0.66) 0.53 0.72

NLR 1.51 0.53 (0.40–0.67) 0.44 0.76

breast cancer patients with ISLN metastasis, but the clinical 
benefits of supraclavicular lymph node dissection are still 
controversial (8-11). 

Neoadjuvant chemotherapy affects the treatment 
strategy of breast cancer by reducing the mass and reducing 
the tumor stage, and has become the first choice for the 
treatment of locally advanced breast cancer (24). Previous 
studies have shown that compared with the ISLN pCR 
group, the non-pCR group had a lower local control rate 
and a lower DFS rate (25). In this study, compared with 
the non-pCR group, the risk of recurrence in the ISLN 
pCR group was 0.67 times lower than that in the non-pCR 
group (HR 0.33, 95% CI: 0.15–0.77, P=0.01). Previous 
studies have shown that the pCR rate of axillary lymph 
nodes was higher than that of breast after NAC (26,27). In 
this study, the pCR rate of axillary lymph node was 47.8%, 
the pCR rate of breast was 35.6%, and the pCR of ISLN 
was significantly increased to 64.4%, which indicated that 
supraclavicular lymph nodes were more sensitive to NAC.

The interaction between tumor and inflammatory 
cytokine was involved in the occurrence and development 
of tumor. Compared with inflammatory cytokine, 
inflammatory markers (neutrophils, platelets, NLR, PLR) 
are routine examination items in clinical practice and 
have higher clinical practicability and economic benefits. 
Studies have found that host inflammatory response 
was related to the prognosis of various tumors (12,28). 
Neutrophils had both tumor-promoting and anti-tumor 
activities, and their overall effect on the body depended on 
which activity was dominant (29). Neutrophils elaborated 
tumor-promoting activity mainly by inhibiting the 
activation of CD8+ T cells (30), inhibiting the function of 
natural killer cells (31), and participating in the formation 
of neutrophil extracellular trap (NET) (32). In addition, 
neutrophils can elaborate anti-tumor activity through 
direct tumor cytotoxicity and enhancement of anti-tumor 
immunity mediated by cytotoxic T lymphocytes (33,34). 
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Table 4 Time-dependent COX regression analysis of time-varying inflammatory markers 

Variable HR 95% CI P HR 95% CI P

Age 0.61 0.27–1.39 0.24

Menopausal status 0.38 0.16–0.88 0.02 0.35 0.15–0.79 0.01

Clinical T stage 1.54 0.68–3.48 0.30

ER 0.84 0.38–1.86 0.66

PR 0.93 0.44–1.97 0.85

HER2 0.76 0.29–2.01 0.58

aPCR 0.80 0.34–1.93 0.62

bPCR 0.56 0.16–1.95 0.36

sPCR 0.30 0.13–0.68 <0.01 0.33 0.14–0.77 0.01

Platelet 1.01 1.00–1.02 0.03 1.008 1.001–1.015 0.028

Neutrophil 0.83 0.58–1.19 0.31

PLR 1.002 1.000–1.004 0.03 1.001 0.999–1.003 0.36

NLR 0.99 0.92–1.07 0.83

The results of this study showed that in breast cancer 
patients with ISLN metastasis, neutrophils showed no 
correlation with pathological response of ISLN after 
NAC (P=0.10), and the correlation with prognosis of such 
patients (HR 0.83, 95% CI: 0.58–1.19, P=0.31).

In the cohort of studying prognosis, platelet was the only 
inflammation marker related to prognosis. Platelet was an 
important component in tumor microenvironment and was 
related to the prognosis and metastasis of various cancers 
(35,36). Platelets can promote breast cancer cell growth and 
angiogenesis through surface integrin α2β1 connection and 
Wnt-β-catenin activation (37). In addition, platelets can 
also promote epithelial to mesenchymal transformation of 
cancer cells and promote metastasis through direct signal 
transmission with cancer cells (38). Consistent with other 
cancer research results, the results of this study show that 
in breast cancer patients with ISLN metastasis, higher 
platelet levels were associated with poor DFS (HR 1.008, 
95% CI: 1.001–1.015, P=0.028). Platelets did not show 
predictive value for supraclavicular pCR after NAC, but 
further subgroup analysis showed that supraclavicular pCR 
was more easily achieved in patients younger than 50 years 
old, premenopausal patients and patients with lower levels 
of platelets after NAC. This result was consistent with 
the results of the study prognosis cohort in this study (the 
results were not shown), but a larger sample size study was 
still needed to verify this result.

NLR and  PLR were  two  ind ica tor s  ba sed  on 
inflammatory response. Previous studies had shown that 
NLR and PLR were related to breast cancer prognosis 
and pathological response after NAC (17-20). However, 
no such correlation was found in this study. The analysis 
showed that the patients included in this study were locally 
advanced breast cancer with ISLN metastasis, which was 
later than the previous study. In addition, NLR and PLR 
were considered as time-dependent covariates in this study, 
and the previous study uses the time-dependent working 
curve to obtain the best cut-off value and divides them 
into two groups. These differences may result in different 
conclusion.

There were some limitations in this retrospective clinical 
study. Retrospective analysis of clinical data may lead to 
outcome bias. In addition, due to the strict restriction of 
chemotherapy regimens, the number of patients included 
in this study was relatively small, and the follow-up time 
was relatively short, so larger samples were still needed to 
explore this clinical problem.

Conclusions

In conclusion, this study explored the correlation between 
peripheral blood inflammatory markers and supraclavicular 
pCR after NAC for breast cancer with ISLN metastasis and 
the prognosis of such patients. Our study showed that breast 
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pCR was an independent predictor of supraclavicular pCR 
(OR 9.67, 95% CI: 2.64–35.31, P<0.01), while peripheral 
blood inflammatory markers did not show predictive 
value for supraclavicular pCR. Higher platelet levels were 
associated with poor DFS (HR 1.008, 95% CI: 1.001–1.015, 
P=0.028), suggesting that inflammatory parameters may be 
important for prognosis of breast cancer patients with ISLN 
metastasis.
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Figure S1 Immunohistochemical staining of ER, PR and HER 2 in breast cancer patients with ISLN metastasis. 
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