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Soluble Periostin is a potential surveillance 
biomarker for early and long-term response 
to chemotherapy in advanced breast cancer
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Abstract 

Background Noninvasive biomarkers for the assessment of response to chemotherapy in advanced breast cancer 
(BCa) are essential for optimized therapeutic decision-making. We evaluated the potential of soluble Periostin (POSTN) 
in circulation as a novel biomarker for chemotherapy efficacy monitoring.

Methods Two hundred and thirty-one patients with different stages of BCa were included. Of those patients, 58 
patients with inoperable metastatic disease receiving HER2-targeted or non-targeted chemotherapy were enrolled 
to assess the performances of markers in recapitulating the chemotherapy efficacy assessed by imaging. POSTN, 
together with CA153 or CEA at different time points (C0, C2, and C4) were determined.

Results POSTN levels were significantly associated with tumor volume (P < 0.0001) and TNM stages (P < 0.0001) 
of BCa. For early monitoring, dynamics of POSTN could recapitulate the chemotherapy efficacy among all molecular 
subtypes (Cohen’s weighted kappa = 0.638, P < 0.0001), much better than that of carcinoembryonic antigen (CEA) 
and cancer antigen 153 (CA15-3). For early partial response, superior performance of POSTN was observed (Cohen’s 
weighted kappa = 0.827, P < 0.0001) in cases with baseline levels above 17.19 ng/mL. For long-term monitoring, 
the POSTN response was observed to be strongly consistent with the course of the disease. Moreover, progression 
free survival analysis showed that patients experienced a significant early decrease of POSTN tended to obtain more 
benefits from the treatments.

Conclusions The current study suggests that soluble POSTN is an informative serum biomarker to complement 
the current clinical approaches for early and long-term chemotherapy efficacy monitoring in advanced BCa.
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Introduction
Breast cancer (BCa) is the most diagnosed malignant 
disease worldwide and one of the leading cause of can-
cer death among women [1]. In China, the incidence 
and mortality rate of breast cancer has been increasing 
for decades [2]. Outcomes for patients with early-stage 
disease have been improved significantly in recent years, 
thanks to the advent of more effective systemic treatment 
options [3]. However, metastatic recurrence remains 
a significant problem for BCa patients, accounting for 
more than 90% of tumor-related deaths [4]. For patients 
with metastatic disease, the 5-year survival rate was less 
than 31% [5], compared to an average of about 90% on 
average for all BCa patients [3]. Improving the prognosis 
of metastatic BCa depends on well-timed and optimized 
treatment strategies.

Chemotherapy plays vital roles in the control of 
BCa. For the majority of patients in early stages, sur-
gery remains the primary treatment, while neoadjuvant 
chemotherapy and/or adjuvant chemotherapy could sig-
nificantly reduce the recurrence rate and correlate with 
long-term disease-free survival and overall survival [6]. 
However, for advanced patients, chemotherapy regimens 
are usually the primary treatment strategy. Fortunately, 
recent years have witnessed the expeditious develop-
ment of pharmaceutical agents for the chemotherapy of 
BCa. However, clinically, due to the complexity of the 
disease, especially the cellular and molecular heteroge-
neity of tumors, the response of patients to a particular 
chemotherapy regimens varies from person to person [7]. 
Therefore, to guarantee the effectiveness of the chemo-
therapy, it is essential for guiding cancer therapy deci-
sions that the response to treatment can be timely and 
accurately assessed.

The primary method currently used to evaluate the 
effectiveness of chemotherapy for breast cancer is radiog-
raphy, which follows the Response Evaluation Criteria in 
Solid Tumors (RECIST) [8]. However, this approach has 
several practical limitations; it is often expensive, time-
consuming, and can potentially lead to side effects from 
contrast agents. Tumor marker assays, on the other hand, 
do not share these drawbacks. Tumor markers, which 
encompass a broad range of categories including cells, 
proteins, and nucleic acids, can offer many benefits for 
cancer diagnosis and treatment, such as early detection, 
personalized treatments, reduced side effects, less inva-
sive diagnostics, and improved quality of life [9]. Nota-
bly, the analysis of circulating nucleic acids, often termed 
‘liquid biopsies’, serves to monitor treatment response, 
evaluate the emergence of drug resistance, and quantify 
minimal residual disease [10–12]. However, they also 
have some limitations, such as lack of specificity, sensi-
tivity, and standardization, as well as the need for further 

validation and clinical trials [13]. Numerous efforts have 
been undertaken to introduce new biomarkers that could 
augment existing clinical strategies for monitoring chem-
otherapy efficacy in BCa [14].

In the past decade, liquid biopsies have received a great 
deal of attention [15]. Markers widely studied in liquid 
biopsies include circulating tumor cells (CTCs), circulat-
ing cell-free tumor DNA (ctDNA) and noncoding RNA 
(ncRNA) [15, 16]. With the increasing maturity of CTCs 
detection technology, its clinical value has received more 
and more attention [17]. However, only one assay, the 
CellSearch System, is currently in the transition phase 
from FDA approval to clinical application, and new 
assays still need to be validated in clinical trials to prove 
their efficiency [18]. As the release of tumor-associated 
DNA and RNA into blood is a common event in patients 
with cancer, quantitative evaluation of circulating nucleic 
acid may provide real-time information on genetic and 
epigenetic profiles associated with BCa development, 
progression, and response to therapy [19, 20], with supe-
riority well beyond tissue biopsies, which can deliver a 
limited snapshot of the tumor lesions [15]. However, the 
challenge of standardizing operations across different 
technology platforms and controlling pre-analytical and 
analytical factors is still such a huge challenge that it has 
become a major impediment to their practical applica-
tion [15, 21]. In contrast, traditional protein markers still 
have their own advantages today. One of the most obvi-
ous advantages, for instance, is the feasibility of devel-
oping commercial kits with standardized procedures for 
valuable marker candidates.

POSTN is a secreted extracellular matrix (ECM) glyco-
protein, which was highly expressed in BCa tissues, and 
usually associated with poor clinical outcomes [22–25]. 
Our recently published work found that serum POSTN 
was a novel biomarker complementing CA15-3 and CEA 
for BCa diagnosis and metastasis prediction [26]. How-
ever, the clinical significance of circulating POSTN in 
BCa remains to be fully assessed. The aim of this work 
was to investigate whether soluble POSTN in circulating 
could be served as a potential biomarker for chemother-
apy efficacy monitoring in BCa.

Materials and methods
Patients and specimens
This study was conducted at Tianjin Medical University 
Cancer Institute and Hospital between June 2016 and 
February 2022. All patients with BCa were confirmed 
by pathologic examination. Serum samples were har-
vested before surgery or treatment and were collected, 
aliquoted, and frozen at − 80 °C till use. To clarify the dif-
ference between preoperative and postoperative marker 
levels, blood samples were also collected from 15 BCa 
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patients 2  weeks after surgery. The disease was staged 
according to the American Joint Committee on Cancer 
(AJCC) TNM (tumor–node–metastasis) classification. 
Tumor size was evaluated in patients without distant 
metastasis. Clinic characteristics of patients were sum-
marized in Table 1.

In total, 231 patients with different stages of BCa was 
included in this study. Of those BCa patients, 58 patients 
with inoperable metastatic disease who received only 
chemotherapy during the observation period were 
enrolled for longitudinal evaluation. Previous malignancy 
other than BCa, incomplete observations, or radiother-
apy during the observation period was considered as 

exclusion criteria. To compare the monitoring efficiency 
of POSTN for HER2-targeted therapy and non-targeted 
therapy, relatively more patients with HER2 positive 
status were included. Thirty of these patients received 
targeted therapy and the other 28 patients received non-
targeted therapy. Serum samples from patients before the 
first cycle (C0, baseline), third cycle (C2) and fifth cycle 
(C4) of chemotherapy were obtained, aliquoted, and snap 
frozen at −  80  °C till use. Computed tomographic (CT) 
scans were typically performed within two weeks prior to 
the first cycle of chemotherapy (C0), and repeated with 
chemotherapy for treatment efficacy evaluation. Treat-
ment responses at C4 were determined according to the 
Response Evaluation Criteria in Solid Tumors (RECIST) 
version 1.1 [27]. Radiographic responses were recorded 
as partial response (PR) if the maximum tumor diam-
eters (MTD) decreased by at least 30%, as progressive 
disease (PD) if the MTD increased by at least 20% or if 
new lesions appeared, or as stable disease (SD) if nei-
ther criterion was reached. Of the 58 patients, 33 were 
observed with PR response, 21 with SD response, and 4 
with PD response at time-point C4. Molecular subtype, 
chemotherapy regimens, and response at C4 were sum-
marized in Additional file  1. Long-term chemotherapy 
efficacy monitoring were performed in four patients with 
complete observations with disease progression. Progres-
sion free survival within twenty-four months was defined 
as the time interval from partial response to disease 
progression.

Measurement of serum POSTN
Soluble POSTN in patients and control subjects were 
measured by the ELISA method using a commercial kit 
(R&D System Inc., MN, USA), according to the instruc-
tions from the manufacturer, which has been described 
previously [28]. Briefly, 96-well ELISA micro-plates were 
coated overnight with POSTN capture antibody. After 
washing and incubating with blocking buffer, 100 μL of 
tenfold diluted serum samples were added. Following 
detection antibody and avidin-horseradish peroxidase-
conjugated secondary antibody, the amount of bound 
conjugate was determined by adding the TMB substrate 
solution. The absorbance was measured at 450 nm using 
a Model 680 micro-plate reader (Bio-Rad, Hercules, CA). 
All samples were tested in duplicate.

Measurement of serum CEA and CA15‑3
Serum CA15-3 and CEA were detected with electro-
chemiluminescence immunoassays on the Roche Cobas 
E601 immunoassay analyzer (Roche Diagnostics, Man-
nheim, Germany) equipped with dedicated reagents, 
according to the instructions from the manufacturer. 
All of the assays were performed at the department of 

Table 1 Correlation of serum POSTN levels and 
clinicopathological characteristics of BCa patients

* Tumor size was evaluated in patients without distant metastasis
a Wilcoxon rank-sum test
b Kruskal–Wallis test

Characteristics Number POSTN(ng/mL)
Median (interquartile 
range)

P value

Age (median) 53.0

  ≤ 60 168 23.49 (15.64–35.50)

  > 60 63 19.09 (13.12–31.59) 0.32a

Tumor size (maximum diameter)*

  ≤ 2 46 14.93 (10.07–19.02)

  > 2& ≤ 5 69 17.99 (12.48–27.95)

  > 5 22 28.05 (19.56–42.79)  < 0.0001b

TNM stage

 I 31 16.11 (11.83–22.46)

 II 72 17.59 (10.14–25.38)

 III 34 21.01 (16.13–32.65)

 IV 94 26.77 (17.85–49.95)  < 0.0001b

Lymph node metastasis

 No 78 16.47 (11.06–24.31)

 Yes 153 24.72 (16.29–39.68)  < 0.0001a

Distant metastasis

 No 137 17.55 (12.26–26.45)

 Yes 94 26.77 (17.85–49.95)  < 0.0001a

Molecular subtype

 Luminal A 77 21.09 (12.76–31.85)

 Luminal B 81 19.67 (13.58–28.91)

 HER2-enriched 38 25.85 (13.72–50.08)

 Triple negative 35 18.24 (15.20–26.79) 0.59b

Chemotherapy efficacy monitoring

 Non-HER2-targeted 28 22.01 (15.46–30.85)

 HER2-targeted 30 24.05 (16.93–51.02) 0.43a

Response

 PR 33 24.61 (16.88–45.47)

 Non-PR 25 20.54 (15.67–27.02) 0.44a
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Laboratory Medicine, Tianjin Medical University Cancer 
Institute and Hospital, Tianjin.

Statistical analysis
Statistical significance was determined with the Wilcoxon 
rank-sum tests (difference in marker levels between two 
groups), Kruskal–Wallis test (difference in marker levels 
among more than two groups), and Wilcoxon signed-
rank tests (difference in marker levels between preop-
erative and postoperative). Agreement and relevance 
between radiographic response and markers’ response 
were assessed with Cohen’s weighted (Fleiss-Cohen 
weights) kappa coefficient, Wilcoxon rank-sum tests and 
Fisher Chi-square test. Nonparametric Spearman’s corre-
lation coefficients method was used to evaluate the asso-
ciation between serum marker and the MTD, as well as 
association between the baseline levels and the change 
rate of POSTN. Progression free survival was analyzed 
using the Kaplan–Meier product limit method and log-
rank test. All of these statistical analyses were performed 
with SPSS 26 software (SPSS Inc., Chicago, IL, USA). Val-
ues of P ≤ 0.05 were considered statistically significant.

Results
Tumor burden‑associated soluble POSTN level in BCa 
patients
Serum levels of POSTN, as well as CA15-3 and CEA, 
were evaluated in all BCa. Compared with the recently 
published work [26], the correlation between the charac-
teristics of BCa patients and POSTN levels was analyzed 
from a much larger cohort, particularly between its levels 
and tumor volume. As shown in Table 1, POSTN levels 
were significantly correlated with TNM stages, lymph 
node metastasis, distant metastasis of BCa patients, 
but not with age and molecular subtypes. Moreover, 
in patients without distant metastasis, a significant 

correlation between soluble POSTN levels and MTD was 
observed for the first time (Fig. 1A and Table 1). A similar 
trend with tumor volume was also observed in CA15-3 
(Fig. 1B). As for CEA, its correlation with tumor burden 
of BCa was relatively weak (Fig. 1C). To further illustrate 
the relationship between the biomarkers and BCa, serum 
levels of POSTN, CA15-3 and CEA were compared in 
samples collected prior to and 2 weeks after surgery. The 
postoperative levels of three markers were decreased sig-
nificantly (Additional file 2). The above results indicated 
that, in comparison with CA15-3 and CEA, POSTN 
showed promising potential as a novel biomarker for 
tumor burden assessment of BCa.

Early dynamics of POSTN in BCa patients treated 
with chemotherapy regimens
In the following study, we investigated whether longi-
tudinal follow-up of soluble POSTN could recapitulate 
the early chemotherapy efficacy as assessed by imag-
ing. Clinical data of 58 BCa patients with advanced 
disease receiving targeted or non-targeted chemo-
therapy regimens with determined treatment response 
were analyzed in our study. As shown in Table  1, no 
obvious difference in POSTN levels was observed in 
the two groups. Of those patients, 33 PR and 25 non-
PR (21 SD and 4 PD) were determined according to 
the RECIST version 1.1 (Fig.  2A–C). Similarly, there 
was no significant difference in baseline POSTN lev-
els in the PR and non-PR groups (Table  1). Levels of 
POSTN, CA15-3 and CEA in serum samples obtained 
at time-point of C0, C2 and C4 of chemotherapy were 
detected (Fig.  2D–F). Moreover, the dynamics of the 
three markers at different time-points in longitudinal 
samples from all 58 patients were annotated with the 
tumor early response status to chemotherapy, as shown 
in Additional file  3 (time-points C0, C2 and C4) and 
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Fig.  2G–I (time-points C0 and C4). Figure  2G shows 
that the serum levels of POSTN in 33 PR patients 
were significantly reduced after treatment for 4 cycles 
(39.46 ± 39.40 vs. 18.50 ± 9.04, P < 0.0001), but no sig-
nificant change was observed in 25 non-PR patients 
(33.99 ± 33.21 vs. 28.98 ± 29.03). In contrast, we did 
not observe significant changes of CA15-3 in 33 PR 
patients (Fig.  2H), while a little increasing in 25 non-
PR patients (Fig.  2H, 45.60 ± 68.96 vs. 53.43 ± 76.73, 
P = 0.04). The changes of CEA somehow appeared to 
be similar to those of POSTN in both PR and non-PR 
patients, as shown in Fig. 2I.

Performances of three markers in early chemotherapy 
efficacy monitoring of BCa
To evaluate the performances of three markers in early 
chemotherapy efficacy monitoring of BCa patients, 
agreement between radiographic response and mark-
ers’ response were assessed with Cohen’s weighted 
kappa coefficient, and 20% is considered to be the 
dividing line between significant and limited change: 
an increase of more than 20% corresponded to PD; 
a decrease of more than 20% corresponded to PR, 
while changes less than 20% corresponded to SD. As 
shown in Fig.  3A–C, POSTN was observed with the 
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best performance among the three markers (kappa of 
POSTN = 0.638, P < 0.0001; kappa of CA15-3 = 0.198, 
P = 0.011; kappa of CEA = 0.279, P = 0.017). In addi-
tion, although alterations of three markers were associ-
ated with clinical benefit of partial response evaluated 
by imaging, the median alteration of POSTN in patient 
with PR response was (−  31.2%, Fig.  3D) much more 
pronounced than that of CA15-3 (8.0%, Fig.  3E) and 
CEA (−  14.0%, Fig.  3F). Next, we further compared 
the agreement rates of the three markers in recapitu-
lating PR response. As shown in Fig. 3G, if a decrease 
of more than 20% was considered as consistent, decline 
of POSTN was observed in 69.7% (23 out of 33) of PR 
patients, which was higher than that of CA15-3 (36.4%) 
and CEA (45.5%), and even their combination (63.6%). 
While the combined performance of the three indica-
tors was optimal, achieving a consistency rate as high 
as 93.9% (31 out of 33, Additional file 4).

Twenty four out of 30 patients treated with HER2-
targeted therapy achieved a PR response, which was 
significantly better than those treated with non-HER2-
targeted therapy (9 out of 28 patients) as shown in 
Additional file  1. However, no obvious difference was 
observed in the monitoring performance of POSTN 
in PR patients treated with targeted or non-targeted 
chemotherapy (Additional file  5). The response of sol-
uble POSTN at C2 was also investigated, which were 
also associated with the early efficacy of chemotherapy 
for PR patients (Fig. 4A–C). These results indicate that 
serum POSTN could be a potential marker for the early 
monitoring of chemotherapy efficacy, with superiority 
well beyond CA15-3 and CEA.
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Effects of baseline levels of POSTN on its early monitoring 
performance
Although a relatively high agreement was observed in 
cases with PR response, alterations of soluble POSTN 
in a minority of cases were too small to recapitulate the 
response. Further analysis was performed to explore the 
underlying reasons. Impressively, the baseline levels of 

POSTN were found to be significantly correlated with the 
change rates of POSTN in the patients with PR response 
(Spearman r = 0.741, P < 0.0001, Fig.  5A). As shown in 
Table 1, levels of POSTN have significant individual vari-
ations in BCa patients, and even among patients with 
advanced disease, there was still a proportion of patients 
with fairly low levels of POSTN. To separate this group 
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of patients, the median level of POSTN (17.19 ng/mL) in 
patients with disease at stage I and II, which could both 
indicate the presence of tumor lesions and be applicable 
to patients with a low tumor burden, was established as 
the cutoff value. Thus, cases with PR response could be 
divided into two groups according to its baseline lev-
els of POSTN. Remarkably, patients with high baseline 
levels were observed with much higher change rates of 
POSTN (−  3.80 ± 22.45 vs. −  45.77 ± 21.42, P < 0.0001, 
Fig. 5B) and agreement rates (91.7% vs. 11.1%, P < 0.0001, 
Fig.  5C) in recapitulating PR response. Moreover, with 
the remove of those cases with low baseline levels, the 
agreement between radiographic response and POSTN 
response was significantly improved. In such a situation, 
the weighted kappa was equal to 0.827, which represents 
a good strength of agreement (Fig. 5D, P < 0.0001).

Performance of POSTN in long‑term chemotherapy efficacy 
monitoring of BCa patients
Long-term chemotherapy efficacy monitoring were per-
formed in four patients with complete observations with 
disease progression. A strong consistency of POSTN 
response was observed in all four cases (patient 010, 
038, 045 and 066) with progressive disease in long-term 
follow-up (Fig. 6A–D). In contrast, much weaker consist-
ency were observed in the response of CA15-3 and CEA 

(patient 010, 038 and 066, Additional file  6). Finally, we 
tried to assess if PR patients with significant decrease of 
POSTN at C4 would obtain more benefits from the treat-
ments. The association between POSTN response and 
progression free survival outcomes was evaluated. We 
found that PR patients with more decrease of POSTN 
(change above median) at both time-point of C4 (Fig. 6E, 
P = 0.011) and C2 (Additional file 7, P = 0.039) were asso-
ciated with significantly long progression free survival.

Discussion
The current approach to determining chemotherapy 
efficacy in BCa through radiography presents several 
limitations, including high costs, time consumption, and 
potential side effects from contrast agents [29]. Further-
more, the blood markers CA15-3 and CEA, which are 
commonly used in BCa management, have shown unsat-
isfactory performance due to their limited sensitivity and 
specificity [30]. Our study has demonstrated a signifi-
cant association between soluble POSTN levels and both 
tumor volume and TNM stages in BCa patients without 
distant metastasis. Importantly, the dynamics of solu-
ble POSTN were found to effectively reflect both early 
and long-term chemotherapy efficacy, as determined by 
imaging. This suggests that soluble POSTN could serve 
as a valuable tool in BCa management, complementing 
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existing methods and potentially enhancing treatment 
outcomes.

To the best of our knowledge, this is the first study to 
explore the potential of soluble POSTN in monitor-
ing chemotherapy efficacy, particularly in patients with 
advanced BCa. Our findings suggest that the dynamics 
of soluble POSTN outperform those of CA15-3 and CEA 
in reflecting early chemotherapy efficacy as assessed by 
imaging. While previous studies have proposed that CEA 
and CA15-3 may serve as useful biomarkers for predict-
ing therapeutic response in advanced BCa patients [31]. 
However, ASCO has cautioned that levels of CEA and 
CA15-3 should be interpreted carefully during the ini-
tial 4–6 weeks of a new therapy due to the possibility of 
spurious increases [32–34]. In contrast, our study indi-
cates that POSTN is less susceptible to this issue. Our 
results show that a greater number of patients with a PR 
exhibited elevated levels of CA153 and CEA compared to 
POSTN. POSTN is highly regulated in cancer-associated 
stromal cells, suggesting that signals from tumor cells, 
such as TGF-β, may primarily trigger POSTN expres-
sion in the cancer-associated ECM [35–38]. Therefore, 
chemotherapy-induced apoptosis or necrosis of tumor 
cells in the initial cycles may lead to a significant increase 
in serum CA15-3 and CEA levels, while POSTN may 
have already been degraded during the detection win-
dow period. Furthermore, the production of POSTN by 
cancer-associated stromal cells may be further reduced 
due to fewer maintenance signals from tumor cells. As a 
result, levels of soluble POSTN may provide a more accu-
rate real-time snapshot of tumor burden.

Early evaluation of therapeutic efficacy is crucial in 
reducing the mortality rate of BCa. Noninvasive bio-
markers, which provide timely and accurate reflections 
of the disease state, are of primary concern. In particu-
lar, for patients with non-responsive tumors, early insight 
into treatment outcomes can be invaluable for treatment 
reorientation. However, it’s important to note that the 
efficiency of POSTN in reflecting early chemotherapy 
responses, especially partial responses, varies with its 
baseline level. Not all BCa patients exhibit elevated serum 
POSTN levels. In fact, a subset of patients with advanced 
disease display relatively low POSTN levels. This suggests 
significant individual differences in the levels of protein 
markers, such as POSTN, CA153, and CEA, among BCa 
patients and even normal subjects. Unlike other liquid 
biopsy targets, such as ctDNA, protein markers need to 
be expressed before they can indicate the presence of 
tumors. However, their successful expression in a dys-
functional environment is often uncertain. This limita-
tion of protein markers should be taken into account 
when interpreting their levels in the context of disease 
monitoring and treatment response.

Our study has several limitations that warrant discus-
sion. Firstly, the relatively small sample size may limit 
the generalizability of our findings. Although previous 
research has found a correlation between mRNA levels of 
POSTN and the status of HER2 [26], our study did not 
observe significant differences in serum POSTN among 
various BCa subtypes. Similarly, we did not find notice-
able differences in POSTN dynamics between patients 
treated with conventional and targeted chemotherapy 
regimens. These findings suggest that the clinical sig-
nificance of soluble POSTN in different BCa subtypes 
requires further exploration in a well-controlled study 
with a larger sample size. Secondly, long-term chemo-
therapy efficacy monitoring was performed on only 
four patients, which may have resulted in a potentially 
inadequate performance assessment of POSTN. Previ-
ous reports have suggested that POSTN plays a role in 
the induction process of BCa chemo-resistance [39, 40]. 
To fully understand the potential clinical implications 
of POSTN response in chemo-resistance or recurrence 
of BCa, a long-term follow-up of a larger cohort is cur-
rently underway. This will provide a more comprehensive 
insight into the potential therapeutic monitoring signifi-
cance of soluble POSTN.

Conclusions
To avoid inappropriately discontinuing potentially effec-
tive treatments or proceeding with ineffective therapy 
regimens, performing soluble POSTN analysis to assess 
early response to chemotherapy may be beneficial to 
patients. It’s important to note that tumor markers like 
soluble POSTN are not intended to replace RECIST, but 
rather to complement it by providing additional informa-
tion on tumor biology and prognosis. Taken together, the 
current study suggest that soluble POSTN is an informa-
tive serum biomarker to complement the current clini-
cal approaches for chemotherapy efficacy monitoring in 
BCa.
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