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Background: Breast cancer is the leading cause of cancer death in the female population. Platelet-related 
indicators can be used as prognostic markers of cancers. The present study investigated the potential values 
of platelet count (PLT), plateletcrit (PCT), mean platelet volume (MPV), platelet distribution width (PDW), 
and platelet to lymphocyte ratio (PLR) in the prognosis of advanced breast cancer (ABC).
Methods: This retrospective study recruited 94 locally advanced or metastatic breast cancer cases who 
had histologic and cytologic evidence. The patients were divided into two groups according to the median 
baseline values of PLT, PCT, MPV, PDW, and PLR. To evaluate the individual value changes after 
treatment, we introduced the concept of post/pre-treatment ratio (≤1 indicated value was not increased after 
treatment, while >1 suggested increased value). Responses to chemotherapy, including partial response (PR), 
stable disease (SD), and progressive disease (PD), were recorded. Kaplan-Meier curves were constructed to 
show overall survival (OS). Univariate and multivariate Cox regression analysis models were employed to 
identify the independent risk factors
Results: A lower baseline PCT level was correlated with a better OS. A lower baseline PLT level and 
a higher baseline PDW level were related to better chemotherapeutic efficacy of breast cancer patients. 
Univariate analysis and multivariate analysis both revealed that a higher baseline PCT level was an 
independent prognostic factor for OS.
Conclusions: PCT level may be a potential prognosis factor for ABC.
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Introduction

Breast cancer is the leading cause of cancer death among 
women (11.6% of the total cancer deaths). Approximately 
2.1 million breast cancer patients will be newly diagnosed 

in 2018 (1). Advanced breast cancer (ABC) which includes 

locally advanced breast cancer (LABC) and metastatic 

breast cancer, is a serious disease with a 25% 5-year survival 

rate (2). LABC is defined as a type of ABC whose primary 
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lesion is more than 5 cm in diameter, mostly associated with 
regional lymph node metastasis, and without overt evidence 
of distant metastatic disease (3). With LABC, locoregional 
recurrence and distant metastasis are extremely likely, 
so early diagnosis and access to therapy are critical (4). 
Metastatic breast cancer is an incurable disease with a very 
poor prognosis in the presence of distant metastases (5).

Platelet-related indicators include platelet count (PLT), 
plateletcrit (PCT), mean platelet volume (MPV), platelet 
distribution width (PDW), and platelet to lymphocyte 
ratio (PLR). Some reports have confirmed that platelets 
act in a positive role for tumor angiogenesis and metastatic 
dissemination (6,7). In recent reports, platelet-related 
indicators have been connected with the prognosis of some 
tumors, such as rectal cancer and pancreatic cancer (8,9). 
It has been confirmed that platelet contributes to breast 
cancer progression via cellular transformation, proliferation, 
or angiogenesis, and high PLT has been associated with 
poor prognosis of breast cancer (10). Platelet-related 
indicators representing the size, number, status, and activity 
of platelets were also proven to be related to a variety of 
tumors (6). PCT value, which is obtained by multiplying 
PLT by MPV, provides platelet activation and displays 
platelet status (11). MPV, an indicator representing platelet 
activation and the quantity of the average size of platelets, 
is related to poor prognosis of some malignant tumors 
(8,12,13). PDW describes the average change in platelet 
volume, and an elevated PLT will influence the value of 
PDW (14). PLR, which is obtained by dividing the PLT 
by the number of lymphocytes, is also associated with poor 
prognosis in breast cancer patients (15).

In this present study, we investigated whether platelet-
related indicators could provide potential significant 
prognostic information for ABC patients.

Methods

Subjects and inclusion criteria

The study investigated the ABC patients that had been 
treated in the First Affiliated Hospital of Soochow 
University (Jiangsu, China) between November 2007 and 
July 2016. As a retrospective investigation, this study was 
approved by the Medical Ethics Committees of the First 
Affiliated Hospital of Soochow University. All the patients 
selected in the study had their clinical and pathological 
records inspected regularly. The inclusion criteria were 
as follows: (I) those with histologically or cytologically 

confirmed unresectable locally advanced or metastatic breast 
cancer; (II) age 18–70 years; (III) Karnofsky performance 
status score of ≥70; (IV) those with a predicted survival of  
≥6 months; (V) those with either naive to anti-tumor 
treatment or with a postoperative adjuvant chemotherapy 
being performed ≥6 months after the last dose of 
chemotherapy; and (VI) those who met the laboratory 
criteria of white blood cell counts (WBCs) ≥3.5×109/L, 
absolute NE count ≥1.8×109/L, and PLT ≥100×109/L.  
Clinical and pathological records of all the patients 
participating in the study were reviewed periodically, the first 
follow-up was 3 months following adjuvant chemotherapy, 
and the last follow-up was conducted in July 2018.

In total, 94 breast cancer patients were recruited in 
this study. Patients had histologic or cytologic evidence 
of locally advanced or metastasis of the breast. Adjuvant 
chemotherapy for HER2-Negative ABC patients, which 
includes agents like anthracyclines or taxanes, is preferred to 
single-agent therapy. Anthracyclines, such as doxorubicin, 
are administered intravenously at a dose of 60–70 mg/m2 
on day 1, cycled every 3 weeks. Taxanes, such as paclitaxel, 
are administered intravenously at a dose of 175 mg/m2 on 
day 1, cycled every 3 weeks. Adjuvant chemotherapy for 
HER2-Postive ABC patients is preferred to pertuzumab, 
trastuzumab, and docetaxel/paclitaxel combination regimens. 
Pertuzumab is administered intravenously at a dose of 840 mg  
on day 1, followed by 420 mg every next day, cycled every  
3 weeks. Trastuzumab is administered intravenously at a 
dose of 8 mg/kg on day 1 followed by 6 mg/kg, cycled every  
3 weeks. Docetaxel is administered intravenously at a dose of 
75–100 mg/m2 on day 1, cycled every 3 weeks. Paclitaxel is 
administered intravenously at a dose of 175 mg/m2 on day 1, 
cycled every 3 weeks. Patient characteristics are detailed in 
Table 1. The median age of the 94 patients was 62 years (range, 
26–70 years); the median BMI (kg/m2) of the 94 patients 
was 22.6 (range, 20.6–24.7) kg/m2; 62 patients had bone 
metastases; all patients were female. The prognostic analyses 
were performed in regards to overall survival (OS).

Blood samples

PLT-related indicators were analyzed within 30 min after 
collection using a hematology analyzer (Sysmex XE-
2100; Sysmex, Kobe, Japan). The patients were divided 
into two groups according to the median value of PLT 
(low PLT, ≤179.500×109/L or high PLT, >179.500×109/L), 
PCT (low PCT, ≤0.180 L/L or high PCT, >0.180 L/L),  
MPV (low MPV, ≤10.400 fl or high MPV, >10.400 fl), 
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PDW (low PDW, ≤15.680% or high PDW, >15.680%), 
or PLR (low PLR, ≤132.711 or high PLR, >132.711). The 
post-/pre-chemotherapy ratios were defined as the rate of 
pre-chemotherapy PLT-related indicators values and the 
corresponding rates obtained after chemotherapy.

Evaluation

Response for treatment of patients was assessed every  
2 months by computed tomography (CT), and the related 
results were evaluated according to the Response Evaluation 
Criteria in Solid Tumors (RECIST) 1.1 (16).

Follow-up

Partial response (PR), stable disease (SD), and progressive 
disease (PD) were recorded to infer different responses to 
chemotherapy. After first-line chemotherapy, PR was defined 
as lack of response to chemotherapy. In contrast, SD or PR 
was defined as a response to chemotherapy. Survival time 
generally means OS in oncology, which was measured from 
the date of diagnosis until death or last clinical evaluation. 
OS, which represents the time from the diagnosed date to 
death for any cause, was used as a prognostic analysis.

Statistical analysis

All statistical analyses were performed using SPSS 19.0 
software (Chicago, IL, USA). The associations between 
blood parameter status and clinicopathologic features or 
chemotherapeutic efficacy were explored and assessed 
by the χ2 tests. For analysis of survival data, Kaplan-
Meier curves were constructed, and statistical analysis was 
carried out using the log-rank test. A multivariate logistic 
regression model was employed to identify the independent 
risk factors associated with breast cancer. Numerical data 
are presented as the mean ± standard error. All values of 
P<0.05 were considered statistically significant.

Results

Baseline PCT level was correlated with outcomes of breast 
cancer patients

The Kaplan-Meier plots were used to determine the 
effect of PLT, PCT, MPV, PDW, and PLR status on OS 
(Figure 1). The median OS of the high baseline PLT 
group was 22 (95% CI, 11.924–32.076) months, while 
that of the low PLT group was 32 (95% CI, 25.283– 

38.717) months (P=0.257). The median OS of the high 
PCT group was 24 (95% CI, 16.411–31.589) months, 
while that of the low PCT group was 35 (95% CI, 27.079– 
42.921) months (P=0.040). The median OS of the high 
MPV group was 36 (95% CI, 28.129–43.871) months, 
while that of the low MPV group was 26 (95% CI, 
15.045–36.955) months (P=0.869). The median OS of 
the high PDW group was 29 (95% CI, 20.454–37.546) 
months, while that of the low PDW group was 35 (95% 
CI, 18.026–51.974) months (P=0.146). The median OS 
of the high PLR group was 21 (95% CI, 16.970–25.030) 
months, while that of the low PLR group was 35 (95% CI, 
28.283–41.717) months (P=0.292). Thus, patients who had 
a lower baseline PCT level were correlated with better OS. 
Whereas, baseline levels of PLT, MPV, PDW, or PLR had 
no significant effects on OS.

Relationship between baseline platelet-related indicator status 
and chemotherapeutic efficacy in breast cancer patients

To determine the association between baseline PLT, PCT, 
MPV, PDW, and PLR status and chemotherapeutic efficacy, 
the blood samples were obtained before chemotherapy, and 
CT evaluation was performed simultaneously after first-line 
chemotherapy. The relationships between baseline PLT-
associated indicator levels and chemotherapeutic efficacy 
are presented in Table 2.

Forty-seven patients had lower baseline PLT levels, 
including 42 PR or SD patients, and 5 PD patients, whereas 
47 patients had higher baseline PLT levels, including 34 PR 
or SD patients and 13 PD patients (P=0.036). 

Forty-eight patients had lower baseline PCT levels, 
including 39 PR or SD patients, and 9 PD patients, whereas 
46 patients had higher baseline PCT levels, including 37 PR  
or SD patients and 9 PD patients (P=0.920). 

Forty-nine patients had lower baseline MPV levels, 
including 40 PR or SD patients and 9 PD (progressive disease) 
patients, whereas 45 patients had higher baseline MPV levels, 
including 36 PR or SD patients and 9 PD patients (P=0.841).

Forty-eight patients had lower baseline PDW levels, 
including 33 PR or SD patients and 15 PD patients, whereas 
46 patients had higher baseline PDW levels, including  
43 PR or SD patients and 3 PD patients (P=0.005). 

Forty-seven patients had lower baseline PLR levels, 
including 41 PR or SD patients and 6 PD patients, whereas 
47 patients had higher baseline PLT levels, including 35 PR 
or SD patients and 12 PD patients (P=0.116). 

Thus, a lower baseline PLT level and a higher baseline 
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PDW level were related to better chemotherapeutic efficacy 
in breast cancer patients. Meanwhile, PCT, MPV, and PLR 
levels had no significant effects on chemotherapeutic efficacy.

Changes in PLT, PCT, MPV, PDW, and PLR levels of 
breast cancer patients

The Kaplan-Meier plots were used to determine the 
effect of changes in the PLT, PCT, MPV, PDW, and 
PLR status for OS (Figure 2). The median OS of patients 
whose PLT level increased following chemotherapy was 36 
(95% CI, 29.370–42.630) months, while that of the not-
increased group was 20 (95% CI, 15.590–24.410) months  
(P=0.056). The median OS of patients whose PCT level 
increased following chemotherapy was 32 (95% CI, 25.887–
38.113) months, while that of the not-increased group was 
22 (95% CI, 10.436–33.564) months (P=0.164). The median 
OS of patients whose MPV level increased following 
chemotherapy was 30 (95% CI, 17.507–42.493) months,  

while that of the not-increased group was 29 (95% 
CI, 20.919–37.081) months (P=0.176). The median 
OS of patients whose PDW level increased following 
chemotherapy was 26 (95% CI, 15.710–36.290) months, 
while that of the not-increased group was 30 (95% CI, 
20.049–39.951) months (P=0.756). The median OS of 
patients whose PLR level increased following chemotherapy 
was 31 (95% CI, 20.432–41.568) months, while that of the 
not-increased group was 21 (95% CI, 9.082–32.918) months 
(P=0.091). Thus, changes in PLT, PCT, MPV, PDW, and 
PLR levels had no significant effects on OS.

Prognostic factors for breast cancer

Univariate analyses demonstrated that a higher baseline 
PCT level [hazard ratio (HR) 1.577; 95% CI, 1.011–2.461; 
P=0.045) was a significant risk factor for poor prognosis 
(Table 3). In multivariate analysis, a higher baseline PCT 
level (HR 1.730; 95% CI, 1.092–2.741; P=0.019) was found 

Figure 1 Relationship between baseline PLT-related indicators status and the outcomes. (A) The OS according to PLT; (B) the OS 
according to PCT; (C) the OS according to MPV; (D) the OS according to PDW; (E) the OS according to PLR. *P<0.05. PLT, platelet 
count; PCT, plateletcrit; MPV, mean platelet volume; PDW, platelet distribution width; PLR, platelet to lymphocyte ratio.
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to be independently associated with poor survival.

Discussion

Platelets have a crucial role in the progression and 
metastasis of cancer (6). Platelet-related indicators, such as 
PLT, PCT, MPV, PDW, and PLR, are associated with the 
prognosis of cancers according to many recent studies.

The majority of research so far has confirmed that PLT is 
a potential negative prognostic marker for colorectal cancer, 
endometrial cancer, and other diseases (8,17). Recent reports 
have verified that, apart from their action in regulating in 
hemostasis, and host immune and inflammatory responses, 
platelets have a role in cancer metastasis and angiogenesis. 
For example, platelets promote tumor angiogenesis through 
several biological factors, such as vascular endothelial growth 
factor (VEGF), serotonin, and endostatin (18,19). Also, 
platelets are a primary source of TGFβ1, which leads to cancer 
invasion and metastasis via promoting epithelial-mesenchymal 
transition (EMT) in cancer cells (20). Additionally, platelets 
adhere to cancer cells via P-selectin, which presents on 
the surface of platelets binding to CD24 ligand, thereby 
avoiding natural killer (NK) cell-mediated cytotoxicity and 

facilitating tumor growth (21,22). Furthermore, activated 
platelets release lysophosphatidic acid (LPA) and platelet 
factor 4 (PF4), which were both shown to play a role in tumor 
cell growth, migration, and invasion (23). In our present 
study, lower baseline PLT level was associated with better 
chemotherapeutic efficacy in breast cancer patients.

PCT value, which is obtained by multiplying PLT and 
MPV, is also associated with platelet activation and displays 
platelet status (11). The value of PCT varies between patients 
and healthy subjects of various types of cancer (24,25). Ma 
et al. determined that the value of PCT is higher in patients 
with epithelial ovarian cancer when compared to the healthy 
controls (24). However, Oncel et al. found that the value 
of PCT was lower in the patient group with lung cancer 
in comparison with the control group (25). Moreover, it 
has been established that the value of PCT in lung cancer 
patients with distant metastasis is higher than those without 
distant metastasis (25). In another recent study, elevated 
PCT level was shown to have a relationship with worse 
prognosis in pancreatic cancer (26). Therefore, PCT may 
be used as an indicator of diagnosis and prognosis of some 
cancers. Information about how PCT changes during the 
course of the advanced BC are still very limited. A previous 

Table 2 Relationship between baseline platelet-related indicators status and chemotherapeutic efficacy

Indicators PR + SD (n=76) PD (n=18) χ2 P value

PLT 4.398 0.036*

Low (n=47) 42 5

High (n=47) 34 13

PCT 0.001 0.920

Low (n=48) 39 9

High (n=46) 37 9

MPV 0.040 0.841

Low (n=49) 40 9

High (n=45) 36 9

PDW 7.749 0.005**

Low (n=48) 33 15

High (n=46) 43 3

PLR 2.471 0.116

Low (n=47) 41 6

High (n=47) 35 12

*P<0.05; **P<0.01. PLT, platelet count; PCT, plateletcrit; MPV, mean platelet volume; PDW, platelet distribution width; PLR, platelet to 
lymphocyte ratio; PR, partial response; SD, stable disease; PD, progressive disease.
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study indicated a marked increase in PLT, PCT, and MPV 
in a 4T1 (mouse breast cancer cell strain type) mouse breast 
cancer metastasis model (27). Interestingly, another study 
discovered that the PCT in patients with breast cancer was 
lower in patients with metastasis when MPV did not change 
in the tumor stage (28). In our present study, we found that 
breast cancer patients with a lower baseline PCT level had 
better OS according to the Kaplan-Meier plots analysis, 
whereas baseline PCT level had no significant effect on 
chemotherapeutic efficacy. Moreover, univariate analysis and 
multivariate analysis both revealed that a higher baseline 
PCT level was an independent prognostic factor for OS.

MPV, an ordinary marker showing platelet function 
and activation, indicates the quantity of the average size 
of platelets (12,29). Recent studies have shown that a high 
MPV level is correlated with poor prognosis of various 
malignant tumors, such as breast cancer, endometrial cancer, 
and advanced gastric cancer (8,13,30). The impact of MPV 

on diagnosis, prognosis, and the chemotherapeutic effect 
in patients with breast cancer has been recently explored 
(30,31). Gu et al. found that high MPV can be useful in 
identifying patients with newly diagnosed breast cancer 
patients and is likely to present with distant metastasis in the 
future. An increased MPV has been consistently associated 
with larger tumors, higher stage, distant metastases, and 
a poorer prognosis in patients with breast cancer (30). 
Additionally, Mutlu et al. demonstrated that lower MPV 
was predictive of higher pathologic complete response after 
neoadjuvant chemotherapy in patients with ABC (31). In 
contrast, Gu et al. reported that there was no significant 
difference in survival between higher and lower MPV (30). 
Furthermore, other research has demonstrated that the 
value of MPV can be influenced by inflammation response 
(32,33). The elevated level of inflammatory factors can be 
detected by various kinds of tumors, including lung cancer 
and pancreatic carcinoma (34,35). Thus, changes in MPV 

Figure 2 Relationship between changes in PLT-related indicator status after chemotherapy and the outcomes. (A) The OS according to 
changes in PLT; (B) the OS according to changes in PCT; (C) the OS according to changes in MPV; (D) the OS according to changes 
in PDW; (E) the OS according to changes in PLR. PLT, platelet count; PCT, plateletcrit; MPV, mean platelet volume; PDW, platelet 
distribution width; PLR, platelet to lymphocyte ratio.
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status caused by cancer may be due to inflammatory stimuli. 
In this study, the MPV level had no relationship with the 
prognosis of breast cancer in patients.

PDW is an indicator reflecting the average change in 
platelet volume, whose relationship with prognosis of tumors 
is still controversial in the literature (8,36). Kurtoglu et al. 
confirmed that the PDW level of patients with endometrial 
cancer was significantly lower than that of healthy subjects (8).  
Conversely, Gunaldi et al. reported a high PDW level 
being positively related to metastasis of gastric cancer (36).  
Meanwhile, the value of PDW was shown not to be 
associated with the prognosis of esophageal cancer (14). In 
our study, a higher baseline PDW level was associated with 
better chemotherapeutic efficacy in breast cancer patients.

PLR, a value obtained by dividing PLT by lymphocyte 
count, has been proven to be a significant prognostic factor 
of some cancers, including non-small cell lung cancer, 
breast cancer, operable cervical cancer, and others (15,37). 
Li et al. conducted a meta-analysis confirming that elevated 
PLR level is associated with poor OS of pancreatic cancer 
patients (38). Also, Pietrzyk et al. found that PLR, as a 
blood parameter, was higher in patients with gastric cancer 

compared to the healthy control subjects (39). Furthermore, 
a recent meta-analysis, including 12,754 patients showed 
that a high PLR level was related to shorter OS in various 
solid tumors (40). In this study, the PLR level had no 
significant effect on the prognosis for breast cancer patients.

In conclusion, we have demonstrated that a lower 
baseline PCT level is correlated with better OS in ABC 
patients. This noninvasive, simple, and low-cost biomarker 
may be a prognostic indicator. However, there are some 
limitations to our study, which may include its retrospective 
design, the fact that all patients were from a single center, 
and an insufficient number of cases. 

Conclusions

The lower baseline PCT level was related to better OS 
in ABC patients, and PCT level might thus be a potential 
prognosis factor for ABC.
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