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Abstract
Background/Aim We prospectively investigated the potential
usefulness of PET using a new tracer targeting integrin αvβ3
(termed RGD-K5) in patients with head and neck cancer
(HNC) undergoing definitive concurrent chemoradiotherapy
(CCRT).
Patients and Methods Newly diagnosed patients with locally
advanced HNC scheduled for definitive CCRT were eligible.
RDG-K5 PET and FDG PET scans were performed at three
different time points (baseline, 2 weeks, and 3 months post-
treatment).
Results Nine patients completed all of the three scans, where-
as two patients withdrew after two scans only. Uptake of both
RGD-K5 and FDG generally decreased following CCRT.
However, the observed decrease did not differ significantly

between complete responders and non-responders. At 3
months post-treatment, the uptake of both RGD-K5 and
FDG at the main tumors was significantly lower in those
who achieved complete responses than in those with residual
tumors.
Conclusion RGD-K5 PET has the potential to identify pa-
tients with incomplete responses to CCRT.

Keywords RGD-K5 . Integrinαvβ3 . FDG .PET .Headand
neck cancer . CCRT

Introduction

Angiogenesis, defined as the formation of new blood vessels
by a process of sprouting from pre-existing vessels, is a hall-
mark of malignant tumor progression [1]. Integrins, a family
of transmembrane glycoprotein receptors that mediate cell-
matrix adhesion, have been shown to play a major role in cell
migration, invasion, and proliferation. Integrins are heterodi-
mers of non-covalently associated α- and β-subunits (18 α-
subunits and eight β-subunits). A high expression of integrin
ανβ3 has been reported in tumor-associated blood vessels,
where it may promote angiogenesis and tumor invasion [2].
In particular, integrin αvβ3 has been found to be involved in
endothelial cell proliferation and new blood vessel formation
in head and neck malignancies [3]. A previous positron emis-
sion tomography (PET) study has shown that integrin ανβ3
expression can be traced using F-18 Galacto-RGD [4].
Notably, this imaging modality has been successfully used
to identify integrin ανβ3 in the neovasculature of patients
with head and neck squamous cell carcinomas [5].

Patients with locally advanced head and neck cancer (HNC)
usually receive definitive concurrent chemoradiotherapy
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(CCRT) for considerations of functioning preservation or
unresectable diseases [6]. Unfortunately, the outcomes were
dismal, the 5-year overall survival rate being < 50 % [7].
Recent advances in drug development allowed the inclusion
of anti-angiogenic drugs in standard treatment regimens.
However, the ideal target population for anti-angiogenic ther-
apy of head and neck tumors has not been clearly identified. In
this scenario, we designed a prospective pilot study to inves-
tigate the potential clinical usefulness of PET using a new
tracer that specifically targets integrin αvβ3 (termed RGD-
K5) in patients with locally advanced HNC treated with de-
finitive CCRT.

Materials and Methods

Ethics

Ethical approval was granted by the Institutional Review
Boards of the Chang Gung Memorial Hospital (99-3338A)
and the Department of Health, Executive Yuan, Taiwan. The
study was registered at clinicaltrials.gov (NCT01447134). All
participants gave their written informed consent before inclu-
sion in the study.

Patients

Patients with biopsy-proven HNC who were scheduled to re-
ceive CCRT between June 2013 and April 2014 were deemed
eligible. According to our institutional guidelines, all patients
were staged with magnetic resonance imaging (MRI) and
FDG PET. The baseline RGD-K5 PET scan was scheduled
within 2 weeks of conventional imaging for staging purposes.
Two additional FDG PET and RGD-K5 PET scans were
planned at 2 weeks and 3 months post CCRT. All participants
were followed for at least 12months or censored on the date of
death. The ability of the two tracers to distinguish between
patients who were successfully treated and those with residual
disease served as the main outcome measure.

RGD-K5 PET imaging

RGD-K5 was synthesized according to the instructions pro-
vided by Siemens [8]. At 60 min after a single bolus intrave-
nous injection of 10 mCi RGD-K5, whole-body static PET
images were acquired from the skull base to the thigh.
Imaging was performed on a Siemens Biograph mCT scanner
(Siemens Medical Solutions, Malvern, PA, USA), with an
acquisition time of 2 min for each bed position. Non-
contrast CT data were acquired for anatomical correlation
and attenuation correction. The tracer uptake was quantified
using the standardized uptake value (SUV) calculated as tissue
concentration (Bq/g)/[injected dose (Bq)/body weight (g)].

FDG PET imaging

Patients were required to fast for at least 4 h before FDG PET
imaging in order to achieve a plasma glucose level <200 mg/
dL. At 60 min after the intravenous injection of 10 mCi FDG,
whole-body static PET images were acquired from the skull
base to the thigh. Imaging was performed on a Siemens
Biograph mCT scanner (Siemens Medical Solutions), with
an acquisition time of 2 min for each bed position. Non-
contrast CT data were acquired for anatomical correlation
and attenuation correction.

Treatment and follow-up

All of the patients were treated with intensity-modulated radio-
therapy with a 6-MV X-ray at 2 Grays (Gy) per fraction, with
five fractions per week. The radiation dose was 46–50 Gy for
all subclinical risk areas, including the neck lymphatics, and
72 Gy for the primary tumor and grossly involved nodal dis-
ease. Concurrent chemotherapy consisted of cisplatin 50 mg/
m2 on day 1, and oral tegafur 800 mg/day plus leucovorin
60 mg/day from day 1 to day 14. The scheme was repeated
every 2 weeks through the radiotherapy course [9].

Following treatment, the patients were followed up by
physical examination and fiberoptic pharyngoscopy every 1
to 3 months. MRI was performed 3 months after completion
of treatment, and additional MRI or CT scans were performed
every 6 months thereafter or in the presence of clinical deteri-
oration. Biopsy was performed for any suspicious residual/
recurrent tumors whenever possible. If biopsy was not feasi-
ble, close clinical and imaging follow-up was pursued. All
patients were followed up for at least 12 months after treat-
ment or until death.

Statistical analysis

Continuous data were compared using the Student’s t-test and
Wilcoxon signed-rank test for independent-group comparison
and matched pair comparison, respectively. The Spearman’s
rank correlation coefficient (ρ) was used to investigate the
associations between the study variables. Power analysis
was calculated with G*Power software (version 3.1.5) [10].
All other calculations were performed using the SPSS 16.0
statistical package (SPSS Inc., Chicago, IL, USA). Two-
tailed p values<0.05 were considered statistically significant.

Results

Patient characteristics

A total of 17 patients with written informed consent were
included; however, six of them voluntarily withdrew and
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two refused the final post-treatment scan. Consequently, nine
patients who had completed all three scans and two patients
with two sets of scans were included in the analysis. One
patient had synchronous cancers, and thus both primary le-
sions were analyzed. The general characteristics of the study
participants are shown in Table 1. All patients were followed
for at least 12 months, the only exception being a patient who
died 326 days after the initial RGD-K5 PET scan. The median
follow-up time for the entire cohort was 664 days (range: 326–
766 days).

At 3 months post-treatment evaluation, two patients had
persistent main tumors, three had nodal disease, and one had
both of them. All patients were pathologically proven. In ad-
dition, all underwent salvage surgery, the only exception be-
ing one patient who received palliative chemotherapy. Three
of those who received salvaged surgery were disease-free,
whereas two continued to present lymph node recurrences
(one of them eventually died of disease).

The remaining five patients were free of disease following
CCRT. However, the patient with synchronous cancers devel-
oped a third primary esophageal neoplasm; he eventually died
of esophageal cancer. Another participant developed distant
bone metastases 477 days after CCRT (Fig. 1).

The FDG and RGD-K5 images of a representative patient
are shown in Fig. 2.

Baseline RGD-K5 and FDG uptake

Themain tumor and nodal RGD-K5 and FDG uptakes accord-
ing to different treatment outcomes are summarized in
Tables 2, 3, and 4. The modifications in RGD-K5 and FDG
uptake (compared with baseline values and expressed using
the SUV) at 2 weeks and 3 months post-treatment are depicted
in Figs. 3 and 4, respectively. At baseline scans, no significant
differences in the mean RGD-K5 uptake were noted between
patients who had tumor complete remission or not (main tu-
mor: 5.6 versus 5.1, respectively, p=0.746; lymph nodes: 4.7
versus 3.7, respectively, p=0.663). Similarly, the mean base-
line FDG uptake did not differ significantly between re-
sponders and non-responders, either (main tumor: 15.1 versus
15.9, respectively, p=0.753; lymph nodes: 12.3 versus 11.2,
respectively, p=0.647).

CCRT-induced changes in RGD-K5 uptake

At 2 weeks post-treatment, the RGD-K5 uptake did not differ
significantly between those who achieved complete remission
compared with those who did not (main tumor SUV: 3.6 ver-
sus 4.7, respectively, p=0.163; lymph nodes SUV: 2.3 versus
2.8, respectively, p=0.227). The difference in RGD-K5 up-
take was calculated from baseline. The changes of RGD-K5
uptake compared to baseline varied from −75 % to +80 %
(mean: −13 %, p= 0.117) for the main tumors and from T
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−75 % to +13 %, (mean: −27 %, p=0.037) for nodes. The
observed decrease did not differ significantly between patients
whose main tumor achieved complete remission versus those
who did not (−15 % versus −7 %, respectively, p=0.806).
Similar observations were observed for the decrease in nodal
uptake (−35 % versus −15 %, respectively, p=0.320).

At 3-month post-treatment scan, the mean SUVof the main
tumors was significantly lower in patients whose main tumor
showed a complete remission compared with those who did
not (2.6 versus 3.9, respectively, p=0.007); the estimated
power achieved 88.8 % under significance level 0.05. The
mean SUVof lymph nodes did not differ significantly between
responders and non-responders (2.0 versus 2.6, respectively,
p=0.293). Comparedwith baseline, RGD-K5 uptake changed
from −81 % to −8 % (mean: −40 %, p=0.005) for the main
tumor and from −85% to +17 % (mean: −28%, p=0.069) for
nodes. The observed decrease in main tumor or nodal RGD-
K5 uptake did not predict complete remission in the main
tumor (−42 % versus −36 %, p=0.697) or in nodes (−34 %
versus −22 %, p=0.639).

CCRT-induced changes in FDG uptake

At 2 weeks post-treatment, the FDG uptake did not differ
significantly between complete responders and non-
responders (main tumor SUV: 6.2 versus 4.9, respectively,

p=0.193; lymph nodes SUV: 4.0 versus 5.8, respectively,
p=0.294). Compared with baseline, the FDG uptake varied
from −78 % to +42 % (mean: −58 %, p=0.003) for the main
tumor and from −85% to +91 % (mean: −42%, p=0.017) for
nodes. The observed decrease did not differ significantly be-
tween complete responders and non-responders (main tumor:
−55 % versus −65 %, p=0.529; nodes: −38 % versus −49 %,
p=0.770, respectively).

At the 3-month post-treatment scan, the FDG uptake at the
main tumors was significantly higher in those with persistent
tumor than in those without (mean SUV: 7.7 versus 4.1, respec-
tively, p=0.029); the estimated power achieved 64.4 % under
significance level 0.05. Compared with baseline, the main tumor
FDG uptake varied from −87 % to −33 % (mean: −66 %,
p=0.005). The observed decrease was lower in patients who
had persistent main tumors than in those who did not, albeit
not significantly so (−46 % versus −71 %, p=0.118). The nodal
FDG uptake varied from −87 % to +13 % (mean: −51 %,
p=0.025). Neither the decrease of nodal uptake nor the mean
SUV predicted nodal response (−62 % versus −46 %, p=0.733;
2.9 versus 6.2, p=0.172, respectively).

Relationships between RDG-K5 and FDG uptake

We did not find significant associations between RDG-K5 and
FDG uptake at baseline or 2-week post-treatment scans at

Fig. 1 Flow chart of the participants through the study and main clinical outcomes. Abbreviations: CCRT, concurrent chemoradiotherapy; T, main
tumor; N, lymph nodes; NED, no evidence of disease; AWD, alive with disease; DOD, died of other diseases
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Fig. 2 Maximal intensity
projection images of a patient
who had persistent neck lymph
node disease confirmed by biopsy
and who underwent an additional
neck dissection after
chemoradiotherapy. Upper and
lower row images represent the
FDG and RGD-K5 scans,
respectively, at baseline, 2 weeks,
and 3 months after radiotherapy.
A persistent left lymph node was
evident on FDG imaging (arrow),
but undetectable on RGD-K5. We
noted the occurrence of RGD-K5
uptake on a tooth (arrowhead)

Table 2 Main tumor and nodal SUVmax of RGD-K5 and FDG according to treatment outcomes

Disease Control baseline 2-week post-treatment scan 3-month post-treatment scan

RGD-K5 FDG RGD-K5 FDG RGD-K5 FDG

T N T N T N T N T N T N

Yes (n) 5.6 (5) 4.7 (4) 15.1 (5) 12.3 (4) 3.2 (5) 2.3 (4) 6.3 (5) 3.2 (4) 2.3 (4) 2.1 (3) 3.4 (4) 2.7 (3)

No (n) 5.1 (7) 3.7 (6) 15.9 (7) 11.2 (6) 4.3 (7) 2.6 (6) 5.6 (7) 5.8 (6) 3.2 (6) 2.4 (5) 5.7 (6) 5.7 (5)

P value 0.746 0.566 0.753 0.782 0.139 0.427 0.491 0.126 0.023 0.512 0.108 0.236

Abbreviations: CCRT, concurrent chemoradiotherapy; T, main tumor; N, nodes

Eur J Nucl Med Mol Imaging (2016) 43:1621–1629 1625



either the main tumor (Spearman’s ρ=−0.007, p=0.983 at
baseline; Spearman’s ρ= 0.119, p= 0.713 at 2-week post-
treatment) or lymph nodes (Spearman’s ρ = −0.200,
p=0.580 at baseline; Spearman’s ρ=0.468, p=0.172 at 2-
week post-treatment). However, the uptake of RGD-K5 and
FDG at the main tumors was significantly correlatedwith each
other at 3 months post-treatment (Spearman’s ρ = 0.842,
p=0.002). The uptake of lymph nodes was not correlated
(Spearman’s ρ=0.455, p=0.257). Similarly, the reductions
of RDG-K5 and FDG uptake did not show reciprocal correla-
tions at 2-week post-treatment (main tumor: Spearman’s
ρ=0.007, p=0.983; nodes: Spearman’s ρ= .188, p=0.603)
or 3-month post-treatment scans (main tumor: Spearman’s
ρ=0.139, p=0.701; nodes: Spearman’s ρ=0.143, p=0.736).

In general, the reduction of RGD-K5 uptake in the main
tumor was less than that of FDG (2 weeks post-treatment:
−13 % versus −58 %, respectively, p= 0.015; 3 months
post-treatment: −40% versus −66 %, p=0.028, respectively);
the estimated power achieved 70.8 % under significance level
0.05. However, the reduction of nodal RGD-K5 and FDG
uptake did not differ significantly (2 weeks post-treatment:
−27 % versus −42 %, p=0.386; 3 months post-treatment:
−28 % versus −51 %, p=0.123, respectively).

Discussion

The primary hypothesis motivating the current study was that
RGD-K5 (an integrin ανβ3 tracer) would be more specific

than FDG for identifying lesions that did not respond to CCRT
on PET images. Using a single-photon-emission computer
tomography integrin ανβ3 tracer (In-111-RGD2) in a xeno-
graft model of head and neck cancer, Terry et al. reported a
decreased uptake occurring as early as 4 h after CCRT. The
authors suggested the potential clinical utility of the integrin
ανβ3 PET tracer for monitoring the early anti-angiogenic
response elicited by CCRT [11]. In another study, Rylova
et al. used a different integrin ανβ3 tracer [Ga-68-
NODAGA-c(RGDfK)] for imaging FaDu xenograft (human
hypopharyngeal squamous cell carcinoma cell line)-bearing
mice treated with bevacizumab. The results indicated that 1)
bevacizumab was unable to inhibit tumor growth and 2) no
significant changes in Ga-68- NODAGA-c (RGDfK) uptake
occurred [12]. Integrin ανβ3 has been implicated in both the
angiogenic response induced by vascular endothelium growth
factor (VEGF) and in cellular mobility [13, 14]. Abdollahi
et al. [15] reported an upregulation of integrin ανβ3 in endo-
thelial cells following CCRT, a phenomenon accompanied by
Akt phosphorylation and activation of downstream survival
pathways. Therefore, an increased RGD-K5 uptake in PET
scansmight be associatedwith radiation resistance, potentially
being useful for the prediction of therapeutic failure.

Here, we performed a longitudinal analysis of RGD-K5
uptake over 3 months in patients with advanced head and neck
cancer, with the goal of investigating its changes during the
course of CCRT. The addition of a scan at 2 weeks after
treatment was aimed at detecting abnormalities earlier than
the traditional evaluation schedule (3 months after treatment).

Table 3 Main tumor and nodal SUVmax of RGD-K5 and FDG according to the presence of main tumor recurrence

Main tumor recurrence baseline 2-week post-treatment scan 3-month post-treatment scan

RGD-K5 FDG RGD-K5 FDG RGD-K5 FDG

T N T N T N T N T N T N

Yes (n) 6.0 (3) 4.1 (2) 14.6 (3) 5.7 (2) 4.7 (3) 1.9 (2) 4.9 (3) 3.7 (2) 3.9 (2) 2.1 (1) 7.7 (2) 3.4 (1)

No (n) 5.1 (9) 4.1 (8) 15.9 (9) 13.1 (8) 3.6 (9) 2.6 (8) 6.2 (9) 5.0 (8) 2.6 (8) 2.3 (7) 4.1 (8) 4.7 (7)

P value 0.602 0.975 0.674 0.075 0.163 0.142 0.193 0.557 0.007 0.784 0.029 0.739

Abbreviations: CCRT, concurrent chemoradiotherapy; T, main tumor; N, nodes

Table 4 Main tumor and nodal SUVmax of RGD-K5 and FDG according to the presence of nodal recurrence

Nodal recurrence baseline 2-week post-treatment scan 3-month post-treatment scan

RGD-K5 FDG RGD-K5 FDG RGD-K5 FDG

T N T N T N T N T N T N

Yes (n) 5.3 (4) 3.3 (4) 14.7 (4) 12.7 (4) 3.9 (4) 2.8 (4) 6.2 (4) 5.8 (4) 3.1 (4) 2.6 (4) 5.6 (4) 6.2 (4)

No (n) 5.3 (8) 4.6 (6) 16.0 (8) 11.0 (6) 3.8 (8) 2.3 (6) 5.8 (8) 4.0 (6) 2.7 (6) 2.0 (4) 4.3 (6) 2.9 (4)

P value 0.979 0.455 0.656 0.647 0.892 0.227 0.672 0.294 0.429 0.293 0.410 0.172

Abbreviations: CCRT, concurrent chemoradiotherapy; T, main tumor; N, nodes
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We have previously shown that an additional FDG-PET scan
before adjuvant radiotherapy or concurrent chemoradiothera-
py can improve patient outcomes [16, 17]. We thus hypothe-
sized that an additional scan after radiotherapy could also be
helpful. The results indicated that RGD-K5 uptake was gen-
erally less intense than that of FDG. In addition, CCRT-
induced uptake changes were less prominent for RGD-K5
than FDG, albeit not significantly so at the nodal sites. We
demonstrated that neither baseline RGD-K5 nor FDG uptake
values, nor their CCRT-induced changes over time, were able
to differentiate patients who successfully responded to CCRT
from those who did not. Only at 3 months post-treatment, was
the uptake of both RGD-K5 and FDG at main tumors signif-
icantly lower in those achieved complete response than those
with residual tumors (Fig. 5). Although FDG-PET remains the
most commonly used PET tracer for both tumor staging and
the assessment of treatment response, false-positive results
caused by inflammatory reactions continue to pose significant

diagnostic challenges in the post-CCRT phase [18]. In this
setting, new tracers capable of improving the prediction of
treatment outcomes are eagerly awaited [19]. Our preliminary
data suggest the potential usefulness of RGD-K5 to achieve
this goal; however, larger studies are necessary to clarify
whether RGD-K5 is superior to FDG.

As CCRT-induced DNA damage is dependent on oxygen
for the formation of free radicals, hypoxia has been associated
with a reduced CCRT effectiveness [20]. Moreover, hypoxic
head and neck tumors portend a poor prognosis [21]. VEGF,
an important mediator of angiogenesis, is induced under hyp-
oxic conditions through the hypoxia-inducible factor-1α
(HIF-1α) pathway [22]. An increased VEGF expression
carries adverse prognostic significance in patients with head
and neck cancer [23]. Consistent evidence also indicates that
radiation may activate different angiogenesis-related path-
ways, including phosphatidylinositol-3-kinase (PI3-K)/pro-
tein kinase B [24], HIF-1α [25], and VEGF [26], ultimately

Fig. 3 Changes in standardized
uptake value of RGD-K5 and
FDG at the 2-week post-treatment
scans compared with baseline

Fig. 4 Changes in the
standardized uptake value of
RGD-K5 and FDG at the 3-month
post-treatment scans compared
with baseline

Eur J Nucl Med Mol Imaging (2016) 43:1621–1629 1627



promoting the formation of new vessels [27]. In this scenario,
the combination of anti-angiogenic strategies with CCRT has
been proposed as a valuable approach to overcome radiation
resistance. Results from phase II trials combining
bevacizumab and chemotherapy and/or epidermal growth fac-
tor receptor antagonists in patients with head and neck malig-
nancies have been promising [28–35]. Phase III trials of anti-
angiogenic drugs (e.g., bevacizumab, afatinib) in this patient
group are currently ongoing (clinicaltrials.gov identifiers
NCT00588770, NCT01345669). However, a phase II study
of cilengitide (an integrin ανβ3 and ανβ5 inhibitor) com-
bined with cisplatin, 5-fluorouracil, and cetuximab failed to
show significant benefits in terms of progression-free survival
for patients with recurrent/metastatic head and neck cancer
[36]. Although the evidence supporting the use of anti-
angiogenic drugs in combination with CCRT remains weak,
further studies are necessary to investigate the potential use-
fulness of RGD-K5 PET imaging for monitoring response to
drugs specifically targeting angiogenesis.

In summary, the results of this pilot study demonstrate that
only at 3 months post-treatment, the uptake of both RGD-K5
and FDG at main tumors had the ability to discriminate pa-
tients who were successfully treated from those with residual
disease. Albeit preliminary and subject to future confirmation
in larger studies, our findings support the potential usefulness
of RGD-K5 for assessing the response to CCRT in patients
with advanced HNC.
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