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Abstract: Background. The association between nodal ratio

and survival in oral cavity carcinomas has recently been pro-

posed, but no prospective evaluations exist.

Methods. We sought to determine, using an institutional

database, whether nodal ratio impacts survival in node-positive

oral cavity squamous cell carcinoma.

Results. Between 1994 and 2004, 143 new diagnoses of

N1-2 squamous cell carcinoma of the oral cavity were identi-

fied. The mean number of nodes identified was 41.6, and the

mean nodal ratio was 9%. Nodal ratio was strongly statistically

associated with overall and disease-specific survival in both

univariate and multivariate analyses. No other prognostic indi-

cator maintained that degree of statistical significance. Patients

could be stratified into low (0% to 6%), moderate (6% to 13%),

and high-risk (>13%) groups based on nodal ratio.

Conclusions. In squamous cell carcinoma of the oral cavity,

an increased nodal ratio is a strong predictor of decreased sur-

vival. Risk of death can be stratified by nodal ratio. VVC 2009

Wiley Periodicals, Inc. Head Neck 31: 1482–1488, 2009

Keywords: oral cavity; squamous cell carcinoma; neck

dissection; nodal ratio; nodal density

Oral cavity squamous cell carcinoma is a signif-
icant national and international public health
issue. Within the United States, it is responsible
for more than 7500 deaths annually.1,2 Treat-
ment protocols, and subsequent prognoses, are
based almost exclusively on the stage of cancer
at diagnosis, making accurate staging of para-
mount import.3–5 The fact that occult metastasis
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 radiographic evi-
dence of regional spread can, unfortunately,
complicate accurate staging.6 As a result, neck
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dissections are often performed electively for
many tumors of the oral cavity, for both thera-
peutic and prognostic indications.

It follows to reason, however, that discovery of
positive nodes in these patients may not have an
equal impact on survival in all patients. Disease
discovered in a more limited regional dissection,
for example, may imply the presence of residual
disease in the neck. Thus, the ratio between met-
astatic 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 dissec-
tion has been documented to be of importance in
gastric cancer, endometrioid uterine cancer, and
colorectal carcinoma, with an increase in survival
shown with the resection of higher numbers of re-
gional nodes.7–16 Our group has previously pre-
sented the first evidence for the importance of
nodal ratio in oral cavity squamous cell carci-
noma17 using population-based data.

The primary objective of this study was to
confirm, using a database of patients with newly
diagnosed oral cavity carcinoma treated at a sin-
gle tertiary academic institution, whether nodal
ratio was an independent predictor of survival
in patients with node-positive squamous cell
carcinoma of the oral cavity undergoing primary
surgical treatment. The secondary objective was
to determine whether cut points in nodal ratio
exist, allowing the stratification of patients with
different clinical outcomes.

MATERIALS AND METHODS

A retrospective review was performed for all
patients treated for oral cavity carcinoma at the
Princess Margaret Hospital between 1994 and
2004. Patients were identified through the Prin-
cess Margaret Cancer Registry. Patients were
included if they had a newly diagnosed and pre-
viously untreated squamous cell carcinoma of
the oral cavity managed at the Princess Marga-
ret Hospital with primary surgical intervention.
Cancers were limited to the oral cavity, which
was defined as the oral tongue, upper and lower
gingiva, floor of mouth, hard palate, buccal mu-
cosa, and retromolar trigone. Tumors included
were staged T1-4N1-2. Cancers of the lip were
excluded in this study, as were patients with N3

disease (see Discussion). Patients were excluded
if they had their primary treatment at an out-
side institution, were managed with palliative

intent, or refused treatment. Patients in whom
the oral cavity cancer was a second primary and
patients with insufficient chart documentation
were also excluded. Approval was granted by
the institution’s Research Ethics Board.

Data were collected on demographics, clinical
TNM classification, treatment modalities, pa-
thology (TNM classification, grade, perineural/
perivascular invasion, extracapsular spread),
outcomes, status, and date of last follow-up.
Tumors were staged according to the American
Joint Committee on Cancer (AJCC/UICC) crite-
ria. The total number of nodes examined and
the proportion positive for disease (nodal ratio)
were also determined. Data were entered
directly into a Microsoft Access database. Forty
charts were rereviewed to ensure accuracy of
the data abstraction and entry.

All patients underwent primary surgery and
neck dissection. The extent of neck dissection
depended upon the extent of disease. At the Prin-
cess Margaret Hospital, neck dissections are
performed generally in all patients with nodal dis-
ease present on either clinical or radiographic
examination at presentation. In patients clinically
staged as N0, neck dissections are usually per-
formed in T3 to T4 tumors and those T1-2 tumors
with a depth judged to be greater than 4 mm.

‘‘Neck dissection’’ is used throughout the
manuscript to encompass both the surgical proce-
dure of regional lymphadenectomy in the neck as
well as the pathologic review of that lymphade-
nectomy. The extent of neck dissection examined,
as a result, comprises the extent of surgical resec-
tion as well as the thoroughness of pathologic
review. The laterality of neck dissections was not
considered in this paper: ipsilateral, contralateral,
and bilateral neck dissections were all considered
equal with respect to number of nodes identified,
number of nodes positive, and nodal ratio.

Data extracted from the database were ana-
lyzed using SAS, version 9.1 (SAS Institute, Cary,
NC) and R, version 2.1.1. Descriptive statistics for
demographic and clinical factors were generated.
Survival curves were generated using the
Kaplan-Meier method. Time-to-event statistics
were calculated from the date of diagnosis to the
event of interest. Univariate Cox proportional-
hazards regression was used to test the asso-
ciation of nodal ratio with overall survival and
disease-specific survival, as continuous predic-
tors. Potential covariates, including age at diag-
nosis, T stage, N stage, sex, lymphovascular/
perineural invasion, extracapsular extension,
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number of nodes positive, and treatment type
were also tested for association with survival out-
comes. Nodal ratio was adjusted by statistically
significant covariates in a multivariate Cox pro-
portional-hazards model. Multivariate analysis
was performed on all variables that were signifi-
cant on univariate analysis.

To create risk groups, we used the ‘‘maxi-
mally selected rank statistic’’ method described
by Lausen and Schumacher18 to select an opti-
mum cut-point. Briefly, the algorithm locates
the cut-point that maximizes the log-rank test
statistic. The resulting log-rank p value is then
adjusted for multiple testing. All statistical tests
were 2-tailed, and p values � .05 were consid-
ered statistically significant.

RESULTS

Patient Demographics. Between 1994 and 2004,
143 new cases of T1-4N1-2 oral cavity squamous
cell carcinoma were identified. Of these, 94
(65.7%) were male. The majority (66.4%) had N2

disease; the remainder had N1. Fifty patients
(35.0%) were treated with single-modality ther-
apy; 91 (63.6%) underwent postoperative adju-
vant radiotherapy, and the remaining 2 patients
(1.4%) had postoperative chemotherapy.

The mean number of nodes assessed was
41.6 (range, 4–119; median, 36.0). On an aver-

age, patients had 3.3 nodes positive, with a
mean nodal ratio of 9% and a median nodal ra-
tio of 6% (range, 2% to 50%). Average follow-up
in this set of patients was 32.4 (1.2–140.4
months). Patient demographics are summarized
in Tables 1 and 2.

Overall Survival. In the entire cohort of patients,
median overall survival was 37.3 months from di-
agnosis (95% CI: 18.7–68.5 months), with 42.5%
of patients alive at 5 years (95% CI: 34.2% to
52.9%). N classification, absolute number of posi-
tive nodes, and extracapsular spread were
strongly associated with overall survival; also,
the association of higher T classification with
decreased survival approached statistical signifi-
cance. Sex, treatment type (single-modality vs
the addition of adjuvant therapy), number of
nodes examined, the presence of lymphovascular
invasion, and age at diagnosis were not associ-
ated with changes in survival (see Table 3).

In univariate analysis, nodal ratio was signifi-
cantly correlated with survival (HR 1.75 [95% CI:
1.33–2.29], p ¼ .0001). Of note, this hazard ratio
compares patients with a 10% difference in nodal
ratio. In multivariate analysis comparing nodal
ratio to extracapsular spread, and T and N classi-
fications, only nodal ratio remains a significant
predictor of overall survival (HR 1.58 [95% CI:
1.16–2.17], p ¼ .004). Disease stage and extracap-
sular extension of regional disease all lose signifi-
cance when compared with each other and with
nodal ratio (see Table 3).

Disease-Specific Survival and Failure-Free Survi-

val. Median disease-specific survival in these
patients was 57.5 months. In univariate analy-
sis, extracapsular spread, nodal ratio, and total
number of positive nodes were the only statisti-
cally significant predictors of disease-specific
survival in this patient cohort. T classification,
treatment, age at diagnosis, sex, lymphovascu-
lar invasion, and total number of nodes removed

Table 1. Demographic distribution of the patient population.

Patient demographics

Variable n %

Sex

Female 49 34.3

Male 94 65.7

T classification

T1-2 65 45.8

T3-4 77 54.2

N classification

N1 48 33.6

N2 95 66.4

Treatment

Surgery alone 50 35.0

Postoperative radiotherapy 91 63.6

Postoperative chemotherapy 2 1.4

Lymphatic invasion

None 87 67.4

Present 42 32.6

Extracapsular spread

None 78 58.2

Present 56 41.8

Table 2. Summary statistics for the patient population.

Patient demographics

Variable Mean Std Dev Range

Age at diagnosis, y 58.7 15.1 14.8–89.4

Number of examined nodes 41.6 24.8 4–119

Number of positive nodes 3.3 3.8 1–24

Follow-up, mo 32.4 33.6 1.2–140.4

N-ratio, % 9.0 7.0 2–50
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did not predict disease-specific survival. N clas-
sification approached statistical significance. In
multivariate analysis, both extracapsular spread
and total number of positive nodes remained
statistically significantly correlated with dis-
ease-specific survival. These results are sum-
marized in Table 4. Nodal ratio was not,
however, significantly associated with failure-
free survival.

Risk Groupings. Given this significant associa-
tion between nodal ratio and overall survival, we
attempted to determine a cut-point nodal ratio
which 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 (Figure 1
and Table 5). Patients with a nodal ratio less
than 6% fared the best (54.2% 5-year survival),
followed by patients with a nodal ratio between
6% and 13% (44.7% 5-year survival, HR 1.22
[95% CI: 0.69–2.14]); patients with a nodal ratio
of 13% or higher fared the worst (16.1% 5-year
survival, HR 2.85 [95% CI: 1.65–4.92], overall
adjusted p value ¼ .03).

DISCUSSION

Nodal metastasis is consistently one of the
strongest determinants of survival in patients
with oral cavity cancer.19,20 However, the

Table 3. Predictors of overall survival in univariate and multivariate analysis. Cox proportional hazards results, overall survival.

Parameter Comparison*

Univariate Multivariate

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

N-ratio –† .0001 1.75 (1.33–2.29) .004 1.58 (1.029–1.073)

T classification T3-4 vs T1-2 .054 1.59 (0.99–2.54) .19 1.39 (0.85–2.26)

N classification N2 vs N1 .03 1.78 (1.06–3.01) .24 1.40 (0.79–2.49)

ECE Present vs None .006 1.92 (1.20–3.08) .10 1.52 (0.93–2.50)

Nþ – <.0001 1.16 (1.096–1.227) N/A N/A

Removed – .11 1.008 (0.998–1.02) N/A N/A

Sex Female vs Male .74 0.92 (0.57–1.50) N/A N/A

Treatment Adjuvant treatment vs surgery alone .56 1.16 (0.71–1.87) N/A N/A

LVI Present vs none .35 0.77 (0.45–1.33) N/A N/A

Age – .61 0.996 (0.98–1.012) N/A N/A

Abbreviations: LV, lymphovascular invasion; ECE, extracapsular extension; Nþ, total number of positive nodes; removed, number of nodes examined;
N/A, not included in multivariate analysis.
*T, N, sex, extracapsular extension, and lymphovascular invasion are categorical variables; N-ratio, total number of nodes removed, total number of
positive nodes, and age at diagnosis were treated as continuous variables.
†Nodal ratio HRs are given for each 10% change in the nodal ratio.

Table 4. Predictors of disease-specific survival in univariate and multivariate analysis. Cox proportional hazards results,

disease-specific survival.

Parameter Comparison*

Univariate Multivariate

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

N-ratio –† .001 1.70 (1.23–2.33) .01 1.52 (1.09–2.11)

T classification T3-4 vs T1-2 .24 1.36 (0.81–2.29) N/A N/A

N classification N2 vs N1 .08 1.70 (0.94–3.07) N/A N/A

ECE Present vs None .002 2.32 (1.38–3.39) .008 2.07 (1.20–3.54)

Nþ – <.0001 1.19 (1.118–1.264) N/A N/A

Removed – .07 1.01 (0.999–1.02) N/A N/A

Sex Female vs male .92 1.03 (0.60–1.77) N/A N/A

Treatment Adjuvant treatment vs Surgery alone .25 1.40 (0.79–2.46) N/A N/A

LVI Present vs None .22 0.67 (0.36–1.26) N/A N/A

Age – .36 0.991 (0.974–1.01) N/A N/A

Abbreviations: LV, lymphovascular invasion; ECE, extracapsular extension; Nþ, total number of positive nodes; removed, number of nodes examined;
N/A, not included in multivariate analysis.
*T, N, sex, extracapsular extension, and lymphovascular invasion are categorical variables; N-ratio, total number of nodes removed, total number of
positive nodes, and age at diagnosis were treated as continuous variables.
†Nodal ratio HRs are given for each 10% change in the nodal ratio.
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prognostic implication of neck dissections may be
limited by the extent of the regional dissection
undertaken,17,21 and studies in colorectal, breast,
gastric, and endometrioid uterine cancer have all
reported a positive association between the num-
ber of nodes dissected and survival.7–16,22–27

This stands to reason that with a higher num-
ber of nodes assessed, there is a lower risk that
nodal metastases are missed. As a result, nodal
ratio—the ratio between metastatic and exam-
ined lymph nodes—may be an important prog-
nostic indicator.9,28–36 Although there is
increasing recognition of the importance of a min-
imal acceptable number of lymph nodes retrieved
and examined in other solid cancer sites, there
currently is little literature in the head and neck
to make recommendations for such a standard.
We have previously published an analysis of
nodal ratio in oral cavity carcinoma using data
from the publicly available Surveillance, Epide-
miology, and End-Results database.17 The pur-
pose of this study, then, was to confirm that
results derived from a large national database
were applicable to patients treated at a single
high-volume tertiary institution.

In patients diagnosed at the Princess Marga-
ret Hospital with oral cavity carcinoma, treated
with primary surgical therapy, nodal ratio is a
very important prognostic indicator of both over-
all and disease-specific 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. Moder-
ate risk lies between 6% and 13%; patients with a
nodal ratio higher than 13% fare the worst. There
is a dramatic survival disadvantage, in fact, to
being in the high-risk nodal-ratio group: 5-year
overall survival in these patients is 16.1%. It
should be noted that our previous report of nodal
ratio using population-based data17 found identi-
cal risk-group cutoffs, and that, on average,
patients underwent neck dissections with higher
nodal ratios than this cut-point and therefore fell
within the moderate-risk group.

Of note, extracapsular extension of regional
metastasis is also a strong predictor of disease-
specific survival, in keeping with many pub-
lished studies,37 but it loses its significance in a
multivariate analysis including nodal ratio,
when overall survival is the outcome. The num-
ber of positive lymph nodes also correlates with
disease-specific survival, but not with overall
survival in multivariate analysis. However, in
contradistinction to what has been found in
other solid tumors, in no analysis does the num-
ber of nodes sampled alone play a role in the
prediction of survival.

In any study looking at neck dissections, it is
impossible to differentiate between the extent of
surgical dissection and the extent of pathologic
review of that dissection. A comprehensive neck
dissection is not just a function of the extent of
surgery performed but also the extent to which
the specimen is subjected to pathologic examina-
tion. A more complete neck dissection with a
cursory review of the dissection specimen by the
pathologist would render the same results in
this article as a less-than-complete regional dis-
section with a thorough review. All neck dissec-
tion specimens in this study, however, were
analyzed by a dedicated head and neck patholo-
gist with extensive experience with handling
neck dissection specimens. What is, then, borne

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

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

statistically significant (see text).

Table 5. Multivariate analysis of N-ratio groupings.

Parameter Comparison* p value

Adjusted

hazard ratio

(95% CI)

N-ratio risk

group

Overall .03

Moderate vs Low .49 1.22 (0.69–2.14)

High vs Low .0002 2.85 (1.65–4.92)

*High-risk ¼ N-ratio �12.5%; Moderate-risk ¼ N-ratio 6% to 12.5%;
Low-risk ¼ N-ratio <6%.
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out is that nodal ratio significantly impacts sur-
vival. This may be for 2 reasons; either, with
higher nodal-ratio neck dissections, tumor is
physically left behind in the neck, or a more
limited assessment of regional spread effectively
understages disease, preventing additional treat-
ment from being delivered.

The fact that extracapsular extension and
disease stage all drop out of significance when
compared with each other in multivariate analy-
sis and with nodal ratio (Table 3) is a somewhat
surprising result; this result, however, further
lends credence to the fact that nodal ratio is a
strong independent predictor of survival in this
patient population. It should also be noted that
nodal ratio includes the total number of positive
nodes within its calculation. As a result, it is
difficult to control for this confounding. How-
ever, with the Akaike information criterion,38

predictive models using both nodal ratio and
number of nodes positive fit the data equally
well. Because this is an indirect test, at best,
and because nodal ratio inherently contains
more information than overall number of posi-
tive nodes, it remains a strong predictor.

As a result, although there are some authors
who advocate more limited neck dissections for
patients with squamous cell carcinoma of the oral
cavity,39,40 these results appear to suggest other-
wise. We specifically did not examine the type of
neck dissection performed (ie, radical vs modified
radical vs selective neck dissection), because this
information is likely less reliable than absolute
nodal counts owing to variability in surgical tech-
nique, classification, and comprehensiveness of
pathologic assessment of neck dissection speci-
mens. There does exist the possibility, however,
that the survival advantage afforded by neck dis-
sections with a large number of nodes assessed
may be influenced by either co-structure ablation
(eg, sternocleidomastoid muscle or internal jugu-
lar vein), or center expertise (including the expe-
rience 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, as already
mentioned, 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 also 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 patients
would already increase their N classification; a
bilateral neck dissection with the discovery of
only ipsilateral nodes decreases it, and, there-
fore, given a lower nodal ratio, does so with
more confidence.

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 is a single metastasis or
multiple, matted metastases. N0 patients were
excluded because the concept of nodal ratio
becomes moot in these patients. Also, the patient
population in this study includes patients treated
before postoperative chemoradiation became
commonplace.

These findings raise further questions that
warrant investigation. Specifically, it bears ask-
ing whether nodal ratio itself can now be used
in therapeutic decision making. Is the presence
of an elevated nodal ratio, for example, an indi-
cation for the addition of adjuvant therapy, in
the absence of other indications? This question
is currently being investigated.

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 me-
tastasis, age, race, or gender. Further explora-
tion of this concept in prospective, multi-
institutional trials on the impact of nodal ratio
in treatment decisions is warranted.
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