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Abstract: Objective: This study aims to establish the
actual validity of the lymph node ratio (LNR) as a prognostic factor for colorectal cancer patients, and to verify
differences of survival and disease-free interval. Methods:
Patients referred with colorectal cancer who underwent
potentially curative surgery between January 1997 and
December 2011 were included. Lymph node ratio, TNM
staging and survival were extracted from surgical, histological and follow-up records.
Results: Two hundred eigthy six patients with different
stages of colorectal cancer underwent surgery, with comparison of survival prediction based on lymph node ratio
and TNM staging. The overall survival rate was 78.3%, the
recurrence rate was 11.9% and the mortality rate was estimated as 21.7%. Univariate analysis in relation to survival
was significant for the following variables: serum level of
CEA, CA 19.9 value, degree of histological differentiation,
and tumor growth. There weren’t any statistically significant differences for the LNR (LNR </ ≥0.16: p = 0.116). The
TNM system was effective both in discriminating between
survival stages (Stage II vs. Stage III: p = 0.05) and in differentiating sub-groups (p = 0.05).
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Conclusions: LNR alone could not be considered a better
prognostic factor than the TNM system. However, future
studies are needed in a larger number of patients with a
standardized surgical, pathological and medical protocol.
Keywords: Colorectal cancer; Lymph node Ratio; TNM
staging

1 Introduction
Colorectal Cancer (CRC) is one of the most common cancers
in Western countries and it is a frequent cause of death
[1]. Among the parameters of the TNM system [2], there is
a prevalence of lymph node status; in fact, the presence
of metastasis in one or more lymph nodes determines
the passage from one lower stage of disease to a higher
stage, directly impacting on overall survival of patients.
Presently, many researchers believe that patients suffering from CRC treated with radical surgery and with extensive lymphadenectomy have a better survival and greater
disease-free interval [3-4]. Le Voyer et al. showed that an
increased number of lymph nodes harvested is related to
an increase of survival, both for patients with negative
lymph nodes than for those with positive lymph nodes
[5]. The number of metastatic lymph nodes harvested can
depend on different features (i.e. the type and location of
the tumor, the surgical technique and pathological examination) [6-7]. The AJCC in collaboration with The College
of American Pathologists have defined the “minimum
number“ of 12 lymph nodes in order to define the lymphadenectomy as adequately performed [8]. It is believed
that harvesting fewer than 12 lymph nodes can lead to the
“stage migration” phenomenon. [9-11]. This is a bio-statistical model used to explain migration between stages
with different prognoses, caused by inadequate lymph
node sampling responsible for an erroneous sub-staging
This work is licensed under the Creative Commons Attribution 4.0
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of the disease. In the seventh edition of TNM, the AJCC
has proposed a further sub-division of the parameter N in
N1a (only 1 metastatic node), N1b (2-3 positive nodes), N2a
(4-6 positive lymph nodes) and N2b (≥ 7 positive lymph
nodes). This created new sub-groups that have the ability
to further improve the prognostical assessment of individual patients. However, some still argue that the TNM
system is lacking in stratifying risk subclasses of patients
with lymph node involvement and that it does not take in
account the total number of lymph nodes removed. Thus,
on the basis of studies conducted on various human solid
tumors [12-15], the use of the Lymph Node Ratio (LNR)
has been proposed for CRC staging [5,16,17]. The LNR is
defined as the ratio between the number of metastatic
lymph nodes (LNs+) and total number of removed lymph
nodes (total LNs) (LNs + / total LNs), and it is believed to
have the potential to be a better prognostic factor than
simple N assessment in the current TNM staging, whereas
others [18,19] do not recognize its validity.
We aimed to establish the actual validity of the LNR
as a prognostic factor for CRC patients who underwent
surgery with curative intent. Secondary endpoints were to
verify possible differences, in terms of survival and disease-free interval, in groups of patients with fewer than
12 positive lymph nodes (-LNs Group) in comparison to
a group with more than 12 positive lymph nodes (+LNs
Group) (validity of the concept of “adequate lymphadenectomy”).

2 Materials and methods
In a retrospective study, we enrolled 345 CRC patients
who underwent potentially curative surgery (R0 resection) at our Unit of Gastrointestinal Surgery from January
1997 to December 2011. The R0 resection was defined as
the removal of all macroscopic tumor, absence of microscopic residual tumor, negative resection margins and
lymphadenectomy extended beyond the lymph nodes
involved (with negative apical lymph nodes) [20]. Exclusion criteria were: patients with in situ cancer (stage 0),
those in stage IV metastatic disease, those with unresectable locally advanced disease and / or peritoneal
metastasis and/ or synchronous carcinomas. A further
exclusion criteria was the presence of tumors of the
rectum in EUS T3 N + stage, in which patients were candidates for neoadjuvant therapy, because of the alterations caused by preoperative radiochemotherapy on the
lymph node structure and on prognosis [21,22]. Also, we
excluded patients who fulfilled Amsterdam II criteria for

colorectal cancer syndrome, hereditary non-polyposis
colorectal cancer (HNPCC) or carcinoma associated with
chronic Inflammatory Bowel Disease (IBD). All patients,
at the time of informed consent, signed an authorization form for the processing of personal data. The study
was approved by the local Institutional Review Board.
The anatomical specimens were fixed by immersion in
formalin immediately after surgical excision, with the
ratio of 1:10 to 1:20 of specimen to volume and amount
of fixative liquid for a period of no less than 24-48 hours
depending on the specimen dimensions. Lymphovascular and / or perineural infiltration, although present in
some samples, has not been evaluated systematically by
pathologists; because of this, while recognizing its prognostic value [22,23], we decided not to mention it as an
additional characteristic. With regard to patients with
stage II and III (Dukes’s stage B and C), the LNR was calculated by dividing the number of metastatic lymph nodes
by the total number of excised lymph nodes (LNs + / total
LNs); by doing so, we evaluated the population with positive lymph nodes, also in reference to the critical value
or threshold value of the LNR calculated using statistical
methods (</ ≥ 0.16).
After discharge, all patients were followed up by the
team of oncologists to continue treatment with adjuvant
chemotherapy or with exclusive follow-up; they were
monitored with updates on their clinical history, physical
examination, determination of carcinoembryonic antigen
(CEA) levels in serum and CA 19.9 values (every 3 months
for the first 2 years, then every 6 months for a total 5 years).
Colonoscopies were performed after one year and then
every three years; liver ultrasounds were performed every
6 months for 3 years and then in the 4th and 5th year. CT
scans of chest, abdomen and pelvis were conducted annually for 5 years. We concluded the period of follow-up and
data collection in January 2014, with a mean 5-year follow-up for each patient.
For data collection, a dedicated Microsoft Works database (version 7.0) was used. We recorded the following
clinic-pathological parameters: age, gender, tumor type,
size, location in the colon, serum level of CEA (normal
value 3,5ng/ml) and CA 19.9 (normal value <37U/ml),
pathologic stage (pTNM), and degree of histological differentiation (well, moderately or poorly differentiated).
Moreover we calculated the number of resected lymph
nodes and the number of metastatic lymph nodes, the
LNR in subjects N +, postoperative complications and
the evolution of the disease, as the absence or presence
of recurrent disease, death and cause of death. Patients
who died from causes other than colorectal cancer with
no evidence of disease and patients lost to follow-up were
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isolated lymph nodes number (mean 13.5 ± 6.585, range
2-28) was lower compared to the lymph nodes retrieved
in patients operated on after the year 2000 (mean 15 ±
6.933, range 2- 46), p<0.05. Patients with harvested lymph
nodes less than 12 showed a significantly lower metastatic
3 Statistical analysis
lymph nodes number compared to patients with lymph
nodes ≥ 12, 37% and 63% (p <0.001), respectively; in stage
The statistical population analysis was performed using
III patients, the range of the LNR was between 0.03 and 1,
the SPSS software version 17.0 for Windows. The 5-year
the mean LNR was 0.26 ± 0.25; the median LNR was 0.17.
survival was calculated according to the Kaplan-Meier
The LNR variable distributed in stages (IIIA, IIIB and IIIC)
method; Log-rank test was used to determine statistically
are shown in Figure 1.
significant differences in the examined groups. MultivarUnivariate analysis of clinical and pathological feaiate analysis was performed with the Cox model. Statistures in relation to survival was significant for the foltical analysis was defined as significant when p values
lowing variables (Tab. 1): serum level of CEA (p = 0.001),
<0.05. The critical value of the LNR (</ ≥ 0.16) was calcuCA 19.9 (p = 0.004), degree of histological differentiation
lated with statistical method, dividing the population into
(p <0.017), tumor growth (p = 0.016), lymph node status
quartiles of patients with positive lymph nodes (stage III
(p = 0.18), and pathological TNM staging (p = 0.14) (Fig.
– TNM System) [24, 25].
2a-c). There wasn’t any statistically significant difference
for the LNR (LNR </ ≥0,16: p = 0.116). The TNM system was
effective both in discriminating between survival stages
(Stage II vs. Stage III (p = 0.05) (Fig. 4a-b) and in differen4 Results
tiating sub-groups (p = 0.05). The survival curves in -LNs
From the initial cohort of 345 CRC subjects, we excluded and +LNs groups were 75% and 80.2%, respectively, with
patients with stage I due to small sample size (only 12 a highly significant increase in the relative risk of recurcases). Eight patients died from postoperative complica- rence in the group -LNs versus group +LNs (21,15% vs 6.6%;
tions that occurred in the first thirty days after surgery p <0.001) (Tab. 2 - 3 and Fig. 5). In addition, patients in
and were also excluded. The final study population was the -LNs group showed a significantly lower percentage of
constituted as follows: 286 patients, 166 (58.1%) males, lymph node metastases compared to +LNs group (37.5% vs
120 (41.9%) females, mean age 65 ± 10 years (range 41.7%; p <0.001).
28-92, median 65; no statistical difference was observed
regarding age in the two sexes: p = 0.751). According to
the TNM system, 15 patients were classified as stage I
5 Discussion
(Dukes’s stage A), 156 patients as stage II (Dukes’s stage
B) without lymph node involvement and 115 patients as
Surgery with curative intent, with or without chemotherstage III (Dukes’s stage C) with metastatic lymph nodes,
apy and radiotherapy, is currently the treatment of choice
respectively. Among the study population, we identified
for CRC; its staging is referred to the TNM System. The
104 (36.5%) patients who received inadequate lymphadpresent study shows that an LNR >0.16 wasn’t an indeenectomy (<12 lymph nodes removed (-LNs Group)) and
pendent risk factor in predicting overall survival and
another 182 (63.5%) subjects who received an adequate
disease-free interval, whereas the seventh TNM System
lymphadenectomy (≥ 12 lymph nodes removed (+ LNs
edition seemed to be the most effective prognostic tool to
Group)).
predict disease-free interval and overall survival in CRC
Table 1 depicts the principal epidemiological characpatients, even in differentiating sub-groups. The presence
teristics and clinical-pathological features of the cohort.
of more positive lymph nodes (+LNs group) was related to an
The overall survival rate was 78.3%, the recurrence rate
increased relative risk of disease recurrence, even if it was
was 11.9% and the mortality rate was estimated as 21.7%.
correlated to an increased presence of metastatic nodes.
The analysis of survival curves showed that the disease
As well as for other digestive cancers [26-29], the use of the
relapse occurred more frequently during the first 18-24
LNR was proposed for CRC, assuming it as a possibly better
months after diagnosis.
independent prognostic factor for the N parameter than
Of the total removed lymph nodes (average 14 ± 6.933,
TNM staging [5, 16, 17]. However, concern exists about the
range 2-46), 388 were metastatic nodes (mean 1.36 ± 3.664,
real role of the LNR in CRC. Berger et al. [30] investigated
range 1-18). In patients treated before the year 2000, the
considered as censored in reference to the death rate from
cancer or disease-specific survival.
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Table 1: Clinico-pathological features and univariate analysis of overall survival in colorectal cancer patients who underwent potentially
curative surgery.

Age
<65 years
>65 years
Sex
Female
Male
CEA
<3.5 ng/ml
>3.5 ng/ml
CA 19.9
<37 U/ml
>37 U/ml
Tumor site
Right Colon
Transverse Colon
Left Colon
Rectum
Tumor Size
<3 cm
>3 cm
Histologic Grading
G1
G2
G3
pT
1
2
3
4
pN
0
1
2
pTNM Stage
1
IIA
IIB
IIC
IIIA
IIIB
IIIC
LNR
<0.16
>0.16
Relapse
Yes
No

Patients N. (%)

Death events N

Survival (%)

p-value

286

62

0.783

-

141 (49)
145 (50.7)

29
37

75.8
65.4

0.57

120 (41.4)
166 (58.1)

23
39

76.29
69.29

0.486

146 (51.4)
140 (48.6)

17
45

86.82
52.63

0.001

238 (83.2)
48 (16.8)

46
16

76.04
50

0.004

75 (26.2)
8 (2.8)
119 (41.6)
84 (29.4)

16
4
21
21

72.88
0
78.57
66.57

0.027

60 (20.1)
226 (79.9)

14
48

69.57
80

0.145

135 (47.2)
121 (42.3)
30 (10.5)

20
30
12

82
67.03
33.33

0.017

9 (3.2)
24 (8.4)
202 (70.6)
51 (17.8)

0
3
42
17

100
85.71
73.75
50

0.161

171 (59.8)
75 (26.2)
40 (14)

31
20
11

77.86
63.64
62.07

0.184

9 (3.2)
125 (43.7)
26 (9.1)
4 (1.4)
19 (6.7)
69 (24.1)
26 (9.1)

0
21
10
0
3
20
8

100
79.81
37.5
100
81.25
59.18
55.56

0.161

227 (79.4)
59 (20.26)

45
17

72.27
59.52

0.116

34 (11.9)
252 (88.1)

0
62

67.7
100

0.001

LNR=Lymph node Ratio
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Figure 1: Box-plot diagram showing lymph node ratio (LNR) values in
colorectal cancer Stages IIIA, IIIB and IIIC.

Figure 2a: Overall Survival (OS) according to histological grading (G1
and G2 vs. G3, p =0.017).

Figure 2b: Overall survival (OS) according to circulating CEA (<
3.5ng/ml vs ≥ 3.5ng/ml, p = 0.001

Figure 2c: Overall survival (OS) according to circulating CA 19.9 (<
37U/ml vs ≥ 37U/ml, p= 0.004).

Figure 3: Overall survival (OS) according to lymph node ratio (LNR)
(<0.16 vs ≥ 0.16, p = 0.116).

Figure 4a: Overall Survival (OS) in colorectal cancer patients Stage II
and III ( p <0.05);
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Figure 4b: Overall Survival (OS) in different subgroups of Stage II
and III (p= 0.05).

the relationship between the LNR and survival in patients
with stage II and III of CRC with an average of 13 harvested
lymph nodes. The LNR was an important prognostic factor
for overall survival and disease-free interval, especially
in patients with 10 to 15 lymph nodes removed, greater
than or equal to 15, than in those with less than 10 lymph
nodes removed. Lee et al. [31] assessed the prognostic significance (disease-free survival) of the LNR, in patients
with stage III CRC. They showed that the value of the LNR
increases proportionally with the increased number of
metastatic lymph nodes and to be closely related to the
surgical intervention quality. Subsequently, Wang et al.
[19] suggested that the LNR can overcome the influence of
the number of positive lymph nodes, especially in patients
with CRC stage III B and III C; these latter are most likely to
be understaged or overstaged, unless a correction parameter is included to possibly make a sub-classification of
the stage. According to the variable N, both have the same
prognosis if all other conditions are equal. However, the
survival in the first case is worse than in the second, and
the LNR can distinguish between the two situations: the
LNR is equal to 1 in the first situation and to 0.05 in the
second situation. It is known that the number of lymph
nodes harvested and the number of positive lymph nodes
depend to a large extent on features related to the patient,
the biology of the tumor, the host’s immune response, the
surgeon’s technique, the anatomical factor, the pathologist’s experience and the ability to find the positive nodes.
This implies that the number of LNs collected and the
number of positive nodes (LNs +) are not very reliable and
do not represent solid prognostic indicators. The use of
the LNR was advocated to be able to avoid the dependence
on such factors as the probability that a positive LN+ is
not dependent on the number of LNs collected. The impor-

Figure 5: Disease-free survival (DFS) in colorectal cancer patients
with lymph node negative (LNs-) and lymph node positive (LNs+)
(relapse rate 6.6% vs 21.15%, respectively; p < 0.001).

tance of the role of the surgeon in performing adequate
dissection and the pathologist’s ability to identify and
collect enough LNs should be emphasized. Wang et al. [19]
proposed to incorporate the LNR in the current staging
of colorectal carcinoma in stage III. Also, the LNR was
found to be an independent prognostic factor better than
pN-stage, pT-stage, pM- internships, staging according
to the UICC and the grade of the tumor. To determine the
impact of the LNR within the AJCC classification system,
Lee et al [31] analyzed the 3-year disease free survival of
patients in stage IIIA, IIIB and IIIC in relation to the LNR.
They also looked at the impact of the LNR compared
with the number of lymph nodes removed. AThe authors
stated that patients with stage III cancer who underwent
curative resection may be included in a new classification that unites the TNM system and the LNR. In this
new staging, the influence of LNR prognosis is proportional to the number of lymph nodes removed. However,
despite conflicting opinions of different researchers
about the LNR, what unites the opposing factions are
the numerous criticisms directed mainly at the patient
selection criteria, the threshold values used, the heterogeneity of the data collected, an the different methods
of study responsible for contrasting results [21, 32-35]. In
the study by Schiffmann et al. [18] the prognostic power
of the LNR was compared to the pN parameter of TNM
system; pN parameter was a stronger feature in predicting
overall survival and disease-free survival than the LNR.
In a recent study conducted in 1,127 patients, Zhang J.
et al. [25] showed that LNR was independent of the total
number of lymph nodes retrieved; however, the authors
demonstrated through a linear regression analysis that
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Table 2: Disease Free Survival between -LNs group and +LNs group (relapse rate: 21.15% vs 6.6%, respectively; p < 0.001).
Case Processing Summary
-/+LNs groups
-LNs
+LNs
Overall
Overall Comparison
Log Rank
(Mantel-Cox)

Censored
Total N
104
182
286

Events N. (%)
22 (21.15)
12 (6.6)
34 (11.88)

Chi-Square
14.157

df
1

N.
82
170
252

Percent
78.8
93.4
88.1
significance
<0.001

Test of equality of survival distribuitions for the different levels of +LN / -LN
-LNs group= <12 lymph nodes removed
+LNs group= ≥ 12 lymph nodes removed
Table 3: Disease Free Survival between -LN group and +LN (survival rate: 75% vs 80.2%, respectively; p < .002).
Case Processing Summary
-/+LNs groups

Censored
Total N

Events N. (%)

N.

Percent

-LNs

104

26 (25)

78

75

182

36 (19.78)

146

80.2

Overall

286

62 (21.7)

224

78.3

Log Rank

Chi-Square

df

significance

(Mantel-Cox)

14.157

1

<0.002

+LNs

Overall Comparison

Test of equality of survival distribuitions for the different levels of +LN / -LN
-LNs group= <12 lymph nodes removed
+LNs group= ≥ 12 lymph nodes removed

the number of metastatic lymph nodes is directly proportional to the number of lymph nodes removed. This supports the hypothesis that if the lymphadenectomy is inadequate, the risk of leaving lymph node metastases is real.
Thus, the LNR seems to be a reliable parameter, far more
than the number of positive lymph nodes, and could be
used as an independent prognostic factor in CRC patients
who undergo radical resection of the tumor with positive
lymph node metastases and with an adequate lymphadenectomy. Currently, referring to the AJCC – ACP guidelines, the minimum number to obtain an adequate lymphadenectomy must be equal to or greater than 12 lymph
nodes. In support of this study, Lykke et al [36] showed
that patients that have more than 12 lymph nodes harvested are more likely to be identified in stage III than in
stage II according to the phenomenon of “stage migration”. Therefore, it is hypothesized that in patients who
have less than 12 lymph nodes isolated that there might
be an error in the staging of the disease (understaging)
for any unrecognized lymph node micro or macro metastases. To avoid the phenomenon of stage migration, AJCC

guidelines also recommend adjuvant chemotherapy for
patients with negative lymph nodes in which less than
12 lymph nodes were isolated, because this population is
considered at high risk of relapse [37,38]. This provision,
in addition to limiting the error in the staging and management of cancer patients, restricts the use of the LNR,
proposed initially just to minimize the effects of the phenomenon stage migration [39].
In the present study, we showed that until year 2000,
the number of harvested lymph nodes was lower compared to the lymph nodes retrieved in patients operated
after year 2000; recent guidelines have sensitized the
surgeons and pathologists to seek the highest number of
lymph nodes as possible. Furthermore, according to our
experience and to several studies [26,28,33], increasing
the number of lymph nodes removed significantly reduces
relative risk of relapse (p <0.001) and increases the possibility of isolating metastatic lymph nodes, otherwise
unrecognized. For this reason, we fully share the AJCC
decision to treat “as patients with lymph node” metastases, all patients with pN0 less than twelve lymph nodes
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removed, in order to stem the statistical paradox of stage
migration, independently of LNR results. Finally, we
found that already known risk factors such as histological
grade and the level of tumor markers (CEA and CA 19.9)
have valid prognostic value.
Despite the very tight selection criteria, the present
study has some limitations: it is a purely retrospective
observational study, and the results may be affected by
certain factors such as the adjuvant chemotherapy treatment.

[6]

[7]

[8]

[9]

6 Conclusions
In the present study, we showed that the LNR alone could
not be considered a better prognostic factor than the TNM
system. Also, the TNM system, considered in its entirety
(ie Tumor, Node and Metastasis) is a reliable parameter,
reproducible and with great prognostic value in patients
with CRC. However, future studies are needed in a large
number of CRC patients with a standardized surgical,
pathological and medical protocol to verify the potential
prognostic role of combined or separated risk factors.
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