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Abstract

Aims: A study was undertaken to investigate the value of
pretreatment PET–CT in predicting survival in patients
with oesophageal cancer (OC).
Methods: Between June 2010 and December 2011, 18
consecutive OC patients median (61.00 ± 12.07 years)
with median survival of 7.5 month had a pretreatment
PET–CT scan. Staging of the disease was made in
accordance to the American Joint Committee on Cancer
staging system (7th edition) and grouped as stage I–IIA
and stage IIB–IV. Maximum standardized uptake value
(SUVmax), size of a primary tumour and the presence of
fluorodeoxyglucose (FDG)-avid lymph nodes were eval-
uated for all patients. Survival was analysed using the
Kaplan–Meier product limit method and Cox propor-
tional hazards regression model.
Results: PET–CT stages I–IIA and IIB–IV had a 1-year
survival of 50% and 25%, respectively. Patient with size
of primary tumour (<4.5 cm) had significantly
(p < 0.036) better survival than those with large size
(>4.5 cm). Multivariate Cox regression analysis showed
that SUVmax of >5.5 in the primary tumour [hazard
ratio (HR) 23.017; 95% confidence interval, p = 0.038]
and the presence of FDG-avid lymph node (HR 1.248;
p = 0.028) were strongly predictive of poor overall
survival on multivariate analysis.
Conclusion: Pretreatment 18F-FDG PET–CT SUVmax of
a primary tumour and the presence of FDG-avid lymph
nodes independently predict survival in patients with
oesophageal carcinoma which may potentially be used as
surrogate markers for prognostic and therapeutic pur-
poses.
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Survival rates are not readily available for each stage in
the American Joint Cancer Committee (AJCC) staging
system for oesophageal cancer. The data on surveillance
epidemiology and end results (SEER) have shown that
patients presenting with regional nodal involvement and
metastatic nodal involvement have worse prognosis [1].
The role of functional imaging, i.e. positron emission
tomography–computed tomography (PET–CT) in eval-
uating oesophageal carcinoma, is emerging and promis-
ing in determining the survival and staging of the disease
based on the AJCC staging scheme.

PET–CT has emerged as an essential investigation for
patient with a potentially resectable oesophageal cancer
given its role in both diagnostic information and as a
prognostic role. PET–CT using fluorodeoxyglucose
(FDG) as a tagging radionuclide tracer has been shown
to concentrate in 90% of oesophageal cancer [2].

Each of the adenocarcinoma and the squamous cell
carcinoma types make up 49% of cases of oesophageal
cancer [3]. There were many studies that evaluated
treatment outcome following the American Joint Cancer
Committee Tumour-Nodes-Metastasis (AJCC TNM) on
pathological scheme with less focus being discussed on
the survival of the patient. Some of those remain
inconclusive with survival prognostication. Currently
published data assessing the prognostic value of Stan-
dardized uptake value (SUVmax) are mainly based on the
tumour staging using AJCC TNM 6th edition.

The semi-quantitative parameter of PET may predict
overall survival in patient with oesophageal cancer.
Several studies have suggested that tumour with an ele-
vated SUVmax tends to be more aggressive and be asso-
ciated with worse survival [4].Correspondence to: A. S. Fathinul Fikri; email: ahmadsaadff@

gmail.com
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Evaluation of oesophageal cancer staging as a sur-
vival function using on a new AJCC 7th edition is by far
lacking. This study is sought to determine whether PET
marker, lesion morphology and the abnormal lymph
node has influence on the patient survival.

Materials and methods

Patient accrual

After approval from the Institutional Ethical Board was
obtained, between June 2010 and December 2011, 18
consecutive OC patients had a pretreatment PET–CT
scan. This cohort of patient was followed up until the
close-out date at 2 years. Disease stage was made in
accordance to the American Joint Committee on Cancer
staging system (7th edition) and grouped as stage I–IIA
and stage IIB–IV reflecting broad groupings that deter-
mine therapeutic choice.

[18F]-FDG PET/CT

All 18 subjectswere fasted for at least 6 hprior toPET/CT.
Venous blood glucose was taken to ensure the desired
peripheral blood glucose wasmaintained at<7.0 mmol/l,
patients received an IV injection of 370 MBq (10 mCi) of
FDG and then rested for approximately 1 h prior to
imaging. Image acquisition was performed with an inte-
grated PET/CT device (Siemens Biograph-64) consisting
of a PET scanner (Advance LiSo4) and a 64-MDCT
scanner. Patients were allowed a normal shallow respira-
tion during acquisition ofCT scan.The patientswere given
at least 1000 ml gastrografin contrast orally in a 3-divided
dose at 15 min apart. The CT was performed with IV
contrast (Iopamidol 300) of spiral acquisition at 5.0 mm
sectioning from the base of skull until the proximal thigh.
It was followed by PET acquisition at 3 min per bed po-
sition. CT data were resized from a 512 9 512 matrix to a
128 9 128 matrix to match the PET data to allow image
fusion, and CT transmission maps were generated. PET
image datasets were reconstructed iteratively with the or-
dered-subsets expectation maximization algorithm with
segmented measured attenuation correction (two itera-
tions, 28 subsets) with the CT data. Co-registered images
were displayed on the Siemens Leonardo workstation.

Interpretation

An experienced nuclear medicine physician/radiologist
who read the resultswas blinded to the clinical data and the
histological findings. For the purpose of the interpreta-
tion, results were analysed for the maximum standardized
uptake value (SUVmax), size of a primary tumour and the
presence of FDG-avid lymph nodes. The FDG avidity
for visible lymph nodes was done on the grading
system: Grade 1 = background, Grade 2 = mediasti-
num, Grade 3 = Liver and Grade 4 = brain [5]. The

primary tumour was measured on the widest cross-sec-
tional dimension, and the margin of the tumour bulk or
thickening is based on the exact accumulation of the F-18
FDG uptake on the correlated PET image.

Statistics

General information on the patient characteristics were
described using tables for categorical data, and medians
and range for continuous variables. Comparison of cat-
egorical variables was done by dual analysis and con-
tinuous variables by t test. Survival analysis was done
using the Kaplan–Meier method, with comparison of
survival using the log-rank test. A two-sided p value of
<0.05 was considered significant.

Results

Patient characteristics

Eighteen prospective patients (16 males and 2 females)
with median age for cohort of 61.00 ± 12.07 years. All
patients underwent pretreatment PET/CT for the pri-
mary staging of oesophageal cancer with median survival
of 7.5 month. There was a predominance adenocarci-
noma (83.3%) with the majority of the tumour site at the
lower 1/3 of the oesophagus and/or gastrooesophageal
junction accounting for (61.10%) (Table 1). All but 1 had
died at the close-out date. No significant differences in
the SUVmax and SUVmean with respect to patient sex,
patient age or tumour localization were detected.

Table 1. Patient and tumour characteristics

Parameter Characteristic n %

Sex Male 15 83.30
Female 3 16.70

Age (median) (year) 61.00 ± 12.07
Histology Adenocarcinoma 15 83.3

Squamous cell carcinoma 1 5.55
Other (poorly

differentiated)
2 13.33

Site of primary
tumour

Upper third 2 11.11
Middle third 5 27.77
Lower third 8 44.44
Gastrooesophageal

junction
3 16.66

SUVmax (mean) g/dl Primary tumour 11.09 ± 2.37
Size of primary

tumour (cm) (mean)
Primary tumour 5.30 ± 0.73

Type of treatment Esophagectomy 6 33.33
Multimodality

(esophagectomy,
radiotherapy and
chemotherapy)

12 66.66

Outcome Death 10 55.6
Stage I–IIA 0
Stage IIB–IV 10/17 58.8
At 12 months 7/17 41.1
At 18 months 3/17 17.6

Survive 8 44.4
Stage 1–IIA 1/8 0.12
Stage IIB–IV 7/8 0.87
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Comparison of CT and PET–CT stage

As outlined in Table 2, there was discordance between
the CT stage groups determined by the CT and the PET/
CT stage groups of IIB-IV with four of nine patients
(44.44%). Overall, PET/CT upstaged four (22.22%)
patients. Among these 4 patients, PET/CT stage detected
distant metastatic bony lesions (Fig. 1). In group IIB–
IIIC, PET/CT detected additional regional nodal deposit
in one patient (Fig. 2).

Analysis on the imaging results validation

PET/CT findings had resulted in the change of man-
agement in four of eighteen patients (22.22%). Of these
18 patients, imaging findings were all validated by either
pathologic or intraoperative results. Of these 18 patients,
PET/CT was correctly determined the disease status in 18
(100%), CT was correct in 14 (12%) (Table 2).

Management impact

Some of the cancer is in the upper part of the oesophagus
(in the neck); chemoradiation was a choice given the

difficulty in the tumour accessibility but none the subject
has tumour at this location. The treatment for an ad-
vance stage tumour, i.e. T4, treatment for these cancers is
most often chemoradiation followed by palliative sur-
gery.

PET/CT changed management in 4 of 18 patients
(22.22%). In nine patients of grouped IIB–IIIC by CT
staging, PET/CT had induced management change in
four (44.44%) from surgery to multimodality treatment/
palliative surgery. In five patients of group IIB–IIIC, one
patient (20%) had further modification on the N staging
(N0–N1) on the extent of the disease status on the PET–
CT (Fig. 2). The details of the PET/CT induced man-
agement changes are outlined in Table 2.

Overall survival

The median survival of the cohort was 7.5 months. The
FDG PET/CT had enabled prognostic stratification with
the separation of survival curves according to stage
group to be made. The trend across the survival curves
was not statistically significant for the two groups
(p > 0.05). The 12-month survival rate for stage IIB–IV

Fig. 1. Patient with
adenocarcinoma of the mid
oesophagus with an
imperceptible bony
metastasis involving the left
acromium process on the
CT (image A). The lesion
(M1) has high FDG uptake
(SUVmax: 3.93) on the PET
image (arrow head).

Table 2. Comparison of the CT and the PET–CT stage and the management impact based on the AJCC TNM 7th edition

CT stage PET–CT stage Percentage upstage Percentage down stage Management impact

I–IIA IIB–IV Total Score: 0 = low, 1 = higha

IIB–IIIC IV

I–IIA 1 0 0 1 0 0 0
IIB–IIIC 0 5 4a 9 44.44 0 1
IV 0 0 8 8 0 0 0
Total 1 5 12 18 22.22 0

a 0 = no change, 1: = change from surgery to multimodality therapy/palliative
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patients was 25% for PET/CT stage, whereas a better
survival of 50% was noted for stage 1–IIA (Fig. 3).

SUVmax and survival

Patients with high SUVmax (SUV > 5.5) had a signifi-
cant worse survival rate than patients with low SUVs

(p = 0.015). There were 10 deaths in the patient with
SUVmax > 5.5 with only three who had survived as
compared to all the five were survived in the patient with
SUVmax < 5.5. One survived patient in the group with
SUVmax > 5.5 was planned for surgery, and two
patients were planned for combined surgery and
chemotherapy (Fig. 4).

Fig. 2. Patient with N1 stage adenocarcinoma of the gas-
troesoophageal junction on CT shows a barely made-out
discrete perigastric lymph node metastasis, whereas an

additional FDG-avid lymph node (SUVmax: 4.02) was pro-
nounced on the correlated PET image (arrowhead).

Fig. 3. Kaplan–Meier
cumulative survival plot
shows the comparison
between the dichotomized
TNM stages of the primary
tumour versus patient
survival.
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Fig. 5. Kaplan–Meier
cumulative survival plot
shows the comparison
between the presence of
FDG-avid lymph node and
without of the primary
tumour versus patient
survival.

Fig. 4. Kaplan–Meier
cumulative survival plot
shows the comparison
between SUVmax of the
primary tumour versus
patient survival for patients
with high SUVs and those
with low SUV.
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FDG-avid lymph node and patient survival

As outlined in Fig. 5, the survival of the 2 patient groups
was significantly different (p < 0.005). After corrobo-
rating PET/CT findings into the patients with FDG-avid
lymph nodes or without, there was a significant better
survival of those without FDG-avid lymph nodes as
compared to patients with FDG-avid lymph nodes.
Among the group with non FDG-avid lymph node, there
were more survived patients (6/10) as compared to 1/8 in
the group with FDG-avid lymph node. There were no
significant evidence of the number of lymph nodes
involved to predict patient survival in this cohort of
patients (p > 0.05) (Table 3).

Size of primary tumour and survival

There was a significant difference in the findings on the
size of primary oesophageal lesion between the two

groups of patients (p < 0.036) (Fig. 6). Patient with size
of primary tumour (<4.5 cm) had better survival than
those with large size (>4.5 cm). There was one death 1/5
in the group of smaller primary tumour as compared to
9/12 deaths in the group of tumour.

Hazard curve

Given the possible interplay of the relationships among
prognostic factors, multivariate analysis was performed.
Multivariate Cox regression analysis showed that
SUVmax of >5.5 in the primary tumour [hazard ratio
(HR) 23.017; 95% confidence interval, p = 0.038] and
the presence of FDG-avid lymph node (HR 1.248;
p = 0.028) were strongly predictive of poor overall sur-
vival on multivariate analysis (Table 4). The type of

Fig. 6. Kaplan–Meier
cumulative survival plot
shows the comparison
between sizes of the
primary tumour (cutoff
4.5 cm) and patient survival.

Table 3. The number of lymph nodes as detected on CT and the PET

N stage Number of lymph nodes

CT PET

N1 6 8
N2 7 18
N3 7 7
Total 20 33

Table 4. Multivariate Cox proportional hazards regression model
(n = 18)

Variable Hazard ratio 95% CI p value

Overall SUV primary max 1.004 0.911–1.106 0.939
SUVmax > 5.5 23.017 1.190–445.199 0.038*
FDG-avid lymph node 1.248 1.025–1.520 0.028*
PET–CT stage 1.061 0.025–0.450 0.936
Size primary 0.742 0.433–1.272 0.278
Resection 0.229 0.023–2.227 0.204
Rx combination 4.045 0.243–67.455 0.330

*Statistically significant (p < 0.05)
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treatment did not have an additional impact on esti-
mating patient survival independent of PET–CT stages.

Discussion

FDG PET emphasizes on the intrinsically altered glucose
metabolic requirements as compared to the structural
information as provided by CT. Therefore, functional
information on PET overscores the CT assessment in a
wide variety of cancers, including more accurate staging.
This advantage is potentially true in oesophageal cancer,
with PET, compared with CT, providing superior
assessment of remote nodal and systemic metastatic
disease [6, 7].

The results from this study show that patients with
high SUVmax have a poorer survival rate than patients
with low SUVmax. This was found for the SUVmax (cutoff
value 5.5) of the tumour. This is in line with several
previous reports which stated that survival was signifi-
cantly lower in patients who had high SUVs and re-
ported a great variety in the cutoff values, ranging from 3
to 7 [8–10]. These findings also support the hypothesis
that low 18FDG uptake within a tumour may represent
more indolent tumour biology, and the high or altered
glucose metabolism within the cancer cells may signify
aggressive tumour behaviour [11, 12]. In the group
SUVmax > 5.5, only one patient with the totally resected
tumour had changed to showed comparable survival to
those with three patients with multimodality treatment
approach. This is much attributed to the apparently
lower-staged tumour at the time of diagnosis despite an
intrinsically aggressive tumour.

In the new seventh edition of AJCC TNM [13], the
N stage has been subclassified on the basis of the
number of positive regional lymph nodes rather than
nodal location. Nevertheless, there was no significant
evidence to suggest that the number of lymph nodes
could prognosticate the patients’ survival in this study.
On the other note, the presence of FDG-avid lymph
node with grades 3 and 4 on visual assessment; we
found that there was a significant evidence to suggest
poor survival in patient with FDG avid lymph nodes.
The PET–CT staging on N stage has modified one
patient with CT stage IIA–IIIC by detection of more
metastatic lymph node on PET. This result is also in
accordance to other report, suggesting patients with
PET-detected nodal metastatic disease have a worse
prognosis than those whose nodal disease is undetect-
able on PET and is a potentially independent predictor
of overall survival [14–17]. This had led to the change in
the management intent from surgical resection to a
multimodality treatment approach with radiotherapy
combination. There were 22.22% of patients who had
been upstaged on the PET–CT rendering a consequence
impact on the management change. This is in accor-

dance to other studies that revealed that PET upstages
from 4.8% to 36.5% of patients previously deemed as
surgical candidate for treatment of oesophageal cancer.
[18, 19] In these patients, PET had further detected
remote bony metastasis which was imperceptible on the
CT images [20, 21]. In accordance to the new staging
system for which the stage category of some patients
may have been altered in our cohort, our results remain
highly relevant to the therapeutic choices pertinent to
multidisciplinary care of oesophageal cancer. There is
no significant evidence that suggests pretreatment
SUVmax could provide better stratification on the
treatment intent as shown in this study. Among sug-
gested reasons, a low SUV might be associated with
hypoxic tumours, that when left untreated may be less
aggressive, but paradoxically may make the tumour
more resistant to chemoradiotherapy [20].

On the other note, the size of primary tumour is also a
pertinent criteria for survival in this cohort of patient.
Using the cutoff size of 4.5 cm, the survival drops at the
close-out date at 2 years. The large tumour (>3.0 cm)
has a tendency to be more aggressive in their growth [21–
25]. However, multivariate analysis showed that both
SUVmax (cutoff value of 5.5) and the FDG-avid lymph
node were the only independent factor for the prediction
of patient survival. The fact on the size of lymph node
has no significant contribution to the revised AJCC
staging (7th edition) given the range of minute to the
cutoff size of 4.5 cm were unable to differentiate between
T1 and T2 stages and the substages of T1a (muscularis
propria) and T1b (submucosa) in this study design.

This study has several limitations. A large trial is
deemed required to further reveal the use of SUVs in the
prediction of survival in patients with oesophageal can-
cer. The analysis of the visual PET lymph node avidity
was done by a radiologist who bears a potential bias on
the results. Some of the patients had high glucose level of
more than 7.0 mmol/l which was put on insulin regimen
to normalize the value for which modification could re-
sult in inaccuracy of the images reading. It is noteworthy
to highlight that the strengths of this study are that the
inclusion of the prospective patients on the new AJCC
TNM staging 7th edition and the available pathologic
results of the resected tumour were possible in every
patient in this study cohort. Both evaluations on the
value of the T and N staging on the new AJCC 7th
edition are by far limited in this study evaluation given
that the significance of the size and the number for the T
and N staging, respectively, were insignificant on the CT
and PET comparison. Further studies that look at the
correlation on the sonographic or histological involve-
ment of the tumour on T and the inclusion a more
comprehensive assessment of the tumour total glucose
activity would ensure the thoroughness of the revised
AJCC 7th edition values [26].
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Conclusion

Pretreatment PET–CT SUVmax of a primary tumour and
the presence of FDG-avid lymph nodes could potentially
predict survival in patients with oesophageal carcinoma
based on the PET–CT staging using AJCC TNM 7th
edition.
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