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Prognostic Value of the Lymph Node Ratio in Rectal Cancer
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Abstract

Objective: The pathologic staging of rectal cancer is an important prognostic factor. A sufficient num-

ber of harvested lymph nodes is necessary for accurate staging. In patients with an insufficient number
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of dissected lymph nodes, the lymph node ratio (LNR) can be used as a prognostic factor. The aim of
this study was to determine the effect of the LNR on the prognosis of patients with rectal cancer.

Materials and Methods: A total of 130 patients who had rectal adenocarcinoma and who underwent
surgery between 1996 and 2011 were included in this study. Age, gender, serum carcinoembryonic

3Department of
Internal Medicine
Gumussuyu Military Hospital

antigen, type of surgery, and pathological features were retrieved retrospectively. Cut-off values for

LNR were 1/12, 1/4, and 1/2; patients were stratified into four groups according to this ratio. The

relationship between disease-free survival (DFS) and overall survival (OS) and LNR was investigated.
Cumulative survival curves were calculated by the Kaplan Meier method, and survival differences be-

tween groups were calculated by the log-rank test.
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Results: The mean number of lymph nodes examined was 11.5+8. In 75 of all patients (57.7%), fewer
DOL: 10.5455/aces.20140102022542

than 12 lymph nodes were harvested. Seventy-six patients (58.5%) were evaluated as NO, 35 (26.9%)
were N1, and 19 (14.6%) were N2. The number of patients in these LNR groups was 87 (66.9%), 13
(10%), 17 (13.1%), and 13 (10%), respectively. The S-year survival rate was found to be 72.3% in the
LNRI1 group, 55.6% in the LNR2 group, 44.4% in the LNR3 group, and 22.2% in the LNR4 group. The
difference in OS and DFS rates was significant (p<0.001 for both).

Conclusion: The LNR for rectal cancer has a prognostic effect on both DES and OS. Thus, it may be
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beneficial for adjuvant therapy decisions, especially in patients with an insufficient number of dissected

lymph nodes.
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Introduction

In Turkey, colorectal cancer is the third
leading cancer in women, and the fourth
leading cancer in men according to Turk-
ish National Surveys [1]. Pathological
staging is the most important prognostic
factor for rectal cancer. The presence of
lymph node (LN) metastasis related to the
retrieved number of LNs varies with age,
tumor grade, surgical extent, and tumor

site. Nodal status according to TNM stag-

ing system proposed by the American Joint
Committee on Cancer (AJCC) and the In-
ternational Union Against Cancer (UICC)
[2] is one of the most important prognostic
factors in patients who undergo surgery for
rectal cancer [3-6]. The prognostic value of
the lymph node ratio (LNR), which is the
ratio of metastatic to total harvested LNs,
was recently evaluated for several cancers
including colon cancer [7]. and it was re-
ported that using the LNR may be benefi-
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cial for deciding adjuvant chemotherapy, especially in
patients with an insufficient total number of harvested
LNs [8,9]. However, the evaluation of LNs is more dif-
ficult and less consistent after rectal cancer resection,
because of the effect of neoadjuvant chemoradiothera-
py on the size and number of LN availability [10-13].
Additionally, retrieved numbers of LNs are frequently
under 12, which is the recommended number for ad-
equate staging in patients with rectal cancer, regardless
of the quality of surgery and pathologic analysis. There
is still controversy about adjuvant therapy in patients
with an insufficient total number of harvested LN.
Therefore; the goal of this study was to evaluate the
prognostic value of LNR in rectal cancer.

Patients and Methods

Between January 1996 and December 2011, data
of patients with rectal cancer were collected retro-
spectively from the colorectal cancer database of the
Department of General Surgery, Haydarpasa Military
Hospital (Istanbul, Turkey). A total of 496 patients
(334 colon and 162 rectal) were recorded in this da-
tabase at the end of 2011. Patients who underwent
palliative resection (26 patients), who had a diagnosis
other than adenocarcinoma (2 patients), and who had
insufficient pathologic information (4 patients) were
excluded from the study, and the remaining 130 rectal
cancer patients were analyzed.

All patients were treated according to standard
treatment guidelines [14]. Patients were evaluated by
digital rectal examination, complete blood cell count,
liver function analysis, and serum carcinoembryonic
antigen (CEA). Preoperative diagnosis and staging in-
volved a full colonoscopy and biopsy, thoraco-abdomi-
nal computed tomography (CT), pelvic magnetic reso-
nance imaging (MRI), or endorectal ultrasonography
(ERUS). While total mesorectal (TME) excision was
performed for mid and low rectal cancers, high rectal
cancers were treated with a partial mesorectal excision.
Patients with T3 or T4 and/or node-positive rectal
cancer, were referred for neoadjuvant chemoradiation
therapy (CRT), and surgery was planned 8 to 10 weeks
after the end of CRT. The datarecorded included patient
characteristics, and tumor characteristics such as loca-
tion, stage, numbers of retrieved and metastatic LN, tu-

mor differentiation, and time of follow-up. Patients were
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staged according to the TNM staging system of AJCC,
version 7 [15]. Patients were divided into four groups
with respect to LNR, which is defined as the number of
metastatic LNs divided by that of retrieved LNs. Cut-off
values for predicting the ratio between metastatic LNs
and total harvested LNs were chosen as 1/12, 1/4, and
1/2 (Group LNR1 was the ratio under 1/12, LNR2 was
between 1/12 and 1/4, LNR3 was between 1/4 and
1/2,and LNR4 was >1/2). For accurate staging, at least
12 LNs needed to be retrieved. Therefore, we accepted
1/12 as the first cut-off value. Other cut-off values were
determined as the % and 1/2. Patients were evaluated
weekly by physical examination and the appropriate
blood tests during treatment sessions. Patients pre-
sented for follow-up after 2 weeks, then after 1, 2, 3,
and 6 months, and finally, twice per year until 2 years
post-surgery. After 2 years, patients were followed up
annually. Overall survival (OS) was our primary end-
point, and local and distant tumor control was accepted
as the secondary endpoint. The S-year survival rate was
defined as the proportion of patients who were alive at
the end of their fifth-year follow-up.

Statistical Analysis

Data obtained from the study were evaluated using
the Statistical Package for Social Sciences (SPSS Inc.
Chicago, IL) for Windows, version 16.0. The correla-
tion between the total number of metastatic LNs and
LNR was calculated by Pearson correlation coefficient.
Distribution of patient demographics and tables of
probability were determined using ANOVA for con-
tinuous variables and the chi-square test for categori-
cal variables. Survival curves were generated by the
Kaplan Meier method, and the log-rank test was used
to calculate p values for different variables. Cox regres-
sion analysis was used to determine the factors that may
affect survival. P values less than 0.05 were considered
statistically significant.

Results

The mean patient age was 64.7£13.1 years. The
study cohort was comprised of 73 males and 57 fe-
males. Clinical and pathologic characteristics of the
patients are summarized in Tablel. Of the 130 pa-
tients, 72 (58.5%) were NO, 41 (26.9% ) were N1, and
17 (14.6%) were N2. The mean number of LNs ex-
amined was 11.5£8. In 75 (57.7%) of all patients, the
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Table 1. Clinical and pathologic features of the patients.

Lymph node ratio in rectal cancer m

Characteristic No. of patients % Characteristic No. of patients %
Age, year Pathologic T stage

Mean 64,7+ 13,1 T1 6 4.6

<40 8 6.2 T2 25 19.2

41-60 34 26.2 T3 91 70

>60 88 67.7 T4 8 6.2
Gender Pathologic N stage

Male 73 43.8 NO 76 58.5

Female 57 56.2 N1 35 26.9
Type of surgery N2 19 14.6

LAR 94 72.3 Pathologic M stage

APR 34 26.2 MO 113 86.9

Total Proctocolectomy 2 1.5 M1 17 13.1
Preoperative CEA level LN examined

Median 3.4 (0.3-684) Mean 11.5+8

<S ng/ml 56 62.2 <12 75 77

>Sng/m 34 37.8 =12 SS 42.3
Type of operation Differentiation

Emergency 2 1.5 Well 26 20

Elective 128 98.5 Moderate 99 76.2
Stage of Tumor Poorly S 3.8

I 24 18.5 Metastatic LNR

II 48 36.9 1 87 66.9

III 41 31.5 2 13 10

v 17 13.1 3 17 13.1

4 13 10

LAR: Low Anterior Resection, APR: Abdominoperineal Resection, CEA: Carcinoembryonic Antigen, LNR: Lymph Node Ratio

Table 2. Distribution of the patients according to TNM Stage and
Lymph Node Ratio.

LNR1 LNR2 LNR3 LNR4 P

pT stage
1 6 0
2 24 1
<0.001
3 S5 12 14
4 2 0 3 3
pN stage
0 76 0 0
1 11 12 10 2 <0.001
2 0 1 7 11
PpM stage
0 82 11 12
0.001
1 S 2 S
Tumor stage
I 24 0
II 48 0
<0.001
III 10 11 12 8
v $ 2 S S
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total number of harvested LNs was fewer than 12. The
median pre-operative CEA level was 3.4 (0.3-684) ng/
ml. The number of patients in groups stratified accord-
ing to LNR was 87 (66.92%), 13 (10%), 17 (13.07%),
and 13 (10%). There was no significant difference in
age (p=0.684) and gender (p=0.275) between LNR
groups. Distribution of patients according to T, N,
and M stages are shown in Table 2. Four patients with
negative nodal status (all were treated with neoadju-
vant chemoradiotherapy) had liver metastasis at the
time of surgery; metastasectomy (three patients) or
segmentectomy (one patient) was performed simul-
taneously.

The median follow-up time was 77 months. The
follow up time for 38 patients was shorter by S years.
The S-year survival rate was calculated in patients out
of above and was 63% (58 patients were alive of 92 pa-

tients). Local recurrence was observed in 19 patients
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W Ince M et al.

Table 3. Follow-up results according to LNR.

LNR LNR1 LNR2 LNR 3 LNR 4
p
(n) (87) (13) (17) (13)
Age (year)
Mean+ S.D 65.3£13.4 65.6+14.2 62£11.6 63.7+£13.4 0.799
Local Recurrence
Yes 11 3 0
0.041
No 76 8 14 13
Distant Metastasis
Yes 13 11
<0.001
No 74 8 6
Follow-up
Live 59 6
0.014
Ex 28 11 9
Overall survival time (month)
Mean £ S.D 51.3+5,7 42.2+7 33.5+8,4 32.9+10,8 0.001
Disease-free survival time (month)
Mean+ S.D 45.6£5,7 30.2+8 25.9+8,2 25.3+11,9  <0.001
5-Year survival Rate (%) 723 (47/65)  55.6(5/9) 444(4/9) 222(2/9)
Discussion
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Figure 1. Survival rate according to follow-up time.

(16.1 %), and distant metastasis was observed in 36
patients (31.9%) during the study period. The S-year
survival rate of LNR groups were 72.3%, 55.6%,
44.4%, and 22.2%, respectively. There was a statistical-
ly significant difference between LNR groups for dis-
ease-free survival (DFS; p<0.001), distant metastasis
(p<0.001) and OS (p<0.001), (Table 3), (Figure 1).
However, there were no statistically significant differ-
ences between LNR groups for tumor differentiation
grade (p=0.43), pre-operative CEA levels (p=0.3), or
type of surgery (p=0.87).
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Our study shows that the LNR for rectal cancer has
a prognostic effect on both DFS and OS, and can be
beneficial while deciding on adjuvant therapy, espe-
cially in patients with insufficient LN dissection. LN
involvement and total number of LNs examined are
important determinants of prognosis in patients with
colon cancer. It is recommended that a minimum of
12 LNs be examined in patients with colorectal cancer
[16-18]. Nevertheless, this recommendation may not
be applicable to rectal cancers, as the number of ma-
lignant LNs in rectal cancer depends upon the number
of retrieved LNs, which varies with treatment, patient,
and tumor characteristics.

Techniques for mesorectal excision and pathologic
examination have been well documented by authors
[19,20]; however considerable variability remains in
the total number of LNs examined in patients with
rectal cancer. In this study, patients with low and mid
rectal cancer underwent a standardized total meso-
rectal excision, and those with high rectal cancer were
treated with a partial mesorectal excision. Seventy-five
(57.7%) patients had fewer than 12 LNs examined, de-

spite an appropriate surgical technique. Pre-operative
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treatment may decrease the number of LNs available
for pathologic examination. Therefore, the total num-
ber of LNs examined is not a sufficiently reliable mark-
er of prognosis in patients with rectal cancer.

In our study, the local recurrence rate of 13.8% at a
median follow-up time of 77 months was higher than
the 7.4% recurrence rate reported in a study performed
in France [21]. There may be several reasons for this.
The follow-up time in their study was 38+20 months,
and only the recurrence rate in the third year of follow-
up was reported. In this study, we reported the recur-
rence rate at the end of the S-year follow-up period,
and it has been shown that local recurrence rates in-
crease with time [3]. In addition, 23% of patients in
the French trial had stage I tumors, compared to only
18.5% patients in this study.

The presence of metastatic LN is known to be asso-
ciated with poor prognosis for OS and DFS in patients
with rectal cancer [22]. Some studies only considered
the presence or absence of metastatic LN, and did not
assess the prognostic value of the LNR. However, the
LNR has also been evaluated in other gastrointestinal
malignancies [23,24]. LNR has been shown at many
cancer sites, including the esophagus [25] and stom-
ach [26]. Rosenberg et al. [27] analyzed 3,026 patients
with colorectal cancer at a single surgical center over
a 2S-year period, and found that the S-year OS was
60.6%, 34.4%, 17.6%, and 5.3% of patients with in-
creasing LNR (p<0.001). Thus, the LNR had a better
prognostic value than the pN category (p<0.05). Kim
et al. [28] investigated the impact of LNR in 232 rec-
tal cancer patients to determine its usefulness for as-
sessing prognosis in rectal cancer, as in colon cancer.
They found that the S-year survival rate significantly
decreased as the LNR increased (p<0.001), similar to
our results. Peschaud et al. [21] investigated the util-
ity of the LNR in 307 rectal cancer patients by divid-
ing them into four groups; LNR=0, LNR=0.01 to 0.07,
LNR>0.07 to 0.2, and LNR>0.2. In the multivariate
analysis, LNR was the most significant prognostic
factor for both DFS (p=0.006) and OS (p=0.0003),
whereas the presence and absence of metastatic LNs
was not a significant factor. We found the same result
when there were fewer than 12 LNs.

The limitations of this study are that it is a retro-
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spective analysis with a small patient sample size. In

addition, in 75 (57.7%) of all patients, fewer than 12

lymph nodes were harvested. However, this may be re-

lated to the pre-operative neoadjuvant therapy before
surgery, and 34 patients (26.2%) underwent abdomin-
operineal resection.

Conclusion

This study confirmed that LNR has a prognostic
impact on the recurrence and OS in patients with rectal
cancer. The LNR may be useful as a new staging clas-
sification in large prospective studies. Additionally, the

LNR could be beneficial for deciding adjuvant chemo-

therapy in patients with rectal cancer.

Conflict of interest statement
The authors have no conflicts of interest to declare.
References

1. The Cancer Deparment of Ministry of Health of the Re-
public of Turkey. Available via: http://www.kanser.gov.
tr (Accessed: February 05, 2013).

2. Sobin LH, Gospodarowicz MK, Wittekind C. TNM
classification of malignant tumors. Wiley- Blackwell,
New York, 2009.

3. Peeters KC, Marijnen CA, Nagtegaal ID, Kranenbarg
EK, Putter H, Wiggers T, et al. Dutch Colorectal Can-
cer Group. The TME trial after a median follow-up of 6
years: increased local control but no survival benefit in
irradiated patients with resectable rectalcarcinoma. Ann
Surg 2007;246:693-701.

4. Nagtegaal ID, van de Velde CJ, van der Worp E, Ka-
piteijn E, Quirke P, van Krieken JH. Cooperative Clini-
cal Investigators of the Dutch Colorectal Cancer Group.
Macroscopic evaluation of rectal cancer resection speci-
men: clinical significance of the pathologist in quality
control. J Clin Oncol 2002;20:1729-1734.

S.  Birbeck KF, Macklin CP, Tiffin NJ, Parsons W, Dixon
MEF, Mapstone NP, et al. Rates of circumferential resec-
tion margin involvement vary between surgeons and
predict outcomes in rectal cancer surgery. Ann Surg
2002;235:449-457.

6. denDulk M, Collette L, van de Velde CJ, Marijnen CA,
Calais G, Mineur L, et al. EORTC Radiation Oncol-
ogy Group. Quality of surgery in T3-4 rectal cancer:
involvement of circumferential resection margin not
influenced by preoperative treatment. Results from EO-
RTC trial 22921. Eur J Cancer 2007;43:1821-1828.

7. Berger AC, Sigurdson ER, LeVoyer T, Hanlon A, Mayer

R]J, Macdonald JS, et al. Colon cancer survival is asso-

www.acesjournal.org



W Ince M et al.

10.

11.

12.

13.

14.

1S.

16.

17.

18.

Arch Clin Exp Surg

ciated with decreasing ratio of metastatic to examined
lymph nodes. J Clin Oncol 2005;23:8706-8712.

Haller DG, Catalano PJ, Macdonald JS, O’'Rourke MA,
Frontiera MS, Jackson DV, et al. Phase III study of fluo-
rouracil, leucovorin, and levamisole in high-risk stage II
and III colon cancer: final report of Intergroup 0089. J
Clin Oncol 2005;23:8671-8678.

Arkenau HT, Bermann A, Rettig K, Strohmeyer G, Por-
schen R. Arbeitsgemeinschaft Gastrointestinale Onkol-
ogie. S-Fluorouracil plus leucovorin is an eftective adju-
vant chemotherapy in curatively resected stage III colon
cancer: long-term follow-up results of the adjCCA-01
trial. Ann Oncol 2003;14:395-399.

Wichmann MW, Miiller C, Meyer G, Strauss T, Hor-
nung HM, Lau-Werner U, et al. Effect of preoperative
radiochemotherapy on lymph node retrieval after resec-
tion of rectal cancer. Arch Surg 2002;137:206-210.
Scott N, Thorne C, Jayne D. Lymph node retrieval after
neoadjuvant radiotherapy for rectal adenocarcinoma. J
Clin Pathol 2004;57:335-336.

Baxter NN, Virnig DJ, Rothenberger DA, Morris AM,
Jessurun J, Virnig BA. Lymph node evaluation in colo-
rectal cancer patients: a population-based study. J Natl
Cancer Inst 2005;97:219-228.

Rullier A, Laurent C, Capdepont M, Vendrely V,
Belleannée G, Bioulac-Sage P, et al. Lymph nodes
after preoperative chemoradiotherapy for rectal
carcinoma:number, status, and impact on survival. Am
J Surg Pathol 2008;32:45-50.

Benson AB 3rd, Bekaii-Saab T, Chan E, Chen Y], Cho-
ti MA, Cooper HS, et al. Rectal cancer. J Natl Compr
Canc Netw 2012;10:1528-1564.

Edge S, Byrd DR, Compton CC, Fritz AG, Greene FL,
Trotti A (Eds.): AJCC Cancer Staging Manual. Spring-
er, New York, 2010.

Le Voyer TE, Sigurdson ER, Hanlon AL, Mayer R]J,
Macdonald JS, Catalano PJ, et al. Colon cancer survival
is associated with increasing number of lymph nodes
analyzed: a secondary survey of intergroup trial INT-
0089.J Clin Oncol 2003;21:2912-2919.

Johnson PM, Porter GA, Ricciardi R, Baxter NN. In-
creasing negative lymph node count is independently
associated with improved long-term survival in stage
IIIB and ITIC colon cancer. J Clin Oncol 2006;24:3570-
357s.

Goldstein NS, Sanford W, Coffey M, Layfield L]. Lymph
node recovery from colorectal resection specimens re-

moved for adenocarcinoma. Trends over time and a rec-
© GESDAV

19.

20.

21.

22.

23.

24.

2S.

26.

27.

28.

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial

License (http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use,

ommendation for a minimum number of lymph nodes
to be recovered. Am J Clin Pathol 1996;106:209-216.
Pocard M, Panis Y, Malassagne B, Nemeth ], Haute-
feuille P, Valleur P. Assessing the effectiveness of meso-
rectal excision in rectal cancer: prognostic value of the
number of lymph nodes found in resected specimens.
Dis Colon Rectum 1998;41:839-8435.

Wong JH, Severino R, Honnebier MB, Tom P, Namiki
TS. Number of nodes examined and staging accuracy
in colorectal carcinoma. J Clin Oncol 1999;17:2896-
2900.

Peschaud F, Benoist S, Julié C, Beauchet A, Penna C,
Rougier P, et al. The ratio of metastatic to examined
lymph nodes is a powerful independent prognostic fac-
tor in rectal cancer. Ann Surg 2008;248:1067-1073. Er-
ratum in: Ann Surg 2009;249:701.

Ruo L, Tickoo S, Klimstra DS, Minsky BD, Saltz L, Ma-
zumdar M, et al. Long-term prognostic significance of
extent of rectal cancer response to preoperative radia-
tion and chemotherapy. Ann Surg 2002;236:75-81.
Pawlik TM, Gleisner AL, Cameron JL, Winter JM, As-
sumpcao L, Lillemoe KD, et al. Prognostic relevance of
lymph node ratio following pancreaticoduodenectomy
for pancreatic cancer. Surgery 2007;141:610-618.
Marchet A, Mocellin S, Ambrosi A, Morgagni P, Gar-
cea D, Marrelli D. Italian Research Group for Gastric
Cancer (IRGGC). The ratio between metastatic and ex-
amined lymph nodes (N ratio) is an independent prog-
nostic factor in gastric cancer regardless of the type of
lymphadenectomy: results from an Italian multicentric
study in 1853 patients. Ann Surg 2007;245:543-552.
Chan JK, Kapp DS, Cheung MK, Osann K, Shin JY,
Cohn D, et al. The impact of the absolute number and ra-
tio of positive lymph nodes on survival of endometrioid
uterine cancer patients. Br ] Cancer 2007;97:605-611.
Inoue K, Nakane Y, liyama H, Sato M, Kanbara T, Nakai
K, et al. The superiority of ratio-based lymph node stag-
ingin gastric carcinoma. Ann Surg Oncol 2002;9:27-34.
Rosenberg R, Friederichs J, Schuster T, Gertler R, Maak
M, Becker K, et al. Prognosis of patients with colorectal
cancer is associated with lymph node ratio: a single-
center analysis of 3,026 patients over a 25-year time pe-
riod. Ann Surg 2008;248:968-978.

Kim YS, Kim JH, Yoon SM, Choi EK, Ahn SD, Lee SW,
et al. lymph node ratio as a prognostic factor in patients
with stage ITI rectal cancer treated with total mesorectal
excision followed by chemoradiotherapy. Int J Radiat
Oncol Biol Phys 2009;74:796-802.

Year 2014 | Volume:3 | Issue:4 | 207-212

distribution and reproduction in any medium, provided the work is properly cited.





