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Abstract

Background—Radiation treatment volumes in head and neck squamous cell carcinoma
(HNSCC) are controversial. Here we report the outcomes, failures, and quality of life (QOL) of
patients treated using intensity modulated radiation therapy (IMRT) that eliminated treatment of
contralateral retropharyngeal lymph nodes (RPLN) in the clinically uninvolved neck.

Methods—A prospective institutional database identified patients with primary oral cavity,
oropharynx, hypopharynx, larynx and unknown primary HNSCC treated using IMRT. There were
three temporal groups (G1-3). G1 received comprehensive neck IMRT with parotid sparing, G2
eliminated the contralateral high level Il (HLII) lymph nodes, and G3 further eliminated the
contralateral RPLN in the clinically uninvolved neck. Patterns of failure and survival analyses
were completed and QOL data measured by the MD Anderson Dysphagia Inventory (MDADI)
was compared in a subset of patients from G1 and G3.

Results—There were 748 patients identified. Of the 488 patients treated in G2 or G3, 406 had a
clinically uninvolved contralateral neck. There were no failures in the spared RPLNs (95% ClI;
0-1.3%) or high contralateral neck (95% CI; 0-0.7%). QOL data was compared between 44
patients in G1 and 51 patients in G3. QOL improved both globally and in all domains assessed for
G3 in which reduced radiotherapy volumes were used (p < 0.007).

Conclusions—For patients with locally advanced HNSCC, eliminating coverage to the
contralateral HLII and contralateral RPLN in the clinically uninvolved side of the neck is
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associated with minimal risk of failure in these regions and significantly improved patient-
reported QOL.
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INTRODUCTION

Intensity modulated radiotherapy (IMRT) for head and neck squamous Cell Carcinoma
(HNSCC) has been adopted as the standard of care, supported with dosimetric and
prospective randomized clinical evidence that reduced radiation dose reduces toxicity,
especially in the parotid glands®. Early in the IMRT era, contouring guidelines advocated
parotid sparing but otherwise maintained comprehensive nodal coverage?=>. Subsequent
patterns of failure analyses have demonstrated that marginal recurrences are rare, thus
reducing concerns of locoregional failure when IMRT is carefully applied26.7. The
University of Michigan was the first to report data demonstrating the safety of eliminating
elective radiotherapy to the high level 1l (HLII) lymph nodes in the contralateral clinically
uninvolved side of the neck8. Subsequently these investigators showed there was an inverse
dosimetric correlation with xerostomia®. More recent literature has focused on the
importance of sparing swallowing structures to reduce dysphagia and further improve
quality of life (QOL)0.11, Thus, it is important to determine the safe lower limits of elective
radiation treatment volume in HNSCC in order to decrease dose to normal structures and in
turn attempt to decrease morbidity.

At our institution three groups or generations of elective neck target delineation guidelines
have been used, each generation eliminating radiotherapy to structures thought to be at low
risk of recurrence. Generation 1 (G1) focused on parotid gland sparing, but otherwise
maintained comprehensive bilateral elective neck coverage, consistent with institutional 2D
treatment field coverage. Results with the first generation guidelines have been reported212,
Generations 2 (G2) and 3 (G3) eliminated radiotherapy to the contralateral HLII and
contralateral retropharyngeal lymph node (RPLN) regions, respectively, for patients with a
clinically uninvolved contralateral neck. Since early data supporting the elimination of the
high contralateral neck emerged many patterns of failure reviews have been reported, but no
evidence based guidelines on radiotherapy volumes have been published and standard
practice varies.13. The primary purpose of this study was to evaluate the safety and
feasibility of eliminating coverage of the contralateral RPLNs. We had two hypotheses; first
that eliminating coverage of this volume would not increase the risk of recurrence, and
second that the reduced radiotherapy volumes in G3 would significantly decrease
swallowing morbidity relative to G1. Thus, we expected to see improvements in patient
reported QOL as measured by the physical, functional, and global domains of the MDADI.

MATERIALS AND METHODS

Patient data was collected using a prospective registry for head and neck cancer patients
treated with IMRT approved by the institutional review board at Washington University in
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St. Louis. Eligibility criteria required the patient be treated with IMRT and have squamous
cell carcinoma of the oral cavity, oropharynx, hypopharynx, larynx, or an unknown primary.

All patients had pretreatment staging workup including nasopharyngoscopy, CT with
contrast and/or MRI, and/or FDG-PET/CT imaging. Patients were discussed at a
multidisciplinary tumor board to determine the appropriate treatment course. If primary
surgical treatment was chosen, unilateral or bilateral neck dissection for cervical adenopathy
or nodal levels at risk of occult metastasis was completed at the time of primary tumor
resection. Neck dissections usually included levels I1-1V, but also extended to levels | and V
when clinically indicated. Postoperatively, patients underwent adjuvant radiotherapy (RT) or
chemoradiotherapy (CRT). Concurrent chemotherapy was typically platinum-based.

Targets and Dose Prescription

Gross tumor volumes (GTV) were contoured based on physical examination,
nasopharyngoscopy, imaging studies, including CT, MRI, and/or FDG-PET/CT scans, as
well as operative and pathology reports for surgically managed patients. The high-risk
clinical target volume (CTV1) was defined as the primary tumor (pGTV + 1.5 - 2.0 cm) or
tumor bed and any positive or suspicious lymph nodes (nGTV + 0.5 - 1.0 cm). The low-risk
or elective clinical target volume (CTV2) was defined as the uninvolved elective neck. The
nodal levels have been previously described by Grégoire et al.*. These volumes were then
expanded by 0.5 cm to obtain a planning target volume (PTV).

Patients treated definitively (nonsurgical) received 70 Gy in 2.0 Gy fractions to CTV1 and
56 Gy in 1.6 Gy fractions to CTV2. Patients treated postoperatively received 60-66 Gy in
2.0 Gy fractions to the CTV1, and 50-56 Gy in 1.64-1.73 Gy fractions to the CTV2
depending on risk classification. All patients were treated using a simultaneous integrated
boost.

Elective Neck Contouring Guidelines

In all generations, patients with well-lateralized T1/2 NO tonsil, oral tongue, alveolar,
buccal, retromolar trigone and soft palate primaries were treated using unilateral techniques.
Selected patients with unknown primary cancers and unilateral neck disease were treated to
the ipsilateral neck alone at our institution4. These patients were not excluded from any
analysis.

Generation One (G1)—From June 1997 to July 2004, 260 patients were treated with first
generation guidelines (G1) which have been reported.23 The focus was on parotid sparing
but otherwise comprehensive IMRT was used. Bilateral level 11 lymph nodes to C1 and the
bilateral RPLN to the base of skull were covered as was done in the 2D era. We attempted
bilateral parotid sparing and used an anterior-posterior (AP) low neck matched field.

Generation Two (G2)—From July 2004 to June 2007, 205 patients were treated with
second generation guidelines. G2 eliminated contralateral HLII coverage in the clinically
uninvolved side of the neck but retained bilateral RPLN coverage. All treatment was IMRT
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(AP low neck match was eliminated). HLII was defined as the area of level 11 superior to the
intersection of the posterior belly of the digastric muscle with the internal jugular vein.8
(Figure 1).

Generation Three (G3)—From June 2007 to December 2010, 283 patients were treated
with G3 guidelines. This generation eliminated coverage of the contralateral RPLN region in
the clinically uninvolved side of the neck. Thus, in the contralateral neck, level 11 nodes
were contoured up to the level where the posterior belly of the digastric muscle crosses the
internal jugular vein and RPLNs were excluded (Figure 2). The ipsilateral RPLNs were
treated to the base of skull.

Definition of Relapse

Recurrences were classified as local, regional or distant. Local failures were defined as
failures that occurred at or near the site of primary disease. Regional failure pertains to nodal
failure above the clavicle. The recurrent tumor volume (V) was defined for all patients with
recurrent disease as previously described?15. The Vs was compared or co-registered with the
treatment planning CT data set using the Computational Environment for Radiation
Research (CERR; Washington University). Recurrences were classified as “In-field,”
defined as > 95% Vs receiving 95% prescription or “marginal,” 20-95% Vi receiving 95%
prescription, or out of field, < 20% Vs receiving 95% prescription.

Quiality of Life

The 20 question MDADI was used to collect patient reported QOL datal®. The MDADI is a
validated head and neck dysphagia instrument that has proven to be sensitive to swallowing
outcomes for patients with HNSCC16. The questionnaire was chosen for clinical
implementation at our institution due to its early validation in the IMRT era and widespread
adoption. In 3/2008 the MDADI was mailed to all living patients in G1 with known
addresses. Patients were requested to fill out the questionnaire and return it to clinic. During
G3 QOL data was collected in a prospective longitudinal manner at the time of initial
consultation and at each follow-up visit using a written questionnaire administered to the
patient. All data was managed during and after collection by clinical trials data analysts. We
compared late swallowing morbidity by comparing G1 patients with QOL data to G3
patients with QOL data after 30 months post treatment. Questionnaires were scaled from 0
to 100 with 0 being the worst and 100 the best QOL. Missing data was excluded. At
validation, a score between groups of less than 10 points showed no difference and scores of
18 and greater showed significance. It is likely the minimally clinically significant
difference lies between these values. Previous authors have suggested a difference of 16% of
the instrument range was significant!’. Using this as a guide, we hypothesized that a
difference of 15% of the instrument range would result in a minimal clinically significant
difference.

Statistical Analysis

Actuarial locoregional recurrence was calculated using the Kaplan-Meier method and was
compared using the log-rank method!8. Confidence intervals were created using a method
derived from the Poisson distribution as described by Hanley and Lippman-Hand, 198319,
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Wilcoxon rank-sum test was used to compare the emotional, physical, functional, and global
QOL domains between patients treated with the G1 and G3 guidelines. Fisher's exact test
was used to test for association between clinical variables and generations.

Outcome Analysis

QOL

From June 1997 to December 2010, 748 patients with previously untreated HNSCC were
treated consecutively using IMRT at Washington University in St. Louis. Favorable
outcomes using the G1 guidelines for 260 patients were previously reported.? 12 The
remaining 488 patients were treated with G2 and G3 guidelines. Of these, 82 (17%) with
bilateral (N2C) neck disease (33 G2; 49 G3) were excluded, leaving 406 patients with a
clinically uninvolved side of the neck who were the subject of this report. There were 148
patients treated with IMRT in the definitive, and 258 in the postoperative setting. Of these
258, there were 200 (78%) that underwent primary tumor resection and ipsilateral neck
dissection only. Overall, 61% (248/406) of the patients received chemotherapy (Table 1).
Primary and nodal staging are shown in Table 2.

Median follow up for living patients was 54 months in G2, 27 months in G3, and 37 months
in the entire cohort. The actuarial local-regional recurrence (LRR) rate at 2 years was 19.2%
in G2, 19.0% in G3 (p = 0.95). There was no difference in local-regional control between
generations overall or when stratified by type of therapy. Of the 211 oropharyngeal
carcinomas in the overall cohort, p16 status was known on 142 patients. In G2, 55 (80%)
and in G3, 59 (81%) were p16 positive. Of the p16 positive patients, in G2 there were 3
(5%) LRR and 4 (7%) distant metastases (DM) and in G3 there were 4 (7%) LRR and 6
(10%) DMs. Of the p16 negative patients, in G2 there were 5 (36%) LRR and 1 (7%) DM
and in G3 there were 6 (43%) LRR and 2 (14%) DMs.

There were 72 in-field failures and 3 out-of-field failures. None of the out-of-field failures
occurred in the contralateral HLII neck or contralateral RPLNS. There were two patients
who recurred in-field in the ipsilateral lateral RPLN region. Neither patient had involvement
of the RPLNs at diagnosis. The first patient had a TON2b unknown primary cancer recurred
in-field in the CTV-2 after receiving the prescribed elective dose of 52 Gy. This patient was
successfully salvaged with Gamma Knife Radiosurgery. The second patient had a T2N2b
tonsillar cancer and recurred in-field in the CTV1 after receiving a dose of 66 Gy. The
recurrence was in the high dose CTV due to the proximity to the primary tumor.

In G2 and G3, a total of 406 patients with a clinically uninvolved contralateral neck were
treated with radiotherapy that eliminated coverage to the contralateral HLII. To date there
have been no failures in the spared high contralateral neck (95% CI; 0-0.7%). In G3, 234
patients were treated with radiation sparing the contralateral RPLN and contralateral HLII of
radiation with no failures in the spared region (95% CI; 0-1.3%).

Long-term QOL data was analyzed for 44 patients from G1 and 51 patients from G3 with a
mean time from therapy to completion of questionnaire of 5 years for G1 and 3 years for G3
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(Figure 3). More patients in G3 received chemotherapy as compared to G1 (78% v. 39%; p
< 0.001). This is because patients in G3 were treated after the publication of the seminal
papers describing the indications for postoperative chemoradiation20-22, There were no
other significant differences in the clinicopathologic characteristics between the groups
(Table 3). The mean score on the physical domain of the MDADI was 41.9 (95% CI
34.0-49.9) in G1 and 57.5 (95% CI 50.5-64.4) in G3 (p <0.001) and in the global domain
was 34.1 (95% CI 23.6-44.5) in G1 and 66.7 (95% CI 57.7-75.6) in G3 (p <0.001).
Compared to G1, G3 was associated with superior patient reported QOL, both globally and
in all domains tested with the MDADI (p < 0.001; Figure 4).

DISCUSSION

This report provides evidence for the elimination of radiation to the RPLNs in the
contralateral uninvolved neck for patients with oral cavity, oropharynx, hypopharynx,
larynx, and unknown primary tumors. No recurrences were observed in the contralateral
RPLN region when this volume was excluded in the 234 patients so treated. With a 95%
confidence interval range of 0% to 1.3% one can be confident that there is a low risk of
recurrence in properly staged patients after sparing this region. This is the first report to our
knowledge that explores specifically the elimination of this nodal group. RPLN target
delineation has been well-described?. It is important to recognize these findings were for the
RPLN region in the clinically (and radiographically) uninvolved contralateral neck.
Ipsilateral in-field RPLN failures did occur in this study, and have been reported by
others®15, In addition, it is important to note that although the RPLN's were not specifically
targeted, they still received some radiation. We have previously reported that contralateral
normal structure mean dose is significantly reduced when comparing bilateral vs ipsilateral
treatment methods.14

The definition of the HLII neck was proposed by Eisbruch et al.8 and the safety of avoiding
the contralateral HLII lymph nodes have been demonstrated. The present report corroborates
the previous evidence for avoiding radiation to the HLII lymph nodes in the uninvolved
neck with an additional 406 patients, yielding a 95% confidence interval of 0% to 0.7%.

The importance of dose to critical normal structures and correlation of dose with swallowing
function and QOL have been explored1923-25 Avoiding treatment of both the contralateral
HLII and RPLN groups allows significant volume and dose reduction to the contralateral
pharyngeal constrictor muscles, larynx, esophagus, and parotid gland, which have been
implicated in xerostomia, swallowing dysfunction and QOL. We hypothesized that
treatment volume reduction to these structures in G3 compared to G1 would be associated
with significantly improved patient reported QOL. The QOL differences observed in all
domains are large, statistically significant and likely clinically important. These results
approximate those previously reported for both definitive and postoperative treatments using
the MDADI.27-29 |t is noteworthy that QOL scores improved despite the increased use of
concurrent chemotherapy in G3 (78% G3 vs 39% G1), which is associated with greater risk
of late toxicity and worse QOL29-31,
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Given our hypothesis that reducing RT volumes would decrease swallowing morbidity we
thought the largest impact would occur on the physical and global domains. We observed
differences in the global, emotional and functional domains of greater than 30% of the
instrument range. The physical domain only showed a difference of 16% of the instrument
range, the smallest difference of all domains analyzed. We believe this improvement is still
clinically relevant, but the etiology of this difference is unclear. A similar trend was seen by
Gillespie et al. 2004.27 The physical domain asks specific quantifiable questions, whereas
the emotional and functional refer to less quantifiable phenomena like being embarrassed
about eating habits. One hypothesis could be that after an extended period patients have
learned to cope with the physical morbidities of their treatment regardless of their extent, but
the social (i.e. functional and emotional) stigma continues. Alternatively, it is possible that at
three years post-treatment, the G3 cohort has not yet fully developed late swallowing
dysfunction, whereas the G1 cohort by five years had sufficient time to fully develop this
dysfunction. We feel this is unlikely as previous reports have shown dysphagia typically
normalizes to a new baseline after one year and has been used as an endpoint in many
reports.32-34 Another possibility is other non-measured factors like education level,
socioeconomic status, access to care, and psychosocial support are biasing the QOL
outcomes. We also feel this is unlikely as the other clinicopathologic characteristics between
groups are not significantly different.

We believe the results reported here apply to a large proportion of patients with locally
advanced HNSCC. In the original group of 488 patients treated to G2 or G3 guidelines, 87%
had stage I11/1V disease. After excluding patients with N2C disease, 85% of the remaining
406 patients remained stage H1/1V. In the Quality of life analysis 89% had stage I11/1V
disease. In RTOG 0129 a total of 721 patients were enrolled on the trial and 24% had stage
N2C neck disease.3® It follows that depending on referral patterns, approximately 75% of
patients with locally advanced HNSCC may be eligible for the reduced volume treatment
described in this manuscript.We recognize the large number of oropharyngeal cancer
patients present in this study but feel it is representative of most institutions HNSCC
population. We have captured p16 status on the majority of these patients. We found around
80% of our population tends to be p16 positive and this correlates with previous reports.3°
Further, patterns of failure are consistent with the previously reported RTOG 9003 and 0129
trials, with LRR being significantly improved in p16 positive compared to p16 negative
patients, with similar rates of DMs.3¢ These trials have shown the time to locoregional or
distant recurrence predominately occurs in less than 2 years from diagnosis regardless of
p16 status and thus we feel our follow up is adequate to capture the majority of recurrences.

Several important factors and practices which may limit the applicability of this data to other
institutions should be considered. FDG-PET/CT imaging was used in the routine workup of
most patients which aids in the accurate prediction of nodal stage3’. At our institution
primary surgical management of HNSCC is the preferred approach and favorable outcomes
have been previously reported.38:3% Thus, we have a cohort of patients which is weighted in
favor of postoperative radiotherapy. However, the majority of patients underwent ipsilateral
neck dissections only. In these cases the contralateral neck was clinically staged using CT
with IV contrast, FDG-PET/CT and clinical exam making staging applicable to most
institutions. It should be noted that in patients with tumors that invade the posterior
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oropharyngeal wall or hypopharynx, primary drainage may be to the bilateral RPLNs. These
cases were not excluded from our G3 treatment guidelines. However, sublocation of the
primary tumor was not captured in our dataset and thus we cannot specifically address the
patterns of failure for this subset. Therefore, special consideration should be taken when
deciding to eliminate contralateral RPLN radiotherapy in this subset of patients.
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Figure 1.
AP radiograph demonstrating CTV elective nodal volume contours. In blue is the ipsilateral

neck. Green represents the contralateral low neck, below level where the postierior belly of
the digastric muscle crosses the internal jugular vein. Yellow indicates the contralateral high
level 11 and red the contralateral retropharyngeal lymph nodes. (A) Generation 1. (B)
Generation 2. (C) Generation 3.
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Figure 2.
Dose colorwash CT images of a patient with a T4AANO oropharyngeal tumor treated in

generation 3 which spared the contralateral retropharyngeal lymph nodes and the
contralateral high level 11 lymph nodes. Colorwash range is from 5 Gy to 80 Gy. (A) Axial
representation above the spared high level two with the elective CTV2 (56 Gy) volume
shown in red. (B) Axial representation below the crossing of the digastric muscle and
internal jugular vein also shows the elective CTV2 volume. (C) Coronal depiction shows the
spared regions and indicates the axial slice levels.
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Washington University Consecutive HNSCC IMRT patients 1997-2010 (n = 748)

Excluded (n = 205)
Generation 2 (n = 205)
MDADI implemented in
Clinic after 2008

Excluded (n =216)
Death before MDADI Sent
(n=126)

Did not return MDADI
(n=134)

[

|

Generation 1 (n = 260)

Generation 3 (n = 283)

Figure 3.

G1 QOL Cohort (n = 44)

G3 QOL Cohort (n = 51)

Excluded (n = 232)
Patients with < 30 months
follow up excluded (n =227)

No MDADI collected (n =5)

Consort diagram demonstrating selection of QOL cohort
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Figure4.

G1

Emotional QoL

G3 G1

G3

Functional QoL

I
G1

I
G3

Physical QoL

Box plot demonstrating patient reported quality of life broken into the 4 domains; global,
emotional, functional and physical. Generation 1 is in red and generation 3 in grey. Boxes
indicate the 25-75 quartiles with dashed lines to the minimum and maximum; median is
represented by white bar; mean with 95% CI bars is represented by black mark with bars
surrounding. All p values were significant by Wilcoxon Rank Sum test.
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Patient and Tumor Characteristics

Table 1

Patients (n = 406)

Generation 2 (n =172)

Generation 3 (n = 234)

Gender
Male
Female

Age
Median
Range

Tumor Site™
Oral Cavity
Oropharynx
Larynx
Hypopharynx
Unknown Primary
AJCC Tumor StageT
|
1
11
IVA
VB
Chemotherapy
Radiotherapy
Definitive

Postoperative

319
87

57
23-90

64
211
86
27
25

26
82
234
28
248

148
258

137
35

25
94
35
10
10

12
31
97
18
95

61
111

(80%)
(20%)

57
23-90

(15%)
(55%)
(20%)
(6%)
(6%)

(2%)
(7%)
(18%)
(56%)
(10%)
(55%)

(35%)
(65%)

182
52

39
117
51
17
15

14
51
137
10
153

87
147

57
25-87

(78%)
(22%)

(17%)
(50%)
(22%)
(7%)
(6%)

(2%)
(6%)
(22%)
(59%)
(4%)
(65%)

(37%)
(63%)

*
Synchronous primary tumors occurred in 7 patients.

Page 15

TThere were 4 patients with Oropharyngeal primary tumors with unstageable primary disease (Tx); 1 patient in Generation 2 and 3 patients in
Generation 3. These were not included in the AJCC Tumor Stage. The 25 patients with neck Metastasis from unknown primary were also not

included.
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Table 2

Distribution of AJCC Primary Tumor and Nodal Stages

NO N1 N2A N2B N2C N3  Total %

To* 0 2 9 8 0 6 25 (5%)
Tt 0 0 0 2 1 1 4 (1)
T1 7 16 7 36 4 3 73 (15%)
T2 25 18 9 68 15 9 144 (29%)
T3 35 14 6 21 18 3 97 (20%)
T4 33 24 5 31 44 8 145 (30%)
Total (%) 100 (21%) 74 (15%) 36 (7%) 166 (34%) 82 (17%) 30 (6%) 488

*
Unknown Primary

TPrimary unable to be staged
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Table 3

Baseline Characteristics for all patients by generation of treatment.

Cancer. Author manuscript; available in PMC 2015 December 15.

Baseline Characteristics  Generation1l (%) Generation3 (%) p value

n=44 n=51

Gender NS
Male 35 (80%) 41 (80%)

Female 9 (20%) 10 (20%)

Race NS
Caucasion 40 (91%) 48 (94%)

African American 4 (9%) 3 (6%)

Primary Site NS
Oral Cavity 5 (11%) 1 (2%)
Oropharynx 29 (66%) 30 (59%)
Hypopharynx 3 (7%) 3 (6%)

Larynx 6 (14%) 11 (22%)
Unknown Primary 1 (2%) 6 (12%)

T Stage NS
1 9 (20%) 10 (20%)

2 16 (36%) 9 (18%)
3 10 (23%) 16 (31%)
4 8 (18%) 10 (20%)

N Stage NS

0 8 (18%) 9 (18%)
1 7 (16%) 12 (24%)
2a 5 (11%) 5 (10%)
2b 19 (43%) 17 (33%)
2c 4 (9%) 5 (10%)

3 1 (2%) 2 (4%)

AJCC Stage Group NS
| 0 (0%) 0 (0%)

I 3 (7%) 0 (0%)
I 8 (18%) 15 (29%)
IVa 30 (68%) 29 (57%)
Vb 2 (5%) 1 (2%)

Prior Surgery NS
Yes 30 (68%) 29 (57%)

No 14 (32%) 21 (41%)

Concurrent Chemotherapy p<0.001
Yes 17 (39%) 38 (75%)

No 27 (61%) 11 (22%)

G-Tube Required NS

Yes 23 (52%) 25 (49%)
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Baseline Characteristics  Generation1l (%) Generation3 (%) p value
n=44 n=>51
No 21 (48%) 25 (49%)
Smoking Status NS
Yes 32 (73%) 34 (67%)
No 10 (23%) 17 (33%)
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