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18F-FDG PET has been widely used in the management of malignant

tumors. In gastric cancer, the status of human epidermal growth
factor receptor 2 (HER2) predicts the response to anti-HER2 anti-

body therapy, and testing of HER2 expression is now routine in the

management of gastric cancer patients. However, to date, the re-

lationship between 18F-FDG uptake and HER2 expression has not,
to our knowledge, been investigated. In this study, we aimed to

investigate whether HER2 expression is associated with 18F-FDG

uptake and whether 18F-FDG PET/CT can be used to predict the

HER2 status of gastric cancer. Methods: A retrospective analysis
was performed on 64 gastric cancer patients who had undergone
18F-FDG PET/CT before surgical resection. Tumor SUVmax was cal-

culated from the level of 18F-FDG uptake. Results: No significant
correlation was found between SUVmax and HER2 expression in

gastric cancer. However, when signet-ring cell carcinoma was ex-

cluded, SUVmax was significantly higher in the HER2-negative group

than in the HER2-positive group (8.619 ± 5.878 vs. 3.789 ± 2.613,
respectively; P5 0.021). Multivariate analysis indicated that SUVmax

and tumor differentiation remained significantly associated with

HER2 expression (P 5 0.048 and P 5 0.028, respectively). HER2

expression was predicted with an accuracy of 64.4%when an SUVmax

cutoff of 6.2 was used. Conclusion: 18F-FDG uptake by gastric can-

cer is associated with HER2 expression. 18F-FDG PET/CT may be

useful for predicting the HER2 status of gastric cancer and for de-
termining the therapeutic strategy.
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Gastric cancer is the fourth most frequently diagnosed cancer
in the world and the second most common cause of death from
cancer (1). Surgery is still the most common treatment. However,
treatment outcomes for gastric cancer remain poor, particularly in
patients with inoperable or metastatic disease (2). Therefore, effec-
tive therapeutic regimens for such patients need to be identified and
developed. Previous studies have shown that 7%–34% of patients
with gastric cancer are positive for human epidermal growth factor

receptor 2 (HER2) (3–6). For patients with advanced HER2-positive
gastric cancer, a combination of chemotherapy and trastuzumab, a
monoclonal antibody against HER2, is now a standard option (7).
The results of the “Trastuzumab for Gastric Cancer” trial (7) have
caused HER2-targeted molecular therapies to become highly relevant
in the treatment of gastric cancer. Therefore, it is important to identify
clinical characteristics that might be predictive of HER2 status.
Although it has become standard practice to determine HER2

expression in gastric cancer patients, the procedure is invasive.
Alternative noninvasive strategies, such as PET/CT, for predicting
the mutation profile would therefore be of great value. Several
studies have demonstrated that PET/CT has the potential to predict
the phenotype of a tumor (8–11), such as the KRAS status in
colorectal cancer (9,10) and the lactate dehydrogenase A expression
level in lung adenocarcinoma (12), the latter being useful for treat-
ment strategies involving lactate dehydrogenase A inhibitor. 18F-FDG
PET/CT has been widely used for diagnosis, monitoring of treatment
response, surveillance, and prognostication in a variety of cancers (13–
15). However, the relationship between 18F-FDG uptake and HER2
expression, and the possible underlying mechanisms, are not clear.
The present study aimed to investigate whether HER2 expres-

sion is associated with 18F-FDG uptake and whether 18F-FDG
PET/CT can be used to predict the HER2 status of gastric cancer.
To our knowledge, this was the first study to present evidence of
the potential value of 18F-FDG PET/CT scans for this use and to
suggest that 18F-FDG PET/CT may play a key role in determining
the strategy for gastric cancer patients by predicting their response
to anti-HER2 antibody therapy.

MATERIALS AND METHODS

Study Population

Sixty-four patients (38 men and 26 women; age range, 18–84 y) with

gastric cancer were included in this study. All had undergone 18F-FDG
PET/CT followed by tumor resection at the Shanghai Jiaotong University–

affiliated Ren Ji Hospital between January 2008 and November 2015. Patients

were eligible for inclusion if they met the following criteria: they had been
treated exclusively by total or subtotal gastrectomy with lymphadenec-

tomy, according to tumor location; the diagnosis of gastric cancer had
been confirmed by histopathologic examination of surgical specimens;

adjuvant therapy had not been administered before PET/CT scanning;
complete case records, including data on age, sex, tumor size, T stage,

and histologic differentiation, were available; and tissue specimens for
immunohistochemical staining were available. Sixty-four patients met

these criteria and gave written informed consent to participate in the study,
which was approved by the Institutional Review Board of Ren ji

Hospital and was in accordance with the 2013 revision of the Decla-
ration of Helsinki.
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18F-FDG PET/CT
18F-FDG PET/CT was performed using a whole-body scanner

(Biograph mCT; Siemens Medical Systems). All patients received

an intravenous 3.7 MBq/kg injection of 18F-FDG after having fasted
for at least 6 h and rested for 1 h. The mean uptake time was 50 6
6 min. Blood glucose levels were measured and found to be less than
140 mg/dL at the time the 18F-FDG was administered. The CT com-

ponent of the scan was performed without contrast administration using
120 kV, 140 mA, and a section thickness of 5.0 mm to match the

thickness of the PET images. PET image datasets were reconstructed
iteratively, with the CT data applied for attenuation correction.

For quantitative analysis, irregular regions of interest were placed over
the most intense area of 18F-FDG uptake. SUVmax was calculated as

(maximum pixel value with the decay-corrected region-of-interest activity
[MBq/mL])/(injected dose [MBq]/body weight [kg]). The PET/CT im-

ages were evaluated by 2 experienced nuclear medicine physicians.

Immunohistochemical Analysis

Immunohistochemical analysis was performed on paraffin-embedded
gastric cancer tissues after microtome sectioning (4-mm slices) and staining.

Positivity for HER2 was evaluated using light microscopy by 2 independent
pathologists who were masked to the clinical information. Membrane

immunostaining of HER2 was scored as 0, 11, 21, or 31 (16), following
the consensus panel recommendations on HER2 scoring for gastric cancer

(3). Slices with a score of 21 or 31 were classified as positive, or
expressed, and slices with a score of 0 or 11 were classified as negative.

Statistical Analysis

The data are presented as mean 6 SD. Statistically significant dif-

ferences between groups were compared using 1-way ANOVA and

t testing. A P value of 0.05 or less was considered statistically significant.

Statistical analysis was performed using SPSS, version 13.0 (SPSS Inc.).

RESULTS

Patient Population

Among the 64 patients, 21 had well- or moderately differentiated
adenocarcinoma, 24 had poorly differentiated adenocarcinoma, and
19 had signet-ring cell carcinoma. Lymph node metastasis was detected
in 36 patients. Regarding HER2 expression, 17.2% of the tumors were
positive (12.5% with a score of 21 and 4.7% with a score of 31) and
82.8% negative (60.9% with a score of 0 and 21.9%with a score of 11).

Correlation Between Patient Characteristics and SUVmax

The SUVmax for the primary tumors ranged from 1 to 27.1, with
an average of 6.34. Table 1 shows the relationship between the
clinicopathologic parameters and SUVmax. Statistical analysis found
no significant differences in SUVmax according to sex, lymph node
metastasis, T category, or location of tumor. However, there were
significant differences in SUVmax according to histopathologic sub-
type, age, and tumor size. Poorly differentiated adenocarcinoma had
a significantly higher SUVmax than did well- or moderately
differentiated adenocarcinoma (9.579 6 6.474 vs. 5.452 6 3.722;
P 5 0.014; Supplemental Fig. 1A) or signet-ring cell carcinoma
(9.5796 6.474 vs. 3.2266 1.209; P, 0.001). In addition, well- or
moderately differentiated adenocarcinoma had a significantly higher
SUVmax (5.452 6 3.722 vs. 3.226 6 1.209; P 5 0.017) than did
signet-ring cell carcinoma, although the latter also had poor differ-
entiation. When we incorporated signet-ring cell carcinoma into the

TABLE 1
Relationship Between SUVmax and Clinicopathologic Characteristics (n 5 64)

Variable Total (n) Mean SUVmax P

Sex 0.555

Male 43 6.612 ± 4.824

Female 21 5.781 ± 6.054

Age (y) 0.003

,60 34 4.571 ± 2.887

$60 30 8.343 ± 6.481

Tumor size (cm) 0.012

,5 30 4.607 ± 3.168

$5 34 7.868 ± 6.178

Lymph node metastasis 0.288

Negative 28 5.546 ± 4.944

Positive 36 6.956 ± 5.422

Histologic type

Well- or moderately differentiated adenocarcinoma 21 5.452 ± 3.722 ,0.001

Poorly differentiated adenocarcinoma 24 9.579 ± 6.474

Signet-ring cell carcinoma 19 3.226 ± 1.209

T category 0.316

T1/T2 20 5.360 ± 3.420

T3/T4 44 6.784 ± 5.847

Location 0.268

Proximal 8 4.413 ± 3.917

Distal 56 6.614 ± 5.358
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poorly differentiated adenocarcinoma group, there was no signifi-
cant difference in SUVmax between the poorly differentiated group
and the well- or moderately differentiated group (6.772 6 5.811 vs.
5.452 6 3.722; P 5 0.347; Supplemental Fig. 1B) because signet-
ring cell carcinoma had low 18F-FDG uptake.

Correlation Between Patient Characteristics and

HER2 Expression

Patients were categorized into 2 groups according to immuno-
histochemical staining for HER2: patients with HER2 expression
(n 5 11) and patients without HER2 expression (n 5 53). Supple-
mental Table 1 shows the results of the univariate analysis for each
factor. There was no significant difference in SUVmax between gas-
tric cancer patients with HER2 expression and those without HER2
expression (6.8936 5.495 vs. 3.6736 2.352; P 5 0.062; Fig. 1A).
We next excluded signet-ring cell carcinoma because it has a

low SUVmax regardless of HER2 status (3.235 6 1.281 vs. 3.150 6
0.212; P5 0.928; Fig. 1B). Table 2 shows the results of the univariate
analysis for each factor. No significant differences in sex, age, tumor
size, lymph node metastasis, or T category were found between the
two groups. However, the groups differed significantly in SUVmax and
tumor differentiation grade. HER2-negative gastric cancer had a sig-
nificantly higher SUVmax than did HER2-positive gastric cancer

(8.619 6 5.878 vs. 3.789 6 2.613; P 5 0.021; Fig. 1C). There
was an inverse correlation between SUVmax and HER2 score (P 5
0.003; Fig. 1D). In addition, the rates of HER2 expression in well- or
moderately differentiated adenocarcinoma, poorly differentiated ade-
nocarcinoma, and signet-ring cell carcinoma were 38.1%, 4.2%, and
10.5%, respectively (Fig. 1E). The differences between well- or mod-
erately differentiated adenocarcinoma and poorly differentiated ade-
nocarcinoma (38.1% vs. 4.2%; P 5 0.005) and between well- or
moderately differentiated adenocarcinoma and signet-ring cell carci-
noma (38.1% vs. 10.2%; P 5 0.044) were statistically significant.
Though signet-ring cell carcinoma had a higher rate of HER2 posi-
tivity than did poorly differentiated adenocarcinoma, the difference
was not statistically significant (10.2% vs. 4.2%; P 5 0.416).
We next sought to determine the SUVmax threshold for optimal

differentiation between these two groups. Receiver-operating-
characteristic curve analysis revealed that the highest accuracy
(64.4%) was obtained with an SUVmax cutoff of 6.2 and that the
area under the curve was 0.7036 0.084. Sensitivity and specificity
for the prediction of HER2 expression were 88.9% (8/9) and
58.3% (21/36), respectively. These results suggest that 18F-FDG
PET/CT scans can be useful for predicting the HER2 status of
gastric cancer when signet-ring cell carcinoma is excluded.

Predictors of HER2 Expression

Multivariate analysis revealed that SUVmax and tumor differentia-
tion grade correlated significantly with HER2 expression in gastric
cancer (Table 3). Therefore, using these parameters, we categorized
the patients into groups based on their potential of being HER2-
positive: a low-potential group (poorly differentiated adenocarcinoma
and SUVmax . 6.2), a moderate-potential group (well- or moderately
differentiated adenocarcinoma and SUVmax . 6.2, or poorly differ-
entiated adenocarcinoma and SUVmax # 6.2), and a high-potential
group (well- or moderately differentiated adenocarcinoma and
SUVmax # 6.2). The probability of HER2 expression in these groups
was 0%, 11.1%, and 53.8%, respectively (P 5 0.001; Table 4).

DISCUSSION

Previous studies have shown that the HER2 status of gastric
cancer predicts response to therapy with anti-HER2 antibodies (7).
Testing for HER2 expression is now routine practice in the man-
agement of gastric cancer. Our study found a 17.2% rate of HER2
expression—similar to previous reports (3–6). A combination of
chemotherapy and trastuzumab, a monoclonal antibody against
HER2, is now a standard option in patients with HER2-positive
gastric cancer (17). PET/CT is a molecular imaging technique
widely used in the diagnosis and staging of malignant tumors
(18). Our results showed that the SUVmax in gastric cancer was
significantly lower when HER2 was expressed than when not
expressed (excluding signet-ring cell carcinoma from the analysis).
To our knowledge, this was the first study to analyze the association
between HER2 expression and 18F-FDG uptake in gastric cancer
patients.
The differentiation of signet-ring cell carcinoma was poor.

However, expression of glucose transporter 1 is low in signet-ring
cell carcinoma (19), and our study showed that signet-ring cell
carcinoma had relatively low 18F-FDG uptake irrespective of
HER2 status. There was no significant difference between the HER2-
and HER2-negative groups in our study because signet-ring cell carci-
noma accounted for a considerable proportion of the HER2-negative
group. However, when we excluded signet-ring cell carcinoma, we
found an excellent correlation between HER2 status and SUVmax.

FIGURE 1. Analysis of SUVmax according to HER2 expression. (A) When

all gastric cancer was considered (n 5 64), SUVmax of HER2-negative

group did not significantly differ from that of HER2-positive group

(6.893 ± 5.495 vs. 3.673 ± 2.352; P 5 0.062). (B) When only signet-ring

cell carcinoma was considered (n 5 19), SUVmax of HER2-negative group

did not significantly differ from that of HER2-positive group (3.235 ± 1.281

vs. 3.150 ± 0.212; P 5 0.928). (C) When signet-ring cell carcinoma was

excluded, SUVmax was significantly higher in HER2-negative group than

in HER2-positive group (8.619 ± 5.878 vs. 3.789 ± 2.613; P 5 0.021).

(D) SUVmax correlated inversely with HER2 score (P 5 0.003). (E) Rates

of HER2 expression were higher for well- and moderately differentiated

adenocarcinoma than for poorly differentiated adenocarcinoma or signet-

ring cell carcinoma.
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SUVmax was significantly lower in the HER2-positive group than in the
HER2-negative group. Our data also demonstrated that HER2 expres-
sion is more common in well- or moderately differentiated adenocar-
cinoma than in poorly differentiated adenocarcinoma; this finding is
consistent with the findings of previous studies (20–22). In addition,
well- or moderately differentiated adenocarcinoma had significantly
lower 18F-FDG uptake than did poorly differentiated adenocarcinoma,
partly explaining why patients with HER2 expression had a low
SUVmax (excluding signet-ring cell carcinoma from the analysis).
The reasons for this selective high rate of HER2 expression in well-
and moderately differentiated adenocarcinoma remain unclear. The
association of HER2 expression with a specific histologic type indi-
cates that certain characteristics may have a tendency to be expressed
together. Previous reports have demonstrated higher rates of HER2
expression in tumors at the gastroesophageal junction than in more

distally located gastric tumors (7,23), but this was not the case in our
study. We attribute this result to the small number of patients with
gastric cancer located in this region in our study.
We found an excellent correlation between HER2 status and

SUVmax in gastric cancer (excluding signet-ring cell carcinoma
from the analysis). The receiver-operating-characteristic curves
and the area under the SUVmax curve indicated that 18F-FDG
uptake may have a role in predicting HER2 expression. Multivar-
iate analysis revealed that both the SUVmax of the primary tumor
and the tumor differentiation grade correlated significantly with
HER2 expression. We further categorized patients into groups

TABLE 2
Relationship Between HER2 Expression and Clinicopathologic Characteristics After Excluding

Signet-Ring Cell Carcinoma (n 5 45)

HER2 expression

Variable Total (n) Absent Present χ2 P

Sex (n) 0.245 0.620

Male 30 23 7

Female 15 13 2

Age (y) 0.405 0.524

,60 24 19 5

$60 21 17 4

Tumor size (cm) 0.047 0.828

,5 19 15 4

$5 26 21 5

Lymph node metastasis 0.058 0.810

Negative 18 15 3

Positive 27 21 6

Histologic type 7.741 0.005

Well- or moderately differentiated adenocarcinoma 21 13 8

Poorly differentiated adenocarcinoma 24 23 1

T category 0.040 0.841

T1/T2 14 12 2

T3/T4 31 24 7

Location

Proximal 7 5 2 0.381 0.537

Distal 38 31 7

Mean SUVmax 8.619 ± 5.878 3.789 ± 2.613 0.021

TABLE 3
Odds Ratios from Multivariate Analysis of Predictors

of HER2 Expression

Variable Odds ratio

95% confidence

interval P

Tumor differentiation 0.078 0.008–0.754 0.028

SUVmax 0.100 0.010–0.993 0.048

TABLE 4
Rate of HER2 Expression in Cancer with Low, Moderate,

and High Potential for HER2 Expression

HER2 expression
(%)

Potential Total (n) Present Absent P

Low 14 0 100

Moderate 18 11.1 88.9 0.001

High 13 53.8 46.2

Total 45 9 36
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based on their potential for being HER2-positive: high-potential,
moderate-potential, and low-potential. HER2 was expressed in
53.8% of the high-potential group but none of the low-potential
group, implying that anti-HER2 therapies are not feasible for pa-
tients with a low potential of being HER2-positive. HER2 status is
routinely used to predict the efficacy of anti-HER2 therapies in
gastric cancer. The INT-0116/SWOG9008 phase III clinical trial
demonstrated that patients with HER2 amplification did not derive
a survival benefit from chemoradiation therapy whereas patients
without HER2 amplification derived a statistically significant sur-
vival benefit (24). The “Trastuzumab for Gastric Cancer” trial on
metastatic gastric cancer demonstrated a significant overall sur-
vival benefit when trastuzumab was combined with chemotherapy
(7). Moreover, new targeted therapies are being developed for
HER2-positive gastric cancer. For these reasons, noninvasive
methods, such as molecular imaging, for predicting HER2 status
have great clinical relevance; they have the potential to evaluate
the effect of neoadjuvant chemotherapy on advanced HER2-
positive gastric cancer with metastatic lesions.
The role of HER2 as a prognostic factor in gastric carcinoma

has been controversial. Some studies failed to find an association
with prognosis (21,25), whereas others found a direct correlation
between HER2 expression or amplification and poor survival
(22,26). In our study, most cases were from recent years and the
sample size was small. In a future study, we intend to collect more
cases to elucidate the correlations between HER2 expression,
overall survival, and the SUVmax of primary gastric cancer.
Our study was in part limited by its retrospective design and

small sample size. Although PET/CT may have a moderate diag-
nostic performance, in the clinical setting it is not possible to establish
a cutoff for SUVs. Therefore, PET/CT cannot replace conven-
tional methods. Nonetheless, our results may be relevant for the
development of noninvasive strategies to predict HER2 expression
in gastric cancer patients. Advances in PET radiotracers may
increase the sensitivity and specificity of this technique and enable
full molecular assessment of gastric cancer.

CONCLUSION

Gastric cancer with HER2 expression shows decreased 18F-
FDG uptake. Metabolic imaging has the potential to become a
useful complement for assessing the molecular profile of gastric
cancer and for predicting its response to anti-HER2 antibody ther-
apies, particularly in advanced gastric cancer with metastases,
which may require neoadjuvant chemotherapy. Further large pro-
spective studies are needed to confirm our results and determine
whether metabolic imaging can be used to determine the HER2
status of patients with gastric cancer and thus aid clinical decision-
making on anti-HER2 antibody therapies.
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