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Purpose. The purpose of this retrospective study was to compare the
lymph node ratios (LNRs) of patients with rectal cancer who underwent
neoadjuvant chemoradiation followed by total mesorectal excision (TME)
in order to examine the applicability of this ratio as an indicator for the
prognosis of rectal cancer.

Methods. Lymph node ratio refers to the number of positive lymph nodes
divided by the total number of lymph nodes within a given sample. Pa-

tients were categorized into three groups: LNR =0, 0 <LNR < 0.125, and
LNR > 0.125. Differences in demographic distributions and clinical char-
acteristics among the groups were detected using the Kruskal-Wallis test
for continuous variables as well as the Chi-square test or Fisher’s exact
test for categorical variables. Survival curves were constructed according
to the Kaplan-Meier method using the log-rank test to detect the differ-
ence between three LNR groups. Cox’s proportional hazard regression
model was used to calculate crude and adjusted hazard ratios (HR), with
95% confidence intervals (CIs), regarding the influence of LNR and other
prognostic factors on overall survival (OS) and disease-free survival
(DFS), respectively. Statistical analysis was performed using SAS soft-
ware version 9.2 (SAS Institute Inc., Cary, NC). Two-tailed p < 0.05 indi-
cated statistical significance.

Results. The distributions of pT stage (p = 0.019), pN stage (p < 0.001),
and pTNM stage (p < 0.001) differed significantly among the three LNR
groups. Cases of more advanced stages of the disease were observed in
groups with higher LNR. Patients with higher LNR had a greater number
of lymph nodes examined (p = 0.002), higher number of positive lymph
nodes (p < 0.001), and a greater proportion of positive LVSI (p <0.001).
The DFS curves among the three LNR groups differed significantly
(log-rank test, p < 0.0001); however, the OS curves did not reach signifi-
cance (p = 0.065). Survival curves indicated that patients with LNR >
0.125 had a worse prognosis than patients in the other two groups. How-
ever, the differences in OS and DFS between groups with LNR =0 and 0 <

LNR < 0.125 were not significant.

Conclusion. This study indicates that LNR is an important prognostic in-
dicator of disease-free survival among patients who undergo neoadjuvant
chemoradiation followed by TME for rectal cancer.
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Neoadjuvant chemoradiation with total meso-
rectal excision (TME) and adjuvant chemother-
apy represents standard management for patients with
advanced rectal cancer.'” Disease stage is the most
important prognostic factor for colorectal cancer and a
crucial determinant of treatment. Preoperative radio-
therapy can reduce the number of lymph nodes har-
vested, which is an independent prognostic factor for
the overall survival of patients with colorectal can
cer.*® The five-year survival of patients without
lymph node metastasis is greater than 60 percent,
which declines to just 30 percent among patients with
positive lymph nodes. The American Joint Committee
on Cancer and the International Union Against Cancer
estimated that 12 is the minimum number of lymph
nodes required for the accurate staging of nodal sta-
tus.”"* Neoadjuvant chemoradiation has been shown
to produce a significant decrease in both the size and
number of lymph nodes available for examination fol-
lowing resection.””'® As a result, the number of lymph
nodes that are actually examined is frequently below
the recommended value, regardless of the quality of
surgery and pathologic analysis.”” Considering the
decrease in total lymph node harvest, it is possible that
the prognostic value of metastatic lymph nodes may
also be diminished. This fact underscores the need for
a prognostic factor with greater applicability to the se-
lection of patients with rectal cancer. Lymph node ra-
tio (LNR), which is the absolute number of positive
lymph nodes (LNP) divided by total lymph node har-
vest (LNT), has proven an important prognostic factor
in various types of cancer.” The aim of the current
study was to compare the LNRs of patients with rectal
cancer who underwent neoadjuvant chemoradiation
followed by TME in order to determine whether this
ratio is a useful assessment tool for the prognosis of
rectal cancer.

Materials and Methods
Patients

The records of patients who underwent neoad-
juvant chemoradiation and TME for rectal cancer be-

tween 2005 and 2010 were obtained from the Cancer
Registry of the Tri-Service General Hospital (TSGH).
A total of 126 patients were included in the study. Data
were retrospectively collected from electronic medical
records and chart reviews. Patients who underwent rec-
tal resection with total mesorectal excision with cura-
tive intent were included. Patients with concomitant
distant metastases to lung, liver, or bones were ex-
cluded. Preoperative tumor assessment included digital
examination, colonoscopy, barium enema, and com-
puted tomography of the abdomen and pelvis. TNM
stage was determined through assessment by the radi-
ologist, oncologist, and surgeon. Preoperative chemo-
therapy (5-fluorouracil and leucovorin) was provided
to patients with clinically advanced rectal cancer, T3,
T4, and/or lymph node involvement. All patients un-
derwent total mesorectal excision at TSGH. Patients
underwent surgery 6 to 8 weeks following the comple-
tion of neoadjuvant radiotherapy. Surgery included low
anterior resection with/without diverting colostomy
and abdominoperineal resection. All surgical speci-
mens were dissected by a fixed team of gastrointestinal
pathologists within the hospital. Tumors were staged
on the basis of TNM classification. Reports included
resection margins, vascular and lymphovascular inva-
sion, TNM stage, histological type, total number of re-
trieved regional lymph nodes in the specimen, and
number of tumor-positive lymph nodes. Follow-up was
conducted in three-month intervals over a period of
two years, six-month intervals for the succeeding three
years, and annually thereafter. Follow-up indicators
consisted of fecal occult blood tests, abdominal sonog-
raphy, chest X-ray, serum tumor marker (CEA) level,
colonoscopy, and CT scans of the abdomen and pelvis.
Colonoscopies were performed three months after sur-
gery and annually thereafter. Local and distant recur-
rences were defined as recurrent tumors within or out-
side the pelvis. Biopsies were performed for the pur-
pose of confirmation in all cases of suspicious recur-
rence. Adjuvant treatment was provided in accordance
with performance status and institutional protocol.

Statistical analysis

Continuous variables were summarized according
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to the median using inter-quartile range (IQR — the
range between the 25™ and 75" percentiles) to account
for non-normal distribution; categorical variables
were expressed according to frequencies and percent-
ages. The 1*, 2" and 3™ quintiles of LNR were 0, and
the 4™ quintile was 0.125. Patients were categorized
into three groups: LNR =0, 0 <LNR < 0.125, and
LNR > 0.125. Differences among patients with regard
to demographic distribution and clinical characteris-
tics were detected using the Kruskal-Wallis test for
continuous variables, the Chi-square test, or Fisher’s
exact test for categorical variables.

Overall survival (OS) time was measured from the
date of surgery to the date of death or last follow-up.
Patients were censored in the analysis of disease-free
survival (DFS) if they were disease-free at the last
visit; however, death was counted as an event in DFS
analysis. Survival curves were constructed using the
Kaplan-Meier method with the log-rank test used to
detect differences between the three LNR groups with
regard to OS and DFS, respectively.

The Cox proportional hazard regression model
was used to calculate crude and adjusted hazard ratios
(HR), with 95% confidence interval (Cls), to deter-
mine the influence of LNR and other prognostic fac-
tors on OS and DFS, respectively. In the multivariate
Cox proportional hazard regressions, the significant
variables in univariate analysis were candidates in the
backward selection procedure, wherein variables that
did not improve model fit at p < 0.05 were discarded.
Nonetheless, age and sex were retained within the
model for adjustment purposes. All statistical analysis
was performed using SAS software version 9.2 (SAS
Institute Inc., Cary, NC). Two-tailed p < 0.05 indi-
cated statistical significance.

Results

The demographic and clinical characteristics of
patients are summarized in Table 1. A total of 126 pa-
tients were recruited, including 72 (57.1%) males and
54 (42.9%) females. The median age was 64 years
(IQR: 51-72 years). The medians of pre-tx CEA level

were significantly different among the three LNR
groups (p = 0.029). The distributions of pT stage (p =
0.019), pN stage (p < 0.001), and pTNM stage (p <
0.001) were significantly different among the three
LNR groups. Cases of cancer in more advanced stages
were observed in groups with higher LNR. Patients
with higher LNR also presented a higher number of
lymph nodes examined (p = 0.002), a higher number
of positive lymph nodes (p <0.001), and a greater pro-
portion of positive LVSI (p < 0.001). All patients in
the group with LNR = 0 presented a complete patho-
logical response, while those in the groups with
higher LNR had no response (p < 0.001). The distri-
butions of age, gender, and other demographic and
clinical characteristics were comparable among the
three LNR groups (Table 1).

The OS and DFS curves obtained using the Kaplan-
Meier method are presented according to the three
LNR groups (Fig. 1). The DFS curves among the
three LNR groups presented significant differences
(log-rank test, p < 0.0001); however, the OS curves
did not (p = 0.065). The DFS curves indicated that
patients with LNR > 0.125 had a worse prognosis
than patients in the other two LNR groups. However,
the difference in OS and DFS between groups with
LNR =0 and 0 <LNR < 0.125 failed to reach signif-
icance.

According to univariate Cox regression analysis
for OS, elevated pN, LNR > 0.125, and well-differen-
tiated tumors were significantly associated with a
higher risk of death (Table 2). Following the back-
ward selection procedure, only age and differentiation
remained significant (p < 0.05) in the final multiva-
riate Cox proportional hazard model. Compared to the
group with LNR = 0, the adjusted HR of the group
with LNR > 0.125 was 3.25 (95% CI: 0.89-11.89, p =
0.074); however, this was not significant. After con-
trolling for other variables in the final model, patients
older than 65 years faced a significantly higher risk of
death compared to younger patients (adjusted HR =
4.00, 95% CI: 1.15-13.91, p = 0.029). Patients with
moderately differentiated tumors had a significantly
lower risk of death, compared to those with well-dif-
ferentiated tumors (adjusted HR =0.11, 95% CI: 0.02-
0.59, p=0.010).
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Table 1. Patient characteristics in groups assigned according lymph node ratio (LNR)

Characteristics Total (n=126) LNR=0(n=86) O0<LNR <0.125(n=15) LNR>0.125(n=25) p-value
Age (years)
Median (IQR) 64 (51-72) 64 (52-74) 66 (53-71) 61 (47-71) 0.557"
Gender, n (%)
Male 72 (57.1) 46 (53.5) 9 (61.5) 17 (69.6) 0.364*
Female 54 (42.9) 40 (46.5) 6 (38.5) 8(30.4)
CEA level (ng/mL)
Pre-tx*, median (IQR)  1.75(1.41-0.31)  1.75 (1.40-0.31) 1.54 (1.27-1.09) 3.28 (1.78-1.50) 0.029°
Post-tx®, median (IQR)  2.00 (1.41-1.07)  2.00 (1.33-1.07) 1.68 (1.55-1.41) 2.18 (1.42-1.12) 0.827"
cT stage, n (%)
1 2(1.6) 1(1.1) 1(6.7) 0 (0.0) 0.736"
2 14 (11.1) 9(10.5) 3(20.0) 2 (8.0)
3 99 (78.6) 67 (77.9) 10 (66.7) 22 (88.0)
4 11 (8.7) 9 (10.5) 1(6.7) 1 (4.0)
cN stage, n (%)
0 45 (35.7) 34 (39.5) 6 (40.0) 5(20.0) 0.187"
1 63 (50.0) 41 (47.7) 9 (60.0) 13 (52.0)
2 18 (14.3) 11(12.8) 0(0.0) 7 (28.0)
c¢TNM stage, n (%)
1 6 (4.7) 4(4.7) 2 (13.3) 0(0.0) 0.4157
2 40 (31.7) 31 (36.0) 4(26.7) 5(20.0)
3 80 (63.4) 51(59.3) 9 (60.0) 20 (80.0)
pT stage, n (%)
0 19 (15.1) 18 (20.9) 1(6.7) 0(0.0) 0.0197
1 6(4.8) 5(5.8) 1(6.7) 0(0.0)
2 26 (20.6) 20 (23.3) 3(20.0) 3 (12.0)
3 62 (49.2) 34 (39.5) 9 (60.0) 19 (76.0)
4 13 (10.3) 9(10.5) 1(6.7) 3 (12.0)
pN stage, n (%)
0 83 (65.9) 83 (96.5) 0(0.0) 0 (0.0) <0.001"
1 26 (20.6) 2(2.3) 15 (100.0) 9 (36.0)
2 17 (13.5) 1(1.2) 0(0.0) 16 (64.0)
pTNM stage, n (%)
1 33 (26.2) 33 (38.4) 0(0.0) 0(0.0) <0.001"
2 46 (36.5) 46 (53.5) 0(0.0) 0(0.0)
3 47 (37.3) 7(8.1) 15 (100.0) 25 (100.0)
LNs examined
Median (IQR) 10 (6-13) 9 (5-12) 12 (10-17) 11 (7-14) 0.002}
LNs positive
Median (IQR) 0 (0-1) 0 (0-0) 1(1-1) 4 (3-7) <0.001}
Differentiation, n (%)
Good 5(4.0) 4(4.7) 0(0.0) 1(4.0) 0.0557
Moderate 108 (85.7) 77 (89.5) 13 (86.7) 18 (72.0)
Poor 13 (10.3) 5(5.8) 2 (13.3) 6 (24.0)
LVSI, n (%)
N 111 (88.1) 83 (96.5) 9 (60.0) 19 (76.0) <0.001"
P 15(11.9) 3(3.5) 6 (40.0) 6 (24.0)
Complete pathological
response, n (%)
X (No) 40 (31.7) 0 (0.0) 15 (100.0) 25 (100.0) <0.001"
O (Yes) 86 (68.3) 86 (100.0) 0(0.0) 0 (0.0)
Operation, n (%)
APR 24 (19.0) 21 (24.4) 1(6.7) 2 (8.0) 0.4847
LAR 102 (81.0) 65 (75.6) 14 (93.3) 23 (92.0)

t Kruskal-Wallis test; § Chi-square test; q Fisher’s exact test; “ n = 74; bh=352.
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Fig. 1. Kaplan-Meier survival curve according to lymph note ratio (LNR) for (A) overall survival (log-rank test, p = 0.065);
(B) disease-free survival (log-rank test, p = 0.001).

Table 2. Univariate and multivariate Cox proportional hazard regression models for overall survival (n = 126)

. Univariate Multivariate
Characteristics
Crude HR (95% CI) p-value Adjusted HR p-value
Age (years)
<65 1.00 (reference) - 1.00 (reference) -
> 65 2.36 (0.79-7.06) 0.125 4.00 (1.15-13.91) 0.029
Gender
Male 1.00 (reference) - 1.00 (reference) -
Female 0.89 (0.31-2.59) 0.834 1.28 (0.39-4.18) 0.680
Pre-tx CEA level (ng/mL)
<25 1.00 (reference) -
>25 NA 0.998
pT stage
0 1.00 (reference) -
1 NA 0.995
2 0.66 (0.04-10.63) 0.771
3 1.15 (0.13-10.17) 0.900
4 6.38 (0.72-56.19) 0.095
PN stage
0 1.00 (reference) -
1 0.67 (0.08-5.73) 0.713
2 5.20 (1.56-17.28) 0.007
pTNM stage
1 1.00 (reference) -
2 1.60 (0.17-15.49) 0.686
3 3.63 (0.44-29.70) 0.229
LNR
LNR=0 1.00 (reference) - 1.00 (reference) -
0<LNR £0.125 0.81 (0.10-6.60) 0.844 0.99 (0.11-8.65) 0.994
0.125 <LNR 3.24 (1.08-9.75) 0.037 3.25(0.89-11.89) 0.074
Differentiation
Good 1.00 (reference) - 1.00 (reference) -
Moderate 0.17 (0.04-0.81) 0.027 0.11 (0.02-0.59) 0.010
Poor 0.70 (0.13-3.87) 0.685 0.54 (0.07-3.99) 0.545
LVSI
N 1.00 (reference) -
P 1.53 (0.19-12.46) 0.691
Complete pathological response
X (No) 2.14 (0.75-6.13) 0.157

O (Yes)

1.00 (reference)

HR: hazard ratio; CI: confidence interval; NA: unavailable because of unstable estimates.
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In univariate Cox proportional hazard regression
for DFS, pre-tx CEA level > 2.5, higher pN, LNR >
0.125, positive LVSI, and a lack of complete patho-
logical response were significantly associated with a
higher risk of recurrence (Table 3). Following the
backward selection procedure, only the designation of
LNR group remained significant (p < 0.05). Com-
pared to the group with LNR = 0, the adjusted HRs of
the groups with 0 < LNR < 0.125 and LNR > 0.125
were 1.09 (95% CI: 0.24-4.97, p = 0.915) and 4.56
(95% CI: 1.88-11.03, p = 0.001), respectively.

Discussion

This study used a retrospective review of three tri-
als in the North Central Cancer Treatment Group to
demonstrate that LNR is an independent prognostic
factor of both local recurrence and overall survival.'’
This study categorized 126 patients according to
LNR: LNR =0 (n=86), 0 <LNR £ 0.125 (n = 15),
and LNR > 0.125 (n = 25). Cases of more advanced
cancer were observed in groups with higher LNR. The
DFS survival curves among the three LNR groups dif-

Table 3. Univariate and multivariate Cox proportional hazard regression models for disease-free survival (n = 126)

Univariate Multivariate
Characteristics
Crude HR (95% CI) p-value Adjusted HR p-value
Age (years)
<65 1.00 (reference) - 1.00 (reference) -
> 65 0.99 (0.43-2.26) 0.974 1.11 (0.47-2.61) 0.811
Gender
Male 1.00 (reference) - 1.00 (reference) -
Female 0.69 (0.29-1.62) 0.393 0.82 (0.34-2.00) 0.668
Pre-tx CEA level (ng/mL)
<25 1.00 (reference) -
>25 3.41 (1.08-10.76) 0.036
pT stage
0 1.00 (reference) -
1 NA 0.991
2 2.02 (0.21-19.49) 0.543
3 3.60 (0.47-27.77) 0.219
4 8.28 (0.96-71.33) 0.054
pN stage
0 1.00 (reference) -
1 1.76 (0.59-5.24) 0.313
2 4.34 (1.65-11.41) 0.003
pTNM stage
1 1.00 (reference) -
2 1.93 (0.39-9.56) 0.423
3 3.75(0.84-16.67) 0.083
LNR
LNR =0 1.00 (reference) - 1.00 (reference) -
0<LNR £0.125 1.10 (0.24-5.01) 0.906 1.09 (0.24-4.97) 0.915
0.125 <LNR 4.61 (1.94-10.96) 0.001 4.56 (1.88-11.03) 0.001
Differentiation
Good 1.00 (reference) -
Moderate 0.68 (0.09-5.14) 0.707
Poor 2.11(0.25-17.51) 0.490
LVSI
N 1.00 (reference) -
P 4.66 (1.62-13.45) 0.004
Complete pathological response
X (No) 2.86 (1.25-6.57) 0.013
O (Yes) 1.00 (reference) -

HR: hazard ratio; CI: confidence interval; NA: unavailable because of unstable estimates.
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fered significantly (log-rank test, p <0.0001). Patients
with LNR > 0.125 had a worse prognosis than those in
the other two groups.

Numerous advanced techniques have been de-
veloped for the treatment of patients with rectal can-
cer, including TME resection and detailed search
methods for metastatic lymph nodes. All patients in
this study underwent standard total mesorectal exci-
sion. The total number of nodes examined varied be-
tween 5 and 17. This wide range can be attributed to
preoperative treatment, which has been shown to re-
duce the number and size of LN available for patho-
logic examination.'*'¢

A number of limitations should be noted in this
retrospective study. The follow-up period was only
five years, which is a relatively short period for a dis-
ease of this type. In addition, surgical operations were
performed by five different surgeons, which may have
contributed to variations in the results.

LNT is not always the best way to stage patients
who undergo neoadjuvant therapy. Risk assessment
in terms of LNPs categorized according to absolute
values can result in understaging, especially in situa-
tions where lymph nodes are rare. The intervals se-
lected for LNR staging were determined according to
the significance of HR compared with NO patients. In
a different cohort, other LNR intervals might be pref-
erable or result in different risk categories.

In conclusion, this study has demonstrated the im-
portance of LNR as a prognostic factor in patients
with rectal cancer who underwent TME followed by
neoadjuvant chemoradiation. In future trials, LNR
could be considered in the stratification of patients to
evaluate the benefits of adjuvant chemotherapy fol-
lowing curative resection of rectal cancer.
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