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: This study was to evaluate the prognostic value of pretreatment inflammatory indexes including
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte
ratio (LMR), and systemic immune-inflammation index (Sll) in colorectal cancer (CRC) patients receiving

. neoadjuvant chemoradiotherapy (CRT). We enrolled 98 eligible CRC patients and divided them into high

- orlow NLR, PLR, LMR, and Sll groups according to their median index value, respectively. Univariate

. and multivariate analysis were performed to identify the potential predictors of progression-free

. survival (PFS) and overall survival (OS). In the univariate analysis, ECOG performance status, distant

. metastasis, NLR, PLR, LMR, and Sll were found to be significantly associated with PFS and 0S. In

. the multivariate analysis, ECOG performance status, distant metastasis, and NLR were identified

* to be independent predictors of PFS (HR 2.487, p=0.012; HR 2.422, p=0.042; HR 2.243, p=0.034,

. respectively), and OS (HR 2.237, p=0.018; HR 2.757, p=0.020; HR 2.336, p=0.017, respectively).

. Theresults of our study revealed that ECOG performance status, distant metastasis and NLR were

. independent prognostic factors of PFS and OS in CRC patients receiving neoadjuvant CRT.

. Colorectal cancer (CRC) is the third most commonly diagnosed cancer and the fourth leading cause of
. cancer-related death worldwide'. Great progress has been made in surgery, radiotherapy, and drug therapy for
. CRC treatment in the past few years?, which significantly decrease local recurrence rates and greatly improve sur-
© vival rates of CRC patients®~>. Several randomized controlled trials have reported that neoadjuvant radiotherapy
. is more effective and less toxic than adjuvant radiotherapy among CRC patients®-®. In addition, patients receiving
: preoperative chemoradiotherapy (CRT) have been reported to have better local control than those receiving
. preoperative radiotherapy alone®-!1.

: Previous investigations have indicated that inflammatory indexes such as neutrophil-to-lymphocyte
. ratio (NLR), platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR) and systemic
. immune-inflammation index (SII) play important roles in the prediction of survival in various types of malignant
© tumor, including CRC, pancreatic cancer, ovarian cancer, breast cancer, gastric cancer and esophageal cancer'*™'8,
. Although pretreatment inflammatory indexes have been demonstrated to be associated with survival in CRC
. patients undergoing surgical resection and chemotherapy, the prognostic value of those indexes has not been well
. evaluated in CRC patients receiving neoadjuvant CRT'>%,

: The aim of this study was to investigate pretreatment parameters including NLR, PLR, LMR and SII for their
. ability to predict survival of CRC patients receiving neoadjuvant CRT.
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Median age,

years (range) 53(26-83) 53(26-78) 0.872 | 53(26-83) 52(26-78) 0.741 57(28-77) 50(26-83) 0.084 52(26-83) 54(28-78) 0.367
Gender
Male 25(51.0) 34(69.4) 27(55.1) 32(65.3) 29(59.2) 30(61.2) 26(53.1) 33(67.3)
0.063 0.302 0.836 0.149
Female 24(49.0) 15(30.6) 22(44.9) 17(34.7) 20(40.8) 19(38.8) 23(46.9) 16(32.7)
ECOG performance status
0 41(83.7) 40(81.6) 39(79.6) 42(85.7) 39(79.6) 42(85.7) 43(87.8) 38(77.6)
0.790 0.424 0.424 0.182
1-2 8(16.3) 9(18.4) 10(20.4) 7(14.3) 10(20.4) 7(14.3) 6(12.2) 11(22.4)
Tumor location
Left colon 17(34.7) 16(32.7) 15(30.6) 18(36.7) 16(32.7) 17(34.7) 15(30.6) 18(36.7)
Right colon 16(32.7) 18(36.7) 0.914 | 18(36.7) 16(32.7) 0.810 17(34.7) 17(34.7) 0.969 14(28.6) 20(40.8) 0.139
Rectum 16(32.7) 15(30.6) 16(32.7) 15(30.6) 16(32.7) 15(30.6) 20(40.8) 11(22.4)
Clinical T stage®
T1-2 5(13.5 4(9.3 3(8.1 6(14.0 4(9.5 5(13.2 5(12.8 4(9.8
( ) ©3) 0.726 ®.1) ¢ ) 0.494 ) ¢ ) 0.729 ( ) 08 0.734
T3-4 32(86.5) 39(90.7) 34(91.9) 37(86.0) 38(90.5) 33(86.8) 34(87.2) 37(90.2)
Lymphnode metastasis®
No 9(24.3) 8(18.6) 9(24.3) 8(18.6) 7(16.7) 10(26.3) 8(21.6) 9(20.9)
0.533 0.533 0.292 0.940
Yes 28(75.7) 35(81.4) 28(75.7) 35(81.4) 35(83.3) 28(73.7) 29(78.4) 34(79.1)
Distant metastasis
No 39(79.6) 19(38.8) 38(77.6) 20(40.8) 16(32.7) 42(85.7) 40(81.6) 18(36.7)
<0.001 <0.001 <0.001 <0.001
Yes 10(20.4) 30(61.2) 11(22.4) 29(59.2) 33(67.3) 7(14.3) 9(18.4) 31(63.3)
Neoadjuvant chemotherapy regimen
FOLFOX 17(34.7) 15(30.6) 15(30.6) 17(34.7) 11(22.4) 21(42.9) 19(38.8) 13(26.5)
XELOX 25(51.0) 23(46.9) 0.578 | 24(49.0) 24(49.0) 0.841 30(61.2) 18(36.7) 0.042 20(40.8) 28(57.1) 0.262
FOLFIRI 7(14.3) 11(22.4) 10(20.4) 8(16.3) 8(16.3) 10(20.4) 10(20.4) 8(16.3)
Pathological differentiation®
Low grade 4(16.7) 6(20.0) 5(20.0) 5(17.2) 3(10.0) 7(29.2) 4(16.0) 6(20.7)
i 1.000 1.000 0.089 0.736
i‘.‘termedme 1 20(83.3) 24(80.0) 20(80.0) | 24(82.8) 27(90.0) 17(70.8) 21(84.0) | 23(79.3)
igh grade
LDH
<220 47(95.9) 46(93.9) 46(93.9) 47(95.9) 44(89.8) 49(100.0) 48(98.0) 45(91.8)
1.000 0.382 0.056 1.000
>220 2(4.1) 3(6.1) 3(6.1) 2(4.1) 5(10.2) 0(0.0) 1(2.0) 4(8.2)
CA 19-9¢
<22 27(61.4) 33(71.7) 26(61.9) 34(70.8) 28(62.2) 32(71.1) 32(72.7) 28(60.9)
0.297 0.370 0.371 0.233
>22 17(38.6) 13(28.3) 16(38.1) 14(29.2) 45(37.8) 45(28.9) 12(27.3) 18(39.1)
CA-125¢
<35 35(97.2) 38(97.4) 35(100.0) 38(95.0) 33(97.1) 40(97.6) 36(97.3) 37(97.4)
1.000 0.495 1.000 1.000
>35 1(2.8) 1(2.6) 0(0.0) 2(5.0) 1(2.9) 1(2.4) 1(2.7) 1(2.6)

Table 1. Baseline characteristics of the study population (n =98). *80 were available, °54 were available, ©90
were available, 475 were available. NLR neutrophil-lymphocyte ratio, PLR platelet-lymphocyte ratio, LMR
lymphocyte-monocyte ratio, SII systemic immune-inflammation index, LDH lactic dehydrogenase, CA 19-9
carbohydrate antigen 19-9, CA-125 carbohydrate antigen-125.

Results

Baseline characteristics. A total of 7207 patients with CRC were identified in the database and 98 of
them were enrolled in the present study. We divided patients into high and low indexes groups on the basis of
the median index value of NLR (2.22), PLR (114.15), LMR (4.27), and SII (437.72), respectively. NLR >2.22,
PLR >114.15, LMR >4.27, and SII > 437.72 were considered as elevated groups.

The baseline characteristics of patients are shown in Table 1. The median age of patients was 53 (range 26-83)
years. There were 59 (60.2%) males and 39 (39.8%) females. Eighty-one patients (82.7%) of them had an ECOG
performance status of 0, whereas 17 (17.3%) of them had an ECOG performance status of 1-2. Of the entire
patients, 67 (68.4%) had tumor located in left and right colon, whereas 31(31.6%) in rectum. Among the 98
patients, 40 (40.8%) had distant metastasis. All the 98 patients received neoadjuvant chemotherapy, 32 (32.6%)
received FOLFOX, 48 (49.0%) received XELOX and 18 (18.4%) received FOLFIRI. Regarding histologic grade,
10 (18.5%) cases were low-grade (G1) CRC, whereas 44 (81.5%) patients were intermediate-grade (G2) or
high-grade (G3) CRC.
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Forty-eight of the 98 patients were alive after a median follow-up of 37.0 months (range 16.2-93.3 months).
The overall median progression-free survival (PFS) was 16.4 months (95% confidence interval [CI] 16.6-22.3),
and the median overall survival (OS) was 25.8 months (95% CI 26.7-31.8). We investigated the associations
between age, gender, ECOG performance status, tumor location, clinical T stage, lymph node metastasis, distant
metastasis, neoadjuvant chemotherapy regimen, pathological differentiation, NLR, PLR, LMR, SII, lactic dehy-
drogenase (LDH), carbohydrate antigen 19-9 (CA 19-9) and survival by performing Cox proportional hazard
regression analysis.

Univariate analysis and multivariate analysis. In the univariate analysis, our results suggested that
patients with performance status of 0 possessed better PFS (20.0 vs. 9.8 months, p <0.001) and OS (29.4 vs.
22.3 months, p < 0.001) than those with performance status of 1-2. Favorable PFS (18.9 vs. 10.2 months,
p <0.001) and OS (30.5 vs. 22.2 months, p < 0.001) were also found in patients without distant metastasis.
Patients with high NLR and PLR were shown to have poorer PFS (23.0 vs. 10.7 months, p < 0.001 and 18.4 vs.
13.5 months, p = 0.009, respectively) and OS (30.1 vs. 22.9 months, p < 0.001 and 26.6 vs. 23.6 months, p =0.023,
respectively) than patients with low NLR and PLR. Patients with high LMR were shown to have better PFS (12.9
vs. 20.0months, p < 0.001) and OS (22.1 vs. 30.9 months, p < 0.001) than those with low LMR. Compared to those
with low SII, patients with high SII were shown to have worse PES (18.5 vs. 13.5 months, p=0.002) and OS (26.6
vs. 23.6 months, p=0.013). However, age, gender, tumor location, pathological differentiation, clinical T stage,
lymph node metastasis, neoadjuvant chemotherapy regimen, LDH, and CA 19-9 were not shown to be associated
with PFS and OS (Tables 2 and 3). In addition, Kaplan-Meier curve also showed that ECOG performance status,
distant metastasis, NLR, PLR, LMR and SII were significantly associated with PFS and OS (Figs 1, 2, 3, 4, 5, and 6).

Subsequently, multivariate analysis was performed to assess the independent predictors for survival. Our
results revealed that performance status of 1-2, distant metastasis and high NLR were independent predictors of
poor survival. Patients with performance status of 1-2 were shown to have poorer PFS (hazard ratio [HR] 2.487,
95% CI1.221-5.063, p=0.012) and OS (HR 2.237, 95% CI 1.146-4.367, p=0.018) than those with performance
status of 0. Patients with distant metastasis were shown to have remarkably worse PFS (HR 2.422, 95% CI 1.031-
5.692, p=0.042) and OS (HR 2.757, 95% CI 1.171-6.492, p=0.020) than patients without distant metastasis.
Patients with elevated NLR were shown to have poor PFS (HR 2.243, 95% CI 1.061-4.738, p=0.034) and OS (HR
2.336,95% CI 1.165-4.687, p=10.017) than patients with low NLR (Tables 2 and 3).

Discussion

Inflammatory indexes were identified as important prognostic indicators in patients with CRC, nevertheless, the
prognostic value of those indexes among CRC patients receiving neoadjuvant CRT has not been fully established
so far'®?. To the best of our knowledge, in this research we firstly reported the prognostic significance of inflam-
matory indexes in CRC patients receiving neoadjuvant CRT. Our results revealed that ECOG performance status,
distant metastasis, NLR, PLR, LMR and SII were strongly associated with PFS and OS. Other factors including
sex, age, tumor localization, clinical T stage, lymph node metastasis, neoadjuvant chemotherapy regime, degree of
tumor differentiation, LDH, and CA19-9 were not significantly associated with survival. Our results also showed
that ECOG performance status, distant metastasis, and NLR were independent predictors of PFS and OS among
CRC patients receiving neoadjuvant CRT.

Several studies have been concluded that high NLR and low LMR are associated with worse survival in several
kinds of malignancies'®!$1-23, This research confirmed the prognostic value of NLR in our study population. As
previous studies reported, a prognostic factor with RR > 2 is considered to be useful, which indicated that NLR
was a powerful predictive factor for CRC patients undergoing neoadjuvant CRT. This study also confirmed that
LMR was significantly associated with PFS and OS in the univariate analysis, however, HR value showed no statis-
tical significance about the tendency that elevated LMR was associated with favorable outcome in the multivariate
analysis. Although precise mechanism is not completely clarified, several studies have suggested that neutrophils
promote remodeling of the tumor microenvironment via production of cytokines and chemokines, which exert
effects in tumor cell proliferation and metastasis?*~?°. Tumor-infiltrating lymphocytes play an important role
in cancer immune-surveillance and cytotoxic cell death, and therefore suppress the progression of tumor?*-2.
Tumor-associated macrophages derived from circulating monocytes are reported to suppress adaptive immunity
and therefore promote tumor growth and metastasis*=!. In addition, serum monocytes level could reflect the
formation of tumor-associated macrophages in tumor microenvironment®?. Thus, high neutrophils, high mono-
cytes, and low lymphocytes are associated with poor outcome. In this way, both low NLR and high LMR ratio
reveal favorable outcome.

Apart from hemostasis and thrombosis, platelets have reported to be responsible for tumor cell growth and
metastasis by releasing platelet-derived growth factors and numerous pro-angiogenic proteins including vascular
endothelial growth factor and proteases®**. Reciprocally, tumor cells could induce the aggregation of platelet and
manipulate platelet activity to facilitate tumor progression®>**. As a result, high serum platelets contribute to a
poor outcome, in this way, high PLR which indicates high platelet counts and low lymphocyte counts is related
to adverse prognosis. Several previous studies have reported the efficacy of PLR as a prognostic factor in CRC
while several studies have reported that PLR is not an independent prognostic factor'>!2%-36-38 Tn the present
study, results of univariate analysis revealed that pretreatment PLR was an index associated with PFS and OS,
while results of multivariate analysis suggested that PLR was not an independent prognostic factor of survival.
However, our results showed a tendency of improved survival among patients with low PLR than those with high
PLR. Thus, the prognostic value of PLR is still controversial and therefore should be further interpreted.

SII was only recently investigated as a prognostic factor in several types of tumors, and its prognostic value in
CRC patients has not been well defined so far**-*. Elevated SII indicates high neutrophils, high platelets and low
lymphocytes. As mentioned above, high value of SII reflects both progression of cancer and weak immune status of
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<54 16.7 16.6-25.9 | 1.000 —

Age 0.543 —
>54 15.9 14.2-20.0 | 1.195 (0.673-2.121) —
Male 15.0 14.5-21.7 | 1.000 —

Gender 0.762 —
Female 18.4 16.6-26.3 | 0.917 (0.522-1.610) —
0 20.0 19.9-27.5 | 1.000 1.000

ECOG performance status <0.001 0.012
1-2 9.8 9.7-17.3 | 4.645 (2.579-8.365) 2.487 (1.221-5.063)
Left colon 18.6 16.1-26.3 | 1.000 —

Tumor location Right colon 14.1 12.3-22.7 | 0.717 (0.366-1.402) 0.620 — —
Rectum 16.5 14.6-24.6 | 0.832(0.422-1.642) —
T2 7.6 4.8-19.8 | 1.000 —

Clinical T stage T3 14.9 14.4-24.4 | 1.352 (0.458-3.989) 0.860 — —
T4 16.4 14.9-25.8 | 1.068 (0.569-2.005) —
No 13.5 11.2-22.9 | 1.000 —

Lymph node metastasis 0.824 —
Yes 15.9 15.6-23.5 | 0.919 (0.438-1.929) —
No 18.9 19.9-28.1 | 1.000 1.000

Distant metastasis <0.001 0.042
Yes 10.2 10.0-15.6 | 0.445 (0.321-0.618) 2.422 (1.031-5.692)
FOLFOX 17.2 16.6-29.9 | 1.000 —

Neoadjuvant chemotherapy regimen | XELOX 16.6 15.1-20.7 | 1.194 (0.503-2.834) 0.914 — —
FOLFIRI 13.2 9.1-24.4 | 1.093 (0.466-2.564) —
Low grade 12.0 6.5-31.1 | 1.000 —

Pathological differentiation Intermediate grade | 14.5 13.8-23.2 | 1.445 (0.359—5.817) 0.837 — —
High grade 16.7 8.4-23.2 | 1.436 (0.430-4.794) —
<2.22 23.0 21.5-30.0 | 1.000 1.000

NLR <0.001 0.034
>2.22 10.7 10.1-16.2 | 5.101 (2.719-9.572) 2.243 (1.061-4.738)
<114.15 18.4 18.7-27.1 | 1.000 1.000

PLR 0.009 0.277
>114.15 13.5 12.2-19.8 | 2.151 (1.215-3.808) 1.464 (0.737-2.910)
<4.27 12.9 12.0-17.1 | 1.000 1.000

LMR <0.001 0.489
>4.27 20.0 19.5-29.1 | 0.308 (0.165-0.575) 0.729 (0.297-1.786)
<437.72 18.5 18.6-27.7 | 1.000 1.000

SII 0.002 0.244
>437.72 13.5 12.7-19.0 | 2.498 (1.387-4.499) 0.569 (0.220-1.470)
<220 16.4 16.4-22.4 | 1.000 —

LDH 0.722 —
>220 16.7 3.0-36.0 | 0.773 (0.187-3.190) —
<22 16.2 15.6-23.2 | 1.000 —

CA19-9 0.394 —
>22 159 13.7-22.5 | 1.295 (0.715-2.347) —

Table 2. Univariate and multivariate analysis of PFS. NLR neutrophil-to-lymphocyte ratio, PLR platelet-to-
lymphocyte ratio, LMR lymphocyte-to-monocyte ratio, SII systemic immune-inflammation index, LDH lactic
dehydrogenase, CA 19-9 carbohydrate antigen 19-9.

host. In this study, results of univariate analysis proved that high SII was associated with poor outcome, although
results of multivariate analysis suggested a tendency of improved PFS and OS in patients with high LMR which
shown no statistical significance. Therefore, further studies are expected to confirm the prognostic value of SIL

This research had several limitations. Firstly, our study is a retrospective study, but complete data and regular
follow-up can partly compensate for this limitation. Secondly, we obtained the hematological data of each patient
within 4 weeks prior to receiving neoadjuvant CRT; however, value of inflammatory indexes may vary over time.
Lastly, single-center study with a limited number of patients (n =98) may cause selection bias, thus multi-center
and larger population studies are needed to validate these results.

In conclusion, this research revealed that ECOG performance status, distant metastasis, NLR, PLR, LMR and
SII were significantly associated with PFS and OS in CRC patients receiving neoadjuvant CRT. Furthermore,
ECOG performance status, distant metastasis, and pretreatment NLR were shown to have independent prog-
nostic value. We believed that pretreatment inflammatory indexes, especially NLR, could be good parameters for
predicting survival of CRC patients receiving neoadjuvant CRT. However, further investigations are required to
validate these results.

Materials and Methods

Patients and blood count parameters. We retrospectively reviewed a database of 7207 patients with
CRC who were treated in the department of colorectal surgery at the West China Hospital from January 2010
to December 2015. The inclusion criteria included: (a) patients with CRC confirmed by histopathology, (b)
patients who received neoadjuvant CRT, and (c) patients with available and complete clinical records including
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<54 264 27.1-35.0 | 1.000 —

Age 0.259 —
>54 25.5 23.8-29.8 | 1.394 (0.783-2.484) —
Male 28.2 25.9-32.4 | 1.000 —

Gender 0.663 —
Female 25.5 24.8-33.7 | 1.137 (0.639-2.021) —
0 294 28.5-35.5 | 1.000 1.000

ECOG performance status <0.001 0.018
1-2 223 21.7-29.0 | 3.907 (2.177-7.012) 2.237 (1.146-4.367)
Left colon 26.8 25.7-35.6 | 1.000 —

Tumor location Right colon 23.7 23.0-31.5 | 0.733 (0.376-1.429) 0.657 | — —
Rectum 26.2 25.1-34.4 | 0.847 (0.429-1.617) —
T2 30.1 22.5-35.8 | 1.000 —

Clinical T stage T3 232 23.3-30.8 | 0.940 (0.314-2.813) 0.551 | — —
T4 26.3 25.4-36.6 | 1.392 (0.726-2.670) —
No 30.1 24.2-38.0 | 1.000 —

Lymph node metastasis 0.644 —
Yes 249 25.1-32.1 | 1.191 (0.568-2.495) —
No 30.5 29.3-36.3 | 1.000 1.000

Distant metastasis <0.001 0.020
Yes 22.2 20.7-27.2 | 0.464 (0.340-0.635) 2.757 (1.171-6.492)
FOLFOX 33.0 29.6-39.8 | 1.000 -

Neoadjuvant chemotherapy "ypy ¢ 245 23.6-29.0 | 1041 (0.432-2.510) | 0575 | — -

reglmen
FOLFIRI 22,6 19.9-35.1 | 1.402 (0.583-3.370) —
Low grade 25.6 20.1-39.2 | 1.000 —

Pathological differentiation | Intermediate grade | 26.4 26.6-35.9 | 1.099 (0.274-4.413) | 0.985 | — —
High grade 22.3 15.3-33.8 | 1.017 (0.303-3.408) —
<2.22 30.1 29.2-36.8 | 1.000 1.000

NLR <0.001 0.017
>2.22 229 22.2-28.6 | 4.204 (2.260-7.820) 2.336 (1.165-4.687)
<114.15 26.6 27.3-34.6 | 1.000 1.000

PLR 0.023 0.954
>114.15 23.6 23.8-31.1 | 1.934 (1.093-3.419) 0.978 (0.466-2.054)
<4.27 22.1 22.1-28.2 | 1.000 1.000

LMR <0.001 0.125
>4.27 30.9 29.3-37.2 | 0.315(0.175-0.567) 0.446 (0.159-1.252)
<437.72 26.6 27.3-34.8 | 1.000 1.000

SIT 0.013 0.266
>437.72 23.6 23.8-31.0 | 2.059 (1.161-3.650) 0.572 (0.213-1.531)
<220 26.0 26.9-32.2 | 1.000 —

LDH 0.668 —
>220 19.5 12.1-33.7 | 1.366 (0.328-5.684) —
<22 25.5 26.1-33.3 | 1.000 —

CA19-9 0.333 —
>22 26.4 25.0-33.7 | 1.344 (0.739-2.445) —

Table 3. Univariate and multivariate analysis of OS. NLR neutrophil-to-lymphocyte ratio, PLR platelet-to-
lymphocyte ratio, LMR lymphocyte-to-monocyte ratio, SII systemic immune-inflammation index, LDH lactic
dehydrogenase, CA 19-9 carbohydrate antigen 19-9.

demographic data, pathologic characteristics of the tumor, laboratory data and therapeutic interventions. The
following exclusion criteria were applied: (a) patients with clinical evidence of acute infection, chronic infection,
systemic inflammation or other autoimmune diseases, (b) patients prior received immunosuppressive therapy or
anti-inflammatory drug, (c) patients suffered from hematologic diseases, and (d) patients diagnosed with malig-
nant disease primarily arising from other organs.

The data was extracted from patients’ medical records. Laboratory index value such as neutrophil counts, lym-
phocyte counts, platelet counts, monocyte counts, LDH, CA 19-9 and carbohydrate antigen-125 (CA-125) were
obtained for each patient within 4 weeks prior to receiving neoadjuvant CRT. Patients were staged according to
the tumor-node-metastasis (TNM) classification system of American Joint Committee on Cancer. NLR and PLR
were defined as the ratio of absolute neutrophil counts and platelet counts divided by the absolute lymphocyte
counts, respectively. LMR was calculated as the absolute counts of lymphocyte divided by the absolute monocyte
counts. SII was defined as neutrophil counts X platelet counts/lymphocyte counts.

All patients were regularly followed as follows, every month in the first year, every 3 months in the second
year and every 6 months thereafter. Follow-up started from the date of primarily receiving neoadjuvant CRT to
March 2017 or the date of death. The primary endpoint was PES and the secondary endpoint was OS. This study
was approved by the Ethics Administration Office of West China Hospital, Sichuan University, and this research
was performed in accordance with the relevant guidelines and regulations. An exemption from informed consent
was also approved by this Ethics Administration Office.
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Figure 1. Kaplan-Meier curves of progression-free survival (PFS) and overall survival (OS) according to
neutrophil-to-lymphocyte ratio (NLR) values.
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Figure 2. Kaplan-Meier curves of progression-free survival (PFS) and overall survival (OS) according to
platelet-to- lymphocyte ratio (PLR) values.
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Figure 3. Kaplan-Meier curves of progression-free survival (PFS) and overall survival (OS) according to
lymphocyte-to-monocyte-ratio (LMR) values.
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Figure 4. Kaplan-Meier curves of progression-free survival (PFS) and overall survival (OS) according to
systemic immune-inflammation index (SII) values.
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Figure 5. Kaplan-Meier curves of progression-free survival (PFS) and overall survival (OS) according to ECOG
performance status (ECOG PS).
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Figure 6. Kaplan-Meier curves of progression-free survival (PFS) and overall survival (OS) according to distant
metastasis.

Statistical analysis. PFS was measured as the interval between the date of patients primarily receiving
neoadjuvant CRT and the date when radiological evidence of recurrence was observed. OS was defined as the
duration from the date of primarily receiving neoadjuvant CRT to the time of death from any causes or the date
of last follow-up. Patients were divided into groups based on the median index value of NLR, PLR, LMR, and
SII, respectively. We examined the differences of characteristics between groups by using the Student’s t-test for
continuous variables; categorical variables were compared using the x 2 test or the Fisher exact test. Log-rank test
was performed to identify the associations between inflammatory indexes and survival. Kaplan-Meier analysis
was used to compare the survival curves between groups. Variables that were found to be significantly associ-
ated with survival by univariate analysis were further evaluated by using the Cox proportional hazard regression
analysis. All p-values were based on two-sided testing and a p < 0.05 was considered to be statistically significant.
Statistical analysis was performed by using SPSS version 21.0 (IBM Corporation, Armonk, NY, USA).

Ethical approval. This study was approved by the Ethics Administration Office of West China Hospital,
Sichuan University.

References

1. Ferlay, J. et al. Cancer incidence and mortality worldwide: sources, methods and major patterns in GLOBOCAN 2012. International
journal of cancer 136, E359-386, https://doi.org/10.1002/ijc.29210 (2015).

2. Ciombor, K. K., Wu, C. & Goldberg, R. M. Recent therapeutic advances in the treatment of colorectal cancer. Annual review of
medicine 66, 83-95, https://doi.org/10.1146/annurev-med-051513-102539 (2015).

3. Gastrointestinal Tumor Study Group. Prolongation of the disease-free interval in surgically treated rectal carcinoma. The New
England journal of medicine 312, 1465-1472, https://doi.org/10.1056/nejm198506063122301 (1985).

4. Colorectal Cancer Collaborative Group. Adjuvant radiotherapy for rectal cancer: a systematic overview of 8,507 patients from 22
randomised trials. Lancet (London, England) 358, 1291-1304, https://doi.org/10.1016/s0140-6736(01)06409-1 (2001).

5. Camma, C. et al. Preoperative radiotherapy for resectable rectal cancer: A meta-analysis. Jama 284, 1008-1015 (2000).

6. Pahlman, L. & Glimelius, B. Pre- or postoperative radiotherapy in rectal and rectosigmoid carcinoma. Report from a randomized
multicenter trial. Annals of surgery 211, 187-195 (1990).

7. Pahlman, L., Glimelius, B. & Graffman, S. Pre- versus postoperative radiotherapy in rectal carcinoma: an interim report from a
randomized multicentre trial. The British journal of surgery 72, 961-966 (1985).

8. Sebag-Montefiore, D. et al. Preoperative radiotherapy versus selective postoperative chemoradiotherapy in patients with rectal
cancer (MRC CR07 and NCIC-CTG C016): a multicentre, randomised trial. Lancet (London, England) 373, 811-820, https://doi.
org/10.1016/50140-6736(09)60484-0 (2009).

9. Bosset, J. F. et al. Chemotherapy with preoperative radiotherapy in rectal cancer. The New England journal of medicine 355,
1114-1123, https://doi.org/10.1056/NEJM0a060829 (2006).

SCIENTIFICREPORTS | (2018) 8:3044 | DOI:10.1038/s41598-018-21093-7 7


http://dx.doi.org/10.1002/ijc.29210
http://dx.doi.org/10.1146/annurev-med-051513-102539
http://dx.doi.org/10.1056/nejm198506063122301
http://dx.doi.org/10.1016/s0140-6736(01)06409-1
http://dx.doi.org/10.1016/s0140-6736(09)60484-0
http://dx.doi.org/10.1016/s0140-6736(09)60484-0
http://dx.doi.org/10.1056/NEJMoa060829

www.nature.com/scientificreports/

10.

1

—_

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

—_

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Braendengen, M. et al. Randomized phase III study comparing preoperative radiotherapy with chemoradiotherapy in nonresectable
rectal cancer. Journal of clinical oncology: official journal of the American Society of Clinical Oncology 26, 3687-3694, https://doi.
org/10.1200/jc0.2007.15.3858 (2008).

. Gerard, J. P. et al. Preoperative radiotherapy with or without concurrent fluorouracil and leucovorin in T3-4 rectal cancers: results

of FFCD 9203. Journal of clinical oncology: official journal of the American Society of Clinical Oncology 24, 4620-4625, https://doi.
org/10.1200/jc0.2006.06.7629 (2006).

Asher, V., Lee, J., Innamaa, A. & Bali, A. Preoperative platelet lymphocyte ratio as an independent prognostic marker in ovarian
cancer. Clinical & translational oncology: official publication of the Federation of Spanish Oncology Societies and of the National Cancer
Institute of Mexico 13, 499-503, https://doi.org/10.1007/s12094-011-0687-9 (2011).

Azab, B. et al. Pretreatment neutrophil/lymphocyte ratio is superior to platelet/lymphocyte ratio as a predictor of long-term
mortality in breast cancer patients. Medical oncology (Northwood, London, England) 30, 432, https://doi.org/10.1007/s12032-012-
0432-4 (2013).

Feng, J. E, Huang, Y. & Chen, Q. X. Preoperative platelet lymphocyte ratio (PLR) is superior to neutrophil lymphocyte ratio (NLR)
as a predictive factor in patients with esophageal squamous cell carcinoma. World journal of surgical oncology 12, 58, https://doi.
org/10.1186/1477-7819-12-58 (2014).

Lee, S. et al. Prognostic significance of neutrophil lymphocyte ratio and platelet lymphocyte ratio in advanced gastric cancer patients
treated with FOLFOX chemotherapy. BMC cancer 13, 350, https://doi.org/10.1186/1471-2407-13-350 (2013).

Shin, J. S., Suh, K. W. & Oh, S. Y. Preoperative neutrophil to lymphocyte ratio predicts survival in patients with T1-2N0 colorectal
cancer. Journal of surgical oncology 112, 654-657, https://doi.org/10.1002/js0.24061 (2015).

Siddiqui, A., Heinzerling, J., Livingston, E. H. & Huerta, S. Predictors of early mortality in veteran patients with pancreatic cancer.
American journal of surgery 194, 362-366, https://doi.org/10.1016/j.amjsurg.2007.02.007 (2007).

Zou, Z. Y. et al. Clinical significance of pre-operative neutrophil lymphocyte ratio and platelet lymphocyte ratio as prognostic factors
for patients with colorectal cancer. Oncology letters 11,2241-2248, https://doi.org/10.3892/01.2016.4216 (2016).

Wu, Y. et al. Neutrophil-to-lymphocyte and platelet-to-lymphocyte ratios predict chemotherapy outcomes and prognosis in patients
with colorectal cancer and synchronous liver metastasis. World journal of surgical oncology 14, 289, https://doi.org/10.1186/s12957-
016-1044-9 (2016).

Ying, H. Q. et al. The prognostic value of preoperative NLR, d-NLR, PLR and LMR for predicting clinical outcome in surgical
colorectal cancer patients. Medical oncology (Northwood, London, England) 31, 305, https://doi.org/10.1007/s12032-014-0305-0
(2014).

Kemal, Y. et al. Elevated serum neutrophil to lymphocyte and platelet to lymphocyte ratios could be useful in lung cancer diagnosis.
Asian Pacific journal of cancer prevention: APJCP 15, 26512654 (2014).

Luo, G. et al. Blood neutrophil-lymphocyte ratio predicts survival in patients with advanced pancreatic cancer treated with
chemotherapy. Annals of surgical oncology 22, 670-676, https://doi.org/10.1245/s10434-014-4021-y (2015).

Shibutani, M. et al. Prognostic significance of the lymphocyte-to-monocyte ratio in patients with metastatic colorectal cancer. World
journal of gastroenterology 21, 9966-9973, https://doi.org/10.3748/wjg.v21.i34.9966 (2015).

Cools-Lartigue, J. et al. Neutrophil extracellular traps sequester circulating tumor cells and promote metastasis. The Journal of
clinical investigation. https://doi.org/10.1172/jci67484 (2013).

De Larco, J. E., Wuertz, B. R. & Furcht, L. T. The potential role of neutrophils in promoting the metastatic phenotype of tumors
releasing interleukin-8. Clinical cancer research: an official journal of the American Association for Cancer Research 10, 4895-4900,
https://doi.org/10.1158/1078-0432.ccr-03-0760 (2004).

Dunn, G. P, Old, L. J. & Schreiber, R. D. The immunobiology of cancer immunosurveillance and immunoediting. Immunity 21,
137-148, https://doi.org/10.1016/j.immuni.2004.07.017 (2004).

Azab, B. et al. Usefulness of the neutrophil-to-lymphocyte ratio in predicting short- and long-term mortality in breast cancer
patients. Annals of surgical oncology 19, 217-224, https://doi.org/10.1245/s10434-011-1814-0 (2012).

de Visser, K. E., Eichten, A. & Coussens, L. M. Paradoxical roles of the immune system during cancer development. Nature reviews.
Cancer 6, 24-37, https://doi.org/10.1038/nrc1782 (2006).

Condeelis, J. & Pollard, J. W. Macrophages: obligate partners for tumor cell migration, invasion, and metastasis. Cell 124, 263-266,
https://doi.org/10.1016/j.cell.2006.01.007 (2006).

Mantovani, A., Bottazzi, B., Colotta, F., Sozzani, S. & Ruco, L. The origin and function of tumor-associated macrophages.
Immunology today 13, 265-270, https://doi.org/10.1016/0167-5699(92)90008-u (1992).

. Pollard, J. W. Tumour-educated macrophages promote tumour progression and metastasis. Nature reviews. Cancer 4, 71-78, https://

doi.org/10.1038/nrc1256 (2004).

Stotz, M. et al. The preoperative lymphocyte to monocyte ratio predicts clinical outcome in patients with stage III colon cancer.
British journal of cancer 110, 435-440, https://doi.org/10.1038/bjc.2013.785 (2014).

Goubran, H. A,, Stakiw, J., Radosevic, M. & Burnouf, T. Platelets effects on tumor growth. Seminars in oncology 41, 359-369, https://
doi.org/10.1053/j.seminoncol.2014.04.006 (2014).

Nieswandt, B., Aktas, B., Moers, A. & Sachs, U. J. Platelets in atherothrombosis: lessons from mouse models. Journal of thrombosis
and haemostasis: JTH 3, 1725-1736, https://doi.org/10.1111/j.1538-7836.2005.01488.x (2005).

Sharma, D., Brummel-Ziedins, K. E., Bouchard, B. A. & Holmes, C. E. Platelets in tumor progression: a host factor that offers
multiple potential targets in the treatment of cancer. Journal of cellular physiology 229, 1005-1015, https://doi.org/10.1002/jcp.24539
(2014).

Kwon, H. C. et al. Clinical significance of preoperative neutrophil-lymphocyte versus platelet-lymphocyte ratio in patients with
operable colorectal cancer. Biomarkers: biochemical indicators of exposure, response, and susceptibility to chemicals 17, 216-222,
https://doi.org/10.3109/1354750x.2012.656705 (2012).

Passardi, A. et al. Inflammatory indexes as predictors of prognosis and bevacizumab efficacy in patients with metastatic colorectal
cancer. Oncotarget 7, 33210-33219, https://doi.org/10.18632/oncotarget.8901 (2016).

Szkandera, J. et al. The elevated preoperative platelet to lymphocyte ratio predicts decreased time to recurrence in colon cancer
patients. American journal of surgery 208, 210-214, https://doi.org/10.1016/j.amjsurg.2013.10.030 (2014).

Feng, J. E, Chen, S. & Yang, X. Systemic immune-inflammation index (SII) is a useful prognostic indicator for patients with
squamous cell carcinoma of the esophagus. Medicine 96, 5886, https://doi.org/10.1097/md.0000000000005886 (2017).

Hong, X. et al. Systemic Immune-inflammation Index, Based on Platelet Counts and Neutrophil-Lymphocyte Ratio, Is Useful for
Predicting Prognosis in Small Cell Lung Cancer. The Tohoku journal of experimental medicine 236, 297-304, https://doi.org/10.1620/
tjem.236.297 (2015).

Hu, B. et al. Systemic immune-inflammation index predicts prognosis of patients after curative resection for hepatocellular
carcinoma. Clinical cancer research: an official journal of the American Association for Cancer Research 20, 6212-6222, https://doi.
org/10.1158/1078-0432.ccr-14-0442 (2014).

Huang, L. et al. Systemic immune-inflammation index, thymidine phosphorylase and survival of localized gastric cancer patients
after curative resection. Oncotarget 7, 44185-44193, https://doi.org/10.18632/oncotarget.9923 (2016).

Yang, Z. et al. Aspartate aminotransferase-lymphocyte ratio index and systemic immune-inflammation index predict overall
survival in HBV-related hepatocellular carcinoma patients after transcatheter arterial chemoembolization. Oncotarget 6,
43090-43098, https://doi.org/10.18632/oncotarget.5719 (2015).

SCIENTIFICREPORTS | (2018) 8:3044 | DOI:10.1038/s41598-018-21093-7 8


http://dx.doi.org/10.1200/jco.2007.15.3858
http://dx.doi.org/10.1200/jco.2007.15.3858
http://dx.doi.org/10.1200/jco.2006.06.7629
http://dx.doi.org/10.1200/jco.2006.06.7629
http://dx.doi.org/10.1007/s12094-011-0687-9
http://dx.doi.org/10.1007/s12032-012-0432-4
http://dx.doi.org/10.1007/s12032-012-0432-4
http://dx.doi.org/10.1186/1477-7819-12-58
http://dx.doi.org/10.1186/1477-7819-12-58
http://dx.doi.org/10.1186/1471-2407-13-350
http://dx.doi.org/10.1002/jso.24061
http://dx.doi.org/10.1016/j.amjsurg.2007.02.007
http://dx.doi.org/10.3892/ol.2016.4216
http://dx.doi.org/10.1186/s12957-016-1044-9
http://dx.doi.org/10.1186/s12957-016-1044-9
http://dx.doi.org/10.1007/s12032-014-0305-0
http://dx.doi.org/10.1245/s10434-014-4021-y
http://dx.doi.org/10.3748/wjg.v21.i34.9966
http://dx.doi.org/10.1172/jci67484
http://dx.doi.org/10.1158/1078-0432.ccr-03-0760
http://dx.doi.org/10.1016/j.immuni.2004.07.017
http://dx.doi.org/10.1245/s10434-011-1814-0
http://dx.doi.org/10.1038/nrc1782
http://dx.doi.org/10.1016/j.cell.2006.01.007
http://dx.doi.org/10.1016/0167-5699(92)90008-u
http://dx.doi.org/10.1038/nrc1256
http://dx.doi.org/10.1038/nrc1256
http://dx.doi.org/10.1038/bjc.2013.785
http://dx.doi.org/10.1053/j.seminoncol.2014.04.006
http://dx.doi.org/10.1053/j.seminoncol.2014.04.006
http://dx.doi.org/10.1111/j.1538-7836.2005.01488.x
http://dx.doi.org/10.1002/jcp.24539
http://dx.doi.org/10.3109/1354750x.2012.656705
http://dx.doi.org/10.18632/oncotarget.8901
http://dx.doi.org/10.1016/j.amjsurg.2013.10.030
http://dx.doi.org/10.1097/md.0000000000005886
http://dx.doi.org/10.1620/tjem.236.297
http://dx.doi.org/10.1620/tjem.236.297
http://dx.doi.org/10.1158/1078-0432.ccr-14-0442
http://dx.doi.org/10.1158/1078-0432.ccr-14-0442
http://dx.doi.org/10.18632/oncotarget.9923
http://dx.doi.org/10.18632/oncotarget.5719

www.nature.com/scientificreports/

Acknowledgements
Thanks to Medbanks (Beijing) Network technology Co. Ltd for patients’ follow-up.

Author Contributions

J.Y. and X.M. designed the study, performed the data analysis, and drafted the manuscript. X.G. and H.X.
performed the data analysis, and drafted the manuscript. J.Z., X.Y. and Y.Y. participated in the data analysis and
drafted the manuscript. All authors participated in the data acquisition and manuscript revising. All authors
approved the final manuscript to be submitted for publication.

Additional Information
Competing Interests: The authors declare no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2018

SCIENTIFICREPORTS | (2018) 8:3044 | DOI:10.1038/s41598-018-21093-7 9


http://creativecommons.org/licenses/by/4.0/

	Pretreatment Inflammatory Indexes as Prognostic Predictors for Survival in Colorectal Cancer Patients Receiving Neoadjuvant ...
	Results

	Baseline characteristics. 
	Univariate analysis and multivariate analysis. 

	Discussion

	Materials and Methods

	Patients and blood count parameters. 
	Statistical analysis. 
	Ethical approval. 

	Acknowledgements

	Figure 1 Kaplan-Meier curves of progression-free survival (PFS) and overall survival (OS) according to neutrophil-to-lymphocyte ratio (NLR) values.
	Figure 2 Kaplan-Meier curves of progression-free survival (PFS) and overall survival (OS) according to platelet-to- lymphocyte ratio (PLR) values.
	Figure 3 Kaplan-Meier curves of progression-free survival (PFS) and overall survival (OS) according to lymphocyte-to-monocyte-ratio (LMR) values.
	Figure 4 Kaplan-Meier curves of progression-free survival (PFS) and overall survival (OS) according to systemic immune-inflammation index (SII) values.
	Figure 5 Kaplan-Meier curves of progression-free survival (PFS) and overall survival (OS) according to ECOG performance status (ECOG PS).
	Figure 6 Kaplan-Meier curves of progression-free survival (PFS) and overall survival (OS) according to distant metastasis.
	Table 1 Baseline characteristics of the study population (n = 98).
	Table 2 Univariate and multivariate analysis of PFS.
	Table 3 Univariate and multivariate analysis of OS.




