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Abstract

Background There are controversies about the ability of neutrophil to lymphocyte ratio to predict the recurrence and

survival in patients with locally advanced rectal cancer (LARC) treated with neoadjuvant chemoradiation. The

objective of this study is to investigate the prognostic potential of combined lymphocyte count (LC) and neutrophil

count (NC) in LARC patients treated with chemoradiotherapy (CRT) followed by curative surgery.

Methods Patients with LARC who underwent surgical resection between January 2010 and December 2017 were

reviewed retrospectively. We divided the patients into three groups: high LC and low NC, low LC and high NC, and

the remaining patients. The cut-off values of LC and NC were determined by receiver operating characteristic curve

analysis and log-rank test statistics. We compared the disease-free survival (DFS) rate between the groups.

Results A total of 176 consecutive patients were included in this study. The 5 year DFS rate was significantly

different among the three groups in pathologic node (pN)? patients (73.2% vs. 61.9% vs. 14.2%; P = 0.025). Cox

multivariate analysis for pN? patients demonstrated that combination of low LC and high NC (hazard ratio, 3.630;

95% confidence interval [CI], 1.306–10.093; P = 0.013) was significantly correlated with decreased DFS.

Conclusions This study showed that the combination of LC and NC is a powerful predictive factor for disease

recurrence in pN? LARC patients who underwent CRT.

Introduction

The standard treatment of locally advanced rectal cancer is

neoadjuvant chemoradiation therapy followed by total

mesorectal excision to decrease the local recurrence. Many

studies have been performed to identify prognostic factors

that can predict recurrence in rectal cancer patients after

radical resection. Pathological lymph node status has been

considered the most powerful prognostic factor in rectal

cancer after chemoradiation therapy. In particular, patho-

logical complete response is associated with better

outcome after radical resection [1]. Multiple biologic

markers have been suggested as prognostic markers [2–4].

However, none have been validated as prognostic tools,

and their application in clinical practice is limited [5–7].

Systemic inflammation plays a key role in tumor pro-

gression and metastasis [8]. DNA variation explains the

quantitative variation of specific inflammatory immune cell

types. However, the extent to which variation in inflam-

matory immune cell subtypes is heritable is unknown. A

large number of studies have used the neutrophil to lym-

phocyte ratio (NLR) in patients with LARC treated with

neoadjuvant chemoradiation [9–15]. However, there are

controversies about the ability of NLR to predict recur-

rence in patients with LARC. While some studies

demonstrated that the NLR was a significant prognostic

factor for disease-free survival (DFS) [9–11], others
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suggested that the NLR did not correlate with DFS

[12–15]. One possible reason for these contradictory results

is the heterogeneity of patients.

Some reports have suggested that lymphocyte count

(LC) or neutrophil count (NC) alone can predict recurrence

in patients with LARC treated with neoadjuvant

chemoradiation [16–19]. Because of the controversies

about the ability of NLR to predict recurrence, we

hypothesized that the combination of neutrophil and lym-

phoct count (NLC) can predict recurrence in patients with

LARC treated with neoadjuvant chemoradiation. As far as I

know, this combination method has never been reported.

The objectives of this study are to investigate the

prognostic potential of NLC and develop the prognostic

model in LARC patients after preoperative chemoradio-

therapy (CRT).

Material and methods

Patients with LARC who underwent surgical resection at

Ajou University Hospital between January 2010 and

December 2017, were retrospectively reviewed. We uti-

lized Transparent reporting of a multivariable prediction

model for individual prognosis or diagnosis (TRIPOD): the

TRIPOD statement [20]. We selected this period because

MRI has been routinely performed to evaluate depth of

invasion and regional nodal status of rectal tumors from

2010. This period overlaps that of a prior study [16]. A

total of 105 patients from the previous study were included

in this current study. This study included all patients with

radiologic evidence of node-positive disease and most

Fig. 1 Flowchart of patient selection. From January 2010 to

December 2017, 181 patients were diagnosed with locally advanced

rectal cancer in Ajou University Medical Center

Table 1 Comparison of disease-free survival according to clinico-

pathological characteristics

Variables No.

Gender

Male 126 (71.6)

Female 50 (28.4)

Age

\65 115 (65.3)

C65 61 (34.7)

Location

Mid 82 (46.6)

Low 94 (53.4)

Histologic grade

Well/moderate 140 (79.5)

Poor 11 (6.3)

NC 25 (14.2)

Clinical stage

cT3-4N0 20 (11.4)

cN? 156 (88.6)

Type of operation

LAR 113 (64.2)

APR 63 (35.8)

Pathologic T stage

T0 34 (19.3)

T1–2 41 (23.3)

T3–4 101 (57.4)

Pathologic N stage

N0 114 (64.8)

N1–2 62 (35.2)

Initial hemoglobin (g/dl)

\12 37 (21.0)

C12 139 (79.0)

Initial lymphocyte count (109/L)

\1.8 68 (38.6)

C1.8 108 (61.4)

Initial neutrophil count (109/L)

\6.5 100 (56.8)

C6.5 76 (43.2)

Initial platelet count (109/L)

\274 87 (49.7)

C274 88 (50.3)

Initial NLR

\3.6 152 (86.4)

C3.6 24 (13.6)

Serum albumin

\4.4 80 (45.5)

C4.4 96 (54.5)

Body mass index

\25 134 (76.1)

C25 42 (23.9)

Initial CEA (ng/mL)
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patients with T3/4 disease. Patients were excluded if distant

metastasis was diagnosed by initial operation (n = 4) or if

curative resection was not performed after preoperative

CRT (n = 1) (Fig. 1). Data on age at diagnosis, sex, tumor

location, operation type, tumor (T) stage, node (N) stage,

histological grade, carcinoembryonic antigen (CEA) level,

and hematologic profile were gathered without missing

data. Staging was performed according to the tumor-node-

metastasis (TNM) classification of the American Joint

Committee on Cancer (7th edition). The study was

approved by the hospital’s institutional review board

(MED-MDB-20-534).

The distance from the anal verge to the lower margin of

the tumor was measured by rigid proctoscopy before sur-

gery. We defined lower rectal cancer as lesions located

within 5 cm of the anal verge, whereas middle rectal

cancer was defined as tumors located between 5 and 10 cm

of the anal verge.

Hemoglobin, platelet count, LC, NC, NLR, CEA and

BMI were analyzed to develop a prognostic model. Base-

line blood samples were obtained within 2 weeks prior to

CRT, and preoperative blood samples were obtained within

2 weeks prior to operation.

Preoperative radiotherapy was administered to the pelvis

5 days per week for 5 weeks with a daily fraction of

1.8 Gy. A boost of 5.4 Gy was applied to the tumor bed.

During the radiotherapy, concomitant chemotherapy was

performed. Chemotherapy regimen was selected from

5-fluorouracil, capecitabine, or FOLFOX. Surgery was

scheduled 6–8 weeks after completion of CRT.

Patients were scheduled to visit an outpatient clinic

every 3–6 months for the first 2 years after surgery, every

6 months for the next 3 years, and yearly thereafter.

Physical examination and serum CEA test were performed

at each visit. Chest X-ray, chest and abdominopelvic

computed tomography scan, and colonoscopy were per-

formed annually, and on suspicion of recurrence. Positron

emission tomography was performed on suspicion of

recurrence. Recurrence was detected by a combination of

imaging studies and CEA measurements and confirmed by

pathologic examination. The patients were followed up

until death or the cut-off date (December 31, 2019).

Median follow-up time was 48.0 months (range

4–115 months). DFS was calculated for all patients from

the date of surgery until recurrence and death.

Statistics

Chi-square test or Fisher’s exact test was used to compare

differences in clinicopathological features. Cut-off values

for platelet count, LC, NC and NLR were determined using

receiver operating characteristic (ROC) curve analysis and

Table 1 continued

Variables No.

B5 84 (47.7)

[5 92 (52.3)

Post-CRT CEA (ng/mL)

B5 144 (81.8)

[5 32 (18.2)

Fig. 2 Comparison of 5 year disease-free survival according to

lymphocyte count (a) and neutrophil count (b)
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log-rank test statistics. Cut-off values for hemoglobin, CEA

and BMI were determined according to normal clinical

values. Patients were divided into two groups according to

each cut-off value. The study endpoint was DFS, which

was defined as the time from the date of irradiation initi-

ation to the date of disease recurrence or to the date of last

follow-up. DFS was compared using the Kaplan–Meier

survival analysis with a log-rank test between groups.

Among the inflammatory immune cells, we selected LC,

which was significantly associated with DFS on multi-

variate analysis for all the patients and NC, which was

significantly associated with DFS on multivariate analysis

for pN? patients. We divided patients into three groups

according to LC and NC: Group 1 was patients with higher

LC and lower NC; Group 3 was patients with lower LC and

higher NC; and Group 2 included patients with higher LC

and NC, or lower LC and NC. Linear by linear association

was used to analyze the relationship between recurrence

pattern and the combination group. Univariate and multi-

variate analyses were performed to determine prognostic

predictors for disease recurrence including combination

groups according to pathologic LN status. Data were ana-

lyzed using SPSS software for Windows (Version 18.0;

SPSS Inc., Chicago, IL, USA).

Results

Clinicopathological characteristics

A total of 176 consecutive patients who underwent curative

resection for LARC from 2010 to 2017 were included in

this study. Table 1 lists the characteristics of the patients.

The 176 patients comprised 126 men and 50 women with a

median age of 59 years (range 26–79 years). The optimal

cut-off values for initial LC, NC, NLR and platelet count

Table 2 Univariate and multivariate analysis for factors predicting recurrence-free survival

Variables Univariate Multivariate

5 year DFS (%) P value HR 95% CI P value

Gender, female 72.7 versus 68.8 0.498

Age, C 65 75.4 versus 63.8 0.243

Location, mid 71.6 versus 71.4 0.949

Histologic grade, poor 73.2 versus 53.0 0.161

Clinical stage, cN? 80.6 versus 70.5 0.215

Type of operation, APR 72.5 versus 69.8 0.569

pT3–4 88.0 versus 62.6 0.001 2.477 1.181–5.192 0.016

pN? 81.1 versus 52.9 \0.001 2.638 1.414–4.925 0.002

Initial hemoglobin (g/dl),\12 75.4 versus 73.1 0.914

Initial lymphocyte count (109/L),\1.8 60.0 versus 78.3 0.043 2.037 1.129–3.675 0.018

Initial neutrophil count (109/L), C 6.5 77.3 versus 64.0 0.036

Initial platelet count (109/L),\274 69.5 versus 75.0 0.845

Initial NLR, C3.6 73.1 versus 61.3 0.123

Initial serum albumin,\4.4 72.6 versus 70.2 0.867

Body mass index,\25 71.0 versus 82.0 0.155

Initial CEA level (ng/mL),[5 78.2 versus 65.7 0.029

Post-CRT CEA level (ng/mL),[5 75.2 versus 55.1 0.002

Table 3 Multivariate analysis for factors predicting recurrence-free survival according to pathologic lymph node status

Variables Multivariate

pN- pN?

HR 95% CI P value HR 95% CI P value

Gender, female 2.432 1.084–5.452 0.031

Initial CEA (ng/mL),[5 3.915 1.409–10.879 0.009

Initial NC (109/L) 2.658 1.167–6.053 0.020
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Table 4 Correlation between clinicopathological characteristics and combination groups according to pathologic lymph node status

Variables pN- pN?

G 1 G 2 G 3 P value G 1 G 2 G 3 P value

Gender 0.460 0.131

Male 33 (66.0) 29 (76.3) 20 (76.9) 16 (69.6) 20 (83.3) 8 (53.3)

Female 17 (34.0) 9 (23.7) 6 (23.1) 7 (30.4) 4 (16.7) 7 (46.7)

Age 0.114 0.947

\65 35 (70.0) 28 (73.7) 13 (50.0) 15 (65.2) 15 (62.5) 9 (60.0)

C65 15 (30.0) 10 (26.3) 13 (50.0) 8 (34.8) 9 (37.5) 6 (40.0)

Location 0.526 0.239

Mid 19 (38.0) 18 (47.4) 13 (50.0) 9 (39.1) 13 (54.2) 10 (66.7)

Low 31 (62.0) 20 (52.6) 13 (50.0) 14 (60.9) 11 (45.8) 5 (33.3)

Tumor differentiation 0.489 0.146

Well/moderate 40 (80.0) 29 (76.3) 22 (84.6) 15 (65.2) 21 (87.5) 13 (86.7)

Poor 1 (2.0) 1 (2.6) 2 (7.7) 3 (13.0) 2 (8.3) 2 (13.3)

NC 9 (18.0) 8 (21.1) 2 (7.7) 5 (21.7) 1 (4.2) 0

Clinical stage 0.513 0.518

cT3–4N0 6 (12.0) 8 (21.1) 4 (15.4) 1 (4.3) 0 1 (6.7)

cN? 44 (88.0) 30 (78.9) 22 (84.6) 22 (95.7) 24 (100) 14 (93.3)

Type of operation 0.490 0.172

LAR 30 (60.0) 23 (60.5) 19 (73.1) 12 (52.2) 17 (70.8) 12 (80.0)

APR 20 (40.0) 15 (39.5) 7 (26.9) 11 (47.8) 7 (29.2) 3 (20.0)

Pathologic T stage 0.601 0.600

T0 15 (30.0) 10 (26.3) 5 (19.2) 2 (8.7) 0 2 (13.3)

T1–2 13 (26.0) 13 (34.2) 6 (23.1) 3 (13.0) 4 (16.7) 2 (13.3)

T3–4 22 (44.0) 15 (39.5) 15 (57.7) 18 (78.3) 20 (83.3) 11 (73.3)

Initial hemoglobin 0.342 0.179

\12 10 (20.0) 6 (15.8) 8 (30.8) 2 (8.7) 6 (25.0) 5 (33.3)

C12 40 (80.0) 32 (84.2) 18 (69.2) 21 (91.3) 18 (75.0) 10 (66.7)

Initial lymphocyte count (9106/L) \ 0.001 \ 0.001

\1.8 0 19 (50.0) 26 (100) 0 8 (33.3) 15 (100)

C1.8 50 (100) 19 (50.0) 0 23 (100) 16 (66.7) 0

Initial neutrophil count (109/L) \ 0.001 \ 0.001

\6.5 50 (100) 19 (50.0) 0 23 (100) 8(33.3) 0

C6.5 0 19 (50.0) 26 (100) 0 16 (66.7) 15 (100)

Initial platelet count (109/L) 0.569 0.015

\274 25 (50.0) 15 (39.5) 13 (50.0) 17 (73.9) 8 (33.3) 9 (64.3)

C274 25 (50.0) 23 (60.5) 13 (50.0) 6 (26.1) 16 (66.7) 5 (35.7)

Initial NLR \ 0.001 \ 0.001

\3.6 50 (100) 35 (92.1) 12 (46.2) 23 (100) 23 (95.8) 9 (60.0)

C3.6 0 3(7.9) 14 (53.8) 0 1 (4.2) 6 (40.0)

Serum albumin 0.254 0.350

\4.4 22 (44.0) 16 (42.1) 16 (61.5) 10 (43.5) 12 (50.0) 4 (26.7)

C4.4 28 (56.0) 22 (57.9) 10 (38.5) 13 (56.5) 12 (50.0) 11 (73.3)

Body mass index 0.424 0.679

\25 36 (72.0) 35 (65.8) 21 (80.8) 18 (78.3) 21 (87.5) 13 (86.7)

C25 14 (28.0) 13 (34.2) 5 (19.2) 5 (21.7) 3 (12.5) 2 (13.3)

Initial CEA (ng/mL) 0.708 0.417

B5 25 (50.0) 22 (57.9) 15 (57.7) 6(26.1) 9(37.5) 7(46.7)

[5 25(50.0) 16 (42.1) 11 (42.3) 17 (73.9) 15 (62.5) 8 (53.3)
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were 1.8, 6.5, 3.6, and 274, respectively. Among the 176

patients, 68 (38.6%) had low LC and 100 (56.8%) had low

NC.

Univariate and multivariate analyses for DFS

and sub-analysis by pathologic lymph node status

Of the 176 patients, 45 recurrences were reported, with a

median time to recurrence of 14 months (range

4–59 months). The 5 year DFS rate was significantly lower

in LARC patients with low LC compared with those with

high LC (60.0% vs. 78.3%, P = 0.043). Patients with high

NC had a significantly shorter 5 year DFS compared with

those with low NC (64.0% vs. 77.3%, P = 0.036) (Fig. 2).

The 5 year DFS rate was lower in patients with pT3–4,

pN? , initial CEA level[ 5, and post-CRT CEA level[
5. However, the 5 year DFS rate did not show a significant

difference between patients with low and high NLR (73.1%

vs. 61.3%, P = 0.123) (Table 2). Multivariate analysis

demonstrated that high initial LC (hazard ratio [HR],

2.037; 95% confidence interval [CI], 1.129–3.675;

P = 0.018), pN? (HR, 2.638; 95% CI, 1.414–4.925;

P = 0.002), and pT3–4 (HR, 2.477; 95% CI, 1.181–5.192;

P = 0.016) were significant predictors for 5 year DFS

(Table 2). Multivariate analysis for pN- patients demon-

strated that initial CEA (HR, 3.915; 95% CI, 1.409–10.879;

P = 0.009) was a significant predictor for 5 year DFS.

Multivariate analysis for pN? patients demonstrated that

female sex (HR, 2.432; 95% CI, 1.084–5.452; P = 0.031),

and initial NC (HR, 2.658; 95% CI, 1.167–6.053;

P = 0.020) were significant predictors for 5 year DFS

(Table 3).

Correlation between clinicopathological

characteristics and combination of LC and NC

according to pathologic lymph node status

There was no significant difference between clinicopatho-

logical characteristics and combination in pN- rectal

cancer patients. There was no significant difference except

in platelet count (P = 0.015) among the three groups in

pN? rectal cancer (Table 4).

Univariate and multivariate analyses for DFS

according to pathologic lymph node status

There were significant differences in DFS among three

groups in all patients (P = 0.014) and pN? patients

(P = 0.025). However, there were no significant differ-

ences among three groups in pN- patients (Fig. 3). In pN-

patients, pT stage (P = 0.003), initial CEA level

(P = 0.005), and post-CRT CEA level (P = 0.031) were

significantly associated with DFS in univariate analysis. In

pN? patients, combination was significantly associated

with DFS in univariate analysis (P = 0.025) (Table 5).

Multivariate analysis for pN- patients demonstrated that

pT stage (HR, 4.175; 95% CI, 1.499–11.629; P = 0.006)

was a significant predictor in DFS. The combination (HR,

3.630; 95% CI, 1.306–10.093; P = 0.013) remained sig-

nificant in multivariate analysis for pN? patients (Table 6).

Discussion

We found that combination of low LC and high NC was

strongly predictive for disease recurrence in pN? LARC

patients who underwent CRT. Multivariate analysis

demonstrated that LC alone was an independent prognostic

factor for DFS. Additionally, we performed a subgroup

analysis according to pathologic lymph node status. Mul-

tivariate analysis for pN? patients showed that NC was an

independent prognostic factor for DFS. Based on these

results, we speculated that combination of these two

markers would be a much more powerful predictor for

disease recurrence compared to NLR, particularly, in

pN? patients. Therefore, we compared DFS among the

three groups according to LN and NC in pN- and

pN? patients, respectively. This analysis demonstrated

that combination of LC and NC measured before CRT can

more accurately predict disease recurrence of LARC in

pN? patients compared with NC alone. Notably, this

combination was not applicable among pN- patients. We

speculate that pN? disease is more likely to be systemic

compared with pN- disease. Therefore, systemic inflam-

matory cells have a more important role in pN? disease. In

examining all the patients, combination of LC and NC on

Table 4 continued

Variables pN- pN?

G 1 G 2 G 3 P value G 1 G 2 G 3 P value

Post-CRT CEA (ng/mL) 0.725 0.837

B5 42 (84.0) 34 (89.5) 23 (88.5) 17 (73.9) 18 (75.0) 10 (66.7)

[5 8 (16.0) 4 (10.5) 3 (11.5) 6 (26.1) 6 (25.0) 5 (33.3)
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multivariate analysis was confirmed to be a much stronger

marker for predicting disease recurrence than was LN

alone.

NLR has been proposed as an easily available marker to

predict recurrence in rectal cancer. However, in our study,

the NLR did not correlate with DFS, in support of several

studies [12–15]. There is no consensus about the cut-off

values for NLR and various values were used in previous

studies. The cut-off values in previous reports varies from

2.0, 2.5 3.0, 3.5, 4.0, to 5.0. We failed to find the corre-

lation with DFS even though we analyzed with various cut-

off values.

Instead of NLR, we used the combination of LC and NC

as a new potential prognostic systemic inflammatory mar-

ker. We combined two-grouped lymphocyte count and

neutrophil count into two-, three-, and four-grouped com-

bination and analyzed DFS according to the combination

groups. Although two- and three-grouped combinations

showed definite prognostic differences, we selected three-

grouped combination because of clinical usefulness. The

combination of these inflammatory markers resulted in a

powerful predictor for DFS in pN? rectal cancer. Our

results indicate that this combination can more precisely

represent systemic inflammatory immune status than can

NLR. Interestingly, analysis of recurrence patterns showed

the ratio of local recurrence to distant metastasis increases

as the group increases. These recurrence patterns were

shown in Fig. 4 and Table 7.

This study showed that pathologic N and T status are

strongly associated with recurrence-free survival in LARC

treated with preoperative CRT. Dinaux et al. suggested that

persistent nodal involvement after neoadjuvant therapy is

associated with increased risk of distant metastases and

shorter DFS [21].

Although pathologic N and T stages were strongly

associated with recurrence of LARC, these factors did not

predict recurrence before CRT. In contrast, baseline LC

and combination with NC were predictors of recurrence of

LARC before CRT. Okugawa et al. suggested that a low

pre-CRT lymphocyte-C-reactive protein ratio was a stron-

ger indicator of early recurrence, particularly for rectal

cancer without pathological lymph node metastasis [22].

Based on sub-analysis, we demonstrated that pathologic

T stage was an independent prognostic factor for DFS in

rectal cancer without lymph node metastasis. In rectal

bFig. 3 Comparison of 5 year disease-free survival according to

combination of lymphocyte count (LC) and neutrophil count (NC).

Group 1 (N = 73): higher LC and lower NC; Group 3 (N = 62): lower

LC and higher NC; Group 2 (N = 41): others. a All patients.

b pN- patients. c pN? patients
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cancer with lymph node metastasis, combination of LC and

NC was an independent prognostic factor for DFS.

This study has several limitations. This was a single-

institution study with a retrospective design. In addition,

prospective validation was lacking. However, these data

were collected prospectively in an electronic database and

updated regularly.

Table 5 Univariate analysis for factors predicting recurrence-free survival according to pathological lymph node status

Variables pN- pN?

5 year DFS (%) P value 5 year DFS (%) P value

Gender, male versus female 79.6 versus 84.5 0.480 62.9 versus 38.8 0.061

Age,\ 65 versus C 65 84.0 versus 79.5 0.306 57.8 versus 54.2 0.745

Histologic type, WD/MD versus PD 82.3 versus 75.0 0.709 56.0 versus 38.1 0.603

Pathologic T stage, pT0–2 versus pT3–4 92.2 versus 71.0 0.003 67.7 versus 52.7 0.732

Initial CEA level (ng/mL),\5 versus[5 90.1 versus 73.3 0.005 50.9 versus 60.5 0.590

Post-CRT CEA level (ng/mL),\5 versus[5 84.9 versus 66.7 0.031 60.8 versus 44.1 0.186

Combination of LC and NC, group 1 versus

group 2 versus group 3

82.2 versus 87.8 versus 75.5 0.211 73.2 versus 61.9 versus 14.2 0.025

Table 6 Multivariate analysis for factors predicting recurrence-free survival according to pathological lymph node

Variables pN- pN?

HR 95% CI P value HR 95% CI P value

Pathologic T stage, pT3–4

Combination of LC and NC,

4.175 1.499–11.629 0.006

Group 1 1

Group 2 1.681 0.609–4.635 0.316

Group 3 3.630 1.306–10.093 0.013

Fig. 4 Recurrence patterns

according to combination

groups in pN? patients
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Preoperative LC and a combination with NC in patients

undergoing curative surgery for colorectal cancer are

simple and inexpensive means of identifying patients with

a potentially poor prognosis. Early detection of recurrence

could allow resection of metastatic lesions in rectal cancer

patients, and the factors predicting recurrence are useful in

treating LARC. However, the optimal values of LC and NC

for predicting recurrence remain to be determined.

Conclusions

This study showed that combination of LC and NC was a

powerful prognostic factor in pN? LARC patients who

underwent CRT. Further studies using a larger sample size

are warranted to confirm the prognostic role of this com-

bination marker in LARC patients. Prospective validation

in future studies is needed to demonstrate the prognostic

ability of this inflammatory marker.
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