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Abstract: Background. The association between nodal ratio

and survival has not been assessed in squamous cell carcino-

mas of the head and neck.

Methods. This is a population-based analysis, using the

Surveillance, Epidemiology, and End-Results database, to

determine whether nodal ratio impacts survival in patients with

oral cavity squamous cell carcinoma.

Results. Between 1988 and 2005, 2955 new diagnoses of

N1 or N2 squamous cell carcinoma of the oral cavity were iden-

tified. The mean nodal ratio was 16.9%. Nodal ratio was found

to be strongly statistically associated with overall survival in

both univariate and multivariate analyses. Patients could be

stratified into low- (0% to 6%), moderate- (6% to 12.5%), and

high-risk (>12.5%) groups based on nodal ratio.

Conclusions. In patients with squamous cell carcinoma of

the oral cavity, an increased nodal ratio is a strong predictor of

decreased survival. Risk of death can be stratified based on

nodal ratio. VVC 2009 Wiley Periodicals, Inc. Head Neck 31:

1129–1136, 2009
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Oral cavity squamous cell carcinoma is a signif-
icant national and international public health
issue and is responsible for over 7000 deaths
annually in the United States.1,2 The National
Cancer Institute predicted that, within the
United States, 34,360 new cases of cancers of
the oral cavity and pharynx would be diagnosed
in 2007.2 Treatment protocols and prognosis
vary widely, especially for more advanced
tumors, and are based almost exclusively on the
stage of cancer at diagnosis.3–5 Occult metasta-
sis to the neck may occur in up to 34% of
patients with squamous cell carcinomas of the
oral cavity in the absence of clinical or radio-
graphic evidence of regional spread.6 As a
result, neck dissections are often performed
electively for many tumors of the oral cavity.

The discovery of regional spread in patients
with oral cavity carcinoma begs the question of
the extent of regional dissection that occurred.
It follows reason that discovery of a positive
node in a more limited regional dissection may
imply the presence of residual disease in the
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neck; a more extensive dissection may provide
for more certainty that this single focus of meta-
static disease is truly isolated. Thus, the ratio
between metastatic nodes and examined lymph
nodes (referred to as nodal ratio throughout this
article) may be of prognostic importance in head
and neck cancer. The extent of regional nodal
dissection has been documented to be of impor-
tance in gastric cancer, endometrioid uterine
cancer, and colorectal carcinoma, with an
increase in survival shown with the resection of
higher numbers of regional nodes.7–16 No such
documentation has yet been published in the
head and neck.

The primary objective of the study was to
determine, using population-based data,
whether nodal ratio impacted survival in
patients with node-positive (N1 or N2) squamous
call carcinoma of the oral cavity.

MATERIALS AND METHODS

The Surveillance, Epidemiology, and End-
Results (SEER) database is a population-based
cancer registry that captures 17 distinct popula-
tion groups in 198 counties in the United States,
namely the states of Connecticut, Kentucky,
California (excepting the urban areas listed
below), New Jersey, Louisiana, Hawaii, Iowa,
New Mexico, and Utah; the metropolitan areas
of Detroit, Atlanta, San Francisco-Oakland,
Seattle-Puget Sound, Los Angeles, and San
Jose-Monterey; the Alaskan Native registry; and
10 predominantly African-American counties in
rural Georgia. This database represents approx-
imately 26% of the overall United States popula-
tion, and contains information on 7,032,878
cases of cancer diagnosed since 1973.2 In addi-
tion to cancer incidence and prevalence, infor-
mation regarding staging and treatment is
included within the fields of this database. With
each subsequent modification of the database,
more information is added, allowing the data-
base to be used for large-scale, population-based
studies.

Cases of oral cavity carcinoma diagnosed
between 1988 and 2005 were extracted from the
SEER-17 database. The data were standardized
according to schema published second and third
editions of the International Classification of
Disease for Oncology (ICD-O-2 and ICD-O-3).
Cancers were limited to the oral cavity, which
was defined as the oral tongue (C02.0–02.3,

C02.8–02.9), upper and lower gingiva (C03.0–
03.9), floor of mouth (C04.0–04.9), hard palate
(C05.0, C05.8–05.9), buccal mucosa (C06.0), oral
vestibule (C06.1), retromolar trigone (C06.2),
and areas labeled ‘‘unspecified mouth’’ or
‘‘unspecified oral cavity’’ (C06.8–06.9). Because
the pathophysiology of cancers of the lip is felt
to be different to that of cancers of the remain-
der of the oral cavity, lip subsites were excluded
in this study. Tumors originating in the orophar-
ynx were also excluded.

Histology was limited to squamous cell carci-
noma (M8052–8078 in the ICD-O-2 morphologic
codes). Verrucous carcinoma and carcinomas in
situ were excluded. Records examined were lim-
ited to those of patients with N0-N2 regional dis-
ease. Oral cavity tumors as second- or third-
primary tumors were excluded. The number of
regional lymph nodes identified at regional dis-
section and the number of positive lymph nodes
are both available within the SEER database.
The type of neck dissection performed (eg, selec-
tive, modified radical, or radical), however, is
not.

‘‘Neck dissection’’ is used throughout the
manuscript to encompass both the surgical pro-
cedure of regional lymphadenectomy in the neck
as well as the pathologic review of that lymph-
adenectomy. The extent of neck dissection
examined, as a result, comprises the extent of
surgical resection as well as the thoroughness of
pathologic review. SEER does not contain
enough data to allow the separation of these 2
steps in the diagnosis and treatment of patients
with carcinoma of the oral cavity.

Data extracted from the SEER database was
analyzed using SAS version 9.1 (SAS Institute,
Cary, NC) and R version 2.1.1. Descriptive sta-
tistics for demographic and clinical factors were
generated. Survival times were directly avail-
able from the SEER database. Survival curves
were generated using the Kaplan-Meier method.
Univariate Cox Proportional-Hazards regression
was used to test the association of Nodal Ratio
with Overall Survival, as a continuous predictor.
Potential covariates including Age at diagnosis,
T-stage, N-stage, race, sex, and surgery site
were also tested for association with survival
outcomes. Nodal ratio was adjusted by statisti-
cally significant covariates in a multivariate Cox
proportional hazards model.

To create risk groups, we used the ‘‘maxi-
mally selected rank statistic’’ method described
in Lausen and Schumacher17 to select an
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optimum cut-point. Briefly, the algorithm
located the cut-point that maximized the log-
rank test statistic. The resulting log-rank p
value was then adjusted for multiple testing. All
statistical tests were 2-sided and p values �.05
were considered statistically significant.

RESULTS

Patient Demographics. Between 1988 and 2005,
2955 new cases of T1-4N1-2 oral cavity squa-
mous cell carcinoma were identified in the
SEER database. Of these, 2106 (71.3%) were
male and 2424 (82.2%) were white. The major-
ity (63.9%) had N2 disease; the remainder were
N1. Six hundred patients (20.3%) were not
treated with adjuvant radiotherapy; 2219
(75.1%) underwent postoperative adjuvant
therapy. The remaining patients had brachy-
therapy, neoadjuvant radiotherapy, or a combi-
nation of surgery and radiotherapy in an
unknown sequence. Patient demographics are
summarized in Tables 1 and 2.

The mean number of nodes assessed was
26.4 in patients with N1 disease and 32.5 in

patients with N2 disease, with a range in both
groups from 1 to 89 nodes removed. On average,
patients had 3.33 nodes positive, with a mean
nodal ratio of 16.9% and a median nodal ratio of
9.1% (range, 1.1% to 100%). Average follow-up
in this set of patients was 33.1 months (range,
0–205 months).

Overall Survival. In the entire cohort of patients,
median survival was 30 months from diagnosis
(95% CI: 28–33 months), with 37.4% of patients
alive at 5 years (95% CI: 35.5% to 39.5%). As
expected, increasing T and N classification cor-
related with worse survival, as did the female
sex (35.6% vs 38.1% 5-year survival, HR 1.13
[95% CI: 1.02–1.26], p ¼ .02), black race when
compared with white race (23.7% vs 32.3% 5-
year survival, HR 1.42 [95% CI: 1.24–1.62], p <
.0001), and site of primary tumor (44.5% for
tongue, 25.7% for floor of mouth [HR 1.61, 95%
CI: 1.44–1.81], and 31.3% for gingival and other
oral cavity tumors [HR 1.49, 95% CI: 1.32–1.67];
p < .0001 when compared against tongue). In
addition, increased age at diagnosis correlated
with decreased survival (HR 1.019; 95% CI
1.015–1.023, p < .0001), as did absolute number
of positive nodes (HR 1.049; 95% C 1.040–1.058,
p < .0001). These results are summarized in
Table 3.

Nodal Ratio. In univariate analysis, nodal ratio
was significantly correlated with survival (HR
1.043 [95% CI: 1.022–1.065], p < .0001).
Because nodal ratio ranges from 0% to 100%,
the reported hazard ratio compares patients
with a 10% difference in nodal ratio. In multi-
variate analysis, all the mentioned covariates
remained statistically significant with the excep-
tion of gender (p ¼ .23); removal of sex from the
analysis did not change the significance of the
effect of nodal ratio on survival (adjusted HR
1.051 [95% CI: 1.029–1.073], p < .0001).

Given this significant association between
nodal ratio and overall survival, we attempted
to determine a cut-point nodal ratio which

Table 1. Patient demographics.

Variable No. %

Sex

Female 849 28.7

Male 2106 71.3

Race

Black 343 11.6

Other 182 6.2

White 2424 82.2

Site

Floor of mouth 640 21.7

Gum and other mouth 653 22.1

Tongue 1662 56.2

T

T1 734 24.8

T2 1075 36.4

T3 340 11.5

T4 806 27.3

N

N1 1066 36.1

N2 1889 63.9

Radiation

Postoperative 2219 75.1

None 600 20.3

Preoperative 93 3.1

Pre- and postoperative 14 0.5

Intraoperative 6 0.2

Unknown sequence 23 0.8

Demographic distribution of the patient population.

Table 2. Patient demographics.

Variable Mean Std Dev Range

Age at diagnosis, y 59.41 12.46 20–99

Number of positive nodes 3.33 4.19 1–90

N-ratio, % 16.9 21.5 1.1–100

Summary statistics for the patient population.
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would allow division of patients into high- and
low-risk groups. Using maximally selected rank
statistical methods, with adjustment of the p-
value for multiple testing, we found that 2 cut-
offs maximized the log-rank statistic. Patients
with a nodal ratio less than 6% fared the best
(47.0% 5-year survival), followed by patients
with a nodal ratio between 6% and 12.5%
(37.5%, HR 1.19 [95% CI: 1.04–1.37]); patients
with a nodal ratio of 12.5% or higher fared the
worst (29.5%, HR 1.55 [95% CI: 1.37–1.75], over-
all adjusted p value < .0001). In multivariate

analysis, adjusting for all covariates except gen-
der, the significance of these cut-points remains
highly significant (p < .0001). (see Figure 1 and
Table 4).

DISCUSSION

Nodal metastasis is consistently one of the
strongest determinants of survival in patients
with oral cavity cancer.18,19 In addition, occult
metastasis to cervical lymph nodes is one of the
major prognostic factors for survival in those
patients with clinically negative necks.18 Neck
dissections should allow for correct staging for
prognosis and as well as determination of the
need for adjuvant therapies.18,20,21 However, an
adequate number of nodes need to be removed
in order to correctly stage patients. Agrama et
al have demonstrated, also using SEER registry
data, that the likelihood of finding cervical me-
tastases in T1 and T2 patients with squamous
cell carcinomas of the head and neck increased

Table 3. Cox proportional hazards results.

Parameter Comparison*

Univariate Multivariate

p value HR (95% CI) p-value HR (95% CI)

N-ratio – <.0001 1.043 (1.022–1.065) <.0001 1.051 (1.029–1.073)

T Overall <.0001 <.0001

T2 vs T1 <.0001 1.45 (1.26–1.67) <.0001 1.40 (1.22–1.61)

T3 vs T1 <.0001 1.96 (1.65–2.33) <.0001 1.94 (1.63–2.31)

T4 vs T1 <.0001 2.37 (2.06–2.72) <.0001 2.01 (1.73–2.34)

N N2 vs N1 <.0001 1.28 (1.15–1.42) <.0001 1.25 (1.12–1.39)

Sex Female vs Male .02 1.13 (1.02–1.26) N/A N/A

Race Overall <.0001 <.0001

Black vs White <.0001 1.42 (1.24–1.62) <.0001 1.38 (1.2–1.59)

Other vs White .14 1.16 (0.95–1.41) .42 1.08 (0.89–1.32)

Site Overall <.0001

Floor of Mouth vs Tongue <.0001 1.61 (1.44–1.81) <.0001 1.41 (1.25–1.59)

Gum and other mouth vs Tongue <.0001 1.49 (1.32–1.67) .02 1.18 (1.03–1.35)

Age at diagnosis – <.0001 1.019 (1.015–1.023) <.0001 1.018 (1.013–1.022)

Number of positive nodes – <.0001 1.049 (1.040–1.058) N/A N/A

Predictors of survival in univariate and multivariate analysis.
*T, N, sex, race, and site are categorical variables; number of positive nodes, N-ratio, and age at diagnosis were treated as continuous variables.

FIGURE 1. Kaplan-Meier survival curve for squamous cell car-

cinoma of the oral cavity by nodal ratio. The differences are

statistically significant.

Table 4. N-ratio risk stratification.

Parameter Comparison* p value

Adjusted hazard

ratio (95% CI)

N-ratio risk

group

Overall <.0001

Moderate vs. Low .01 1.19 (1.04–1.37)

High vs. Low <.0001 1.55 (1.37–1.75)

Multivariate analysis of N-ratio groupings.
*High-risk ¼ N-ratio �12.5%; Moderate-risk ¼ N-ratio 6–12.5%; Low-risk
¼ N-ratio <6%
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with the nodal yield in neck dissection speci-
mens.22 Compared with a nodal yield of less
than 13 nodes, cervical metastases were more
likely to be found for any nodal yield greater
than 20. A similar relationship has also been
found with other solid cancers.23

The prognostic implication of neck dissec-
tions, therefore, may be limited by the extent of
the regional dissection undertaken. It is unclear
whether the prognostic value of a single lymph
node in a limited neck dissection is the same as
that of a single lymph node found as part of a
more comprehensive neck dissection. Studies in
colorectal, breast, gastric, and endometrioid
uterine cancer have reported a positive associa-
tion between the number of nodes dissected and
survival.7–16,23–28 On the basis of these and sim-
ilar results, various guidelines for the minimum
number of nodes removed have been proposed in
the colon cancer literature.12–14,29–34

The improved prognosis that results from
increasing nodal yield may be related to phenom-
enon of stage migration, a change in the distribu-
tion of cancer stagings resulting from either a
change in the staging system or the development
of new technology allowing more sensitive detec-
tion of tumor spread.12 With a higher number of
nodes assessed, there is a lower risk that nodal
metastases are missed. As a result, nodal ratio,
or the ratio between metastatic and examined
lymph nodes, may be an important prognostic
variable in a number of other solid cancers
including gastric cancer, breast cancer, and uter-
ine cancer.9–12,15,22,26,28,35–38

Although there is, therefore, increasing rec-
ognition of the importance of a minimal accepta-
ble number of lymph nodes retrieved and
examined in other solid cancer sites, there cur-
rently is no literature in the head and neck to
make recommendations for such a standard.
The current study sought to answer this ques-
tion in patients with lesions in the oral cavity.

The SEER database is a publicly available
database of all cancer diagnoses in 17 different
population groups within the United States. The
demographics of the patients within the data-
base approximate, but do not exactly match, the
overall demographics of the U.S. population as a
whole,39 but the database does allow for robust
population-based analyses to be performed.

In patients with squamous cell carcinoma of
the oral cavity, nodal ratio is a very important
prognostic indicator of survival. As nodal ratio
increases, survival decreases; this is most

marked as nodal ratio crosses 2 cutoffs: Low-
risk patients have a nodal ratio of 6% or less.
Moderate risk lies between 6% and 12.5%;
patients with a nodal ratio higher than 12.5%
fare the worst. It should be noted that, on aver-
age, patients underwent neck dissections with
higher nodal ratios than this cut-point and
therefore fell within the high-risk group.

It also bears mention that it is not possible,
in this study, to differentiate between the extent
of neck dissection and the extent of pathologic
review of that regional dissection. A comprehen-
sive neck dissection is not just a function of the
extent of surgery performed but also includes
the extent to which the specimen is subjected to
pathologic examination. A more complete neck
dissection with a cursory review of the dissec-
tion specimen by the pathologist would render
the same results in this article as a less-than-
complete regional dissection with a thorough
review. What is, however, borne out is that the
number of regional lymph nodes assessed to
render the patient N1 significantly impacts on
survival. This may be because tumor is physi-
cally left behind in the neck, or because a less-
than-complete neck dissection effectively under-
stages a patient, preventing additional treatment
from being delivered.

Although there are some authors who advo-
cate more limited neck dissections for patients
with squamous cell carcinoma of the oral cav-
ity,40,41 these population-based results appear to
suggest otherwise. This study may also help
determine the need for further adjuvant treat-
ment in patients with incidentally noted single-
positive lymph nodes. However, since it is
impossible to distinguish in the SEER database
patients who are initially diagnosed as N0 and
found to be Nþ on staging neck dissection (all
staging information in SEER is pathologic), this
question deserves further study.

Since the type of neck dissection performed
(ie, radical vs modified radical vs selective neck
dissection) is not available in the SEER data-
base, this article cannot make recommendations
or suggestions based on this classification
scheme. However, even if this information were
available it would likely be less reliable than
absolute nodal counts due to variability in surgi-
cal technique, classification, and comprehensive-
ness of pathologic assessment of neck dissection
specimens. There does exist the possibility, how-
ever, that the survival advantage afforded by
neck dissections with a large number of nodes
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assessed may be influenced by either costruc-
ture ablation (eg, sternocleidomastoid muscle or
internal jugular vein), or center expertise
(including the experience of the surgeon and/or
pathologist), and thus the number of lymph
nodes assessed may in fact be a surrogate for
other factors associated with improved survival.
However, studies from other solid tumor sites
have shown that absolute nodal count and nodal
ratio are independent prognostic predictors of
survival on multivariable analysis.

Laterality of regional dissection was not
evaluated in this study. By convention, many
midline oral cavity tumors warrant bilateral
neck dissection, which automatically increases
the number of nodes identified and may artifi-
cially decrease nodal ratio. However, the discov-
ery of a contralateral node in such a patient
would already increase their N classification; a
bilateral neck dissection with the discovery of
only ipsilateral nodes decreases it, and, given a
therefore lower nodal ratio, does so with more
confidence that there is no hidden burden of
regional disease.

N3 patients were specifically excluded from
this study because it becomes increasingly diffi-
cult to determine whether a nodal metastasis of
greater than 6 cm in size is a single metastasis
or multiple, matted metastases. N0 patients, as
well, were excluded because the concept of nodal
ratio becomes moot in these patients. In addi-
tion, there are specific risk factors that have
been identified with respect to tumor character-
istics and regional metastases that predispose to
a worse prognosis. Specifically, perineural and
lymphovascular invasion in the primary tumor,
and extracapsular extension in regional metas-
tases all portend a worse prognosis and may be
indications for the addition of adjuvant radio-
therapy.42 This information, unfortunately, can-
not be captured from SEER. The most recent
iteration of the SEER database (patients diag-
nosed after 2004) will include data on extra-
capsular extension in head and neck patients.
At this point, however, there is no meaningful
follow-up in the database on these patients.
Whether the prognostic power of these patho-
logic risk factors is borne out in population-
based studies, and whether it impacts on the
results presented here, deserves future exami-
nation. There may be a confounding between
nodal ratio and absolute number of nodes in
this article, given that both are significantly cor-
related with survival in univariate analysis.

Because nodal ratio includes total number of
positive nodes in its calculation, it is difficult to
control for this confounding. However, using the
Aikake information criterion,43 the model fit
between both predictors is approximately equiv-
alent. This is, however, an indirect test at best.

This article, like any population-based study,
is limited by the information captured in large
population based databases. The data examined
represent a relatively heterogeneous pool of
patients from divergent sites within the United
States. Treatment protocols obviously vary
across institutions, and the reasons behind the
withholding of radiation from some patients are
not evident. Although this allows for a modicum
of bias, the bias is diluted by the size of the
examined cohort and the variety of sites at
which treatment is rendered. The fact that this
article incorporates a significant amount of data
from across various treatment sites, ethnic
groups, socioeconomic classes, and ages lends
credibility to the generalizability of its conclu-
sions. However, we have undertaken a separate
study to validate these findings using patients
treated at the University of Toronto. This awaits
publication.

Population-based studies are also, by defini-
tion, retrospective and nonrandomized. In addi-
tion, only information entered into SEER by the
cancer registrars throughout the 17 sites is
included in the database. It is also impossible to
distinguish in the SEER database patients who
are initially diagnosed as N0 and found to be N1

on staging neck dissection. The incidental find-
ing of nodal disease in this patient significantly
decreases their overall and cause-specific sur-
vival, and management of that dilemma remains
unclear. Recurrence rates alone also cannot be
captured from the information available in
SEER, which is also an important endpoint.
Some of these limitations can be addressed with
large multi-institutional series with detailed ret-
rospective or prospective databases.

CONCLUSIONS

In patients with squamous cell carcinoma of the
oral cavity, the ratio of positive nodes to the
number of nodes examined, or nodal ratio, is a
strong predictor of overall survival, independent
of tumor size or extent, extent of regional
metastasis, age, race, or sex. Further explora-
tion of this concept using institutional data and
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randomized prospective trials regarding treat-
ment protocols are warranted.

REFERENCES

1. Funk GF, Karnell LH, Robinson RA, Zhen WK, Trask
DK, Hoffman HT. Presentation, treatment, and outcome
of oral cavity cancer: a National Cancer Data Base
report. Head Neck 2002;24:165–180.

2. Ries LAG, Melbert D, Krapcho M, et al. SEER Cancer
Statistics Review 1975–2004. Bethseda MD: National
Cancer Institute; 2007.

3. Day TA, Davis BK, Gillespie MB, et al. Oral cancer
treatment. Curr Treat Options Oncol 2003;4:27–41.

4. Grecula JC, Schuller DE, Rhoades CA, et al. Intensifica-
tion regimen 2 for advanced head and neck squamous
cell carcinomas. Arch Otolaryngol Head Neck Surg
1999;125:1313–1318.

5. Cooper JS, Pajak TF, Forastiere AA, et al. Postoperative
concurrent radiotherapy and chemotherapy for high-risk
squamous-cell carcinoma of the head and neck. N Engl J
Med 2004;350:1937–1944.

6. Clark JR, Naranjo N, Franklin JH, de Almeida J, Gul-
lane PJ. Established prognostic variables in N0 oral car-
cinoma. Otolaryngol Head Neck Surg 2006;135:748–753.

7. Cianchi F, Palomba A, Boddi V, et al. Lymph node recov-
ery from colorectal tumor specimens: recommendation
for a minimum number of lymph nodes to be examined.
World J Surg 2002;26:384–389.

8. Berberoglu U. Prognostic significance of total lymph
node number in patients with T1-4N0M0 colorectal can-
cer. Hepatogastroenterology 2004;51:1689–1693.

9. Bando E, Yonemura Y, Taniguchi K, Fushida S, Fuji-
mura T, Miwa K. Outcome of ratio of lymph node metas-
tasis in gastric carcinoma. Ann Surg Oncol 2002;9:775–
784.

10. Berger AC, Sigurdson ER, LeVoyer T, et al. Colon cancer
survival is associated with decreasing ratio of metastatic
to examined lymph nodes. J Clin Oncol 2005;23:8706–
8712.

11. Chan JK, Kapp DS, Cheung MK, et al. The impact of
the absolute number and ratio of positive lymph nodes
on survival of endometrioid uterine cancer patients. Br J
Cancer 2007;97:605–611.

12. Chen SL, Bilchik AJ. More extensive nodal dissection
improves survival for stages I to III of colon cancer: a
population-based study. Ann Surg 2006;244:602–610.

13. Joseph NE, Sigurdson ER, Hanlon AL, et al. Accuracy of
determining nodal negativity in colorectal cancer on the
basis of the number of nodes retrieved on resection. Ann
Surg Oncol 2003;10:213–218.

14. Le Voyer TE, Sigurdson ER, Hanlon AL, et al. Colon
cancer survival is associated with increasing number of
lymph nodes analyzed: a secondary survey of intergroup
trial INT-0089. J Clin Oncol 2003;21:2912–2919.

15. Mammen JM, James LE, Molloy M, Williams A, Wray
CJ, Sussman JJ. The relationship of lymph node dissec-
tion and colon cancer survival in the Veterans Affairs
Central Cancer Registry. Am J Surg 2007;194:349–354.

16. Sierzega M, Popiela T, Kulig J, Nowak K. The ratio of
metastatic/resected lymph nodes is an independent prog-
nostic factor in patients with node-positive pancreatic
head cancer. Pancreas 2006;33:240–245.

17. Lausen B, Schumacher M. Maximally selected rank sta-
tistics. Biometrics 1992;48:73–85.

18. Capote A, Escorial V, Munoz-Guerra MF, Rodriguez-
Campo FJ, Gamallo C, Naval L. Elective neck dissection
in early-stage oral squamous cell carcinoma—does it
influence recurrence and survival? Head Neck 2007;29:
3–11.

19. Koo BS, Lim YC, Lee JS, Choi EC. Management of con-
tralateral N0 neck in oral cavity squamous cell carci-
noma. Head Neck 2006;28:896–901.

20. Ferlito A, Rinaldo A, Robbins KT, et al. Changing con-
cepts in the surgical management of the cervical node
metastasis. Oral Oncol 2003;39:429–435.

21. Kaya S, Yilmaz T, Gursel B, Sarac S, Sennaroglu L. The
value of elective neck dissection in treatment of cancer
of the tongue. Am J Otolaryngol 2001;22:59–64.

22. Agrama MT, Reiter D, Cunnane MF, Topham A, Keane
WM. Nodal yield in neck dissection and the likelihood of
metastases. Otolaryngol Head Neck Surg 2003;128:185–
190.

23. Goldstein NS. Lymph node recoveries from 2427 pT3 col-
orectal resection specimens spanning 45 years: recom-
mendations for a minimum number of recovered lymph
nodes based on predictive probabilities. Am J Surg
Pathol 2002;26:179–189.

24. Herr HW, Bochner BH, Dalbagni G, Donat SM, Reuter
VE, Bajorin DF. Impact of the number of lymph nodes
retrieved on outcome in patients with muscle invasive
bladder cancer. J Urol 2002;167:1295–1298.

25. Tepper JE, O’Connell MJ, Niedzwiecki D, et al. Impact
of number of nodes retrieved on outcome in patients
with rectal cancer. J Clin Oncol 2001;19:157–163.

26. Vinh-Hung V, Verschraegen C, Promish DI, et al. Ratios
of involved nodes in early breast cancer. Breast Cancer
Res 2004;6:R680–R688.

27. Weir L, Speers C, D’Yachkova Y, Olivotto IA. Prognostic
significance of the number of axillary lymph nodes
removed in patients with node-negative breast cancer.
J Clin Oncol 2002;20:1793–1799.

28. Woodward WA, Vinh-Hung V, Ueno NT, et al. Prognostic
value of nodal ratios in node-positive breast cancer.
J Clin Oncol 2006;24:2910–2916.

29. Compton CC, Fielding LP, Burgart LJ, et al. Prognostic
factors in colorectal cancer. College of American Patholo-
gists Consensus Statement 1999. Arch Pathol Lab Med
2000;124:979–994.

30. Goldstein NS, Sanford W, Coffey M, Layfield LJ. Lymph
node recovery from colorectal resection specimens
removed for adenocarcinoma. Trends over time and a
recommendation for a minimum number of lymph nodes
to be recovered. Am J Clin Pathol 1996;106:209–216.

31. Maurel J, Launoy G, Grosclaude P, et al. Lymph node
harvest reporting in patients with carcinoma of the large
bowel: a French population-based study. Cancer 1998;82:
1482–1486.

32. Scott KW, Grace RH. Detection of lymph node metasta-
ses in colorectal carcinoma before and after fat clear-
ance. Br J Surg 1989;76:1165–1167.

33. Swanson RS, Compton CC, Stewart AK, Bland KI. The
prognosis of T3N0 colon cancer is dependent on the
number of lymph nodes examined. Ann Surg Oncol
2003;10:65–71.

34. Wong JH, Severino R, Honnebier MB, Tom P, Namiki
TS. Number of nodes examined and staging accuracy in
colorectal carcinoma. J Clin Oncol 1999;17:2896–2900.

35. Yasunaga M, Yamasaki F, Tokunaga O, Iwasaka T. En-
dometrial carcinomas with lymph node involvement:
novel histopathologic factors for predicting prognosis. Int
J Gynecol Pathol 2003;22:341–346.

36. Tang X, Tanemura K, Ye W, et al. Clinicopathological
factors predicting retroperitoneal lymph node metastasis
and survival in endometrial cancer. Jpn J Clin Oncol
1998;28:673–678.

37. Marchet A, Mocellin S, Ambrosi A, et al. The prognostic
value of N-ratio in patients with gastric cancer: valida-
tion in a large, multicenter series. Eur J Surg Oncol
2007;34:159–165.

38. Marchet A, Mocellin S, Ambrosi A, et al. The ratio
between metastatic and examined lymph nodes (N ratio)

Nodal Ratio in Oral Cavity Carcinoma HEAD & NECK—DOI 10.1002/hed September 2009 1135



is an independent prognostic factor in gastric cancer
regardless of the type of lymphadenectomy: results from
an Italian multicentric study in 1853 patients. Ann Surg
2007;245:543–552.

39. Nattinger AB, McAuliffe TL, Schapira MM. Generaliz-
ability of the surveillance, epidemiology, and end
results registry population: factors relevant to epide-
miologic and health care research. J Clin Epidemiol
1997;50:939–945.

40. Elsheikh MN, Mahfouz ME, Elsheikh E. Level IIb
lymph nodes metastasis in elective supraomohyoid
neck dissection for oral cavity squamous cell carci-

noma: a molecular-based study. Laryngoscope 2005;115:
1636–1640.

41. Lim YC, Song MH, Kim SC, Kim KM, Choi EC. Preserv-
ing level IIb lymph nodes in elective supraomohyoid
neck dissection for oral cavity squamous cell carcinoma.
Arch Otolaryngol Head Neck Surg 2004;130:1088–1091.

42. Ang KK, Trotti A, Brown BW, et al. Randomized trial
addressing risk features and time factors of surgery plus
radiotherapy in advanced head-and-neck cancer. Int J
Radiat Oncol Biol Phys 2001;51:571–578.

43. Akaike H. A new look at the statistical model identifica-
tion. IEEE Transact Automat Control 1974;19:716–723.

1136 Nodal Ratio in Oral Cavity Carcinoma HEAD & NECK—DOI 10.1002/hed September 2009


