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Abstract

C-reactive protein to albumin (CRP/AIb) ratio, a novel inflammation-based prognostic

score, was first developed as a prognostic score for septic patients. Recent reports show that

CRP/Alb ratio is also a prognostic score for cancer patients, including esophageal cancer.

However, the role of CRP/AID ratio for those with neoadjuvant chemotherapy (NAC) and the

changes of CRP/AIb ratio around NAC has never been discussed. The aim of this study was to

evaluate the significance of CRP/AIb ratio around NAC for patients with cStage 11/111

esophageal squamous cell cancer (ESCC). A total of 149 patients who were diagnosed as cStage

11/111 ESCC were enrolled between February 2007 to December 2014. We retrospectively

investigated the relation between Pre-NAC and Post-NAC CRP/Alb ratio and short and long

outcomes. The optimal cut-off level for Pre-NAC and Post-NAC CRP/Alb ratio was 0.030 and

0.048, respectively. There was no relation between CRP/AIDb ratio level and postoperative

outcomes. Post-NAC CRP/AIb ratio < 0.048 had a significantly higher overall survival rate than

CRP/AIDb ratio > 0.048 (P < 0.001). Univaritae analysis showed that cT, cN, Pre-NAC CRP/Alb

ratio < 0.030 and Post-NAC CRP/Alb ratio < 0.048 was prognostic factors (P = 0.003, P = 0.022,

P =0.033 and P < 0.001, respectively). Multivariate analysis showed that cT and Post-NAC

CRP/AID ratio <0.048 was independent prognostic factors (P = 0.030 and P < 0.001,

respectively). Post-NAC CRP/AIb ratio is an independent prognostic factor in patients with
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cStage 1I/111 ESCC.
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Introduction

Despite of the advances in preoperative diagnosis and surgical techniques, esophageal

cancer is one of the most lethal malignancies with low 5-year survival rate [1]. In Japan, most of

the esophageal cancers are squamous cells [2], and neoadjuvant chemotherapy (NAC) followed

by operation is standard treatment for cStage I1/ 111 esophageal squamous cell cancer (ESCC)

[3].

C-reactive protein (CRP) and albumin which is well known acute phase proteins,

correlate with long-term outcomes in ESCC patients [4-8]. Modified Glasgow prognostic score

(mGPS) is a simple classification that consists of CRP and albumin. We previously showed that

MGPS changes after NAC and Post-NAC mGPS is a prognostic factor [5]. Recent study showed

that CRP to albumin (CRP/AID) ratio reflects prognosis better than mGPS, since CRP/AIb ratio

is a continuous variable [6, 7]. However, it is not clear whether CRP/AID ratio is still effective

for patients after NAC. In this study, we retrospectively invested CRP/AIb ratio to evaluate the

prognostic value for patients with ESCC after NAC.

Patients and Methods

Study population
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Patients who were diagnosed as cStage I1/111 squamous cell esophageal cancer at Kobe

University Hospital during February 2007 to December 2014, were investigated to the study.

cStage was assessed based on esophagogastroduodenoscopy (EGD) and computed tomography

(CT) before treatment and TNM classification was determined according to the 6th edition of

Unio Internationalis Contra Cancrum Classification [9]. All patients enrolled into this study had

NAC and indication for curative surgery according to the preoperative examination by EGD and

enhanced chest and abdominal CT scan. Clinical follow-up data were observed by

retrospectively studying the patient clinical charts. All study participants provided informed

consent, and the study design was approved by the ethics review board at Kobe University

Hospital and conforms to the provisions of the 1995 Declaration of Helsinki.

Neoadjuvant Chemotherapy

The NAC regimen consisted of cisplatin plus 5-fluorouracil repeated twice every 3

weeks. Cisplatin was administered at a dose of 80 mg/m? by intravenous drip infusion for 2

hours on day 1, and 5-fluorouracil was administered at a dose of 800 mg/m? by continuous

intravenous infusion on days 1-5 [3]. In general, 2 course of chemotherapy is performed before

operation. However, in cases with tumor progression after 1 course of chemotherapy or strong

side-effects due to chemotherapy, only 1course is performed before operation.
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Statistical analysis.

The difference between 2 groups was analyzed by using the Chi-square test, and

Student’s T test or Mann-Whitney U test. The optimal cut-off level of the CRP/AIb ratio was

determined by a receiver operating characteristics (ROC) analysis. The Survival time was

calculated from the first visited date to our hospital to the occurrence of the event or the last

known date of follow-up. Survival analysis was performed using the Kaplan—-Meier method

with the log-rank test. Variables with a P value < 0.2 in a univariate analysis were further

evaluated in a multivariate analysis using the Cox proportional hazard model to assess the

predictors for survival. In all analyses, a P < 0.05 was accepted as statistically significant.

Descriptive statistics were obtained using the JMP statistical software package (JMP® 11, SAS

Institute Inc., Cary, NC, USA).

Results

The characters of patients who were invested in this study are listed in Table 1. One

hundred forty-nine patients were enrolled to this study. The mean age is 66.9+8.3 years, most

patients were male, and the main tumor was located in the middle thoracic. The majority of

tumor depth was deeper than T3, and lymphatic metastasis positive, and cStage Ill. The
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Pre-NAC CRP was higher and Pre-NAC albumin was lower than those of Post-NAC CRP and

albumin. The patients of mGPS 0 increased from 128 to 136 patients after NAC.

Applying ROC analysis to the survival status, the optimal cut-off level for the

Pre-NAC CRP/AIb was 0.030, with the area under the curve (AUC) was 0.589, and the cut-off

level for the Post-NAC CRP/Alb was 0.048, with the AUC 0.703.

The surgical outcomes and postoperative complications are listed in Table2. There was

no relation between Post-NAC CRP/AIb ratio level and operation time or blood loss. There

were no differences in anastomotic leakage, lung complications, or in-hospital death according

to the Post-NAC CRP/AIb ratio level.

The 5-year survival of all patients was 55.5%. Sixty-one patients died during the

observation. Forty-nine patients died of progression of the esophageal cancer. Four

patients died of other cancers. Six patients died of non-cancer death. Two patients

died of operation related death. The recurrence was observed in 83 patients. The

most observed recurrence site was the lymph node (51.8%) followed by other organs

(36.1%) and local site (3.6%).

Patients were classified into 2 groups according to the CRP/AIb cut-off level 0.030 for

Pre-NAC and 0.048 for Post-NAC. There was significant difference in overall survival between
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Pre-NAC CRP/AIb level (P = 0.046, Fig. 1A) and Post-NAC CRP/ Alb level (P < 0.001, Fig.

1B). Univariate and multivariate analyses were performed to indicate the prognostic factor of

cStage 1I/111 ESCC (Table 3). In univariate analysis, cT, cN, Pre-NAC CRP/AIb ratio < 0.030

and Post-NAC CRP/Alb ratio < 0.048 was shown as prognostic factors (P = 0.003, P = 0.022, P

=0.033, and P < 0.001, respectively). In multivariate analysis, cT and Post-NAC CRP/AIb ratio

<0.048 was shown as independent prognostic factor (P = 0.030 and P < 0.001, respectively).

Discussions

The preoperative systematic response such as neutrophil-to-lymphocyte ratio and

platelet-to-lymphocyte ratio, and prognostic nutritional index are also known as prognostic

scores for esophageal cancer [10, 11]. Previous study showed that CRP/Alb ratio was

better associated with overall survival than other prognostic scores [6]. Our previous

study showed that inflammatory and nutrition status changes around NAC, and Post-NAC

MGPS is a prognostic factor [5]. However, most patients were classified as mGPS 0 and could

not predict poor prognosis cases in that group. So in this study, we investigated prognostic

scores that use CRP and albumin and found that Post-NAC CRP/AIb ratio is an independent

prognostic factor for ESCC. This might be because CRP/Alb is a continuous variable. We

calculated both cut-off level of CRP/AIb before and after NAC, and found that CRP/AIb level
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after NAC had a higher AUC than that of before NAC. This is because Post-NAC CRP was

significantly lower and albumin was higher than Pre-NAC CRP and albumin (P =0.020 and P =

0.178, respectively).

Post-NAC CRP/AIb ratio was a prognostic factor, while Pre-NAC CRP/AIb ratio was

not. This might be explained by two reasons. First, high histological response after NAC is

known to have a better survival than low histological response [12]. In our study, CRP/AIb ratio

improved in 84 patients (56.4 %) and high histological response was more observed in those

with Post-NAC CRP/Alb ratio using 0.048 as a cut-off level while Pre-NAC CRP/AIb ratio

using 0.030 as a cut-off level did not have any difference (data not shown). These suggest that

Post-NAC CRP/AID ratio reflects the response of NAC better than Pre-NAC CRP/AIDb ratio.

Second is because cancer progression was suppressed and food intake improved after NAC.

CRP is a prototype protein that is produced within a few hours by the liver in response to

inflammatory cytokines [13]. Elevated CRP in patients with malignancy is mostly likely a

response to secondary tumor necrosis and local tissue damage [14]. On the other hand,

albumin is one of the most commonly used indicators of nutritional status [15]. Low

albumin is often observed in patients with chronic disease and advanced cancer, which

is associated with poor prognosis [16, 17]. There is a study showing that aloumin level

improved after chemotherapy due to resumption of adequate oral nutrition [18]. Thus, low
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CRP/AlDb ratio represents good general status. Since preoperative immunonutrition is

reported to suppress the perioperative inflammatory response and leads to

postoperative complications [18], it might also help to improve the survival.

There are a few limitations to this study. CRP is not a specific marker of inflammation,

and it could be influenced by other systematic diseases. We were not able to show the relation

between Post-NAC CRP/AID ratio level and postoperative outcomes. This is retrospective study

conducted by single institution. Cut-off level of CRP/Alb ratio was determined from the data of

our institution. So the cut-off level differs in reports that range between 0.050-0.095 [6, 7].

In conclusion Post-NAC CRP/AlDb ratio is in independent prognostic factor for cStage

I1/111 ESCC. To determine the standard cut-off level of CRP/AIb, it should be further evaluated

in larger prospective studies.
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Figure Legends

Figure 1.

(A) Pre-NAC CRP/AIlb < 0.030 had a higher overall survival rate than Pre-NAC CRP/Alb >

0.030. (B) Post-NAC CRP/AIb < 0.048 had a higher overall survival rate than Post-NAC

CRP/Alb > 0.048.
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Variables

Patients (n = 149)

Age, mean£S.D. (years)

Sex

Male/ Female

Tumour Site

Ut/Mt/Lt

cT

1/2/3/4

cN

+/-

cStage

IHA/NB/I

Pre-NAC CRP, median (range) (mg/dl)

Post-NAC CRP, median (range) (mg/dl)

Pre-NAC albumin, median (range) (g/dl)

Post-NAC albumin, median (range) (g/dl)

66.9+8.3

129/20

24/73/52

22/28/98/1

125/24

24/36/89

0.14 (0.03-5.9)

0.11 (0.03-6.1)

3.8 (2.5-4.8)

3.9 (2.3-4.9)
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Pre-NAC mGPS

0/1/2 128/9/12

Post-NAC mGPS

0/1/2 136/13/10

NAC, neoadjuvant chemotherapy; Ut, upper thoracic; Mt, middle thoracic; Lt, lower thoracic;

CRP, C-reactive protein; mGPS, modified Glasgow Prognostic Score



Table 2. Surgical outcomes and postoperative complications.
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Post-NAC CRP/AIDb ratio

<0.048 0.048<
Variables (n=102) (n=47) P value
Surgical outcomes
Operation time, median (range) (min) 679 (419-1361) 724 (446-1106) 0.190
Blood loss, median (range) (ml) 408 (60-2605) 420 (30-1342) 0.851
Postoperative complications
Anastomotic leakage 12 (11.8%) 7 (14.9%) 0.599
Pulmonary complication 29 (28.4%) 13 (27.7%) 0.922
In-hospital death 1 (1.0%) 1(2.1%) 0.533

NAC, neoadjuvant chemotherapyCRP, C-reactive protein; Alb, albumin



Table 3. Results of analysis of overall survival.
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Patients Univariate analysis Multivariate analysis
Variables (n=149) HR((O5%CI) P value HR (95% CI) P value
Age, years 0.882
(<70/70=) 84/65 (0.533-1.469)  0.626
Sex (Male/ 1.248
Female) 129/20 (0.628-2.843)  0.549
Tumour Site 1.312
(Ut/ Mt,Lt) 24/125 (0.682-2.348)  0.398
cT (1,2/ 3,4) 0.411 0.512

50/99 (0.209-0.747)  0.003 (0.258-0.939)  0.030
cN (+/-) 2.562 1.759

125/24 (1.133-7.349)  0.022 (0.765-5.101)  0.200
Pre-NAC CRP/
Alb 0.477 0.868
(<0.030/<0.030)  35/114 (0.209-0.946)  0.033 (0.371-1.781)  0.715
Post-NAC CRP/  102/47 0.257 <0.001 0.298 <0.001
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Alb (0.153-0.428) (0.174-0.503)

(<0.048/<0.048)

HR, hazard ratio; Cl, confidence interval; NAC, neoadjuvant chemotherapy; Ut, upper thoracic;

Mt, middle thoracic; Lt, lower thoracic; CRP, C-reactive protein; Alb, albumin
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