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  ABSTRACT 

 Molecular imaging of specifi c biomarkers can have prognostic, predictive or monitoring value in head and neck squa-
mous cell carcinoma (HNSCC). The epidermal growth factor receptor (EGFR) is involved in various radiation resistance 
mechanisms as it steers the pathways related to DNA damage repair, proliferation, hypoxia and apoptosis. Radiolabeled 
labeled F(ab ’ ) 2  fragments of the EGFR antibody cetuximab can be applied for non-invasive imaging of this receptor. 
Preclinical studies have shown that radioresistant tumors had a higher tracer uptake after irradiation, probably due to 
upregulation of membranous EGFR, thereby increasing target availability possibly as a compensation mechanism. 
Tumors with increased EGFR availability were also more responsive to the EGFR inhibitor cetuximab. Potentially, 
radionuclide imaging of the EGFR can be applied for monitoring treatment regimens in clinical practice.   

    Improvements have been implemented in cancer 
treatment over the last decennia. These include the 
introduction of hypoxia modifi cation and targeting 
the epithelial growth factor receptor (EGFR) in com-
bination with radiotherapy [1 – 5]. By adaptations 
based on the characteristics of the tumor of the 
patient, treatment outcome can be improved and 
overall treatment-related side effects can be reduced. 
The heterogeneity of the patient population drives 
the search for tumor-specifi c biomarkers. This het-
erogeneity, as well as the observation that specifi c 
characteristics of the microenvironment are main-
tained when human tumors are transplanted in 
immune compromised mice, makes these relevant 
models for testing new therapies [6]. 

 In this review we will discuss recent develop-
ments of the application of radiolabeled EGFR anti-
bodies for quantifying EGFR expression in human 
head and neck cancer xenografts.  

 

 Molecular imaging of specifi c biomarkers can have 
prognostic, predictive or monitoring value in head 
and neck squamous cell carcinoma (HNSCC) [7]. 

A promising approach to evaluate therapy outcome 
is the development of imaging tracers for early 
response monitoring. As tumor glucose consump-
tion, proliferation and hypoxia are often enhanced as 
compared to normal (adjacent) tissues, tracers tar-
geting these features were tested as imaging biomark-
ers. By conducting multiple positron emission 
tomography (PET) scans, prior to and early after 
onset of treatment, molecular imaging can reveal 
patient-specifi c information on (therapy-induced) 
changes in the tumor microenvironment [7]. A bio-
marker of interest is the EGFR as it steers the path-
ways related to DNA damage repair, proliferation, 
hypoxia and apoptosis in HNSCC [8 – 11]. The chi-
meric antibody cetuximab binds with high affi nity to 
the EGFR and has been used in treating HNSCC, 
though it remains unclear which patients will benefi t 
from this therapy [5]. Imaging with tracers produced 
by direct labeling of the target drugs themselves pro-
vides information on the pharmacodynamic and 
pharmacokinetic characteristics of the drugs [12,13]. 
Cetuximab has been labeled with several radionu-
clides and has been investigated preclinically in sev-
eral HNSCC models [14 – 16]. We have labeled 
cetuximab with  111 In for SPECT-imaging, showing 
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good tumor uptake and optimal tumor-to-back-
ground images at 3 – 7 days after injection in mice 
with subcutaneous human HNSCC FaDu tumors 
[17]. We developed  111 In-labeled F(ab ’ ) 2  fragments 
of cetuximab, which in preclinical models exhibit 
rapid clearance from the blood stream and better 
tumor penetration relative to the whole IgG [18 – 20]. 
After intravenous injection  111 In-cetuximab-F(ab ’ ) 2  
specifi cally targets systemically accessible EGFR 
with an optimum tumor-to-background ratio at 24 
hours after tracer injection. Furthermore, the tracer 
could distinguish between several HNSCC xeno-
grafts with different EGFR expression profi les and 
in three of four models this correlated with sensitiv-
ity to EGFR-inhibition with cetuximab [9,21]. Trac-
ers based on antibody fragments have considerable 
renal uptake which can be reduced by co-injection 
of basic amino acids, (i.e. arginine and lysine) or the 
gelatine-based plasma expander gelofusine [22 – 24]. 
In addition, when using anti-EGFR based tracers, 
the liver can act as a basin, which could limit tracer 
uptake in the tumor. Administering higher protein 
doses could counteract this effect, thus careful dos-
ing of the tracer is crucial [25]. 

 Cetuximab sensitivity is not solely determined by 
the amount of EGFR available at the tumor cell sur-
face. For example, the EGFR can be bypassed via 
signaling through ErbB family members, activating 
the same downstream pathways. Many ErbB family 
members are also frequently overexpressed in 
HNSCC, albeit usually to a lesser degree than EGFR 
[26,27]. Other transmembrane receptors like insu-
line-like growth factor receptor (IGF1R) and hepa-
tocyte growth factor receptor (c-MET) are also 
coupled to the same pathways, and are two well doc-
umented sources of treatment resistance in HNSCC 
[9]. A preclinical study reported an additive effect of 
blocking ERK phosphorylation (with the anti-
IGF-1R antibody cixutumumab) together with 
cetuximab in HNSCC xenografts [28]. Combination 
of inhibitors could potentially lead to more effective 
treatment of HNSCC. In addition to other mem-
brane receptor proteins negating EGFR inhibition, 
the downstream pathways P13-K/AKT, RAS/ERK 
and STAT can be independently constitutively acti-
vated [29 – 32]. This would omit the need for EGFR 
activation and result in continued tumor cell survival. 
For example, constitutive activation of STAT3 enables 
tumor growth without the requirement of growth 
factors [33]. In vitro studies have shown that blocking 
of STAT3 can induce apoptosis, inhibit cell prolifera-
tion and suppress angiogenesis [34]. However, 
STAT3 inhibition will also affect normal tissues and 
so far few translational studies have been reported. 

 For the clinic, PET scanning is preferred over 
SPECT scanning because of the better resolution 

[35]. Cetuximab has been labeled with Zirconium-89 
( 89 Zr). The relatively long half-life of the radionuclide 
(78.4 hour) matches with the pharmacokinetics of the 
IgG, and  89 Zr-cetuximab is considered a potential 
useful tracer for the clinic [15,16,36]. Cetuximab-
F(ab ’ ) 2  labeled with the PET radionuclide copper-64 
( 64 Cu  β  �    656 keV, half-life    �    12.7 hour), is in good 
concordance with the half-life of the radionuclide 
and the kinetics of the F(ab ’ ) 2  fragments in vivo. In 
HNSCC models UT-SCC-8 and UT-SCC-45,  64 Cu-
cetuximab-F(ab ’ ) 2  visualized the heterogeneously 
expressed EGFR and showed tumor-specifi c uptake, 
potentially making it a more effective tracer for 
monitoring EGFR-inhibition therapy than  89 Zr-
cetuximab. It should be noted that anti-EGFR anti-
bodies like cetuximab do not cross-react with murine 
EGFR. Therefore, the interaction of anti-EGFR 
antibody-based tracers with EGFR expressed in nor-
mal tissues like the liver and skin cannot be studied 
in HNSCC xenograft models [37].   

 Monitoring of HNSCC treatment 

 The effect of radiotherapy on EGFR expression 
in two HNSCC xenograft models was visualized 
by  111 In-cetuximab-F(ab ’ ) 2  SPECT. Radioresistant 
tumors had a higher tracer uptake after irradiation, 
probably due to upregulation of membranous EGFR, 
thereby increasing target availability possibly as a 
compensation mechanism [38]. Tumors with 
increased EGFR availability were also more respon-
sive to the EGFR inhibitor cetuximab. Recently, 
similar fi ndings were reported as a single dose of 
irradiation signifi cantly increased cell-surface expres-
sion of EGFR in HNSCC [39]. The hypothesis that 
an increase in membranous EGFR would result in 
an increase in cetuximab targeting, and thus inhibit 
downstream cell survival signaling, should be further 
investigated clinically. We investigated whether tumor 
perfusion and vessel density could have affected the 
radiation-induced (increase in) tumor uptake of 
 111 In-cetuximab-F(ab ’ ) 2  [38]. Tumor perfusion and 
vessel density were evaluated and differed between 
the HNSCC models. In one of the models it appeared 
that there was an increase in vessel density and tumor 
perfusion after irradiation. This could result in an 
increase of tracer uptake in the tumor, also mediated 
by the enhanced permeability and retention (EPR) 
effect. However, autoradiography correlated strongly 
with EGFR distribution as determined immunohis-
tochemically indicating that the tracer reaches the 
EGFR irrespective of the (change in) tumor 
perfusion. 

 Further investigation of EGFR-inhibition treat-
ment monitoring in addition to radiotherapy is 
clinically relevant. We investigated  111 In-cetuximab-
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the bridge between preclinical development and 
clinical application, although this is not always 
straightforward. Many imaging biomarkers have been 
characterized, but only a few have reached clinical 
implementation, urging for a greater continuity 
between concept development and applicability. 
Future studies should exploit the benefi ts of radio-
nuclide imaging in fi nding predictive and monitoring 
agents for drug effi cacy and treatment regimens in 
order to progress to improved personalized 
healthcare.    
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