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Summary

Objective. The aim of this study is to analyse the impact of surgical margins on survival outcomes 
for patients with oral cavity squamous cell carcinoma (OCSCC).
Methods. Pooled hazard ratios (HRs) and 95% confidence interval (CI) were calculated to define 
the impact of positive and close margins on overall survival (OS), disease-free survival (DFS), and 
disease-specific survival (DSS).
Results. A total of 14 studies enrolling 4839 patients (of whom 3837 males, or 79.3%), with a 
median age of 59 years, were included. The incidence of positive margins was 9.1%, while that of 
close margins was 27.3%. The estimated pooled HRs for patients with positive surgical margins 
were 2.265 (95% CI: 1.431-3.584; p = 0.003) for OS, 2.076 (95% CI: 1.652-2.608; p < 0.001) for 
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DFS, and 2.163 (95% CI: 1.349-3.468; p = 0.014) for DSS. For patients with close margins, the HRs were 1.409 (95% CI: 1.064-1.866; p = 0.024) for OS, 
1.775 (95% CI: 0.910-3.462; p = 0.078) for DFS, and 1.123 (95% CI: 0.425-2.974; p = 0.658) for DSS.
Conclusions. Positive surgical margins are a significant prognostic factor in OCSCC. Further studies are required to better define the impact of close 
margins.
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Introduction
With over 350,000 new cases and 170,000 deaths reported 
annually, oral cavity squamous cell carcinoma (OCSCC) 
is the most prevalent malignancy of the head and neck  1. 
Despite advances in diagnosis and treatment 2, OCSCC re-
mains a serious public health concern, with a 5-year surviv-
al rate ranging between 50 and 85% 3,4. Surgical resection is 
the primary treatment for OCSCC, and the achievement of 
negative surgical margins is a key determinant of prognosis. 
However, OCSCC exhibits the highest rates of positive sur-
gical margins among cancers affecting both sexes 5. 
In the last decades, the literature has presented varying per-
spectives on what defines adequate soft tissue and mucosal 
margin distances. Despite extensive investigation, the opti-
mal margin threshold and its implications for survival re-
main topics of ongoing debate. In 1998, the Royal College 
of Pathologists (RCPath) established guidelines for histo-
logical assessment of surgical margins 6. According to this 
system, margins less than 1 mm are classified as positive, 
1-5 mm as close, and greater than 5 mm as clean. The prog-
nostic impact of close margins remains poorly defined and 
varies across different studies and oral cavity subsites 7,8.
Although tumour behaviour is influenced by various bio-
logical factors and histopathological parameters beyond the 
control of surgical resection, such as nodal disease, perineu-
ral invasion (PNI), lymphovascular invasion (LVI), worst 
pattern of invasion (WPOI), and inflammatory response, 
assessing the impact of margin status on OCSCC patient 
survival remains crucial 9-13.
This systematic review and meta-analysis aims to summa-
rise current data on the role of surgical margin status on 
survival outcomes in OCSCC. By systematically reviewing 
the available literature, we aim to provide a more definitive 
understanding of the relationship between surgical margins 
and key survival metrics such as overall (OS), disease-free 
(DFS), and disease-specific survival (DSS).

Methods
This systematic review was reported according to the Pri-
mary Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) statement 14. Since data were obtained 
from published literature, institutional review board ap-
proval and informed consent were not required. No study 
protocol was registered.

Eligibility criteria
All studies enrolling patients undergoing surgery for OC-
SCC were included. Studies had to report uni-variable and/
or multivariable analyses assessing the impact of positive 
and/or close margins on OS, DSS, or DFS. Studies had to 
define positive margins as ≤ 1 mm from the tumour, close 
margins as >  1  mm to ≤  5  mm, and negative margins as 
> 5 mm. Studies must have compared outcomes between 
positive and negative surgical margins and/or between close 
and negative surgical margins. Retrospective and prospec-
tive cohort studies were included. 
Studies were excluded if they: were not in English; were 
not available in full-text form; reported insufficient data or 
data were not extractable; were ongoing projects; included 
less than 5 patients; included patients sourced from nation-
al databases; used different definition of positive or close 
margins; the article type was either a review, case report, 
conference abstract, letter to the editor, or book chapter. If 
multiple studies were performed at the same centre with 
overlapping time periods, the most updated and with larger 
sample size was included. No publication date restriction 
was imposed, and articles had to be published in a peer-
reviewed journal. 

Data source and study searching
A comprehensive literature search was conducted in the 
Scopus, PubMed/MEDLINE, and Google Scholar data-
bases. An example of a search strategy was the one used for 
Scopus: (“oral squamous cell carcinoma” OR “OSCC” OR 
“oral cavity cancer”) AND (“surgical margins” OR “posi-
tive margins” OR “close margins” OR “negative margins” 
OR “resection margins”) AND (“survival analysis” OR 
“disease-specific survival” OR “overall survival” OR “dis-
ease-free survival” OR “prognosis” OR “outcomes”). The 
searches in the remaining databases were adjusted to fit the 
specific requirements for each of the individual databases. 
The “cited by” function on Google Scholar was used in or-



E. Bellini et al.

4

der to identify additional articles. A cross-reference search 
of the selected articles was performed to minimise the risk 
of missing relevant data. The last search was performed on 
October 25th, 2024. 

Data collection process
A literature search was conducted independently by 3 au-
thors (AP, CZ, EB). Records identified through database 
searching were merged and the duplicates removed using 
the reference management software EndNote® X9 (version 
X9.3.3). All articles were initially screened for relevance by 
title and abstract. 
Studies that met the established criteria were downloaded 
and the full texts were reviewed to determine eligibility. 
Disagreements were resolved by referring to a fourth author 
(GMP). The most updated and inclusive data for each study 
were chosen for abstraction. A standardised Excel form was 
compiled by 3 authors (AP, CZ, EB) in order to extract the 
patient characteristics in the studies included. For one of the 
studies included, missing information was requested and 
obtained by contacting the corresponding author 15. Finally, 
another author checked the data for accuracy (GMP). 

Risk of bias and study quality assessment
The National Institute for Health and Clinical Excellence 
(NICE) quality assessment tool was used independently by 
2 authors (EB, CZ) 16. A funnel plot was created using the 
effect size for OS, DSS, and DFS in order to examine po-
tential publication bias.

Data synthesis and statistical analysis
Descriptive statistics were used to summarise data from the 
studies included. Dichotomous variables were reported as 
counts and percentages, while continuous variables as me-
dian and 95% confidence interval (CI) calculated through 
the method described by McGrath et al. 16. Clinical meas-
ures were reported as provided by the individual studies. 
A meta-analysis was conducted to evaluate the overall ef-
fect of treatment on survival outcomes, specifically using 
the hazard ratio (HR) as the summary measure. The analy-
sis incorporated data from multiple studies that reported 
HR along with 95% CIs. For each study, the standard error 
(SE) of the log-transformed HR was computed using the 
lower and upper bounds of the 95% CI. The inverse vari-
ance method to combine the effect sizes from individual 
studies was applied  18. I2 statistic was used to assess het-
erogeneity (low, 0-30%; moderate, 30-60%; substantial, 
60-90%; and considerable, 90-100%)  19. A more con-
servative random-effects model was chosen over a fixed-
effects model to account for potential heterogeneity across 

the included studies (Q-statistic, p < 0.05). The restricted 
maximum-likelihood estimator (REML) was used to esti-
mate between-study variance (τ2) 20. Hartung-Knapp adjust-
ment was applied to provide more accurate CI 21. A Forest 
plot was generated to visually represent the individual and 
pooled HRs from the included studies. Analysis of publica-
tion bias was performed by visual inspection of the funnel 
plot and calculating the Egger’s regression intercept which 
statistically examines the asymmetry of the funnel plot 22. 
All analyses were performed using the software R for statis-
tical computing (version 4.4.1). Statistical significance was 
defined as p < 0.05.

Results

Literature search and study descriptions
As shown in Figure 1, the search strategy retrieved 2447 
studies after duplicate removal. After title/abstract screen-
ing, 395 articles were selected for full text assessment. 
Through the application of the defined inclusion and ex-
clusion criteria, 14 studies were included in the qualita-
tive and quantitative analysis  15,23-35. The reasons behind 
the exclusion of the remaining studies are shown in Fig-
ure 1. Patient characteristics are shown in Tables I and II. 
The studies enrolled a total of 4839 patients (3837 males, 
or 79.3%) with a median age of 59 years (95% CI: 52.1-
61.5). The status of surgical margins was reported for 
4771 of 4839 patients. The incidence of positive margins 
was 9.1% (n = 436/4771), while that of close margins was 
27.3% (n = 1300/4771). The histological incidence of oth-
er adverse features, such as extranodal extension (ENE), 
LVI, and PNI, was reported as 24.8% (n  =  899/3631), 
13.9% (n = 564/4059), and 19.9% (n = 735/4106), respec-
tively. Most of the patients underwent adjuvant radiation 
(RT) (54.1%, n = 2380/4403), while only 23.7% received 
adjuvant chemotherapy (CT) (n  =  551/2323). The prog-
nostic impact of positive and close margins for the indi-
vidual studies is shown in Table II.

Methodological quality and risk of bias
Table III summarises the risk of bias of the studies includ-
ed using the NICE quality assessment tool. The overall 
quality was considerate moderate with a median score of 
6/8. Only 3 studies showed a prospective design (10.6%, 
n = 488/4839), while no studies specified multicentric pa-
tient enrollment.
Funnel plots were created for OS positive and close mar-
gins, and for DFS positive and close margins (Fig.  2). 
Egger’s test did not reveal any significant asymmetry for 
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OS positive margins (t =  -2.1, df = 8, p = 0.0694), close 
margins (t = 1.13, df = 6, p = 0.3026), DFS positive mar-
gins (t = 0.40, df = 7, p = 0.6999), or DFS close margins 
(t = -0.28, df = 4, p = 0.7946). 

Overall survival 
A total of 10 studies (n  =  3237) were included to calcu-
late the pooled OS effect size for positive surgical margins. 
The estimated pooled HR was 2.265 (95% CI: 1.431-3.584; 
p  =  0.003), demonstrating a significant difference in OS 
based on margins positivity (Fig. 3A). Substantial heteroge-
neity was measured between studies (Q = 22.31, p < 0.05). 
In particular, the between-study variance was estimated at 
τ2 = 0.17 (95% CI: 0.02-1.72), with an I2 value of 59.7% 
(95% CI: 19.1-79.9). 
A total of 8 studies (n = 2627) were included to calculate 
the pooled OS effect size for close surgical margins. The 
estimated pooled HR was 1.409 (95% CI: 1.064-1.866; 
p  =  0.024), demonstrating a significant difference in OS 
(Fig. 3B). Low heterogeneity was measured between stud-

ies (Q = 10.83, p < 0.146). In particular, the between-study 
variance was estimated at τ2= 0.0117 (95% CI: 0.00-0.65), 
with an I2 value of 35.4% (95% CI: 0.0-71.4). 

Disease-free survival 
A total of 9 studies (n = 3238) were included to calculate 
the pooled DFS effect size for positive surgical margins. 
The estimated pooled HR was 2.076 (95% CI: 1.652-2.608; 
p < 0.001), demonstrating a significant difference in DFS 
based on margin positivity (Fig.  4A). Low heterogeneity 
was measured between studies (Q  =  7.59, p  =  0.475). In 
particular, the between-study variance was estimated at 
τ2 < 0.001 (95% CI: 0.00-0.38), with an I2 value of 0.0% 
(95% CI: 0.0-64.8). 
A total of 6 studies (n = 1883) were included to calculate 
the pooled DFS effect size for close surgical margins. The 
estimated pooled HR was 1.775 (95% CI: 0.910-3.462; 
p  =  0.078), demonstrating a non-significant difference in 
DFS (Fig. 4B). Considerable heterogeneity was measured 
between studies (Q  =  32.87, p  <  0.05). In particular, the 

Figure 1. PRISMA flow diagram.
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Table I. General characteristics of the studies included.

First author 
(year)

Country No. of 
patients 
(males)

Age 
(range)

Margins T classification LVI PNI ENE Adjuvant 
RT

Adjuvant 
CT

Follow-up 
(months)

Bera (2023) 29 India 260 
(189)

61.6 (N/A) negative: 
163/260 
(62.7%); 

close: 46/260 
(17.7%); 

positive: 51/260 
(19.6%)

T3: 114/260 
(43.8%); T4a: 

105/260 
(40.4%); T4b: 

41/260 (15.8%)

91/260 
(35%)

77/260 
(29.6%)

119/260 
(45.8%)

N/A N/A 43 (N/A)

Brinkman 
(2020) 15

Ireland 244 
(164)

63 (27-
93)

negative: 
60/244 

(24.6%); close: 
119/244 
(48.8%); 

positive: 65/244 
(26.6%)

T1: 59/244 
(24.2%); T2: 

91/244 (37.3%); 
T3: 91/244 
(37.3%); T4: 

56/244 (23%)

N/A N/A 43 (17.6%) 114/244 
(46.7%)

N/A 36 (N/A)

Chang (2019) 23 Taiwan 341 
(313)

52.1 (23-
84)

negative: 
236/341 
(69.2%); 

close: 93/341 
(27.3%); 

positive: 12/341 
(3.5%)

T1: 72/341 
(21.2%); T2: 

102/341 
(29.9%); T3: 

89/341 (26.1%); 
T4a: 77/341 
(22.6%); T4b: 
1/341 (0.3%)

41/341 
(12%)

68/341 
(19.9%)

60/341 
(17.6%)

201/341 
(58.9%)

201/341 
(58.9%)

43 (0-143)

Chen (2012) 30 Taiwan 407 
(347)

52 (22-
90)

 negative: 
362/407 

(88.9%); close: 
31/407 (7.6%); 
positive: 14/407 

(3.5%)

T1: 260/407 
(63.9%); T2: 

147/407 
(36.1%)

28/407 
(6.9%)

51/407 
(12.5%)

N/A 35/407 
(8.6%)

N/A 52 (3-126)

Jain (2020) 31 India 612 
(428)

55 (21-
85)

negative: 
496/612 (81%); 
close: 90/612 

(14.7%); 
positive: 26/612 

(4.2%)

T1-2: 384/612 
(62.7%); T3-
4: 228/612 

(37.3%)

213/612 
(34.8%)

269/612 
(44%)

148/612 
(24.2%)

426/612 
(69.6%)

154/612 
(25.2%)

40.2 (0.5-
78)

Kamalakkannan 
(2024) 32

India 167 
(100)

59 (50-
66)

negative: 
50/167 
(29.9%); 

close: 78/167 
(46.7%); 

positive: 39/167 
(23.3%)

T1: 33/167 
(20%); T2: 

54/167 (33%); 
T3: 25/167 
(16%); T4: 

55/167 (33%)

34/165 
(20.6%)

57/164 
(34.8%)

28/167 
(17%)

108/167 
(64.7%)

56/167 
(34%)

30 (1-120)

Kanatas 
(2023) 24

United 
Kingdom

250 
(141)

61.4 (N/A) negative: 
106/244 
(43.4%); 

close: 94/244 
(38.5%); 

positive: 44/244 
(18%)

T1: 97/250 
(39.1%); T2: 

69/250 (27.8%); 
T3: 28/250 
(11.3%); T4: 

54/250 (21.8%) 

N/A N/A N/A 114/250 
(45.6%)

N/A N/A

Lee (2021) 33 Taiwan 1179 
(1113)

N/A negative: 
986/1166 

(84.6%); close: 
159/1166 
(13.6%); 
positive: 

21/1166 (1.8%)

T3-4: 
1179/1179 

(100%)

94/1179 
(8%)

45/1179 
(3.8%)

372/1179 
(32.1%)

890/1179 
(75.5%)

N/A 58 (1-286)

u
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between-study variance was estimated at τ2 = 0.34 (95% CI: 
0.09-2.28), with an I2 value of 84.8% (95% CI: 68.7-92.6). 

Disease-specific survival
A total of 4 studies (n = 1848) were included to calculate 
the pooled DSS effect size for positive surgical margins. 
The estimated pooled HR was 2.163 (95% CI: 1.349-3.468; 
p  =  0.014), demonstrating a significant difference in DSS 
based on margin positivity (Fig. 5A). Low heterogeneity was 
measured between studies (Q = 1.42, p = 0.701). In particular, 
the between-study variance was estimated at τ2 = 0.00 (95% 
CI: 0.00-3.562), with an I2 value of 0.0% (95% CI: 0.0-84.7). 
Only 3 large studies (n = 669) were included to calculate 
the pooled DSS effect size for close surgical margins. The 
estimated pooled HR was 1.1235 (95% CI: 0.425-2.974; 
p  =  0.658), demonstrating a non-significant difference in 

DSS (Fig. 5B). Low heterogeneity was measured between 
studies (Q = 2.13, p = 0.34). In particular, the between-study 
variance was estimated at τ2 = 0.01 (95% CI: 0.00-6.327), 
with an I2 value of 6.3% (95% CI: 0.0-90.2). 

Discussion
This study reinforces the importance of surgical margins 
in OCSCC resection, showing significantly poorer survival 
for patients with positive surgical margins 28-30. Achieving 
negative margins during primary surgical treatment is cru-
cial as it is one of the few factors under the surgeon’s con-
trol that can influence prognosis 36. While positive surgical 
margins had a significant impact on OS, DFS, and DSS, 
the data on the role of close margins were less conclusive, 
showing prognostic significance only for OS. 

Table I. continues.

First author 
(year)

Country No. of 
patients 
(males)

Age 
(range)

Margins T classification LVI PNI ENE Adjuvant 
RT

Adjuvant 
CT

Follow-up 
(months)

Lu (2024) 34 Taiwan 485 
(442)

NA negative: 
154/454 

(33.9%); close: 
258/454 
(56.8%); 

positive: 42/454 
(9.3%)

T1: 345/485 
(71%); T2: 

140/485 (29%)

8/485 
(1.7%)

63/485 
(13.1%)

NA 78/485 
(16.2%)

15/485 
(3.1%)

66.8 (NA)

Panda (2021) 25 India 125 
(117)

46.9 (NA) negative: 
114/125 
(91.2%); 

positive: 11/125 
(8.8%)

T1: 2/125 
(1.6%); T2: 

5/125 (4%); T3: 
10/125 (8%); 
T4: 108/125 

(86.4%)

12/125 
(9.6%)

15/125 
(12%)

36/125 
(29%)

NA NA 24 (NA)

Pandey 
(2009) 26

India 51 (30) 54 (NA) negative: 11/51 
(22%); close: 
33/51 (65%); 
positive: 7/51 

(13%)

NA NA N = 7/51 
(13.7%)

NA NA NA NA

Solomon 
(2021) 27

Canada 187 
(115) 

61.4 negative: 
105/181 (58%); 
close: 70/181 

(38.7%); 
positive: 6/181 

(3.3%)

T1-2: 126/187 
(67.4%); T3-4: 

61/187 (32.6%)

16/159 
(10.1%)

43/156 
(27.6%)

 23/187 
(12.3%)

75/187 
(40.1%)

 19/187 
(10.2%)

21.5 (NA)

Szewczyk 
(2024) 35

Poland 326 
(210)

59.1 (23-
97)

negative: 
75/326 (23%); 
close: 168/326 

(51.5%); 
positive: 83/326 

(25.5%)

cT1-2: 258/326 
(79%); cT3-4: 

68/326 (20.9%) 

27/326 
(8.2%)

40/326 
(12.2%)

57/326 
(17.4%)

263/326 
(80.6%)

85/326 
(26%)

NA

Veiga-San 
Roman 
(2024) 28

Spain 205 
(128)

61.5 (25-
91)

negative: 
117/193 
(60.6%); 

close: 61/193 
(31.6%); 

positive: 15/193 
(7.8%)

T1-2: 186/201 
(92.5%); T3-4: 
15/201 (7.5%)

NA NA 13/190 
(6.8%)

76/205 
(37%)

21/205 
(10%)

NA

LVI: lymphvascular invasion; PNI: perineural invasion; ENE: extranodal extension; RT: radiotherapy; CT: chemotherapy.
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Table II. Survival analysis of the studies included.

First author (year) Margins OS positive OS close DFS positive DFS close DSS positive DSS close

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Bera (2023) 29 negative: 163/260 
(62.7%); 

close: 46/260 (17.7%); 
positive: 51/260 (19.6%)

2.437 (1.379-
4.308)

4.886 (3.037-7.861) 2.647 (1.604-
4.366)

4.882 
(3.153-
7.559)

NA NA

Brinkman (2020) 15 negative: 60/244 
(24.6%); 

close: 119/244 
(48.8%); 

positive: 65/244 
(26.6%)

1.19 (0.72-1.96) 1.6 (0.94-2.75) 1.66 (0.9-3.04) 1.36 (0.77 
-2.39)

2.59 (1.19-
5.63)

1.76 (0.83-
3.7)

Chang (2019) 23 negative: 236/341 
(69.2%); 

close: 93/341 (27.3%); 
positive: 12/341 (3.5%)

1.186 (0.815-
1.726)

3.575 (1.856-6.886) NA NA NA NA

Chen (2012) 30 negative: 362/407 
(88.9%); 

close: 31/407 (7.6%); 
positive: 14/407 (3.5%)

3.35 (1.41-7.94) 2.11 (0.5-8.95) 3.04 (1.1-8.4) 2.71 (1.43-
5.14) 

NA NA

Jain (2020) 31 negative: 496/612 
(81%); 

close: 90/612 (14.7%); 
positive: 26/612 (4.2%)

1. 41 (0.928-
2.144)

2.71 (1.496-4.909) 1.99 (1.05-3.76) 0.97 (0.64-
1.47)

NA NA

Kamalakkannan 
(2024) 32

negative: 50/167 
(29.9%); 

close: 78/167 (46.7%); 
positive: 39/167 (23.3%)

NA NA 2.12 (1.3-3.45) 1.02 (0.42-
2.52))

NA NA

Kanatas (2023) 24 negative: 106/244 
(43.4%); 

close: 94/244 (38.5%); 
positive: 44/244 (18%)

1.15 (0.69-1.94) 2 (1.09-3.68) NA NA 1.77 (0.72-
4.38)

0.82 (0.34-
1.98)

Lee (2021) 33 negative: 986/1166 
(84.6%); 

close: 159/1166 
(13.6%); 

positive: 21/1166 (1.8%)

NA NA 2.407 (1.315-
4.406)

NA 2.331 (1.235-
4.4)

NA

Lu (2024) 34 negative: 154/454 
(33.9%); 

close: 258/454 (56.8%); 
positive: 42/454 (9.3%)

NA 1.135 (0.208-6.197) NA NA NA NA

Panda (2021) 25 negative: 114/125 
(91.2%); 

positive: 11/125 (8.8%)

NA 0.26 (0.06-1.16) 0.99 (0.44-2.26) NA NA NA

Pandey (2009) 26 negative: 11/51 (22%); 
close: 33/51 (65%); 
positive: 7/51 (13%)

NA NA 1.8 (1.17-2.76) NA NA NA

Solomon (2021) 27 negative: 105/181 
(58%); 

close: 70/181 (38.7%); 
positive: 6/181 (3.3%)

NA NA NA NA 0.75 (0.09-
6.12)

0.95 (0.5-1.83)

Szewczyk (2024) 35 negative: 75/326 (23%); 
close: 168/326 (51.5%); 
positive: 83/326 (25.5%)

0.89 (0.42-1.88) 1.91 (0.85-4.32) NA NA NA NA

Veiga-San Roman 
(2024) 28

negative: 117/193 
(60.6%); 

close: 61/193 (31.6%); 
positive: 15/193 (7.8%)

NA NA 2.62 (1.29-5.32) 1.55 (0.95-
2.56)

NA NA

OS: overall survival; HR: hazard ratio; CI: confidence interval; DFS: disease-free survival; DSS: disease-specific survival.
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Considering the intricate anatomy of the oral cavity, the 
challenges associated with visualisation, and the technical 
demands involved in resecting OCSCC, obtaining sufficient 
surgical margins poses substantial difficulties. A major fac-
tor is the size of the primary tumour, as the incidence of 
positive margins increases with advancing T categories. 
Moratin et al.  37 in a retrospective study of 567 patients, 
reported a positive surgical margin rate of 5.4% in T1 tu-
mours, increasing to 27.9% in T4. Similarly, Chen et al. 30,38 
found a significantly lower incidence of positive margins 
(7.6%) in early-stage OCSCC. 
Another factor influencing surgical margin status is the lo-
cation of the tumour subsite within the oral cavity. The sub-
site’s location can impact the ability to achieve adequate 
resection. Tumours situated more anteriorly generally allow 
for better outcomes.
There is still no consensus in the literature regarding the 
definition of positive and close surgical margins. According 
to the RCPath, a margin is considered positive when inva-
sive cancer is found within 1 mm of the resection edge. On 

the other hand, the College of American Pathologists (CAP) 
defines a positive margin as the presence of tumour cells 
directly at the inked surface of the specimen 38,39. In a series 
of 669 patients with early OCSCC, Bajwa et al. 39 showed 
that resection margins < 1 mm independently affected sur-
vival outcomes, suggesting that margins < 1 mm should be 
defined as positive. 
However, numerous studies in the literature continue to use 
different cut-off criteria, many of which are arbitrary or 
lack rigorous validation 40-43. In our systematic review and 
meta-analysis, we included only studies that defined mar-
gins as positive if ≤ 1 mm from the tumour, close if > 1 mm 
to ≤ 5 mm, and negative if > 5 mm. 
Compared to other head and neck sites, such as the larynx, 
where the distances defining close and positive margins 
are smaller and their impact on survival is less clearly es-
tablished, OCSCC necessitates a significantly higher level 
of surgical aggressiveness  43. However, evaluating the in-
dependent effects of margin status 15 on survival outcomes 
remains exceedingly challenging due to the overlapping 

Table III. Quality assessment of case series studies checklist from National Institute for Health and Clinical Excellence.

NICE

First author (year) Question 1 Question 2 Question 3 Question 4 Question 5 Question 6 Question 7 Question 8 Risk of 
bias

Bera (2023) 29 No Yes Yes Yes No Yes Yes Yes 6

Brinkman (2020) 15 No Yes Yes Yes No Yes Yes Yes 6

Chang (2019) 23 No Yes Yes Yes No No Yes Yes 5

Chen (2012) 30 No Yes Yes Yes No No Yes Yes 5

Jain (2020) 31 No Yes Yes Yes No Yes Yes Yes 6

Kamalakkannan 
(2024) 32

No Yes Yes Yes No Yes Yes Yes 6

Kanatas (2023) 24 No Yes Yes Yes Yes Yes Yes Yes 7

Lee (2021) 33 No Yes No Yes No Yes Yes Yes 5

Lu (2024) 34 No Yes Yes Yes No Yes Yes Yes 6

Panda (2021) 25 No Yes Yes Yes No Yes Yes Yes 6

Pandey (2009) 26 No Yes Yes Yes Yes No Yes Yes 5

Solomon (2021) 27 No Yes Yes Yes Yes Yes Yes Yes 7

Szewczyk (2024) 35 No Yes Yes Yes No Yes Yes Yes 6

Veiga-San Roman 
(2024) 28

No Yes Yes Yes No Yes Yes Yes 6

(1) Was the case series collected in more than one centre (i.e., multi-centre study? (2) Is the hypothesis/aim/objective of the study clearly described? (3) Are the inclusion and ex-
clusion criteria (case definition) clearly reported? (4) Is there a clear definition of the outcomes reported? (5) Were data collected prospectively? (6) Is there an explicit statement 
that patients were recruited consecutively? (7) Are the main findings of the study clearly described? (8) Are outcomes stratified (e.g., by abnormal results, disease stage, patient 
characteristics)?
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presence of various biological and histological risk factors, 
such as LVI, PNI, nodal disease with or without ENE, and 
advanced stage, which vary significantly among individual 
patients and tumours 31,33,34,44,45. 
According to the NCCN guidelines  46, patients with posi-
tive margins typically require additional treatment, such as 
re-excision, when feasible. Alternatively, systemic therapy 
and/or RT is recommended. While re-resection is often con-
sidered, studies report that the likelihood of detecting resid-
ual tumour is relatively low, around 30%, raising questions 
about the effectiveness of additional surgery in improving 
outcomes 47. Furthermore, revision surgery in OCSCC pa-
tients is often not feasible due to anatomical localisation or 
the use of flaps to reconstruct the surgical defect 48.
Kim et al. 49 conducted a retrospective study involving 441 pa-
tients with early-stage oral tongue squamous cell carcinoma. 
They found that 86.2% achieved clear margins after the initial 
surgery, while 13.8% transitioned from positive to clear mar-
gins following re-resection. The re-resection group exhibited a 
higher local recurrence rate, as well as challenges in accurately 

identifying the positive margin site for re-excision. Instead, 
careful selection of patients for adjuvant therapies may prove 
more beneficial, especially in high-risk cases 50.
The NCCN guidelines for adjuvant therapy are based on 
the EORTC 22931 and RTOG 9501 trials 51 in which only 
25% of the patients enrolled had OCSCC. However, our re-
sults indicate that positive margins remain an unfavourable 
prognostic factor, regardless of the use of comprehensive 
treatments, including trimodal therapies. Although most 
studies in this review (n = 11/14) reported the use of adju-
vant therapy, it does not appear to eliminate the prognostic 
significance of positive margins 8,52.
Moreover, tumour biology might influence the appropriate 
distance for defining negative margins. Kohler et al. found 
that the WPOI significantly affects the necessary surgi-
cal margins, especially in high-risk patients. Tumours with 
WPOI types 4-5 are linked to poorer survival when resected 
with the standard 5 mm margin, indicating that margin guide-
lines may need to be adjusted based on the tumour’s aggres-
siveness and histological characteristics 52 (Cover figure). 

Figure 2. Funnel plots for the evaluation of publication bias using the pooled OS effect sizes for positive (A) and close margins (B), and the pooled 
DFS effect sizes for positive (C) and close margins (D). 

A B

C D
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Figure 3. Forest plots showing the pooled OS for positive (A) and close (B) margin effect sizes. The dashed vertical line represents the overall meas-
ure of effect. 

Figure 4. Forest plots showing the pooled DFS for positive (A) and close (B) margin effect sizes. The dashed vertical line represents the overall 
measure of effect.

A B

A B

Figure 5. Forest plots showing the pooled DSS for positive (A) and close (B) margin effect sizes. The dashed vertical line represents the overall 
measure of effect.

A B
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As previously mentioned, the prognostic significance of 
close margins is less defined, with fewer studies supporting 
a cutoff of < 5 mm as the most effective for survival. Our 
systematic review and meta-analysis found a significant dif-
ference in OS between close and negative margins, but no 
significant difference in DFS or DSS. 
The significance of close margins may vary across different 
anatomical subsites within the oral cavity. Sheahan et al. 52,53 
suggested that, in their analysis of 342 patients with OCSCC, 
close margins were associated with significantly worse DFS 
in tongue cancers, but not in non-tongue cancers. 
Tumour biology may also play a role in defining the cutoff for 
close margins. Köhler et al. 52 showed that margins of 1.7 mm 
are sufficient for patients with WPOI types 1-3, while those 
with WPOI types 4-5 require significantly wider margins. 
However, the literature still lacks consensus on a 5 mm cut-
off for close margins, with many studies presenting a vari-
ety of possible alternatives 8,15,54,55. While adjuvant therapy 
is routinely indicated for positive margins, the necessity of 
such treatment for close margin remains topic of discus-
sion. Kim et al.  49 observed that while close margins are 
considered a risk factor, they do not always require adju-
vant treatment. Similarly, Szewczyk et al. 35 pointed out that 
the precise risk associated with close margins has yet to be 
clearly defined, resulting in uncertainty about the need for 
adjuvant treatment(s). 
These factors collectively underscore the complexity of 
analysing the significance of close margins in OCSCC, the 
need for a consensus on management, and for more detailed 
and biology-driven definitions to better understand their 
prognostic significance. Examining single factors individu-
ally does not fully capture the complexity of patient out-
comes. Future research should focus on creating integrated 
models that combine different prognostic factors to improve 
survival prediction and informed treatment choices.
This meta-analysis aims to comprehensively assess survival 
outcomes based on surgical margin status with defined cut-
offs of > 5 mm, 1-5 mm, and < 1 mm. The rigorous ap-
proach enhances the clarity of findings, offering valuable 
insights to guide clinical decision-making and improve pa-
tient outcomes.
This study has several limitations. First, due to the inher-
ent nature of systematic reviews and meta-analyses, nearly 
all the included studies were single-centre retrospective co-
horts, making them susceptible to various biases. Addition-
ally, the inability to conduct a stratified analysis based on 
the primary tumour subsite further limits the findings, as 
subsite-specific differences could significantly affect sur-
vival outcomes. The lack of a standardised adjuvant therapy 

protocol across all included studies results in an imbalance 
in the treatment volume received by different patients. Fur-
ther multicentre prospective studies with stratification by 
primary tumour subsite are needed to better define survival 
outcomes and indications for adjuvant therapy, especially 
for close margins. Moreover, the limited number of stud-
ies included in the DSS sub-analysis weakens the statistical 
power of the findings. 

Conclusions
This systematic review and meta-analysis underscore the 
significant impact of surgical margin status on survival 
outcomes in OCSCC. While positive margins were consist-
ently associated with poorer outcomes, the prognostic im-
plications of close margins remain less conclusive. Further 
research is warranted to better understand the role of close 
margins in this patient population and to determine the op-
timal adjuvant treatment(s) approach.
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