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Abstract: This study is to investigate the value of the metabolic parameters measured by sequential FDG PET/CT in 
predicting the overall survival of patients with esophageal squamous cell carcinoma (ESCC). A total of 160 patients 
who were newly diagnosed as ESCC patients and treated with chemoradiotherapy were included in this study. The 
FDG PET/CT was carried out prior to radiotherapy (PET1), when the cumulative dose of radiotherapy reached 50 Gy 
(PET2), at the end of radiotherapy (PET3) and 1 month after radiotherapy (PET4). The max of the standard uptake 
value (SUVmax) of the primary tumor, the metabolic tumor volume (MTV) and the total lesion glycolisis (TLG) prior 
to treatment were measured. The correlation of the measured parameters and the derived parameters of SUVmax 
with the overall survival was analyzed. The relatively reduced percentage of the SUVmax of PET3 and PET4 to the 
SUVmax of PET1 and PET2, had predictive value for the overall survival. The area under researcher operation curve 
(ROC) was between 0.62 and 0.73 (P < 0.01). The MTV and TLG prior to treatment might be used to predict the 
overall survival, and the area under ROC were both 0.69 (P < 0.001). Sequential FDG PET/CT scanning is useful to 
predict the overall survival of chemoradiotherapy for ESCC. The metabolic parameters and the derived parameters 
of FDG PET/CT have predictive values for overall survival.
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Introduction

The incidence and mortality of esophageal car-
cinoma rank eighth and sixth, respectively, 
among the common malignancies worldwide 
[1]. Surgery is an important means for the treat-
ment of esophageal cancer. However, more 
than 70% of the patients diagnosed with 
esophageal cancer lost the chance of surgery 
because of advanced stage cancer or compli-
cations that are not suitable for surgery. For 
these patients, chemoradiotherapy is the main 
treatment method. Some researchers drafted 
the guidelines for clinical staging of gastric can-
cer, hoping to predict the effect of non opera-
tion therapy on esophageal cancer patients [2]. 
However, the imaging diagnosis methods for 

staging are mainly CT and barium meal, which 
are prone to be affected by edema and scar 
fibrosis. As a result, the predictive ability of the 
guidelines is relatively poor.

As the development and the application of posi-
tron emission tomography (PET) and functional 
magnetic resonance imaging (fMRI), the role of 
molecular imaging in evaluating responses of 
malignant tumor to treatments has been inves-
tigated by many research groups [3-5]. However, 
the staging, the curative effect evaluation and 
the prognosis of esophageal cancer are still 
controversial [6, 7]. It is reported that FDG PET/
CT could be used to predict the prognosis of 
esophageal carcinoma [8, 9]. However, these 
researches were conducted in esophageal ade-
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nocarcinoma patients who received surgical 
treatment. The application of FDG PET/CT in 
predicting the prognosis of esophageal cancer 
without surgical treatment is less studied.

The purpose of this study is to evaluate the 
dynamic changes of the FDG uptake parame-
ters in patients with esophageal squamous cell 
carcinoma (ESCC) prior to, in the middle of and 
after chemoradiotherapy, by using sequential 
FDG PET/CT scanning. The role of sequential 
FDG PET/CT scanning in predicting overall  
survival of ESCC patients who were treated 
with chemoradiotherapy but not surgery was 
investigated.

Materials and methods

Patients

From October 2008 to June 2013, 162 patients 
were diagnosed with histologically confirmed 
primary ESCC. Among them, 160 patients were 
enrolled in this retrospective study, and 2 were 
not included due to patient disapproval. Tumor 
stage and disease grade were classified accord-
ing to the 6th edition of the International Union 
Against Cancer. Clinical data of patients were 
shown in Table 1. The inclusion criteria of 
patients was as follows: voluntary participa-
tions who were over 18 years old; patients who 
did not receive surgery, radiotherapy, chemo-
therapy or targeted therapy before; patients 
who were diagnosed with ESCC; patients who 
were without severe dysfunction in hematopoi-
etic function, heart, lung, liver or kidney and 
without immunodeficiency; patients who were 
with the expected survival time over 3 months. 
Prior written informed consent was obtained 
from all patients enrolled before undergoing 
the examination. The study protocol was 
approved by the ethical committee.

Radiotherapy

Radiation therapy was carried out on the lesion 
area as follows. Gross tumor volume of primary 
tumor (GTV-t) was determined according to the 
high metabolic region of esophagus shown by 
PET/CT and avoid the blood vessel by enhanced 
CT. Gross tumor volume of lymph node (GTV-nd) 
include the metastatic lymph node detected  
by CT, PET/CT and physical palpation. Clinical 
tumor volume of primary tumor (CTV-t) was 4 
cm proximal and distal margins, with a 0.5 cm 

radial margin added to the gross tumor volume. 
CTV-nd was delineated including the GTV-nd 
and the corresponding lymph node drainage 
area based on different locations of the prima-
ry lesion, all CTVs should avoid the anatomical 
barrier. Planning target volume (PTV) in combi-
nation with the areas extending 0.5 cm from 
GTV-t, GTV-nd, CTV-t and CTV-nd formed GTV-
t-P, GTV-nd-P, CTV-t-P and CTV-nd-P. The total 
irradiation dose of both 95% GTV-t-P and GTV-
nd-P was 60 Gy and external radiation was 
applied in 30-33 fractions of 1.8 Gy-2.0 Gy over 
the course of 5 days a week. The total irradia-
tion of CTV-t-P and CTV-nd-P was 50 Gy and 
external radiation was applied in 25-28 frac-
tions of 1.8 Gy-2.0 Gy over the course of 5 days 
a week.

Chemotherapy

Patients older than 70 years underwent radical 
radiotherapy. Patients less than 70 years with 
phase II esophageal cancer or more advanced 
stage esophageal cancer were treated with 
concurrent chemotherapy based on cisplatin. 
Chemotherapy was performed 1 day prior to 
the start of radiotherapy. The concurrent che-
motherapy regimen for most patients consisted 
of infusion of cisplatin (25 mg/m2/d, d1-d3 and 
d29-d31) and paclitaxel (135 mg/m2/d, d1 and 
d29). The concurrent chemotherapy regimen 
for other patients consisted of cisplatin (25 
mg/m2/d, d1-d3 and d29-d31) and 5-FU (500 
mg/m2/d, d1 and d29).

FDG PET/CT scan

The patients enrolled received 4 times of FDG 
PET/CT scanning during the whole treatment 
process. The time points were as follows: one 
week prior to chemoradiotherapy, the time 
point at which GTVs-P cumulative dose of radio-
therapy reached 50 Gy, the end of radiotherapy 
and one month after radiotherapy. Whole body 
imaging technology was performed at the first 
scan, and chest imaging was conducted during 
the other three scans. The 4 scans were named 
as PET1, PET2, PET3 and PET4 according to the 
time sequence (Figure 1).

The standard procedure of PET/CT scan (GE 
Discovery STE; GE Healthcare) was performed. 
The drugs used in 18F-FDG were produced by 
our cyclotron facility (General Electric Company, 
Fairfield, Connecticu, USA), with the radiochem-
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ical purity of more than 95%. Whole body imag-
ing was carried out over an area of from the 
head to the proximal femur, and the local imag-
ing was from the head to epigastrium. PET 
scanning was performed with a scan-bed 
acquisition time of about 15 minutes. The data 
were reconstructed iteratively for image fusion 
by application of CT attenuation correction. The 
coronal, sagittal and axial fusion images of CT, 
PET and PET/CT together with 3D mode were 
acquired.

All the images were reviewed by at least two 
experienced radiologists, who were unaware of 
the diagnosis and clinical data. Combined with 
CT images, the limited radioactive concentra-
tion area of esophageal lesions and neck, tho-
rax and abdomen was identified as the region 
of interest (ROI). The edge of ROI was the line 
that was 40% SUVmax (max of the standard 
uptake value) larger than the primary area 

defined automatically by the ROI software 
(Advantage work station, version 4.3, GE, USA). 
And the site of heart and other physiological 
high uptake areas were avoided by visual 
adjustment. The values of the primary lesion 
and the lesion adjacent metastatic lymph 
nodes of PET1, PET2, PET3 and PET4 were 
recorded as follow, SUVmax, SUVmean (the 
average value of SUV), MTV (the metabolic 
tumor volume), TLG (Total Lesion Glycolysis, 
TLG). The calculation formula of TLG was: TLG = 
SUVmean × MTV. When the lymphnode beyond 
the primary tumor and the metastatic lymph 
node was more than 3 cm, the larger of SUVmax 
was recorded as SUVmax for statistical analy-
sis, and the sum of two lesions was used for 
MTV and TLG statistical analysis. If the esopha-
geal lesions disappeared completely after 
radiotherapy, the SUV was measured according 
to the anatomic position of primary lesions. No 

Figure 1. Changes of the SUVmax of primary tumor during radiotherapy. The SUVmax value of the esophagus prima-
ry tumor was 12.5, 11.8, 9.8, and 6.4 at the time of before treatment (A), when the cumulative dose of radiotherapy 
reached 50 Gy (B), at the end of radiotherapy (C) and one month after radiotherapy (D).
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MTV data during and after radiotherapy was 
recorded due to the interference of radioactive 
inflammation.

Statistical analysis

Survival was calculated from the beginning of 
chemoradiotherapy to the date of death or 
most recent follow-up. The data was expressed 
as mean ± standard deviation (SD). All statisti-
cal analyses were performed by using the SPSS 
17.0. One-way ANOVA was used to compare 

SUVmaxs, MTV and TLG prior to treatment and 
the Mann-Whitney nonparametric test was 
used to analyze the derived parameters from 
PET/CT scanning at different time in different 
survival groups. The receiver operating charac-
teristic curve (ROC) was used to find the opti-
mal prediction threshold. Log-Rank test was 
performed to compare the difference in overall 
survival. The Kaplan-Meier method analysis 
was performed to analyze the independent 
prognostic factors for survival. P < 0.05 was 
considered as statistically significant.

Results

Clinical data of patients

Table 1 summarized the clinical pathological 
characteristics of the patients. All the patients 
were squamous cell carcinoma. The follow-up 
was carried out to January 1, 2014. The 160 
patients were all successfully followed up and 
the median follow-up time was 10 months 
(2-55 months). There were 85 cases that died 
of tumor-related diseases and 75 cases were 
live at the deadline of follow up.

Dynamic changes of FDG SUV in the process 
of radiotherapy

SUVmax was measured at different time points 
and compared with each other. Figure 1 shows 
the axial images of one case at 4 time points. 
The numbers of cases completed the scan of 
PET1, PET2, PET3, PET4 were 160, 130, 131, 
and 114. With the increase of irradiation  
dose, the average SUVmax of primary tumor 
decreased. The average SUVmax of PET1, 
PET2, PET3 and PET4 was 14.2 ± 6.5, 6.6 ± 
2.9, 5.7 ± 5.4 and 4.6 ± 4. The differences 
between the SUVmax of PET1 and that of PET2, 
PET3 and PET4 were significant (P < 0.001). 
There was significant difference between the 
SUVmax of PET2 and PET4 (P = 0.001). No sig-
nificant difference was found between the 
SUVmax of PET2 and PET3 (P = 0.291).

Correlation of SUVmax with curative effect and 
prognosis

To investigate the correlation of SUVmax with 
curative effect and prognosis, one-way ANOVA 
was performed. According to death or not, the 
SUVmax of PET1, PET2, PET3 and PET4 was 
divided into the survival group and the death 
group. As shown in Table 2, there was no signifi-

Table 1. Clinical data of patients (n = 160)

Clinical features Evaluable  
patients (%)

Age
    Mean 62 ± 10 years --
    Range (42-90 years) --
Sex
    Male 126 (79%)
    Female 34 (21%)
Pathological grading
    Well differentiated (G1) 16 (10%)
    Moderately differentiated (G2) 99 (62%)
    Poorly differentiated (G3) 23 (14%)
    Undifferentiated (G4) 6 (4%)
    Undetermined (Gx) 16 (10%)
Primary tumor
    Cervical 13 (8%)
    Upper thoracic 49 (30%)
    Mid-thoracic 70 (44%)
    Lower thoracic 22 (14%)
    Multi-site origin 6 (4%)
T stage
    T2 8 (5%)
    T3 58 (36%)
    T4 94 (59%)
N stage
    N0 75 (47%)
    N1 85 (53%)
M stage
    M0 157 (98%)
    M1b 3 (2%)
Concurrent chemotherapy 
    No 63 (39.4%)
    Yes 97 (60.6%)
Therapy methods
    Conventional radiotherapy 28 (18%)
    Intensity modulated radiotherapy 132 (82%)
Note: --, not indicated.
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cant difference between the survival and the 
death group in SUVmax of PET1 and PET2. 
Meanwhile, there were significant differences 
in SUVmax of PET3 (P = 0.002) and PET4 (P = 
0.000). The ROC curve was generated to deter-
mine the cutoff value of SUVmax at which the 
result of sensitivity calculate specificity were 
highest. The SUVmax of PET1 had no prediction 
value. The SUVmax of PET2, PET3 and PET4 
might be used for prediction, with the P value of 
0.028, 0.003 and 0.000, and with the area 
under the curve of 0.611, 0.651 and 0.718. 
The optimal prediction threshold of the SUVmax 
of PET2 was 4.25 (sensitivity, 0.89; specificity, 
0.36). The survival of the patients with SUVmax 
less than 4.25 was significantly higher than 
that with SUVmax more than 4.25. The median 

ence between them was significant, with P < 
0.001. The optimal prediction threshold of 
PET4 SUVmax was 5 (sensitivity, 0.52; specific-
ity 0.85). The survival of patients with SUVmax 
less than 5 was significantly higher than that 
with SUVmax more than 5. The median survival 
time of the two groups was 34.3 months (95% 
CI, 28.3-40.3 months) and 12.3 months (95% 
CI, 8.7-15.9 months), and P < 0.001.

Value of MTV and TLG in the prediction of over-
all survival

MTV and TLG of PET1 were divided into the  
survival group and the death group. Means of 
MTV prior to treatment were 14.0 cm3 (survival 
group) and 26.0 cm3 (death group) and the cor-

Table 2. Differences in SUVmax of the 4 observation times between the survival group and the death 
group compared with one-way ANOVA analysis

SUVmax (PET1) SUVmax (PET2) SUVmax (PET3) SUVmax (PET4)
survival death survival death survival death survival death

Cases 75 85 65 65 68 63 62 52
Mean 13.9 14.6 6.2 7.1 5.1 6.4 3.7 5.7
Standard deviation 7.1 5.8 2.9 2.8 2.0 2.6 1.8 3.3
F 0.413 3.59 10.26 16.99
P 0.522 0.061 0.002 0.000

Figure 2. Survival of patients with the MTV of PET1 less than 22 ml was signifi-
cantly greater than that with MTV more than 22 ml. The corresponding sensitiv-
ity and specificity were 0.49 and 0.84, respectively (P = 0.000).

survival time of patients 
with SUVmax less than 
4.25 was 40.5 months 
(95% CI, 31.6-49.4 months) 
and that of with SUVmax 
more than 4.25 was 20.3 
months (95% CI, 16.2-24.5 
months). And the differ-
ence between them was 
significant (P < 0.001). The 
optimal prediction thresh-
old of PET3 SUVmax was 
6.2 (sensitivity, 0.49; speci-
ficity 0.75). The survival of 
the patients with SUVmax 
less than 6.2 was signifi-
cantly higher than that with 
SUVmax more than 6.2. 
Kaplan-Meier survival anal-
ysis show the median sur-
vival time of patients with 
SUVmax of PET3 less than 
6.2 and more than 6.2  
was 31.5 months (95% CI, 
CI 25.8-37.2 months) and 
16.7 months (95% CI, 11.1-
22.3 month). And the differ-
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respondent data of TLG were 121.4 (survival 
group) and 225.8 (death group). One-way 
ANOVA analysis show there were statistically 
significant differences in the parameters of 
MTV and TLG between the survival and death 
groups (P < 0.001). The MTV and the TLG before 

pared with Mann-Whitney nonparametric test. 
The absolute value of SUVmax change prior  
to treatment and one month after treatment 
(ΔR14) was found to have statistically signifi-
cant differences between the survival and 
death groups (P = 0.04). ROC curve was gener-

Figure 3. Survival of patients with the TLG of PET1 less than 170 was signifi-
cantly greater than that with TLG more than 170. The corresponding sensitivity 
and specificity were 0.52 and 0.78, respectively (P = 0.000).

Table 3. The derided parameters of SUVmax and their implications
Derided parameters Implications
ΔS12 SUVmaxpet1-SUVmaxpet2
ΔS13 SUVmaxpet1-SUVmaxpet3
ΔS14 SUVmaxpet1-SUVmaxpet4
ΔS23 SUVmaxpet2-SUVmaxpet3
ΔS24 SUVmaxpet2-SUVmaxpet4
ΔS34 SUVmaxpet3-SUVmaxpet4
ΔR12 (SUVmaxpet1-SUVmaxpet2)/SUVmaxpet1
ΔR13 (SUVmaxpet1-SUVmaxpet3)/SUVmaxpet1
ΔR14 (SUVmaxpet1-SUVmaxpet4)/SUVmaxpet1
ΔR23 (SUVmaxpet2-SUVmaxpet3)/SUVmaxpet1
ΔR24 (SUVmaxpet2-SUVmaxpet4)/SUVmaxpet1
ΔR34 (SUVmaxpet3-SUVmaxpet4)/SUVmaxpet1
Note: SUVmaxpet1, SUVmaxpet2, SUVmaxpet3 and SUVmaxpet4 represent the 
SUVmax of FDG PET/CT scanning carried prior to radiotherapy, when the cumulative 
dose of radiotherapy reached 50 Gy, at the end of radiotherapy and 1 month after 
radiotherapy. SUVmax, max of the standard uptake value.

radiotherapy both had pre-
dictive value, with P < 
0.001, and the area under 
the curve were both 0.69, 
respectively. The optimal 
prediction threshold of MTV 
before radiotherapy was 22 
ml (sensitivity, 0.49; speci-
ficity 0.84). Based on this 
threshold, the survival te- 
am with MTV before treat-
ment lower than 22 ml was 
significantly higher than 
that with MTV more than 
22 ml. Kaplan-Meier sur-
vival analysis show that 
median survival time of the 
two groups was 29.4 mon- 
ths (95% CI, 24.1-34.7 mon- 
ths) and 12.1 months (95% 
CI, 9.7-14.5 months) and P 
< 0.001 (Figure 2). Similar- 
ly, the optimal predict- 
ion threshold of TLG prior  
to radiotherapy was 170 
(sensitivity, 0.52; specificity 
0.79). Based on this thresh-
old, the survival time with 
TLG before treatment lower 
than 170 were obviously 
higher than that of above 
170. The median survival 
time of the two groups was 
28.1 months (95% CI, 23.0-
33.1 months) and 15.8 
months (95% CI, 11.2-20.3 
month) and P < 0.001 
(Figure 3).

Value of the derived pa-
rameters from SUVmax

The derived parameters of 
SUVmax were shown in 
Table 3. Each derived para- 
meters of the teams were 
grouped according to sur-
vival or death and was com-
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ated to determine the optimal prediction 
threshold. The ROC curve showed that ΔR14 
had predictive value (P = 0.04), and the area 
under the curve was 0.62. The cutoff is 0.67 
(sensitivity and specificity was 0.63 and 0.58, 
respectively and the P value was 0.03) Based 
on this threshold, Kaplan-Meier survival analy-
sis show the survival time of patients with ΔR14 
more than 0.67 was obviously less than that 
with ΔR14 less than 0.67. The median survival 
time of the two groups were 31 months (95% 
CI, 23.7-38.3 months) and 15.8 months (95% 
CI, 11.3-20.3 months), P = 0.001. With the 
same method, the survival rate of patients with 
ΔR24 less than 0.10 was significantly greater 
than that with ΔR24 more than 0.10. The cor-
responding sensitivity and specificity was 0.66 
and 0.61, respectively and the P-value was 
0.014.

Discussion

In this study, we performed sequential FDG 
PET/CT scanning at 4 time points, and no simi-
lar study is reported. To avoid influence by arti-
ficial factors, ROI was determined by the com-
bined methods of automatic delineation by 
software and removal of physiological uptake 
region by visual adjustment. When the irradia-
tion dose reached 50 Gy and 60 Gy, the meta-
bolic uptake at the site of the primary tumor 
significantly decreased and it was not obvious 
when compared with the surrounding tissue.  
In some cases, it was difficult to find the pri-
mary lesion after the treatment. The measure-
ment accuracy of the software was greatly 
affected. Therefore, the MTV and TLG during 
and after treatment were not used for statisti-
cal analysis.

As calculated by ROC analysis, there were sta-
tistically significant difference in the SUVmax of 
PET2 and PET3 when they were grouped 
according to survival or died. This might be 
caused by the reasons that the cells those were 
easily killed were died after radical radiothera-
py or concurrent 2 cycles of chemotherapy and 
the residual cells were relatively insensitive to 
radiotherapy or resistant to chemotherapy. The 
high SUV indicates that the activity of the highly 
resistant cells might be very strong, and they 
could easily lead to local failure or recurrence in 
a short time, thus resulting in increased mortal-
ity. In addition, the accelerated reproliferation 

of tumor cells in the late period might also lead 
to SUV increase. At present, the main treat-
ment method for esophageal carcinoma that is 
not suitable for surgery is chemoradiotherapy; 
however, there is no recognized standard dose 
for radiotherapy during the chemoradiotherapy 
[10]. Our results may be helpful in determining 
the dose of radiotherapy. For patients with high 
SUVmax of PET3, the treatment efficacy may  
be improved through increasing the radiation 
dose or performing adjuvant chemotherapy. 
And, it is better to perform three-dimensional 
conformal or intensity-modulated radiotherapy. 
Additionally, the increase in SUVmax of PET3 
might also be caused by increased inflamma-
tory responses induced by esophageal ulcer 
[11]. Some researchers performed FDG PET/CT 
at an early time to evaluate the efficacy. For 
example, Lordick et al. [12] carried out FDG 
PET/CT 2 weeks after the start of neoadjuvant 
chemotherapy. In our study, the patients did 
not receive surgical treatment because of local-
ly advanced esophageal carcinoma, surgical 
intolerant or disapproval to operation. Thus, 
early PET/CT screening was not performed.

The SUVmax of PET4 showed predictive value 
for survival. This indicates that the tumor might 
have subsided because of chemoradiotherapy 
induced inflammation and other factors one 
month after chemoradiotherapy. The residual 
tumor is easier to be detected by PET/CT at this 
time point. Consistently, other studies also 
showed similar results [13-15]. The SUVmax of 
PET4 could be used to predict overall survival, 
and there was statistically significant differ-
ence when they were grouped according to sur-
vival or died. Therefore, the derived parameters 
of ΔR14 and ΔR24 could also be used to pre-
dict overall survival. And the FDG PET/CT per-
formed at this time point could reflect the real 
quantity of residual tumor, thus better predict-
ing the survival [3]. Schmidt et al. [16] found 
that the SUVmax of the postoperative patho-
logical reaction group was slightly high, and the 
SUVmax of the pathological reaction group 
decreased more significantly. Some research 
results were not consistent with our results [17, 
18]. This inconsistency might be caused by  
the differences in sample size and treatment 
response rate.

Both of the MTV and TLG prior to treatment are 
considered to be the factors that can reflect the 
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volume and metabolism of solid tumors and are 
used more and more in survival prediction [19]. 
Shum et al. [20] found that the survival of 
patients with MTV more than 16 ml was poor. 
Hyun SH et al. [21] reported similar results that 
the MTV was an independent prognostic factor 
related to the TNM stage. Our results showed 
that the MTV before treatment was an indepen-
dent prognostic factor for overall survival, sug-
gesting that it might be used for predicting the 
overall survival of esophageal cancer patients 
treated with non operation therapy. By analyz-
ing the ROC curve, we found that the optimal 
prediction threshold of MTV for overall survival 
was 22 ml.
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