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Abstract: Background: The identification of simple and accessible
biomarkers for evaluation of hepatocellular carcinoma remains an area
of growing clinical interest. Mean platelet volume (MPV), a marker of
platelet activation and systemic inflammatory response, has recently
been explored for its potential association with tumor activity and
disease severity in hepatocellular carcinoma. Objectives: To
determine mean platelet volume as a marker of hepatocellular
carcinoma and evaluate its association with clinical and biochemical
parameters. Study Design & Setting: This cross-sectional analytical
study was conducted at Gastroenterology Department Fatima
Memorial Hospital Shadman Lahore from January 2024 to January
2026. Methodology: A total of 140 patients diagnosed with
hepatocellular carcinoma were included through non-probability
consecutive sampling. Demographic and clinical data were recorded
using a structured proforma. Venous blood samples were collected and
analyzed for mean platelet volume and biochemical parameters using
standardized laboratory methods. Data were analyzed using SPSS
version 25. Quantitative variables were presented as mean + standard
deviation, while categorical variables were expressed as frequencies
and percentages. Correlation analysis and receiver operating
characteristic (ROC) analysis were performed, and p<0.05 was
considered statistically significant. Results: The mean age of patients
was 49.32 + 11.45 years and 65.7% were male. The mean MPV was
10.84 + 1.21 fL. Hepatitis C was the most common etiology (48.6%).
Higher MPV values were observed among patients with platelet count
<150 x10%L (11.21 £ 1.17 {fL), serum albumin <3.0 g/dL (11.18 = 1.20
fL), and AFP >400 ng/mL (11.19 + 1.24 fL) (p<0.05). MPV
demonstrated significant positive correlations with bilirubin (r=0.298),
ALT (r=0.241), AST (r=0.267), and AFP (r=0.402), while negative
correlations were observed with platelet count (r=—0.362) and albumin
(r=—0.319). ROC analysis showed acceptable diagnostic performance
with an AUC of 0.742. Conclusion: Mean platelet volume showed
significant associations with biochemical markers and demonstrated
acceptable discriminatory ability, suggesting its potential utility as a
simple and readily available marker in patients with hepatocellular
carcinoma.

Keywords: Alpha-fetoprotein; Biomarker; Hepatocellular carcinoma;
Mean platelet volume; Platelet activation; Receiver operating
characteristic.

INTRODUCTION

Hepatocellular carcinoma is the most common
primary malignancy of the liver and represents a
major global health burden. It typically arises in the
background of chronic liver disease and cirrhosis,

reflecting a multistep process of hepatocarcinogenesis
driven by persistent inflammation and cellular
regeneration.’? In recent years, there has been
increasing interest in hematological parameters as
potential biomarkers in oncology, particularly those
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reflecting systemic inflammation and thrombopoietic
activity. Mean platelet volume (MPV), an indicator of
platelet size and activation, has emerged as a simple,
cost-effective parameter that may provide insight into
tumor biology and disease progression.?

The etiology of hepatocellular carcinoma is
multifactorial, with chronic infection by hepatitis B
virus (HBV) and hepatitis C virus (HCV) being the
most significant risk factors worldwide. Additional
contributors include alcohol-induced liver disease,
non-alcoholic fatty liver disease (NAFLD), aflatoxin
exposure, and metabolic disorders such as diabetes
mellitus.* These factors collectively induce chronic
hepatic injury, fibrosis, and eventual cirrhosis,
creating a pro-oncogenic microenvironment. Lifestyle
factors, genetic predisposition, and environmental
influences further modulate disease susceptibility and
progression.’ The pathophysiology of hepatocellular
carcinoma involves complex molecular and cellular
mechanisms, including chronic inflammation,
oxidative stress, and dysregulation of signaling
pathways controlling cell proliferation and apoptosis.$
Platelets play a crucial role in tumor biology by
facilitating angiogenesis, tumor growth, and
metastasis through the release of growth factors and
cytokines. Larger platelets, reflected by elevated
MPV, are metabolically and enzymatically more
active, suggesting a potential link between platelet
activation and tumor aggressiveness. This association
has prompted investigation into MPV as a surrogate
marker of systemic inflammatory response and tumor
dynamics.’

Clinically, hepatocellular carcinoma may remain
asymptomatic in early stages and often manifests with
non-specific symptoms such as fatigue, weight loss,
abdominal discomfort, and jaundice in advanced
disease. Complications include portal hypertension,
hepatic decompensation, tumor rupture, and
metastasis. The presence of underlying cirrhosis
further complicates the clinical course, often limiting
therapeutic options and adversely affecting
prognosis.® Management strategies for hepatocellular
carcinoma depend on tumor stage, liver function, and
patient performance status. Curative options include
surgical resection, liver transplantation, and local
ablative therapies, while advanced cases may require
transarterial chemoembolization (TACE), targeted
therapy, or immunotherapy.’

Emerging evidence suggests a potential association
between MPV and hepatocellular carcinoma, with
some studies reporting altered MPV levels correlating
with disease presence and severity. However, findings
remain inconsistent, with variations attributed to
differences in study design, patient populations, and
underlying liver conditions. This evolving area of
research continues to generate interest in the clinical

utility of MPV as a non-invasive biomarker,
particularly in settings where advanced diagnostic
facilities are limited.

METHODS

This cross-sectional analytical study was conducted at
Gastroenterology Department Fatima Memorial
Hospital Shadman Lahore from January 2024 to
January 2026 after approval from the institutional
ethical review committee. A total of 140 patients were
included in the study wusing non-probability
consecutive sampling. The sample size was calculated
using a 95% confidence level, 5% margin of error, and
an anticipated proportion of altered mean platelet
volume in hepatocellular carcinoma patients of
approximately 10%, which yielded a minimum
required sample of 138 and was rounded to 140 for
adequacy.10

All patients aged between 18 and 70 years, diagnosed
with Hepatocellular carcinoma based on clinical
evaluation, imaging findings, and/or serum alpha-
fetoprotein levels, were included. Patients with known
hematological disorders, active infections,
inflammatory diseases, platelet disorders, or those
receiving antiplatelet or anticoagulant therapy were
excluded to avoid confounding effects on platelet
indices. After obtaining informed consent, detailed
demographic and clinical information including age,
gender, duration of disease, and relevant risk factors
were recorded using a structured proforma. Venous
blood samples were collected under aseptic conditions
and analyzed within one hour of collection to avoid
platelet swelling. Mean platelet volume (MPV) and
other hematological parameters were measured using
an automated hematology analyzer. All laboratory
procedures were carried out following standardized
protocols to ensure accuracy and reproducibility of
results.

Data were entered and analyzed using Statistical
Package for Social Sciences (SPSS) version 25.
Quantitative variables such as age and MPV were
expressed as mean = standard deviation, while
qualitative variables such as gender and risk factors
were presented as frequencies and percentages.
Stratification was performed with respect to age,
gender, and disease characteristics to control for effect
modifiers. Post-stratification, independent sample t-
test was applied to compare mean MPV between
groups, and a p-value of <0.05 was considered
statistically significant.
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RESULTS

Among the total of 140 patients included in the study, the majority of patients belonged to the age group of 41-60
years comprising 72 (51.4%) patients, followed by 38 (27.1%) patients aged 18—40 years and 30 (21.4%) patients aged
more than 60 years. The mean age of the study population was 49.32 * 11.45 years with an age range of 19 to 70
years. Male patients predominated with 92 (65.7%) cases, whereas females constituted 48 (34.3%) cases. Regarding
disease duration, 86 (61.4%) patients had disease duration of more than 6 months while 54 (38.6%) had disease
duration of 6 months or less. Hepatitis C was the most frequent etiology observed in 68 (48.6%) patients followed by
hepatitis B in 46 (32.9%) patients and other causes in 26 (18.6%) patients. Statistically significant differences were
observed across age groups (p=0.002), gender (p=0.041), duration of disease (p=0.001), and etiology (p=0.033), as
shown in Table 1.

Table 1: Baseline Demographic, Clinical and Stratified Characteristics of Patients (n = 140)

Variable Category n (%) p-value

Age (years) Mean = SD | 49.32 £ 11.45 | 0.002
18-40 38 (27.1)
41-60 72 (51.4)
>60 30(21.4)

Gender Male 92 (65.7) 0.041
Female 48 (34.3)

Duration of Disease | <6 months | 54 (38.6) 0.001
>6 months | 86 (61.4)

Etiology Hepatitis B | 46 (32.9) 0.033
Hepatitis C | 68 (48.6)
Others 26 (18.6)

The mean platelet volume among patients was 10.84 + 1.21 fL, with minimum and maximum recorded values of 8.2
fL and 13.6 fL respectively, as given in Table 2.

Table 2: Descriptive Statistics of Quantitative Variables (n = 140)
Variable Mean £ SD | Minimum | Maximum
Mean Platelet Volume (fL) | 10.84 + 1.21 | 8.2 13.6

Assessment of biochemical characteristics demonstrated that the mean hemoglobin level was 10.92 + 1.63 g/dL with
values ranging from 7.5 to 14.8 g/dL. The mean platelet count was 168.45 * 62.31 x10°/L with a range of 72-310
x10°/L. Mean total bilirubin was 2.84 * 1.76 mg/dL ranging from 0.8 to 8.9 mg/dL. Mean ALT and AST levels
were 78.63 £ 35.42 U/L and 92.17 £ 41.58 U/L, respectively. Serum albumin showed a mean value of 3.12 + 0.64
g/dL with values between 1.9 and 4.5 g/dL. The mean alpha-fetoprotein level was 356.28 *+ 210.45 ng/mL with
minimum and maximum values of 25 and 890 ng/mL respectively, as shown in Table 3.

Table 3: Biochemical Characteristics of Patients (n = 140)

Variable Mean *+ SD
Hemoglobin (g/dL) 10.92 + 1.63
Platelet Count (x10°/L) 168.45 * 62.31
Total Bilirubin (mg/dL) 2.84+1.76
ALT (U/L) 78.63 + 35.42
AST (U/L) 92.17 + 41.58
Serum Albumin (g/dL) 3.12+0.64
Alpha-fetoprotein (ng/mL) 356.28 = 210.45

Comparison of mean platelet volume across biochemical parameters revealed that patients with platelet count <150
x10°/L had significantly higher mean MPV (11.21 £ 1.17 fL) compared to those with platelet count >150 x10°/L
(10.54 + 1.19 fL) (p=0.003). Similarly, patients with serum albumin <3.0 g/dL demonstrated higher MPV values
(11.18 £ 1.20 fL) compared to patients with serum albumin >3.0 g/dL (10.53 *+ 1.16 fL), showing statistical
significance (p=0.005). Patients with AFP level >400 ng/mL also exhibited higher mean MPV (11.19 * 1.24 fL.) than
those with AFP <400 ng/mL (10.59 + 1.13 fL), and this difference was statistically significant (p=0.001), as given in
Table 4.
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Table 4: Comparison of Mean Platelet Volume with Biochemical Parameters (n = 140)

Variable Category n (%) Mean MPV (fL) £ SD | p-value

Platelet Count | <150 x10°/L | 62(44.3) | 11.21 + 1.17 0.003
>150 x10°/L | 78 (55.7) | 10.54 + 1.19

Serum Albumin | <3.0 g/dL 66 (47.1) | 11.18 £1.20 0.005
>3.0g/dL 74(52.9) | 10.53 £ 1.16

AFP Level <400 ng/mL | 82 (58.6) | 10.59 £ 1.13 0.001
>400 ng/mL | 58 (41.4) | 11.19+1.24

Receiver operating characteristic (ROC) curve analysis demonstrated that mean platelet volume had an area under
the curve (AUC) of 0.742 with a standard error of 0.041. The model showed statistical significance (p<0.001) with a
95% confidence interval ranging from 0.661 to 0.823, indicating acceptable discriminatory performance of mean

platelet volume, as shown in Table 5.

Table 5: Receiver Operating Characteristic (ROC

) Curve Analysis for Mean Platelet Volume

Test Variable Area Under Curve | Std. p- 95% CI Lower | 95% CI Upper
(AUC) Error value Bound Bound

Mean Platelet | 0.742 0.041 0.000 0.661 0.823

Volume

Correlation analysis demonstrated a weak positive correlation between mean platelet volume and age (r=0.214,
p=0.011). Mean platelet volume showed a moderate negative correlation with platelet count (r=—0.362, p<0.001)
and serum albumin (r=-0.319, p<0.001). Positive correlations were observed between mean platelet volume and
total bilirubin (r=0.298, p=0.001), ALT (r=0.241, p=0.006), AST (r=0.267, p=0.003), and alpha-fetoprotein
(r=0.402, p<0.001), with the strongest positive association observed for alpha-fetoprotein levels, as given in Table 6.

Table 6: Correlation of Mean Platelet Volume with Clinical and Biochemical Parameters (n = 140)

Variable Correlation Coefficient (r) | p-value
Age (years) 0.214 0.011
Platelet Count (x10°/L) -0.362 0.000
Total Bilirubin (mg/dL) 0.298 0.001
ALT (U/L) 0.241 0.006
AST (U/L) 0.267 0.003
Serum Albumin (g/dL) -0.319 0.000
Alpha-fetoprotein (ng/mL) | 0.402 0.000

DISCUSSION

Chronic liver diseases including hepatitis B, hepatitis
C, cirrhosis, and metabolic disorders are considered
major contributors to its development. Early
identification of disease severity remains challenging
because currently available diagnostic markers may
have limitations in accessibility and predictive
performance.!! Mean platelet volume (MPV), an
indicator of platelet activation and inflammatory
response, has gained attention as a potential
hematological biomarker in various malignancies.
Platelets may contribute to tumor progression through
angiogenesis and interaction with tumor cells.'
Therefore, MPV may provide a simple and
economical marker for evaluating hepatocellular
carcinoma.

Our findings support earlier observations by Kurt et
al. (2012), who demonstrated significantly elevated
MPV levels in hepatocellular carcinoma patients
compared with chronic hepatitis, cirrhosis, and
healthy controls (p<0.01). In their study, ROC

analysis identified an MPV cutoff value of >9.2 fL
with 68.3% sensitivity, 62.1% specificity, and an AUC
of 0.676 (95% CI: 0.580-0.773; p<0.001).
Comparatively, our study demonstrated a higher
mean MPV (10.84 £ 1.21 fL) and achieved a greater

discriminatory ability with AUC=0.742 (95% CI:
0.661-0.823; p<0.001). Although our study did not
establish a diagnostic cutoff, the higher AUC observed
may suggest improved predictive performance within
our study population.'® The results of our study were
also consistent with Cho et al. (2013), who reported
significantly elevated platelet indices among
hepatocellular carcinoma patients and observed a
mean MPYV of 8.69 fL in cases compared with 8.02 fL
in controls. Their ROC analysis demonstrated that
MPV alone achieved 57.4% sensitivity and 81.4%
specificity at a cutoff >8.4 fL, whereas the
MPV/platelet count ratio yielded a superior AUC of
0.884, sensitivity of 74.5%, and specificity of 96.5%.
Our mean MPV was comparatively higher (10.84 +
1.21 fL) and was accompanied by a significant inverse
relationship with platelet count (r=—0.362; p<0.001).
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Patients with platelet count <150x10°/L had
significantly greater MPV values (11.21 £ 1.17 fL)
than those with platelet count >150x10°/L (10.54 *
1.19 fL; p=0.003). These findings reinforce the
biological interaction between platelet activation and
platelet consumption during tumor progression and
suggest that MPV-based indices may possess
enhanced clinical utility compared with isolated
platelet measurements. !

Our observations further align with Metwaly et al.
(2016), who reported significantly altered platelet
indices among hepatocellular carcinoma patients and
proposed MPV and MPV-based ratios as useful non-
invasive markers. Similar to their conclusions, our
study demonstrated multiple statistically significant
associations between MPV and disease-related
biochemical parameters. Higher MPV values were
observed among patients with lower serum albumin
(11.18 + 1.20 fL vs 10.53 = 1.16 fL; p=0.005) and
higher AFP levels (p=0.001), supporting the concept
that platelet activation may reflect both hepatic
dysfunction and tumor burden.’ The findings of
Shabana et al. (2023) further strengthen the
interpretation of our results. They reported that
platelet indices including MPV and platelet
distribution width were significantly associated with
hepatitis C-related hepatocellular carcinoma and
demonstrated relationships with AFP and liver
biochemical markers. Our study similarly found
significant positive correlations between MPV and
total bilirubin (r=0.298; p=0.001), ALT (r=0.241;
p=0.006), AST (r=0.267; p=0.003), and AFP
(r=0.402; p<0.001), while serum albumin showed a
significant negative correlation (r=—0.319; p<0.001).
Notably, AFP demonstrated the strongest positive
association with MPV among all biochemical
variables studied, suggesting that increasing platelet
activation may parallel increasing tumor activity and
hepatic injury.'6

However, our findings partially contrast with Kilci et
al. (2023), who evaluated hepatocellular carcinoma
patients with normal AFP and reported that MPV
<8.6 fL independently predicted poor differentiation
and unfavorable histopathological features. In
contrast, our study observed that higher MPV values
were associated with biochemical indicators of greater
disease burden, particularly elevated AFP and
abnormal liver function parameters. This discrepancy
may be explained by differences in patient selection,
AFP status, disease severity, tumor differentiation,
and study endpoints, as Kilci et al. focused
predominantly on prognostic histopathological
outcomes rather than overall biochemical
associations.!’

The demographic pattern observed in our study was

also comparable to Islam et al. (2025), who reported
significant variations in MPV among geriatric patients
(p=0.002) and demonstrated positive associations of
AFP with SGOT (r=0.474; p=0.03) and bilirubin
(r=0.534; p<0.001). Similarly, our study
demonstrated significant positive relationships
between MPV and liver biochemical markers
including AST (r=0.267; p=0.003) and bilirubin
(r=0.298; p=0.001), suggesting that platelet-related
inflammatory responses may progress alongside
worsening hepatic function and tumor activity.'® Our
findings are also supported by Ahmad et al. (2025),
who evaluated 132 patients according to fibrosis
severity and reported significantly higher mean
platelet volume in advanced fibrosis grades (12.745 *
1.049 fL) compared with lower fibrosis grades (10.456
+ 0922 fL) (p<0.01). Similarly, our study
demonstrated elevated MPV (10.84 £ 1.21 fL) and
significant associations with markers of greater
disease burden including lower platelet count,
reduced serum albumin, and higher AFP levels,
suggesting that increasing MPV may reflect
progression of hepatic injury and disease severity.!”
Our results may also be interpreted alongside the
findings of Chen et al. (2024), who analyzed 309
patients and reported significantly elevated platelet
count and inflammatory indices including PLR and
NLR among hepatocellular carcinoma patients
compared with cirrhosis (p<0.05). Their ROC
analysis showed strong predictive performance for
PLR with AUC=0.912, sensitivity 81.2%, and
specificity 80.6%. Although our study focused
specifically on MPV rather than composite
inflammatory  indices, our ROC findings
(AUC=0.742) and significant associations with
platelet count and biochemical markers support the
broader concept that hematological and platelet-
derived biomarkers may serve as useful, inexpensive,
and minimally invasive tools in the assessment of
hepatocellular carcinoma.?

Study Limitations

Cross-sectional design limited the ability to establish
temporal or causal relationships. Being a single-center
study may reduce generalizability to wider
populations. In addition, the absence of long-term
follow-up and comparison with healthy controls may
limit assessment of prognostic significance.

CONCLUSION

Mean platelet volume demonstrated significant
associations with several biochemical markers among
patients with hepatocellular carcinoma. Its acceptable
diagnostic performance and correlation with disease-
related parameters suggest potential clinical utility.
MPV may serve as a simple, readily available, and
supportive marker in the evaluation of hepatocellular
carcinoma.
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