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Abstract 

Purpose 

To analyze the prognostic impact of tumor biomarkers related to 18-F-fluoro-

deoxyglucose (FDG) uptake and clinicopathological factors in esophageal cancer. 

Materials and Methods 

Maximum standardized uptake values (SUVmax) measured on preoperative 

FDG-positron emission tomography (FDG-PET) scans were compared with 

tumor characteristics in 47 consecutive patients after a curative esophageal 

resection without preoperative chemoradiotherapy. Expression levels of 

hexokinase-II (HK-II), glucose transporter I (GLUT-I), hypoxia inducible factor-

1α (HIF-Iα), vascular endothelial growth factor-C (VEGF-C), p53, and 

proliferative activity (MIB-I score) were correlated with clinicopathological 

characteristics, SUVmax and survival data.  

Results 

High HK-II expression was correlated with reduced SUVmax values (p= 0.002) 

and significantly higher among adenocarcinoma (p = 0.005). Pre-operative high 

FDG uptake in primary tumors was associated with nodal metastases (pN1; 

Spearman correlation 0.39, p= 0.01). A pre-operative SUVmax of > 3.67 predicted 

significantly lower disease free survival (DFS) and distant recurrence free 

survival (p= 0.022 and p =0.005). The 5-year estimated overall survival (OS) in 

patients with >4 lymph node metastases (LNM >4; n=15) was 0% and 30% in 

low vs. high GLUT-I/p53 expressing tumors, respectively (p=0.018). In patients 

with lymph node positive (N+) and/or advanced (T3/T4) tumors, the 5-year 

estimated OS was 16% in loss of p53/low GLUT-I expression and 40% in high 

p53/high GLUT-I expression (p=0.025). 
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Conclusions 

Pre-operative FDG-uptake as SUVmax  predicts nodal metastases in esophageal 

cancer. Recurrence rates were significantly higher in tumors with a SUVmax of  > 

3.67. LNM >4 or locally advanced disease combined with loss of p53 and weak 

GLUT-I expression strongly diminished OS.  
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Introduction 

Cancer of the esophagus has a dismal outcome mainly due to its aggressive 

biological behavior. Many patients present with distant metastases or locally 

advanced disease.18-F-fluoro-deoxyglucose positron emission tomography (FDG-

PET) or combined computed tomography (PET-CT) has a pivotal role in 

detecting distant metastases.1-3 FDG uptake is measured semi-quantitatively as 

standardized uptake values (SUVs). Many studies demonstrated that the 

maximum SUV (SUVmax) symbolizes tumor aggressiveness and provides 

additional prognostic information.4-7 The majority of tumors are characterized 

by high metabolism rates, enhanced DNA synthesis / cell proliferation, hypoxia, 

and induction of apoptosis. The enhanced glycolysis in high-grade tumors, due 

to increased metabolic activity, is known as the Warburg effect. High glucose 

uptake and metabolic activity are associated with increased expression of 

glucose transporters (primarily subtype GLUT-I) and an increased 

phosphorylation of glucose by hexokinase (primarily subtype HK-II).8,9 

Glycolysis and angiogenesis are also increased as a response to hypoxia with 

expression of hypoxia-inducible factor (HIF-1α).8,10,11 Several studies reported 

vascular endothelial growth factor (VEGF)  as a prognostic factor in esophageal 

cancer (EC), because it enhances tumor lymphangiogenesis (VEGF-C).12-15 Poor 

overall survival and tumor cell growth are significantly correlated, 

characterized by a high cellular proliferative index (KI-67 index), represented by 

the monoclonal antibody MIB-I.16 P53 gene mutations are also involved in early 

carcinogenesis.17,18 Wild type p53 causes cycle arrest in response to DNA 

damage and is of great importance in the apoptosis regulation.  

Aim of this study was to determine the association between SUVmax and the 

expression patterns of HK-II, GLUT-I, HIF-Iα, VEGF, p53 and MIB-I versus the 

prognosis of EC patients after curative resection. 
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Material and Methods 

Patients and clinicopathological features 

Forty-seven patients (38 males and 9 females) after curative (R0) transthoracic 

oesophagectomy were consecutively enrolled between 2002 and 2004. Patient 

and tumor characteristics are given in table 1. The mean age was 64 years and 

the mean tumor length was 5.5 cm. Informed consent was obtained from all 

patients with approval of the institutional board. In this retrospective study we 

included solely patients without preoperative chemoradiotherapy, conform the 

standard treatment until 2005. FDG-PET was performed within two weeks 

before oesophagectomy. Staging also contained endoscopic ultrasonography 

(EUS) and 64-detector computed tomography (CT). Tumor length was calculated 

during EUS. After surgery, the resected specimens were embedded in paraffin 

and sections were immunostained with antibodies glucose transporters (GLUT-

I, HK-II), apoptotic/proliferation markers (p53, MIB-I), VEGF-C, and HIF-Iα.  

FDG-PET protocol and image analysis 

Whole body FDG-PET was performed with an ECAT HR+ positron camera 

(Siemens/CTI, Knoxville, TN, USA). The HR+ acquires 63 planes over a 15.8 cm 

axial field of view. Patients were fasted for 4 hours before FDG was 

administered intravenously. The mean administered activity was 324 ± 87 MBq 

(range, 130-530). Data acquisition started in whole body mode 90 minutes after 

injection, for 5 minutes per bed position from the crown to the mid femur. FDG-

PET images were generated on basis of attenuation-corrected transaxial images, 

amount of FDG in MBq, body weight, and cross calibration factors for PET and 

a dose calibrator. All images were reviewed by a dedicated nuclear physician 

and radiologist. FDG-uptake in the primary tumor was quantified in SUV. The 

maximal SUV (SUVmax) was calculated from the concentration of radioactivity in 

the tumor by the formula: MBq/mL x patient body weight (g)/ the injected dose 

of FDG activity (MBq). The region of interest (ROI) included the area of 
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maximum uptake value corresponding with the primary tumor with an 

isocontour of 50%. 

Immunohistochemical procedures 

Paraffin-embedded tissue blocks of the primary tumors were processed for 

immunohistochemical (IHC) analysis on tissue microarray. The tissue 

microarray was constructed for staining after deparaffinization, using the 

following primary antibodies with a dilution and expression against: 1:750 HK-

II (Chemicon international, AB3279), 1:750 GLUT-I (Chemicon international, 

AB1340),  1:1000 p53 (Dako, M7001),1:50 VEGF-C (Santa Cruz Biotechnologies, 

sc9047), 1:50 HIF-Iα (Neomarkers, MS-1164)  and 1:300 MIB-I (Dako, M7240).  

Table 1. Patients and tumor related characteristics and correlation between clinical, 

pathological and biochemical characteristics versus FDG uptake in the primary tumor 

measured in highest average SUVmax 

Characteristics N (%) r  Significance 

Gender  0.10 0.51 

Male  38 (81)   

Female 9 (19)   

Age (years)  0.18 0.24 

Mean (range) 64 (43-80)   

Histology  0.22 0.13 

AC 38 (81)   

SC 9 (19)   

Localization  0.7 0.63 

High 7 (15)   

Low 40 (85)   

Tumor length (cm)  0.12 0.42 

Mean (range) 5.5  (1-18)   

pT stage   0.23 0.11 

T1 5 (11)   

T2 11 (23)   

T3 29 (62)   
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T4 2 (4)   

pN stage  0.39 0.01** 

N0 (neg) 14 (30)   

N+ (pos) 33 (70)   

GLUT-I  0.07 0.65 

Weak 18 (38)   

Moderate 18 (38)   

Intense 11 (24)   

HK-II  -0.44 0.00** 

Weak 5 (11)   

Moderate 26 (55)   

Intense 16 (34)   

MIB-I  0.15 0.33 

0-10%  4 (9)   

≤ 50% 11 (23)   

> 50% 32 (68)   

P53  0.21 0.16 

< 50% 16 (36)   

≥ 50% 30 (64)   

HIF-Iα  0.08 0.61 

Negative 33 (70)   

Positive 14 (30)   

AC: adenocarcinoma, SC: squamous cell carcinoma, Tumor length: lenth of the primary tumor measured on 

EUS, Stage: pathological stage. The Spearman’s Rank test was used for ordinal and nominal variables and the 

Pearson correlation test for scale variables. *: Correlation is significant at the 0.05 level, **: Correlation is 

significant at the 0.01 level (2-tailed). 

HK-II and GLUT-I expression was scored on a three-point intensity scale (1 = 

weak; 2 = moderate; 3 = intense). GLUT-I and HK-II immunoreactivity were 

considered positive when moderate or intense staining was observed 

homogeneously in the cell membrane and cytoplasm, respectively.19 Nuclear 

staining for HIF-Iα and cytoplasmic staining for VEGF were scored dichotomous 

(0 = no staining; 1= staining). P53 expression was scored negative if less than 

50% of the tumor cells were immunoreactive and positive if ≥50% of tumor cells 
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stained for p53. The proliferative rate was expressed as the Ki-67 index, using 

the monoclonal antibody MIB-I against the antigen Ki-67. Quantification of 

proliferation was scored as the number of positive stained tumor cells scattered 

in decades (0%, 1= less than 10% positive cells; 2= between 10-50% positive 

cells; and 3= more than 50% positive cells). A score of two or three was 

considered positive.20 

Staining sections were evaluated blind by three independent, well-experienced 

research-physicians who were also unaware of SUVs and clinical outcomes. Any 

disagreement was resolved in a consensus meeting to obtain final scores. 

 

Figure 1.  Time-dependent ROC-curve with highest area-under-the-curve (AUC) 

 

The input in this model were: survival rates with 

a maximum of 6 years, SUVmax values as a 

continues variable to predict time-dependent 

(survival time in months) with events (recurrence 

or death). 

Statistical analyses and SUVmax 

Time-dependent receiver operating characteristic (ROC)-analyses were used to 

determine the discriminative ability of SUVmax for postoperative survival at 

intervals of 1 (area-under-the-curve, AUC=0.548), 2 (AUC=0.585), 3 

(AUC=0.663), 6 (AUC=0.671) and 10 years (AUC=0.578), as described previously 

by Heagerty et al.21,22 From this model the interval with the highest AUC value 

was at 6-years and a SUVmax cut-off value of 3.67 predicted survival with the 
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highest degree of a true positive rate (80%) and lowest false negative rate (< 

50%) (Figure 1).  

We analyzed the association between SUVmax (≤ 3.67 vs. > 3.67) with biomarker 

expression and clinicopathological factors (tumor length <5 vs. ≥5 cm, upper vs. 

lower localization, tumor invasion T1-T4, and nodal metastases N+ vs. N-). The 

Pearson test was carried out for scale variables and the Spearman Rank test for 

ordinal and nominal variables. Survival was calculated according to the Kaplan-

Meier method and compared using the log-rank test. A p-value <0.05 was 

considered significant in all analyses. The statistical analyses were performed 

with International Business Machines Statistical Package for Social Sciences 

(IBM SPSS, Armonk, New York, USA) version 20.0, except for the ROC-

analyses which were performed with R-project Software, version 2.15.1. 

  



Prognostic biomarkers and FDG-uptake in esophageal cancer 

144 

 

Results  

Clinical and immunopathological features are summarized in Table 1. Thirty-

eight (38/47; 81%) tumors were adenocarinomas and nine (9/47; 19%) squamous 

cell carcinomas. The majority were T3 tumors (29/47; 62%). Nodal metastases 

were found in 33 patients (33/47; 70%) and were significantly associated with 

pre-operative high FDG uptake in the primary tumor (Spearman Correlation 

0.39, p= 0.01, Table 1). Tumor length ranged from 1.0 cm to 18 cm with a mean 

of 5.5 cm.  

Figure 2. Kaplan-Meier curves of patients with SUVmax ≤ 3.67 and SUVmax > 3.67 tumors 

 

Comparison of disease free survival (DFS, 2a), overall survival (OS, 2b), locoregional recurrence free survival 

(LRFS, 2c) and distant recurrence free survival (DRFS, 2d) between patients with SUVmax ≤ 3.67 and 

SUVmax > 3.67 tumors 
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Survival in relation to pre-operative SUVmax 

Tumors with a preoperative SUVmax of > 3.67 resulted in a worse disease-free 

survival (DFS) (p=0.022). The 5-year estimated DFS was 17% in the SUVmax > 

3.67 group and 62% in the SUVmax ≤ 3.67 group (Figure 2a). There was no 

difference in overall survival (OS) (p=0.301) between these two groups nor in 

locoregional recurrence free survival (LRFS) (p=0.181, Figure 2b and 2c). 

Importantly, the SUVmax ≤ 3.67 group had a strong improvement in distant 

recurrence free survival (DRFS) compared with the SUVmax > 3.67 group 

(p=0.005), resulting in 5-year estimated DRFS rates of 90% vs. 29% respectively 

(Figure 2d). 

The survival in nodal positive patients was determined because of the strong 

correlation between high SUVmax and positive lymph node metastasis (Table 1). 

Patients with pathological (p) N+ had a worsen DFS and OS as compared with 

pN0 patients (Figure 3a and 3b). Patients with > 4 lymph node metastases 

(LNM) also had a strongly reduced DFS and OS compared to ≤ 4 LNM patients 

(Figure 3c and 3d). 

Glucose transporter expression 

Positive GLUT-I staining was present in 29 cases (57%), being moderate and 

intense in 18 and 11 cases, respectively. Eighty-nine percent of the tumors 

showed either moderate (n=26) or intense (n=16) HK-II staining patterns. The 

SUVmax was considerably reduced in these tumors with high HK-II expression 

(p= 0.002). Adenocarcinomas had also higher HK-II expression levels than 

squamous cell carcinomas (p=0.005), though without significant difference in 

SUVmax  between both. We found no significant correlation between GLUT-I 

expression and the SUVmax (p= 0.65) nor between HK-II expression and GLUT-I 

expression (p =0.49). 
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Proliferation, apoptotic and hypoxic marker expression  

The proliferation index was classified by the levels of MIB-I expression. Eleven 

tumors (11/47, 23%) were moderate immunoreactive and 32 tumors (32/47, 68%) 

intense. Sixty-four percent (30/47) showed immunostaining against p53 

expression in ≥50% of the tumor cells. There was no significant correlation 

between the MIB-I expression and the SUVmax in the primary tumor (p= 0.33), 

nor between p53 expression patterns and the SUVmax (p= 0.16). HIF-Iα was 

expressed in 14/47 (30%) of the resected esophageal specimen and was not 

significantly related to the SUVmax (p= 0.33).  

 

Angiogenesis marker expression 

All tumor cells in this study population were intensely immunoreactive to anti-

VEGF-C.  This intensive VEGF-C staining was also found in connective tissue 

and stroma cells. As immunoreaction was uniform in all cases, staining against 

the VEGF-C was not scored and refrained from further expression analyses. 

 

Survival in relation to selected biomarkers 

When we selected for only patients with more than four lymph node metastases  

(>4 LNM, N=15), we found weak GLUT-I expression and loss of p53 tumors to 

have a significantly worse OS (p=0.018 and p=0.003, Figure 4a and 4b). The 5-

year estimated OS was 0% in weak GLUT-I and 30% in high GLUT-I expressing 

tumors (Figure 4a). Similar, the 5-year estimated OS was 0% in tumors with 

loss of p53 expression and 30% in p53 expressing tumors (Figure 4b).   
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Figure 3. Kaplan-Meier curves of patients with tumor positive nodes (pN+) vs. tumor 

negative nodes (pN0) and patients with lymph node metastases (LNM) ≤ 4 vs. LNM > 4 

 

 

Comparison of disease free survival (DFS) and overval all survival (OS) between pN+ and pN0 (3a and 3b 

respectively) and between LNM ≤ 4 and LNM > 4 (3c and 3d respectively) 
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Figure 4. Overall survival of patients with different GLUT-I and/or p-53 expression and 

with > 4 lymph node metastases (LNM) or advanced stages of esophageal cancer  

 

Comparison between high and weak GLUT-I expression (4a) and between >50% and <50% p-53 expression 

(4b) in patients with > 4 LNM. Comparison between the combination of high GLUT-I and p53 expression  vs. 

weak expression in patients with >4 LNM (4c) and in patients with cN+ and/or cT3/cT4 (4d) 

  

The OS in combined p53 and GLUT-I expression was investigated too. In > 4 

LNM patients, loss of p53 expression and weak GLUT-I expression negatively 

impacted the OS (p=0.002,  Figure 4c). In patients who should receive a pre-

operative FDG-PET according to current guidelines (cN+ or cT3/T4 patients, 

N=38), the combination of p53 loss and weak GLUT-I expression greatly 

reduced the OS (p=0.025, Figure 4d). Moreover, the 5-year estimated OS was 

16% in tumors with loss of p53 and weak GLUT-I expression and 40% in tumors 
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with high p53 and high GLUT-I expression (Figure 4d). The expression of the 

other biomarkers (MIB-1, HK II, HIF-Iα and VEGF) did not correlate with 

survival. 
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Discussion 

The prognosis in EC remains difficult to assess, despite major advances in 

diagnostic and treatment strategies. The present study shows that FDG-PET 

and FDG uptake-related biomarkers, including GLUT-I and p53 provide 

additional prognostic information in patients with EC who are eligible for 

surgery.  

Several studies have recommended to use the SUVmax of FDG as a prognostic 

factor. Fukunaga et al. described a significant survival difference between low 

and high FGD uptake esophageal tumors (55% versus 30% two-year DFS, 

respectively).23 In a previous study, we also observed that patients with a high 

SUV uptake had a poorer survival compared to those with low SUVs.5 However, 

multivariate analysis in that study showed that SUV uptake was not an 

independent predictor of survival. This study was performed in patients who 

were fit enough for surgery and in those without evidence of metastases. In the 

present study we only analyzed SUV uptake in patients who underwent a 

curative surgical (R0) resection. Patients with a relatively low FDG uptake 

(SUVmax ≤ 3.67) pre-operatively had a greatly reduced distant recurrence rate 

and a better DFS. This study underlines the prognostic value of FDG uptake in 

EC, even though recently there has been an ongoing debate regarding whether 

the prognostic information based on SUVmax cut-off value is still retained when 

patients received neoadjuvant chemoradiotherapy.24,25 With the introduction of 

neoadjuvant chemoradiation, other parameters like delta-SUVmax (SUVmax 

difference pre and post neoadjuvant chemoradiotherapy) or FDG-PET-avid 

positive local lymph nodes may be more useful.25,26 Importantly in patients that 

received definitive chemoradiotherapy prognostic information based on SUVmax 

cut-off value is retained.27 High preoperative FDG uptake was significantly 

associated with lymph node metastases. This is in line with previous research in 

which preoperative FDG uptake was an independent predictor of lymph node 

metastases in esophageal squamous cell carcinoma.28,29 This study is to our 
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knowledge the first to confirm these results in a radical resected predominately 

esophageal adenocarcinoma cohort.  

Glucose transporters play an important role in glycolysis upregulation and 

levels of GLUT-I expression are thought to be a strong adverse prognostic 

factor.8,9 Previous research has shown a significant correlation between FDG 

uptake and GLUT-I expression.30 Interestingly, we observed no correlation 

between FDG uptake and GLUT-I expression. The majority of our patients had 

an adenocarcinoma, whereas the patients in previous studies predominantly 

had squamous cell carcinoma. In line with our results, Westerterp et al. recently 

observed that cytoplastic GLUT-I expression and VEGF expression did not 

correlate with FDG uptake in patients with adenocarcinoma.31 

 As expected, loss of p53 was strongly associated with a worse survival. Indeed, 

the combination of p53 loss and weak GLUT-I expression predicted a worse 

prognosis in patients with cN1 and/or cT3/cT4 tumors. We also demonstrated a 

survival benefit in selected patients with >4 lymph node metastasis and higher 

expression rates of GLUT-I. However, this seems in contrast to other previous 

research where higher GLUT-I expression was related to reduce survival.32 A 

possible explanation could be the amount of mucus producing cells of the diffuse 

type adenocarcinoma that may lead to confounding results, as previously shown 

by Stahl et al. that mucus producing cells have a reduced FDG-PET uptake.33 

Furthermore the relation between GLUT-I/HK-II expression and actual FDG 

uptake is debatable.34 Future research should investigate the combination of 

p53 and GLUT-I expression in pre-treatment biopsy specimen in stratifying 

treatments accordingly. 

We are aware that the present study has some limitations, including a relatively 

low number of patients and the fact that patients with cN positivity or cT3/cT4 

esophageal cancer did not received neoadjuvant chemoradiation. Although, the 

data for this study were acquired during a time period that neoadjuvant 
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chemoradiation was under study and different guidelines were used around the 

world, it gives us the opportunity to analyze the real correlation of SUV and 

biologic markers on survival without inevitable selection of current given 

neoadjuvant treatment. Recently European experts have integrated different 

European guidelines to one single guideline.35 Hopefully this will increase the 

overall quality in the nuclear medicine field of patient care and research. 

Finally, SUV methodology is affected by many factors, such as patients’ size and 

plasma glucose levels. Although we do believe that we compensated for this by 

calculating the optimal SUVmax cut-of value according to a time-dependent ROC 

analysis using our own internal dataset. Probably this is an improvement 

compared to dichotomatization of SUVmax based on the median SUVmax. 

In conclusion, current study shows that pre-operative FDG-uptake strongly 

predicts lymph node metastases in esophageal cancer patients. Moreover, 

patients with a SUVmax of  > 3.67 had a greatly reduced distant free recurrence 

rate. In patients with clinical N1 and/or T3/T4 esophageal cancer the additional 

information of loss of p53 and weak GLUT-I expression showed a strongly 

reduced overall survival. 
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