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Abstract
Haylock, A.-K. 2017. Targeting molecules for diagnostics of Head and Neck squamous cell
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To personalize treatment for cancer, correct staging of the primary tumor, nodal disease
and metastatic disease is of essence. By targeting tumor specific receptors with radiolabeled
antibodies, specificity and accuracy of imaging may be improved. Radio-immunodiagnostics
can potentially detect small volume disease, occult metastasis and recurrent cancer in treated
tissue. This thesis focuses on evaluation of radio-immunoconjugates directed towards CD44v6,
which is a surface receptor overexpressed in many head and neck squamous cell carcinomas.
At the outset, the monoclonal chimeric antibody cMab U36 and its cleavage products Fab’ and
F(ab’)2 were labeled with 125I and assessed in vitro and in vivo (paper I). The best distribution
pattern and tumor to organ ratio was achieved with F(ab’)2. Due to the immunological
responses humans can develop towards chimeric antibodies, they are not optimal for clinical
use, and subsequently fully human antibody fragments were developed. AbD15179, which is a
monovalent fragment, was labeled with 111In and 125I and evaluated in vitro and in mice bearing
CD44v6-expressing tumors. Tumor to organ ratios were improved compared to cMab U36
derived fragments, and 111In-AbD15179 displayed a more favorable distribution compared to
125
I-AbD15179 (Paper II). A bivalent Fab-dHXL, AbD19384 derived from AbD15179, was then
constructed and labeled with 125I and evaluated in cell- and biodistribution studies. Furthermore,
an imaging study in a small animal PET was performed with 124I-AbD19384 (Paper III). Uptake
in kidneys was reduced and liver uptake increased compared to AbD15179 reflecting the larger
molecule. The high CD44v6 expressing tumor was clearly visualized with maximum uptake
at 48 hours post injection.In paper IV human single chain fragments towards CD44v6v were
selected, and the top candidates A11 and H12 were further evaluated in vitro and in vivo. Single
chain fragments are small molecules exhibiting fast clearance and high affinity to the target.
The study proved this by demonstrating superior tumor to blood ratios of radiolabeled A11 and
H12 compared to previously studied molecules.
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Introduction

Svensk sammanfattning
I Sverige drabbas ungefär 1200 patienter per år av skivepitelcancer i munhåla, svalg, luftstrupe och näsa. Riskfaktorer för huvud-halscancer är rökning, alkohol och infektion med hög risk humant papillomvirus, HPV. Cancer i huvud- och halsområdet behandlas oftast med en kombination av kirurgi, strål-behandling och cytostatika. Både själva cancern och behandlingen kan orsaka stort lidande och smärta hos patienterna och påverka tal,
andning och födointag. Vid diagnos har många patienter redan lymfkörtelmetastaser på halsen. Vårt forskningsprojekt syftar till att förbättra specificiteten och känsligheten i diagnostiken med hjälp av radio-immunodiagnostik.
Detta innebär att man märker målsökande molekyler med radioaktiva ämnen
för att bilda konjugat. De målsökande molekylerna är framtagna för att binda
till receptorer på tumörcellerna. Dessa receptorer utrycks i högre grad av
tumörceller jämfört med normala celler. Konjugaten ansamlas då i tumörer
och radioaktiviteten kan detekteras med olika metoder och man jämföra hur
mycket av konjugatet som tumören har tagit upp jämfört med andra vävnader och blod.
Resultaten från avhandlingsarbetet kan förhoppningsvis leda till att nya
kliniska metoder utvecklas för att upptäcka små grupper av cancerceller och
lymfkörtelmetastaser som inte identifieras med konventionella tekniker.
Arbetet syftar också till att förbättra uppföljningen efter behandling och
finna tumörer som inte svarat på behandlingen. Molekylerna har studerats
både på cellnivå och i möss med tumörer som bildats av skivepitelcancer
från människa. Vi har även i artikel III och IV visualiserat mössen med hjälp
av en speciell detektionsteknik, PET, som registrerar radioaktivitet och rekonstruerar detta till en bild.
Studierna har visat att små molekyler är mer lämpliga för målsökande detektion av tumörer jämfört med stora molekyler som hela antikroppar. Detta
orsakas av att större molekyler elimineras långsammare från blodet och konjugatet kvarstår i blodet. Detta orsakar sämre kontrast mellan tumör och omgivande vävnad. Nästa steg är att undersöka de molekyler som resulterat i
bäst upptag i tumör jämfört med blod i ytterliggare avbildningsstudier.
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Head and Neck squamous cell carcinoma
Cancer in general is the cause of death for approximately 8.2 million people
annually in the world, which represents 16% of all deaths [1]. By abolishing
risk factors, in particular smoking, approximately 30-50% of cancers overall
could be prevented [2]. Head and neck squamous cell carcinoma, HNSCC, is
a cancer with a high frequency of smoking and high intake of alcohol in the
afflicted population [3-5]. HNSCC is a relatively rare cancer, with an incidence in Sweden of approximately 1200 new cases/year [6] and worldwide
incidence is approximately 600.000 cases per year [7, 8]. HNSCC is divided
in to sites, oral cavity, oropharynx, larynx, hypopharynx and nasopharynx.
The oral cavity is presently the predominant site, however oropharyngeal
cancer is slowly becoming the most common site in the western world due to
high-risk human papilloma infections. HPV-associated oropharyngeal cancer, now make up for a majority of all oropharyngeal cancer [9-11] [12].
HNSCC is a heterogeneous disease consisting of cancers in the head and
neck region, which behave very differently in terms of the stage at diagnosis,
metastatic potential and treatment response. This heterogeneity has implications for evaluation of the disease, the diagnostic process and treatment
choice. Although the treatment of HNSCC has generally improved with refinement of both radiation and surgery, there is still a high risk of recurrent
disease for several types of HNSCC. The main prognostic factors for
HNSCC are the primary tumor site and stage based on the tumor, nodal status and metastasis, TNM classification, at the time of diagnosis. Staging is
critical particularly in relation to occult nodal metastasis and systemic disease. With reliable diagnostic methods to evaluate TNM, treatment can be
individualized and this hopefully improve prognosis. Another field in need
of improvement is earlier detection of recurrence after treatment.
HNSCC is prominent among other cancers because of its associated poor
prognosis and morbidity due to the demanding treatment. Basic functions,
such as eating, breathing and speaking, can be affected acutely and in the
long term. Pain originating from both tumor growth and treatment is often an
overshadowing concern for the patient. Performance status, co-morbidity
and age are patient factors that affect the outcome of the treatment. For many
other cancers, survival has increased dramatically, however, survival rates
for HNSCC have only improved slightly over the last 30 years. The five-year
relative survival was 65% from 2002-2008 overall for all sites world wide
[13] and 67% in Sweden (2008-2012) [14]. HPV induced carcinomas are an
exception with survival rates above non-HPV HNSCC [15]. In contrast to
HPV-positive oropharyngeal cancer, the 5 year survival rates for laryngeal
cancer has decreased from 66% in 1975-1977 to 63% in the timespan 20022008 world wide [13]. Already at diagnosis 60 % of patients with oral SCC
have regional metastasis in the lymph nodes in the neck [16, 17]. Distant
metastasis occurs in 4-23% of all patients with HNSCC at diagnosis and is
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mostly commonly present in lung, bone and liver [18]. Patients with cancer
of the hypopharynx and nasopharynx run the highest risk of metastatic disease due to the late stage at diagnosis. For these patients metastasis to the
thorax is the most common [19].

Diagnosis of HNSCC
A patient with a suspected malignant lesion in the head and neck region undergoes several investigations to secure a diagnosis. A clinical workup is
initiated with biopsy and endoscopy. Suspicious metastases in the neck are
sampled with fine needle aspiration or core biopsies. Regarding radiological
investigations computed- tomography (CT) is the most common initial investigation performed and usually visualizes the primary tumor and metastatic spread to lymph nodes in the neck. If a more anatomical correlation is
warranted in relation to the peri-neural spread and invasion of musculature
and cartilage, magnetic resonance imaging, (MRI) is performed.
Nuclear imaging such as the positron emitting tomography (PET) is part
of the standard clinical workup in many centers particularly for HPVpositive cancer. PET is a method to detect positron-emitting radionuclides
such as 18 F-2-flouro2-Deoxy-D-glucose (18F-FDG). 18F-FDG is performed
pretreatment to investigate unknown primaries, lymph node metastasis and
metastatic disease.
In Denmark and Sweden the investigation of a suspicious HNSCC is
standardized and national programs are in place to ensure a speedy diagnosis
[20]. This urgency is due to the fast proliferation of HNSCC observed in
several studies, which have shown a measurable increase in tumor size within 2-4 weeks [21, 22].

Treatment
There is notable variance in treatment alternatives offered in different cancer
centers. In an attempt to harmonize the treatment of HNSCC in Sweden,
Swedish national guidelines were recently produced [14]. SCC in the oral
cavity is commonly treated in a multimodality fashion with surgical resection and radiotherapy. For glottic larynx cancer some centers performs a
laser resection as a single modality treatment, elsewhere radiotherapy is the
choice for single modality treatment. Oropharyngeal cancer is traditionally
treated with radiotherapy, with or without adjuvant chemotherapy, however
with the introduction of robotic assisted surgery, TORS, selected cases are
candidates for surgical resection. Chemotherapy is employed in an adjuvant
setting with radiotherapy if the treatment is considered curative. Some patients with unresectable disease, metastatic disease and failure after treatment can receive palliative chemotherapy. Targeted therapy, such as Cetux-
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imab, which is an EGFR-inhibitor, is distributed to patients in some centers,
however it is still under evaluation and the results are contradictory [23, 24].
18

F-FDG-PET
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F-FDG-PET/CT has many applications for HNSCC, such as diagnostic
workup for unknown primaries, evaluation of cervical lymph node staging,
especially in oropharyngeal cancer, and exclusion of systemic disease [25].
Another application of 18F-FDG-PET is for the planning of radiotherapy for
delineation of the target volume and dose [26]. 18F-FDG –PET is most commonly combined with CT or MRI for anatomical correlation.
18
F-FDG-PET has its drawbacks due to the characteristics of the method,
reflecting the uptake of glucose. Cancer cells exhibit increased expression of
transport proteins for glucose transportation in to the cell. The glucose analogue, 18F-FDG, is transported into the cell and phosphorylated to FDG-6
phosphate [27]. The cell membrane is not permeable to FDG-6, which is
consequently retained in the cell. Tumor cells generally have high glucose
metabolism due to the Warburg effect with high hexokinase activity [28] but
there are exceptions such as very slow-growing malignant tumors. In addition, tissues with increased glucose metabolism, such as radiated tissue,
show increased glucose metabolism, hence a high frequency of false positive
uptake [29]. Moreover, inflammatory diseases such as sarcoidosis, brown fat
and benign tumors can exhibit high uptake of 18F-FDG [30-32]. Physiological uptake is consistently present in brain, some muscles and lymphoid tissue. Furthermore, small volume disease can evade detection with 18F-FDGPET. The minimum size of detection of disease is typically 4-6 mm [29, 33,
34].
18
F-FDG post-treatment is increasingly becoming a standard evaluation
especially of HPV-positive oropharyngeal cancer to detect residual disease at
the primary site and in the neck. A complete response to treatment in patients with neck metastasis, encompassing all sites, with no residual disease,
varies from 59-83% within the patient population. Among patients with N1
disease complete response rates are approaching 100%. In contrast, in patients with N2 or N3 disease only 16-39% reach complete depletion of neck
disease [35]. HPV-positive oropharyngeal cancer has a higher incidence of
complete response. After chemo-radiation of an oropharyngeal-SCC, an
18
FDG-PET investigation at 6-8 weeks predicts an absence of disease with a
high level of confidence. An examination with no 18F-FDG uptake has a
negative predictive value of approximately 90%. However, the method has a
low positive predictive value, of approximately 55%, for residual neck disease and primary site response [36]. An even later 18F-FDG PET-CT, conducted at 12 weeks post-treatment improves the sensitivity and specificity of
residual oropharyngeal cancer detection [37, 38]. Radiotherapy induces fibrosis overtime and earlier neck dissection rather than 12 weeks post radia14

tion can reduce the risk of surgical complications. A more specific method
such as radio-immunodiagnostics which combines specificity to target with
the sensitivity of for example PET presents a very attractive diagnostic strategy for occult metastasis or early detection of recurrent or residual disease
[39].

Radio-Immunodiagnostics
Radio-immunodiagnostics or antibody based molecular imaging is a method
that is included in the concept of molecular imaging. Molecular imaging
involves in addition to a suitable target, a targeting molecule, a tracer and an
imaging technique and can be explained as a non-invasive method to visualize processes at the molecular level in the body [40, 41]. In the case of radioimmunodiagnostics the probe consists of an antibody, or smaller antibody
moiety labeled with a radionuclide that can in turn be visualized in PET or
SPECT (Fig 1). Which imaging technique is employed depends on the type
of decay the radionuclide undergoes. Both PET and SPECT are currently
commonly combined with either CT or MRI to assess the anatomical correlation.
The most important factor for successful imaging is the ratio of the radioactivity in the tumor to that in the surrounding tissue, background. The contrast between tumor and non-tumor tissue depend on all the factors that will
be involved in the process such as the target, the targeting molecule, the
radionuclide and the imaging modality [42].
Targeting cancer cells with antibodies for therapeutic purposes is already
a well-established regiment, opening up for translations into radioimmunodiagnostic intentions and expansions of the field [44]. Radioimmunotargeting is a very promising field and a large amount of research is
currently underway to assess several cancer targets [43, 44] Furthermore,
radiopeptides for detecting somatostatin-expressing tumors are already employed in the clinical setting [45]. Targets other than surface receptors using
PET for imaging of HNSCC tumors, like angiogenesis, hypoxia and methionine are under development [46, 47]
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Figure 1 Principle of radio-immunodiagnostics. Receptors are overexpressed on
tumor cells. A targeting molecule, labeled with a radionuclide, binds to the receptors
on the surface of the tumor cells.

Target
For a ligand to successfully bind to antigen, the antigen must be accessible to
the ligand. Consequently, cell surface receptors are very suitable for radioimmunotargeting. It is difficult to pinpoint the number of receptors needed
for successful imaging, which depends, in part, on ligand factors such as the
affinity of ligand for the target, vascularity, biological half-life and size of
the ligand [43, 48]. The properties of the radionuclides and imaging modality
play a prominent role in the production of an image and will be discussed
separately. Some cancers consist mostly of fibrotic tissue and stroma, which
decreases the perfusion of blood. Another target property that influences
uptake in a tumor concerns whether the receptor is internalized upon ligand
binding, which can trap radiocatabolites, prolonging the window for imaging
of residualizing radionuclides i.e. radio-metals [49].
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The target for the present study-CD44v6
CD44 (cluster of differentiation) is a family of trans-membranous singlechain glycoproteins that bind extracellular matrix components and growth
factors [50]. Hyaluronic acid is the main ligand, which upon binding may
result in the interaction of CD44 with other receptors [51]. Activation and
internalization of tyrosine kinase receptors (RTKs) such as epidermal growth
factor (EGFR) and Met leads to the activation/deactivation of other kinases,
like Src and Ras. This cascade results in the stimulation of cell proliferation,
migration and angiogenesis [52]. Overexpression of CD44 in tumors has
been shown to predict an increased resistance to chemotherapy in vitro [53].
Furthermore, several studies suggest that CD44 is a marker for cancer stem
cells [54, 55].
The CD44 gene is made up of 20 exons among which 10 exons are variable. Alternative expression generates CD44 variants (CD44v). These
isoforms can in turn undergo post-translational modification [56, 57]. The
different isoforms vary in size and conformation of the extracellular domain.
Most tissues, both epithelial and non-epithelial, express variants of CD44
with the exception of splice variants v6, v9 and v4 which occur more sparsely [58].
Overexpression of certain CD44 splice variants has been found to be involved in cancer progression and in the case of HNSCC; the most interesting
variant is CD44v6 [55, 59]. Overexpression of CD44v6 has been suggested
to play a role in tumor formation, invasion, and metastasis [56, 60, 61]. Several studies have shown an overexpression of CD44v6 in squamous cell carcinomas, for example in lung, breast, colon, skin, esophagus and cervix cancer [62]. A high expression of CD44v6 has been demonstrated in primary
and metastatic HNSCC in assessed tumor material [56, 60, 63]. CD44v6
expression in normal tissue is restricted to squamous and transitional epithelium [58, 64]. Thus, CD44v6 is a very promising candidate marker for targeting squamous cell carcinoma.

Targeting molecules
The targeting molecules should comply with some general rules such as high
specificity and affinity for the target antigen, no immunogenicity in patients,
rapid elimination from surrounding tissue and favorable tumor penetration
and retention. Intact monoclonal antibodies (MAbs) consisting of two antigen binding arms (Fab’) and an Fc (fragment crystallisable) region are large
(150 kDa) molecules, with a generally slow distribution, slow blood clearance and poor tumor penetration [65, 66]. Full size antibodies have been
extensively studied for radio-immunodiagnosis and radio-immunotherapy.
MAbs generally have a high affinity for the target receptor and persist for a
long time in the circulation. These properties are beneficial for therapeutic
17

purposes but do not generally generate good contrast between the tumor and
surrounding tissue rapidly enough for applied imaging in the clinic. For example, MAbs typically show optimal tumor accumulation between 1-5 days
post injection (p.i), which is unfeasible in the diagnostic setting but ensures
prolonged tumor cell exposure for therapy [67, 68]. Due to factors such as
high affinity and high interstitial pressure in the tumor, the uptake of MAbs
can be heterogeneous. Smaller fragments penetrate further into the tumor
and display a more homogenous distribution [69]. A high affinity for the
receptor can notably cause poor penetration into the tumor because all molecules bind to the first available receptors, thereby saturating the cells close to
the blood vessels. This phenomenon is commonly called the binding site
barrier and has been demonstrated for several antibody-antigen interactions
[70]. It has been suggested that there is limited affinity around the nanomolar region and that higher affinity can cause scattered uptake in the tumor
[71]. The lower level of affinity is considered to be approximately 10-7 and
10-8 M for successful binding.
Internalization of the ligand-antigen complex can also reduce the concentration of unbound antibodies [72]. The Fc region can prolong circulation
time due to stabilization, decreased aggregation and FcR-mediated recycling
[73]. The first monoclonal antibodies were murine which could cause immunological reactions in humans. Hence, chimeric versions were developed and
tested. However, chimeric antibodies were also shown to be immunogenic
and the evolution of humanized and fully human monoclonal antibodies
allowed wider use. In humanized antibodies, the complementary determining
regions (CDRs) still originate from mouse, but the rest of the molecule is of
human origin [74]. Fully human antibodies contain only human sequences
and are of course preferable for human use due to the reduced risk of immunogenicity.
Several studies have shown that smaller targeting molecules such as antibody fragments are more suitable for imaging purposes [43, 75, 76]. Despite
demonstrating lower tumor uptake compared with the full-length antibodies,
they are more rapidly eliminated from the circulation and organs, attaining a
better tumor to organ ratio, which is crucial for successful imaging [43, 75,
77]. Monovalent antibody fragments have one antigen binding arm and a
molecular weight of approximately 50kDa. The bivalent antibody fragment
F(ab’)2 (100kDa) contains two antigen-binding arms that are linked together
by disulfide bonds [77]. Single chain fragments (scFv) are recombinant produced monovalent fragments with a molecular weight of approximately
25kDa. ScFv consist of a light variable chain (VL) and a heavy variable
chain (VH) of an immunoglobulin connected to a short linker peptide [78,
79]. These fragments can be selected from human phage-display scFv libraries [57].
The improved contrast to organ ratios for fragments compared with antibodies is mainly due to the more rapid elimination of smaller conjugates
18

from the circulation. The scFv format exhibits fast clearance from the circulation and good tumor penetration [80]. Antibody fragments were originally
generated by enzymatic cleavage of monoclonal antibody but are currently
produced recombinant. De novo produced antibody fragments can be selected for specificity in vitro from libraries such as the synthetic Fab HuCAL
PLATINUM library. Selected binding clones of antibody fragments can be
analyzed for binding kinetics guaranteeing the sought after properties [81,
82]. Figure 2 shows a schematic of the structure of a full size antibody, bivalent antibody fragment, monovalent antibody fragment and single chain
fragment, scFv.
Smaller antigen fragments retain the function, specificity and affinity of
the MAb but lack the Fc region [83]. Monovalent fragments, such as scFv
and Fab’ demonstrate decreased functional affinity due to only one antigen
binding site, whereas bivalent antibody-fragments have two antigen binding
sites and normally exhibit a better functional affinity, which is known as
avidity [72, 84, 85]. However, scFv can be developed into dimers, diabodies,
thereby increasing avidity [72, 86].
Molecules smaller than 60 kDa, such as monovalent antibody fragments
and single chain fragments are eliminated via glomerular filtration [78] [87].
Renal elimination does increase the risk of nephrotoxicity, particularly if the
conjugate is reabsorbed and retained in tubuli [88]. Larger molecules such as
antibodies and bivalent antibody fragments mainly undergo hepatic metabolism.

Intact antibody

F(ab’)2

Fab’

ScFv

Figure 2. A schematic of the targeting molecules employed for immunotargeting.
The antibody fragments can be cleavage products or produced de novo.
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The table below summarizes some properties of selected molecules studied
for targeting purposes. The smaller the molecule the faster it is eliminated
from the circulation and the better the tumor penetration. However, tumor
retention on the other hand is improved with larger molecules [89].
Table 1. Some properties of targeting molecules
Molecule

MW(kDa)

Elimination
Major clearance Valency
from circulation organ

Intact Antibody
F(ab’)2
Fab’
scFv

150
100
55
25

Slow
Slow
Fast
Fast

Liver
Liver
Kidneys
Kidneys

Bivalent
Bivalent
Monovalent
Monovalent

Radionuclides and imaging techniques
When detecting emission to produce an image, either a planar gamma camera, SPECT or PET-is employed. Some radionuclides for use in nuclear imaging, are listed in table 2. Currently, PET and SPECT are commonly combined with either CT or MRI to assess the anatomical correlation. The spatial
resolution for CT and MRI is in the micrometer interval. For imaging using
SPECT, the imaging agent includes a radionuclide emitting gamma ray photons or high-energy x-ray photons and the information from single photons is
collected by collimated radiation detectors and constructed into an image
[90]. Several gamma cameras rotate around the patient and a tomographic
reconstruction can be produced. 99mTc and 111In are the most frequently employed SPECT radionuclides in clinical use. 111In with a half-life of 2.8 days
is a suitable radionuclide for radio-immunodiagnostics in SPECT because it
allows time for distribution of the conjugates as well as labeling and transportation of the radionuclide to the laboratory. In general, the radionuclides
employed for SPECT have longer half-lives and are cheaper [91]. The spatial resolution of clinical SPECT is approximately 8-10 mm, which is less
than PET [92].
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Table 2 Some radionuclides for nuclear imaging applications
Radionuclide

Half-life

Main Application
(%Positron decay)

15

123 sec
20 min
68 min
110 min
6 hours
12 hours
2.8 days
3,25 days
3.36 days
4 days
59 days

PET (100%)
PET (100%)
PET (89%)
PET (97%)
SPECT
PET (18%)
SPECT
PET (23%)
SPECT
PET (26%)
SPECT/Radioimmunoassay

O
C
68
Ga (Radiometal)
18
F (Radiohalogen)
99m
Tc (Radiometal)
64
Cu (Radiometal)
111
In (Radiometal)
89
Zr (Radiometal)
67
Ga (Radiometal)
124
I (Radiohalogen)
125
I (Radiohalogen)
11

For imaging using PET, the radionuclides decay by emitting positrons, resulting in the annihilation with an electron and emission of two 511 keV
photons at 180 degrees from each other simultaneously [41]. The photons
and coincidence at 180 degrees difference is detected and thereby a tomographic image can be reconstructed [39]. PET presents a higher sensitivity
compared with SPECT and the spatial resolution of the image is 3-9 mm3
depending on the energy of the positron and factors within the detector [93].
Small-animal PET has a higher resolution down to 1-2 mm. Several available radionuclide are available for PET-imaging, both radiohalogens and radiometals with varying half-lives [94]. Positron-emitting radionuclides for
research and clinical use include isotopes with very short half-lives such as
11
C and 15O [95]. These short-lived nuclides require a cyclotron and must be
produced on site.
As previously discussed the most common application of PET is 18FFDG. Uptake of 18F-FDG is semi-quantified based on the standardized uptake value, SUV, which is calculated as the organ uptake/weight of organ/
injected dose/patient weight [95]. Due to the short half-life of 18F, there is
limited use of this radionuclide in the radio-immuno PET-setting, the physical half-life of the isotope should be compatible with the tracer. However,
the energy of emission is low at 634 keV, which leads to a short range in
tissue, and thus a high resolution [41]. 89Zr is a radiometal with a longer
half-life (t1/2 3.2 days) and has been evaluated in preclinical and clinical
studies for antibody based imaging [96, 97] 64Cu is a suitable radionuclide
for immuno-PET with smaller molecules due to the half-life of 12.7 hours
[98]. 124I has the longest half-life (t1/2 4.2 days) among the currently available positron emitters, which allows for biodistribution studies and imaging at
several time points after injections [75, 99]. In addition, the percentage of
positron emission for 124I is 26% compared to 18% for 64Cu. 125I, which has
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been used in this project, is commonly employed for radioimmunoassay as
well as serving as a substitute for 124I.
Some of the radionuclides display considerable concurrent gamma coemission, increasing the radiation to the patient. Radiometals have residualizing properties due to their long intracellular retention. This phenomenon is
due to their charged and hydrophilic nature resulting in retention in the cell
[100, 101]. For therapeutic purposes this characteristic can be an advantage
and additionally can produce high tumor to organ ratios. However, when
conjugated to small probes that are eliminated via the renal system, the accumulation of radiometals can be toxic to the kidneys [102]. Tubular reabsorption of radiometal conjugates can be reduced by the administration of
cationic amino acids [103]. Radiohalogens can be conjugated to the targeting
molecule directly or coupled to a linker molecule, whereas radiometals must
be chelated to the probe by a chelate [83].

Previous radio-immunotargeting studies targeting CD44v6
The full-length CD44v6-targeting antibody cMAb U36 has been evaluated
extensively in vitro and in vivo. By investigating resected primary and metastatic HNSCC followed by in vitro and in vivo studies it was confirmed that
the MAb U36 binds to CD44v6 [104, 105]. Subsequently a clinical biodistribution study with murine MAb U36 radiolabeled with 99mTc was performed,
including ten patients with head and neck cancer who showed clear uptake in
tumors as visualized by scintigraphy [106]. A chimeric MAb U36 was developed in hopes of reducing the antibody response and a phase 1 study was
conducted with 186Re labeled antibody for radio-immunotherapy. Some of
the patients exhibited a clear reduction in tumor size and stable disease.
However, use of the chimeric MAb did not decrease the frequency of immunogenic reactions in the patients [107-109]. Chimeric MAb U36 was then
labeled with 89Zr for detection of lymph node metastases in patients with
head and neck cancer [97, 110].
Another murine antibody, BIWA 1, was evaluated for tumor-targeting
purposes. Twelve patients received 99mTc-BiWA1among which 11 patients
developed an antimouse antibody response [111]. Consequently, the humanized antibody BIWA 4 was developed, labeled with 99mTc and 186Re and the
conjugates were assessed in a phase I study in a palliative setting. Reduction
or stabilization of tumors was demonstrated by radio-immunoscintography
in several patients. Hematological toxicity and mucositis were the most pronounced toxicity [112, 113]. For the clinical imaging and therapy studies
with U36, BIWA1 and BIWA-4 limited specific uptake of CD44v6 targeting
agents in non-tumor sites was seen. Uptake was notable in urine and feces
but minimal in mouth, lung, spleen, kidney and bone marrow. In the biodistribution studies done by biopsies of selected organs such as skin, mucosa
and muscle, uptake was noted [107, 111].
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The chimeric MAb U36 has also been coupled to the alpha emitter 211At
in vitro, demonstrating specific binding and cellular toxicity. Additionally a
low rate of internalization was observed [114]. To conclude, CD44v6 is a
very promising target for radio-immunodiagnostics and has been shown in
clinical studies to permit visualization of tumors through the use of CD44v6
targeting full-length antibodies.
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Aim

The overall aim with this thesis was to evaluate and optimize a method for
radio-immunotargeting, with the long-term goal of improving the staging of
HNSCC and surveillance after treatment. Specifically the objective was to
evaluate the feasibility of targeting CD44v6-positive tumor-cells for radioimmunodiagnostics with radiolabeled molecules. Previous studies performed
by other groups have demonstrated the feasibility of targeting CD44v6 in
vivo and in patients with full-size antibodies. The studies included in this
thesis represent the first to evaluate the properties of smaller molecules targeting CD44v6 in vivo. Moreover, the newly synthesized fragments and
single chain fragments are fully human making them very suitable for further
clinical testing. Radionuclides that are suitable for imaging, 124I and111In,
were tested as well as and 125I as a model for radiohalogens.
I have participated in and have knowledge of the in vitro methods and
techniques used, but my main focus has been in vivo evaluations of tumor
uptake, specificity, biodistribution and imaging.
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The present study

Paper I
Aim and Background
CD44v6 is overexpressed in many head and neck squamous cell carcinomas,
and the antibody cMAb U36, has previously been shown to target CD44v6.
The antibody can be radioiodinated with retained binding capacity [115,
116]. Monoclonal antibodies generally have a long circulation time and exhibit slow uptake and limited penetration into solid tumors. The use of Fab’
and F(ab’)2 could improve distribution and contrast between tumors, blood
and other tissue for imaging purposes. Fragmented antibodies are also less
immunogenic than full size antibodies due to the lack of Fc region. The aim
of this study was to characterize the 125I-labeled antibody cMAb U36, Fab’
and F(ab’)2 in vitro for binding specificity affinity yield, purity, stability and
to evaluate the biodistribution and tumor uptake in-tumor bearing mice.

Results
Chimeric MAb U36, Fab’ and F(ab’)2 were labeled with 125I by direct labeling using chloramine T. The conjugates were stable and the purity ranged
between 94-100%. The affinity for CD44v6 was 2.5x10-8±4x10-9 M for
F(ab’)2 and 3x10-8 ±8x10-9 M for Fab’, as determined by saturation curves
using CD44v6 expressing UT-SCC7 cells. The biodistribution of the conjugates was evaluated in nude mice bearing UT-SCC7 xenografts. The mice
were sacrificed at 16, 25 and 48 hours post injection of 125I-labeled cMabU36, F(ab’)2 and Fab’. Tumors and organs including blood were weighed,
and radioactivity was measured using a gamma counter. Uptake was presented as %ID/g (Fig 3). As expected, the total uptake of 125I-cmab in tumors
was higher compared with the labeled fragments with a maximum uptake at
24 hours post injection (p.i.). In general, nonspecific uptake in organs was
higher with 125I-cMAb, with the exception of the thyroid and kidneys. In
kidneys the activity of the 125I-Fab’conjugate was highest among the three
conjugates. Maximum uptakes of 125I-F(ab’)2 and 125I-Fab’ in tumors occurred at 16 hours p.i., demonstrating faster pharmacokinetics than cMAb
U36. A superior tumor-to-blood ratio was demonstrated for the novel cMAb
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U36 fragment 125I F(ab’)2 compared with the intact cMAb U36 mainly due
to a more rapid elimination (Fig 4).
Consecutive samples of tumors were fixed and processed for, autoradiography, immunohistochemistry or Mayer’s hematoxylin counterstain (Fig 5).
IHC showed expression of CD44v6 on the surface of the cancer cells. Blood
vessels could be identified in the AR image. Uptake was then calculated and
uptake gradients were calculated depending on the distance from the blood
vessels. The autoradiography images show the uptake of conjugates indirectly and they are in line with the biodistribution data, (Fig5). 125I-cMAb
demonstrated a superior signal in the tumor compared with 125I-Fab’ and 125IF(ab’)2. However, cMAb u36 showed a more pronounced decrease in uptake
in relation to vessels in comparison to the fragments.

Figure 3. Biodistribution of 125I-labeled cMAb U36, F(ab’) 2 and Fab in tumors and
organs of UTSCC-7 xenograft bearing nude mice. Animals were sacrificed at 16, 24
or 48 hours post injection. Data are expressed as percentages of injected activity per
gram of tissue (ID/g %), except for the thyroid, which is expressed as percentages of
injected activity per organ. N=4. Error bars represent the standard deviation.
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Discussion and conclusion
cMAb U36, F(ab’)2 and Fab’ (both derived from cMAb U36) were labeled
with 125I, which is a radiohalogen (t1/2 60 days). The 125I labeling of cMAb
U36, Fab’ and F(ab’)2 was successful and can be used as a surrogate for
other radiohalogens, such as 124I. The conjugates were evaluated first in vitro
and then in vivo for biodistribution. 125I-cMAb U36 displayed a much higher
uptake in tumors compared with the fragments, however as early as at 16
hours p.i the tumor to blood ratio was superior for F(ab’)2. This result was a
consequence of the low activity in blood.

Figure 4 The tumor-to-organ ratio of

125

I-labeled cMAb U36, F(ab’) 2 and Fab
in selected organs of UTSCC-7 xenografts bearing nude mice. Animals were
sacrificed at 16, 24 or 48 hours post injection. The tumor-to-organ ratio is
expressed as activity/gtumor divided by activity/gorgan. N=4. Error bars represent the standard deviation.
The conclusion from this study was Fab’ and F(ab’)2 efficiently bind to
CD44v6 and exhibit a better tumor to blood ratio in comparison to cMAb
U36. For imaging purposes the total tumor uptake is of less importance than
the contrast between the tumor and surrounding tissues and blood. Fab’ and
F(ab’)2 showed equal affinities in vitro. Because Fab’ is monovalent and
F(ab’)2 is bivalent, higher tumor uptake of F(ab’)2 can be expected.
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Figure 5. Tumor sections with Mayers hematoxylin counterstain, immunohistochemistry with CD44v6 antibody and autoradiography of 125I-labeled cMAb U36
and the antibody fragments F(ab’)2 and F(ab’).

High uptake in kidneys of 125I-Fab’ was expected due to its smaller size,
which is below the threshold for renal elimination. High activity in thyroid
and salivary glands is most likely caused by the uptake of iodine catabolites
and can be blocked by the administration of KI or NaI.
In relation to autoradiography of the tumors one can clearly observe that
the uptake of cMAb U36 was much higher compared to Fab’ and F(ab’)2
which is not surprising. However, tumor penetration and extravasation were
improved for the radiolabeled fragments compared with the uptake calculated for the full size antibody in relation to distance from the vessels in the
tumors. The results indicate that molecules smaller than full-size antibodies
are preferable for imaging purposes due to the more rapid elimination from
the circulation and more homogenous uptake in tumors.
In conclusion, the highest tumor-to-blood ratio was achieved using radio125I-F(ab’)2 , compared with both 125I-cMAb U36 and 125I-Fab’, proving to
be the most promising agent for further imaging studies.
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Paper II
Aim and Background
In the previous study, the tumor-to-blood ratio and biodistribution were improved with antibody fragments making them more suitable for imaging
compared with the full size antibody, cMAb U36. Due to immunological
responses in humans, a fully human Fab’ is preferable rather than a chimeric
antibody. In studies performed by the research group, several fully human
recombinant antibody fragments derived from a phage library were first
evaluated using SPR (surface plasmon resonance) and in cultured tumor
cells [82]. One candidate was selected for further analysis due to its superior
characteristics. The goal of this study was to evaluate this fully human Fab,
AbD15179, for species specificity, antigen specificity and internalization in
vitro. Furthermore the in vivo specificity and biodistribution of labeled
AbD15179, with 111In or 125I, was assessed in tumor bearing mice. The two
conjugates were evaluated for their utility as a targeting agent, i.e. tumor-toorgan ratio using a dual tumor and dual isotope approach.

Figure 6. Biodistribution of 111In-AbD15179 and 125I-AbD15179 presented as
%ID/g with the thyroid as %ID/organ as insets. The animals were sacrificed at 6
hours (black bars), 24 hours (dark grey), 48 hours (light grey) and 72 hours (white)
post injection. Error bars represent the (SD), n=5

29

Results
The Abd15179 bound to human CD44v6 and no binding was detected for
murine CD44v6 measured with SPR. In vitro, 111In-AbD15179 and 125IAbD15179 demonstrated specific binding to two CD44v6-expressing cell
lines with low internalization of the conjugates. In the biodistribution study,
uptake in tumors and selected organs was measured and calculated as
%ID/g. In vivo specificity was first determined by comparing the uptake of
125
I-AbD15179 in tumor xenografts with no CD44v6 expression (MDA-MD231) and uptake in high CD44v6-expressing tumor xenografts (A431). Uptake in A431 tumors was in general more than twice the uptake than that in
MDA tumors. A full biodistribution study was then performed for 125IAbD15179 and 111In-AbD15179 in mice bearing tumors with high- (A431)
and medium (H314) CD44v6 expression (Figure 6). Uptake of 125IAbD15179 was generally lower in tumors and organs compared with 111InAbD15179 and displayed faster clearance. The contrast between tumor and
blood/other tissue was calculated as the uptake in tumor/uptake in the organ
and presented as a percentage (Fig 7). A higher tumor-to-blood ratio was
demonstrated for 111In-AbD15179 reaching more than 10 at 72 hours p.i..
The tumor-to-blood ratio for 125I-AbD15179 at 72 hours p.i was approximately 4. Additionally, 111In-AbD15179 displayed clearer discrimination
between medium and high-expressing tumors. The tumor-to-organ ratios
increased over time for both conjugates and was maximum at 48 hours p.i..

Figure 7 Tumor-to-organ ratios of 111In-AbD15179 and 125I-AbD15179 in organs.
The animals were sacrificed at 6 hours (black bars), 24 hours (dark grey), 48 hours
(light grey) and 72 hours (white) post injection. Animals were sacrificed at 6, 24, 48
and 72 hours p.i.. Error bars represent standard deviation, SD, n=5.
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Discussion and conclusion
This study showed that AbD15179 targets human CD44v6-expressing
squamous cell carcinoma both in vitro and in vivo and a fully human Fab’
format like AbD15179 can enable further imaging studies. Antigen-specific
binding was demonstrated for AbD15179 by SPR. Internalization was low
which has been shown for other conjugates that bind to CD44v6 [114]. In
theory, the low rate of internalization of the ligand-receptor complex would
make a radiohalogen a more suitable choice of radionuclide. However, 111InFab displayed higher and more specific tumor uptake with good clearance
producing tumor-to-blood ratios exceeding 10. The discrimination of medium and high CD44v6 expressing tumors remained consistent over time for
the 111In-labeled fragment, but not for 125I-Fab, for which the difference in
uptake was not statistically significant at later time points. This finding is
consistent with previous in vitro studies[117].
In contrast, 125I-Fab demonstrated more favorable tumor-to-organ ratios
for liver, spleen and kidneys. The difference in clearance of 125I-AbD15179
and 111In-AbD15179 could be because 125I is a radiohalogen with characteristics such as lipophilicity, which normally results in faster clearance of the
conjugate from the systemic circulation compared with radiometals. Metalbinding proteins are present in liver and kidneys, which can retain free 111In
catabolites and thus delay elimination from the circulation [102, 118]. The
accumulation of radiometals in liver and kidneys increases the risk of toxicity to these non-target organs. Renal uptake can be decreased by pretreatment
with cationic amino acids [103]. A high uptake of 125I in thyroid was observed, and was most likely due to the uptake of iodine catabolites. This
uptake can be reduced by the administration of KI or NaI pre-injection [116].
A high uptake of 125I in salivary glands and stomach was demonstrated as
well. This most likely represents the active transport of iodine catabolites via
Na/I pumps present in salivary glands and stomach [119].
In conclusion, AbD15179 is a very promising molecule that is suitable for
radio-immunodiagnosis. It showed promising characteristics when labeled
with both a radiometal and a radiohalogen, and thus potentially can be applied for further studies using both SPECT and PET.
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Paper III
Aim and Background
In paper II, the properties of fully human recombinant AbD15179 labeled
with 125I and 111In were studied. Due to the good targeting properties of this
fragment we hypothesized that a divalent version of this fragment could
further improve uptake in tumor due to better functional affinity. A shift was
anticipated from renal clearance to liver metabolism due to the larger size of
the molecule. Thus, the aim of this study was to evaluate this fully human
recombinant divalent Fab, AbD19384 (MW 113 kDa), engineered from
AbD195179 and labeled with 125I and 124I, in tumor bearing mice to evaluate
its biodistribution, to assess its imaging properties in small animal PET and
utility as a targeting agent.

Figure 8. A. Biodistribution, expressed as %ID/g, in tumors and selected organs
Inset shows %ID/organ for thyroid. B. Tumor-to-organ ratios for A431 tumors of
125
I-AbD19384. Arrow bars represent SD, n=4.

Results
AbD19384, a Fab-double helix DHXL that is functionally equivalent to an
F(ab’)2 fragment, was derived from AbD15179. SPR analysis revealed a sixfold increase in the affinity of AbD19384 compared with AbD15179, mainly
due to an improved dissociation rate. Real-time in vitro binding and retention measurements of the radiolabeled conjugates were performed using
Ligand Tracer instrumentation for CD44v6 positive-cells. Ligand tracer
measurements demonstrated a clear difference in 125I-AbD15179 binding to
high-, medium- and low/none CD44v6-expressing cells, verifying the antigen-specific binding to cultured cells. The in vivo specificity was demonstrated by a four-fold increase in uptake, measured as %ID/g, of 125I32

AbD15179 in high CD44v6 expressing xenografts (A431) compared with
the negative control xenografts (MDA-MD-231). A biodistribution study of
125
I-AbD19384 was performed in tumor bearing mice (Fig 8A). The organs
with the highest uptake, as observed in previous studies using iodine-labeled
molecules, were the stomach, thyroid and spleen. Uptake in kidneys was
reduced by 50% compared with the previous study using 125I-AbD15179,
with only a slight increase in uptake in the liver. The uptake of 125IAbD19384 in tumors was equivalent that of 125I-AbD15179. The maximum
tumor-to-blood ratios were at its maximum of 4.9 at 72 hours p.i (Fig 8B).

Figure 9. Small animal PET/CT imaging of 124I-AbD19384 in CD44v6 high expressing tumors on the left and low expressing tumors on the right flank. 18F-FDGPET shown on the right at 30 minutes p.i..
124

I-AbD19384 was consequently evaluated in tumor bearing mice for distribution and imaging purposes (Figure 9). Animals with a low CD44v6expressing tumor on one side and a high CD44v6 expressing tumor were
imaged in a small animal PET-CT at 24, 48 and 72 hours p.i of 124IAbD19384. The high CD44v6 expressing tumors were clearly visualized at
all three time points. The best contrast between tumor and surrounding tissue
was observed at 48 hours p.i.. 18F-FDG-PET was performed at 30 minutes
p.i., with low tumor uptake. The uptake and distribution of 124I-AbD19384
showed high initial uptake in kidneys, liver and spleen with rapid clearance
over time. Low uptake in the thyroid, salivary glands and stomach was most
likely reduced due the administration of KI to the drinking water.
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Discussion and conclusion
Our results describe for the first time a recombinant human Fab-dHLX fusion protein targeted to CD44v6 that possesses a high affinity, target specificity and potential for in vivo imaging of tumor biomarkers. Specific binding of the conjugate was demonstrated both in vitro and in vivo. A favorable
biodistribution profile was observed in vivo, with tumor-specific uptake and
pronounced clearance over time for most organs, resulting in tumor-to-blood
ratios approximately 5 from 48 h p.i.. The biodistribution of 125I-AbD19384
was similar to the previously observed biodistribution of the monovalent
125
I-AbD15179 fragment. However, kidney uptake was reduced to ~50% for
the bivalent fragment, whereas uptake in liver was only slightly increased.
The reduced kidney uptake was expected, because AbD19384 but not
AbD15179 displays a size above the renal threshold. Furthermore, in vivo
uptake in A431 tumors of bivalent 125I-AbD19384 was comparable to that of
monovalent 125I-AbD15179. Because Fab-dHXL displayed a higher affinity
in vitro, enhanced tumor uptake could have been expected, but this could not
be confirmed in vivo. It should be noted, however, that the bivalent FabdHLX construct is expected to be in equilibrium with a smaller fraction of
the monovalent form and thus some monovalent tracers are expected to contribute to the observed biodistribution. Small animal PET/CT images of 124IAbD19384 supported the results by demonstrating clearly visible high
CD44v6-expressing tumors and faintly visible low-expressing tumors, with
the best contrast achieved at 48 hours p.i. Furthermore, the imaging properties were superior to those obtained with 18F-FDG.
In conclusion, AbD19384 presented a high affinity and target specificity
in vitro and in vivo, and thus a very promising molecule for further imaging
studies.

Paper IV
Aim and Background
ScFv are very promising molecules for imaging due to their small size resulting rapid elimination, which in theory could result in good contrast between tumors and non-target tissue. The aim of this study was to generate
and characterize human single chain fragment antibodies directed toward
CD44v6, and to radiolabel and evaluate the top candidates in vitro and in
vivo for their potential use in CD44v6-targeted molecular imaging in patients
with head and neck squamous cell carcinoma (HNSCC). The biodistribution
study was performed as a dual tumor dual isotope study with 111In for possible SPECT imaging and 125I as model for 124I for imaging in PET.
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Results
A CD44v6-scFv library was produced from the binding of clones to CD44v6
using a previously described method [120]. From this library, eventually
seven scFv clones were analyzed with SPR and two clones, scFv-A11 and
scFv-H12, were chosen for further evaluations, based on their promising
binding kinetics. A11 and H12 were labeled with 125I using CAT or Iodogen,
and 111In using DOTA or CHX-A”-DTPA. This procedure produced eight
different conjugates that were evaluated for stability and effects resulting
from labeling. The top four conjugates, 125I-A11(Iodogen)125I-H12(Iodogen),
111
In-DTPA-A11 and 111In-DPTA-H12, were chosen for further evaluation of
real-time binding in both low CD44v6-expressing UM-SCC-74B cells and
high CD44v6-expressing A413 cells. The on-rate and retention on A431
cells were comparable between the conjugates, with the exception for 125IH12(Iodogen), for which a larger fraction remained bound to the cells during
the retention phase. As expected, the highest target signals were obtained on
the high CD44v6-expressing A431 cells for all conjugates. Furthermore, 125IH12 (Iodogen) and 111In-DTPA-H12 demonstrated a higher target signal than
the labeled A11 fragments. The distribution and uptake of 125I-A11(Iodogen),
111
In-DTPA-A11, 125I-H12(Iodogen), and 111In-DTPA-H12 was assessed in
vivo by measuring uptake in mice bearing both CD44v6 low- (UM-SCC74B) and CD44v6 high- (A431) expressing tumors. Uptake calculated as
%ID/g in selected organs is presented in Figure 10(A-D). Uptake of 111InDTPA-A11 (Fig10A) peaked at 4 hours in all organs and decreased over
time. The most rapid decline was observed for blood, in which activity decreased from 15.6 ± 2.3%ID/g at 4 hours to 0.6 ± 0.02%ID/g 24 hours p.i..
111
In-DTPA-H12 (Fig10B) demonstrated a similar pattern with a maximum
uptake at 4 h p.i. in tumors and other organs, and decline in activity over
time up to 48 h.
For both 111In-DTPA-A11 and 111In-DTPA-H12 the organs with the highest uptake were the kidneys, bone, skin and liver. For both 111In conjugates,
uptake was higher in the high CD44v6-expressing A431 tumors compared
with the low CD44v6-expressing UM-SCC-74B tumors. This difference was
statistically significant for 111In-DTPA-A11 at 24 hours and 48 hours p.i.
However, the difference was not significant for 111In-DTPA-H12 throughout
the study.
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Figure 10. Uptake of radiolabeled scFv in tumor bearing mice, demonstrated as
percent injected dose per gram (%ID/g). Error bars show standard deviation, n=4. A.
Uptake of 111In-DTPA-A11 in selected organs. B. Uptake of 111In-DTPA-H12 in
selected organs. C. Uptake of 125I-A11(Iodogen) in selected organs. D. Uptake of
125
I-H12(Iodogen) in selected organs.
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Figure 11. A431 tumor-to-organ ratios for selected organs. Insert: tumor-to-blood
ratios. Error bars show standard deviation, n=4. A.Tumor-to-organ ratios for 111InDTPA-A11. B. Tumor-to-organ ratios for 111In-DTPA-H12. C. Tumor-to-organ
ratios for 125I-A11(Iodogen). D. Tumor-to-organ ratios for 125I-H12(Iodogen).

Both 125I-A11(Iodogen) and 125I-H12(Iodogen) exhibited more rapid organ
clearance over time compared with 111In-DTPA-A11 and 111In-DTPA-H12
(Fig 10 C-D). Uptake in A431 tumors at 24 hours p.i. was higher than in any
other organ for both 125I-A11(Iodogen) and 125I-H12(Iodogen). Uptake in
A431 tumors were significantly higher than UM-SCC-74B at all time points
for both 125I-conjugates. Tumor-to-organ ratios are presented in Figure 11 AD. Tumor-to-organ ratios were low for kidneys, spleen, bone and liver for
111
In-DTPA-A11 and 111In-DTPA-H12, indicating an interaction with metalbinding proteins and retention of 111In. The tumor-to-organ ratios for 125IA11(Iodogen) and 125I-H12(Iodogen) were more advantageous with respect
to liver and kidneys. Tumor-to-blood ratios reached 8.8-± 1.0%ID/g (111InDTPA-A11) and 18.2 ± 7 (111In-DTPA-H12) at 24 hours. At 48 hours p.i.,
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the tumor-to-blood ratios were 36.9 ± 13.0 for 111In-DTPA-A11 and 31.6 ±
4.3 for 111In-DTPA-H12. At 24 h p.i. the tumor-to-blood ratio was 6.7±6.0
for 125I-A11(Iodogen) and 5.7±2.8 for 125I-H12(Iodogen). At 48 h p.i., the
contrast to surrounding tissue was even higher for most organs, with tumorto-blood ratios of 18.2 ± 2.0 for 125I-A11(Iodogen) and 18.9 ± 2.6 for 125IH12(Iodogen).

Figure 12. A) Small animal PET-CT imaging of 124I-H12(CAT) at 48 hours p.i.
demonstrating high CD44v6-expressing tumor on the left (T1) and low CD44v6expressing tumor (T2) on the right flank, transaxial projection. B) Coronal projection with visible tumors bilaterally. C) Digital autoradiography of the high CD44v6expressing tumor, photo and superimposed image.

A small animal PET-CT study was also performed 48 h p.i. using 124IH12(CAT) for proof-of-concept (Figure 12 A and B). The high CD44v6expressing A431 tumor was clearly visible, whereas the low CD44v6expressing UM-SCC-74B tumor was faintly visible. Kidneys and bladder
were also visible in the image. Digital autoradiography of the high CD44v6expressing A431 tumor demonstrated homogenous intratumoral distribution
of the radioactivity (Figure 12 C).
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Discussion and conclusion
The single chain fragments, CD44v6-scFv-A11 and CD44v6-scFv-H12
bound specifically to CD44v6-expressing cells, and the four labeled scFvs
examined in vivo exhibited high tumor-to-blood ratios. In particular the 125Ilabeled (Iodogen) fragments produced superior tumor-to-organ ratios at 24
hours p.i. with fast elimination from other organs. The tumor-to-blood ratios
were superior in comparison to our previously studied CD44v6-targeting
molecules. Uptake was higher in A431 tumors compared with UM-SCC-74B
tumors for all four conjugates, although this difference was not statistically
significant at all time points for the 111In-labeled fragments.
Thus, the iodinated tracers discriminated better between high- and lowCD44v6-expressing tumors in these settings. A high uptake was observed in
kidneys for all four conjugates initially at 4 hours p.i., which is due to the
small size of scFv. The activity of 111In-conjugates in kidneys remained high
over time, which might limit the clinical use of the 111In-labeled conjugates.
Consequently H12 was labeled with 124I for imaging in small animal PET
and the proof-of-concept small animal PET-CT study was in line with the
biodistribution data, clearly visualizing the high CD44v6-expressing A431
tumor.
We conclude that radio-iodinated CD44v6-scFv-A11 and in particular
CD44v6-scFv-H12 possess highly suitable features for molecular imaging,
and further imaging studies with optimized conjugates are warranted.
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Discussion

Currently, imaging with18F-FDG-PET-CT is the most commonly employed
nuclear imaging method for HNSCC. It is used specifically for patients with
unknown primaries, to exclude systemic disease and to evaluate metastasis
to the neck. Post-treatment, 18F-FDG-PET can be employed as a method to
exclude residual or recurrent disease, however due to false positive uptake it
is more difficult to confirm disease. Radio-immunodiagnosis could add considerable information regarding the primary tumor and metastasis in the neck
in terms of size, invasion into surrounding tissue and the anatomical correlation. More accurate staging of the tumor can be a step towards personalized
treatment, which could indicate upscaling, such as the selection of more
patients for salvage surgery, or downscaling, such as the avoidance of unnecessary neck dissections resulting from false-positive uptake in lymph
nodes or the avoidance of curative-intended treatment in patients with metastatic disease.
Antibody-based molecular imaging or radio-immunodiagnostics is a
method in which a radiolabeled antibody is administered and targets a receptor on the cancer cell. The reliability of the end result depends on the target
and the antibody conjugate together with the imaging technique. For a good
signal-to-noise ratio the conjugate should display rapid, high and specific
uptake in the tumor, while being rapidly eliminated from the surrounding
tissue and blood [66]. The tumor-to-organ ratio is the cornerstone in radioimmunodiagnosis to attain good images, overshadowing the tumor uptake
factor. Full size antibodies exhibit a high affinity for receptors, causing high
tumor uptake albeit not effectively penetrating the tumor. Heterogenic uptake results from size dependent mechanisms as well as a high affinity for
the receptor, causing binding of the antibody to the first available antigen
close to the vessels. Furthermore, MAbs are very slowly eliminated from the
circulation, causing high activity in blood and blood-rich organs such as
liver and spleen for a long period of time. Small molecules that retain a high
affinity for the receptors on cancer cells are rapidly cleared from the circulation, making them more suitable for imaging [121]. The optimal molecule
has a suitable affinity for the receptor and is small enough to be eliminated
from the circulation rapidly, to create an optimal tumor-to-organ ratio within
a practical timeframe. One downside with small molecules with a molecular
weight less than 60 kD is that they will be eliminated via the kidneys, which
increases the risk of renal toxicity due to tubular reabsorption.
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In this study the target was CD44v6, which is a suitable target because it
is a surface receptor that is highly expressed in HNSCC. It was hypothesized
that molecules targeting CD44v6 could be employed in the diagnostic setting
for use in SPECT or PET. This hypothesis is supported by previous in vivo
and clinical studies showing that cMAb U36 successfully targets CD44v6.
In paper I the full-size chimeric antibody cMAb U36 and its cleavage
products Fab’ and F(ab’)2 were studied. The conclusion was that Fab’ and, in
particular F(ab’)2 were more suitable for diagnostic purposes in relation to
clearance and tumor-to-organ ratios compared with the paternal antibody.
However, chimeric antibodies and antibody fragments can provoke immunologic reactions in humans, warranting the development of human antibodies
and fragments. Consequently, a fully human fragment, AbD15179, was selected from human antibody fragments that recognize CD44v6. AbD15179
was evaluated in vitro and in vivo and showed improved tumor-to-organ
ratios and tumor uptake in comparison to our previous study using chimeric
fragments. Because in Paper I, the bivalent fragment produced better tumorto-organ ratios for the bivalent fragment, F(ab’)2, we hypothesized that a
bivalent version of AbD15179 would further improve the contrast and also
reduce uptake in kidneys. Fab-dHLX Abd19384 was therefore engineered
via dimerization of AbD15179 and evaluated in vitro and in vivo for affinity,
specificity, biodistribution and imaging capacity. Tumor uptake of radiolabeled AbD19384 was similar to the previous study with AbD15179,
whereas uptake in kidneys was reduced. In small animal PET, CD44v6expressing tumors were visualized with 124I-AbD19384 and maximum contrast was achieved at 48 hours p.i.
However, for imaging purposes a molecule with an even faster distribution and elimination from surrounding tissue to enable imaging closer to
injections could be optimal. Hence, the single chain fragment format was
selected. Two scFv, A11 and H12, were chosen and further studied for affinity and pharmacokinetic measurements. The study demonstrated a notable
increase in tumor-to-organ ratios and tumor-to-blood ratios. The imaging
properties were studied in small animal PET-CT with 124I-H12(CAT) in tumor bearing mice at 48 hours p.i. The high CD44v6 expressing tumor was
clearly visible at both time points, however contrast to non-tumor tissue was
better at 48 hours p.i. which is consistent with the biodistribution study.
Compared with the results from paper I-III the scFv format achieved better tumor-to-blood ratios at an earlier time point post injection. Other studies
using monovalent scFv, bivalent scFv and ScFv-Fc, in where the FC region
is coupled to the fragment, report tumor-to-blood ratios varying between 319 at 24 hours p.i. [122, 123].
As shown, the choice of radionuclide affects the biodistribution and uptake in organs. Papers I-IV generally showed fast clearance of the 125I conjugates. Radiohalogens are lipophilic and non-residualizing, implicating their
rapid elimination from the circulation in comparison to radiometals. Other
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factors that could affect pharmacokinetic properties are dehalogenation or
aggregation of the conjugates, which can accelerate elimination from the
circulation [124]. In all four studies (Paper I-IV), there was a high uptake of
125
I in the thyroid, salivary glands and stomach. These organs have Na+ /I–
pumps actively transports iodine isotopes in to the cell [119]. Uptake and
emission from these organs can disturb the image produced, especially from
thyroid and salivary glands, which are in the vicinity of the target in
HNSCC. To reduce uptake in the thyroid and salivary glands, NaI or KI can
be administered. In paper III there was a clear reduction in uptake in these
organs for 124I-AbD19384 when free iodine and catabolites were blocked
with KI administration to drinking water. However, activity in blood remained higher which could implicate more circulating 125I. In previous clinical studies no specific uptake of CD44v6 targeting conjugates was noticed in
imaging studies [107], however a biodistribution study showed uptake in
mucosa, skin and bone [112].
In paper II and IV, the uptake in tumors and distribution of 111In-labeled
fragments was evaluated together with 125I-labeled fragments. A slower
elimination of the 111In labeled molecules was demonstrated compared with
125
I in both studies. Radiometals are hydrophilic and charged, which inhibits
transport across the cell membrane. Additionally, the metal binding proteins
in liver and tubuli may add to the retention in these organs [103, 118].
All the conjugates studied only bind to human CD44v6, and thus all other
uptake in mice is nonspecific and unrelated to the presence of murine
CD44v6. Therefore, it is not possible to fully extrapolate the results to humans. However, clinical studies have demonstrated the possibility of targeting HNSCC tumors with CD44v6 binding molecules while demonstrating
low uptake in other organs and tissue [112]. For use in radioimmunodiagnosis, the administered dose of radioactivity is low and the risk
of toxicity is subsequently limited. The main organs at risk when using
smaller molecules such as antibody fragments and ScFv are the kidneys, and
as previously mentioned there are methods to reduce uptake in kidneys. Regarding radio-immunotherapy, in which the dose and emission type of radionuclide is more toxic, more care must be taken to decrease uptake in normal
tissue. In a potential application of radio-immunotherapy using these conjugates, more toxicological and dosimetric studies would be warranted for
such use. In previous clinical therapy studies the dose-limiting organ has
been the bone marrow [109, 111].
The concept of antibody-based molecular imaging is a very promising
method for detecting HNSCC in occult metastasis and recurrent disease. In
these studies the feasibility of targeting the CD44v6 receptor, that is overexpressed in head and neck squamous cell carcinoma, by studying 7 antibody
formats of different origins and sizes has been demonstrated. The probes
were labeled with radionuclides 111In, 125I and 124I as models for nuclides that
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are suitable for imaging using SPECT or PET, and the results are very promising for further imaging studies and possibly clinical studies.
The molecules were radiolabeled, creating in total of 16 conjugates among
which 12 have been evaluated in vivo. More specifically, we have demonstrated the feasibility of targeting CD44v6 with cMab U36, fragments of
cMAb U36, de-novo produced AbD15179 and the AbD18384 and single
chain fragments A11 and H12
The targeting molecules were labeled with radionuclides 111In, 125I and 124I
as models for nuclides that are suitable for imaging using SPECT or PET,
and the results are very promising for further imaging studies and possibly
clinical studies.
Today, few conjugates for antibody based molecular imaging are in clinical use, and none for PET at this stage. However, over 30 clinical trials are
currently ongoing, using both FDA approved antibodies (therapeutic) and
new antibodies labeled with radionuclides for PET use [125]. Hopefully,
clinical translation of the knowledge already achieved by the use of antibodies for therapeutic intentions can facilitate antibody based molecular imaging. Since antibody based imaging requires lower doses compared to therapeutic antibodies, averse effects can normally be limited to immunological
reactions and not dose-dependent reactions [125]. As previously discussed
antibody-based imaging agents can be modified to reduce immunogenic
reactions such as fully human antibody fragments and fully human scFv.
This opens up to clinical radio-immunodiagnostic studies with low risk of
adverse effects.
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cMAb U36 and F(ab’)2 and Fab’ can be labeled with 125I.
All three conjugates targets CD44v6 on tumor-cells.
The tumor-to-blood ratio was increased for F(ab’)2 compared with the
radiolabeled cMab U36, due to faster elimination from surrounding tissue.
The monovalent humanized engineered fragment AbD15179 binds to
CD44v6 with high affinity and good retention
Uptake of 111In labeled AbD15179 is higher in tumors compared with
125
I-AbD15179.
Uptake of 125I-AbD15179 in liver, spleen and kidneys is lower compared
with 111In labeled AbD15179.
The bivalent antibody-fragment AbD19384 derived from AbD15179
exhibit higher affinity and retention in vitro compared with AbD15179
There is no significant difference in tumor uptake between 125IAbD19384 and 125I-AbD15179 in vivo.
There is a reduction of kidney activity with the larger molecule 125IAbD19384 compared with AbD15179, whereas liver activity is only
slightly increased.
125
I and 124I-labeled AbD19384 in vivo show similar tumor uptake and
biodistribution with the exception of higher activity in blood for 124IAbD19384.
124
I -AbD19384 can be visualized in a small animal PET and is a promising candidate for imaging.
The scFv fragments CD44v6-scFv-A11 and CD44v6-scFv-H12 binds to
CD44v6 with high affinity.
A11 and H12 can be labeled with 111In and 125I.
125
I-CD44v6-scFv-A11 and 125I-CD44v6-scFv-H12 displayed rapid
clearance from liver and kidneys.
The tumor-to-blood ratios for both 111In-labeled and 125I-labeled
CD44v6-scFv-A11 and CD44v6-scFv-H12 are superior to those obtained in previous studies with antibody fragments.

Future studies

Earlier clinical studies from other groups using labeled cMab U36 have been
successful in targeting CD44v6. The results from this thesis have shown that
smaller molecules labeled with radionuclides targeted against CD44v6 specifically bind to the receptors in vitro and in vivo. Therefore, further imaging
studies are the clear next step to develop conjugates for clinical use. In this
study, the single chain fragments, A11 and H12, produced superior tumor/blood contrast and a more extensive small-animal study with optimized
conjugates using SPECT and PET is planned. Further studies and adaptation
of the flexible bivalent molecule AbD19384, which seems to be in equilibrium with the monovalent AbD15179 could represent another route because
we have previously demonstrated the possibility of visualizing CD44v6 expressing tumors with 124I-AbD19384. Furthermore, it would be of interest to
also assess other radionuclides with potential for imaging, such as 89Zr and
67
Ga.
The possibility of targeting cancer cells is constantly being expanded and
the future of individualized cancer treatment depends on information regarding receptor expression and other tumor specific factors. Molecular imaging,
which is a non-invasive method to visualize events at the molecular level can
add considerably to customization of treatment for an individual patient. I
believe the future of antibody-based molecular imaging is bright and will
complement 18F-FDG-PET in selected cases and particularly after radiation
to assess residual or recurrent disease. The next steps in this progression are
more extensive studies using small-animal PET as models to obtain a more
detailed evaluation of the imaging possibilities.
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