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Organ preservation in patients with locally
advanced larynx cancer: Important principles
and treatment considerations
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CASE SUMMARY

A 63-year-old male with a 20 pack-
year smoking history and a hard liquor
intake of 12-16 drinks per week pre-
sented with a 5-month history of
hoarseness and a sore throat. He also
had a 1-month history of progressive
stridor on exertion. Flexible laryngos-
copy revealed a bulky, submucosally
infiltrative mass with the epicenter at
the right false cord with involvement of
the right true cord, the right arytenoid
and a fixed larynx. The superior aryepi-
glottic fold on the right appeared to be
spared, as did the epiglottis, but the air-
way was significantly narrowed.

The patient underwent local and
systemic imaging studies, as well as a
direct laryngoscopy with biopsy and
tracheostomy. Intraoperative findings
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included significant narrowing of the
airway from extensive subglottic exten-
sion of the tumor, obliteration of the
right false and true cords, and extension
of the tumor to the anterior commissure.
Biopsy of the right hemilarynx revealed
an invasive moderately differentiated
squamous cell carcinoma.

IMAGING FINDINGS

Computed tomography (CT) of
the neck revealed fullness in the right
true vocal fold extending across the
anterior commissure, with oblitera-
tion of periglottic fat plane, and asym-
metric sclerosis and lytic change in the
thyroid lamina (Figure 1). There was
asymmetric sclerosis of the right ary-
tenoid cartilage and mild asymmetric
fullness of the strap muscles overlying
the larynx on the right concerning for
extralaryngeal spread. There was no
obvious radiographic evidence for gross
subglottic extension, and the subglottic
airway was patent. There was no bulky
adenopathy in the neck.

A positron emission tomography/CT
(PET/CT) scan revealed a 3.5 x 3.0-cm

soft tissue thickening of the right vocal
cord with moderately increased fluoro-
deoxyglucose (FDG) uptake (Max SUV
16) consistent with neoplasm (Figure
2A). The tumor crossed midline and
extended across the anterior commis-
sure, obliterating the periglottic fat plane.
It encased and eroded the right thyroid
lamina. There was a 1.7 x 0.8-cm mildly
FDG avid lymph node in the right level
Ila (Max SUV 3.7) (Figure 2B).

DIAGNOSIS

Stage IVA T4aN1MO locally
advanced squamous cell carcinoma of
the larynx.

DISCUSSION

Prior to the publication of the Vet-
erans Affairs (VA) Laryngeal Cancer
Study, the standard treatment for patients
with locally advanced laryngeal cancer
consisted of a total laryngectomy with
postoperative radiation therapy recom-
mended for patients with certain high-
risk pathological features. The results of
the VA study demonstrated that a strat-
egy of induction chemotherapy followed

26 W APPLIED RADIATION ONCOLOGY

www.appliedradiationoncology.com

July 2014



FIGURE 1. Axial CT image demonstrating
thickening of the right true vocal fold and
adjacent changes in the right arytenoid car-
tilage and thyroid lamina, as well as mild
prominence of the extra-laryngeal strap
musculature on the right.

by definitive radiation therapy was an
effective approach for larynx preserva-
tion without compromising a patient’s
overall survival compared to total lar-
yngectomy. Despite these promising
general results, 56% of patients with
T4 cancers required salvage laryngec-
tomy, compared to 26% of patients with
smaller primary tumors, p=0.001."

Consequently, patients with high-
volume T4 primaries (invasion > 1 cm
into the base of tongue or penetration
through cartilage) were excluded in the
subsequent RTOG 91-11 trial evaluat-
ing the benefit of concurrent chemo-
radiotherapy compared to induction
chemotherapy followed by definitive
radiotherapy or definitive radiation
therapy alone.? Since the publication
of the VA Larynx Study and RTOG
91-11, the inclusion of this cohort of
patients into randomized studies inves-
tigating voice-preserving treatment
alternatives has been limited.

In addition to the requirement of a
permanent tracheostomy and the mor-
bidity of the surgical procedure, total
laryngectomy is also associated with a
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FIGURE 2. Axial PET/CT images demonstrating a 3.5-cm laryngeal neoplasm centered in
the right vocal cord but crossing the midline (A), and a right level lla mildly FDG avid lymph

node, suspicious for metastasis (B).

significant detriment to a patient’s vocal
communication, reducing quality of
life.? Moreover, in a survey of volunteers
given the treatment option of either total
laryngectomy or a laryngeal preservation
protocol using chemotherapy and radio-
therapy, only 24.6% of patients rated
survival their main consideration (versus
quality of life) if faced with advanced-
stage laryngeal cancer.* This philosophy
has led to a reduction in laryngectomies
in the United States by 48% over the past
10 years.’

For patients with T4 larynx can-
cer who decline surgery, the National
Comprehensive Cancer Network guide-
lines recommend concurrent chemo-
radiotherapy, induction chemotherapy
followed by response assessment, or
enrollment in a clinical trial.® Multiple
institutional experiences have demon-
strated modest outcomes in patients
with T4 primary cancers treated with
larynx-preserving approaches (Table
1).7-13 Even in these series, however,
patients with thyroid cartilage invasion
are underrepresented. A review of 25
patients with thyroid or cricoid cartilage

invasion treated with chemoradiother-
apy demonstrated that patients with car-
tilage invasion involving both cortices
had an inferior local control compared
to patients with no or minor cartilage
invasion (2-year rate: 55% versus 81%,
p<0.05), but no significant reduction
in survival with a functional larynx or
overall survival.!®

When using CT imaging to deter-
mine the optimal patient management
approach for patients with advanced
larynx cancer, it is also important to
understand the limitations of imaging
accuracy in detecting thyroid cartilage
penetration or extralaryngeal spread.
For example, in one series of 107 lar-
yngectomy specimens, CT imaging
identified 59% and 49% of cases of
pathologically documented thyroid car-
tilage penetration and extralaryngeal
spread, respectively, with correspond-
ing positive predictive values of 74%
and 81%."7

At our institution, only select pa-
tients who are healthy enough to tol-
erate combined modality treatment,
compliant enough for close follow-up,
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Table 1. Selected institutional studies of organ preservation
for T4 locally advanced laryngeal carcinomas.

Series Year N Treatment Median LC LRC LP LFS %salvage Successful DSS 0S
author (% node +) FUP (m) laryngectomy salvage
Harwood” 1981 56 (0%) RT alone — 56% — - 71% — — —  64%
Haugen® 2005 32(21.9% RT(84%)or 15.3 75% 75% — — 9% 67% —  39%
Chemo RT
(16%)
Nishimura® 2007 8 (62.5%) ChemoRT 44.8 50% —  55% — — — 1% —
Hinerman'® 2007 22(22.7%) RT alone 684 82% 78% — - 18% 25% 87% 67%
Worden'" 2009 36(52.8%) ChemoRT 69.0 — — 73%  58% - 100% —  78%
Patel'? 2010 21 (62%) ChemoRT 12.0 71% — — — — — — —
Stenson'® 2011 80 (36%) ChemoRT 49.2 — — 88% — — — 71% 49%
Mucha- 2013 114(52%) RT alone — 42%* — — — 20%* — —  40%*
Malaka'*
Karatzanis'> 2014 28 (51%) ChemoRT  56.4 95% — — — — — 29% 23%
Kotecha etal 2014 15 (80%) ChemoRT 424  92%* 92%* 100%* — 0%* — —  70%*

Abbreviations: FUP = follow-up period, LC = local control, LRC = locoregional control, LP = larynx preservation, LFS = laryngectomy-free survival,
DSS = disease-specific survival, OS = overall survival. 5-year outcomes are reported, except when indicated with an *, which represents 3-year outcomes.

and motivated enough for larynx pres-
ervation are treated with concurrent
chemoradiotherapy. Upon review of
an institutional review board (IRB)-
approved tumor registry, 15 patients
with T4 disease were treated at the
Cleveland Clinic from 1993-2011 with
combined chemoradiotherapy. For
this cohort, the local control, locore-
gional control, and larynx preservation
rates have been 92%, 92% and 100%,
respectively at 3 years (Table 1). Note,
however, that one patient with a local
failure was recommended to undergo
laryngectomy and declined, putting the
recommended larynx preservation rate
at 92% as well (95% CI177.8%-100%).
While it remains uncommon for our
institution to treat these patients with
a non-surgical approach, these results
demonstrate favorable outcomes in a
carefully selected subset of patients.
Evaluation of the response to induc-
tion chemotherapy is one proposed

method to better select patients with
locally advanced larynx cancer for
organ preservation. For example, Urba
and colleagues reported a favorable
larynx preservation rate of 70%), and
a 3-year overall survival rate of 85%,
in a population of patients selected for
larynx preservation based on >50%
response to induction cisplatin and
fluorouracil.'® This, however, may not
be the optimal method to appropri-
ately select patients. In the Radiation
Therapy Oncology Group (RTOG)
91-11 trial, of the 11 patients who had
less than a partial response to induction
chemotherapy but continued with addi-
tional chemotherapy or radiation ther-
apy, all 11 had a complete response, and
only one patient eventually required a
laryngectomy.'® Therefore, it is impor-
tant to note that the response to chemo-
therapy alone does not always correlate
with a patient’s response to concurrent
chemoradiotherapy.

When embarking on a larynx-
preservation approach in patients with
locally advanced primary cancers, it
is important to evaluate the need for a
tracheostomy before therapy (and its
coverage during treatment planning),
design nodal volumes to include the
at-risk nodal drainage pathways dur-
ing target delineation, make use of an
adaptive re-plan to reduce the treat-
ment volume as the tumor volume
shrinks, and follow the patient closely
after therapy completion. One should
also consider pre-treatment placement
of a tracheostomy in patients with
bulky tumors causing a narrowed air-
way that could become occluded by
radiation-induced edema. For routine
intensity-modulated radiation therapy
(IMRT) treatment planning, the bilat-
eral cervical nodal levels II-1V are
included in all patients with supraglot-
tic primaries or stage III/IV glottic pri-
maries (Figure 3).2°
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FIGURE 3. Axial CT treatment planning images of the GTV70 (red), CTV70 (yellow), and CTV56 (orange) are shown for a patient with locally
advanced larynx cancer. Outlined in pink is a larynx avoidance structure used for IMRT planning to reduce the dose to the contralateral side
(F). In addition to levels II-1V bilaterally, level VI was also included in the CTV56 volume (1), given the anterior disease extent. The GTV70
to CTV70 expansion was 3 mm, and the PTV expansion was 2.5 mm. The patient was treated with daily cone-beam computed tomography
(CBCT) IGRT. Please note these are representative slices and not all slices are included.
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FIGURE 4. Axial, coronal and sagittal CT images with an overlying dose-grid demonstrate the treatment plan used for this patient. The red
outline represents the 70 Gy isodose line, and the green outline represents the 56 Gy isodose line. Other dose levels are indicated on the

color legend.

For patients with more advanced
local disease, especially with ante-
rior extension of disease through the
cartilage or subglottic extension, the
level VI nodes should also be included
(Figure 3I). As defined in the 2013
update of the consensus guidelines,
adequate coverage of the level VI
nodes includes the anterior jugular,
pre-laryngeal, pre-tracheal and para-
tracheal (recurrent laryngeal nerve)
nodes, as well as the deep previsceral
space.?! Thus, the level VI contour
volume should extend from the cau-
dal edge of the hyoid bone to the cra-
nial edge of the sternal manubrium,
limited anteriorly by the platysma
and posteriorly by the anterior surface
of the infrahyoid muscles. Adaptive
radiotherapy has been proposed as
a method of decreasing late toxicity
and possibly preventing a geographi-
cal miss in patients who experience
significant tumor shrinkage or weight
loss during therapy. While the dosi-
metric benefit of adaptive re-plan-
ning is clear, whether this dosimetric

benefit correlates to improved control
and reduced toxicity remains to be
demonstrated.?>?

Finally, in bulky T4 patients who
decline laryngectomy, the importance
of close follow-up with laryngoscopy
cannot be overstated. The random-
ized data showed no survival ben-
efit to laryngectomy, but this depends
on effective salvage, which may be
compromised if the patient is lost to
follow-up.

To recapitulate, the patient in this
report was diagnosed with a Stage IVA
(T4 secondary to thyroid cartilage pen-
etration) locally advanced laryngeal
cancer. He declined surgery and was
enrolled onto the RTOG 35-01 ran-
domized trial (a phase II randomized
study investigating the use of lapatinib,
a tyrosine kinase inhibitor with dual
action against Her-2/neu and EGFR
pathways, in conjunction with stan-
dard chemoradiotherapy) and under-
went concurrent chemoradiotherapy
to a total dose of 70 Gy in 35 fractions,
accelerated over 6 weeks, using 6 MV

photons via 9-field IMRT (Figure
4). He received 44 Gy in 22 fractions
with an initial IMRT plan, and the
remainder 26 Gy was delivered using
an adaptive re-plan due to significant
tumor response as observed on flexible
laryngoscopy during his OTR visit. He
received two cycles of bolus cisplatin
(100 mg/m?) and was also randomized
to receive Lapatinib. He tolerated the
treatment well with (CTCAE crite-
ria v4.0) grade 1 dysphagia, mucosi-
tis, xerostomia, and taste changes. He
experienced grade 2 fatigue, nausea,
vomiting, and weight loss. He had
a grade 3 voice change (whispered
speech) upon therapy completion.

CONCLUSION

A total laryngectomy followed by
adjuvant radiation therapy remains
the conventional treatment for patients
with locally advanced laryngeal can-
cer, especially in those with extension
of disease through the thyroid car-
tilage. For select motivated patients
who desire organ preservation, this
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approach can lead to modest local
control without sacrificing the chance
of long-term survival. Important prin-
ciples in selecting these patients for a
non-surgical approach include assess-
ment for the need for upfront trache-
ostomy, ability to tolerate concurrent
chemotherapy, and reliability for close
follow-up. To optimize radiotherapy
management, accurate target volume
delineation should include coverage
of the gross tumor volume and ade-
quate coverage of the at-risk lymph
node levels.
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