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The correlation between neutrophil - lymphocyte 
ratio and neoadjuvant chemoradiotherapy response 
prediction in locally advanced rectal cancer

Lokal ileri evre rektum kanserinde nötrofil lenfosit oranı ile 
neoadjuvan kemoradyoterapiye yanıtın ilişkisi

ABSTRACT

Objective: The determination of predictive factors for neoadjuvant chemoradio-
therapy response in locally advanced rectum cancer is critical concerning treatment 
management. We aim to analyze the predictive value of clinicopathologic findings of 
locally advanced rectal cancer patients before neoadjuvant chemoradiotherapy.
Methods: Fifty patients who were diagnosed with locally advanced rectum cancer 
without distant metastasis and underwent surgery after the neoadjuvant CRT treat-
ment in the department of general surgery, between January 2008-2015 were ana-
lyzed.
Results: Twenty three (46%) cases did not yield pathologic response, while 27 (54%) 
responded to neoadjuvant chemoradiotherapy. There was no statistically significant 
difference between the responding, and the non-responding groups in terms of mean 
ages and gender distribution (p=0.360, p=0.665), the distribution of tumor distance 
from anal verge (p=0.777), pathologic types (p=0.451), pre-op T stage and N stage 
(p=0.322 and p=0.321), type of surgical procedures (p=0.061, p=0.200), levels of CEA 
(p=0.195), and PLR (p=0.704). The possiblity of not responding in cases with NLR> 4 
was statistically significantly different from those with NLR <4 (95% Confidence 
Interval: 2.043-62.915) compared to NLR <4 cases (p=0.005).
Conclusion: NLR can be used as a predictive factor in locally advanced rectal cancer 
before initiating neoadjuvant chemoradiotherapy.

Keywords: Neutrophil lymphocyte ratio, neoadjuvant chemoradiotherapy, rectal 
cancer

ÖZ

Amaç: Lokal ileri evre rektal kanserde neoadjuvan kemoradyoterapi yanıtı için öngö-
rülen faktörlerin belirlenmesi tedavi yönetimi açısından çok önemlidir. Neoadjuvan 
kemoradyoterapi öncesi lokal ileri evre rektal kanser hastalarının klinikopatolojik 
bulgularının öngörülen değerini araştırmayı amaçladık.
Yöntem: Ocak 2008-2015 tarihleri arasında neoadjuvan KRT tedavisinden sonra 
opere edilen, uzak metastazı olmayan, lokal ileri evre rektum kanseri tanısı konan 
hastalar geriye dönük olarak incelendi.
Bulgular: Olguların 23’ü (%46) patolojik yanıt vermezken, 27’si (%54) neoadjuvan 
kemoradyoterapiye yanıt vermiştir. Yanıt veren grup ile yanıtsız grup arasında yaş 
ortalamaları ve cinsiyet dağılımı (p=0,360, p=0,665), tümörün anal çizgiden mesafesi-
nin dağılımı (p=0,777), patolojik tiplerin dağılımı (p=0,451), pre-op T evre ve N evre 
(p=0,322 ve p=0,321), cerrahi prosedür tipi (p=0,061, p=0,200), CEA düzeyi 
(p=0,195), PLO düzeyi (p=0,704) açısından istatistiksel olarak anlamlı fark saptanma-
dı. NLO> 4 saptanan olgularda yanıt vermeme olasılığı NLO <4 olanlara göre istatis-
tiksel olarak anlamlı derecede farklıydı (%95 güven aralığı: 2,043-62,915) (p=0,005).
Sonuç: Neoadjuvan kemoradyoterapi öncesi NLO lokal ileri evre rektal kanserde 
öngörülen bir faktör olarak kullanılabilir.

Anahtar kelimeler: Nötrofil lenfosit oranı, neoadjuvan kemoradyoterapi, rektal kanser
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INTRODUCTION

Preoperative staging of rectal cancer is important 
hence tumor staging is the most important factor for 
deciding the most appropriate treatment option for 
the patient. At the present time, total mesorectal exci-
sion followed by neoadjuvant chemoradiotherapy 
(CRT) is the accepted treatment approach in locallly 
advanced rectal cancer (LARC) treatment (1,2). It has 
been reported that local control and sphincter protec-
tive surgery rates increased due to the applied CRT 
regimen (1).

Treatment response to neoadjuvant CRT is deter-
mined by the pathologic evaluation, but the prognosis 
varies hence the response to CRT is diverse among 
patients (3-5). The predictive factors that determine the 
patient who will respond to treatment have not been 
fully clarified. 

 This study aims to analyze retrospectively the 
predictive efficacy of the clinic and pathologic fin-
dings of the patients with diagnosis of LARC who 
were given neoadjuvant treatment. Gender, age, level 
of carcinoembryonic antigen (CEA) at initial diagno-
sis, distance of the tumor from the anal verge, patho-
logic differentiation grade, neutrophil/lymphocyte 
ratio (NLR), platelet/lymphocyte ratio (PLR) were 
examined as the predictive factors for the outcome of 
treatment. 

MATERIALS and METHODS

In this study, 50 patients who had locally advan-
ced rectum cancer (T3, T4 or stage 2-3 with lymph 
node involvement) without distant metastasis betwe-
en January 2008 and January 2015, were evaluated 
retrospectively. All the patients underwent surgery 
after the neoadjuvant CRT treatment in the depart-
ment of general surgery. All the patients were treated 
with standard radiotherapy (RT) dose which was 
4500-5040 cGy. For the chemotherapy regimen, 
5-fluorouracil at a dose of 425 mg/m2, was given on 
the first four and the last three days of RT or 1700 
mg/m2 capecitabine was given every day simultaneo-

usly with RT.
 The CEA levels of these patients were evaluated 

before the neoadjuvant therapy. The distance of the 
tumors from the anal verge was determined by colo-
noscopy at the time of the diagnosis. Tumors located 
on the 6th centimeter or further from the anal verge 
were classified as distal rectum tumors, tumors loca-
ted 7 and 12 cm away as middle rectum tumors. At 
the time of the initial diagnosis T and N stages were 
evaluated according to the MRI images by the radio-
logists. All the patients diagnosed with LARC were 
operated 6-8 weeks after the end of the neoadjuvant 
CRT treatment and total mesorectal excision was 
performed. Patients were divided into two groups 
according to the type of the surgical procedures per-
formed as low anterior resection and abdominoperi-
neal resection groups (Miles Procedure). 

 Pathology reports of the postoperative specimens 
were examined. At the end of the pathologic examina-
tion patients were classified according to the patholo-
gic type and grade of differentiation. Colorectal tumor 
classification proposed by WHO in 2010 was used for 
the classification of pathologic type. The neutrophil/
lymphocyte ratio was determined by examination of 
the hemograms of the patients at the time of the initial 
diagnosis. Patients were divided into two groups as 
NLR <4 and NLR> 4. The platelet/lymphocyte ratio 
(PLR) was also examined in two groups as PLR 
<150.000 and PLR >150.000. Pathologically, T and N 
stages were identified according to the AJCC 2010 
TNM staging system. The patients were divided into 
two groups as responders and nonresponders to neo-
adjuvant CRT, and T and N stages before and after the 
neoadjuvant CRT were compared . Tumor regression 
grade system of AJCC (6) was used to determine the 
level of response to CRT.

 Data were analyzed with SPSS for Windows 11.5 
package program. The Shapiro-Wilk test was used to 
examine the normally distributed continuous and inter-
rupted numerical variables. Descriptive statistics were 
presented as mean±standard deviation or median 
(minimum-maximum) for continuous and intermittent 
numerical variables; and categorical variables were 
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presented as the number of cases and percentage (%).
Student’s t-test was used for the significance of 

differences between the groups regarding averages. 
Mann- Whitney U test was used to estimate the sig-
nificance of the difference in median values. 
Categorical variables were evaluated by Pearson’s 
Chi-Square, Fisher’s exact or Likelihood Ratio tests. 
The statistically significant difference between the 
responding and non-responding groups concerning T 
and N stages in the pre-and post-operative periods 
was studied by the Wilcoxon Sign Test. To differenti-
ate the respondent group from the non-respondent 
group, the area under the ROC curve and 95% confi-
dence interval examined aiming to decide whether 
the distance to anal verge and CEA levels were statis-
tically significant or not. As a result of the univariate 
statistical analyzes, combined effects of all the pos-
sible risk factors that are thought to be useful in the 
differentiation of responding and non- responding 
groups, were studied by the multivariate logistic reg-
ression analysis. As a result of the univariate statisti-
cal analyzes, all the variables with a p-value of 
p<0.25 were included in the multivariate model as 
candidate factors. The odds ratio, 95% confidence 
interval and Wald statistics for each variable were 
calculated. The results were considered statistically 
significant for p<0.05.

 The approval was obtained from the ethical com-
mittee of our hospital with the report dated (05.12.2015 
and decision # 20). Informed consents for the study 
and the publication were obtained from all patients.

RESULTS

The clinical characteristics of the included pati-
ents were evaluated. Thirty-one patients (62%) were 
male, 19 (38%) were female. The ages of the patients 
ranged between 35-90 years. Twenty-six patients 
(52%) were under 65, and 24 patients (48%) over 65 
years old. As to the distance of the tumor from the 
anal verge, middle and lower rectum tumors were 
equal in number (25-25) (50-50%). As for the histologic 
distribution of the patients’ tumors, the patients had 

adenocarcinoma (n=42: 84%), 7 mucinous type car-
cinoma, and signet-ring cell carcinoma (n=1: 16%). 
As the patients were evaluated in terms of the grade 
of differentiation, the patients had poorly (n=14: 
28%), moderately (n=30: 60%) and well-differentiated 
tumors (n=6: 12%). Before the neoadjuvant CRT, 28 
the patients had Stage 2 (n=28: 56%:2A: n=1: 2%; 
2B, n=1: 2%; 2C, n=2:4%), 3 (n=22: 44%: 3B, n=20: 
40%; 3C n=2) disease. According to the types of the 
operations performed; 37 (74%) patients underwent 
low anterior resection, and 13 (26%) patients under-
went Miles Procedure. 

The patients demonstrated / n=27: 54%) or did not 
(n=23: 46%) demonstrate pathological responses to 
neoadjuvant CRT Nine (18%) out of the 27 patients 
From pathological perspecttive, patients responded 
completely (9/27: 18%), moderately (n=12: 24%) or 
poorly (n=6: 12%) to CRT. When the T and N stages 
of the patients were examined separately, progression 
in the T and N stages was not determined in any of 
the patients. In T (22: 44%), and N (9: 18%). stages 

Table 1. AJCC Tumor regression grade (TRG) system.

Complete regression

Near complete regression

Moderate regression

Minimal regresion

No viable cancer cells (TRG 0)

Single or small groups of tumor cells 
(TRG1: Moderate response)

Residual cancer outgrown by fibrosis 
(TRG 2: Minimal response)

Minimal or no tumor cells killed 
(TRG 3: Poor response)

Table 2. Distribution of age, gender,tumor placement and stage.

Gender
Male
Female

Age
>65
<65

Tumor placement 
Middle
Distal 

Stage
Stage 2
Stage 2A
Stage 2B
Stage 2C
Stage 3
Stage 3B 
Stage 3C

31 (%62)
19 (%38)

24 (%48)
26 (%52)

25 (%50)
25 (%50)

28 (%56)
25 (%50)
1 (%2)
2 (%4)

22 (%44)
20 (%40)
2 (%4)
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respective number of patients demonstrated disease 
regression.

There was no statistically significant difference 
between the responding and the non-responding gro-
ups regarding distribution of mean ages and gender 
of the patients (p=0.360, p=0.665). There was no 
statistically significant difference in the distribution 
of tumor distance from anal verge between the two 
groups (p=0,777). The median CEA level was also 
statistically similar between the two groups (p=0.195). 
There was no statistically significant difference bet-
ween the groups regarding the distribution of patho-
logic types of rectal tumors (p=0.451). There was 
also no statistically significant difference between the 
preoperative T and N stages (p=0.322 and p=0.321). 
The distribution of degrees of differentiation and type 
of surgical procedures was statistically similar betwe-
en the two groups (p=0.061, p=0.200). There was no 
statistically significant difference between the groups 
concerning PLRs (p=0.704). 

Statistically significantly higher number of pati-

ents with NLR> did not respond to CRT (p<0.001). 
Multivariate logistic regression analysis was used to 
examine the co-effects of all possible risk factors that 
were effective or likely to be effective in distinguis-
hing the responding and nonresponding groups accor-
ding to the results of univariate statistical analyzes. 
Multivariate logistic regression analysis revealed that 
NLR was a statistically significant predictor of the 
neoadjuvant CRT response independent of CEA, 
grade of differentiation, and type of the surgical pro-
cedure. After the corrections were performed for the 
other possible risk factors, the possibility of not res-
ponding to CRT in patients with NLR> 4 was statis-
tically significantly increased as 11.337 times (95% 
Confidence Interval: 2.043-62.915) compared to 
patients with NLR <4 (p=0.005).

DISCUSSION
 
The progression of some malignancies has been 

reported to be connected to the systemic inflamma-
tory response (SIR) (7). SIR is responsible for many 
effects, mainly the inhibition of cell apoptosis. As a 
measure of SIR, CRP and albumin-based simple inf-
lammation scoring (Glasgow scoring system) have 
been reported to be significant predictors of cancer 
progression, especially for colorectal cancers. Due to 
this fact they can be used independently of other fac-
tors in determining the course of the disease after 
surgery and chemotherapy (8-10). 

Neutrophil and lymphocyte counts have also been 
studied as a marker of SIR, and NLR has been shown 
to be the measure of systemic inflammatory response 
(7,11). In a study of 115 patients in whom the effects of 
neutrophil/lymphocyte ratio on the prediction of rec-
tal cancer were examined, it was found that patients 
with NLR> 5 had a shorter overall and disease-free 
survival and shorter survival for local colorectal can-
cer (12). There are other studies reporting that the 
neutrophil/lymphocyte ratio can be used as a prog-
nostic factor for colorectal cancers (13,14). 

Tada et al. studied the predictive effect of periphe-
ral neuronal lymphocyte count, T lymphocyte count 

Table 3. Clinicopathologic characteristics of non-responding and re-
sponding groups.

Variables 

Distance from anal verge
≤6 cm
≥7 cm
CEA level

Pathologic type of tumor
Adenocarcinom
Mucinous carcinom
Signet-ring cell carcinom

Pre-op T stage
T3
T4

Pre-op N stage
N0
N1
N2

Tumor differentiation 
Poorly
Moderately
Well

Type of surgical procedure
Low anterior 
Miles 

NLR
<4
>4

TLR
<150000                                                                                              
>150000

Non-responding 
(n=23)

11 (%47,8)
12 (%52,2)

4,3 (1,7-48,0)

19 (%82,6)
3 (%13,0)
1 (%4,4)

20 (%87,0)
3 (%13,0)

11 (%47,8)
10 (%43,5)
2 (%8,7)

8 (%34,8)
15 (%65,2)

-

19 (%82,6)
4 (%17,4)

11 (%47,8)
12 (%52,2)

9 (%39,1)
14 (%60,9)

Responding  
(n=27)

14 (%51,9)
13 (%48,1)

2,8 (0,4-45,5)

23 (%85,2)
4 (%14,8)

-

26 (%96,3)
1 (%3,7)

17 (%63,0)
8 (%29,6)
2 (%7,4)

6 (%22,2)
15 (%55,6)
6 (%22,2)

18 (%66,7)
9 (%33,3)

25 (%92,6)  
 2 (%7,4)

12 (%44,4)
15 (%55,6)

p-value 

0,777

0,195
0,451

0,322

0,321

0,061

0,200

<0,001

0,704
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and Th lymphocyte count in neoadjuvant CRT and 
reported that all three parametres increased in patients 
with a good response. Thus, it was reported that both 
Th lymphocyte and cytotoxic T lymphocyte count had 
been determined as predictive factors (15). In a retros-
pective study of 89 patients, effects of PLR (another 
measure of CSF) and NLR on rectal cancer were stu-
died, and it was reported that increased platelet levels, 
PLR and NLR had shortened overall survival (16). On 
the other hand, there was no relationship between 
PLR and pathological response in our study. 

Studies have also reported that peripheral 
lymphocyte counts are associated with survival inde-
pendent factors, such as tumor spread, performance 
status, and weight loss (17,18). Kitayama et al. reported 
that pathological complete response rate was higher 
in patients with high lymphocyte levels (19). Demaria 
et al. studied the effects of T and B lymphocytes on 
tumor response separately and reported that the 
tumor response to radiotherapy was higher in patients 
with high T lymphocyte rates, but it was not associa-
ted with B-lymphocytes (20). The conclusion of such 
studies suggests that the efficacy of neoadjuvant CRT 
in LARC patients may be directly related to 
lymphocyte-mediated immunological reactions. 

In our study, the proportion of patients with NLR> 
4 was found to be significantly higher in the non-
responding group compared to the responding group. 
Furthermore, multivariate logistic regression analysis 
showed that NLR was a statistically significant predic-
tor of the response independent from CEA, grade of 
differentiation, and type of surgical procedure. The 
probability of not responding to neoadjuvant CRT in 
the group of patients with NLR> 4 was found to be 11.3 
times higher than the group with NLR <4. Similar to 
our study, the studies in the literature indicate that NLR 
values predict the pathological response. According to 
these data, we believe that NLR can be used as a reli-
able predictive marker in the evaluation of pathologic 
response to neoadjuvant CRT in LARC patients. 

Several studies have reported that preoperative 
CEA level is a predictive factor for neoadjuvant CRT 
in rectal cancers (21-23). In our study, there were no 

significant results in terms of the usability of pre-
CRT blood CEA levels in the evaluation of the patho-
logical response.

Huh et al. (24) reported that well-differentiated 
tumors had a complete pathologic response after 
neoadjuvant CRT, but it was not identified as a pre-
dictive factor by the multivariate analysis. In our 
study, there were no statistically significant diffe-
rences between the tumor differentiation grade and 
tumor response based on the univariate and multiva-
riate analyzes.

Das et al. (25) studied two groups of patients with 
tumors <5 cm, and > 5 cm away from the anal verge 
reported that tumors > 5 cm away from the anal verge 
had lower rates of pathologic response to neoadju-
vant CRT, and they also reported that the distance of 
the tumor from the anal verge is a predictive factor 
for tumor downstaging. In a study by Armstrong et al. 
(26) the distance of the tumor from anal verge was 
reported as a predictive factor for the pathological 
response after the neoadjuvant treatment. In our 
study, patients divided into two groups as tumors < 6 
cm, and > 6 cm away from the anal verge and no 
statistically significant difference was determined 
between the two groups regarding the pathologic 
response to neoadjuvant CRT.

This study suggests that the blood NLR level can 
be used as an inexpensive, easily achievable marker 
for predicting the pathological response to neoadju-
vant CRT in LARC patients. The predictive factors 
identified in other studies such as CEA level, tumor 
distance from the anal verge and PLR did not reveal 
any statistical significance as predicting the patholo-
gical response to neoadjuvant CRT in LARC patients 
in our study. This situation can be due to the limitati-
ons of this study such as the retrospective structure of 
the study and the low number of patients.

REFERENCES

1. Sauer R, Becker H, Hohenberger W, Rödel C, Wittekind C, 
Fietkau R, et al. Preoperative versus postoperative chemoradi-
otherapy for rectal cancer. N Engl J Med. 2004;351:1731-40.

 https://doi.org/10.1056/NEJMoa040694



168

Tepecik Eğit. ve Araşt. Hast. Dergisi 2018;28(3):163-168

2. Gerard JP, Conroy T, Bonnetain F, Bouche O, Chapet O, Closon-
Dejardin MT, et al. Preoperative radiotherapy with or without 
concurrent fluorouracil and leucovorin in T3-4 rectal cancers: 
results of FFCD 9203. J Clin Oncol. 2006; 24:4620-25.

 https://doi.org/10.1200/JCO.2006.06.7629
3. Collette L, Bosset JF, den Dulk M, Nguyen F, Mineur L, 

Maingon P, et al. Patients with curative resection of cT3-4 
rectal cancer after preoperative radiotherapy or radiochemot-
herapy: does anybody benefit from adjuvant fluorouracil-
based chemotherapy? A trial of the European Organisation 
for Research and Treatment of Cancer Radiation Oncology 
Group. J Clin Oncol. 2007;25:4379-86.

 https://doi.org/10.1200/JCO.2007.11.9685
4. Maas M, Nelemans PJ, Valentini V, Crane CH, Capirci C, 

Rodel C, et al. Adjuvant chemotherapy in rectal cancer: defi-
ning subgroups who may benefit after neoadjuvant chemora-
diation and resection: a pooled analysis of 3,313 patients. Int 
J Cancer. 2015;137:212-20.

 https://doi.org/10.1002/ijc.29355
5. Govindarajan A, Reidy D, Weiser MR, Paty PB, Temple LK, 

Guillem JG, et al. Recurrence rates and prognostic factors in 
ypN0 rectal cancer after neoadjuvant chemoradiation and total 
mesorectal excision. Ann Surg Oncol. 2011;18:3666-72.

 https://doi.org/10.1245/s10434-011-1788-y
6. McMillan DC. Systemic inflammation, nutritional status and 

survival in patients with cancer. Curr Opin Clin Nutr Metab 
Care. 2009;12:223-6.

 https://doi.org/10.1097/MCO.0b013e32832a7902
7. Proctor MJ, Morrison DS, Talwar D, Balmer SM, Fletcher CD, 

O’Reilly DS et al. A comparison of inflammation-based prog-
nostic scores in patients with cancer. A Glasgow Inflammation 
Outcome Study. Eur J Cancer 2011;47:2633-41.

 https://doi.org/10.1016/j.ejca.2011.03.028
8. Roxburgh CS, Salmond JM, Horgan PG, Oien KA, McMillan 

DC. Comparison of the prognostic value of inflammation-
based pathologic and biochemical criteria in patients under-
going potentially curative resection for colorectal cancer. 
Ann Surg. 2009;249:788-93.

 https://doi.org/10.1097/SLA.0b013e3181a3e738
9. Roxburgh C, McDonald A, Salmond J, Oien K, Anderson J, 

McKee R et al. Adjuvant chemotherapy for resected colon 
cancer: comparison of the prognostic value of tumour and 
patient related factors. Int J Colorectal Dis. 2011;26:483-92.

 https://doi.org/10.1007/s00384-010-1120-5
10. Guthrie GJ, Charles KA, Roxburgh CS, Horgan PG, McMillan 

DC, Clarke SJ. The systemic inflammation-based neutrophil-
lymphocyte ratio: experience in patients with cancer. Crit 
Rev Oncol Hematol. 2013;88:218-30.

 https://doi.org/10.1016/j.critrevonc.2013.03.010
11. Carruthers R, Tho LM, Brown J, Kakumanu S, McCartney E, 

McDonald AC. Systemic inflammatory response is a predic-
tor of outcome in patients undergoing preoperative chemora-
diation for locally advanced rectal cancer. Colorectal Dis. 
2012 Oct;14(10):701-7.

 https://doi.org/10.1111/j.1463-1318.2012.03147.x
12. Walsh SR, Cook EJ, Goulder F, Justin TA, Keeling NJ. 

Neutrophil-lymphocyte ratio as a prognostic factor in colo-
rectal cancer. J Surg Oncol. 2005;91:181-4.

 https://doi.org/10.1002/jso.20329
13. Liu H, Liu G, Bao Q et al. The baseline ratio of neutrophils 

to lymphocytes is associated with patient prognosis in rectal 
carcinoma. J Gastrointest Cancer. 2010;41:116-20.

 https://doi.org/10.1007/s12029-009-9125-4

14. Noriko Tada, Kazushige Kawai, Nelson H Tsuno, Soichiro 
Ishihara, Hironori Yamaguchi, Eiji Sunami et al. Prediction 
of the preoperative chemoradiotherapy response for rectal 
cancer by peripheral blood lymphocyte subsets World J Surg 
Oncol. 2015;13:30.

 https://doi.org/10.1186/s12957-014-0418-0
15. Toiyama Y, Inoue Y, Kawamura M, Kawamoto A, Okugawa 

Y, Hiro J et al. Elevated platelet count as predictor of recur-
rence in rectal cancer patients undergoing preoperative che-
moradiotherapy followed by surgery. Int Surg. 2015 
Feb;100(2):199-207.

 https://doi.org/10.9738/INTSURG-D-13-00178.1
16. Kim US, Papatestas AE, Aufses AH Jr. Prognostic significance 

of peripheral lymphocyte counts and carcinoembryonic anti-
gens in colorectal carcinoma. J Surg Oncol. 1976;8:257-62.

 https://doi.org/10.1002/jso.2930080312
17. Lavin PT, Bruckner HW, Plaxe SC. Studies in prognostic 

factors relating to chemotherapy for advanced gastric cancer. 
Cancer 1982;50:2016-23.

 https://doi.org/10.1002/1097-0142(19821115)50:10<2016::AID-
CNCR2820501007>3.0.CO;2-2

18. Kitayama J, Yasuda K, Kawai K, Sunami E, Nagawa H. 
Circulating lymphocyte is an important determinant of the 
effectiveness of preoperative radiotherapy in advanced rectal 
cancer. BMC Cancer. 2011;11:64.

 https://doi.org/10.1186/1471-2407-11-64
19. Demaria S, Formenti SC. Role of T lymphocytes in tumor 

response to radiotherapy. Front in Oncol. 2012;2:95.
 https://doi.org/10.3389/fonc.2012.00095
20. Park YA, Sohn SK, Seong J, et al. Serum CEA as a predictor 

for the response to preoperative chemoradiation in rectal 
cancer. J Surg Oncol. 2006;93:145-50.

 https://doi.org/10.1002/jso.20320
21. Park YA, Sohn SK, Seong J, Baik SH, Lee KY, Kim NK, Cho 

CW. Serum CEA as a predictor for the response to preopera-
tive chemoradiation in rectal cancer. J Surg Oncol. 
2006;93:145-50.

 https://doi.org/10.1002/jso.20320
22. Moureau-Zabotto L, Farnault B, de Chaisemartin C, Esterni 

B, Lelong B, Viret F. et al. Predictive factors of tumor respon-
se after neoadjuvant chemoradiation for locally advanced 
rectal cancer. Int J Radiat Oncol Biol Phys. 2011 Jun 
1;80(2):483-91.

 https://doi.org/10.1016/j.ijrobp.2010.02.025
23. Perez RO, São Julião GP, Habr-Gama A, Kiss D, Proscurshim 

I, Campos FG et al. The role of carcinoembriogenic antigen 
in predicting response and survival to neoadjuvant chemora-
diotherapy for distal rectal cancer. Dis Colon Rectum. 
2009;52:1137-43.

 https://doi.org/10.1007/DCR.0b013e31819ef76b
24. .Huh JW, Kim HR, Kim YJ. Clinical prediction of pathological 

complete respons after preoperative chemoradiotherapy for 
rectal cancer. Dis Colon Rectum. 2013; June;56(6):698-703.

 https://doi.org/10.1097/DCR.0b013e3182837e5b
25. Das P, Skibber JM, Rodriguez-Bigas MA, Feig BW, Chang 

GJ, Wolff RA et al. Predictors of tumor response and down-
staging in patients who receive preoperative chemoradiation 
for rectal cancer. Cancer. 2007 May 1;109:1750-5.

 https://doi.org/10.1002/cncr.22625
26. Armstrong D, Raissouni S, Price Hiller J, Mercer J, Powell E, 

MacLean A et al. Predictors of pathologic complete response 
after neoadjuvant treatment for rectal cancer: A multicenter 
study. Clin Colorectal Cancer. 2015 Dec;14(4):291-5.

 https://doi.org/10.1016/j.clcc.2015.06.001


