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OBJECTIVE
The aim of this study is to investigate the relationship between baseline and post-treatment neutrophil-
to-lymphocyte ratio (NLR) levels and response to neoadjuvant chemoradiotherapy (CRT) in terms of 
good pathological response and survival.

METHODS
Fifty-six patients who underwent neoadjuvant CRT and curative surgery for locally advanced rectal 
cancer (LARC) were analyzed retrospectively. Pre-CRT and post-CRT hematologic parameters were 
recorded. The link between NLR and clinical outcomes was explored.

RESULTS
The receiver operating characteristic analysis revealed appropriate cut-off values of 2.87 for pre-CRT 
NLR associated with good pathological response and 8.68 for post-CRT NLR predicting survival. The 
low pre-CRT NLR group had better outcomes in terms of good pathological response compared to the 
high pre-CRT NLR group (OR 4.15, 95% CI 1.23-13.76, p=0.021). However, the analysis failed to show 
the correlation between NLR and pCR (OR 2.74, 95% CI 0.37-20.15, p=0.320). Patients with elevated 
post-CRT NLR had significantly worse 5-year overall survival (OS), disease-free survival (DFS) and 
local regional recurrence-free survival (LRRFS) rates compared to low post-CRT NLR in multivariate 
analysis (46.6% vs. 74.4%, p=0.020; 35.3% vs. 71.9%, p=0.018; 40.8% vs. 78.1%, p=0.006).

CONCLUSION
High pre-CRT NLR might be used as a poor pathological tumor response predictor in LARC patients 
treated with neoadjuvant CRT. In addition, low post-CRT NLR is associated with favorable OS, DFS, 
and LRRFS. Therefore, easily accessible and cost-effective NLR can be considered as a potential predic-
tive marker to identify patients and establish personalized treatment strategies.
Keywords: Neoadjuvant chemoradiotherapy; neutrophil-to-lymphocyte ratio; pathological tumor response; prog-
nosis; rectal cancer; survival.
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Materials and Methods

Patients
LARC patients treated with neoadjuvant CRT in our 
radiation oncology department between January 2012 
and December 2017 were retrospectively reviewed. 
The following eligibility criteria were considered in 
the present study: pathologically confirmed diagnosis 
of rectum adenocarcinoma; clinical T3/T4 or lymph 
node-positive disease; including treatment with neoad-
juvant CRT followed by curative surgery; blood tests 
were taken within 1 week before CRT (pre-CRT NLR) 
and between completion of CRT and surgery (post-
CRT NLR), and an Eastern Cooperative Oncology 
Group performance score of 0-2. Patients who used 
steroid therapy had signs of inflammation or infectious 
disease, had a history of hematological or autoimmune 
disease, and had other tumors were excluded from the 
study. The study was approved by the medical ethics 
committee of our institute and was conducted in accor-
dance with the Declaration of Helsinki, and individual 
consent was waived for this retrospective study.

Data Collection
Patient demographics, surgical and oncologic outcomes 
were extracted through the patient archive files and elec-
tronic medical records system, including age, gender, 
tumor location, carcinoembryonic antigen (CEA), al-
bumin, uric acid, hemoglobin, neutrophil, lymphocyte, 
monocyte and platelet counts, clinical T and N stage, 
type of surgery, lymphovascular invasion (LVI), per-
ineural invasion (PNI), pathological TNM stage, recur-
rence, distant metastasis, and death. The NLR was calcu-
lated as the neutrophil count divided by the lymphocyte 
count and was categorized as pre-CRT and post-CRT.

Pretreatment Assessment
The clinical workup included physical examination, 
blood analysis, colonoscopy, computed tomography 
scan (CT) of the abdomen, pelvis and chest, and pelvic 
magnetic resonance imaging for pretreatment evalua-
tion. In addition, positron emission tomography was 
performed on several patients. The seventh edition of 
the TNM classification of the American Joint Commit-
tee on Cancer was used to define the clinical stage.

Treatment
Three-dimensional radiotherapy was applied with a me-
dian radiation dose of 50.4 Gy. Radiotherapy was per-
formed to the whole pelvis with 45 Gy in 25 fractions, 
followed by a boost of 5.4 Gy to the primary tumor in 

Introduction

Neoadjuvant chemoradiotherapy (CRT) followed by 
curative surgery including total mesorectal excision 
(TME) and adjuvant chemotherapy has been the cur-
rent standard treatment option for patients with locally 
advanced rectal cancer (LARC). In the early 2000s, 
when the German Rectal Cancer Study Group’s phase 
three randomized clinical trial was published, it was 
recognized worldwide for its superior results, favoring 
neoadjuvant CRT over postoperative CRT because of 
better sphincter preservation and improved local con-
trol, as well as reduced treatment-related toxicity.[1] 
While downstaging is provided in approximately 50-
60% of patients with neoadjuvant CRT, pathological 
complete response (pCR) is observed at a rate of 10%.
[1,2] Patients who achieve pCR after neoadjuvant CRT 
have better survival and pCR has been proposed as a re-
liable prognostic factor for survival in LARC patients.
[2] Since pCR is important in determining prognosis, 
identifying factors affecting pCR prior to neoadjuvant 
CRT may be strategically important for deciding pa-
tient management. In this situation, it is still necessary 
to identify specific biomarkers to predict the treatment 
response of patients undergoing neoadjuvant CRT.

Accumulating evidence has supported that systemic 
inflammation has been recognized as a hallmark of can-
cer development and progression. The systemic inflam-
matory response plays a crucial role in the prognosis of 
several solid tumors due to interactions of the tumor mi-
croenvironment resulting in tumor growth and spread.
[3] Neutrophils, lymphocytes, and platelets are immune-
inflammatory circulating cells derived from peripheral 
blood. The neutrophil-to-lymphocyte ratio (NLR) is one 
of the immune-inflammatory indices that have been 
shown to be associated with the prognosis for the survival 
of various types of solid tumors.[4,5] Although the exact 
mechanism is not fully understood, it can be briefly sum-
marized as follows. Neutrophils secrete cytokines and 
chemokines, that create a favorable tumor microenviron-
ment to promote tumor growth and progression; lym-
phocytes are responsible for the antitumor immune status 
due to their role in destroying tumor cells, suppressing 
tumor proliferation and migration. Therefore, increased 
NLR is assumed to be associated with tumor growth.

In this study, our primary goal is to investigate the 
relationship between baseline and post-treatment NLR 
levels and response to neoadjuvant CRT in terms of 
pCR and good pathological response. We also aimed 
to evaluate the prognostic ability of pre-CRT and post-
CRT NLR on survival outcomes.
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3 fractions. The gross tumor volume (GTV) contained 
primary tumor and involved lymph nodes visible on 
imaging. The clinical target volume (CTV) was defined 
including the entire mesorectum and associated lymph 
nodes. The lymph nodes consisted of obturator and in-
ternal iliac lymph nodes for all T stages and external il-
iac lymph nodes for T4 tumors. The CTV was enlarged 
1-1.5 cm in adjacent organs with gross tumor invasion 
for T4 tumors. The boost volume covered the GTV with 
a 2 cm margin superiorly-inferiorly and at these levels 
with the mesorectum and presacral space. The CTV was 
expanded 5-10 mm to create the planning target vol-
ume. kV imaging was done daily or every other day for 
set-up accuracy. The treatment was applied with a full 
bladder to minimize small bowel toxicity.

Concomitant chemotherapy was administered, ex-
cept for 4 patients who could not receive chemotherapy 
due to their age and comorbidities during radiotherapy. 
Intravenous 5-fluorouracil (5-FU) or oral capecitabine 
chemotherapy regimens were used. In the 1st and 5th 
weeks of RT, 425 mg/m2/day 5-FU and 20 mg/m2/day 
leucovorin were given. Capecitabine was administered 
at 825 mg/m2/twice daily during the entire radiother-
apy period. All patients underwent curative surgery 
including TME and pelvic node dissection 4-12 weeks 
after the completion of neoadjuvant CRT, and adjuvant 
chemotherapy was applied.

Pathological Assessment of Response to Che-
moradiation
As described by previous reports by Ryan et al.[6] the 
pathologic response to neoadjuvant CRT was deter-
mined by the amount of viable malignancy versus the 
amount of fibrosis and was defined in 5 tumor regres-
sion grades (TRG). In brief, TRG1 was defined as no 
viable cancer cells (complete response); TRG2 as re-
maining of single cells or rare small groups of cancer 
cells (near-complete response); TRG3 as the presence 
of residual cancer with predominantly fibrosis (partial 
response); TRG4 as residual cancer outgrowing fibro-
sis; TRG5 as extensive residual cancer without fibrosis. 
The pCR was defined as the absence of all malignant 
cells, a good pathological response to neoadjuvant 
CRT was defined as TRG1-3, while a poor pathological 
response was defined as TRG4-5.

Follow-up
Patients were followed up every 3 months within the 
first 2 years, every 6 months in the following 3 years, and 
annually thereafter. Physical examinations, complete 

blood count, blood chemistry, CEA were performed 
at each follow-up. Patients were evaluated with chest 
and abdominal CT scan at 6-month intervals. Total 
colonoscopy was performed at 1 year after surgery and 
every 2 years thereafter. Based on clinical, radiologic 
evaluations, or histological findings, any recurrence in 
the pelvic cavity was defined as locoregional recurrence, 
any recurrence outside the pelvic cavity, or metastasis in 
solid organs, was defined as distant metastasis.

Statistical Analysis
The primary endpoints were pCR and good patho-
logical response to neoadjuvant CRT by TRG stages 
as previously described. The secondary clinical out-
comes of interest were overall survival (OS), disease 
free survival (DFS), and local-regional recurrence-free 
survival (LRRFS). OS was defined as the time from the 
date of diagnosis to the date of death or last follow-
up. The time from the date of diagnosis to the date of 
occurence of local or/and distant failure, or death, or 
last follow-up was calculated as DFS; the time from the 
date of diagnosis to the local recurrence, or death, or 
last follow-up was calculated as LRRFS.

The statistical analyses were performed with IBM 
SPSS version 21.0 (IBM Corp., Armonk, NY, USA). A 
p<0.05 was considered significant for all tests. Descrip-
tive analysis was used for all variables. Categorical vari-
ables were displayed as frequencies and percentages, 
continuous variables were represented as medians. The 
receiver operating characteristic (ROC) analysis was 
applied to determine the optimal cut-off values of pre-
CRT NLR and post-CRT NLR for prognostic prediction 
of good pathological response to neoadjuvant CRT and 
survival. The relationship between the NLR and the clin-
icopathological characteristics were compared using the 
chi-square test or Fisher’s exact test for categorical vari-
ables and with Student’s t-test for continuous variables. 
Logistic regression analysis was used to analyze the signif-
icant factors related to response to neoadjuvant CRT. The 
patients’ survival data were evaluated using the Kaplan-
Meier method and the differences were compared using 
log-rank statistics. Univariate and multivariate analyses 
to identify prognostic predictors were performed using 
Cox proportional hazard regression models.

Results

The demographic, clinical, and pathological character-
istics of this study are displayed in Table 1. Of the 110 
patients enrolled at baseline, 56 met eligibility criteria 
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and it was used in 35 patients. Pathological evaluation 
after curative surgery revealed 12.5% pCR, 30.3% good 
pathological response and 58.9% T-downstaging. At 
the last follow-up, 38 (67.9%) patients were alive, 16 
(28.5%) had disease progression, 10 (17.8%) had local 
recurrence, 11 (19.6%) had distant metastasis.

The ROC analysis revealed favorable cut-off val-
ues of 2.87 (area under the curve [AUC]: 0.709, sen-

and were included in the analysis. The median follow-
up time was 45 months (3-98) with a median age of 63 
years (range 30-83 years). All patients received three-
dimensional radiotherapy with 45 Gy in 25 fractions 
to the whole pelvis, 41 of whom received 5.4 Gy boost 
in 3 fractions to the primary tumor. Concurrent che-
motherapy was applied to all patients except 4 patients. 
The most preferred chemotherapy regimen was 5-FU 

Table 1 Clinicopathological characteristics

Variable  Pre-CRT NLR (%)  p  Post-CRT NLR (%) p

  <2.87  ≥2.87  <8.68  ≥8.68

Age
 <60 8 (34.8)  13 (39.4) 0.726 11 (34.4)  8 (38.1) 0.782
 ≥60 15 (65.2)  20 (60.6)  21 (65.6)  13 (61.9)
Gender
 Female 10 (43.5)  15 (45.5) 0.884 14 (43.8)  10 (47.6) 0.782
 Male 13 (56.5)  18 (54.5)  18 (56.2)  11 (52.4)
Tumor location
 Low-Mid 16 (72.7)  26 (81.3) 0.459 21 (70)  19 (90.5) 0.098
 Upper-Rectosigmoid 6 (27.3)  6 (18.3)  9 (30)  2 (9.5)
Clinical T stage
 T2 0 (0)  1 (3) 0.041 0 (0)  1 (4.8) 0.224
 T3 13 (56.5)  8 (24.2)  15 (46.9)  6 (28.6)
 T4 10 (43.5)  24 (72.7)  17 (53.1)  14 (66.7)
Clinical N stage
 N- 10 (43.5)  14 (42.4) 0.938 14 (43.8)  7 (33.3) 0.448
 N+ 13 (56.5)  19 (57.6)  18 (56.3)  14 (66.7)
Pathological T stage
 ypT0 6 (26.1)  4 (12.1) 0.140 8 (25)  2 (9.5) 0.326
 ypT1-2 7 (30.4)  6 (18.2)  8 (25)  5 (23.8)
 ypT3-4 10 (43.5)  23 (69.7)  16 (50)  14 (66.7)
Pathological N stage
 ypN0 17 (73.9)  14 (42.4) 0.020 20 (62.5)  9 (42.9) 0.160
 ypN1-2 6 (26.1)  19 (57.6)  12 (37.5)  12 (57.1)
pCR
 Yes 5 (21.7)  2 (6.1) 0.081 6 (18.8)  1 (4.8) 0.223
 No 18 (78.3)  31 (93.9)  26 (81.3)  20 (95.2)
Pathologic response
 Good 11 (47.8)  6 (18.2) 0.018 11 (34.4)  6 (28.6) 0.658
 Poor 12 (52.2)  27 (81.8)  21 (65.6)  15 (71.4)
LVI
 No 21 (91.3)  22 (68.8) 0.046 22 (68.8)  10 (50) 0.176
 Yes 2 (8.7)  10 (31.3)  10 (31.3)  10 (50)
PNI
 No 17 (73.9)  16 (50) 0.074 29 (50.6)  12 (60) 0.014
 Yes 6 (26.1)  16 (50)  3 (9.4)  8 (40)
Surgical margin
 Negative 19 (82.6)  29 (90.6) 0.379 29 (50.6)  16 (80) 0.275
 Close/Positive 4 (17.4)  3 (9.4)  3 (9.4)  4 (20)

CRT: Chemoradiotherapy; NLR: Neutrophil-to-lymphocyte ratio; pCR: Pathological complete response; LVI: Lymphovascular invasion; PNI: Perineural invasion
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RFS, with 5-year LRRFS rates of 64.7% and 62.3% for 
low and high pre-CRT NLR groups (p=0.927). The 
5-year LRRFS rate was significantly better in low post-
CRT NLR group (78.1% vs. 40.8%, p=0.006) (Fig. 
2c). Clinical N stage (p=0.005), PNI (p=0.029), CRT 
(p<0.001) and radiation dose (50.4 Gy) (p=0.007) 
were other significant factors affecting LRRFS in the 
univariate analysis. post-CRT NLR (p=0.019), clini-
cal N stage (p=0.008), PNI (p=0.045), CRT (p=0.002) 
and radiation dose (50.4 Gy) (p=0.008) were re-
mained prognostic factors for LRRFS in multivariate 
analysis (Table 3).

sitivity 66%, specificity 65%, p=0.015) for pre-CRT 
NLR associated with good pathological response and 
8.68 (AUC: 0.678, sensitivity 61%, specificity 72%, 
p=0.035) for post-CRT NLR predicting survival, as 
shown in Figure 1a and b. According to these cut-off 
values, patients were stratified into two groups. A high 
pre-CRT NLR was significantly associated with clini-
cal T4 stage (p=0.041), poor pathological response 
(p=0.018) and LVI (p=0.046). Most of pathologi-
cal node positive patients were in the high pre-CRT 
NLR group significantly (p=0.020). The association 
between clinicopathological characteristics and NLR 
was detailed in Table 1.

Logistic regression analysis showed that patients 
in the low pre-CRT NLR group had better outcomes 
in terms of good pathological response compared 
to the high pre-CRT NLR group (OR 4.15, 95% CI 
1.23-13.76, p=0.021) (Table 2). Clinical T4 stage was 
associated with poor pathological response (OR 3.63 
[1.10-11.96], p=0.034). However, logistic regression 
analysis failed to show any parameters associated 
with pCR.

The 5-year OS was 65.7% for all patients. The 5-year 
OS in patients low and high pre-CRT NLR groups were 
52.9% and 68.4% (p=0.757). An elevated post-CRT 
NLR was a significantly poor prognostic factor for OS, 
with 5-year OS rates of 74.4% and 46.6% for low and 
high post-CRT NLR groups (p=0.006) (Fig. 2a). Clini-
cal N stage (p=0.017), CEA (p=0.038), concurrent CRT 
(p<0.001) and radiation dose (50.4 Gy) (p=0.007) were 
other significant factors affecting OS in the univariate 
analysis. post-CRT NLR (p=0.023), clinical N stage 
(p=0.024), CRT (p=0.003) and radiation dose (50.4 
Gy) (p=0.018) were remained independent prognostic 
factors for OS in multivariate analysis (Table 3).

The 5-year DFS was 57.6% for all group. The 5-year 
DFS rates did not differ significantly between the 
low and high pre-CRT NLR groups (57.7% vs. 58%, 
p=0.860). Low post-CRT NLR group showed a sig-
nificantly improved 5-year DFS rate compared to high 
post-CRT NLR group (71.9% vs. 35.3%, p=0.018) (Fig. 
2b). Clinical N stage (p=0.010), PNI (p=0.008), surgical 
margin (p=0.039), CRT (p=0.001), radiation dose (50.4 
Gy) (p=0.046) and chemotherapy regimen (p=0.021) 
were other significant factors affecting DFS in the 
univariate analysis. post-CRT NLR (p=0.014), PNI 
(p=0.018), surgical margin (p=0.041), CRT (p=0.004) 
and chemotherapy regimen (p=0.038) were prognostic 
factors for DFS in multivariate analysis (Table 3).

The 5-year LRRFS was 62.8% for all patients. The 
pre-CRT NLR was statistically insignificant for LR-

Fig. 1. (a, b) Receiver operating characteristic curve 
analysis for the optimal cut-of value of neutro-
phil-to-lymphocyte ratio for prediction of good 
pathological response and survival.

 ROC: Receiver operating characteristic.

a

b
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Discussion

The current study has investigated the potential abil-
ity of NLR to serve as a prognostic marker for good 
pathological response and survival outcomes in LARC 
patients who were treated with neoadjuvant CRT. Our 
findings demonstrated that low pre-CRT NLR was an 
independent prognostic factor for good pathological 
response to neoadjuvant CRT, and low post-CRT NLR 
was associated with improved OS, DFS, LRRFS rates 
compared to high post-CRT NLR. However, no corre-
lation was found between pCR and NLR.

The strengths of this study are as follows. First of all, 
the patients received treatment in a single center and their 
treatment was planned according to the same guidelines. 
Therefore, patient management did not differ between 
patients included in the study and biased results were 
avoided. Although the sample size was small, to obtain 
accurate results, we analyzed a highly selected proportion 
of patients undergoing surgical treatment with known 
pathology results. In addition, patients who did not have 
blood tests within the specified date ranges were excluded 
from the study in order to obtain the most reliable results. 
Finally, in order to make the study more deterministic, 
two different cutoff values that could be predictive of 
both good pathologic response to neoadjuvant CRT and 
survival were obtained separately from ROC analysis.

It is well known that the NLR is one of the most 
widely used indices as an indicator of immune inflam-
mation, with its high prognostic ability to predict sur-
vival as it reflects host immune activity.[4,5] Previous 
studies have explored the prognostic utility of NLR in 
various solid tumors as well as colorectal tumors.[7,8] 
Therefore, we have the knowledge that worse survival 
was observed in relation to higher NLR, confirmed by 
several published data. However, there is uncertainty 
about the effect of NLR on oncologic outcomes in pa-
tients undergoing neoadjuvant CRT for rectal cancer 
with known conflicting results. Dong et al.[9] per-
formed a meta-analysis of seven studies including data 
from 959 patients treated with CRT/surgery or surgery, 
results demonstrated that high NLR was significantly 
related with worse OS, disease-free survival and re-
currence-free survival. In contrast, a meta-analysis of 
8 centers including 1237 patients compiled by Dudani 
et al.[10] failed to demonstrate the prognostic effect of 
NLR on survival. However, the following confound-
ers should be noted when interpreting latter meta-
analysis, which included only Canadian data, since 
the threshold value for NLR was not obtained for the 
patient population, the threshold value previously sug-
gested by Templeton for various solid tumors was used 
instead of the value of their own data;[4] blood tests 
were taken over a wide period of time, 4 weeks before 

Table 2 Logistic regression model for good pathological response and pCR

Factors  Good pathological   pCR 
   response

  OR (CI %95)  p OR (CI %95)  p

Clinical T Stage
 T2-3 versus T4 3.63 (1.10-11.96)  0.034 5.15 (0.90-29.52)  0.065
Clinical N Stage
 N- versus N+ 1.17 (0.23-5.84)  0.845 1.06 (0.13-8.64)  0.956
Tumor diameter
 <3 cm versus ≥3 cm 1.99 (0.23-17.17)  0.531 1.75 (0.16-12.23)  0.612
CEA
 <5 versus ≥5 0.68 (0.07-6.25)  0.740 1.26 (0.74-4.57)  0.413
Week
 <12 versus ≥12 0.81 (0.14-4.50)  0.818 0.28 (0.04-1.77)  0.177
Radiotherapy
 CRT versus RT 0.29 (0.20-4.36)  0.376 1.93 (0.07-51.64)  0.695
RT dose
 45 versus 50.4 1.92 (0.22-16.35)  0.558 3.19 (0.19-53.48)  0.420
Pre-CRT NLR
 <2.87 versus ≥2.87 4.15 (1.23-13.76)  0.021 2.74 (0.37-20.15)  0.320

pCR: Pathological complete response; OR: Odds ratio; CI: Confidence interval; CEA: Carcinoembryonic antigen; CRT: Chemoradiotherapy; RT: Radiotherapy; NLR: 
Neutrophil-to-lymphocyte ratio
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and 2 weeks after the start of CRT, were also accepted. 
It should be kept in mind that the indices may change, 
especially with the initiation of CRT. In our study, we 
evaluated baseline and post-treatment NLR, our results 
showed that post-CRT NLR was associated with OS, 
DFS, LRRFS rates, but pre-CRT NLR was not prognos-
tic for survival by ROC analysis.

The link between systemic inflammation indices 
and tumor development has been demonstrated in 
many studies, but the primary goal was often to in-
vestigate the relationship between NLR and survival 
outcomes.[11,12] In particular, prediction of response 
assessment to neoadjuvant treatment according to 
NLR was beyond the scope. In the last decade, a lim-
ited number of studies examining this issue have been 
presented to the literature. [13-17] In this regard, the 
first data were obtained from the study presented by 
Krauthamer et al.[13] They reported that patients with 
low NLR had better complete response rates, but this 
relationship was only demonstrated in stage 3 patients. 
In another study that followed, NLR was found to be an 
independent predictive factor for tumor response and 
survival.[14] On the contrary, Shen et al.[15] reported 
no difference was found between the NLR groups in 
terms of tumor response. The reason why they could 
not obtain significant results may be that they could 
not determine the threshold value in the ROC analysis 
for their data and a cut-off value was selected from pre-
vious studies for analysis. In the other two studies, in 
which treatment response was evaluated with pre-and 
post-treatment NLR values, pre-treatment NLR was 
found to be predictive on tumor response, but this cor-
relation with post-treatment NLR could not be dem-
onstrated.[16,17] These two studies support our study 
with similar results.

According to previous data, increased T stage, 
lymph node-positive disease, presence of LVI, residual 
disease microscopically or macroscopically after sur-
gery, poor pathological response to neoadjuvant ther-
apy, are some of the unfavorable factors known to be 
prognostic for survival and recurrent disease.[18,19] 
Consistent with these data, we found that among these 
factors, high T stage, pathological node-positive dis-
ease, presence of LVI, and poor pathological response 
to neoadjuvant therapy were associated with the high 
pre-CRT NLR group. In addition, we found that in-
creased T stage and high pre-CRT NLR were associated 
with a lower probability of achieving a good pathologi-
cal response to neoadjuvant therapy. These findings 
may indicate that high NLR shares the same denomi-
nator with known poor prognostic factors.

Fig. 2. (a) Kaplan-Meier graphs of Overall survival for 
patients according to post-chemoradiotherapy 
(CRT) neutrophil-to-lymphocyte ratio. (b) 
Kaplan-Meier graphs of disease free survival 
for patients according to post-CRT neutrophil-
to-lymphocyte ratio. (c) Kaplan-Meier graphs 
of local regioanal recurrence free survival for 
patients according to post-CRT neutrophil-to-
lymphocyte ratio.

a

b

c
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Table 3 Univariate and multivariate cox regression analysis for overall survival, disease-free survival, and local-regional 
recurrence-free survival

Variable  OS   DFS   LRRFS

   Univariate   Univariate   Univariate

  HR (%95 Cl)  p HR (%95 Cl)  p HR (%95 Cl)  P

Age   0.357   0.198   0.364
 <60 versus ≥60 1.62 (0.57-4.56)   1.78 (0.73-4.31)   1.55 (0.59-4.07)
Gender   0.198   0.153   0.081
 Male versus female 0.54 (0.21-1.37)   0.55 (0.24-1.24)   0.45 (0.18-1.10)
Tumor location   0.456   0.811   0.648
 Upper-rectosigmoid 1.48 (0.52-4.15)   3.03 (1.42-6.45)   1.26 (0.46-3.48) 
 versus low-mid
Clinical T stage   0.082   0.940   0.134
 T2-3 versus T4 2.50 (0.82-7.62)   1.03 (0.45-2.36)   2.17 (0.78-5.97)
Clinical N Stage   0.017   0.010   0.005
 N- versus N+ 4.52 (1.31-15.65)   3.68 (1.37-9.90)   5.80 (1.96-19.85)
Tumor Length   0.314   0.210   0.418
 <3cm versus ≥3cm 0.54 (0.16-1.78)   0.50 (0.17-1.46)   0.63 (0.21-1.89)
Pathologic T stage   0.304   0.457   0.096
 T1-3 versus T4 1.43 (0.72-2.87)   1.25 (0.69-2.28)   1.77 (0.90-3.46)
Pathologic N stage   0.094   0.205   0.205
 N0 versus N1-2 2.24 (0.87-5.80)   1.68 (0.75-2.76)   1.75 (0.72-4.27)
Pathological Response   0.758   0.861   0.927
 Good versus Poor 0.85 (0.32-2.28)   1.08 (0.44-2.62)   1.04 (0.40-2.72)
pCR   0.742   0.403   0.616
 Yes versus no 1.28 (0.29-5.57)   1.85 (0.43-7.90)   1.45 (0.33-6.27)
Musineous Component   0.723   0.547   0.885
 No versus yes 0.81 (0.26-2.48)   0.73 (0.27-1.98)   1.07 (0.39-2.96)
LVI    0.365   0.071   0.273
 No versus yes 1.53 (0.60-3.86)   2.10 (0.93-4.71)   1.631 (0.67-3.93)
PNI    0.074   0.008   0.029
 No versus yes 2.45 (0.91-6.57)   3.10 (1.34-7.17)   2.79 (1.11-7.09)
Surgical margin   0.070   0.039   0.130
 -vs close/+ 2.81 (0.91-8.58)   2.83 (1.05-7.64)   2.34 (0.77-7.02)
Radiotherapy   <0.001   0.001   <0.001
 CRT versus RT 12.49 (3.77-41.42)   6.72 (2.19-20.61)   11.03 (3.47-35.03)
RT dose   0.007   0.046   0.007
 50.4 versus 45 0.27 (0.11-0.70)   0.43 (0.19-0.98)   0.30 (0.12-0.72)
CT Regimen   0.206   0.021   0.122
 5-FU versus Cap 1.99 (0.683-5.80)   2.89 (1.17-7.14)   2.22 (0.81-5.97)
Post-CRT NLR   0.006   0.018   0.006
 <8.68 versus ≥8.68 3.68 (1.44-9.40)   2.72 (1.18-6.26)   3.68 (1.44-9.40)
Albumin   0.824   0.917   0.940
 >3.5 versus ≤3.5 0.86 (0.24-3.04)   0.94 (0.31-2.79)   1.04 (0.30-3.62)
Hb    0.310   0.245   0.570
 >12 versus ≤12 0.59 (0.21-1.62)   0.60 (0.25-1.41)   0.74 (0.30-1.93)
CEA   0.038   0.183   0.086
 ≤5 versus >5 2.67 (1.05-6.77)   1.73 (0.77-3.52)   2.16 (0.89-5.24)
Timing of Surgery   0.334   0.767   0.253
 ≥6 weeks versus <6 weeks 0.61 (0.23-1.63)   0.87 (0.36-2.09)   0.58 (0.23-1.46)
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Nowadays, although it is not routinely recom-
mended, it is included in the guidelines that surgical 
treatment may not be applied in some special cases 
with good response to therapy. Neoadjuvant therapy 
or total neoadjuvant therapy are the mainstays of this 
non-surgical approach. After clinicians evaluate the 
treatment response clinically with a detailed evaluation 
including rectal examination, rectal imaging, and en-
doscopic examinations instead of post-surgical patho-
logical examination, “watch and wait” strategy can be 
applied in experienced centers in patients with clinical-
ly complete response.[20] However, clinical evaluation 
has some limitations due to the shortcomings of each 
of the above-mentioned methods due to difficulties in 
the post-treatment setting.[21] Since patients cannot 
be evaluated with full accuracy by clinical evaluation, 
it may result in downstaging of patients compared to 
pathological evaluation. In this context, systemic in-
flammation indices can contribute to post-treatment 
assessment regarding the creation of personalized 
treatment strategies, due to the prediction of response 
assessment and prognostic impact on survival.

Limitations of the Study
Some limitations of this study must be acknowledged, 
one of which is the small sample size obtained from a 
single-center study. This small sample size may also be 

responsible for our failure to demonstrate a significant 
relation between the well-known prognostic factors 
such as pCR and patient survival. Furthermore, there 
is the possibility of selection bias due to its retrospec-
tive design. Further analysis of a large population sup-
ported by a multicenter study is required to more ac-
curately confirm the predictive value of NLR.

Conclusion

This study indicates that an elevated pre-CRT-NLR 
might be used as a poor pathological tumor response 
predictor in LARC patients treated with neoadjuvant 
CRT. In addition, low post-CRT NLR is associated with 
favorable OS, DFS, and LRRFS. Therefore, easily acces-
sible and cost-effective NLR can be considered as a po-
tential predictive marker to identify patients and estab-
lish personalized treatment strategies, which should be 
further warranted by prospective studies.
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