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Figures

Figure 1.EUS of normal esophagus.
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Figure 2.EUS of normal and malignant lymph nodes.
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Figure 3.PET-CT scanner and procedure.

(W=)

Figure 4.Example of an FDG PET/CT scan. (# = )

A 52-year-old man was diagnosed with squamous

cell carcinoma in the upper third of thoracic esophagus. The
FDG PET/CT scan clearly demonstrated intense FDG uptake
suggestive of malignancy in the annually thickened esophagus

(arrowheads; SUVmax = 9.6) and a regional lymph node (early

SUVmax = 3.4).
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Abstract &~ 3 &

Purpose:

We conducted this study to investigate the value of the dual-time
2-[18F]fluoro-2-deoxy-D-glucose (FDG) positron emission
tomography-computed tomography (PET-CT) in assessmentof
the primary tumor, loco-regional lymph node and distant

metastasis in patients with esophagealsquamous cell carcinoma.

Methods

Twenty-six patients with histologically proved esophageal
squamous cell carcinoma underwent dual-time FDG PET-CT
before radical surgery. The standardized uptake values
(SUVmax)were obtained including early SUVmax and delayed
SUVmax, respectively. The retention index (RI)was also
calculated. The results were evaluated retrospectively according

to the final pathologic findings.

Four diagnostic criteria including

early SUVmax> 2.5 alone

VI



RI > 10% alone

a combination of early SUVmax= 2.5and RI = 10%

a combination of early SUVmax= 2.5orRI = 10%

These results were used for differentiating malignancy from a

benign lesion, respectively.

Results

The sensitivity of FDG PET-CT in detecting the primary tumor
with combination of early SUVmax= 2.5 orRI = 10% was
96.2%. It was statistically significantly higher than the results
using the other three criteria (p < 0.0001). For loco-regional
lymph node detection, there was no significant difference among
the 4 criteria. For distal metastases, the significantly higher
specificity (100%) was found when using combination of early
SUVmax= 2.5 and RI = 10% or using early SUVmax= 2.5
alone than using the other two criteria (p = 0.0058). With regard
to accuracy, no significant correlations were observed among

primary tumor, loco-regional lymph nodes and distant

IX



metastasis(p > 0.05).

Conclusion

The preliminary result of this study demonstrated that dual-time
point FDG PET-CT had limited value in detection of primary
tumor and loco-regional lymph nodes metastasis. For the distant
metastasis, the sensitivity and specificity would be improved if
RI = 10% is used as a supplemental criterion. Efforts should
be made to improve the ability of the dual-time FDG PET-CT
technique to assess of primary tumor and loco-regional lymph

nodes metastasis.

Keywords:

2-[18F]fluoro-2-deoxy-d-glucose (FDG)

Positron emission tomography—computed tomography
(PET-CT)

Esophageal squamous cell carcinoma

Standardized uptake value (SUVmax)

Retention index (RI)
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Appendix:

Esophageal cancer is a lethal malignant cancer with a
poor prognosis. The 5 -year survival rate for most cases
diagnosed in the advanced stage is only 10 — 30% for resectable
tumors and 5% for unresectable ones. Information regarding
tumor invasion depth, lymph node involvement, and distant
metastasis is important in deciding the appropriate treatment for
esophageal cancer. Accurate assessment of tumor extent and
nodal involvement is essential for curative resection.

Various imaging tools, such as computed tomography scan (CT)
and, Endoscopic Ultrasonography (EUS) are widely used in
routine clinical practice. These imaging tool are useful for
evaluating the extent of the disease but have limitations when
determining lymph nodes metastasis. In the past, computed
tomography (CT)scanning was the major staging method, but
recently,2-[ 18F]fluoro-2-deoxy-D-glucose (FDG) positron
emission tomography (PET)scanning has become more widely
used. The FDG PET is used for diagnosis, initial staging,

restaging, prediction, and monitoring of treatment response,
9



surveillance, and prognostication in a variety of cancers.
However, FDG PET does not allow for the precise localization
of landmarks, making it difficult to identify the foci of the
increased FDG uptake. The role of FDG PET in the detection of
nodal metastasis is still controversial and its efficacy far from
ideal. Integrated FDG PET-CT i1s a new functional and
metabolic imaging tool. Many reports indicate that FDG
PET-CT is more sensitive and specific in the diagnosis and
staging of several types of malignancies than FDG PET.
However, FDG uptake is not tumor specific. Traditionally, a
threshold for a single time point standardized uptake value
(SUV) of 2.5-3.5 has been proposed as the optimal threshold for
distinguishes between benign and malignant lesion in various
literatures. Many researchers found that when SUV 1s measured,
there 1s a correlation between the FDG uptake and time. In
tumor, the uptake of FDG uptake continues to increase for
several hours after FDG injection whereas such prolonged
period of FDG uptake is rare in inflammatory/infectious or

normal tissues. This may be related to the graded concentration
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of FDG 1n tumor cells, low glucose-6-phosphatase activity, and
increase glucose uptake through glucose transporter in these
cells.

Therefore, recognition of these imaging pitfalls is an
important step in patient assessment. Various cell types exhibit
varying rates of FDG uptake. Dual-time-point scanning of FDG
PET has been widely applied in many kinds of cancers. Most of
them seem useful in differentiating between inflammation and
malignancy because of the additional qualitative and
quantitative information derived from these scans. Hence, the
method has been routinely used in all FDG PET scans of our
institute. However, poor discriminability of dual-time-point
method has also been found in few studies. Nevertheless, the
efficacy of such method for esophageal cancer is seldom
reported or discussed in the literature. Thus, the purpose of
current study is aimed to analyze the relation between findings
of dual-time-point FDG PET-CT and clinical/pathological
results of the primary tumor, lymph nodes and distant metastasis

of the esophageal cancers retrospectively, and tries to discuss the
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potential use of dual-time-point method in such circumstance.
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Chapter 2
Materials and Method
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Tumor staging, SUV,y; and Rl of the primary tumor, loco-regional Iymph node and distant mefastasi,

Patient  Tumorlocation  Pathology tumor SUV of positive PET-CT finding PET-(T staging
staging (AJCC6)
pl pN pM  Primary tumor Locoregional LN Distant Metastasis T N
WVearly — RI(%)  SWealy  RI(H)  SWVealy  RI[¥)

1 M3 20 0 24 By 23 47 Absent NA X 1 0
2 M3 20 0 43 2 08 08 Absent NA X 0 0
3 U3 o0 Ul 168 13 85 13 X 1
4 13 E I BN R I 56 16 S50 38X 0 1
5 U3 o0 0 63 69 13 38 Absent NA X 1 0
b U3 o1 0 100 ¥ 12 03 Absent NA X 1 0
1 U3 &1 0 103 03 06 ar 1t
§ M3 £ I O R 34 Absent NA 39 23 X 0 1
9 U3 0 0 39 120§ 676 Absent NA O
10 M3 £ Al Be 1l M 1S 13 LS B F!
1 UB I 91 93 33 819 Absent NA ¥ 1 0
12 U3 o1 0 126 38 33 B3 18 X 1 b
13 M3 20 0 149 02 14 11 Absent NA X 0 0
14 UB o0 0 82 06 26 155 Absent NA X 0 0
15 U3 o0 0 34 3513 82 Absent NA X 1 0
16 U3 &1 0 I 04 10 304 Absent NA O
17 M3 10 0 18 01 =01 Absent NA 0 0 0
18 M3 0 0 43 By 1 168 Absent NA X 0 0
19 j3 o1 0 134 184 09 260 Absent NA O |
0 M3 30 0 84 190 2 44 Absent NA X 0 0
2 M3 0 0 3l 7l 11 Absent NA X 0 0
2 M3 o0 0 11 46 14 150 16 20 X 1 b
Jii M3 30 0 90 % 08 145 Absent NA X 0 0
U U3 £ 0 83 09 -125 Absent NA X 0 0
2 13 30 9 366 Absent NA 17 67 X 0 b
2 U3 31 0 96 LY 41 Absent NA X 1 0

NA: not applicable, X; representing positive for malignancy but difficult to denote T stage,
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Appendix:

2.1 Patient Population

Twenty-six patients (all men; age range, 42 - 72 years old;
mean age, 60.4 years)who underwent preoperative FDG
PET-CT scan and subsequent surgical resection of esophageal
cancer between October 2009 and April 2010 in China Medical
University Hospital were retrospectively included in this study.
All patients histologically proved to have squamous cell
carcinoma and had received esophageal resection and regional
lymph nodes dissection. Surgical pathology results were used to
provide the final diagnosis with which the FDG PET-CT results
were compared, including those with distant metastases. The
visual interpretation of the FDG PET-CT and surgical pathology
stage was classified according to the sixth edition of the AJCC
Cancer Staging System. This study was approved by the Ethics
Committee of the China Medical University Hospital

(DMR-99-IRB-010).
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2.2 FDG PET-CT Imaging protocol, Interpretation and

Calculation of Related Parameters

All patients were asked to fast for at least 4 hours before FDG
PET-CT imaging. Imaging was performed with a PET-CT
scanner (Discovery STE, GE Medical Systems, Milwaukee, WI,
USA). Whole - body FDG PET-CT images were acquired
approximately 45 minutes after intravenous injection of 370
MBq (10 mCi) of FDG. Delayed FDG PET-CT images were
obtained approximately 70 minutes after FDG injection. PET
emission images were acquired after CT scans at 2 minutes per
field of view (FOV) in the 3 - dimensional acquisition mode.
The CT images were reconstructed onto a 512x512 matrix with
a section thickness of 3.75 mm, then reconstructed onto a
128x128 matrix, and converted into 11-keV-equivalent
attenuation factors for attenuation correction of the
corresponding PET emission images. The suspected tumoral
FDG uptake was defined as focally increased radioactivity,
greater than those in the surrounding background or blood pool,

in the esophagus, lymph node or other recognizable
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morphological lesional sites on the CT component of FDG
PET-CT by visual interpretation. A semiquantitative parameter,
standardized uptake value (SUV), was defined as “tracer activity
in the tumor per unit mass divided by amount of injected
radioactivity per unit body mass”, and calculated from each
region of interest with increased FDG radioactivity in the
suspected tumoral region. The maximum standardized uptake
value (SUVmax) of esophageal cancer and metastasis on early
and delayed FDG PET-CT images were measured. The retention
index (RI) based on the measured SUVmax was calculated as
100% x (delayed SUVmax — early SUVmax) + early SUVmax.
Early and delayed PET images were reviewed on the computer
monitor in the trans-axial, coronal, and sagittal planes along
with maximum-intensity-projection images. Two experienced
nuclear medicine physicians in dependently evaluated FDG
uptake both visually and semiquantitatively. The evaluating
physicians were unaware of the clinical history and the PET
images were compared with the corresponding CT images for

accurate anatomic identification of the tumor. Any difference of
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opinion was resolved by consensus.

2.3 Statistical analysis

We used 4 diagnostic criteria to evaluate the sensitivity,
specificity and accuracy of dual-time FDG PET-CT in
differentiating malignancy from a benign lesion among the
primary tumor, loco-regional lymph nodes, and distant
metastases. The 4 criteria included (1) early SUVmax= 2.5
alone, (2) RI = 10% alone, (3) combination of early SUVmax
= 2.5and RI = 10%, and (4) combination of early SUVmax
= 2.50rRI = 10%. Fisher’s exact test was applied to
compare each difference in the sensitivity, specificity and

accuracy. SPSS software was used for the analysis. A p-value of

less than 0.05 was considered statistically significant.
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Chapter 3

Results

‘F_&
ﬂii
:ﬁ“ *

s 2k i» > % SUVmax> 2.5 & -%]‘ RI > 10% =
- AR ERELNNTEATEBEFCiEwE ) HEFRAR

THRBF96.2% m F AP F R &S (p<0.05) (=)o

G B I T B etz F SUVmax>2.5 4+ RI >10%
ERATRE e ESR AT T0% 22 pEirry 0.1181 2
WEREEEIREESUEER S G RREF RBEE
Fp T e ipl> T NRRE CPFERZ Bmpingid
AP E PR E (F2) -

Bt B i A R > SUVmax> 2.5 RHEF F 4
FRIZI0% ERscRZFER AR ;A W EG5R 16.T%
AR RPIE_100% 357 2P 238 R & (D<0.05) ° 33

BRI & 9T S URIE L 3R 4 2 76, 9-80. 8% & i i F

RPFIRE (Fe )

22



(%)

Table 2
Sensitivity of different diagnostic criteria in the detection of primary tumor.

Diagnostic criteria Sensitivity (%)
SUVearly=z2.5 88.5
RI= 10% 57.7
SUVearly=2.5and RI=Z 10% 50.0
SUVearly=z250rRI=10% 96.2%

3 Stastitically significantly higher than the other 3 criteria.

(%2)

Tahle 3

Sensitivity, specificity and accuracy of different diagnostic criteria in the detection
of loco-regional lymph node metastasis.

Diagnostic criteria Sensitivity (%)  Specificity (%)  Accuracy (%)
SUVearlyz25 30.0 93.8 69.2
RI= 10% G0.0 56.3 57.7
SUVearlyz25and RIZ10%  20.0 93.8 G654
SUVearlyz2.50rRI = 10% 70.0 56.3 G1.5
(2m2)
Table 4

Sensitivity, specificity and accuracy of different diagnostic criteria in the detection
of distant metastasis.

Diagnostic criteria Sensitivity (%)  Specificity (%)  Accuracy (%)
SUV early = 2.5 16.7 100.0°7 80.8
RIz10% 50.0 85.0 769
SUV early 225 and RI = 10% 16.7 100.0° 80.8
SUV early = 2.5 or R1= 10% 50.0 85.0 769

3 Stastitically significantly higher than the other 2 criteria.
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Appendix:
Results

3.1 Primary tumor

The sensitivity of FDG PET-CT in detecting the primary tumor
site with combination of early SUVmax= 2.50orRI = 10 %
was 96.2%. It was statistically significantly higher than the other
3 criteria. The p value of Fisher’s exact test was <0.0001 and it

was statistically significant (Table 2).

3.2 Regional lymph nodes

The sensitivity of early SUVmax= 2.5 alone was 30.0%, but it
increased to 70% when combination of early SUVmax= 2.5 or
RI = 10% was used. However, the p value was only 0.1181
and hence not significant. For the specificity, the result was
reversed. When using early SUVmax = 2.5 alone, it was 93.8%
but it decreased dramatically to 56.3% when combination of
early SUVmax= 2.5 orRI = 10% was used. Similarly, the p
value was not significant (p = 0.0756) (Table 3). With regard to

accuracy, there was no significant correlation among the four
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diagnostic criteria. (p>0.05 ).

3.3 Distant Metastasis

When using combination of early SUVmax= 2.5 and Rl =
10%, the sensitivity and specificity were 16.7% and 100%,
respectively. The same result was found when early SUVmax =
2.5 was used alone. However, when RI = 10% was used alone,
the sensitivity increased dramatically to 50% but the specificity
dropped to 85%. Furthermore, a similar poor result was found
when combination of early SUVmax or RI = 10%, was used
(Table 4). A significantly higher specificity was found when
using combination of early SUVmax= 2.5 and Rl = 10% or
using early SUVmax alone than using the other 2 parameters (p
= 0.0058 by using Fisher’s exact test). The sensitivity, however,
was somewhat different (p = 0.4906). For the accuracies, the

detection rate was between 76.9% and 80.8%, which did not

reach statistical significance (p > 0.05).
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Appendix:

FDG PET-CT 1s widely used with cancer patients. Its role
as a non —invasive imaging modality has been widely
investigated but the exact SUVmax cutoff value for esophageal
cancer remains controversial. To accurately distinguish
malignant from benign lesion is challenging because FDG is
taken up not only by tumor cells but by inflammatory cells as
well.

Although the potential of dual-time FDG PET in
evaluating various cancers has been reported, the diagnostic
value of this technique for esophageal cancer has not been fully
investigated. To our knowledge, only one report has
demonstrated the potential of dual-time FDG PET in evaluating
the loco-regional lymph nodes in esophageal cancer.
Furthermore, there have been few reports on the sensitivity,
specificity and accuracy of dual-time FDG PET-CT in
evaluation of primary tumor and distant metastasis.

In our study, we assessed whether dual-time FDG
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PET-CT would have more value than conventional FDG
PET-CT imaging in differentiating between malignant and
benign esophageal lesions. An arbitrary cutoff as SUVmax of
2.5 has been used in various malignancies, most in lung cancers.
Nevertheless, the frequent effective discriminability with this
arbitrary value among those previous studies results infrequent
citations in newly conducted studies for various tumors,
especially in the initial applications. Therefore, the current
preliminary study assumed that a SUVmax of2.5 might be a
potential useful cutoff for differentiation of esophageal cancer in
addition to the visual interpretation. Various studies have shown
that the FDG uptake in inflammatory lesions normally reached a
peak at approximately 60minutes after injection. However, in
some malignant lesions the uptake continuously

increased for 120 - 180 minutes. In order to increase the
detection rate, we proposed using the percentage of change in
the lesion between early SUVmax and delayed SUVmax as an
alternative in the diagnosis of esophageal cancer (RI > 10%).

We also hypothesized that the sensitivity, specificity and
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accuracy would increase if the SUVmax and retention index
were used simultaneously. Statistically, when using early
SUVmax = 2.5 alone as the diagnostic criterion, the sensitivity
for the primary tumor was approximately 88.5%,which is
consistent with the finding of other recently published reports.
When combination of early SUVmax= 2.5 or RI = 10% was
used as the diagnostic criteria for imaging reading, the
sensitivity reached 96.2% and that was significantly higher than
with the other three criteria. Therefore, we conclude that
combination of early SUVmax= 2.5or RI = 10% is a reliable
tool in detecting the primary site of esophageal carcinoma.

For loco-regional lymph node involvement, many studies
reported that sensitivity varied, ranging from 22% and 72%. In a
retrospective study, Hsu et al. reported sensitivities and
specificities rates for regional lymph node involvement of,
57.1% and 83.3%, respectively. In comparison, our data
demonstrate that the combination of early SUVmax= 2.5 or RI

= 10% produced an sensitivity of 70% and specificity of

56.3%. When compared with the usual FDG PET results, these
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results were unsatisfactory. This could be related to the
relatively low glucose utilization of the small lymph node or a
limited microscopic spread. Tracer uptake in physiologic
structures at the thoracic cage, motion or high FDG uptake in
the adjacent primary tumor can lead to an underestimate of the
FDG uptake of the regional lymph nodes. Furthermore, the size
and morphology of the lymph nodes, a complicated lymphatic
drainage network, an uneven margin between the tumor and the
nodal extension, inadequate surgery and failure to detect
peri-tumoral nodes during resection may also influence the final
histology finding. The number of lymph nodes examined must
also be taken into account when assessing the results. In
conclusion, we believe that the ability of dual-time FDG
PET-CT to detect loco-regional lymph node metastasis using
different diagnostic criteria remains to be demonstrated.

In our study, high specificities were achieved in the
detection of distant metastasis of esophageal carcinoma using
dual-time FDG PET-CT, in a range from85% to 100%. Our

results are in agreement with those of several FDG PET studies.
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In contrast, the low sensitivities of early SUVmax = 2.5 alone
as the single diagnostic criteria in recognizing metastatic lesions
might be due to variable volumes of the metastatic lesions.
When RI is applied, significantly improvement was noted.
Therefore, based on our study, we recommend combination
early SUVmax= 2.5 and/or RI = 10% in order to increase
the accuracy. One limitation of this study was the small number
of cases. This may have affected the statistical calculations.
Therefore, studies with a larger number of patients should be
conducted to determine the appropriate cutoff values of
SUVmax and RI for esophageal cancer. Besides, short interval
of follow up may also cause some false negative results.
However, on the basis of the data reported, to some extent, the
dual-time point FDG PET-CT has more value than standard PET
imaging for detecting esophageal cancer. Therefore, we
recommend that FDG PET-CT be considered in routine
examination prior to the treatment of esophageal cancer in

orderto guide optimal clinical management for possible distal

metastases to avoid unnecessary operation.
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Appendix:

The preliminary result of this study demonstrated that
dual-time point FDGPET-CT had limited value in detection of
primary tumor and loco-regional lymph node metastasis. For the
distant metastasis, the sensitivity and specificity would be
improved if RI = 10% was used as a supplement criterion.
Efforts should be made to improve the ability of the dual-time

FDG PET-CT technique to assess primary tumor and

loco-regional lymph nodes metastasis.
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