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Abstract: Recently, log odds of positive lymph nodes (LODDS) was

proven a better prediction of outcomes than other methods in gastric

cancer, pancreatic cancer, and colon cancer. However, the validity is not

yet tested in oral cavity squamous cell carcinoma (OSCC). We conducted

a retrospective study to compare the predictive ability of LODDS,

traditional pN classification and lymph node ratio (rN) in OSCC patients.

In total, 347 OSCC patients receiving surgery with or without adjuvant

therapy at the time of diagnosis between 2004 and 2013 were identified

from the cancer registry database of the Dalin Tzu Chi Hospital. Cox

proportional hazards models were used to compare the disease-specific

survival (DSS) rates for pN, rN, and LODDS after adjusting for possible

confounding risk factors. The discriminatory ability of different classifi-

cation systems was evaluated using the adjusted hazard ratio and Akaike

information criterion (AIC) by multivariate regression model. The

prediction accuracy of the model was assessed by Harrell’s c-statistic.

The 347 OSCC patients had a mean age of 57 years old. Among them,

322 patients (92.8%) were male and 189 patients (54.5%) were in stages III

to IV. LODDS showed better discriminatory ability for patients with <5

pathological cervical metastatic nodes and those with rN< 0.2. The

hypothetical T-LODDS-M staging system had higher linear trend

Chi-square, lower AIC, and higher prediction accuracy compared with

the American Joint Committee on Cancer (AJCC) TNM, or hypothetical T-

rN-M system. After adjusting for other factors, the LODDS unfavorable

group had the highest adjusted hazard ratio (HR, 5.42; 95% confidence

interval [CI], 3.19–9.12) and LODDS-based model lowest AIC of 704,

comparing with pN and rN-based model. The LODDS-based system had

the highest prediction accuracy for 3-year DSS (Harrell’s c-statistic, 0.803).

In our series, LODDS shows great promise as a prognostic tool for

OSCC. Compared with the AJCC pN classification and the rN classifi-

cation, LODDS can stratify OSCC patients and help to identify high-risk
D, Yu-Chieh Su, M Lee, MD,
and Yen-Lin Chen, MD

Abbreviations: AIC = Akaike information criterion, AJCC =

American Joint Committee on Cancer, DSS = disease-specific

survival, LODDS = log odds of positive nodes, OSCC = oral cavity

squamous cell carcinoma, pN = pathological N, rN = ratio-based

system.

INTRODUCTION

O ral cavity squamous cell carcinoma (OSCC) is among the
10 most common forms of cancer, with a rising trend

globally and in both Western and Asian countries.1,2 In Taiwan,
the incidence of OSCC has continued to increase so that it is
now the fourth most common cause of cancer-related mortality
among men. Despite advances in clinical therapeutics, long-
term survival of OSCC patients has improved little in the past
several decades.3,4 A refinement in the present TNM Classifi-
cation of Malignant Tumors (TNM) staging system may help
better identify high-risk groups.

The present N (pN) classification of the American Joint
Committee on Cancer (AJCC) staging system, which depends
on the number and size of retrieved positive nodes, is primarily
number based. The prognostic ability of pN may be influenced
by the total number of lymph nodes removed and the pN
classification requires a minimal number of retrieved nodes
in order to prevent stage migration.5–7 The ratio-based system
(rN), representing the ratio of positive nodes to total retrieved
nodes, has been proven to better predict outcomes than pN.6,8–10

Our previous study validated the utility of rN utility in such
major cancers as breast cancer, colorectal cancer, and HNC in
Taiwan.11 Still, rN can better determine cancer prognosis than
pN. Recently, log odds of positive lymph nodes (LODDS),
which is calculated by the log of the ratio between the number of
positive nodes and total retrieved nodes, has been utilized in
only a few cancers such as gastric cancer, pancreatic cancer, and
colon cancer.5,12–14 Compared with the pN or rN systems,
LODDS has the unique strength of discrimination for cancer
patients without positive lymph nodes, those designated as pN0
or rN0. Furthermore, LODDS can better discriminate between
groups (eg, cancer patients with few positive nodes, subgroups
with more homogeneity) even in gastric cancer patients with
insufficient nodes retrieved.5,15

At present, there was no validation study about LODDS in
head and neck cancer and the prognostic ability of LODDS for
OSCC remains unanswered. The purpose of this study was to
compare the ability of LODDS with pN and rN classification in
predicting disease-specific survival (DSS) of OSCC patients.

MATERIALS AND METHODS

Ethics Statement

proved by the Institutional Review Board
Chi General Hospital in Taiwan. Review
written informed consent were waived
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0.8 (acceptable), 0.8 to 0.9 (excellent), and 0.9 to 1 (outstanding
because all personal identifying information was removed from
the dataset before analysis.

Database
The data for this study were collected from the Cancer

Registry Dataset of the Buddhist Dalin Tzu Chi General Hos-
pital Cancer Center from 2004 to 2013. The medical records and
cancer registry dataset were retrospectively reviewed. Patients
with newly diagnosed OSCC receiving radical surgery with or
without adjuvant therapy were enrolled. Patients with distant
metastasis at diagnosis, or those who underwent neoadjuvant
chemotherapy or radiotherapy were excluded. The current
series included 347 OSCC patients diagnosed between 2004
and 2013. Information in the cancer registry dataset includes the
date of diagnosis, subsite of the primary tumor, age, gender,
margin status (positive or negative), degree of differentiation
(ie, well, moderate, or poor),16 total number of regional lymph
nodes examined, number of positive regional lymph nodes,,
presence of extra-capsular spread, chemotherapy regimen,
radiotherapy regimen, cause of death, clinical TNM stage,
and pathological TNM stage. All cases were staged according
to the AJCC stage classification system, which was modified in
2009 (7th edition). The clinical endpoint was the DSS rate.
Death from cancer was recorded as an event in our study and
death from other causes was recorded as censored.

Log Odds of Positive Lymph Node (LODDS)
LODDS was estimated using the calculation: log

(pnodþ 0.5)/(tnod� pnodþ 0.5) in which pnod is the number
of positive neck cervical lymph nodes and tnod is the total
number of cervical lymph nodes retrieved.17

Ratio-Based Lymph Node System (rN)
rN was derived from the number of positive regional lymph

nodes examined divided by the total number of regional lymph
nodes examined.

The Optimal Cutoff Value for Lymph Nodes
Classification

The optimal cutoff values for rN were determined as
previous literature.11 The LODDS was determined by the
following steps. We tried to select the 35%, 65%, and 85%
cutoff point for the whole LODDS values. The final cutoff
levels of LODDS were established as follows: LODDS0
(LODDS��1.58), LODDS1 (�1.58<LODDS<�1.26),
LODDS2 (�1.26<LODDS<�0.82), and LODDS3
(�0.82<LODDS). The cutoff value of rN was set as follows:
rN0, 0; rN1,<0.2; rN2,>0.2 to<0.4; and rN3,>0.4, according
to our previous research.11

Statistical Analysis
All statistical operations were performed using SPSS

(version 15, SPSS, Inc., Chicago, IL). Cumulative DSS rates
for different N classifications (pN, rN, and LODDS) were
analyzed using the Kaplan–Meier method and compared using
the log-rank test. Survival curves were measured from the time
of diagnosis using disease-specific mortality as the event vari-
able. The prediction accuracy and discriminatory ability
between the 3 staging system, AJCC TNM, hypothetical T-
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rN-M system, and hypothetical T-L(LODDS)-M system was
assessed with Harrell’s c-statistic and linear trend Chi-square
test.8,15
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The Cox proportional hazards regression model was used
to compare outcomes of different N categories after adjusting
for patient characteristics (age, gender, comorbid condition)18

and tumor status (differentiation and pathological T classifi-
cation). In multivariate analysis, we merged the 4 classifications
into favorable or unfavorable condition and compared the
adjusted HR, Akaike information criterion (AIC), and Harrell’s
c-statistic for each regression model.19,20 Higher HR was taken
to indicate a better system. In addition, smaller AIC was taken to
indicate a more discriminatory system. We also used Harrell’s c-
statistics to describe the accuracy of prediction of the regression
model or staging system as follows: 0.5 (equal to chance), 0.7 to
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prediction). A 2-sided P-value (P< 0.05) was considered
significant.

RESULTS
Table 1 shows the demographic data for these patients.

This series consisted of 347 OSCC patients with a mean age of
56 years old. Among them, 322 (92.8%) patients were male and
189 patients (54.5%) were at an advanced pathological stage.
The mean follow-up duration was 33 months. The overall 3-
year DSS for the whole group was 76%. The mean number of
total lymph nodes retrieved was 23.2� 13. The mean number of
metastatic nodes was 1.04� 2.4. This series included 195
elective neck dissections for clinical lymph-node-negative
OSCC patients and 152 neck dissections for clinical lymph-
node-positive OSCC patients. One hundred forty OSCC
patients (40.3%) with advanced pT classification, and most
patients were with pN0 (67.7%) and pN2 (23.1%) (Table 2).
The survival rates for 4 LODDS groups were summarized in
Table 3. OSCC patients with higher LODDS incurred worse
survival rates.

Figure 1A shows the distribution of LODDS and the
number of pathological positive nodes. The association was
not linear. LODDS had better discrimination than pN for those
with <5 neck metastases. Figure 1B demonstrates the associ-
ation of LODDS and rN. This association was also nonlinear.
LODDS had better discrimination than rN in HNC patients with
rN <0.2 or >0.6. Furthermore, LODDS also demonstrated
discriminatory ability for those with rN¼ 0. LODDS seemed
to have better discriminatory ability than either pN or
rN classification.

We examined the stage-specific survival rates (Figure 2).
Table 4 summarized the performance between the AJCC TNM,
T-rN-M, and T-L(LODDS)-M staging systems. The T-L-M
staging system had higher discriminatory ability (liner trend
Chi-square, 49; AIC, 739) and higher prediction ability (Har-
rell’s c-statistic, 0.74) for 3-year DSS.

We used adjusted Kaplan–Meier survival curves to com-
pare the discriminatory ability of the 3 systems, after adjusting
for age, gender, comorbidity, pathological T classification,
margin status, differentiation, and tumor site. The monotonicity
of gradients was not well demonstrated in pN and rN classifi-
cation (Figure 3A and B). OSCC patients with pN1 or rN1 had
worse survival rates than those with pN2 or rN2. However,
LODDS classification showed more reasonable and robust
gradients of survival rates (Figure 3C).

In order to make the model more stable, we merged the 4-
category classification of cervical neck nodes into favorable and

unfavorable (pN0–1 vs. pN2–3, rN0–1 vs. rN2–3, and LODDS
0–1 vs. LODDS 2–3, respectively). The adjusted DSS curves
for the LODDS classification had better discrimination than the

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. Demographic and Clinical Characteristics of Study
Patients (n¼347)

Numbers, n (%)

Age (mean�SD) 56� 11
Gender

Male 322 (92.8)
Female 25 (7.2)

Elixhauser comorbidity score (mean�SD) 0.9� 3.0
pT stage

T1 95 (27.4)
T2 112 (32.3)
T3 30 (8.6)
T4 110 (31.7)

Site of primary tumor
Buccal 158 (45.5)
Tongue 116 (33.4)
Other 73 (21.0)

Margin
No tumor 318 (91.6)
Tumor-positive 29 (8.4)

Differentiation
Well 16 (4.6)
Moderately 298 (85.9)
Poorly 33 (9.5)

pN classification
N0 235 (67.7)
N1 30 (8.6)
N2 80 (23.1)
N3 2 (0.6)

rN classification
rN0 (0) 235 (67.7)
rN1 (0–0.2) 90 (25.9)
rN2 (0.2–0.4) 14 (4.0)
rN3 (>0.4) 8 (2.3)

LODDS classification
LODDS 1 (LODDS��1.58) 120 (34.6)
LODDS 2 (�1.58<LODDS��1.26) 108 (31.1)
LODDS 3 (�1.26<LODDS��0.82) 67 (19.3)
LODDS 4 (�0.82<LODDS) 52 (15.0)

TABLE 3. The 3-Year Disease-Specific Survival Rates of Oral
Cavity Squamous Cell Carcinoma Patients According to the
Value of LODDS

No.
Survival
Rate (%) P-Value

�

LODDS 1 (LODDS��1.58) 120 92 0.102
LODDS 2 (�1.58<LODDS��1.26) 108 84 <0.001
LODDS 3 (�1.26<LODDS��0.82) 67 63 0.011
LODDS 4 (�0.82<LODDS) 52 39

LODDS¼ log odds of positive nodes, No.¼ number of patients.
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pN and rN classifications (Figure 4). In multivariate regression

LODDS¼ log odds of positive nodes, SD¼ standard deviation.
analysis, we compared the prognostic impact of pN, rN, and
LODDS after adjusting for age, gender, comorbidity, patho-
logical T classification, margin status, differentiation, and

TABLE 2. The Distribution of Pathological T and N Classifi-
cation in Oral Cavity Squamous Cell Carcinoma Patients
(n¼347)

pT1 pT2 pT3 pT4 Total

pN0 85 73 22 55 235
pN1 4 11 3 12 30
pN2 6 27 5 42 80
pN3 0 1 0 1 2
Total 95 112 30 110 347

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
tumor site (Table 5). We used the adjusted HR and AIC to
evaluate the discriminatory ability of each classification.
LODDS had the highest adjusted HR (HR, 5.42; 95% CI,
3.19–9.12) and the LODDS-based model had lowest AIC value
(704). The LODDS-based system had the highest prediction
accuracy for 3-year DSS (Harrell’s c-statistic, 0.803). The
above-mentioned data indicated that LODDS is a superior
classification system for OSCC compared to either pN or rN.

DISCUSSION
Our series validated the prognostic ability of LODDS

classification for cervical neck lymph nodes in OSCC. Com-
pared to pN or rN, LODDS had better discrimination for OSCC
patients with <5 metastatic cervical nodes and had good
discrimination for those with rN <0.2. The hypothetical T-
LODDS-M staging system also provides better discriminatory
ability and higher prediction accuracy, compared with AJCC
TNM, or T-rN-M systems. LODDS had better homogeneity and
monotonicity of gradients of survival rates after adjusting for
other factors. LODDS may help us to stratify OSCC patients,
especially those without pathological metastatic nodes or those
without sufficient nodes retrieved.

Our series showed the superiority of LODDS to AJCC N
classification, or rN in several perspectives. We tried to com-
pare the hypothetical T-LODDS-M staging system with the
AJCC TNM, and hypothetical T-rN-M systems in our series.
The T-LODDS-M staging system had better performance with
higher prediction accuracy (higher Harrell’s c-statistic), and
discriminatory ability (higher linear trend Chi-square). The T-
LODDS-M system also had a smaller AIC, which represented
optimal grouping and less loss of information in predicting
mortality.21 In multivariate analysis, the LODDS incurred the
highest HR and the model had the highest Harrell’s c-statistic
and lowest AIC, which implied better discriminatory ability and
prediction accuracy.

In order to construct a hypothetical T-L-M staging system,
different cutoff points for LODDS was tested. First, 25%, 50%,
75% of LODDS value was chosen as cutoff points, and the 4
LODDS groups had significant impact on 3-year DSS in uni-
variate and multivariate analysis (Supplementary Tables 1 and
2, http://links.lww.com/MD/A316) but this method would result
in 226 (65.1%) patients with stage IV disease (Figure 5). Then
we further selected 35%, 65%, and 85% as cutoff points and it

�
Compared between adjacent groups.
grouped 179 (51.6%) patients as stage IV, which was a little
closer to the AJCC TNM staging system which categorized 149
(42.9%) patients into stage IV in our series. However, the ideal
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FIGURE 1. The distribution of LODDS, node metastasis, and rN.

FIGURE 2. Impact of AJCC TNM (A), hypothetical T-rN-M (B), hypothetical T-L-M (C) staging on 3-year disease-specific survival in patients
with oral cavity squamous cell carcinoma.

TABLE 4. Comparison of the Performance of the AJCC TNM, Hypothetical T-rN-M, and Hypothetical T-L-M Staging system

Figure Subgroups Linear Trend x2 AIC Harrell’s c-Statistics

AJCC TNM stage 2A I, II, III, IVA, IVB 28 753 0.698
T-rN-M stage 2B I, II, III, IVA, IVB 39 747 0.723

Lee et al Medicine � Volume 94, Number 27, July 2015
cutoff points for LODDS may deserve a quantitative analysis
for maximization of true positive rate and minimization of false
positive rate in each LODDS category in the future.5,15,22

Regional lymph nodes metastasis is the most important
prognostic indicator for outcomes in all patients with carci-
noma, including HNC. Generally speaking, it is well known that
cancer spreads from the primary tumor site to distant sites via
the lymph nodes.23 Therefore, lymph node classification is
considered one of the most important prognostic factors in
cancer. For decades, N staging was used, based on a system
of numbered lymph nodes. Recent focus has been on the total
number of lymph nodes and the ratio of positive to negative
lymph nodes.13,24–28 rN and LODDS are 2 new N classifi-

T-L-M stage 2C I, II, III, IVA, IVB

AIC¼Akaike information criterion.
cations that are considered better than the traditional number-
based classification system. An abundance of studies have
reported the superiority of rN classification in various

4 | www.md-journal.com
malignancies,6,8,29 but the recently developed LODDS has been
little studied.

Some studies have found LODDS to be superior to pN and
rN. Qiu et al15 compared LODDS and rN with pN (AJCC 7th
edition), and concluded that LODDS is better in discrimination
of gastric cancer prognosis. Similar results were seen by La
Torre et al13 in pancreatic cancer. Another study of 440 colon
cancer patients found that the overall survival rates of node-
negative patients in the LODDS groups 0, 1, and 2 were 81%,
74.2%, and 50%, respectively (P¼ 0.020).14 In summary, con-
ventional TNM staging pN and rN status cannot reliably classify
between different groups of node-negative patients.

Two factors are believed to make LODDS classification

49 739 0.740
superior to rN and pN classification. First, LODDS is able to
discriminate among patients with the same ratio of node metas-
tasis but different survival rates, as proposed by Sun et al.5 In

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 3. The adjusted disease-specific survival curves for pN, rN, and LODDS with 4 categories. After adjusting for age, gender,
comorbidity, pathological T classification, margin status, differentiation, tumor site, there was inverse association between pN1 and pN2
in pN system (A), and rN1 and rN2 system (B). However, gradients of survival rate and LODDS were more reasonable and robust (C).

FIGURE 4. The adjusted disease-specific survival (DSS) curves for pN, rN, and LODDS with 2 categories. After adjusting for age, gender,
comorbidity, pathological T classification, margin status, differentiation, tumor site, the difference in DSS between the favorable and

) wa
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addition, Wang et al8 considered that LODDS is a function of
the number of negative lymph nodes, whereas LNR is a function
of the total number of lymph nodes. The results from the present
study showed a nonlinear association between the LODDS
score distribution and the number of pathological-positive
nodes. LODDS had better discrimination than pN for those
with <5 neck metastases. The association of LODDS and rN
was also nonlinear. LODDS had better discrimination than rN in
HNC patients with rN <0.2 or >0.6. LODDS also showed
discriminatory ability for those with rN¼ 0.

The primary flaw of the number-based UICC/AJCC pN
classification is that the accuracy of the predicting prognosis is
significantly influenced by the total number of nodes
retrieved.24,29–33 The likelihood of identifying a positive node
increases as more nodes are examined. However, it is virtually
impossible to identify all the lymph nodes in the specimen.
Herrera-Ornelas et al34 used a fat-dissolving technique to
identify lymph nodes present within the specimen mesentery
and found that 64% of the positive nodes were <5 mm in size.
The ability to adequately recognize and accurately identify a

unfavorable classification in LODDS system (C) (adjusted HR, 5.42
and rN (B) (adjusted HR, 2.71) systems.
positive lymph node remains an important issue. On the other
hand, the ratio-based rN classification has been shown to be
superior to pN in several solid malignancies including gastric

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
cancer, lung cancer, breast cancer, colorectal cancer, and
HNC.27,35–37 In our previous study, we found an association
between poor prognosis and high rN in HNC.11 However,
although the rN is a prognostic factor for HNC, the optimal
cutoff value for rN seems to vary between studies. The flaws
associated with traditional pN classification still exist, owing to
the fact that rN0 classification is defined the same as pN0
classification. Finally, even though the rN classification has
more power than pN to minimize the phenomenon of stage
migration, retrieval of a minimum number of lymph nodes is
still required to ensure its accuracy for prognostic assessment.6

Several limitations exist in the present study. First, we used
Harrell’s c-statistic, and AIC to evaluate the prediction accuracy
and discriminatory ability in the model. Other procedures for
internal validation of prediction models, such as split-sample,
cross-validation, and bootstrapping could be considered.38,39

Second, although 347 OSCC patients were enrolled in the study,
the number in each subgroup was relatively small. Third, we did
not restrict the minimal number of retrieved lymph nodes in this
analysis. In our series, 37 OSCC patients had <10 nodes

s the most significant, compared with pN (A) (adjusted HR, 4.19)
retrieved. This may lead to stage migration in pN classifi-
cation.13,24,29,32,40 Fourth, although LODDS demonstrated bet-
ter discrimination than pN in those with <5 metastatic cervical

www.md-journal.com | 5



TABLE 5. Multivariate Analysis of Overall Survival and Model Discrimination

Multivariate
Analysis 1

Multivariate
Analysis 2

Multivariate
Analysis 3

Unfavorable Favorable HR 95% CI HR 95% CI HR 95% CI

Age 1.00 0.98–1.02 0.99 0.96–1.01 0.99 0.97–1.01
Gender (female) 0.66 0.20–2.22 0.92 0.27–3.06 0.69 0.21–2.31
Comorbidity condition 1.05 0.99–1.12 1.06 1.00–1.13 1.05 0.99–1.11
pT

T1 1 1 1
T2 2.12 0.85–5.31 2.56 1.03–6.34 2.06 0.82–5.16
T3 4.25 1.46–12.37 4.20 1.43–12.36 4.30 1.46–12.65
T4 2.98 1.20–7.41 4.22 1.72–10.34 3.07 1.24–7.58

Site of primary tumor
Buccal 1 1 1
Tongue 0.62 0.36–1.07 0.73 0.43–1.26 0.57 0.33–0.99
Other 0.69 0.34–1.36 0.72 0.36–1.41 0.69 0.34–1.39

Margin
No tumor 1 1 1
Tumor-positive 1.51 0.76–3.00 1.26 0.63–2.52 1.41 0.71–2.79

Differentiation
Well/moderately 1 1 1
Poorly 3.22 1.81–5.73 3.68 2.07–6.53 2.93 1.64–5.24
pN N2–N3 N0–N1 4.19 2.52–6.96
rN rN2–rN3 rN0–rN1 2.71 1.39–5.29
LODDS LODDS2–LODDS3 LODDS0–LODDS1 5.42 3.19–9.12

Discrimination of model
AIC 718 741 704

Prediction accuracy of model
Harrell’s c-statistic 0.766 0.711 0.803

AIC¼Akaike information criterion, CI¼ confidence interval, HR¼ hazard ratio, LODDS¼ log odds of positive nodes.

gin

Lee et al Medicine � Volume 94, Number 27, July 2015
nodes and better than rN in those with rN <0.2, the lack of
events prevented subgroup analysis of the 3 classification
systems. Large-scale prospective studies or those using a popu-
lation-based cancer registry database may overcome these
limitations. Our series consisted of 92% male OSCC patients,

FIGURE 5. Three-year DSS based on hypothetical T-LODDS-M sta
who were mainly attributed by betel-nut chewing, alcohol, and
smoking among men in Taiwan and validation of the above-
mentioned findings in cohorts among the Western countries

6 | www.md-journal.com
g with cutoff points for LODDS as 25%, 50%, and 75%.
may help us to generalize the applicability of LODDS in
OSCC.41,42

CONCLUSION

In our series, LODDS shows great promise as a prognostic

tool for OSCC. LODDS >�1.26 in head and neck cancer was
negatively associated with DSS after adjusting for other factors.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



Compared with the AJCC pN classification and the rN classi-
fication, LODDS can better stratify OSCC patients and help to
identify high-risk patients missed by the other systems.
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