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Abstract Introduction Marginal mandibulectomy (MM) offers a conservative alternative to
segmental resections for patients with oral squamous cell carcinoma (OSCC) requiring
clear margins without evident bone invasion. Despite its potential benefits, real-world
outcomes related to surgical margins and oncological outcomes have not been studied
sufficiently.
Methods This ambispective cohort study analyzed 183 patients undergoingMM from
January 2015 to March 2021 to achieve clear margins without clinical bone involve-
ment. The primary objective is to assess the disease-free survival (DFS) in patients with
OSCC requiring MM to achieve clear surgical margins, and the secondary objective is to
assess the impact of microscopic bone involvement on these outcomes. Kaplan–Meier
estimates facilitated the survival analysis.
Results The cohort primarily comprised males (83.2%) with a median age of 50 years,
the predominant subsite being the bucco-alveolar complex (94%). Microscopic bone
involvement was found in 8.74% of patients. The distribution of surgical margins was
84.24% negative, 15.22% close, and 0.54% positive. The cohort’s 3-year DFS and overall
survival (OS) rates are 65 and 70%, respectively. Patients with microscopic bone
involvement experienced lower DFS (odds ratio [OR]¼0.251, p¼0.013), and peri-
neural invasion was also a significant negative prognostic factor for DFS (OR¼0.4,
p¼0.01). Statistical analyses revealed significant differences in survival distributions
based on bone involvement (p¼0.049).
Conclusion While MM can achieve favorable surgical margins in selected OSCC
patients, microscopic bone involvement compromises DFS. Given the low incidence
of bone involvement and high rate of negative margins, more conservative approaches
might be justified in select patients. However, these findings require further validation
in a larger cohort.
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Introduction

Oral squamous cell carcinoma (OSCC) is a major health issue,
especially in Southeast Asia, and the most common cancer
among Indian men.1 Achieving clear-margin en bloc resec-
tion is crucial for preventing recurrence and improving
survival, but margin definitions are debated.2,3 Traditionally,
segmental mandibulectomy is preferred for tumors near the
mandible, despite functional and aesthetic drawbacks. Mar-
ginal mandibulectomy (MM) offers a conservative alterna-
tive, preserving function and aesthetics while ensuring
oncological safety.4,5 Preoperative imaging, such as comput-
ed tomography (CT) and magnetic resonance imaging (MRI),
is essential for assessing mandibular involvement, although
determining bone involvement remains challenging. Con-
flicting evidence exists on the impact of microscopic bone
involvement on outcomes.6–8 This study aims to assess
disease-free survival (DFS) and the impact of microscopic
bone involvement in patients undergoing MM.

Methodology

The study’s primary objective is to investigate DFS among
patients with oral cancer undergoing MM to achieve clear
surgical margins without clinical or radiological bone in-
volvement. A secondary objective is to explore microscopic
bone involvement’s influence on DFS and overall survival
(OS). The current study is a retrospective analysis of pro-
spectively collected data conducted in a high-volume tertia-
ry care teaching cancer hospital. This study spans from
January 2015 through March 2021.

The study included patients diagnosed with oral cancer
who underwent surgery as their initial treatment and were
candidates forMM to achieve clear surgical margins. Patients
with recurrent oral cancer, second primary malignancies,
edentulous mandibles, clinical/radiological cortical bone
erosion, and significant paramandibular extension were
excluded. All the patients underwent contrast-enhanced
head and neck CT scans, which confirmed the absence of
bone involvement before surgery. In our study, MM was
indicated for lesions in the buccal mucosa, tongue, and floor
of the mouth near the mandible but without obvious bone
involvement. Surgeries utilized a powered saw for mandib-
ular cuts, preserving aminimumof 1 cmof residualmandible
height, with reconstruction as needed. Adjuvant therapywas
given per institutional protocols based on tumor stage and
margin status.

From 3,893 oral cancer patients treated surgically be-
tween 2015 and March 2021, 234 patients underwent MM.
After excluding 26 patients with missing microscopic bone
reports and 25 lost to follow-up, 183 patients were included
in the final analysis.

Study Outcomes Defined
DFS: The period from surgery to cancer recurrence, with
nonrecurrent cases censored at their last follow-up. OS: The
duration from surgical intervention to death from any cause,
with those still alive censored at the last follow-up. Micro-

scopic margins are categorized as negative (>5mm), close
(<5mm), and positive (<1mm).

Statistics
Mean (standard deviations) andmedian (interquartile range)
were used to present numerical data, while categorical data
were shown in percentages. The Kaplan–Meier method
calculated the DFS and OS rates, with group differences
assessed using the log-rank test. Logistic regression analysis
was utilized for assessing factorial significance. Statistical
analysis was performed using SPSS 26, with significance set
at p<0.05.

Results

Our cohort consisted of 184 patients with oral cancer,
predominantly males (83.2%), and almost 60% of patients
were younger than 50 years. The bucco-alveolar complex
constitutes 94% of cases. In all, 64.7% of the patients were
classified as stage T1, T2. Almost two-thirds (73.4%) of
patients were suffering from node negative disease with
lymphovascular invasion (LVI) present in 19% and perineural
invasion (PNI) in 41.2% of the cases. In 84.2% of patients, clear
surgical margins (>1 cm) could be achieved. Treatment
modalities included surgery alone (53.8%), surgery with
radiotherapy (31%), and surgery with chemoradiotherapy
(15.2%). Microscopic bone involvement was observed in 8.7%
of the patients and all the 16 patients had only cortical
involvement. ►Table 1 depicts the clinical and demographic
details.

In the study cohort, 38 (20.7%) patients had disease
relapse at the mean follow-up of 34 months; out of 16
patients withmicroscopic bone involvement, only 3 patients
had disease relapse, of which only 1 patient had local relapse
and other 2 patients had regional and distant relapse.

The mean DFS time was 65.4 months (95% confidence
interval [CI]: 57.948–72.905), and the median DFS time was
74 months (95% CI: 61.681–86.319). The mean OS is 81.4
months (95% CI: 74.6–88.2). Patients with bone involvement
had a mean OS of 61.7 months (95% CI: 40.5–82.8). Those
without bone involvement had a mean OS of 76.2 months
(95% CI: 71.0–81.5). The mean DFSwas 44.8 months (95% CI:
25.2–64.4) with bone involvement and 63.6 months (95% CI:
57.5–69.7) without bone involvement. The log-rank test
showed significant differences based on bone involvement
(χ2¼3.868, p¼0.049) in DFS. ►Figs. 1 and 2 depict the
survival curves of the entire cohort and based on bone
involvement, respectively.

Logistic regression analysis indicated that bone involve-
ment significantly reduced DFS with an odds ratio (OR) of
0.251 (p¼0.013), suggesting patients with bone involve-
ment had a lower likelihood of remaining disease free.
Adjuvant radiation therapy was associated with a trend
toward improved DFS (OR¼2.3, p¼0.06), albeit not reaching
statistical significance. Multinomial regression analysis
showed that PNI significantly negatively affected DFS (OR
¼0.4, p¼0.01), and microscopic bone involvement did not
significantly affect DFS. ►Supplementary Tables S1–S3
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Table 1 Demographic and clinical details of the cohort

Sl. no. Detail Frequency (n ¼ 184) Percentage

1 Gender Male 153 83.2

Female 31 16.8

2 Age < 50 y 110 59.7

> 50 y 74 40.3

6 Subsite Bucco-alveolar complex 173 94

Tongue and FOM 11 11

7 pT category T1 38 20.7

T2 81 44

T3 29 15.8

T4a 36 19.6

8 pN category N0 135 73.4

N1 21 11.4

N2a 7 3.8

N2b 8 4.3

N3 13 7.1

9 LVI Yes 35 19

No 149 81

10 PNI Yes 74 41.2

No 110 59.8

11 Margins Negative 155 84.2

Close 28 15.2

Positive 1 0.5

12 Trismus Yes 50 27.2

No 134 72.8

13 Skin involvement Yes 25 13.6

No 159 86.4

14 Reconstruction surgery Nasolabial 21 11.4

ALT 38 20.6

PMMC 70 38.04

C-FAM 12 6.5

Submental 19 10.5

RAFF 7 3.8

Tongue 15 8.2

Buccal pad 2 1.1

15 Tracheostomy No 178 96.7

Elective 6 3.3

16 Complete treatment Surgery only 99 53.8

Surgery þ radiotherapy 57 31

Surgery þ chemoradiotherapy 28 15.2

17 Bone involvement Present 16 8.7

Absent 168 91.3

Abbreviations: ALT, anterior lateral thigh flap; C-FAM, cervicofacial-facial artery myocutaneous flap; FOM, floor of the mouth; LVI, lymphovascular
invasion; PMMC, pectoralis major myocutaneous; PNI, perineural invasion; RAFF, radial artery forearm free flap.
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Fig. 1 (a, b) Survival curves of the entire cohort.

Fig. 2 (a–d) Survival curves based on bone involvement.
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(available in the online version only) depict the logistic
regression analysis for DFS and OS.

Discussion

The current principle for resecting oral cancers is achieving
three-dimensional (3D) clear surgical margins with en bloc
resection. For tumors abutting the mandible or within 1 cm
of it, conservative resections like MM are performed even if
the mandible is not involved, while segmental resections are
used for paramandibular spread. MM offers a conservative
approach for OSCC, aiming to ensure oncological safetywhile
preserving mandibular function and aesthetics. The primary
objective of this study is to investigate DFS in OSCC patients
undergoing MM to achieve clear surgical margins, with
a secondary objective to explore the impact of microscopic
bone involvement on DFS and OS.

No single investigation is superior for assessing mandib-
ular involvement. CT and MRI have almost similar sensitivi-
ties and specificities for detecting bone involvement;
however, CT ismore sensitive in detecting superficial cortical
erosion.9–11 Following our institutional protocol, patients
underwent preoperative imagingwith contrast-enhanced CT
scans to evaluate the primary tumor and nodal burden. There
are no strict criteria for performing MM, but it is best suited
for cancers near the nonradiated mandible or superficially
eroding it, where adequate 3D margins and at least 1 cm of
mandibular height can be preserved to withstand mastica-
tion.12 In our series of 3,893 patients from 2015 to 2021, only
234 (16.3%) underwent MM, mainly due to the prevalence of
advanced oral cancers, trismus, and edentulous patients.

Achieving clear surgical margins in OSCC surgery is es-
sential for reducing local recurrence and improving survival.
In our study, 84.24% of patients had negativemargins, 15.22%
had close margins, and 0.54% had positive margins, aligning
withAnderson et al’smeta-analysis and Singh et al’sfindings.
Anderson et al’s study indicated that margins over 5mm
reduced local recurrence risk by 21%, while Singh et al found
better survival with each millimeter increase, optimal at
7.6mm.13,14 However, in our study, margin status did not
significantly affect locoregional control (LRC) or OS, possibly
due to an inadequate sample size.

In our series ofmarginalmandibulectomies, the 3-year DFS
and OS rates were 65 and 70%, respectively. Pathak and Shah
reported2- and5-year cause-specific survival ratesof 85.6 and
72.2%, respectively, in 137 patients.15 The memorial sloan
kettering cancer center (MSKCC) group’s study of 326 patients
found5-year local recurrence-freesurvival (LRFS) and regional
recurrence-free survival (RRFS) rates of 74.6 and 85.2%, re-
spectively.7 Du et al reported 5-year LRC and disease-specific
survival (DSS) ratesof85and88%, respectively,16whileChenet
al’s study found local control rates between 77.8 and 87.5%.17

Variations in survival outcomes across studies can be attribut-
ed todifferences inpatient selectionandtumorcharacteristics,
including PNI, LVI, and nodal positivity. In our study, PNI was
the only significant negative prognostic factor for DFS (OR
¼0.4, p¼0.01), consistent with literature reporting PNI as a
significant predictor of poor outcomes.18,19

In our cohort, microscopic bone involvement was
observed in 8.74% of patients, significantly impacting DFS
(OR¼0.251, p¼0.013). Patients with bone involvement had
lower DFS (mean: 44.8 months) and OS compared to those
without bone involvement (mean: 63.6 months). However,
multivariate analysis showedmicroscopic bone involvement
was not a significant DFS factor; only PNIwas significant. The
MSKCC study found 15% of patients had microscopic bone
involvement, with lower DSS (66 vs. 79.7%) but not statisti-
cally significant.7 The TataMemorial Hospital study reported
8.1% bone involvement with no survival difference,15 while
Muscatello et al found it in 1.8% of 56 patients, with 5-year
survival rates of 60.7 and 77.3%.20 In our study, bone involve-
ment was confined to cortical bone, and all cases received
adjuvant therapy. While microscopic bone involvement may
indicate poor prognosis, this study cannot conclude its sole
impact on outcomes.

While MM achieves negative surgical margins, it has
potential complications such as remanent mandibular frac-
tures and Osteo radionecrosis (ORN). Muscatello et al
reported 1 fracture in 56 cases, and Sukegawa et al reported
5 fractures in 37 cases, with an average fracture time of 305
days.20,21 In our series, no fractures occurred. Given our
findings of negative margins in nearly all patients and the
low incidence ofmicroscopic bone disease, personalized, less
aggressive approaches like periosteal stripping may be fea-
sible without compromising oncological safety.

Strengths and Limitations
A key strength of this study is the prospectively collected
data on 3,893 patients over 7 years at a high-volume tertiary
care teaching hospital, providing comprehensive analysis.
Including 183 patients, it is one of the largest series from
Southeast Asia. The study was conducted at a teaching
hospital, and surgeries performed by different cadres of
surgeons reflected the real-world scenario of surgical
outcomes.

Despite its strengths, the study has limitations. The
ambispective nature of the study, mainly the exclusion of
26 patients due to missing microscopic bone reports and 25
patients lost to follow-up, may introduce selection bias. The
study failed to report the incidence of ORN and tumor
involvement in the periosteum. Additionally, the study could
have comprehensively assessed MM’s functional and aes-
thetic outcomes, which are critical factors in evaluating the
overall outcomes of the treatment. The study’s findings
regarding the impact of microscopic bone involvement on
DFSwere not statistically significant inmultivariate analysis,
suggesting that the sample size may have needed to be more
significant to detect these differences conclusively. Future
studies with larger cohorts, center collaborative studies, and
extended follow-up periods are needed to understand the
outcomes better.

Conclusion

This study demonstrates thatMM is an effective conservative
surgical approach for achieving clear margins in OSCC
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patients without clinical or radiological bone invasion. The
3-year DFS andOS rateswere 65 and 70%, respectively.While
MM achieved high rates of negative margins (84.24%),
microscopic bone involvement and PNI were significant
adverse prognostic factors for DFS. Despite the low incidence
of complications such as mandibular fractures, potential
complications should be considered.
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