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Abstract:

Accurate imaging is essential for staging and treatment planning in head and neck squamous cell carcinoma (HNSCC). Therefore, it
is of interest to compare the diagnostic performance and clinical applications of 18F-FDG PET/CT and magnetic resonance imaging
(MRI) in HNSCC staging. Relevant literature published between 2005 and 2025 was reviewed from major biomedical databases to
evaluate the role of both imaging modalities. MRI demonstrated superior performance in assessing primary tumor extent, perineural
spread and soft-tissue invasion, whereas PET/CT showed higher sensitivity for detecting regional nodal involvement, distant
metastases and synchronous primary tumors. Thus, data shows that MRI and PET/CT provide complementary diagnostic

information and their combined use offers the most comprehensive staging strategy for patients with HNSCC.

Keywords: Head and neck squamous cell carcinoma (HNSCC), PET-CT, magnetic resonance imaging (MRI), Diagnostic accuracy,

18F-FDG PET/CT
Background:
Head and neck squamous cell carcinoma (HNSCC) comprises
epithelial malignancies from mucosal surfaces of the oral cavity,
pharynx, larynx, nasal cavity, sinuses, salivary glands and lips,
accounting for ~90% of head and neck cancers[1]. Each
anatomical subsite shows distinct biology, lymphatic drainage,
treatment approaches and clinical outcomes due to regional
complexity [2]. Accurate disease characterization and staging are
therefore essential for appropriate treatment selection and
prognosis [3]. Despite advances in multimodal therapy, HNSCC
remains a major global health burden due to high incidence,
recurrence and mortality [1]. Survivors often experience
morbidity such as speech impairment, dysphagia, cosmetic
deformity and psychological distress, reducing quality of life [4].
Advanced HNSCC has high recurrence and metastatic rates,
making accurate pre-treatment staging essential for assessing
disease extent and guiding therapy. MRI provides superior local
soft-tissue assessment, whereas 18F-FDG PET/CT improves
detection of nodal disease, distant metastases and synchronous
primaries [5]. Therefore, it is of interest to summarize the
evidence comparing diagnostic performance, clinical utility,
advantages, limitations and emerging roles of MRI and 18F-FDG
PET/CT in HNSCC staging.

Literature search strategy:

Extensive narrative literature search was carried out through the
major biomedical databases, i.e., PubMed, Scopus and Web of
science, Embase and Cochrane library. The search targeted
articles assessing the diagnostic performance of the 18F-FDG
PET/CT and MRI in the staging of squamous cell carcinoma of
the head and neck (HNSCC). The articles published during the
period between 2005 and 2025 were taken into account.
Keywords and Medical Subject Headings (MeSH) used as search
terms were combinations of Head and Neck Squamous Cell

. S
Carcinoma, PET-CT, MRI, Staging, Diagnostic Accuracy,
Sensitivity and Specificity. Besides that, relevant original studies
and review articles were screened manually in reference lists to
pick up more relevant publications.

Study selection and eligibility:

The studies were chosen according to their relevance to imaging-
based staging of HNSCC. The inclusion criteria were original
research articles that assessed the use of PET/CT and/or MRI to
stage pre-treatment of primary tumors, regional lymph nodes, or
distant metastases in patients with histopathologically
confirmed HNSCC. Prospective and retrospective studies,
comparative cohort and diagnostic accuracy studies were all
taken into consideration. Case reports, conference abstracts,
animal studies, review articles, studies with inadequate
diagnostic data and studies with overlapping patient
populations were excluded.

Data extraction and synthesis:

The relevant data were obtained in the chosen studies, which
included author details, the year of publication, study design,
sample size, imaging modality applied, reference standards and
the reported diagnostic performance results. The researchers
used qualitative synthesis to analyze results from multiple
studies, which showed different diagnostic performance results
for PET/CT and MRI The study compared sensitivity,
specificity, diagnostic confidence and clinical utility across
different staging elements, which included primary tumor
assessment, nodal staging and distant metastases detection.

Quality considerations:

The narrative review did not use formal scoring tools, but the
researchers evaluated the methodological quality through an
assessment of study design and patient selection and imaging
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protocols and reference standards which were used to confirm
the diagnosis. The researchers focused on studies that used
histopathology and multidisciplinary clinical consensus as
reference standards because those standards provided more
accurate staging results.

Evidence identification and study characteristics

A comprehensive literature search identified studies evaluating
MRI and 18F-FDG PET/CT for HNSCC staging. The evidence
included prospective, retrospective, comparative and diagnostic
accuracy studies published between 2005 and 2025.

Primary tumour assessment:

MRI demonstrated superior performance in assessing primary
tumour extent because of its excellent soft-tissue contrast. It was
particularly valuable for evaluating perineural spread, skull base
invasion, cartilage involvement and deep soft-tissue extension.

Nodal and distant metastatic assessment:

18F-FDG PET/CT showed greater accuracy for detecting
regional nodal metastases, distant disease and synchronous
primary malignancies. Its integration of anatomical and
metabolic  information supported comprehensive disease
staging.

Post-treatment surveillance:

PET/CT was valuable in post-treatment surveillance by
differentiating recurrent disease from treatment-related changes.
Its diagnostic performance was greatest when imaging was
performed at appropriate follow-up intervals.

Complementary roles of MRI and PET/CT:

MRI and PET/CT provide complementary rather than
competing diagnostic information. MRI is preferred for detailed
local assessment, whereas PET/CT is more valuable for nodal
staging, distant metastases and treatment-response evaluation.

Clinical selection of imaging modality:

The choice of imaging modality depends on the specific clinical
objective. Relevant considerations include primary tumour
assessment, nodal staging, distant metastases, treatment
planning and post-treatment surveillance.

Epidemiology and burden of HNSCC:

Head and neck squamous cell carcinoma (HNSCC) remains a
major global health challenge, accounting for a substantial
proportion of cancer-related morbidity and mortality worldwide
[6]. Geographic variations in incidence have been reported, with
particularly high disease burden observed in South and
Southeast Asia [7]. India continues to contribute significantly to
the global HNSCC burden because of widespread exposure to
tobacco and areca nut products [8]. Recent epidemiological
projections further suggest a continued increase in disease
incidence over the coming decades [9]. The socioeconomic
impact of HNSCC is also considerable, resulting in substantial
healthcare expenditures and productivity losses worldwide [10].
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Risk Factors and etiological determinants of HNSCC:

Several environmental and biological risk factors contribute to
HNSCC development. Tobacco smoking remains the most
important modifiable risk factor and has consistently
demonstrated a strong association with disease occurrence [11].
Smokeless tobacco use is similarly implicated, particularly in
oral cavity cancers [12]. The synergistic interaction between
tobacco exposure and alcohol consumption further increases
carcinogenic risk [13]. Exposure to second-hand smoke has also
been associated with increased disease susceptibility [14].
Alcohol consumption independently contributes to HNSCC
development, particularly among heavy drinkers [15], while the
type and quantity of alcohol consumed may influence cancer
risk [16]. Genetic polymorphisms affecting alcohol metabolism
have additionally been linked to carcinogenesis and treatment
outcomes [17]. Human papillomavirus (HPV) has emerged as a
major etiological factor, particularly in oropharyngeal squamous
cell carcinoma [18]. Sexual behavioral factors and
immunosuppression have been associated with increased HPV-
related cancer risk [19]. Other emerging risk factors include
opium consumption, which has been linked to laryngeal
malignancies [20] and immunocompromised states such as HIV
infection and post-transplant immunosuppression [21].

Molecular pathogenesis of HNSCC:

At the molecular level, HNSCC is characterized by complex
genetic and epigenetic alterations involving multiple oncogenic
pathways [22]. Dysregulation of tumor suppressor genes and
oncogenic signaling pathways contributes to disease initiation
and progression [23]. Mutations involving PIK3CA have been
increasingly recognized, particularly in HPV-positive tumors
[24]. Alterations in NOTCH signaling further contribute to
tumorigenesis [25]. Epigenetic mechanisms including DNA
methylation abnormalities also play a significant role in disease
progression [26]. Aberrant methylation patterns may alter gene
expression and facilitate malignant transformation [27]. Histone
modifications have similarly been implicated in tumor
progression and treatment resistance [28]. Furthermore,
dysregulation of EGFR, MAPK, PI3K/AKT and NOTCH
signaling pathways contributes substantially to tumor growth
and metastatic potential [29].

Importance of imaging in HNSCC management:

Accurate imaging is fundamental for staging, treatment
planning, response assessment and surveillance in patients with
HNSCC [30]. Appropriate imaging facilitates precise tumor
characterization and assists in determining the extent of disease
spread [31]. Among available modalities, MRI and PET/CT have
emerged as the most important imaging techniques because they
provide complementary anatomical and functional information.

Role of MRI in HNSCC:

MRI has become the preferred modality for local tumor
assessment because of its excellent soft-tissue contrast and
superior spatial resolution [32]. Continuous technological
advancements have further improved image quality and
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functional assessment capabilities [33]. MRI demonstrates
particular strength in defining primary tumor margins and
evaluating post-treatment anatomical changes [34]. Compared
with CT, MRI provides improved visualization of soft-tissue
structures and is less affected by dental artifact [35].
Consequently, MRI is especially valuable for assessing skull base
invasion, cartilage involvement, perineural spread, vascular
encasement and retropharyngeal nodal disease [36]. Advanced
MRI criteria have improved the differentiation between tumor
infiltration and inflammatory changes [37]. These refinements
have enhanced diagnostic specificity for cartilage and osseous
invasion [38]. MRI signal characteristics may additionally
provide prognostic information regarding treatment response
and local disease control [39]. In recurrent nasopharyngeal
carcinoma, MRI has demonstrated excellent performance in
identifying residual disease at the primary site [40].
Nevertheless, conventional MRI remains limited in
distinguishing viable tumor from post-treatment fibrosis and
inflammatory changes in some clinical scenarios [41].

Role of PET/CT in HNSCC:

PET/CT has emerged as a highly valuable imaging modality in
HNSCC because it combines anatomical information obtained
from CT with metabolic information derived from positron
emission tomography [42]. The incorporation of functional
imaging into conventional anatomical assessment enables
improved characterization of tumor biology and disease extent.
In addition to the widely used 18F-FDG tracer, several novel
PET tracers have been investigated for evaluating tumor
proliferation, protein synthesis, apoptosis and receptor
expression in HNSCC [43].

PET/CT for initial staging and detection of metastatic disease:

Current clinical practice guidelines recommend advanced
imaging for patients with locally advanced disease to improve
staging accuracy and treatment planning [44]. Accurate TNM
staging remains critical because treatment selection and
prognosis are closely linked to disease extent at presentation
[45]. PET/CT has demonstrated particular value in identifying
metastatic disease that may not be evident on conventional
imaging studies. Furthermore, PET/CT contributes significantly
to the detection of synchronous primary tumors, which may
alter therapeutic decision-making and overall patient
management [46]. Another important application of PET/CT is
post-treatment surveillance. Following surgery, radiotherapy, or
chemoradiotherapy, anatomical distortion and treatment-related
changes often make conventional imaging interpretation
challenging. PET/CT has shown high accuracy in differentiating
residual or recurrent disease from post-treatment fibrosis and
inflammatory changes, thereby reducing unnecessary invasive
procedures and improving clinical confidence [47]. Several
studies have demonstrated the superiority of PET/CT over
conventional imaging modalities for the detection of distant
metastases and secondary primary malignancies [48]. Kim et al.
reported high sensitivity and specificity of PET/CT for
identifying additional primary tumors that were not detected
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during routine diagnostic workup [49]. A comprehensive meta-
analysis further confirmed that PET/CT provides superior
diagnostic performance for metastatic disease detection when
compared with conventional imaging alone [50]. Similar
findings were reported by Xu ef al., who demonstrated improved
accuracy of PET/CT in identifying distant metastatic
involvement in patients with advanced HNSCC [51]. Advances
in multidetector CT technology have improved anatomical
imaging quality; however, the addition of metabolic information
remains a major advantage of PET/CT [52].

Detection of synchronous and second primary malignancies:
The detection of second primary malignancies represents
another important clinical application of PET/CT. Kang et
al.reported a notable incidence of synchronous malignancies
among patients with HNSCC, highlighting the importance of
comprehensive staging investigations [53]. Subsequent studies
demonstrated that PET/CT could identify occult second primary
tumors that remained undetected by conventional imaging
methods and clinical examination [54]. Such findings are
clinically important because early identification of additional
malignancies may substantially alter treatment strategies and
improve patient outcomes [55].

Regional nodal assessment:

Regional nodal staging remains one of the most important
determinants of prognosis in HNSCC. PET/CT has consistently
demonstrated improved performance in nodal assessment
compared with conventional anatomical imaging modalities
[56]. Nguyen et al. reported higher sensitivity for detecting
metastatic cervical lymph nodes using PET/CT than with MRI
or CT alone [57]. Similar observations were made in studies
evaluating contralateral neck disease, where PET/CT
demonstrated superior detection rates compared with
conventional imaging techniques [58]. Despite these advantages,
PET/CT remains limited in detecting microscopic nodal
metastases and very small-volume disease deposits, particularly
in clinically NO necks [59].

Role of PET/CT in post-treatment surveillance:

The timing of post-treatment PET/CT imaging is another critical
consideration. Early imaging may result in false-positive
findings due to inflammation and treatment-related tissue
changes. Gupta et al. demonstrated that delaying PET/CT
evaluation until at least 12 weeks following completion of
chemoradiotherapy significantly improves diagnostic accuracy
and reduces false-positive interpretations [60]. Similar findings
have been reported by other investigators evaluating optimal
surveillance imaging intervals [61].

Limitations of current imaging modalities:

Despite its many advantages, PET/CT is not without limitations.
The complex anatomy of the head and neck region, treatment-
related changes and variable tumor biology continue to pose
diagnostic challenges [62]. PET/CT may produce false-positive
findings in inflammatory or infectious conditions and may fail to
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identify microscopic disease because of limited spatial resolution
[63]. Variations in imaging protocols, scanner technology, image
interpretation criteria and institutional practices may further
contribute to differences in reported diagnostic performance
[64]. Future developments in HNSCC imaging are likely to focus
on multimodal integration and quantitative imaging approaches.
Hybrid PET/MRI systems combine the superior soft-tissue
characterization of MRI with the metabolic information provided
by PET, potentially offering the advantages of both modalities
within a single examination [65]. Advanced radiomics
techniques may allow extraction of quantitative imaging
biomarkers capable of predicting tumor behavior, treatment
response and survival outcomes [66, 67]. Furthermore, artificial
intelligence and machine-learning algorithms have shown
increasing potential for automated lesion detection, risk
stratification and personalized treatment planning, thereby
representing a promising future direction in HNSCC imaging
research [68, 69].

Conclusion:

MRI is preferred for local tumour assessment, whereas 18F-FDG
PET/CT better detects nodal and distant metastases.Combined
MRI and PET/CT improve staging accuracy and support
individualized treatment planning. Future studies should
explore standardized imaging, hybrid PET/MRI and artificial
intelligence to improve HNSCC staging.
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