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Abstract
Recent successes in monitoring and diagnosing a variety of tumors using 99mTc-PEG4-E[PEG4-c(RGDfK)]2 (99mTc-3PRGD2) single-
photon emission computed tomography (SPECT) imaging encouraged us to expand the use of this tracer. This case-control study
aimed to evaluate the feasibility of 99mTc-3PRGD2 imaging for detecting choroidal melanoma (CM) and for monitoring tumor
response to plaque brachytherapy (PB). Ten consecutive patients with CM who underwent 99mTc-3PRGD2 imaging before and 3
months after PB were reviewed. The tumor-to-occipital bone (T/O) and mirrored contralateral normal tissue-to-occipital bone (N/O)
ratios were calculated by region of interest analysis at baseline and 3 months post-PB. T/O values were compared between patients
with CM with comorbid secondary retinal detachment (RD) and those without RD. The relationship between T/O value and tumor
volume was also investigated. 99mTc-3PRGD2SPECT/CT showed focal uptake in CM. The mean T/O ratio before PB was 1.90±
1.26 and themean N/O ratio was 0.80±0.21 (P= .02). The 99mTc-3PRGD2 concentrations in 5 patients with CMwith RDwere higher
(T/O=2.69±1.39) than in those without secondary RD (T/O=1.10±0.18) (P= .008). T/O ratios at 3 months post-PB were
significantly lower than that at baseline (1.23±0.59, P= .03). There was a linear relationship between T/O and tumor volume (y-hat=
0.028+0.003x, R2=0.768, P= .001). The 95% confidence interval for the (T/O)/volume ratio was 0.002 to 0.005. 99mTc-3PRGD2
imaging is a feasible modality for the diagnosis of CM. Furthermore, follow-up for at least 20months after PB indicated that coanalysis
of 99mTc-3PRGD2 imaging and tumor volume may provide a promising prognostic predictor in patients with CM.

Abbreviations: 3PRGD2 = PEG4-E[PEG4-c(RGDfK)]2, FDG = 18F-fluorodeoxyglucose, CDFI = color Doppler flow imaging, CI =
confidence interval, CM = choroidal melanoma, COMS = collaborative ocular melanoma study, MRI =magnetic resonance imaging,
N/O = normal tissue-to-occipital bone ratio, PB = plaque brachytherapy, PEG4 = 15-amino-4,7,10,13-tetraoxapentadecanoic acid,
PET = positron emission tomography, RD = retinal detachment, ROI = region of interest, SPECT/CT = single-photon emission
computed tomography/computed tomography, TE = time of echo, T/O = tumor-to-occipital bone ratio, TR = time of repetition.
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1. Introduction

Choroidal melanoma (CM) is the most common primary
intraocular malignant tumor, with a high degree of malignan-
cy.[1,2] Several therapies are available for CM, including
enucleation, laser photocoagulation, photodynamic therapy,
plaque radiation therapy, and external beam charged particle
radiation therapy.[1,3,4] Eye-preserving surgery is the preferred
option to improve the quality of life of patients with CM. The
mortality rates of 125I brachytherapy and enucleation are similar,
and 125I brachytherapy has thus been widely used and has shown
great advances.[3–5] However, local treatment failure and
recurrence are common after globe-conserving therapy, often
necessitating further radiation or enucleation and thus increasing
morbidity.[5] Traditional imaging diagnosis based on morpholo-
gy showed that the combination of 3 imaging techniques
[ultrasonography, magnetic resonance imaging (MRI), and
fundus angiography] could diagnose CM with a sensitivity of
100% and specificity of 83.3%.[6] However, the mean tumor
thickness at detection in morphological examinations is 5.0
mm,[2] indicating that the tumor was already developing or
recurring, leading to delayed treatment and a poor prognosis.
Diagnostic strategies focusing on tumor behaviors such as
tumorigenesis and angiogenesis are therefore needed to monitor
the tumor in its early stages.
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Angiogenesis is known to be crucial for the initialization,
development, and metastasis of CM.[7,8] Integrin plays a
fundamental role in angiogenesis and thus serves as a crucial
imaging target.[9–12] The new radiolabeled tracer 99mTc-PEG4-E
[PEG4-c(RGDfK)]2 (99mTc-3PRGD2) [15-amino-4,7,10,13-tet-
raoxapentadecanoic acid (PEG4)] targeted to integrin avb3,
which represents an important marker of tumorigenesis and
angiogenesis, has been used for the noninvasive detection of
tumors and for monitoring their response to treatment. 99mTc-
3PRGD2 uptake has proven safe and effective in animal cells and
in patients with various cancers, including breast cancer, lung
cancer, and glioma.[13–24] However, 99mTc-3PRGD2 has not
been used in CM to date. The current study was designed to
evaluate the efficiency of 99mTc-3PRGD2 for identifying CM and
for monitoring its response to plaque brachytherapy (PB).
2. Materials and methods

2.1. Patient eligibility

This clinical study was approved by the ethics committee of
Nanjing First Hospital, Nanjing Medical University. Ten
consecutive patients who received a diagnosis of CM and who
planned to undergo 125I-PB were invited for 99mTc-3PRGD2
imaging before and 3 months post-PB. B-mode ultrasonography,
color Doppler flow imaging (CDFI), and MRI were performed
before PB, and B-mode ultrasonography and CDFI were also
performed 3 months post-PB. The diagnosis of CMwas based on
Figure 1. Study work flow. CDFI = color Doppler flow imaging, COMS = collabora
brachytherapy.
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fundus examination, B-mode ultrasonography, CDFI, and
MRI.[1] The exclusion criteria were pregnancy and breast-
feeding. Written informed consent was obtained from each
patient. The study flow chart is shown in Figure 1.

2.2. MRI, B-mode ultrasonography, and CDFI
examinations

Orbital MRI scans were performed using a 1.5T MRI scanner
(Signa TwinSpeed; GE Healthcare, Milwaukee, WI) with dual
7.6-mm surface coils. Spin echo T1-weighted image was carried
out at a time of repetition (TR) of 600.0ms and a time of echo
(TE) of 11.1ms. The fast spin echo T2-weighted image
acquisition parameters were at TR 3000ms and TE 120ms.
Gadopentetate dimeglumine (0.1mmol/kg, Magnevist; Bayer
Schering Pharma, Berlin, Germany) was injected and dynamic
contrast-enhanced MRI were obtained employing 3D-fast
spoiled gradient echo (TR 8.4ms, TE 4.0ms, flip angle 15°, field
of view 220�220mm, matrix size 256�160, slice thickness 3.2
mm with 0 spacing and 5 minutes acquisition time).
B-mode ultrasonography and CDFI were performed using

Mylab 90� vision diagnostic instruments (Esaote, Shenzhen,
China). B-type ultrasonography was used to identify the location
and measure the base diameter and height of the tumor. The
CM volume was calculated by the equation: V=2:a2b/3, where
V= tumor volume, a=base diameter/2, and b=height.[25] CDFI
was used to observe tumor blood flowwith a frequency range of 6
to 18MHz.
tive ocular melanoma study, MRI =magnetic resonance imaging, PB = plaque
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2.3. Radiosynthesis of Tc-3PRGD2
99mTc-3PRGD2 radiotracer was prepared as described previous-
ly.[18] Briefly, the kit contained 20mg hydrazinonicotinamide-
3PRGD2, 5mg trisodium triphenylphosphine-3,30,30 0-trisulfo-
nate, 6.5mg tricine, 40mg mannitol, 38.5mg disodium succinate
hexahydrate, and 12.7mg succinic acid. For 99mTc radio labeling,
1.0mL of 1110 to 1480MBq (30–40mCi) of Na99mTcO4

solution was added to a lyophilized vial. The vial was heated
at 100°C for 20minutes in a lead-shielded water bath and then
cooled to room temperature. The resulting solution was analyzed
by instant thin-layer chromatography using paper strips and
acetone as eluent. The radiochemical purity was >95%.
99m
2.4. Single-photon emission computed tomography scan

Each patient was injected with 11.1MBq (0.3mCi) of 99mTc-
3PRGD2/kg. Head imaging was performed at rest 60 minutes
after the injection of 99mTc-3PRGD2 using a dual-head SPECT/
CT camera (Infinia Hawkeye IV, GE Healthcare, Fairfield, CT)
equipped with a low-energy, all-purpose collimator centered on
the 140-keV energy peak with a 20% symmetrical energy
window. Thirty projection images were acquired over a 180° arc
(0° anterior to 0° posterior position) at 6° intervals for each
SPECT head. The acquisition time was 30 seconds at each
projection. The transaxial data were reconstructed usingOrdered
Subset Expectation Maximization (2 iterations, 8 subsets).
Tomographic images were displayed as coronal, sagittal, and
transaxial.
2.5. SPECT imaging analysis
99mTc-3PRGD2 imaging analysis was completed by 3 experi-
enced nuclear medicine physicians. Image quality was docu-
mented by visual analysis. For semiquantitative analysis, the
tumor-to-occipital bone (T/O) and mirror contralateral normal
site-to-occipital bone (N/O) radioactive ratios in the SPECT
images were measured and calculated by the same person, using a
consistent standard. The tumor region of interest (ROI) was
drawn according to the edge of the accumulating area according
to visual assessment. A mirror ROI on the contralateral eye was
Table 1

Clinical and imaging information for 10 patients with choroidal melan

Before PB
99mTc-3PRGD2 Lesion size, mm

No. Sex Age, y RD T/O N/O
Base

diameter Height T1WI

1 M 46 Y 2.03 1.32 14.7 5.2 Hyperintense H
2 F 27 N 1.08 0.79 12 6 –

3 F 25 N 1.10 0.75 11.1 6.5 Isointense H
4 M 32 N 0.84 0.63 12 4 Isointense H

5 M 37 N 1.13 0.74 12 7 Isointense Is
6
(Fig. 4)

F 55 N 1.34 0.85 9.5 3.2 –

7
(Fig. 2)

F 78 Y 5.13 0.91 14.1 13.7 Hyperintense H

8 M 49 Y 1.78 0.69 13 9 Hyperintense H
9 F 32 Y 2.51 0.66 15.1 9.2 –

10 M 42 Y 2.02 0.61 12.6 7.2 –

–=without MRI, 99mTc-3PRGD2 = 99mTc-PEG4-E[PEG4-c(RGDfK)]2, DEC-MRI=dynamic contrast-enhan
number, PB=plaque brachytherapy, RD= retinal detachment, T/O= tumor-to-occipital bone ratios, T1W

3

drawn as the normal ROI. Twelve pixels at occipital bone were
drawn as occipital bone ROI. The T/O and N/O ratios were
calculated as the mean counts of tumor or normal ROI/mean
count of occipital bone ROI.
2.6. Statistical analysis

Statistical analysis was performed using SPSS version 23 (IBM
Corp, Armonk, NY). All quantitative data were expressed as
mean± standard deviation. Differences in continuous variables
were analyzed using Student t test, or the Mann-Whitney U test if
the assumptions of a t test might not be met. Paired t tests were
used to compare the T/O and N/O ratios before and after PB.
Linear regression between T/O ratio and tumor volume
was calculated. Statistical significance was defined as a P value
<.05.

3. Results

3.1. Patient characteristics

Data for the 10 enrolled patients are summarized in Table 1. The
patients included 5 women and 5 men, aged 25 to 78 years (mean
age, 42±16 years). All patients underwent B-mode ultrasound
and CDFI examinations and some also received MRI scans, and
all were diagnosed with CM. Five of the 10 patients were
diagnosed with secondary retinal detachment (RD) by B-mode
ultrasonography and/or MRI.
3.2. Tc-3PRGD2 imaging

The 99mTc-3PRGD2 SPECT/CT image quality was good in all 10
patients. The distribution of 99mTc-3PRGD2 in the human head
could be clearly observed in coronal, sagittal, and trans-axial
images (Fig. 2). In addition to intense accumulation in the
lacrimal gland, nasal mucosa, and submandibular gland, which
corresponded to the main excretion pathways, there was also
moderate 99mTc-3PRGD2 uptake in the bone marrow. The
distribution was consistent with a previous report.[20] The clear
background in the eyeballs allowed easy discrimination of CM
lesions.
oma.

3rd month after PB

MRI 99mTc-3PRGD2 Lesion size, mm

T2WI DEC-MRI T/O N/O
Base

diameter Height

yperintense Medium intense enhancement 1.14 0.96 13.7 3.2
– – 0.79 0.57 9 4.4

yperintense Intense enhancement 0.95 0.84 11.5 5.7
yperintense Intense homogeneous

enhancement
0.63 0.61 10.5 2.7

ointense Intense enhancement 0.92 0.87 11.2 4.5
– – 0.97 0.79 8.6 3.2

yperintense Less intense enhancement 2.62 0.74 13 15.4

yperintense Enhancement and fluid 1.32 0.78 11.2 5.2
– – 1.84 0.87 14.2 5.3
– – 1.11 0.65 14.6 6.7

ced MRI, MRI=magnetic resonance imaging, N/O=normal site-to-occipital bone ratios, No.=patient
I=T1-weighted image, T2WI=T2-weighted image.

http://www.md-journal.com
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Figure 2. 99mTc-PEG4-E[PEG4-c(RGDfK)]2 (99mTc-3PRGD2) single-photon emission computed tomography/computed tomography (SPECT/CT) images (axial,
sagittal, and coronal) and CDFI images before and 3 months after PB treatment in a 78-year-old woman with choroidal melanoma (CM) (patient 7). Intense
accumulation of 99mTc-3PRGD2 in the lesion in the right eye (red cross) fell from tumor-to-occipital bone ratio (T/O)=5.13, normal tissue-to-occipital bone ratio (N/
O)=0.91 before PB to T/O=2.62, N/O=0.74 at 3 months post-PB. B-mode ultrasonography and CDFI showed that the base length and height of the lesion varied
from 14.1 and 13.7mm, respectively (before treatment) to 13 and 15.4mm, respectively at 3 months post-PB. CDFI = color Doppler flow imaging, CT = computed
tomography, PB = plaque brachytherapy.
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Imaging of patients before PB indicated that Tc-3PRGD2
was highly accumulated in the CM (Fig. 2). Semiquantitative
analysis of the 10 patients showed a mean T/O ratio of 1.90±
1.26, which was significantly higher than the N/O ratio of 0.80±
0.21 for normal tissue (P= .02). T/O ratios had decreased in all
patients at 3 months post-PB, with mean T/O and N/O ratios of
1.23±0.59 and 0.77±0.12, respectively (P= .03). 99mTc-
3PRGD2 uptake by the CM decreased significantly after
treatment (P= .02), whereas uptake by normal tissue was similar
before and after treatment (P= .64) (Table 2).
The mean T/O ratio of 99mTc-3PRGD2 uptake among the 5

patients with RD before therapy was 2.69±1.39, which was
Table 2
99mTc-3PRGD2 uptake and tumor volume in patients with choroidal

99mTc-3PRG

T/O

Before PB 1.90±1.26 0.8
Third month after PB 1.23±0.59 0.7
P .02

99mTc-3PRGD2 = 99mTc-PEG4-E[PEG4-c(RGDfK)]2, N/O=normal site-to-occipital bone ratios, PB=pla

4

significantly higher than the ratio of 1.10±0.18 in the 5 patients
without RD (P= .008) (Table 3).
3.3. Ratio of T/O to tumor volume

Higher tumor expression of integrin avb3 usually indicates
greater angiogenesis and metastasis. To reflect the integrin avb3

expression in CM patients in vivo, the ratio of T/O to volume for
each patient is listed in Table 4. There was a linear relationship
between T/O and volume (y-hat=0.028+0.003x; R2=0.768,
P= .001) (Fig. 3). The 95% confidence interval (CI) for (T/O)/
volume ratio before treatment was 0.002 to 0.005. The (T/O)/
melanoma before and 3 months after plaque brachytherapy.

D2 imaging

N/O P Volume, mm3

0±0.21 .02 636.00±381.03
7±0.12 .03 448.27±373.12
.64 – .02

que brachytherapy, T/O= tumor-to-occipital bone ratios.
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Table 3
99mTc-3PRGD2 uptake in patientswith choroidal melanomawith or
without secondary retinal detachment before and 3 months after
plaque brachytherapy.

No-RD RD P

Before PB 1.10±0.18 2.69±1.39 .008
Third month after PB 0.85±0.14 1.61±0.64 .056
P .004 .04 –

No-RD=with no retinal detachment, PB=plaque brachytherapy, RD= retinal detachment.

Table 4

Tumor-to-occipital bone ratio/tumor volume and follow-up infor-
mation for each patient.

(T/O)/V (1/mm3)

No Before PB Third month after PB Follow-up

1 0.0035 0.0036 22nd Month, enucleation
2 0.0024 0.0042 20th Month, local control
3 0.0026 0.0024 20th Month, local control
4 0.0028 0.0040 23rd Month, local control
5 0.0021 0.0031 –

6
(Fig. 4)

0.0089 0.0078 6th Month, local recurrence;
8th Month, enucleation;
21st Month, liver metastasis

7
(Fig. 2)

0.0036 0.0019 25th Month, enucleation

8 0.0022 0.0039 –

9 0.0023 0.0033 20th Month, local control
10 0.0034 0.0015 22nd Month, local control

–=with no follow-up results, (T/O)/V= tumor-to-occipital bone ratio/tumor volume, No=patient
number, PB=plaque brachytherapy.

Yan et al. Medicine (2018) 97:40 www.md-journal.com
volume in patient 6 was 0.0089 and was above the 95% CI.
Follow-up 99mTc-3PRGD2 imaging in this patient was performed
at 6 months post-PB (Fig. 4) and liver metastasis occurred at 21
months post-PB.

4. Discussion
18F-fluorodeoxyglucose (FDG)-positron emission tomography
(PET)/CT has been used to detect CM and to stage patients for
treatment.[26–28] However, FDG has been reported to show poor
concentrations in CM lesions.[29] Furthermore, 18F-FDG-PET/
CT imaging only reflects the metabolic situation, which
represents a limitation of this technique. 99mTc-3PRGD2 is a
star radiotracer for functional tumor diagnosis[13–22] and has
been widely used in various kinds of tumors. We carried out the
first study of 99mTc-3PRGD2 imaging in 10 patients with CM
and showed that all CM lesions were positive. The mean T/O
ratio was significantly higher than themeanN/O ratio, suggesting
that 99mTc-3PRGD2 could be used as a sensitive detector for CM.
Figure 3. Linear relationship between T/O and volume. Curves represe

5

Our results suggested that Tc-3PRGD2 imaging could
predict melanoma progress and metastatic behavior. Because
99mTc-3PRGD2 specifically targets integrin avb3, which presents
angiogenic activity, its decreased uptake in CM lesions 3 months
after PB indicated that the therapy was effective and tumor
angiogenesis had decreased. Both the Collaborative Ocular
Melanoma Study (COMS) and the American Joint Commission
on Cancer consider tumor size to be the most important reference
nt the 95% confidence interval. T/O = tumor-to-occipital bone ratio.

http://www.md-journal.com
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Figure 4. 99mTc-PEG4-E[PEG4-c(RGDfK)]2 (99mTc-3PRGD2) single-photon emission computed tomography/computed tomography (SPECT/CT) images (axial)
and color Doppler flow imaging (CDFI) images before PB, and at 3 and 6months post-PB treatment in a 55-year-old woman with choroidal melanoma (CM) (patient
6). Uptake of 99mTc-3PRGD2 in the lesion in the left eye (red cross) fell from tumor-to-occipital bone ratio (T/O)=1.34 before PB to T/O=0.97 at 3 months post-PB.
Follow-up 99mTc-3PRGD2 imaging at 6 months post-PB showed increased accumulation, with T/O=1.68. B-mode ultrasonography and CDFI showed tumor
sizes of 9.5�3.2, 8.6�3.2, and 14.3�9.1mm before treatment and at 3 and 6 months post-PB, respectively. Enucleation was done at 8 months after PB.
Unfortunately, liver metastasis was detected at about 21 months post-PB. However, this information was acquired by phone interview and no liver metastasis
images were available because the patient was not a resident of Peking. CDFI = color Doppler flow imaging, CT = computed tomography, PB = plaque
brachytherapy.

Yan et al. Medicine (2018) 97:40 Medicine
for classifying CM and for choosing the most appropriate
treatment.[3,4] However, tumor size alone may not be the best
index, because locally shrunk tumors can also be associated with
distant metastasis. Furthermore, delayed recurrence and metas-
6

tasis still occur in medium-sized and T2 to T4-stage tumors.
Patients with disease-free survival or better following treatment
for primary uveal melanoma may still develop remote metastasis.
One hypothesis suggested that angiogenesis may cause cancer
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latency, leading to delayed recurrence and remote metastasis.
One of our patients (patient 6) received PB therapy according to
COMS, and the tumor had decreased to medium size 3 months
later. No further therapy was administered in accordance with
COMS guidelines. However, 99mTc-3PRGD2 accumulation
increased, suggesting that the tumor was in an invasive state,
and liver metastasis was accordingly detected at 21 months post-
PB. This supports the idea that angiogenesis is closely related to
the progress of CM. Tumor size and 99mTc-3PRGD2 uptake
combined was used to predict the prognosis of CM in this study.
According to the linear regression, tracer accumulation was
correlated with tumor size, that is, bigger tumors showed higher
levels of integrinavb3 expression. However, once the (T/O)/
volume ratio exceeded the 95% CI, the increase in integrin avb3

expression no longer matched tumor volume. Patient 6 showed
no tumor enlargement and no RD, but a high (T/O)/volume ratio
pre- and post-PB treatment, both of which were above the 95%
CI (0.002–0.005). This patient experienced recurrence of CM at
6 months post-PB, and liver metastasis at 21 months post-PB.
This may suggest that the reverse high uptakes of 99mTc-3PRGD2
to the shrink or stable tumor size indicated high activity of
angiogenesis, leading to high risk of metastasis. It also suggests
that (T/O)/volume may provide a promising index for assessing
tumor development and metastasis risk. (T/O)/volume in patients
with CM may play a more predominant role in predicting tumor
progress than T/O or volume alone, and a small tumor with a
high T/O may thus have a poor prognosis. Long-term 99mTc-
3PRGD2 imaging should thus be performed to allow clinicians to
judge the possibility of recurrence and metastasis and to take the
appropriate actions.
Brachytherapy is widely used according to COMS to preserve

visual acuity and improve the patient’s quality of life.[3] However,
various radiation-related complications may occur, such as optic
neuropathy, maculopathy, cataract, neovascular glaucoma,
ischemia, RD, and vessel obstruction, and thus decreasing
quality of life.[30] Adjuvant treatments can be used to help prevent
and treat these complications. Meanwhile, antiangiogenesis
therapy involving antivascular endothelial growth factor thera-
py, anti-integrin avb3 therapy, Arg-Gly-Asp (RGD) peptides-
related chemotherapy, and gene therapy have all demonstrated
progress.[31–34]99mTc-3PRGD2 reflects the integrin avb3 expres-
sion level in vivo and provides a noninvasive assessment of
angiogenesis, and thus supporting the use and monitoring of
angiogenesis-related adjuvant therapies.
There were several limitations in this study. First, ROI was

drawnby visual analysis; thus, the datamay have some bias. Kinds
ofmeanswereadopted tominimize this influence: theT/OandN/O
ratios were measured by the same person using a consistent
standard. The tumor ROI was drawn by the edge of accumulating
area and a mirror ROI on the contralateral eye was drawn as
normal ROI. We also draw the fixed 12 pixels at occipital bone as
occipital bone ROI to minimize the difference of absorption
resulting fromROI area difference. Second, the number of enrolled
patients was inadequate. This study showed only the preliminary
result of the uptake of 99mTc-3PRGD2 in CM. We observed one
case that for which, the ratio of (T/O)/V was above the 95%CI at
the baseline and liver metastasis happened at 21st-month post-PB.
Cohorts and follow-up studieswithmore patientswill be needed to
confirm this finding and to investigate the role of 99mTc-3PRGD2
imaging in the prediction of metastasis.
In conclusion, 99mTc-3PRGD2 may be an effective diagnostic

tool in patients with CM, with promising potential for
monitoring the response to therapy and for predicting prognosis.
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