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Abstract

regression analysis.

reporting of close surgical margins.

Background: Close margins influence treatment and outcome in patients with oral squamous cell carcinoma
(OSCQ). This study evaluates 187 cases of surgically treated OSCC regarding the impact of close margins on
recurrence-free survival (RFS) and disease-specific survival (DSS).

Methods: Predictors of worsened outcome were identified using Kaplan-Meier analysis and multivariate Cox

Results: Tumour size [HR:1.70(0.95-3.08)], nodal status [HR:2.15(1.00-4.64)], presence of extracapsular spread (ECS)
[HR:6.36(2.41-16.74)] and smoking history [HR:2.87(1.19-6.86)] were associated with worsened RFS. Similar factors
were associated with worsened DSS. Close margins did not influence RFS or DSS.

Conclusions: While most conventional risk factors for OSCC conferred a worsened outcome, close margins did not.
One explanation for this would be that close margins (< 5 mm) are equivalent to clear margins and the cutoff
definition for a close margin should be re-evaluated. Lack of standardized pathology could also reduce accuracy of
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Background

Surgical margin status in oral squamous cell carcinomas
(OSCC) is felt to predict both recurrence rate and long-
term patient survival [1-5]. A surgical margin of 5mm
or greater has been correlated with better local control
and disease specific survival [3]. Margin status is not
only used to determine patient prognosis but is also used
to guide the use of adjuvant treatment such as radiation
therapy, systemic chemotherapy or revision surgery. Due
to the impact of achieving a clear margin, an accurate
interpretation of the pathologic surgical margin is neces-
sary to optimize patient management.
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OSCC surgical margins are particularly difficult to in-
terpret due to the complex three-dimensional anatomy
of the oral cavity subsites, the handling of the specimen
from resection to interpretation, and tissue shrinkage
immediately post operatively and after fixation [6-8]. As
a result, a dedicated team of head and neck specialists,
including surgeons and pathologists, are essential to the
functioning multidisciplinary team treating OSCCs.

At the University of Calgary, we have implemented a
formal clinical outcomes assessment program that tracks
and reports a number of clinical and process outcome
measures. As part of our routine surgical quality assur-
ance evaluation we noted that a high proportion of pa-
tients undergoing surgery for OSCC had close (< 5 mm)
surgical margins. This observation was concerning and
was therefore felt to warrant further study. The aim of
this study was to determine which independent patient
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and tumour factors predicted worsened recurrence rate
and disease-free survival, in a homogenous population of
surgically treated patients with OSCC. Specifically, we
sought to determine if margins reported as close (<5
mm) were associated with a higher likelihood of recur-
rence and worsened disease-specific survival. Based on
our known OSCC clinical outcomes we hypothesized
that close surgical margins would not be associated with
worsened outcome.

Methods

All adult patients (age 18 or older) that underwent pri-
mary surgical resection of OSCC were eligible for this
study. The prospective cohort included 300 patients
treated between the dates of January 1, 2009 — Decem-
ber 31, 2013 at a major tertiary care hospital by three
head and neck surgeons. Patients presenting with recur-
rent OSCC, a second primary malignancy, a synchron-
ous primary malignancy, or who did not receive surgery
as a primary treatment modality were excluded. Figure 1

Patients diagnosed with
OSCC 1/1/09 - 12/31/13
N =300
(Patients not treated at )
Foothills Medical
Centre
L N =76 )
Patients not treated
——| with primary surgery
=18
[ Patients with )
I patholpglc In Situ
disease
L N =14 )
(" a
Patients presenting
— with recurrence
N=5
Y
Final Study Cohort
N =187
Fig. 1 Patient Inclusion/Exclusion Criteria

(2021) 50:9

Page 2 of 7

outlines the number and reasons for patient exclusion.
After exclusions, the final study cohort included 187 pa-
tients and mean follow-up time was 21.5 months. Of the
187 patients with OSCC, 90 arose from the tongue, 34
from the floor of mouth, 23 from the mandibular/maxil-
lary alveolus/gingiva, and 40 from other subsites of the
oral cavity (not specified).

Information was prospectively collected on patient
demographic and risk factors (age, gender, and smoking
status), pathologic factors (T — stage, N — stage, margin
status taken from primary tumor specimen, presence of
extracapsular spread within lymph nodes [ECS], lympho-
vascular invasion [LVI], perineural invasion [PNI]) and
treatment  factors  (administration of  adjuvant
radiotherapy).

Tumours were classified according to the TNM sta-
ging system using the seventh edition of the Ameri-
can Joint Committee on Cancer staging manual [9].
At the time of surgery, frozen section margins were
taken from the resultant tumour bed, after removal of
the tumour specimen. Final surgical margin status
was based on evaluation of the primary tumor speci-
men and defined as positive (evidence of malignancy
within 1 mm from surgical margin), close (less than 5
mm but not positive at surgical margin) or clear
(greater than or equal to 5 mm).

Categorical outcomes were compared using either chi-
square or Fisher’s exact test as appropriate. Continuous
outcomes were compared using either Student’s t-test or
the Wilcoxon rank-sum test as appropriate. Recurrence-
free survival (RFS) as well as disease-specific survival
(DSS) were determined by comparing the time-to-event
(Kaplan-Meier survival curves) of the pre-defined groups
of interest using a log-rank test statistic. In addition, the
evaluation of RFS and DSS between groups, with adjust-
ment for confounding variables (tumour stage, smoking,
etc.) was carried out using Cox proportional hazards
(PH) regression models. Key assumptions for these
models, such as the proportionality of the hazards and
the functional form of the continuous variables were
assessed. All final multivariable Cox PH regression
models were evaluated for goodness-of fit, model stabil-
ity and influential observations. A p-value <0.05 was
considered statistically significant. Statistical Analysis
was performed using Stata, version 14 (Stata Corp. Col-
lege Station, Tx, USA).

The study was approved by the University of Calgary
Conjoint Health Research Ethics Board.

Results

Table 1 demonstrates relevant patient and tumour char-
acteristics, stratified by whether patients did or did not
receive postoperative adjuvant treatment. Of the 187 pa-
tients, 112 received surgery alone, 56 received surgery +
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Table 1 Clinical patient characteristics

Surgery Alone Surgery + Adjuvant P-value
n=112(60%) n =75 (40%)
GENDER NS
Male 64 (34%) 51 (27%)
Female 48 (26%) 24 (13%)
Age (mean) 61 62 NS
Risk Factors 01
Never smoker 36 (20%) 12 (6%)
Smoker 74 (40%) 65 (34%)
TNM STAGING
Low T (1 and 2) 94 (50%) 32 (17%) 01
High T (3and 4) 18 (10%) 43 (23%)
N negative 94 (50%) 21 (11%) 01
N positive 16 (9%) 33 (18%)
N positive w/ ECS 2 (1%) 21 (11%)
Cancer Stage 01
Low (stage 1/2) 81 (43%) 3 (2%)
High (stage 3/4) 31 (17%) 72 (38%)
LVI 01
Yes 3 (2%) 13 (6%)
No 90 (48%) 53 (29%)
Not reported 19 (10%) 9 (5%)
PNI 01
Yes 10 (5%) 33 (18%)
No 79 (42%) 34 (18%)
Not Reported 23 (13%) 8 (4%)
Final Margin 01
Negative 70 (37%) 35 (18%)
Close 36 (19%) 34 (18%)
Positive 1 (1%) 5 (3%)
Not reported 5 (3%) 1 (1%)

radiotherapy, and 19 received surgery + chemoradiother-
apy. Patients who received adjuvant treatment were
more likely to have adverse risk factors such as smoking
(p=.01), advanced T-stage (p=.01), advanced N-stage
(p=.01), presence of ECS (p=.01), LVI (p=.01) and
PNI (p =.01). Furthermore, patients with close surgical
margins were more likely to receive adjuvant treatment

(p=.01).

Recurrence-free survival

Univariate Kaplan-Meier analysis revealed that worse
recurrence-free survival was associated with advanced T-
stage [HR =2.10 (1.22-3.60)], advanced N-stage [HR =
2.28 (1.22-4.24)], presence of ECS [HR=5.80 (2.92—
11.50)], smoking status [HR=3.14 (1.34-7.35)], and
presence of LVI [HR=3.40 (1.57-7.35)]. The use of
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adjuvant treatment was also associated with worse RFS
[HR =243 (1.41-4.18)]. Margin status was not associ-
ated with RFS (Fig. 2).

After adjusting for the above-mentioned covariates
on multivariate analysis, advanced T-stage [HR =1.70
(.95-3.08)], advanced N-stage [HR =2.15 (1.00-4.64)],
presence of ECS [HR =6.36 (2.41-16.74)], and smok-
ing status [HR =2.87 (1.19-6.86)] independently pre-
dicted worse RFS (Table 2). After multivariable
adjustment, surgical margin status was not associated
with worsened RFS. The use of adjuvant treatment
(or lack thereof) was also not associated with RFS.

Disease-specific survival

On univariate Kaplan-Meier analysis, worsened disease-
specific survival was associated with advanced T-stage
[OR=2.05 (1.11-3.80)], advanced N-stage [HR=29
(1.38-6.10), presence of ECS [HR=8.31 (3.81-18.1)],
smoking [HR =4.96 (1.53-16.1)], presence of LVI [HR =
4.72 (2.11-10.5)], and presence of PNI [HR =2.57 (1.29-
5.12)]. The use of adjuvant treatment was also associated
with worse DSS [HR =3.98 (2.03-7.81)]. Margin status
was not associated with DSS.

After adjusting for the above-mentioned factors on
multivariate analysis, presence of advanced N-stage with
ECS [HR =5.75 (1.97-16.80) and smoking status [HR =
4.16 (1.25-13.9)] remained significantly associated with
worsened DSS (Table 3). Of note, after controlling for
the above factors, surgical margin status was not associ-
ated with worsened DSS. The use of adjuvant treatment
(or lack thereof) was also not associated with DSS.

A total of 32 pathologists reported on surgical speci-
mens in this cohort of 187 patients treated over a 5-year
period. The majority of pathologists interpreted fewer
than 10 surgical specimens.

Discussion

Current management of OSCC involves the combined
efforts of highly skilled surgeons, radiation oncologists,
medical oncologists, pathologists and other members of
a multidisciplinary team. Current clinical practice guide-
lines indicate that, when feasible, surgery is the primary
treatment for patients with resectable OSCC. Surgical
margin status, among other factors, determines the use
of adjuvant treatment such as RT and/or chemotherapy,
based on the assumption that close margin status corre-
lates with a worse patient prognosis. Indeed, in this
study, patients with close margins were more likely to
receive adjuvant RT.

This study agrees with current evidence demonstrating
that conventional risk factors for OSCC, such as tumour
size, lymph node status, presence of extracapsular
spread, and smoking status all correlate with worsened
recurrence-free survival and disease-specific survival [1,
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lymph node with extracapsular extension, LVI = lymphovascular invasion of primary tumour

2, 10]. However, a major goal of this study was to evalu-
ate the impact of close (<5mm) surgical margins in
OSCC. We found there was no correlation between
close surgical margins and recurrence-free survival or
disease-specific survival which is consistent with

Table 2 Multivariate analysis (Cox regression) for Recurrence
Free Survival

previous reports in the literature. One possible con-
founder could be that patients with adverse risk factors
received adjuvant treatment, thus skewing the results to-
ward a better outcome in this otherwise less-favourable
group. While close margins was not the major indication

Table 3 Multivariate analysis (Cox regression) for Disease
Specific Survival

Hazard ratio P-value Hazard ratio P-value

T- Classification 1.70 (0.95-3.08) 076 T- Classification 1.64 (0.85-3.19) NS
N-Classification N-Classification

Node positive/ECS neg 2.15 (1.00-4.64) 05 Node positive/ECS neg 191 (0.77-4.81) NS

Node positive/ECS pos 6.36 (241-16.74) 000 Node positive/ECS pos 5.75 (1.97-16.80) 001
Smoking Status 2.87 (1.19-6.86) 018 Smoking Status 415 (1.25-13.9) 02
Margin Status Margin Status

Close Margin 97 (0.54-1.74) NS Close Margin 95 (0.50-1.83) NS

Positive Margin 1.22 (0.27-5.60) NS Positive Margin .75 (0.09-6.12) NS
Treatment Modality 121 (0.56-2.65) NS Treatment Modality 74 (0.28-1.88) NS

(Surgery vs. Surgery/RT)

(Surgery vs. Surgery/RT)
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for adjuvant treatment, patients with close margins were
more likely to receive adjuvant treatment in this cohort.
To control for this confounder, the administration of ad-
juvant treatment was included in the multivariate model.
There was no correlation observed between administra-
tion of adjuvant treatment and outcome, which would
suggest that administration of adjuvant treatment did
not confer a survival advantage/disadvantage to those
that received it, helping to reduce the impact of adjuvant
treatment as a confounder of outcome in those with
close margins.

The impact of the status of the resection margin (posi-
tive or negative) on survival outcomes of patients treated
surgically for oral cancer has been reported in the litera-
ture [11-14]. However, the definition, as well impact, of
a close surgical margin is not clear. The notion that a
close surgical margin portends a worsened prognosis is
based on multiple sources [1, 3, 4]. Many studies have
examined the best cutoff point for margin distance and
report a linear relationship between increasing margin
distance and improved outcome [4, 15, 16]. In contrast,
other studies, similar to ours, have shown that close sur-
gical margins have no effect on outcome and therefore
should not be used as the only factor in making deci-
sions on adjuvant therapy [17, 18]. Ultimately, a wide
range of cut-points for close margins have been reported
ranging from 1 to 7 mm in oral cavity cancer. Liao et al.
studied local tumour control and determined a margin
<7 mm to be a poor prognostic factor for local control
[19]. Tasche et al. reported a cutoff margin of only <1
mm that identified patients at increased risk of local re-
currence [20]. Zanoni et al. determined that a signifi-
cantly higher rate of local recurrence was seen when
margins were < 2.2 mm, while patients with margins 2.3—
50mm had similar local recurrence free survival as
those patients with tumour margins >5.0 mm [21]. In
our study, a discreet measurement to the nearest margin
was inconsistently reported, and as such, deriving a spe-
cific cut point that correlated with worsened outcome
was not a goal of this study. Nonetheless our study
aligns with previous reports in that it would appear that
there is a distinct difference in outcome when compar-
ing a positive and a close margin, but that difference is
less evident when comparing a close margin to a clear
margin.

Other studies in the literature have examined the sig-
nificance of resection margin but the data is confounded
by factors such as unknown neck status and not adjust-
ing for patients who have received post-operative radio-
therapy; however, these studies do all support the need
to reevaluate the definition of a close margin [4, 22]. In
addition, durable long-term outcomes in the surgical
management of oropharyngeal SCC via transoral ap-
proaches, where close but clear margins are frequent,
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also emphasize the need to reevaluate the impact of
close margins. There is consensus on the fact that a truly
positive margin (tumor has been cut through, leaving
tumor behind in the resection bed) correlates with wors-
ened recurrence rates and survival outcomes [1]. In our
study we were unable to validate the effect of a true
positive margin because the incidence of true positive
margin in this cohort was so low.

Variability in surgical specimen handling and interpret-
ation may be another reason why close surgical margins
did not correlate with worsened outcome, Johnson et al.
highlight the difficulties in measuring margins accurately
during the initial stages of assessing the surgical specimen,
noting that there is significant variability in the evaluation
of surgical margins by pathologists due to handling of the
specimen, formalin fixation and tissue shrinkage [7, 23].
Formalin induced shrinkage can be as much as 15% but
varies by location of the specimen. An analysis by Batsakis
et al., showed that a tongue specimen with a predetermined
margin of 12 mm had reduced to 8.3 mm once the speci-
men was prepared; additionally, a buccal margin of 12 mm
had diminished to 6.3 mm once fully prepared for viewing
under a slide [7]. Johnson et al. found that the mean shrink-
age of lingual surface mucosal margins was 30.7% (p <
0.0001), deep tongue margins shrank 34.5% (p <0.0001)
and labio-buccal mucosal margin shrinkage was 47.3% (p <
0.0001). This group concluded that an in vivo margin of 8
to 10 mm, not 5 mm would need to be taken to achieve the
margin of 5 mm under a slide [23]. This reflects the current
standard of practice at our institution, whereby margins of
at least 10 mm are outlined around the tumour prior to re-
section. Most literature supporting the impact of a 5 mm
margin made that determination after shrinkage had oc-
curred. However, it is important to note that the amount of
shrinking may vary from center to center depending on
preparation, technique and site of resection.

In addition to the variability at the macroscopic level,
there is lack of consensus on the definition of the micro-
scopic margin of the tumour specimen. Depending on
the author(s), the true margin may include any or all of
the following: the border at which there is no invasive
cancer, the border at which there is no carcinoma-in-
situ, or the border where there is no dysplasia [7, 24]. A
survey of the international American Head and Neck So-
ciety members with 476 respondents showed that there
was no uniform criterion defining a margin status and
that any mix of the 3 criteria listed above may be used
in determining margin status [25].

In our centre, during the time period of this study,
there were no pathologists dedicated to the interpret-
ation of head and neck surgical specimens. Instead, head
and neck pathologic specimens were evaluated by any
one of a large number of pathologists, including the
handling and preparation of the specimen, as well as the
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microscopic interpretation. Current studies on head and
neck pathology show that inter-observer agreement be-
tween pathologists is poor to moderate, especially with
more complex surgical specimens [7, 26-29] A discord-
ance rate of 1-78% in the diagnosis of dysplasia by mul-
tiple pathologists has been shown by Pindborg et al.
while Abbey et al. found a discordance rate of 42—-62%
with the grading of dysplasia [24, 27]. Multiple other
studies confirm this finding of poor to moderate agree-
ment in determining dysplasia with a great deal of sub-
jectivity from one pathologist to another [6, 8, 28, 30,
31]. This was an issue in our centre, where there was no
dedicated team of head neck pathologists involved in
interpreting surgical margins over the 4-year study
period. Pulling the specimens for all 187 patients, to
allow for one index pathologist to independently review
the slides for this study would not be feasible. Many of
the specimens were ten or more years old, and acquiring
these specimens was not an option. This, therefore, re-
mains a limitation of the retrospective design of this
study. Unfortunately, the lack of a dedicated head and
neck pathologist was not unique to our centre. While
many regional centres in Canada do have dedicated pa-
thologist(s), there remain some centres that do not. For-
tunately, more recently, and in large part to due to the
findings of this study, our centre was able to successfully
recruit and assemble a dedicated team of head and neck
pathologists, and this team handles all head and neck
surgical specimens.

There is now a call for a new, more concrete, guideline
that better defines the criteria for a surgical margin, in
order to reduce the heterogeneity of reporting [26, 32].
Such a guideline would better define what constitutes a
true cancerous margin. It would also recommend having a
small group of dedicated head and neck pathologists to re-
duce inter-observer variability, enable development of fo-
cused expertise and enable surgeons and pathologists to
develop closer working relationships that would allow for
a better understanding of mutual challenges in interpret-
ation of these complex surgical specimens [7]. Studies that
do demonstrate a relationship between margin status and
poor survival outcomes did so using a dedicated patholo-
gist in the interpretation of the specimens [3, 33, 34].

Conclusion

This study demonstrated that in a cohort of patients
with OSCC, those with close surgical margins had simi-
lar rates of recurrence and survival to those with clear
margins. One possible explanation for this finding is that
outcomes are equal, whether margins are close or widely
clear, keeping in mind that patients with close margins
were more likely to receive adjuvant treatment. Variabil-
ity in specimen handling and interpretation is an alter-
native explanation for this finding.
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