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Pretreatment PET/CT imaging of angiogenesis based on 18F-RGD tracer
uptake may predict antiangiogenic response
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Abstract
Purpose To explore the relationship betweenmetabolic uptake of the 18F-ALF-NOTA-PRGD2 (

18F-RGD) tracer on positron emission
tomography/computerized tomography (PET/CT) and the antiangiogenic effect of apatinib in patients with solid malignancies.
Materials and patients Patients with measurable lesions scheduled for second- or third-line single-agent therapy with apatinib
were eligible for this prospective clinical trial. All patients underwent 18F-RGD PET/CTexamination before the start of treatment.
Standardized uptake values (SUVs) of contoured tumor lesions were computed and compared using independent sample t-tests or
the Mann–Whitney U test. Receiver-operating characteristic (ROC) curve analysis was used to determine accuracy in predicting
response. Survival curves were compared using the Kaplan–Meier method.
Results Of 38 patients who consented to study participation, 25 patients with 42 measurable lesions met the criteria for inclusion
in this response assessment analysis. The median follow-up time was 3 months (range, 1–10 months), and the median
progression-free survival (PFS) was 3 months (95% confidence interval, 1.04–4.96). The SUVpeak and SUVmean were signifi-
cantly higher in responding tumors than in non-responding tumors (4.98 ± 2.34 vs 3.59 ± 1.44, p = 0.048; 3.71 ± 1.15 vs 2.95 ±
0.49, P = 0.036). SUVmax did not differ between responding tumors and non-responding tumors (6.58 ± 3.33 vs 4.74 ± 1.83, P =
0.078). An exploratory ROC curve analysis indicated that SUVmean [area under the ROC curve (AUC) = 0.700] was a better
parameter than SUVpeak (AUC= 0.689) for predicting response. Using a threshold value of 3.82, high SUVmean at baseline was
associated with improved PFS (5.0 vs. 3.4 months, log-rank P = 0.036).
Conclusion 18F-RGD uptake on PET/CT imaging pretreatment may predict the response to antiangiogenic therapy, with higher
18F-RGD uptake in tumors predicting a better response to apatinib therapy.

Keywords Antiangiogenic therapy .Malignancies . 18F-RGDPET/CT . Integrinαvβ3

Background

Angiogenesis, the process of new blood vessel formation from
preexisting vessels, is largely regulated by interactions between
vascular endothelial growth factors (VEGFs) and VEGF recep-
tors (VEGFRs) [1, 2]. In the context of cancer, the process of
angiogenesis becomes uncontrolled, leading to pathological
over-formation of blood vessels. Various types of angiogenesis
inhibitors have shown clinical benefit in many types of cancers
[3, 4], but treatment efficacies of anti-angiogenic therapies are
heterogeneous among different patients. Several clinical trials
have explored biomarkers that can effectively predict the re-
sponse to antiangiogenic therapy, but no clinical data are avail-
able yet on this subject [5, 6]. Moreover, antiangiogenic drugs,
such as the VEGF antibody bevacizumab, are commonly
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applied in combination with conventional chemotherapy or ra-
diotherapy [7, 8], and this combined treatment model may con-
found the ability to identify reliable biomarkers for the response
to antiangiogenic therapy.

Alpha v beta3 (αvβ3), which forms complexes with
VEGFRs, is considered to be the most important integrin in
the process of angiogenesis, and is highly expressed on newly
formed vessels [9–11]. Because the tripeptide moiety of argi-
nine–glycine–aspartate (RGD) can specifically bind to
integrin αvβ3, RGD positron emission tomography/
computerized tomography (PET/CT) has been suggested for
noninvasive imaging of angiogenesis [12–14]. A novel tracer
18F-AlF-NOTA-PRGD2 (denoted as 18F-RGD) has been
proven to offer clinically simple and safe imaging of αvβ3
expression using a simple, one-step lyophilized kit [15].
Therefore, we hypothesized that 18F-RGD PET/CT can pro-
vide a useful tool for predicting the response to antiangiogenic
therapy, and we tested this hypothesis in the context of treat-
ment with apatinib (YN968D1), the first orally antiangiogenic
drug targeting the VEGFR-2 tyrosine kinase that can be used
in single-agent treatment [16].

Patients and methods

Patients

For this institutional ethics committee-approved prospective
study, patients scheduled for second- or third-line apatinib
therapy were recruited, and those who signed consent forms
were prospectively enrolled. Cases of locally advanced and
metastatic malignancies confirmed by histologic analysis
were eligible. Other eligibility criteria included: age at least
18 years and Karnofsky performance status (KPS) of at least
70. Patients who did not have measurable lesions, were preg-
nant or unable to complete the required examinations were
excluded. The study was reported to ClinicalTrial.gov
(NCT03384511, CRTOG1701).

Study drug dosing and treatment

All patients were treated with the following regimen: apatinib
250 mg twice daily (500 mg/day). A treatment cycle was
defined as 4 weeks, and treatment interruptions or dose reduc-
tions to 250 mg per day were allowed for the management of
adverse events (AEs). The maximum allowable period of
treatment interruption was 1 week during each cycle. The dose
had to be re-escalated to 500mg per day after the mitigation of
the AE. The treatment was not stopped until disease progres-
sion, intolerable toxicity, or patients’ request for withdrawal
from the study.

18F-RGD PET/CT imaging

All 18F-RGD PET/CT scans were performed using a com-
bined PET/CT scanner (GEMINI TF Big Bore; Philips
Healthcare) within 3 days prior to the start of apatinib treat-
ment. The lyophilized kit for labeling the PRGD2 peptide was
purchased from Jiangsu Institute of Nuclear Medicine, and
18F-RGD was prepared as previously described [15]. The ra-
diochemical purity of 18F-RGD exceeded 95%, and its specif-
ic radioactivity exceeded 37 GBq (1000 mCi)/μmol. PET im-
ages were obtained from the head to the thigh for 5 min per
field of view, with an axial sampling thickness of 4.25 mm per
slice after intravenous administration of 18F-RGD. The pa-
tients were instructed to breathe slowly and shallowly during
PET acquisition. The images were attenuation corrected with
the transmission data from CT. The attenuation-corrected PET
images, CT images, and fused PET/CT images displayed as
coronal, sagittal, and transaxial slices were viewed on a
Xeleris work station (GE Healthcare).

Image analysis

The PET/CT images were analyzed by two experienced nuclear
medicine physicians using MIM software (MIM, 6.1.0,
Cleveland, OH, USA) to determine the uptake in tumor lesions.
To guarantee the accuracy of regions of interest (ROIs) over
lesions, ROIs were drawn with reference to anatomical structure
adjusted by CT images and PET/CT fusion images. The peak,
maximum, and mean standardized uptake values (SUVpeak,
SUVmax, and SUV mean) of lesions were processed with an au-
tomated contouring program, using a threshold SUVof 2.5 [17].

Response evaluation

Treatment responses were assessed by measuring changes in the
largest diameter of each tumor frompretreatmentPET/CT topost-
treatment CT. The percentage change was calculated using the
following formula: % change = (Diameterpost − Diameterpre) /
Diameterpre × 100%. Lesions were classified as responding tu-
mors if the % change was > 30% or non-responding tumors if
the % change was < 30%. Progression-free survival (PFS) was
defined as the time from the start of apatinib therapy to disease
progression or death due to any cause, whichever occurred first.

Statistical analysis

All statistical analysis was performed using SPSS version 21.0
(SPSS, Inc., Chicago, IL, USA). Differences in SUV values of
lesions were analyzed using independent sample t-tests. The
Mann–Whitney U test was used for data that did not show a
normal distribution. Receiver-operating characteristic (ROC)
curve analysis was used to determine accuracy in predicting
response. Survival curves were compared using the Kaplan–
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Meier method. Probability values < 0.05 were considered in-
dicative of significant differences.

Results

Demographic and clinical characteristics of patients

From September 2016 to September 2017, 38 patients for
whom single-agent treatment with apatinib was planned
consented to participation in the study. All patients underwent
18F-RGD PET/CT imaging examination pretreatment.
Thirteen patients were excluded from the antiangiogenic re-
sponse analysis; two of these refused apatinib therapy, five
received apatinib therapy for < 4 weeks (one treatment cycle),
two received combined chemoradiation during the first cycle
of apatinib treatment, and four did not complete the 1-month
follow-up scan. Consequently, 25 patients with 42 measurable
lesions were included in the response analysis. The character-
istics of patients and tumor are summarized in Table 1.

Response to apatinib treatment

At the time of this analysis, the median follow-up time was
3 months (range, 1–10 months), and the median PFS was
3 months [95% confidence interval (CI), 1.04–4.96]. After
the first cycle (4 weeks) of apatinib therapy, 14 lesions showed
a reduction in diameter of > 30% and were considered to be
responding tumors, and the remaining 28 lesions were consid-
ered non-responding tumors. The median PFS of patients in
the responding and non-responding groups were 5.0 and

3.4 months respectively (log-rank, P = 0.009). The 18F-RGD
PET/CT uptake values and treatment responses in the 42 mea-
surable lesions are shown in Table 2.

18F-RGD uptake values in different types of tumors

No significant differences were observed in the SUVpeak,
SUVmax and SUVmean values for lung cancer, ovarian cancer,
cervical cancer, and other lesions (4.18 ± 2.42 vs 5.41 ± 1.53 vs
3.60 ± 1.33 vs 3.82 ± 1.45, P = 0.419; 5.73 ± 3.32 vs 7.21 ±
1.83 vs 4.49 ± 1.94 vs 4.97 ± 1.71, P = 0.279; and 3.31 ± 1.08
vs 4.00 ± 0.89 vs 2.93 ± 0.58 vs 3.20 ± 0.84, P = 0.134; Fig. 1).

Correlation between response to antiangiogenic
therapy and pretreatment 18F-RGD uptake values

The pretreatment 18F-RGD uptake values as determined by
the two observers are listed in Table 3. The SUVpeak and
SUVmean were significantly higher in responding tumors than
in non-responding tumors (Table 3 and Fig. 2). The difference
in the SUVmax between responding tumors and non-
responding tumors was not significant (Table 3). An explor-
atory ROC curve comparison was performed to determine the
diagnostic accuracy of SUVpeak and SUVmean for identifying
responding tumors. Compared with the SUVpeak [area under
curve (AUC) = 0.689), the SUVmean (AUC = 0.700) was a
better parameter for predicting response according to the
ROC curve analysis (Fig. 3).

According to ROC curve analysis, the threshold value for
SUVmean pretreatment was 3.82 for the response of apatinib
treatment. The objective response rate (OPR) was 85.7% in
lesions with a SUVmean > 3.82 ,and 22.9% in lesions with a
SUVmean < 3.82. Patients whose lesions had a higher SUVmean

exhibited better PFS than those whose lesions had a low
SUVmean (5.0 vs 3.4 months, log-rank P = 0.036; Fig. 4).

Discussion

Treatments aimed at blocking angiogenesis are commonly
used in cancer therapy; however, no clinically identified bio-
marker is available for predicting the likelihood of response to
such therapy. In this study, we provided the first clinical evi-
dence that tumor 18F-RGD uptake parameters at baseline are
predictive for treatment response to apatinib, an oral
antiangiogenic drug. Patients whose tumors showed a higher
SUVmean had a better response to treatment and longer PFS
than those whose tumors showed a lower SUVmean.

Several studies have reported the preclinical use of RGD
peptide tracers, and have indicated that a significant decrease
in the amount of tracer present can be observed from pre- to
post-antiangiogenic therapy [18–22]. Moreover, changes in
RGD uptake decreased more obviously in groups treated with

Table 1 Characteristics of patients and tumors

Characters

Age (years), median (range) 54 (27–78)

Gender, n

Male 11

Female 14

Smoking, n

Yes 5

No 20

KPS, median (range) 80 (75–90)

Primary tumors, n

Lung cancer 9

Esophageal cancer 2

Breast cancer 1

Cervical cancer 5

Ovary cancer 3

Stomach cancer 1

Others 4
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antiangiogenic drugs than in those treated with vehicle con-
trol, and these changes occurred much earlier than the
fluorodeoxyglucose (FDG) metabolic response [18, 19].
These observations confirmed the feasibility of using RGD
to monitor early biological changes and efficacy during
antiangiogenic therapy. In a previous study with
bevacizumab-containing therapy in ovarian and cervical can-
cers, the decrease in RGD uptake was also observed, and a
large decrease in the SUVmean was noted in patients who had
an objective response in the early observation of response
[23]. However, that study only assessed the change ratios
rather than baseline uptake levels and, therefore, could not
determine whether RGD uptake could be used to predict re-
sponse and screen appropriate patients for treatment decision-
making. Also, because patients in that study were given the
combination therapy, it is not possible to identify the relation-
ship between response and antiangiogenic therapy directly.

In this trial, we applied singe-agent treatment with apatinib,
and both the baseline SUVpeak and SUVmean were found to be
predictors of response, with a higher SUVmean also being sig-
nificantly correlated with prolonged PFS. To our knowledge,
this is the first systemic clinical investigation of correlations
between RGD uptake parameters and response in various
types of malignant tumors. Inhibition of αvβ3 integrin activ-
ity has been shown to induce apoptosis among tumor endo-
thelial cells and to effectively inhibit tumor angiogenesis and
progression [24–26]. Cheresh et al. reported that decreased
expression of αvβ3 onαvβ3-bearing endothelial cells seeded
in a three-dimensional collagen matrix prolonged their surviv-
al [27, 28]. Consequently, higher RGD uptake values may
indicate a high density of effective target receptors for
antiangiogenic therapy, and predict a better response to
apatinib therapy.

18F-RGD uptake on PET/CT as a biomarker seems to be-
have differently according to the treatment modality. Previous
studies investigating the utility of 18F-RGD PET/CT were
mostly carried out in patients treated with antiangiogenic
drugs in combined therapies. Our previous studies on non-
small cell lung cancer and glioblastoma found that highT
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Fig. 1 Standard uptake values on 18F-RGD PET/CT in different types of
tumors
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Table 3 Parameters of
pretreatment 18F-RGD PET/CT
scans

Parameters All lesions Responding tumors Non-responding tumors P

SUVpeak 4.05 ± 1.88 4.98 ± 2.34 3.59 ± 1.44 0.048

SUVmax 5.36 ± 2.55 6.58 ± 3.33 4.74 ± 1.83 0.078

SUVmean 3.20 ± 0.84 3.71 ± 1.15 2.95 ± 0.49 0.036

Fig. 2 Two representative 18F-RGD PET/CTscans of responding tumors
(a: SUVmean = 5.12) and non-responding tumors (b: SUVmean = 3.67).
(Top panel) Scans from a patient with active RGD uptake at baseline

and during treatment who showed a good response to aptinib treatment,
and (bottom panel) scans from another patient with remarkable tumor
progression

Fig. 3 ROC curve for the
accuracy of 18F-RGD PET/CT
parameters to predict response to
apatinib treatment
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RGD uptake values indicated a poor outcome after concurrent
chemoradiation therapy (CCRT) [17, 29]. During CCRT, high
RGD uptake values indicated high malignancy and severe
hypoxia, which were associated with rapid progression and
increased chemoradiation resistance in tumors [17, 30].
Discrepancies in the relationship between 18F-RGD uptake
and response to therapy may be the result of different impli-
cations of αvβ3 in different treatment modalities.

To our knowledge, this is the first clinical trial to demon-
strate 18F-RGD uptake on PET/CTas an imaging biomarker to
predict treatment response to antiangiogenic treatment. If val-
idated in a larger sample in an external study, 18F-RGD PET/
CT will provide references for the planning of personalized,
targeted antiangiogenic therapy in various cancers. Given the
small number of patients and the disunity of tumors in the
present study, we will continue to increase the sample size
and further identify the potential ability of 18F-RGD PET/
CT to predict the response to antiangiogenic therapy in
multi-center studies.

Conclusions

The results of the present study indicate that 18F-RGD PET/
CT may be applied to predict the response to antiangiogenic
therapy, with high RGD uptake values in tumors predicting a
better response to apatinib therapy.
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