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Abstract
AIM: To evaluate the predictive value of the lymph node (LN) ratio (LNR, number of metastatic LNs/ examined LNs) for recurrence in patients with rectal cancer and to compare its applicability according to preoperative chemoradiotherapy (PCRT).

METHODS: From 2000 to 2009, 967 patients with metastatic LNs after curative resection for locally advanced rectal cancer were identified. Patients were categorized according to PCRT (PCRT vs No PCRT). The cut-off LNR was determined based on the pN1 vs pN2 when the recommended number of LNs was harvested. The 5-year recurrence-free survival (RFS) rates using the Kaplan-Meier method were compared according to p/yp N stage and the LNR in each group.

RESULTS: Among patients with the same p/ypN stage, the 5-year RFS rate differed according to the LNR. In addition, the 5-year RFS rate was significantly different between pN and LNR groups in patients with No PCRT. In PCRT group, however, only LNR was associated with prognosis. On multivariate analysis, both pN and LNR were significant independent prognostic factors for 5-year RFS in the No PCRT group. In the PCRT group, only LNR category was found to be associated with RFS (HR = 2.36, 95%ci: 1.31-3.84, and P = 0.001).

CONCLUSION: The LNR is an important prognostic predictor of RFS in rectal cancer patients especially treated with PCRT. Current pN categories could not discriminate between prognostic groups of RFS after PCRT.
Key words: Rectal cancer; Preoperative chemora​diotherapy; Lymph node ratio; Prognosis; pN
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INTRODUCTION
The current staging system for colorectal cancer is based solely on the number of metastatic lymph nodes (LNs)[1]. To accurately stage patients using this system, a sufficient number of LNs-greater than 12 for colorectal cancer-must be examined to avoid underestimation of nodal stage[2]. The number of identified metastatic LNs can be influenced by the total number of LNs examined, and this can affect staging[3-5]. However, it remains unclear whether the prognostic significance of the number of metastatic LNs differs between patients who have only a small number of LNs retrieved compared to patients who have several LNs retrieved.

To overcome this limitation of the TNM staging system, a complementary LN metastasis stratification method is needed. The LNR, defined as the ratio of metastatic to examined LNs, has been shown to be useful in identifying prognostic subgroups within gastric and esophageal cancer patients[6,7]. The prognostic value of the LNR has also been demonstrated in colon and rectal cancer[8-10]. These previous studies have shown that the LNR can be used not only as a prognostic indicator, but also as a parameter for a more accurate stratification system than the metastatic LN absolute number-based staging system in colon and rectal cancer.

Preoperative chemoradiotherapy (PCRT) has been shown to induce shrinkage of tumors and provide lymphatic drainage, and is associated with improved local control[11-13]. However, the applicability of postoperative pathologic results in patients treated by PCRT has not been fully assessed. Furthermore, while a correlation between lymph node metastasis and poor oncologic outcome in patients treated with PCRT and radical resection has been suggested, the value of the LNR after PCRT remains controversial[14,15]. PCRT has been shown to result in a significant decrease in both the size and number of LNs available for examination after resection[16-20]. Consequently, the number of LNs examined could be below the recommended number in patients with rectal cancer. Therefore, for patients with rectal cancer treated with PCRT, a complementary LN metastasis stratification method may be needed than for those treated with upfront surgery.

It is unclear whether the impact of the LNR on prognosis differs between rectal cancer patients treated with PCRT and those treated with upfront surgical resection. The aim of this study was to evaluate the prognostic impact of the LNR in rectal cancer patients with metastatic LNs after radical resection.

MATERIALS AND METHODS
Patients, clinical staging, and treatment

We performed a retrospective consecutive cohort study of patients with biopsy-proven, locally advanced mid and low rectal cancer who were treated at Asan Medical Center between 2000 and 2009. Patients were identified from our institutional colorectal cancer patient database and tumor registry. Among the identified patients, 967 patients proved to have metastatic LNs on final pathologic examination. Patients with concurrent distant metastasis, concurrent inflammatory bowel disease, hereditary colorectal cancer syndromes, concurrent malignancy, emergent surgery, a prior history of radiotherapy to the pelvis, or a prior history of malignancy were excluded. Study approval was obtained from the Asan Medical Center Institutional Review Board.
Pretreatment clinical stage was assessed based on transrectal ultrasound (TUS), magnetic resonance imaging (MRI), or computed tomography (CT) findings. All patients also underwent full colonoscopic evaluation to exclude synchronous tumors, as well as digital rectal examination and proctoscopy to identify the tumor distance from the anal verge. Some patients were treated with PCRT, with a median radiotherapy dose of 50.4 Gy and concurrent fluoropyrimidine-based chemotherapy (mainly single-agent infusional 5-fluorouracil or capecitabine). For patients treated with PCRT, operations were generally performed 6 to 8 wk following the completion of PCRT using total mesorectal excision principles.

Standard pathologic tumor staging of the resected specimen was then performed. Postoperative follow-up consisted of routine physical examination with carcinoembryonic antigen (CEA) measurement every 3 to 6 mo, as well as colonoscopy every 2 to 3 years and cross-sectional imaging every 6 to 12 mo for 5 years.

Statistical analysis

To investigate the association of the metastatic LNR with oncologic outcome, categorization of LNRs was performed. A cut-off value of 0.25 was chosen to facilitate patient assignment to subgroups because 0.25 represents the number of metastatic lymph node of pN1 category based on 12 LNs harvested, which are recommend by the current TNM staging system for proper staging.

Patients were then assigned to two groups based on their LNR: LNR1, less than or equal to 0.25; LNR2, greater than 0.25. Pathologic N category of TNM staging system was chosen for comparison of function as a prognostic predictor with the two LNR subgroups of patients.
Categorical data were summarized by frequency within each cohort, and comparisons were performed using the 2 test for proportions. A test for binary correlation was used to assess associations between selected polynomial categorical variables. For recurrence-free survival (RFS) analysis, cases were identified as failures at the time of disease recurrence. RFS rates were determined for each LNR-based group using pT category and current TNM stage-based group. Cox proportional hazards regression analysis was performed for multivariate comparisons. P values less than 0.05 were considered statistically significant.

RESULTS
Patient population and tumor characteristics

A total of 256 patients who were treated with PCRT and 724 who were treated with upfront surgery for rectal cancer during the study period and had pathologically proven cancer with metastatic LNs (ypN+) were included. The median age was 55 years [interquartile range (IQR): 48-62 years)]. The median distance of the tumor from the anal verge was 5 cm (IQR: 4-7 cm). All patients underwent total mesorectal excision. A sphincter-saving procedure was performed in 777 patients (80.3%). Age, gender, and sphincter preservation rates did not differ between patients who underwent PCRT and those who did not. The number of harvested and metastatic LNs was significantly lower among patients treated with PCRT (Table 1).

There were 96 patients (39.5%) in the PCRT group and 153 patients (21.1%) in the -No PCRT group who had less than 12 LNs resected. Of the 724 patients in the No PCRT group, 445 (61.5%) were N1 and 279 (38.5%) were N2. In the PCRT group, 181 (74.5%) were N1 and 62 (25.5%) were N2 (Table 1). The mean LNR was not different between the two groups.

Recurrence-free survival and prognostic factors for recurrence-free survival
The median follow-up duration was 40 mo (IQR: 32-58 mo) for the entire cohort. Within the same ypN category, the 5-year RFS rate differed significantly according to the LNR group. By contrast, significant differences in ypN were not found within LNR groups (Table 2). RFS for each group according to the pN category and the LNR category was analyzed. Both pN category and LNR category showed stratification of RFS in the No PCRT group (Figure 1). In the PCRT group, however, RFS did not differ by the pN category. Only the LNR category showed stratification of RFS in the PCRT group (Figure 1).

Influence of the pN and the LNR category on RFS was evaluated according to the number of harvested LNs. In the No PCRT group, RFS differed according to both the pN and the LNR category regardless of whether 12 LNs were examined. For the PCRT group, RFS differed according to LNR when < 12 and ≥ 12 LNs were harvested; in contrast, the pN category did not statistically significantly impact RFS irrespective of the number of harvested lymph node (Table 3).

Risk factors of recurrence-free survival: Prognostic implication of pN and LNR category

In univariate analysis, LNR category was associated with RFS in both the No PCRT and the PCRT group. pN category, however, was not associated with RFS in the PCRT group. Other factors related with RFS in the No PCRT group were location of tumor, lymphovascular invasion, perineural invasion, and increased preo​perative serum CEA (sCEA). In the PCRT group, perineural invasion was the only factor associated with RFS. In multivariate analysis, both the pN and the LNR category were confirmed as independent prognostic factors of RFS in the No PCRT group. However, in the PCRT group, only the LNR category was an independent prognostic factor showing stratification for RFS (Table 4).

Prognostic groups combined with p/ypT category and LNR

We compared the 5-year RFS according to the current 7th TNM stage (Figure 2). The current TNM stage could not effectively represent prognostic groups among patients of the PCRT group. We further analyzed the 5-year RFS considering the ypT and the LNR category and divided patients into three groups that showed statistical differences in RFS, R1 as ypT0-2 LNR1, R2 as ypT3-4 LNR1 and ypT0-2 LNR2, and R3 as ypT3-4 LNR2. These groups, which combined ypT and the LNR showed significant differences in 5-year RFS (Figure 2) and effectively separated patients into prognostic groups. For the No PCRT group, the R group, which is based on LNR and pT category, also showed stratification of RFS. In contrast, in the PCRT group, the R groups, but not the current TNM subgroups, showed significant differences in RFS.

DISCUSSION
In the PCRT group, LNR was found to be the most significant prognostic factor for RFS in the present study. However, pN category could not discriminate patients into prognostic groups. Indeed, the LNR was significant both in patients with more than 12 LNs as well as in patients with less than 12 LNs examined. Although the harvesting of more than 12 LNs is recommended for proper staging, the number of LNs that can be harvested decreases in rectal cancer patients who have undergone PCRT[16,18]. Therefore, it is questionable whether the same absolute number-based staging system should be applied to all patients, including those with less than 12 retrieved LNs or patients who have been treated with PCRT. Based on the results of this study, the LNR could be applied to such patients as a prognostic predictor.

Patients within the same ypN category had a diverse distribution of the LNR. When patients within the same ypN category were stratified according to the LNR, there were significant differences in the 5-year RFS between LNR groups. In contrast, patients within the same LNR group did not show significant differences in RFS according to ypN category, except for the LNR1 group. This suggests that patients within the same ypN category could be further divided into different prognostic groups according to the LNR which might be a more proper discriminating category.

The LNR was confirmed as the only independent prognostic factor for RFS in the PCRT group using multivariate analysis. These findings suggest that a ratio-based approach is a better predictor of RFS than absolute number-based LN staging in patients with stage Ⅲ rectal cancer treated with PCRT.

Invasion through the bowel wall is also an indepen​dent high risk factor for recurrence and survival. We compared the 5-year RFS according to the current TNM stage and R group combined with the pT/ypT and the LNR category. The 5-year RFS significantly differed according to both TNM stage and the ypT/LNR-based R group in the No PCRT group. However, the current TNM stage could not show corresponding poor outcome according to advanced stage in the PCRT group. R groups, in comparison, showed better stratification for RFS in the PCRT group. The inherent value of any cancer staging system lies in its reproducibility and applicability to current methods of pathological assessment. As the stage Ⅲ patient group is defined by the identification and quantification of mesenteric nodes, accuracy of staging is directly proportional to nodal identification. Whereas examination of at least 12 LNs has been recommended for adequate determination of stage Ⅲ colorectal cancer, the finding of any nodal involvement, regardless of the number of nodes examined, is defined as stage Ⅲ disease. Therefore, a LNR was introduced to complement lymph node retrieval. In addition, the depth of invasion of tumor to bowel wall has to be considered alongside nodal status because nodal status was not the only determinant of pathologic stage. The present study compared RFS based on stage including the p/ypT category as well as the p/ypN category, and the LNR.

The results showed that the LNR-based category may be a useful prognostic factor accompanying p/yp T category. For patients in the PCRT group, LNR-based stage, but not the current TNM stage, was able to stratify patient for RFS.

This study has several limitations. Although the data were collected prospectively, the study was designed retrospectively, which may have introduced a selection bias. In addition, the prognostic significance of the LNR has been previously evaluated using different methodologies yielding varying results, particularly due to differences in the cut-off values used for grouping patients and heterogeneity of collected data[8-10,21-23] for colorectal cancer. For the practical use of the LNR as a prognostic variable, the most effective LNR cut-off values need to be determined. Although many studies, including our study, demonstrated that the LNR was a significant prognostic factor, further larger-scale comprehensive studies are warranted to determine the LNR cut-off values for rectal cancer. However, in the present study, the ratio between the number of positive LNs(4) which is generated by dividing pN2 from pN1 and the number of retrieved LNs(12) recommended for proper staging using the current staging system was used as a cut-off LNR value (0.25). Therefore, this LNR value is likely reasonable to compare the prognostic implication of p/yp N categories of the current TNM staging system with LNR-based categories.

Furthermore, studies regarding the LNR for rectal cancer patients treated with PCRT should be performed independently because PCRT influences LN status and significantly reduces the number of harvested LNs. Persistence of LN metastasis after PCRT may serve as a marker for a more aggressive biologic behavior of a tumor and the consequent need for more intensive postoperative treatment.

In conclusion, we found that the LNR was a more important prognostic factor for RFS in patients with lymph node metastasis after PCRT than those who did not undergo PCRT. Furthermore, absolute number-based nodal staging could not adequately predict prognosis for patients treated with PCRT. In addition, the predictive ability of the LNR was maintained when less than 12 LNs were harvested. Combined with ypT status, the LNR could be used to assign patients to a prognostic group as an alternative to the current TNM staging system. A large-scale comparative study to confirm the prognostic impact of the LNR and to determine the optimal LNR cut-off value is required.

COMMENTS
Background

The number of metastatic lymph node could be various according how many lymph nodes (LNs) were examined. The current staging system using number of metastatic LNs as N category for colorectal cancer, therefore, has a limitation in terms of influence by number of harvested LNs. The metastatic LN ratio (LNR), defined as the ratio of metastatic to examined LNs, has been shown to be useful in identifying prognostic subgroups for non-irradiated rectal cancer, colon cancer and other type of cancers. preoperative chemoradiotherapy (PCRT) which is one of the standard treatment for locally advanced rectal cancer has been shown to influence on the number of retrieved lymph node. Therefore, the LNR may more useful for patients treated with PCRT. To evaluate the efficacy of LNR as a prognostic indicator in patient who receive PCRT, the present study compare oncologic outcomes according to current TNM stage and new classification using LNR among patients treated with PCRT and those without PCRT.

Research frontiers

Risk of recurrence was well stratified based on LNR in PCRT patients. In case of patients treated with PCRT, categories based on LNR had stronger association with recurrence-free survival. Future investigation is required to make staging system based on LNR and decide on clinical suitability of new staging system based on LNR in PCRT patients.

Innovations and breakthroughs
The current study shows the effectiveness of LNR to predict prognosis in patients who did not receive PCRT as well as those treated with PCRT. The present study gives importance of LNR on prognostication in PCRT than no-PCRT setting and suggests new staging system based on LNR and ypT category to apply practically.

Applications

The LNR-based category of patients with advanced rectal cancer treated by PCRT can be used to predict oncologic outcome. It is more accurate than LN number based staging system for prognostication. Adjuvant treatment and surveillance need to be given based on prognostic implication based on pathologic stage and LNR may have a role in case under-staging was suspicious based on current pathologic staging system.

Peer-review

This article is very important because it underlines the impact of neoadjuvant radiochemotherapy of rectal cancer and moreover can predict recurrence free survival. It would be useful to check these patients data according to tumor regression grade as well.
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Figure 1  Recurrence-free survival. A: pN category in the no PCRT group; B: LNR category in the No PCRT group; C: ypN category in the PCRT group; D: LNR category in the PCRT group. LNR represents prognostic groups in both the No PCRT and the PCRT group. Current ypN status failed to show stratification with advancement of ypN status. PCRT: preoperative chemoradiotherapy; LNR: lymph node ratio.
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Figure 2  Recurrence-free survival. A: TNM stage by the 7th AJCC cancer staging system in the No PCRT group; B: R stage combined with pT/LNR in the No PCRT group; C: TNM stage in the PCRT group; D: R stage using yp T/LNR in the PCRT group. ypT/LNR combined groups showed significant categorization of prognostic groups. PCRT: preoperative chemoradiotherapy; LNR: lymph node ratio.








Table 4  Factors associated with recurrence-free survival: Multivariate analysis


Factor


�
No PCRT


�
PCRT


�
�
�
HR


�
95%CI


�
P value


�
HR


�
95%CI


�
P value


�
�
p/yp N category


�
�
�
< 0.001


�
�
�
0.380


�
�
   N1


�
1.00


�
�
�
1.00


�
�
�
�
   N2


�
1.90


�
1.43-2.53


�
�
1.21


�
0.79-1.85


�
�
�
LNR category


�
�
�
< 0.001


�
�
�
0.001


�
�
   LNR1


�
1.00


�
�
�
1.00


�
�
�
�
   LNR2


�
1.97


�
1.48-2.63


�
�
1.94


�
1.31-2.88


�
�
�
Lymphovascular invasion


�
�
�
 0.34


�
�
�
�
�
   None


�
1.00


�
�
�
1.00


�
�
0.110


�
�
   Present


�
1.24


�
0.93-1.67


�
�
1.42


�
0.89-2.27


�
�
�
Perineural invasion


�
�
�
 0.04


�
�
�
0.030


�
�
   None


�
1.00


�
�
�
1.00


�
�
�
�
   Undetermined


�
1.65


�
1.12-2.43


�
�
1.86


�
1.18-2.93


�
�
�
Location


�
�
�
 0.02


�
�
�
0.040


�
�
   6-10 cm


�
1.00


�
�
�
1.00


�
�
�
�
   ≤ 5 cm


�
1.34


�
1.05-1.85


�
�
0.62


�
0.40-0.98


�
�
�
Preoperative CEA


�
�
�
 0.02


�
�
�
�
�
   Normal


�
1.00


�
�
�
�
�
�
�
   Increased


�
1.46


�
1.07-1.98


�
�
�
�
�
�
PCRT: Preoperative chemoradiotherapy; LNR: Lymph node ratio; CEA: Carcinoembryoinc antigen.
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Table 3  Five-year recurrence-free survival stratified by lymph node ratio and pN-category according to the number of harvested lymph nodes


�
No PCRT


�
PCRT


�
�
�
< 12


�
P value


�
≥ 12


�
P value


�
< 12


�
P value


�
≥ 12


�
P value


�
�
p/yp N1


�
67.8%


�
0.01


�
79.2%


�
< 0.001


�
43.8%


�
0.90


�
62.4%


�
0.080


�
�
p/yp N2


�
43.3%


�
�
55.0%


�
�
36.5%


�
�
47.2%


�
�
�
LNR1


�
74.2%


�
0.01


�
76.6%


�
< 0.001


�
50.2%


�
0.05


�
63.0%


�
0.007


�
�
LNR2


�
51.3%


�
�
53.6%


�
�
31.9%


�
�
38.1%


�
�
�
PCRT: Preoperative chemoradiotherapy; LNR: Lymph node ratio.





Table 2  Five-year recurrence-free survival for T-stage subgroups stratified by lymph node ratio and pN category


�
No PCRT


�
P value2


�
PCRT


�
P value2


�
�
�
pN1


�
pN2


�
Overall


�
�
pN1


�
pN2


�
Overall


�
�
�
LNR1


�
78.6%


�
60.1%


�
76.2%


�
< 0.001


�
58.7%


�
42.0%


�
59.2%


�
< 0.001


�
�
LNR2


�
59.5%


�
51.2%


�
52.9%


�
�
27.6%


�
38.1%


�
33.8%


�
�
�
Overall


�
76.3%


�
53.4%


�
�
�
54.3%


�
44.3%


�
�
�
�
P value1


�
< 0.001


�
�
< 0.262


�
�
�
1RFS according to the LNR; 2RFS according to pN category. PCRT: Preoperative chemoradiotherapy; LNR: Lymph node ratio; RFS: Recurrence-free survival.





Table 1  Patient and tumor characteristics  n (%)


�
Non-PCRT, 


n = 724�
PCRT, 


n = 243�
P value


�
�
Age (mean ± SD) (yr)


�
    54 ± 10.3


�
  59.2 ± 11.3


�
< 0.001


�
�
   < 50


�
154 (21.3)


�
  80 (32.9)


�
�
�
   50-65


�
346 (47.8)


�
130 (53.5)


�
< 0.001


�
�
   > 65


�
224 (30.9)


�
  33 (13.6)


�
�
�
Gender


�
�
�
   0.005


�
�
   Male


�
434 (59.9)


�
148 (60.9)


�
�
�
   Female


�
290 (40.1)


�
  95 (39.1)


�
�
�
Location1


�
�
�
< 0.001


�
�
   6-10 cm


�
474 (65.5)


�
100 (41.2)


�
�
�
   ≤ 5 cm


�
250 (34.5)


�
143 (58.8)


�
�
�
Sphincter preservation


�
600 (82.9)


�
177 (72.8)


�
< 0.001


�
�
Among patients with low rectum


�
133 (53.2)


�
  81 (56.6)


�
   0.370


�
�
LNR2


�
  0.25 ± 0.24


�
0.252 ± 0.19


�
   0.170


�
�
Number of harvested LNs


�
18.2 ± 8.5


�
14.8 ± 7.1


�
< 0.001


�
�
< 12 LNs harvested


�
153 (21.1)


�
  96 (39.5)


�
< 0.001


�
�
Number of positive LNs


�
3.9 ± 3.7


�
  2.8 ± 2.8


�
< 0.001


�
�
p/yp N category


�
�
�
< 0.001


�
�
p/yp N1


�
445 (61.5)


�
181 (74.5)


�
�
�
p/yp N2


�
279 (38.5)


�
  62 (25.5)


�
�
�
Follow-up duration, 


(Interquartile range) (mo)�
60 (39-80)


�
56 (43-68)


�
   0.540


�
�
1From the anal verge; 2Lymph node ratio. PCRT: Preoperative chemoradiotherapy; LNR: Lymph node ratio; LNs: Lymph nodes.








