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Abstract

Background: Accurate rectal cancer N staging requires the histopathological evaluation of at least 12 lymph nodes. Retrieval
of that count is not always possible. The purpose of the study is to evaluate the lymph node ratio (LNR) prognostic significance
on overall survival.

Methods: The current study is a retrospective cohort study of 229 patients who underwent curative surgery for resectable
rectal cancer. Receiver Operating Characteristic (ROC) curve analysis was used to determine the optimal cut-off value for
Lymph Node Count (LNC), Positive Lymph Nodes count (PLN), and LNR for overall survival (0S). The Kaplan-Meier product
limit method was used for univariate analysis of factors affecting OS. Log Rank (Mantel-Cox) test was used to test significance.
A Cox-Regression Hazard model was used to detect the most significant factor affecting OS.

Results: ROC curve analysis of the PLNs revealed a poor prognostic value of the test, with a sensitivity of 51.9% at PLNs 4
cutoff value, with a shorter mean OS above it (21.71+£11.597 vs. 31.20 + 16.634 for 24 vs. <4). ROC curve analysis of LNC
revealed the poor value of the test, with a sensitivity of 56% at LNC 12 cutoff value, with longer mean Overall Survival (OS)
above it (28.21+15.432 vs. 22.22+12.97 for LNC 212 vs. <12). ROC curve analysis of the LNR revealed good value of the test
for predicting survival, with a sensitivity of 95% at LNR 18.82% cutoff value, with longer mean OS above it (21.44£11.607 vs.
39.82+15.085 for LNR 218.8% vs. <18.8%). According to our univariate analysis, the factors significantly affecting OS were
histopathological examination (p =.000), Lympho-Vascular Invasion (LVI) (p =.014), and the LNC cutoff value (p=.002), the
PLN cutoff value (p =.008), and the LNR cutoff value (p =.000. According to our multivariate analysis, the LNR cutoff value of
18.8% was the most significant factor affecting OS (p =.000).

Conclusions: A high LNR with an 18.82% cutoff value is an independent adverse prognostic factor affecting OS after curative
surgery for cancer rectum. The LNR could be considered a good alternative to the absolute number of PLNs, particularly in
patients with a low LNC. A higher LNC 212 was associated with a longer OS; maximum possible lymphadenectomy should be

performed for each patient.
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Abbreviations

CRC: Colorectal Cancer; ERUS: Endorectal Ultrasound; LVI:
Lymphovascular Invasion; LNC: Lymph Nodes Removed;
PLNs: Positive Lymph Nodes; CAP: College of American
Pathologists; AJCC: American Joint Committee on Cancer;
ROC: Receiver Operating Characteristic.

Introduction

Colorectal cancer (CRC) is the 3rd most common cancer
and the 2" most common cause of cancer death worldwide
[1]. In Egypt, colorectal cancer is the 7" most common
cancer, accounting for 3.47% and 3% of all male and
female cancers, respectively [2]. Lymph node metastasis is
considered the most significant prognostic factor affecting
the five-year survival rate, where it decreases from 80% to
30%-60% [3].

Accurate staging of colorectal cancer is critical for
adjuvant therapies planning. The College of American
Pathologists (CAP) and the American Joint Committee on
Cancer (AJCC) staging system recommended the removal of
a minimum of 10-14 lymph nodes to decrease the incidence
of pathological downstaging; however, this is not always
possible [4-7].

LNC harvested en bloc with the surgical specimen
affects staging accuracy and oncological outcomes. It is
affected by many factors, including surgeon experience and
specialization, extent of surgical resection, patient volume,
emergency status, use of laparoscopy, advanced age, female
seX, obesity, preoperative radiotherapy, tumor site, and
tumor stage [8].

The 8% edition of the AJCC staging system for colorectal
tumors is based on the number of metastatic lymph nodes,
and the retrieval of 12 or more lymph nodes is required for
accurate staging. A lower LN count is associated with false-
negative N staging followed by under treatment.

The 8t edition of the AJCC staging system Recommends
new imaging studies such as MRI and Endorectal Ultrasound
(ERUS) to improve N staging accuracy [7].

According to Destri GL, et al. [8] the LNR is an
independent prognostic factor in patients with colorectal
cancer when compared to the PLN count, mainly in patients
with an inadequate number of retrieved lymph nodes [8].

This study was conducted to compare the significance of
the LNR and the absolute PLN count on OS in patients with
resectable rectal cancer who underwent surgical resection
with curative intent.
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Patients and Methods

A retrospective cohort study included 229 patients with
rectal cancer, 69 of them received neoadjuvant therapy.

Patients who underwent radical resection with curative
intent between 2012 and 2022 in 2 tertiary hospitals were
included. This work is in line with the STROCSS criteria [9].

The exclusion criteria included patients with familial
adenomatous polyposis, multiple synchronous or
metachronous rectal cancers, and death within 3 months.

All patients were subjected to medical history, physical
examination, preoperative full laboratory investigations,
metastatic workup, CEA, CA 19-9, and colonoscopic biopsy
for tissue diagnosis. Cancer stages were scored according
to the American Joint Committee on Cancer (AJCC) Staging
System, 8™ edition.

Demographic, histopathological, follow-up and outcome
data were collected retrospectively from completed hospital
files for patients operated on since 2012. The demographic
information included age, sex, family history, and chief
complaint at presentation. Histopathological data included
tumor site, grade, Lymphovascular invasion (LVI), total
number of lymph nodes removed (LNC), and number of
positive lymph nodes (PLNs).

The LNR was defined as the ratio of PLN to LNC in the
histopathology specimen. OS was defined as the duration
between the date of surgical resection and the date of death
in months.

Surgical method of lymph node dissection: Total
mesorectal excision with high or middle level ligation of
the inferior mesenteric artery was used. Lateral lymph
node dissection was performed selectively in patients with
suspicious enlarged lymph nodes.

Handling method for the specimen: The surgeon did not
open the bowel segment. The specimen was oriented with
sutures and then sent to the pathologist. The pathologist
fixed the specimens in 10% formalin for at least 96 hours.
Sampling from the tumor and radial, proximal and distal
margins was performed. All LNs were identified by palpation
and removed sharply by scissors and scalpel. Every single
lymph node was bisected or trisected and submitted to
paraffin sectioning, followed by microscopic examination.
Immunohistochemistry and genetic testing were only
performed for selected patients.

Follow-up: All patients were followed up postoperatively
every 3 months for the first 2 years, every 6 months for 3
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years, and then whenever necessary. The follow-up period
included clinical assessments for possible complications,
tumor markers, and investigations (endoscopic/radiological)
as needed.

Statistical Analysis

Demographic, histopathological, and postoperative
follow-up data were collected, tabulated, and analysed by
SPSS version 26 (Statistical Package for Social Sciences, PSS,
Inc., Chicago, Illinois, USA). Qualitative data are presented as
frequencies and percentages. Numerical data are expressed
as the arithmetic mean * standard deviation (M+SD). The
Kolmogorov-Smirnov test was used to test the normality of
the data distribution.

Receiver Operating Characteristic (ROC) curve analysis
was used to determine the optimal cut-off value affecting OS
for LNC, PLN, and the LNR. The Kaplan—-Meier product limit
method was used in univariate analysis for factors affecting
0S. The log rank (Mantel-Cox) test was used for significance.
All the significant factors identified in the univariate analysis
were entered into the Cox regression hazard model test, and
the Wald test was used to determine the most significant
factors affecting OS. A p value < 0.05 was considered to
indicate statistical significance.

Results

This study included 229 patients with operable rectal
cancer who underwent radical surgery with curative intent.
Of the 229 patients, 121 (52.8%) were males. The age range
and M#SD were 18-85 (48.02+15.98) years. The most
common site of the tumor was the lower rectum in 88 (38.4%)
patients. Low anterior resection was the most common
procedure performed on 127 (55.5%) patients. Open
surgery was performed for 219 patients, and laparoscopic-
assisted surgery was performed for 10 patients. A diverting
stoma was used for 46 patients (20.1%). Complications were
encountered in 60 patients. The most frequent complication
was wound infection (24 patients), followed by low-output
fistulas (18 patients). The patients’ follow-up period ranged
between 1 and 7 years.

Moderately differentiated adenocarcinoma was the most
common histopathology present in 96 (41.9%) patients.
Lympho-Vascular Invasion (LVI) was present in 90 (39.3%)
patients. Stage 3 rectal cancer was the most common stage
in our cohort 135 (59%) patients. LNC was more than
12 in 148 (64.6%) patients. The LNC range and MzSD
were 2-37 (13.22+6.464). The PLN range and M+SD were
0-11(3.94£2.658). In 39 (17%) patients, recurrence was
recorded at 4-42(13.67+9.742) months. The mortality rate
was 35.4% (81 patients). The mean overall survival was 5-75
(25.93+14.806) months. Demographic and pathological data
of the studied group are summarized in Table 1.

Variable Results
Range 18-85
Age
Mean+SD 48.02+15.978
Female 108 (47.2%)
Sex (Number and percentage)
Male 121 (52.8%)
No 160 (69.9%)
. Chemotherapy 4 (1.7%)
Neoadjuvant Therapy (Number and percentage) -
Radiotherapy 4 (1.7%)
Chemoradiation 61 (26.6%)
. No 139 (60.7%)
Lymphovascular Invasion (Number and percentage)
Yes 90 (39.3%)
T1 2 (9%)
T2 40 (17.5%)
T Stage (Number and percentage)
T3 165 (72.1%)
T4 22 (9.6%)
NO 94 (41%)
N Stage (Number and percentage) N1 67 (29.3%)
N2 68 (29.7%)
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Recurrence (Number and percentage)

Stage 1 10 (4.4%)
Tumor Stage (Number and percentage) Stage 2 84 (36.7%)
Stage 3 135 (59%)
" Range 0-11
Positive Lymph Node Count
Mean+SD 3.94+2.658
Range 2-37
Lymph Node Count
Mean+SD 13.22+6.464
. . L. Range 0.5-8
Distal Resection Margin in Cms
Mean+SD 2.616* 1.5562
No 190 (83%)

Yes Locoregional recurrences/
Distant Recurrence

26 (11.3%3)

. Lo Range 4-42
Disease Free Survival in months
Mean+SD 13.67+9.742
o Range 5-75
Survival in Months
Mean+SD 25.93+ 14.806

Table 1: Demographic and pathological data of the studied group.

ROC Curve Analysis

ROC curve analysis of PLNs revealed the poor value of the
test (area under the curve: 0.643; with a sensitivity 51.9%,
specificity 35.1%; at PLNs 4 cut-off value with shorter mean
0S above it (21.71+11.597 vs. 31.20 * 16.634 for PLNs = 4
vs. PLNs < 4).

ROC curve analysis of LNC revealed poor predictive
value (area under the curve=0.62; sensitivity=56%;

specificity=33%; LNC12 cut-off value, with longer mean OS
above this cut-off (28.21+£15.432 vs. 22.22+12.97 for LNC =
12 vs. LNC < 12).

ROC curve analysis of the LNR revealed a good value of
the test for predicting OS (area under the curve=0.78; with a
sensitivity 95% and specificity 65% at LNR 18.82% cut-off
value), with longer mean OS below this cut-off (21.44+11.607
vs. 39.82+15.085 for LNR 218.8% vs. LNR<18.8%) (Figure
1).

-

Figure 1: ROC curve for the LNR (sensitivity 95.1%, specificity 64.9% at a cut-off value of 18.82%).
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Univariate Analysis =.002.). Histopathology, LVI, an LNR cut-off value of 18.82%,
o . and PLN cut-off value = 4 had significant negative effect on
The factors significantly affecting 0S  were 0S, while LNC had a significant positive effect on OS (Tables
histopathological examination (p =.000), LVI (p =.014), the 2,3 & Figures 2-4).
LNR cut-off value (p =.000), and the LNC cut-off value (p
Variable Number of Patents (n=229) | Percentage | p value
Female 108 47.20%
Gender 0.675
Male 121 52.80%
Upper Rectum 85 37.10%
Site of the tumor Mid Rectum 56 24.50% 0.675
Low Rectum 88 38.40%
Well differentiated adenocarcinoma 64 27.90%
Moderately dlff.erentlated 9% 41.90%
adenocarcinoma
Hlstopat-holc.)glcal Poorly differentiated adenocarcinoma 6 2.60% .000
Examination
Undifferentiated adenocarcinoma 2 0.90%
Mucinous Carcinoma 54 23.60%
Signet Ring Carcinoma 7 3.10%
No 139 60.70%
LVI 0.014
Yes 90 39.30%
NO 94 41.00%
N Stage N1 67 29.30% 0.063
N2 68 29.70%
>4 127 55.50%
PLNC Cut-off Value 0.008
<4 102 44.50%
<18.8% 56 24.50%
LNR Cut-off Value .000
>18.8% 173 75.50%

Table 2: Univariate analysis of factors affecting overall survival.

Variable Mean+SD p value
Age in years (Mean#SD) 48.02+15.978 0.053
Absolute LNC (Mean+SD) 13.22+6.464 0.224
Overall Survival in Months 25.93+14.806 (5-75) -

212 28.21+15.432

LNC cut-off value 0.002
<12 22.22+ 12970
>4 21.71+11.597

PLNC cut-off value 0.008
] <4 31.20+ 16.634

Survival In months (Mean+SD)

Overall 32.067+20.34

LNR cut-off value <18.8% 21.44+11.597 .000
>18.8% 39.82+ 16.634
Present 24.80£13.337

LVI 0.014
Absent 26.67+ 15.687

Distal Resection Margin in cms 2.616%1.5562 0.714

Table 3: Univariate analysis of factors affecting overall survival.
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Figure 2: Kaplan- Meier curve of overall survival in relation to LNC groups (p=.002).

Figure 3: Kaplan- Meier curve of overall survival in relation to the PLN subgroup (p=0.000).

-

Figure 4: Kaplan- Meier curve of overall survival in relation to the LNR cut-off value (p=0.000).
L Multivariate analysis revealed that LNR cut-off value of 18.82% was the most significant factor affecting OS. )
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The hazard of death increased by 263.1% with each unit hazard of death decreased by 63.3% with each unit increase
increase in the LNR above the cut-off value. A total of = 12 above the LNC cut-off value (Table 4).
LNCs had a statistically significant positive effect on OS. The

Variable B SE Wald df Sig. Exp(B)
Histopathological Examination -.620 .642 0.932 1 334 .538
Lympho-Vascular Invasion 440 0.242 3.307 1 .069 1.552
LNC cut-off value -.633 0.23 7.73 1 .005 531
PLNC Cut-off 391 0.28 1.946 1 163 1.479

LNR cut-off value 2.631 0.52 25.6 1 .000 13.889

Table 4: Multivariate analysis of factors affecting overall survival.

In addition, according to the multivariate analysis of the LNR affects recurrence but not disease-free survival
factors affecting tumor recurrence and disease-free survival, (Tables 5 & 6).
Unlvarlz_lte Multivariate analysis
) analysis
Covariates 95.0% CI for Exp(B)
p value B SE Wald | df | pvalue | Exp(B)
Lower Upper
Age 0 -0.1 0.02 | 2045 | 1 0 0.908 0.87 0.947
Sex 0.036 -1.69 | 052 | 1064 | 1 0.001 0.185 0.067 0.51

Lymphovascular Invasion 0.014 0.579 | 0.52 | 1.258 | 1 0.262 1.784 0.649 4.907
Tumer Stage 0.003 -093 | 049 | 3649 | 1 0.056 0.393 0.151 1.025
Distal Resection Margin in Cms 0.03 -0.08 | 0.16 | 0.239 1 0.625 0.923 0.671 1.271
Neoadjuvant Therapy 0 -0.56 0.6 0.857 | 1 0.355 0.573 0.177 1.861
Adjuvant Therapy 0.008 0.595 | 0.47 1.63 1 0.202 1.813 0.727 4.517
Lymph Node Ratio 0 0.048 | 0.01 | 11.89 | 1 0.001 1.049 1.021 1.078
Positive Lymph Node Count 0.009 0.029 | 0.11 | 0.073 | 1 0.787 1.03 0.833 1.272

Table 5: Factors predicting tumor recurrence after curative surgery for cancer rectum.

Umvarl:f\te Multivariate analysis
) analysis
Covariates 95.0% CI for Exp(B)
p value B SE Wald | df | pvalue | Exp(B)

Lower Upper

Age .000 .049 .025 | 3.726 | 1 .054 1.050 .999 1.104
Histopathological Examination .000 .094 179 278 1 .598 1.099 774 1.562
Distal Resection Margin in Cms .013 214 .168 1.628 | 1 202 1.238 0.892 1.720
Positive Lymph Node Count .006 241 113 | 4513 | 1 .034 1.272 1.019 1.589
Lymph Node Ratio 0.004 -.009 013 431 1 511 991 .966 1.018
Neoadjuvant Therapy .003 -.187 .538 120 1 729 .83 .289 2.383

Adjuvant Therapy .004 -1.525 | .675 | 5107 | 1 .024 .218 .058 817

Table 6: Factors Predicting Disease-free Survival After curative surgery for cancer rectum.
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Discussion

The main route of spread of colorectal cancer is through
lymphatic spread. In rectal cancer, the lymph node burden,
and the absolute number of PLNs have been established
as adverse predictors of OS [10]. Therefore, according
to the current (AJCC) staging system, the PLN count was
categorized as the N category based on the absolute number
of metastatic lymph nodes, in which N1 had 1-3 PLNs and
N2 had >4 PLNs [11]. This staging system does not consider
the number of negative lymph nodes that are independently
correlated with improved OS [12].

In 1990, the World Congress of Gastroenterology
in Sydney established a minimum of 12 LNs to achieve
the correct diagnosis of NO in 90% of patients [13]. This
number was referred to as the magic number by Kukreja
SS, et al. [14]. Additionally, Fielding, et al. reported that the
histopathological evaluation of LNC less than 12 is associated
with a high false-negative rate and understaging, which is
considered a limitation in the American Joint Committee on
Cancer (AJCC) staging system [14]. The LNR can be used to
overcome this limitation, particularly in patients with a low
LNC.

This magic number cannot be reached in all cases
because it is affected by many modifiable and unmodifiable
factors. Destri GL, et al. [8] reported in their systematic
review that a surgeon with more than 15 years of experience
(p < 0.05), colorectal subspecialisation of the surgeon (p =
0.001), surgeon’s annual case volume of 5 or more patients
(p = 0.001) and laparoscopic lymphadenectomy for rectal
cancer (p=0.026) were associated with an increased number
of LNCs. Advanced age and more difficult surgical resections
due to low rectal tumors, neoadjuvant radiotherapy, and
obesity were associated with a lower LNC [8,15].

In our study, the cut-off value for the LNC was 12.
Patients with a retrieved LNC 2 12 had a longer OS. In a
systematic review carried out by Chang et al. on 16 of 17
studies, increased OS was reported in patients with higher
LNC [16]. Additionally, Norwood et al. reported a decreased
0S in patients with LNC less than 12 [17].

In a systematic analysis of 10 studies carried out on
4300 patients by McDonald et al., the LNC cut-off value was
between 6 and 21 [13]. It was 6-17 in the Valsecchi ME, et al.
[18] study and 6-40 in the Noura S, et al. [19] study. These
results might draw attention to the so-called magic number,
which seems to be real.

Retrieval of = 12 lymph nodes seems to not only have
a positive impact on OS but also to have therapeutic value

Taha AM, et al. Prognostic Significance of the Lymph Node Ratio for Overall Survival after Curative Surgery for

regardless of the number of positive nodes in the specimen.
This difference might be attributed to the clearance of
microdeposits in the mesentery and lymphatic vessels along
with en bloc excision in the presence of negative lymph
nodes. The obsession with this number was discussed in
detail by Kukreja SS, et al. [14] in their article.

If the LNR provides an alternative predictor of the N
stage, surgeon effort and enthusiasm should not decrease
to perform maximum lymphadenectomy as much as the
situation permits. This approach avoids compromising
accurate N staging and subsequent treatments and,
moreover, provides the patient with the best possible chance
for maximum possible LNC retrieval and OS.

In our study, a higher LNR was associated with poor OS.
Comparable results were reported in a meta-analysis of 33
studies performed on 75,839 patients by Zhang et al. These
authors reported thata high LNR was significantly associated
with shorter OS (hazard ratio (HR): 1.91; 95% CI: 1.71-2.14;
p<.001) regardless of LNC [20].

In summary, LNC <12, PLC = 4, and LNR = 18.82% had
negative effects on OS according to univariate analysis.

The LNR was the most significant factor according
to multivariate analysis, with a cut-off value of 18.82%,
a sensitivity of 95%, and a specificity of 65%. The LNR
not only reflects the lymph node status but also prevents
understaging and subsequent undertreatment, particularly
in patients with a low LNC.

Conclusion

Ahigh LNRwithan 18.82% cutoffvalue is anindependent
adverse prognostic factor affecting OS after curative surgery
for cancer rectum. The LNR could be considered a good
alternative to the absolute number of PLNs, particularly in
patients with a low LNC. A higher LNC 212 was associated
with a longer OS; maximum possible lymphadenectomy
should be performed for each patient.
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