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Objective: To investigate the therapeutic effect and survival outcome using nomogram by
incorporating significant inflammatory markers in patients with thoracic esophageal squamous
cell carcinoma (ESCC) who received chemoradiotherapy (CRT) or single radiotherapy (RT).
Method: A total of 266 patients diagnosed with thoracic ESCC receiving standard curative
RT only or concurrent CRT were retrospectively analysed. The patients were grouped for
statistical analysis depending on the median values of neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR) and C-reactive protein/albumin (CRP/Alb) ratio. The
therapeutic effect was analysed by univariate and multivariate logistic analyses. The survival
prognosis was estimated by univariate and multivariate Cox analyses. At last, the nomogram
was developed by incorporating the significant inflammatory markers and clinicopathological
parameters, and the predictive value was verified by calibration curve, concordance index (C-
index) and decision curve.

Results: The treatment responses were highly associated with clinical stage, tumor location,
NLR, PLR and CRP/AIb ratio (all P<0.05) by univariate logistic analysis. However, in the
multivariate logistic analysis, the results showed that only CRP/AlIb ratio (P=0.000) and TNM
stage (P=0.008) were independent risk parameters for tumour response. In addition, NLR, PLR,
CRP/Alb ratio, age and TNM stage were significantly associated with OS by the univariate Cox
analysis (all P<0.05). Furthermore, the multivariate Cox analysis showed that only CRP/Alb
ratio (P=0.000), TNM stage (P=0.000) and age (P=0.001) were considered independent prog-
nostic factors for OS. Finally, the calibration curves of nomogram were highly consistent with
actual observation for the therapeutic effect and prognosis, and the decision curve analysis
showed more potential of clinical benefit of the nomogram compared with TNM staging system.
Conclusion: This research found that nomogram-integrated CRP/Alb ratio was promising
as a predictive model for the therapeutic effect and survival outcome in patients with thoracic
ESCC receiving CRT or single RT.

Keywords: esophageal squamous cell carcinoma, haematological markers, efficacy,

prognosis, nomogram

Introduction

Esophageal cancer (EC) is one of the most aggressive carcinomas of the gastro-
intestinal tract cancers. China has the highest EC morbidity and mortality inci-
dences in the world. Esophageal squamous cell carcinoma (ESCC) is the most
common pathological type of EC in China,' which is in sharp contrast to the
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predominance of adenocarcinoma in the Western
countries.”> Because specific clinical symptoms do not
emerge until the disease reaches an advanced stage, the
rate of early clinical diagnosis and treatment of ESCC is
small, and the average 5-year overall survival rate is only
17%.? According to the 7th edition of the American Joint
Committee on Cancer (AJCC),* concurrent chemora-
diotherapy was feasible for the patients with inoperable,
advanced ESCC. In addition, many early-stage ESCC
patients who are unwilling to undergo surgical treatment
also receive curative intent concurrent chemoradiotherapy
(CRT) or single radiotherapy (RT) following evidence-
based medicine (EBM) guidelines. However, the recur-
rence rate and mortality incidence of ESCC are still high,
and the effect

unsatisfactory.” Although some patients with the same

therapeutic and prognosis remain
TNM stage receive the similar treatment strategies, the
reality is that the treatment efficacy and prognosis vary
widely among individuals. It is becoming more and more
important to search some biomarkers for predicting tumor
response to treatment and prognosis before CRT or RT
only.

In 1863, Virchow was the first to note a significant effect
of chronic inflammation on tumors by discovering leuko-
cytes in malignant tissue specimens.® Since then, the rela-
tionship between tumourigenesis and inflammatory
response has been demonstrated step by step. To date,
many investigators have clarified several potential blood
biomarkers, such as the neutrophil-to-lymphocyte ratio
(NLR),” the platelet lymphocyte ratio (PLR),® plasma fibri-
nogen and serum albumin levels,” and the Glasgow prog-
nostic score (GPS)'? or the modified GPS (mGPS)'"!? for
predicting disease recurrence, tumor response to treatment
and prognosis in several malignancies, including ESCC.
Recently, a new prognostic parameter, C-reactive protein/
albumin(CRP/Alb) ratio, has also been found as an inde-
pendent prognostic variable in different malignancies. Liu
et al'? suggested that the preoperative CRP/Alb ratio was a
superior index for predicting OS in patients undergoing
curative resection for gastric cancer. Tao et al'* reported
that pretreatment CRP/AIb ratio was a useful parameter
with significant prognostic value for OS in nasopharyngeal
carcinoma. However, the role of the CRP/Alb ratio has not
yet been evaluated in patients with ESCC receiving CRT or
RT. Therefore, the purpose of this research was to clarify
whether pretreatment inflammatory markers, including
NLR, PLR and CRP/Alb ratio, are useful for assessing the

therapeutic effects and prognosis of thoracic ESCC patients

receiving concurrent CRT or RT only, and finally develop a
nomogram incorporating the significant independent factors
to provide individualized risk assess.

Patients And Methods
Patient Groups And Demographic

Characteristics

In this retrospective study, we enrolled patients with a
confirmed pathological diagnosis of thoracic ESCC who
were treated with RT only or concurrent CRT in the
affiliated Taixing People’s Hospital of Yangzhou
University from January 2012 to December 2014. The
inclusion criteria in this research were as follows: (1)
patients with histologically verified thoracic ESCC; (2)
patients who were undergoing curative intent concurrent
CRT or RT only; (3) patients with a performance status of
0 or 1; and (4) patients with a complete record of the
necessary pretreatment haematological variables. The
exclusion criteria for this study were as follows: (1) the
presence of distant metastasis (n=11), (2) patients with
additional primary cancers before diagnosis (n=5); (3)
patients with incomplete follow-up data of <1 year
(n=15); (4) the presence of an infection or inflammatory
conditions (n=21). Finally, 318 patients met the inclusion
criteria, among which 52 patients were later excluded from
this study; therefore, the data from 266 patients were
obtained and analysed in this study. All patients were
evaluated by blood examinations, oesophagogastroduode-
noscopy, fluoroscopy, and computed tomography (CT)
before starting treatment. According to the results of the
medical examinations, patients were tumor-node-metasta-
sis (TNM) staged based on the 7th International Union
(UICC)
This study was conducted in accordance

Against Cancer criteria for oesophageal
carcinoma. '’
with the Declaration of Helsinki and was approved by
the Institutional Ethics Committee of the affiliated
Taixing People’s Hospital of Yangzhou University in
March 2017. The written informed consents were acquired
from all patients for the use and publication of their

information.

Treatment Modalities And Assessment Of
Therapeutic Effect

All patients received curative RT only or concurrent CRT.
The total dose of 60.0-66.0Gy was delivered by standard
fractionated radiotherapy in 30-33 fractions. Concurrent
chemotherapy consisted of a daily dose of cisplatin (25
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mg/m?, over days 1-4) with paclitaxel (135-175 mg/m?,
on day 1) for 28 days per cycle for a total of 2 cycles.

Clinical responses were assessed by pneumobarium
double contrast examination and a comprehensive assess-
ment of computed tomography (CT) scans at | month after
RT. Tumor response was evaluated by the Response
Evaluation Criteria in Solid Tumours (RECIST) guideline
(version 1.1).'® Accordingly, patients were divided into
four groups depending on tumor response as follows:
complete response (CR), partial response (PR), stable dis-
ease (SD), and progressive disease (PD). Patients who
demonstrated CR or PR after treatment were defined as
responders, whereas those who demonstrated SD or PD
were listed as non-responders.

Hematological Parameters Calculation
And Follow-Up

The pretreatment hematological parameters, including
C-reactive protein, albumin count, lymphocyte count, neu-
trophil count, platelet count and monocyte count, were
gathered within 1 week before treatment. Then, the NLR,
PLR, and CRP/Alb were calculated by division of the
absolute values of the corresponding hematological
parameters.

After treatment, the patients were required to return to
the hospital every 3 months in the first year for examina-
tion, and every 6 months in the next two years, and then
once a year. Follow-up time was calculated from the day
of treatment to the day of death or May 2017.

Statistical Analysis
NLR, PLR, as well as CRP/Alb ratio were divided into high
and low groups based on the respective median values. The
therapeutic effect of these markers was analysed by uni-
variate and multivariate logistic analyses. The Kaplan—
Meier method was used for calculating the overall survival
(OS) rates and the Cox proportional hazards models were
adopted for the univariate and multivariate analyses. ROC
curves were also plotted to verify the accuracy of NLR,
PLR and CRP/AlDb ratio for therapeutic effect and OS pre-
diction. A 2-tailed P-value <0.05 was considered statisti-
cally significant. The above statistical analyses were
performed using the Statistical Package for Social
Sciences version 17.0 (SPSS, Chicago, IL, USA).

Finally, the nomogram was developed according to the
results of multivariate analysis and by using the rms pack-
age in R version 2.14.1 (http://www.r-project.org/). The

performance of the nomogram was assessed by calibration

curve, concordance index (C-index) and decision curve.

Results

Patient Characteristics

The basic features of the enrolled patients are provided in
Table 1. Among the 266 cases, 172 (65%) were male and 94
(35%) were female, with a sex ratio of 1.83:1. The median
age was 67 years (range from 48 to 87). There were 35, 145
and 86 patients with stage I, II and III, respectively. A total

Table 1 Clinicopathological Characteristics Of 266 Patients
With Thoracic Esophageal Squamous Cell Carcinoma

Characteristics No. Of Patients Proportion (%)

Sex
Male 172 64.7
Female 94 353
Age
<67 83 31.2
267 183 68.8

T classification

Tl 19 7.1

T2 118 44.4
T3 94 353
T4 35 13.2

N classification

NO 100 37.6
NI 146 549
N2 20 7.5

Tumor location

Upper 85 320

Middle 134 504

Lower 47 17.6
TNM stage

| 35 13.2

1l 145 54.5

n 86 323

Treatment modalities
RT alone 128 48.1
CRT 138 51.9

Tumor response

CR 75 28.2
PR 135 50.7
SD 50 18.8
PD 6 23

Abbreviations: T, tumor; N, lymph node; TNM, tumor-node-metastasis; RT, radio-
therapy; CRT, chemoradiotherapy; CR, complete response; PR, partial response;
SD, stable disease; PD, progressive disease.
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of 128 patients received RT alone, and concurrent CRT was
administered to 138 patients. With a median survival time
of 24 months (95% CI121.003-26.997), the 1-, 2-, 3-year OS
rates were 85.7%, 49.6%, 35.7%, respectively.

Correlations Between Tumour Response
And NLR, PLR, CRP/Alb Ratio And

Clinicopathological Parameters

A total of 266 ESCC patients were classified depending on
the median values of NLR, PLR, and CRP/Alb ratio, as
provided in Table 2. Based on NLR median values, patients
were divided into two groups, with 131 and 135 patients in
the low and high groups, respectively. 133 and 133 patients
were divided into the low and high PLR groups, respectively.
Similarly, patients were classified into low and high groups

based on CRP/Alb ratio median values, consisting of 152 and
114 patients, respectively. The responsiveness to treatment of
these markers was analyzed by univariate logistic analyses.
The results found that the treatment responses were highly
associated with clinical TNM stage (P=0.001), tumor loca-
tion (P=0.047), NLR (P=0.000), PLR (P=0.008) and CRP/
Alb ratio (P=0.000). Furthermore, the multivariate logistic
analysis discovered that only the CRP/AIb ratio (HR=9.606,
95% CI 4.572-20.182, P=0.000) and the TNM stage
(HR=0.397, 95% CI 0.201-0.785, P=0.008) were indepen-
dent risk factors for tumor response.

Prognostic Analysis Based On NLR, PLR,

Or CRP/AIb Ratio
The 3-year OS rates for NLR>3.06 and NLR<3.06 were
20.8% and 48.1%, respectively (Figure 1A. y*=10.211,

Table 2 Univariate And Multivariate Logistic Regression Analysis Between Tumor Response And Inflammation-Based Markers And
Clinicopathological Characteristics In Patients With Thoracic ESCC (n=266)

Factors Univariate Analysis Multivariate Analysis
Responder Non-Responder HR 95% ClI P-value HR 95% ClI P-value
Age 0.946 0.503-1.781 0.864
<67 65 18
267 145 38
Sex 0.235 0.356-1.289 0.677
Male 132 40
Female 78 16
Location 2.000 1.009-3.964 0.047 1.664 0.765-3.621 0.199
Upper+middle 175 40
Lower 35 16
Clinical stage 0.364 0.198-0.667 0.001 0.397 0.201-0.785 0.008
I+l 154 28
11l 56 28
Treatment 0.830 0.460-1.498 0.537
RT only 99 29
CRT Il 27
NLR 3.774 1.944-7.327 0.000 2.175 0.931-5.081 0.073
23.06 93 42
<3.06 17 14
PLR 2312 1.249-4.283 0.008 1.160 0.521-2.583 0.715
>145.26 96 37
<145.26 114 19
CRP/ALB 9.606 4.572-20.182 0.000 7.291 3.363-15.808 0.000
20.13 68 46
<0.13 142 10

Abbreviations: ESCC, esophageal squamous cell carcinoma; HR, hazard ratio; Cl, confidence interval; NLR, neutrophil to lymphocyte ratio; PLR, platelet lymphocyte ratio;

CRP/Alb, C-reactive protein/albumin; RT, radiotherapy; CRT, chemoradiotherapy.
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Figure | Kaplan—Meier curves for OS stratified according to NLR, PLR, and CRP/ALB ratio median values.
Notes: (A) OS curves grouped by NLR median value (the 3-year OS for low NLR 48.1%, high NLR 20.8%, P=0.001). (B) OS curves stratified according to PLR median value (the 3-

year OS for low PLR 44.4%, high PLR 24.5%, p=0.027). (C) OS curves stratified by CRP/ALB ratio median value (the 3-year OS for low CRP/ALB ratio 61.5%, high CRP/ALB ratio
9.1%, P=0.000).

Abbreviations: OS, overall survival; NLR, neutrophil to lymphocyte ratio; PLR, platelet lymphocyte ratio; CRP/Alb, C-reactive protein/albumin.

P=0.001). Similarly, the 3-year OS rates for PLR>145.26  OS rates for CRP/Alb ratio>0.13, compared with CRP/Alb
and PLR<145.26 were 24.5% and 44.4%, respectively  ratio<0.13, were significantly associated with poor overall
(Figure 1B. *=4.921, P=0.027). Additionally, the 3-year  survival (y*=34.558, P=0.000, Figure 1C).
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Our results indicated that NLR, PLR, CRP/Alb ratio,
age, and TNM stage were significantly associated with OS
using the univariate analysis. Furthermore, the results of
multivariate Cox model analysis showed that only CRP/
Alb ratio, TNM stage and age were considered indepen-
dent prognostic factors for OS (Table 3).

ROC Curve For Therapeutic Efficacy And

Overall Survival Prediction

ROC curves for therapeutic responsiveness were plotted to
verify the median values of NLR, PLR, and CRP/Alb
ratio. As provided in Figure 2A, the areas under the
curve (AUCs) for NLR, PLR, and CRP/Alb ratio were
0.668 (95% CI 0.558-0.778, P=0.0006), 0.602 (95% CI
0.486-0.718, P=0.093), and 0.742 (95% CI 0.643-0.840,
P=0.000), respectively. The results indicated that CRP/Alb
ratio was superior to NLR and PLR as a predictive para-
meter for therapeutic efficacy in ESCC patients.

ROC curves for OS were also plotted, and the AUC was
0.651 (95% CI 0.542-0.760, P=0.010) for NLR, 0.610
(95% CI 0.498-0.722, P=0.062) for PLR and 0.790 (95%
CI 0.699-0.880, P=0.000) for CRP/Alb ratio, indicating
that CRP/Alb ratio was superior to NLR and PLR as a
predictive factor for OS in patients with ESCC (Figure 2B).

Prediction Nomogram For Therapeutic
Efficacy And Overall Survival

The multivariate logistic regression analysis identified CRP/
Alb ratio and TNM stage as independent predictors for
therapeutic efficacy (see Table 2). The model that incorpo-
rated the above independent parameters was developed and
presented as the nomogram (Figure 3A). The calibration
curve of the nomogram for the tumor response demonstrated
good agreement between nomogram prediction and actual

observation (Figure 3B). The C-index for the prediction
nomogram was 0.756 (95% CI 0.737-0.772) by internal
bootstrapping validation. In the decision curve analysis, the
nomogram model showed high potential of clinical applica-
tion, because it ensured better net benefits throughout the
entire range of threshold probabilities for therapeutic efficacy
compared with the TNM staging systems (Figure 3C).

The prognostic nomogram that integrated all significant
independent factors for OS is shown in Figure 4A. The
C-index for OS prediction was 0.728 (95% CI 0.690-
0.762). The calibration plot for the probability of survival
at 3 years after treatment demonstrated an optimal agree-
ment between the prediction by nomogram and actual
observation (see Figure 4B). The decision curve analysis
for the nomogram is presented in Figure 4C. The decision
curve showed that if the threshold probability>30%, using
the nomogram to show net benefit for predicting overall
survival compared to the TNM staging-based model.

Discussion

The inflammatory response (IR) is common in many
malignancies and is correlated with tumour progression
or recurrence. However, it is difficult to predict the tumour
response and survival prognosis prior to treatments. In this
research, we investigated the significance of pretreatment
PLR, NLR and CRP/AIDb ratio levels for tumor treatment
response and survival prognosis in ESCC patients receiv-
ing CRT or RT alone. This study indicated that CRP/Alb
ratio and TNM stage were independent risk factors for
tumor response. While CRP/Alb ratio, TNM stage and
age were considered independent prognostic factors for
OS. Finally, the nomogram was developed based on the
results of multivariate analysis; the calibration curves of
nomogram were highly consistent with actual observation

Table 3 Univariate And Multivariate Analysis Of Clinicopathological Parameters And Hematological Markers For The Prediction Of

Overall Survival In Patients With Thoracic ESCC (N =266)

Factors Univariate Analysis Multivariate Analysis
HR 95% CI P-value HR 95% ClI P-value

Age (<67/267) 1.378 1.001-1.895 0.049 1.731 1.245-2.405 0.001
Sex (male/female) 1.003 0.743-1.353 0.978 - - -

TNM staging (I+I1/11l) 1.918 1.423-2.586 0.000 1.878 1.381-2.553 0.000
Tumor location (upper+middle/lower) 1.271 0.898-1.800 0.176 - - -
Treatment (RT only/CRT) 0.815 0.611-1.087 0.164 - - -

NLR (<3.06/23.06) 1.786 1.333-2.393 0.001 1.157 0.814-1.644 0417
PLR (<145.26/2145.26) 1.713 1.280-2.292 0.000 1.361 0.972-1.908 0.073
CRP/ALB (<0.13/20.13) 4.671 3.425-6.370 0.000 4.344 3.145-5.999 0.000
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for the therapeutic effect and survival prognosis, and the
decision curve analysis showed more potential of clinical
benefit of the nomogram compared with TNM staging
system.

In clinical practice, it is hard to distinguish a responder
from a non-responder before CRT or RT. Furthermore,
there were few variables for predicting tumor response in
patients with ESCC. It is critical to dispose of these urgent
issues in clinical management. The systemic inflammatory
response has been known to closely correlate with tumor
progression and metastasis in various malignancies,
including ESCC.""%° Interestingly, several research have
discovered that hyperfibrinogenemia and elevated NLR or
the combination of NLR with PLR (CNP) were predictors
of a poor therapeutic efficacy before initial treatment.?' >
In the present study, we calculated and compared the
predictive value to the treatment responses of the pretreat-
ment NLR, PLR, and CRP/Alb ratio in patients with
ESCC who were treated with CRT or single RT. Our
univariate logistic regression analyses have validated the

NLR, PLR and CRP/AID ratio as predictors for treatment
responses; However, the multivariate logistic regression
analysis showed that only the CRP/Alb ratio was indepen-
dent risk factor for tumor response. In ROC analysis, our
findings also indicated that the CRP/Alb ratio was superior
to NLR and PLR as a predictive factor for the therapeutic
responsiveness in patients with ESCC. At last, the nomo-
gram model that incorporated the CRP/Alb ratio and TNM
stage was developed. The nomogram performed well in
predicting tumor response, and its prediction was sup-
ported by the C-index, the calibration curve and decision
curve analysis.

The prognosis of ESCC patients who have undergone
CRT or RT mainly depends on the clinical stage of the
disease; however, there are many differences in outcomes
between patients even when they are within the same
clinical stage. To date, oncological studies have already
concentrated on determining tumor biomarkers with
important influences on clinical outcomes. Relatively spe-

cific biomarkers for patient survival prognosis and tumor
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relapse have been found for some cancers, including AFP
for hepatoma, PSA for prostate cancer, and CA-199 for
pancreatic cancer.”> However, there are currently no spe-
cific hallmarkers that can be used to predict survival prog-
nosis in ESCC patients.

Many studies showed that there were statistically signifi-
cant differences in the survival rates classified by NLR,
PLR and CRP/Alb ratio levels for several types of
malignancies.”* ¢ Feng reported that the preoperative NLR
and PLR were significant predictors of overall survival in
patients with ESCC.® Liu discovered that the CRP/Alb was a
novel independent marker for prognosis in ovarian cancer
patients.”” Currently, we first investigate the prognostic sig-
nificance of NLR, PLR and CRP/Alb ratio in ESCC patients
receiving CRT or RT only. The multivariate Cox analysis
showed that only the CRP/AIb ratio was significantly asso-
ciated with OS and had prognostic value independent of
TNM stage. Then, the prognostic nomogram model that
integrated all significant independent factors for OS was
constructed. This nomogram predicted OS with an accuracy
of C-index 0.728. The calibration plot revealed good correla-
tion between the predicted survival probability and the actual
survival rate. The decision curve analysis also showed more
potential of clinical benefit of the predictive nomogram
model compared with current TNM staging system.

Although the nomogram integrated CRP/Alb ratio
demonstrated accuracy for the prediction of therapeutic
efficacy and survival prognosis for ESCC receiving RT
alone or CRT, there are some limitations in this research.
Firstly, not all inflammatory parameters were used for
analysis, because some biomarkers were not routinely
examined, such as tumor necrosis factor alpha,
Interleukin-1and Interleukin-6. Secondly, it was a single-
institution, retrospective study. Thirdly, 266 ESCC patients
were enrolled in this study, and the sample size is rela-
tively small. In view of these limitations, more randomized
trials are needed to clarify these results in the future.

In conclusion, this study discovered that nomogram-
integrated CRP/Alb ratio was a promising prediction
model for the therapeutic effect and survival outcome in
patients with ESCC receiving CRT or single RT. However,
considering the retrospective nature of this study, large-
scaled prospective trials are still warranted to verify our
results.
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