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Objective: To investigate factors that contribute to lymph node metastasis (LNM) from clinical ¢T2-T4
NOMO (cNO) supraglottic laryngeal carcinoma (SLC), and to predict the risk of occult metastasis before
surgery.

Methods: A total of 121 patients who received surgery were retrospectively analyzed. Relevant factors
regarding cervical LNM were analyzed. Multivariate analyses were conducted to predict the region where
the metastasis occurred and prognosis.

Results: The overall metastatic rate of cNO SLC was 28.1%. Metastatic rates were 15.4%, 32.5% and
35.7% for T2, T3 and T4, respectively. Metastatic rates for SLC levels II, IIT and IV were 19.6%, 17.2%
and 3.6%, respectively. A regression equation was formulated to predict the probability of metastasis in ¢<NO
SLC as fOllOWS. Pn=e(73.874+0.749’[‘3+l.]54’1‘4+1.935P1+].7501’2)/[1+e(73.874+0.749’1‘3+1.1541‘44‘].935}’]4—1.7501’2)]. Approxlmately 0.2% Of
patients experienced LNM with no recurrence of laryngeal cancer. Comparison of the intergroup survival
curves between patients with and without LNM indicated a statistically significant difference (P=0.029).
Conclusions: Cervical lymph node metastatic rates tended to increase in tandem with T stage in patients
with LNM in ¢NO SLC, and neck dissection is advised for these patients. Moreover, cervical LNM in ¢NO
SLC showed a sequential pattern and may be predicted.
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Introduction

Laryngeal carcinoma (LC) accounts for 13.9% of head and
neck cancers, with an incidence of 1.5-3.4 per 100,000; its
incidence tends to increase year on year. The prognosis is
generally good for LC, with 5-year survival rates of 70-80%
for T2 lesions and 40-60% for T3-T4 lesions in the absence
of distant metastasis (1). Therefore, the minimization of
surgical treatment and the restoration of function are major
trends in the treatment of LC, on the supposition that the
relapse risk will not be increased.
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The importance of neck dissection has been established
as a surgical intervention technique in the treatment of
supraglottic laryngeal carcinoma (SLC), especially for
advanced cases; it has evolved from radical neck dissection
and modified neck dissection to the more acceptable
selective neck dissection, which is presently used.
Currently, most patients who do not have clinical lymph
node metastasis (LNM) from SLC choose selective neck
dissection as the first-line surgical intervention. However,
no LNM has been found in many patients with ¢T2-T4
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Table 1 Assignment and follow-up data for T2-T4 cNO
patients with SLC

Neck dissection T stage

and follow-up : T2 T3 T4
Assignments 121 39 40 42
Neck dissection 112 35 37 40
Bilateral dissection 60 19 18 23

SLC, supraglottic laryngeal carcinoma.

NOMO (cNO0) SLC following selective neck dissection,
or in many patients who have not received selective
neck dissection during long-term follow-up. Despite
its limited impairment effects, selective neck dissection
results in postoperative injuries of diverse intensity in
almost all patients. These include: hematomas, accessory
nerve damage, lymphatic fistulas, compromised cosmetic
appearance, scar discomfort, facial swelling, and local
sensorimotor dysfunction. These injuries all diminish the
patient’s quality of life (2). Although the injuries induced
by radical neck dissection can be minimized using selective
neck dissection, local structures must be preserved. This
requires more careful intraoperative procedures, increased
anesthesia time and a precise surgical technique. Because
of the size and position of the lesions treated with neck
dissection, the probability of neck infection is expected to
increase. Furthermore, cervical dissection can produce scars
that might adversely affect the efficacy of radiotherapy,
thus decreasing the effective radiation dose delivered to
the target region. All of these factors affect the prognosis
of patients with SLC. It remains unclear whether neck
dissection should be carried out for advanced SLC.

In the present study, 121 patients with grade ¢cNO SLC
admitted to Beijing Tongren Hospital from December 2002
to January 2013 were analyzed to investigate the importance
of cervical dissection for different stages of cNO SLC.

Materials and methods
General data

A total of 121 patients with ¢cNO SLC who underwent
surgical intervention in Beijing Tongren Hospital from
December 2002 to January 2013 were enrolled in this study.
There were 110 men and 11 women with a median age
of 61 (range, 41-80) years. Their identified tumor stages
were T2 (n=39), T3 (n=40) and T4 (n=42). All patients
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met the diagnosis criteria and underwent no preoperative

radiotherapy or chemotherapy (1able 1).

Diagnostic criteria

LC was diagnosed based on the 2002 TNM Staging
Classification System (UICC). The ¢cNO SLCs were
diagnosed using the evaluation criteria proposed by
Kowalski et 4. (3): (I) clinical examination revealed that
lymph nodes were <2 cm in diameter and were soft; and
(IT) radiography found that no lymph nodes were >1 cm in
diameter. All the patients received an enhanced neck CT
scan or a neck ultrasound examination, and the radiography
results showed that there were no lymph nodes >1 c¢m in
diameter.

Treatment

Fifty-five patients underwent total laryngectomy and 66
patients underwent partial laryngectomy. The patients
who did not undergo neck lymph node dissection met the
requirements of CT findings, which suggested that their
neck lymph nodes were <1 cm in diameter and of uniform
density. The 112 patients (172 sides) received cervical
lymph node dissection at levels II, IIT or IV simultaneously
during the laryngectomies, including 37 patients with stage
T2, 38 with stage T3 and 37 with stage T4 disease. If the
cancer lesion was located mainly on one side of the larynx
and analysis of the frozen sections revealed there was no
lymphatic metastasis on the major side, we carried out
unilateral neck dissection; if it was not located mainly on
one side of the larynx or the frozen sections revealed there
was lymphatic metastasis on the major side, bilateral neck
dissection was performed. Nine patients did not undergo
any cervical lymph node dissection because of poor
physical condition or personal wishes (7able I). According
to the condition of their lesions, pathological findings and
personal conditions, 58 patients received postoperative
radiotherapies involving total radiation doses of 5,000-
7,000 cGy.

Patient follow-up

Patients were followed up from the date of intervention
to September 2013 every sixth months. The median
follow-up time is 49 months and the median survival dme
was 9 years. Six patients underwent surgery within 1 year before
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September 2013 and were available for follow-up. A total of
115 patients were followed up for >1 year, including 48.7%
(56/115) of the patients who had received postoperative
radiotherapies.

Statistical analysis

The SPSS 17.0 software package (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis of the follow-up data.
The primary endpoint was death or the follow-up cutoff
date. The postoperative survival rate was estimated using
the life table method. The log-rank method (Backwards:
LR) was used to compare intergroup differences in survival
rates between patients with LNM and those without LNM.
A logistic regression model (Backwards: LR) was used for
multivariate analysis of LNM; 0=0.05 was considered the
significance level in the hypothesis test.

Results
LNM rate

Of the 121 patients enrolled in the study, 34 (28.1%) had
metastasis, and there were 68 positive nodes out of a total of
3,359 lymph nodes revealed during neck dissection.

Regional distribution of LNM

Of the 112 patients who underwent lymphadenectomy,
22 (19.6%) had level II metastasis, 21 (18.8%) had level
IIT metastasis and 4 (3.6%) had level IV metastasis. The
patients with level IV LNM also had level III ipsilateral
LNM, and 2 patients with level IIB LNM had level ITA
ipsilateral LNM. Eight patients (1 with T2, 2 with T3 and
5 with T4 disease) had metastasis at more than one level.

Correlation between LNM rate and its affected factors

Correlation between LNM rate and T-staging in LC

Of the 34 patients with metastasis, 6 had T2 disease and the
incidence of occult metastatic T2 disease was 15.4% (6/39);
13 patients had T3 disease and the incidence of occult
metastasis from T3 disease was 32.5% (13/40), including
2 patients with bilateral cervical LNMs. Fifteen patients
had T4 disease and the incidence of occult metastasis from
T4 disease was 35.7% (15/42), including two patients with
bilateral cervical LNMs. Chi-square test between LNM
rate and T-staging showed that P=0.095. Sixteen patients (2
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with T2, 4 with T3 and 10 with T4 disease) had more than

one metastatic lymph node.

Correlation between LNM rate and classification of
laryngeal pathology

Metastasis rates were 7.7% (2/26), 34.7% (26/75) and
30.0% (6/20) for lesions with high, moderate and poor
differentiation, respectively. Chi-square test between LNM
rate and pathological classification showed that P=0.030.

Multivariate analysis of LNM data

A logistic regression model (Backwards: LR) was used for
multivariate analysis of LNM data, and age, sex, T-staging
and pathological classification were included as covariates.
The logistic regression model was statistically significant
(P=0.032). T-staging and pathological classification, but not
age and sex, were correlated with LNM (7able 2). The odds
ratios (ORs) for T3/T2, T4/T2 and T4/T3 stage disease
were 2.115, 3.171 and 1.499, respectively. Comparisons of
the pathology results were as follows: moderate vs. high
differentiation, OR =6.922; poor vs. high differentiation,
OR =5.752; and poor vs. moderate differentiation, OR =0.831.
The regression equation used for predicting the probability

(Pn) of metastasis in ¢cNO SLC was:
Pn _ e(—3.874+0.749’I‘S+L154'1‘4+1A955P1+1.750?2)/[1+e(—3.874+0A749’I‘S+L154'1"44-1‘9

35P1+1.750P2)]

T3, T4, P1 (moderate differentiation) and P2 (poor
differentiation) had values of 0 or 1 according to the patient;
the above four parameters could be obtained before surgery.
"The receiver-operating characteristic (ROC) curve (Figure 1)
for the predicted probability of metastasis showed that the
area under the curve (AUC) was 0.712 (95% CI: 0.614-
0.810), and the diagnostic performance of the regression
equation was good. The Pn was 0.3422 (Se =0.765, Sp =0.598)
when the Youden index was at its highest, and indicated that
when Pn >0.3422, a risk of metastasis existed.

Incidence of postoperative LNM and survival rates

Of the 115 patients who were followed up after surgery
for >1 year, 2 who were confirmed as having no LNM had
cervical LNM with no concomitant recurrence of SLC, 1
who had T3 disease and subglottic invasion had ipsilateral
IV and VI lymph nodes and neck soft tissue metastases,
and another patient who had T4 disease had ipsilateral VI
metastasis. All nine patients who did not undergo neck
dissection were followed up for >4 years, and two had
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95% CI for OR
Lower

Upper

Age 0.001 0.024 0.952 1.001 0.956 1.049

T3 0.749 0.581 0.197 2.115 0.677 6.600

High differentiation 0.051

P2 1.750 0.906 0.054 5.752 0.974 33.972

SE, standard error; OR, odds ratio; 95% ClI, 95% confidence interval; B, regression coefficient; P, sig.
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Figure 1 ROC curve for the predicted probability of metastasis in
patients with SLC ¢NO. ROC, receiver-operating characteristic;
SLC, supraglottic laryngeal carcinoma.

recurrence of SL.C, but none LNM.

The 3- and 5-year survival rates were 92% and 81%,
respectively, for all patients; this compared with 84% and
61%, respectively, for patients with LNM. The intergroup
comparison of survival curves (Figure 2) between patients
with and without LNM was statistically significant (P=0.029).

At the end of the follow-up period, 26 deaths were
reported, 19 of which resulted from SLC-related factors.
Among these 26 patients, 10 deaths were related to lung
metastasis, 5 to topical recurrence and 4 to pulmonary
infection. Other causes of death included metastasis to
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Figure 2 Comparison of the intergroup survival curves.

other sites such as the liver, brain and kidney, depression,
eating difficulties and systemic failure.

Discussion

Complete resection of primary lesions and cervical dissection
are the main interventions involved in the comprehensive
treatment of SLC, and critically affect its prognosis. Although
the advantage of dissection for patients with cervical LNM
is well established, the necessity of cervical dissection in
patients with ¢cNO SLC remains controversial (4,5).
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Neck dissection should be necessary if the risk of cervical
LNM is >15-20% (6). Supraglottic and glottic LCs are
common specimens of this disease, as shown by clinical
data. Supraglottic structures are enriched with lymph ducts
that are connected to each other. The rate of metastasis to
the cervical lymph nodes from SLC has been reported to be
10-50%, with an average rate of ~33%. Therefore, selective
neck dissection is generally recommended for SLC (7,8).
However, some studies have shown no significant survival
benefit for patients with ¢cNO SLC following cervical
dissection and radiotherapy, compared with patients who
underwent observation only (5). In the present study, 112
patients with cNO SLC received selective cervical dissection.
As shown in postoperative pathology examinations, 28.1%
were confirmed as having metastasis. Metastasis rates for
T2, T3 and T4 lesions were 15.4%, 32.5% and 35.7%,
respectively. The metastasis rate for cervical lymph nodes
with ¢cNO SLC appears to be closely related to T-staging in
patients with SLC, and tends to increase with the progress
of T-staging. As shown by multivariate analysis, T-stage
and pathology classification were correlated to LNM. The
LNM rate for T3 was 211.5% higher than for T2, the T4
rate was 317.1% higher than for T2, and the T4 rate was
149.9% higher than for T3. Consequently, neck dissection
is necessary for advanced SLC according to these data. The
LNM rate increased by a factor of 6.922 in moderately
differentiated cases compared with highly differentiated
cases, by a factor of 5.752 in poorly differentiated cases
compared with highly differentiated cases, and by a factor
of 0.831 in poorly differentiated cases compared with
moderately differentiated cases. These observations might
reflect the fact that the worse the differentiation of the
lesion, the greater the opportunity for the development
of LNM. The finding that the LNM rate increased by a
factor of 0.831 in poorly differentiated cases compared
with moderately differentiated cases may be related to the
fact that poorly differentiated lesions would metastasize
in their early stages; most of the poorly differentiated
cases presented as distinct (N+) or even severe LNM. In
the moderately differentiated and poorly differentiated
cases, we should pay more attention to the lymph nodes
during follow-up. According to the multivariate analysis,
we formulated an equation that may be used to predict
the possibility of LNM in ¢NO SLC patients. Although
an equation for the prediction of the possibility of LNM
has not been previously presented and its rationale needs
to be tested, the equation that we formulated predicted
70% of cases with LNM in ¢NO SLC before surgery.
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Therefore, prophylactic cervical dissection is necessary
for the treatment of advanced cNO SLC, especially when
Pnis >0.3422.

Currently, cervical lymph node dissection usually
focuses on levels 11, 11T and IV (8-10). However, recent
studies have also shown instances of rare metastasis to
level IIb and IV (11,12). Other studies have demonstrated
that prophylactic bilateral cervical dissection is not always
required for patients with ¢cNO SLC with high metastatic
potential, and the dissection range should be determined
according to the lesion and the results from the evaluation
of intraoperative frozen sections (13). Statistical analyses
of regional metastasis in the current study identified levels
IT and III as the main regions of metastasis; metastasis
rates from SLC were 19.6%, 18.8% and 3.6% for levels
IL, III and IV, respectively. There were no obvious rules
to follow regarding metastasis between levels II and III.
However, level IIB LNMs in our study were concomitant
with ipsilateral ITA LNMs. Patients with no ITA metastasis
also had no IIB metastasis. Level IV LNMs were all
concomitant with ipsilateral level III LNMs. Patients with
no ipsilateral level III LNM also had no level IV LNM.
Four contralateral LNMs were advanced T3 and T4 lesions,
which all passed over center lines; ipsilateral metastasis
predominated in LNMs. These results indicate that
cervical LNM might have some characteristics of sequential
metastasis, which reflect the extension of local lymphatic
drainage. SLC could metastasize simultaneously to level II
and III. Metastasis to level II might originate from level IIA,
without jumping to level IIB directly; similarly, metastasis
to level IV might originate from level III, without jumping
to level IV directly. In the absence of ipsilateral level II
or III metastasis, contralateral metastasis is infrequent.
In conclusion, the range of prophylactic neck dissection
used for the treatment of ¢cNO SLC should be based on
examination of intraoperative frozen sections. For example,
dissection of level IIB metastasis might be unnecessary in
the absence of level ITA metastasis. In addition, dissection
of level IV metastasis might be unnecessary in the absence
of level III metastasis, and contralateral dissection might be
unnecessary in the absence of ipsilateral metastasis.

Clinical data have demonstrated that the recurrence of
metastasis in the cervical lymph nodes is common in the
first 3 postoperative years, with the highest incidence in the
first year (14). The survival rate of patients with LNM was
significantly lower than those without such metastasis (15). In our
study, 115 patients were followed for >1 year. Two patients
with no postoperatively confirmed LNM experienced
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cervical LNM without SLC recurrence; both lesions were
identified as advanced lesions, mainly with levels VI and
IV as the dominant metastasis sites. Therefore, for patients
with advanced disease, especially those with subglottic
involvement, assessment and dissection at levels VI and IV
should be seriously considered.

Moreover, improvement of preoperative diagnostic
accuracy for cervical LNM from LC has become a research
highlight. Currently, commonly used approaches such as
CT, B-ultrasound and cervical lymph node biopsy have
some limitations. Recently, certain biomarkers of tumor
tissues, such as ILV, VEGF-C, VEGF-C/VEGFR-3,
osteopontin, PTEN, thrombospondin2, HIF-1a, CXCR2,
E-cadherin FAK and MMP, have been correlated with
LNM, and are therefore worth investigating (16-19).
In addition, the regression equation for the predicted
probability of metastasis from SLC ¢NO formulated in our
study provides a new noninvasive method for predicting
LNM before surgery. These findings require further
investigation.

Conclusions

Based on our data analysis, unilateral lymph dissection
might be considered as a treatment for the involved 12
region of ¢cNO SLC. Results from the examination of
cryosections of the lesion-involved lymph nodes can indicate
whether contralateral lymph node dissection should be
considered for the treatment of T3 and T4 ¢NO SLC. Level
IIB dissection is not advisable for patients with no level IIA
lymph metastasis. Lymph node dissection in level IV might
not be immediately advisable for patients with T2 and T3
SLC with no intraoperative level III metastasis. For patients
with advanced disease, especially in the case of lesions that
involve the subglottic region, assessment or exploration of
level VI lymph nodes should be considered. Therefore, it
is preferable to undertake prophylactic cervical dissection
for the treatment of advanced ¢cNO SLC when the Pn is
>0.3422 using our predictive equation.
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