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Abstract
Background: Intensity-modulated radiation therapy (IMRT) has become the standard of care for the treatment of nasopharyngeal and
oropharyngeal carcinoma. As the majority of head and neck IMRT is performed in community cancer centers, which often have lower
volume than major academics centers, it is important to ensure that cancer control rates and patient survival are comparable between
community treatment centers and large academic institutions with site-specific oncologists. Material and methods: From February 2003
to August 2008, 8 patients with nasopharyngeal carcinoma and 42 patients with oropharyngeal carcinoma were treated with IMRT at the
National Naval Medical Center in Bethesda, Maryland. Results: At a median follow-up of 61 months, the overall survival (OS) was 89% and
local control (LC) was 94% for all patients treated. Patients with nasopharyngeal cancer achieved 100% LC and a 5-year OS of 100% with
a median follow-up of 64.5 months. Patients with oropharyngeal cancer achieved 93% LC (median time to loco-regional recurrence of 11
months) and an OS of 88% at a median follow-up of 58 months. All patients with LC at 18 months remained free of loco-regional failure
throughout the follow-up period. Conclusions: Institutional reviews from large academic centers provide encouraging results regarding the
efficacy and delivery of IMRT in the treatment of head and neck cancer. This retrospective, single-institution analysis demonstrates the
ability to effectively implement and utilize IMRT in the treatment of head and neck cancer in an environment with relatively modest patient
volume. The excellent OS and LC outcomes at our institution confirm the potential for smaller academic and community centers with lower
head and neck patient volume to deliver effective therapy despite the inherent complexity of IMRT.
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Introduction
External beam radiation therapy (EBRT) plays an integral
role in the treatment of head and neck (H&N) cancer in
both the definitive and adjuvant settings. In recent years,
the techniques used to deliver EBRT for head and neck
cancer have shifted from 3-dimensional conformal RT
(3DCRT) to intensity-modulated radiation therapy (IMRT)
with image-guided radiation therapy (IGRT).
This transition of techniques has been rapidly adopted
by nearly every radiation treatment center in the United
States, following studies from large academic centers
demonstrating clinical and dosimetric superiority and
diminished adverse effects [1, 2]. The clinical adoption
of IMRT demands an exceptional understanding of
radiographic anatomy as well as a strong knowledge of
oncological considerations, including patterns of disease
spread and recurrence. Thus, as the use of IMRT for H&N
cancer has become more prevalent, experts have sought to
provide aid to smaller centers adopting these techniques
in the form of guidelines for volume delineation [3–5] and
contouring atlases [6].

Still, concerns continue to exist about the ability of smaller
institutions to match the clinical outcomes of highervolume centers using newer treatment modalities. Many
radiation oncologists in smaller community centers have
trained at centers with a high-volume of H&N cancers in
the IMRT era and thus have become proficient in these
techniques. However, at centers with low patient volume of
H&N cancer, lack of ongoing utilization of these techniques
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may degrade proficiency in that area. In addition, these
techniques change over time and require physicians to
keep abreast of the latest developments in these methods.
Given that these concerns exist, our institution sought to
review our own experience and outcomes with regard to
IMRT for head and neck cancer at our lower volume center,
in order to verify that we are providing our patients with
the highest quality of care.

Table 1 Patient characteristics (n=47).
# (%)
Gender
Female

5 (11%)

Male

42 (89%)

History of smoking
Smoker

17 (36%)

Material and methods

Non-smoker

26 (55%)

From February 2003 to August 2008, 50 patients with
nasopharyngeal (n8) or oropharyngeal (n42) carcinoma
were treated with intensity-modulated radiation therapy
(IMRT) at the National Naval Medical Center in Bethesda,
Maryland. Of the 50 patients, 45 were male and 5 were
female. All patients received treatment for squamous cell
carcinoma (n49) with the exception of one patient with
adenoid cystic carcinoma of the oropharynx. One patient
treated for nasopharyngeal squamous cell carcinoma was
lost to follow-up after 7 months and thus was excluded
from this analysis.

Unknown

4 (9%)

All oropharyngeal primary cancers arose from the tonsil
or base of tongue. Fourteen of the 42 patients (33%) with
oropharyngeal cancer and 3 of the 7 (43%) patients with
nasopharyngeal cancer had a known history of smoking
tobacco products. All nasopharyngeal cancer patients
presented with diseases at stages II (5/7, 71%) and III
(2/7, 29%). Oropharyngeal cancer patients presented at
stages I-IVC, with 31/42 (74%) being IVA. Two patients with
oropharyngeal cancer had distant metastases (Stage IVC)
at the time of diagnosis but were still treated definitely.
These patients were excluded from our data analysis.
Patient demographics are summarized in Table 1.

Primary disease site
Oropharynx

40 (85%)

Base of songue

21/40 (53%)

Tonsil

17/40 (43%)

Oropharynx NOS

2/40 (5%)

Nasopharynx

7 (15%)

Tumor staging
Stage I

1 (2%)

Stage II

6 (13%)

Stage III

4 (9%)

Stage IV

32 (68%)

Unknown

4 (9%)

Chemotherapy
Yes

37 (79%)

None

5 (11%)

Unknown

5 (11%)

Abbreviations: NOS = not otherwise specified.

Our center is a stand-alone radiation oncology practice
and all plans were generated on-site by in-house
physicists and dosimetrists. Several IMRT techniques were
employed with selection based upon physician preference,
dosimetric advantages, and machine time availability. A
Corvus planning system was used to design IMRT plans
using fixed beam (6-9 fields), volumetric modulated arc
therapy (4-7 arcs), or a combination of the two techniques.
Patients received 6800-7200 cGy in 180 cGy to 200 cGy
daily fractions. A low anterior neck field was matched
in 46 of the 49 cases (94%) to deliver 4500-5400 cGy.
Treatments were delivered using a Clinac CL21EX and/or
CL600C. Figure 1 shows representative treatment plans for
an oropharyngeal and a nasopharyngeal cancer utilizing
fixed beam IMRT (7 fields) and volumetric modulated arc
therapy (7 arcs), respectively. Dosimetric data, including
dose received by the mandible, parotid gland, larynx,
spinal cord and brainstem is summarized in Table 2. All
hot spots were kept under 115% of the prescribed dose
and were never located within organs at risk. Constraining
of the oral cavity and constrictors was not standard at our
institution during the period this data was collected.
Of the 50 patients that were treated, 49 were treated with
definitive IMRT and 1 received re-treatment for recurrent
base of tongue squamous cell carcinoma. No patient
underwent an oncologic surgery before radiotherapy.
Five of the 42 patients (12%) treated for oropharyngeal

Figure 1a IMRT planning image for a patient with oropharyngeal carcinoma.
100%, 98%, 95%, and 90% isodose lines are displayed as red, orange, yellow,
and green respectively. Planning Target Volume (PTV) in displayed in blue.
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cancer received IMRT alone and the remainder received
concurrent chemoradiation with a two drug combination
of either cisplatin or carboplatin and either 5-Flourouracil
(5FU) or cetuximab. One patient received one cycle of
neoadjuvant treatment with TPF chemotherapy (docetaxel,
cisplatin, and 5FU) prior to receiving definitive concurrent
chemoradiation with cisplatin. Two of the 7 patients (29%)
treated for nasopharygeal cancer received IMRT alone
and the remainder received concurrent cisplatin followed
by adjuvant carboplatin and 5FU or carboplatin and
docetaxol.

Results

Figure 1b IMRT planning image for a patient with nasopharyngeal
carcinoma. 100%, 98%, 95%, and 90% isodose lines are displayed as red,
orange, yellow, and green respectively. Planning Target Volume (PTV) in
displayed in blue.
Table 2 Summary of all dosimetric data.
PTV (% of target
that received
100% of dose)

Max mandible
dose (Gy)

Mean C/L
parotid dose (Gy)

Max/Mean
larynx dose (Gy)

Max spinal cord
dose (Gy)

Max brainstem
dose (Gy)

Mean

97

69

23

38/24

42

47

Median

96

72

23

38/24

43

46

Mean

97

73

21

30/19

40

43

Median

97

73

22

38/22

43

46

Site
Nasopharynx

Oropharynx

At a combined median follow-up time of 61 months (range:
7-102 months), all patients had an overall survival (OS) and
local control (LC) of 89% (42/47 patients) and 94% (44/47
patients), respectively. When looking specifically at patients
treated for nasopharyngeal primary cancers, there was a
100% (7/7 patients) rate of LC and a 100% (7/7 patients)
OS at a median follow-up of 64.5 months (range: 62-95
months). For patients treated for oropharyngeal primary
cancers, there was a 93% (37/40 patients) rate of LC and
an 88% (35/40 patients) OS at a median follow-up of 58
months (range, 7-102 months). The median time to locoregional recurrence was 11 months (range: 7-18 months).
Patient outcomes are summarized in Table 3 and Figure
2.

Table 3 Patient outcomes at a median followup of 61 months (n=47).
Number

%

Combined

44/47

94

Oropharynx

37/40

93

Nasopharynx

7/7

100

5-year local control

5-year overall survival
Combined

42/47

Oropharynx

35/40

88

Nasopharynx

7/7

100

All patients who maintained LC at 18 months remained free
of loco-regional failure throughout their follow-up period.
Two of the 8 deceased patients (25%) experienced a loss
of local control with three (38%) developing metastatic
disease prior to the time of death. Only one patient (13%)
experienced both loco-regional recurrence and distant
metastatic disease.

The majority of patients (30/47, 64%) reported no major
(grade 3) toxicities from treatment. Of those patients
who did experience adverse effects, the most common
was the need for a long-term percutaneous endoscopic
gastrostomy (PEG) tube, ranging from 3 months to 5
years. Other rare toxicities included trismus, stomatitis
of the lips and mouth, and dental effects, such as carries,
tooth necrosis, bridge deterioration, radionecrosis, and
one episode of an exposed mandible. One patient was
affected by an esophageal stricture, while three patients
experienced hypothyroidism. One patient experienced
nerve damage, including spinal accessory nerve toxicity
and winged scapula due to long thoracic nerve injury. A
summary of all toxicities are shown in Table 4.

Discussion
Institutional reviews from large academic centers provide
encouraging results regarding the efficacy and delivery of
IMRT in the treatment of head and neck cancer. IMRT has
been shown to be superior to other forms of EBRT in the
treatment of head and neck cancer in terms of minimizing
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Overall survival

Cum survival

Survival function
Censored

(A)

Months
Local control

Cum survival

Survival function
Censored

(B)

Months
Figure 2A, B Patient outcomes at a median follow-up.
Table 4 Toxicities.
# (%)
Nasopharynx (n=7)
No grade 2 + toxicities

6 (86%)

Nerve damage (CN XI & long thoracic)

1 (14%)

Oropharynx (n=40)
No grade 2 + toxicities

24 (60%)

Acute toxicities
Grade 2 dysphagia

4 (10%)

Grade 3 upper GI (PEG tube)

5 (13%)

Grade 3 esophageal stricture

1 (3%)

Dental complications

3 (8%)

Late toxicities
Grade 4 bone (osteoradionecrosis)

2 (5%)

Hypothyroid

1 (3%)

adverse effects without compromising target fields of
radiation coverage [7–9]. Numerous studies have explored
the incidence of adverse treatment-related effects of EBRT
in the IMRT era, including xerostomia and quality of life
during and after treatment with the majority showing
reduced toxicity [10–13], and these reports have led to
IMRT being adopted as the standard of care at radiation
oncology institutions across the country.
As the majority of treatment in the United States takes
place outside of large institutions, it is important to validate
that the beneficial effects of this superior treatment is
maintained at smaller academic and community centers.
Our staff of 3 physicians treated an average of 9 patients
per year for H&N cancer. This represents approximately
2% of the 435 new cases per year that were treated at our
center. During that same time period, IMRT was routinely
utilized for central nervous system and genitourinary
cancers, which represented approximately 35% of cases
seen. The purpose of this study was to ensure that our
lower volume radiation treatment center had the expertise
to achieve results comparable to larger volume centers for
the IMRT treatment of H&N cancers.
Our disease control and survival outcomes compare
favourably to several published clinical trials for the
radiation treatment of H&N cancer. Al-Sarraf et al. reported
on 147 patients with nasopharyngeal carcinoma treated
with concurrent cisplatin and adjuvant cisplatin and 5FU
which resulted in a 67% OS at 5 years after treatment [14].
RTOG 0129 reported on 323 patients with oropharyngeal
cancer treated with concurrent cisplatin which resulted
in a 73% OS at 3 years [15]. GORTEC 9401 reported on
109 patients with oropharyngeal cancer treated with
concurrent carboplatin and 5FU, which resulted in a 51%
OS at 3 years [16]. The comparison of our data with similar
subsets of patients from other trials is shown in Table 5.
When comparing the rate of toxicities seen in our data to
results from similar patient subsets, we saw similar results.
In our patients, grade 2 toxicities were seen in 14% of
nasopharyngeal cases and 40% of oropharyngeal cases.
Kam et al. showed the incidence of grade 2-4 toxicity in
patients with nasopharyngeal cancer treated with IMRT to
be 39% [17]. Jilani et al. had an 96% incidence of grade 2-3
toxicity in retrospective analysis of locally advanced head
and neck cancers treated with IMRT [13].
As a military medical center, it is our duty and obligation to
provide the highest possible standard of care to our active
duty military, retirees, and their dependents. Fortunately,
the outcomes of this study were highly encouraging,
demonstrating that the local control and survival data
from our patients were at least on-par with national trial
results including participating institutions from across the
country. The excellent LC and OS outcomes of our patients
confirm the possibility for centers with low H&N patient
volume to deliver effective therapy despite the inherent
complexity of IMRT.
While these results are heartening, certain potential
criticisms must be addressed. Although essential to this
study, the low volume of patients treated could also be
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Table 5 Data comparison.

Study

Length of Followup (yrs)

Nasopharynx

Oropharynx

LC

OS

LC

OS

37/40 (93%)

35/40 (88%)

Gogineni, JCRO 2015

5

7/7 (100%)

7/7 (100%)

Al-Sarraf, JCO 1998

3

60/78 (78%)

59/78 (76%)

Bonner (OPC Cetuximab arm), Lancet 2010

5

RTOG 0129, NEJM 2010

3

253/323 (78%)

237/323 (73%)

GORTEC 9401, JNCI 1999

3

72/109 (66%)

56/109 (51%)

seen as a criticism of this analysis given that it reduces our
ability to draw conclusions with strong statistical power.
Similarly, as with any single institutional experience, it
could be argued that the favourable outcomes seen in
this report are a reflection of a more favourable patient
population with better overall health and better access to
care. Given that the stages of disease seen in our cohort
are similar to the national demographic with the majority
of patients having locally advanced disease, this is unlikely
to be a major factor [18, 19].
Another potential confounder in this analysis is the effect
of WHO histological subtype of nasopharyngeal cancers
and the HPV status of the oropharyngeal cancers in our
patient population. Although not an ideal surrogate, the
incidence of smoking in this patient population (33% with
oropharyngeal cancer and 43% with nasopharyngeal
cancer) may indicate an overall greater proportion of WHO
II/III and HPV subtypes which portend a better overall
prognosis. Unfortunately, HPV testing was not standard at
our institution at the time these patients were diagnosed.
It should also be noted that most of the physicians involved
in the treatment planning in this study received their
residency training at institutions with high H&N cancer
case volume. It is unclear how this affected the quality of
treatment patients received at our center.
Although a number of IMRT techniques and technologies
were used in this study, it remains unclear if any particular
approach is more efficacious than another. A study by Qi
et al., comparing Tomotherapy, True Beam using fixedfield IMRT or rapid arc, and Siemens Oncor, showed
that all techniques yielded similar target coverage, but
differed in terms of maximum spinal cord dose. C-arm
linear accelerator-based IMRT and rapid arc plans were
shown to generally produce higher parotid doses, while
Tomotherapy cases had the best cord and other organ
sparing while minimizing variations of target coverage [20].
Thus, it is certainly possible that the radiation equipment
and technologies used at our center could be another
confounding source. However the heterogeneity of
equipment used to deliver radiation therapy to patients on
the Bonner [21], RTOG 0129 [15], GORTEC 9401 [16], and
Al-Sarraf trials [14], with which our data were compared,
also varied between institutions so the comparisons are
likely valid.

96/211 (46%)

Conclusion
Upfront surgery is an emerging trend in the treatment
of oropharyngeal cancer. Patients in this report did not
undergo surgery as part of their treatment, and were
instead treated with either radiation alone or concurrent
chemoradiation. The inclusion of surgery as a component
of therapy provides an additional layer of complexity to
the treatment course, and further comparison studies will
be required to make conclusions regarding community
radiation oncology outcomes in the adjuvant setting. The
work described in this report was performed to validate our
techniques and verify that we are providing our patients
the same level of care they would receive from any large
academic institution with a higher volume of cases. This
retrospective, single-institution analysis demonstrates
the ability to effectively implement and utilize IMRT in the
treatment of H&N cancer in an environment with relatively
modest patient volume.
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