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Objective: This study was to determine whether peripheral blood biomarkers including

neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), and systemic immune

inflammation index (SII) could predict early response to cetuximab; moreover, the prognostic

ability of those biomarkers on progression free survival (PFS) and overall survival (OS) of

metastatic colorectal cancer (mCRC) patients with wild-type (WT) RAS was also investigated.

Methods: mCRC patients with WT RAS treated with cetuximab plus chemotherapy were

retrospectively analyzed, and early response was evaluated according to RECIST 1.1 after

three or four treatment cycles. In prior to chemotherapy, hematologic data and clinic-patholo-

gical parameters were collected. The associations between pre-treatment inflammatory bio-

markers and early response, and the prognostic value of those biomarkers were analyzed. A

total of 102 patients were enrolled and divided into low or high NLR, PLR, and SII groups,

respectively.

Results: The early response rate was significantly higher in the low NLR (p<0.001), low

PLR (p=0.045), and low SII (p=0.011), respectively. In multivariate analyses, primary tumor

resection (hazard ratio (HR) 0.411, p<0.001), carcino-embryonicantigen ≤5 ng/mL (HR

0.406, p<0.001), early treatment response (HR 0.322, p<0.001), and low NLR (HR 0.665,

p=0.031) were independent factors of longer PFS. Primary tumor resection (HR 0.488,

p=0.003) and early response (HR 0.392, p<0.001) were independent factors of longer OS.

Further analysis showed that patients with early response, even in the high groups, can

achieve better PFS and OS than non-responders.

Conclusion: Pre-treatment inflammatory biomarkers, especially NLR were predictors of

benefit from cetuximab-combined therapy in mCRC patients. They were also predictors of

significantly longer PFS and OS of early responders compared to non-responders.

Keywords: inflammatory biomarkers, cetuximab, early treatment response, wild-type RAS,

metastatic colorectal cancer

Introduction
Recently, the prognosis of locally advanced or metastatic colorectal cancer (mCRC) with

wild-type (WT) RAS had dramatically improved due to the introduction of cetuximab.1–4

Cetuximab is a monoclonal antibody which targeting the transmembrane protein epider-

mal growth factor receptor (EGFR), leading to the inhibition of the MAPK pathway and

therefore suppresses tumor cell differentiation, proliferation, and angiogenesis which
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contributes to tumor progression.5 Although several mechan-

isms of primary or acquired resistance had been identified, the

only established response predictive biomarker for the treat-

ment of mCRC patients is the RAS mutational status.6

Moreover, even RAS WT patients who initially responded to

anti-EGFR therapy eventually would undergo tumor progres-

sion, suggesting unknown alternative mechanisms capable of

influencing treatment effectiveness were still existed. In this

regard, identifying more sensitive markers for predicting ther-

apeutic efficacy to promote the development of individualized

treatment is urgently needed.

It has been increasingly recognized that tumor growth and

metastasis resulted from interactions between tumoral and

stromal factors, including blood vessels, inflammatory cells,

and immunity system which led to an inflammation status.7,8

Markers such as C-reactive protein, hypoalbuminemia,

Glasgow Prognostic Score, neutrophil count (PNC), macro-

phage, neutrophil-lymphocyte ratio (NLR), platelet-lympho-

cyte ratio (PLR), and systemic immune-inflammation index

(SII), have been investigated as prognostic and predictive

factors in various human cancer types, especially in radically

resected or mCRC.9–14 There is increasing evidence that

inflammation markers served as an important role in the

induction of chemo-resistance.15–18 Also, certain inflamma-

tory indexeswere correlatedwith chemotherapeutic responses.

Van Glabbeke et al,19 demonstrated that an elevated baseline

neutrophil count correlated with initial and late resistance to

imatinib treatment in gastrointestinal stromal tumors. High

PNC and NLR values were associated with chemo-resistance

and an unfavorable prognosis in patients with stage III and IV

unresectable lung cancer.20 Elevated baseline NLR correlated

with poor response treated with bevacizumab plus chemother-

apy in mCRC.21 Recently, elevated pre-treatment NLR could

serve as a predictor of survival and cetuximab efficacy in

mCRC patients with WT RAS.22 However, the relationship

between inflammatory biomarker, early treatment response,

and cetuximab efficacy is still yet to be known.

In this single-center, retrospective study, we aimed to

investigate pre-treatment parameters including NLR, PLR,

and SII for their ability to predict early treatment response

and survival of mCRC patients receiving first-line che-

motherapy plus cetuximab.

Materials and methods
Patient and data collection
We retrospectively enrolled 102 patients whowere diagnosed

with primary colorectal cancer and received chemotherapy

plus cetuximab as the initial treatment at Shanghai Jiaotong

University School of Medicine Affiliated Ruijin Hospital

between January 2010 and December 2017. This study was

approved by the Medical Ethical Committee of Shanghai

Ruijin Hospital and performed in accordance with relevant

guidelines and regulations. Patients alive signed an informed

consent for the use of their personal data for research pur-

poses at the time of data collection. For patients who have

died at the time of data collection, we had followed up the

recurrence or death time by telephone, informed the related

contents of the informed consent form of this study in detail,

obtained the consent of patients’ relatives, and archived the

telephone recording, which was approved by the Medical

Ethics Committee of our hospital.

The primary inclusion criteria were as follows: (a)

histologically confirmed and measurable (RECIST criteria

v.1.1) unresectable metastatic adenocarcinoma of the colon

or rectum, (b) molecular test showing no mutation in the

RAS gene of colorectal carcinoma cells, (c) patients with

available and complete basic characteristics, laboratory

data, and follow-up information. Patients with evidence

for one mutation of the RAS gene, prior chemotherapy

for metastatic disease, previous exposure to EGFR-target-

ing therapy, hematology, and infection diseases were

excluded. Patients’ demographic and clinic-pathological

variables, including age, sex, tumor localization, primary

tumor status, adjuvant therapy, tumor metastasis period,

liver metastases, carcino-embryonicantigen (CEA), carbo-

hydrate antigen 19-9 (CA199), lactate dehydrogenase

(LDH), chemotherapy regimen, and early treatment

response were collected using electronic medical records.

Laboratory data were obtained within 3 days prior to the

initial administration of cetuximab. Blood cell counting

was detected by Sysmex hematology analyzers. NLR and

PLR were defined as the absolute counts of neutrophils

and platelets, respectively, divided by the absolute lym-

phocyte count. SII was calculated as platelet count ×

neutrophil count/lymphocyte count.22

Response assessment
Response was assessed every three or four treatment cycles

using the revised Response Evaluation Criteria in Solid

Tumors (version 1.1).23 The criteria classified the responses

into four categories: Complete response (CR), partial

response (PR), stable disease (SD), and progressive disease

(PD). CR was defined as disappearance of all target lesions,

any pathological lymph nodes (whether target or non-tar-

get) must have reduction in short axis to <10 mm. PR was
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defined as at least a 30% decrease in the sum of diameters of

target lesions, taking as reference the baseline sum dia-

meters. SD was defined as neither sufficient shrinkage to

qualify for PR nor sufficient increase to qualify for SD,

taking as reference the smallest sum diameters while on

study. PD was defined as at least a 20% increase in the sum

of diameters of target lesions, taking as reference the smal-

lest sum on study (this includes the baseline sum if that is

the smallest on study). In addition to the relative increase of

20%, the summust also demonstrate an absolute increase of

at least 5 mm. (Note: the appearance of one or more new

lesions is also considered progression). Early treatment

response was defined as the results of the first efficacy

evaluation included CR and PR, and non-response included

SD and PD. The early response rate was the ratio of early

response patients to the total patients.

Statistical analysis
Progression-freesurvival (PFS) was measured as the time

between treatment initiation and disease progression or

death from any cause. Overall survival (OS) was defined

as the time between treatment initiation and death from

any cause or the date of last follow-up.

The optimal cut-off values for NLR, PLR, and SII were

performed according to the early response by receiver operat-

ing characteristic curves, which were used to detect the value

of each index for predicting the response to therapy. Patients’

characteristics were analyzed by descriptive statistics. The χ2

or Fisher’s exact test were used to assess the association

between categorical variables. PFS and OS were calculated

according to the Kaplan–Meier method, and the log-rank test

was used to compare survival between different patient popu-

lations. The impact of prognostic factors on PFS and OS was

first assessed in univariate analysis by means of the Cox

proportional hazard regression analysis, variables with statis-

tically significant in univariate analysis were further analyzed

in multivariate analysis. Hazard ratios (HRs) estimated from

the Cox proportional hazard model were reported as relative

risks with corresponding 95% Confidence Intervals (95% CI).

All statistical analyses were performed using the SPSS version

20.0 (IBM Corporation, Armonk, NY, USA). P<0.05 was

considered to indicate a statistically significant difference.

Results
Patient characteristics
Among 102 patients treated with cetuximab, patients were

divided into high and low index groups on the basis of the

specified cut-off value of NLR (3.285, AUC =0.701), PLR

(171.45,AUC=0.569), and SII (660.55,AUC=0.619), respec-

tively (Figure 1). NLR ≥3.285, PLR ≥171.45, and SII ≥660.55

were considered as high groups.

All the clinic-pathological characteristics of patients

are detailed in Table 1. There are 72 (70.6%) males and

30 (29.4%) females, with 45 (44.1%) patients were >60

years and 57 patients were ≤60 (55.9%; range, 28–75

years). According to the location of the tumor, most of

them (80, 78.5%) occurred in the left colon while other 22

(21.5%) were from right colon. Primary tumor resection

was performed in 76 (74.5%) of all patients and 23

(37.3%) of them underwent adjuvant chemotherapy.

Sixty-five (63.7%) patients suffered simultaneous metas-

tasis while of which 37 (36.3%) were metachronism.

Among the 102 patients, liver metastasis occurred in 38

(37.3%) and other 64 (62.7%) without liver metastasis.

Further, 41 (40.2%) patients were with elevated CEA; 45

(44.1%) patients were with elevated CA199, respectively;

45 (44.1%) patients were with increased LDH, respec-

tively. All the 102 patients received chemotherapy, of

which 43 (42.1%) treated with FOLFOX/XELOX and 59

(57.9%) treated with FOLFIRI. Regarding early treatment

response, no patients achieved CR, 53 patients achieved

PR, 33 patients were SD, and 16 patients were PD. In total

102 patients, 53 (52.0%) patients were defined as respon-

der and 49 (48.0%) patients as non-responder.

Figure 1 Diagnostic value of inflammatory biomarkers for early response according

to ROC curves.

Abbreviations: ROC, receiver operating characteristic; NLR, neutrophil-to-lym-

phocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation

index.
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Table 1 Association between inflammatory markers and clinic-pathological data

Characteristics Total patients
(N=102)

NLR P-value PLR P-value SII P-value

Low
(N=63)

High
(N=39)

Low
(N=48)

High
(N=54)

Low
(N=57)

High
(N=45)

Age, years

≤60 57 (55.9) 36 (35.3) 21 (20.6) 0.745 27 (26.5) 30 (29.4) 0.944 28 (27.5) 29 (28.4) 0.122

>60 45 (44.1) 27 (26.5) 18 (17.6) 21 (20.6) 24 (23.5) 29 (28.4) 16 (15.7)

Sex

Male 72 (70.6) 39 (38.2) 33 (32.4) 0.014 34 (33.3) 38 (37.3) 0.959 40 (39.3) 32 (31.3) 0.918

Female 30 (29.4) 24 (23.6) 6 (5.8) 14 (13.7) 16 (15.7) 17 (16.7) 13 (12.7)

Site of primary tumor (%)

Right 22 (21.5) 16 (15.7) 6 (5.8) 0.323 9 (8.8) 13 (12.7) 0.514 14 (13.7) 8 (7.8) 0.408

Left 80 (78.5) 47 (46.1) 33 (32.4) 39 (38.2) 41 (40.3) 43 (42.2) 37 (36.3)

Resected primary tumor (%)

Yes 76 (74.5) 50 (49.0) 26 (25.5) 0.153 40 (39.2) 36 (35.3) 0.054 46 (45.1) 30 (29.4) 0.106

No 26 (25.5) 13 (12.7) 13 (12.7) 8 (7.8) 18 (17.7) 11 (10.8) 15 (14.7)

Previous adjuvant therapy (%)

Yes 38 (37.3) 25 (24.6) 13 (12.7) 0.519 15 (14.7) 23 (22.6) 0.237 28 (27.5) 10 (9.8) 0.005

No 64 (62.7) 38 (37.2) 26 (25.5) 33 (32.4) 31 (30.3) 29 (28.4) 35 (34.3)

Time to metastases (%)

Synchronous 65 (63.7) 41 (40.2) 24 (23.5) 0.718 30 (29.4) 35 (34.3) 0.808 32 (31.3) 33 (32.4) 0.073

Metachronous 37 (36.3) 22 (21.6) 15 (14.7) 18 (17.7) 19 (18.6) 25 (24.5) 12 (11.8)

Liver metastases (%)

Yes 38 (37.3) 25 (24.6) 13 (12.7) 0.519 21 (20.6) 17 (16.7) 0.201 24 (23.6) 14 (13.7) 0.254

No 64 (62.7) 38 (37.2) 26 (25.5) 27 (26.4) 37 (36.3) 33 (32.4) 31 (30.3)

CEA (ng/mL)

≤5 17 (16.7) 10 (9.8) 7 (6.9) 0.785 6 (5.9) 11 (10.8) 0.287 11 (10.8) 6 (5.9) 0.422

>5 85 (83.3) 53 (52.0) 32 (31.3) 42 (41.2) 43 (42.1) 46 (45.1) 39 (38.2)

CA199 (U/mL)

≤37 41 (40.2) 29 (28.4) 12 (11.8) 0.127 22 (21.6) 19 (18.6) 0.274 27 (26.5) 14 (13.7) 0.096

>37 61 (59.8) 34 (33.3) 27 (26.5) 26 (25.5) 35 (34.3) 30 (29.4) 31 (30.4)

LDH (IU/mL)

≤192 45 (44.1) 32 (31.3) 13 (12.7) 0.084 23 (22.5) 22 (21.6) 0.466 30 (29.4) 15 (14.7) 0.051

>192 57 (55.9) 31 (30.3) 26 (25.5) 25 (24.6) 32 (31.3) 27 (26.5) 30 (29.4)

CT regimen (%)

FOLFOX/

XELOX

43 (42.1) 30 (29.4) 13 (12.7) 0.156 20 (16.6) 24 (23.5) 0.777 28 (27.5) 15 (14.7) 0.109

FOLFIRI 59 (57.9) 33 (32.4) 26 (25.5) 28 (27.5) 30 (29.4) 29 (28.4) 30 (29.4)

Early treatment response (%)

Response 53 (52.0) 43 (42.2) 10 (9.8) <0.001 30 (29.4) 23 (22.6) 0.045 36 (35.3) 17 (16.7) 0.011

Non-response 49 (48.0) 20 (19.6) 29 (28.4) 18 (17.6) 31 (30.4) 21 (20.5) 28 (27.5)

Notes: Values in the table are presented as the number of patients with the percentage in parenthesis, unless indicated otherwise, P-value<0.05 was considered statistically significant.
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; CEA, carcino-embryonic antigen;

CA199, carbohydrate antigen 19-9; LDH, lactate dehydrogenase; CT, chemotherapy.
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Associations between inflammatory

biomarkers and baseline characteristics
To investigate the correlation of NLR, PLR, and SII with

clinic-pathologic parameters, we found that high levels of

NLR were significantly associated with fewer females

(p=0.014) and more non-responders (p<0.001). Only

PLR was significantly associated with early treatment

response (p=0.045)while SII was significantly associated

with adjuvant therapy (p=0.005) and early treatment

response (p=0.011). Conversely, there was no significant

association between inflammatory biomarkers and other

clinical parameters (Table 1; Figure 2).

Survival analyses
At a median follow-up of 33.2 months (range: 2.6–94.5), 93

(91.2%) patients progressed and of which 70 (68.6%) died.

Median PFS was 13.2 months in patients with NLRLow group

and 7.9months in thosewithNLRHigh group (HR0.53, 95%CI

0.31–0.91; p=0.0206). Regarding the SII, PFS prolonged with

SII <660.55 as compared to SII≥660.55 (11.8 ms vs 9.5 ms,

HR: 0.60, 95% CI: 0.37–0.98, p=0.0424). However, there was

no significant difference in PFS between PLRHigh and PLRLow

groups (HR: 0.85, 95% CI: 0.53–1.37; p=0.5137) (Figure 3).

In univariate analysis, factors associated with PFS were:

right colon cancer, unresectable primary tumor, CEA >5 ng/

mL, early treatment with non-response, NLRHigh, and SIIHigh

(Figure 4A). Further, those factors were integrated intomulti-

variate analysis which showed that primary tumor resection

(HR: 0.411, 95% CI: 0.264–0.641), CEA ≤5 ng/mL (HR:

0.406, 95% CI: 0.263–0.625), early treatment response (HR:

0.322, 95% CI: 0.218–0.472) and NLRLow (HR: 0.665, 95%

CI: 0.447–0.902) were independent predictors of PFS

while other covariates were of no statistically significant

(Figure 4B).

Median OS in NLRLow group was significantly longer

than NLRHigh group (28.3 m vs 18.3 m, HR: 0.48, 95% CI:

0.28–0.83, p=0.0083). In contrast, there was no statistical

significance difference in OS between other groups

(PLRHigh vs PLRLow, HR: 0.94 and SIIHigh and SIILow, HR:

0.68, respectively) (Figure 5). In univariate analysis, age

(p=0.033), primary tumor resection (p=0.041), liver metas-

tases (p=0.036), chemotherapy regimen (p=0.048), early

treatment response (p<0.001), NLR (p=0.011), and SII

Figure 2 Distribution of NLR (A), PLR (B), and SII (C) according to early response.

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index.

Figure 3 Kaplan–Meier curves of progression-free survival (PFS) of mCRC patients according to baseline NLR (A), PLR (B), and SII (C).

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; mCRC, metastatic colorectal cancer.
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Figure 4 Forest plot illustrating the results of univariable (A) and multivariable (B) analysis of covariates associated with the risk of disease progression in mCRC.★means P<0.05.
Abbreviations: PFS, progression free survival; CEA, carcino-embryonic antigen; CA199, carbohydrate antigen 19-9; LDH, lactate dehydrogenase; NLR, neutrophil-to-

lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index.
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(p=0.005) were significantly associated with OS (Figure 6A).

In multivariate analysis, primary tumor resection (HR: 0.488,

95% CI: 0.302–0.788, p=0.003) and early treatment response

(HR: 0.393, 95% CI: 0.252–0.613, p<0.001) were indepen-

dent prognostic factors of OS (Figure 6B).

Predictive value of inflammatory

biomarkers as an indicator of early

treatment response
Early treatment response (response vs non-response) was

associated with PFS and OS regarding inflammatory bio-

markers (including NLR, PLR, and SII) (Table 2). In

NLRLow group, PFS was significantly improved for

patients with early treatment response compared to non-

response (13.5 ms vs 7.8 ms, HR: 1.61, 95% CI: 1.07–

2.15, p=0.0032). However, early treatment response was

not associated with OS (p=0.1180). For NLRHigh patients,

early treatment response was not associated with PFS and

OS (p=0.054 and p=0.051, respectively).

Both in PLRLow and PLRHigh patients, PFS and OS were

prolonged in early responders than non-responders

(PLRLow, p=0.0074 and p=0.0185, respectively; PLRHigh,

p=0.009 and p=0.0072, respectively). Similar results are

obtained in SII groups (SIILow, p=0.03 and p=0.037, respec-

tively; SIIHigh, p=0.0070 and p=0.0411, respectively).

Discussion
Substantial evidence showed that stroma–tumor interac-

tion which led to a chronic inflammatory state was

involved in carcinogenesis and tumor progression.24,25

Peripheral inflammatory cells including neutrophils, lym-

phocytes, and platelets were prognostic and predictive

factors in various cancers like CRC.20,22,26–28 Neutrophils

promoted adhesion and seeding of distant organ sites

through secretion of circulating growth factors such as

VEGF and proteases.29,30 Platelets induced circulating

tumor cells epithelial–mesenchymal transition and pro-

moted its extravasation to metastatic sites.31 On the con-

trary, lymphocytes played a crucial role in tumor defense

by inducing cytotoxic cell death and inhibiting tumor cell

proliferation and migration, thereby dictating the host’s

immune defense to malignancy.32 Thus, tumor inflamma-

tory microenvironment modulation could influence cancer

progression. Furthermore, tumor inflammatory microenvir-

onment supported tumor progression and induced chemo-

resistance.15,24

In order to investigate the potential impact of surro-

gate markers of inflammatory reaction such as NLR,

PLR, and, SII in mCRC treated with cetuximab, we

showed that patients with low NLR were associated

with better PFS and OS than those with high NLR.

Meanwhile, elevated SII was significantly associated

with poor PFS but not with OS. What is worth to men-

tion that PLR was not significantly associated with either

PFS or OS. In univariate analysis, in addition to the

traditional prognostic factors (age, primary tumor resec-

tion, primary tumor location, CEA, and CT regime), NLR

and SII were significantly associated with PFS and OS.

In multivariate analyses, only NLR remained a prognostic

factor for PFS. To date, our results are somewhat differ-

ent from previous reports. Jing Yang et al,22 indicated

that NLR was an independent prognostic factor not only

for PFS but also for OS. Moreover, elevated PLR was

significantly associated with poor PFS but not with OS,

and SII was not significantly associated with PFS and

OS. The major causes of these contrasting findings can

be considered as follows: Firstly, its single-center study

with selection bias. Secondly, the role of PLR in the

Figure 5 Kaplan–Meier curves of overall survival (OS) of mCRC patients according to baseline NLR (A), PLR (B), and SII (C).

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; HR, hazard ratio; mCRC, metastatic

colorectal cancer.
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Figure 6 Forest plot illustrating the results of univariable (A) and multivariable (B) analysis of covariates associated with the overall survival in mCRC. ★ means P<0.05.
Abbreviations: OA, overall survival; CEA, carcino-embryonic antigen; CA199: carbohydrate antigen 19-9, LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte

ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index.

Jiang et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Cancer Management and Research 2019:118664

http://www.dovepress.com
http://www.dovepress.com


prognosis of CRC patients is still controversial. Several

studies supported that pre-treatment PLR as a favorable

marker for CRC patients while several studies with con-

trast conclusion.12,13,33–38 Thirdly, SII was only recently

investigated as a prognostic factor in several types of

tumors, and its prognostic value in CRC patients had

been far from well defined.39–41 For those reasons,

further studies should be performed to investigate the

prognostic value of PLR and SII for the efficacy of

cetuximab in mCRC patients.

The mechanism underlying the association between the

chronic inflammation and malignant tumor is complex, but

it could be due to the association of NLR with inflamma-

tion. Increasing evidence suggests that neutrophilia can

inhibit the immune system, abolishing the cytolytic activ-

ity of immune cells.42,43 At the same time, both tumor

cells and host cell, including neutrophils, can produce

chemokines and cytokines, thus contributing to tumor

progression.7 On the other hand, lymphocytic response is

the main component of controlling cancer progression by

inducing cytotoxic cell death and inhibiting tumor cell

proliferation and migration, thereby dictating the host’s

immune response to malignancy. Additionally, neutrophi-

lia suppresses lymphocyte activity by releasing reactive

oxygen species, nitric oxide, and arginase, therefore hin-

dering the antitumor immune response.44 In this way, high

NLR which indicates high neutrophils counts and low

lymphocyte counts are related to adverse prognosis in

various solid tumors, including CRC.9–11,13 This is consis-

tent with our results. Meanwhile, elevated SII indicates

high neutrophils, high platelets and low lymphocytes

which reflects both progression of cancer and weak

immune status of the host. In our study, results of multi-

variate analysis suggested a tendency of improved OS in

patients with high SII which showed no statistical signifi-

cance. Therefore, further studies are expected to confirm

the prognostic value of SII. However, it should be noted

that whether neutrophils, lymphocytes or platelets, they

Table 2 Predictive value of the inflammatory biomarkers as a function of early treatment response

Number of

event

PFS OS

Median of PFS,

months (95% CI)

HR

(95% CI)

p-value Median of PFS,

months (95% CI)

HR

(95% CI)

p-value

NLR <3.285

Response 43 13.5 (10.6–17.9) 1.00 0.0032 29.5 (24.0–32.9) 1.00 0.1880

Non-response 20 8.4 (5.2–11.0) 1.61 (1.07–2.15) 23.2 (17.5–28.8) 1.08 (0.54–1.62)

NLR ≥3.285

Response 10 12.9 (10.5–16.3) 1.00 0.0540 23.3 (16.8–31.4) 1.00 0.0510

Non-response 29 7.8 (5.3–10.8) 2.18 (1.90–2.59) 15.5 (11.8–19.2) 1.62 (1.22–2.03)

PLR <171.45

Response 30 13.5 (6.5–19.9) 1.00 0.0074 28.1 (22.2–33.4) 1.00 0.0185

Non-response 18 8.4 (5.9–11.7) 1.61 (1.10–2.11) 18.5 (14.3–22.7) 1.80 (1.29–2.31)

PLR ≥171.45

Response 23 13.4 (10.3–16.9) 1.00 0.0090 27.4 (22.6–32.5) 1.00 0.0072

Non-response 31 6.0 (4.4–9.8) 2.23 (1.72–2.74) 15.6 (12.9–22.5) 1.74 (1.23–2.45)

SII <660.55

Response 36 12.8 (7.3–19.1) 1.00 0.0300 28.3 (23.0–34.3) 1.00 0.0320

Non-response 21 8.9 (6.4–12.1) 1.44 (0.93–1.95) 19.6 (15.6–24.4) 1.51 (0.99–2.02)

SII ≥660.55

Response 17 13.5 (11.3–15.8) 1.00 0.0070 24.0 (19.8–29.9) 1.00 0.0411

Non-response 28 7.7 (5.2–10.7) 2.37 (1.99–2.87) 15.4 (12.3–21.8) 1.56 (1.07–2.05)

Notes: P-value<0.05 was considered statistically significant.

Abbreviations: PFS, progression-free survival; OS, overall survival; CI, confidence interval; HR, hazard ratio; nLR, Neutrophil-to-lymphocyte ratio; PLR, platelet-to-

lymphocyte ratio; SII, systemic immune-inflammation index.
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are non-specific parameters because they are susceptible to

comorbid diseases such as inflammation or infection.45 In

our study, we specifically excluded patients with infectious

diseases from the study in our exclusion criteria.

In the present study, the associations between inflamma-

tory markers, the early treatment response, and clinic-patho-

logical parameters, in addition, the outcome of patients with

mCRC was retrospectively investigated. Our data suggested

that in NLR, PLR, and SII low groups, more patients

achieved early response than high groups. This study also

confirmed that early treatment response was significantly

associated with PFS and OS in univariate and multivariate

analyses. Additionally, PFS and OS according to early

response were also analyzed in different inflammatory mar-

ker groups. These results revealed that the significant differ-

ences on PFS and OS were universal in PLR and SII, despite

the differences between the low and high groups. However,

PFS showed that a significant difference was only existed in

the low NLR group, but not in the high NLR group; mean-

while, there was no difference regarding OS. This may be

due to the insufficient sample size (only 10 patients) in high

NLR group with early response.

The present study has a number of limitations, including

its retrospective nature, which may lead to bias in the data

analysis, and the relatively small sample of patients received

cetuximab. Thus, prospective, multi-center, and larger popu-

lation studies are needed to validate these results.

In summary, our results showed a positive correlation

between per-treatment inflammatory biomarkers (espe-

cially NLR) and PFS and OS in patients with mCRC

treated with cetuximab in first line. Furthermore, per-treat-

ment inflammatory biomarkers were indicators of early

treatment response. This study provides a highly reprodu-

cible, easily obtainable, inexpensive, reliable, and practical

index for predicting cetuximab efficacy, and to facilitate

the administration of therapy in patients with a low NLR

and early treatment response in order to achieve an

improved response which would enhance the long-term

outcomes for patients with mCRC. However, the potential

underlying mechanisms and the performance of those

inflammatory biomarkers in clinical practice should be

validated in further prospective studies.
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