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ORIGINAL ARTICLE

Tumour Volume as a Predictor of Treatment Success in Patients
with Laryngeal Cancer Treated with Primary Chemoradiotherapy
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!Department of Radiation Oncology, and *Department of Radiology, College of Medicine, University of Florida,
Gainesville FL, USA

ABSTRACT

Objectives: To evaluate the prognostic significance of pretreatment tumour volume in predicting local control,
with a functioning larynx, in patients with laryngeal cancer treated with primary chemoradiation.

Methods: Thirty-two patients with American Joint Committee on Cancer stage II-1V squamous cell carcinoma
of the larynx were retrospectively reviewed. All patients received concurrent chemoradiation between 2000 and
2007. Tumour volumes were contoured and calculated on computed tomography simulation scans. The median
Sfollow-up was 2.1 years. The median radiotherapy dose was 74 4 Gy.

Results: Of the 32 patients, 20 had supraglottic tumours, 11 had glottic tumours, and 1 had a subglottic tumour.
For the entire cohort of patients, the 5-year overall survival rate was 45% and the 5-year local control rate for
patients with a functional larynx was 66%. In all, 80% of patients with supraglottic tumour volumes of <12 cm?
achieved local control with a functioning larynx compared with only 44% of patients with supraglottic tumour
volumes of >12 cm’? (p = 0.0268). For glottic cancers, it was not possible to discern a relationship between
tumour volume and tumour control.

Conclusions: Pretreatment tumour volume of <12 cm? predicted local control with a functioning larynx in patients
with supraglottic squamous cell carcinoma treated with chemoradiation.
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INTRODUCTION
After the results of the Veterans Affairs Laryngeal

Cancer trial' were published in 1991, the treatment of
advanced squamous cell carcinoma (SCC) of the larynx
evolved from an almost exclusive surgical approach
to including the option of larynx preservation through
primary chemoradiotherapy.?® Larynx preservation
offers a significant improvement in patients’ quality
of life over total laryngectomy, but selecting the most
appropriate patients is critical to maintaining equivalent
cancer control *

At the University of Florida, Gainesville, FL, USA,
using the tumour volume outcome studies by Mancuso
et al® and Pameijer et al® as guides, only patients with
low-volume advanced laryngeal SCC are treated with
primary radiotherapy. These studies demonstrated that
patients with large-volume tumours, as measured on
their pretreatment computed tomography (CT) scan,
had worse outcomes after primary radiotherapy than
patients with small-volume tumours. The tumour
volume cut-offs found to be significant in these studies
were quite small (3.5 cm?® for glottic and 6 cm? for
supraglottic tumours). As patients in these studies were
treated with radiotherapy alone and no chemotherapy,
we hypothesised that adding concurrent chemotherapy
might allow for an increase in the tumour volume that
could be treated successfully with larynx-preservation
therapy. We based this hypothesis on data showing
improved local control with the addition of concurrent
chemotherapy to radiotherapy.”® The purpose of this
study was to evaluate the prognostic significance of
pretreatment tumour volume in predicting local control
with a functioning larynx in patients with laryngeal
cancers treated with concurrent chemoradiation.

METHODS

The records of 32 consecutive patients with SCC
of the supraglottic, glottic, or subglottic larynx
treated curatively with definitive chemoradiation at
the University of Florida between March 2000 and
November 2007 were retrospectively reviewed under an
institutional review board—approved protocol. Tumour
staging was based on guidelines of the American Joint
Committee on Cancer, 6th edition.'” Patients with node-
negative T1 or T2 glottic tumours, any primary tumour
of >30 cm?®, or who received induction chemotherapy
were excluded.

Each patient underwent a pretreatment, contrast-
enhanced CT scan of the head and neck with 3-mm
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slices. The pretreatment primary tumour was contoured
retrospectively and a tumour volume was calculated
using the Pinnacle 8.0M treatment planning system
(Philips Medical Systems, Andover, MA, USA).
A consensus volume was reached by two radiation
oncologists for each patient.

All tumours were treated with radiation doses between
7320 and 7680 cGy. The median radiation dose was
7440 cGy. Patients were treated with hyperfractionated
radiation (59%), conventional daily radiation (19%),
or with the concomitant boost technique (22%). The
median dose, fractionation scheme, and treatment time
for patients with tumours >6 cm and those <6 cm were
similar. Intensity-modulated radiation therapy was
used to treat only 25% of the patient population. The
remaining patients were treated with conventional
fields. Of the 32 patients, 21 received weekly cisplatin
of 30 mg/m? during radiation; the remaining patients
were treated with either concurrent carboplatin or
concurrent taxol with carboplatin. Two patients
were treated with concurrent intra-arterial cisplatin
chemotherapy as part of an experimental protocol.

Patients were followed up by a radiation oncologist
indefinitely. Major treatment complications were
recorded and graded using the Common Terminology
Criteria for Adverse Events version 3.0. Local
failure was defined as a persistence or regrowth of
carcinoma involving the larynx following completion
of radiotherapy. Regional failure was defined as a
recurrence of disease within regional lymphatics in the
absence of local recurrence. Distant recurrence was
defined as the development of disease at a distant site
or non-regional lymphatic site in the absence of loco-
regional recurrence.

SAS and JMP software were utilised for all statistical
computations (SAS Institute, Cary, NC, USA).
Statistical analysis with regard to local control rates
and preservation of laryngeal function was performed
using a combination of Fisher’s exact test (for nominal
prognostic factors) and logistic regression (for
continuous prognostic factors). The Kaplan-Meier
product limit method provided estimates of overall
survival and local control; significance levels between
the curves were calculated using the log-rank test."

RESULTS
Patient and Tumour Characteristics
The clinically significant characteristics of the patient
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population are listed in Table 1. Overall, 23 men and
9 women were included in this study. The median
age was 63 years. At presentation, 20 patients had
supraglottic tumours, 11 had glottic tumours, and 1 had
a subglottic tumour. Thirty-one patients had either stage
IIT or IVA disease, while only one patient had stage II
disease. The patient with stage II disease, who had T2
NO disease, had a bulky subglottic laryngeal cancer
and was treated with chemoradiation because of the
attending physician’s preference. The tumour and nodal
stage distribution is listed in Table 1.

The median tumour volume was 10 cm® (range, 1-
23 c¢m?). Thyroid cartilage invasion was defined as
visible tumour crossing the inner and outer table of the
thyroid cartilage, and it was seen in four (13%) patients.
Sixteen patients presented with vocal cord fixation.
Only four patients had evidence of soft tissue invasion.

Overall Outcomes

The median follow-up time was 2.1 years for all
patients and 5.6 years among survivors. Kaplan-Meier
survival curves are shown in Figure 1. For the entire
cohort of patients, the 5-year overall survival rate was
45% and the 5-year local control rate for patients with a
functional larynx was 66%. The cause-specific survival
rate at 5 years was 56%. Overall, six (19%) patients
experienced a local failure, one of whom underwent
successful salvage surgery and achieved long-term

Table 1. Patient and tumour characteristics (n=32).

Characteristic No. (%) of patients*
Sex

Male 283 (72%)

Female 9 (28%)
Primary site

Glottis 11 (34%)

Supraglottis 20 (63%)

Subglottis 1 (8%)
T stage

T -

T2 6 (19%)

T3 17 (53%)

T4 9 (28%)
N stage

NO 19 (59%)

N1 0 (0%)

N2A/B 4 (13%)

N2C 6 (19%)

N3 3 (9%)
Median (range) tumour volume (cmd) 10 (1-23)
Thyroid cartilage invasion 4 (13%)
Vocal cord fixation 16 (50%)
Soft tissue invasion 4 (13%)

* Unless otherwise stated.
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survival. Three patients experienced a regional nodal
failure in the absence of local failure. None underwent
salvage therapy. Four patients recurred with distant
metastases.

Effect of Tumour Size on Outcomes

Each tumour site within the larynx was analysed
separately and, for supraglottic cancers, patients with
tumours of <12 cm? had local control with functional
larynx rates at 5 years of 80% versus 44% for patients
with tumours >12 cm?®, which was statistically
significant (p = 0.0268; Figure 2). The tumour volume
cut-off value was 12 cm?® because it was the median
tumour volume for supraglottic cancers. For glottic
cancers, it was not possible to discern a relationship
between tumour volume and tumour control. Using
tumour volume of 6 cm? (the median tumour volume for
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Figure 1. Overall survival, cause-specific survival, and local
control at 5 years.
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Figure 2. Local control with a functioning larynx stratified by
tumour volume for supraglottic cancers.
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glottis cancers) as the cut-off, there was no significant
difference in the local control with functional larynx
rates for glottic tumours (80% for tumours <6 cm® vs
83% for tumours >6 cm?). Because of small numbers, a
p value for this comparison could not be calculated.

Complications

Eight (25%) of 32 patients experienced at least one
grade 3 to 5 complication. A total of nine grade 3 to 5
complications occurred in eight patients, making the
total grade 3 to 5 complication rate of 28%. The details
of each complication are shown in Table 2. Of the five
patients who developed chondronecrosis of the larynx
after treatment, two underwent total laryngectomy.

The grade 3 to 5 complication rate for patients
who achieved local control was 27%. The grade
3 to 5 toxicity rate for patients who required total
laryngectomy for local failure or radionecrosis was
25%. Grade 5 toxicity occurred in four (13%) patients.
Three patients who died due to complications of
treatment had locally controlled disease. One patient
who failed locally in the larynx died of postoperative
complications following salvage surgery.

DISCUSSION

This study examined the question of whether the
primary tumour volume of laryngeal cancers affects
the probability of local control with a functional
larynx following definitive chemoradiotherapy. The
results suggest that tumour volume for supraglottic
tumours is likely to correlate with outcome following
chemoradiotherapy. Patients with tumour sizes of
>12 cm® were less likely to achieve meaningful local

Table 2. Patient complications.”
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control and larynx preservation. Conversely, it was not
possible to show a relationship between tumour volume
and local control for glottic cancers.

This study follows several publications demonstrating
that tumour volume, independent of stage, can predict
outcomes in patients with laryngeal cancers confined
to the glottis or supraglottis treated with radiotherapy
alone.'”"!> Mancuso et al’> showed that supraglottic
cancers of >6 cm?® had worse rates of local control with
a functioning larynx following definitive radiation.
Another similar study demonstrated that glottic cancers
of >3.5 cm® had worse prognoses than smaller tumours
when treated with definitive radiation.® Our hypothesis
suggested that adding concurrent chemotherapy to
primary radiotherapy allows larger-volume supraglottic
tumours to be treated successfully with larynx-
preserving therapy compared with radiotherapy alone.

Recently, two studies have been published demonstrating
the role of primary tumour volume in predicting local
control for patients with head and neck cancers treated
with primary chemoradiotherapy. Strongin et al'¢
determined that patients with oropharynx, larynx, and
hypopharynx cancers with primary tumour volumes
of =35 c¢cm?® versus patients with tumour volumes of
<35 cm’® had worse 5-year overall survival (41% vs
84%, p < 0.001) and progression-free survival (43% vs
71%, p = 0.10) following chemoradiation. Lok et al'’
determined that after chemoradiotherapy for oropharynx
cancers, large primary gross tumour volumes predicted
for local failure (p < 0.0001), worse overall survival
(p = 0.0003), and distant metastasis following
chemoradiotherapy (p = 0.0008). Both studies support

Tumour Tumour site  Complication Description of complication

size (cmd) grade

8 Glottis 5 Radionecrosis of the larynx requiring tracheostomy; died of respiratory distress 1 year after
completing therapy

11 Supraglottis 5 Neutropenia; died of sepsis 5 weeks after completing therapy

12 Supraglottis 4 Radionecrosis of the larynx requiring total laryngectomy

13 Supraglottis 3 Dysphagia requiring percutaneous endoscopic gastrostomy tube for >6 months

15 Supraglottis 4 Radionecrosis of the cricoid requiring hyperbaric oxygen

15 Supraglottis 5 Radionecrosis of the larynx requiring tracheostomy; died of aspiration pneumonia 2 years
after completing therapy

16 Supraglottis 4 Radionecrosis of the larynx requiring total laryngectomy

21 Supraglottis 3 Chronic mandibular osteomyelitis requiring antibiotics

23 Supraglottis 5 Total laryngectomy for local failure; died from postoperative stroke and aspiration 6 months

after completing therapy

* 25% of patients had grade 3-5 toxicity. Overall, the grade 3-5 complication rate was 28%. The grade 3-5 complication rate for patients who
achieved local control was 27%. The grade 3-5 toxicity rate for patients who required total laryngectomy for local failure or radionecrosis was
25%. Grade 5 toxicity occurred in 4 (13%) patients including 1 patient who died after salvage surgery.
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the hypothesis that primary tumour volume is an
independent predictor of successes or failure following
chemoradiation for head and neck cancers.

This study is limited by its retrospective nature. A
small sample size and limited follow-up for each larynx
subsite also reduced our ability to provide statistically
relevant results for subgroup analysis, particularly for
patients with glottic or subglottic cancers. Additionally,
the reliability and accuracy of our measurements of
tumour volume are inherently a source of potential error
due to the subjective nature of defining the gross tumour
volume. Finally, although one patient with T2 NO
subglottic cancer was included in this study, we do not
suggest that all patients with T2 NO subglottic cancers
have locally advanced disease or that they should be
treated with chemoradiation.

CONCLUSIONS

In patients with supraglottic carcinoma and a TNM stage
greater than T2 NO, tumour volume may be a major
consideration in treatment choice. Larynx preservation
using radiation with concurrent chemotherapy with
modern techniques and drugs may be inadequate if
tumour size is large, particularly if >12 cm?®. Given
this finding, tumour volumes should be considered
when triaging patients for laryngectomy versus larynx-
preserving treatment. However, these results need to
be validated in a larger study. If chemoradiotherapy
is delivered to patients with large tumour volumes,
close follow-up is advised because of the higher local-
regional failure and complication rates in this group.

ACKNOWLEDGEMENTS

We would like to thank Jessica Kirwan and the editorial
staff of the Department of Radiation Oncology at the
University of Florida, Gainesville, USA, for their
assistance editing and preparing the manuscript for
publication.

REFERENCES
1.

The Department of Veterans Affairs Laryngeal Cancer Study
Group. Induction chemotherapy plus radiation compared with
surgery plus radiation in patients with advanced laryngeal cancer. N
Engl J Med. 1991;324:1685-90. crossref

2. Forastiere AA, Goepfert H, Maor M, Pajak TF, Weber R,
Morrison W, et al. Concurrent chemotherapy and radiotherapy for
organ preservation in advanced laryngeal cancer. N Engl J Med.
2003;349:2091-8. crossref

3. Foote RL, Foote RT, Brown PD, Garces YI, Okuno SH, Strome
SE. Organ preservation for advanced laryngeal carcinoma. Head

202

10.

11.

12.

13.

14.

15.

16.

17.

Neck. 2006;28:689-96. crossref

American Society of Clinical Oncology, Pfister DG, Laurie SA,
Weinstein GS, Mendenhall WM, Adelstein DJ, et al. American
Society of Clinical Oncology clinical practice guideline for the
use of larynx-preservation strategies in the treatment of laryngeal
cancer. J Clin Oncol. 2006;24:3693-704. cross ref

Mancuso AA, Mukherji SK, Schmalfuss I, Mendenhall W, Parsons
J, Pameijer F, et al. Preradiotherapy computed tomography as a
predictor of local control in supraglottic carcinoma. J Clin Oncol.
1999;17:631-7.

Pameijer FA, Mancuso AA, Mendenhall WM, Parsons JT,
Kubilis PS. Can pretreatment computed tomography predict
local control in T3 squamous cell carcinoma of the glottic larynx
treated with definitive radiotherapy? Int J Radiat Oncol Biol Phys.
1997;37:1011-21. crossref

Cmelak AJ, Li S, Goldwasser MA, Murphy B, Cannon M, Pinto
H, et al. Phase II trial of chemoradiation for organ preservation in
resectable stage III or IV squamous cell carcinomas of the larynx or
oropharynx: results of Eastern Cooperative Oncology Group Study
E2399.J Clin Oncol. 2007;25:3971-7. crossref

Al-Mamgani A, Tans L, van Rooij P, Levendag PC. A single-
institutional experience of 15 years of treating T3 laryngeal cancer
with primary radiotherapy, with or without chemotherapy. Int J
Radiat Oncol Biol Phys. 2012;83:1000-6. crossref

Boulmay BC, Chera BS, Morris CG, et al. Definitive altered
fractionation radiotherapy and concomitant weekly cisplatin
for locally advanced head and neck cancer. Am J Clin Oncol.
2009;32:488-91. crossref

American Joint Committee on Cancer. AJCC Cancer Staging
Handbook. 6th ed. New York: Springer Verlag; 2002. p 215.
Kaplan EL, Meier P. Nonparametric estimation from incomplete
observations. J] Am Stat Assoc. 1958;53:457-81. crossref

Pameijer FA, Hermans R, Mancuso AA, Mendenhall WM,
Parsons JT, Stringer SP, et al. Pre- and post-radiotherapy
computed tomography in laryngeal cancer: imaging-based
prediction of local failure. Int J Radiat Oncol Biol Phys.
1999;45:359-66. crossref

Lee WR, Mancuso AA, Saleh EM, Mendenhall WM, Parsons
JT, Million RR. Can pretreatment computed tomography findings
predict local control in T3 squamous cell carcinoma of the glottic
larynx treated with radiotherapy alone? Int J Radiat Oncol Biol
Phys. 1993;25:683-7. crossref

Hermans R, Van den Bogaert W, Rijnders A, Doornaert P,
Baert AL. Predicting the local outcome of glottic squamous cell
carcinoma after definitive radiation therapy: value of computed
tomography-determined tumour parameters. Radiother Oncol.
1999;50:39-46. crossref

Hamilton S, Venkatesan V, Matthews TW, Lewis C, Assis L.
Computed tomographic volumetric analysis as a predictor of local
control in laryngeal cancers treated with conventional radiotherapy.
J Otolaryngol. 2004;33:289-94. crossref

Strongin A, Yovino S, Taylor R, Wolf J, Cullen K, Zimrin A.
Primary tumor volume is an important predictor of clinical
outcomes among patients with locally advanced squamous
cell cancer of the head and neck treated with definitive
chemoradiotherapy. Int J Radiat Oncol Biol Phys. 2012;82:1823-
30 crossref

Lok BH, Setton J, Caria N, Romanyshyn J, Wolden SL, Zelefsky
M]J, et al. Intensity-modulated radiation therapy in oropharyngeal
carcinoma: effect of tumor volume on clinical outcomes. Int J
Radiat Oncol Biol Phys. 2012;82:1851-7. crossref

Hong Kong J Radiol. 2013;16:198-202


http://dx.doi.org/10.1056/NEJM199106133242402
http://dx.doi.org/10.1056/NEJMoa031317
http://dx.doi.org/10.1002/hed.20387
http://dx.doi.org/10.1200/JCO.2006.07.4559
http://dx.doi.org/10.1016/S0360-3016(96)00626-8
http://dx.doi.org/10.1200/JCO.2007.10.8951
http://dx.doi.org/10.1016/j.ijrobp.2011.07.045
http://dx.doi.org/10.1097/COC.0b013e318194f418
http://dx.doi.org/10.1080/01621459.1958.10501452
http://dx.doi.org/10.1016/S0360-3016(99)00149-2
http://dx.doi.org/10.1016/0360-3016(93)90016-O
http://dx.doi.org/10.1016/S0167-8140(98)00114-5
http://dx.doi.org/10.2310/7070.2004.03088
http://dx.doi.org/10.1016/j.ijrobp.2010.10.053
http://dx.doi.org/10.1016/j.ijrobp.2011.03.029



