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Abstract
Purpose: Aim of the study was to evaluate the role of 2 ratios as predictive factors of Overall Survival 
(OS) and Disease-Free Survival (DFS).

Methods: Stage III colon and intra-peritoneal rectal cancer patients treated from 2000 to 2010 
entered the study. A statistical analysis was performed to identify variables predicting OS and DFS. 
The role of 2 variables was evaluated: Length-Node ratio (maximal length of the tumor divided by 
the lymph node ratio); Length-Node-Tumor ratio (maximal length of the tumor divided by the 
product of lymph node ratio and pT stage).

Results: One hundred eighteen patients underwent to radical surgery. The median maximal length of 
the tumor was 4 cm. The most frequent pT stage was pT3 (69.4%). The median number of harvested 
lymph nodes and lymph node ratio was respectively 15 and 0.154. Median value of Length-Node 
and Length-Node-Tumor ratio was respectively 27.083 and 8.889. After a median follow-up of 48 
months, the cancer recurrence rate was 33.1%. The actuarial 5-y OS and 5-y DFS were respectively 
71% and 66.1%. At multivariate analysis the male sex (p: 0.002), the occurrence of post-operative 
complications (p: 0.002) and a value lower than median of Length-Node ratio (: 0.001) and Length-
Node-Tumor ratio (p<0.001) were identified as independent factors predicting worse OS. A value 
lower than median of Length-Node ratio (p: 0.017) and Length-Node-Tumor ratio (p: 0.006) were 
identified as the only independent factors predicting worse DFS.

Conclusion: Length-Node and Length-Node-Tumor ratio seem to be prognostic factors significantly 
related with the oncological outcome of stage III colorectal cancer.
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Introduction
Colorectal cancer is the second most common cancer and an important cause of death [1-2]. 

Five-year survival after surgery for colorectal cancer is significantly related to cancer stage and varied 
from 92%–100% for stage I to 0%-9% for stage IV. In III stage colorectal cancer the 5-year survival is 
extremely variable, ranging from 33% to 83% [3]. In this group of colorectal cancer patients, several 
studies demonstrated the validity of an adjuvant chemotherapy regimen in terms of survival benefit 
and, actually, there is a wide range of treatment options from 5-FU to regimens including biological 
agents [4-10]. Despite the many therapeutic options for the treatment of III stage colorectal cancer, 
the cancer-related mortality remains high and variable. This heterogeneous variability needs a 
patient selection to choose the most useful chemotherapeutic regimen. A better way to predict 
survival in stage III colorectal cancer is based on the identification of prognostic factors.

Recently, interest has peaked in lymph nodes. The prognostic value of lymph nodes depends not 
only on progression of the cancer, but also on other factors, such as the total number of harvested 
lymph nodes and accurateness of histological examination [11]. In this contest, analogously to 
gastric cancer, was analyzed the role of lymph node ratio. Lymph node ratio (defined as the ratio 
between positive lymph node and the total number of harvested nodes) was evaluated as a predictor 
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of recurrence, instead of the actual number of positive lymph nodes, 
and several authors have confirmed the prognostic role of this ratio in 
colorectal cancer [11-19].

Although studies not always reported coherent results, the 
predictive role of size of the tumor in colorectal cancer has been 
demonstrated [20-23]. Size of the tumor reflects not only duration 
of time that the tumor has been present, but also the aggressiveness 
of the tumor. For example, a large tumor could either reflect a slowly 
spreading tumor, growing for a long period of time, or a more recent 
quickly spreading tumor. Furthermore, the presence of positive 

lymph nodes can either be associated with a slowly spreading tumor, 
which has been present for a long time, or with a recent, but aggressive 
tumor. Therefore a tumor getting to a larger size before metastasizing 
would have a better prognosis than those that metastasize at a small 
volume.

A recent study, published in 2011 by Poritz et al. [24] introduced 
a combining ratio, between tumor volume and the percent of positive 
lymph nodes, which results as a predictor of 5-year cancer-specific 
survival in colorectal cancer in terms of overall survival and disease-
free survival. However, the exact measurement of tumor volume is a 

Variables subgroups

sex Male vs. Female

age < vs. ≥ median age

site of tumor Right vs. Transverse vs. Left colon vs. Upper rectum

time of surgery Elective vs. Emergency

protectiVe stoma Y vs. N

post-operatiVe complications Y vs. N

pt-stage pT1 vs. pT2 vs. pT3 vs. pT4

maximal length of the tumor (cm) ≤ vs. >median length

number of metastatic lymph nodes ≤ vs. >median value

number of harVested lymph nodes < vs. ≥12

lymph node ratio ≤ vs. >median value 

length-node ratio ≤ vs. >median value 

length-node-tumor ratio ≤ vs. >median value 

type of cancer Adenocarcinoma vs. Others

grade of differentiation G2 vs. G3

post-operatiVe chemotherapy Y vs. N

Table 1: Variables and subgroups statistically analyzed.

Variables results

n. of patients (male; female) 118 (66 M; 52 F)

median age (range) 65 (31-94) years

site of tumor

39 right colon
7 transverse colon

63 left colon
9 upper rectum

electiVe surgery – n (%) 114 (96.6)

protectiVe stoma – n (%) 3 (2.5)

post-operatiVe complications – n (%) 28 (23.7)

pt-stage – n (%)

1 (0.8) pT1
8 (6.8) pT2

82 (69.5) pT3
27 (22.9) pT4

median maximal length of the tumor (range) 4 (2-13) cm

median number of metastatic lymph nodes (range) 2 (1-45)

median number of harVested lymph nodes (range) 15 (4-80)

median lymph node ratio (range) 0.1538 (0.0142-1)

median length-node ratio (range) 27.0833 (0.83-350)

median length-node-tumor ratio (range) 8.8889 (0.2757-87.5)

adenocarcinomas 102 (86.4)

grade of differentiation (g1-2) – n (%) 68 (57.6)

post-operatiVe chemotherapy – n (%) 103 (87.3)

Table 2: Baseline characteristics of patients entered in the study.
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parameter not always available from pathology report. Generally, in 
these reports, only one measurement, the maximum diameter, has 
been described.

Based on the evidence of this study and hypothesizing that size of 
tumor is really an important prognostic factor, especially if related to 
lymph node ratio, we conduct a retrospective study with the following 
aims: 

•	 To identify, in a population of stage III colon and intra-
peritoneal rectal cancer patients, predictive factors of Overall Survival 
(OS) and Disease-Free Survival (DFS).

•	 To evaluate the prognostic role of two ratios including 
tumor size, the lymph node ratio and pT stage as predictive factors 
of OS and DFS.

Materials and Methods
This study retrospectively analyzes patients with stage III colon 

and intraperitoneal rectal cancer, who underwent radical surgery at 
our institution, from January 2000 until December 2010. All cancers 
were diagnosed by endoscopic examination and defined by biopsy and 
histological examination. Pre-operative cancer staging was performed 
in all patients by chest and abdominal Computed Tomography (CT) 
or by Abdominal Ultrasound (US) and chest X-ray. Patients who 
underwent urgent surgery completed cancer staging during post-
operative hospital stay. Each specimen was analyzed and the tumor 
stage was coded as described by the TNM 7th edition Staging of Colon 
Cancer [25].

All patients underwent to radical colonic or rectal resection 
(complete tumor resection with all margins histologically negative, 
R0).

All stage III colon and intra-peritoneal rectal cancer patients 
were evaluated for this study. Exclusion criteria were: patients with 
carcinoma in situ; stage I, II and IV cancer; patients with synchronous 
malignancies other than colorectal cancer; recurrent or perforated 
colorectal cancer; colorectal cancer related to inflammatory bowel 
disease; cancer of the appendix; extra-peritoneal rectal cancer; anal 
canal cancer; patients who did not undergo radical surgical resection 
(palliative resection or R1-R2 resection); patients who pre-operatively 
received chemo- or radiotherapy; patients who post-operatively 
received radiotherapy.

Post-operative adjuvant chemotherapy was recommended to all 
patients. After evaluation and patient-selection by oncologist patients 
received chemotherapy. All patients entered in a follow-up program 
including:

•	 Hematological examination and screening, including 
measuring levels of CEA and CA 19-9, performed at 1,6,12,18,24,36,48 
and 60 months from surgery.

•	 Colonoscopy, performed at 12, 24, 36, 48 and 60 months 
from surgery.

•	 Abdominal US and chest X-Ray, performed at 6, 18 and 30 
months from surgery.

•	 CT-thorax-abdomen, performed at 12, 24, 36, 48 and 60 
months from surgery.

Median and range time (months) of follow up were calculated 
and the status of patients at last follow-up was recorded. Data were 

inserted to a digital database.

A statistical analysis was performed. The variables and subgroups 
analyzed are summarized on Table 1. The size of cancer was deducted 
by histological report and corresponds to the maximum length of the 
tumor measured in centimeters. Lymph node ratio was defined by this 
formula: number of metastatic harvested lymph node divided by the 
number of all harvested lymph nodes (metastatic and not metastatic). 
Length-Node ratio was defined by this formula: maximum length of 
the tumor (measured in centimeters) divided by the lymph node ratio. 
Length-Node-Tumor ratio was defined by this formula: maximum 
length of the tumor (measured in centimeters) divided by the product 
of lymph node ratio and pT stage (varied from 1 to 4).

Outcome variables analyzed were:

•	 OS, defined as the time after primary treatment until 
death (months; median survival and actuarial 5-year survival were 
calculated).

•	 DFS, defined as the time after primary treatment until the 
first cancer recurrence (months; median survival and actuarial 5-year 
survival were calculated).

A Kaplan-Mayer analysis was performed to identify variables 
significantly related to OS and DFS. A p-value of 0.05 was considered 
to be the cut-off point for significance. Gender, age and variables 
with p<0.125 were inserted in a multivariate model (Cox regression) 
to evaluate whether these variables correlated independently with 
survival. 

All statistical analyses were performed by software IBM SPSS 
Statistics version 21.0.0.0 for Mac OS X.

Results
From 2000 to 2010, 118 patients (66 males and 52 females) 

with a median age of 65 years (range: 31-94 years) underwent to 
oncological resection for stage III colon and intra-peritoneal rectal 
cancer. Baseline characteristics of patients entered in the study are 
summarized in Table 2.

The most frequently involved site of tumor were the left colon 
(63 patients, 53.4%), followed by the right colon (39 patients, 33.1%), 
upper rectum (9 patients, 7.6%) and transverse colon (7 patients, 
5.9%). Nearly all patients underwent an elective surgical intervention 
(115 patients, 97.5%). A protective stoma was necessary only in 3 
cases (2.5%). Eighty-six percent of tumors were adenocarcinoma, 
most (57.6%) G1-2. The median value of tumor maximum length was 
4 cm (range: 2 cm -13 cm). According to pathological examinations, 
the primitive tumor was staged as pT1 in only 1 patient (0.8%), as 
pT2 in 8 patients (6.8%), as pT3 in 82 patients (68.5%) and as pT4 in 
27 patients (22.9%). The median number of harvested lymph nodes 
was 15 (range 4-80) but more than 12 lymph nodes were harvested 
in 80.5% of patients. The median number of metastatic lymph nodes 
was 2 (ranging 1-45) and the median value of the lymph node ratio 
was 0.154 (range 0.014-1.000). The median values of Length-Node 
ratio and Length-Node-Tumor ratio were, respectively, 27.083 (range 
3.750-350.000) and 8.889 (range 0.940-875.000). No short-term post-
operative deaths were recorded. Short-term post-operative morbidity 
was recorded in 23.7% of cases and an anastomotic leakage was 
observed in 4 cases (3.4%). Eighty-seven percent of patients received 
post-operative chemotherapy. The remaining patients did not receive 
adjuvant therapy because of comorbidity.
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The median follow-up period was 48 months (range: 7-132 
months). Thirty-nine patients (33.1%) developed cancer recurrence: 4 
of these (3.4%) were local recurrences and 35 were distant metastases 
(29.8%), of which 20 (16.9%) were observed in the liver, 8 (6.7%) in 
the lung, and 7 (5.9%) in other sites. At time of the last follow-up, 
78 patients (66.1%) were alive without evidence of cancer recurrence 
and 5 patients (4.2%) were alive with a cancer recurrence. Thirty-five 
deaths were recorded: 25 cancer-related deaths (21.2%) and 10 (8.5%) 
due to other causes. Actuarial 5-year OS and DFS were respectively 
71% (Figure 1) and 66.1% (Figure 2).

About OS, at Kaplan-Mayer analysis (Table 3), the male sex (p: 
0.005), the occurrence of short-term post-operative complications (p: 
0.010), the presence of more than 2 metastatic lymph nodes (p: 0.022), 
a number of harvested lymph nodes less than 12 (p: 0.031), a lymph 
node ratio value higher than median value (p: 0.005), a Length-Node 
ratio value less than median (p: 0.002) and a Length-Node-Tumor 
ratio value less than median (p: 0.001) were significantly related 
to a worse 5-year OS. At multivariate analysis, male sex (5-y OS in 
male: 61.1% vs. 5-y OS in female: 82.9% - HR: 4.223; 95% C.I.: 1.705-
10.460; p: 0.002), the occurrence of post-operative complications (5-y 
OS if complications occurred: 58.7% vs. 5-y OS if no complications 
occurred: 75.1% - HR: 3.512; 95% C.I.: 1.613-7.646; p: 0.002), a 
Length-Node ratio value less than median (HR: 105.396; 95% C.I.: 
7.334-1514.716; p: 0.001) and a Length-Node-Tumor ratio less than 
median (HR: 123.535; 95% C.I.: 8.596-1775.401; p<0.001) were 
observed as variables independently related to impaired OS at 5 years.

About DFS, at Kaplan-Mayer analysis (Table 4) the presence of 
more than 2 metastatic lymph nodes (p: 0.003), a lymph node ratio 
value higher than median (p: 0.013), a Length-Node Ratio value less 
than median (p: 0.006) and a Length-Node-Tumor Ratio value less 
than median (p: 0.002) were significantly related to a worse 5-year 

DFS. At multivariate analysis only a Length-Node Ratio value less 
than median (HR: 22.676; 95% C.I.: 1.990-258.362; p: 0.017) and a 
Length-Node-Tumor Ratio less than median (HR: 29.957; 95% C.I.: 
2.629-341.313; p: 0.006) were observed as variables independently 
related to impaired DFS at 5 years.

Discussion
The TNM staging system is considered the most important 

prognostic factor we have for predicting survival in colorectal cancer, 
with mean survivals of 93%, 78%, 60% and 8% for stage I, II, III and 
IV, respectively [26]. Size of the tumor is not part of the staging 
system in colorectal cancer. However, several studies have shown a 
correlation between tumor size and cancer-related survival [20-24]. A 
recent Austrian study, performed on a total of 381 patients suffering 

Variables
uniVariate analysis

(p-Value)
multiVariate analysis

hr 95% c.i. p-Value

sex

male
0.005 4.223 1.705-10.460 0.002

age

< median age (65 y) 0.324 1.815 0.829-3.972 0.136

site of tumor

right vs. transVerse vs. left colon vs. upper rectum
0.930 - - -

time of surgery

emergency
0.198 - - -

protectiVe stoma

y 0.225 - - -

post-operatiVe complications

y 0.010 3.512 1.613-7.646 0.002

pt-stage

pt1 vs. pt2 vs. pt3 vs. pt4 0.817 - - -

maximal length of the tumor

≤Median Length (4 cM) 0.331 - - -

number of metastatic lymph nodes

>median Value (2) 0.022 0.889 0.287-2.747 0.836

number of harVested lymph nodes

<12 0.031 0.450 0.176-1.153 0.096

lymph node ratio

>median Value (0.1538) 0.005 1.870 0.527-6.635 0.333

length-node ratio

≤Median vaLue (27.0833) 0.002 105.396 7.334-1514.716 0.001

length-node-tumor ratio

≤Median vaLue (8.8889) 0.001 123.535 8.596-1775.401 <0.001

type of cancer

adenocarcinoma
0.827 - - -

grade of differentiation

g3 0.803 - - -

post-operatiVe chemotherapy

n 0.669 - - -

Table 3: Factors predicting worse OS: univariate and multivariate analysis.

Figure 1: Overall Survival.
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from colorectal cancer at any pathological stage, demonstrated a 
direct correlation between tumor size and the cancer-related survival. 
The authors considered a cut-off of 4.5 cm and, applying it, tumors 
exceeding this size were significantly associated with progression-
free and cancer-specific survival [21]. This correlation is certainly 
true for all pathological stages, hypothesizing that a larger tumor has 
been in place longer, and it is therefore more likely to have a greater 
intraparietal, lymphatic, and hematogenous invasiveness.

The metastatic spread to loco-regional lymph nodes is considered 
as an important prognostic event in most solid cancers. Number of 
lymph node harvested, the number of metastatic nodes and lymph 
node ratio were more investigated as relevant prognostic factors of 
oncological outcome in colorectal cancer. Regarding the number of 

harvested nodes, in a systematic review on six studies analyzing stage 
III colon cancer a positive correlation between number of lymph nodes 
evaluated and improved survival was demonstrated [27]. The role of 
the number of metastatic nodes is underlined on the 6th and 7th edition 
of TNM classification who’s classified the stage III in three subgroups 
on the basis of the number of positive nodes [28]. However, it seems 
evident that the prognostic significance of 4 positive nodes on a total 
of 4 examined is different when a total of 35 nodes were retrieved. 
On the basis of this idea, several studies established the role of lymph 
node ratio as prognostic factors for III stage colon cancer. In 2010, a 
systematic review analyzed the prognostic role of lymph node ratio 
in stage III colorectal cancer. This analysis, including sixteen studies 
(on 33984 patients), demonstrated the prognostic role of lymph node 
ratio, and its superiority to the number of metastatic nodes, both for 
overall survival than for disease-free survival [13]. However, the INT-
0089 trial noted that the prognostic value of lymph node ratio was 
maintained only if more than 10 lymph nodes were harvested [12].

The lymph node status could represent a way to understand the 
role of tumor size as a predictor of the aggressiveness of the tumor. 
Positive lymph nodes could be present in a slowly spreading large 
tumor, being in place for many years, or in a small recent tumor that 
has spread quickly. Thus, it seems intuitive to assume that tumors 
that get to a larger size before metastasizing, have a better prognosis 
than those metastasizing at a small volume. Taking in mind this 
hypothesis, in 2011 Poritz et al. [24] demonstrated the prognostic 
value of a ratio between the volume of the tumor (calculated by 
multiplying the two largest tumor measurement) and lymph node 
ratio. This study analyzed 63 patients, of who 35 were alive without 
evidence of disease and 28 who developed distant metastases during 
the 5-year follow-up. After analysis of DFS, the ratio was discovered 
to be the only variable correlated significantly and independently with 

Variables
uniVariate analysis

(p-Value)
multiVariate analysis

hr 95% c.i. p-Value

sex

male
0.336 1.760 0.884-3.507 0.108

age

< median age (65 y) 0.196 1.518 0.768-3.001 0.229

site of tumor

right Vs. transVerse vs. left colon vs. upper rectum
0.797 - - -

time of surgery

emergency
0.160 - - -

protectiVe stoma

y 0.250 - - -

post-operatiVe complications

y 0.333 - - -

pt-stage

pt1 vs. pt2 vs. pt3 vs. pt4 0.703 - - -

maximal length of the tumor

≤Median Length (4 cM) 0.269 - - -

number of metastatic lymph nodes

>median Value (2) 0.003 1.737 0.634-4.759 0.283

number of harVested lymph nodes

<12 0.145 - - -

lymph node ratio

>median Value (0.1538) 0.013 0.890 0.299-2.648 0.834

length-node ratio

≤Median vaLue (27.0833) 0.006 22.676 1.990-258.362 0.017

length-node-tumor ratio

≤Median vaLue (8.8889) 0.002 29.957 2.629-341.313 0.006

type of cancer

adenocarcinoma
0.365 - - -

grade of differentiation

g3 0.562 - - -

post-operatiVe chemotherapy

n 0.708 - - -

Table 4: Factors predicting worse DFS: univariate and multivariate analysis.

Figure 2: Overall Disease-Free Survival.
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DFS. Furthermore, based on this evidence, the authors formulated a 
complex algorithm to determine the probability that a particular case 
of colorectal cancer would develop distant metastasis [24]. However, 
the exact calculation of the volume of a neoplasm is a parameter 
which is not always available in pathology report. Generally, in these 
reports, only one measurement, the maximum diameter, has been 
described. Furthermore, the practical use of the algorithm reported 
by the authors appears to be not easily applicable to each patient. 
To overcome this difficulty, but believing in the existence of a role 
of tumor size as prognostic factor (protective factor) in relation to 
the lymph node ratio (risk factor) and pT stage (risk factor), we 
introduced the Length-Node ratio and the Length-Node-Tumor ratio, 
easily calculated from data provided by each pathological report: the 
maximum diameter of the tumor, the lymph node ratio and the pT 
stage. As found in the study of Poritz et al., our study demonstrate 
a statistically significant correlation between Length-Node-Tumor 
ratio and the most important oncological outcome measurements: 
OS and DFS. The prognostic role demonstrated by these ratios was 
higher than other validated prognostic factors singularly taken, such 
as lymph node harvested, number of metastatic nodes, lymph node 
ratio and pT stage. Moreover, these ratios were the only variables 
indipendently related to DFS.

About OS, also male sex and the occurrence of post-operative 
complications resulted statistically related to worse survival. At a large 
American study based on 39325 patients with colorectal cancer from 
SEER database [29] women had significantly longer survival especially 
after rectal resection; however, they present more emergently and at 
an older age. Several studies tried to identify the cause of this survival 
discrepancy between men and women in colorectal cancer. Especially 
in rectal cancer, anatomic differences (narrow male pelvis) have been 
offered as the explanation for differences in cancer survival between 
men and women [30]; however, anatomy is unlikely to explain 
differences in survival observed after colorectal cancer resection. 
Some authors speculate that differences in circulating hormones or 
in the immunologic response to cancer between women and men are 
responsible for the survival advantage. McArdle et al. [30] argues that 
poor survival in men may be the result of an ongoing inflammatory 
response, in the form of elevated C-reactive protein, which seems 
more detrimental in men than in women. From another point of 
view, Wichmann et al. [31] speculates that circulating levels of 
estrogen stimulate a protective immune response to tumors, whereas 
circulating testosterone results in detrimental immune response.

Several authors have reported increased local tumour recurrences 
after post-operative complications and, particularly, after anastomotic 
dehiscence in patients undergoing resection for colorectal cancer 
[32-34]. Moreover, a large meta-analysis, including 21 studies with 
a combined patient population of 21,902 patients, demonstrate that 
post-operative anastomotic leak has a clear and negative prognostic 
impact on local recurrence and on survival, more underlined in 
colorectal anastomoses [35]. During the acute and subsequent 
chronic inflammation that accompanies a complication, a variety of 
acute phase reactants and proinflammatory mediators are released. 
In recent years, an increasing body of high quality experimental work 
has demonstrated that many of these inflammatory biomarkers are 
implicated in tumor proliferation, survival, avoidance of apoptosis, 
progression to metastasis, and resistance to chemotherapy [36]. 
One example is the proinflammatory interleukin IL-1, which can 
enhance the growth and progression of colorectal cancer, is highly 
expressed in advanced cases, and antagonists of IL-1 inhibit tumor 

growth in experimental models [37,38]. Other proinflammatory 
mediators implicated in the molecular link between inflammation 
and cancer include the tumor necrosis factor family of proteins, IL-
6, cyclooxygenase 2, matrix metalloproteases, nuclear factor kappa 
Band the vascular endothelial growth factor family [36,39]. The 
correlation between inflammatory response and cancer recurrence is 
further supported by the emerging data from other cancer, especially 
breast cancer. In this type of cancer, elevated markers of inflammation 
resulted significantly associated with a reduced overall and disease-
free survival [40,41].

Major limitations of this study include the retrospective design 
of the study and the relatively small sample size, since these factors 
could have introduced a selection bias.

Conclusion
Length-Node and Length-Node-Tumor ratios seem to be 

important prognostic factors, significantly related with the oncological 
outcome of stage III colon and intra-peritoneal rectal cancer where 
the range of survival after surgery is very large. So, the introduction 
in clinical practice of these parameters, extremely simple to calculate, 
could help to identify colorecatal cancer patients with a major risk 
of cancer recurrence and with a potential need of a more aggressive 
chemotherapeutic regimen. More large studies are needed to confirm 
the prognostic role of these ratios.
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