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Abstract. The metastatic lymph node status (N classification) 
is an important prognostic factor for patients with colorectal 
cancer (CRC). The aim of the present study was to evaluate 
and compare the prognostic assessment of three different 
lymph node staging methods, namely standard lymph node 
(pN) staging, metastatic lymph node ratio (LNR) and log 
odds of positive lymph nodes (LODDS) in CRC patients who 
undergo curative resection (R0). Data were retrospectively 
collected from 192 patients who had undergone R0 resection. 
Kaplan‑Meier survival curves, Cox proportional hazards 
model and accuracy of the three  methods (pN, LNR and 
LODDS) were compared to evaluate the prognostic effect. 
Univariate analysis demonstrated that pN, LNR and LODDS 
were all significantly correlated with survival (P=0.001, 
P<0.001 and P<0.001, respectively). The final result of the 
3‑step multivariate analysis demonstrated that LODDS was 
superior to the other two N categories. Patients in the same 
pN or LNR classifications may be classified into different 
LODDS stages with different prognoses. Thus, LODDS may 
be a meaningful prognostic indicator and superior to the pN 
and LNR classifications in CRC patients who undergo curative 
(R0) resection.

Introduction

Over 1.3 million individuals are annually diagnosed with 
colorectal cancer (CRC) worldwide, and approximately half 
of CRC patients eventually succumb to the disease (1). The 
metastatic lymph node status (N classification) is currently 

considered the most reliable prognostic indicator for patients 
with radically resected CRC  (2,3). In 1997 and 2002, the 
International Union Against Cancer (UICC) and the American 
Joint Committee on Cancer (AJCC) proposed a classification 
for N categories that was based on the number of metastatic 
lymph nodes (4). Currently, this UICC/AJCC N classification 
is used most widely for CRC staging. According to the guide-
lines of the AJCC/UICC, a minimum of 12 lymph nodes must 
be resected and assessed to adequately evaluate lymph node 
status. The positive nodes category (pN), which is based on 
the number of involved lymph nodes, may be affected by the 
adequacy of the lymph nodes retrieved or examined (5) and 
it is affected by age, site of disease, T stage, extensiveness of 
lymphadenectomy performed by the surgeon and diligence of 
the pathologist (6‑8). Unfortunately, despite the AJCC recom-
mendation stating that ≥12 lymph nodes must be examined, the 
median number of examined lymph nodes was low, ranging 
between 6 and 13 (9). If the number of retrieved lymph nodes 
is <12, the pN category for those patients may be inaccurate 
due to what is referred to as ‘stage migration’ or ‘Will Rogers 
phenomenon’ (10).

Recently, a new lymph node ratio (LNR)‑based system has 
been proposed, representing the ratio of the metastatic and 
total retrieved lymph nodes. A number of studies have proven 
that the LNR classification is superior to the UICC̸AJCC 
number‑based pN classification, mainly because it is not 
as significantly affected by the total number of retrieved 
nodes  (11‑16). However, when the ratio of the metastatic 
lymph nodes is 0, it is so regardless of the number of the total 
retrieved lymph nodes. It is the same as the pN0 classification, 
in the sense that there are no positive lymph nodes detected. 
A proportion of CRC patients have no lymph node metastasis; 
those patients will not benefit from the LNR classification 
in terms of predicting outcomes. The log odds of positive 
lymph nodes (LODDS), another novel prognostic indicator, 
was recently introduced (17) and it is defined as the log of 
the ratio between the number of positive and the number of 
negative lymph nodes. The prognostic significance of LODDS 
in gastric, pancreatic and breast cancer was previously investi-
gated (18‑22) and certain studies have indicated the superiority 
of LODDS over LNR in terms of prognostic significance in 
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colon cancer (17,23,24). The value of LODDS remains unclear, 
and studies comparing the prognostic value among the pN, 
LNR and LODDS classifications for CRC following R0 resec-
tion have been sparse. Thus, a study was designed with the 
aim of evaluating LODDS as a prognostic factor for CRC and 
comparing its prognostic value with those of the pN and LNR 
classifications by analyzing a series of 192 patients submitted 
to curative (R0) resection.

Patients and methods

Patients and follow‑up. A total of 192 CRC patients who 
underwent curative (R0) resection were recruited for the 
present study at Zhongnan Hospital of Wuhan University 
(Wuhan, China) between January, 2007 and October, 2010. The 
exclusion criteria included stage IV disease, administration 
of neoadjuvant chemotherapy, endoscopic mucosal resection, 
synchronous or metachronous primary cancer in other organs, 
patients for whom lymph node information was unavailable 
and those for whom a complete follow‑up was unavailable. 
All the patients were followed up after surgery at 3-, 6- or 
12‑month intervals. The follow‑up of the entire study popula-
tion was continued until either death or October, 2015. The 
median follow‑up period was 65 months (range, 4‑106 months) 
for all patients.

Definition of the three N classifications. Lymph node 
involvement was classified according to the seventh edition 
of the tumor‑node‑metastasis (TNM) classification system 
of UICC̸AJCC (N0, no metastasis; N1, 1‑3 metastatic 
lymph nodes; and N2, >3 metastatic lymph nodes)  (25). 
LNR is defined as the ratio of the metastatic and the total 
retrieved lymph nodes. LODDS was estimated as follows: 
LODDS = log [(pnod + 0.5)/(tnod‑pnod + 0.5)] (23), where 
pnod is the number of positive lymph nodes and tnod is the 
total number of retrieved lymph nodes; 0.5 is added to both 
the numerator and the denominator to avoid singularity. All 
the nodes were separately dissected from the specimen at the 
end of the procedure by the surgeon.

Statistical computing and analyses. To investigate the optimal 
categorization of LNR and LODDS, the Classification 
and Regression Trees technique (CART) (26) was used to 
determine high discriminating cut‑off points in the statistical 
R  software package,  version 3.2.1 (The R Foundation for 
Statistical Computing, Vienna, Austria). Statistical analyses 
were performed using SPSS software, version 17.0 (SPSS 
Inc., Chicago, IL, USA). Several clinicopathological charac-
teristics were compared using the Pearson's χ2 test or Fisher's 
exact test. Univariate analysis of survival was performed 
using the Kaplan‑Meier method to estimate survival rates in 
patient subgroups and the log‑rank test was used to test differ-
ences among the survival curves of different patient groups. 
A multivariate analysis was conducted by Cox proportional 
hazards models. The 3‑step multivariate analysis was applied 
to identify the N classification most significantly correlated 
with prognosis. In step 1 of the multivariate analysis, all the 
significant factors in the univariate analysis were included, 
as well as pN classification, excluding LNR and LODDS. In 
step 2, LNR classification was also included, but not LODDS. 

In step 3 of the multivariate analysis, all three N classifica-
tions were included. To elucidate how LODDS is superior to 
the other two N classifications, scatter plots were constructed. 
The cut‑off points were determined using the R statistical 
software package, version 3.2.1., and statistical analyses were 
performed using SPSS software, version 17.0. For all analyses, 
differences with P‑values <0.05 were considered statistically 
significant.

Results

Cut‑off values and associations between clinicopathological 
characteristics and LNR/LODDS. Of the 192  patients, 
113 (58.9%) were male and 79 (41.1%) were female, and the 
median age was 59 years (range, 23‑90 years). The median 
follow‑up period was 65 months (range, 4‑106 months) for 
all patients. The overall 5‑year survival for the whole group 
of patients was 71.5%. Among the 192 patients, the median 
number of retrieved lymph nodes was 9 (range, 1‑34) and the 
median number of metastatic lymph nodes in node‑positive 
patients was 1.1 (range, 1‑18).

The optimal cut‑off LNR and LODDS values were calcu-
lated according to CART. As regards LNR, patients were 
grouped as follows: LNR1, ratio <0.10; LNR2, ratio 0.10‑0.33; 
and LNR3, ratio ≥0.34. The 5‑year survival rates in the LNR1, 
LNR2 and LNR3 groups were 82.9, 56.8 and 45.7%, respectively. 
Furthermore, the patients were classified into three LODDS 
groups as follows: LODDS1 (LODDS<‑0.82); LODDS2 
(‑0.82≤LODDS2<‑0.57); and LODDS3 (LODDS≥‑0.57). The 
5‑year survival rates of LODDS1, LODDS2 and LODDS3 
patients were 84.8, 70.6 and 43.0%, respectively. The 5‑year 
survival rates of pN0, pN1 and pN2 (pN classification) patients 
were 81.2, 59.8 and 56.3% respectively.

The associat ions between cl in icopathologica l 
characteristics and the LNR/LODDS in this study are 
shown in Table  I. LNR classification was connected with 
pN classification (P<0.001) and preoperative serum carcino-
embryonic antigen (CEA) level (P<0.05). The proportion of 
higher pN classification increased with the procession of LNR 
classification, as did the CEA level. This association was also 
observed in the LODDS classification (P<0.001 and P<0.05, 
respectively). In addition, LODDS was significantly associated 
with age (P<0.05).

Survival analysis. In the univariate analysis (Table II), age, 
preoperative serum CEA level, T  stage, pN classification, 
LNR classification and LODDS classification were found 
to be significantly correlated with prognosis (P<0.05). The 
survival curves of patients according to pN, LNR and LODDS 
classifications are presented in Fig. 1 (P=0.001, P<0.001 and 
P<0.001, respectively), and exhibit a good discriminatory 
ability among groups for all three N classifications.

3‑step multivariate analysis. In step 1 of the multivariate 
analysis, pN classification was confirmed to be an independent 
prognostic factor. However, in step 2, LNR classification became 
significant, while pN classification disappeared. Furthermore, 
when all the three N classifications were included in step 3 of 
the multivariate analysis, the pN and LNR classifications were 
substituted by the LODDS classification (Table III).
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Scatter plots of the associations among the three N classifica‑
tions. To demonstrate that the LODDS classification is superior 
to the pN classification, scatter plots were constructed (Fig. 2). 
When observing the distribution of the number of metastatic 
nodes and the LNR of patients whose number of retrieved 
lymph nodes was <12, LNR was able to discriminate among 
patients with different prognoses in the pN1 stage (Fig. 2A). 
The correlation between the ratio of metastatic nodes and 
LODDS was significant (Fig. 2B). When the LNR was <0.4, 
it increased more slowly than LODDS. The most noteworthy 
result was that, when the LNR was 0, the value of LODDS was 
still heterogeneous.

Discussion

A series of 192 CRC patients submitted to curative (R0) resec-
tion were analyzed in this study. To the best of our knowledge, 
this study was the first to demonstrate that the LODDS clas-
sification is the best prognostic factor in Chinese CRC patients 
undergoing curative (R0) resection compared with the pN and 
LNR N classifications.

The primary limitation of the number‑based UICC/AJCC 
pN classification is that the accuracy of predicting prognosis 
is significantly affected by the total number of retrieved 
nodes (15). Previous studies have investigated the prognostic 

Table I. Associations between clinicopathological characteristics and LNR/LODDS (n=192).

	 LNR, n (%)	 LODDS, n (%)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
	 LNR1	 LNR2	 LNR3		  LODDS1	 LODDS2	 LODDS3
Characteristics	 (n=124)	 (n=33)	 (n=35)	 P‑value	 (n=120)	 (n=17)	 (n=55)	 P‑value

Gender				    0.400				    0.695
  Male	 75 (61)	 16 (49)	 22 (63)		  72 (60)	 11 (65)	 30 (55)
  Female	 49 (39)	 17 (51)	 13 (37)		  48 (40)	 6 (35)	 25 (45)
Age (years)				    0.429				    0.041
  <60	 72 (58)	 18 (55)	 16 (46)		  71 (59)	 12 (71)	 23 (42)
  ≥60	 52 (42)	 15 (45)	 19 (54)		  49 (41)	 5 (29)	 32 (58)
Location				    0.071				    0.399
  Left colon	 12 (10)	 9 (27)	 5 (14)		  13 (11)	 2 (12)	 11 (20)
  Right colon	 33 (26)	 5 (15)	 5 (14)		  31 (26)	 3 (17)	 9 (16)
  Rectum	 79 (64)	 19 (58)	 25 (72)		  76 (63)	 12 (71)	 35 (64)
Max (cm)				    0.905				    0.366
  <5	 94 (76)	 26 (79)	 26 (74)		  88 (73)	 15 (88)	 43 (78)
  ≥5	 30 (24)	 7 (21)	 9 (26)		  32 (27)	 2 (12)	 12 (22)
Differentiation				    0.059				    0.141
  High	 35 (28)	 6 (18)	 5 (14)		  33 (27)	 4 (23)	 9 (16)
  Moderate	 75 (61)	 19 (58)	 20 (57)		  72 (60)	 11 (65)	 31 (57)
  Poor	 14 (11)	 8 (24)	 10 (29)		  15 (13)	 2 (12)	 15 (27)
T stage				    0.075				    0.152
  T1	 3 (2)	 0 (0)	 0 (0)		  2 (2)	 0 (0)	 1 (2)
  T2	 40 (32)	 5 (15)	 7 (20)		  4 (33)	 2 (12)	 10 (18)
  T3	 44 (36)	 9 (27)	 16 (46)		  43 (36)	 6 (35)	 20 (36)
  T4	 37 (30)	 19 (58)	 12 (34)		  35 (29)	 9 (53)	 24 (44)
pN				    <0.001				    <0.001
  N0	 108 (87)	 0 (0)	 0 (0)		  100 (83)	 4 (24)	 4 (7)
  N1	 16 (13)	 29 (88)	 23 (66)		  20 (17)	 13 (76)	 35 (64)
  N2	 0 (0)	 4 (12)	 12 (34)		  0 (0)	 0 (0)	 16 (29)
Nodes retrieved				    0.784				    0.071
  <12	 79 (64)	 20 (61)	 24 (69)		  70 (58)	 14 (82)	 39 (71)
  ≥12	 45 (36)	 13 (39)	 11 (31)		  50 (42)	 3 (18)	 16 (29)
CEAa (ng/ml)				    0.038				    0.024
  <5	 80 (74)	 18 (60)	 13 (50)		  77 (75)	 10 (67)	 24 (52)
  ≥5	 28 (26)	 12 (40)	 13 (50)		  26 (25)	 5 (33)	 22 (48)

aSome values were missing for this variable. LNR, lymph node ratio; LODDS, log odds of positive lymph nodes; Max, maximum tumor size; 
pN, positive nodes; CEA, preoperative serum carcinoembryonic antigen.
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significance of LNR in stage III colon cancer (5,27‑29) and 
stage III rectal cancer (30) and suggested the LNR is useful 
because it provides information regarding the number of 

retrieved lymph nodes. Although the LNR classification has 
been proven to be superior to the pN classification, there are 
limitations when the ratio of the metastatic to the total retrieved 

Table II. Univariate survival analysis results of 192 CRC patients.

	 N	 5‑year
Variables	 (n=192)	 OS rate (%)	 95% CI	 P‑value

Gender					     0.696
  Male	 113	 70.4	 70.3-70.5
  Female	 79	 73.1	 73.0-73.2
Age (years)					     0.002
  <60	 106	 80.8	 80.7-80.9
  ≥60	 86	 60.1	 60.0-60.2
Location					     0.438
  Left colon	 26	 61.0	 60.8-61.2
  Right colon	 43	 71.0	 70.9-71.1
  Rectum	 123	 73.9	 73.8-74.0
Max (cm)					     0.631
  <5	 146	 70.2	 70.1-70.3
  ≥5	 46	 75.8	 75.7-75.9
Differentiation					     0.686
  High	 46	 78.3	 78.2-78.4
  Moderate	 114	 69.6	 69.5-69.7
  Poor	 32	 68.5	 68.3-68.7
T stage					     0.005
  T1	 3	 100.0	 100.0-100.0
  T2	 52	 86.5	 86.4-86.6
  T3	 69	 68.1	 68.0-68.2
  T4	 68	 62.0	 61.9-62.1
Nodes retrieved					     0.982
  <12	 123	 71.3	 70.5-72.1
  ≥12	 69	 71.9	 71.8-72.0
CEAa (ng/ml)					     0.001
  <5	 111	 81.9	 81.8-82.0
  ≥5	 53	 55.9	 55.8-56.0
pN					     0.001
  N0	 108	 81.2	 81.1-81.3
  N1	 68	 59.8	 59.7-59.9
  N2	 16	 56.3	 56.1-56.5
LNR					     <0.001
  LNR1	 124	 82.9	 82.8-83.0
  LNR2	 33	 56.8	 56.6-57.0
  LNR3	 35	 45.7	 45.5-45.9
LODDS					     <0.001
  LODDS1	 120	 84.8	 84.7-84.9
  LODDS2	 17	 70.6	 70.4-70.8
  LODDS3	 55	 43.0	 42.9-43.1

aSome values were missing for this variable. CRC, colorectal cancer; OS, overall survival; CI, confidence interval; HR, hazard ratio; Max, 
maximum tumor size; CEA, preoperative serum carcinoembryonic antigen; pN, positive nodes; LNR, lymph node ratio; LODDS, log odds of 
positive lymph nodes.
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lymph nodes is 0. LODDS, a novel indicator of predicting 
lymph node status, may provide a new means for improving 
the accuracy of N classification for prognostic assessment.

Previous studies have indicated the superiority of LODDS 
over LNR in terms of prognostic significance in colon 
cancer (17,23,24). However, the available data remain limited. 
The aim of this study was to compare the prognostic value 
of pN, LNR and LODDS in CRC patients who underwent R0 
resection.

The LNR classification was correlated with the pN 
classification (P<0.001) and preoperative serum CEA level 

(P<0.05). The proportion of patients with a higher pN classifi-
cation increased with the procession of the LNR classification. 
When the LNR classification increased, the proportion of 
patients with preoperative serum CEA level  ≥5  ng/ml 
increased gradually. To some extent, this was in accordance 
with the study of Nozoe et al (31), which demonstrated that the 
proportion of lymph node metastasis was significantly higher 
in the high‑CEA group compared with that in low‑CEA group 
(P=0.012). This association was also observed in the LODDS 
classification. Additionally, patients in the low age group were 
mainly in the lower LODDS classification, while the gap was 
narrowed in the higher age group; this result may be attributed 
to the poor immunity of older patients.

Our univariate analysis demonstrated that each node clas-
sification system had a relevant prognostic significance. To 
investigate whether one N classification was superior to the 
others, a multistep multivariate analysis was used. For example, 
to compare the LODDS classification with the pN and LNR 
classifications, a 3‑step multivariate analysis was performed. 
In step 1 of the multivariate analysis, pN classification was 
one of the independent prognostic factors, whereas in step 2 
the pN classification was substituted by the LNR classifica-
tion. In addition, a 3‑step multivariate analysis was performed, 
including all three N classifications (pN, LNR and LODDS) 
and the LODDS retained its significance (model 3). The results 
indicated that the LODDS classification was superior to the pN 
and LNR classifications.

To validate the superiority of the LODDS classification and 
address its contribution to the accuracy of prognostic assess-
ment, several scatter plots were constructed. The scatter plot 
presenting the distribution of the number of metastatic nodes 
and LNR of patients with a number of retrieved lymph nodes 
of <12, LNR was able to discriminate among patients with 
different prognosis in the pN1 stage (Fig. 2A). For example, 
when the number of positive lymph nodes was 1, it was classified 
as pN1 stage using the pN classification, while it was divided 
into LODDS1, LODDS2 and LODDS3 using the LODDS clas-
sification. LNR and LODDS were closely correlated (Fig. 2B). 
When the ratio of node metastasis was <0.4, it increased more 
slowly compared with LODDS. It is intriguing that, when the 
ratio of node metastasis was 0 or 1, the value of LODDS was 
still heterogeneous. LODDS is more efficient in discriminating 
patients with different survival, indicating that the LODDS 
system has the potential to discriminate among patients with the 
same LNR classification with different prognosis, particularly 
those whose ratio of node metastasis is 0 or 1.

Wang et al (24) investigated 24,477 patients with stage III 
colon cancer who were registered in the SEER database to 
compare the LNR and LODDS classifications, and revealed 
that LODDS was a better prognostic factor than LNR. The 
LODDS system was a highly reliable staging system with 
strong predictive ability for non‑metastatic colon cancer 
patients (17,23). In the present study, the LODDS classification 
was found to be superior to the pN and LNR classifications 
in Chinese patients with CRC undergoing R0 curative 
resection for the first time. Song et al (32) revealed that, for 
Chinese patients with CRC, the LNR classification was more 
suitable compared with the pN and LODDS classifications for 
prognostic assessment. Several reasons may have contributed 
to these different results: i)  The cut‑off points acquired 

Figure 1. Kaplan‑Meier curves of overall survival of the three classifications: 
Positive nodes category (pN), ratio of the metastatic and total retrieved lymph 
nodes (LNR) and log odds of positive lymph nodes (LODDS). (A) Advanced 
pN was associated with poor overall survival. (B) Advanced LNR was asso-
ciated with poor overall survival. (C) Advanced LODDS was associated with 
poor overall survival.
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from different statistical methods for subclassification were 
different; ii) the proportion of colon and rectal cancer patients 
was different; and iii) the time interval between the date of 
the last patient undergoing curative resection to the follow‑up 
deadline (October, 2015) was different.

This study has some limitations, as it was retrospective in 
nature and included a relatively limited number of patients from 
one hospital in China. Larger‑sample studies and international 
multicentric research in CRC are required in the near future.

In contrast to the UICC/AJCC pN and LNR classifica-
tions, the LODDS system accurately estimates prognosis, 
minimizing the bias of limited lymph node dissection and 
examination. In conclusion, the results of the present study 
suggest that LODDS may be a meaningful prognostic factor, 
which is superior to the pN and LNR classifications in CRC 
patients who have undergone R0 resection. Therefore, incor-
porating the LODDS classification into the CRC staging 
system may enable clinicians to assess the prognosis of 
patients more accurately.
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