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Purpose: The prognostic value of neutrophil-to-lymphocyte ratio (NLR) has been studied for colorectal cancer. Elderly patients in
general tend to have comorbidities and decreased organ function that potentially influence the NLR score. The aim of this study was to
investigate the relationship between NLR and cancer-specific survival in elderly patients with colon cancer, using a propensity score-
matched analysis.

Patients and Methods: A total of 203 patients aged over 75 years who underwent curative resection for colon cancer and were
diagnosed pathologically with stage II/III disease were eligible for entry to the study. Patients were divided into two groups according
to NLR score: NLR-High (NLR>4.5) group (NLR-H, n=60) and NLR-Low (NLR<4.5) group (NLR-L, n=143). After propensity score
matching, 57 patients in each group were matched.

Results: Before matching, Charlson comorbidity index was significantly higher in the NLR-H group (4 vs 2, p<0.001). After
matching, all factors were similar between the groups. The median follow-up period was 43 months (range, 1-160 months). Five-
year relapse-free-survival (69.8% vs 87.3%, p=0.030) and cancer-specific survival (83.0% vs 96.0%, p=0.042) were significantly lower
in the NLR-H group.

Conclusion: NLR appears to be a cancer-specific prognostic marker in elderly patients with colon cancer.
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Introduction
The incidence of colon cancer (CC) continues to increase, and is the second leading cause of cancer death worldwide.'
The prognosis in CC has recently improved due to advances in surgical techniques and chemotherapy.”* Therefore, it is
crucial to obtain appropriate staging and prognostic scores to decide the optimal treatment strategy and thus improve
cancer prognosis.*>

Inflammation-based score (IBS) has recently been reported as a prognostic marker for various cancers.’ ® Neutrophil-
to-lymphocyte ratio (NLR) is an IBS calculated as the serum neutrophil count divided by the lymphocyte count.’
A correlation of NLR with survival outcomes has been reported in colorectal cancer.'®'?

With aging of the population, the number of elderly patients with cancer has increased.'® In general, elderly patients
tend to have more comorbidities, worse performance status, and decreased organ function compared with younger
patients.'*'> These conditions can potentially influence systemic inflammation and malnutrition.'> Previous studies have

shown correlations between IBS, Charlson comorbidity index, nutrition score, and age-related complications including
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dementia in elderly patients.
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Furthermore, these scores are also reported to correlate with cancer prognosis in elderly patients.®'>'*2% With regard
to colorectal cancer, NLR could be a potential marker for cancer prognosis in these patients.' %' However, to the best of
our knowledge, this hypothesis has not been evaluated in any large-scale prospective studies or randomized controlled
trials. In addition, the uni- and multi-variate analyses used in previous studies have led to potential confounding factors
and selection bias.'” The incidence of non-cancer death increases as patients age.”>>> Some studies have examined the
efficacy of NLR as a predictor of non-cancer death in the elderly.>**>
The purpose of the present study was to investigate the relationship between NLR and cancer-specific survival in

elderly patients with colon cancer using a propensity score-matched analysis.

Materials and Methods

We retrospectively investigated patients with colon cancer aged >75 years who underwent curative surgery and were
pathologically diagnosed with stage II or stage III disease at Nagasaki University Hospital between April 2008 and
December 2018. In this study, colon cancer was defined for tumors located between the cecum and the sigmoid. The
exclusion criteria were incomplete laboratory data, neoadjuvant treatment, elective stoma construction, and emergency
surgery. A final total of 203 patients were eligible for analysis. This study was performed in line with the principles of the
1964 Declaration of Helsinki and its later amendments. Written informed consent was obtained from all patients. This
study was reviewed and approved by the Clinical Research Review Board of Nagasaki University Hospital.

NLR is calculated as the serum neutrophil count (/mm?) divided by the serum lymphocyte count (/mm?). A receiver-
operating characteristic (ROC) curve was used to assess the optimal cut-off value of NLR. Patients were divided into two
groups according to NLR score: NLR-High group (NLR-H, n=60) and NLR-Low group (NLR-L, n=143).

Propensity score matching was applied to minimize selection bias and balance covariates that could affect cancer-
specific survival. The following covariates were included in the score matching: age, sex, BMI, comorbidities, Charlson
comorbidity index (CCI), and clinical T/N status. Nearest-neighbor matching was performed in a 1:1 ratio, with the
caliper set at 0.25. Finally, 57 patients in each group were matched.

To compare the clinical features between two groups, the following data were collected: sex, age at operation
(middle-old, 75-84 years; oldest-old, >85 years), body mass index (BMI), CCI, past history of abdominal surgery, tumor
location, surgical approach, multivisceral resection, clinical T/N status, and laboratory data (neutrophils, lymphocytes).
Perioperative data including operation time, estimated blood loss, pathological T/N status, histological type, tumor size,
lymphovascular invasion, postoperative complications, length of hospital stay, and the presence or absence of adjuvant
chemotherapy were also collected. Pathological classification and staging were determined according to the American
Joint Committee on Cancer criteria. Complications experienced within 30 days of surgery were defined as postoperative
complications. Detailed data of comorbidities were collated in each patient, and the CCI score was calculated as
previously reported.?

Patients diagnosed with pathological stage III disease received 5-fluorouracil-based adjuvant chemotherapy within 2
months of the initial surgery. The indication for adjuvant chemotherapy and the type of adjuvant chemotherapy regimen
depended on the patient’s performance status, patient’s choice, and the out-patient doctor’s decision. Patients were
followed up every 3 months during the five years after surgery. Blood tests including tumor markers were performed
every three months. Chest and abdominal CT were performed every 6 months.

Statistical analysis was performed using Bell Curve for Excel software, version 2.02 (Social Survey Research
Information Co., Ltd., Tokyo, Japan). The data are presented as median values with ranges. Differences in categorical
variables were compared using Fisher’s exact test or Chi square test. Differences in continuous variables were analyzed
with the Mann—Whitney U-test. Relapse-free survival (RFS) was defined as the time from surgery to the appearance of
new recurrent metastases or death. Overall survival (OS) was defined as the time from surgery to death or to the last
follow-up visit. Cancer-specific survival (CSS) was defined as the time from surgery to cancer-related death or last
follow-up visit. RFS, OS, and CSS were calculated using the Kaplan—-Meier method. Differences between groups were
tested for significance using the Log rank test. Clinical variables with a p value < 0.20 in univariate analysis were
included in the multivariate analysis. All p values < 0.05 were considered significant.
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Results
Figure 1 shows the ROC curve of NLR for RFS. The area under the curve was 0.588, and NLR of 3.0 had the highest
sensitivity (64.2) and specificity (54.8).

Figure 2 shows survival curves for the NLR-H and NLR-L groups before matching (NLR-H; n=60, NLR-L; n=143).
The median follow-up period was 43 months (1-160 months). Five-year RFS was significantly lower in the NLR-H
group (NLR-H; 65.6% vs NLR-L; 85.8%, p=0.001) (Figure 2A). Five-year OS (NLR-H; 75.6% vs NLR-L; 89.3%,
p=0.103) and CSS (NLR-H; 84.6% vs NLR-L; 95.3%, p=0.065) were similar between the groups (Figure 2B and C).

Clinical differences between the NLR-H and NLR-L groups are presented in Table 1. Before matching (NLR-H;
n=60, NLR-L; n=143), Charlson comorbidity index was significantly higher in the NLR-H group (4 vs 2, p<0.001). Other
factors such as sex, age, BMI, past history of abdominal surgery, tumor location, surgical approach, multivisceral
resection, and clinical T/N status were similar between the groups. After matching (NLR-H; n=57, NLR-L; n=57), all
factors were similar between the groups. Regarding laboratory data, serum neutrophil count was higher and serum
lymphocyte count was lower in the NLR-H group, both before and after propensity score matching.

Table 2 shows a comparison of perioperative characteristics between the NLR-H and NLR-L groups. Operation time,
blood loss, pathological T/N status, histological type, tumor size, lymphovascular invasion, postoperative complications,
length of hospital stay, and adjuvant chemotherapy were similar between the groups, before and after matching.

Figure 3 shows survival curves for the NLR-H and NLR-L groups after propensity score matching (NLR-H; n=57,
NLR-L; n=57). Five-year RFS (NLR-H; 69.8% vs NLR-L; 87.3%, p=0.030) and CSS (NLR-H; 83.0% vs NLR-L; 96.0%,
p=0.042) were significantly lower in the NLR-H group (Figure 3A and C). Five-year OS was similar between the groups
(NLR-H; 73.6% vs NLR-L; 92.1%, p=0.124) (Figure 3B).

Table 3 lists the sites of recurrence in the matched groups. Recurrence occurred in 16 patients in the NLR-H group
(28.1%) and in 9 patients in the NLR-L group (15.8%). The sites of recurrence were the liver (n=8), lung (n=2), local
(n=3), paraaortic lymph nodes (n=2), and peritoneal carcinomatosa (n=1) in the NLR-H group; and the liver (n=5), lung
(n=2), local (n=1), and peritoneal carcinomatosa (n=1) in the NLR-L group. There was no significant difference in
recurrence site between the groups (p=0.723).
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Figure 1 ROC curve of neutrophil-to-lymphocyte ratio (NLR) for relapse-free survival. The area under the curve was 0.588. NLR of 4.5 had the highest sensitivity (64.2)
and specificity (54.8).
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Figure 2 Survival curves for the NLR-H and NLR-L groups before matching for 5-year RFS (A), OS (B), and CSS (C).
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; RFS, relapse-free survival; OS, overall survival; CSS, cancer-specific survival.

Discussion

We examined the correlation between NLR and cancer-related prognosis after colectomy for elderly stage II/III CC
patients using propensity score matching. Before matching, ASA-PS was worse and the presence of comorbidities was
higher in the NLR-H group than the NLR-L group. After matching, the background was similar between the groups.
Five-year RFS and CSS were significantly lower in the NLR-H group.

Systemic inflammation and malnutrition are important patient-related factors that affect cancer prognosis.?”*®
Neutrophil count is usually elevated in systemic inflammation, and lymphocyte count is often low when immunity is
depressed.”® Low lymphocyte levels reportedly correlate with poor prognosis; in addition, neutrophilia suppresses
lymphocyte-mediated cytolysis and is also associated with poor prognosis.**>' NLR utilizes two factors (neutrophil/
lymphocyte count) and high NLR score is reported to correlate with poor prognosis in patients with colorectal
cancer.>**

In addition, elderly patients have a greater tendency than younger patients to die from surgical complications or non-
cancer causes.'*?*?* A correlation has also been reported between NLR and surgical complications and non-cancer death
from such as cardiovascular disease and pulmonary disease.””>>*

Few reports have examined the correlation between NLR and prognosis in elderly patients with colorectal cancer.*
Cruz-Ramos and colleagues assessed the impact of NLR on prognosis in patients aged over 65 years with colorectal

cancer, and found that NLR-H was correlated with worse outcome in terms of RFS (10 months vs 16 months, p=0.002)
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Table | Clinical Characteristics in the NLR-H and NLR-L Groups Before and After Matching

Before Matching After Matching
NLR-H (n=60) (%) NLR-L (n=143) (%) | p value | NLR-H (n=57) (%) NLR-L (n=57) (%) | p value
Sex 0.878 1.000
Male 32 (53.3) 74 (51.7) 30 (52.6) 30 (52.6)
Female 28 (46.7) 69 (48.3) 27 (47.4) 27 (47.4)
Age 0.839 1.000
Middle-old (75-84 years) 49 (81.6) 119 (83.2) 48 (84.2) 48 (84.2)
Oldest-old (>85 years) 11 (18.4) 24 (16.8) 9 (15.8) 9 (15.8)
BMI, kg/m? 21.9 (15.0-31.3) 21.4 (14.0-30.0) 0.882 21.9 (15.0-31.3) 21.4 (14.0-30.0) 0.559
Charlson comorbidity index 4 (0-9) 2 (0-8) <0.001 4 (0-9) 3 (0-8) 0.165
Past history of abdominal 0.563 0.460
surgery
None 47 (78.3) 117 (81.8) 45 (78.9) 49 (86.0)
Yes 13 (21.7) 26 (18.2) 12 (21.1) 8 (14.0)
Tumor location 0.167 0.261
Right side colon 34 (56.7) 65 (45.5) 32 (56.1) 25 (43.9)
Left side colon 26 (43.3) 78 (54.5) 25 (43.9) 32 (56.1)
Surgical approach 1.000 0.624
Laparoscopic surgery 42 (70.0) 100 (69.9) 41 (71.9) 44 (77.1)
Open surgery 18 (30.0) 43 (30.1) 16 (28.1) 13 (22.9)
Multivisceral resection 0.277 0.742
No 53 (88.3) 133 (93.0) 51 (89.5) 53 (93.0)
Yes 7(11.7) 10 (7.0) 6 (10.5) 4 (7.0)
Clinical T status 0.474 0.445
| 3 (5.0 7 (4.9) 3(5.3) 1 (1.8)
2 5(8.3) 20 (14.0) 5(8.8) 9 (15.8)
3 36 (60.0) 85 (59.4) 35 (61.4) 31 (544)
4a 10 (16.7) 25 (17.5) 10 (17.5) 14 (24.6)
4b 6 (10.0) 6 (4.2) 4 (7.0 2 (3.5)
Clinical N status 1.000 1.000
Negative 25 (41.7) 59 (41.3) 23 (40.4) 22 (38.6)
Positive 35 (58.3) 84 (58.7) 34 (59.6) 35 (61.4)
Laboratory data
Neutrophils 4716 (2170-21,800) 3111 (900-6400) <0.001 4752 (2170-21,808) 3182 (1517-6048) <0.001
Lymphocytes 941 (121-1953) 1562 (300-3787) <0.001 944 (121-1953) 1530 (950-2494) <0.001

Notes: Data are presented as the number of patients or the median (range). Differences in categorical variables were compared using Fisher’s exact test or the chi-squared
test, as appropriate. Differences in continuous variables were analyzed with the Mann—Whitney U-test.
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; NLR-H, neutrophil-to-lymphocyte ratio high; NLR-L, neutrophil-to-lymphocyte ratio low; BMI, body mass index.

and OS (20 months vs 26 months, p=0.002), which was in agreement with previous results.** However, that study
examined only patients with metastatic CRC, who vary in their general condition because of the influence of systemic
chemotherapy and the degree of disease progression. Furthermore, their study examined RFS and OS, but not CSS. In the
present study, we examined elderly CC patients who underwent curative resection and were diagnosed with stage II/II1
disease pathologically. In addition, we used propensity score-matching analysis to minimize background selection bias.
Our results showed poor RFS and CSS in the NLR-H group after matching. This finding suggests that NLR is a potential
prognostic factor even in elderly patients with CC.

A previous study of colorectal cancer patients identified an NLR cut-off value ranging from 2.0 to 5.0 using ROC
curve analysis.*” The heterogeneity of the cut-off value might be due to tumor stage, tumor location (colon or rectum),
and patient background. An optimal cut-off value has not yet been established. In the present study, we used a cut-off
value of 4.5, which is higher than those used in previous reports.*' One possible explanation for the discrepancy is the
gradual change in blood cells with aging.*? The number and percentage of lymphocytes decrease along with the reduction

Clinical and Experimental Gastroenterology 2023:16 https: 5
Dove


https://www.dovepress.com
https://www.dovepress.com

Tominaga et al Dove

Table 2 Perioperative Characteristics in the NLR-H and NLR-L Groups Before and After Matching

Before Matching After Matching
NLR-H (n=60) (%) | NLR-L (n=143) (%) | p value | NLR-H (n=57) (%) | NLR-L (n=57) (%) | p value

Operation time, min 175 (60-636) 184 (67—443) 0.228 178 (60-636) 180 (86-379) 0.354
(range)
Blood loss, mL (range) 40 (0-1414) 40 (0-642) 0.237 40 (0-1414) 40 (0-642) 0.335
Pathological T status 0.055 0.190

| 0 (0) 8 (5.6) 0 (0) 3(5.3)

2 2 (33) 9 (6.3) 2 (3.5) 2 (3.5)

3 43 (71.7) 109 (76.2) 42 (73.7) 46 (80.7)

4a 9 (15.0) 12 (8.4) 9 (15.8) 5(8.8)

4b 6 (10.0) 5(3.5) 4 (7.0 1 (1.8)
Pathological N status 0.217 0.851

Negative 32 (53.3) 66 (46.2) 31 (54.4) 29 (50.9)

Positive 28 (46.7) 77 (53.8) 26 (45.6) 28 (49.1)
Histological type 0.084 0.821

Well/Mod 52 (86.7) 135 (94.4) 49 (86.0) 50 (87.7)

Poor/Muc 8(13.3) 8 (5.6) 8 (14.0) 7 (1233)
Tumor size, mm (range) 41.5 (4.5-160) 41.0 (2.0-100) 0.210 40.0 (4.5-160) 40.0 (2.0-100) 0.199
Lymphovascular invasion 0.388 0.441

Negative I'1(18.3) 19 (13.3) 11 (19.3) 7 (12.3)

Positive 49 (81.7) 124 (86.7) 46 (80.7) 50 (87.7)
Postoperative 20 (33.3) 32 (224) 0.114 17 (29.8) 18 (31.6) 0.859
complications, CD 22
Hospital stay, days (range) 18 (7-54) 19 (7-66) 0.163 19 (7-54) 18 (7-37) 0.034
Adjuvant chemotherapy, yes 18 (30.0) 34 (23.8) 0.380 15 (26.3) 15 (26.3) 1.000

Notes: Data are presented as the number of patients or the median (range). Differences in categorical variables were compared using Fisher’s exact test or the chi-squared
test, as appropriate. Differences in continuous variables were analyzed with the Mann—Whitney U-test.

Abbreviations: NLR, neutrophil to lymphocyte ratio; NLR-H, neutrophil-to-lymphocyte ratio high; NLR-L, neutrophil-to-lymphocyte ratio low; CD, Clavien—Dindo classification;
Well, well differentiated adenocarcinoma; Mod, moderately differentiated adenocarcinoma; Poor, poorly differentiated adenocarcinoma; Muc, mucinous adenocarcinoma.

in lymphoid tissue that occurs with age.*? Furthermore, the elderly have high rates of comorbidities that increase
production of inflammatory cytokines, leading to neutrophilia and to the different NLR patterns between younger patients
and elderly patients.'*

A previous study reported NLR as a predictor of the recurrence pattern of colorectal cancer.*® Verter and colleagues
examined the correlation between NLR and the survival/recurrence pattern in patients with RO resection after colorectal
cancer liver metastasis.*> Median OS (3.8 years vs 5.2 years, p=0.01) and RFS (0.8 years vs 1.2 years, p=0.049) were
significantly shorter in the NLR-H group compared with the NLR-L group. In terms of recurrence pattern, recurrence
with an extrahepatic pattern (but not intrahepatic pattern) was higher in the NLR-H group (p=0.03). They hypothesized
that high NLR was a surrogate marker for aggressive systemic disease, which in turn is correlated with high risk of
extrahepatic recurrence. In the present study, there was no significant difference in recurrence pattern between the NLR-
H and NLR-L groups (p=0.723). These conflicting results might be due to the small number of patients with recurrence.
However, recurrence was significantly higher in the NLR-H group, and NLR-H was clearly correlated with aggressive
tumor progression.

Several guidelines recommend adjuvant chemotherapy after curative resection to improve prognosis in pathological
stage III patients, even in elderly patients.”***° In our study, no significant difference was found in RFS, OS, or CSS in
terms of the presence or absence of adjuvant chemotherapy (Supple. Figure 1A—C). Indeed, due to the age of the patients,

there were few pathological stage III patients in the present study and only a small number of stage III patients received
adjuvant chemotherapy, which would have influenced the results. However, adjuvant chemotherapy tended to improve
CSS in the NLR-H group (Supple. Figure 1D-F). Indeed, elderly patients with NLR-H have higher risk of dementia,
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Figure 3 Survival curves for the NLR-H and NLR-L groups after matching for 5-year RFS (A), OS (B), and CSS (C).
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; RFS, relapse-free survival; OS, overall survival; CSS, cancer-specific survival.

which could lead to non-indication for adjuvant chemotherapy.'®*” However, NLR could be a surrogate marker for
selecting candidates for adjuvant chemotherapy among elderly patients with pathological stage III CC.

There were several limitations in this study. First, the study was a retrospective, single center study, and we enrolled
only a small number of patients. In addition, several selection and methodological biases could exist. The small number
of patients might have affected the low sensitivity and specificity of NLR. Second, the choice of whether or not to
perform adjuvant chemotherapy and selection of the chemo-regimen was at the discretion of the surgeon. Third, there
was no significant correlation between nutritional score including prognostic nutritional index (PNI), CRP to albumin

Table 3 Sites of Recurrence in the Matched Groups

Site NLR-H (n=16) | NLR-L (n=9) | p value

All 0.723
Liver 8
Lung 2
Local 3
PALN 2

|

Peritonitis carcinomatosa

— O — NN U

Abbreviations: NLR, neutrophil to lymphocyte ratio; NLR-H, neutrophil-to-lymphocyte ratio
high; NLR-L, neutrophil-to-lymphocyte ratio low; PALN, paraaortic lymph nodes.
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ratio (CAR), modified Glasgow prognostic index (mGPS) and cancer prognosis (Supple. Figure 2A-I). Close correlations

of CRP and albumin to production of inflammatory cytokines and malnutrition have been reported.*® Close correlations
of nutritional scores such as PNI, CAR, and mGPS with prognosis have also been reported in colorectal cancer
patients.®?%*® However, these scores were not correlated with prognosis in the present study, possibly because our
study only included patients who underwent surgery. Before surgery, we could improve their general condition and
nutritional status to enable them to better tolerate invasive surgery. Indeed, serum CRP/albumin levels were normal in
most patients, and the median status of CRP was 0.12 (range, 0.01-11) and of albumin was 4.0 (2.0-5.0), which might
have influenced the results.

Conclusion
In conclusion, neutrophil to lymphocyte ratio shows potential as a prognostic marker in elderly patients with colon
cancer. This score might also be suitable as a surrogate marker for selecting candidates for adjuvant chemotherapy.
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