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Abstract

Background: Platelets possess an important biological role at several stages of various malignant diseases. Platelet
activation, as manifested by platelet indices, could help establish them as a diagnostic non-invasive biomarker for
use in distinguishing benign and malignant breast lumps. Objectives: To compare various platelet indices in patients
with different categories of breast lesions and among different cytological or histological grades of breast carcinoma.
Methods: This was a prospective cross-sectional analytical study conducted in the Department of Pathology at Nobel
Medical College and Teaching Hospital, Biratnagar, Nepal. It included 93 cytologically and histopathologically proven
cases of breast lesions over a period of 9 months from September 2024 to May 2025. Blood samples from all 93 patients
and 31 healthy controls were assessed for various parameters. The ANOVA test was used to compare different platelet
indices across different categories and grades of breast lesions. Result: Statistically significant differences in platelet
counts, mean platelet volume, platelet-large cell ratio and platelet-lymphocyte ratio were observed when comparing
the control group with the malignant group (p<0.001 in all indices), the non-neoplastic group with the malignant group
(p<0.001 in all indices), and the benign group with the malignant group (p<0.001 in all indices). Platelet distribution
width additionally showed significant differences between non-neoplastic group and benign group (p value 0.008).
Amongst the various grades within malignant group, differences in platelet indices were not significant. Conclusion:
Malignant breast tumors are associated with higher levels of platelet activation and systemic inflammatory response,
which are reflected in altered platelet parameters. Platelet indices may assist in distinguishing between malignant and
non-malignant lesions, but are less reliable in grading the malignancy.
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platelet clumping, pregnancy, viral infections, chronic
inflammatory conditions, hypersplenism and bone marrow
disorders including aplastic anemia, myeloproliferative

Introduction

Breast cancer is the most common cancer in women

and carries a significant disease burden. It accounted
for around 2.3 million new cases and 670,000 deaths
worldwide in 2022 [1]. Platelets have been shown to
possess an important biological role at several stages
of various malignant diseases, such as promoting
angiogenesis, tumor cell proliferation, invasiveness, and
metastasis [2, 3]. Parameters related to platelet size and
number reflect platelet activity and named as platelet
indices. Owing to the activation of platelets by tumor cells
as well as the established role of platelets in promoting
tumor cell development, these indices are altered in
malignant conditions. The indices include Platelet Count
(PC), Platelet Distribution Width (PDW), Mean Platelet
Volume (MPV), Platelet-Large Cell Ratio (P-LCR) and
Platelet to Lymphocyte ratio (P/L) [4]. Other factors like

neoplasms, myelodysplastic neoplasms may also alter
the platelet indices [4, 5]. Various studies have shown
that high platelet count correlated with poor prognosis
in patients with malignancies of colon, lung, stomach,
kidneys, prostate, endometrium, ovary and in malignant
mesothelioma [6—11]. Platelet distribution width analysis
has also been exploited to differentiate benign and
malignant thyroid lesions [12].

Many blood-based sources of biomarkers, such as
plasma, serum and circulating RNA/DNA, tumor cells,
or exosomes/microparticles, have been exploited in the
search for the ideal biomarker allowing detection of cancer
at its carliest stages. There however exists substantial
hurdles that must be overcome to fully realize its potential
[13]. Platelet indices can be easily recorded from a routine

'Department of Pathology, Nobel Medical College and Teaching Hospital, Biratnagar, Nepal. *Department of Radiodiagnosis,
Nobel Medical College and Teaching Hospital, Biratnagar, Nepal. *Department of Pathology and Laboratory Medicine, Nepal
Cancer Hospital and Research Centre, Lalitpur, Nepal. *For Correspondence: oshanpgi@gmail.com

Asian Pacific Journal of Cancer Prevention, Vol 27 157



Oshan Shrestha et al

complete blood count (CBC) analysis which is a relatively
much cheaper and minimally invasive blood test. There is
however no study till date that has assessed these platelet
indices to distinguish benign from a malignant breast lump
before confirmation by cytological or histopathological
techniques.

The present study aimed to compare platelet indices
among 4 groups i.e., benign non-neoplastic breast lesions,
benign neoplastic breast lesions, malignant breast lesions
and age matched healthy controls. A secondary aim was
to compare platelet indices among different cytological or
histological grades in cases with malignant breast lesions.

Materials and Methods

This was a cross-sectional analytical study conducted
in Department of Pathology at Nobel Medical College
and Teaching Hospital, Biratnagar, Nepal. It included
cytologically and histopathologically proven cases of
breast lesions over a period of 9 months from September
2024 to May 2025. Ethical approval was obtained from
the Institutional review committee of the same institute
(Reference no. 65/2024). Written informed consents were
obtained from all participants.

The study population included 124 females; 93 of these
with palpable breast lumps and 31 composed of normal
age matched female controls, all with no hematological
or other neoplastic disorders. The sample size (n=31) was
estimated using Cochran’s formula i.e. n=2z2pq/d2 where
the prevalence (p=0.09) was taken from the total malignant
cases in last year that was 40 amongst 426 total breast
lumps investigated. Margin of error (d=0.01) was taken at
10% and the z-value was 1.96 with confidence level set at
95%. Exclusion criteria included patients on anti-platelet
drugs or non-steroidal anti-inflammatory drugs in last 12
days, active smokers or patients with any known platelet
disorders. The 12 days cut-off was set since the average
lifespan of platelets in circulation is 7 to 10 days [14].

The breast lumps were diagnosed on Pap and Giemsa-
stained Fine needle aspiration cytology (FNAC) smears
or on Haematoxylin and Eosin-stained histopathology
slides whichever was applicable. The malignant cases in
cytology were further graded by Robinson’s cytological
grading system [15]. On histopathology specimens, the
malignant cases were graded using Nottingham’s modified
Bloom-Richardson method [16].

Platelet indices including PC, PDW, MPV, PLCR and
P/L were noted from values obtained by Hematology
Sysmex XN-550 analyser using impedance method and
fluorescence flow cytometry technology.

Statistical analysis
Statistical Package for the Social Science (SPSS)

version 16 (IBM, Armonk, NY, USA) was used
for statistical analysis. All data were expressed as
mean = standard deviation (SD). Normality testing of the
data in numerical variables was done using Shapiro-Wilk
test. Test for homogeneity of variances was done using
Levene’s test. Dependent variables like PC, MPV, PDW,
P-LCR, and P/L were compared with different categories
and/or grades of breast lesions as well as normal controls
using Analysis of variance (ANOVA) test. A threshold
of p <0.05 was considered statistically significant. Post
Hoc analysis was done with Tukey’s HSD (Honestly
Significant Difference) test or Dunnett’s T3 to compare
differences between the different groups.

Results

Among the study population, 93 had breast lumps
of which 78 were diagnosed on FNAC and 15 by
histopathological study. The mean of PC, MPV, PDW,
PLCR and P/L in the 3 sub-groups with different categories
of breast lump and control group with no breast lump
are shown in Table 1. These indices showed increment
in values as the categories changed from non-neoplastic
lump to benign neoplasm to malignant groups in that
order. For example, mean platelet count in the non-
neoplastic lump category was 2,00,161/cu.mm. while it
was 2,33,865/cu.mm and 3,98,226/cu.mm. in benign and
malignant categories respectively. Platelet to lymphocyte
ratio was 81.9, 95.3 and 181.4 in non-neoplastic, benign
and malignant lumps respectively. Values however did not
show such homogenous difference amongst control and
non-neoplastic lump groups.

Statistically significant differences in PC, MPV, PDW,
PLCR and P/L were observed while comparing malignant
group with control, non-neoplastic lump and benign
neoplasm groups. In addition to this, PDW also showed
statistically significant difference in benign versus non-
neoplastic lump group (Table 2). No significant difference
in any platelet indices was seen while comparing control
group with non-neoplastic lump group and control group
with benign neoplasm group. Likewise, except PDW,
all other platelet indices did not show any significant
difference while comparing non neoplastic group with
benign neoplasm group. It was 11.1% in the non-neoplastic
lump group and 13.4% in the benign neoplasm group

Within the malignant group, all the indices i.e., PC,
MPV, PDW, PLCR and P/L were higher as the grades of
malignancy increased i.e., it gradually increased from low
grade to intermediate grade, and from intermediate grade
to high grade. This difference was however not statistically
significant (Table 3).

Table 1. Distribution of Different Platelet Indices among the 4 Sub-Groups

Category PC £ SD (/cu.mm.) MPV =+ SD (1) PDW =+ SD (%) PLCR + SD P/L+SD
Control (n=31) 222319 + 60612 9.6+1.6 11.9+2.1 233+5.1 80.8 £19.1
Non-neoplastic (n=31) 200161 + 53700 9.6+1.3 11.1+1.3 26.8 £8.7 81.9 +£19.1
Benign neoplastic (n=31) 233864 + 63040 106+ 1.4 13.3+3.0 274+9.7 953 +15.7
Malignant (n=31) 398226 + 90352 124+1.1 18.7+4.0 38.8+7.8 181.4+32.1
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Table 2. Comparison of Platelet Indices amongst Groups
with Breast Lumps.

Non-neoplastic vs Benign

Platelet indices Mean difference  p-value
PC 33703 £ 17365 0.217®
MPV 09+0.3 0.067°
PDW 23+0.7 0.008 *
PLCR 06+23 1.000 ®
P/L 13.5+5.6 0.079°

Non-neoplastic vs Malignant

Platelet indices Mean difference  p-value
PC 198065 + 17365  <0.001*
MPV 2.8+0.3 <0.001°*
PDW 7.7+0.7 <0.001 ®
PLCR 12+2.1 <0.001 ®
P/L 99.5+£5.6 <0.001°*

Benign vs Malignant

Platelet indices Mean difference  p-value
PC 164361 £ 17365 <0.001*
MPV 1.9+03 <0.001°*
PDW 5.4+0.7 <0.001 *
PLCR 114+£22 <0.001 ®
P/L 86.1 £5.6 <0.001°*

P value <0.05 considered statistically significant; “ANOVA with post
hoc Tukey HSD; ®* ANOVA with post hoc Dunnett T3

Discussion

This study investigated the utility of platelet indices
as potential biomarkers in distinguishing benign and
malignant breast lesions, as well as their association
with tumor grade within malignant cases. In this
study, we revealed notable patterns in platelet indices
distribution across the 4 groups studied. We demonstrated
that among the control, non-neoplastic lump, benign
neoplasm, and malignant groups, all measured platelet
indices generally followed a consistent trend: values
were lowest in the control group and gradually increased
across non-neoplastic lump and benign neoplasm groups,
reaching the highest levels in malignant cases.

Our results suggest a strong association between
elevated PC and the presence of malignant breast
lesions, consistent with prior research indicating a role
of thrombocytosis in cancer progression and metastasis
[17,18].

Our findings in PC and MPV also aligns with the
hypothesis that as tumor aggressiveness and biological
activity increase, the interaction between tumor cells
and the hematopoietic system may intensify, potentially
contributing to elevated platelet production or reduced
clearance [19]. A study by Hermansyah et al. had
concluded that platelet counts is a potential hematological
biomarker to predict histopathological grading in invasive
breast cancers [20]. However, the absence of statistical
significance in our study indicates that while there may
be a biological gradient, larger sample sizes or further
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Table 3. Comparison of Different Platelet Indices
between and Within Different Grades of Malignant
Lumps

Platelet indices p-value (ANOVA)

PC 0.073
MPV 0.337
PDW 0.071
PLCR 0.107
P/L 0.174

P value <0.05 considered statistically significant

studies are required to confirm a consistent correlation.

Our findings suggest a possible association between
elevated MPV and neoplastic transformation. Similar
patterns have been reported in prior studies where patients
with breast cancer demonstrated significantly higher
MPYV levels than those with benign conditions or healthy
individuals [21-24].

Our observation in PLCR also align with previous
studies suggesting that platelet indices, including P-LCR,
are significantly elevated in various malignancies due to
systemic inflammation and malignancies [25, 26].

Likewise, high P/L was also associated with poor
overall survival and disease-free survival as observed
in a meta-analysis performed by Zhu et al. in 2016 [27].
Similar result of elevated P/L being associated with poor
overall survival was also seen in another meta-analysis
performed on urinary bladder carcinomas [28]

Similar trend in PDW observed in our study also
aligns with the biological understanding that neoplastic
transformation is often associated with increased platelet
activation as platelets and its microparticles plays role
in tumor angiogenesis, thromboembolic events and
interaction with other cells of the tumor microenvironment
in neoplasms [19].

Unique to the PDW, our study suggests that it may
be more sensitive in detecting early benign neoplastic
changes compared to other platelet markers. Similar
finding of statistically significant elevation of PDW
in malignant thyroid nodules as compared to benign
thyroid nodules was also noted in another study [12]. A
study by Kurtoglu in endometrial lesions have however
found significantly reduced PDW in the malignant
endometrial lesions compared to benign ones [29]. This
is likely because they have included cases with advanced
endometrioid endometrial carcinoma where continuous
platelet consumption and activation might have led to a
more homogeneous population of platelets, thus lowering
PDW.

In contrast, comparisons of platelet indices (except for
PDW) between the control group versus non-neoplastic
group, control group versus benign neoplastic group,
and non-neoplastic versus benign neoplastic groups did
not yield statistically significant differences. This lack
of significance suggests that platelet indices may not be
substantially altered in non-malignant breast conditions,
underscoring the specificity of platelet activation in the
context of malignancy.

Thus, the elevation in PC, MPV, PLCR and P/L appears

Asian Pacific Journal of Cancer Prevention, Vol 27 159



Oshan Shrestha et al

to be more specifically associated with malignant processes
rather than with benign neoplastic or inflammatory breast
changes.

Although all indices tended to increase with
advancing tumor grade (from low to high), none of these
intra-malignant group differences reached statistical
significance, indicating that while platelet indices may
assist in distinguishing between malignant and non-
malignant lesions, they may be less reliable in grading
the severity of malignancy. To the best of our knowledge,
there are however no studies till date that looked into
the variation of platelet indices amongst different breast
cancer grades. The small subgroup sizes within different
malignant tumor grades also might have limited statistical
power to show significant differences in platelet indices,
despite a consistent upward trend across grades.

In conclusion, this study showed that use of PC,
MPV, PDW, PLCR and P/L might aid in distinguishing
between malignant and non-malignant breast lesions.
PDW in addition, is likely a potentially useful tool in
differentiating even benign neoplasms from reactive or
inflammatory lumps that are not neoplastic in nature.

Cross-sectional design of this study however restricts
the ability to evaluate changes in platelet indices over time,
limiting insights into their role in disease progression and
treatment response. Although known factors influencing
platelet indices were excluded, residual confounding from
unmeasured variables such as subclinical inflammatory
states, viral infections, or undiagnosed hematological
conditions cannot be ruled out.

We advocate further studies with larger sample sizes
and prospective designs, with adjustment for confounders,
to validate these findings and explore their prognostic
implications in breast cancer.
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