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ABSTRACT

We sought to evaluate the association between larynx dose and risk of severe late laryngeal toxicity
in patients undergoing re-irradiation SBRT for recurrent HNC. Fifty-five patients with an intact larynx
underwent re-irradiation SBRT to a median dose of 44 Gy in 5 fractions. Five (41.7%) patients treated
for a laryngeal/hypopharyngeal recurrence experienced late grade >3 laryngeal toxicity, compared to
0.0-7.1% for other sites. Logistic dose-response models were created to predict risk of severe late
laryngeal toxicity, including dysphagia and airway compromise. According to the model, the risk of
severe laryngeal toxicity with a larynx D5cc of 5 Gy is 5.8% (95% Cl 2.9-9.9%) and rises to 11.4%
with a D5cc of 20 Gy and 25.3% with a D5cc of 40 Gy. In patients with a laryngeal/hypopharyngeal
recurrence, SBRT planning should carefully assess the dose to laryngeal structures given these dose
findings, and SBRT should be approached with significant caution in such patients.
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BACKGROUND

Laryngeal cancer is one of the few major cancers
for which survival has decreased nationally (1, 2). The
“Olsen hypothesis” states that this trend is a result of a
shift in standard of care from laryngectomy to an organ
preservation approach for locally-advanced laryngeal
cancer, with the inability to salvage some failures (3).
This shift occurred in the 1990’s following publication

of the VA Laryngeal Cancer Study Group and RTOG
91-11 trials showing comparable oncologic and sur-
vival outcomes between surgical and non-surgical
approaches (4, 5), with nationwide population-based
studies showing a corresponding decrease in survival
for larynx cancer patients (1, 2). In RTOG 91-11, long-
term follow-up revealed an increased rate of non-cancer
related deaths in the concurrent chemoradiation arm,
a finding which has been hypothesized to be due to
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uncaptured late treatment-related toxicities stemming
from treatment intensification with the concurrent regi-
men (4).

Theoretically, any increased risk of late toxic-
ity when treating intact larynx would be magnified in
the re-irradiation setting. Currently, salvage laryngec-
tomy is recognized as the standard of care for recur-
rent head and neck cancer (rHNC) involving the larynx.
For patients who are not surgical candidates, interest in
salvage re-irradiation with stereotactic body radiation
therapy (SBRT) as an alternative to conventional re-irra-
diation with potentially fewer toxicities has increased
in recent years, although severe toxicities have been
reported in some patients. We have previously demon-
strated a late grade >3 toxicity rate of less than 20%
overall after re-irradiation SBRT for rHNC, though this
rate increased to 50% in patients treated for laryngeal
or hypopharyngeal recurrences (6). Laryngeal toxicity,
which can manifest as dysphagia, aspiration, laryngeal
edema, or laryngeal stenosis, is one of the most com-
monly reported toxicities after SBRT for rHNC. At this
time, no validated dose-volume constraints for the lar-
ynx exist to guide SBRT treatment planning. We there-
fore sought to model the relationship between larynx
dose and risk of severe late laryngeal toxicity in patients
undergoing re-irradiation SBRT for rHNC.

METHODS AND MATERIALS

We retrospectively reviewed 186 patients with recur-
rent, previously-irradiated head and neck cancer of any
histology treated between January 2008 and March 2013.
Patients treated early in our experience with incomplete
dosimetry data or treated with <5 fractions to doses <40
Gy were excluded. Out of 186 patients reviewed, 75 had
complete dosimetric data available. Of these 75, 12 were
excluded due to prior laryngectomy and 8 were excluded
due to death occurring <3 months after SBRT, as the focus
of this report is on late laryngeal toxicity in patients with
an intact organ, thus leaving a total of 55 patients that
were included in the dose modeling analysis. All patients
were treated with conventional linear accelerator-based
SBRT to a dose of 40-50 Gy in 5 fractions, modulated
based on tumor size, delivered every other day. The
majority of patients (81.8%, n=45) received concurrent
cetuximab (administered at a loading dose of 400 mg/m?2
on day -7, followed by 250 mg/m2 on days 0 and +8)
with SBRT. Our treatment planning and delivery process
has been previously described (7). At our institution, no
specific dosimetric constraints for the larynx were used
in treatment planning.

The larynx was retrospectively contoured for each
patient. For patients treated to a laryngeal site of recur-
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rence, the entire organ was contoured irrespective of
the target area. Larynx dosimetric parameters were
collected from review of dose-volume histograms. The
t-test was used to compare larynx dosimetric param-
eters between patients who did and did not develop late
grade >3 laryngeal toxicity. The Chi-square test was
used to compare rates of late grade >3 laryngeal toxic-
ity among different SBRT treatment sites.

Next, using the DVH Evaluator software (Diver-
siLabs, LLC, Huntingdon Valley, Pa), logistic dose-
response models were created to predict the risk of
severe late (occurring >3 months after SBRT) laryn-
geal toxicity, defined as grade >3 dysphagia, laryngeal
edema, or laryngeal stenosis based on Common Termi-
nology Criteria for Adverse Events v4.0. The following
logistic model was utilized:

1

NTCP = -
1+ (TD50v / Dv)

where TD50v is the 50% risk level for dose-descriptor
Dv, and the slope at Dv = TD50v is k/(4*TD50v). The
Dv parameters used included dose corresponding to
0.1 cc of larynx (D, ), 1 cc (D, ), 2 cc (D, ), and 5
cc (D, ) from re-irradiation SBRT. For patients who
received more than one course of re-irradiation SBRT,
cumulative larynx doses from fused summary plans of
all SBRT treatments were recorded. Due to inconsistent
availability of prior records over variable re-irradiation
intervals, dose from prior external beam radiation was
not included.

RESULTS

Median follow-up was 8.8 months (interquartile
range, IQR: 5.7-16.4) for all 55 patients included for
analysis. Among the 8 patients that were excluded due
to death <3 months after SBRT, 3 patients died of pro-
gressive head and neck cancer, 1 died of myocardial
infarction, 1 died of metastatic esophageal cancer, 1
did not finish SBRT because he was admitted for pneu-
monia and subsequently died of septic shock and renal
failure, and 2 patients were lost to follow-up and died of
an unknown cause. Patient and treatment characteristics
are summarized in Table 1. The median re-irradiation
interval was 21.5 months (IQR: 9.0-62.3 months), and
the median prior external beam radiation dose was 68.6
Gy (IQR: 64.3-70.0 Gy). Most patients (94.5%) had
squamous cell carcinoma histology, and the most com-
mon sites of recurrence treated with SBRT were oro-
pharynx (25.5%), neck (25.5%), larynx (21.8%), and
oral cavity (18.2%). Five patients (9.1%) received more



Table 1. Baseline patient and treatment
characteristics

Characteristic

Number (% or IQR)

Median age (years)

Male

Prior surgery

Histology
Squamous cell carcinoma
Thyroid carcinoma
Adenocarcinoma

Concurrent cetuximab

Median prior EBRT dose (Gy)

Median re-irradiation interval
(months)

Number of SBRT courses
1
2
3
Site of recurrence
Oropharynx
Neck
Larynx
Oral cavity
Base of skull
Nasopharynx
Median SBRT dose (Gy)
Median SBRT PTV (cc)

64 (59-72)
29 (52.7%)
34 (61.8%)
52 (94.5%)
2 (3.6%)
1(1.8%)
45 (81.8%)
68.6 (64.3-70.0)
21.5 (9.0-62.3)

50 (90.9%)
3 (5.4%)
2 (3.6%)

14 (25.5%)
14 (25.5%)
12 (21.8%)
10 (18.2%)
3 (5.5%)
2 (3.6%)
44.0 (44.0-44.0)
35.0 (16.8-59.7)

IQR = interquartile range. EBRT = external beam radiation
therapy. SBRT = stereotactic radiation therapy. PTV =

planning target volume.

than one course of SBRT. Median SBRT prescription

dose was 44.0 Gy (IQR: 44.0-44.0) in 5 fractions.

Of the 55 included patients, 7 (12.7%) experienced
late grade >3 laryngeal toxicity, including 4 patients
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with grade 3 dysphagia, 1 patient with both grade 3
laryngeal edema and dysphagia, 1 patient with grade 4
laryngeal stenosis, and 1 patient with grade 5 dyspha-
gia. Five of the 7 patients with late grade >3 laryngeal
toxicity had been treated with SBRT to a laryngeal or
hypopharyngeal site of recurrence, 1 was treated for an
oropharyngeal recurrence, and 1 was treated for a nodal
recurrence. Overall, 41.7% (n=5) of patients treated for
a laryngeal/hypopharyngeal recurrence experienced
late grade >3 laryngeal toxicity, compared to 7.1%
(n=1) for oropharynx, 7.1% (n=1) for neck, and 0.0%
(n=0) for oral cavity, nasopharynx, and base of skull
(p=0.034). The median Dy o Dyer Do Dsr and mean
larynx doses were 17.6 Gy (IQR 0.6-46.9 Gy), 13.0 Gy
(IQR 0.5-43.0 Gy), 11.1 Gy (IQR 0.5-36.5 Gy), 4.8 Gy
(IQR 0.4-28.3 Gy), and 4.1 Gy (0.3-15.4 Gy), respec-
tively. Table 2 shows a comparison of these larynx dosi-
metric parameters for patients with and without grade
>3 late laryngeal toxicity. All larynx dosimetric param-
eters were significantly higher for patients who devel-
oped severe late laryngeal toxicity.

The risk model based on D, appeared to result in
the strongest dose-response curve (Figure 1). Accord-
ing to the model, the risk of severe laryngeal toxicity
with a D, _of 5 Gy is 5.8% (95% CI 2.9-9.9%). The
risk is reduced only minimally to 4.8% with a D, of
1 Gy, but rises to 11.4% with a D.. of 20 Gy, 25.3%
with a D, of 40 Gy, and 30.2% with a D, of 45 Gy.
Table 3 shows the risk of grade >3 late laryngeal toxic-
ity according to D D, .D,. and D, based on the
logistic model.

0.lcc?

DISCUSSION

Salvage SBRT for rtHNC appears to offer compara-
ble local control and overall survival with shorter treat-
ment times, and potentially decreased toxicity compared
with conventional techniques (8, 9). However, concerns
over severe toxicities persist. Acute and late severe tox-

Table 2. Larynx parameters for patients with and without severe late larynx toxicity

No Grade 23 Larynx

Grade 23 Larynx

All Patients (n=55) Toxicity (n=48) Toxicity (n=7) p-value
Median D0O.1cc 17.6 (IQR 0.6-46.9) 12.9 (IQR 0.4-44.0) 49.2 (IQR 46.8-49.9) 0.028
Median D1cc 13.0 (IQR 0.5-43.0) 6.7 (IQR 0.3-34.1) 47.9 (IQR 46.3-48.9) 0.011
Median D2cc 11.1 (IQR 0.5-36.5) 3.8 (IQR 0.3-26.8) 47.7 (IQR 45.8-48.4) 0.004
Median D5cc 4.8 (IQR 0.4-28.3) 1.5 (IQR 0.3-13.9) 46.0 (IQR 32.5-47.4) 0.001
Mean Larynx Dose 4.1 (IQR 0.3-15.4) 1.9 (IQR 0.3-10.0) 21.6 (IQR 20.1-35.6) 0.029

IQR = interquartile range. All doses given in units of Gy. p-values based on t-test comparison between patients with and without

severe larynx toxicity.
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Figure 1. Logistic models of larynx dose-tolerance: A) D, ., B) D, ., C) D, ., D) D .AE = adverse event (defined as

grade >3 late laryngeal toxicity).

Table 3. Estimated risk of grade >3 late
laryngeal toxicity as a function of
cumulative SBRT dose and volume in 5

fractions
Dose (Gy) Volume (cc) Risk (%)
5 0.1 6.70
5 1 6.10
5 5 5.80
20 0.1 9.60
20 1 9.90
20 5 11.40
45 0.1 17.80
45 1 20.60
45 5 30.20
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icities after re-irradiation SBRT have been reported in
up to 11.3% and 18.9% of patients, respectively (6).
Patients with an intact larynx who undergo re-irradiation
with SBRT remain at long-term risk of severe toxici-
ties related to organ dysfunction. Laryngeal toxicity can
manifest as dysphagia, laryngeal edema, or laryngeal
stenosis, all of which were combined into our composite
endpoint of severe grade >3 laryngeal toxicity. Herein,
we have used logistic modeling to quantify the relation-
ship between larynx dose and risk of grade >3 late laryn-
geal toxicity following re-irradiation SBRT for recurrent
head and neck cancer in patients with an intact larynx.
We identified D, as the most efficient predictor of risk
of severe late laryngeal toxicity, with a predicted risk of
5.8% when D,_is 5 Gy (95% CI 2.9-9.9%). However,
the model estimates a rise in risk to >30% with a D, of
45 Gy, a dose which is often unavoidable when treating
laryngeal/hypopharyngeal recurrences.



We have previously reported that in a cohort of 227
patients with long-term follow-up following re-irradia-
tion SBRT for rHNC, the grade >3 late toxicity rate was
<20% overall but varied according to treatment site,
with a risk of 50% among patients treated for a laryn-
geal/hypopharyngeal recurrence (6). In comparison,
the risk was 20%, 19%, 7%, and 7% for lymph node,
oropharynx, oral tongue, and base of skull/nasal cav-
ity/paranasal sinus sites of recurrence, respectively. The
most common late toxicities observed were dysphagia,
osteonecrosis, laryngeal edema, trachea-esophageal
fistula, and trismus. Consistent with these numbers,
in our current study’s cohort of 55 patients, the rate of
severe late laryngeal toxicity was 12.7% overall but
rose dramatically to 41.7% for laryngeal/hypopharyn-
geal patients, compared to 0.0% to 7.1% for all other
sites of recurrence. Five out 7 patients experiencing
severe late laryngeal toxicity in our study cohort had
been treated with re-irradiation SBRT to a laryngeal/
hypopharyngeal site of recurrence. Reflecting this find-
ing, the median larynx D, for patients with severe
laryngeal toxicity was much higher at 46.0 Gy, com-
pared to 1.5 Gy for all others, since it is impossible to
spare the larynx when the target is contained within.
While evidence of a dose-volume response relation-
ship with local control has been demonstrated with the
steep portion of the curve across 35-45 Gy (10-12), our
results suggest a high risk of complications with doses
in this range to the intact larynx.

Clearly, our results highlight the importance of sur-
gical salvage laryngectomy whenever feasible. Our
findings draw a parallel with those of RTOG 91-11,
where long-term follow-up revealed increased non-
cancer related deaths in the concurrent chemoradiation
arm, highlighting the potential morbidity of aggres-
sive treatment to the intact larynx even in the primary
chemoradiation setting (4). While data on site-specific
late toxicity for conventional re-irradiation is limited,
in RTOG 99-11 there were 22 patients with larynx or
hypopharynx sites out of 99 total, and late G3-4 laryn-
geal/esophageal toxicities were seen in 15 patients (13).
While no details are provided on the risk of toxicity by
subsite, if it is assumed that most of these toxicities
occurred in patients treated to the larynx or hypophar-
ynx, then this data might suggest that toxicity associ-
ated with re-irradiating an intact larynx may be high
with conventional re-irradiation as well. It remains
unclear if toxicity rates are similar between SBRT and
conventional fractionation when treating the larynx, as
our analysis highlights that the majority of severe tox-
icities occurred in patients being treated for laryngeal/
hypopharyngeal recurrences, where the larynx cannot
be spared. Others have noted that hypofractionation
even in the primary, non-re-irradiation setting for early-
stage glottic larynx cancer results in severe toxicities
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(14, 15). In a phase I study of SBRT for early-stage
glottic larynx cancer by Sher et al, two patients expe-
rienced dose-limiting toxicities consisting of grade 4
laryngeal edema and grade 3 dysphagia in one patient
treated to 45 Gy in 10 fractions, and grade 3 laryngeal
necrosis and dysphagia in one patient treated to 42.5 Gy
in 5 fractions (14). Meanwhile, a phase I study by Kang
et al was terminated early due to unexpected dose-lim-
iting toxicities with a regimen of 55 Gy and 40.7 Gy in
11 fractions to the gross tumor volume and remaining
larynx, respectively (15). Late toxicities in this study
included grade 3 laryngeal inflammation in 2 (33.3%)
patients, vocal cord ulcer in 1 patient, and arytenoid
cartilage necrosis requiring supraglottic laryngectomy
in 1 patient.

Our dose-response models are inherently limited by
the complexity of patient and treatment factors which
can potentially affect the risk of toxicity but may not be
captured in the analysis, such as nuances of the dose dis-
tribution within the larynx and to surrounding organs,
treatment delivery schedule, and patient comorbidities.
The majority of laryngeal events in this study consisted
of grade >3 dysphagia, which is often multifactorial in
a heavily treated head and neck cancer population. Due
to the small sample size, the model may have a large
margin of error. However, our rate of toxicity overall
and for patients with larynx/hypopharynx recurrence
sites are consistent with that of published rates (6) and
appear to confirm the high risk of severe toxicity with
re-irradiation SBRT to the larynx, while affirming the
feasibility of SBRT to non-laryngeal/hypopharyngeal
sites. Given the limited data on dose tolerance of the lar-
ynx with re-irradiation SBRT, the risk estimates offered
by our models are an important contribution to efforts
to delineate clearer dose constraints in the setting of re-
irradiation SBRT for rHNC and may be used to guide
application of SBRT for future clinical trial design.

CONCLUSION

Based on our logistic dose-response models, the risk
of severe late laryngeal toxicity following SBRT for
recurrent, previously-irradiated head and neck cancer is
less than 6% with a cumulative D, of 5 Gy from SBRT.
This larynx dose is feasible in patients being treated for
non-laryngeal/hypopharyngeal site of recurrence, and
represents a dose constraint that may be incorporated
into future clinical trials. Significant caution should
be exerted when considering patients with a laryngeal/
hypopharyngeal recurrence for re-irradiation SBRT, as
the therapeutic-ratio does not appear to favor SBRT in
this patient population, highlighting the importance of
surgical salvage for these patients if at all feasible.
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