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Abstract: Background and objective: If it becomes possible to reduce the prophylactic radiation field by using a personalized 

radiation field, radiation therapy of esophageal cancer may become safer. In this study, we examined the relationship between 

expression levels of biomarkers (CD44, COX-2, TWIST, VEGF-C and LOX) and lymph node metastasis and distant metastasis. 

Materials and methods: We performed retrospective analysis of 14 patients who underwent radical surgery for esophageal cancer 

between 2009 and 2011 in Yamagata University Hospital. Stain index was used for assessment of biomarker expression. The 

relationships of stain index with regional recurrence and distant metastasis were evaluated. Results: All patients had squamous 

cell carcinoma. The median follow-up duration was 38 months. Distant failure was significantly related to low COX-2 

expression in the deep part of the tumor (stain index <2.8; p=0.0479). Pathological node-positive or regional recurrence was 

significantly related to low VEGF-C expression (stain index <0.3; p=0.0418). Patients with low CD44 expression in the surface 

of the tumor tended to have better reginal control (stain index <0.3; p=0.0902). Conclusions: COX-2, VEGF-C, and CD44 

expression levels might have potential to enable omission of the prophylactic radiation field. Further analysis using biopsy 

samples is required for application to radical radiotherapy. 

Keywords: Esophageal Cancer, CD44 Antigen, Cyclooxygenase 2, Vascular Endothelial Growth Factor C,  

Lymphatic Metastasis 

 

1. Introduction 

The outcome of radiation therapy for esophageal cancer has 

been improved by the development of chemoradiotherapy and 

by advances in diagnostic imaging using endoscopy, 

contrast-enhanced computed tomography (CT), magnetic 

resonance imaging (MRI), and positron emission tomography 

with 2-deoxy-2-[fluorine-18]fluoro-D-glucose (18F-FDG-PET) 

[1-5]. Standardization of treatment regarding dose fractionation 

of radiotherapy and key drugs for chemoradiotherapy has been 

achieved. The standard key drugs for chemoradiotherapy are 

5-fluorouracil and cisplatin (FP), though there are some 

difference in the dose and administration interval [6-8]. The 

standard dose fractionation in Europe and America is 50.4 Gy 

in 28 fractions [6]. And the standard dose fractionation in Japan 

is 60 Gy in 30 fractions [7]. 

On the other hand, there has not been sufficient 
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investigation regarding the prophylactic lymph node 

irradiation field. Reported incidences of lymph node 

metastasis are 14-21% in T1b cases and 38-60% in T2 cases 

[9-11]. Furthermore, the pattern of lymph node metastases 

based on primary site and tumor stage has been reported [12]. 

Therefore, a prophylactic radiation field has been considered 

as would be necessary in ≥T1b cases in esophageal cancer 

radiation therapy. Collard et al. [9] showed that 13% of T1 

patients, 37% of T2 patients, and 68% of T3 patients have 

metastatic lymph nodes. However, conversely, this means 

that about 87% of T1 patients, 63% of T2 patients, and 32% 

of T3 patients do not need prophylactic radiation in the 

lymph node region. 

In esophageal cancer radiotherapy, a large irradiation field 

including a prophylactic radiation field is a risk for lung and 

heart toxicities [13, 14]. Morota et al. [14] showed that the 

two-year cumulative incidence of late cardiopulmonary 

toxicities of ≥grade 3 for patient ≥75 years old was 29%. 

Determination of the radiation field in cases of esophageal 

cancer has been based on the primary site and tumor, nodes, 

and metastases (TNM) staging. This information has been 

obtained by endoscopy, pathological examination, and 

diagnostic imaging techniques such as contrast-enhanced CT, 

MRI, and 18F-FDG-PET. If criteria for expression levels of 

biomarkers could be added to the risk assessment of lymph 

node metastasis and distant metastasis, individualization of 

the radiation field might be possible. 

The aim of this study was to find biomarkers that might 

enable determination of the risk of regional recurrence and 

distant metastasis. It is uncertain whether prognosis of 

patients with a high risk for regional recurrence can be 

improved by using a large prophylactic radiation field. 

However, prognosis of patients with a low risk for regional 

recurrence might not be worsened by omitting a large 

prophylactic radiation field, and omission of a large 

prophylactic radiation field in such patients might have a 

positive effect by reducing the toxicities of treatment. In this 

study, we investigated the relationship between expression of 

biomarkers and lymph node metastasis. And which 

biomarker could be candidate for omission of prophylactic 

radiation fields. Cluster of differentiation 44 (CD44), 

cyclooxygenase-2 (COX-2), vascular endothelial growth 

factor C (VEGF-C), TWIST, and lysyl oxidase (LOX) were 

chosen as biomarkers because these markers have been 

reported to be related to lymph node metastasis and 

prognosis in patients with esophageal cancer, non-small cell 

lung cancer, head and neck cancer, gastric cancer and 

colorectal cancer [15-20]. 

2. Materials and Methods 

2.1. Inclusion and Exclusion Criteria 

This study was a single-center, retrospective study of 14 

patients with primary esophageal cancer who underwent 

radical surgery between January 2009 and November 2011 at 

Yamagata University Hospital. Patients provided informed 

consent authorizing the use of their personal information for 

research purposes. This study was approved by the 

appropriate institutional review board (H23-75, Yamagata 

University Hospital) and was carried out in accordance with 

the Declaration of Helsinki. The inclusion criteria were as 

follows: 1) histologically confirmed esophageal cancer, 2) 

treated with definitive intent, 3) Eastern Cooperative 

Oncology Group (ECOG) performance status of 0 or 1, and 

4) pathological specimens being available. The following 

patients were excluded: 1) patients who received 

preoperative chemoradiotherapy, 2) patients who received 

postoperative radiotherapy, and 3) patients who could not 

receive complete resection. Preoperative chemoradiotherapy 

has relative high rates of pathological complete response 

(26%) and near pathological complete response (17%), but 

preoperative chemotherapy has a low pathological complete 

response rate (2.5%) [21, 22]. Patients who received 

preoperative chemoradiotherapy and one patient with 

incomplete excision were excluded. 

2.2. Immunostaining 

Specimens were fixed in 10% formalin. Tumor samples were 

then embedded in paraffin and 4-microm-thick sections were 

cut. Paraffin sections were used for hematoxylin and eosin 

staining and for immunohistochemistry. The following 

antibodies were used for immunohistochemistry: anti-human 

mouse monoclonal antibody to CD44 (AM00649PU-N, Acris 

Antibodies; Rockville, United States), anti-human mouse 

monoclonal antibody to COX-2 (N1606, Dako; Glostrup, 

Denmark), anti-human rabbit monoclonal antibody to TWIST 

(sc-15393, Santa Cruz; Texas, United States), anti-human 

mouse monoclonal antibody to VEGF-C (BS-1586R, Bioss; 

Massachusetts, United States) and anti-human rabbit polyclonal 

antibody to LOX (NB110-41568, Novus Biologicals; Colorado, 

United States). For antigen retrieval, deparaffinized sections 

were treated with an antigen activation solution (pH 9.0, 

Nichirei; Tokyo, Japan) in an autoclave for 20 minutes at 120°C 

(400 W). Endogenous peroxidase activity was blocked by 

immersion in hydrogen peroxide. Sections were incubated 

with a primary antibody at 4°C overnight. After washing, a 

mixture of biotinylated goat anti-mouse immunoglobulins and 

goat anti-rabbit immunoglobulins (Dako; Glostrup, Denmark) 

was added and incubated for 2 hours at room temperature. 

After washing, streptavidin-horseradish peroxidase complex 

(Dako; Glostrup, Denmark) was added and incubated for 30 

minutes at room temperature. A positive reaction was 

visualized with 3,3’-diaminobenzidine (Dojin; Kumamoto, 

Japan) with a hematoxylin counterstain. Negative controls 

were run in parallel by replacing the specific antibody with 

0.01 M phosphate-buffered saline (pH 7.4) or mouse IgG 

(Dako; Glostrup, Denmark). 

2.3. Evaluation of the Expression of Biomarkers Using Stain 

Index 

Stain index, calculated as the product of tumor cell density 

and intensity of biomarker expression, was used for simple 
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and comparable evaluation of the expression of biomarkers 

[23]. Tumor cell density per section was assessed by visual 

inspection and allocated scores of 1, 2, 3, 4, 5, and 6 for 

sparse, low, low/moderate, moderate, moderate/high, and 

high, respectively. Intensity of biomarker expression was 

estimated on a five-point scale (0, ±, 1+, 2+, and 3+). If a 

homogeneous biomarker expression pattern was obtained, 

scores of 0, ±, 1+, 2+, and 3+ were 0, 1, 2, 4, and 6, 

respectively. In cases of a heterogeneous pattern, if 

predominant intensity is higher than minority intensity, the 

score is decreased by about 10% for each scale difference 

from the predominant staining intensity score. If minority 

intensity is higher than predominant intensity, the score is 

increased by about 20% for each scale difference from the 

predominant staining intensity score. Details are shown in 

Appendix A. 

Stain index scores were evaluated by consultation between 

a pathologist and a radiation oncologist, who were blinded to 

all clinical information. The stain index scores of CD44, 

COX-2, and TWIST on the surface part (within the mucosal 

area or submucosal area) of the cancer and those of CD44, 

COX-2, and TWIST in the deep part (deeper than the 

submucosal area) of the cancer were different. Therefore, the 

surface part and deep part were evaluated separately for 

CD44, COX-2, and TWIST. Representative cases of 

biomarker expression are shown in Figure 1. 

 

Figure 1. Representative cases of biomarker expression. (A) CD44 expression 

in the submucosa. Stain index was 6.0. (B) COX-2 expression in the proper 

muscle layer. Stain index was 4.0. (C) VEGF-C expression in the submucosa. 

Stain index was 0.3. 

2.4. Study Endpoints 

The primary endpoint of this study was regional lymph 

node recurrence. Secondary endpoints were local control, 

distant metastasis, and OS. 

2.5. Statistical Analysis 

For this pilot study, we estimated duration to reginal 

failure of 6 months and estimated duration of OS in a 

regional control group of 42 months. When assuming a 

power of 80% and significance level of 5% then required 

sample-size was 12. The follow-up time was calculated from 

the date when treatment started including the date of 

preoperative chemotherapy to the date of the last follow-up. 

Progression-free survival and OS were calculated using the 

Kaplan Meier method. Log-rank tests were used to compare 

regional control, distant control, and regional failure or 

pathological node-positive status within clinical 

node-negative status among subgroups based on 

patient-related and stain index score-related factors including 

age, CD44 of the cancer deep part, CD44 of the cancer 

surface part, COX-2 of the cancer deep part, COX-2 of the 

cancer surface part, TWIST of the cancer deep part, TWIST 

of the cancer surface part, LOX of the cancer, and VEGF-C 

of the cancer. These variables were divided into two groups 

by median values. Multivariate analysis was not performed 

due to the limited number of patients. P values <0.05 were 

considered statistically significant. All statistical analyses 

were performed using R software, version 3.4.4. 

3. Results 

3.1. Baseline Characteristics 

The median age of the patients was 69 years (range: 59-82 

years). The male-to-female ratio was 2.5 (10/4). The most 

common primary tumor location was the lower segment of the 

esophagus (8 patients, 57.1%) followed by the middle 

segment of the esophagus (5 patients, 35.7%). Seven (50.0%) 

of the 14 patients presented with locally advanced stage T3 

cancer. Seven (50.0%) of the patients received preoperative 

chemotherapy with cisplatin and 5-fluorouracil. The patients’ 

baseline characteristics are shown in Table 1. 

Table 1. Baseline Characteristics. 

Characteristics  Number (%) 

Number of patients  14 (100.0) 

Sex male/female 10 (71.4)/4 (28.6) 

Age median/range, years 69 (59-82) 

Performance status 0/1 5 (35.7)/9 (64.3) 

Histologic type 
Squamous cell 

carcinoma 
14 (100.0) 

Differentiation well/modelate/poor 5 (35.7)/5 (35.7)/4 (28.6) 

Primary site in 

esophagus 

Cervico-upper/Middle/ 

Lower 
1 (7.1)/5 (35.7)/8 (57.1) 

Clinical TNM 

staging 

cT1N0M0 2 (14.3) 

cT1N1M0 2 (14.3) 

cT2N0M0 1 (7.1) 

cT3N0M0 2 (14.3) 

cT3N1M0 2 (14.3) 

cT3N2M0 3 (21.4) 

Pathological TNM 

staging 

pT1N0M0 3 (21.4) 

pT1N1M0 1 (7.1) 

pT1N2M0 1 (7.1) 

pT2N0M0 2 (14.3) 

pT3N0M0 1 (7.1) 

pT3N1M0 3 (21.4) 

pT3N2M0 3 (21.4) 

Surgery   

Esophagectomy subtotal/total 13 (92.9)/1 (7.1) 

Node dissection 2-field/3-field 12 (85.7)/2 (14.3) 

Chemotherapy neoadjuvant 7 (50.0) 

3.2. Treatment Outcomes 

The median follow-up period was 38 months (range, 5-63 

months). The actuarial overall survival (OS) rates at 18 and 36 

months were 85.1% (95% confidence interval [CI]: 52.3-96.1) 

and 69.6% (95% CI: 37.8-87.4), respectively. The disease-free 
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survival (DFS) rates at 18 and 36 months were 76.2% (95% CI: 

42.7-91.7) and 59.2% (95% CI: 27.9-80.7), respectively. 

Regional control rates at 18 and 36 months were 84.6% (95% 

CI: 51.2-95.9) and 76.2% (95% CI: 42.7-91.7), respectively. 

Distant control rates at 18 and 36 months were 83.9% (95% CI: 

49.4-95.7) and 67.1% (95% CI: 34.2-86.2), respectively. OS 

and DFS rates are shown in Figure 2. 

 

Figure 2. Kaplan Meier curves of overall survival and disease-free survival of the entire cohort. (A) Overall survival. (B) Disease-free survival. 

Five patients had recurrence. The median time to overall 

recurrence was 15 months. Three of those 5 patients had 

regional recurrence and 4 patients had distant metastasis. Two 

of the 5 patients had regional recurrence and distant metastasis 

simultaneously. The median times to regional failure and 

distant metastasis were 9 months and 17.5 months, 

respectively. None of the patients had local recurrence. 

3.3. Analysis of Factors Affecting Regional Control and 

Distant Control 

Univariate analysis using the log-rank test was performed to 

evaluate associations of biomarkers expression between 

variables in the regional control group and regional failure 

group, between variables in the distant control group and 

distant failure group, and between variables of regional failure 

or pathological node-positive status within clinical 

node-negative status. 

Results of univariate analysis showed that patients ≥69 

years of age had better regional control than did patients <69 

years of age (3-year regional control rate: 100.0% vs 50.0%; 

p=0.0444). Analysis of stain index scores showed that 

patients with CD44 of the cancer surface part <3.0 tended to 

have regional control, though there was no statistically 

significant association (3-year regional control rate: 100.0% 

vs 57.1%; p=0.0902). Patinets with COX-2 of the cancer 

deep part ≥2.8 had better distant control (3-year distant 

control rate: 100.0% vs 42.9%; p=0.0479). Patients with 

VEGF-C <0.3 had more regional failure or pathological 

node-positive status within clinical node-negative status 

(3-year failure rate: 53.5% vs 100.0%; p=0.0418). 

Comparisons of different variables are shown in Table 2. 

Table 2. Univariate Analysis of Stain Indices of Biomarkers. 

Prognostic 

variables 
Category No. of patients 

3-year regional 

control (%) 
p value 

3-year distant 

control (%) 
p value 

3-year ≥pN1 or regional 

failure in cN0 (%) 
p value 

Age 
<69 6 50.0 

0.0444 
50.0 

0.168 
66.7 

0.124 
≥69 8 100.0 83.3 100.0 

Clinical T stage 
cT1 4 75.0 

0.913 
50.0 

0.248 
75.0 

0.513 
≥cT2 10 76.2 75.0 87.5 

CD44 deep 
<2.0 5 75.0 

0.837 
50.0 

0.591 
75.0 

0.713 
≥2.0 9 75.0 75.0 87.5 

CD44 surface 
<3.0 6 100.0 

0.0902 
80.0 

0.330 
100.0 

0.194 
≥3.0 8 57.1 57.1 71.4 

COX-2 deep 
<2.8 7 71.4 

0.698 
42.9 

0.0479 
71.4 

0.194 
≥2.8 7 83.3 100.0 100.0 

COX-2 surface 
<3.8 7 71.4 

0.698 
57.1 

0.330 
71.4 

0.194 
≥3.8 7 83.3 80.0 100.0 

TWIST deep 
<0.0 10 66.7 

0.238 
66.7 

0.998 
77.8 

0.365 
≥0.0 4 100.0 66.7 100.0 

TWIST surface 
<0.6 7 71.4 

0.698 
57.1 

0.443 
71.4 

0.194 
≥0.6 7 83.3 80.0 100.0 

LOX 
<0.3 6 60.0 

0.246 
80.0 

0.544 
80.0 

0.713 
≥0.3 8 85.7 57.1 85.7 

VEGF-C 
<0.3 6 53.3 

0.246 
53.3 

0.364 
53.3 

0.0418 
≥0.3 8 87.5 75.0 100.0 
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4. Discussion 

In this study, we evaluated relationships of the expression 

levels of biomarkers with 1) distant failure, 2) regional 

control, and 3) ≥pN1 or regional failure in cases of cN0. 

These comparisons were made because 1) reduction of the 

prophylactic radiation field and delivery of chemotherapy 

might be important in cases of distant failure, 2) reduction of 

the prophylactic radiation field might be possible in cases of 

regional control, and 3) reduction of the prophylactic 

radiation field might be a risk for regional failure in cases of 

≥pN1 or regional failure within cN0. 

Possible strategy for shrinking or omitting the prophylactic 

radiation field is prediction of distant failure. In cases of 

distant failure, control of distant failure by systemic 

chemotherapy might be more important than regional control 

by prophylactic radiation. Furthermore, prophylactic 

radiation to a large field might cause lung and heart toxicities 

and might make the acceptance of chemotherapy difficult. If 

distant failure is predictable in cases of radiotherapy for 

preoperative chemotherapy failure and in cases of 

postoperative radiotherapy for surgical incomplete resection, 

it might be possible to reduce the prophylactic radiation field 

in such cases and thus to decrease the risk of 

radiation-induced toxicities and decrease the influence on 

acceptance of chemotherapy. 

In this study, patients with a low level of COX-2 

expression in the deep part of the cancer (stain index <2.8) 

had significantly worse distant control (3-year distal control 

rate: 100.0% vs 42.9%; p=0.0479). COX-2 is known to 

enhance tumor cell invasiveness, stimulation of 

neovascularization, and immunosuppression [24]. Therefore, 

we expected that patients with a higher level of COX-2 

expression in the deep part of the cancer world show 

significantly worse distant control, as Hu et al. [25] reported. 

However, we obtained completely opposite results. We 

assumed that the opposite results were due to preoperative 

chemotherapy. Sivula et al. [26] reported that a high level 

of COX-2 expression was associated with distant metastasis 

in patients who did not receive neoadjuvant chemotherapy, 

whereas a low level of COX-2 expression was associated 

with distant metastasis in patients who received 

neoadjuvant chemotherapy. Furthermore, a low level of 

COX-2 expression was a significant prognostic factor 

(relative risk: 7.5). In the present study, 7 (50.0%) of the 

patients received preoperative chemotherapy. This could 

influence the results. From these findings, a low level of 

COX-2 expression in the deep part of the cancer (stain 

index <2.9) might be a biomarker that enables shrinkage or 

omission of the prophylactic radiation field in cases of 

radiotherapy for preoperative chemotherapy failure or 

postoperative radiotherapy for surgical incomplete 

resection. 

In this study, patients with a low level of VEGF-C 

expression (stain index <0.3) had a significantly higher rate 

of regional failure or pathological node-positive status 

within clinical node-negative status (3-year failure rate: 

53.5% vs 100.0%; p=0.0418). This implies that even in cN0 

cases, a low level of VEGF-C expression could mean a 

hidden risk of lymph node metastasis. VEGF-C expression 

is known as a major inducer of angiogenesis, vessel 

permeability, lymphatic involvement, venous involvement, 

and lymph node metastasis [17-19]. Therefore, we expected 

that patients with a high level of VEGF-C expression would 

show a significantly worse pathological node-positive status 

or reginal failure. However, we obtained completely 

opposite results. We assumed that the opposite results were 

due to the clinical node-negative status. Kitadai et al. [19] 

and Pan et al. [27] reported that a high level of VEGF-C 

expression is related to clinical node-positive stasus and 

that a low level of VEGF-C expression is related to clinical 

node-negative status. Though, the present study implies that 

a low level of VEGF-C expression in the cancer does not 

necessarily mean pN0 and regional control in cases of cN0. 

Further study is required to determine how to deal with 

VEGF-C expression. 

Another possible strategy for reduction of the 

prophylactic radiation field might prediction of regional 

control. The results of this study showed that patients with 

lower CD44 expression in the cancer surface part (stain 

index <3.0) tended to have better regional control, though 

the difference was not statistically significant (3-year 

regional control rate: 100.0% vs 57.1%; p=0.0902). CD44 is 

known as an adhesive molecule that can connect to the 

extracellular matrix by intercellular adhesion or cell-matrix 

adhesion [28]. CD44 is also related to 

epithelial-mesenchymal transition, cell movement, and 

metastasis [29]. Therefore, upregulation of CD44 

expression on the cancer surface might represent acquisition 

of invasive capacity and lymph node metastasis capacity. 

Liu et al. [30] reported that a high CD44 expression level is 

a prognostic factor of local failure-free survival (hazard 

ratio: 1.75). The present study included results from ≥cN1 

patients who received 2-3-field lymph node dissection. 

Therefore, simply applying these results to definitive 

chemoradiotherapy might be inappropriate. However, 

patients who had more advanced pathological node staging 

than clinical node staging showed high CD44 expression. 

From these findings, a low level of CD44 expression in the 

cancer surface might be a biomarker that enables shrinkage 

or omission of the prophylactic radiation field. 

Other than biomarker expression, patients ≥69 years of age 

had significantly better regional control than did patients <69 

years of age (3-year regional control rate: 100.0% vs 50.0%; 

p=0.0444). We could not find any report in which advanced 

age was shown to be a factor of regional control. There was 

no difference in neoadjuvant chemotherapy received ratio 

between these two groups. However, the possibility of 

selection bias cannot be completely ruled out. 

Although this study was the first study that was carried out 

to try to determine cases in which the prophylactic radiation 

field can be reduced or omitted based on expression levels of 
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biomarkers in tumors using a quantitative stain index, it has 

several limitations. It was a retrospective analysis with a 

small sample size. The two subsets of patients could not 

balance well because of the study’s retrospective nature. The 

possibility of an influence of preoperative chemotherapy 

could not be excluded. Additionally, the results were 

obtained from surgically resected samples. For application of 

the results to chemoradiotherapy, a study using endoscopic 

biopsy samples may be required. However, obtaining 

endoscopic samples from the deep part of the cancer would 

be a challenge. For the next analysis, a well-balanced 

prospective registry study using CD44, COX-2, and VEGF-C 

expression in endoscopic biopsy samples is required before 

application to shrinkage or omittance of the prophylactic 

radiation field in a clinical trial. 

5. Conclusions 

Low CD44 expression or low COX-2 expression of the 

cancer might be a biomarker that enables safe shrinkage or 

omission of the prophylactic radiation field. In cases of 

radiotherapy for preoperative chemotherapy failure or 

postoperative radiotherapy for surgical incomplete resection, 

low COX-2 expression might indicate the possibility of 

shrinkage or omission of the prophylactic radiation field. A 

prospective registry study using endoscopic biopsy samples 

is required for application of these biomarkers to radical 

chemoradiotherapy. 

Appendix 

Table 3. Stain index scores used to quantitate expression of biomarkers. 

Tumor cell density score 

 Proportion of cells Score 

  sparse 1 

  low 2 

  low/moderate 3 

  moderate 4 

  moderate/high 5 

  high 6 

 

Biomarker expression intensity score 

  Predominant intensity score 

  0 ± 1+ 2+ 3+ 

Minority 

intensity 

score 

0 0.0 0.8 1.5 2.5 4.0 

± 0.3 1.0 1.8 3.0 4.3 

1+ 0.8 1.3 2.0 3.5 5.0 

2+ 1.0 1.7 2.3 4.0 5.5 

3+ 1.5 2.0 3.0 4.5 6.0 

Stain index score=density score × intensity score 
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