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Breast cancer (BC) is the most common malignant disease in women worldwide, and the 

metastatic disease is the main cause of death. Although a number of biomarkers have been 

developed to estimate the outcome in patients, the number of markers for the prognosis of 

metastatic breast cancer (MBC) is still limited. Minimally invasive blood based biomarkers for 

prognostication that can be measured repeatedly to provide prognosis information in a ‘real time’ 

manner, are urgently needed. 

Hyaluronic acid (HA) is a major macropolysaccharide in the extracellular matrix. Elevated 

synthesis of HA is associated with enhanced cell proliferation and angiogenesis, and 

subsequently involved in carcinogenesis. Poorly differentiated adenocarcinomas with high 

stromal HA content tend to be more aggressive and more invasive. In this study here, plasma 

hyaluronic acid levels were investigated in two independent cohorts (discovery cohort: 320 

subjects with 2.5-year follow-up; validation cohort: 334 subjects with 5-year follow-up), and a 

robust association was found between high plasma HA level (>250 ng/mL) and poor prognosis of 

MBC patients (discovery: pPFS = 7.92×10-6 and pOS = 5.27×10-5; validation: pPFS = 0.0003 

and pOS = 0.0001). The plasma HA level added significant value to prognostication model with 

clinicopathological factors and CTC (χ2 increased by 18.28 and 12.60 for PFS and OS 

respectively). The treatment monitoring value of plasma hyaluronic acid level was also 

investigated in metastatic breast cancer patients who had received systemic therapy and were 

evaluated with radiographic approach. CTC and plasma hyaluronic acid level were measured 

both before and after the treatment. The concordance of radiographic response and CTC counts 

reduction and/or plasma hyaluronic acid level decrease were investigated. ROC analysis 

demonstrated that the combination of CTC and plasma HA level provided the most relevant 

treatment monitoring model for MBC patients (AUC=0.89). 



 

S100P is a member of S100 family and has been proved to be associated with metastasis 

establishment. The over-expression of S100P at tumor site has been reported  in a number of 

solid tumors, including breast cancer. It has also been showed that breast cancer patients with 

overexpressed S100P in tumor tissue had shorter survival time compared to their counterpart. 

Although S100P is located in the cytoplasm and cell nuclear, it can also be secreted into the 

extracellular matrix in an autocrine and paracrine approach. Plasma S100P level was investigated 

in 381 subjects with up to 3.5 years follow up and found a robust association between high 

plasma S100P level (>7ng/mL) and poor prognosis of metastatic breast cancer (MBC) patients 

(median progression free survival time: 5.0 months vs. 8.7 months, log–rank test p < 0.0001; 

median overall survival time: 22.5 months vs. 31.6 months, log–rank test p < 0.001). The plasma 

S100P level added additional prognostic relevance to the conventional prognostication model 

with clinicopathological factors and CTC. The plasma S100P level decreased significantly after 

treatment, while the reduction correlated with the radiographic response of the MBC patients. 

This finding indicated its value to CTC enumeration in dynamic evaluation of treatment outcome. 

Overall, we have discovered prognostic value of plasma hyaluronic acid level and plasma S100P 

level in metastatic breast cancer patients. The prognostic efficiency of the two novel circulating 

tumor markers is independent from clinicopathological factors and circulating tumor cells. The 

dynamics of plasma hyaluronic acid and S100P level also displayed treatment monitoring 

efficiency as CTC counts. The combination of plasma hyaluronic acid level, plasma S100P level 

and CTC even provided the most efficient treatment monitoring information then any single 

marker approach. Considering the complexity of CTC enumeration, our study suggested plasma 

hyaluronic acid and S100P level as the cost–effective prognostic markers of MBC patients, which 

are complementary to the current CTC enumeration approach. 


