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Abstract
In recent years, several RGD (Arg-Gly-Asp)-based radiotracers have al-
ready been successfully tested in human for the visualization of integrin
𝛼v$�3, 𝑑𝑒𝑚𝑜𝑛𝑠𝑡𝑟𝑎𝑡𝑖𝑛𝑔𝑖𝑡𝑠𝑓𝑒𝑎𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦𝑖𝑛𝑡𝑢𝑚𝑜𝑟𝑑𝑖𝑎𝑔𝑛𝑜𝑠𝑖𝑠.𝐼𝑛𝑡ℎ𝑖𝑠𝑝𝑎𝑝𝑒𝑟, 𝑤𝑒𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑𝑡ℎ𝑒99𝑚𝑇 𝑐−
3𝑃4−𝑅𝐺𝐷2𝑠𝑖𝑛𝑔𝑙𝑒𝑝ℎ𝑜𝑡𝑜𝑛𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑐𝑜𝑚𝑝𝑢𝑡𝑒𝑑𝑡𝑜𝑚𝑜𝑔𝑟𝑎𝑝ℎ𝑦/𝑐𝑜𝑚𝑝𝑢𝑡𝑒𝑟𝑖𝑧𝑒𝑑𝑡𝑜𝑚𝑜𝑔𝑟𝑎𝑝ℎ𝑦(𝑆𝑃𝐸𝐶𝑇 /𝐶𝑇 )𝑖𝑛𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠𝑠𝑢𝑓𝑓𝑒𝑟𝑖𝑛𝑔𝑓𝑟𝑜𝑚𝑠𝑝𝑎𝑐𝑒𝑜𝑐𝑐𝑢𝑝𝑦𝑖𝑛𝑔𝑑𝑖𝑠𝑒𝑎𝑠𝑒𝑜𝑓𝑒𝑠𝑜𝑝ℎ𝑎𝑔𝑢𝑠.40𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠(34𝑚𝑎𝑙𝑒𝑠𝑎𝑛𝑑6𝑓𝑒𝑚𝑎𝑙𝑒; 𝑚𝑒𝑎𝑛𝑎𝑔𝑒 ∶
58.3𝑦𝑒𝑎𝑟𝑠)𝑤𝑖𝑡ℎ𝑎𝑠𝑢𝑠𝑝𝑒𝑐𝑡𝑒𝑑𝑠𝑝𝑎𝑐𝑒𝑜𝑐𝑐𝑢𝑝𝑦𝑖𝑛𝑔𝑙𝑒𝑠𝑖𝑜𝑛𝑜𝑓𝑒𝑠𝑜𝑝ℎ𝑎𝑔𝑢𝑠𝑤𝑒𝑟𝑒𝑖𝑛𝑐𝑙𝑢𝑑𝑒𝑑, 𝑡ℎ𝑢𝑠𝑓𝑖𝑛𝑎𝑙𝑙𝑦𝑜𝑏𝑡𝑎𝑖𝑛𝑖𝑛𝑔𝑡ℎ𝑒𝑖𝑟𝑑𝑒𝑓𝑖𝑛𝑖𝑡𝑒𝑝𝑎𝑡ℎ𝑜𝑙𝑜𝑔𝑖𝑐𝑑𝑖𝑎𝑔𝑛𝑜𝑠𝑖𝑠(𝑚𝑎𝑙𝑖𝑔𝑛𝑎𝑛𝑡, 𝑛 =
32; 𝑏𝑒𝑛𝑖𝑔𝑛, 𝑛 = 8).𝐴𝑙𝑙𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠𝑢𝑛𝑑𝑒𝑟𝑤𝑒𝑛𝑡𝑒𝑛𝑑𝑜𝑠𝑐𝑜𝑝𝑖𝑐, 𝑏𝑎𝑟𝑖𝑢𝑚𝑒𝑠𝑜𝑝ℎ𝑎𝑔𝑜𝑔𝑟𝑎𝑝ℎ𝑦𝑎𝑛𝑑𝑆𝑃𝐸𝐶𝑇 /𝐶𝑇 𝑖𝑚𝑎𝑔𝑖𝑛𝑔𝑝𝑟𝑒𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑣𝑒𝑙𝑦.𝑇 ℎ𝑒𝑐ℎ𝑒𝑠𝑡𝑆𝑃𝐸𝐶𝑇 𝑤𝑎𝑠𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑒𝑑𝑎𝑡4ℎ𝑎𝑓𝑡𝑒𝑟𝑎𝑑𝑚𝑖𝑛𝑖𝑠𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑜𝑓99𝑚𝑇 𝑐−
3𝑃4 − 𝑅𝐺𝐷2𝑤𝑖𝑡ℎ𝑎𝑑𝑜𝑠𝑒𝑜𝑓939±$118 MBq. The diagnosis precision, sensitivity
and specificity among these methods were compared. The relationship between
radioactive uptake and clinical pathological stage of esophageal carcinoma was
discussed by calculating the tumor to normal esophagus (T/N). Meanwhile, the
integrin 𝛼v$�$3 expression was assessed immunohistochemically in postopera-
tive esophageal tissues. 31 patients were diagnosed as esophageal carcinoma;
and 1, leiomyosarcoma; and 6. leimyoma; and 2, esophageal tuberculosis. The
accuracy, sensitivity and specificity of barium esophagography, endoscopic and
SPECT/CT imaging are 92.5/93.8/87.5%, 97.5/96.9/100%, and 90/90.6/87.5%,
respectively. Abnormal accumulation of radiotracer in 29 malignant lesions is
observed. The SPECT/CT imaging displayed the region of radioactive uptake
and lesions matched extremely with the T/N ratio from 1.31 to 2.79 (mean
2.04). A case with pulmonary metastases and a case with mediastinal lymph
node metastases were found which were missed by barium esophagography and
endoscopic. The 99mTc-3P4-RGD2 uptake of the esophageal carcinoma masses
had no relevance to the tumor pathologic classification (P>0.05). There was a
significant positive correlation between T/N ratio and positive cell percentage
of integrin 𝛼v$�$3 (r=0.976), demonstrating the certain clinical potential in the
diagnosis of esophageal carcinoma.
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Full Text
Preamble
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Abstract

In recent years, several RGD (Arg-Gly-Asp)-based radiotracers have been suc-
cessfully tested in humans for visualizing integrin 𝛼v$�3𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛, 𝑑𝑒𝑚𝑜𝑛𝑠𝑡𝑟𝑎𝑡𝑖𝑛𝑔𝑓𝑒𝑎𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦𝑖𝑛𝑡𝑢𝑚𝑜𝑟𝑑𝑖𝑎𝑔𝑛𝑜𝑠𝑖𝑠.𝑇 ℎ𝑖𝑠𝑠𝑡𝑢𝑑𝑦𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑99𝑚𝑇 𝑐−
3𝑃4−𝑅𝐺𝐷2𝑠𝑖𝑛𝑔𝑙𝑒𝑝ℎ𝑜𝑡𝑜𝑛𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑐𝑜𝑚𝑝𝑢𝑡𝑒𝑑𝑡𝑜𝑚𝑜𝑔𝑟𝑎𝑝ℎ𝑦/𝑐𝑜𝑚𝑝𝑢𝑡𝑒𝑑𝑡𝑜𝑚𝑜𝑔𝑟𝑎𝑝ℎ𝑦(𝑆𝑃𝐸𝐶𝑇 /𝐶𝑇 )𝑖𝑛𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠𝑤𝑖𝑡ℎ𝑠𝑝𝑎𝑐𝑒−
𝑜𝑐𝑐𝑢𝑝𝑦𝑖𝑛𝑔𝑒𝑠𝑜𝑝ℎ𝑎𝑔𝑒𝑎𝑙𝑙𝑒𝑠𝑖𝑜𝑛𝑠.𝐹𝑜𝑟𝑡𝑦𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠(34𝑚𝑎𝑙𝑒𝑠𝑎𝑛𝑑6𝑓𝑒𝑚𝑎𝑙𝑒𝑠; 𝑚𝑒𝑎𝑛𝑎𝑔𝑒 ∶
58.3𝑦𝑒𝑎𝑟𝑠)𝑤𝑖𝑡ℎ𝑠𝑢𝑠𝑝𝑒𝑐𝑡𝑒𝑑𝑒𝑠𝑜𝑝ℎ𝑎𝑔𝑒𝑎𝑙𝑙𝑒𝑠𝑖𝑜𝑛𝑠𝑤𝑒𝑟𝑒𝑖𝑛𝑐𝑙𝑢𝑑𝑒𝑑, 𝑤𝑖𝑡ℎ𝑓𝑖𝑛𝑎𝑙𝑝𝑎𝑡ℎ𝑜𝑙𝑜𝑔𝑖𝑐𝑑𝑖𝑎𝑔𝑛𝑜𝑠𝑒𝑠𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑(𝑚𝑎𝑙𝑖𝑔𝑛𝑎𝑛𝑡, 𝑛 =
32; 𝑏𝑒𝑛𝑖𝑔𝑛, 𝑛 = 8).𝐴𝑙𝑙𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠𝑢𝑛𝑑𝑒𝑟𝑤𝑒𝑛𝑡𝑒𝑛𝑑𝑜𝑠𝑐𝑜𝑝𝑦, 𝑏𝑎𝑟𝑖𝑢𝑚𝑒𝑠𝑜𝑝ℎ𝑎𝑔𝑜𝑔𝑟𝑎𝑝ℎ𝑦, 𝑎𝑛𝑑𝑆𝑃𝐸𝐶𝑇 /𝐶𝑇 𝑖𝑚𝑎𝑔𝑖𝑛𝑔𝑝𝑟𝑒𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑣𝑒𝑙𝑦.𝐶ℎ𝑒𝑠𝑡𝑆𝑃𝐸𝐶𝑇 𝑤𝑎𝑠𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑒𝑑4ℎ𝑜𝑢𝑟𝑠𝑎𝑓𝑡𝑒𝑟𝑎𝑑𝑚𝑖𝑛𝑖𝑠𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑜𝑓99𝑚𝑇 𝑐−
3𝑃4 − 𝑅𝐺𝐷2𝑎𝑡𝑎𝑑𝑜𝑠𝑒𝑜𝑓939±$118 MBq. The diagnostic accuracy, sensitivity,
and specificity of these methods were compared. The relationship between
radioactive uptake and clinical pathological stage of esophageal carcinoma was
assessed by calculating tumor-to-normal esophagus (T/N) ratios. Meanwhile,
integrin 𝛼v$�$3 expression was evaluated immunohistochemically in postoper-
ative esophageal tissues. Final diagnoses included 31 esophageal carcinomas,
1 leiomyosarcoma, 6 leiomyomas, and 2 esophageal tuberculosis cases. The
accuracy, sensitivity, and specificity were 92.5%/93.8%/87.5% for barium
esophagography, 97.5%/96.9%/100% for endoscopy, and 90%/90.6%/87.5% for
SPECT/CT, respectively. Abnormal radiotracer accumulation was observed
in 29 malignant lesions. SPECT/CT imaging showed excellent correlation
between regions of radioactive uptake and lesions, with T/N ratios ranging from
1.31 to 2.79 (mean 2.04). One case with pulmonary metastases and another
with mediastinal lymph node metastases were detected by SPECT/CT but
missed by barium esophagography and endoscopy. 99mTc-3P4-RGD2 uptake
in esophageal carcinoma masses showed no correlation with tumor pathologic
classification (P>0.05). There was a significant positive correlation between
T/N ratio and the percentage of integrin 𝛼v$�$3-positive cells (r=0.976),
demonstrating clinical potential for esophageal carcinoma diagnosis.

Keywords: 99mTc-3P4-RGD2, Esophageal tumor, SPECT, Integrin 𝛼v$�$3

Introduction
Esophageal carcinoma has high morbidity and mortality. Currently, FDG-
PET is one of the most widely applied imaging techniques in oncology. For
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esophageal carcinoma, FDG-PET is used for detecting metastases and evaluat-
ing recurrence, but not for local-regional disease [1-3]. However, the high cost
of FDG-PET limits its extensive clinical application.

Integrin 𝛼v$�$3 is overexpressed on tumor cells and neovasculature in vari-
ous tumors, including glioblastomas, malignant melanomas, and breast tumors
[4]. A close relationship between integrin 𝛼v$�$3 expression and tumor metas-
tasis/angiogenesis has been investigated [5–8]. There is increasing interest
in peptides containing the Arg-Gly-Asp (RGD) sequence for targeting inte-
grin 𝛼v$�$3 to image malignant tumors. Thus far, most radiolabeled RGD-
containing agents have been evaluated in animal models, while 18F-Galacto-
RGD and 18F-AH111585 have been under clinical investigation for noninvasive
visualization of integrin 𝛼v$�$3 expression [5–9]. Recently, a series of investi-
gations were performed on 99mTc-3P4-RGD2 as a novel radioactive molecular
tumor probe. Studies in xenograft models confirmed that it is very promising
for early detection of integrin 𝛼v$�$3-positive tumors [10]. Additionally, 99mTc-
3P4-RGD2 could be easily prepared using freeze-dried kits with high labeling
yield and radiochemical purity, exhibiting excellent in vivo behavior in nonhu-
man primates [11]. Clinical evaluations of 99mTc-3P4-RGD2 scintigraphy in
lung tumors showed promise for detecting lung malignancies [12,13]. In this pa-
per, we report that esophageal carcinoma was diagnosed by SPECT/CT with
90% accuracy. Notably, one pulmonary metastasis lesion and one mediastinal
lymph node metastasis lesion missed by barium esophagography and endoscopy
were successfully detected by SPECT/CT, demonstrating its advantages over
conventional methods.

2.1 Subjects
This clinical study was conducted between September 2009 and May 2012. Forty
patients with suspected space-occupying esophageal lesions (34 males and 6
females; age range: 38-82 years; mean age: 58.3 years) were recruited from
our hospital. None had received prior therapy including surgery, chemother-
apy, or radiotherapy. Final pathologic diagnoses were obtained for all patients.
The study was approved by the local independent Ethics Committee and In-
stitutional Review Boards of China-Japan Union Hospital, Changchun, China.
All patients signed informed consent forms. In addition to 99mTc-3P4-RGD2
SPECT/CT imaging, supplementary examinations including endoscopy and bar-
ium esophagography were performed within two weeks. The diagnostic standard
was based on pathology results from surgical operation or endoscopic biopsy.

2.2.1 Radiopharmaceutical Preparation
99mTc-3P4-RGD2 was provided by the Medical Isotopes Research Center of
Peking University and prepared using freeze-dried kits with added Na99mTcO4
solution. The kit composition was primarily HYNIC-3P4-RGD2, with proce-
dures following references [12-14]. Quality control was performed using radioac-
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tive thin layer chromatography (ITLC), demonstrating a high labeling yield of
approximately 95%.

2.2.2 Endoscopy
Endoscopy and suspicious tumor biopsy were performed by professionals from
two departments respectively, with evaluation by a specialized pathologist.
Based on pathological results, definite diagnoses were made, with malignant
lesions designated as positive and benign lesions as negative.

2.2.3 Barium Esophagography
Patients were examined in the upright position and turned obliquely to the left.
The esophagus was visualized in left posterior oblique, anteroposterior, and right
posterior oblique projections during continuous drinking of barium suspension,
demonstrating functional changes and abnormal mucosal folds. Positive imaging
features included ulceration, mucosal layer interruption, esophageal wall rigidity,
and localized filling defects. At least one specialized radiologist participated in
each examination.

2.2.4 SPECT/CT Image Acquisition
Patients received 99mTc-3P4-RGD2 at 11.1 MBq (0.3 mCi)/kg via intravenous
injection. Data acquisition was performed using an integrated SPECT/CT sys-
tem (PRECEDENCE Systems, Philips, Netherlands) 4 hours post-injection.
The dual-head camera scanner used low-energy high-resolution collimators with
a 20% energy window centered at 140 keV. Chest CT scanning was performed
with a 256$×$256 matrix and 5-mm section thickness, followed by SPECT emis-
sion scanning covering the identical transverse field of view (zoom, $×$1, 30
s/frame/6°). Image data sets were reconstructed iteratively using CT data for
attenuation correction, and coregistered images were displayed on a worksta-
tion. During scanning, patients were in the supine position with hands placed
behind the head.

2.2.5 SPECT/CT Image Analysis
Images were assessed by a skilled radiologist and two experienced nuclear
medicine physicians blinded to patient conditions. Foci with T/N > 1.2 were
considered positive, and T/N ≤ 1.2 negative. Once a positive esophageal
lesion was identified, semi-quantitative analysis of tumor uptake was performed
using T/N ratios measured by region of interest (ROI) over the lesion location
determined by CT. Similar T/N ratios were obtained for negative endoscopy
and barium meal cases.
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2.2.6 Pathology and Immunohistochemistry of Integrin
𝛼v$�$3 Expression
Hematoxylin-eosin staining was first used to define pathological diagno-
sis. Immunohistochemical detection was then performed to examine integrin
𝛼v$�3𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛𝑖𝑛40𝑒𝑠𝑜𝑝ℎ𝑎𝑔𝑒𝑎𝑙𝑡𝑖𝑠𝑠𝑢𝑒𝑠𝑎𝑚𝑝𝑙𝑒𝑠𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑𝑏𝑦𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑜𝑟𝑏𝑖𝑜𝑝𝑠𝑦.𝑇 ℎ𝑒𝑠𝑡𝑎𝑖𝑛𝑖𝑛𝑔𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝑤𝑎𝑠𝑠𝑐𝑜𝑟𝑒𝑑𝑎𝑠0(𝑢𝑛𝑠𝑡𝑎𝑖𝑛𝑒𝑑), 1+
(𝑓𝑎𝑖𝑛𝑡𝑦𝑒𝑙𝑙𝑜𝑤), 2+(𝑐𝑙𝑎𝑦𝑏𝑎𝑛𝑘), 𝑎𝑛𝑑3+(𝑠𝑒𝑝𝑖𝑎).𝑇 ℎ𝑒𝑛𝑢𝑚𝑏𝑒𝑟𝑜𝑓𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑙𝑦𝑠𝑡𝑎𝑖𝑛𝑖𝑛𝑔𝑡𝑢𝑚𝑜𝑟𝑐𝑒𝑙𝑙𝑠𝑎𝑡𝑡ℎ𝑒𝑠𝑢𝑟𝑓𝑎𝑐𝑒𝑚𝑒𝑚𝑏𝑟𝑎𝑛𝑒𝑤𝑎𝑠𝑔𝑟𝑎𝑑𝑒𝑑𝑎𝑠4+
(> 75�$25%). Positivity was ensured when both grades were equal to or greater
than 3. Paraffin-embedded esophageal tumor tissue was stained using rabbit
polyclonal anti-integrin 𝛼v$�$3 antibody (1:300, Abbiotec, USA) following the
standard ABC method [15].

2.2.7 Statistical Analysis
All quantitative data were expressed as mean ± SD. Rank correlation parameters
were evaluated by analyses. T and �2 tests were performed at a 5% level of
statistical significance using SPSS (version 13.0).

2.4 Clinical and Pathological Data
All 40 lesions were identified by pathology, including 32 malignant cases (31
esophageal carcinomas and 1 leiomyosarcoma) and 8 benign cases (6 leiomy-
omas, 2 esophageal tuberculosis). Clinical and pathological information is listed
in Table 1 .

2.5 SPECT/CT Imaging Results
SPECT/CT imaging showed perfect correlation between radioactive uptake re-
gions and lesions, with abnormal radioactivity accumulation observed in 29
malignant lesions. T/N ratios ranged from 1.31 to 2.79. Cases with multiple
pulmonary and mediastinal lymph node metastases were further identified as
squamous cell carcinoma by needle biopsy (Fig.2). Three esophageal carcinoma
cases showed no 99mTc-3P4-RGD2 uptake, representing false-negative imaging,
while one tuberculosis case showed abnormal uptake, representing false-positive
imaging.

2.6 Comparison of Endoscopy, Barium Meal, and
SPECT/CT Imaging
Diagnostic performance of endoscopy, barium meal, and SPECT/CT imaging
were compared according to accuracy, sensitivity, specificity, and positive and
negative predictive values (PPV, NPV). Table 2 shows that SPECT/CT imaging
achieved 90.6% sensitivity and 87.5% specificity, with no statistically significant
difference compared to the other methods (P>0.05).
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2.7 SPECT/CT Imaging and Clinicopathological Features
of Esophageal Cancer
The relationship between SPECT/CT imaging and clinicopathological features
of esophageal carcinoma, including invasion depth, differentiation, and lymph
node metastasis, was investigated. Table 3 shows that 99mTc-3P4-RGD2 uptake
had no correlation with tumor pathologic classification (P>0.05).

2.8 Immunohistochemistry of Integrin 𝛼v$�$3 Expression
Among the 32 esophageal malignant tumors, 30 showed positive integrin 𝛼v$�$3
expression, confirmed by sepia granules in the cell membrane, cytoplasm of
cancer cells, and tissue vessels. Two benign tumors (leiomyoma and tuberculosis
samples) also showed positive integrin 𝛼v$�$3 expression. There was a significant
positive correlation between T/N ratios and the percentage of integrin 𝛼v$�$3-
positive cells (r=0.976).

3 Discussion
Despite early detection and treatment of many esophageal carcinomas, poor
prognosis remains due to invasion and metastasis, which are inseparable from
neovascularization. Integrin 𝛼v$�$3 plays a critical role in tumor-related angio-
genesis and metastasis [16�19]. We demonstrated that 99mTc-3P4-RGD2 has
increased receptor binding affinity and improved kinetics for in vivo SPECT
imaging of integrin 𝛼v$�$3 expression in esophageal tumors.

Endoscopic and pathological techniques are standard clinical methods for diag-
nosing esophageal tumors, providing important information about differentia-
tion and morphological changes [20]. Conventional imaging examinations such
as CT and barium esophagography can reveal tumor anatomic or morphological
characteristics but not pathological features. FDG-PET offers high sensitivity
and accuracy for esophageal carcinoma but is limited by high cost [21]. Re-
cently, 99mTc-3P4-RGD2 SPECT imaging was applied to solitary pulmonary
nodule patients, demonstrating good differentiation between malignant and be-
nign nodules [12].

The accuracy, sensitivity, and specificity of barium esophagography, endoscopy,
and 99mTc-3P4-RGD2 SPECT/CT imaging were 92.5%/93.8%/87.5%,
97.5%/96.9%/100%, and 90%/90.6%/87.5%, respectively. SPECT/CT showed
no statistically significant difference compared to the other two examinations
(P>0.05). In SPECT imaging, abnormal radioactivity accumulation was
observed in 29 malignant lesions. Combined SPECT/CT scans showed
excellent correlation between radioactive uptake regions and lesions. Three
esophageal carcinoma cases smaller than 1.5 mm were not detected, likely due
to low imaging device resolution [22]. However, two cases with metastases (one
pulmonary and one mediastinal lymph node) missed by barium esophagography
and endoscopy were successfully detected by SPECT/CT.
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In esophageal carcinoma cases, T/N ratios showed that radioactive uptake
level had no correlation with clinical stage or malignancy degree. Among 31
esophageal carcinomas, 17 metastatic lymph nodes were located at one side of
the esophagus and left gastric artery, but showed no uptake on SPECT imaging.
This may be due to high uptake in esophageal lesions and abdomen overlaying
adjacent lymph nodes, cardiac impulse, gastrointestinal motility, and imaging
device limitations.

Immunohistochemistry studies showed high integrin 𝛼v$�$3 expression in malig-
nant esophageal lesion tissues, primarily as sepia granules in cell membranes,
cytoplasm, and tissue vessels. The significant positive correlation between T/N
ratios and integrin 𝛼v$�$3 expression suggests that imaging can provide vital
reference for assessing esophageal tumor characteristics and neovascularization.

4 Conclusion
The accuracy, sensitivity, and specificity of 99mTc-3P4-RGD2 SPECT/CT
imaging are 90%, 90.6%, and 87.5%, respectively. There was a significant
positive correlation between T/N ratio and the percentage of integrin 𝛼v$�$3-
positive cells. The imaging can provide accurate clinical information, indicating
potential for diagnosing and detecting esophageal cancer. Increasing sample
sizes and pathological types can further confirm the imaging feasibility for
noninvasively monitoring tumor growth.
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