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Abstract

Purpose: The practice of deliberately sparing the ipsilateral parotid gland with intensity modu-
lated radiation therapy (IMRT) in patients with node-positive head and neck cancer is controversial.
We sought to compare the clinical outcomes among consecutive cohorts of patients with head and
neck cancer who were treated with differing strategies to spare the parotid gland that is ipsilateral
to the involved neck using IMRT.

Methods and materials: A total of 305 patients were treated with IMRT for node-positive squa-
mous cell carcinoma of the head and neck. The first 139 patients were treated with IMRT whereby
the ipsilateral parotid gland was delineated and intentionally designated as an avoidance structure
during planning. The subsequent 166 patients were treated by IMRT without the deliberate sparing
of the ipsilateral parotid gland.

Results: The 2-year estimates of overall survival, local-regional control, and distant metastasis-
free survival were 84%, 73%, and 87%, respectively. The 2-year estimates of overall survival were
77% and 86% among patients who were treated by IMRT with and without the sparing of the ip-
silateral parotid gland, respectively (P =.01). The respective rates of 2-year regional control were
76% and 90% (P < .001). A trend was observed between increased nodal burden in the ipsilateral
cervical neck and the likelihood of regional failure for both groups. A spatial evaluation revealed
a significantly higher incidence of marginal failures and true misses in the cohort of patients who
underwent IMRT with the sparing of the ipsilateral parotid gland.

Conclusion: Caution is urged when using IMRT to spare patients’ parotid gland on the involved
side of neck disease. Our study showed a significantly higher preponderance of regional failure,
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which highlights the need for careful patient selection and consideration of clinical and pathologi-
cal factors that influence the likelihood of disease recurrence in the ipsilateral neck.
© 2018 Published by Elsevier Inc. on behalf of the American Society for Radiation Oncology.
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Introduction

The ability of intensity modulated radiation therapy
(IMRT) to reduce xerostomia and improve health-related
quality of life for patients with head and neck cancer has
been well established.' Although these benefits, which are
attributed to the creation of highly conformal dose distri-
butions to desired targets while limiting radiation to the
parotid gland, have led to the widespread adoption of IMRT
in the management of head and neck cancer, they come at
the expense of potentially underdosing areas at risk for
disease recurrence and particularly those that are imme-
diately adjacent to this designated organ at risk (OAR).
Indeed, whether parotid gland-sparing IMRT can be safely
performed (i.e., without placing patients at risk for mar-
ginal misses at the parotid gland-level II cervical nodal
interface) on the involved, node-positive neck, especially
in the setting of high-volume and/or bulky disease, is un-
certain with limited data available to guide practice.

At our institution, the delineation and intentional sparing
of both parotid glands was performed historically on all pa-
tients, even for those with node-positive disease. In August
2013, an unplanned interim review of data for all patients
who were treated with IMRT was conducted and the prac-
tice of sparing the parotid gland on the involved side was
abolished. The purpose of this study was to compare the
patterns of failure and specifically regional recurrences
among patients with positive nodes who were treated with
IMRT for head and neck cancer based on whether the parotid
gland on the side of the involved neck was attempted to
be spared or not.

Methods and materials

Patients

This study was approved by the institutional review board
at our institution prior to the collection of all patient in-
formation. The medical records of 305 consecutive patients
who were treated with IMRT for stage III or IV squa-
mous cell carcinoma of the oropharynx, oral cavity, larynx,
and hypopharynx and that required unilateral or bilateral
irradiation of the neck between April 2011 and January 2016
were included in this study. All patients were retrospec-
tively staged in accordance with the 2009 American Joint
Committee on Cancer staging classification. Positron

emission tomography (PET) scans were obtained at the time
of diagnosis in 229 patients (75%) including all patients
who were treated with primary IMRT.

A total of 157 patients (51%) were treated with IMRT
by definitive intent. The remaining 148 patients (49%) were
treated with IMRT after gross surgical resection. The type
of surgery depended on the primary site, extent of disease,
cosmetic considerations, and discretion of the surgeon. No
definite policy existed with regard to adjunct therapy but
in general, patients were referred for postoperative radia-
tion when high-risk features were present such as
pathological T3 to T4 disease, multiple lymph node in-
volvement, extra-capsular extension, and perineural or
lymphovascular space invasion, or when there was uncer-
tainty about the completeness or adequacy of the excision
on the basis of intraoperative and pathological findings.
Because our intent was to analyze the regional recurrence
patterns among patients who were and were not treated with
parotid gland-sparing IMRT to a high-risk involved neck,
only patients with clinically and/or pathologically node-
positive cancer were included.

Simulation and target volume delineation

At the time of simulation and prior to the daily treat-
ment, the head, neck, and shoulders were immobilized in
a hyperextended position by using a perforated, thermo-
plastic head mask with the neck supported on a Timo
cushion (S-type; Med-Tec, Orange City, IA) that was
mounted on a carbon fiber board (S-type; Med-Tec) that
allowed patient positioning to be indexed. For some pa-
tients, the hyperextension of the neck was not possible
because of discomfort and a neutral position was selected
at the discretion of the physician.

At the time of computed tomography (CT) simulation,
the isocenter was placed approximately at the center of the
gross tumor volume (GTV). Axial images with a contigu-
ous, 3-mm slice thickness were obtained for planning and
transferred into a contouring workstation where a delin-
eation of the target and normal tissue structures were
performed. Intravenous contrast was not mandatory but rou-
tinely used during the time course of this study.

For the patients who were treated with definitive IMRT,
the GTV was specified as the extent of the tumor as dem-
onstrated by preoperative imaging and a physical
examination including an endoscopy. Grossly positive lymph
nodes were defined as lymph nodes that were greater than
1 cm, those with a necrotic center, or with a standardized
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uptake value (SUV) greater than 3 on PET scans. The high-
risk clinical target volume (CTV-H) was defined as the GTV
plus a margin of 0.5 to 1 cm to account for microscopic
disease spread. The low-risk clinical target volume (CTV-
L) included all uninvolved areas in the cervical neck and
supraclavicular fossa. In some cases, an intermediate-risk
clinical target volume (CTV-I) was devised to include the
ipsilateral neck. For patients who were treated with IMRT
postoperatively, the CTV-H was defined as the surgical tumor
bed that was at risk to harbor microscopic residual disease
and the ipsilateral neck. The CTV-L in these cases encom-
passed the uninvolved contralateral neck.

The consensus guidelines that were endorsed by the Ra-
diation Therapy Oncology Group, European Organization
for Research and Treatment of Cancer, Danish Head and
Neck Cancer Group, Groupe d’Oncologie Radiothérapie
Téte et Cou, and National Cancer Institute of Canada were
routinely used to assist in clinical target volume (CTV)
delineation.” The planning target volume (PTV) con-
tained an automated 0.3 to 0.5 cm expansion of the CTV
surfaces to account for patient setup error. An extended-
field IMRT technique was used for all patients. Decisions
on margin expansions were made at the discretion and
comfort level of the treating physician.

Dose specification and intensity modulated
radiation therapy planning

For patients who received definitive IMRT, treatment
plans were designed to deliver a dose of 70 Gy to 95% or
more of the PTV-H in 33 to 35 fractions. For postopera-
tive patients, plans were designed to deliver a dose of 60
to 66 Gy to at least 95% of the PTV-H in 30 to 33 frac-
tions. For patients who were both definitively and
postoperatively treated, the PTV-L was specified to receive
a prophylactic dose of 54 to 56 Gy with a simultaneous-
integrated boost IMRT technique. The dose to the PTV-I
ranged from 56 to 63 Gy.

The goal of IMRT planning was to deliver the prescrip-
tion dose to 95% of the respective PTVs. Treatment goals
were to generate a plan with the prescription isodose
lines that conform to the defined PTVs while minimizing
the dose that is delivered to the specified OARs including
the spinal cord, brainstem, optic chiasm, cochlea, and
parotid gland. Other OARs that were commonly delin-
eated at the discretion of the physician included the oral
cavity, pharyngeal constrictor muscles, cricopharyngeal
inlet, larynx, and brachial plexus. IMRT planning was
performed with heterogeneity corrections using a
convolution/superposition-based dose calculation algo-
rithm. Plans were normalized to achieve adequate target
coverage without excessive dose inhomogeneity. Daily
image guided radiation therapy images were acquired volu-
metrically using either kV cone beam or mV fan beam to
assist with patient positioning.

Parotid gland-sparing intensity modulated
radiation therapy

Between April 2011 and August 2013, the parotid gland
on the ipsilateral side was contoured and delineated as an
OAR. This structure was spared with a constraint goal of
mean < 26 Gy (and/or V30 < 50%) and 139 patients were
deliberately treated with ipsilateral parotid gland-sparing
IMRT. In most cases, underdosage of the region near the
parotid gland was allowed to meet the constraint of this OAR
even while maintaining a 95% coverage to the elective PTV
areas.

Beginning in August 2013, an unplanned interim review
of our data for those patients who were treated with IMRT
was conducted and this policy was revised such that parotid
gland-sparing was no longer performed on the ipsilateral
side. The subsequent 166 patients were treated in accor-
dance with this guideline. Notably, for patients with N2c
disease that involved the level II lymph nodes, neither parotid
gland was delineated and spared. Both the deep and su-
perficial lobes of the parotid gland were included in the OAR
when it was delineated.

Endpoints and statistical analysis

Patients were asked to return for a follow-up visit 2 to
3 weeks after completion of the radiation therapy and then
every 2 to 3 months for the first year, 4 to 6 months for
the second year, and then annually thereafter. Local control
was deemed to be attained if there was no evidence of a
tumor at the primary site on the basis of clinical and ra-
diographic findings at the time of the follow-up visit.
Regional failure was recorded separately if there was evi-
dence of a cervical or supraclavicular mass that was distinct
from the primary site.

Patients who had persistent disease either clinically or
radiographically after definitive IMRT were referred for
salvage neck dissection. The salvage of recurrences was not
taken into account in the evaluation of local-regional control.
Patient follow-up was reported up to the date the patients
was last seen at the clinic or up to the date of death. All
events were measured from the last day of radiation therapy.
The median follow-up time among patients who were treated
with and without ipsilateral parotid gland-sparing was 30
months (Range, 6-60 months) and 22 months (Range, 4-37
months). Actuarial estimates of local-regional control, distant
metastasis-free survival, and overall survival were calcu-
lated using the Kaplan-Meier method. A comparison of the
proportion of patients in each baseline subgroup was per-
formed using the ¥ test.

To better characterize the spatial properties of each re-
gional recurrence, the original IMRT plans were retrieved
in Digital Imaging and Communications in Medicine format
and deformable image registration was employed using MIM
(MIM Software, Inc., Cleveland, OH) to fuse the PET scans
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that were obtained at the time of recurrence to the pre-
treatment planning CT datasets. The recurrent tumor volume
(Vieew) that represented each regional recurrence was sub-
sequently identified on axial imaging using the 50% SUV .
threshold from the PET scan with the user blinded to the
original target volumes and isodose distribution.

After Vie.r was identified on the planning CT datasets,
the dose of radiation that was received by V... Was cal-
culated and analyzed using dose-volume histograms. The
criteria proposed by Dawson et al were used to classify re-
currences into infield in which Viecir 2 95% was within the
95% isodose, marginal miss if 20% to 95% of Viccur Was
within the 95% isodose, or true miss if < 20% of the Vecur
was inside the 95% isodose.’ For each Ve, the mean dose,
D90 (i.e., dose delivered to 90% of the View) and V100
(i.e., percentage volume encompassed by the prescription
isodose line) were determined.

Results

Patients

Table 1 outlines the clinical and disease characteristics
of the patient population that was treated with IMRT ac-
cording to whether ipsilateral parotid-sparing was performed.
There was no difference in the baseline characteristics
between the two groups with the exception of concurrent
chemotherapy usage (P < .001). The median age was 60
years (Range, 22-96 years). Concurrent chemotherapy was
administered to 183 patients (60%). For patients who were
treated with definitive IMRT, the distribution of T stage was
as follows: 11% of patients were T1, 26% were T2, 27%
were T3, and 36% were T4. Clinical N stage was as follows:
12% of patients were N1, 28% were N2a, 30% were N2b,
25% were N2c, and 5% were N3. For patients who were
treated with postoperative IMRT, the distribution of patho-
logical T stage was as follows: 36% of patients were T1,
33% were T2, 21% were T3, and 10% were T4. The patho-
logical N stage was as follows: 14% of patients were N1,
32% were N2a, 37% were N2b, 13% were N2c, and 4%
were N3. A total of 369 hemi-necks with N-positive disease
were used for this analysis.

Survival and disease control

Of the 305 patients, 270 patients were alive at the time
of the last follow-up, which yielded a 2-year estimate of
overall survival of 84%. As illustrated in Figure la, the
2-year estimates of overall survival were 77% and 86%
among patients who were treated by IMRT with and without
parotid gland-sparing, respectively (P =.01).

A total of 67 of 305 patients experienced local-regional
recurrence, which yielded a 2-year estimate of local-
regional control of 73%. The median time to local-regional
recurrence for all patients who were treated with IMRT was

Table 1 Clinical and disease characteristics

Characteristic PS (%) No PS (%)
Primary site (P = .60)

Oropharynx 74 (53) 85 51
Oral cavity 41 (30) 55 33)
Larynx/hypopharynx 24 a7) 26 (16)
T-classification (P = .56)

T1 28 (20) 28 17
T2 39 (28) 46 (28)
T3 37 (27) 47 (28)
T4 35 (25) 45 27
N-classification (P = .41)

N1 16 (12) 24 (15)
N2a 45 (32) 46 (44)
N2b 42 (30) 60 (36)
N2c 31 (22) 27 (16)
N3 5 “) 9 (12)
Treatment intent (P = .57)

Definitive radiation 69 (50) 88 (53)
Postoperative radiation 70 (50) 78 47)
Concurrent chemotherapy (P < .001)

Yes 97 (70) 78 47)
No 42 (30) 88 (53)
Sex (P=.72)

Male 90 (65) 111 (67)
Female 49 (35) 55 (33)
Human papillomavirus status (P = .55)

Positive 43 (31) 55 33)
Negative 40 (29) 51 (€1))
Unknown 56 (40) 60 (36)

PS, parotid gland-sparing intensity modulated radiation therapy.

10 months (Range, 1-32 months). Fifty-seven of these pa-
tients with local-regional recurrences had first events of
disease failure and the remaining 10 occurred subsequent
to the development of distant metastasis. Thirty-one pa-
tients developed distant metastasis, which yielded a 2-year
distant metastasis-free survival rate of 87%.

Neck control

A total of 46 of 67 patients with local-regional recur-
rence had regional events. As illustrated in Figure 1b, there
was a significant difference in 2-year regional control
between patients who were treated with ipsilateral parotid
gland-sparing and without parotid gland-sparing, respec-
tively (76% vs 90%; P < .001). In total, 32 of 139 patients
(23%) who were treated with ipsilateral parotid sparing ex-
perienced regional failure compared with 14 of 166 patients
(8%) who were treated without.

When limiting the analysis to regional recurrences in the
nodal station that are immediately adjacent to the parotid
gland, the 2-year freedom-from-level-II recurrence rates
were 80% and 96% for patients treated with and without
ipsilateral parotid gland-sparing IMRT for node-positive
disease, respectively (P =.01).
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Figure 1 (A) Overall survival according to use of ipsilateral parotid gland-sparing intensity modulated radiation therapy; (B) Local-
regional control according to use of ipsilateral parotid gland-sparing intensity modulated radiation therapy.

A subset analysis of the failure rates by disease burden
in the ipsilateral hemi-necks with and without parotid gland-
sparing IMRT is provided in Table 2. There was no
difference in 2-year regional control between patients who
were treated with primary radiation versus postoperative
radiation (84% vs 83%; P =.71). There was no differ-
ence in 2-year regional control whether an upfront neck
dissection was performed or not (85% vs 81%; P =.38).
The use of concurrent chemotherapy did not influence 2-year
regional control (84% vs 85%; P =.53). The multivariate
analysis results for factors that are predictive of 2-year re-
gional control are outlined in Table 3.

Dosimetric analysis

Among these 46 patients with regional failures, a total
of 49 events were analyzed (3 patients with clinical N2c
disease at the time of diagnosis had evidence of bilateral

Table 2 Regional failures according to use of ipsilateral parotid
gland-sparing intensity modulated radiation therapy catego-
rized by disease burden in the node-positive hemi-neck

Hemi-Neck Ipsilateral No ipsilateral
parotid-sparing parotid-sparing
N  Failures (%) N  Failure (%)
Clinically staged
1 node, <3 cm 21 2 (10) 24 14)
1 node, 3-6 cm 30 5(17) 39 1)
>1 node, 3-6 cm 34 10(29) 44 3(7)
>6 cm node 2 2 (100) 6 1(17)
Pathologically staged
1 node, <3 cm 15 107 16 1(6)
1 node, 3-6 cm 34 5(15) 27 24)
>1 node, 3-6 cm 33 11(33) 38 3(8)
>6 cm node 3 1(33) 3 0(0)
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Table 3 Multivariate analysis of potential factors for regional recurrence

Factor Strata 2-yr regional OR 95% CI P-value
control (%)

Age < 60 years 85% 0.83 (0.79, 1.12) 46
> 60 years 82%

Sex Male 86% 0.80 (0.68, 1.15) 27
Female 83%

T-stage TO-T2 82% 0.79 (0.56, 1.27) .39
T3-4 85%

Treatment intent Definitive IMRT 84% 0.88 (0.65, 1.40) .50
Postoperative IMRT 83%

Primary site Oropharynx 80% 1.07 (0.67, 1.78) .36
Nonoropharynx 84%

HPV status Positive 89% 1.29 (0.55,2.23) .09
Negative/unknown 81%

Ipsilateral PS Yes 76% 1.45 (0.70, 1.92) .01
No 90%

CI, confidence interval; HPV, human papillomavirus; IMRT, intensity modulated radiation therapy; OR, odds ratio; PS, parotid gland-sparing.

recurrences) and classified as follows: 21 events were in-
field recurrences (17 in the high-risk ipsilateral cervical neck,
4 in the low-risk contralateral or supraclavicular neck); 19
cases were marginal recurrences (14 in the ipsilateral level
II neck and/or parapharyngeal space in the vicinity of spared
parotid gland, 4 elsewhere in the ipsilateral cervical or su-
praclavicular neck; and 1 in the retropharyngeal area), and
9 cases were true misses (5 in the ipsilateral level II neck
in the region of the retrostyloid space; 4 elsewhere in the
ipsilateral cervical or supraclavicular neck).

Of these 49 regional failures, 40 (82%) occurred without
evidence of a local recurrence. Notably, no patient re-
curred in the contralateral NO neck in the vicinity of the
spared parotid gland. Eighteen of 19 marginal recur-
rences as well as true misses occurred among the cases that
were treated with ipsilateral parotid gland-sparing IMRT.
The one case of marginal recurrence that occurred in a
patient who was treated without parotid gland-sparing IMRT
involved a failure that was lateral to the supraclavicular
region. Forty of 49 regional recurrences (82%) were de-
signed to be included in the CTV-I with the remaining 9
cases (18%) that were designed for the CTV-L.

The average mean dose to V. for infield, marginal,
and true misses was 63 Gy, 52 Gy, and 37 Gy, respec-
tively. These values represented 102%, 84%, and 55% of
the prescription dose, respectively. Among the 19 mar-
ginal recurrences, the mean D90 and V100 were 46 Gy
(Range, 39-55 Gy) and 83% Gy (Range, 30%-93%), re-
spectively. Among the 9 true misses, the mean D90 and V100
were 33 Gy (Range, 19-42 Gy) and 11% (Range, 6%-19%).

Discussion

The results of the present study illustrate the hazards of
purposely sparing the parotid gland when disease is located

in the ipsilateral neck. Indeed, the rate of regional recur-
rence was reduced three-fold (from 23% to 8%) when this
practice was abolished after an unplanned interim review
at our institution. While our departmental standard has his-
torically been to contour and deliberately spare both parotid
glands regardless of the N stage, the recognition that node-
positive patients are at a high risk for regional failure in
the area of the ipsilateral parotid gland level II cervical in-
terface as illustrated in Figures 2-4 warranted a dramatic
shift in practice policy. This was also partly due to an in-
creased awareness that the analysis of dose-volume
histogram data fails to provide information with regard to
where cold spots may lie spatially in the PTV, even when
at least 95% was covered, in accordance with the depart-
mental guidelines. The data presented herein validates the
effectiveness of this decision and highlights the impor-
tance of careful selection criteria for parotid gland-
sparing IMRT.

Of note, early experiences that established the accept-
ability of parotid gland-sparing IMRT were fairly
conservative and generally excluded patients with bilat-
eral nodal involvement due to concerns of underdosing areas
in the high level II neck that was adjacent to the parotid
gland. In fact, landmark studies by the University of Michi-
gan and the University of Florida limited parotid gland-
sparing to the node-negative neck, which likely contributed
to the low incidence of marginal misses.** Moreover, in their
early IMRT experience, investigators from Washington Uni-
versity excluded the deep lobe of the parotid gland from
the OAR due to concerns for potential failure in the vi-
cinity of the deep lobe at the junction with the level II
cervical lymph nodes.” In the only randomized study that
has been published to date, Nutting et al showed equiva-
lent rates of local-regional control between patients who
were treated with IMRT and non-IMRT techniques for head
and neck cancer.® Notably, none of the patients who were
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Figure 2 Case illustration: (A) A 40 year-old female patient status postpartial glossectomy and right, modified radical neck dissec-
tion for pathological T2N2a squamous cell carcinoma of the oral tongue. The patient was treated with postoperative intensity modulated
radiation therapy to a dose of 60 Gy with intentional sparing of both parotid glands; (B) Nine months after completion of the adjuvant
therapy, the patient palpated a right level II lymph node at the angle of the mandible and a magnetic resonance imaging scan revealed
a heterogeneously enhancing lesion that was adjacent to the deep lobe of the ipsilateral parotid gland in the parapharyngeal space; (C)
Registration of a positron emission/computed tomography scan that was obtained at the time of the recurrence to her original com-
puted tomography plan confirmed a marginal miss with approximately 30% of the delineated recurring tumor volume within the 95%

isodose line.

treated with IMRT had N2c disease and only the contra-
lateral parotid gland was used as an OAR for IMRT
optimization purposes with a constraint of < 24 Gy for
planning.

Given the failure patterns that were observed in our study,
the importance of designating the CTV in a consistent and
reproducible fashion is paramount. Although the consen-
sus guidelines have been utilized to delineate the CTV at
the time of IMRT treatment planning, these contouring rec-
ommendations are applicable only for patients with NO low-
risk necks.” For patients with node-positive disease either
upfront or during the postoperative setting, guidelines are
sparser but have been proposed by Gregoire et al’ A common
recommendation is to extend the level II nodal station su-
periorly to cover the retro-styloid space up to the base of
skull in the case of nodal involvement because the ipsilat-
eral parotid gland often overlaps the CTV, which results
in anatomical challenges with effective sparing of this OAR.
This contrasts to the node-negative neck where the supe-
rior extent of the CTV typically ends at the caudal aspect
of C1 and results in much more robust sparing of the parotid
gland.

In all cases, consensus guidelines recommend the use
of the medial edge of the sternocleidomastoid muscle, which
is another region in close spatial proximity to the parotid
gland, as the lateral border of the levels II, III, and IV lymph
nodes. From an anatomical standpoint, aggressive sparing
of the parotid gland on the node-positive neck may poten-
tially lead to a compromise of coverage to areas at a high-
risk for microscopic disease. This is especially the case given
that the tail of the parotid gland essentially abuts to the level
I cervical lymph node region near the angle of the man-
dible, which is an area that is well-known to be the
first-echelon drainage site for many tumors of the mucosal

axis. Indeed, the classically defined anatomical boundar-
ies of the parotid gland including the mastoid/styloid
processes (posteriorly), masseter muscle (anteriorly),
parapharyngeal space (medially), skin surface (laterally),
external acoustic meatus (superiorly), angle of the mandible/
posterior belly of digastric muscle (inferiorly) all come into
close contact with the level II cervical lymph nodes.

The preeminent concern with the aggressive implemen-
tation of IMRT at the clinic is the possibility of a
geographical miss in regions that are at a high risk for
recurrence. Although the published literature to date on
IMRT to the head and neck has suggested that marginal
recurrences and misses are relatively rare, caution has
been raised by some authors with regard to the possibility
of overzealous parotid sparing.*'° Cannon and Lee docu-
mented 3 failures in the vicinity of the spared parotid
gland in the involved neck among patients who under-
went IMRT.!" Eisbruch et al similarly reported that nearly
all regional recurrences that were observed after IMRT
occurred in the ipsilateral neck in the vicinity of level II
or II1."> Bussels et al also reported 6 patients who failed
in level II or the parapharyngeal space in the ipsilateral
neck after parotid gland-sparing IMRT for head and neck
cancer."”

Despite attempts to provide guidelines to improve safety
and documentation with respect to the use of IMRT, mul-
tiple aspects of IMRT planning are non-standardized.' This
is particularly the case in the setting of head and neck IMRT
where many processes are user-dependent including target
delineation, CTV/PTV margin selection, beam angle design,
constraint adoption, and prioritization of OAR and PTV
coverage. Given that inverse planning typically refers to a
computerized optimization scheme, tradeoffs are insti-
tuted at multiple levels so that parotid gland sparing can
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Figure 3 Case illustration: (A) A 55-year-old male patient status
postchemoradiation to 70 Gy for T3N1 squamous cell carci-
noma of the right tonsil who subsequently developed regional
recurrence in the ipsilateral neck as shown by positron emission
tomography (PET)/computed tomography (CT); and (B) mag-
netic resonance imaging scan. Notably, the gross tumor volume,
situated adjacent to the deep lobe of the ipsilateral parotid gland,
at the time of the recurrence (12 months after initial therapy) is
shown in maroon and the parotid gland is outlined in green. (C)
The original intensity modulated radiation therapy plan that was
registered to the PET/CT at the time of recurrence with the blue,
pink, and purple lines, which represent the 95%, 90%, and 85%
isodose lines, respectively, confirms a marginal miss and the 95%
isodose line encompasses approximately 60% of the delineated
recurring tumor volume as shown on axial (D) and coronal sec-
tions. The ipsilateral parotid gland is delineated in green.

be achieved while maintaining a reasonable degree of cov-
erage to the PTV.

However, as our findings demonstrate, these decisions
can have profound consequences with respect to disease
outcome. Although the conformality to the CTV of the neck
is summarily reviewed through isodose distribution and dose-
volume histogram data, the present study shows that
aggressive sparing of the ipsilateral parotid gland OAR may
come at the expense of inappropriately reduced coverage
to the CTV to fulfill the constraints for the parotid gland
OAR. Notably, the same aforementioned variabilities in plan-
ning and delivery contributed to the primary limitation of
this study because elements that are subjected to physi-
cian discretion including the choice of expansion margins

Figure 4 Case illustration: (A) A 67-year-old male patient with
disease recurrence at bilateral level II in the cervical neck adja-
cent to the deep lobes of the parotid glands after previous
completion of chemoradiation to 70 Gy approximately 10 months
prior for TAN2C squamous cell carcinoma of the base of tongue.
(A) A positron emission tomography (PET)/computed tomogra-
phy (CT) at the time of recurrence illustrates the gross tumor in
orange and the right and left parotid glands in green and yellow,
respectively. (B) A review of the original intensity modulated ra-
diation therapy plan revealed that bilateral parotid gland sparing
was attempted and the red contour illustrates the PTV70 while
the parotid glands are depicted in green and yellow. (C) The red,
blue, aqua, and orange color washes represent the 100%, 95%,
80%, an 50%, isodose distributions, respectively. Deformable image
registration of the original intensity modulated radiation therapy
plan onto the PET/CT scans at the time of the recurrence with
the red and blue lines represents the 95% and 50% isodose dis-
tributions and confirm the marginal misses bilaterally with
approximately 90% and 92% of the delineated recurring tumor
volume encompassed by the 95% isodose line, respectively, in
the vicinity of the spared right and left parotid glands, respectively.
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used to create target volumes are impossible to control for.
We acknowledge that the heterogeneity of the population
with respect to patient, disease, and treatment-related
characteristics makes drawing definitive conclusions dif-
ficult but our findings are worthy of further hypothesis
generation.

Lastly, it is uncertain how much additional clinical gain
occurs when both parotid glands are attempted to be spared
as opposed to only one. Although studies have clearly shown
that minimizing doses to the parotid glands results in clini-
cal gains with respect to xerostomia and quality of life,
numerous questions persist with regard to the relation-
ship between these outcomes and dosimetric parameters.'>'®
The published guidelines for the quantitative analyses of
normal tissue effects in the clinic assert that severe xero-
stomia (defined as long-term salivary function of < 25% of
baseline) is usually avoided if at least 1 parotid gland is
spared to a mean dose of less than approximately 20 Gy
or if both glands are spared to less than approximately 25 Gy
(mean dose)."” For complex, partial-volume radiation therapy
patterns (e.g., IMRT), each parotid gland mean dose should
be kept as low as possible, which is consistent with the
desired CTV coverage.

Indeed, due to the heterogeneity of the published data
with respect to study design (i.e., use of stimulated vs
unstimulated salivary flow, observer- vs patient-reported
symptoms, and variable quality of life and toxicity instru-
ments), the currently available predictive models are
imprecise and both linear and sigmoidal functions have been
suggested to correlate dose, volume, and complications.'®%
Furthermore, uncertainties exist with regard to spatial varia-
tion in radiation sensitivity within the parotid glands as well
as the contribution of the submandibular and minor sali-
vary glands.”' Additionally, studies have shown that the
parotid glands are dynamic structures that undergo shrink-
age and displacement during radiation and thus affect
dosimetry to this OAR and adjacent areas.””*

The potential of contouring error and variabilities con-
tributing to recurrences must also be acknowledged. While
consensus guidelines for the delineation of the neck have
been adopted for use, these are only meant for a defini-
tive setting. In the postoperative setting, where fascial planes
are often distorted and artificial changes make appreciat-
ing anatomy more difficult, significant challenges exist in
the delineation of risk levels. There was no difference in
the rates of regional recurrence for patients who were treated
with definitive versus postoperative IMRT in the present
series but the inherently variable approaches with regard
to target volume delineation that exist between the two
cohorts have the potential to confound our findings and make
drawing definitive conclusions difficult. Regardless, the prac-
tice of carving out the parotid gland OAR from regions that
are known to be at risk for a tumor recurrence in the ip-
silateral neck and the resulting underdosage at the parotid-
level II interface can lead to unfavorable outcomes. Our
study also illustrates how a cursory review of dose-volume

histogram data can overlook spatial deficiencies in target
coverage since it is possible to attain the D95 goal to the
entire PTV while inadequately dosing selected critical por-
tions at high risk for recurrence.

Others have also demonstrated that inadequate atten-
tion to detail with respect to treatment planning has the
potential to affect the survival of patients with head and
neck cancer. Bolero et al demonstrated the importance of
physician experience when IMRT is used to treat patients
with head and neck cancer.” In their analysis, the risk of
all-cause mortality decreased by 21% for every addi-
tional 5 patients who were treated per provider per year.
Notably, the effect of experience was not observed when
non-IMRT techniques were employed, which again sug-
gests that target volume delineation is critical to optimize
outcomes for patients who are treated with IMRT for head
and neck cancer.

Peters et al similarly reviewed the radiation plans of 820
patients who were treated in a prospective trial of
chemoradiation for head and neck cancer and showed that
poor compliance to quality guidelines resulted in a 24%
and 20% decrease in 2-year local-regional control and overall
survival, respectively.” Importantly, incorrect target delin-
eation and/or planning were the most commonly observed
deficiencies.

Conclusions

Our findings demonstrate that attempted sparing of the
parotid gland in the node-positive neck can result in mar-
ginal misses in the region of the ipsilateral parapharyngeal
space and level II cervical nodal region. This study also
raises questions about how aggressive parotid gland sparing
using IMRT should be pursued.

Although limited by the retrospective design of com-
paring 2 groups of sequentially treated patients with differing
follow-up periods, these results have important clinical im-
plications. Nearly all of the observed regional recurrences
had clinical and/or pathological evidence of disease in level
II but the presence of level III and/or IV involvement should
also warrant caution in ipsilateral parotid-gland sparing due
to a poorer prognosis that is historically associated with these
disease characteristics. The decision to perform parotid
gland-sparing IMRT in the node-positive neck should be
made with caution and likely be individualized on a case-
by-case basis with consideration of the clinical and
pathological factors that influence the likelihood of disease
recurrence in the ipsilateral cervical neck.
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