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Abstract

Background: To define the location of the initial contralateral lymph node (LN) metastasis in
patients with oropharynx cancer.

Methods: The location of the LN centroids from patients with oropharynx cancer and a single
radiographically positive contralateral LN was defined. A clinical target volume (CTV) inclusive
of all LN centroids was created, and its impact on dose to organs at risk was assessed.

Results: We identified 55 patients of which 49/55 had a single contralateral LN in level 1A, 4/55
in level 111, 1/55 in level 11B and 1/55 in the retropharynx. Mean radiation dose to the contralateral
parotid gland was 15.1 Gy and 21.0 Gy, (p < 0.001) using the modelled high-risk elective CTV
and a consensus CTYV, respectively.

Conclusions: We present a systematic approach for identifying the contralateral nodal regions
at highest risk of harboring subclinical disease in patients with oropharynx cancer that warrants
prospective clinical study.

Keywords
oropharynx cancer; radiotherapy; elective; lymph nodes; toxicity

Corresponding author: Matthew E. Witek, MD, MS, 22 South Greene Street, Baltimore, MD 21201, Phone: (410) 369-5221, Fax:
(410) 347-0870, matthew.witek@umm.edu.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Witek et al.

Page 2

Introduction

Patients with human papillomavirus positive oropharyngeal squamous cell carcinomas
(HPV+OPSCC) represent a favorable patient cohort with overall survival rates of 70-100%
at 3-years depending on patient and disease characteristics 1. Comprehensive head and
neck radiochemotherapy (RCT) remains standard of care for patients with locally advanced
HPV+OPSCC 6. Despite modern RT techniques and improvement in supportive care
measures, significant treatment related side-effects remain 4. Therefore, it is important

to define management strategies that maintain excellent clinical outcomes while effectively
reducing the risk of chronic toxicities.

Completed trials and studies in progress focus on several different thematic approaches
to reduce the side-effects of RCT. These include replacing cisplatin with cetuximab

45 induction chemotherapy selection of patients with favorable responses followed by
reduced RT doses 7, reduced-doses of RT and chemotherapy 38, accelerated RT without
concurrent chemotherapy 2, minimally invasive surgery followed by de-intensified risk-
adapted adjuvant therapy 1911 and immunotherapy in the upfront concurrent setting 12.

The concept of RT volume reduction as a technique to reduce toxicity has been explored
albeit to a lesser degree than the described approaches 3. One volume reduction approach

is to strategically eliminate contralateral elective nodal treatment volumes in well-lateralized
tonsil tumors with a minimal ipsilateral nodal burden 14. This approach is supported surgical
series that report very low rates of contralateral failure in patients undergoing ipsilateral
only neck dissection without adjuvant therapy 1°. However, in patients undergoing definitive
RCT, the majority receive elective contralateral nodal irradiation 2. Therefore, identifying
approaches to reduce treatment volume in the contralateral elective neck has the potential to
reduce toxicities in a significant percentage of patients with HPV+OPSCC.

We hypothesized that an empirically defined elective treatment volume would target

the location at highest risk of containing occult contralateral nodal disease and reduce
radiation dose to organs at risk. To this end, we used patients with OPSCC and a single
radiographically positive contralateral LN to define a high-risk elective contralateral nodal
volume. We compared the dose to organs at risk between the modeled CTV and a consensus
guideline defined treatment volume 6.

Material and Methods

Patient selection

Retrospective review of patient data was approved by the University of Wisconsin-
Madison and Cleveland Clinic Institutional Review Boards. Patients with histologically
confirmed squamous cell carcinoma of the tonsil or base of tongue and a single
radiographically positive contralateral LN were included in the analysis. Radiographically
positive contralateral LNs were defined during Head and Neck tumor boards where the
size, shape, contrast enhancement characteristics, lack or presence of a fatty hilum, and
metabolic activity of the node were considered. Common characteristics used to define
clinically involved LNs included a maximum standardized uptake value (SUVmax) > 3.0
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and/or short-axis diameter > 1.5 cm for level 1l, > 1.0 cm for levels IB, 11, IV, and V,

> 0.8 cm for retropharyngeal lymph nodes and/or central necrosis and/or heterogeneous
enhancement. LN drainage is similar between HPV/p16-negative and HPV/p16-positive
cancers 17. Therefore HPV/p16 status was reported but not required. AJCC 7t edition was
used for overall clinical, T- and N- staging of all patients.

Defining contralateral LN centroid location and high-risk CTV

For each patient, the single radiographically positive contralateral LN was contoured. The
LN centroid (center of the LN) was defined using MIM software (MIM Inc., Cleveland,
OH). The location of each LN centroid was classified as belonging to level IB, II, 11, IV,

V or lateral retropharyngeal as previously defined 16. Level 11 was subdivided into 1A and
I1B. Level I1A was limited superiorly by the caudal edge of the C1 lateral process, inferiorly
by the caudal edge of the hyoid bone, anteriorly by the posterior edge of the submandibular
gland or posterior edge of the posterior belly of the digastric muscle, laterally by the medial
surface of the sternocleidomastoid muscle or platysma, medially by the medial edge of the
internal carotid artery, and posteriorly by the by posterior edge of the internal jugular vein.
Level 11B included the same superior, inferior, lateral, and medial borders of 1A with an
anterior border that was defined by the posterior edge of the internal jugular vein and a
posterior border of the posterior edge of the sternocleidomastoid muscle 16:18-20,

Unique distances and angles between the anatomic structures of the neck between patients
prohibited direct mapping of LN centroids onto a single representative CT scan. Therefore,
the extreme superior, inferior, anterior, posterior, lateral, and medial location of the LN
centroids within their respective LN station was defined. The extreme location of LN
centroids within each LN station was used to contour the high-risk CTV on a single CT neck
scan.

Defining factors associated with LN location

We evaluated the association of primary tumor and LN characteristics with the location

of the radiographically positive contralateral LN. Primary tumor characteristics that were
included in the analysis were tumor location (tonsil versus base of tongue), location of the
primary tumor with regard to midline (reaches/crosses versus lateralized), and maximum
dimension (< 4 cm). LN characteristic that were assessed included number of clinically
involved ipsilateral LN (0-2 versus > 2), the presence of an ipsitlateral LN in level 111, and
size of the largest ipsilateral LN (> 2 cm). Extranodal extension was not included in the
analysis because of limited radiographic positive predictive value 21,

Treatment planning

Ten patients with OPSCC (5 tonsil and 5 base of tongue) with NO-2b disease (AJCC 7t
who were previously treated with elective contralateral cervical nodal RT were re-planned
using the modeled high-risk elective CTV and a consensus CTV 16, Previous primary tumor
and involved ipsilateral neck treatment volumes were unchanged. We adjusted the elective
contralateral nodal volume to included either the RTOG consensus cervical nodal volumes
I1-1V or the modelled elective contralateral volume as described. The primary tumor and
involved nodes were contoured to create a high-risk gross tumor volume that received 70 Gy
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(GTV70). As per our institutional practice and supporting published literature, the GTV70
was expanded by 3mm to create a planning target volume (PTV70) without an intermediate
CTV expansion 22725, Intermediate- and low-risk elective CTV nodal volumes received 60
Gy and 52.5 Gy, respectively, in 33 fractions. All CTVs were expanded by 3 mm to create
respective PTVs. Tomotherapy-based intensity modulated RT plans were generated using

a commercially available planning software (Pinnacle, Philips Healthcare, Andover, MA).
Planning parameters included a field width of 2.512 cm, dynamic jaw mode, a modulation
factor of 3 and pitch of 0.267. Plans were optimized to ensure that 95% of each PTV was
covered by 100% of the prescribed dose.

Normal tissue complication probability (NTCP) analysis

The NTCP for the contralateral parotid gland was compared between plans using the
modelled CTV and a consensus CTV using NTCP parameters that have been previously
described 26:27, \folumetric dose distributions for differing fractionation schemes were
converted voxel-wise to iso-effective dose in 2 Gy fraction equivalent (EQD2) using the
linear quadratic formula with a/p of 2.5. NTCP for the contralateral parotid gland was then
calculated based on the volumetric mean EQD2 dose using the Lyman model with n of

1, m of 0.4, and TD50 of 39.9 Gy 28:29, The minimal clinically important difference in
treatment-related toxicity is expected from a mean change in NTCP of > 5%, as previously
described 2730,

Statistical Analysis

Results

Patient and disease characteristics were reported with descriptive statistics. Factors
associated with the location of the radiographically positive contralateral LN were assessed
by the Fisher exact test. Based on our institutional data, we assumed an average parotid
dose of 22 Gy for the consensus CTV that would be reduced by 25% using the modelled
CTV. Ten patients provided us 80% power with an alpha of 0.5 to detect this difference. The
t-test was used to compare dosimetric data of dose to organs at risk using different elective
contralateral CTVs. A p-value of > 0.05 was considered significant.

Fifty-five patients with OPSCC and a single radiographically positive contralateral LN were
identified for analysis. Patient and disease characteristics are shown in Table 1. Median age
was 59 years (range, 35 — 76 years). Approximately two-thirds of patients had a smoking
history with a reported median of 29 pack-years. Base of tongue was the most common
primary tumor at 65% and cT2-T4 comprised 95% of the total patient cohort. For patients
with known HPV/p16-status, 76% were positive.

Contralateral LN mapping

Level 1A was involved in 89% (49/55) of cases, 7% (4/55) of patients had a level 111
and 2% (1/55) of patients had either a level 11B or lateral retropharyngeal. The most
superior LN centroid in level 11A was located 5 mm below the inferior surface of the
C1 transverse process. There were no level I1A LNs that were lateral to the edge of the
sternocleidomastoid muscle. There was a single LN medial to the internal carotid artery.
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This lateral retropharyngeal node was identified in a patient with a large primary tumor
with extensive posterior pharyngeal wall involvement. The single level 11B LN centroid
was within 5mm from the posterior edge of the internal jugular vein. There were no
predictors for an initial contralateral level 111 LN. The modeled high-risk elective CTV
that encompassed all contralateral LNs except for the lateral pharyngeal node was created
and contoured on axial slices of neck CT with a consensus elective nodal CTV drawn for
comparison (Figure 1A-D).

Dosimetric impact of the modeled high-risk elective CTV

We examined the dosimetric impact of the modeled high-risk elective CTV on contralateral
organs at risk from 10 patients, 5 base of tongue and 5 tonsil primaries, who previously
received elective contralateral radiation. The mean dose and range for the contralateral
parotid gland using the modeled high-risk CTV was 15 Gy (13 Gy — 17 Gy) and 22 Gy

(18 Gy — 26 Gy) using a consensus CTV (p < 0.0001). A significant reduction was seen in
NTCP for the contralateral parotid gland using the modeled CTV (p < 0.001). The NTCP
mean for consensus CTV was 6.9% (range: 4.9% — 10.7%) and 3.6% (range: 2.6% — 4.3%)
for the modeled high-risk CTV (Figure 3). This corresponded to a mean reduction of NTCP
for the contralateral of 52%. Dose differences for the contralateral submandibular gland (p =
0.05), residual constrictors (p = 0.05) and esophagus (p = 0.06) approached but did not meet
the predefined level of significance.

Discussion

Comprehensive head and neck radiation is associated with a spectrum of acute and chronic
toxicities 431:32, We propose a modeled high-risk elective contralateral CTV (for the NO
neck) based on the location of known contralateral metastatic LNs in oropharynx cancer
patients that resulted in an improvement in NTCP for the contralateral parotid gland. This
minor modification in treatment technique for the NO neck may favorably impact toxicity
and long-term quality of life while successfully maintaining regional disease control.

The vast majority of local and regional failures in patients with HP\VV+OPSCC occur
within high- and intermediate-dose treatment volumes while a minority occur in low-dose
elective or untreated nodal stations 22. As such, radiotherapy field design and dose delivery
should focus on gross disease and areas at highest risk of harboring subclinical disease.

In patients with HPVV+OPSCC warranting coverage of the contralateral NO neck, historical
standards have dictated coverage of the entire fat space encompassed by cervical nodal
stations I1-1V. The actual benefit of such broad coverage in patients with OPSCC at risk

of contralateral dissemination is not clear. The hypothesis of this study is that the initial
ipsilateral metastatic node location predicts the highest location likelihood for subclinical
disease in the contralateral NO neck. A further assumption in this study is that there are not
multiple nodes containing microscopic disease in the clinically negative NO neck. This is
supported by a recent surgical series demonstrating that 75% of patients with HPV-positive
base of tongue primaries found to have occult contralateral disease had a single node 32.

We used retrospective data to define the location of the initial radiographically positive
contralateral LN in patients with oropharynx cancer. The resultant CTV established through
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the combination of these locations generated a volume that was 40% smaller than the
corresponding consensus CTV. Contralateral level 1A was the most common location. We
did not identify any contralateral LNs in levels IB, 1V, or V. A single LN was identified

in the contralateral retropharyngeal space, which is consistent with previous reports 34:35,
Given this finding, caution in applying the modeled contralateral CTV in patients with
extensive posterior pharyngeal wall involvement should be used. Dosimetric analysis of
patients with either a tonsil or base of tongue primary planned using a consensus CTV
compared to the modeled CTV demonstrated significant reduction in dose to organs at risk
specifically the contralateral parotid gland, which exhibited a 32% reduction in mean dose
and greater than 50% reduction in NTCP suggesting the potential to decrease the severity
of treatment-related xerostomia 2. We recognized that the size and location of the primary
tumor as well as the burden of ipsilateral nodal disease affects dose to contralateral organs at
risk. Despite this limitation, these data support an elective volume reduction technique that
may significantly improve the therapeutic index of comprehensive head and neck irradiation
for patients with HPV+OPSCC.

Despite surgical data demonstrating limited contralateral failures in patients with early stage
non-lateralized oropharynx cancer receiving ipsilateral only neck dissection and guidelines
to support unilateral treatment of lateralized tonsil tumors with limited ipsilateral nodal
disease burden 1415, data from recent large, randomized trials suggests that most patients
with HPVV+OPSCC receive bilateral nodal irradiation. In De-Escalate, despite tonsil cancers
accounting for 64% of the population, 80% received bilateral radiotherapy °. Forty-four
percent of patients enrolled in RTOG 1016 had base of tongue primaries while 50% had
tonsil tumors suggesting that greater than half of all patients enrolled would have received
bilateral neck radiotherapy 4. In the more recent cooperative group study HN002, 85.3% of
patients received elective contralateral irradiation. Therefore, given the incidence of bilateral
radiotherapy for highly curable HPV+OPSCC patients, reduction in contralateral parotid
dose using a smaller contralateral elective target volume would represent a highly inclusive
toxicity reducing technique for patients with HPV+OPSCC.

Therapy de-intensification for patients with HP\V+OPSCC must be balanced with preserving
the expected excellent clinical outcomes. To date, efficacy of therapy de-intensification

has been mixed. In patients with low risk factors such as < T4 and a limited smoking
history, reduction in both radiotherapy and chemotherapy is effective 3. However, clinical
outcomes for patients with high-risk features such as advanced T and N stage and heavy
smoking history resulted in decreased progression free survival when treated with therapy
de-intensification 7. Consequently, a number of studies have excluded patients with high-
risk factors 536, The proposed therapy de-intensification approach suggested would likely
not be affected by tumor and nodal burden or smoking history and therefore could be
considered for a broader cohort of patients. However, this assumption needs to be confirmed
prospectively.

Elective nodal irradiation volume reduction is currently being developed as a harm-
minimization approach for patients with oropharynx cancer. Sher et al., recently reported

no elective regional failures in patients with non-well-lateralized primary oropharynx tumors
receiving elective contralateral radiation to level Il. This approach resulted in a reduction
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in the contralateral parotid gland dose to 16.9 Gy compared to 22.9 Gy to the ipsilateral
superficial parotid gland 37. A similar approach is being evaluated in the Canadian Evader
trial for patients with low-risk HPV-positive OPSCC (NCT03822897). These studies support
our data. In our experience, parotid gland dose is affected more by level 11B than I1lA.
Prospective study will evaluate the impact of reducing level 11 coverage to level I1A and the
anterior most portion of 11B.

This study has several limitations. First, it is retrospective in nature and defining the
ultimate impact on regional control and toxicity will require prospective clinical evaluation.
In addition, the total number of patients evaluated was limited. This is likely given the
percentage of patients that present with contralateral nodal disease defined by a single
positive node However, given that nearly 90% of patients had a single radiographically
positive contralateral LN in level 1A, it is unlikely that additional patients would change
the LN distribution. Second, the definition of a positive contralateral LN was based on
radiologic findings rather than pathologic data. Lastly, although unlikely, it is unclear if
prior resection of the primary tumor and dissection of the involved ipsilateral neck would
influence contralateral drainage, which may limit this approach to patients undergoing
non-surgical management.

Patients with HPVV+OPSCC exhibit favorable clinical outcomes compared to those with
HPV-negative disease. Patient selection and efforts to reduce toxicity while maintaining
favorable outcomes are ongoing. We present a rational method to identify the contralateral
NO neck volume at highest risk for occult disease and a strategy to reduce elective neck
volumes and contralateral parotid gland dose. Patterns of failure analyses and pathologic
data suggest this approach would be effective in sterilizing occult contralateral regional
disease. Prospective study is needed to confirm the impact of the modeled elective high-dose
CTV on regional control and toxicity.
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Figurel.
CT neck slices in the axial (A and B), coronal (C), and sagittal (D) view demonstrating

the differences between the modeled high-risk elective contralateral CTV (yellow) and the
RTOG defined consensus elective neck contour (green) containing contours of the modeled
CTV (green) and consensus CTV (yellow). The modeled high-risk CTV is defined by the
extreme location of all LN centroids in each respective LN station. The internal jugular vein
(dark blue), internal carotid artery (red), parotid gland (light blue), and submandibular gland
(pink) are contoured for reference.
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Figure 2.
Box and whisker plot of dose to the contralateral parotid gland from 10 oropharynx cancer

patients planned with either a consensus CTV or modeled high-risk elective contralateral
CTV.
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Patient and disease characteristics

Table 1.

UW n=25, (%)

Age

Median 57

Range 43-76
Sex

Male 21 (84)
Race

White 25 (100)

Black 0 (0)
Smoking history

Never 9 (36)

Previous/Current (median pack-years) 25
Tumor site

Tonsil 9 (36)

Base of tongue 16 (64)
Clinical T-stage

1 1(4)

2 14 (56)

3 3(12)

4 7(28)
HPV/p16-status

Positive 16 (64)

Negative 4 (16)

Unknown 5 (20)

CC n=30, (%)

60
35-76

30 (100)

26 (87)
4(13)

9(30)
39

10 (33)
20 (67)

2(7)
11 (37)
8(27)
9(39)

26 (87)
3 (10)
1(3)

Total n=55

59
35-76

51 (93)

51 (93)
4(7)

18 (33)
29

19 (35)
36 (65)

3(5)
25 (45)
11 (20)
16 (29)

42 (76)
7(13)
6 (11)
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