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ABSTRACT

Introduction.The log odds of positive lymph nodes (LODDS) is
an empiric transform formula that incorporates positive and
negative lymph node data into a single ratio for prognostic
utility.We sought to determine the value of the log odds ratio
as a prognostic indicator compared with established lymph
node indices in advanced-stage rectal cancer patients who
have undergone curative resection.
Methods. Retrospective analysis of rectal cancer operations
from 1995 to 2013 identified all stage III cancer patients who
underwent curative resection. Patients were stratified into
three groups according to calculated lymph node ratios (LNRs)
and log odds ratios (LODDS). The relationship between LNR,
LODDS, and 5-year overall survival (OS) were assessed.

Results. OS for all patients was 81.4%. Both LNR and LODDS
stratifications identified differences in 5-year OS. LODDS
stratification was significantly associated with OS (p 5 .04).
Additional significant clinicopathologic demographic variables
included sex (p 5 .02), venous invasion (p 5 .02), tumor
location (p, .001),andreceiptofadjuvantchemotherapy (p5
.047). LODDSseparatedsurvival amongpatients in the lowLNR
group (LNR1).
Conclusion.This study confirms that themeasure of lymphnode
involvement transformed by the log odds ratio is a suitable
predictorof5-yearoverall survival instage III rectal cancer. LODDS
maybeappliedtostratifyhigh-riskpatients inthemanagementof
adjuvant therapy.The Oncologist 2016;21:425–432

Implications for Practice: Traditionally, clinicians have relied solely on the total number of positive lymph nodes affected when
determining patient prognosis in rectal cancer. However, the current staging strategydoes not account for “high-risk,” biologically
aggressive tumorsthat fall into thesameriskcategoriesas less clinicallyaggressive tumors.The logoddsofpositive lymphnodes isa
logistic transformformula thatusespathologic lymphnodedatatostratify survival differencesamongpatientswithina single stage
of disease.This formula allows clinicians to identify whether patients with clinically aggressive tumors fall into higher-risk groups,
providing additional insight into how to better counsel patients and manage postoperative therapies.

INTRODUCTION

Colon and rectal cancers remain one of the leading causes of
cancer morbidity in the Western and European worlds. The
spread of cancerous cells to lymph nodes (LNs) is the
predominant distinguishing featureof stage III tumors in rectal
cancer; these cells harbordistinctdifferences in cancer biology
and survival. Use of LNs as a prognostic tool and indicator is
continually being evaluated for adequacy andappropriateness
of application.

Because of the divergence in management strategies
between colon and rectal tumors, such as neoadjuvant
chemoradiation, and standards of surgical resection margins,
prognosis in rectal cancernowsupersedethoseofcoloncancer
[1–3]. Despite this, only 15%–27% of patients achieve a

complete pathological response following neoadjuvant ther-
apy [4]. A possible explanation for poor survival outcomes is
the compounded complexity from heterogeneous tumor
biology. It is not surprising that a subset of patients remain
high risk among all stages of disease, raising the question of
whether all patients within the same stage of disease ought to
be treated similarly.

Lymph node involvement in advanced rectal cancer is
particularly relevant because of the standard of care involving
neoadjuvant radiation therapy, which affects the course of
disease. Prior data identified an association between a more
extensive lymph node resection with improved survival in
patients with colon cancer; however, the evidence is not
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uniform [5–7]. Several multidisciplinary organizations and
consensus panels have established a minimum recommenda-
tion of 12 harvested lymph nodes to constitute adequate
staging and surveillance for colorectal cancer [8–11]. Much
emphasis was then directed to the qualitative and quantitative
aspects of lymph node resection as prognostic markers.
Alternate LN parameters include the total number of examined
lymph nodes (NELN) and the lymph node ratio (LNR). Some
studies have indicated superiority of LNR compared with
pathologic nodal stage and NELN in colon cancer [12, 13]. The
log odds of positive lymph nodes (LODDS) was defined as the
probability of a positive lymph node when it is harvested [14].
LODDShas shown significant predictive impact in stage III colon
cancer, but study design and analyses have varied. Only a few
investigators have applied the LODDS models in rectal cancer.

The aim of this studywas to evaluate the prognostic effect
of LODDS in patients with advanced-stage rectal cancer (stage
III) compared with NELN and LNR within a single institution
experience. We sought to determine whether LODDS could
improve survival stratification and isolate high-risk patients
and delineate differences in prognosis within the same tumor,
node, metastasis (TNM) classification.

MATERIALS AND METHODS

This study was retrospectively analyzed through evaluation of
patient charts from theUniversity ofWisconsin. Patients older
than age 18 years who were preoperatively diagnosed with
primary, node-positive, advanced-stage (American Joint Com-
mittee on Cancer [AJCC] stage III) rectal cancer between
January 1995 and July 2013 were included in the study.
Preoperative tumor staging was coded according to the TNM
system,asdescribedby theAJCCseventheditionandextracted
from preoperative imaging records. Patients presenting with
primary malignancies other than rectal carcinoma, negative
node status, stage IV disease, recurrent disease, and any
operation that was not an initial attempt at curative resection
were excluded from the study. This retrospective analysis was
approved by the institutional review board.

Demographic and cancer-specific data were collected for
each patient. These included age; sex; heritage; tumor
location; lymph nodes examined; histologic features; lym-
phatic, venous, and perineural involvement; and margins.
Tumor location was reported according to the distance from
the anal verge in centimeters and grouped into low-, middle-,
and upper-rectum categories. Tumors reported to extend into
two regions of the rectum were classified into low-mid and
mid-upper groups.Tumor stagewas reported in the pathology
report by an independent pathologist at the time of clinical
diagnosis and staged according to the AJCC seventh edition.
Pathologic T, N, andMstageswere also collected after curative
resection per pathology report. LNR and LODDS ratios were
computedviapostsurgical pathological data,whereaspatients
were included by clinical staging criteria.

LODDS was calculated by the empirical logistic formula:
log of the ([number of positive lymph nodes1 0.5]/[NELN2
the positive nodes1 0.5]).

LODDS was calculated for each subject, and patients
were divided by tertiles into three groups designated LODDS1
(,21.2788), LODDS2 (21.2788 to 20.7105), and LODDS3
(.20.7105). LNR was defined as the number of positive

lymph nodes divided by the total number of examined lymph
nodes. Patients were divided into three LNR groups as follows:
LNR1 (0), LNR2 (0.01–0.176), and LNR3 (.0.176). The median
LNRofallpatientswithLNR.0wasusedtodividepatients into
LNR2 and LNR3. Patients were also evaluated according the
threshold recommendation by the AJCC. High NELN included
12 ormore LNs harvested from surgery, whereas the lowNELN
group had fewer than 12 LNs resected.

Patient demographic and tumor characteristics were
evaluated with descriptive statistics. Five- and 10-year overall
survival (OS) were reported for the different levels of each
factor studied. The overall survival was estimated with the
Kaplan-Meier estimator and compared between groups using
a log-rank test. The Cox proportional hazards model was used
to further investigate associations between variables of
interest and survival after adjustment for other factors.
Pearson correlation was used to evaluate the relationship
between LNR and LODDS. Statistical significance was desig-
nated by a p value of ,.05. All statistical analyses were
conductedbyusingSPSSsoftware, version22 (IBM,Chicago, IL,
http://www-01.ibm.com).

RESULTS

Patient’s Clinicopathological Features
Five hundred forty patients with rectal cancer underwent
curative resection at our institution between December 1995
and September 2013. The predominant mode of clinical
staging was via rectal ultrasonography. After the exclusion of
patients with stage I or II disease (n5 163), recurrent disease
(n5 2), incomplete LN data (n5 144),metastatic disease (n5
50), other primary carcinoma (n59), andnonprimary attempt
at surgery (n58), 164patients comprised the final studygroup
(Fig. 1).Within this group, 97 patients (59.1%) were male and
67 (40.9%) were female. The median age was 55 years (range,
25–95 years). The racial distribution reflected the state in
which we live, and whites made up at least 82.5% (n5 137) of

Figure 1. Study group selection criteria (n5 164).
Abbreviations: LN, lymph node; NELN, number of examined

lymph nodes.
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thestudygroup.Thedominanthistopathologicaldiagnosiswas
adenocarcinoma (95.4%). One hundred forty-two (86.6%)
patients in this cohort received neoadjuvant chemotherapy
and radiation therapy. The median number of LNs resected,
including in patients who underwent neoadjuvant radia-
tion therapy, was 10 (range, 0–64). The 5- and 10-year esti-
mated Kaplan-Meier mortality rates were 18.6% and 31.5%,
respectively.

LODDS groups were created by using tertiles: They
comprised 73 patients in the LODDS1 group (44.5%), 43 in
the LODDS2 group (26.2%), and 48 in the LODDS3 group
(29.3%). The cutoff values were21.279 for the lower LODDS
tertile (LODDS1) and 0.710 for the upper tertile (LODDS3).
Stratification of patients into tertiles according to LNR did not
yield similar numbers of patients into each group because of
the large number of patients with LNR of 0. Therefore, LNR1
consisted of all patients with LNR of 0 (n 5 104), and the
remaining patients were divided into LNR2 and LNR3 by the
median value (LNR of 0.176). There were 30 patients in LNR2
and30 in LNR3.Patient clinicopathological dataaredepicted in
Table 1.

Analysis of the Prognostic Effect of LNR and LODDS
on OS
Theobserved5-yearsurvival rate in theentirecohort studywas
81.4% (Fig. 2A). Survival analysis revealed 5-year OS rates of
86.2%, 80.9%, and 65.2% in the LNR1, LNR2, and LNR3 groups,
respectively. The OS rate decreased with increasing LNR but
was not significantly different between groups (p 5 .05)
(Fig. 2B). LODDS revealed significantly different survival rates
between groups: 87.7%, 86.0%, and 69.6% for LODDS1,
LODDS2, and LODDS3, respectively (p 5 .04) (Fig. 2C). The
highest LNR and LODDS stratifications, LNR3 and LODDS3,
demonstrated the worst survival rates among the entire
cohort. One hundred four patients were stratified into LNR1
(63.4%). Within this group, LODDS stratification separated
patients without reaching statistical significance (p 5 .63)
(Fig. 2D).

Analysis of Prognostic Factors for OS
Univariate Cox proportional hazards modeling identified
LODDS (p 5 .04), sex (p 5 .02), tumor location (p , .001),
venous invasion (p 5 .02), and adjuvant chemotherapy (p 5
.047) as significant predictorsofOS.Afteradjustment forother
factors, multivariable logistic regression identified sex (p 5
.01), tumor location (p 5 .02), and LODDS (p 5 .02) as
independent prognostic factors (p, .05) (Table 2).

Analysis on NELN
Subgroup analysis was performed on patient groups distin-
guished by the total number of lymph nodes examined per the
AJCC guidelines’ designation of achieving an adequate lymph
node resection (LN $ 12). Eighty-seven patients (53.0%) had
fewer than 12 LN examined (low NELN).

The observed 5-year OS for low NELN (82.2%) and high
NELN (80.6%)werenot significantly different (p5 .64) (Fig. 2E;
Table 3). LNR and LODDS stratifications affected survival when
evaluated for the effects onNELN groupings (p5 .04 and 0.03,
respectively) (Table 4).

DISCUSSION

Nodal status is the most important prognostic factor for
colon and rectal cancer survival.Various studies have shown
that the involvement of regional lymph nodes strongly
affects long-term survival, resulting in continuous scrutiny
over its role as a survival indicator. Rectal cancer is unique
among other malignancies because of the changes in lymph
node status and disease behavior secondary to neoadjuvant
radiation, rendering LN involvement particularly difficult to
study. Some authors argue that the current LN parameters
used to determine prognosis are no longer appropriate from
a quality measure perspective, hence the emergence of new
LN indices, such as LNR and LODDS. The principle reason lies
in incomplete or perhaps inadequate patient stratification
that takes into account heterogeneous disease behavior
among advanced-stage individuals. In this study, we con-
firmed that both LNR and LODDS are predictive of OS;
however, LODDS further stratified select patients from low
LNRgroups intohigher LODDSgroups, identifyingpatients as
high-risk.

The principal treatment modality for locally advanced
rectal tumors remains neoadjuvant chemoradiation therapy
with radical resection and/or postoperative chemotherapy
or radiation therapy.This commonly results in tumor and LN
regression, rendering some resections more difficult, and
evaluation by thepathologist evenmore so. In aDutch study,
Mekenkampetal. identified ageolder than 60 years, obesity,
small LN size, preoperative radiotherapy, andpoor histologic
grade as key characteristics in rectal cancer associated with
lower LN yield [15]. Strikingly, there were large variations
between pathologists and laboratories, suggesting that
establishing guidelines with minimum numbers of LNs was
perceived to be ideal but not necessarily realizable. In the
Clinical Outcomes of Surgical Therapy trial, Mathis and
colleagues failed to demonstrate the total LN count as
predictive of OS or disease-free survival [5]. Increasing
evidence suggests that LNR and LODDS are superior
prognostic indicators compared with standard LN status
and NELN [14, 16–23]. However, the question still stands as
to whether LODDS is superior to LNR, and which model
should be used. Data in this study revealed clinically relevant
trends in OS under both LNR and LODDS stratifications.We
found that LODDS could further delineate survival differ-
ences within LNR1.Wang and colleagues first demonstrated
the superiority of LODDS to LNR in a retrospective study of
more than20,000patientswith stage III colon cancerderived
from the Surveillance, Epidemiology, and End Results
Program population-based registry [19]. The authors re-
ported that LODDS could be used to distinguish hetero-
geneous patients within standard stage IIIB and IIIC
classifications (p, .0001) [19]. More recently, Makkai-Popa
et al. revealed LODDS was best correlated with the risk for
distant metastases while stratifying patients according to
their risk for recurrent disease [24]. Persiani et al. [20] found
thatonly LODDSwasable todiscriminatebetweensubsetsof
patients with significantly different survival rates, whereas
those exact patients were grouped into the same nodal
group for NELN and LNR stratifications. As in the current
study, LODDS further stratified patients into distinct survival
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groups within an individual LNR group (LNR1) (Fig. 2D). This
suggests that LODDS may capture subtleties inherently
missed when other LN indicators are used, rendering LODDS
as more useful.

The LNR is limitedwhen the ratio results in null values (e.g.,
0, 1). LNR relies on the assumption that patients within the
same stratification carry the same prognosis regardless of the
NELN. Patients who are clinically different would otherwise
be indistinguishable within a single LNR stratification. To
illustrate this conundrum, consider two patients with clear
prognostic differences (5/5 positive LNs vs. 30/30 positive
LNs). Both patients fall into the same LNR stratification (LNR
of 1), potentially introducing false prognostic representation
of true events. LODDS obviates the inevitable product of
singularities in the instance that none or all harvested lymph
nodes are involved, and survival can still be estimated
irrespective of the NELN. As a result, LODDS has been
associated with the lower risk for stage migration in various
malignancies [20].

Sex, tumor location, venous invasion, receipt of adjuvant
chemotherapy, and LODDSwere significant predictors of OS.
After adjustment for confounders, multivariable regression
analysis revealed independent prognostic capacity in sex,
tumor location, and LODDS (Table 2). In this model, LODDS
was consistently significantly associated with survival under
multivariable analysis. In subgroup analysis, LNR and LODDS
were both statistically significant predictors of OS when
analyzed in conjunction with NELN (Table 4). Although
univariate analysis did not demonstrate significant differ-
ences between NELN groups alone (p 5 .64) (Table 3), the

Table 1. Patient demographic and tumor characteristics

Variable Data

Age

Median (yr) 55.16 14.2

,56.3 yr 83 (50.6)

$56.3 yr 81 (49.4)

Sex

Male 97 (59.1)

Female 67 (40.9)

Heritage

White 137 (83.5)

Black 7 (4.3)

Asian 1 (0.6)

American Indian 2 (1.2)

Unknown 17 (10.4)

BMI

Median (kg/m2) 27.16 10.7

,18.5 kg/m2 6 (3.7)

18.6–24.9 kg/m2 50 (30.5)

25.0–29.9 kg/m2 48 (29.3)

30.0–34.9 kg/m2 46 (28.0)

$35.0 kg/m2 7 (4.3)

Unknown 7 (4.3)

NELN

Median 10.06 8.3

,12 87 (53.0)

$12 77 (47.0)

Histologic typea

Adenocarcinoma 155 (94.5)

Mucinous adenocarcinoma 4 (2.4)

Unknown 5 (3.0)

Neoadjuvant chemoradiotherapy

Chemotherapy

Yes 142 (86.6)

No 22 (13.4)

Radiation

Yes 142 (86.6)

No 22 (13.4)

Adjuvant chemoradiotherapy

Chemotherapy

Yes 114 (69.5)

No 43 (26.2)

Unknown 7 (4.3)

Radiation

Yes 13 (7.9)

No 143 (87.2)

Unknown 8 (4.9)

Lymphatic invasiona

Yes 13 (7.9)

No 123 (75.0)

Unknown 28 (17.1)

Table 1. (continued)

Variable Data

Venous invasiona

Yes 6 (3.7)

No 131 (79.9)

Unknown 27 (16.5)

Perineural invasiona

Yes 6 (3.7)

No 105 (64.0)

Unknown 53 (32.3)

Tumor locationa

Low 65 (39.6)

Low-middle 7 (4.3)

Middle 38 (23.2)

Mid-upper 7 (4.3)

Upper 45 (27.4)

Unknown 2 (1.2)

Margin statusa

Positive 9 (5.5)

Negative 154 (93.9)

Unknown 1 (0.6)

Values are expressed as median6 SD or n (%).
aLymphatic, venous, and perineural invasion; histologic type; tumor
location; andmargin status were obtained from patients’ postoperative
resection pathology reports.
Abbreviations: BMI, bodymass index; NELN, numberofexamined lymph
nodes.
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added LNR and LODDS stratifications weremore informative
by identifying survival differences when patients were already
grouped by NELN criteria. Patients in LNR3 and LODDS3
demonstrated the worst OS, regardless of high or low NELN
group classifications.This argues that NELN designation in itself
is insufficient to provide prognostic information; rather, the

application of LNR or LODDS produces a significant survival
effect among patients in NELN groups.

These comparisons have shown that LODDS may exhibit
improved prognostic significance over LNR under univariate
modeling, and both LNR and LODDS help distinguish OS
differences in evaluations of the effect on NELN. Given these

Figure2. Overall 5-yearsurvivalof studypatients. (A):Allpatients (n5164). (B):All patients stratifiedbyLNR. (C):Allpatients stratifiedby
LODDS. (D): All patients in LNR1 stratified by LODDS. (E): Patients stratified into high and low NELN.

Abbreviations: LNR, lymph node ratio; LNR1, lymph node ratio of 0; LNR2, lymph node ratio of 0.01–0.176; LRN3, lymph node ratio
.0.176; LODDS, log odds of positive lymph nodes; NELN; number of examined lymph nodes.
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Table 2. Univariate and multivariable analyses of potential prognostic indicators in rectal cancer survival following

curative resection

Variable Patients (n) 5-year OS (%) 10-year OS (%) Univariate p value Multivariate p value

LNR .05

1 104 86.2 70.9

2 30 80.9 80.9

3 30 65.2 49.4

LODDS .04a .02a

1 73 87.7 66.6

2 43 86.0 81.9

3 48 69.6 55.7

NELN .64

,12 87 82.2 69.3

$12 77 80.6 67.7

Age .077

,56.3 yr 83 86.4 74.6

$56.3 yr 81 76.3 62.3

Sex .02a .01a

Male 97 74.4 62.3

Female 67 91.7 77.9

BMI .86

Underweight (,18.5 kg/m2) 6 80.0 80.0

Normal (18.5–24.9 kg/m2) 50 79.9 60.5

Overweight (25–29.9 kg/m2) 48 84.2 80.2

Obese (30–34.9 kg/m2) 46 82.9 67.3

Morbidly obese ($35 kg/m2) 7 75.0 75.0

Median length of operation (min) 164 224.06 98.3b .07

Tumor location ,.001a .02a

Low 65 81.9 74.5

Low-middle 7 42.9 0

Middle 38 77.4 77.4

Mid-upper 7 71.4 71.4

Upper 45 92.8 68.8

Unknown 2 50.0 50.0

Lymphatic invasion .14

Yes 13 64.3 64.3

No 123 84.9 74.5

Unknown 28 72.4 55.9

Venous invasion .02a .16

Yes 6 37.5 37.5

No 131 84.7 74.6

Unknown 27 71.8 61.5

Perineural invasion .52

Yes 6 75.0 75.0

No 105 83.6 72.9

Unknown 53 78.4 62.6

Margins .05

Negative 154 83.0 69.3

Positive 9 50.8 50.8

Neoadjuvant radiation .99

Yes 142 81.6 69.7

No 22 81.3 67.8

(continued)
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data, it is not possible to say whether LODDS is superior to
LNR; however, LODDS is more robust in that it can stratify
high-risk patients within LNR1 and LNR2 (supplemental
online Table 1). Correlation analysis showed a Pearson
coefficient of r 5 0.799 (p , .001), confirming agreement
between LNR and LODDS as mathematical constructs. The
fact that the LN indices did not achieve perfect correlation
(r5 1.0) indicates inherent differences in prognostic capacity

despite the similarities. The influence of neoadjuvant
chemotherapy and radiation therapy on LNR or LODDS is
not known. Eighty-seven percent of patients (n5 142) in our
studyunderwentneoadjuvant therapy,with similar 5-yearOS
rates, and neither chemotherapy nor radiation was signifi-
cantly associated with OS. Although neoadjuvant therapy is
well known to have considerable effect on survival in rectal
cancer patients, our analysis did not reveal significant
associations on survival outcomes estimates. Thus, a uni-
fied approach or evaluation of solely those who received
neoadjuvant therapy was not conducted.

The greatest limitations in this study included retrospec-
tivedataanalysis and small sample size, reflectingany inherent
bias and type II error. Nearly 200 patients were excluded by
stage alone, and the second greatest deterrent to patient
inclusion was the lack of raw data available in patient records.
Before 2008, the number of lymph nodes examined was not
routinely reported in pathology reports. As a tertiary care
center, our institution accepts complicated cases from re-
ferring institutions where patients have already established a
team of outside providers for workup and follow-up. The
absence of collectible data was probably the result of
information lost in transfer and follow-up.

CONCLUSION
Both LNR and LODDS are capable of predicting survival
differences among stage III rectal cancer patients. LODDSmay
be an improved prognostic indicator because it is able to
isolate the highest-risk individuals within low-LNR groups.The
superiority of LODDS or LNR cannot be ascertained because of
the limitations previously mentioned; however, it is clear that
LODDSoffers greater refinement in stratification of individuals
suspected to be at higher risk. Such high-risk, advanced-stage
rectal cancer patients may be targeted for novel multidisci-
plinary therapies, such as expanded chemotherapy and
biologics. Further investigation in the form of a large,
prospective multicenter investigation is necessary to validate
whether LODDS should be incorporated into the rectal cancer
staging system.

Table 2. (continued)

Variable Patients (n) 5-year OS (%) 10-year OS (%) Univariate p value Multivariate p value

Neoadjuvant chemotherapy .80

Yes 142 81.8 68.2

No 22 81.3 69.0

Adjuvant radiation .99

Yes 13 82.1 54.7

No 143 81.3 69.9

Unknown 7 87.5 87.5

Adjuvant chemotherapy .047a .10

Yes 114 85.1 68.4

No 43 69.5 60.8

Unknown 7 NA NA
ap, .05 (denotes statistical significance).
bMedian length of surgery is expressed as median6 SD.
Abbreviations: BMI, body mass index; LNR, lymph node ratio; LODDS, log odds of positive lymph nodes; NA, not applicable; NELN, number of examined
lymph nodes; OS, overall survival.

Table 3. Five-year overall survival for patients stratified by

high and low number of examined lymph nodes

NELN Patients (n) 5-year OS (%) p value

,12 (low) 87 82.2 .64

$12 (high) 77 80.6

High NELN denotes achieving$12 lymph nodes during surgical
resection. LowNELNdenotesachieving,12 lymphnodesduringsurgical
resection.
Abbreviations: NELN, number of examined lymph nodes; OS, overall
survival.

Table 4. Subgroup analysis: effect of stratification by lymph

node ratio and log odds of positive lymph nodes on number of

examined lymph node groups in evaluation of overall survival

Variable

5-year OS (%)

p valueNELN <12 (low) NELN ‡12 (high)

LNR .04a

1 87.8 84.7

2 74.1 85.7

3 70.1 54.0

LODDS .03a

1 92.6 84.7

2 85.5 88.9

3 71.9 63.5
ap, .05 (denotes statistical significance).
Abbreviations: LNR, lymphnode ratio; LODDS, logoddsof positive lymph
nodes; NELN, number of examined lymph nodes; OS, overall survival.
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