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Lymph node ratio and liver metachronous metastases in colorectal cancer

AIM: The authors seek to assess whether the lymph node ratio (the ratio of positive nodes divided by the total number
of retrieved nodes) could predict the risk of metachronous liver metastases.
MATERIAL AND METHODS: A homogeneous group of 280 patients, followed-up for at least 5 years, was evaluated. In
order to highlight the groups with the highest risk of metachronous liver metastases, patients were divided into four quar-
tiles groups in relation to the LNR.
RESULTS: The number of lymph nodes sampled in group “stage I” was significantly lower. Even if statistical significance
between the global LNR and the development of liver metastases has not been reached, the subdivision into quartiles
has made it possible to highlight that in the more advanced ratio groups, a higher incidence of metachronous liver metas-
tases (p <0.028) was registered and was a different distribution of patients with or without liver metastasis in function
of quartiles (P =0.01).
DISCUSSION: The LNR has enabled us to prognosticate patients who are at greater risk of developing metachronous liv-
er metastases. The lower lymph node sampling in the patients with less advanced staging (I) and in patients with node-
negative cancer (I+II) who developed liver metastases, leads us to believe that some patients have been understaged.
CONCLUSION: We believe that the LNR, especially in cases of adequate lymph node sampling, is a useful gauge to bet-
ter sub-stratify “node-positive” patients.
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sies have led many authors to conclude that for a cor-
rect prognostic assessment of a patient, what should be
considered is not the absolute number of lymph nodes
sampled, but rather the lymph node ratio (LNR), i.e.,
the ratio of positive nodes divided by the total number
of retrieved nodes. The LNR would allow for a better
selection of patients who are likely to develop recurrent
disease.
In this study, in light of this premise we wanted to
determine whether for patients radically treated for colo-
rectal cancer the LNR could have a value in predicting
the risk of developing recurrent disease and more speci-
fically, a metachronous liver metastasis. To our know-
ledge, we have not found similar studies in internatio-
nal literature.

Introduction

During the 1990 World Congress of Gastroenterology
in Sidney, it was agreed upon that in a patient treated
radically for colorectal cancer the minimum number of
nodes to be sampled in order to avoid understaging was
12. Indeed this number in recent years has been the
subject of numerous controversies 1,2. These controver-
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Material and Method

This is a retrospective analysis of prospectively collected
data from a single institution.
Among all patients treated for colorectal cancer in our
department, we selected 280 who underwent surgery
between January 2006 and December 2011 so that each
patient had the opportunity to be followed-up for at lea-
st 5 years by December 2016.
Patients who met the criteria had:
– undergone radical surgical resection (complete resec-
tion of the primary tumor and regional lymphadenec-
tomy) of colorectal cancer;
– initially adhered to the follow-up protocol.
The criteria to exclude the patients were:
– liver synchronous metastases or synchronous metasta-
ses of other types;
– invasion into nearby tissues or organs;
– pre-operative radiotherapy (could interfere with lymph
nodal sampling) 3; 
– symptomatic hepatitis B virus (HBV) or hepatitis C
virus (HCV) related liver disease (could interfere with
the development of liver metastases) 4;
– patients with positive lymph nodes who had not underwent
adjuvant chemotherapy for comorbidity or denial;
– neoplasia arising out of colorectal inflammatory disease;
– patients who had incomplete follow-up.
The average age was 69.8 years (range: 26-92). Colorectal
cancer was localized in the right colon in 98 cases, the
transverse colon in 18 cases, the left colon in 38 cases
and  the sigmoid colon and rectum in 126 cases.
All patients were staged according to the classification of
AJCC 2010 5, which allowed us to group patients in
just 7 stages: stage I (T1-T2, N0, M0), stage IIA (T3,
N0, M0), stage IIB (T4a, N0, M0), stage IIC (T4b,
N0, M0), stage IIIA (T1-T2, N1, M0 or T1, N2a, M0),
stage IIIB (T3-T4a, N1, M0 or T2-T3, N2a, M0 or
T1-T2, N2b, M0), stage IIIC (T4a, N2a, M0 or T3-
T4a, N2b, M0 or T4b, N1-N2, M0).
We recorded the lymph node sampling (LNS) determi-
ned by the pathologist for each of the 280 patients and
the average LNS within each stage of the classification
according to AJCC 2010. We then assessed whether the-
re were differences between groups I, II, and III regar-
ding the LNS and then compared the LNS of the 172
patients with stages I+II (nodes negative) with the LNS
of the 108 patients with stage III (nodes positive).
The protocol employed for adjuvant chemotherapy is
marked as “FOLFOX 4” (oxaliplatin and 5FU with the
biochemical modulation of folinic acid) for an average
of 12 cycles every 14 days.
The follow-up schedule included checks performed quar-
tely for the first three years and every six months for
the fourth and fifth years. The strategy for diagnosing
liver metastases was always the same: determining the
blood carcinoembryonic antigen and performing both a
liver ultrasound, as well as a contrast-enhanced abdomi-

nal computed tomography (CT) according to our sche-
duled follow-up 6. We always attempted to confirm a
liver metastasis diagnosis with a histological exam.
In the patients belonging to the stage I and II (nodes
negative) according AJCC 2010 we recorded the inci-
dence of hepatic metastases.
Within the group of 108 patients in stage III according
to AJCC 2010 classification, we recorded the average LNR.
In order to avoid stratification according to arbitrary clas-
sification, the 108 in stage III patients were divided, as
has been reported by other authors 7-10 in more recent
literature, in four equally-populated quartiles, in relation
to the LNR.
The 4 quartiles were formed accordingly:
– LNR1: 0.01-0.09 (from the minimum up to the 25th
percentile);
– LNR2: 0.1-0.231 (up to the 50th percentile);
– LNR3: 0.235-0.35 (up to the 75th percentile);
– LNR4: 0.37 - 1 (up to the maximum value).
Within each quartile we recorded the incidence of
patients without or with hepatic metastases.
We also determined whether the N-category according
to AJCC 2010, which is based only on the number of
metastatic lymph nodes, could be comparable to the
LNR in selecting patients at risk of liver metastases. The
N1a category provides only 1 metastatic lymph node,
N1b up to 3, N2a up to 6, and finally N2b from 7
lymph nodes up.

STATISTICAL METHODS
Evaluate differences between groups, we operated a one-
way ANOVA; the homogeneity of variance was confir-
med by Levene’s test. As the difference was significant,
a post hoc test was performed to find the individual dif-
ferences between groups. To evaluate the difference insi-
de the stage III between non-metastases patients and
patients with hepatic metastases, we utilized the Student’s
t-test for paired samples, applying p<0.05 as the mini-
mum level of significance. Pearson chi-square was used
to identify significant association between the value of
the quartile and the metastatic stage of the patient, as
well as to verify any differences among patients with
metastases based on the quartile they belonged to. 
Statistical analyses was implemented using SPSS for
Windows (version 18.0).

Results

The distribution of patients according to AJCC 2010
staging was as follows:
stage I: 17.9% (50/280);
stage IIA: 42.5% (119/280);
stage IIB: 0.4% (1/280);
stage IIC: 0.7% (2/280);
stage IIIA: 3.9% (11/280);
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stage IIIB: 27.5% (77/280);
stage IIIC: 7.1% (20/280)

The average LNS of the 280 patients was 14.8 (range:
3-74); for 60.4% of the patients the LNS was ≥ 12, for
the remaining 39.6% < 12.
The LNS was thus distributed according to the AJCC
2010 stage:
10.9 (3-27) in stage I;
15.2 (3-69) in stage IIA;
32 (32) in stage IIB;
16 (13-19) in stage IIC;
13,1 (5-29) in stage IIIA;
15,7 (3-74) in stage IIIB;
17,7 (9-33) in stage IIIC.

Then, globally, the LNS was 10.9 in stage I, 15,5 in
stage II, 15.8 in stage III.
The ANOVA of the LNS between groups I, II and III
staged according to AJCC 2010 allowed us to highlight
statistically significant differences between the groups
(p=0.006) and more specifically between group I and
group II (p=0.011) and between group I and group III
(p=0.007); instead there was no a statistically significant
difference between the group II and group III (p=0.954).
During the five years of follow-up, 39 patients (9 in the
stage IIA and 30 in stage IIIA+IIIB+IIIC) were diagno-
sed with metastases in the liver. The histological dia-
gnosis of a liver metastasis was obtained either during
the reoperation (14 patients) or through a transcutaneous
biopsy either ultrasound or CT guided. The histological
diagnosis was not obtained in 6 cases either because the
patient refused to undergo this procedure (2) or becau-
se we encountered some technical difficulties during the
biopsy (4). However, in these cases the diagnosis of colo-
rectal liver metastasis was supported by both blood che-
mistry (carcinoembrionyc antigen) and well documented
instrumental (ultrasonography and CT) data. 
The average onset of liver metastases was 13 months (6-
42 months). 
In the 108 patients belonging to the IIIA, IIIB and IIIC
groups according to AJCC 2010, the average LNS was
15.8 (range: 3-74) and the average LNR was 0.20 (ran-

ge: 0.01-1); 30 of the 108 patients (27.8%) developed
liver metastases of which 1 (9.1%; 1/11) were in stage
IIIA, 21 (27,3%; 21/77) were in stage IIIB and 8 (40%;
8/20) in stage IIIC. In the 30 patients with liver meta-
stases the average LNS was 13.4 (range 4-39) and the
average LNR was 0.31 (range 0.03-0.66). 
The overall LNR difference between the 78 patients at
stage III without liver metastases (LNR:0,27) and the 30
patients at stage III (LNR:0.31) with liver metastases was
not statistically significant (p=0.273).   
Table I shows the distribution of 108 node-positive
patients in quartiles (78 without liver metastases and 30
with metachronous liver metastases). We can notice in
the first 2 quartiles (LNR1+LNR2) an incidence of
patients without or with liver metastases respectively of
57.7% and 30%. Meanwhile in the second 2 quartiles
(LNR3+LNR4) the percentages were 42.3% and 70%
respectively. There is a statistically significant correlation
(χ2 = 6.646; p = 0.01) between the value of the quar-
tile and the stage (metastatic or not) of the patient.
Moreover, looking only at the 30 patients with liver
metastases we notice that the difference between the fir-
st 2 quartiles (LNR1+LNR2) and the second 2 quarti-
les (LNR3+LNR4) was also statistically significant
(p<0.028). Furthermore, in order to compare the N-cate-
gory according AJCC 2010 with LNR, we recorded that
among patients who developed liver metastases, 13/30
(43.3%) belonged to the N1a+N1b class according to
AJCC 2010 while 17/30 (56.7%) to N2a+N2b accor-
ding to AJCC 2010; the corresponding values of LNR
were respectively 9/30 (30%) in LNR1+2 and 21/30
(70%) in LNR3+4. The difference between classes was
statistically significant (p<0.001)
In the 172 patients belonging to the stage I and II
(nodes negative) according to AJCC 2010, 9 liver meta-
stases (5.2%) were recorded. The LNS of the 172
patients was 13.6 (range 2-69) and specifically 10.94
in stage I (range 3-27) and 14.7 in stage II (range 3-
69). The LNS of the 9 patients with liver metastases
was 9.8 (range 3-21).  
Table II shows a comparison of the LNS between node-
negative (stage I + II) and node-positive (stage III)
patients and its statistical correlation. 
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TABLE I - Distribution in quartiles of the 108 node-positive patients.

108 p. 78 p. 30 p.
stage III stage III stage III

no liver mts with liver mts

LNR 1 (0.01-0.09) 27 24 (30.8%) 3 (10%)
LNR2 (0.1-0.231) 27 21 (26.9%) 6 (20%)
LNR3 (0.235-0.35) 27 16 (20.5%) 11 (36.7%)
LNR4 (0.37-1) 27 17 (21.8%) 10 (33.3%)

LNR: lymph node ratio - Mts: metastses - stage III: stage III accor-
ding AJCC 2010 

TABLE II - Relationship of the LNS between nodes-negative (stage I+II)
and nodes-positive (stage III) patients. 

172 pts. 108 pts. 9 mtsstage 30 mtsstage
stage I+II^ stage III^ I+II* III*

LNS (avg) 13.6 (2-69) 15.8 (3-74) 9.8 (3-21) 15.5 (4-39)

^ 172 stage I+II vs. 108 stage III: p=ns (0.15)
* 9 mts stage I+II vs. 30 mts stage III: p<0.04

LNS: Lymph nodes samping - avg: average - pts: patients mts: meta-
stases - stage I + II: stage I + II according to AJCC 2010 - stage
III: stage III according to AJCC 2010
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Discussion

A prognostic classification of the patient is the main goal
of a correct staging of a radically treated colorectal neo-
plasia. This classification does in fact make it possible to
select categories with poor prognoses for which checks-
up and targeted therapies can be provided 11. Several
prognostic factors have in fact so far been considered in
the clinical domain and, among them, both the num-
ber of lymph nodes sampled and the number of meta-
static lymph nodes 9,10,12-15, the latter already used by
Jass in the 80’s 16, are today increasingly highlighted 5.   
In this regard, for over 20 years the “magic number”17

12 has always been considered the minimum number of
lymph nodes to be sampled, which would allow for a
correct diagnosis of “N0” in 90% of cases of colorectal
cancer. However, this range is as a today considered
“uncommon” or “not, adequate” or achievable only in
specialized centers. This is due to both “changeable varia-
bles”, such as the surgeon and the pathologist, and
“unchangeable variables” related to the patient and to
the cancer itself 2.  
In the USA, in reports published between 2005 and 2010,
despite the “dense forest of articles” 18, the lymphadenec-
tomy was considered inadequate in percentages varying
between 63% and 48% of cases 18,19 and similar results
were reported in Germany and England 20-22.
In this study, we would like to pointed out that while
on the one hand the overall average value of the lymph
nodes sampled was 14.8, on the other, it was less than
12 in 39.6% of cases.
In 2005, the first who suggested overcoming this nume-
rical issue by applying the LNR, (i.e. the ratio of posi-
tive nodes divided by the total number of retrieved
nodes) was Berger 23. Applying the LNR would most
probably allow us both to break free from a reduced
lymph node sampling 8,10,14,24-29 and to sub-stratify the
node-positive patients so as to reduce the excessive pro-
gnostic heterogeneity 7,8,12,13,26,27,29-31.
The idea of a correlation that we are suggesting in our
research between the LNR and a selection of patients at
risk of metachronous liver metastases came from the fact
that the study of positive lymph nodes is the only pri-
mary colorectal tumor feature already considered in a
multivariate analysis, as an independent predictor of out-
come in patients undergoing liver resection for metasta-
ses from colorectal cancer 32. It is also used in some nomo-
grams such as that of the Memorial Sloan-Kettering Cancer
Centre (www.nomograms.org) that are instrumental in pre-
dicting disease-free interval (DFI) and overall survival of
these patients undergoing liver resection 33.
We have also conducted a thorough research in litera-
ture on MEDLINE, SCOPUS and WEB OF SCIEN-
CE to analyze other studies concerning the relation
between the primary tumor LNR and the occurrences
of metachronous liver metastases. We went about this
by cross-searching in the title and in the abstract for

words such as “colorectal cancer”, “hepatic or liver meta-
stases”, “lymph node ratio or LNR”. Although no stu-
dies related to this topic were found, our search seemed
justified by the fact that this idea, which puts the LNR
in relation to local recurrence in rectal cancer, has appea-
red in other recent publications 8,34,35. 
Objections to the LNR are both that there is no uni-
versally known cut-off value and that the methods used
to select the prognostic categories are various 10,13,36,37.
The method of using the quartiles (the one we used) is,
instead, as above mentioned, more widespread. 
The statistically significant figure that emerges when
analyzing our records (Table I), is that while the cate-
gories with more favorable LNR (LNR1 e LNR2) inclu-
de 57.7% of the patients with no liver metastases and
30% of the ones with metachronous liver metastases, the
categories with less favorable LNR (LNR3 e LNR4)
include 42.3% and 70% of patients respectively.
Statistical evaluation of these data allowed us to deter-
mine that the different distribution of the patients with
or without liver metastasis into quartiles proved highly
significant (χ2 = 6.646 with p = 0.010). 
Moreover 70% of patients who developed liver metasta-
ses (Table I) falls in the 2 quartiles whose ratio shows a
higher rate of lymph node metastases (p<0.028). Moreover
the LNR compared to N-category according AJCC 2010,
in our experience, seems better identify patients with liver
metastases; in fact in the two quartiles (LNR3-LNR4)
with a higher rate of lymph node metastases, 70% of
patients developed hepatic relapses, this percentage drops
to 56.7% in N2a-N2b (p<0.001) which are the two most
advanced classes of the AJCC 2010.
Therefore, in light of these data, we can safely say that
the patients with higher LNR are at a greater risk of
metachronous liver metastases and need to receive more
attention during the follow-up and with adjuvant 
therapies.
While not closely related to LNR, another piece of data
worthy of attention is that a lower lymph node sam-
pling in the “node-negative” (stage I + II) patients with
liver metastases was statistically significant (Table II)
compared to the “node-positive” (stage III) patients (9.8
vs 15.5; p<0.04).  
This data along with what the LNS of patients at stage
I is statistically lower compared to the LNS of patients
with stage II (p=0.011) or III (p=0.007), allow us to reco-
gnize that we are most probably dealing with a case of
understaging (Will Roger’s phenomenon) 38 for some
patients at stage I or II according to AJCC 2010. This is
due to an insufficient sampling which can lead to an erro-
neously judged more favorable staging and therefore not
subject to the adjuvant therapies that in the more advan-
ced stage can guarantee an improvement in results. 39,40

The main limitations of this research mainly stem from
the fact that it is retrospective in nature, even though
it was carried out within a prospective follow-up period
standardized for several years. It should, however, be con-
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sidered that this group of patients is homogeneous sin-
ce all patients were surgically treated at the same center
and had the opportunity to undergo a 5-year follow-up,
and all stage III patients were subjected to the same
post-operative adjuvant treatment. 

Conclusion

To our knowledge, ours is the first research done that
specifically investigates the relationship between LNR of
colorectal cancer and the development of metachronous
liver metastases.
We believe that the LNR, especially in cases of adequate
lymph node sampling, is a useful gauge to better sub-
stratify “node-positive” patients. This is because it would
allow us to prognosticate those who, with higher pro-
bability, are carriers of occult liver metastases that will
manifest in follow-up and who therefore have to recei-
ve customized diagnostic and therapeutic strategies. In
our opinion, however, further evaluation is still neces-
sary particularly in order to calculate an absolute cut-off
value that allows us, beyond complex statistical evalua-
tions, to determine when a node-positive patient is at
greater risk of recurrent disease.

Riassunto

OBIETTIVO: L’obiettivo di campionare almeno 12 linfo-
nodi per una corretta stadiazione di una neoplasia colo-
rettale non sempre è raggiunto e ciò è legato sia a varia-
bili modificabili come il chirurgo o il patologo, sia a
variabili immodificabili legate al paziente o alla malattia
neoplastica. La ratio linfonodale (LNR), cioè il rappor-
to tra il numero dei linfonodi metastatici ed il numero
totale dei linfonodi, permetterebbe una migliore selezio-
ne prognostica dei pazienti.  Gli autori hanno voluto
valutare se la suddivisione dei pazienti in base alla LNR
possa predire il rischio di sviluppare metastasi epatiche
metacrone da cancro colorettale.
MATERIALI E METODI: È stato valutato retrospettivamen-
te un gruppo omogeneo di 280 pazienti seguiti in fol-
low-up per almeno 5 anni. Allo scopo di evidenziare i
gruppi a maggior rischio di metastasi epatiche metacro-
ne i soggetti sono stati suddivisi in 4 quartili in rela-
zione alla LNR.
RISULTATI: il numero dei linfonodi campionati nel grup-
po allo stadio I è stato inferiore in modo statisticamen-
te significativo rispetto ai gruppi II (p=0.011) e III
(p<0.007), mentre non abbiamo registrato differenze sta-
tisticamente significative tra i gruppi II e III. Per quan-
to non sia stata raggiunta la significatività statistica tra
la LNR globale e lo sviluppo di metastasi epatiche, la
suddivisione in quartili ha permesso di evidenziare che
in quelli più avanzati (LNR3 + LNR4) veniva registra-
ta una maggiore incidenza di metastasi epatiche meta-

crone (70% vs 30%; p<0.028) e che esiste una diffe-
rente distribuzione dei pazienti con o senza metastasi
epatiche in funzione dei quartili (P< 0.01).
DISCUSSIONE: Alla luce dei dati riportati la LNR per-
mette di prognosticare i pazienti a maggior rischio di
sviluppare metastasi epatiche metacrone. Il minor cam-
pionamento linfonodale, registrato nei pazienti con sta-
diazione meno avanzata (BI) e nei pazienti nodes-nega-
tive (BI+BII) che hanno sviluppato metastasi epatiche, ci
induce a ritenere che alcuni pazienti agli stadi meno
avanzati siano stati verosimilmente sottostadiati. 
CONCLUSIONE: Riteniamo che la LNR, soprattutto in caso
di adeguato campionamento linfonodale, possa essere uti-
le  per meglio sub-stratificare i pazienti in senso pro-
gnostico in generale ed in relazione allo sviluppo di meta-
stasi epatiche metacrone in senso più specifico. Riteniamo
che ulteriori studi siano necessari allo scopo di poter sta-
bilire quale sia quel cut-off della LNR che permetta di
meglio discriminare sul rischio di ripresa di malattia.
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