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HEAD AND NECK

How many nodes are needed to stage a neck? A critical appraisal
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Abstract Reliable staging of the neck is an important fac-
tor for the estimation of prognosis of head and neck cancer
patients. A total of 608 patients with oral squamous cell
carcinomas treated from March 1975 to December 2000
were enrolled. In radical neck dissection (RND) group, the
number of lymph nodes ranged from 6 to 116; while in
selective neck dissection (SND) group, from 1 to 87
(P <0.001). In SND group, the number of metastatic nodes
ranged from O to 8 nodes, while in RND group, from O to
47 (P <0.001). The number of dissected lymph nodes cor-
relates with the presence of positive nodes (P =0.001). In
RND group, this correlation is described by the equation
Y =—0.0117X? + 1.7262X. Factors affecting neck metasta-
sis were number of dissected nodes (P < 0.001), lymphatic
embolization (P = 0.044) and neural invasion (P = 0.030).
In SND group, this equation is ¥ = —0.012X> + 1.5102X;
the number of dissected nodes (P = 0.002) and lymphatic
embolization (P =0.001) were significant for metastasis
finding. For patients with tumors at stages I and 11, a signifi-
cant impact on survival and neck recurrence rates were
observed. In conclusion, we report the importance of the
number of retrieved nodes in likelihood of positive cervical
node finding. Node yield is an important factor in oral can-
cer staging, and, more important, in early stage carcinomas,
it is associated with survival and recurrence rates.
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Introduction

Reliable staging of the neck is an important factor for accu-
rate prognostic definition and treatment planning of patients
with head and neck cancer, since the presence of neck
metastasis is regarded as the most important prognostic fac-
tor in patients with head and neck squamous cell carcinoma
[1,2].

The gold-standard diagnostic testing for the presence of
metastatic lymph nodes has been considered the pathologi-
cal examination of the neck dissection specimen [3, 4].
Despite this, to stage a neck properly, the AJCC states that
only six nodes will suffice for patients submitted to a selec-
tive neck dissection and ten in cases of a radical neck dis-
section [5]. A neck dissection removes the regional lymph
nodes with the fatty tissue that harbors them and meticulous
dissection may lead to higher yield rates. Anatomic studies
estimate the number of neck lymph nodes to be as high as
105 [6]. Previous studies showed that the number of
retrieved nodes may be as high as 155 nodes [7]. The num-
ber of nodes yielded in neck dissection is highly variable,
even within the same institution [8].

The purpose of this report is to assess the number of
nodes, in our series of patients, that should be retrieved to
ensure maximum precision in neck staging and which fac-
tors influence the probability of positive lymph nodes
yielded.

Patients and methods
Patients with primary tumors of the oral cavity and oro-
pharynx were, retrospectively, enrolled in this study. The

data regarding all patients treated from March 1975 to
December 2000 were recovered from the medical charts.
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The following inclusion criteria were considered: histologi-
cal diagnosis of squamous cell carcinoma, primary tumor
restricted to the oral cavity and oropharynx, no previous
treatment, treated with curative intent, surgery as primary
form of treatment, neck dissection performed at the time of
first treatment and no distant metastasis at diagnosis.

The patients were restaged, based on the record descrip-
tion and pathological report, according to the 2002 AJCC
Classification [5]. For comparison purposes and statistical
analysis, only the homolateral neck dissection was consid-
ered. All specimens were dissected immediately after the
removal by a surgical pathologist. Three histological slides
were prepared from each node.

The statistical analysis was performed using the Stata
10.1 for Macintosh and the FreeMath Software for MacOs
10. Associations between the presence of positive nodes
and gender, primary site and tumor characteristics were
analyzed by the i test. The relation between the age and
positive nodes was analyzed by the ¢ test. The Spearman
test was used for non-parametric correlations, while the
Pearson test was used in parametric correlations. The Kap-
lan-Meier and Cox regression models were used for sur-
vival analysis. A random sample analysis was used. It
created an array for each or each patient with the number of
cells equal to that of dissected nodes and randomly valued
each cell as zero (0), if the node was negative, one (1) if the
node was positive and smaller than 3 cm and (2) if larger
than 3 cm. Up to 200 random samples were drawn and a
second array was created were the cells received values
zero (0) if the staging was incorrect when compared with
the patient’s pathological staging and one (1) if it was cor-
rect. The percentage of correct staging is equal to the sum
of the array cells divided by two. The number of lymph
nodes included in the random sample was increased by five
each time the algorithm was executed until the total number
of dissected nodes was achieved. Statistical significance
was considered when P < 0.05.

Results

A total of 608 patients that conformed to the inclusion crite-
ria were identified for this report. There were 525 males
(86.3%) and 83 females (13.7%). The age at diagnosis
ranged from 22 to 87 years (mean 55.8 years and median
56 years). Tobacco consumption was reported by 491
patients (80.8%), and 405 (66.6%) reported alcohol con-
sumption.

The most common primary sites were the oral tongue
accounting for 242 patients (39.8%), floor of the mouth
with 139 patients (22.9%) and retromolar region with 76
patients (12.5%). The distribution of patients according to
primary tumor site is shown in Table 1. According to
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Table 1 Tumor site, divided according to the type of neck dissection

Primary tumor Radical Selective Total

neck neck

dissection dissection
Oral tongue 187 55 242
Floor of mouth 27 112 139
Retromolar trigone 7 69 76
Inferior gingiva 11 44 55
Hard palate 0 1 1
Buccal mucosa 1 4 5
Base of tongue 7 5 12
Tonsil 10 43 53
Anterior tonsilar pillar 1 0 1
Soft palate 2 5 7
Uvula 0 1 1
Posterior 1 0 1

oropharyngeal wall

clinical T stage, 35 tumors (5.8%) were classified as T1,
265 (43.6%) as T2, 176 (28.9%) as T3 and 132 (21.7%) as
T4a. The most frequent surgery performed for the primary
tumor was pelveglossectomy (removal of oral tongue and
floor of the mouth) in 224 patients (36.8%), pelveglossec-
tomy with segmental mandibulectomy in 133 patients
(21.9%) and the commando resection in 104 patients
(17.1%). The distribution of the surgeries is shown in
Table 2. Bucopharyngectomies involved the resection form
structures belonging to both the oral cavity and oropharynx,
usually involving the tonsil, tonsilar pillar and pterygoid
muscles) while retromolar surgery involves the removal
of the retromolar trigone and ascending ramus of the
mandible.

The neck was considered clinically negative in 293
patients (48.2%). The clinical stage (N) of the neck is
shown in Table 3. Neck dissection ipsilateral to the tumor
was performed in all patients. A radical neck dissection
accounted for 336 patients (55.3%), a modified radical neck

Table 2 Surgery of the primary tumor according to the type of neck
dissection

Surgery Selective Radical Total
neck neck
dissection dissection
Pelveglossectomy (PG) 58 166 224
PG and segmental 32 101 133
mandibulectomy
Commando resection 9 95 104
Retromolar surgery 6 77 83
Bucopharyngectomy 12 40 52
Maxillary resection 6 1
Buccal mucosa resection 4 1 5
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Table 3 Clinical stage of the

neck in the preoperative setting Stage Frequency %
NO 293 48.2
N1 181 29.8
N2a 32 5.3
N2b 58 9.5
N2c 29 4.8
N3 15 25
Total 608 100

dissection for 144 patients (23.9%) and a selective neck
dissection (levels I-III) for 128 patients (20.9%). In 19
patients (3.1%), an extended radical neck dissection includ-
ing at least one non-lymphatic structure (nerve, external
carotid artery) involved by the tumor was performed. A
contralateral neck dissection was performed in 154 patients
(27.3%). In 549 patients (90.3%), the neck dissection was
removed en bloc with the primary tumor.

All pathological specimens were analyzed at the institu-
tion. Separation of the nodes from the fat tissue surround-
ing them was performed through careful manual dissection
after the fixation of the specimen. Peritumoral vascular
infiltration was found in 25 patients (4.1%) and lymphatic
embolization in 319 patients (52.5%). Neural infiltration
was observed in 228 patients (37.5%). The number of
lymph nodes recovered in the neck dissection specimen
ranged from 1 to 116 in the homolateral neck (mean 43.4
nodes, median 41 nodes and SD 18.042). In patients sub-
mitted to a radical neck dissection, the number of lymph
nodes ranged from 6 to 116 (mean 46.0 nodes, median 44
nodes and SD 17.495); while in patients submitted to selec-
tive neck dissection the number of nodes ranged from 6 to
87 (mean 33.6 nodes, median 32 nodes and SD 16.687).
There was a significant difference between the radical and
selective dissections groups regarding the number of
retrieved nodes (P <0.001). The number of metastatic
nodes in the homolateral side ranged from 0 to 47 (mean
1.6, median 1 node and SD 3.399). In patients submitted to
the selective neck dissection, the number of involved nodes
ranged from O to 8 nodes (mean 0.64 nodes, median 0
nodes and SD 1.219). For the radical dissection group, the
number of positive nodes ranged from 0 to 47 (mean 1.84
nodes, median 1 node and SD 3.730). There was a signifi-
cant difference in the number of metastatic nodes in the two
groups (P < 0.001). In the contralateral side of the neck, the
number of dissected nodes ranged from 1 to 89 (mean 16.3
nodes, median 10 nodes and SD 14.686), with the number
of involved nodes ranging from 0 to 9 nodes (mean 0.4
node, median 0 nodes and SD 0.806).

For patients submitted to neck dissection, a significant
correlation was found between the number of dissected
lymph nodes and the presence of at least one positive node

in the neck (P =0.001). In patients submitted to a radical
neck dissection, this correlation can be plotted and
described by a second-degree polynomial equation in
which the Y axis represents the probability of finding posi-
tive nodes and the X axis, the number of dissected nodes. In
our series, this equation is Y= —0.01 17X% + 1.7262X
(Fig. 1). The threshold value of the number of nodes that
needed to be resected to achieve the maximum probability
of positive nodes may be defined as the value which annu-
lated the derivative of the equation. In this series, this value
is 68.04. For values of dissected nodes, below or above this
value, the probability of positive node finding is lower than
at this specific point. For the diagnosis of two or more posi-
tive nodes, a significant correlation with the number of dis-
sected nodes was also demonstrated (r = 0.759, P < 0.001)
and the equation that describes this relation is Y=
—0.006X> + 1.022X. The threshold value for maximum prob-
ability of diagnosis is 85.16 nodes. Using the random sample
algorithm, the 80% rate of correct staging is achieved with a
lymph node count of at least 35 nodes (Table 4).

The number of dissected nodes influences the probability
of positive lymph nodes, but other factors may also contrib-
ute to this finding. No significant correlation was found
between the presence of positive nodes and gender
(P =0.188), age group (P =0.360) and vascular invasion
(P =0.714). The probability of finding positive nodes in the
neck was associated with primary tumor site in the orophar-
ynx (P < 0.001), lymphatic invasion (P < 0.001), perineural
invasion (P <0.001), T stage (P <0.001) and invasion’s
depth (P < 0.001).
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Fig.1 Curve-fit estimation for the probability of finding positive
nodes dependent on the number of dissected nodes in patients submit-
ted to radical neck dissection
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Table 4 Probability of correctly staging a neck according to the
number of dissected nodes

Examined Type of neck dissection

nodes
Radical Selective
neck dissection (%) neck dissection (%)

10 10.5 12.0

15 25.5 22.5

20 34.5 42.5

25 57.0 60.5

30 77.0 80.0

35 80.5 83.0

40 88.5 87.5

45 93.0 94.0

50 96.0 95.5

In a second stage, a multinomial logistic regression
model was used to identify the effect of previously identi-
fied factors on the probability of node metastasis. In this
model, the number of dissected nodes (P < 0.001), lym-
phatic embolization (P =0.044) and neural invasion
(P =0.030) remained significant. The depth of invasion
(P =0.525), primary site (P=0.392) and T stage
(P = 0.305) was non-significant.

The process was repeated for patients submitted to selec-
tive neck dissection. In these patients, a significant correla-
tion is also demonstrated (P < 0.001, r=0.540) and the
relation is described by the equation Y= —0.012X>+
1.5102X (Fig. 2). The threshold will be achieved with a
lymph node count of 62.9 nodes. For the diagnosis of two
or more nodes, the threshold value is 57.2 nodes. Again, the
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Fig. 2 Curve-fit estimation for the probability of finding positive
nodes dependent on the number of dissected nodes in patients submit-
ted to selective neck dissection
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random sample algorithm showed that if at least 35 nodes
were dissected and analyzed, the rate of correct staging
would be more than 80% (Table 4).

In this group of patients, the following factors were
found to affect the probability of positive nodes: number of
dissected nodes (P <0.001), lymphatic embolization
(P <0.001) and gender (P =0.028). The tumor depth of
invasion (P =0.108), primary site (P =0.782), T stage
(P =0.078), vascular infiltration (P =0.824) and neural
infiltration (P = 0.177) were non-significant in this group.
The multinomial logistic regression showed that the num-
ber of dissected nodes (P = 0.002) and lymphatic emboliza-
tion (P = 0.001) remained significant. Gender was shown to
be non-significant (P = 0.440).

In our series, there is a significant difference between the
mean number of dissected nodes in necks staged as nega-
tive or positive for metastasis. In NO patients, 41.0 nodes
were found in the homolateral neck, while in N+ patients,
45.7 nodes were found (P = 0.001).

The impact of the number of dissected nodes on survival
was also analyzed. In univariate analysis, it was statistically
significant (P =0.048), but not in multivariate analysis.
Patients were then divided into groups according to clinical
stage. In this analysis, a significant impact on survival
regarding the number of dissected nodes was found in
patients with early stage carcinomas (stages I and II). For
this group of patients, the following factors were found to
be significant in a univariate analysis: T stage (P = 0.000,
HR 1.672, CI 1.430-1.955), number of dissected nodes
(P =0.018, HR 1,022, 95% CI 1.004-1.040), presence of
lymphatic embolus (P = 0.000, HR 2.141, CI 1.578-2.904),
neural infiltration (P =0.001, HR 1.664, 95% CI 1.251-
2.214) and involved surgical margins (P =0.000, HR
1.642, 95% CI 1.245-1.789). A multivariate analysis was
performed with stepwise comparison of these parameters.
Those found to be non-significant were removed from the
model and at the final step, the number of dissected nodes,
neural infiltration and surgical margins remained significant
(Table 5).

The role of the number of dissected necks in neck recur-
rence was also assessed. Again, its importance could only
be demonstrated in stages I and II oral cancer patients. In
fact, this was the only identifiable factor in this series that
significantly increases the risk of neck recurrence in this
group of patients in multivariate analysis (P = 0.028, HR
1.039, 95% CI 1.004-1.074). Other tested factors were T
stage (P = 0.158), vascular invasion (P = 0.448), lymphatic
embolization (P = 0.808), perineural infiltration (P = 0.356),
type of neck dissection (P =0.623), status of surgical
margins (P =0.859) and postoperative radiotherapy
(P =0.442).

We also found a significant correlation between T stage
and the number of dissected nodes (P = 0.023). Patients
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Table S Multivariate analysis of survival for patients with stages I
and II SCC of the oral cavity and oropharynx

Table 6 Multivariate analysis of survival for patients with oral SCC
stages I-IVb

Variable Significance  HR 95% C1 Step and variables P HR 95% C1
Step 1 Step 1
Dissected nodes 0.018 1.022  1.004-1.040 Gender 0.014 0.537 0.327-0.883
Step 2 T stage 0.000 1.661 1.419-1.943
Dissected nodes 0.013 1.022  1.005-1.040 Step 2
T stage 0.158 Gender 0.026 0.569 0.346-0.936
T1 0.066 3.038 0.931-9918 T stage 0.000 1.555 1.323-1.829
T2 0.171 4.866  0.504-46.977 N stage 0.000 1.198 1.093-1.314
Step 3 Step 3
Dissected nodes 0.008 1.026  1.007-1.046 Gender 0.047 0.573 0.331-0.993
Lymphatic embolization  0.272 1.477  0.737-2.962 T stage 0.000 1.761 1.331-2.331
Step 4 N stage 0.001 1.267 1.100-1.460
Dissected nodes 0.001 1.032  1.013-1.050 Stage 0.331 0.839 0.588-1.196
Neural infiltration 0.008 2,673  1.298-5.507 Step 4
Step 5 Gender 0.012 0.516 0.308-0.864
Dissected nodes 0.001 1.034  1.014-1.053 T stage 0.000 1.580 1.331-1.876
Perineural infiltration 0.002 3299  1.545-7.043 N stage 0.001 1.179 1.071-1.297
Surgical margins 0.000 1483  1.237-1.778 Skin invasion 0.008 2.782 1.311-5.901
Step 5
with T1 and T2 cancers had a mean of 41.8 dissected nodes g?:j; 88(1)3 (1)2;(7) ?igj:?zi;
(SD 17.25), while T3 and T4 cancers had a mean of 45.02 N stage 01008 1'144 1.036—1.265
dissected nodes (SD 18.66) and this difference was statisti- e ’ ' ' ’
cally significant (P = 0.028). No significant correlation was Skin mva.mn o 0.082 2048 0-914-4.591
found between the time of chronological time of surgery Lymphatic embolization 0.000 1.851 1.332-2.574
(P =0.502) or the executing surgeon (P =0.909) and the Step 6
number of retrieved nodes. Gender 0.032 0.570 0.341-0.952
We also calculated the lymph node ratio. It is obtained T stage 0.000 1561 1.317-1.851
by dividing the number of metastatic nodes by the total N stage 0.002 1.162 1.054-1.280
number of dissected nodes. In our series, the lymph node Lymphatic embolization 0.001 1.709 1.245-2.345
ratio ranged from 0 to 97.92% (mean 3.85% and median Perineural infiltration 0.023 1.401 1.048-1.874
1.19%). The lymph node ratio has a significant impact on ~ Step7
survival in univariate analysis, considering the whole series Gender 0.027 0.557 0.333-0.935
(P =0.000, HR 1.031, 95% CI 1.021-1.040). Other identi- T stage 0.000 1.577 1.328-1.873
fiable prognostic factors were gender (P = 0.008), T stage N stage 0.002 1173 1.061-1.297
(P =0.000), N stage (P =0.000), TNM stage (P = 0.000), Lymphatic embolization 0.001 1.701 1.239-2.335
skin invasion (P = 0.000), lymphatic embolization (P = 0.000), Perineural infiltration 0.022 1.404 1.050-1.878
perineural infiltration (P =0.000), number of dissected Dissected nodes 0.463 0.998 0.992-1.004
nodes (P = 0.048) and postoperative radiotherapy (P =0.001).  Step 8
Multivariate analysis showed the following factors to be Gender 0.033 0.571 0.341-0.955
significant: gender, T stage, N stage, lymphatic emboliza- T stage 0.000 1.558 1.311-1.852
tion, perineural infiltration and lymph node ratio (Table 6). N stage 0.003 1.160 1.051-1.281
Lymphatic embolization 0.001 1.706 1.242-2.343
. . Perineural infiltration 0.026 1.397 1.041-1.875
Discussion Postoperative RT 0.897 1.022 0.733-1.426
. . e . . Step 9
This study reports a single institution experience with con-

. . . . . Gender 0.031 0.568 0.340-0.950
secutive patients submitted to neck dissections. It demon- T stage 0.000 | 557 | 3131847
strates that the number of retrieved nodes is an important ) ’ ’ ’ ’

N stage 0.030 1.120 1.011-1.241

factor in the staging of neck metastasis. The sheer number
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Table 6 continued

Step and variables P HR 95% CI
Lymphatic embolization 0.005 1.594 1.155-2.199
Perineural infiltration 0.021 1.406 1.052-1.880
Lymph node ratio 0.001 1.022 1.009-1.305

HR hazard ratio,95% CI 95% confidence interval

of lymph nodes yielded may influence the accuracy of the
pathological examination and the probability of discovering
positive nodes. It also shows other factors that may influ-
ence this probability. The use of a mathematical estimation
model for the description of the probability of positive
nodes versus the number of dissected nodes allow us to
establish the number of dissected nodes that presents the
higher probability of positive node finding. A low nodal
yield may understage a neck, influencing both treatment
planning and prognosis assessment.

The role of the number of dissected nodes in staging of
malignant neoplasms has also been shown in other sites. It
has been shown that the proportion of lymph node metasta-
sis increases as a function of the number of retrieved nodes.
In a previous article, a survival benefit was reported with
higher nodal yield in colorectal adenocarcinoma [9].
Another report showed a survival benefit in node negative
colorectal adenocarcinoma with a number of dissected
lymph nodes greater than 13 when compared with those
with <6 retrieved nodes [10]. In patients with Dukes B
colorectal carcinoma, the number of examined lymph nodes
was the only significant factor related to survival in a multi-
variate analysis [11].

For gastric carcinoma, the same role of the number of
dissected nodes has been shown to be a significant prognos-
tic factor for survival. In a multivariate analysis of patients
with stages I and II disease, T stage, age and number of dis-
sected nodes were shown to be relevant. The authors also
suggest that staging is unreliable when a critical number of
nodes are not achieved [12].

In a previous study addressing the node yield of the neck
dissection, the likelihood of finding cervical metastasis
increased with more than 20 dissected nodes when com-
pared with <13 nodes. It suggests that the finding of patho-
logically positive nodes is dependent on the extension of
the neck dissection. In this article, the neck dissections
were not separated according to type (radical or selective)
or laterality (unilateral vs. bilateral), but it clearly shows the
importance of nodal yield in staging of the neck [13].

Another point that should be addressed when evaluating
the role of the nodal yield is quality control. The number of
dissected nodes should warrant optimal stage accuracy. For
pancreatic adenocarcinoma, this number has been shown to
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be 15, allowing for discrimination of approximately 90% of
the pN1a cohort in a series [14].

In our paper, we report the importance of the number of
retrieved nodes in likelihood of positive cervical node find-
ing. We also demonstrate the number of retrieved nodes
that correspond to the maximum probability of finding neck
metastasis. These findings suggest that the node yield of the
neck is per se an important prognostic factor in determining
the probability of correctly staging oral squamous cell car-
cinoma, and for patients with early stage carcinomas a risk
factor for overall and disease-free survival expectancies.

Another variable evaluated was the lymph node ratio. In
breast cancer, the number of dissected nodes was consid-
ered a significant prognostic factor in patients with stages I
and II carcinomas, with a longer survival for patients above
the threshold of 14 examined nodes. In node-positive
patients, the lymph node ratio was an excellent predictor of
metastasis development and survival [15].

For other solid neoplasms, lymph node ratio has also
been shown to be a significant prognostic factor. In cases
of pancreatic adenocarcinoma, the increase in the lymph
node ratio is associated with a decrease in survival that is
statistically significant in multivariate analysis [16]. For
colon cancer, the lymph node ratio is also statistically sig-
nificant, with different breakpoints based on the clinical
staging and that influence both disease-free and overall
survival [17, 18]. The same relationship between lymph
node ratio and survival was observed for esophageal can-
cer, with a higher rate corresponding to lower disease-
specific survival [19].

The limitations of the size as a prognostic marker for
lymph node metastasis were initially shown in melanoma.
The melanoma staging committee uses the number of
involved nodes, without reference to size to stage the
regional nodes (AJCC). The limitations of neck staging
based on the size of metastatic lymph nodes as opposed to
the number of involved were already shown with regard to
oral cancer. In a previous study, no significant difference
could be shown between N1 and N2a patients [20].

In our report, we state the role of lymph node ratio as a
prognostic marker for oral cancer. This ratio may be useful
in adjusting the number of involved nodes by the number of
dissected nodes and it is easy to calculate.
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