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Introduction

Intensity modulated radiotherapy (IMRT) has emerged as the favored radiation modality for
the definitive and post operative treatment of locally advanced head and neck squamous cell
carcinoma (HNSCC) [1, 2]. Numerous prospective studies have demonstrated comparable
tumor control rates with lower incidence of acute and late toxicities when comparing IMRT
to conventional radiotherapeutic techniques [3-5]. Despite these advances, treatment related
morbidity remains significant and strategies to mitigate the late effects of radiotherapy are
still needed. Such strategies are especially important for patients with locally advanced
oropharyngeal cancer, who are generally younger with longer life expectancy and are often
cured of disease. One method whereby toxicity may be reduced is by limitation of the extent
of uninvolved nodal basins that are irradiated electively.

The level V nodal group was first described by Rouviere in 1932 [6] and is subdivided into
levels Va, Vb, and V¢ [7]. Levels Va and Vb contain the lymphatics of the posterior triangle
of the neck, located superior to the transverse cervical vessels, while Level V¢ contains the
lateral supraclavicular lymph nodes [7]. The rate of histopathological involvement of this
nodal group in HNSCC has been extensively studied in the surgical literature [8-14], with
rates of involvement across carcinomas of different HNSCC subs-sites ranging from 5-19%.
The inclusion of LVN in the standard template for elective nodal dissection has been debated
[15, 16], however, to our knowledge, there is only a single study investigating the omission
of level V nodal irradiation in oropharyngeal cancer [17].

At our center, the majority of patients with locally advanced oropharyngeal carcinoma
(OPC) undergo definitive chemoradiation (CRT) [4]. Herein, we analyze regional nodal
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failures in patients treated for locally advanced OPC to determine whether level V can safely
be omitted from elective radiation volumes.

Materials and Methods

Patients

Workup

Treatment

We reviewed radiation treatment plans of 745 consecutive patients with OPC who were
treated at our institution between July 2001 to December 2013. Starting in 2004, some
radiation oncologists at our center began consistently eliminating coverage of clinically
uninvolved LVVNs in OPC patients. For the current analysis, all patients with Stage I11/1V
OPC treated definitively with IMRT and chemotherapy after 2004 were included. 408
patients met the above criteria. None of the patients had radiographically, clinically, or
pathologically involved level VV lymph nodes at the time of diagnosis.

All patients underwent a pretreatment staging workup that included history and physical
examination by the treating medical, surgical, and radiation oncologists as well as flexible
nasopharyngoscopy, and computed tomography (CT) of the head and neck with contrast.
The majority of patients underwent fluorodeoxyglucose-positron emission tomography
(FDG-PET)/CT imaging. For 165 patients (40.4 %), testing for tumor HPV status was
performed with p16 immunohistochemistry (IHC), HPV in-situ hybridization (ISH), and/or
polymerase chain reaction for E6/E7 mRNA. A positive result from any of these tests was
regarded as HPV positive disease.

For each patient, the recommended course of treatment was formulated with the input of a
multidisciplinary team including a radiation oncologist, medical oncologist, head and neck
surgeon, pathologist and radiologist. In the majority of cases, definitive CRT was undertaken
with platinum-based chemotherapy.

Target volumes were delineated as described previously [4, 18] using dose painting IMRT.
Briefly, primary gross tumor volume (GTV) included all discernible gross disease
appreciated on clinical examination, nasopharyngoscopy, imaging and operative and
pathology reports. Primary nodal GTV included all proven or suspicious (>1 cm, necrotic,
enhancing, or FDG avid) lymph nodes. The high risk clinical target volume (CTVsg 4) at the
primary site was defined as GTV plus a margin of 1.0-cm to 1.5-cm. In the node positive
neck, CTVsg 4 included levels 11-1Va+b (with sparing of 1B unless there was gross
involvement or extension of the primary GTV into the oral cavity) as well as the
retropharyngeal lymph nodes. The lower node-positive neck was treated to 50-54 Gy with
either an LAN field or IMRT when gross disease was only present in the upper neck. In the
node negative neck, CTVs4 included levels 11-1Va and the RPLNS. CTVq was typically the
same as GTV7q unless uncertainty existed as to gross tumor extent, in which case a margin
of 0.5-cm was added. The PTV7q was defined as the CTV7q plus a margin of 0.3-cm to 0.5-
cm, and the PTV;5g 4 and PTVs,4 were defined as their respective CTVs plus an identical
margin range. For radiation planning purposes, the most recent consensus guideline defining
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the radiologic borders of LVN (Va and Vb) was utilized [7]. Specifically, LVN was defined
as extending from the cranial edge of the hyoid bone to the transverse cervical vessels
caudally, from the posterior border of the sternocleidomastoid to the anterior edge of the
trapezius muscle posteriorly, and from the platysma muscle superficially to the paraspinal
muscles medially. In all cases, Level V was either treated bilaterally or excluded bilaterally.

In the definitive setting, dose was typically prescribed in 2.12 Gy, 1.8 Gy, and 1.64 Gy daily
fractions over a course of 33 fractions to the PTVyg, PTVsg 4, and PTVsy, respectively. The
lower neck was either included in the IMRT fields or included in a low anterior neck field
matched to the IMRT fields (approximately 75% of cases).

Event Definitions

The primary end-point of interest was histologically proven regional nodal failure (with or
without a synchronous local and/or distant failure). The competing events of interest were
failure without a regional component (whether distant, local, or a combination of the two)
and death without recurrent disease. Patients who had experienced none of these events were
censored at last follow-up. Regional nodal failure was defined as either persistent or new
disease in any of the cervical nodal levels consistent with nodal disease based on the AJCC
Cancer Staging Manual, 7™ edition [19]. Local recurrence was defined as either persistent or
new disease anywhere within the PTVyq. All failure dates were documented at the time of
biopsy; however, if no biopsy results were available and patients were treated for presumed
failure, imaging date providing evidence of such was selected.

Statistical Analysis

Age was treated as a continuous variable; stage (111 versus 1V), tobacco (>=10 pack years
versus <10 pack years), HPV status (positive versus negative), and elective inclusion of level
V nodes were treated as categorical variables. Pearson Chi-Square test was used to compare
differences in smoking, stage, and HPV/p16 status between patients in whom elective level
V nodes were treated and patients in whom they were omitted.

Both univariate and multivariate analyses were conducted using the competing risks
regression method of Fine and Gray for regional recurrence. For all multivariate analyses,
elective level V treatment as a categorical variable was included. Confounding variables
were included if and only if they were both significantly associated with the inclusion of
elective level V nodes as ascertained by the chi-square test and significantly associated with
regional recurrence. Cumulative incidence curves were generated utilizing the Kaplan-Meier
method.

All tests were 2-sided and statistical significance was defined as <=0.05. R version 3.1.2
statistical software was used (R Foundation for Statistical Computing, Vienna, Austria) for
all statistical analyses.
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Patient and Tumor Characteristics

A total of 408 patients with stage 111/1V OPC treated with definitive IMRT after 2004 were
included in our analysis. 295 (72.3%) patients were treated to level V electively, while 113
(27.7%) were not.

Median follow-up for surviving patients in the group as a whole was 63.6 months (range, 1.3
to 125 months); median follow-up for patients in whom level V was excluded was 51.2
months (range, 1.3 to 125.4 months); median follow-up for patients in whom level V was
treated was 65.5 months (range, 6.6 to 124.5 months).

Detailed patient and tumor characteristics are shown in table 1. The median patient age was
59 (range 27-91) for the entire cohort. Sub-sites of primary disease within the oropharynx
included 166 tonsil, 222 base of tongue, 16 posterior pharyngeal wall, and 4 soft palate.
HPV ISH and/or p16 status were available in 165 patients (40.4%).

HPV status was not significantly associated with elective coverage of LVN (HPV positive,
p=0.146; HPV negative, p=0.854). There were significant differences in overall stage
(p=0.006) and tobacco status (p=0.04) between the two groups.

Treatment regimens

Outcomes

One patient received induction chemotherapy without concurrent chemotherapy (0.2%); 11
patients received induction chemotherapy and concurrent chemotherapy (2.7%); the
remaining 396 patients (97.1%) received concurrent chemotherapy only. The most
commonly used agents were cisplatin (57.3%)—administered at 100 mg/m2 once every
three weeks up to a maximum of 3 doses—and cetuximab (11%)—administered with a
loading dose of 400 mg/m2 followed by weekly doses of 250 mg/m2. The remainder of
patients were treated with various regimens of concurrent systemic therapy including
carboplatin and 5-fluorouracil, carboplatin and paclitaxel, cisplatin and bevacizumab or
cetuximab and nab-paclitaxel. There were no significant differences between the two groups
with regards to treatment regimen.

Zero patients in either group experienced LVN recurrence. There were 26 cases of regional
recurrence in the entire cohort, 4 in the LVN untreated group and 22 in the LVN treated
group. Among these 26 patients with nodal failures, 51 sites of failure were identified,
enumerated in table 2.

Failures without a nodal regional recurrence (isolated local failure, isolated distant failure, or
synchronous local and distant failure) occurred in 57 patients, 16 in the LVN-untreated
group and 41 in the LVN-treated group. The 2-year cumulative rate of regional failure (RF)
was 4.5% (95% C1=2.9-6.6) in the overall cohort, 2.2% (95% CI = 0.1-5.9) in the LVN-
untreated group, and 5.4% (95% CI = 3.4-8.1) in the LVVN-treated group (see figure 1). After
adjusting for stage and tobacco status, the two potentially confounding variables that were
significantly associated with both regional recurrence risk and LVN inclusion, there was no
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significant difference between the two groups in the rate of regional failure (HR=1.75 95%
Cl = (0.61-5.07), p=0.30).

There was no significant difference in cumulative mortality risk comparing the LVN-treated
and LVN-untreated groups, 16.7% (95% Cl, 6.6-18.6) vs 11.8% (95% Cl, 12.6-21.2)
(p=0.34).

Incidental dose to level V

In order to estimate the dose delivered to level V when it was not explicitly targeted, LVN
was contoured in 3 cases where a low anterior neck field was used and 3 cases where IMRT
was used to treat the lower neck. In all cases, the dose to LVN was <30 Gy. The mean dose
in the LAN group was 23.6 Gy and the mean dose in the IMRT group was 16.4 Gy.

Discussion

Within this cohort of 408 locally advanced OPC patients, no regional nodal failures occurred
in level V whether it was covered electively or not. No significant relationship between the
cumulative incidence of regional nodal failure and the elective treatment of LVN was
identified on either univariate or multivariate analysis. To our knowledge, this is the largest
study demonstrating the safety of level VV omission in the definitive treatment of OPC.

The cervical lymph nodes are the first site of metastasis in OPC, and the question of whether
to omit LVN as part of the standard neck dissection has been extensively studied in the
surgical literature [8-14]. These studies have served to inform the radiation treatment
approach for OPC and the design of elective nodal fields based on risk of pathologic
involvement [15, 16]. Shah and colleagues [13] studied 1119 patients who underwent neck
dissection for HNSCC (1081 of which were at the time of primary treatment) and found a
5% rate of level V involvement in the entire cohort with an 11% rate of involvement in OPC
patients. Additional data published by Davidson and colleagues in a similarly large cohort
demonstrated a 3.6% overall rate and a 6.1% OPC subset rate [8]. Based on these data and
other relevant studies [20, 21], omission of ipsilateral LVN was variably recommended in
NO-1 OPC patients [15] or in patients without clinical involvement of levels 11-1V [16].
However, most of the studies influencing these guidelines were published in the
1970s-1990s, before the modern era of HPV-driven disease which displays unique biology,
prognosis, patterns of spread and response to treatment. Our study provides a unique
contribution to this literature in that nearly half of our patient population had HPV/p16
testing available and, of those tested, approximately 66% were HPV positive, more closely
reflecting the current landscape of OPC epidemiology in the United States [22]. Despite this,
no level V failures were seen in our cohort of patients, irrespective of HPV status.

Further contemporary surgical reports on neck dissection results have shown LVVN metastasis
rates in HNSCC ranging from 5.8% to 19.1% [9-12, 14]. However, these rates appear to be
largely driven by non-OPC HNSCC. Combining results of the three studies that report OPC
specific rates, [9, 10, 12] 14 of 136 patients (10.3%) were found to have LVVN metastases on
neck dissection. Our data demonstrate lower rates of L\VVN metastases when compared to the
above surgical literature. These differences may be attributed to differences in study
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population, lower sensitivity of clinical and radiographic staging compared to surgical
staging as well as the possibility of subclinical disease that may be eradicated by incidental
radiation dose to LVN. Furthermore, in the above studies, level V metastasis was found to
correlate with involvement of multiple other cervical nodal levels (11-1V). Our population is
likely composed of patients with earlier stage disease than the above studies as most of our
patients were of nodal stage N2b or less. None of our OPC patients demonstrated clinical
level V involvement at the time of presentation whereas a portion of the patients in the above
studies were found to have clinically positive level V nodes, again suggesting earlier nodal
stage in our population. Our analysis of dose to level V in a small subset of our cohort
indicated that dose to level V, when it is not explicitly targeted, is under 30 Gy and would be
expected to be subtherapeutic.

Mohindra et al. recently reported their experience with omission of level VV lymph nodes in
OPC in selected patients with NO-N2b disease [17]. Though their study demonstrated no
significant difference in regional failure rate between omitted and treated groups as well as
no RFs in the LVN regardless of elective coverage, the study population was limited and
only included 35 patients with bilateral LVN exclusion. As expected, reduction in integral
dose was seen with LVN omission. In the current study, nearly 25% of patients were of
advanced nodal stage (N2c-N3), a cohort not included in the above study, and still no LVN
failures were observed.

The ultimate goal of limiting treated nodal volumes is reduction in treatment related
morbidity without a sacrifice in tumor control. As an example, significant toxicity benefits
have been observed with omission of other cervical lymph node regions. Omission of
retropharyngeal and high level Il nodal stations in OPC patients has been shown to improve
dysphagia outcomes [23], as well as minimize parotid dose [24]. While sparing of level V
may not result in the same impact as sparing upper neck nodal basins, potential benefits
include lower risks of dermatitis, brachial plexopathy [25], neck fibrosis and spasm [26], and
shoulder dysfunction [27], particularly as the spinal accessory nerve runs superficially
through level V and surgical manipulation can result in significant shoulder impairment [28,
29]. Because most of these events are late toxicities, detection of a difference with LVN
omission would require both large sample sizes and extended follow-up. Although potential
toxicity benefits of LVN omission have yet to be demonstrated definitively, any decrease in
irradiated volumes that can be safely implemented should be encouraged, particularly as
improved survival is expected with the increasing proportion of HPV+ OPC cases in the
modern era [30, 31].

This study is limited by its retrospective, single-institution nature. A dosimetric comparison
between the LN treated and LVVN untreated groups would be informative, though as
mentioned above, structures at risk in this region are not routinely contoured for avoidance.
Comparison of late patient reported outcomes between the two groups will be an important
avenue of future study to determine the true clinical benefit of LVVN sparing. It is also
important to keep in mind that these results may or may not be applicable to other HNSCC
subsites given differences in patterns of spread and lymphatic drainage. In spite of these
shortcomings, to our knowledge this study represents the largest cohort of OPC patients
reported in the literature treated with LVN omission, demonstrating a clear equivalence of
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tcome and no increased risk of failure. In light of these findings, elective coverage of level
is now omitted in treatment of OPC at our center in virtually all cases.

Conclusions

Our report demonstrates that in a large cohort of patients, there is no impact on regional

co
in

ntrol in OPC when elective LVN irradiation is omitted. No regional recurrences occurred
level V when it was omitted from radiation treatment fields. Our data strongly suggest

that LVN can be safely excluded from elective treatment volumes in locally advanced OPC.
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Highlights
. Analysis of 408 stage I11/IV oropharyngeal cancers treated with IMRT.

. Bilateral level V nodes were treated in 295 patients and omitted in 113
patients.

. With a median follow-up of 63.6 months, there were no LVN failures in either
group.

. There was no increase in regional failure in the LVN untreated group.

. LVN can be safely omitted from the clinical target volume in locally advanced
OPC.
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Cumulative Incidence of Regional Failure
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Table 1
Patient and Tumor Characteristics
LVN Treated LVN Untreated | p Value
N=295 (72.3%) | N=113(27.7%)
Median (Range) | Median (Range)

Age 58 (27 - 84) 59 (43 - 91) p=0.16
KPS 90 (60 - 100) 90 (70 - 100) p=0.67
N (%) N (%)

Gender p=0.55

Male 262 (89%) 98 (87%)

Female 33 (11%) 15 (13%)

Tobacco use p=0.04
<10 pack years 143 (48%) 65 (57%)

>= 10 pack years | 152 (52%) 45 (40%)

Unknown 0 (0%) 3 (3%)

T Stage p=0.054
T1 62 (21%) 26 (23%)

T2 131 (44%) 63 (56%)

T3 58 (20%) 16 (14%)

T4 44 (15%) 8 (7%)

N Stage p=0.49
NO 7 (2%) 2 (2%)

N1 49 (17%) 26 (23%)

N2a 27 (9%) 10 (9%)

N2b 139 (47%) 49 (43%)

N2c 67 (23%) 26 (23%)

N3 6 (2%) 0 (0%)

Stage Grouping p=0.006
11 42 (14%) 29 (26%)

v 253 (86%) 84 (74%)

HPV Status p=0.97
Performed 124 (42%) 41 (36%)

Positive 82 (66%) 27 (66%)

Negative 42 (34%) 14 (34%)
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Regional Recurrence Locations

Table 2

Level V Treated

Level V Untreated

Location | Ipsilateral | Contralateral | Ipsilateral | Contralateral
la 1 0 0 0
b 1 0 0 1
1 17 2 4 2
1 8 1 3 3
v 5 0 1 1
\Y 0 0 0 0
Other 0d 0 0 0

a I I . . I
other sites include one failure in a subcutaneous nodule adjacent to parotid and one failure in a retropharyngeal lymph node
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