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Measuring distance from the incisors et

to the esophageal cancer by FDG PET/CT:
endoscopy as the reference
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Abstract

Background: Using endoscopy as the reference, this study evaluated the accuracy of 18F-fluorodeoxyglucose posi-
tron emission tomography/computed tomography (FDG PET/CT) in measuring distance from the incisors to the PET
detectable esophageal cancer. If there is high concordance between endoscopic and PET measurements, our results
may provide a basis to use FDG PET/CT in cooperation with endoscopic measurement to localize those PET/CT and
CT undetectable esophageal tumors for radiotherapy planning.

Materials: Esophageal cancer patients with pretreatment endoscopy and FDG PET/CT detectable esophageal
tumors were recruited retrospectively. The distances from the incisors to the proximal esophageal tumor margins
were determined by endoscopy and by the sagittal images of FDG PET/CT. The endoscopic measurement was used
as the comparative reference. A nuclear medicine doctor and a radiation oncologist each performed the FDG PET/CT
measurement twice for every patient. We analyzed the differences in these measurements, and assessed agreement
and reproducibility of the results by the intraclass correlation coefficient (ICC).

Results: Thirty-four patients, with 35 esophageal tumors, were included. By endoscopy and FDG PET/CT, the mean
distances from the incisors to the proximal esophageal tumor margin were 27.3 +6.4 cm (range 17.1-40.0 cm) and
26.8+6.3 cm (range 15.7-41.3 cm), respectively. The mean absolute differences between the endoscopic and four
FDG PET/CT measurements ranged from 1.129 to 1.289 cm (SD: 0.98-1.19). The measurement agreement between
FDG PET/CT and endoscopy by ICC was between 0.962 and 0.971. The intra- and interobserver reproducibilities of the
two readers were excellent (intraobserver ICC: 0.985, 0.996; interobserver ICC: 0.976-0.984).

Conclusions: FDG PET/CT was in high agreement with endoscopy in measuring the distance from the incisors to the
proximal esophageal tumor margin. For FDG PET/CT and CT undetectable esophageal cancer, incorporation of the
endoscopic measurement with PET/CT might be a way for making radiotherapy plan.
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Background
Esophageal cancer ranks as the seventh most common
cancer worldwide [1]. Radiotherapy plays an important
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through a more accurate localization of the malignant
tumor to improve locoregional disease control and
reduce radiation-induced complications [2]. However,
early-stage esophageal cancer with small volume may not
be detected by FDG PET or CT owing to the limitation
of spatial resolution, and it will be difficult to accurately
delineate the esophageal tumor on the PET or CT images
for radiotherapy planning. In such cases, endoscopic
findings would be the only basis for tumor delineation in
radiation treatment.

The distance from the incisors to the esophageal tumor
margin was recommended to be measured routinely
during endoscopy [3]. By mimicking the pathway of the
endoscope on the FDG PET/CT sagittal images, the dis-
tance from the incisors to an FDG PET/CT visible esoph-
ageal cancer margin or an esophageal site is possible to be
measured. If the endoscopy and PET/CT measurements
in PET visible esophageal tumor are highly concordant,
it might be able to use the endoscopic information to
locate a PET/CT undetectable esophageal tumor on the
PET/CT sagittal images for radiotherapy planning. How-
ever, given the endoscopic measurement as the reference,
the accuracy of FDG PET/CT measurement remains
unknown.

Therefore, we enrolled patients with pretreatment
endoscopy and FDG PET/CT visible esophageal cancer.
We analyzed the concordance between endoscopy and
PET/CT in measuring the distance from the incisors to
the proximal esophageal tumor margin.

Methods

Patients

We retrospectively reviewed the medical records of all
patients who had histopathologically confirmed esopha-
geal cancer and received radiotherapy between January
2015 and September 2020. Patients with pretreatment
endoscopy and FDG PET/CT visible esophageal cancer
were included in the current study, but those with prior
esophageal operation were excluded. The institutional
review board of the National Cheng Kung University
Hospital approved this retrospective study with a waiver
of informed consent.

Endoscopy

The patients underwent endoscopy examination in left
lateral decubitus position by experienced endoscopists
with a conventional endoscope (GIF-H290, Olympus
Corp., Tokyo, Japan) before any treatment for esophageal
cancer. The distances from the incisors to the proximal
and distal esophageal tumor margins were recorded rou-
tinely in our hospital, but only the distances of the proxi-
mal tumor margins were measured in those endoscope
non-traversable tumors.
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FDG PET/CT imaging

For FDG PET/CT imaging, all patients ingested noth-
ing but water for about 6 h. The serum glucose level
was checked before the injection of the radiotracer to
ensure a level under 200 mg/dl. One hour after intrave-
nous injection of 370 MBq (10 mCi) of FDG, images were
acquired by a PET/CT scanner (Biograph mCT flow,
Siemens, Germany) as patients were in supine position.
A non-contrast-enhanced low-dose CT (120 kVp, CARE
Dose, pitch 0.8; reconstructed with a soft tissue kernel,
slice thickness 3 mm (for CT images) or 5 mm (for atten-
uation correction CT), increment 2 mm) was performed
first. Subsequently, PET was started in 3-dimmensional
mode (matrix 200 x 200, flow motion: 0.7 cm/min (head
and neck), 1.2 cm/min (trunk), 2.1 cm/min (legs)). The
emission data were corrected for randoms, scatter, and
decay, then were reconstructed with an ordered-subset
expectation maximization algorithm (2 iterations/21 sub-
sets, with application of point spread function, time-of-
flight, and gaussian filtering to a transaxial resolution of
5 mm at full-width at half-maximum). Attenuation cor-
rection was performed by using CT data.

FDG PET/CT analysis

A commercial software (Syngo.via; Siemens Medical Solu-
tions) was used for interpretation and analysis. The attenu-
ation-corrected FDG PET, CT, and PET/CT fusion images
in the transaxial, coronal, and sagittal planes as well as max-
imum intensity projection (MIP) images were displayed.
The lower and upper standardized uptake value (SUV)
window thresholds of PET images, displayed on a linear
grey scale, were set at 0 and 5, respectively. CT images were
displayed on soft tissue window. For the PET/CT fusion
images, PET images were set in hot-body color scale. The
cine MIP was reviewed first to find the esophageal tumor.
The most proximal part of the esophageal tumor was iden-
tified by reviewing the MIP, transaxial, coronal, and sagittal
images, and then a maker was put there on the fused sagit-
tal PET/CT image (Additional file 1: Fig. S1). By mimicking
the pathway of the endoscope, a polyline was drawn from
the patient’s incisor along the oral cavity, inferior margin
of the palate, pharynx, and esophagus to the marker on the
fused sagittal PET/CT image, and the length of the line was
recorded (Fig. 1). Two physicians, including one nuclear
medicine doctor (N.T.C., with 15 years of experience in
PET/CT reading) and one radiation oncologist (F.C.L.),
blinded to the clinical data of the patients except existence
of esophageal cancer made the measurements indepen-
dently. For each patient, the measurements were performed
for two times by each physician with an interval of at least
1 month. The maximal SUV (SUVmax) and mean SUV
(SUVmean) of the esophageal tumor were assessed by the
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Fig. 1 By mimicking the pathway of the endoscope, a polyline
(green) was drawn from the patient’s incisor along the oral cavity,
inferior margin of the palate, pharynx, and esophagus to the proximal
esophageal tumor margin on the fused sagittal PET/CT image

nuclear medicine doctor (N.T.C.). A threshold of 40% of the
SUVmax within the esophageal tumor was used to deline-
ate the tumor contours for determination of SUVmean.
Before the above measurements, the two doctors prac-
ticed the measurement procedures with three pre-treat-
ment esophageal cancer patients’ FDG PET/CT which
were performed after October 2020. The readers knew the
results of endoscopic measurements and underwent the
measurements according to the above procedures.

Statistical analysis

Descriptive statistics were used to summarize the patient
characteristics and differences in the measurements. Data
normality was examined by Shapiro—Wilk test. The intra-
and inter-observer reproducibility were assessed by the
intraclass correlation coefficient (ICC) with a model of
absolute agreement and interpreted according to Ko and
Li (<0.5, poor reproducibility; 0.50-0.75, fair reproduc-
ibility; 0.75-0.90, good reproducibility; 0.90-1, excellent
reproducibility) [4]. ICC and Bland—Altman plot were
utilized to examine the agreement between FDG PET/CT
and endoscopic measurements. All statistical analyses were
performed with SPSS Statistics software (version 17, IBM,
NY, USA) and SAS (version 9.4, SAS Institute Inc, NC,
USA), and a two-tailed P value of<0.05 was considered
significant.

Results

Patient characteristics, endoscopic measurements,

and FDG PET/CT results

A total of 34 consecutive patients, with 35 esopha-
geal tumors, met our selection criteria. There were 33
men and one woman (age range, 40-76 years; mean
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Table 1 Summary of patient characteristics (n=34), results of
FDG PET/CT, and endoscopic measurements

Variable Value
Age (years)? 574 (8.0;40-76)
Gender
Male 33
Female 1
T category
1 2
2 3
3 28
4 1
N category
1 8
2 10
3 16

Mean distance from incisors to proximal tumor
margin by endoscopy (cm)?

Mean distance from incisors to proximal tumor

27.3(6.4;17.1-40.0)

26.8(6.3;15.7-41.3)

margin by FDG PET/CT (cm)?
Mean SUVmax®
Mean SUVmean?®

17.7 (11.2;3.52-68.93)
106 (6.7; 2.07-40.5)

SUVmax maximal SUV of esophageal tumor, SUVmean mean SUV of esophageal
tumor

@ Numbers in parentheses are standard deviation and ranges

age*standard deviation, 57.448.0 years). The cases
were all squamous cell carcinoma except for one case of
spindle cell carcinoma. Thirty-two patients underwent
concurrent chemoradiotherapy, one patient received
concurrent chemoradiotherapy with subsequent opera-
tion, and one patient had radiotherapy alone. There
was no significant deviation or tortuosity of uninvolved
esophagus proximal to the tumor in our patients.

The interval between FDG PET/CT and endoscopy
was 14.2+7.9 days (range 2—35 days). The mean distance
from the incisors to the proximal esophageal tumor mar-
gin was 27.3£6.4 cm (range 17.1-40.0 cm) by endos-
copy and was 26.8+£6.3 cm (range 15.7-41.3 cm) by
FDG PET/CT. The mean SUVmax was 17.7 £ 11.2 (range
3.52-68.93), and the mean SUVmean was 10.6+6.7
(range 2.07—40.5). Table 1 shows the summary of patient
characteristics, endoscopic measurements, and FDG
PET/CT results.

Agreement between endoscopic and FDG PET/CT
measurements

The mean absolute differences between the endoscopic
and four FDG PET/CT measurements ranged from
1.129 to 1.289 cm (SD: 0.98-1.19, Table 2). ICC showed
comparable measurement between FDG PET/CT and
endoscopic measurements (ICC: 0.962-0.971, Table 2).
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Table 2 Reproducibility of FDG-PET measurements and
agreement between endoscopic and FDG PET/CT measurements

Comparison group Mean absolute difference ICC

Reader A exam1 versus endoscopy® 1.277 cm (1.16; 0.00-5.00) 0.965
Reader A exam?2 versus endoscopy®  1.289 cm (1.19; 0.00-4.90) 0.962
Reader B exam1 versus endoscopy?®  1.174 cm (0.98; 0.00-4.70) 0.971
Reader B exam?2 versus endoscopy®  1.129 cm (1.06; 0.00-4.10) 0.970
Reader A exam1 versus Reader A 0.663 cm (0.90; 0.00-4.60) 0.985
exam2®
Reader B exam1 versus Reader B 0.497 cm (0.30; 0.00-1.00) 0.996
exam2®
Reader A exam1 versus Reader B 0.897 cm (0.72; 0.00-2.70) 0.984
exam1®
Reader A exam?2 versus Reader B 0.954 cm (0.97; 0.00-4.90) 0.976
exam2°
Reader A exam1 versus Reader B 0.994 cm (0.80; 0.00-3.30) 0.980
exam2°
Reader A exam? versus Reader B 0.834 cm (0.77; 0.10-4.60) 0.983

exam1°®

Reader A radiation oncologist, Reader B nuclear medicine doctor, ICC intraclass
correlation coefficient

2 Numbers in parentheses are standard deviation and ranges

Bland—Altman plot analysis indicated that the 95% lim-
its of localization difference (FDG PET/CT measure-
ment minus endoscopic measurement) between the
endoscopic and the two repeated FDG PET/CT meas-
urements by each reader were—3.633 to 3.102 cm
and —3.699 to 3.133 cm for reader A (radiation oncolo-
gist), and —3.380 to 2.174 cm and —3.427 to 2.039 cm
for reader B (nuclear medicine doctor) (Fig. 2). Table 3
showed the probabilities of measurement differences
within 1 cm, 2 cm, and 3 cm between the endoscopic and
FDG PET/CT measurements.

Reproducibility of FDG-PET measurements

Analysis of the intra- and inter-observer reproduc-
ibility of the two readers showed excellent reproduc-
ibility (intraobserver: ICC: 0.985, 0.996; interobserver:
ICC: 0.976-0.984; Table 2). The mean absolute differ-
ences between the measurements ranged from 0.497 to
0.994 cm (intraobserver: 0.497 cm, 0.663 cm; interob-
server: 0.834—0.994 cm; Table 2).

Discussion

CT simulation and conformal treatment planning are
currently recommended in radiotherapy for esopha-
geal cancer [5]. FDG PET/CT has been regarded valu-
able to provide information for better delineation of the
treatment targets [2]. However, if the esophageal tumor
is not visible on FDG PET/CT or CT, it can be diffi-
cult to determine the radiotherapy field. There exists an
unmet medical need for delineation of FDG PET/CT
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or CT undetectable esophageal tumors in radiotherapy
planning.

This study, which included the patients with esophageal
cancer detectable on FDG PET/CT, showed that the dis-
tance from the incisors to the proximal esophageal tumor
margin assessed by FDG PET/CT was highly concordant
with the endoscopic measurement. The intra- and inter-
observer (nuclear medicine doctor, radiation oncolo-
gist) agreement was excellent. Applying these results
in esophageal cancer not detectable on FDG PET/CT,
we can localize the gross tumor volume on FDG PET/
CT image by using endoscopic measurement. Accord-
ingly, the clinical and planning target volumes could be
sequentially created by adding margins from gross tumor
volume and used in radiotherapy [5]. But on the opposite
side, discrepancy between endoscopy and FDG PET/CT
measurements would exist in cases with deviated or tor-
tuous esophagus. In the present cohort, none of patients
had significant esophageal deviation or tortuosity. Fur-
ther studies are warranted. In addition, discrepancy
also possibly derived in part from the different postures
between the two examinations. The potential difference
between the two measurements should be taken into
consideration in the delineation of gross tumor volume.

Accurate definition of the primary esophageal cancer
is very important for a successful radiotherapy plan-
ning. CT planning is currently the standard method
for tumor volume delineation in radiotherapy, but lon-
gitudinal boundaries of esophageal tumor may not be
clear due to poor soft tissue contrast, and small tumors
(T1 or T2) are often not observable on CT [6]. Endos-
copy provides precise evaluation of longitudinal tumor
boundaries and the distance from incisors to tumor
margin was suggested to be measured routinely [3].
The endoscopic measurement has been used to cor-
relate with anatomical landmark on CT images for a
better tumor volume delineation. The carina, which
frequently located at 25 cm from the incisor teeth, is
a commonly adopted anatomical landmark [7]. How-
ever, a study showed considerable variability of the
carina-incisor distance (CID, mean CID: 25.7 cm, range
20.5-29 cm, SD+1.99), and the macroscopic disease
would not be properly covered by radiation therapy in
18% of patients if the location of the carina was set at
25 cm from the incisor teeth [8]. To define esophageal
tumor margins more accurately, several methods were
proposed, including placement of fiducial markers at
the esophageal tumor margins [9, 10], or injection of
contrast solution into the tumor [11] during endoscopy.
Invasiveness, time-consuming, possible migration of
fiducial markers, tissue deformation [10, 12], and dis-
sipation of contrast solution [13] are the disadvantages
of the above methods, making them not feasible for
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Table 3 Possibilities of measurement differences within 1 cm, 2 cm, and 3 cm between endoscopic and FDG PET/CT measurements

Comparison group

% within 1 cm (95% Cl)

% within 2 cm (95% Cl)

% within 3 cm (95% Cl)

Reader A exam1 versus endoscopy
Reader A exam?2 versus endoscopy
Reader B exam1 versus endoscopy
Reader B exam2 versus endoscopy

1%

62.9% (46.9-78.9%
1% (40.8-73.5%

(40.8-73.5%
54.3% (37.8-70.8%

77.1% (63.2-91.1%
77.1% (63.2-91.1%
82.9% (70.4-95.3%

(

)
)
)
80.0% (66.8-93.3%)

88.6% (78.0-99.1%)
88.6% (78.0-99.1%)
94.3% (86.6-100.0%)

91.4% (82.1-100.0%)

Reader A radiation oncologist, Reader B nuclear medicine doctor, Cl confidence interval

clinical practice [12, 13]. Using endoscopic ultrasound
to record the superior extent of the aortic arch as a ref-
erence point and incorporate this information into the
CT planning was reported to improve tumor localiza-
tion [14], but this is not a recommended routine proce-
dure, and besides, the different patient positions during
endoscopy and radiotherapy may alter the location of

mediastinal structures [13].

For initial workup of newly diagnosed esophageal can-
cer, the NCCN Clinical Practice Guidelines in Oncol-
ogy recommend the use of FDG PET/CT if no evidence
of M1 disease [5]. Studies supported the application of
FDG PET for better determination of gross tumor vol-
ume. Good correlation was found in the measurement of
esophageal tumor length between FDG PET and surgical
pathology results [15, 16], while CT scan overestimated
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tumor length and may lead to inappropriate radio-
therapy planning [17]. Because FDG PET can provide
precise localization of esophageal tumor, improvement
in radiotherapy planning was demonstrated [18-20].
Nevertheless, FDG PET might not detect small esopha-
geal cancers. Among T1 tumors, the detection rates of
43% [21], 55% [22], 71% [23], and 83% [24] have been
reported. This problem may become more common when
routine endoscopy screening is recommended in patients
with head and neck cancer to detect the synchronous or
metachronous esophageal cancer. Routine esophageal
screening in head and neck cancer patients showed that
the prevalence of second primary esophageal cancer was
4.5% and about 41% of these patients had an early T stage
tumor [25]. Our study revealed that the distance from
incisors to esophageal tumor margin measured by FDG
PET/CT correlated well with the endoscopic measure-
ment. Therefore, translation of the endoscopic informa-
tion into those FDG PET/CT invisible esophageal tumor
for radiotherapy planning is feasible.

The study has several limitations. First, we adopted a
fixed SUV window thresholds for PET images reading
to reduce observer variability. The upper SUV window
threshold was set at 5 because it was about double the
SUVmean value of the liver, which was suggested for PET
reading [26], in our PET/CT scanner. According to our
experience, pathologic and physiological FDG uptake
can be reasonably illustrated by this setting. However,
alteration of SUV window thresholds may render differ-
ent FDG PET measurement results, and other PET/CT
scanner may have dissimilar optimal SUV window set-
ting. Second, almost all of the esophageal cancers in this
study were squamous cell carcinoma and there was no
adenocarcinoma. Thus, the results of the current study
may not be generalizable to esophageal adenocarcinoma
and more studies are warranted. Third, this is a retro-
spective study. A prospective study to enroll esophageal
cancer patients who have non-visible tumor on pretreat-
ment FDG PET/CT and undergo additional endoscopy
to place fiducial markers at the esophageal tumor mar-
gins is needed to verify the performance of FDG PET/
CT measurement. Fourth, the results were from a single
center with limited numbers of patients. Different PET/
CT scanners and software may have different correlation
with endoscopic measurement. A multicenter study with
more patients to confirm the current results is necessary.

Conclusions

Our study indicates that determination of the dis-
tance from the incisors to the esophageal tumor mar-
gin by FDG PET/CT is comparable with endoscopic
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measurement and has excellent reproducibility. Our
results can be used as a reference to make radiotherapy
planning based on the endoscopic measurement and
FDG PET/CT in esophageal cancer patients with PET/
CT undetectable tumors.
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