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proteomics, metabolomics, and epigenomics—into clinical 

decision-making [1]. This evolving landscape, which we 

propose to call for the ¿rst time “O-MFS” (Omic-Maxillo-

facial Surgery), represents a new paradigm where surgery 
becomes deeply integrated with molecular, cellular, and bio-

informatics knowledge.

Omics-based approaches promise to bridge the gap between 
surgical practice and personalized, predictive, and preventive 
medicine. Nowhere is this integration more pressing than in 

head and neck oncology, particularly head and neck squamous 
cell carcinoma (HNSCC), which represents a signi¿cant chal-
lenge in maxillofacial surgery due to its heterogeneity, poor 
prognosis, and resistance to standard treatments [2].

This paper theorizes how omics data, including genom-

ics, epigenomics, and transcriptomics, may shape the future 
of maxillofacial surgery with signi¿cant impact. We argue 
that “Omic-MFS” represents a critical translational frontier, 
o൵ering new biomarkers, prognostic tools, and therapeutic 
targets for individualized surgical oncology in the maxil-
lofacial region.

Introduction

Maxillofacial surgery (MFS) is traditionally perceived as 
an anatomical and technical discipline—where success 
depends on precise surgical technique, preoperative imag-

ing, and biomechanical reconstruction. However, in recent 
years, a revolution has begun to reshape this ¿eld: the incor-
poration of omics sciences—genomics, transcriptomics, 

	
 Gabriele Monarchi
gabriele.monarchi@gmail.com

Margherita Gobbo
margherita.gobbo@aulss2.veneto.it

Luca Guarda Nardini
luca.guardanardini@aulss2.veneto.it

1	 Unit of Oral and Maxillofacial Surgery, Ca’ Foncello 
Hospital, Treviso 31100, Italy

2	 Department of medicine, Section of maxillo-facial surgery, 
University of Siena, Viale Bracci, Siena 53100, Italy

Abstract

The integration of omics sciences into maxillofacial surgery marks a transformative step toward a new model of per-
sonalized and translational patient care. Recent advances in genomics, transcriptomics, and epigenomics are reshaping 
the understanding and management of head and neck squamous cell carcinoma (HNSCC), one of the most challenging 
malignancies in the maxillofacial region due to its biological heterogeneity and poor prognosis. Omics sciences o൵er 
unprecedented insight into the molecular landscape of these tumors, allowing the identi¿cation of speci¿c biomarkers that 
predict patient outcomes and guide tailored surgical strategies. A landmark study by Ribeiro et al. demonstrated the clinical 
value of a nine-gene multi-omics signature capable of distinguishing HNSCC patients with markedly di൵erent survival 
rates, independent of metastasis status. This signature integrates copy number alterations, gene expression pro¿les, and 
methylation patterns linked to key cellular processes such as DNA repair, cytoskeletal dynamics, and immune response. 
The concept of “Omic-Maxillofacial Surgery” (O-MFS) envisions a future where molecular data complement anatomical, 
pathological, and functional criteria to re¿ne surgical planning, intraoperative decision-making, and postoperative surveil-
lance. Despite challenges related to data complexity, clinical validation, and cost, this emerging approach promises to 
revolutionize maxillofacial oncology by enabling more accurate patient strati¿cation and truly personalized surgical care.

Keywords  Omics sciences · Maxillofacial surgery · Translational surgery · Personalized oncology · Molecular 
biomarkers.
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The omics revolution

Omics technologies have fundamentally changed cancer 
biology. Genomics identi¿es DNA-level alterations such as 
mutations and copy number variations (CNVs); transcrip-

tomics measures gene expression patterns; proteomics and 
metabolomics pro¿le proteins and metabolites; and epig-

enomics assesses changes such as DNA methylation that 
modulate gene activity without altering the DNA sequence. 
Integrated together, these datasets provide an unprecedented 
multi-dimensional view of tumor behavior [1].

The integration of omics data allows the classi¿cation 
of tumors not only by their histology or location but also 
by their molecular pro¿les. This is especially important in 
HNSCC, where the clinical behavior of tumors is highly 
variable—even among tumors of identical stage and histo-

logical subtype.
One recent study by Ribeiro et al. demonstrated the power 

of multi-omics integration by analyzing head and neck can-

cer using The Cancer Genome Atlas (TCGA) data [3]. By 
applying genomics, transcriptomics, and DNA methylation 
data, the researchers identi¿ed a nine-gene signature asso-

ciated with survival in HNSCC patients, independent of 
metastasis development.

Implications for maxillofacial surgery: towards omic 
MFS

How does this molecular knowledge translate into clinical 
practice in maxillofacial surgery?

1.	 Patient strati¿cation for surgery
	 Multi-omics data can divide patients into high-risk and 

low-risk groups, guiding surgical aggressiveness. For 
instance, tumors with a genetic signature indicating 
poor prognosis may justify more extensive resection, 
prophylactic neck dissection, or combined modality 
therapy—even in early stages. Conversely, low-risk 
molecular signatures could support more conservative 
surgery, preserving function and aesthetics. Future stud-

ies could use genomic or transcriptomic panels to iden-

tify maxillofacial cancer patients most likely to respond 
to speci¿c pre-operative (neoadjuvant) therapies, such 
as immunotherapy or targeted chemotherapy. For 
instance, the presence of certain gene mutations or the 
expression of speci¿c immunological markers might 
indicate a better response, thereby avoiding ine൵ective 
treatments in non-responsive patients.

2.	 Biomarker-Based Surgical Planning
	 Omics-derived biomarkers could predict complications 

such as wound healing disorders, recurrence, or radia-

tion resistance. Surgeons could tailor Àap selection, 

reconstruction strategies, and perioperative therapies 
based on the molecular pro¿le of both the tumor and the 
host tissues. An example can be laboratory parameters, 
such as the HALP score, used to calculate the preopera-

tive risk of possible failure of a free Àap for the recon-

struction of facial defects[3].

3.	 Post-Surgical Surveillance
	 Liquid biopsy technologies (e.g., circulating tumor 

DNA) rooted in omics can enable minimally invasive 
monitoring of residual disease or early recurrence, 
potentially replacing or complementing imaging in 
the postoperative follow-up of maxillofacial cancer 
patients. Liquid biopsies (analysis of circulating tumor 
DNA - ctDNA or circulating tumor cells - CTCs) could 
be used also to monitor the e൵ectiveness of neoadju-

vant or adjuvant therapies in real-time. A decrease in 
ctDNA or CTCs might indicate a good response, while 
an increase could signal treatment resistance or disease 
relapse, allowing for a more timely change in therapeu-

tic strategy. After surgery, proteomic or metabolomic 
analysis of residual tumor tissues or peripheral blood 
could reveal biomarkers associated with a higher risk of 
recurrence or metastasis. This would allow for patient 
strati¿cation for more intensive follow-up or the adop-

tion of personalized adjuvant therapies, improving treat-
ment e൶cacy and reducing unnecessary side e൵ects.

4.	 Translational Surgical Trials
	 Future clinical trials in maxillofacial oncology will 

increasingly incorporate omics strati¿cation as inclusion 
criteria or as endpoints, ensuring that surgical innova-

tions bene¿t molecularly de¿ned patient subgroups 
rather than heterogeneous populations. A deeper under-
standing of the tumor's molecular pro¿le could inÀuence 
surgical decisions themselves. For example, tumors with 
particular genetic signatures associated with high local 
invasiveness might require wider resection margins 
or the inclusion of prophylactic lymphadenectomies, 
whereas tumors with a less aggressive pro¿le could ben-

e¿t from more conservative surgical approaches.

The nine-gene signature: A model of translational 
omics

The study by Ribeiro et al. represents a clear example of 
how omics sciences can be translated into practical applica-

tions in maxillofacial oncology. Through an integrated anal-
ysis that combined genomic, transcriptomic, and epigenetic 
data, the researchers succeeded in identifying a molecular 
signature capable of distinguishing head and neck squa-

mous cell carcinoma (HNSCC) patients with markedly dif-
ferent survival prospects [4].
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At the genomic level, they highlighted alterations in the 
copy number of two genes—LMCD1-AS1 and GRM7, both 

located on chromosome 3p26.1—whose structural varia-

tions appeared to have a signi¿cant impact on disease prog-

nosis. In terms of gene expression, di൵erences in the activity 
of four genes—RPL29, UBA7, FCGR2C, and RPSAP58—

were found to e൵ectively separate patients into distinct sur-
vival groups, suggesting that the deregulation of these genes 
plays a role in tumor behavior and progression.

This molecular portrait thus o൵ers a comprehensive view 
of the mechanisms underlying tumor heterogeneity and 
patient outcome, underscoring the potential of omics-driven 
approaches to transform prognostic evaluation and thera-

peutic planning in the ¿eld of maxillofacial surgery [5].

Interestingly, this molecular signature provided prog-

nostic separation independent of metastatic status or clini-
cal staging—a crucial feature for surgical decision-making, 
where anatomical criteria alone often fail to capture biologi-
cal behavior.

Challenges in implementing omic MFS

Although the integration of omics sciences into maxillo-

facial surgery holds extraordinary promise, several practi-
cal challenges must be addressed before this approach can 
become part of daily clinical practice. One of the most 
signi¿cant obstacles is the sheer complexity of the data 
involved. Multi-omics analyses generate vast quantities of 
information that require advanced bioinformatics platforms 
for interpretation—systems that are not yet standardized or 
universally accessible in hospital settings. Without reliable 
and validated pipelines, translating this information into 

clinically meaningful guidance remains a di൶cult task.
Timing is also a crucial factor. For omics data to genu-

inely inform surgical planning, results must be generated and 
interpreted rapidly—ideally before the operation takes place. 
Current sequencing technologies and data processing meth-

ods are improving, but the turnaround time is still not always 
compatible with the fast pace of clinical workÀow [6]. Until 

sequencing, analysis, and reporting can be performed within 
a timeframe relevant to preoperative discussions, the impact 
of omics on surgical practice will remain limited [1, 7].

Finally, cost and accessibility represent signi¿cant bar-
riers. At present, comprehensive multi-omics pro¿ling is 
expensive and available only in specialized centers. To jus-

tify widespread adoption in surgical oncology—including 
maxillofacial surgery—future studies must demonstrate that 
these techniques are not only clinically useful but also cost-
e൵ective, improving patient outcomes enough to warrant the 
investment.

Looking ahead, omics sciences may soon become the 
“fourth dimension” of surgery, complementing anatomy, 
pathology, and functional expertise. In this emerging model 
of Omic Maxillofacial Surgery, molecular biology will be 
seamlessly integrated into every phase of patient care. It 
is not di൶cult to imagine a scenario in which preoperative 
planning meetings include not only CT scans and histologi-
cal slides but also detailed molecular pro¿les of each tumor. 
Surgeons will use this information to assess the tumor’s 
biological behavior—its potential for aggression, its likely 
response to radiation or chemotherapy, and its risk of recur-
rence—and adjust the surgical plan accordingly to avoid 
both overtreatment and undertreatment [8].

Moreover, the future may bring real-time molecular 
diagnostics directly into the operating room. The concept 
of “molecular navigation surgery” could allow surgeons to 
assess resection margins at the genetic or epigenetic level 

during the procedure itself, ensuring complete removal of 
malignant tissue with unprecedented precision.

Conclusion

The integration of omics sciences into maxillofacial sur-
gery is not merely a research curiosity but a necessity in an 
age where personalization of oncologic care is imperative. 
The concept of Omic MFS—the application of genomics, 
transcriptomics, and epigenomics in surgical oncology of 
the maxillofacial region—marks the beginning of a transla-

tional shift towards molecularly guided surgery.
While technical, economic, and educational barriers 

remain, the potential to improve survival, reduce morbidity, 
and optimize resource utilization is immense. Maxillofacial 
surgeons must embrace this molecular dimension, trans-

forming their practice from one based on form and function 
alone to one that incorporates the rich complexity of tumor 
biology.

In this new frontier of O-MFS, the scalpel will be guided 
not only by the surgeon’s hand but also by the molecular 
signature of each individual tumor.
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