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Abstract

Background: Resection of parotid carcinomas involving the parapharyngeal space is
challenging. How this affects tumor margin control, recurrence, and survival is unclear.

Methods: Patients who underwent resection of parotid carcinomas between 1985 and 2015

at Memorial Sloan Kettering Cancer Center were evaluated for the impact of parapharyngeal
extension (PPE) on margin status, local recurrence-free probability (LRFP), and disease-specific
survival (DSS).

Results: Out of 214 patients in whom preoperative imaging was available for review, 22 (10.3%)
had PPE. Matched by histotypes, carcinomas with PPE had comparable margin positivity (o=
0.479), T classification (p = 0.316), pathologic risk (p = 0.936), and adjuvant therapy (p= 0.617)
to those without PPE. The 3-year LRFP was 88.9% versus 95.4% (hazard ratio [HR] 2.23 after
adjusting for pT classification, p= 0.342) and the 5-year DSS was 74.2% versus 69.5% (adjusted
HR 0.45, p=0.232) in patients with and without PPE.

Conclusion: PPE does not appear to worsen oncologic outcomes in the resection of parotid
carcinomas.
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INTRODUCTION

The parapharyngeal space (PPS) is a deep neck space situated immediately lateral to the
nasopharynx and oropharynx, extending from skull base to hyoid bone craniocaudally,
pterygomandibular raphe to prevertebral space anteroposteriorly, superior constrictor to the
medial pterygoid muscle and styloid apparatus transversely.: Much has been written about
the surgical resection of benign tumors in the PPS,2-2 but the oncologic outcomes of

the resection of malignancies of the PPS have not been well described. The majority of

the malignancies of the PPS are salivary gland carcinomas as evidenced by a systematic
review of 1293 PPS tumors published between 1988 and 2014,19 in which 18% were
malignant. Among them, 61% were salivary gland carcinomas, 11% sarcomas, 11%
lymphomas, and the rest a mix of rare tumors such as malignant nerve sheath tumors

or malignant paragangliomas. Salivary gland carcinomas of the PPS can arise de novo
from a minor salivary gland or be a direct extension of a parotid carcinoma. Because
salivary gland carcinomas are primarily treated by surgical resection but access to the PPS is
challenging, we sought to determine how margin control and oncologic outcomes might be
influenced by PPS involvement. Traditional surgical approaches to the PPS are transcervical,
transparotid, transmandibular, or transoral, the most common being transcervical with

or without the addition of a parotidectomy.10-13 Exposure of the tumor medial to the
styloid process and the mandible is required to achieve margin control in the resection

of malignancies in the PPS. However, medial and superior mobilization of the tumor

in the PPS during the transcervical or transparotid approach may need to be performed
without direct visualization, predisposing the tumor to rupture and spillage. Thus, a medial
approach, such as mandibulotomy, may be needed to provide superior margin control in
the resection of parapharyngeal carcinomas. With the development of transoral robotic
surgery (TORS)? and endoscopic surgery* allowing alternative medial approaches to the
PPS, how best to improve margin control becomes more pertinent. However, the paucity
of data on the margin status, local control, and survival of patients with PPS involvement
by salivary gland carcinomas complicates the decision process. In this paper, we describe
a cohort of patients with parotid carcinomas involving the PPS to provide data on margin
status, recurrence pattern, and disease-specific survival (DSS) and compare them to those
without parapharyngeal extension (PPE) to determine if PPE is an adverse prognostic factor
deserving greater attention in therapeutic decision making.

MATERIALS AND METHODS

After approval from the Institutional Review Board of Memorial Sloan Kettering Cancer
Center (MSKCC) and obtaining a waiver of informed consent, we analyzed a database

of 374 patients with parotid carcinomas resected at MSKCC, United States from 1985 to
2015. Preoperative axial imaging with either computed tomography or magnetic resonance
imaging was available in 214 out of 374 patients. These images were reviewed by
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author HL who classified the tumors according to PPE and verified the classification

with senior author IG when in doubt. We defined PPE as tumor extension medial to

a plane passing from the styloid process to the posterior border of the ramus of the
mandible, termed the stylomandibular plane (Figure 1). Tumors with more than 50%

of the cross-sectional area medial to the stylomandibular plane on axial imaging were
classified as major PPE, whereas those with 50% or less cross-sectional area medial

to the stylomandibular plane were classified as minor PPE (Figure 1). Using Mann—
Whitney U or Fisher’s exact tests, patients with and without PPE were compared for

age, sex, pathologic risk group,1®16 clinical TNM and pathological TN classification per
AJCC 8th Edition Staging Manual, adjuvant therapy, neck dissection, positive or close
margin, perineural or vascular invasion and pattern of recurrence. Close and positive
margins were determined on formalin-fixed paraffin-embedded specimens with close being
defined as less than 5 mm. Postoperative radiotherapy was indicated in pathologically T3
or T4 tumors, nodal metastasis, positive margin, perineural invasion, vascular invasion,

or high pathologic grade. Postoperative chemoradiotherapy was discussed on a case-by-
case basis in a multidisciplinary tumor board for patients with high grade, high stage
carcinomas (pT3/T4, pN+) and positive surgical margins. Pathologic risk groups were
categorized by DSS and defined in our previous publications.1®16 High-risk tumors
include salivary duct carcinoma, adenosquamous carcinoma, high-grade mucoepidermoid
carcinoma (MEC), high-grade carcinoma ex-pleomorphic adenoma (CEPA), high-grade-
adenocarcinoma, high-grade adenoid cystic carcinoma, high-grade acinic cell carcinoma,
and high-grade epithelial-myoepithelial carcinoma. Intermediate-risk tumors include low
to intermediate grade adenoid cystic carcinoma. Low-risk tumors include low-grade acinic
cell carcinoma, low and intermediate-grade MEC, low-grade adenocarcinoma, low-grade
CEPA, polymorphous low-grade adenocarcinoma, and low to intermediate-grade epithelial-
myoepithelial carcinoma. Twenty-three patients without PPE had histotypes not present in
those with PPE. These patients were excluded to reduce the confounding effect of pathologic
risk on oncologic outcomes, leaving a total of 191 patients for analysis.

Parotid carcinomas were resected with the principle of achieving a grossly clear margin
while preserving functionally important structures, such as a functionally intact facial nerve
not encased or invaded by tumor, grossly normal mandible, skin, external auditory canal

or styloid apparatus. Sites of recurrence were determined by chart review. The impact of
PPE on surgical margin status was determined on univariable and multivariable logistic
regression so that the effect of clinical T classification and pathologic risk on margin status
could be adjusted. The impact of PPE on local recurrence-free probability (LRFP) and DSS
was determined by univariable and multivariable Cox regression so that the effect of age,
margin positivity, pathologic risk, T classification, stage and PORT/CRT on recurrence and
survival could be adjusted. All statistical tests were 2-tailed and performed with STATA
(version 16.0, StataCorp LLC, College Station, TX). A p < 0.05 was considered significant.
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RESULTS

Clinical and pathologic characteristics of parotid carcinomas with and without PPE

A total of 22 out of 214 (10.3%) patients with parotid carcinomas had PPE. After excluding
the histotypes not present in those with PPE, the clinical and pathologic characteristics of
the remaining 191 patients are presented in Table 1. There were no statistically significant
differences in the clinicopathologic characteristics between those with and without PPE.
Fifty percent of patients whose carcinomas had PPE received postoperative radiotherapy and
13.6% received postoperative chemoradiotherapy, compared to 40.2% and 11.8% of patients
whose carcinomas did not have PPE (p= 0.617). Carcinoma ex-pleomorphic adenoma

was the commonest parotid carcinoma with PPE, whereas mucoepidermoid carcinoma was
the commonest parotid carcinoma without PPE (see Table S1, Supporting Information for

a complete list of histotypes in both groups). When grouped by pathologic risk,1%:16 the
distribution of low, intermediate, and high-risk carcinomas was similar between those with
and without PPE.

Surgical approaches and surgical margin status in the resection of parotid

carcinomas with PPE

3.3

Among the 22 patients with PPE, 11 had minor and 11 had major PPE. The transparotid
approach assisted by the transcervical exposure was employed in the resection of 73%

of tumors with minor PPE (8 out of 11) and 64% of tumors with major PPE (7 out of

11) (Table 2). The transparotid approach combined with segmental mandibulectomy was
employed in the resection of 18% of tumors with minor PPE (2 out of 11) and 27% of
tumors with major PPE (3 out of 11). A mandibulotomy was employed in the resection of
9% of tumors with major PPE (1 out of 11) but not in any tumor with minor PPE. One
tumor with minor PPE (9%) required a lateral temporal bone resection in addition to a
transparotid-transcervical approach. None of them were resected transorally. Margin status
did not differ significantly between carcinomas with minor and major PPE (18% vs. 9%
for close margins, 55% vs. 36% for positive margins, respectively, p=0.561). As a whole,
the rates of positive, close, and negative surgical margins in tumors with PPE were 45.5%,
13.6%, and 40.9% versus 34.9%, 24.9%, and 38.4% in tumors without PPE (p = 0.479)
(Table 1).

Impact of PPE on surgical margin positivity

Analyzing all 191 patients together, univariable logistic regression did not show a significant
association between PPE and positive surgical margin (odds ratio [OR] 1.51, 95% CI 0.62—
3.71, p=0.367) (Table 3), but high pathologic risk (OR 2.99, 95% CI 1.57-5.69, p=0.001)
and clinical T4 classification (OR 7.11, 95% CI 2.44-20.71, p < 0.001) were significant. On
multivariable analysis, the association between PPE and a positive surgical margin remained
nonsignificant (OR 1.74, 95% CI 0.67-4.53, p= 0.258) after adjusting for pathologic risk
and clinical T classification. Only clinical T4 classification (OR 5.15, 95% CI 1.55-17.13, p
= 0.008) remained significantly associated with a positive surgical margin.
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3.4 | Impact of PPE on LRFP

Analyzing all 191 patients together, the 3-year LRFP was 88.9% versus 95.4% in patients
with and without PPE (hazard ratio [HR] of PPE on LRFP: 3.15, 95% CI 0.59-15.70, p=
0.183) (Figure 2). Univariable Cox regression showed that high pathologic risk and pT3/T4
were associated with local recurrence. However, the small number of local recurrences (7
in total) limited the statistical power to adjust for all these variables in the multivariable
analysis. By adjusting for pT3/T4 alone, the HR of PPE for local recurrence decreased to
2.23 (95% CI 0.43-11.58, p=0.342) (Table 4).

3.5| Impact of PPE on DSS

Analyzing all 191 patients together, the 5-year DSS was 74.2% versus 69.5% in patients
with and without PPE (HR of PPE on DSS: 0.76, 95% CI 0.23-2.50, p = 0.652) (Figure 3).
On univariable Cox regression, age, pathologic risk, surgical margin positivity, pT, pStage,
and postoperative radiotherapy (including chemoradiotherapy) were significantly associated
with DSS. On multivariable analysis, high pathologic risk (HR 9.82, 95% CI 2.03-47.50,
p=0.005), pStage 111/IV (HR 26.25, 95% CI 2.05-335.27, p=0.012) remained associated
with poorer DSS, whereas postoperative radiotherapy (including chemoradiotherapy) was
associated with a better DSS (HR 0.22, 95% CI 0.07-0.66, p= 0.007). PPE remained to be
not predictive of DSS (Table 5).

3.6 | Pattern of recurrence in parotid carcinomas with and without PPE

Over a median follow-up period of 26 months (range 0.1-163.4 months), 6 of the 22
(27.3%) patients whose carcinomas had PPE recurred after treatment. Two patients recurred
in the parapharyngeal space and one of them also developed distant recurrence. Two patients
recurred in the neck and one of them also recurred distantly. The other two patients had
only distant recurrences. In patients whose carcinomas had no PPE, 33 out of 169 (19.5%)
recurred. Five recurred locally, out of which one also recurred in the neck and three also
recurred distantly. Four recurred in the neck but also distantly. The other 24 patients only
recurred distantly. Comparing the pattern of recurrence between patients with and without
PPE, there was no statistically significant difference in the probability of local (9.09% vs.
2.96%, p=0.186), regional (9.09% vs. 2.96%, p = 0.186), or distant recurrence (18.18% vs.
18.34%, p=1.000) (Figure 4).

4| DISCUSSION

In the resection of parotid gland carcinomas, a pathologically clear surgical margin is
associated with improved disease-specific,1” overall,17:18 and recurrence-free survival.1®
However, the likelihood of a positive surgical margin and its impact on oncologic outcomes
in patients with parotid carcinomas which involve the parapharyngeal space has been
sparsely described. Lombardi et al. reported a margin positivity of 32.7% in 42 malignancies
of the parapharyngeal space (PPS) and its association with worse locoregional control,2°

but salivary gland carcinomas comprised a minority of these patients (16 out of 42).
Stodulski et al. reported parapharyngeal space invasion to worsen disease-free survival

by an odds ratio of 9.8 (95% CI 2.1-45.1) in 109 resected parotid carcinomas, but this
association disappeared on multivariable analysis.?! In the literature, there is also a lack
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of consensus on how parapharyngeal space involvement should be defined. We defined
parapharyngeal involvement, or PPE, as tumor extension medial to the radiologically
identifiable stylomandibular plane because intraoperatively, the corridor bounded by the
mandible, styloid process and the stylomandibular ligament is the narrowest point through
which the deep lobe of the parotid gland passes into the PPS. Visualization of the

tumor medial to the stylomandibular plane is difficult during the commonly performed
transcervical approach, even though nasotracheal intubation, complete dental occlusion,
division of the stylomandibular ligament, digastric muscle, stylohyoid muscle, and external
carotid artery can improve visualization to some extent. To evaluate the impact of this
unfavorable tumor location on surgical margin and oncologic outcomes, we identified
tumors with and without PPE from a database of parotid carcinomas. Our data show that
parotid carcinomas with PPE are commonly carcinoma ex-pleomorphic adenoma. This

is probably because pleomorphic adenomas are the commonest salivary gland neoplasms
of the PPS and parapharyngeal neoplasms tend to remain occult.10 In our experience,

three quarters of carcinomas with PPE were resected via a transparotid, transcervical
approach or their combination, 20% needed a segmental mandibulectomy and 5% needed
a mandibulotomy. None were resected transorally. That a mandibulotomy and transoral
approach was not commonly employed in our series may be explained by the parotid
origin of these carcinomas, whereas carcinomas of the parapharyngeal minor salivary glands
should be more medially located and require these approaches more often.

In our series of conventionally resected parotid carcinomas, we did not find PPE to be
significantly associated with a positive surgical margin, although a small effect may not
be detectable by the statistical power of our data. Interestingly, a positive surgical margin
appears to be more common in tumors with minor PPE than tumors with major PPE.

This suggests that the site of the positive margin may not be in the PPS. Perhaps, parotid
carcinomas with minor PPE may be more likely to straddle the facial nerve by involving
both the superficial and the deep lobe, whereas those with major PPE may be more

likely to involve only the deep lobe. Therefore, the preservation of the facial nerve may
contribute more strongly to a positive surgical margin than PPE. Certainly, the border, size
and invasiveness of the tumors can also influence margin positivity. This is evident in our
analysis of factors predictive of a positive margin, in which clinical T4 classification, a
surrogate of tumor size and local extension,2? remains associated with margin positivity
on multivariate analysis. A close or microscopically positive surgical margin may be
unavoidable in the resection of a T4 tumor should the surgeon elect to preserve neighboring
anatomical structures or a grossly uninvolved facial nerve, but a grossly positive surgical
margin should be avoided by careful preoperative planning.

Despite a positive margin rate of 45.5% in our series of parotid carcinomas with PPE,

the 3-year local control was 88.9%. This may be attributable to the use of postoperative
radiotherapy when high-risk pathologic features are present. PPE was not associated with
local recurrence but pathologic risk and T classification were, and both these factors
reduced the hazard of local recurrence attributable to PPE. This implies tumor location

is less important than its size, grade and local extension in predicting local recurrence.
Distant recurrence appears to be more common than local or regional recurrence in parotid
carcinomas with or without PPE. Distant recurrence occurred in 90% of those who recurred.
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This likely accounted for the poorer DSS in our patients as compared to their local control.
PPE may have little impact on DSS based on the results of our multivariable analysis,

but high pathologic risk and advanced pathologic stage significantly worsen DSS, whereas
postoperative radiotherapy/chemoradiotherapy appears to improve it. In spite of that, distant
recurrence remained common, affecting about one-fifth of our patients.

Our study has several limitations. First, parapharyngeal carcinomas of minor salivary gland
origin that are radiologically separate from the deep lobe of the parotid gland are not
included in this study. Those tumors may exhibit different clinicopathologic characteristics
and oncologic outcomes. Second, by chart review, we could not ascertain the exact location
of the positive margin in tumors with PPE. A prospective study can be done to determine
the status of the parapharyngeal margin directly in order to further optimize the choice of
surgical approach to the PPS.

In conclusion, despite the constraints of surgical access, parapharyngeal extension per se
does not appear to adversely predict surgical margin positivity, local recurrence or DSS

in parotid carcinomas. Advanced T classification, stage and high-risk pathology more

likely determine these outcomes. However, a positive surgical margin can be common in

the resection of parotid carcinomas with parapharyngeal extension. Surgical techniques

or technologies that delineate the cancer margin more precisely may enhance the margin
control during tumor resections in the parapharyngeal space. Effective distant control is also
needed to further improve the survival of patients with parotid carcinomas.
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Minor extension Major extension

FIGURE 1.
Classification of parapharyngeal extension (PPE). Red line denotes the entrance point to

the parapharyngeal space during surgery. It passes from the styloid process to the posterior
border of the ramus of the mandible. We term this the stylomandibular plane. Minor PPE is
defined as 50% or less of the tumor extending medial to the stylomandibular plane, major
PPE is defined as greater than 50% of the tumor extending medial to the stylomandibular
plane, both assessed on the axial images of either computed tomography or magnetic
resonance imaging
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FIGURE 2.

Local recurrence-free probability (LRFP) stratified by parapharyngeal extension (PPE) in
patients with parotid carcinomas treated initially by surgery
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FIGURE 3.

Disease-specific survival (DSS) stratified by parapharyngeal extension (PPE) in patients
with parotid carcinomas treated initially by surgery
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With parapharyngeal extension
No. of patients = 22

FIGURE 4.

Without Parapharyngeal extension
No. of patients = 169

Pattern of recurrence in parotid carcinomas with and without parapharyngeal extension.
Legend: Numbers in these Venn diagrams denote the number of patients who developed
recurrence during a median follow-up period of 26 months. Overlapping areas indicate
multiple sites of recurrence. All patients were treated by surgical resection and adjuvant
therapy if there were high risk features (see section 2)
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