
pISSN 2287-9714   eISSN 2287-9722
www.coloproctol.org

Annals of

Coloproctology

www.coloproctol.org 253

Can pretreatment platelet-to-lymphocyte and neutrophil-to-
lymphocyte ratios predict long-term oncologic outcomes 
after preoperative chemoradiation followed by surgery for 
locally advanced rectal cancer? 

Sang Hyun An, Ik Yong Kim
Department of Surgery, Yonsei University Wonju College of Medicine, Wonju, Korea

Original Article

Ann Coloproctol 2022;38(3):253-261
https://doi.org/10.3393/ac.2021.00633.0090

Purpose: Systemic inflammation is associated with various malignancies, including colorectal cancer, as possible prognostic 
predictors. We aimed to evaluate the correlation of pretreatment the platelet-to-lymphocyte (PLR) and the neutrophil-to-
lymphocyte (NLR) ratio with long-term oncologic outcomes and pathologic complete response (pCR) in locally ad vanced 
rectal cancer patients who received neoadjuvant concurrent chemoradiotherapy (CRT) followed by curative resection.
Methods: Between October 1996 and December 2015, 168 rectal cancer patients treated with preoperative CRT followed 
by surgery were enrolled. The set cut-off/mean PLR and NLR were 170 and 2.8. We analyzed the relationship between 
PLR, NLR, and the 5-year overall survival (OS), disease-free survival (DFS), and pCR rate. 
Results: The 5-year OS rates were 75.9% and 59.8% in the highand low-PLR groups. The 5-year DFS rates were 62.9% and 
50.8% in the high- and low-PLR groups, with no significant difference. In addition, the 5-year OS rates were 75.7% and 
58.4%, and the 5-year DFS rates were 62.5% and 50.0% in the high- and low-NLR groups, respectively, both without any sig-
nificant difference. Multivariate analysis showed only pretreatment PLR as an independent prognostic factor for OS (hazard 
ratio, 1.850; 95% confidence interval, 1.041–3.287; P = 0.036), and both serologic markers were not independent prognostic 
factors for 5-year DFS.
Conclusion: Neither PLR nor NLR was associated with 5-year DFS nor pCR to neoadjuvant CRT. Only pretreatment PLR 
can be used in predicting OS in locally advanced rectal cancer patients who received neoadjuvant CRT followed by cura-
tive resection.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common malignancy 
and one of the leading causes of cancer-related deaths worldwide 
[1]. Specifically, rectal cancer accounts for 30% to 40% of CRCs, 

and its treatment strategy is different and more complicated than 
that of colon cancer. Neoadjuvant chemoradiotherapy (CRT) fol-
lowed by total mesorectal excision and adjuvant chemotherapy is 
the standard treatment strategy for locally advanced rectal cancer, 
which has led to a better prognosis of rectal cancer patients [2]. 
However, the 5-year overall survival (OS) of rectal cancer patients 
remains at approximately 60% [3]. To obtain more favorable on-
cologic outcomes, reliable markers predicting poor prognosis 
could help identify high-risk patients, allowing more careful fol-
low-up and determining appropriate adjuvant treatment. The 
most well-known prognostic factor in rectal cancer patients is the 
TNM staging system proposed by the American Joint Committee 
on Cancer (AJCC). In addition, tumor markers, genetic informa-
tion, and additional pathologic features, such as venous, lym-
phatic, and perineural invasion are used to predict tumor recur-
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rence and long-term prognosis. However, patients with similar 
clinicopathologic characteristics and staging may have different 
prognoses.

The inflammatory response of the host has become an interest-
ing concern in recent clinical research. Systemic inflammation is 
known to play an important role in carcinogenesis and cancer 
progression, and several hematological markers can reflect the 
host’s inflammatory status. In this context, there have been a 
number of studies investigating several pretreatment inflamma-
tory laboratory markers have helped in diagnosing cancer and 
predicting short-term and long-term prognosis in the recent de-
cade [4, 5]. Such pretreatment laboratory markers can be easily 
assayed in routine blood tests, and their prognostic value for vari-
ous types of cancer, including CRC, has been confirmed through 
previous studies [4, 6]. Among various laboratory markers, the 
most frequently studied are neutrophils, lymphocytes, platelets, 
and their combinations. Platelet-to-lymphocyte (PLR) and neu-
trophil-to-lymphocyte (NLR) ratios have been widely used as 
prognostic tools in various malignancies, based on the theory that 
platelets and neutrophils are pro-tumorigenic factors and lym-
phocytes are protective factors against tumors [7, 8]. Some studies 
have reported that elevated PLR and NLR can reflect poor onco-
logic outcomes as well as response to neoadjuvant CRT in rectal 
cancer patients [9, 10]. However, there are still debates about the 
prognostic effect of PLR and NLR for locally advanced rectal can-
cer cases because of existing contradictory results [9, 11].

Therefore, we aimed to evaluate the long-term prognostic role 
of pretreatment PLR and NLR, as well as other hematological 
markers, for locally advanced rectal cancer patients who received 
neoadjuvant CRT followed by curative surgical resection. We also 
analyzed whether these serologic markers were correlated with 
pathologic tumor response to CRT. We hypothesized that elevated 
pretreatment PLR may be associated with poor long-term onco-
logic outcomes.

METHODS

Patients
We retrospectively reviewed data from 168 patients with histolog-
ically proven rectal adenocarcinoma who received neoadjuvant 
CRT followed by curative resection, between October 1996 and 
December 2015, at the Yonsei University Wonju Severance Chris-
tian Hospital. All patients underwent clinical evaluation, includ-
ing digital rectal examination, basic laboratory tests, tumor marker 
assays, and colonoscopy. Computed tomography and pelvic mag-
netic resonance imaging (MRI) were used for clinical staging. The 
final diagnosis was confirmed by pathological reports. The exclu-
sion criteria were as follows: metastatic rectal cancer at diagnosis 
(stage IV), emergency cases, palliative surgery, incomplete neoad-
juvant chemotherapy or radiotherapy, and concomitant hemato-
logic or coagulation disorders. 

Informed consent was obtained from all patients and the study 

protocol was approved by the Institutional Review Board of Wonju 
Severance Christian Hospital (No. CR321067), in accordance with 
the Declaration of Helsinki. 

Hematologic markers
Peripheral blood samples were obtained 1 week prior to neoadju-
vant CRT and 1 week prior to the index surgery. White blood cell 
(WBC), neutrophil, lymphocyte, and platelet counts, along with 
albumin and C-reactive protein levels, were included. The PLR 
and NLR were determined by dividing the absolute platelet and 
neutrophil count, respectively, by the absolute lymphocyte count. 
The cut-off PLR and NLR were also set as the mean values.

Outcomes
The primary outcomes were 5-year OS and disease-free survival 
(DFS). The secondary outcome was the pathologic response to 
neoadjuvant CRT. OS was defined as the date of diagnosis to the 
date of all-cause death, and DFS was defined as the date of diag-
nosis to the date of recurrence or all-cause death. Pathologic com-
plete response (pCR) was defined as the absence of residual inva-
sive cancer cells in resected specimens and harvested lymph 
nodes.

Treatment protocol and follow-up 
All included patients received a total radiation dose of 50.4 Gy 
over 5 weeks (45 Gy in 25 fractions to the whole pelvis and 5.4 Gy 
in 3 fractions to the primary tumor). Concurrent chemotherapy 
was administered via an intravenous bolus of 5-fluorouracil (425 
mg/m2/day) and leucovorin (20 mg/m2/day) for 5 days during the 
1st and 5th weeks of radiation therapy, or via oral capecitabine 
(1,650 mg/m2/day), twice daily, during the whole radiation ther-
apy period. Post-CRT pelvic MRI was performed for restaging. 
Six to 8 weeks after the completion of neoadjuvant CRT (mean 
duration, 7.6 weeks), curative total mesorectal excision was per-
formed by 2 experienced colorectal surgeons. The pathologic (yp) 
stage was recorded according to the eighth edition of the AJCC 
TNM classification. Postoperative adjuvant chemotherapy was 
administered using intravenous 5-fluorouracil (425 mg/m2) and 
leucovorin (20 mg/m2) for 4 to 8 weeks. Patients were followed up 
every 3 months for the first 2 years postoperatively, semiannually 
for the next 3 years, and annually thereafter. Physical examina-
tions and laboratory tests for tumor markers were performed at 
each follow-up, and abdominopelvic computed tomography was 
performed semiannually. Colonoscopy was performed annually 
or when the patient had recurrent or other abnormal symptoms. 
Patients were followed up for 5 years and additional diagnostic 
tests, such as MRI, were performed for suspected recurrence or 
metastasis. 

Statistical analysis
Categorical variables were described by frequencies and percent-
ages and were analyzed using the chi-square test or Fisher exact 
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test. Continuous variables were described as means and standard 
deviations and were analyzed using the Student t-test or Mann-
Whitney U-test. Kaplan-Meier curve analysis with log-rank test 
and the Cox proportional hazard model were used for survival 
analysis. Variables in multivariate analysis were selected by back-
ward stepwise method. All statistical analyses were performed us-

ing IBM SPSS Statistics for Windows ver. 25.0 (IBM Corp., Ar-
monk, NY, USA), and the P-values of < 0.05 were considered sta-
tistically significant.

RESULTS

Patient characteristics
Among 168 patients with locally advanced rectal cancer who un-
derwent neoadjuvant CRT, 2 with hematologic disorders and 4 
who underwent palliative surgery were excluded. Among the 162 
included patients, the median follow-up period was 66 months 
(range, 0–234 months), the median age was 61 years (range, 38–
85 years), and 121 (74.7%) were male. The pre- and post-CRT 
mean serum carcinoembryonic antigen (CEA) levels were 8.41 
ng/mL and 4.05 ng/mL, respectively. Low anterior resection was 
the most commonly performed operation (78.9%), and approxi-
mately 71.6% of the patients underwent protective diversion to 
ensure a safe anastomosis site. The tumors were located at a mean 
of 6.34 cm above the anal verge, with a mean size of 3.11 cm. Af-
ter preoperative CRT, 17 patients (10.5%) showed pCR. The  
stages after surgery were as follows: stage I, 9.9% (n= 17); stage II, 
24.1% (n= 39); and stage III, 29.6% (n= 48) (Table 1). 

Laboratory profiles
The mean WBC, neutrophil, lymphocyte, and platelet counts 
were 7.4× 109/L, 4.7× 109/L, 1.9× 109/L, and 300× 109/L, respec-
tively. The mean serum albumin and C-reactive protein levels 
were 4.13 g/dL and 1.06 mg/dL, respectively. The mean/cut-off 
NLR and PLR used were 2.80 and 170, respectively (Table 2).

Relationships between clinicopathologic serologic factors 
and pathologic complete response to neoadjuvant 
chemoradiotherapy 
On univariate analysis, pCR to neoadjuvant CRT was not associ-
ated with clinicopathologic features such as age, sex, tumor differ-
entiation, or tumor location. Tumor size was significantly smaller 
in the group showing pCR (1.72 ± 0.78 cm vs. 3.22 ± 1.72 cm, 

Table 1. Baseline characteristics of the patients

Characteristic Data

Age (yr) 61.06 ± 10.76

< 65 97 (59.9)

≥ 65 65 (40.1)

Sex

Male 121 (74.7)

Female 41 (25.3)

Tumor location from anal verge (cm) 6.34 ± 3.26

Carcinoembryonic antigen (ng/mL)  

Pre-CRT 8.41 ± 16.93

Post-CRT 4.05 ± 6.74

Operation

LAR 127 (78.4) 

Hartmann 8 (4.9)

APR 25 (15.4)

Local excision 1 (0.6)

Diverting stoma 

None 14 (8.6)

Ileostomy  116 (71.6)

Colostomy 32 (19.8)

Tumor size (cm) 3.112 ± 1.71

No. of harvested lymph nodes 16.61 ± 8.68

Stage

0 17 (10.5) 

I 39 (24.1)

II 58 (35.8)

III 48 (29.6)

Tumor differentiation

WD 30 (18.5)

MD 120 (74.1)

PD, mucinous 8 (4.9)

Pathologic complete response 

Yes 17 (10.5)

No 144 (88.9)

Values are presented as mean ± standard deviation or number (%).  
CRT, chemoradiotherapy; LAR, low anterior resection; APR, abdominoperineal re-
section; WD, well differentiation; MD, moderate differentiation; PD, poorly differen-
tiation.

Table 2. Pretreatment laboratory markers

Laboratory profile Mean ± 2SD Median (IQR)

WBC 7,426.63 ± 2,086.62 7,510 (6,020–8,845)

Neutrophil 4,709.00 ± 1,720.24 4,500 (3,520–5,520)

Lymphocyte 1,986.63 ± 732.25 1,970 (1,510–2,360)

Platelet 300,088.05 ± 86,951.05 294,500 (239,750–350,500)

Albumin 4.13 ± 0.49 4.2 (3.9–4.5)

C-reactive protein 1.06 ± 2.41 0.29 (0.14–0.615)

NLR 2.80 ± 2.92 2.31 (1.69–3.21)

PLR 170.28 ± 98.65 152 (114–202)

SD, standard deviation; IQR, interquartile range; WBC, white blood cell; NLR, neu-
trophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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P= 0.005). There was no association between pCR and serologic 
markers, including WBC, neutrophil, lymphocyte, and platelet 
counts, and serum albumin and C-reactive protein levels. In addi-
tion, pCR to neoadjuvant CRT did not show any association with 
pre-CRT PLR and NLR (P = 0.799 and P = 0.422, respectively), 
but was significantly associated with the pre-CRT and post-CRT 
CEA levels (4.16± 3.92 ng/mL vs. 8.90± 17.86 ng/mL, P= 0.008; 
and 2.23± 0.35 ng/mL vs. 4.86± 7.97 ng/mL, P= 0.001; respec-
tively) (Table 3). 

Survival analysis
During the 5-year follow-up period, there were 15 cases of local 

recurrence (9.3%) and 37 cases of systemic recurrence (22.8%). In 
addition, the overall 5-year OS and DFS rates were 70.4% and 
58.6%, respectively. According to the Kaplan-Meier survival anal-
ysis, the 5-year OS rates were significantly different between the 
high- and low-PLR groups (75.9% vs. 59.8%, P= 0.033). However, 
the 5-year DFS rates were not significantly different between the 2 
groups (62.9% vs. 50.8%, P= 0.125). In terms of NLR, the 5-year 
OS rates were 75.7% in high NLR group and 58.4% in low NLR 
group (P= 0.035); and 5-year DFS rates were 62.0% in high NLR 
group and 50.0% in low NLR group, respectively (P= 0.173, re-
spectively) (Fig. 1). In addition, we further analyzed the correla-
tion between survival and inflammatory markers by dividing pa-

Table 3. The association between pathologic complete response (pCR) and serologic markers

Variable pCR (n = 17)  Non-pCR (n = 145)  P-value

Age (yr) 

< 65 10 (58.8) 86 (59.7)

≥ 65 7 (41.2) 58 (40.3) > 0.999 

Sex

Male 10 (58.8) 110 (76.4)

Female 7 (41.2) 34 (23.6) 0.142a

Tumor differentiation

WD 2 (11.8) 28 (19.9)

MD 15 (88.2) 105 (74.5)

PD, Mucinous 0 (0) 8 (5.7) 0.541a

Tumor location from anal verge (cm) 5.94 ± 3.27 6.39 ± 3.27 0.604

Tumor size (cm) 1.72 ± 0.78 3.22 ± 1.72 0.005b

White blood cell ( × 109/L)  7,498.24 ± 1,708.019 7,392.25 ± 2,117.024 0.843

Neutrophil ( × 109/L) 4,713.53 ± 1,666.437 4,684.30 ± 1,714.003 0.947

Lymphocyte ( × 109/L) 1,982.35 ± 362.793 1,985.99 ± 767.797 0.974

C-reactive protein (mg/dL) 0.48 ± 0.50 1.08 ± 2.52 0.430

Albumin (g/dL) 4.282 ± 0.354 4.118 ± 0.506 0.195

Platelet ( × 109/L) 

< 300 8 (47.1) 77 (54.6)

≥ 300 9 (52.9) 64 (45.4) 0.613

PLR

< 170 11 (64.7) 86 (60.6)

≥ 170 6 (35.3) 56 (39.4) 0.799

NLR

< 2.8 13 (76.5) 91 (64.1)

≥ 2.8 4 (23.5) 51 (35.9) 0.422

Pre-CRT CEA (ng/mL)   4.157 ± 3.916 8.903 ± 17.860 0.008

Post-CRT CEA (ng/mL)   2.23 ± 0.349 4.86 ± 7.93 0.001

WD, well differentiation; MD, moderate differentiation; PD, poorly differentiation; PLR, plate-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; CRT, chemoradio-
therapy; CEA, carcinoembryonic antigen.
Analyzed using aFisher exact test and bMann-Whitney test.
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tients into 3 groups, as follows: group A, with lower PLR and NLR 
than the cut-off values; group B, with only one marker lower than 
the cut-off value, and group C: with higher PLR and NLR than 
the cut-off values. The 5-year OS rates were 77.2%, 69.0%, and 
55.7% in groups A, B, and C, respectively, with statistically signifi-
cant differences between groups A and C, but not group B (P=  

0.019). The 5-year DFS rates were 66.3%, 59.0%, and 53.7% in 
groups A, B, and C, respectively, with no statistically significant 
intergroup differences (P= 0.250) (Fig. 2).

Univariate and multivariate analyses using the Cox proportional 
hazard model were performed to identify independent prognostic 
factors for OS and DFS. Univariate analysis showed that stage III 

Fig. 1. Survival rates according to laboratory markers. (A) The 5-year overall survival (OS) rates were 75.9% and 59.8% in the high- and low-
PLR groups, respectively (P = 0.033). (B) The 5-year disease-free survival (DFS) rates were 62.9% and 50.8% in the high- and low-PLR groups, 
respectively (P = 0.125). (C) The 5-year OS rates were 75.7% and 58.4% in the high- and low-NLR groups, respectively (P = 0.035). (D) The 
5-year DFS rates were 62.5% and 50.0% in the high- and low-NLR groups, respectively (P = 0.173). PLR, platelet-to-lymphocyte ratio; NLR, 
neutrophil-to-lymphocyte ratio. 
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Fig. 2. Survival curves according to the number of elevated laboratory markers. (A) The 5-year overall survival (OS) rates were 77.2%, 69.0%, 
and 55.7% in groups A, B, and C, respectively, with statistically significant differences between groups A and C, but not group B (P = 0.019). 
(B) The 5-year disease-free survival (DFS) rates were 66.3%, 59%, and 53.7% in groups A, B, and C, respectively (P = 0.250). PLR, platelet-to-
lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio. 
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(hazard ratio [HR], 2.535; 95% confidence interval [CI], 1.248–
4.499; P = 0.001), PLR ≥ 170 (HR, 1.833; 95% CI, 1.040–3.230; 
P = 0.036), NLR ≥ 2.8 (HR, 1.819; 95% CI, 1.032–3.205; 
P= 0.038), and post-CRT CEA level ≥ 5 ng/mL (HR, 3.492; 95% 
CI, 1.866–6.533; P< 0.001) were statistically significant prognostic 
factors for worse OS. On multivariate analysis, stage III (HR, 
2.445; 95% CI, 1.360–4.396, P = 0.003), PLR ≥ 170 (HR, 1.786; 
95% CI, 1.007–3.169; P= 0.047), and post-CRT CEA level ≥ 5 ng/
mL (HR, 2.780; 95% CI 1.440–5.365; P= 0.002) were independent 
poor prognostic factors for OS (Table 4). In addition, univariate 
analysis for DFS showed that stage III (HR, 2.225; 95% CI, 1.360–
3.640; P= 0.001), pre-CRT CEA level ≥ 5 ng/mL (HR, 1.749; 95% 
CI, 1.082–2.826; P= 0.022), and post-CRT CEA level ≥ 5 ng/mL 
(HR, 3.500; 95% CI, 2.006–6.109; P< 0.001) were significant poor 
prognostic factors. Multivariate analysis showed that stage III 

(HR, 2.177; 95% CI, 1.319–3.595; P= 0.002) and post-CRT CEA 
level ≥ 5 ng/mL (HR, 3.291; 95% CI, 1.853–5.845; P< 0.001) were 
independent prognostic factors for poor DFS (Table 5).

DISCUSSION

We investigated the prognostic role of pretreatment PLR and NLR 
in patients with locally advanced rectal cancer who received neo-
adjuvant CRT followed by curative resection. In summary, a 
smaller tumor size and lower CEA level, but not pretreatment 
PLR and NLR, were associated with pCR to neoadjuvant CRT. In 
terms of oncologic outcomes, pretreatment high PLR and NLR 
were associated with poor 5-year OS on univariate analysis, but 
only pretreatment high PLR was an independent prognostic fac-
tor on multivariate analysis. However, neither serologic inflam-

Table 4. Cox regression analysis for 5-year overall survival

Variable Category
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Age (yr) < 65 vs. ≥ 65 1.001 (0.561–1.786) 0.997

Sex Male vs. female 1.163 (0.615–2.198) 0.643

Stage 0, I, II vs. III 2.535 (1.428–4.499) 0.001 2.445 (1.360–4.396) 0.003

pCR Yes vs. No 1.099 (0.626–1.928) 0.743

Albumin (g/dL) < 3.5 vs. ≥ 3.5 1.486 (0.631–3.501) 0.365

Platelet ( × 109/L)  < 300 vs. ≥ 300 1.071 (0.608–1.887) 0.812

PLR < 170 vs. ≥ 170 1.833 (1.040–3.230) 0.036 1.786 (1.007–3.169) 0.047

NLR < 2.8 vs. ≥ 2.8 1.819 (1.032–3.205) 0.038

Pre-CRT CEA (ng/mL)  < 5 vs. ≥ 5 1.556 (0.881–2.746) 0.128

Post-CRT CEA (ng/mL)  < 5 vs. ≥ 5 3.492 (1.866–6.533) < 0.001 2.780 (1.440–5.365) 0.002

HR, hazard ratio; CI, confidence interval; pCR, pathologic complete response; PLR, plate-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; CRT, chemoradiother-
apy; CEA, carcinoembryonic antigen.

Table 5. Cox regression analysis for 5-year disease-free survival

Variable Category
Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

Age (yr) < 65 vs. ≥ 65 1.086 (0.669–1.765) 0.738

Sex Male vs. female 1.043 (0.601–1.808) 0.881

Stage 0, I, II vs. III 2.225 (1.360–3.640) 0.001 2.177 (1.319–3.595) 0.002

pCR Yes vs. No 1.114 (0.619–2.008) 0.718

Albumin (g/dL) < 3.5 vs. ≥ 3.5 0.889 (0.284–2.057) 0.783

Platelet ( × 109/L) < 300 vs. ≥ 300 1.320 (0.818–2.132) 0.256

PLR < 170 vs. ≥ 170 1.451 (0.898–2.346) 0.129

NLR < 2.8 vs. ≥ 2.8 1.396 (0.859–2.269) 0.178

Pre-CRT CEA (ng/mL) < 5 vs. ≥ 5 1.749 (1.082–2.826) 0.022

Post-CRT CEA (ng/mL) < 5 vs. ≥ 5 3.500 (2.006–6.109) < 0.001 3.291 (1.853–5.845) < 0.001

HR, hazard ratio; CI, confidence interval; pCR, pathologic complete response; PLR, plate-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; CRT, chemoradiother-
apy; CEA, carcinoembryonic antigen.
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matory marker was associated with 5-year DFS. 
The mechanisms underlying the relationship between systemic 

inflammation and tumor biology are not yet fully understood; to 
our knowledge, chronic inflammation induces tissue damage, and 
repeated regeneration processes result in permanent genetic mu-
tations, such as point mutations, deletions, or rearrangements. 
Activated inflammatory cells produce numerous chemokines and 
cytokines, which can influence tumor growth, migration, and dif-
ferentiation by releasing growth factors. Platelets, which stop 
bleeding by adhering and aggregating at the injured tissue area, 
also play important roles in host inflammation and the immune 
system [12, 13]. Increased and activated platelets release growth 
factors that facilitate tumor growth and invasion, and contribute 
to tumor metastasis by helping in cancer cell adhesion and ex-
travasation [14]. Thrombocytosis is associated with the long-term 
prognosis of CRC patients [15, 16]. Lymphocytes are a subtype of 
WBCs that are responsible for innate immunity. Lymphocytes are 
known to play a key role in fighting tumor progression, and a 
high density of lymphocytic infiltration of the tumor is a known 
prognostic factor for improved survival in numerous malignan-
cies [17]. Neutrophils are the most abundant WBCs and play an 
important role in the acute inflammatory response. In addition, 
neutrophils are associated with various carcinogenic processes, 
such as tumor growth and proliferation, and tumor angiogenesis 
by releasing reactive oxygen and nitrogen species, or proteases. 
Neutrophils can also cause metastatic spread by suppressing natu-
ral killer functions and promoting extravasation of tumor cells 
[18].

In our analysis, 17 patients (10.5%) showed a pCR to neoadju-
vant CRT, which is consistent with previously published data. 
pCR after neoadjuvant CRT is associated with favorable long-
term outcomes [19, 20]. Patients with pCR showed a lower inci-
dence of local recurrence and distant metastasis, and higher long-
term survival. Sell et al. [19] analyzed the results of 10-year follow-
up for stage II to III rectal cancer patients, and reported that pa-
tients who achieved pCR after neoadjuvant CRT showed excellent 
10-year DFS and OS. In this context, there are many studies on 
organ-preserving approaches, such as wait-and-watch, or local 
excision suggesting that a pCR has been acquired after neoadju-
vant CRT through imaging and endoscopic studies [21, 22]. Ac-
cording to previous literature, organ-preserving approaches have 
been determined as feasible and comparable in terms of long-
term survival, even if salvage surgery was performed because of 
recurrence during the close follow-up period. However, in our 
analysis, the association between pCR and survival was not dem-
onstrated, probably because the number of cases was small.

In addition to imaging tests, an organ-preserving treatment 
strategy may determine robust prognostic predictors that can help 
evaluate the response to neoadjuvant CRT. In our analysis, the 
correlation between the pretreatment serologic markers and pCR 
was not confirmed, and only tumor size and CEA level were con-
firmed to be related to pCR. There have been several studies on 

whether inflammatory serologic markers are useful in predicting 
pCR, but there is still debate [10, 23]. Policicchio et al. [24] re-
ported that a high platelet count (> 350× 109/L) and neutrophil 
count (> 7,500× 109/L) had predictive value with respect to pCR. 
Sun et al. [10] demonstrated that both elevated NLR (> 3.05) and 
PLR (145.98) were independent predictors of a good response to 
neoadjuvant CRT. Andras et al. [23] reported that NLR is a simple 
and cost-effective marker for predicting neoadjuvant treatment 
response in LARC, with a cut-off value of 4.5. In contrast, Dudani 
et al. [25] analyzed 1,237 rectal cancer patients who underwent 
neoadjuvant CRT, and showed that neither pretreatment PLR nor 
NLR predicted pCR. However, some studies have focused on 
changes in serologic markers before and after neoadjuvant CRT. 
Lee et al. [26] reported that changes in PLR after neoadjuvant 
CRT could be used as a predictive marker for pCR in rectal can-
cer patients. In their analysis, the degree of increase in PLR after 
CRT was the strongest predictor of pCR among various serologic 
markers. Lai et al. [27] demonstrated that pretreatment PLR and 
NLR did not correlate with pCR, but a 21.5% change in NLR after 
neoadjuvant CRT was a predictor of poor pCR.

In terms of survival rate, many studies have investigated whether 
pretreatment serologic markers, such as PLR and NLR, are associ-
ated with long-term oncologic survival as well as pCR in rectal 
cancer patients who underwent neoadjuvant CRT. A retrospective 
study by Ke et al. [9] revealed that a pre-CRT elevated PLR 
(> 188) was an independent prognostic factor for poor DFS, but 
not for OS, and that a pre-CRT elevated NLR (> 3.5) was an inde-
pendent prognostic factor for both poor DFS and OS. Zhang et al. 
[28] reported that a high NLR (≥ 2.3) was associated with unfa-
vorable OS and DFS, and they also reported that NLR was the 
most effective prognostic marker according to time-dependent 
ROC analysis. In a study where the cut-off value of NLR was the 
same as ours, elevated NLR was associated with poor OS, but not 
with DFS. In addition, NLR did not reflect the response to neoad-
juvant CRT [29]. In contrast, there have been several studies 
showing that pretreatment serologic markers are not related to the 
survival rate of rectal cancer patients who underwent neoadjuvant 
CRT followed by curative resection. Dudani et al. [25] conducted 
a study by setting the cut-off values of PLR and NLR to 150 and 4, 
respectively, and reported that PLR and NLR were not indepen-
dent prognostic factors of DFS or OS. Portale et al. [11] found 
neither PLR nor NLR to be associated with survival in rectal can-
cer patients. In our analysis, both PLR and NLR showed a correla-
tion with OS, but not with DFS. Further analysis also showed that 
the cases with a high NLR and PLR showed a poor tendency for 
DFS compared to those with a low NLR and PLR, but this was 
not statistically significant. In addition, these serologic markers 
did not show any association with local recurrence or distant me-
tastasis. In multivariate analysis, only PLR, among the 2 markers, 
was found to be an independent prognostic factor for OS. Because 
the cut-off values of these laboratory markers differ from study to 
study, caution should be taken when generalizing the findings of 
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individual studies. According to a recent meta-analysis by Hamid 
et al. [30] which included rectal cancer patients, elevated NLR was 
an independent factor for poor OS (HR, 2.07; 95% CI, 1.57–2.74; 
P< 0.001) and DFS (HR, 1.80; 95% CI, 1.42–2.28, P< 0.001), and 
the results were the same in the subgroup analysis of patients who 
received neoadjuvant CRT. In addition, the study demonstrated 
that the prognostic effect of NLR was superior to that of PLR 
when comparing the relative HR and other markers.

Our study has several limitations. First, the present study may 
have selection bias due to its retrospective design. Second, the to-
tal number of patients included in this study was relatively small. 
Third, because the data were obtained from a single center, it may 
not include the characteristics of various types of patients. Fourth, 
information on gene profiling and some important pathological 
reports, such as lymphovascular invasion and perineural invasion, 
were not assessed because old medical records did not include 
such additional pathologic features. Fifth, patient factors, such as 
comorbidities and nutritional status, were not analyzed. There-
fore, additional well-designed large-scale studies are needed to 
confirm the prognostic effect of inflammatory markers with a 
high level of evidence.

In conclusion, pretreatment PLR may be considered as a poten-
tial biomarker for predicting OS in patients with locally advanced 
rectal cancer who received neoadjuvant CRT followed by curative 
resection. Although the TNM staging system is still the strongest 
prognostic factor for rectal cancer, pretreatment laboratory in-
flammatory markers and tumor markers may provide helpful ad-
ditional prognostic information. If future related large-scale stud-
ies will prove the utility of these economically advantageous sero-
logic biomarkers, it may help clinicians in treatment decision-
making for locally advanced rectal cancer patients. 
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