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Clinical Significance of Serum C-Reactive Protein Levelsin Oral Premalignancies
and Oral Squamous Cell Carcinoma
Adeena Abid, Muhammad Ishag, Nabeel Hafeez

Abstract

Objective: Assessing serum C-reactive protein (CRP) levelsin healthy controls, individualswith oral premalignant disorders,
and patients with oral squamous cell carcinoma (OSCC) in order to determine its potential as a screening and diagnostic
biomarker.

Study Design and Setting: A cross-sectional study was carried out at PNS Shifa Hospital, Karachi over one-year period
using consecutive sampling.

Methodology: Seventy-eight participants were equally divided into three groups. healthy controls (n=26), patients with
oral premalignant disorders (n=26) and OSCC patients (n=26). Serum CRP levelswere measured using immunoturbidimetry.
Statistical analysis was carried out using one-way ANOVA, chi-square test, receiver operating characteristic (ROC) analysis,
and multiple regression.

Results: The mean serum CRP level showed significantly higher levelsin OSCC patients compared with premalignant and
healthy groups (p<0.001). There was a progressively increasing trend in CRP levels from healthy controls to premalignant
lesions and OSCC. ROC analysis showed acceptable discriminative ability of serum CRP in distinguishing OSCC and
premalignant conditions from healthy individuals.

Conclusion: Serum CRPlevels show promising ability as adiagnostic and screening tool for oral premalignant and malignant
conditions with increasing levels correlating with disease progression. However larger longitudinal studies are recommended
to validate these findings.
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INTRODUCTION

Oral sguamous cell carcinoma (OSCC) is one of the most
common malignancies affecting the head and neck region
and continues to remain as a mgjor public health concern
worldwide. Globa Cancer Observatory (GLOBOCAN 2020)
reports that oral cancer contributes significantly to cancer-
related morbidity and mortality, especially in lower and
middle-class countries.*? Despite advances in diagnostic
techniques and treatment strategies, the overall survival rate
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of OSCC has not improved substantially over the past
decades. This is largely due to delayed diagnosis and
advanced-stage presentation. Oral potentially malignant
disorders (OPMDs) including leukoplakia, oral submucous
fibrosis, and oral lichen planus are some of the well-known
precursors of OSCC. These lesions often precede invasive
carcinoma; therefore, they provide an opportunity for early
detection along with early intervention. However, predicting
malignant transformation is still challenging, as clinical
examination and histopathol ogical assessment alone may
not reliably identify high-risk lesions.® Pakistan has one of
the highest burdens of oral cancer globally. Thisis primarily
due to widespread use of smokeless tobacco, betel quid,
arecanut, gutka, and naswar. These addictions play acentral
role in disease development as well as progression. Studies
from tertiary care hospitals in Pakistan report that most
patients present at an advanced stage, resulting in poor
treatment outcomes and reduced overall survival rate.*®
This highlights the urgent need for simple, affordable, and
non-invasive screening tools suitable for resource-limited
hedlthcare settings such asin countrieslike Pakistan. Chronic
inflammation is now widely known as a key contributor to
the process of carcinogenesis. When inflammation continues
to persist over time, it promotes cellular proliferation,
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genomic instability, angiogenesis, and tumor invasion.®’ C-
reactive protein (CRP) is known as an acute-phase protein
synthesized by theliver in responseto inflammatory cytokines
and it serves as areliable marker of systemic inflammation.
Elevated CRP levels have been known to be associated with
tumor progression and advanced disease stage It has also
been associated with poor prognosisin several malignancies.®
10

Recent studies have focused on the role of CRP in ora
premalignant and malignant conditions. Raised serum and
sdivary CRPlevels have been seen in patients with OPMDs
and OSCC when compared with healthy individuals.***
These findings suggest that CRP reflects the inflammatory
microenvironment associated with oral carcinogenesis.
However, data from Pakistani populations remain limited,
and few studies have evaluated CRP levels across the full
spectrum from healthy person to premdignant and carcinoma
patients. In lower- and middle-class countries, such as
Pakistan, access to advanced diagnostic facilities remains
limited, particularly in rural and public-sector healthcare
settings. Many patients present at a later stage due to lack
of awareness, delayed referral, and absence of affordable
screening tools. Blood-based biomarkers are particularly
useful in such settings because they are minimally invasive,
affordable, and can be measured even in basic laboratory
facilities. Among these, systemic inflammatory biomarkers
are especially relevant, as chronic inflammation has been
known to play akey rolein process of oral carcinogenesis.
Apart from establishing key risk factors for OSCC, thereis
an increasing interest in identifying simple and readily
available biomarkers that can aid in early detection and
diagnosis. In routine clinical settings, especially where
advanced diagnostic tools are not easily available, such
markers may provide additional information to further
support clinical judgment and improve risk stratification. A
simple laboratory marker that reflects this inflammatory
burden could help clinicians in early identification of
individuals at higher risk and decide more quickly which
patients should be referred for further assessment. Therefore,
exploring the clinical utility of routinely available
inflammatory markers may help bridge the gap between
early suspicion and definitive diagnosis in resource-
constrained environments such as Pakistan. Given the higher
prevalence of oral cancer in Pakistan and the limitations
associated with the existing screening approaches, this study
was designed to evaluate serum CRP levels among healthy
individuals, patients with oral premalignant disorders, and
those diagnosed with OSCC. The objective was to evaluate
the potential role of serum CRP levels as a screening and
diagnostic tool and to examine its association with the
progression of the disease.

METHODOLOGY

A cross-sectional study was done at the Dental Department
of PNS Shifa Hospital, Karachi. Study period was of 6

months from 1% June 2025 to 1% Nov 2025. Sampling
technique was non-probability consecutive sampling. Random
sampling was not done. The study was reviewed and approved
by the Institutional Review Board of the Ethical Committee,
PNS Shifa Hospital with ERC approval number Ref#
ERC/2022/DENTAL/21 dated 13 July 2022. Written
informed consent was taken from al the study participants
before enrollment. The study was done according to the
principles of the Declaration of Helsinki. Sample size of 78
patients was calculated from WHO sample size cal culator
by taking standard deviation of CRP levels as 4.50, margin
of error as 1 and 95% confidence interval. A total of 78
participants were included and divided equally into three
groups (n = 26 each):

Group I: Healthy controls with no history of oral lesions,
malignancy, or systemic inflammatory disease.

Group I1: Petients diagnosed with oral premaignant disorders,
including leukoplakia, oral submucous fibrosis, and ora
lichen planus.

Group I11: Patients with histopathologically confirmed oral
squamous cell carcinoma.

Individuals aged 18 years and above were eligible for
inclusion including healthy cohorts, those with OPMDs and
those with OSCC. Patients with any acute or chronic
infections, autoimmune disorders, systemic inflammatory
diseases, cardiovascular disease, hepatic disease, or those
receiving anti-inflammatory or immunosuppressive therapy
were excluded to avoid confounding effects on serum CRP
levels. Pregnant and lactating women were also excluded.
Theinclusion and exclusion criteriawere based specifically
on the study design. Venous blood samples were taken under
aseptic conditions from all study participants. Serum was
separated by centrifugation and analyzed for CRP levels
using the immunoturbidimetric method in the hospital
laboratory after following standard operating procedures.
The assay was performed using commercially available kits
according to the instructions given by the manufacturer. The
lower detection limit of the CRP assay was set at 0.1 mg/L.

Datawas analyzed using SPSS version 26. Quantitative data
were reported as mean values with standard deviations. The
Qualitative data were described using frequencies and
percentages. One-way ANOVA was used to compare mean
CRPlevelsamong the three study groups. Thiswasfollowed
by post-hoc analysis where appropriate. The chi-sgquare test
was applied to assess the associations between categorical
variables. Receiver operating characteristic (ROC) curve
analysis was performed to evaluate the diagnostic
performance of serum CRP. Multiple regression analysis
was performed with serum CRP as the dependent variable
and disease group, age, and gender asindependent variables.
A p-value of <0.05 was considered statistically significant.
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RESULTS

78 participants were enrolled in the study, with 26 individuas
in each group. The key demographic features of the study
participants are presented in Table 1. The mean age of
participants increased progressively across the three groups
and was highest in Oral squamous cell carcinoma (OSCC)
patients. A significant variation in age distribution was found
between the groups (p = 0.008). A male predominance was
noted in the OSCC group in comparison to the premalignant
and the healthy control group. This difference was noted to
be statistically significant (p = 0.025). Socioeconomic status
also differed significantly among the groups, with a higher
proportion of OSCC patients belonging to the lower
socioeconomic class (p = 0.018). The mean serum CRP
levels of the three study groups are presented in Table 2.
Serum CRPlevels demonstrated a clear progressive increase
moving from the healthy control group to patients with oral
premalignant disorders and were highest among OSCC
patients. One-way analysis of variance reveded agtatiticaly
significant difference in mean CRP levels among the groups
(p < 0.001). Post-hoc analysis showed that CRP levelsin
OSCC patients were significantly higher than those in both
premalignant cases and healthy controls.

Subgroup analysis of oral premalignant disorders was
performed to evaluate differences in serum CRP levels
among various premalignant lesions (Table 3). Patientswith
ora submucous fibrosis showed relatively higher mean CRP
levels compared to those with leukoplakia and oral lichen
planus. However, the observed differences among

Table 1. Demographic Characteristics of Study Population (n=78)

Group |: | Group IlI: .

Parameter CH()er?tl:rc])I}/s P?/Ir%ls Gr(g%gél g p-value
n=26) | (n=26) | (=29

Age (Years)
Mean 36.2+94 |428+10.1| 54.6+ 11.3 0.008"
Range (20-55) (20-65) 38-76
Gender, n(%)
Male 13 (50.0%) | 17 (65.4%)| 22 (84.6%) | ..
Female 13(50.0%) | 9(34.6) | 4(15.4%)
Socioeconomic Status, n (%)
Lower 8(30.8) |15 (57.7%)| 18 (69.2%)
Middle 12 (46.2%) | 9 (34.6%) | 7(26.9%) | 0018*
Upper 6(23.1%) | 2(7.7%) | 1(3.8%)

premalignant subgroups were not statistically significant (p
> 0.05). (Table 4) Receiver operating characteristic (ROC)
curve analysis showed that serum C-reactive protein (CRP)
had acceptable diagnostic accuracy in differentiating oral
squamous cell carcinoma (OSCC) from healthy controls,
with an AUC of 0.82 (95% CI: 0.72-0.91). At a cut-off value
of 4.5 mg/L, CRP demonstrated a sensitivity of 80.8% and
specificity of 76.9% (Table 5). Moderate discriminative
ability was observed when OSCC was compared with oral
premalignant disorders (AUC: 0.71), while CRP showed
modest performancein distinguishing premaignant disorders
from healthy controls (AUC: 0.69). These findings are in
support of the potential role of serum CRP as an adjunctive
screening biomarker when used dongside clinical assessment.
In addition to the primary comparisons, variability in CRP
values was observed within each study group. Although
mean levels differed significantly, individual measurements
showed a degree of overlap, particularly between the
premalignant and malignant groups. This finding reflects
the biological diversity of inflammatory responses among
patients and emphasizes that CRP should be interpreted in
conjunction with clinical features rather than as an isolated
indicator. Overall, the results showed a noticesble difference
between the groups, with higher values generally seen in
the malignant cases compared to the premalignant and
control groups. It is also important to note that some
participants did not strictly follow the overall trend of
increasing values. Thisisto be expected in clinical data as
it usually isreflective of individual variability. In some of
the cases, values were slightly higher or lower than the

Table 2: Serum CRP Levels Across Study Groups (n = 78)

CRPLevels ?—Ire%thphly: Group II: Group 1
(mg/L) Controls OPMDs oscce
N 26 26 26
Mean + SD 512+ 2.48 5.12+2.48 8.87+341
Median (IQR)|4.90 (3.4-6.8) | 4.90 (3.4-6.8)| 8.60 (6.2-11.4)
Range 1.2-10.9 1.2-10.9 3.3-16.8

One-way ANOVA; Post-hoc analysis (Tukey’'s HSD): Group |11 >

Group Il > Group | (p < 0.001)

Table 3. CRP Levelsin Different Types of Oral Premalignant Disorders

OPMD Type N@©) | M eajzn?gFfl'_D)i SO | Median (1QR) | Range
Oral Leukoplakia 9(346) | 461:212 | 440(3158) | 1289
Oral Submucous Fibross | 10 (385) | 574%263 | 560(39-71) | 21-109
Oral Lichen Planus 7(269) | 489t221 | 470(3263) | 1594
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Table 4. Pairwise Comparison of CRP Levels Among OPM Ds (Independent t-t

Comparison

p-value

Significance

Oral Leukoplakiavs Oral Submucous Fibrosis

0.315

Not Significant

Oral Leukoplakiavs Oral Lichen Planus

0.802

Not Significant

Oral Submucous Fibrosisvs Oral Lichen Planus

0.482

Not Significant

p-values obtained using independent t-test; p < 0.05 considered statistically significant

Table 5. ROC Analysis for CRP as Diagnostic Marker

Group Comparison AUC (95% CI) | Cut-off Value (mg/L) | Sensitivity (%) | Specificity (%) | p-value
OSCC vsHealthy Controls | 0.82(0.72-0.91) 45 80.8 76.9 <0.001
OSCC vsOPMDs 0.71 (0.60-0.82) 6.3 73.1 65.4 <0.002
OPMDsvsHealthy Controls| 0.69 (0.58-0.80) 32 69.2 64.0 <0.006

AUC = Area under the curve; OSCC = Oral squamous cell carcinoma; OPMDs = Ora Premalignant disorders. ROC analysis was
done evaluate the diagnostic accuracy of serum CRP. An AUC value between 0.7 and 0.9 indicates acceptabl e diagnostic performance

DISCUSSION

Oral squamous cell carcinoma continues to be amajor public
health challenge in Pakistan due to late-stage presentation,
limited screening strategies, and a high prevalence of
associated risk factors. Identifying biomarkers that are both
simple and widely available is therefore of clinical
importance, especially for improving early detection and
risk stratification. The present study evaluated serum C-
reactive protein levels across healthy individuals, patients
with oral premalignant disorders, and those with OSCC. It
demonstrated a clear and progressive risein CRPlevelswith
increasing disease severity. The most notable finding of this
study was the significant elevation of serum CRPlevelsin
OSCC patients when compared with both healthy controls
and patients with oral premalignant disorders. Thisfinding
was consistent with those of Metgud et al and Vankadara et
al.”*® This observation is in support of the role of chronic
systemic inflammation in process of oral carcinogenesis.’

CRPisawell-established acute-phase reactant produced by
hepatocytes in response to inflammatory cytokines such as
interleukin-6. Persistently raised CRP levels may reflect
ongoing inflammatory and immune disturbances within the
tumor microenvironment, which can contribute to both the
development and progression of cancer.”® Patients with oral
premalignant disorders exhibited intermediate CRP levels,
which were significantly higher than those of healthy controls
but lower than those observed in patients with OSCC. This
graded increase suggests that systemic inflammation may
begin early in the disease process, even before malignant
transformation takes place. This closely aligns with the
findings of Singh et al.™ Similar findings have been reported
in previous studies, which demonstrated elevated serum and
salivary CRP levels in patients with leukoplakia, oral
submucous fibrosis, and oral lichen planus.*® These findings
are collectively in the support of the concept that CRP may
serve as an early indicator of malignant potential. Subgroup
analysisof premalignant disorders showed higher CRPlevels
in patients with oral submucous fibrosis compared to

leukoplakiaand oral lichen planus, However the differences
were not found to be statistically significant. Thistrend may
be explained by the chronic inflammatory nature of oral
submucousfibrosis, which isaready known to carry ahigher
risk of malignant transformation as discussed by Gossavi
et al and Tang et al.**" The lack of statistical significance
may be due to the relatively small sample size within each
premalignant subgroup. This is a limitation commonly
encountered in single-center studies. Demographic analysis
reveal ed ahigher mean age and a marked male predominance
among OSCC patients. These findings are consistent with
the local and regional epidemiological data from Pakistan
asexplored by Saeed et a.*® The higher prevalence of OSCC
in males may be linked to greater exposure to known risk
factors such as tobacco, betel quid, arecanut, and smokeless
tobacco products. Additionally, a significant association
between advanced stage presentation was observed as
similarly reported by Memon et al.*® This highlightsthe role
of social determinants of health, limited accessto healthcare,
and delayed diagnosisin disease progression. These findings
are consistent with findings of Yuktha et al.?° Receiver
operating characteristic analysis demonstrated acceptable
discriminative ability of serum CRPin distinguishing OSCC
patients from healthy controls, suggesting potential utility
as a screening adjunct. While CRP lacks disease specificity,
its low cost, wide availability, and ease of measurement
make it an attractive candidate for use in resource-limited
settings such as Pakistan. When used alongside clinical
examination and histopathological findings, CRP may help
identify individuals at higher risk who would benefit from
closer follow-up and surveillance.?*

The major challenge for clinicians is not just to diagnose
the disease but to decide which patient is going to need
urgent attention. At the time of presentation, many patients
have ora lesions that appear mild or non-specific, yet they
may carry significant malignant potential. Thisleadsto an
uncertainty for both the clinicians and patients, especially
when access to specialized tests is limited. In such cases
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serum CRP levels could provide additional context while
being easily affordable and accessible. While it may not
confirm malignancy, an elevated level may warrant a need
for adetailed evaluation or an earlier referral > Many oral
potentially malignant disorders do not always behave
uniformly. Some lesions may remain stable for years, while
others may spread aggressively. Clinical appearance alone
may not be sufficient enough to predict this behavior.® Use
of asimple blood test that mirrors ongoing inflammation
and tissue injury can help to identify lesions that are more
active biologically. Corelating clinical examination with
CRP levels could contribute to a more accurate risk
assessment. These findings suggest a more structured
approach of integrating laboratory markers with clinical
assessment rather than simply relying on asingle parameter.
While individual values may vary, the overall trend helps
in studying disease behavior. This combination approach
may help further in enhancing clinical decision-making and
support a more tailored patient management strategies in
everyday practice. The actual value of serum CRP levels
liesinitssimplicity rather than its specificity. Although CRP
alone may not replace the need of a histopathological
diagnosis, it can till be considered as an adjunctive marker
and may be particularly useful in settings where access to
specialized testing is limited. As CRPtesting is already part
of routine medical practice, there is no need for additional
training or equipment. In populations where thereis a high
prevalence of tobacco and areca nut usage, we can identify
high risk patients and improve clinical decision making
simply by incorporating such a readily available test into
initial assessment protocols. By observing the risein CRP
levels across disease stages, we can also interpret thisfinding
from a biological perspective. The process of Oral
carcinogenesis is accompanied by ongoing tissue injury,
immune system activation, and the increased release of
inflammatory mediators. With the intensification of these
processes there is agradual rise in systemic makers such as
CRP levels. These changes also mirror the transition from
premalignant change to invasive malignancy.

Inflammation in general is not specific to cancer; however,
its persistence and magnitude may reflect disease activity.
Therefore, by measuring CRP levels we can get a glimpse
into the broader physiological response associated with
tumour progression. With careful interpretation we can use
this information to get a more comprehensive assessment
of patients who present with suspicious oral lesions. The
observed overlap in the CRP val ues across the premalignant
and malignant cases in this study are clinically meaningful
asit indicatesthat CRP a one cannot be used to make clinical
decisions, rather it suggests that its usage should be as a
supportive adjuvant alongside clinical examination and
histopathological evaluation. Patients who are presenting
with borderline or moderately elevated CRP levels may
benefit from closer follow-up and timely reassessment,

especialy when their lesions appear suspicious or seem to
be progressing over time. When viewing from a healthcare
system perspective, by using routinely available laboratory
parameter, we are optimizing resource allocation. When it
comes to settings where advanced imaging and specialist
referral are limited, such asin the rural areas of Pakistan,
we may be able to prioritize patients requiring urgent
diagnostic workup simply with the use of readily available
blood test such as serum CRPlevels. By using this approach,
we are not replacing definitive diagnostic procedures, rather
this approach will contribute to earlier recognition of high-
risk cases. When viewed together, these observationsreinforce
the potential value of CRP as a simple adjunctive tool that
supports clinical judgment. It also enhances the overall
assessment of patients with oral lesions. Study Limitations:
This study has several limitations that need consideration.
The small sample size that was drawn from a single center
limits the generalizability of the datato broader populations.
The study design was cross sectional which hinders the
ability to establish acasua relationship between CRPlevels
and disease progression. As Serum CRP levels is a non-
specific inflammatory marker it can easily be influenced by
systemic factors and conditions even though efforts were
made to exclude known confounders. Variability within
study groups and overlap in CRP vaues also show that CRP
should not be used alone for diagnosis. Further studies with
larger sample size and conducted at multiple centers along
with alongitudinal follow up are needed to better identify
the usefulness of serum CRP levels.

CONCLUSION

Serum C-reactive protein levels show a progressively
increasing trend from healthy individuals to patients with
oral premalignant disorders and are the highest in oral
sguamous cell carcinoma patients. This pattern is suggestive
of the role of systemic inflammation in process of oral
carcinogenesis. Asserum CRP levels are easily accessible
and affordable, they may serve as a useful tool for screening
and risk stratification in populations with a high burden of
ord cancer especialy in countries such as Pakistan. However,
larger prospective studies are needed to establish standardized
cut-off values and confirm its prognostic significance. This
highlights the importance of involving simple laboratory
investigationsinto routine dental appointments, this can lead
to earlier recognition of disease and timely intervention.
The findings suggest that CRP levels can play an important
role as a screening and diagnostic tool for earlier detection
of Oral cancer as the results show an increasing trend of
Serum CRP levels as the disease progresses.
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