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Abstract

Background: The prognosis of colorectal cancer depends on the number of positive lymph nodes (LNþ) and the total num-
ber of lymph nodes resected (rLN). This represents the lymph-node ratio (LNR). The aim of our study is to assess how the
length of the resected specimen (RL) influences the prognostic values of the LNR.
Methods: We conducted a retrospective study of all the patients operated on for colorectal cancer from 2000 to 2015 at our
institution. Pathology details were analysed. The total number of rLN, the number of LNþ, and the LNR were calculated and
measured against the RL. The receiver-operating characteristic (ROC) curve of patients with LNþwas calculated.
Results: Of the 670 patients included in our study, 337 were men (50.3%) and the mean age was 69.2 years. The correlation
with prognosis of the LNR is greater than that of the LNR adjusted to RL (LNR/RL), both in subjects with positive nodes
(n¼312) and in all cases (n¼670). The LNR presents a higher prognostic value than LNR/RL and RL in patients with LNþ ex-
cept for metastatic recurrence, for which the predictive value appears slightly higher for LNR/RL. The statistical significance
of the maximal divergence in Kaplan–Meier survival plots was demonstrated for the LNR (P¼0.043), not for LNR/RL
(P¼0.373) and RL alone (P¼0.314).
Conclusion: An increase in RL causes an increase in the number of harvested lymph nodes without affecting the number of
LNþ, thus representing a confounding factor that could alter the prognostic value of the LNR. Prospective larger-scale stud-
ies are needed to confirm these findings.
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Introduction

In several countries, colorectal cancer (CRC) represents the sec-
ond neoplasia by incidence in both men and women. According
to the Italian Cancer Registries’ report of 2017, the 5-year sur-
vival rate for CRC was 66% [1]. The most important predictors of
long-term survival reported were distant metastasis and

regional lymph-nodes status. The prognosis, however, depends
not only on the number of positive lymph nodes collected in the
sample (LNþ), but also on the number of lymph nodes resected
(rLN) independently of their positivity [2, 3]. In fact, a higher
number of rLN positively affects survival, while an increase in
the number of LNþ among those collected has negative effects
on long-term survival, as it is directly linked to more advanced
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disease [4, 5]. Therefore, the assessment of the lymph-node sta-
tus represents a key point for the choice of the correct surgical
and chemotherapeutic treatment.

Based on international scientific evidence, the Italian
Association of Medical Oncology (AIOM) guidelines recommend
the collection of �12 lymph nodes in all CRC patients, with the
exception of cases that received neoadjuvant chemotherapy or
radiotherapy [6–8]. The need to take into account both the rLN
and the LNþ has led to prognostic use of the lymph-node ratio
(LNR), which has been recognized by numerous clinical studies
as an independent prognostic factor [5, 9–16].

The number of rLN is obviously dependent on numerous fac-
tors, including the length of the resected surgical specimen.
However, there are as yet no established guidelines on the
length of the surgical specimen; consequently, the sample
length falls within a very wide range of variability and depends
on the patient characteristics, the site, the margins, and the
choices of the surgeon. The aim of our study is to recognize how
the resection length (RL) affects the prognostic value of the LNR.
In addition, we will investigate whether the correct relationship
between the LNR and RL has a greater prognostic value than the
unrelated data.

Patients and methods
Study subjects

A retrospective analysis of patients treated for CRC from January
2000 to December 2015 at the Department of Surgery of the
Policlinico of Catania, Italy was conducted. All patients treated
for CRC with curative intent, and with pre- and post-operative
and follow-up data available, were included in the study, giving
particular attention to anatomopathological data concerning
TNM staging, lymph-node status, and the length of resection.
Patients in whom neoadjuvant therapy was administrated were
excluded from this study. The patient evaluation included clini-
cal history, preoperative staging of the disease (ultrasound, com-
puted tomography, magnetic resonance imaging, positron
emission tomography, and scintigraphy in some cases), associ-
ated with appropriate blood tests (CA19-9 and CEA). All the pro-
cedures aimed to achieve a microscopic free distal margin of
�5 cm and a number of lymph nodes �12 for proper pathological
staging. Several surgeons performed the resections, although
they were all experienced and with similar skill levels.

Data collection and outcome measurement

The data necessary for the execution of this study were
obtained from the Cancer Registry of our institution and the
hospital archive, and subsequently were integrated with the
data contained in the medical records and in the reports of the
anatomopathological examinations. The surgical specimens
were analysed by two local pathology laboratories. With the ex-
ception of cases in which the tumor macroscopic distance was
critical, the specimen was measured in the pathology depart-
ment after formalin fixation.

Data regarding follow-up, and in particular the relapse-free
survival (RFS) and overall survival (OS), were obtained from the
medical records or the hospital information system and, when
not directly available, they were collected through a telephone
interview conducted by a single individual and with a standard-
ized telephone script, in an attempt to minimize any bias re-
lated to the type of investigation.

The LNR was calculated, as conventionally defined, by divid-
ing the number of LNþ by the rLN. The LNR was then adapted to
the value of RL, in a relationship defined as the ratio of LNþ to
rLN per centimeter of resected bowel, which can be simplified
to LNR/RL. To verify whether the RL improves the prognostic
value of the LNR, we first reported the LNR with the data avail-
able at the follow-up, then also the LNR adapted to the RL, and
finally only with the RL.

Statistical analysis

The analysis was performed using the software package
Statsoft STATISTICA v.10 and R Software v.3.2.5. The statistical-
significance limit was set to a P-value <0.05 for all analyses. The
Shapiro–Wilk test was performed to evaluate normality. The
baseline characteristics were presented as mean and standard
deviation, or median and interquartile range (IQR). The correla-
tion between the LNR models and the dichotomous outcomes
was evaluated using the Spearman Rho coefficient (r), since a
linear relationship between the LNR models and the outcomes
is not expected. For the estimation of sensitivity and specificity
in predicting long-term outcomes, the receiver-operating char-
acteristic (ROC) curves were used that correlated the three vari-
ables (LNR, LNR/RL, RL) to the presence of metastases and to the
event of death or recurrence. Lastly, a plot of the Kaplan–Meier
estimator was obtained with the aim to evaluate the value of
the OS and RFS function related to the N-state, LNR, and LNR/RL
variables.

Results

Of the 670 patients included in our study, 337 were men (50.3%).
The mean age was 69.2 6 11.3 years. The median number of rLN
was 17 (IQR, 10–25). The data concerning rLN, LNþ, and RL were
evaluated over the totality of the 670 patients analysed.
However, regarding RFS and OS, it was possible to recover full
confirmed data only from 285 of the 312 LNþ patients (91.3%)
and 326 of 358 LN– patients (91.1%). The comparison on sensitiv-
ity and specificity of the LNR, LNR/RL, and RL was performed
only on those patients whose data were fully retrieved.

Lymph-node status

Of all patients, 312 (46.6%) had LNþ, identified during post-
operative anatomopathological analysis. The median number
of LNþ was 0 (IQR, 0–2) and the median LNR was 0 (IQR, 0–0.14).
The anatomopathological analysis allowed the RL to be esti-
mated, which has a mean value of 30.66 6 16.47 cm. Considering
data in only LNþ patients, the median number of LNþ was 2
(IQR, 1–5), and the median LNR was 0.167 (IQR, 0.08–0.38). The
RL has a mean value of 30.50 6 15.19 cm (Table 1).

Table 1. Anatomopathological parameters of study population

Parameter Total patients
(n¼ 670)

Patients with positive
nodes (n¼ 312)

No. of positive lymph nodes 0 (0–2) 2 (1–5)
Lymph-node ratio 0 (0–0.14) 0.167 (0.08–0.38)
Resection length, cm 30.66 6 16.47 30.50 6 15.19

Values were presented as mean6 standard deviation or median (interquartile range).
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Correlation between the LNR, LNR/RL, RL, and prognosis

The correlations between the LNR, LNR/RL, RL, and prognosis
are shown in Table 2. The correlations, evaluated using
Spearman’s Rho coefficient, were significant for a good percent-
age of cases. In general, however, the significance of the LNR
was greater than that of the LNR adjusted to RL, both in all cases
and in subjects with LNþ. In the group comprising the totality
of patients, only the LNR is significant in all cases except in the
case of recurrence, in which both the LNR and LNR/RL did not
demonstrate statistical significance. In the group with LNþ, in-
stead, both indicators showed significance in all cases, with the
exception of the recurrence event in relation to the LNR. So the
LNR alone would not be predictive of recurrence in either LNþ
patients, whereas LNR/RL is weakly statistically significant for
distal metastasis, recurrence, and death in LNþ patients. The
single RL factor did not show statistical significance in any of
the cases.

ROC-curves analysis

The ROC curves were calculated for the population of LNþ
patients (n¼ 312) representing the population in which the ratio
of our interest (LNR/RL) has potentially the highest prognostic
value (cases with LN– would produce a ratio of 0 in both the LNR
and LNR/RL, thus making redundant values). The area under
the curve (AUC) demonstrated that the LNR presented a higher
prognostic value than the other two indices in LNþ cases except
for recurrence, for which the predictive value of LNR/RL
appeared slightly higher (Figure 1). The prognostic value
obtained for just the RL was instead the lowest among those
analysed, denoting a less reliable predictive value and therefore
the absence of correlation with the prognosis.

Kaplan–Meier plots of OS and RFS

A plot of the Kaplan–Meier estimator was obtained with the aim
to evaluate OS and RFS related to the LN state, LNR, and LNR/RL
variables. The 5-year OS was 59.7% in the LNþ patients and
72.2% in the LN– patients. The 5-year RFS in the LNþ and LN–
patients was 48.8% and 63.6%, respectively (Figure 2). We calcu-
lated, among the LNþ patients, the ideal threshold of the LNR
value (0.345) above and under which OS demonstrated maximal
divergence (P¼ 0.043). Instead, the LNR/RL (P¼ 0.373) and RL
alone (P¼ 0.314) demonstrated themselves as unreliable predic-
tive indicators with absence of correlation with the prognosis
(Figure 3).

Discussion

The ability to accurately predict survival and the risk of recur-
rence has been a primary focus of the oncologists. The number

of LNþ plays an important role in the TNM system. But the
N-stage assessment is easily influenced by the extent of lymph-
node dissection, length of the surgical specimen, surgeon’s
technique, and the thoroughness of the pathologist. It has been
shown that �12 lymph nodes need to be evaluated in order to
accurately assign the ‘true’ nodal status of CRC patients. The
proposal of a lymph-node ‘threshold’ aims to prevent inade-
quate sampling and under-staging, as worse survival can occur
due to stage migration and no administration of adjuvant che-
motherapy. Some investigators have questioned the use of 12
lymph nodes examined as an arbitrary cut-off value. A higher
number of lymph nodes examined is associated with survival—
a finding that cannot be attributable to under-staging only.
Differences in quality of care, patient characteristics, and tumor
biology may explain these findings. In fact, different studies
show that lymph-node diffusion beyond the 10-cm margin is
generally rare, with a probability of positive results ranging
from 0% to 4%. Based on these data, the extent of the resection
would be unjustified, also involving the risk of a dilution of the
ratio between LNþ and rLN. However, we know that longer
lymph-node deliveries correspond to longer resection, so the RL
is a factor that could correlate and increase the predictive value
of the LNR alone.

The LNR, defined as the ratio between the number of LNþ
and the total number of rLN, has gained some consensus over
the years as a more reliable and accurate prognostic indicator
than the number of LNþ alone. It has been established that the
LR influences the number of lymph nodes collected. In fact, lon-
ger resections are linked to a greater number of lymph nodes
collected, which can lead to underestimating the LNR value.
The result is an increased possibility of recognizing LNþ for
neoplastic infiltration but, at the same time, a ‘dilution effect’
on the LNþ and therefore a reduction in the LNR value.

In the last decade, several studies have demonstrated the
LNR to be a superior prognostic indicator and some authors pro-
pose incorporating the LNR into the TNM staging system. The
LNR is an instrument already in use, in addition to the classic
staging, to stratify patients with tumors in the breast [9], stom-
ach [10], pancreas [11], rectum [12], gallbladder [13], melanoma
[14], and colon [5, 15]. All national and international guidelines
recommend the evaluation of �12 lymph nodes to prevent
false-negative samples, so the greater the number of lymph
nodes collected, the lower the risk of false-negative results.

Table 3 summarizes the prognostic significance of the LNR
in different studies [15–30]. De Ridder et al. [15] analysed 26,181
CRC patients from SEER data and the LNR appeared to be a
strong independent risk factor (P< 0.0001). Prognostic separa-
tion using the LNR was 31% compared with 26% using the UICC
pN stage. Chin et al. [18] compared stage III CRC patients with an
LNR of £ 0.4 (LNR1), 0.4–0.7 (LNR2), and >0.7 (LNR3). The 5-year
disease-free survival (DFS) was higher in LNR1 than that in the

Table 2. Correlations (r) between lymph-node ratio (LNR), resection length (RL), LNR/RL, and long-term outcomes evaluated by using
Spearman’s Rho coefficient

Outcome Total patients (n¼670) Patients with positive nodes (n¼ 312)

LNR LNR/RL RL LNR LNR/RL RL

Death 0.425* 0.413* 0.018 0.294* 0.257* 0.023
Recurrence 0.035 0.036 0.048 0.073 0.073* 0.068
Distal metastasis 0.246* 0.236* 0.025 0.141* 0.108* 0.044

*P<0.05.
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other two categories. The 2-year DFS for patients with an LNR
>0.7 was 0%, suggesting that this group of patients should be
approached and treated as stage IV patients. They concluded
that the LNR was a more precise predictor of DFS in stage III
patients than the total number of positive nodes. Greenberg et
al. [20] found that an LNR <0.13 was associated with a signifi-
cant increase in OS and a strong trend toward improved DFS.
Interestingly, the survival curves in stage III patients with an
LNR <0.13 were similar to our stage II node-negative patients.
According to Moug et al. [25], only patients with an LNR of
0.05–0.19 had long-time-survival benefits from adjuvant che-
motherapy. Based on the LNR degree, Sugimoto et al. [26] pro-
posed a new classification based on the combination of T
category (T1, T2, T3, T4a, and T4b) and LNR (LNR-low and
LNR-high).

However, some authors expressed some criticism to the role
of the LNR. Mohan et al. [27] compared the LNR1/LNR2 ratio with
N1/N2 to determine whether, for a given specificity, the LNR
had a better sensitivity. Use of the LNR resulted in a small im-
provement in sensitivity, but this did not reach statistical signif-
icance. Therefore, the authors conclude that, while the LNR is
predictive of OS, it does not offer a clinically significant advan-
tage over the current N1/N2 classification. Also, Jakob et al. [28]
agreed that the LNR was inferior to the pN category in predict-
ing recurrence and survival for stage III colon-cancer patients
with a high number of analysed lymph nodes. Amri et al. [29]
studied the role of the RL and whether an increase in the RL
may result in a dilution of the fraction of positive nodes through
a disproportionate increase in harvested nodes, which impacts
the LNR in LNþ cases and may undermine its positive predictive

Figure 1. The receiver-operating characteristic (ROC) curve for lymph-node ratio (LNR), resection length (RL), and LNR/RL in predicting long-term outcomes of colorec-

tal-cancer patients with positive lymph nodes. The area under the curve (AUC) represents the area between the reference line and the specific curve, where a larger

area denotes a higher predictive value.
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value. Their analysis shows that the RL does not significantly
impact the prognostic value of the LNR in colon cancer.

A challenging question emerges: what does the LNR serve as
a marker for? A patient staged with a lower LNR underwent bet-
ter surgical and pathological management, which could reflect
the biological nature of the primary colonic tumor either at a ge-
netic level or at a cellular level with poor prognostic pathologi-
cal features (including microscopic spread or extramural
vascular invasion) being absent. Assessment of the relationship
between the LNR and local and distant recurrence provides sup-
porting evidence for the heterogeneity of patients with node-
positive colon cancer that has potential modifications in the
prescription of adjuvant chemotherapy [25].

As previously described in the literature, our study shows
that the LNR is an important prognostic element. However, the
RL, affecting the total number of lymph nodes harvested, poten-
tially affected the LNR. As stated previously, the greater the
number of lymph nodes collected, the better the patient out-
come. In this study, the ROC curves clearly demonstrate that
sensitivity and specificity are maintained in almost all the
cases, higher for the LNR than for the LNR/RL, as expected. This
means that the isolated RL is not linked to a benefit in survival,
based on the low AUC found. Hence, although it has been estab-
lished that only the RL does not have a prognostic value and
that the association between the LNR and the RL reduces the
specificity and sensitivity, while maintaining the significance
higher for the LNR only, it is unclear whether to prefer a short
resection to a longer resection. Of course, the RL must be such
as to allow margins free from disease of �5 cm and there the
collection of �12 lymph nodes must be allowed. A statistical sig-
nificance of maximal divergence in Kaplan–Meier survival plots
was demonstrated for the LNR, but not for LNR/RL and the RL
alone. LNR/RL and the RL alone demonstrated themselves to be
unreliable predictive indicators without correlation with the
prognosis.

The limitations of our study are related to the intrinsic na-
ture of a retrospective review. Also, because of the lack of some
available data, the comparison of sensitivity and specificity was
done on a smaller population, introducing potential bias.

In conclusion, our study confirms that an increase in the RL
causes an increase in the number of lymph nodes, without af-
fecting the number of LNþ, thus representing a confounding
factor that could alter the prognostic value of the LNR. However,

Figure 2. Overall survival (A) and relapse-free survival (B) in colorectal-cancer

patients related to lymph-node status.

Figure 3. Overall survival above and under the ideal threshold of lymph-node ratio (LNR; threshold, 0.345) (A), resection length (RL; threshold, 30.2 cm) (B), and LNR

adjusted to RL (LNR/RL; threshold, 0.018) (C) in colorectal-cancer patients with positive lymph nodes.
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the RL, isolated from other values, is not a reliable indicator for
patient outcome. The LNR, instead, maintains a high prognostic
value, which is useful for therapeutic purposes.
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