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Introduction

Rectal cancer is the seventh most common malignancy 
and the tenth leading cause of cancer-related death 
worldwide (Sung et al., 2021). Approximately half of the 
rectal cancers are diagnosed at the locally advanced stage 
(Gerard et al., 2006; Siavashpour et al., 2020). Neoadjuvant 
chemoradiotherapy (neoCRT) is the standard of care in 
locally advanced rectal cancer (LARC). However, nearly 
one-half of cases do not respond to neoCRT (Novin et 
al., 2021; Park et al., 2012). This issue has demanded the 
march toward exploring the relevant predictive factors. So 
far, numerous predictive markers have been introduced in 
this setting, among which systemic inflammatory response 
markers are of great interest (García-Flórez et al., 2015). 
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Cancer-associated systemic inflammation is considered a 
key determinant of outcome (Fazilat-Panah et al., 2020). 
So far, several biomarkers of the systemic inflammatory 
response to cancer are proposed, such as neutrophil-
lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), 
lymphocyte-monocyte ratio (LMR), and C-reactive 
protein (CRP) (Ameri et al., 2016; Hashemi-Bahremani 
et al., 2019; Kumarasamy et al., 2019).

NLR has been suggested as the most potent systemic 
inflammation marker of survival in patients with cancer, 
including LARC (Chantharakhit et al., 2020; Zhang et 
al., 2020). It is the ratio of absolute neutrophil to absolute 
lymphocyte count in a blood sample. In 2005, Walsh et al. 
firstly reported the prognostic role of NLR in colorectal 
cancer (Walsh et al., 2005). Since then, numerous 
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researches have been conducted in this context. Many 
studies have indicated the predictive value of elevated 
NLR on poor survival of patients with LARC (Dong et 
al., 2016; Ke et al., 2020; Ozdemir et al., 2014). And, 
several others have found the association between NLR 
taken after neoCRT (henceforth called post-NLR) and 
pathologic response to CRT (Ishikawa et al., 2020; Jeon 
et al., 2019). Notwithstanding, the predictive biomarkers 
before initiation of neoCRT would be of great interest; 
since they can guide to spare the nonresponders from 
treatment-related side effects and choose an alternative 
therapeutic option. 

The value of NLR taken before neoCRT (henceforth 
called pre-NLR) in predicting the pathologic response in 
LARC is still a matter of debate; several studies assigned a 
predictive role for it (Braun et al., 2019; Kim et al., 2014; 
Shin et al., 2016; X Zhang et al., 2019); however, several 
others did not (Ergen et al., 2021; Ishikawa et al., 2020; 
Jeon et al., 2019; Lai et al., 2020; Picardo et al., 2016). 
This discrepancy might originate from the retrospective 
nature of studies available in the literature with their 
inherent limitations, such as selection bias and miss to 
control the effect of confounding factors. So that, studies 
with a higher level of evidence are required to delineate 
this association. The present prospective cohort study 
was therefore designed to clarify the value of pre-NLR 
in predicting pathologic response to neoCRT in patients 
with LARC.

Materials and Methods

Study Design and Participants
This prospective cohort study included patients with 

pathologically diagnosed, nonmetastatic, and resectable 
LARC (defined as T3/T4 or lymph node involvement). 
The participants were candidates to receive neoCRT 
before curative rectal surgery at the Shohada-e-Hafte Tir 
Hospital (Tehran, Iran) between March 21, 2018, and 
February 20, 2020. Clinical staging was based on complete 
history taking and physical examination –including digital 
rectal exam (DRE), colonoscopy, thoracic and abdominal 
computed tomography (CT) scan, pelvic magnetic 
resonance imaging (MRI), or endoscopic ultrasound 
(EUS) per the American Joint Committee on Cancer 
(AJCC) 8th edition. The inclusion and exclusion criteria 
are presented in Figure 1. By considering the correlation 
coefficient (r) between NLR and response rate to be 0.56, 
type 1 error (zα) 5%, and type 2 error (zβ) 20%, the sample 
size was calculated as 30, using the following formula:

We documented the following data for all subjects 
before the treatment: age, sex, Eastern Cooperative 
Oncology Group (ECOG) performance status, body mass 
index (BMI), histology, tumor location, clinical tumor 
stage, and blood neutrophils and lymphocytes numbers. 
The study protocol was approved by the institution IRB, 
and all participants declared written and verbal informed 
consent. The ethical approval was provided by the ethical 

committee of the Iran University of Medical Sciences (IR.
IUMS.FMD.REC.1398.231), and the study was conducted 
per the principles of the Declaration of Helsinki and 
current ethical guidelines.

Treatment and Assessment
To determine the pretreatment absolute neutrophil and 

lymphocyte count, at least two slides of peripheral blood 
smears were obtained from eligible participants before 
initiating neoCRT. The amounts were averaged for the 
final NLR. We advised the included patients not to smoke, 
exercise vigorously, or take anti-inflammatory drugs at 
least 24 hours prior to blood sampling. If the patient had an 
acute infection, blood sampling was delayed until complete 
recovery of symptoms (Higuchi et al., 2016; Neves et al., 
2015). In addition, we applied manual cell counting by an 
expert pathologist –instead of automated cell analyzers– 
to enhance the accuracy of results (Martín et al., 2021). 
Following initial tumor staging, patients received neoCRT 
per long-course protocol (whole pelvis 45 Gy, then boost 
to the tumor bed with a 2-cm margin to a total prescribed 
dose of 50.4 Gy). Radiotherapy (RT) was delivered five 
days per week at a 1.8 Gy daily dose with concurrent oral 
administration of capecitabine 825 mg/m2 BID on each RT 
day. Patients were evaluated for toxicities weekly during 
CRT by physical examination for performance status, vital 
signs, body weight, and stomatitis and checking complete 
blood count and liver function tests. Treatment toxicities 
were graded using Common Terminology Criteria for 
Adverse Events (CTCAE) version 5.0 (Freites-Martinez 
et al., 2021). The concurrent chemotherapy was held until 
recovery if (i) the absolute neutrophil count was less than 
1,500 cells per microliter, (ii) the platelet count was less 
than 75,000 per microliter, or (iii) patients developed 
grade 2-3 hand-foot syndrome or grade 2-4 stomatitis, 
vomiting, or diarrhea Four weeks after CRT, patients 
were re-evaluated with DRE, flexible sigmoidoscopy, 
and pelvic MRI. The clinical response was based on 
Response Evaluation Criteria In Solid Tumors (RECIST) 
version 1.1 (Eisenhauer et al., 2009). Four to six weeks 
after completion of neoCRT, all patients underwent total 
mesorectal excision (TME) with sphincter preservation 
(whenever feasible). An experienced pathologist –
who was blinded to the patients’ clinical outcomes– 
evaluated the tumor response using the four-point tumor 
regression grade (TRG) introduced in AJCC 8th edition, 
in the following order: (i) TRG 0: no viable cancer cells 
(complete response), (ii) TRG 1: single or small groups 
of tumor cells (moderate response), (iii) TRG 2: residual 
cancer outgrown by fibrosis (minimal response), and (iv) 
TRG 3: minimal or no tumor cells killed (poor response)
(Weiser, 2018). The same pathologist re-evaluated the 
specimens to enhance the reliability of the results. For 
analysis, we categorized the TRG records into three 
groups: response-group 1 (TRG 0-1 vs. 2-3), response-
group 2 (TRG 0 vs. 1-3), and response-group 3 (TRG 
0-2 vs. 3).

Statistical analysis
We used IBM SPSS Statistics® (ver.26) for statistical 

analysis. Categorical variables were summarized as 

𝑛𝑛 = (
zα + zβ 

0.5 log�1 + 𝑟𝑟
1 − 𝑟𝑟� �

)2 + 3 = 30 
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The baseline characteristics –including age, sex, clinical 
stage, location of tumor– are demonstrated in Table 1. 
The study population had a mean age of 54.8 ± 9.1 years, 
of which 40% were female. Adenocarcinoma was the 
only pathology diagnosis that was well- or moderate-
differentiated in 86.7%. The tumor stage was clinical T2 
in 2 patients (6.7%), T3 in 22 patients (73.3%), and T4 
in 6 patients (20%), and nodal involvement was reported 
in 26 patients (86.7%). Of the total 30 patients, 19 cases 
(63.3%) were responsive, and 7 cases (23.3%) showed 
complete pathologic response (pCR). 

The mean pre-treatment NLR was 2.5 ± 1.2, which 
was statistically similar in each response-group (response-
group 1: 2.7 vs. 2.4, p=0.70; response-group 2: 3.1 vs. 
2.4, p=0.66, and response-group 3: 2.5 vs. 2.7, p=0.16) 
(Table 1). The Fisher’s exact test showed a significant 
relationship between clinical response to neoCRT and 
response-groups 1 and 2 (p=0.001, p=0.000, respectively), 
but, non-significant results for response-group 3 (p=0.08). 

Among the evaluated demographic and clinical factors, 
the elevated pre-NLR tended to be associated with younger 
age and male gender (p=0.07 and p=0.06, respectively) 
(Table 2). 

The ROC analysis identified an inability of NLR to 
predict good response (i.e., TRG 0-1) and pCR (i.e., TRG 
0) to neoCRT with area under the ROC curve (AUC)
s of 0.45 (95%CI 0.23-0.66) and 0.36 (95%CI 0.13-
0.59), respectively. Nevertheless, it had a poor value to 
discriminate non-responsive group (AUC: 0.55, CI%95 
0.33-0.75) with an optimal NLR cutoff value of 2.94 with a 
sensitivity of 78.9% and specificity of 45.5%. Considering 
this cutoff value, 71.4% of patients with NLR ≤ 2.94 were 
responsive to neoCRT compared to 44.4% of patients with 

numbers and percentages and were compared using 
Fisher’s exact test. Continuous variables were summarized 
using mean and standard deviation, and intergroup values 
were compared using the Mann-Whitney U test (if 
non-parametric) or independent t-test (if parametric). 
Normality was analyzed using the Shapiro-Wilk test. We 
applied Kruskal-Wallis H test to evaluate the association 
between pre-NLR and demographic-clinical factors. We 
employed receiver operating characteristic (ROC) curve 
analysis (i) to evaluate the predictive value of pre-NLR in 
tumor response and (ii) to determine the dichotomization 
thresholds for the response to neoCRT, as described by 
Youden (Youden, 1950). Then, we applied univariable 
analysis –using Fisher’s exact test and Mann-Whitney U 
test (or independent t-test if applicable)– and multivariable 
logistic regression using backward elimination (Wald 
test) to identify independent predictors of pathologic 
response to neoCRT (Heinze et al., 2017). The statistical 
significance level was set to 0.05, except for including 
covariates into multivariate analysis that p-value was set 
to 0.25 to impede miss the possible potential predictive 
factors (Bursac et al., 2008). 

Results

During the study period, 86 patients with rectal cancer 
were evaluated. Of them, 33 cases who fulfilled the 
criteria were enrolled (Figure 1). A total of 3 patients were 
missed for analysis: one patient refused surgery due to 
significant symptom relief, one patient died of metastasis, 
and another one died of local tumor progression during 
neoCRT. The treatment was well-tolerated with few 
adverse effects, and no grade 4-5 toxicity was reported. 

Figure 1. The Inclusion and Exclusion Criteria, and Flowchart of Patient Allocation in this Study. ECOG PS, Eastern 
Cooperative Oncology Group performance status; F/U, follow-up; IBD, inflammatory bowel disease; NSAIDs, 
nonsteroidal anti-inflammatory drugs; PMH, past medical history. 
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Characteristics Total Response-group 1 a, g Response-group 2 b, g Response-group 3 c, g

(n = 30) GR PR pCR Non-pCR Responsive Non-responsive
(n = 11) (n = 19) (n=7) (n=23) (n=19) (n=11)

Age at diagnosis, mean (SD), years 54.8 (9.1) 52.8 (11.1) 56.1 (7.9) 52.8 (11.9) 55.4 (8.4) 55.1 (10.0) 54.3 (7.9)
     ≤ 54 years d, n (%) 15 (50.0) 5 (45.5) 10 (52.6) 3 (42.9) 12 (52.2) 7 (36.9) 8 (72.7)
     > 54 years, n (%) 15 (50.0) 6 (54.5) 9 (47.4) 4 (57.1) 11 (47.8) 12 (63.1) 3 (27.3)
Sex, n (%)
     Female 12 (40.0) 5 (45.5) 7 (36.8) 4 (57.1) 8 (34.8) 9 (47.4) 3 (27.3)
     Male 18 (60.0) 6 (54.5) 12 (63.2) 3 (42.9) 15 (65.2) 10 (52.6) 8 (72.7)
Clinical tumor stage, n (%)
     T2 2 (6.7) 1 (9.1) 1 (5.3) 0 2 (8.7) 1 (5.3) 1 (9.1)
     T3 22 (73.3) 9 (81.8) 13 (68.4) 7 (100) 15 (65.2) 16 (84.2) 6 (54.5)
     T4 6 (20.0) 1 (9.1) 5 (26.3) 0 6 (26.1) 2 (10.5) 4 (36.4)
Clinical nodal status, n (%)
     Negative 4 (13.3) 1 (9.1) 3 (15.8) 0 4 (17.4) 2 (10.5) 2 (18.2)
     Positive 26 (86.7) 10 (90.9) 16 (84.2) 7 (100) 19 (82.6) 17 (89.5) 9 (81.8)
Distance from AV (cm), mean (SD) 6.5 (3.6) 5.7 (2.6) 7.1 (4.1) 5.5 (2.8) 6.9 (3.8) 6.1 (3.0) 7.3 (4.6)
     Upper third 8 (26.7) 2 (18.1) 6 (31.6) 1 (14.2) 7 (30.4) 5 (26.3) 3 (27.3)
     Middle third 12 (40.0) 5 (45.5) 7 (36.8) 3 (42.9) 9 (39.2) 8 (42.1) 4 (36.4)
     Lower third 10 (33.3) 4 (36.4) 6 (31.6) 3 (42.9) 7 (30.4) 6 (31.6) 4 (36.4)
Pretherapy NLR, mean (SD) 2.5 (1.2) 2.7 (1.6) 2.4 (1.1) 3.1 (1.8) 2.4 (1.0) 2.5 (1.3) 2.7 (1.2)
     ≤ 2.24 d 15 (50.0) 6 (54.5) 9 (47.4) 3 (42.9) 12 (52.2) 10 (52.6) 5 (45.5)
     > 2.24 15 (50.0) 5 (45.5) 10 (52.6) 4 (57.1) 11 (47.8) 9 (47.4) 6 (54.5)
     ≤ 2.94 e 21 (70.0) - - - - 15 (78.9) 6 (54.5)
     > 2.94 9 (30.0) - - - - 4 (21.1) 5 (45.5)
Clinical response f

     Complete response 7 (23.4) 7 (63.6) 0 7 (100) 0 7 (36.9) 0
     Partial response 18 (60.0) 3 (27.3) 15 (78.9) 0 18 (78.2) 10 (52.6) 8 (72.7)
     Stable disease 4 (13.3) 1 (9.1) 3 (15.8) 0 4 (17.4) 2 (10.5) 2 (18.2)
     Progressive disease 1 (3.3) 0 1 (5.3) 0 1 (4.4) 0 1 (9.1)

Table 1. Baseline Characteristics and Treatment Results of the Study Population

Abbreviations: AV, anal verge; GR, good response; NLR, neutrophil-to-lymphocyte ratio; pCR, complete pathologic response; PR, poor response; 
SD, standard deviation; TRG, tumor regression grade; a, GR (TRG 0-1), PR (TRG 2-3); b, pCR (TRG 0), non-pCR (TRG 1-3); c,. responsive (TRG 
0-2), non-responsive (TRG 3); d, The cutoff is the median value; e, The cutoff value is defined based on Receiver operating characteristic (ROC) 
analysis, which was only significant for response-group 3; f, Based on Response Evaluation Criteria In Solid Tumors (RECIST) 1.1; g, Based on 
American Joint Committee on Cancer (AJCC) 8th edition 

Figure 2. Receiver Operating Characteristic (ROC) Curve of Three Response-Groups –using Wilson/Brown method– 
showing the predictive value of neutrophil-to-lymphocyte ratio for pathologic response to neoCRT in locally advanced 
rectal cancer. (AUC response-group 1 = 0.450, AUC response-group 2 = 0.366, and AUC response-group 3 = 0.553). 

more values of NLR. Figure 2 demonstrates the ROC 
curve plots for the three response-groups.

Then, we analyzed the association between 
clinicopathological profile and pathologic response to 
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neoCRT (Table 3). In response-group 1, the univariable 
analysis did not demonstrate an association between 
age, sex, disease stage, tumor site, or pretherapy 
NLR (pre-NLR) and good pathologic response. In 
response-groups 2, nodal status was the only significant 
predictor; therefore, multivariable logistic regression 
analysis was not practical. In response-group 3, the 
univariable analysis showed that age, clinical tumor stage, 
and pre-NLR were associated with the outcome. However, 
the multivariable analysis did not confirm it.

Discussion 

To our knowledge, this is the first prospective studies 
evaluating the predictive role of pre-NLR in determining 
pathologic response to neoCRT in patients with LARC. 
We primarily demonstrated that pre-NLR –as a biomarker 
of systemic inflammatory response– could not predict 
pathologic response to neoCRT in our cohort of patients 
with locally advanced adenocarcinoma of the rectum. 
Nevertheless, pre-NLR had a limited value to discriminate 
nonresponders to neoCRT (AUC 0.55, CI%95 0.33-0.75) 
with a cutoff value of 2.94. Next, the multivariate logistic 
regression analysis did not demonstrate the significant 
effect of age, sex, clinical stage, tumor location, or 
pre-NLR on the likelihood of pathologic response to 
neoCRT.

Previous evidence has demonstrated conflicting 
results regarding the association between pre-NLR and 
pathologic response to neoCRT in LARC; some studies 
assigned a predictive role (Braun et al., 2019; Kim et al., 

2014; Shin et al., 2016; Zhang et al., 2019); however, 
others did not (Ergen et al., 2021; Ishikawa et al., 2020; 
Jeon et al., 2019; Lai et al., 2020; Picardo et al., 2016). 

The following studies showed that pre-NLR can 
predict the response to neoCRT. A small, retrospective 
cohort noted that a pre-NLR < 2.0 is associated with 
pCR to neoCRT in patients with LARC (X Zhang et al., 
2019). Another small, single-center retrospective study 
found similar findings, and authors concluded that pre-
NLR ≥ 3 is a significant predictor of poor pathologic 
response (Kim et al., 2014). Likewise, a team in Germany 
realized that patients with a good pathologic response 
to neoCRT (Dworak regression grades 3 and 4) have a 
lower pre-NLR than patients with less pronounced tumor 
regression (Braun et al., 2019). These findings were in 
line with a large, single-centered retrospective study, in 
which pre-NLR ≥ 5 was significantly associated with a 
lower rate of pCR (Shin et al., 2016). 

However, on the other side of the coin, the following 
retrospective studies drew contrast conclusions. A 
unicentric survey conducted in South Korea did not find 
a correlation between pre-NLR and pCR to neoCRT 
in LARC; however, post-NLR –with a cutoff value of 
3.23– was significantly associated with pCR (Jeon et 
al., 2019). These findings were confirmed in a large, 
single-center retrospective study conducted in China, in 
which pre-NLR was not correlated with pCR; however, 
investigators showed that > 21.5% increase in NLR after 
CRT is a negative predictor of pathologic response (Lai et 
al., 2020). A multicentric, retrospective cohort study based 
in the U.S. and Ireland noted that pre-NLR cannot predict 

Characteristics Age Sex Tumor stage Nodal status Location
Mean 
rank

P Mean 
rank

P Mean 
rank

P Mean 
rank

p Mean 
rank

P

NLR ≤ 54 y 18.4 0.07 M 18.1 0.06 T2 11 0.47 N+ve 15.5 1 upper 14.8 0.87
T3 15.2 middle 15

> 54 y 12.6 F 12.1 T4 17.1 N-ve 15.5 lower 16.6

Table 2. The Association between Pretherapy Neutrophil-to-Lymphocyte Ration and Demographic or Clinical Factors 
(Using Kruskal-Wallis H Test)

NLR, neutrophil-to-lymphocyte ratio; y, years old. 

Characteristics Response-group 1 a, e Response-group 2 b, e Response-group 3 c, e

Uni Multi Uni Multi Uni Multi
P P OR P P OR P P OR

Age 0.7 - - 0.66 - - 0.06 0.96 1.002
Sex (M vs. F) 0.64 - - 0.29 - - 0.27 - -
Clinical tumor stage 0.31 - - 0.34 - - 0.19 1.0g 0.00g

0.12h 0.22h

Clinical nodal status (N+ve vs. N-ve) 0.74 - - 0.23f - - 0.61 - -
Distance from AV 0.48 - - 0.65 - - 0.94 - -
Pretherapy NLR d 0.70 - - 0.66 - - 0.16 0.82 1.08

Table 3. Univariable and Multivariable Analysis of Response to Neoadjuvant Chemoradiation (Using Binary Logistic 
Regression)

Abbreviations: AV, anal verge; NLR, neutrophil-to-lymphocyte ratio, OR, odds ratio; TRG, tumor regression grade; a, GR (TRG 0-1), PR (TRG 
2-3); b, pCR (TRG 0), non-pCR (TRG 1-3); c, responsive (TRG 0-2), non-responsive (TRG 3); d, The cutoff is the median value for response-groups 
1 and 2 and based on receiver operating characteristic (ROC) analysis for response-groups 3; e, Based on American Joint Committee on Cancer 
(AJCC) 8th edition; f, Not entered to multivariable analysis due to single significant variable in the univariable analysis; g, T3 vs. T2; h, T4 vs. T3 
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the tumor response (Picardo et al., 2016). Recently, other 
teams from Turkey and Japan reported similar findings and 
concluded that pre-NLR is not a predictor for pathologic 
tumor response (Ergen et al., 2021; Ishikawa et al., 2020). 

This inconsistency might originate from the 
retrospective nature of these studies with its inherent 
drawbacks that would adversely affect the results (e.g., 
selection bias, missed confounders, etc.). The prospective 
design of present study allowed us to consider the following 
issues to enhance the validity of the results: (i) uniform 
treatment schedule without induction chemotherapy that 
would interfere with the immune cell counts, (ii) uniform 
interval to evaluate the treatment response, (iii) uniform 
assessment protocol, (iv) exclusion of patients with a 
history of inflammatory disorders or administration of 
anti-inflammatory medications, (v) considering the bias 
effect of smoking and strenuous exercise on blood cell 
counts, (vi) manual cell counting instead of automated 
cell analyzers, (vii) re-evaluation of pathology specimens 
by the same pathologist to impede the inter-observer bias 
(Lino-Silva et al., 2020), and (viii) applying AJCC-TRG to 
evaluate the pathologic response that is considered better 
than other systems (Trakarnsanga et al., 2014). Another 
strength of our study was the robust and standard follow-
up data with limited loss to follow-up.

The present study had several limitations. First, our 
cohort was limited in sample size and comprised cases 
with LARC enrolled in a unicentric setting. Increasing 
sample size by driving a multicentric study would enhance 
the power of the survey. Second, the enrolled patients 
represented a selected cohort (i.e., ones who received 
neoCRT); thus, the findings might not represent all patients 
diagnosed with LARC (e.g., those who receive induction 
chemotherapy before neoCRT). Third, several factors –
that might interfere with the response to neoCRT– were 
not analyzed; for example, histology subtype, tumor 
differentiation, and pretreatment carcinoembryonic 
antigen (CEA) (Huang et al., 2019; Moureau-Zabotto 
et al., 2011; Tan et al., 2019). Fourth, in this cohort, we 
just evaluated the pre-NLR as a systemic inflammatory 
biomarker. Including other relevant biomarkers (e.g., 
PLR, LMR, and CRP) can enhance the results. Despite 
these limitations, compared to the previous retrospective 
researches, the prospective nature of the current study 
provides a higher level of evidence that can serve as a 
basis for future larger-scale prospective cohorts.

In conclusions, despite extensive research on the 
association between pre-NLR and response to neoCRT 
in patients with LARC, its role is still unclear. This might 
originate from the retrospective nature of the previous 
studies. In summary, the results of our prospective study 
showed that pre-NLR may not a reliable marker to predict 
pathologic response to neoCRT in patients with locally 
advanced adenocarcinoma of the rectum. Larger-scale 
prospective studies are warranted to confirm this finding.
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