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Introduction

Purpose: In radiotherapy for head and neck cancer, it is crucial to define the appropriate treatment
volume to determine treatment outcome and toxicity. We examined the feasibility of omitting elec-
tive high retropharyngeal lymph node (RPLN) irradiation in patients with oropharyngeal cancer.
Materials and Methods: We performed a retrospective review of 189 patients with oropharyngeal
squamous cell carcinoma who were treated with definitive or postoperative radiation therapy be-
tween 2009 and 2016. Of them, 144 (76.2%) underwent ipsilateral RPLN irradiation up to the superi-
or border of the C1 vertebral body, while the other 45 (23.8%) were irradiated up to the transverse
process of the C1 vertebra. High RPLN-treated and spared group were propensity matched based on
key clinical variables.

Results: During the follow-up period, only three patients (one in the high RPLN-treated group and
two in the high RPLN-spared group) developed RPLN recurrence. There were no significant be-
tween-group differences in 5-year locoregional failure-free survival (82.8% vs. 90.6%; p = 0.14), dis-
tant metastasis-free survival (93.1% vs. 93.3%; p = 0.98) and RPLN failure-free survival (99.3% vs.
95.0%; p = 0.09). In the matched groups, high RPLN-spared patients received a lower mean ipsilater-
al parotid gland dose (mean, 20.8 Gy vs. 29.9 Gy; p < 0.001) and had a lower incidence of chronic xe-
rostomia (grade 0, 43.5% vs. 13.0%; p = 0.023) at 1 year after radiotherapy compared with high
RPLN-treated patients.

Conclusion: Omission of ipsilateral high RPLN irradiation seems safe, and reduces the incidence of
chronic xerostomia in patients with oropharyngeal squamous cell carcinoma.
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chemoradiotherapy (CCRT) is the standard treatment for OPC, some
patients who present at an early stage are candidates for primary

The incidence of tobacco-associated head and neck squamous cell
carcinoma has steadily declined over the past few decades, where-
as the incidence of human papillomavirus (HPV)-induced oropha-
ryngeal cancer (OPC) has been increasing [1-3]. Patients with
HPV-induced OPC are younger and have fewer comorbidities and a
more favorable prognosis than those with tobacco-associated
squamous cell carcinoma [4-6]. While cisplatin-based concurrent

surgery [7]. Patients with HPV-induced OPC show a good response
to CCRT, and the 5-year overall survival is approximately 80% to
90% [8]. However, the treatment-related morbidity is considerable.
Almost all patients suffer from acute oral mucositis, chronic xero-
stomia, and loss of taste [9]. Since patients with HPV-induced OPC
are generally young and likely to survive their disease, treatment-re-
lated toxicity is concerning [10-12].
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Intensity-modulated radiation therapy allows conformal dose
distribution around the tumor and organs-at-risk. Delineation of
the clinical target volume (CTV) and organs-at-risk is very import-
ant because treatment outcomes and toxicities depend on treat-
ment plan. However, physicians often disagree about the optimal
target definition. In nasopharyngeal, oropharyngeal, and hypopha-
ryngeal cancers, there is a risk of metastasis to the retropharyngeal
lymph nodes (RPLNs) [13]. Since high RPLNs are located adjacent
to the parotid glands and pharyngeal constrictor muscles, irradia-
tion of these regions has been shown to compromise the quality of
life (QOL) of patients with head and neck cancer [14,15]. According
to consensus guidelines for the delineation of neck node levels, in
patients with primary pharyngeal involvement, the bilateral RPLNs
should be treated up to the upper edge of the C1 vertebral body/
hard palate cranially [13]. However, previous studies indicate that
sparing the contralateral high RPLN is associated with minimal risk
of failure and improves QOL [16-18]. Kjems et al. [19] argued that
ipsilateral RPLN sparing is safe in patients with OPC in whom the
posterior pharyngeal wall is not involved. In this study, we aimed to
evaluate the safety and feasibility of omitting ipsilateral high RPLN
irradiation in patients with OPC. Background and purpose should
be stated clearly.

Materials and Methods

1. Patient selection

The Institutional Review Board of Seoul National University Hospi-
tal and Seoul National University Bundang Hospital approved this
study (No. B-1805-471-402). The informed consent was waived.
We retrospectively reviewed 189 patients with pathologically prov-
en oropharyngeal squamous cell carcinoma who received radio-
therapy (RT) at the aforementioned hospitals between January
2009 and December 2016. The inclusion criteria were age >18
years and the Eastern Cooperative Oncology Group performance
status of 0-2. The exclusion criteria were presence of distant me-
tastasis or initial evidence of RPLN involvement.

2. Treatment

Of the 189 patients, 160 (84.7%) received intensity-modulated ra-
diation therapy, and 29 (15.3%) received three-dimensional con-
formal radiotherapy. Definitive radiotherapy typically included a
dose of 67.5-70 Gy to high-risk regions. Patients treated postoper-
atively or after induction chemotherapy received 60-63 Gy to
high-risk regions. The doses for intermediate- and low-risk areas
were 54-56 Gy and 42-48 Gy, respectively. Among all patients, 62
(32.8%) received definitive CCRT, 53 (28.0%) underwent induction
chemotherapy followed by CCRT/RT alone, 60 (31.7%) were offered
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surgery and postoperative CCRT/RT alone, 5 (2.6%) underwent in-
duction chemotherapy followed by surgery and postoperative
CCRT/RT alone, and 9 (4.8%) were treated with definitive RT alone.
After radiotherapy, patients were evaluated at 2 weeks after treat-
ment. They were initially followed up every 1-2 months, followed
by every 3 months for a year, every 3-4 months for 2 years, and
every 6 months thereafter. During follow-up, physical examination,
nasopharyngeal laryngoscopy, and imaging studies including con-
trast-enhanced neck computed tomography and/or magnetic reso-
nance imaging were performed. Symptoms related to xerostomia
were evaluated using the Radiation Therapy Oncology Group and
the European Organization for Research and Treatment of Cancer
toxicity scale at each follow-up visit [20].

3. RPLN evaluation

To evaluate the coverage of the dose to the RPLN and parotid
gland, we retrospectively reviewed each patient's treatment plan.
According to consensus guidelines, the cranial border of the RPLN
is the upper edge of the C1 vertebral body/hard palate [13]. Pa-
tients were classified into the high RPLN-treated group (n = 144)
when the CTV sufficiently encompassed the RPLNs between the
upper edge of the C1 vertebral body and the inferior border of the
transverse process of the C1 vertebra. The remaining patients (n =
45) were classified into the high RPLN-spared group.

4, Statistical analysis

To compare clinical variables according to high RPLN treatment
status, Student t-test, Wilcoxon rank sum test, and chi-square test
were used, as appropriate. To control for differences in characteris-
tics between the two groups according to high RPLN treatment
status, we conducted the propensity score matching analysis. The
selected variables were primary site, T-stage, distances of the gross
tumor volume (GTV) from parotid, RT technique, and surgery. Using
propensity scores, the high RPLN spared group and treated group
were matched with a 1:2 nearest-neighbor matching protocol with
a caliper width of 0.3 standard deviations. A multivariate Cox pro-
portional hazard model and Kaplan-Meier survival analysis were
used to determine factors associated with recurrence outcomes.
Statistical analyses were performed using R software (version 3.5.3;
R Foundation for Statistical Computing, Vienna, Austria). Statistical
significance was set at p < 0.05.

Results
1. Patient characteristics

Table 1 summarized patient characteristics of the two groups ac-
cording to high RPLNs treatment status. The median follow-up
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Table 1. Patients’ characteristics in the entire cohort and propensity score matched cohort

Entire cohort (before matching) Matched cohort (after matching)
ngh-?nPil\fS ]SPared ngh_{fﬂ‘i AtL;eated o-value ngh—FnPil\g )SPared Hugh-F{fiN:Bt)reated p-value
Age (yn) 65.4 £ 9.2 65.1 £ 9.6 0.865 64.6 £ 10.6 0.892 0.892
Follow-up duration (mo) 59.6 + 22.9 56.4 + 26.4 0.456 57.7 £ 278 0.538 0.538
Gender 0.575 0.477 0.477
Male 40 (88.9) 121 (84.0) 38 (82.6)
Female 5(11.1) 23 (16.0) 8(17.4)
Smoking 0.791 0.304 0.304
Never smoker 20 (44.4) 68 (47.9) 25 (54.3)
Current smoker 14 (31.1) 46 (32.4) 15 (32.6)
Ex-smoker 1 (24.4) 28(19.7) 6(13.0)
HPV status 0.981 0.521 0.521
Negative 10 (22.2) 34 (23.6) 4(17.4)
Positive 25 (55.6) 79 (54.9) 16 (69.6)
Unknown 10 (22.2) 31(21.5) 3(13.0)
p16 status 0.632 0.861 0.861
Negative 6(13.3) 26 (18.1) 3(13.0)
Positive 30 (66.7) 96 (66.7) 17 (73.9)
Unknown 9 (20.0) 22 (15.3) 3(13.0)
Primary site <0.001 1 1
Pharyngeal wall 1(2.2) 1(0.7) 0(0)
Soft palate 2 (4.4) 6(4.2) 5(10.9)
Tongue base 16 (35.6) 8(5.6) 6(13.0)
Tonsil 24 (53.3) 129 (89.6) 35(76.1)
Vallecular 2 (4.4) 0(0) 0(0)
Clinical T stage (AJCC 7th) 0.12 0.744 0.744
1 14 (31.1) 31(21.5) 12 (26.1)
2 23 (51.1) 79 (54.9) 23 (50.0)
3 4(89) 19(13 2) 6(13.0)
4 4(89) 5(10.4) 5(10.9)
Clinical N stage (AJCC 7th) 0.848 0.717 0.717
0 4(89) 20 (13.9) 9(19.6)
1 11 (24.4) 25(17.4) 4(8.7)
2a 2(4.4) 7 (4.9) 2 (4.3)
2b 22 (48.9) 74 (51.4) 25 (54.3)
2c 6(13.3) 17 (11.8) 6(13.0)
3 0(0) 1(0.7) 0(0)
Prescribed dose (Gy) 65.7 + 3.2 66.3 + 2.6 0.208 65.4 + 2.2 0.82 0.820
Radiotherapy technique 0.254
3D-CRT 4(89) 25(17.4) 0(0) 1 1
IMRT 41 (91.1) 119 (82.6) 46 (100)
Parotid to GTVpn distance (cm) 0.006 0.943 0.943
<05 10 (22.2) 65 (45.1) 8(17.4)
>0.5and <1 17 (37.8) 42(29.2) 18 (39.1)
>1 18 (40.0) 37 (25.7) 20 (43.5)

Values are presented as mean + standard deviation or number (%o).
RPLNSs, retropharyngeal lymph nodes; HPV, human papillomavirus; AJCC, American Joint Committee on Cancer; 3D-CRT, three-dimensional conformal
radiotherapy; IMRT, intensity-modulated radiotherapy; GTVpn, gross tumor volume for primary tumor mass and lymph node metastases.
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time was 66 months (range, 2 to 136 months), and the median age
was 64 years (range, 43 to 90 years). Of the entire cohort, high
RPLNs were treated in 144 (76.2%) and spared in 45 (23.8%). There
were no significant between-group differences in age, sex, smok-
ing, HPV/p16 status, and clinical T/N stages. The distances of the
GTV from the parotid and anatomic subsites were significantly as-
sociated with the high RPLN treatment status. The high RPLNs of
patients with tongue-base primary tumors were often spared be-
cause the tongue base is located relatively far from the high RPLN.
After propensity score matching, a subset of 69 patients were cho-
sen for matched pairs, which exhibiting similar baseline character-
istics based on our propensity score model.

2. Pattern of failure

Of the 189 patients, 36 (19.0%) showed recurrence after radiother-
apy. The median time to failure was 11 months (range, 3 to 50
months). The failure patterns are shown in Fig. 1E. The incidences
of local, regional, and distant failure were 9.0%, 10.1%, and 5.8%,
respectively. Table 2 demonstrates the results of the univariate and
multivariate Cox proportional hazard analyses for locoregional fail-
ure-free survival (LRFFS). Multivariate analysis revealed that old
age was associated with poor prognosis, and HPV positivity was
associated with a favorable prognosis. Kaplan-Meier analysis

(A (B

showed that high RPLN treatment was not significantly associated
with LRFFS, and RPLN failure-free survival in the entire and the
matched cohort (Fig. 1A-1D). When comparing the two groups for
entire cohort, the 5-year rates of LRFFS, RPLN failure-free survival,
distant metastasis-free survival, and overall survival were 82.8%
and 90.6% (p = 0.14), 99.3% and 95.0% (p = 0.09), 93.1% and
93.3% (p = 0.98), and 85.7% and 87.2% (p = 0.34) in the treated
and spared groups, respectively.

Table 3 summarizes the characteristics of the patients who de-
veloped RPLN recurrence. One patient (1/144, 0.07%) presented
with RPLN failure combined with local recurrence from palate to
the skull base. Two (2/45, 4.4%) patients in the high RPLN-treated
group developed RPLN recurrence; one of them had simultaneous
lung metastasis and the other had RPLN failure with level Il nodal
failure. The patient with regional recurrence alone was successfully
managed with stereotactic body radiation therapy (SBRT) to the
RPLN area, level Il neck dissection, and postoperative CCRT. No evi-
dence of RPLNs recurrence until 22 months after SBRT. The other
two patients died from disease progression.

3. Ipsilateral parotid dose and xerostomia
Table 4 shows the results of elective high RPLNs treatment. After
matching, patients in the high RPLN-treated group had a signifi-
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Fig. 1. Kaplan-Meier plot for clinical outcomes of (A, B) locoregional failure-free survival (LRFFS), and (C, D) retropharyngeal failure-free surviv-
al (RPFFS) according to high RPLNs treatment status in the entire cohort and in the matched cohort. (E) The distribution of first failure pattern.

RPLNs: retropharyngeal lymph nodes.
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Table 2. Univariate and multivariate survival analysis for locoregional failure-free survival

Univariate Multivariate
HR 95% Cl p-value HR 95% Cl p-value
Age 1.07 1.03-1.1 0.001 1.06 1.02-1.1 0.003
Clinical T stage, T3/4 2.02 0.94-4.35 0.074 2.00 0.90-4.45 0.088
Smoking
Never smoker - - - - - -
Current smoker 2.39 0.98-5.85 0.056 2.14 0.87-5.29 0.098
Ex-smoker 2.82 1.09-7.33 0.033 235 0.89-6.20 0.085
HPV
Negative - - - - - -
Positive 0.31 0.13-0.71 0.005 0.40 0.17-0.92 0.032
Unknown 0.47 0.18-1.25 0.130 0.38 0.14-1.04 0.061
HR, hazard ratio; Cl, confidence interval; HPV, human papillomavirus.
Table 3. Demographics and treatment of patients with RPLN recurrences
Patient 1 Patient 2 Patient 3
Age (yr) 76 63 70
Stage (AJCC 7th) cT4N1MO cT2N2bMO cTIN3MO
Smoking Current Never Ex-smoker
p16 Negative Positive Positive
Location
Primary Soft palate Tonsil Tonsil
High-RPLNs to GTV (cm) <1 <1 >1
Treatment
Purpose Radical Radical Radical
High-RPLNs Treated Spared Spared
Recurrence
First failure Ipsilateral palate to skull base, RPLN Ipsilateral RPLN, nasopharynx, lung Ipsilateral RPLN
Disease-free interval (mo) 1 16 50

AJCC, American Joint Committee on Cancer; RPLNs, retropharyngeal lymph nodes; GTV, gross tumor volume.

cantly higher mean ipsilateral parotid dose than those in the high
RPLN-spared group (29.9 Gy vs. 20.8 Gy; p < 0.001). Significantly
more patients in the high RPLN-spared group fulfilled the Quanti-
tative Analyses of Normal Tissue Effects in the Clinic criteria for
parotid gland dose constraints (unilateral parotid mean dose <20
Gy) than in the high RPLN-treated group (39.1% vs. 6.5%; p <
0.001) [21]. Consequently, the incidence of chronic xerostomia at
one year after radiotherapy was significantly lower in the high
RPLN-spared group than in the high RPLN-treated group (no
chronic xerostomia, 43.5% vs. 13.0%; p = 0.023). Fig. 2 represents
the dose distribution of the high RPLN-treated group and the high
RPLN-spared group. Comparing two patients with similar clinical
conditions, high RPLNs sparing seems to be an effective way of re-
ducing radiation dose for bilateral parotid glands. High RPLNs
spared patient had lower mean doses to ipsilateral parotid gland
(17.7 Gy vs. 24.7 Gy), and contralateral parotid gland (7.0 Gy vs.

https://doi.org/10.3857/r0j.2021.00381

12.8 Gy) than high RPLNs treated patient.

Discussion and Conclusion

OPC has been associated with a risk of RPLN metastasis, with RPLN
involvement in approximately 10%-20% of patients [22-24]. Since
RPLNs are anatomically difficult to approach, standard neck dissec-
tion does not include these nodes. Thus RPLN metastasis must be
diagnosed based on radiographic findings alone, this makes it diffi-
cult to diagnose RPLN accurately [25]. These nodes can be effec-
tively treated using CCRT. However, this may significantly compro-
mise patients' QOL, since these nodes are located proximal to ra-
diosensitive structures such as the parotid gland, posterior pharyn-
geal wall, and pharyngeal constrictor muscles. Therefore, there is
ongoing debate regarding the delineation of radiotherapy fields.
According to consensus guidelines, the cranial border for RPLN
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Fig. 2. Dose distribution comparison of adjuvant radiotherapy plans using volume modulated arc therapy technique for two tonsil cancer pa-
tients staged pTTN2bMO, who were (A-C) treated for high RPLNSs (retropharyngeal lymph nodes) and (D-F) spared for high RPLNs. CTV, clinical

target volume.

was considered difficult to salvage. Modern radiotherapy tech-
niques make it possible for RPLN re-irradiation with tolerable tox-
icity and good local control [27,28]. However, treatment for RPLN
failure is still challenging because of its close proximity to critical
structures such as the carotid artery, and careful patient selection
is necessary to ensure safe outcomes following RPLN sparing
[22,28,29].

Here, we present evidence that RPLN recurrence is rare, and
careful sparing of the RPLN helps reduce chronic xerostomia in pa-
tients with OPC. Patients in the high RPLN-spared group had a
lower ipsilateral parotid dose and, consequently, less chronic xero-
stomia at 1 year than those in the high RPLN-treated group in en-
tire cohort (grade 0, 35.6% vs. 14.6%; p = 0.014) and matched
cohort (grade 0, 43.5% vs. 13.0%; p = 0.023). As sparing of the
high RPLN could result in more RPLN recurrences in some settings,
the high RPLNs should be treated in patients with risk factors such
as posterior pharyngeal wall involvement, bulky nodal burden, and
primary tumor mass near the high RPLNs. Further studies are need-
ed to identify the risk factors for RPLN recurrence for ensuring the
safety of high RPLN sparing.
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