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18F-2-Deoxy-2-Fluoro-D-Glucose Positron Emission

Tomography: Computed Tomography for Preoperative
Staging in Gastric Cancer Patients

Seok Hwa Youn, Kyung Won Seo, Sang Ho Lee, Yeon Myung Shin, and Ki Young Yoon
Department of Surgery, Kosin University College of Medicine, Busan, Korea

Purpose: The use of 18F-2-deoxy-2-fluoro-D-glucose positron emission tomography-computed tomography as a routine preoperative
modality is increasing for gastric cancer despite controversy with its usefulness in preoperative staging. In this study we aimed to deter-
mine the usefulness of preoperative positron emission tomography-computed tomography scans for staging of gastric cancer.

Materials and Methods: We retrospectively analyzed 396 patients’ positron emission tomography-computed tomography scans acquired
for preoperative staging from January to December 2009.

Results: The sensitivity of positron emission tomography-computed tomography for detecting early gastric cancer was 20.7% and it was
74.2% for advanced gastric cancer. The size of the primary tumor was correlated with sensitivity, and there was a positive correlation
between T stage and sensitivity. For regional lymph node metastasis, the sensitivity and specificity of the positron emission tomography-
computed tomography were 30.7% and 94.7%, respectively. There was no correlation between T stage and maximum standardized
uptake value or between tumor markers and maximum standardized uptake value. Fluorodeoxyglucose uptake was detected by positron
emission tomography-computed tomography in 24 lesions other than the primary tumors. Among them, nine cases were found to be
malignant, including double primary cancers and metastatic cancers. Only two cases were detected purely by positron emission tomog-
raphy-computed tomography.

Conclusions: Positron emission tomography-computed tomography could be useful in detecting metastasis or another primary cancer
for preoperative staging in gastric cancer patients, but not for T or N staging. More prospective studies are needed to determine whether
positron emission tomography-computed tomography scans should be considered a routine preoperative imaging modality.
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Introduction

Currently, the main processes for treating gastric cancer in—
clude surgery, chemotherapy, and radiotherapy.(1,2) Among those
treatments, surgery is considered the only curative treatment.(3,4)

Surgery requires radical resection with appropriate lymph node
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resection, and some patients require neoadjuvant chemotherapy.
(4,5) Therefore, it is very important that each patient is accurately
staged preoperatively to ensure the appropriate treatment program
and surgical extent is selected. Computed tomography (CT) and
endoscopic ultrasonography are considered the standard imaging
modalities in gastric cancer.(6-9) However, endoscopic ultraso—
nography cannot be used to evaluate the lymph nodes except the
perigastric nodes, although it can be used to detect T stage and
perigastric lymph nodes.(10) CT scans have sensitivity issues in the
detection of small metastatic lymph nodes, and specificity issues
in the detection of lymph nodes enlarged due to inflammation.(5)
Additionally, a previous study found that 23% of cases that had no

© This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons org/
licenses/by-nc/3.0) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

Copyrights © 2012 by The Korean Gastric Cancer Association

www.jgc-online.org



180

Youn SH, et al,

distant metastases on preoperative clinical and imaging studies did
in fact show distal metastases during surgery.(11) Therefore other
alternative, non—invasive modalities are needed in addition to the
established standard imaging modalities to facilitate accurate pre—
operative staging. The use of 18F-2-deoxy—2-fluoro—d-glucose
positron emission tomography—computed tomography (PET-CT)
as a routine preoperative modality is increasing. Thus, we aimed to
determine the usefulness of preoperative PET-CT scans for staging

and predicting the prognosis of gastric cancer patients.

Materials and Methods

1. Patients

We retrospectively studied 396 patients who underwent PET-
CT scanning prior to gastrectomy to treat gastric cancer at Kosin
Medical College Department of Surgery from 1 January 2009 to 31
December 2009. Among these 396 patients (278 men, 118 women;
age range: 27 to 86; mean age: 59 years), 384 underwent radical
subtotal or total gastrectomies, 4 underwent open and closure (O&C)
and 8 cases had palliative surgery. One patient who had subtotal
gastrectomy and another patient who had palliative surgery had got
neoadjuvant therapy. Patients who had other treatment modalities
such as endoscopic mucosal resection and endoscopic submucosal
dissection would be enrolled in this study only after gastrectomies.
TNM staging was done based on specimen pathology determined
after surgery. TNM staging was based on the America Joint Com—
mittee on Cancer Staging Manual—Seventh Edition.

To determine the utility of PET-CT for gastric cancer staging,
we assessed the relationship between T stage and fluorodeoxyglu—
cose (FDG) uptake, the sensitivity and specificity for N staging, the
sensitivity for pathologic classification, and the relationships among
carcinoembryonic antigen (CEA), carbohydrate antigen 19-9
(CA19-9) and FDG uptake. We used SPSS for Windows (ver. 17.0,
SPSS Inc., Chicago, IL, USA) for statistical analysis of the data. We
also evaluated the clinical courses of the 24 patients in whom FDG
uptake in lesions other than the primary tumor was detected.

2. PET-CT techniques

All patients fasted for at least six hours and were confirmed to
have a serum glucose level less than 140 mg/dl before IV injection
of FDG. Scanning was performed 60 minutes after FDG adminis—
tration. Scans were acquired with a PET-CT system (CTI, Knox-
ville, TN, USA), which consisted of a full-ring positron emission
tomography (PET) scanner and a dual-detector—row spiral CT

scanner (Somatom Emotion Duo, Biograph, Erlangen, Germany).

The CT scan was done from the head to the pelvic floor according
to a standard protocol at 130 kVp and 30 mA with a tube rotation
time of 0.8 seconds per rotation, a pitch of 6, and a 5 mm section
thickness to match the PET section thickness. Immediately after
the non—enhanced CT scan, PET was performed in the identical
transverse field of view. PET data sets were obtained via interactive
reconstruction using an ordered subset expectation maximization
algorithm and by application of segmented attenuation correction
(two interactions, 28 subsets) to the CT data. Co-registered scans
were displayed with the software, which enabled image fusion and
analysis.

3. Image analysis

PET-CT scans were interpreted by one nuclear medicine phy-
sician, and he defined a positive primary lesion as an abnormally
higher FDG uptake compared to the uptake of the surrounding
tissues. Positive lymph node metastases were also defined as ab—
normal FDG uptake in a lymph node higher than normal tissues.
Positivity for double primary cancer or distant metastases were
defined as significantly higher FDG uptake in the detected lesions

compared to the uptake of the surrounding tissue.

Results

1. Patient clinicopathologic characteristics

According to the endoscopic findings, there were 237 (59.8%)
patients who had early gastric cancer and 159 (40.2%) who had
advanced gastric cancer. The endoscopic findings of the advanced
gastric cancers revealed 8, 88, 50 and 13 patients with Borrmann
type I, II, III and 1V, respectively. The primary lesion size was less
than 1 cm in 54 patients, between 1 cm and 3 cm in 163 patients,
and larger than 3 cm in 179 patients.

World Health Organization (WHO) and Lauren pathologic clas—
sifications were used in this study. The WHO system classifies
tumors into the following sub—classes: papillary adenocarcinoma,
well differentiated tubular adenocarcinoma (TA), moderately dif-
ferentiated TA, poorly differentiated TA, mucinous adenocarcinoma
and signet ring cell type. It also classifies tumors based on patho—
logic differentiation such as “differentiated adenocarcinoma” and

“undifferentiated adenocarcinoma” (Table 1).

2. Detection of primary tumors

Endoscopic findings indicated early gastric cancer in 237 of
the 396 patients and advanced gastric cancer in the remaining
159. PET-CT findings were positive in 49 of the 237 early gastric
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Table 1. Patient clinicopathologic findings

Variables Number of patients

(n=396)

Sex

Male 278
Female 118
Age (yr) 27~86
Mean age 59
Endoscopic findings

Early gastric cancer 237
Advanced gastric cancer 159
Size

<lcm 54
>1cm, <3 cm 163
>3cm 179
TNM stage (AJCC 7" edition)

IA 199
1B 150
ITA 30
IIB 32
II1A 19
I11B 19
IC 34
v 13
WHO classification

Papillary 3
Well differentiated 70
Moderate differentiated 126
Poorly differentiated 86
Signet ring cell carcinoma 92
Mucinous adenocarcinoma 9
Unknown 10
Lauren classification

Intestinal type 242
Diffuse type 104
Mixed type 33
Unknown 17
Operation

Subtotal gastrectomy 319
Total gastrectomy 65
O&C 4
Palliation 8

AJCC = American Joint Committee on Cancer; WHO = World Health
Organization; O&C = open and closure.
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Fig. 1. Correlation between SUVmax and T stage (R*=0.05). SUVmax
= maximum standardized uptake value.

cancer patients (20.7%) and in 118 of the advanced gastric cancer
patients (74.2%), indicating that PET-CT is more sensitive for
detecting advanced gastric cancer. We could not find considerable
differences between those results and results of T—staging accord—
ing to pathologic findings. Among the advanced gastric cancers,
the sensitivities of positive uptake on PET-CT were 75%, 73.9%,
76% and 69.2% for Borrmann type I, II, III and IV, respectively,
and P-value was 0967 (Table 2). We found that the sensitivity of
PET-CT for T staging was 11.9% for Tla (13/109), 27.5% for T1b
(30/109), 55.4% for T2 (31/56), 71.4% for T3 (35/49), 76.5% for T4a
(39/51) and 88.9% for T4b (16/18), suggesting that the sensitivity of
this modality increases with T stage and it had <0.001 of P-value
(Table 2). Sensitivities in terms of primary lesion size were 18.5%
for lesions less than 1 cm (10/54), 23.9% for those 1~3 cm (39/163)
and 65.9% for lesions larger than 3 cm (118/179) (Table 2). P-value
was <0.001. These finding indicate that the sensitivity of PET—
CT is influenced by the T stage and the size of the primary lesion.
Thus, we assessed the statistical relationship between the T stage
and maximum standardized uptake value (SUVmax) to define the
T stage. We found that as the T stage increased to T4b, SUVmax
also increased and the value of R* was 0.05 (Fig. 1). We determined
the relationship between the WHO pathologic classification and
uptake on PET-CT and found that 81 of 199 cases were the dif-
ferentiated type and 79 of 187 were the undifferentiated type (Table
2). In terms of the Lauren pathologic classification, the sensitivity
of PET-CT for detecting the intestinal type was 47.1% (114/242),
279% (29/103) for the diffuse type, 39.4% (13/33) for the mixed
type and 64.7% (11/17) for the unknown type, which included
O&C cases. The P-value was 0,002 (Table 2).
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Table 2. Positive FDG uptake on primary lesion for Borrmann type, T-staging, tumor size and histologic type

PET-CT (+) on primary lesion PET-CT (-) on primary lesion P-value
Borrmann type I 6/8 (75) 2/8 (25) 0.967
I 65/88 (73.9) 23/88 (26.1)
I 38/50 (76.0) 12/50 (24)
v 9/13 (69.2) 4/13 (30.8)
T-staging Tla 13/109 (11.9) 96/109 (88.1) <0.001
T1b 30/109 (27.5) 79/109 (72.5)
T2 31/56 (55.4) 25/56 (44.6)
T3 35/49 (71.4) 14/49 (28.6)
T4a 39/51 (76.5) 12/51 (23.5)
T4b 15/18 (88.9) 3/18 (11.1)
Tumor size <lcm 10/54 (18.5) 44/54 (81.5) <0.001
1~3cm 39/163 (23.9) 124/163 (76.1)
>3cm 118/179 (65.9) 61/179 (34.1)
WHO dassification
Differentiated Papillary 81/199 (40.7) 1/3 (33.3) 118/199 (59.3) 2/3 (66.7) 0.759 0.003
WD tubular 19/70 (27.1) 51/70 (72.9)
MD tubular 61/126 (48.4) 65/126 (51.6)
Undifferentiated PD tubular 79/187 (42.2)  44/86 (51.2) 108/187 (57.8)  42/86 (48.8)
Mucinous 6/9 (66.7) 3/9 (33.3)
SRC 29/92 (31.5) 63/92 (68.5)
Lauren classification Intestinal 114/242 (47.1) 128/242 (52.9) 0.002
Diffuse 29/104 (27.9) 75/104 (72.1)
Mixed 13/33 (39.4) 20/33 (60.6)
Unknown 11/17 (64.7) 6/17 (35.3)

Values are presented as number (%). FDG = fluorodeoxyglucose; PET-CT = positron emission tomography-computed tomography; WHO = World
Health Organization; WD = well differentiated; MD = moderate differentiated; PD = poorly differentiated; SRC = signet ring cell.

Table 3. Positive FDG uptake in metastatic nodes for each N stage

Node positive
NO
N1 N2 N3a N3b Nx
PET-CT (+) on metastatic nodes 14/266 (5.2) 9/44 (20.5) 9/37 (24.3) 13/31 (41.9) 8/13 (61.5) 1/5 (20)
14/266 (5.2) 40/130 (30.7)

Values are presented as number (%). Sensitivity: 30.7%. Positive predictive value: 74.1%. Specificity: 94.7%. Negative predictive value: 73.7%. FDG =
fluorodeoxyglucose; PET-CT = positron emission tomography-computed tomography.

3. Detection of metastatic lymph nodes

We evaluated the sensitivity of PET-CT for detecting primary
lesion uptake according to the N stage and found that 25% of cases
were node negative and 75% were node positive. It is thought that
most of the node positive cases would be advanced gastric cancer.
To understand the utility of PET-CT for N staging, the sensitivity
of this modality for detecting the uptake of metastatic nodes was
assessed and the results were 5.2% for NO (14/266) and 30.7% for

NI1-N3b, Nx (40/130). In cases of O&C and palliation, they were
included in Nx staging. The sensitivity for overall node metastasis
was 30.7%, the specificity was 94.7%, the positive predictive value
was 74.1% and the negative predictive value was 73.7% (Table 3).

4, Correlation to tumor markers
Two of the most used gastric cancer tumor markers are CEA
and CA 19-9 and both had a positive correlation with SUVmax. R?
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Fig. 2. Correlation between tumor markers and SUVmax. (A) Correlation between CEA and SUVmax (R*=0.001). (B) Correlation between CA
19-9 and SUVmax (R’=0.005). CEA = carcinoembryonic antigen; SUVmax = maximum standardized uptake value; CA19-9 = carbohydrate antigen

19-9.

values were 0.001 and 0.005, respectively (Fig. 2).

5. Extragastric FDG uptake

Uptake in lesions other than the primary tumor was noted in
24 of the 396 patients. These 24 patients were studied in detail and
in order to determine the value of PET-CT for M staging. There
were seven cases that showed colon uptake and all had previously
undergone routine pre—operative colonoscopy. One patient was
determined to have colon cancer based on histologic analysis of the
polypectomy specimen, and the patient subsequently underwent a
combined operation. Two of the other six cases were determined
to be benign polyps after polypectomy. The four remaining cases
showed normal findings on colonoscopy and they are still being
followed—up.

Five of the twenty—four cases showed liver uptake, and all of
these patients underwent a routine pre—operative abdominal CT
and liver ultrasonography and also both of them had positive find—
ings. Two cases underwent hepatectomy with gastrectomy, and
hepatocellular carcinoma was diagnosed in one while a metastatic
nodule was found in the other. Two cases underwent palliative
gastrectomy because of liver lesions and one patient had a palliative
bypass gastrojejunostomy for cancer peritonei.

There were four cases of uptake in the lungs and all underwent
a high resolution chest CT. One case was strongly suspected to be a
metastatic nodule and the patient underwent palliative gastrectomy
after neoadjuvant chemotherapy. One case had an undetermined
pulmonary nodule and therefore underwent bronchoscopy and
endoscopic bronchial ultrasonographic biopsy and the nodule was

confirmed to be benign. Others were suspected of having latent

tuberculosis and therefore underwent gastrectomy with subsequent
observation.

Thyroid uptake was noted in two cases, and cancer was already
suspected in one of the two patients was due to the presence of a
large goiter. The patient underwent fine needle aspiration biopsy,
which led to a diagnosis of follicular neoplasm. The patient then
underwent a combined thyroidectomy and the neoplasm was found
to be follicular carcinoma, which required continued observation
and care. The other case underwent thyroid ultrasonography and
the result was an indeterminate nodule. This patient underwent fine
needle aspiration biopsy, which revealed it to be a benign nodule.

Two cases with gallbladder uptake received combined chole—
cystectomy and both patients had diagnosis of cholecystitis. Bone
uptake was observed in two cases and both patients had a bone
scan. One case was strongly suspected to be bone metastasis, so
the patient underwent palliative gastrectomy with chemotherapy,
while the other case was suspected to be degenerative change. One
case showed abdominal wall uptake and was subsequently assessed
with CT. During the laparoscopic distal gastrectomy, the suspect
lesion was observed, but appeared normal. Thus, the patient was
followed-up with PET-CT 6 months later post—operatively and
the lesion was found to have disappeared on PET-CT.

One case with a breast uptake underwent breast ultrasonography
and mammography, and the result was a category 2 lesion, which
was followed up. There was one case that showed cerebellar up—
take. The patient’s history was taken and transcranial Doppler ul-
trasonography and 3D angio CT were performed. The uptake was
determined to be an old cerebellar infarction.

To summarize, abnormal uptake on PET-CT was observed
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Fig. 3. Case series of positive FDG uptake in another lesion. (A) Colon. (B) Liver. (C) Lung. (D) Thyroid. (E) Gall bladder. (F) Bone. (G) Other.
Four cases in the lung(s), one case in the thyroid, two cases in the gall bladder, two cases in the bone, one case in the breast and one case of cerebel-
lar uptake were observed and progress was evaluated with PET-CT alone. One case of lung uptake and one case of bone uptake were determined to
be malignant. op = operation; abd. = abdominal; CT = computed tomography; HCC = hepatocellular carcinoma; Tb = tuberculosis; EBU5 = endo-
bronchial ultrasonography; FNA = fine needle aspiration; F/U = follow-up; GB = gall bladder; R/O = rule out; LADG = laparoscopic assisted distal
gastrectomy; PET = positron emission tomography; TCD = transcranial doppler; FDG = fluorodeoxyglucose.

in 24 of 396 patients for M staging and nine cases were found to
have malignant lesions, including primary and metastatic lesions. In
12 cases the lesions were found only on PET-CT without routine
preoperative studies. As a result, malignancies were detected in two
cases only on PET-CT (Fig. 3).

Discussion

The use of PET-CT as a routine pre—operative imaging modal—
ity is increasing, but there is controversy over whether it is useful
in pre—operative gastric cancer staging.(4,6,12-15) However, there

some studies have proven the superiority of PET-CT over con—
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ventional CT in terms of detecting metastatic mediastinal lymph
nodes in lung cancer and metastatic lymph nodes in esophageal
cancer.(16-21) We retrospectively studied the utility of PET-CT
for accurately staging and predicting the prognosis of gastric cancer
patients.

A study in 1990s reported that the sensitivity of PET-CT in
gastric cancer was 93% and the specificity was 100%.(12) How-
ever, other studies reported sensitivities of 60%. A later study done
to determine the usefulness of PET-CT scans for detecting node
metastasis found the specificity to be 95% and sensitivity to be 22—
50%.(4,6,12-14) In our study, PET-CT had a sensitivity of 42.2%
for gastric cancers; 20.7% and 42.2% for early and advanced cases,
respectively, classified based on endoscopic findings. Thus, the
sensitivity was higher for more advanced cancer stages.

We investigated the clinical value of PET-CT for T staging, N
staging, and M staging according to the America Joint Committee
on Cancer Staging Manual, Seventh Edition. In cases of T staging,
the sensitivity of PET-CT increased as the stage advanced and the
tumor size increased. However there was not a significant correla—
tion between the SUVmax of uptake and T stage (R*=005).

Some researchers expected that PET-CT would be very effec—
tive for N-staging because even with the limited anatomical reso—
lution, PET scans can be used to find small metastatic nodes ac—
cording to a patient’s metabolic status. Thus, PET-CT enables the
clinician to simultaneously assess metabolic change and morpho—
logic change.(3) Nevertheless, our study revealed that PET-CT has
30.3% sensitivity and 94.7% specificity for metastatic nodes in node
positive cases. This result is approximately the same as previous
studies. The sensitivity is too low to define the N stage, but PET-
CT has a high specificity and high positive and negative predictive
values (74%, 73.1%), and could be useful for other purposes.

PET-CT had about the same sensitivity for differentiated and
undifferentiated adenocarcinomas classified according to WHO
definitions, 40.7% (81/199) and 42.2% (79/187), respectively. This
result contradicts the results of previous studies, which reported a
significantly lower uptake in undifferentiated carcinomas than in
differentiated carcinomas.(4,6,13,22,23) This discrepancy might be
due to the small number of cases involved in our study. Our study
had higher uptake rates in poorly differentiated TAs.

Some studies showed that diffuse types according to the Lauren
classification had a lower PET-CT detection rate than intestinal
types because diffuse types of gastric cancer have an abundant mu-—
cin content that make the cell density lower.(4,6,13,22,24) Our study
also showed that PET-CT has a higher sensitivity in intestinal

types (Table 1). Additionally, two frequently used tumor markers,
CEA and CA 19-9, were not significantly correlated with SUVmax
in this study.

To determine the efficacy of PET-CT for M staging, 24 cases
that showed FDG uptake in other lesions other than the primary
gastric lesions were followed—up. Our institute employs routine pre—
operative modalities such as esophagogastroduodenoscopy, endo—
scopic ultrasonography, colonoscopy, abdominal CT and liver—gall
bladder—pancreas ultrasonography. Without those routine studies,
12 cases were found to have other lesions by PET-CT alone, and
two of these cases were malignancies.

Our study lacks data to compare PET-CT to established imag-
ing modalities such as abdominal CT and endoscopic ultrasonogra—
phy. Also, the interpreter already knew the pathologic results of the
gastric cancer because patients who had a PET-CT scan under—
went endoscopic biopsies before the PET-CT for health insurance
purposes. Both of these facts could be limitations of the study.

In this study we determined that PET-CT does not have suf—
ficient sensitivity/specificity to be used as a preoperative imaging
modality for T staging or N staging, and PET-CT findings were
not correlated with the mostly commonly used tumor markers
(CEA, CA 19-9) or WHO pathologic types. However, this modal-
ity was useful for detecting metastases or another primary cancer
for preoperative staging in gastric cancer patients. Yet, because only
2 of 396 (0.5%) patients experienced this benefit, controversy may
still remain with regard to adding PET-CT as a routine imag—
ing modality for preoperative staging. Therefore, more prospective
studies are needed to determine whether PET-CT should be con—
sidered a routine preoperative imaging modality in gastric cancer

patients.
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