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Abstract
Objective: To evaluate the clinical and histopathological factors affecting the prognosis of patients with squamous
cell locoregional advanced laryngeal cancer.

Methods: A retrospective chart review was conducted of 121 patients with locoregional advanced laryngeal
cancer, primarily treated with surgery from 2007 to 2011. Disease-free survival and overall survival rates were
analysed as oncological outcomes. Prognostic variables, namely gender, pharyngeal invasion, pathological
assessment of tumour and nodal stage, adjuvant therapy, margin status, nodal extracapsular extension, tumour
differentiation, lymphovascular and perineural invasion, and predominant growth pattern, were also analysed.

Results: One-year and three-year disease-free survival rates were 81.3 per cent and 63.5 per cent, respectively.
One-year and three-year overall survival rates were 88.3 per cent and 61.4 per cent, respectively. Multivariate
analysis showed that nodal extracapsular extension (p < 0.05) and an infiltrative growth pattern (p < 0.05) were
associated with disease progression. Nodal extracapsular extension (p < 0.05) was associated with higher mortality.

Conclusion: Nodal extracapsular extension and an infiltrative growth pattern were the main prognostic factors in
locoregional advanced laryngeal cancer. The presence of pharyngeal invasion, pathologically confirmed node-
positive stage 2—3 disease, close or microscopic positive margins, and lymphovascular and perineural invasion
have a negative impact on prognosis.
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Introduction

The larynx is the most common site of cancer in the
head and neck region, accounting for 30—40 per cent
of new malignancies diagnosed in this area.' It is
involved in approximately 2 per cent of total tumours
in males and 0.4 per cent in females, and accounts
for 1 per cent of deaths linked to cancer.’

Despite numerous studies, both therapeutic and histo-
pathological, no morphological markers are currently
available to predict outcome in patients with laryngeal
cancer. Cure rates of laryngeal squamous cell carcinoma
(SCC) have scarcely improved over the last decades.’

The treatment of patients with locoregional advanced
laryngeal cancer includes three basic options: surgery,
radiotherapy (RT) and chemotherapy, used individually
or combined in different time sequences.* Adjuvant
therapies are usually used to treat high-risk patients.

The National Comprehensive Cancer Network iden-
tifies several features as adverse prognostic factors,
such as advanced tumour and nodal staging, perineural
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invasion, lymphovascular invasion, close or involved
margins, and nodal extracapsular extension.” Other al-
ternative factors have shown prognostic significance,
including age® and tumour differentiation.”*®

This study aimed to determine the influence of clin-
ical and histopathological variables, as independent
prognostic factors, on survival outcomes of patients
with locally advanced laryngeal cancer treated with
primary conventional surgery.

Materials and methods

Patient selection

The medical records of consecutive patients with loco-
regional advanced laryngeal cancer, treated with initial
conventional surgical resection and neck dissection,
were reviewed. All patients were treated in an onco-
logical referral centre, between 2007 and 2011.
Exclusion criteria included previous head and neck
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RT, unresectable disease or macroscopic incomplete re-
section, synchronous tumour, and non-SCC tumours.

All surgical specimens were reviewed by patholo-
gists specialised in head and neck pathology. All
patients were discussed in multidisciplinary head and
neck tumour board meetings to attain surgical and
adjuvant therapy recommendations. Ethics committee
approval was obtained for this study.

Interventions

Primary surgical resection technique was left to the dis-
cretion of the attending head and neck surgeons operat-
ing on the patients, with total laryngectomy being the
most frequently employed method. Neck dissections
were, if possible, functional, sparing the sternocleido-
mastoid muscle, internal jugular vein and XIth cranial
nerve.

Adjuvant RT was recommended for patients with
intermediate risk factors, including those with tumour
stage T4 disease, nodal stage N,_; disease, perineural
invasion and lymphovascular invasion. Adjuvant che-
moradiotherapy was recommended for patients
without safe margins and/or with nodal extracapsular
extension.

Follow-up appointments with physical examination
were carried out every month for the first year, every
three months for the second year, every four to six
months for the third to fifth year, and annually
thereafter.

Data analysis

Data were analysed using the SPSS® for Windows soft-
ware program, version 20.0. Hypotheses testing was
performed using two-tailed tests.

Descriptive statistics were used to characterise the
patient population. Recurrence was defined as local, re-
gional, combined local and regional relapse, or distant
metastasis.

Survival analysis was conducted to determine
overall survival and disease-free survival. For overall
survival analysis, time to event was from the date of
initial surgical resection until the date of death or the
date of last follow up, whichever occurred first. For
disease-free survival analysis, time to event was from
the end of treatment until local, regional or distant me-
tastases relapse, date of death or date of last clinical
follow up, whichever came first.

Clinical and histopathological variables analysed
included gender, age (less than 60 years or 60 years
or older), tumour location, pharyngeal invasion, patho-
logical tumour classification (T; or Ty4), pathological
lymph node status (No_; or N,_3), adjuvant therapy
(none, RT or chemoradiotherapy), margin status (i.e.
close or positive (5 mm or less) or safe (more than
5 mm)), presence of nodal extracapsular extension,
tumour differentiation, lymphovascular invasion, peri-
neural invasion, histological growth predominant
pattern (expansive or infiltrative), invasion depth (less
than 1 cm or 1 cm or more), presence of cartilage or
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soft tissue invasion, and cartilage ossification.
Regarding margin status, invasive carcinoma, carcin-
oma in situ and severe dysplasia were all considered
as positive margin evaluation criteria.

Survival probabilities were calculated using the
Kaplan—Meier product-limit method. The log-rank
test was used to test for differences between groups
in terms of survival. Cox proportional hazards model-
ling was used to analyse potential prognostic factors
for overall survival and disease-free survival.”

Results
Patient and tumour characteristics, and interventions

A total of 168 medical records were reviewed. Thirty-
seven patients had previously undergone head and
neck RT, five patients had unresectable disease or
macroscopic involved margins, and the remaining
patients had synchronous or non-SCC tumours. After
exclusions, 121 patients were included in the analysis.
Of these, 118 were male and 3 were female. Median
age was 60 years (range, 4090 years).

Regarding T stage, 43 and 78 patients were classified
pathologically as having T; and T, disease, respective-
ly. Forty-two patients had pathologically confirmed
N,_3 disease and the remaining had pathologically con-
firmed Ny_; neck disease. Transglottic tumours were
diagnosed in 87 patients, supraglottic neoplasms in
27 patients and glottic tumours in 7 patients; none of
the patients had subglottic tumours.

Total laryngectomy was the surgical treatment per-
formed in 113 patients, while the rest underwent con-
ventional partial laryngeal procedures. All patients
underwent neck dissection. The type of lymphadenect-
omy was dependent on the particular clinical situation.
Functional neck dissection was performed in 107
patients and the remaining patients underwent modified
radical neck dissection. Adjuvant post-operative treat-
ment was carried out in 89 patients; of these, 37 under-
went RT and 52 underwent chemoradiotherapy.

The tumour histopathological characteristics are
provided in Table 1.

Median follow-up duration was 44 months (range,
3-93 months). Twenty-seven patients had locoregional
recurrence and 14 had distant metastasis.

Disease-free survival and prognostic factors

The one-year disease-free survival rate was 81.3 per
cent and the three-year disease-free survival rate was
63.5 per cent (Figure 1).

On univariate analysis, several factors were shown to
be significant adverse prognostic factors. These were:
tumour pharyngeal invasion (p = 0.004), advanced
nodal disease (pathologically confirmed N,_; disease;
p =0.004), close margins (p = 0.04), the presence of
extracapsular extension (p < 0.001), lymphovascular in-
vasion (p = 0.001) and an infiltrative growth pattern (p =
0.02). Additionally, transglottic tumours (p = 0.09) and
the presence of perineural invasion (p = 0.08) both
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TABLE I
TUMOUR HISTOPATHOLOGICAL CHARACTERISTICS

Variable Patients (n (%))
Histology
— Poorly differentiated 9 (7.4)
— Moderately differentiated 61 (50.4)
— Well-differentiated 51 (42.1)
Margin status
— Close or positive 49 (40.5)
— Safe 72 (59.5)
Extracapsular extension?
— Yes 34 (28.1)
— No 87 (71.9)
Perineural invasion?
— Yes 43 (35.5)
— No 75 (62)
Lymphovascular invasion?
— Yes 35 (28.9)
— No 83 (86.6)
Growth pattern
— Expansive 39 (32.2)
— Infiltrative 64 (52.9)
Invasion depth
—<lcm 21 (17.4)
—>1cm 95 (78.5)
Cartilage or soft tissue invasion?
— Yes 78 (64.5)
— No 42 (34.7)
Thyroid cart ossification?
— Yes 52 (43.1)
— No 34 (28)
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FIG. 1
Disease-free survival.

showed trends towards significance for disease recurrence
(Table II).

On Cox multivariate analysis, the presence of extra-
capsular extension (hazard ratio = 2.91, p < 0.05) and
an infiltrative growth pattern (hazard ratio = 2.30,
p <0.05) were found to be independent predictors of
pOOT prognosis.

Overall survival and prognostic factors

The one-year overall survival rate was 88.3 per cent and
the three-year overall survival rate was 61.4 per cent
(Figure 2).
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Multiple factors showed significance on univariate
analysis: advanced nodal cervical disease (pathologic-
ally confirmed N,_3 disease; p = 0.005), moderately
differentiated tumours (p = 0.02), extracapsular exten-
sion (p = 0.006), perineural invasion (p = 0.01) and
lymphovascular invasion (p =0.03). Additionally,
pharyngeal invasion (p =0.06) and close margins
(p =0.08) showed a trend towards significance for
poor prognosis (Table II).

On multivariate analysis, extracapsular extension
(hazard ratio = 2.04, p < 0.05) was found to be an in-
dependent prognostic factor.

Discussion

Laryngeal SCC is a heterogeneous disease, with
tumours of the same pathology and clinical stage
having different prognoses.

As stated above, the National Comprehensive
Cancer Network guidelines consider several risk
factors.” These pathological factors are associated
with an intermediate risk of locoregional recurrence
(advanced T stage, advanced N stage, perineural inva-
sion and lymphovascular invasion) or a high risk of re-
currence (positive or close resection margins, and
nodal extracapsular extension). However, there are
cases where these prognostic factors are absent and,
thus, recognition of other adverse factors is important to
determine optimal therapeutic and surgical approaches.

Most patients in this study were in their sixth or
seventh decade of life, and the male-to-female ratio
was over 30:1. These findings are consistent with
other studies.'®'" Whether age affects prognosis
remains a controversial issue. Ramroth et al. reported
that age was the most influential factor that affects the
prognosis of patients with newly diagnosed laryngeal
cancer.'? In contrast, Nguyen e al. found that age
had no effect on prognosis.'> The results of the
present study, based on a dichotomic analysis (less
than 60 years vs 60 years or older), did not show any
significant difference (p > 0.05).

Interestingly, the findings for pathologically
assessed T stage did not reach statistical significance,
although there were better survival outcomes in the
T; patients compared to T4 patients. Similar results
were reported by Rodrigo et al.®> An overly conserva-
tive post-operative approach might explain this
finding. In contrast, Nguyen-Tan et al. demonstrated
a very strong correlation between pathologically
assessed T stage and survival rates.'*

As expected, an advanced pathologically confirmed
N stage (N,_3) was correlated with poor survival out-
comes on univariate analysis. Nonetheless, the multi-
variate analysis did not confirm this as an independent
prognostic factor.

Our analysis revealed that pharyngeal invasion
(44.6 per cent) was a significant factor for disease-
free survival at three years (p = 0.004) when compared
to those without such invasion (70.8 per cent).
However, this factor did not show a correlation on
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TABLE II

COMPARISON OF OVERALL AND DISEASE-FREE SURVIVAL OUTCOMES ACCORDING TO CLINICAL AND
HISTOPATHOLOGICAL VARIABLES

Disease-free survival Overall survival

Variable 3-year Hazard ratio p 3-year Hazard ratio P

survival (95% CI) survival (95% CI)

(%) (%)

Gender
— Male 66.7 1.35 (0.19-9.79) 0.77 60.4 21.33 (0.04-108.10) 0.34
— Female 76.1 1 100 1
Age (years)
— <60 69.1 1 62.1 1
- 260 62 1.29 (0.69-2.38) 0.43 58.7 1.15 (0.69-1.94) 0.59
Tumour location
— Transglottic 56.3 1.80 (0.92-3.54) 0.09* 53.6 1.40 (0.40—4.88) 0.6
— Supraglottic 57.1 1.51 (0.46-5.01) 0.5 53.9 1.07 (0.33-3.47) 0.91
— Glottic 70.1 1 64.2 1
Pharyngeal invasion?
— Yes 44.6 2.51 (1.32-4.80) 0.004* 45.8 1.75 (0.97-3.17) 0.06*
— No 70.8 1 69.9 1
Pathologically assessed tumour (T) stage
-T; 72.3 1 71.1 1
- Ty 61.2 1.55 (0.79-3.03) 0.2 57.6 1.74 (0.83-2.60) 0.18
Pathologically assessed nodal (N) stage
— No_; 72.9 1 66.6 1
—No 3 50.6 2.41 (1.30-4.45) 0.004* 52 2.08 (1.23-3.50) 0.005*
Surgery
— Partial laryngectomy 100 1 87.5 1
— Total laryngectomy 63 3.36 (0.46—-24.44) 0.23 69 2.22 (0.54-9.11) 0.26
Adjuvant therapy?
— Yes 66 1 63.8 1
— No 62.1 1.03 (0.50-2.10) 0.94 54.8 1.37 (0.77-2.41) 0.28
Histology
— Poorly differentiated 50 1.80 (0.60—5.40) 0.48 333 2.71 (0.83-2.58) 0.19
— Moderately differentiated 65.9 1.26 (0.66-2.43) 0.29 61.6 1.47 (1.15-6.41) 0.02*
— Well-differentiated 67.3 1 66.3 1
Margin status
— Close or positive 59.5 1.96 (1.02-3.85) 0.04* 58 1.62 (0.93-2.82) 0.08*
— Safe 73.6 1 66.5 1
Extracapsular extension?
— Yes 27.2 2.99 (1.62-5.54) <0.001* 49.5 2.11 (1.24-3.60) 0.006*
— No 75.4 1 66.1 1
Perineural invasion?
— Yes 51 1.72 (0.93-3.21) 0.08* 45.8 1.99 (1.17-3.38) 0.01*
— No 71.1 1 69 1
Lymphovascular invasion?
— Yes 44.1 2.84 (1.53-5.24) 0.001* 51.1 1.82 (1.07-3.20) 0.03*
— No 73.5 1 64.5 1
Growth pattern
— Expansive 77.6 1 63 1 0.39
— Infiltrative 52.9 2.53 (1.16-5.53) 0.02* 56 1.29 (0.72-2.35)
Invasion depth
— <lcm 56.7 1.07 (0.43-2.06) 0.88 60.2 1
—>lcm 66.5 1 59.7 1.13 (0.59-2.24) 0.73
Cartilage or soft tissue invasion?
— Yes 61.3 1.40 (0.73-2.71) 0.31 54.8 1.54 (0.87-2.73) 0.13
— No 72 1 73.1 1
Thyroid cartilage ossification?
— Yes 54.5 1.61 (0.78-3.33) 0.19 51.6 1.41 (0.77-2.60) 0.27
— No 64.7 1 66.1 1

*p < 0.1. CI = confidence interval

multivariate analysis. Previous studies have revealed
similar findings, even in multivariate analyses.*'>
Nevertheless, the authors of those studies did not
evaluate extracapsular extension. Similar results were
obtained for perineural invasion and lymphovascular
invasion; these factors showed statistical significance
as prognostic factors in univariate analysis, but were
not found to be independent predictors.
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Statistically, adjuvant therapy did not reveal any ad-
vantage in terms of the disease-free and overall survival
outcome measures. The lack of statistical significance
for adjuvant therapy is probably a result of the selection
of more advanced tumours for post-operative adjuvant
therapy.

In our case series, the grade of cellular differentiation
did not affect disease-free survival, but it was a
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shown to be a predictor of poor prognosis (hazard
ratio = 2.30, p <0.05). None of the other analysed
factors were significant.

This study has several limitations. Its retrospective
nature could lead to potential selection bias and con-
founding because of the non-randomised patient
groups. The sample size was small, and some variables
that showed a trend towards significance could poten-
tially become significant in a larger sample. Clinical
data did not include habits such as tobacco and/or
alcohol consumption, thus their impact on prognosis
could not be evaluated.

0 20 40 60 80 100
Time (months)

FIG. 2
Overall survival.

significant factor for overall survival (66.3 per cent for
well-differentiated tumours vs 61.6 per cent for moder-
ately differentiated tumours; p = 0.02). It is likely that
poorly differentiated tumours would also be a signifi-
cant factor when compared to well-differentiated
tumours in terms of overall survival analysis (33.3
per cent vs 66.3 per cent, p = 0.19) if that subgroup
sample size was bigger (n =9). In the literature, the
results are ambiguous. Starska ef al. did not find a sig-
nificant relationship between the grade of cellular dif-
ferentiation and survival outcomes.> However, several
other authors have reported significance in this
res.pect.m_18

Surgical resection margins have a very important
impact on prognosis.'” The attainment of safe
margins is somehow difficult in locally advanced la-
ryngeal tumours. In our study, safe margins were
achieved in almost 60 per cent of patients. Cases of
close margins (less than 5 mm) and microscopic posi-
tive margins were combined, and this has to be taken
into consideration. In the univariate analysis, close or
positive margins increased the recurrence risk 1.96
fold (p < 0.05), but in the multivariate analysis this
was not shown to be an independent prognostic factor.

Lymph node extracapsular extension is a known
adverse prognostic factor,” and is associated with a
higher risk of both locoregional recurrence and
distant metastasis.’*' In agreement with the literature,
our results confirmed extracapsular extension as a
major independent prognostic factor, both in terms of
disease-free survival (p < 0.05) and overall survival
(p < 0.05). This signifies a negative impact on recur-
rence risk and survival. Advanced N stage was not
shown to be an independent prognostic factor, probably
because its impact on recurrence and survival is mainly
related to the higher risk of extracapsular extension in
patients.

A relevant finding of'this study was the independent re-
lationship between disease-free survival and the tumour’s
predominant growth pattern, with an infiltrative pattern
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e National Comprehensive Cancer Network
guidelines consider several features as adverse
prognostic factors

o These include advanced tumour and nodal
stage, perineural and lymphovascular
invasion, positive or close resection margins,
and nodal extracapsular spread

o Use of adjuvant therapies can be controversial

e An infiltrative growth pattern was an
independent factor for poor prognosis

e Prognostic influence of an infiltrative growth
pattern is important when choosing post-
operative adjuvant therapy

To improve knowledge about the impact of minor
histopathological factors on the prognosis of patients
with locoregional advanced laryngeal cancer, large-
sample, prospective controlled studies, which include
clinical and histopathological factors, are needed.

Conclusion

Our results showed that the presence of extracapsular
extension and an infiltrative growth pattern were the
main prognostic factors in locoregional advanced la-
ryngeal cancer. Several other factors, such as the pres-
ence of pharyngeal invasion, pathologically confirmed
N,_; disease, close or microscopic positive margins,
perineural invasion, and lymphovascular invasion,
also had an impact on prognosis.

The prognostic influence of an infiltrative growth
pattern has to be considered when choosing post-opera-
tive adjuvant therapy. Prospective controlled studies
are needed to confirm the prognostic impact of minor
histopathological factors in locoregional advanced la-
ryngeal cancer.
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