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Abstract

Objectives—To determine the prognostic utility of a volumetric threshold for gross tumor
volume (GTV) of the primary and nodal disease when accounting for the TNM classification in
head and neck cancer (HNC) patients treated with definitive radiotherapy (RT).

Materials and Methods—From 2004 to 2011, 79 HNC patients were treated to a median dose
of 70 Gy, using intensity-modulated RT in 78.5% and 3-dimensional conformal RT in 21.5% with
83.5% receiving concurrent chemotherapy. Primary (GTV-P) and nodal (GTV-N) GTVs were
derived from computed tomography (CT)-based contours for RT planning, of which 89.7% were
aided by positron emission tomography-computed tomography. Local (LC), nodal (NC), distant
(DC) control, and overall survival (OS) were assessed using the Kaplan-Meier product-limit
method.

Results—With a median follow-up of 27.1 months GTV-P, threshold of <32.9 mL (mean value)
compared with 232.9 mL, correlated with improved 2-year LC (96.2% vs. 63.9%, £< 0.0001), NC
(100% vs. 69.2%, P < 0.0001), DC (87.9% vs. 64.2%, £=0.001), and OS (88.4% vs. 58.6%, P=
0.001). GTV-P demonstrated its prognostic utility in multivariate analyses when adjusted for
tumor category, cancer site, and chemotherapy regimen. Nodal GTV (mean, 34.0 mL) was not
predictive of nodal control and survival.

Conclusions—A volumetric threshold of the primary tumor may be used as an independent
prognostic factor in patients with HNC undergoing definitive RT.
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Locoregional control is of paramount importance in determining long-term outcomes for
head and neck cancer (HNC) patients undergoing definitive radiotherapy (RT) with or
without concomitant chemotherapy.! However, despite modern RT techniques, such as
intensity-modulated radiotherapy (IMRT), locoregional failure occurs in 30% to 50% of
patients and mainly within the high-dose region of the RT field.2

The most commonly applied systems for the classification of disease and prognosis are the
Tumor, Nodal, Metastasis (TNM) system devised by the International Union Against Cancer
and the American Joint Committee on Cancer (AJCC) Staging Manual.®7 Although these
prognostic systems are widely accepted, much attention has been called to their weaknesses
in accurately predicting treatment outcome in HNC patients.’~19 One possible reason for this
limitation is that staging systems such as the TNM focus on a single dimension size criteria
for tumor and nodal categorization in combination with the anatomic extent of disease rather
than tumor volume factors.!

Studies have reported the importance of tumor volume in predicting treatment outcomes in
curative surgery,!1 definitive radiation therapy,12-14 and definitive chemoradiation.8-10.15.16
For patients undergoing radiation-based treatment, total dose to the tumor is usually limited
to 70 Gy due to adjacent normal tissue constraints, which suggests that HNC with larger
tumor burden may require additional treatment intensification.

The objective of this study was to determine the prognostic utility of a volumetric threshold
for gross tumor volume (GTV) of the primary and nodal disease when accounting for the
TNM classification in HNC patients treated with primary radiation-based treatment.

MATERIALS AND METHODS

Patient Selection

The study was performed as a retrospective review approved by the institutional review
board with a waiver of informed consent. Newly diagnosed, nonmetastatic HNC patients
treated between December of 2004 and May of 2011 with definitive RT were included. One
hundred eight patients underwent definitive RT for biopsy-proven HNC during this interval
with 79 patients meeting inclusion criteria defined as no prior history of HNC or other
malignancies in the prior 5 years and no prior surgical treatment. In total 29 patients were
excluded: 3 patients with recurrent HNC, 11 patients with synchronous malignancies, 5
patients had prior history of malignancy, 2 patients died during or shortly after treatment
from noncancer-related causes, 3 patients had <1 month of follow-up, 5 patients were
excluded for HNC of unknown primary (n = 3), ear (n = 1), and sinonasal cavity (n = 1). All
patients were staged according to the 2002 AJCC classification with history, physical
examination, focused head and neck evaluation, panendoscopy with biopsy, and computed
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tomography (CT).17 Sixty-nine patients (89.7%) underwent a staging 2-[18F] fluoro-2-
deoxy-p-glucose positron emission tomography (PET/CT).

Treatment Planning and GTV Measurement

Treatment

Follow-up

The GTVs were manually contoured, by a single radiation oncologist, for IMRT or 3D-
chemoradiation treatment planning. For patients who underwent induction chemotherapy,
GTVs were contoured based on the preinduction chemotherapy CT, as the standard practice
was to use the prechemotherapy tumor volume to define the GTV. The primary tumor GTV
(GTV-P), nodal tumor GTV (GTV-N), and a total combined GTV (GTV-TC), the sum of
GTV-P and GTV-N, were automatically calculated from clinical dose volume histogram data
(Philips Pinnacle software suite). PET/CT images were fused using Philips Pinnacle
software suite or MIMVista (for patients treated after November 2008). Volumetric
expansions from GTV were 7 to 15 mm respecting normal tissue planes to create the clinical
target volume, followed by a 3 to 5 mm expansion to the planning target volume. The
cohort’s mean GTV-P was 32.9 mL (n =79; SD + 36.0), GTV-N was 34.0 mL (n =54; SD
+45.8), and GTV-TC was 56.1 mL (n = 79; SD +53.2).

The prescription planning target volume was treated to a median dose of 69.96 Gy (range, 66
to 72 Gy) over 33 fractions (range, 32 to 42 d) and 48 days (range, 38 to 72 d) to encompass
gross primary and nodal disease. For patients undergoing IMRT, a simultaneous integrated
boost technique was used with elective nodal areas treated to 54 to 56 Gy for low-risk areas
and 60 Gy to high-risk areas but without gross disease.

Sixty-two patients (78.5%) were treated with IMRT and 17 patients (21.5%) received 3D-
conformal RT. Choice of chemotherapy regimen was at the discretion of the medical
oncologist. Sixty-six patients (83.5%) received concurrent chemotherapy of which 65
patients had AJCC stage 111 to IV disease and 1 patient had stage Il nasopharyngeal cancer.
Three AJCC stage |11 patients did not receive chemotherapy. The distribution of
chemotherapy regimen was as follows: 47 received cisplatin, 10 received carboplatin, and 9
received cetuximab. Twenty of these 66 patients underwent induction chemotherapy before
the initiation of chemoradiation: 9 with docetaxel, cisplatin, and 5-fluorouracil (5-FU) (TPF
regimen), 5 with carboplatin and docetaxel, 1 with carboplatin and paclitaxel, 4 with
cisplatin and docetaxel, and 1 with carboplatin and 5-FU.

Patients were followed up after the conclusion of treatment and continuing until analysis or
patient death. Follow-up consisted of serial clinical examinations, a PET/CT after
completion of RT at approximately 8 to 12 weeks, and then annually for patients who
obtained a complete response as part of routine clinical care. Disease recurrence was defined
as site of failure including local failure (LF), nodal failure (NF), or distant failure (DF). All
failures were confirmed by biopsy.
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Statistical Analysis

Descriptive statistics were used to obtain patient and tumor characteristics. Analysis of
variance was conducted to assess association between the GTV and various descriptive
characteristics and disease outcomes. Two-year actuarial rates were estimated for local
control (LC), nodal control (NC), distant control (DC), and overall survival (OS) (death due
to any cause) using the Kaplan-Meier product-limit method.18 All endpoints were measured
from the end of RT until relapse or death with censorship at last follow-up or death. The d
comparison of rates among the groups was done using the 2-tailed log-rank test.

GTV analysis included categorical division using the overall mean values. Receiver
operating characteristics (ROC) curves were constructed for each endpoint with an
optimized sensitivity and specificity defined volumetric threshold identified as the cut-point
with the greatest percent area under curve (AUC). Multivariate (MV) analyses were
performed for the following potential confounding variables: age at diagnosis (y), sex,
smoking history (smokers vs. nonsmokers), cancer site (nasopharyngeal/oropharyngeal, oral
cavity/hypopharyngeal, and larynx), tumor category (T1 to T2 vs. T3 to T4), nodal category
(NO vs. N1 to N3), AJCC stage (stage I to 111 vs. stage 1V), and chemotherapy regimen (no
chemotherapy, induction chemotherapy with concurrent chemoradiotherapy [CCRT], and
CCRT only). Crude and adjusted hazard ratios (HR) with 95% confidence intervals (Cl)
were computed using Cox regression modeling for LF, NF, DF, and overall death (OD).1° A
probability value of <0.05 was considered statistically significant for all analyses. All
statistical computations were performed on SAS 9.1 system (SAS Institute, Cary, NC).

RESULTS

Patients and Tumor Characteristics

The patient population comprised of 74.7% male, 87.3% were smokers, and 86.1% were
locally advanced stage 111 or IV. Median follow-up was 27.1 months (range, 3.0 to 78.5 mo)
in the overall study population and 30.0 months (range, 4.9 to 78.5 mo) among surviving
patients. Patient, tumor, and volume characteristics are described in Table 1.

Treatment Outcome

Local, nodal, and distant recurrences occurred in 12 (15.2%), 8 (10.1%), and 15 (19.0%)
patients, respectively. The median time to recurrence for LF was 2.6 months (range, 1.4 to
35.5 mo), NF was 2.1 months (range, 0.3 to 3.3 mo), and for DF was 3.1 months (range, 1.9
to 23.0 mo).

GTV statistics by tumor control and survival are described in Table 2. Patients who failed
locally had a significantly larger GTV-P (64.0 vs. 27.3 mL, A= 0.001) and non-significantly
larger GTV-TC (69.9 vs. 53.6 mL, A= 0.332). GTV-P correlated with all disease outcomes.
Oropharyngeal and larynx patients who failed locally had significantly larger GTV-P
compared with those who were locally controlled (oropharynx: 70.3 vs. 23.8 mL, 2= 0.002;
larynx: 106.6 vs. 16.0 mL, A< 0.0001). A similar analysis of GTV-P statistics by LC status
could not be performed for other cancer sites due to fewer patients.
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Correlating T-Category With Primary GTV and Treatment Outcome

Forty-nine patients (62.1%) presented with advanced T-category (T3 to T4). The mean GTV-
P for T3 to T4 disease was 43.2 mL compared with 16.1 mL for T1 to T2 disease (P=
0.001). No significant differences were noted between T1 to T2 and T3 to T4 disease with 2-
year LC rates of 93.3% and 81.1%, respectively (P= 0.087), and corresponding 2-year OS
rates of 88.9% and 72.6% (P = 0.138).

Correlating Mean Primary, Nodal, and Total GTVs With Treatment Outcome

By mean GTV-P, a volume of <32.9 mL significantly correlated with improved LC (96.2%
vs. 63.9%, £<0.0001) (Fig. 1A), NC (100% vs. 69.2%, P< 0.0001), DC (87.9% vs. 64.2%,
P=0.001), and OS (88.4% vs. 58.6%, P=0.001) (Fig. 1B, Table 3). 92.3% of patients with
GTV-P of 232.9 mL had T3 to T4 disease compared with 47.2% with GTV-P of <32.9 mL
(P=10.0001).

A GTV-N of >34.0 mL (mean value) did not predict NC, DC, or OS but did predict
improved LC. Smaller mean GTV-P (22.3 mL) was seen with larger GTV-N (= 34.0 mL) in
our patient population (P= 0.032). Hence, tumor control outcomes according to nodal GTV
burden were largely driven by GTV-P burden. By mean GTV-TC, a volume of = 56.1 mL
predicted NC and DC, but not LC and OS.

Primary GTV Analysis Restricted to Advance T-Category Disease (T3 to T4)

A subset analysis of patients with advanced disease (T3 to T4) demonstrated that smaller
mean GTV-P significantly predicted improved LC (Fig. 2A), NC, DC, and OS (Fig. 2B,
Table 3). Furthermore, a smaller GTV-P (< 32.9 mL) was associated with improved OS
regardless of T-category (in both T1 to T2 and T3 to T4 subsets, Figure 3). The 2-year OS
was 91.6% and 84.3% in patients with GTV-P of <32.9 mL and T-category T1to T2 and T3
to T4, respectively, whereas patients with GTV-P of > 32.9 mL had 2-year OS of 50.0% and
59.1% for T1 to T2 and T3 to T4 disease respectively.

Primary GTV Analysis by Chemotherapy Regimen

In the locally advanced patient cohort, a subgroup analysis restricted to patients who
underwent induction chemotherapy with CCRT and separately to those who were treated
with CCRT alone was performed. No differences were noted between the 2 cohorts for age
(P=0.687), sex (P=0.760), smoking (P= 0.156), cancer site (P=0.672), tumor category (P
= 0.140), nodal category (P=0.197), and AJCC stage (P=1.0). All GTVs were derived
from pretreatment CT scans, and there were no significant differences in mean GTV-P (34.7
vs. 38.1 mL, P=0.742), GTV-N (31.6 vs. 37.0 mL, P=0.692), or GTV-TC (63.2 vs. 65.5
mL, P=0.875), for induction chemotherapy followed by CCRT versus CCRT only,
respectively. A larger GTV-P of > 32.9 mL correlated with worse LC, NC, DC, and OS, for
patients undergoing CCRT alone. In patients undergoing induction chemotherapy, GTV-P
lost significance for LC and survival, although remained significant for nodal and DC;
however, the analysis was limited in the induction chemotherapy cohort by low patient
numbers (Table 3).
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Univariate and MV Analyses

Univariate analyses confirmed that a larger GTV-P correlated with increased risk of LF, DF,
OF, and OD (Table 4). When adjusted individually for T-category and cancer site, GTV-P
HRs retained significance. Larger GTV-P, after adjusting for T-category, was associated with
an increase in LF (HR, 14.6; 95% Cl, 2.3-94.4), DF (HR, 5.0; 95% Cl, 1.3-19.2), and OD
(HR, 3.8; 95% CI, 1.4-10.1). Because of lack of events in the favorable group for NF a MV
model could not be performed. Finally, age, sex, smoking history, nodal category, AJCC
stage, and chemotherapy regimen did not affect the crude results, confirming the prognostic
utility of GTV-P.

ROCs Curve Optimized Cut-points for Primary GTV

An exploratory analysis of ROC identified a volumetric threshold of 31.9 mL for GTV-P and
LC (AUC, 85.2%; 95% ClI, 75.4-92.2). When dichotomized by the ROC defined threshold it
was noted that a volume of <31.9 mL was associated with improved LC (100.0% vs. 59.4%,
P<0.0001), NC (100% vs. 70.5%, P < 0.0001), DC (87.7% vs. 65.6%, £=0.001), and OS
(90.0% vs. 581.6%, = 0.0003).

DISCUSSION

The current study evaluates the prognostic utility of GTV in a population of HNC patients
treated with definitive radiation-based treatment. A smaller GTV-P correlated with improved
LC, NC, and DC, as well as OS. In a MV analysis, GTV-P retained significance when
adjusted individually for T-category, cancer site, chemotherapy regimen, and other patient/
tumor factors. In contrast, nodal GTV did not correlate with disease control or survival in
this study. The ability of combined total GTV to correlate with nodal and DC was likely an
effect of GTV-P, rather than the inclusion of GTV-N. An exploratory ROC analysis
determined an optimal GTV-P threshold of 31.9 mL, which was similar to mean GTV-P
threshold of 32.9 mL.

Traditionally, tumor and nodal categorization as part of TNM staging have used
unidimensional thresholds. The current staging system uses primary tumor size criteria (<2,
2 to <4, and > 4 cm cut-point) to distinguish between T1, T2, and T3 tumors, respectively,
whereas for nodal categorization nodal sizes of <3, 3 to <6, and > 6 cm are used to
categorize nodal disease as N1, N2, and N3 category, respectively. Such categorization
makes an assumption of tumors being spherical and such measurements are assumed to be a
surrogate for tumor burden. This study shows that in analyses restricted to locally advanced
disease patients (T3 and T4), primary site GTV remained significant for all endpoints.
Similarly, a smaller tumor volume was associated with improved OS regardless of T
categorization thereby suggesting a more important role of volume-based measurements,
such as a GTV, as a prognostic factor compared with traditional TNM staging.

Interestingly, in a subgroup analysis performed on patients who received CCRT alone, a
larger GTV-P was significant for worse outcome for all endpoints, whereas among the
induction chemotherapy patients GTV-P was only significant for NC and DC despite
differences in LC and OS, likely in part due to small sample size. The LC in the induction
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chemotherapy cohort was lower for patients with GTV < 32.9 mL compared with the CCRT
alone group, whereas the DC was higher in the induction chemotherapy group compared
with CCRT alone, which suggests there may be a trade-off between LC and DC between the
these different treatment approaches based on GTV-P.

Our study findings are consistent with previous reports that patients with a significant tumor
volume had inferior local, nodal, and overall control as well as OS (Table 5). Previous
studies have directly compared the predictive value of GTV and TNM classification.
Doweck and colleagues reported that primary tumor volume had the greatest effect on
survival (P=0.0007) and was superior to the TNM classification system in predicting OS
and LC, whereas Studer and colleagues demonstrated that GTV was able to predict risk of
LF in a cohort of locally advanced patients (defined as T3/4 or N2c/3). Strongin and
colleagues reported that patients with locoregional failure had a larger GTV-P than patients
with DFs (58 vs. 31 mL, P=0.019), yet the average GTV-P in patients who experienced no
treatment failure (35.5 mL) was greater than that of patients who experienced DF (31 mL).1°
In this study, we found that patients with LF, NF, or DF had significantly larger primary
tumor volumes (64.0, 65.3, and 50.5 mL, respectively) than patients who were free of
disease recurrence (27.3, 29.2, and 28.8 mL, respectively).

As expected, differences in GTV-P were noted by site, including hypopharyngeal and oral
cavity cancers, which on average had greater GTV-Ps, and higher T-category, likely
representing patients who were not surgical candidates and received primary radiation-based
treatment. GTV-P was able to stratify patients into high-risk and low-risk groups
independent of T-category, cancer site, and chemotherapy regimen. MV analysis confirmed
the prognostic utility of GTV when adjusting for T-category demonstrating a 14.6-fold risk
of LF, a 5.0-fold risk for developing distant metastases, and a 3.8-fold risk of death in
patients with a GTV-P >32.9 mL.

Primary GTV likely can identify patients eligible for organ preservation approaches using
chemoradiation. Chen and colleagues reported that in stage 11 and 1V, nonbulky
hypopharyngeal cancer patients with a primary GTV < 30 mL had improved locoregional
control rates on MV analysis.2% This may have implications for locally advanced T4
category patients who are not typically considered eligible for laryngeal preservation
therapies.20 In larynx cancer, treatment decisions for total laryngectomy versus organ
preservation using chemoradiation are primarily based on whether the primary tumor
constitutes large-volume T4 disease. However, large volume is currently defined by
anatomic extent as tumor penetrating through the cartilage or extending >1 cm into the base
of the tongue and at the interpretation of the treating physician. It is possible that such
patients may benefit from a more defined volumetric cut-point to define prognosis and to aid
in the decision between treatment strategies such as a total laryngectomy or organ-
preserving chemoradiation.

The potential utility of GTV-P as a prognostic variable rests largely on the ability to
delineate tumors accurately and reproducibly. Similarly, the efficacy of IMRT is largely
dependent on the ability to define disease burden given the steep dose gradients between
tumor and normal tissue.2! Studies have shown that the integration of PET/CT into the GTV
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delineation process increases the precision and interobserver reliability in defining a tumor
volume.2! The majority of our patients received a pretreatment PET/CT, which may have
improved accuracy in defining the tumor volumes as compared with CT alone. In our
experience, PET defined volumes using autosegmentation often underestimates the tumor
burden as compared with CT; and therefore, we did not use auto segmentation methods for
RT planning as we relied on a combination of imaging and endoscopic/clinical data to define
GTV-P and GTV-N.22 Interobserver variation in GTV contouring is low; as 1 study reported
GTV measurements were reliable and reproducible when performed by radiation oncologists
and neuroradiologists with an interclass correlation coefficient of 0.81, which was reported
as excellent.11 More recent studies have reported on the improving ability of computerized
volumetric analyses, which may assist integration of volumetric measurements into clinical
algorithms,23-25

Our results are in accordance with published reports that a lower GTV-P correlates with
improved control and survival rates, yet several key factors distinguish our study from those
previously reported. All GTV values were obtained from clinical treatment plans based on
simulation CT with PET/CT in 89.7% of patients, with the majority of our patients receiving
IMRT (78.5%). Although other studies have demonstrated the predictive significance of
nodal GTV, we did not find that GTV-N correlated with outcome or survival, which may
reflect the radiation management of the neck. All nodal gross disease defined by imaging
was treated to 70 Gy without planned neck dissection, and evaluation for residual disease at
10 to 12 weeks with PET/CT was performed to evaluate patients who needed salvage neck
dissection.

Studies have reported on the improved prognostic value of GTV as compared with AJCC
staging and TNM categorization, yet we demonstrate the added utility of GTV-P to further
dichotomize patients into favorable and unfavorable risk groups within T-categories
signifying GTV-P as an independent variable that is complementary to the current TNM
system. Although it is unlikely that GTV alone will supersede the TNM system, our study
demonstrates that future TNM staging may incorporate a tumor size criteria based on
volume rather than a single dimension in addition to defining anatomic tumor spread for
head and neck malignancies.

Limitations of the study included the retrospective design, small patient cohort, exclusion of
surgical patients, multiple head and neck sites, and variation in chemotherapy regimen given,
although the patient population received uniform radiation treatment with all GTVs
receiving a median prescription dose of 70 Gy, at a single center, and all primary/nodal
GTVs were determined by a single radiation oncologist using uniform RT planning
software.

In conclusion, primary GTV is an independent prognostic variable in patients with HNC
undergoing definitive radiation-based treatment. GTV-P retained prognostic significance
when accounting for T-category, AJCC stage, cancer site, and in patients with locally
advanced disease. GTV-P was significant for all endpoints in patients receiving CCRT aloneg,
although was predictive only for NC and DC in patients receiving induction chemotherapy
followed by CCRT. A primary GTV threshold may assist in risk stratification to help
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identify patients at high risk of failure who might benefit from various strategies of
treatment intensification using combined modality therapy as well as identify lower risk
patients eligible for less intensive organ preservation therapies.
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A, Local control according to primary GTV. B, Overall survival according to primary GTV.
GTV indicates gross tumor volume.
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A, Local control according to primary GTV in the subset of T3/T4 patients. B, Overall
survival according to primary GTV in the subset of T3/T4 patients. GTV indicates gross

tumor volume.
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Patient and Tumor Characteristics of 79 Head and Neck Cancer Patients

TABLE 1

n Median Mean = SD Range
Age (y) 79 59.0 58.8 9.9 31-86
Smoking (pack-years) 77 35.0 35.6 + 26.6 0-120
Gross tumor volume (mL), primary
Overall 79 20.2 32.9+36.0 1.5-177.9
Oropharyngeal 33 17.4 28.1+26.6  1.5-108.2
Larynx 24 111 235+339 3.3-162.5
Hypopharyngeal 9 35.0 42.2+26.5 9.1-99.2
Oral cavity 7 64.6 849+60.7 32.0-1779
Nasopharyngeal 6 22.6 223+131 8.0-39.5
Gross tumor volume (mL), nodal 54 14.3 340+458 0.6-214.0
Gross tumor volume (mL), total 79 39.3 56.1+53.2  3.8-258.3
Follow-up (mo)
Overall study follow-up 79 27.1 30.1+£195 3.0-785
Surviving patients 53 30.0 33.8+19.9 4.9-78.5
n (%)
Pathology
Squamous cell carcinoma 71 (89.9)
Other 8(10.1)
AJCC Stage
I 6 (7.6)
I 5(6.3)
I 12 (15.2)
v 56 (70.9)
Tumor category
T1 11 (13.9)
T2 19 (24.0)
T3 25 (31.7)
T4 24 (30.4)
Nodal category
NO 25 (31.7)
N1 7(8.9)
N2 39 (49.4)
N3 8(10.1)

AJCC indicates American Joint Committee on Cancer; n, number of patients.
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