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ORIGINAL RESEARCH
HEAD & NECK

MRI-Based Assessment of the Pharyngeal Constrictor Muscle
as a Predictor of Surgical Margin after Transoral Robotic

Surgery in HPV-Positive Tonsillar Cancer
Y.J. Kim, W.-J. Jeong, Y.J. Bae, H. Kim, B.S. Choi, Y.H. Jung, S.H. Baik, L. Sunwoo, and J.H. Kim

ABSTRACT

BACKGROUND AND PURPOSE: Transoral robotic surgery is an emerging strategy for treating human papillomavirus–positive can-
cers, but the role of MR imaging in predicting the surgical outcome has not been established. We aimed to identify preoperative
MR imaging characteristics that predispose the outcome of transoral robotic surgery toward an insecure (positive or close) surgical
margin in human papillomavirus–positive tonsillar squamous cell carcinoma.

MATERIALS AND METHODS: Between December 2012 and May 2019, sixty-nine patients underwent transoral robotic surgery at our
institution. Among these, 29 who were diagnosed with human papillomavirus–positive tonsillar squamous cell carcinoma, did not
receive neoadjuvant treatment, underwent preoperative 3T MR imaging, and had postoperative pathologic reports and were
included in this retrospective study. Two neuroradiologists evaluated the preoperative MR imaging scans to determine the tumor
spread through the pharyngeal constrictor muscle using a 5-point scale: 1, normal constrictor; 2, bulging constrictor; 3, thinning con-
strictor; 4, obscured constrictor; and 5, tumor protrusion into the parapharyngeal fat. The risk of an insecure surgical margin
(involved or ,1 mm) according to the MR imaging scores was predicted using logistic regression with the Firth correction.

RESULTS: The interobserver agreement for the MR imaging scores was excellent (k = 0.955, P, .001). A score of $4 could predict
an insecure margin with 87.5% sensitivity and 92.3% specificity (area under the curve = 0.899) and was the only significant factor
associated with an insecure margin in the multivariable analysis (OR, 6.59; 95% CI, 3.11–22.28; P, .001).

CONCLUSIONS: The pre-transoral robotic surgery MR imaging scoring system for the pharyngeal constrictor muscle is a promising
predictor of the surgical margin in human papillomavirus–positive tonsillar squamous cell carcinoma.

ABBREVIATIONS: AUC ¼ area under the curve; cN ¼ clinical node; cT ¼ clinical tumor; HPV ¼ human papillomavirus; pN ¼ pathologic node; pT ¼ patho-
logic tumor; ROC ¼ receiver operating characteristic; SCC ¼ squamous cell carcinoma; TORS ¼ transoral robotic surgery

Oropharyngeal squamous cell carcinoma (SCC) is a head and
neck cancer with increasing prevalence as a consequence of

rising human papillomavirus (HPV) infections.1,2 HPV-positive
oropharyngeal SCC is known for its excellent prognosis with sub-
stantially improved survival compared with HPV-negative SCC.3-5

Surgery, radiation, and chemotherapy are the main treatment
methods for oropharyngeal SCC and can be used alone or in com-
bination depending on the cancer stage.6

The treatment protocol for HPV-positive SCC has shifted to-
ward a “deintensification” approach to maintain favorable onco-
logic outcomes while minimizing treatment-related morbidity.7-9

Long-term adverse effects from radiation or chemotherapy and
high morbidity from traditional surgery through external mandi-
bulotomy can reduce the quality of life, particularly in young
patients who have to live with the consequences for far longer.10–13

Recently, transoral robotic surgery (TORS) has emerged as a first-
line treatment, particularly for early-stage HPV-positive oropha-
ryngeal SCC.14,15 While avoiding functional deficits from the tradi-
tional external approaches, TORS can reduce the need for adjuvantReceived January 28, 2020; accepted after revision July 29.
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therapy after surgery or can use surgery as a single-technique ther-
apy while preserving oncologic outcomes, particularly when the
negative margin is achieved by TORS.2,3,5,16-18

Despite these advantages, there is still a risk of obtaining an
insecure surgical margin (ie, positive margin involvement by the
tumor or a close margin of ,1mm between the tumor and the
margin) in TORS, which necessitates adjuvant therapies, even in
early T1 and T2 tumors.3,19 Because oncologic outcomes in such
cases are similar to those with chemoradiation alone,3 it is impor-
tant to preselect patients who are expected to have an insecure sur-
gical margin to avoid unnecessary dual treatment. However, no
published study has evaluated the preoperative MR imaging char-
acteristics that can predict the surgical margin after TORS. It has
been noted that tumor invasion through the pharyngeal constrictor
muscle confirmed in a surgical field will likely have a positive mar-
gin related to locoregional recurrence, but data supporting an
imaging-based predictor are still lacking.2,5,20

In our study, we aimed to identify preoperative MR imaging
characteristics, particularly with regard to pharyngeal constrictor
muscle involvement by the tumor in early stage cancers, that pre-
dispose the outcome of TORS toward an insecure surgical margin
in HPV-positive tonsillar SCC.

MATERIALS AND METHODS
Study Subjects
This retrospective study was approved by our institutional review
board (B-1906-544-101), and the requirement for written informed
consent was waived. Between December 2012 and May 2019 at
our institution, a nationwide third-referral hospital, we included 36
subjects who met the following criteria: 1) diagnosed with HPV-
positive tonsillar SCC, 2) had preoperative 3T MR imag-
ing available, and 3) had postoperative pathologic reports available.
Among them, 6 who received neoadjuvant therapy and 1 who did
not have a postoperative pathologic report available were excluded
from the analysis.

Clinical records were examined for demographic characteristics
and staging, and treatment data were obtained from electronic
medical records. The clinical primary tumor (cT) and nodal (cN)
categories were staged according to the 8th edition of the American
Joint Committee on Cancer (AJCC) Cancer Staging Manual.21 All
included subjects underwent TORS using the da Vinci surgical
robotic system (Intuitive Surgical) performed by 2 head and neck
surgeons (W-J.J. and Y.H.J. with 10 and 15 years’ experience in
head and neck surgery, respectively). Adjuvant treatment was con-
sidered when the cancer-free margin was insufficient. Follow-up
surveillance was initially performed 3months after the operation
and every 3–6months after the initial follow-up using CT or MR
imaging and/or PET/CT to assess locoregional recurrence. The
treatment option for each patient was decided at a weekly multidis-
ciplinary tumor board including otorhinolaryngology–head and
neck surgeons, oncologists, radiologists, and pathologists, following
the 2018 National Comprehensive Cancer Network (NCCN) Clinical
Practice Guidelines in Oncology for oropharyngeal cancer.22

Image Acquisition
MR images were acquired using a 3T MR imaging unit
(Ingenia; Philips Healthcare) with a 32-channel sensitivity

encoding head coil. Axial TSE T2WI was performed with and
without fat suppression using the multipoint Dixon technique.
The imaging parameters were as follows: TR, 3300ms; TE,
80ms; FOV, 180� 220mm2; acquisition matrix, 440� 440; sec-
tion thickness, 3mm; no section gap; NEX, 1. Other parameters
for the full MR imaging sequences are described in the On-line
Appendix.

Image Analysis
The cT category according to the 8th edition of the AJCC Cancer
Staging Manual for the primary tumor was verified by 1 board-
certified neuroradiologist (Y.J.B. with 10 years’ experience in neu-
rology and head and neck imaging) on the basis of MR imaging.

On axial T2WI, tumor spread through the pharyngeal con-
strictor muscle was independently determined by 2 board-certi-
fied neuroradiologists (Y.J.B. and B.S.C. with 20 years’ experience
in neurology and head and neck imaging) who were blinded to
the clinical and histopathologic information. The following 5-
point scale scoring system was used for the assessment of the sta-
tus of the pharyngeal constrictor muscle: 1, normal constrictor; 2,
bulging constrictor; 3, thinning constrictor; 4, obscured constric-
tor; 5, tumor protrusion into the parapharyngeal fat (Fig 1). After
an independent reading, the final MR imaging score was desig-
nated by 2 readers in consensus and used for further analysis.

Histopathologic Review
According to the 8th edition of the AJCC Cancer Staging
Manual,21 the pathologic tumor (pT) and the nodal (pN) statuses
were staged by 1 pathologist (H.K.) who specialized in head and
neck pathology with 11 years’ experience. First, in pathologic
specimens, the histologic pharyngeal constrictor muscle invasion
by the tumor was evaluated and determined as negative or posi-
tive. Next, the status of the surgical margin was determined using
the excised superior constrictor muscle as the deep margin. If the
surgical margin involved the tumor, it was defined as a positive
margin. A close margin was defined as a distance between the
surgical margin and the tumor of ,1mm. Positive and close
margins were designated as insecure surgical margins. A negative
margin was defined as a distance between the surgical margin
and the tumor of$1mm.

Statistical Analysis
Continuous variables are expressed as the median and range.
Clinico-histopathologic findings according to the final surgical
margin status were compared using the Fisher exact test and the
Mann-Whitney U test. Interobserver agreement of MR imaging
scores between the 2 readers was tested by Cohen k coefficient
statistics: .0.75, excellent agreement; 0.40–0.75, fair-to-good
agreement; and ,0.40, poor agreement.23 The relationship
between the MR imaging score and the histologic pharyngeal
constrictor muscle invasion by the tumor was tested using the
Linear-By-Linear Association test and the Spearman correlation.
Diagnostic performances predicting an insecure surgical margin
using MR imaging scores were evaluated using receiver operating
characteristic (ROC) curve analysis. Area under the curve (AUC)
values from each ROC curve analysis were compared using the
DeLong test.24 We further used the univariable and multivariable
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logistic regression with a Firth correction25 for risk evaluation of
MR imaging scores for the pharyngeal constrictor muscle status
to predict an insecure surgical margin after TORS. P values, .05
were considered statistically significant. Statistical analyses were
performed using SPSS software (Version 17.0; IBM), MedCalc
17.9 (MedCalc Software), and SAS (Version 9.3; SAS Institute).

RESULTS
Clinico-Histopathologic Findings According to the Surgical
Margin
According to the inclusion and exclusion criteria, 29 patients (26
men, 3 women; age range, 38–80 years; mean age, 61.6 years) were
included for further analysis. Baseline patient characteristics are
presented in Table 1. The cT categories were primarily T2 (n=23),
followed by T1 (n=5), and T4 (n=1). Twenty-seven patients
underwent TORS with nodal dissection, and 2 patients underwent
TORS alone without nodal dissection. The histopathologic results
revealed a positive surgical margin in 7 patients, including 1 patient
with cT4 who did not undergo neoadjuvant therapy, and a close
surgical margin in 9 patients, for a total of 16 patients with an inse-
cure surgical margin. After TORS, 18 patients underwent adjuvant
chemoradiation (n=10) or radiation only (n=8), including 11
patients with an insecure surgical margin. Thirteen patients, includ-
ing 8 with an insecure surgical margin, had lymphovascular

invasion, and 2 patients with an inse-
cure surgical margin had perineural
invasion in the surgical specimen.
There were no differences in the clin-
ico-histopathologic findings according
to the surgical margin status (Table 1).
On-line Table 1 summarizes the patient
information regarding the tumor stage,
MR imaging and pathologic findings,
and adjuvant therapy.

Interobserver Agreement of MR
Imaging Scores for Pharyngeal
Constrictor Muscle Involvement
The interobserver agreement between
the 2 readers was excellent (k = 0.955;
P, .001). The final MR imaging scores
were 1 in 5 patients, 2 in 4 patients, 3
in 5 patients, 4 in 9 patients, and 5 in 6
patients.

Correlation between the
Preoperative MR Imaging Score
and Histologic Pharyngeal
Constrictor Muscle Invasion
There was a significant difference in
the state of histologic pharyngeal con-
strictor muscle invasion by the tumor
according to the MR imaging scores
(On-line Table 2). Patients with higher
MR imaging scores showed a trend to-
ward a positive histologic pharyngeal
constrictor muscle invasion by the tu-

mor (Spearman correlation coefficient, 0.601; P= .001).

Prediction of the Surgical Margin Using the Preoperative
MR Imaging Scores
In the ROC analysis, MR imaging scores of $4 (AUC = 0.899;
95% CI, 0.730–0.979) and$3 (AUC = 0.846; 95% CI, 0.664–0.952)
enabled good prediction of an insecure surgical margin (Fig 2).
However, there was no difference in the diagnostic performance
between the 2 thresholds (P= .477). Optimal cutoff scores with
AUCs, sensitivities, and specificities are provided in Table 2.

The results of the univariable analysis of the clinico-histopa-
thologic factors and the MR imaging scores affecting the surgical
margin status are presented in Table 3. The MR imaging scores
were the most significant predictive factors of an insecure margin
(P, .05). In the multivariable analysis of the variables with P val-
ues, .15 in the univariable analysis (ie, cT, pT, and MR imaging
score), an MR imaging score of $4 was the only significant pre-
dictive factor of an insecure surgical margin (Table 4).

Patient Follow-Up
The mean follow-up period from the time of surgery was 28.96
19.4months. During the follow-up period, 4 patients with a close
surgical margin after TORS exhibited locoregional recurrence on
surveillance imaging, and 2 patients were confirmed to have
locoregional recurrence using biopsy (On-line Figure). Among

FIG 1. Representative 5-point scale preoperative MR imaging scores for tumor spread through the
pharyngeal constrictor muscle. A, Axial T2WI of a 79-year-old man with left-tonsillar SCC revealing
a normal constrictor muscle (arrow) (score 1). B, Axial T2WI of a 59-year-old man with right-tonsillar
SCC revealing the bulging contour of the constrictor muscle due to the tumor, but normal thick-
ness (arrow) (score 2). C, Axial T2WI of a 66-year-old man with left-tonsillar SCC reveals thinning of
the constrictor muscle due to the tumor (score 3). Note that the thickness of the left constrictor
muscle is reduced compared with the right side (arrows). D, Axial T2WI of a 69-year-old man with
left tonsillar SCC revealing the obscured margin of the constrictor muscle by the tumor (score 4).
Note that the normal contour of the constrictor muscle is not visualized (arrows). E, Axial T2WI of
a 54-year-old man with right-tonsillar SCC revealing definite protrusion of the tumor into the para-
pharyngeal fat (arrows) (score 5).
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them, the preoperative MR imaging score was 5 for 2 patients, 4
for 1 patient, and 3 for 1 patient. The other clinico-histopathologic
findings of these patients are summarized in On-line Table 3.

DISCUSSION
In this study, we adopted the MR imaging–based scoring system
for assessing the involvement of the pharyngeal constrictor mus-
cle in HPV-positive tonsillar SCC and evaluated the predictive
value of the MR imaging score for the surgical margin status after
TORS. Patients with higher MR imaging scores showed a trend
toward positive histologic pharyngeal constrictor muscle invasion
by the tumor. An MR imaging score of$4 (obscured pharyngeal
constrictor muscle by the tumor or parapharyngeal tumor exten-
sion) was the single most significant predictive factor of an inse-
cure surgical margin after TORS with an OR of 6.59. Patients
with a higher MR imaging score tended to exhibit locoregional
recurrence during follow-up, despite the low preoperative cT cat-
egory of the tumor.

Assessing the anatomic landmarks of the superior pharyngeal
constrictor muscle and the parapharyngeal fat is important in the
preoperative evaluation of HPV-positive tonsillar SCC before
TORS. Tonsillar SCC invading the pharyngeal constrictor muscle

on a surgical field is known to increase
a risk of locoregional recurrence,26

and tumor invasion of the paraphar-
yngeal fat is likely to leave an insecure
surgical margin.5 These structures can
be directly visualized on MR imaging,
which is an excellent imaging tool for
the head and neck with superb soft-
tissue contrast and high spatial resolu-
tion. In this regard, we hypothesized
that preoperative MR imaging could
predict the surgical margin status by
scoring the degree of constrictor and
parapharyngeal space invasion by the
initial tumor. This hypothesis was sup-
ported by our results, which indicated
that the 5-scale MR imaging scoring
system could effectively predict inse-
cure surgical margins after TORS.

Our results identified 14 patients
who were diagnosed with early cT2 or
cT1 cancers but hadMR imaging scores
of $4 (On-line Table 1). These 14
patients underwent TORS as a first-line
surgical treatment, but 9 had insecure
surgical margins necessitating adjuvant
therapy according to the NCCN guide-
lines. On the basis of this observation, it
can be inferred that if we can predict
insecure margins before TORS, particu-
larly in patients with early-stage cancer
(ie, cT1 or cT2), we can preselect the
patients who can receive radiation or
chemoradiation instead of surgery as a

first-line treatment, despite the low clinical T-stage. Therefore, the
preoperative MR imaging scoring system may have a significant
clinical impact on treatment selection for patients with HPV-posi-
tive tonsillar SCC by predicting the surgical margin.

Our study results have important implications for patients
who are candidates for TORS. First, MR imaging scores of 4 and
5 not only were related to the histologic pharyngeal muscle inva-
sion by the tumor but also indicated a high probability of obtain-
ing a positive or close margin. It is known that the invasion of the
superior constrictor muscle itself should not lead to a positive
margin if the surgery is performed correctly and the muscle is
excised as the deep margin. However, our findings suggest that
tonsillar SCC seemingly invading the constrictor muscle on MR
imaging may include microscopic parapharyngeal fat invasion,
and the preoperative work-up cannot guarantee tumor-free para-
pharyngeal fat.

Second, the selection of candidates for TORS as a first-line
treatment has predominantly been based on clinical T-staging to
date.2,5,27-30 However, because the status of the constrictor muscle
or parapharyngeal fat in HPV-positive tonsillar SCC is not cur-
rently applied in the AJCC staging21 or NCCN guidelines,22 there
is risk of selecting improper patients for surgery who are predicted
to have an insecure margin. We hope that our study result can be a

Table 1: Clinico-histopathologic findings according to the surgical margin status
Insecure Margin

(n = 16)
Negative Margin

(n = 13)
P

Value
Age (median, range) (yr) 63, 45–80 60, 38–78 .345
Sex (female:male) 0:16 3:10 .078
cT category (No., %) .164
cT1 1, 6.3% 4, 30.8%
cT2 14, 87.5% 9, 69.2%
cT3 0, 0% 0, 0%
cT4 1, 6.3% 0, 0%

cN category (No., %) .422
cN0 1, 6.3% 2, 15.4%
cN1 15, 93.8% 11, 84.6%

pT category (No., %) .202
pT1 2, 12.5% 5, 38.5%
pT2 13, 81.3% 8, 61.5%
pT3 0, 0% 0, 0%
pT4 1, 6.3% 0, 0%

pN category (No., %) .625
pNx 1, 6.3% 1, 7.7%
pN0 1, 6.3% 1, 6.3%
pN1 12, 75.0% 10, 76.9%
pN2 2, 12.5% 1, 7.7%

Histopathologic differentiation
(No., %)

.310

Well 2, 12.5% 0, 0%
Moderate 5, 31.3% 8, 61.5%
Poor 4, 25.0% 2, 15.4%
Not applicablea 5, 31.3% 3, 23.1%

Positive LVI (No., %) 8, 50.0% 5, 38.5% .705
Positive perineural invasion
(No., %)

2, 12.5% 0, 0% .359

Treatment technique (No., %) .485
TORS alone 5, 31.3% 6, 46.2%
TORS1adjuvant radiation 4, 25.0% 4, 30.8%
TORS1adjuvant chemoradiation 7, 43.8% 3, 23.1%

Note—LVI indicates lymphovascular invasion.
a No pathologic statement of the histopathologic differentiation.
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motive for future prospective clinical trials to verify the interrela-
tion between the MR imaging score and clinical staging.

Third, during the follow-up period, 4 patients with early can-
cer (On-line Table 3) had locoregional recurrence. Despite the
low clinical and pathologic staging, the initial MR imaging score
for the pharyngeal constrictor of these patients was $3, and the
final surgical margin was close. We speculate that the preopera-
tive MR imaging score could be associated with locoregional re-
currence. However, the number of patients with locoregional
recurrence was small, and the follow-up duration was rather
short. Future prospective studies that can determine the statistical
significance of the relationship between disease-free survival and
the MR imaging score are warranted.

Our study had some limitations. First, most of the study sub-
jects were retrospectively analyzed and thus inherently had low
pre-TORS clinical and pathologic T-categories of c/pT1 and
c/pT2. In addition, the treatment-related factors such as the pres-
ence or absence of the types of adjuvant treatment were variable
among the patients. However, despite the heterogeneity of the
clinical data, we performed the univariable and multivariable
logistic regression analyses with Firth correction to overcome this
limitation, and they revealed that the MR imaging score for pha-
ryngeal constrictor muscle invasion was a significant predictor of
a surgical margin, even after the consideration of the cT and pT
categories. Second, the sample size was small, and the mean fol-
low-up period of 28.9months was too short to firmly establish
the role of MR imaging scores in predicting locoregional recur-

rence. Future prospective studies are
warranted on a larger scale, such as a
multicenter study, which can deter-
mine the relationship between the
preoperative MR imaging score and
clinical outcome. Third, although par-
apharyngeal tumor extension is a rela-
tive contraindication for TORS,5 we

FIG 2. ROC curves for diagnosing an insecure surgical margin accord-
ing to MR imaging scores for the pharyngeal constrictor muscle
involvement. The ROC curve of the MR imaging score of$4 (red) has
the highest AUC value of 0.899, followed by the MR imaging score of
$3 (green, AUC value of 0.846), MR imaging score of $2 (blue, AUC
value of 0.692), and MR imaging score of 5 (orange, AUC value of
0.500).

Table 2: Diagnostic performance of the MR imaging score for predicting an insecure
surgical margin
Cutoff Value AUC (95% CI) Sensitivity (%) (95% CI) Specificity (%) (95% CI)
$2 0.692 (0.494–0.849) 100.0 (79.4–100.0) 38.5 (13.9–68.4)
$3 0.846 (0.664–0.952) 100.0 (79.4–100.0) 69.2 (38.6–90.9)
$4 0.899 (0.730–0.979) 87.5 (61.7–98.4) 92.3 (64.0–99.8)
5 0.500 (0.310–0.690) 0.0 (0.0–24.7) 100.0 (79.4–100.0)

Table 3: Univariable analysis of predictors of an insecure surgical margin
Factors Contrast OR 95% CI P Value

cT category cT1 vs cT2 4.58 0.701–51.21 .115
cT1 vs cT4 9.0 0.303–1669.30 .208

cN category cN0 vs cN1 2.25 0.262–27.08 .56
pT category pT1 vs pT2 3.49 0.666–23.32 .141

pT1 vs pT4 6.6 0.255–1118.92 .259
pN category pN0 vs pNx 1.0 0.034–29.19 1.0

pN0 vs pN1 1.09 0.079–14.88 .946
pN0 vs pN2 5.0 0.148–965.12 .378

Histopathologic differentiation Well vs moderate 0.13 0.001–2.00 .153
Well vs poor 0.36 0.002–7.44 .533

LVI Positive vs negative 1.31 0.296–6.094 .724
Perineural invasion Positive vs negative 2.61 0.128–394.57 .543
Treatment technique TORS only vs TORS1adjuvant radiation 0.78 0.124–4.61 .78

TORS only vs TORS1adjuvant chemoradiation 2.14 0.415–12.46 .366
MR imaging score 1 vs 2–5 21.35 2.03–2930.98 .007a

1–2 vs 3–5 69.67 6.68–9652.57 ,.0001a

1–3 vs 4–5 48.33 7.131–634.53 ,.0001a

1–4 vs 5 3.99 0.653–43.33 .14
a P values , .05.
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included 6 patients who had MR imaging scores of 5 but received
TORS as a first-line treatment. However, the tumor protrusion
on MR imaging was not substantial in these patients; thus, we
believed that parapharyngeal tumor excision could be performed
as reported in a previous article.31

Fourth, there were false-negative and false-positive cases of his-
tologic pharyngeal constrictor muscle invasion when determined
by the MR imaging scores of 4 and 5. There was also 1 patient with
an MR imaging score of 5, but with a negative surgical margin. We
assumed that the reason for the false-negative cases was the micro-
scopic tumor invasion, which could not be detected on MR imag-
ing under its current resolution. In addition, the false-positive
cases were probably due to the pushing margin, which means the
tumor compressed and pushed the constrictor muscle toward the
parapharyngeal fat but preserved the lateral fascia of the superior
pharyngeal constrictor muscle near the pterygomandibular raphe.
Future advancement in the MR imaging resolution may assist in
reducing the false-negative and false-positive cases. Lastly, TORS
was performed by 2 surgeons who might have had varied surgical
techniques. However, both were highly experienced and equally
skilled surgeons. Therefore, we can ensure that the difference in
the surgical technique between the 2 surgeons had little influence
on the result of the surgical margin.

CONCLUSIONS
The MR imaging–based scoring system is an effective tool for
assessing pharyngeal constrictor muscle involvement in HPV-
positive tonsillar SCC. AnMR imaging score of$4 was the single
most significant predictive factor of an insecure surgical margin
after TORS, independent of the clinical and pathologic staging.
Therefore, the preoperative MR imaging scoring system for the
pharyngeal constrictor muscle is a promising predictor of the
final surgical margin, thereby assisting in the appropriate selec-
tion of TORS treatment of HPV-positive tonsillar SCC, even in
early T2 tumors.
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ON-LINE APPENDIX : MATERIALS AND METHODS

Image Acquisition
The noncontrast sequences were obtained in the following order: 1)
coronal TSE T2WI with fat suppression using a multipoint Dixon
technique (TR, 2500ms; TE, 80ms; FOV, 200� 200mm2; acquisi-
tion matrix, 400� 400; section thickness, 4mm; section gap,
0.4mm; NEX, 1); 2) axial TSE T2WI with and without fat suppres-
sion (TR, 3300ms; TE, 80ms; FOV, 180� 220mm2; acquisition
matrix, 440� 440; section thickness, 3mm; no section gap; NEX,
1); 3) axial TSE T1WI without fat suppression (TR, 690ms; TE,
15ms; FOV, 180� 220mm2; acquisition matrix, 440� 440; section
thickness, 3mm; no section gap; NEX, 1); 4) axial multishot EPI-
based DWI (2 b-values of 0 and 1000 s/mm2; 3 orthogonal diffusion

gradients; TR, 6400ms; TE, 65ms; FOV, 220� 220mm2; acqui-
sition matrix, 128� 128; section thickness, 3mm; no section
gap; number of sections, 40; number of shots, 4; NEX, 2). After
intravenous administration of a bolus of gadolinium-based con-
trast-agent (gadobutrol, Gadovist, 0.1mmol/kg; Bayer Schering
Pharma), contrast-enhanced TSE T1WI with fat-suppression
images in axial (TR, 600ms; TE, 15ms; FOV, 180� 220mm2;
acquisition matrix, 440� 440; section thickness, 3mm; no
section gap; NEX, 1), coronal (TR, 550ms; TE, 15ms; FOV,
200� 200mm2; acquisition matrix, 400� 400; section thick-
ness, 4mm; section gap, 0.4mm; NEX, 1), and sagittal (TR,
560ms; TE, 15ms; FOV, 250� 250mm2; acquisition matrix,
500� 500; section thickness, 4mm; section gap, 0.4mm; NEX,
1) planes were acquired.

On-line Table 1: Summary of the patient information

No. Age (yr) Sex cT/cN pT/pN

MR
Imaging
Score

Surgical
Margin LVI

Perineural
Invasion ENE

Adjuvant
Treatment

1 38 M 2/1 1/1 3 Negative Positive Negative Negative CCRT
2 60 M 2/1 2/1 2 Negative Positive Negative Negative CCRT
3 53 M 2/1 2/1 2 Negative Negative Negative Present CCRT
4 80 M 2/1 2/2 3 Positive Negative Negative Present CCRT
5 55 M 4/1 4/1 5 Positive Positive Positive Present CCRT
6 69 M 2/1 2/1 4 Positive Positive Negative Present CCRT
7 79 M 2/1 2/1 5 Positive Negative Negative Present CCRT
8 56 M 2/1 2/1 5 Close Negative Negative Present CCRT
9 63 M 2/1 2/2 4 Close Positive Negative Negative CCRT
10 57 M 2/1 2/1 4 Close Positive Negative Negative CCRT
11 52 F 2/1 2/1 2 Negative Positive Negative Negative RT
12 47 F 1/1 1/2 1 Negative Negative Negative Negative RT
13 54 M 2/1 2/1 5 Negative Negative Negative Negative RT
14 76 F 2/1 2/1 3 Negative Positive Negative Negative RT
15 63 M 2/1 2/x 5 Close Negative Negative NA RT
16 56 M 2/1 1/1 3 Close Negative Positive Negative RT
17 68 M 2/1 2/1 5 Close Positive Negative Negative RT
18 52 M 1/1 1/1 4 Close Positive Negative Present RT
19 78 M 2/1 2/1 1 Negative Positive Negative Negative None
20 76 M 1/0 1/x 1 Negative Negative Negative NA None
21 63 M 2/1 2/1 1 Negative Negative Negative Negative None
22 67 M 1/1 1/1 3 Negative Negative Negative Negative None
23 59 M 1/1 1/1 1 Negative Negative Negative Negative None
24 54 M 2/0 2/0 2 Negative Negative Negative Negative None
25 75 M 2/1 2/1 4 Positive Positive Negative Negative None
26 45 M 2/1 2/1 4 Positive Negative Negative Negative None
27 54 M 2/1 2/1 4 Positive Negative Negative Negative None
28 70 M 2/0 2/0 4 Close Negative Negative Negative None
29 68 M 2/1 2/1 4 Close Positive Negative Present None

Note—ENE indicates extranodal extension; CCRT, chemoradiation; RT, radiation; NA, not applicable; LVI, lymphovascular invasion.

On-line Table 2: Preoperative MR imaging scores and histologic pharyngeal constrictor muscle invasion

1 2 3 4 5 P Value
Histologic pharyngeal constrictor muscle invasion Negative 5 2 4 4 0 .002a

Positive 0 2 1 5 6
a P value , .05.
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ON-LINE FIGURE. Representative cases of locoregional recurrence, A, A 67-year-old man with right-tonsillar SCC (arrows) shows an MR imag-
ing score of 5 for pharyngeal constrictor muscle involvement on the initial axial T2WI. B, On his 6-month follow-up MR imaging, a large recurrent
tumor (arrows) has developed in the right TORS site. C, Pre-TORS axial T2WI of another 68-year-old man who was diagnosed with left-tonsillar
SCC shows tumor protrusion into the parapharyngeal fat (arrows) (MR imaging score of 5). D. At 3months after TORS, new left retropharyngeal
lymph node metastasis (arrow) has developed.
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