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ABSTRACT 

 

The role of FDG-PET in predicting prognosis for patients  

with advanced signet ring cell carcinoma 

 
 

Kyung Ho Pak 
 

Department of Medicine  
The Graduate School, Yonsei University  

 
(Directed by Professor Sung Hoon Noh) 

 

 

Background and Objectives. The purpose of this study was to investigate the 

role of the standardized uptake values (SUV), a semi-quantitative assessment of 

tumor FDG uptake, as a prognosticator for advanced signet ring cell carcinoma 

(SRC). 

Methods. We reviewed the files of 41 patients who underwent curative 

gastrectomy for advanced SRC and who had an FDG-PET at initial presentation 

between September 2003 and December 2007. We used the maximal SUV for 

the analysis.  

Results. The median follow-up period was 30.9 months (range: 4.0-70.3). We 

found a correlation between the SUVmax and TNM stage. When the patients 

were divided into two groups (low vs. high SUVmax) based on a median 
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SUVmax of 3.80, the high-SUVmax group showed more aggressive tumor 

behavior than did the low SUVmax group. In addition, the high SUVmax group 

showed more postoperative recurrence (P=0.028), shorter relapse-free survival 

(P=0.004) and lower 30-month cancer-specific survival rates (40.0% versus 

69.3%, P=0.008). However, in multivariate analysis, SUVmax failed to be an 

independent predictor of overall survival.   

Conclusions. SUVmax at diagnosis is a valuable surrogate marker of tumor 

aggressiveness in advanced signet ring cell carcinoma, although it was not an 

independent predictor of overall survival after curative surgery.  

 

 

 

 

 

 

 

 

 

---------------------------------------------------------------------------------------- 

Key words : standard uptake values, signet ring cell carcinoma, surrogate 

marker 
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I. INTRODUCTION 

 

Positron emission tomography (PET) imaging using fluoro-2-deoxy-D-glucose 

(FDG) is a novel imaging technique based on the increased rate of glucose 

uptake in malignant cells. Using the unique glycolytic characteristic of tumor 

cells, FDG-PET has been used for tumor detection. Further, in some types of 

tumors, FDG-PET has been suggested for preoperative staging1 and for the 

monitoring of postoperative tumor recurrence.2 Apart from clinical utility, 

FDG-PET has also been suggested as a useful tool in determining the metabolic 

activities of malignant cells, which can be utilized in predicting the 

responsiveness of preoperative chemotherapy.3,4 Alternatively, the intensity of 

FDG uptake in an individual tumor also may forecast its biological behavior. 

Indeed, tumors showing the high FDG uptake demonstrate increased invasion 

and metastasis and a worsened outcome5-7, underscoring the potential use of 

FDG-PET as an imaging surrogate of malignant behavior. 
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 Whether tumor glycolytic activity actually correlates with tumor 

aggressiveness and prognosis remains controversial, however. A number of 

studies have found that the intensity of FDG uptake is correlated with tumor 

growth rates8,9 or survivals for a variety of malignant tumors.10-15 On the 

contrary, some studies have reported that FDG uptake is not an independent 

prognostic factor of survival.16-18 Although these results are contradictory, 

clinicians have continued to use FDG-PET as a noninvasive measure of the 

metabolic activities of tumors and as a potential prognostic factor of patient 

outcome. 

To date, studies on this subject relating specifically to gastric cancer 

have been scarce, despite the increasing use of PET in gastric cancer diagnosis. 

De Potter et al. reported that patients with recurrent gastric cancer which shows 

FDG uptake have shorter survival times than do those who show no FDG 

uptake.19 In line with this, Kawamura et al. found that the level of expression of 

glucose transporter-1 (GLUT-1) can predict survival outcomes in gastric cancer 

patients.20  

Signet ring cell carcinoma (SRC) has a distinct biology and is 

generally considered to have a worse prognosis than those of non-SRC.21,22 To 

our knowledge, there has been no study of the correlation between the rate of 

FDG-uptake and survival outcomes in primary gastric cancer, particularly 

regarding SRC. Furthermore, SRC is known to have a lower PET sensitivity and 

a lower standard uptake value (SUV) than those of non-SRC,23 partly explaining 
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the paucity of studies on this subject. Therefore, we investigated the role of the 

SUV, a semi-quantitative assessment of tumor FDG uptake, as a surrogate 

marker of biologic aggressiveness. We also studied whether SUV can predict 

long-term outcomes of advanced gastric cancer with signet ring cell histology. 

 

 

II. MATERIALS AND METHODS 

 

Patients 

 

Between September 2003 and December 2007, preoperative FDG-PET 

scanning was performed for preoperative staging work-up in 65 patients with 

SRC. To investigate the exact role of FDG uptake as a prognosticator of 

long-term outcomes, twenty-four patients were excluded from the analysis for 

the following reasons: thirteen patients (20%) had no FDG uptake, six patients 

had distant metastasis at initial presentation, one patient had fewer than 15 

retrieved lymph nodes, one patient received preoperative neoadjuvant 

chemotherapy, two patients died of cancer-unrelated cause (i.e., postoperative 

complications), and one patient was a follow-up loss. Therefore, the remaining 

41 patients were enrolled in this study. All patients underwent curative subtotal 

or total gastrectomy with D2 lymph node dissection in accordance with the 

rules of the Japanese Research Society for Gastric Cancer (JRSGC).24 All cases 

were staged according to the classification established by the International 
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Union against Cancer (UICC)/ American Joint Committee on Cancer (AJCC) 

(sixth edition). SRC was defined, according to the World Heath Organization’s 

classification, when more than 50% of the tumor consists of isolated or small 

groups of malignant cells containing intracytoplasmic mucin.25 Patients were 

observed until death or December 31, 2009, the final follow-up date. 

 

PET imaging 

 

All patients fasted for at least 6 h prior to the 18F-FDG-PET/CT scan, 

and the scanning was completed when the plasma glucose level before 

administration of 18F-FDG was 130 mg/dL. Scanning was initiated 60 min after 

FDG administration. Low-dose noncontrast CT scans were obtained for 

nonuniform attenuation correction. Images were obtained from the neck to the 

proximal thighs using a Phillips Gemini PET/CT scanner (Phillips-ADAC 

Medical Systems) with a spatial resolution of 5.3 mm in the center of the field 

of view. Data were acquired in a three-dimensional mode after i.v. 

administration of 30 to 444 MBq of 18F-FDG. After PET imaging, contrast 

enhanced CT images were acquired (i.v. bolus 60% w/v at 1.5-2.0 m L/s). The 

PET images were reconstructed using an iterative reconstruction algorithm, 

specifically, the low-action maximum likelihood algorithm. 
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PET interpretation 

 

Two experienced nuclear medicine specialists who were unaware of 

the clinical information except diagnosis of gastric cancer were responsible for 

interpreting the 18F-FDG-PET/CT images. In cases of discrepancy, a consensus 

was reached and was used for the analysis. Positive malignant FDG uptake was 

defined as an abnormal increase in comparison with the background activity in 

the surrounding tissue. The standardized uptake values (SUV) were generated 

for the primary tumor. The SUV was measured using region-of-interest analysis 

and calculated as the dose detected in the lesion divided by the injected dose, 

correcting for body weight (µCi/g). The maximal SUV (SUVmax) was the peak 

SUV in one pixel with the highest count within the region of interest so that it 

did not interfere with the size of the region. 

 

Statistics 

 

All data are presented as mean±SD. Results were compared between 

the low SUVmax and high SUVmax groups. The association between variables 

was tested using Pearson’s Chi-square test or Fisher’s exact test when 

appropriate for categorical variables and Student’s t-test assuming unequal 

variances for continuous variables. The survival data for both groups were 

analyzed by means of the Kaplan-Meier method, and the log-rank test was used 
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for the assessment of the difference between the two groups. Univariate and 

multivariate analyses for survival were conducted using Cox’s proportional 

hazard model. A P < 0.05 (two-sided) was considered statistically significant. 

All statistics analyses were performed using the Statistical Package for the 

Social Sciences (SPSS®) version 18.0 for Windows (SPSS, Inc., Chicago, IL). 

 

III. RESULTS 

 

Patient Characteristics and SUVmax 

 

The patient baseline characteristics are presented in Tables 1 and 2. 

The study group was composed of 19 men and 22 women with a median age of 

55 years (range: 31-84 years). The median follow up period was 30.9 months 

(range: 4.0-70.3). All patients were followed up until Dec. 31th, 2009 (at least 24 

months in all cases). The median SUVmax was 3.80 (range: 1.1-12.5).  

The SUVmax was higher in patients with higher T stages (2.8 vs. 4.7, 

P=0.022), N stages (2.6 vs. 4.9, P<0.001), TNM stages (2.9 vs. 4.9, P=0.004), 

lymphovascular invasion (LVI) (3.2 vs. 5.1, P=0.007) and in those with larger 

tumors (3.1 vs. 4.7, P=0.040).  However, sex (P=0.755), age (P=0.371) and 

Borrmann type (P=0.503) were not significantly related to SUVmax (Table 1). 

According to the Spearman rank correlation analysis, SUVmax was associated 

with TNM stage (Pearson’s correlation coefficient = 0.438, P = 0.003). The 
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patients were divided into two groups (low and high SUVmax groups) based on 

the median SUVmax of 3.80, with 20 patients in the low group and 21 in the 

high group. The high SUVmax group had larger tumors (P=0.010), more total 

gastrectomies (P=0.011), higher T stages (P=0.031) and higher TNM stages 

(P=0.053) compared to those in the low SUVmax group. There was a tendency 

toward more LVI in the high SUVmax group (P=0.087). However, age, sex, the 

presence of diabestes mellitus (DM), tumor location, Borrmann type, N stage 

and adjuvant chemotherapy were not different between the two groups (Table 2). 

Furthermore, we investigated LVI in the same stage to see the relation between 

tumor aggressiveness and SUVmax. Six cases were excluded because data was 

not available. Even though we were not able to draw a statistical value because 

of the small sample sizes, the high SUVmax group showed features of greater 

LVI within each stage (Table 3), suggesting the SUVmax could be indicative of 

more aggressive behavior of tumors in the same stage. 

 

Table 1. The correlations between SUVmax and clinico-pathological variables 
 

  
No. of patients SUVmax  

(mean±SD) 

P 

Sex    0.755 

Male 
19 (46.3) 4.4±2.6  

Female 22 (53.7) 4.2±2.2  

Age (years)   0.371 

<60 29 (70.7) 4.1±2.5  
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≥60 12 (29.3) 4.8±1.9  

TNM stage  
  0.004 

 
I, II 

 

12 (29.3) 2.9±1.5  

III, IV 29 (70.7) 4.9±2.4  

Depth of invasion     0.022 
 
2 
 

8 (19.5) 2.8±1.8  

3,4 33 (80.5) 4.7±2.4  

Lymph node metastasis    <0.001 
 
No 
 

10 (24.4) 2.6±1.2  

Yes 31 (75.6) 4.9±2.4  

Borrman type    0.503 
 
I,II 
 

5 (12.2) 3.8±1.5  

III,IV 36 (87.8) 4.4±2.5  

Size (cm)    0.040 
 
<5 
 

9 (22.0) 3.1±1.7  

≥5 32 (78.0) 4.7±2.4  

LVIa   0.007 

No 14 (40.0) 3.2±1.4  

Yes 21(60.0) 5.1±2.6  

 
a The data from six patients were not available  
Numbers in parenthesis are percentages 
SUVmax, maximum standardized uptake value; LVI, lymphovascular invasion 
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Table 2. Clinicopathologic features for advanced SRC: comparison of groups 
catergorized by median SUVmax  
 
 SUVmax (n=41) P 

   
Low (<3.8)  

(n=20) 

High (≥3.8) 
 (n=21) 

  

Age (yr, ±SD)    

  53±15 56±11 0.423 

Sex   0.758 

10 (50.0) 9 (42.9)  Male 
Female 10 (50.0) 12 (57.1)  

DM   1.000 

17 (85.0) 17 (81.0)  Absent 
 Present 3 (15.0) 4 (19.0)  

Tumor location   0.646 

Upper 5 (25.0) 5 (23.8)  

Middle 
5 (25.0) 3 (14.3)  

Lower  
10 (50.0) 12 (57.1)  

Whole 0 (0.0) 1 (4.8)  

Size (cm, ±SD)   0.010 

  5.6±2.9 8.7±4.2  

Gastric resection   0.011 

8 (40.0) 17 (81.0)  TG 
STG 12 (60.0) 4 (19.0)  

Adjuvant chemotherapy 
  0.130 

6 (30.0) 2 (9.5)  No 
Yes 14 (70.0) 19 (90.5)  
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Borrmann type   0.465 
I 1 (5.0) 0 (0.0)  

 II 3 (15.0) 1 (4.8)  
 III 9 (45.0) 10 (47.6)  
 IV 7 (35.0) 10 (47.6)  

LVIa   0.087 
No 10 (58.8) 4 (22.2)  
Yes 7 (41.2) 14 (77.8)  

Depth of invasion   0.031 
T2 7 (35.0) 1 (4.8)  
 T3 11 (55.0) 19 (90.4)  
 T4 2 (10.0) 1 (4.8)  

Lymph node metastasis   0.147 
N0 8 (40.0) 2 (9.5)  
N1 4 (20.0) 5 (23.8)  
 N2 2 (10.0) 4 (19.1)  
 N3 6 (30.0) 10 (47.6)  

TNM stage   0.053 
I 6 (30.0) 0 (0.0)  

 II 3 (15.0) 3 (14.3)  
 III 4 (15.0) 7 (33.3)  
 IV 7 (40.0) 11 (52.4)  

 
a The data for six patients were not available 
 
Numbers in parenthesis are percentages 
SRC, signet ring cell carcinoma; SUVmax, maximum standardized uptake 
value; SD, standard deviation; DM; diabetes mellitus; TG; total gastrectomy, 
STG; subtotal gastrectomy; LVI, lymphovascular invasion 
 
Table 3. Lymphovascular invasion by stage 
 

LVI(+) (n=21) Stage 
Low SUVmax(<3.8) High SUVmax(≥3.8) 

Stage II (n=2) 1 (50) 1 (50) 
Stage III (n=6) 2 (33.3) 4 (66.7) 
Stage IV (n=13) 4 (30.8) 9 (69.2) 
 
LVI, lymphovascular invasion 
Statistical anaysis was not performed due to small sample size. 
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SUVmax and Survival 

 

The high SUVmax group had significantly more frequent 

postoperative recurrence (70.0% vs. 40.0%, P=0.028) and a shorter disease free 

survival (DFS) (20.18 months vs. 46.07 months, P= 0.004, Table 4 and Figure 

1). Moreover, the high SUVmax group had a lower 30-month cancer-specific 

survival rate (40.0% vs. 69.3%, P= 0.008, and lower overall survival lengths 

(26.25 months vs. 52.48 months, P=0.004) (Table 4 and Figure 2). The 

recurrence patterns, however, were not different between the two groups 

(P=0.252, Table 4). When we analyzed subgroups according to stage, there were 

no survival differences within any of the stages (data not shown), although the 

high SUVmax group showed a strong tendency of poorer in stage IV, the major 

group in this study (13.6 versus 57.1%, P=0.084).  

 
Table 4. Patient outcomes: recurrence and survival among demographic 
subgroups categorized by median SUVmax 
 
  SUVmax (n=43) P 

   
Low (<3.8) 

(n=20) 

High (≥3.8) 
(n=21) 

 

Postoperative recurrence   0.028 

12 (60.0) 5 (23.8)  Absent 
 Present 8 (40.0) 16 (76.2)  

DFS (months, ±SD) 46.07±5.99 20.18±3.66 0.004 

Recurrence pattern   0.565 

Peritoneal  4 (50.0) 8 (50.0)  
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Hematogenous 

2 (25.0) 3 (18.8)  

  
Locoregional 

1 (12.5) 3 (18.8)  

 Others 1 (12.5) 2 (12.4)  

30-month cancer-specific 
survival rate (%) 

69.3 40.0 0.008 

Cancer-specific overall

survival (months, ±SD)  
52.48±5.48 26.25±3.33 0.004 

Numbers in parenthesis are percentages 
SUVmax, maximum standardized uptake value; RFS, relapse-free survival 
 
 
Figure 1. Disease-free survival (DFS) curve in advanced signet ring cell 
carcinoma patients stratified by maximum standardized uptake value (SUVmax). 
High and low SUVmax are divided based on a median SUVmax, 3.8 
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Figure 2. Overall survival (OS) curve in advanced signet ring cell carcinoma 
patients stratified by maximum standardized uptake value (SUVmax). High and 
low SUVmax are divided based on a median SUVmax, 3.8 

 

 
 

Risk Factors of Survival 

 

The univariate and multivariate analyses for survival are summarized 

in Table 5. TNM stage, operation type, lymphovascular invasion, and SUVmax 

were statistically significant variables in the univariate analysis for survival. 

Multivariate Cox regression analysis identified that TNM stage was the only 
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independent predictor of survival (Hazard ratio, 2.358; 95% confidence interval, 

1.150-4.832; P=0.019).  

 

Table 5. Univariate and multivariate Cox regression analyses of survival in 
advanced SRC 
 
 

 Univariate survival 
analysis 

Multivariate survival 
analysis 

 HR (95% CI) P HR( 95% CI) P 
Age (years)     

<60 vs. ≥60 1.248 
(0.507-3.072) 

0.630 1.149 
(0.380-3.480) 

0.806 

Sex     
  Male vs. female 1.381 

(0.590-3.232) 
0.457 2.013 

(0.712-5.697) 
0.187 

LVI     
No vs. Yes 4.358 

(1.016-18.693) 
0.048 2.332 

(0.401-13.565) 
0.346 

Tumor location     
Upper vs. 
Middle  vs. 
Lower  

0.954 
(0.586-1.555) 

0.852 1.098 
(0.586-2.057) 

0.771 

Borrmann type     
I,II vs. III,IV 1.521 

(0.355-6.514) 
0.572 0.313 

(0.047-2.101) 
0.232 

TNM stage     
  I vs. II vs. III vs. 
IV 

1.878 
(1.149-3.068) 

0.012 2.358 
(1.150-4.832) 

0.019 

Chemotherapy     
No vs. Yes 3.328 

(0.772-14.348) 
0.107 0.560 

(0.104-3.013) 
0.499 

Operation type     
TG vs. STG 0.263 

(0.089-0.778) 
0.016 0.227 

(0.043-1.183) 
0.078 

SUVmax     

<3.8 vs. ≥3.8 3.221 
(1.292-8.028) 

0.012 1.090 
(0.299-3.979) 

0.896 

 
SRC, signet ring cell carcinoma; SUVmax, maximum standardized uptake 
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value; HR, hazard ratio; TG; total gastrectomy, STG; subtotal gastrectomy; LVI, 
lymphovascular invasion 
 

IV. DISCUSSION 

 

This study was processed with a very homogenous patient group with 

advanced SRC who had undergone a curative resection. We considered tumors 

with higher T stage, N stage, TNM stage and lymphovascular invasion to be 

more biologically aggressive. With these considerations, our study showed that 

preoperatively measured SUVmax could be a valuable surrogate marker for the 

biologic aggressiveness of advanced gastric cancer with signet ring cell 

histology. In addition, the results from this study showed that patients with high 

SUVmax levels have a worse survival rate than do patients with low SUVmax 

levels, although this is potentially due to the fact that a high SUV indicates 

more aggressive tumor behavior associated with advanced stages. Because of 

the small number of patients, it was difficult to evaluate the role of SUV in 

predicting patient outcomes in each stage. However, we did see some evidence 

of different prognoses between the high and low SUVmax groups, especially in 

stage IV  

Lee et al. reported that SUVmax is an independent predictor of patient 

outcome in small-cell lung cancer.14 In our multivariate analysis, however, 

SUVmax was not an independent predictor compared with TNM stage. 

However, due to the lack of biological indicators for assessing clinical outcomes 

thus far, the TNM system of UICC/AJCC has been recognized as the most 
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reliable prognosticator predicting overall prognosis in gastric cancer.  

To date, the usefulness of FDG-PET in gastric cancer has not been well 

established unlike for other cancers such as lung, esophagus and colorectal 

cancer, and this is especially true for signet ring cell carcinoma, potentially due 

to the low PET sensitivity. This study might be the first report on the clinical 

usefulness of 18F-FDG uptake in predicting clinical behavior of SRC, even 

though it is not an independent prognostic factor. Regardless, our data suggest 

that FDG-PET could provide valuable information on aggressive tumor 

behavior in advanced gastric cancer with signet ring cell histology.  

Although SUV is widely used as a semi-quantitative index to assess 

the tissue glucose metabolic rate, there is no standard method for the 

measurement or calculation of FDG uptake. However, we chose SUVmax as 

this semi-quantitative parameter in this study because SUVmax can be easily 

obtained and reduces inter-observer variability.26  

Even though SRC tumors have lower PET sensitivities than do 

non-SRC tumors,23 we were able to calculate the SUVs in 80% of patients with 

SRC using the SUVmax and found some advantages in the use of FDG-PET for 

SRC stomach tumors. However, the retrospective nature and small-size of this 

study would limit us in drawing solid conclusions. Furthermore, it would be 

difficult to change subsequent management, like preoperative routine PET scans, 

with these results.  

Although randomized controlled trials and the more generalized 

18 

 



studies including adenocarcnima are warranted, we here add evidence of the 

usefulness of preoperative FDG-PET in determining the malignant behavior of 

tumor cells relevant to patient outcomes.  

 

V. CONCLUSION 

 

SUVmax at diagnosis is a valuable surrogate marker of tumor 

aggressiveness in advanced signet ring cell carcinoma, although it was not an 

independent predictor of patient outcomes after curative surgery.  
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ABSTRACT (IN KOREAN) 

 

진행성 반지세포 위암을 가진 환자의 예후를 예측하는데 

양전자 방출단층촬영의 역할 

 

<지도교수  노 성 훈 > 

 

연세대학교 대학원 의학과 

 

성    명 박 경 호 

 
서론: 본 연구의 목적은 인환세포 진행성 위암에서 종양의 FDG 

흡수의 반정량적 지표인 SUV값의 예후인자로서의 역할을 할 수 

있는지를 보고자하는 것이다.                         

방법: 수술전 검사에서 FDG-PET를 시행한 환자 중 인환세포 진행성 

위암으로 근치적 위절제술을 시행 받은 41명의 환자를 후향적 

분석하였으며, 분석에는 SUV 최대값을 사용하였다. 

결과: 평균 추적 관찰값은 30.9개월 (4.0 – 70.3개월)이었다. SUV  

최대값과 TNM 병기 사이의 상관 관계가 있음을 알 수 있었다. 

환자를 SUV 중간값인 3.80을 기준으로 높은 SUV 최대값 군과 낮은 

SUV 최대값 군으로 나누었을 때, 높은 SUV 최대값 군이 낮은 SUV 

최대값 군에 비해 좀 더 공격적인 종양의 성질을 보여 주었다. 또한, 

높은 SUV 최대값 군은 더 빈번한 수술 후 재발 (P=0.028), 더 짧은 

무병생존기간 (P=0.004) 그리고 더 낮은 30개월 질병 특이 생존기간을 

보여주었다. (40.0% 대 693%, P=0.008). 그러나, 다변량 분석에서 SUV 

최대값은 생존기간에 대해 독립적인 예후 예측인자는 아니었다.  

결론: 진단 당시 PET 검사에서 얻은 SUV 최대값이 인환세포 진행성 

위암에서 근치적 수술 후 생존 기간을 예측하는 독립적 인자는 

아니었지만, 종양의 공격성을 측정할 수 있는 가치있는 표식자임을 

알 수 있었다.    

--------------------------------------------------------------------------------------- 

핵심되는 말 : 표준섭취값(Standard Uptake Value), 인환세포암, 표식자 


