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Abstract

Purpose [**Cu]Cu-DOTA-AE105 urokinase-type plasminogen activator receptor (WPAR)-PET/CT is a novel and promising
imaging modality for cancer visualization, although it has not been tested in head and neck cancer patients nor in preclini-
cal models that closely resemble these heterogenous tumors, i.e., patient-derived xenograft (PDX) models. The aim of the
present study was to establish and validate oral squamous cell carcinoma (OSCC) PDX models and to evaluate [%*Cu]Cu-
uPAR-PET/CT for tumor imaging in these models.

Procedures PDX flank tumor models were established by engrafting tumor tissue from three patients with locally advanced
OSCC into immunodeficient mice. [**Cu]Cu-DOTA-AE105 was injected in passage 2 (P2) mice, and [**Cu]Cu-uPAR-PET/
CT was performed 1 h and 24 h after injection. After the last PET scan, all animals were euthanized, and tumors dissected
for autoradiography and immunohistochemical (IHC) staining.

Results Three PDX models were established, and all of them showed histological stability and unchanged heterogenicity,
uPAR expression, and Ki67 expression through passages. A significant correlation between uPAR expression and tumor
growth was found. All tumors of all models (n=29) showed tumor uptake of [#*Cu]Cu-DOTA-AE105. There was a clear visual
concordance between the distribution of uPAR expression (IHC) and [**Cu]Cu-DOTA-AE105 uptake pattern in tumor tissue
(autoradiography). No significant correlation was found between IHC (H-score) and PET-signal (SUV ,,.) (r=0.34; p=0.07).
Conclusions OSCC PDX models in early passages histologically mimic donor tumors and could serve as a valuable platform
for the development of uPAR-targeted imaging and therapeutic modalities. Furthermore, [64Cu]Cu-uPAR-PET/CT showed
target- and tumor-specific uptake in OSCC PDX models demonstrating the diagnostic potential of this modality for OSCC
patients.

Keywords Urokinase-type plasminogen activator receptor - Patient-derived xenograft models - PET/CT -
4Cu-DOTA-AE105 - Oral squamous cell carcinoma
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. Head and neck cancer is the seventh most prevalent malig-
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nancy worldwide, with more than 850,000 new cases per

! Department of Otolaryngology, Head and Neck Surgery year [1]. Of these, cancer of the oral squamous cell carci-
and Audiology, Rigshospitalet, Copenhagen University noma (OSCC) represents the most frequent type. Despite
Hospital, Copenhagen, Denmark advancement in treatment, the prognosis in the recent

?  Department of Clinical Physiology, Nuclear Medicine decades has stayed poor with a 5-year overall survival of

and PET and Cluster for Molecular Imaging, Copenhagen : :
approximately 45-65 2, 3]. One of the major challenges
University Hospital - Rigshospitalet & Department pP y %l ] J &

of Biomedical Sciences, University of Copenhagen, in OSCC is to identify metastases to regional lymph nodes
Copenhagen, Denmark especially in patients with early-stage disease, which is
Department of Pathology, Rigshospitalet, Copenhagen reflected in a high number of patients with occult metastases
University Hospital, Copenhagen, Denmark (20-30%) [4-6]. Current non-invasive imaging techniques
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like computerized tomography (CT), magnetic resonance
imaging (MRI), or '®F-flouro-deoxy-glucose positron emis-
sion tomography (‘*F-FDG-PET) lack the ability to accu-
rately identify small nodal tumor deposits, and therefore,
patients with early-stage disease without clinical metastases
are recommended removal of regional lymph nodes either
as sentinel node or elective neck dissection [7, 8]. Accurate
staging and effective treatment are essential for improving
the prognosis for patients with OSCC. Consequentially,
there is a clinical need to improve existing OSCC diagnos-
tic approaches. In this search, targeted molecular imaging is
expected to play an important role. Tumor-targeted molecu-
lar imaging enables tumor-specific visualization and has the
potential to identify patients who may benefit from targeted
treatment (e.g., radionuclide therapy) as well as monitoring
treatment effect [9]. Numerous biomarkers have been exam-
ined as targets for PET imaging of head and neck cancer.
These biomarkers encompass integrin avp6 [10], integrin
avp3 [11], epidermal growth factor receptor (EGFR) [12],
and poly(ADP-ribose)polymerase-1 (PARP-1) [13]. How-
ever, none of these has been applied in clinical practice.
The urokinase-type plasminogen activator receptor
(uPAR) is a cell membrane receptor converting plasminogen
to plasmin, thereby activating several proteases leading to
degradation of extracellular matrix, which facilitates cancer
cell invasion. uPAR has been shown to be involved in many
aspects of tumor development including tumor invasion and
metastasis [14, 15]. The utilization of uPAR as a biomarker
for PET imaging of OSCC is a topic of significant inter-
est. One of the notable advantages associated with uPAR
is its significant expression in OSCC, observed in primary
tumors, lymph node metastases, and recurring tumor tissue.
Moreover, uPAR is highly expressed along the invasive front
within tumors and in tumor-related activated stromal cells,
while its expression in normal tissue is limited [14, 16—18].
Thus, uPAR is an attractive imaging and therapeutic target.
uPAR has in clinical phase II studies been investigated as a
nuclear medicine-based molecular imaging target for PET
in different cancers including prostate [19], neuroendocrine
[20], and head and neck [21], where it has shown a signifi-
cant prognostic value. All clinical uPAR-PET studies have
used the peptide (AE105), with high affinity to uPAR, radi-
olabelled with galium-68 ([*3Ga]Ga). The peptide AE105,
consisting of nine amino acids, exhibits a strong binding
affinity to the human uPAR protein. It forms a stable com-
plex in a 1:1 stoichiometry, with a dissociation constant
(KD) of 0.4 nM. AE105 has been found to be a highly effec-
tive competitive inhibitor of the uPA-uPAR interaction, with
an inhibitory concentration (IC50) of 11 nM [22]. [%%Ga]
Ga has a known limitation in spatial resolution compared
to other isotopes like copper-64 ([**Cu]Cu) [23]. [**Cu]Cu-
uPAR-PET with [®*Cu]Cu-DOTA-AE105 has only been
evaluated in preclinical models in different cancers and in

one phase I clinical trial in patients with breast, prostate,
and lung cancer [24, 25] but never in head and neck cancer
patients nor preclinical models that closely resembles OSCC
tissue characteristics.

Most preclinical studies investigating imaging targets
like uPAR have been performed in cell line-derived xeno-
graft models. These models only partially mimic human
malignancies and lack tumor heterogeneity and the cellu-
lar stromal tumor micro-environment-like cancer-associ-
ated fibroblasts and tumor-associated macrophages [26].
Patient-derived xenograft (PDX) models are models created
by implantation of small and minimally processed patient-
derived tumor pieces into immunodeficient mice. It has been
demonstrated that these models preserve the tumor micro-
environment, the heterogeneity, and mutations and have a
high predictive value regarding patients [27, 28]. PDX mod-
els are thus expected to be a better and more realistic plat-
form for developing new imaging modalities and therapy,
especially for a target like uPAR, which is also expressed by
tumor-infiltrating macrophages and fibroblasts in the tumor
stromal compartment [29, 30]. PDX models of head and
neck cancer have previously been studied and shown to be
able to replicate human disease in terms of both histopatho-
logical and molecular characteristics [31-33]. In addition,
PDX models of head and neck cancer have been demon-
strated to mimic therapeutic response and have been pro-
posed as a paraclinical model for investigating personalized
therapy [34, 35]. To our knowledge, the expression of uPAR
in PDX models has not previously been studied.

The primary aim of this study was to establish new OSCC
PDX models, and the secondary goal was to investigate the
use of [**Cu]Cu-uPAR-PET/CT in PDX models and evalu-
ate the distribution of the tracer ([**Cu]Cu-DOTA-AE105)
in tumor tissue.

Materials and Methods
Patient Selection and Study Design

Patients diagnosed with OSCC referred for primary sur-
gery at the Department of Otolaryngology, Head and Neck
Surgery and Audiology, Rigshospitalet between 2020 and
2021, were included and contacted regarding the donation
of tumor tissue. Signed informed consent was obtained for
all included patients. Clinicopathological data was col-
lected from pathology reports. A biopsy was harvested
from the resected primary tumor by a specialized head and
neck pathologist (GL) without compromising tumor margin
analysis. The primary tumor was divided into three pieces,
one for formalin fixation, one for RNA analysis, and one for
implantation in mice. The following implantation process
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and ex vivo analyses are shown in Fig. 1 and explained in
detail below.

The study was approved by the Danish National Com-
mittee on Health and Research Ethics (H-17025452) and
conducted in accordance with the Declaration of Hel-
sinki (2002). Data were handled in accordance with the
guidelines set by the Danish Data Protection Agency (No.
2012-58-0004)

Animals

All animal experiments were performed in accordance with
Danish laws under the license no. 2021-15-0201-01041.
Female NMRI nude mice were used for the study (n=53
in total for establishment, expansion, and imaging study),
Janvier Labs (Le Genest-Saint-Isle, France).

Establishment of PDX Models

Within 1 h after the operation, tissue was implanted in mice.
The pathologist localized viable tumor tissue in the resected
specimen from primary tumor and placed the tissue in cold
Gibco RPMI 1640 Media mixed with 10% Fetal Bovine
Serum (Thermofisher Scientific, DK). Under aseptic con-
ditions, tissue was chopped into a mesh, mixed 1:1 with
Corning™ Matrigel™ (Thermofisher Scientific, DK) and

Biopsies harvested from @
patients with oral cancer
Cancer tissue
implanted in
NMRI mice

1o~

Tumor pieces

Engraftment

Expansion

divided in 5X5 mm samples for implantation in the flank of
the mice (iteration 1, passage 0 (P0)). When tumor reached
exponential growth, it was further passaged to 5 mice (P1)
for expansion. Once tumors in P1 reached a volume > 1000
mm?, it was further passaged to 10—16 mice (P2) for use in
the PET/CT study. The three models utilized were those that
exhibited the highest degree of similarity in terms of growth
and were available at the same time. The uPAR expression
in these models was unknown at the time of inclusion. At
date of PET scans, mice with tumors larger than 300 mm?
were included in the imaging study: model 1 (n=9), model
2 (n=10), and model 3 (n=10).

Radiochemistry

The production of [**Cu]Cu-DOTA-AE105 is described in
detail in supplementary material.

Imaging Protocol and Imaging Analysis

Mice were anesthetized with 1.5% sevoflurane (Baxter
Healthcare Ltd, UK) mixed with 35% O2 in ambient air
through a nose cone, and 2 mice were scanned simultane-
ously. A dedicated small-animal PET/CT scanner (Inveon®,
Siemens Medical Systems, PA, USA) were used. [%4Cu]
Cu -DOTA-AE105 was injected in a lateral tail vein and

® ®

Passage1 Passage 2

Engraftment
e
Expansion

I

® ®

Injection with ®Cu- uPAR-PET/CT 1 hour and
DOTA-AE-105 24 hours after injection

2

X,
™~

Euthanasia and tumor

0

dissection

HE stain
IHC stain (uPAR and Ki67)

Autoradiography

Fig.1 An overview of the study design showing the establishment of patient-derived xenograft models from three primary OSCC tumors,
uPAR-PET/CT of 9-10 mice (passage 2) per tumor model followed by ex vivo analysis. (Created with BioRender.com)
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allowed to circulate in awake mice for 60 min before image
acquisition. Images were analyzed as fused PET/CT images
were circular regions of interest (ROIs) were drawn on CT
images and superimposed on the fused PET image. ROIs
were placed on every 4 slides in the axial plane on tumors
and volumes calculated based on all ROIs in the tumor.
Standardized uptake values (SUV), mean (SUV,,,), and
max (SUV,,,) were calculated for each tumor (more details
in supplementary material).

Autoradiography

Cryosections of 30 pm were cut on a Cryostat CM 1860
(Leica Biosystems) with corresponding muscle and tumor
samples placed on the same glass slide. Glass slides were
covered with plastic foil and exposed for 1 h against a phos-
phor imaging plate (BAS-IP MS 2040E, GE Healthcare,
MA, USA) in a light-shed cassette. Following exposure,
phosphor imaging plates were analyzed using the Amersham
Biomolecular Imager system (GE Healthcare, MA, USA) at
a resolution of 10 um.

Immunohistochemistry

Formalin-fixated paraffin-embedded tumor samples from
patients and the following PDX passages (0-2) were col-
lected. Tumor samples from the P2 mice were gathered
after the PET scan by sacrificing the animals. Three cross-
sectional samples of the tumor were obtained and underwent
hematoxylin and eosin (H&E) staining, Ki67 staining, and
uPAR staining, respectively. All analysis was performed on
4 pm slides (see supplementary material for further details).

Histology and Immunohistochemistry Evaluation

The biological stability of the PDX tumors was evaluated
by a specialized head and neck pathologist by comparing
the histological characteristics of the original patient tumor
to matched tumor tissue from PO, P1, and P2. The follow-
ing characteristics were evaluated: nuclear pleomorphism,
stromal proportion, inflammatory cell infiltration, degenera-
tive changes, the invasive front, proliferation ratio by Ki67
expression, and uPAR expression. All IHC-stained tumor
samples were digitally scored using the open-source soft-
ware Qupath [36]. For each sample, the tumor compartment,
excluding necrosis and cystic regions, was digitally anno-
tated. Positive and negative cells were digitally identified
within the tumor compartment based on the mean DAB sig-
nal in the cell cytoplasm. Cell expansion was set to 5 pm,
and intensity threshold was for uPAR and Ki67 set to 0.12
and 0.20 for weak intensity (+1), 0.25 and 0.40 for moderate
intensity (4+2), and 0.50 and 0.6 for strong intensity (43),
respectively. The H-score was digitally calculated for the

annotated tumor compartments by adding 3 X percentage of
strongly stained cells, 2 X percentage of moderately stained
cells, and 1 X percentage of weakly stained cells, resulting
in a score ranging from O to 300 [37].

Statistical Analysis

Statistical analysis and bar charts were performed using
GraphPad Prism version 9.3 for PC, GraphPad Software,
La Jolla, CA, USA. To evaluate correlation between con-
tinuous variables, Pearson’s R squared test was applied.
The unpaired #-test was used to determine the differences
between two groups containing continuous variables. To
evaluate tumor growth, we measured the number of days
from implantation to tumor volume of 400 mm3. The tumor
growth for the different PDX models was then visualized
using Kaplan—Meier analysis. To determine the relation-
ship between biomarker expression and tumor progression,
the number of days from implantation to tumor volume of
400mm? was correlated to H-scores of uPAR and Ki67. Con-
tinuous variables were reported as mean + standard devia-
tion (SD) or median with range. A p-value of less than 0.05
was considered statistically significant.

Results
PDX Models

PDX models were established from primary tumors of three
patients with OSCC. The clinicopathological characteristics
for alle donor patients are shown in Table 1. All three mod-
els were derived from aggressive tumors, which is reflected
in their tumor characteristics, prognosis, and postoperative
treatment. All three patients had stage III or stage IV disease
with moderate to poor differentiation, non-cohesive inva-
sion pattern, and perineural invasion, and two patients had
vascular invasion. The patients were surgical treated with
excision of primary tumor and neck dissection, followed by
postoperative radiotherapy. Two patients experienced local
recurrence within 1 year of the primary operation.

For all models, we experienced an increasing tumor
growth rate from initial implantation (PO) to the next pas-
sages. For the P2 models, the mean time from implantation
to PET/CT was 67 days (range: 29—106 days). The median
tumor size for P2 tumors at the time of PET/CT was 526
mm® (range 301-1371 mm?).

Histological Stability of PDX Model Tumors
Compared to Patient Tumor

To ensure that tumors from PDX models resembled the pri-
mary tumor from patients, histopathological characteristics
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Table 1 Clinicopathological
characteristics of the included
OSCC patients

Donor patients for PDX models

Characteristics Patient 1 (model 1) Patient 2 (model 2) Patient 3 (model 3)
Gender Male Male Female

Age (years) 71 57 66

Tumor localization Tongue Floor of mouth Floor of mouth
TNM stage (UICC 8) T3N2bMO T3NOMO T2N2bMO

Depth of Invasion 8 mm 13 mm 10 mm

Perineural invasion Yes Yes Yes

Vascular invasion No Yes Yes

Pattern of invasion

Non-cohesive

Non-cohesive Non-cohesive

HPV status Negative Negative Negative
Histological grade of dif- Moderate Poor Moderate
ferentiation

of donor tumors and subsequent passages were examined
(Fig. 2). We found unchanged pleomorphism, grade of
degenerative changes (cystic formation, focal necrosis, and
keratinization), and pattern of the invasive front through the
passages. Similarly, the expression of uPAR in the cyto-
plasm, membrane, and surrounding stroma of tumor cells
remained unchanged from patient tumor to the different PDX
models (PO-P2). In all models, uPAR was expressed more
strongly in the invasive front and around necrosis/cysts. The

Model 1

Model 2

Model 3

Fig.2 Representative samples of HE-stained tumor tissue from all
three models at various passages demonstrating the histological
stability in tumor tissue from the patient tumor to passage 2 PDX

@ Springer

extent of necrosis/cysts observed was limited in size and
confined to a minority of tumors. In later passages, the tumor
compartment contained a slightly reduced amount of stroma,
a greater density of tumor cells, and less inflammatory cell
infiltration. The tumors effectively capture the heterogeneity
of primary tumors in terms of uPAR expression, as seen by
the variable levels of uPAR expression observed in tumor
tissue among mice within each model and across different
PDX models (Table 2).

tumors. A Patient tumors. B Tumor from passage 1 PDX models. C
Tumor from passage 2 PDX models
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Table 2 Digital quantification of uPAR expression in IHC-stained tumor tissue from all the PET/CT-scanned mice. The varying staining inten-
sity of tumor cells displays the heterogenous uPAR expression in tumor tissue across the different models. The H-score was digitally calculated
by adding 1 X percentage of weakly stained cells, 2 X percentage of moderately stained cells, and 3 X percentage of strongly stained cells, yield-

ing a score between 0 and 300

uPAR expression

PDX models

Model 1

Model 2 Model 3

Median H-score (range)
Median percentage of weakly stained tumor cells (range)
Median percentage of moderately stained tumor cells (range)

Median percentage of strongly stained tumor cells (range)

28.5 (11.5-96.5)
23.2 (10.1-65.9)
2.3 (0.6-13.7)
0.2 (0.1-1.1)

76.2 (58.8-98.2)
38.6 (20.8-44.1)
12.3 (8.5-18.7)
4.0 (1.9-9.4)

97.6 (70.7-127.7)
40.9 (39.2-50.9)
23.4(11.9-36.2)
3.5(0.7-8.5)

C ISPON T ISPOIN

€ ISPOIN

Fig.3 ®Cu-uPAR-PET/CT 1 h after tracer injection in three OSCC
PDX models. White arrows indicate tumor lesions, all of them
located in the flank. A Model 1 with low diffuse uptake. B Model 2
with high diffuse uptake. C Model 3 showing high uptake with hot
spots and rim enhancement around cystic tumor lesion

Small-Animal PET/CT with [**Cu]Cu-DOTA-AE105

All models (29 mice) showed uptake of [**Cu]Cu-DOTA-
AE105 in tumor compartment after both 1 h and 24 h. A
heterogenic uptake pattern was seen in most tumors. A
diffuse and lower uptake was seen in model 1 compared
to the other models. Model 3 showed a generally higher
uptake with hot spots in tumor tissue. Several tumors
showed rim enhancement. Representative PET/CT images
are shown in Fig. 3.

Ex Vivo Validation of [**Cu]Cu-DOTA-AE105
Distribution Within Tumors

In Fig. 4, representative samples from each of the three PDX
models show the uPAR expression determined by IHC stain-
ing in comparison to autoradiography of the same tumor.
Topographically, the distribution of [**Cu]Cu-DOTA-AE105
in tumor tissue corresponds to the uPAR expression pattern
revealed by IHC staining. In model 1 and model 3, a low
and high expression was seen, respectively. In model 2, the
IHC-stained cystic degeneration in the tumor compartment
was also visible on the autoradiography sample. The muscle
samples showed minimal [**Cu]Cu-DOTA-AE105 uptake
on autoradiography for all PDX models confirming the low
background uptake of the tracer and favorable tumor-to-
muscle ratios.

All tumors expressed uPAR, but the H-score varied
between the different models (Figs. 4 and 5A). The mean +
SD for SUV,.. after 1 h for model 1, model 2, and model
3 was 1.50+0.24, 1.96+0.33, and 1.97+0.41, respectively.
Significant difference in SUV_,, values after 1 h was seen
between model 1 and the two other models (p=0.0018).
The same pattern was seen for uPAR expression (H-score)
between the same models (p<0.0001) (Fig. 5B).

There was no significant positive correlation (r = 0.34;
p = 0.07) between uPAR expression (H-score) and [%4Cu]
Cu-DOTA-AE105 tumor uptake after 1 h (SUV_,,) for all
included tumor models (Fig. 6).

max

Correlation Between Tumor Growth and uPAR
Expression

We found a significant correlation between uPAR expression
(H-score) in the tumor compartment and the number of days
from implantation to tumor volume of 400 mm?® (r=—0.40,
p=0.03), indicating that greater uPAR expression is associ-
ated with increased tumor growth rate (supplementary fig-
ure 1). No significant correlation was found between Ki67
expression and number of days from implantation to tumor
volume of 400 mm?.
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Fig.4 uPAR expression in tumor tissue by immunohistochemistry in
each of the three PET/CT-scanned OSCC PDX models and autoradi-
ography of the same tumors after tracer injection. This figure depicts
the positive correlation between tumor regions exhibiting high tracer
uptake and tumor regions with elevated levels of uPAR expression.

Fig.5 A Average SUV_,.
in tumor compartment for
%Cu-DOTA-AE105 PET/ 37
CT for three different PDX

models (model 1 (n=9), model

2 (n=10), model 3 (n=10)).

B Mean uPAR expression in

tumor tissue quantified with A
H-score for the same three PDX

models

SUVhax

Discussion

We successfully established three novel PDX models of
OSCC by engrafting patient-derived tumor tissue from
locally advanced OSCC into immunodeficient mice.
Importantly, the models maintained histological stabil-
ity, heterogeneity, uPAR expression, and Ki67 expression

@ Springer

SUVmax after 1 hour in PDX models

A Microscopic image with low magnification of uPAR expression in
tumor. B Microscopic section of uPAR expression showing both posi-
tive and negative cells. C Autoradiography from primary tumor. D
Autoradiography from normal quadriceps muscle from the same mice

uPAR-expression in PDX models
150

100

]
H-score

a
T

through passages. In these three OSCC PDX models, we
studied the use of [**Cu]Cu-uPAR-PET/CT for imaging
in a total of 29 tumors, a modality that has not previously
been evaluated in head and neck cancer patients nor in
heterogeneous preclinical PDX tumor models. We found
a heterogenous tracer uptake in tumor tissue in all models.
The tracer uptake and distribution in tumor were validated
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Fig.6 Correlation between $*Cu-uPAR-PET/CT SUV,,,, and uPAR
expression, quantified with H-score, in tumor tissue from three differ-
ent PDX models (n=29). No significant positive correlation was seen
between SUVmax and H-score (r=0.34; p=0.07)

visually with autoradiography in comparison to IHC stain-
ing; however, quantitatively, there was no significant posi-
tive correlation between SUV . and H-score. The lack of
significant correlation may be due to the inherent limita-
tions with IHC staining of tumor tissue which only sam-
ples a small section of the tumor, in contrast to PET imag-
ing which captures the entire tumor. The tumor specificity
of the tracer was demonstrated by the high autoradiogra-
phy signal in tumor tissue compared to a minimal signal
in samples from normal muscle. In addition, we observed
a significant correlation between tumor growth and uPAR
expression in the tumor compartment, demonstrating the
prognostic potential of uPAR-targeted imaging in head and
neck cancer.

These results indicate that OSCC PDX models can be
used for investigating new molecular imaging modalities,
such as [**Cu]Cu-uPAR-PET/CT, and might resemble
human tumor tissue better than the more homogenous cell
line xenograft models. Especially, when exploring targets
like uPAR, which is expressed on tumor-associated activated
stromal cells. Our findings regarding the histological stabil-
ity of PDX tumor tissue through passages are consistent with
previous studies, in which it has been demonstrated that his-
tological properties, biomarker expression, and mutational
profile are stable through passages [35, 38—40]. Therapeu-
tic response to anti-cancer therapy in PDX models has also
been shown to resemble the clinical response in matched
patients [35, 40]. However, it has also been demonstrated
that the human stromal composition is only maintained for
early passages, after which the murine stroma dominates,
suggesting that early passages may be better at resembling
the donor tumor [41].

So far, only a few studies have investigated the use of
uPAR-targeted PET imaging in head and neck cancer, but
several studies have examined this imaging modality in
other cancer types. In preclinical studies, [**Cu]Cu-labeled

uPAR-targeting radioligands have been explored in dif-
ferent cancer cell line xenograft models [42, 43], and the
correlation between [**Cu]Cu-DOTA-AE105 uptake in
tumor and the uPAR expression was established by uPAR
ELISA [43]. Other studies have investigated alternative
chelators to DOTA [44] and established the dosimetry of
[®*Cu]Cu-DOTA-AE105 for planning clinical trials [45].
In humans, [**Cu]Cu-labeled PET imaging using [%4Cu]
Cu-DOTA-AEI10S5 has so far only been investigated in a
phase I clinical trial in 10 patients with breast, prostate, and
bladder cancer demonstrating tumor uptake and providing
evidence for safe use [24]. In OSCC, [**Cu]Cu-DOTA-
AEIO0S has in a single preclinical cell line xenograft study
demonstrated tracer-specific uptake in small orthotopic pri-
mary tongue tumors [25]. This current study is the first to
study the use of [**Cu]Cu-DOTA-AE105 PET/CT in heter-
ogenous, i.e., PDX, head and neck cancers tissue. The tar-
get specificity of this tracer has not previously been shown
in PDX models with autoradiography nor with compari-
son between uPAR expression (quantified as H-score) and
SUV,,.« value. The pronounced association between uPAR
expression and [**Cu]Cu-DOTA-AE105 uptake found in
this study has to our knowledge not previously been showed
in cancer. These results emphasize the specificity of [**Cu]
Cu-DOTA-AE105 PET/CT for imaging uPAR positive can-
cer tissue.

Another uPAR-PET tracer labeled with [®*Ga]Ga ([®*Ga]
Ga-NOTA-AE105) has previously been investigated in
head and neck cancer patients [21]. As the positron range
for [**Cu]Cu (1Imm) is shorter than for [**Ga]Ga (4mm), a
[**Cu]Cu-labeled uPAR-PET tracer, like [**Cu]Cu-DOTA-
AE105, may enhance detection of smaller tumor volumes as
previously demonstrated by us in a head to head compari-
son of [®*Ga]Ga- and [64Cu]Cu-labeled radiotracers targeting
the somatostatin receptors in neuroendocrine tumors [23]. A
tumor-specific imaging modality with high spatial resolution
could have a significant impact on staging and treatment
planning of patients with OSCC, particularly for those with
early-stage disease with a high frequency of occult lymph
node metastases. In addition, for studying tumor hetero-
geneity in a PDX model, the spatial resolution likewise is
important.

We recently investigated the prognostic value of [Ga]
Ga-uPAR-PET/CT in 54 patients with head and neck cancer
and found that high SUV . values in primary tumor was
significantly associated with poor survival and proposed this
modality as a future tool for selecting patients to uPAR-tar-
geted radionuclide therapy [21]. This theranostic concept has
previously been demonstrated in both colorectal and prostate
cancer cell line models using DOTA-AE105 radiolabeled
with 177Lu for uPAR-targeted radionuclide therapy [9, 46].
Our OSCC PDX models, with a well characterized uPAR
expression, could serve as a suitable translational platform
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for development of uPAR-targeted radionuclide therapy or
other uPAR-targeted antitumor treatment strategies [47] for
OSCC.

Conclusions

We successfully established OSCC PDX models and dem-
onstrated that their histological characteristics and uPAR
expression closely resemble those of human tumors. [**Cu]
Cu-uPAR-PET/CT showed target- and tumor-specific
uptake in OSCC PDX models demonstrating the diagnostic
potential of this modality for OSCC patients. In addition,
we found that uPAR expression in OSCC PDX tumors was
correlated with tumor growth rate emphasizing the prognos-
tic potential of this biomarker. These findings suggest that
OSCC PDX models could serve as a valuable preclinical
platform for evaluating uPAR-targeted molecular imaging
and therapy modalities.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11307-023-01858-x.

Author Contribution Conceptualization and design, T.B, M.L, K.J,
A.C, C.v.B, E.L, and A.K; establishment of PDX models, T.B, M.L,
and E.L; radiochemistry; L.K; immunohistochemistry and digital scor-
ing, T.B, M.L, and G.L; PET scanning and autoradiography, T.B and
M.L; software, T.B and M.L; writing original draft preparation, M.L
and T.B; writing—review and editing, M.L, T.B, A.C, K.J, A.K, C.v.B,
and A.K; and funding acquisition, C.v.B and A.K. The manuscript has
been seen and approved by all authors.

Funding Open access funding provided by Royal Library, Copenhagen
University Library

Declarations

Conflict of Interest Andreas Kjaer is a co-inventor on a patent for the
uPAR-PET composition of matter (WO 2014086364) and co-founder
of Curasight, which owns the intellectual property rights for the uPAR-
PET technology. This project received funding from Candys Founda-
tion, the European Union’s Horizon 2020 research and innovation pro-
gramme under grant agreements no. 670261 (ERC Advanced Grant)
and 668532 (Click-It), the Lundbeck Foundation, the Novo Nordisk
Foundation, the Innovation Fund Denmark, the Neuroendocrine Tu-
mor Research Foundation, the Danish Cancer Society, Arvid Nilsson
Foundation, the Neye Foundation, the Sygeforsikringen danmark, the
Research Foundation of Rigshospitalet, the Danish National Research
Foundation (grant 126) - PERSIMUNE, the Research Council of the
Capital Region of Denmark, the Danish Health Authority, and the John
and Birthe Meyer Foundation and Research Council for Independent
Research. Andreas Kjaer is a Lundbeck Foundation Professor.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated

@ Springer

otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,
Jemal A, Bray F (2021) Global Cancer Statistics 2020: GLO-
BOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin 71:209-249. https://
doi.org/10.3322/CAAC.21660

2. Zanoni DK, Montero PH, Migliacci JC, Shah JP, Wong RJ,
Ganly I, Patel SG (2019) Survival outcomes after treatment of
cancer of the oral cavity (1985-2015). Oral Oncol 90:115-121.
https://doi.org/10.1016/j.oraloncology.2019.02.001

3. De Angelis R, Sant M, Coleman MP, Francisci S, Baili P,
Pierannunzio D, Trama A, Visser O, Brenner H, Ardanaz E et al
(2014) Cancer survival in Europe 1999-2007 by country and
age: results of EUROCARE-5-a population-based study. Lan-
cet Oncol 15:23-34. https://doi.org/10.1016/S1470-2045(13)
70546-1

4. Barrera JE, Miller ME, Said S, Jafek BW, Campana JP, Shroyer
KR (2003) Detection of occult cervical micrometastases in
patients with head and neck squamous cell cancer. Laryngo-
scope 113:892-896. https://doi.org/10.1097/00005537-20030
5000-00022

5. Schilling C, Stoeckli SJ, Haerle SK, Broglie MA, Huber GF,
Sorensen JA, Bakholdt V, Krogdahl A, Von Buchwald C, Bilde
A et al (2015) Sentinel European Node Trial (SENT): 3-year
results of sentinel node biopsy in oral cancer. Eur J Cancer
51:2777-2784. https://doi.org/10.1016/j.ejca.2015.08.023

6. Amit M, Yen TC, Liao CT, Binenbaum Y, Chaturvedi P, Agar-
wal JP, Kowalski LP, Ebrahimi A, Clark JR, Cernea CR et al
(2013) Clinical nodal stage is a significant predictor of outcome
in patients with oral cavity squamous cell carcinoma and patho-
logically negative neck metastases: results of the international
consortium for outcome research. Ann Surg Oncol 20:3575-
3581. https://doi.org/10.1245/s10434-013-3044-0

7. Ding Z, LiY, Pan X, Xuan M, Xie H, Wang X (2021) Sentinel
lymph node biopsy versus elective neck dissection in squamous
cell carcinoma of the oral cavity with a clinically nO neck: sys-
tematic review and meta-analysis of prospective studies. Head
Neck 43:3185-3198. https://doi.org/10.1002/HED.26803

8. D’Cruz AK, Vaish R, Kapre N, Dandekar M, Gupta S, Hawaldar
R, Agarwal JP, Pantvaidya G, Chaukar D, Deshmukh A et al
(2015) Elective versus therapeutic neck dissection in node-
negative oral cancer. N Engl J Med 373:521-529. https://doi.
org/10.1056/nejmoal506007

9. Persson M, Juhl K, Rasmussen P, Brandt-Larsen M, Madsen J,
Ploug M, Kjaer A (2014) UPAR targeted radionuclide therapy
with 177Lu-DOTA-AE105 inhibits dissemination of metastatic
prostate cancer. Mol Pharm 11:2796-2806. https://doi.org/10.
1021/mp500177¢

10. Quigley NG, Steiger K, Hoberiick S, Czech N, Zierke MA, Kos-
satz S, Pretze M, Richter F, Weichert W, Pox C et al (2022)
PET/CT imaging of head-and-neck and pancreatic cancer in
humans by targeting the “cancer integrin” Avf6 with Ga-
68-trivehexin. Eur J Nucl Med Mol Imaging 49:1136-1147.
https://doi.org/10.1007/S00259-021-05559-X

11. Durante S, Dunet V, Gorostidi F, Mitsakis P, Schaefer N, Delage
J, Prior JO (2020) Head and neck tumors angiogenesis imaging


https://doi.org/10.1007/s11307-023-01858-x
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3322/CAAC.21660
https://doi.org/10.3322/CAAC.21660
https://doi.org/10.1016/j.oraloncology.2019.02.001
https://doi.org/10.1016/S1470-2045(13)70546-1
https://doi.org/10.1016/S1470-2045(13)70546-1
https://doi.org/10.1097/00005537-200305000-00022
https://doi.org/10.1097/00005537-200305000-00022
https://doi.org/10.1016/j.ejca.2015.08.023
https://doi.org/10.1245/s10434-013-3044-0
https://doi.org/10.1002/HED.26803
https://doi.org/10.1056/nejmoa1506007
https://doi.org/10.1056/nejmoa1506007
https://doi.org/10.1021/mp500177c
https://doi.org/10.1021/mp500177c
https://doi.org/10.1007/S00259-021-05559-X

Molecular Imaging and Biology (2023) 25:1034-1044

1043

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

with 68Ga-NODAGA-RGD in comparison to 18F-FDG PET/
CT: a pilot study. EINMMI Res 10. https://doi.org/10.1186/
S13550-020-00638-W

van Loon J, Even AJG, Aerts HIWL, Ollers M, Hoebers F, van
Elmpt W, Dubois L, Dingemans AMC, Lalisang RI, Kempers P
et al (2017) PET imaging of zirconium-89 labelled cetuximab:
a phase I Trial in patients with head and neck and lung cancer.
Radiother Oncol 122:267-273. https://doi.org/10.1016/j.radonc.
2016.11.020

Schoder H, de Souza Franca PD, Nakajima R, Burnazi E, Rob-
erts S, Brand C, Grkovski M, Mauguen A, Dunphy MP, Ghos-
sein RA et al (2020) Safety and feasibility of PARP1/2 imaging
with 18F-PARPi in patients with head and neck cancer. Clin
Cancer Res 26:3110-3116. https://doi.org/10.1158/1078-0432.
CCR-19-3484

Noh H, Hong S, Huang S (2013) Role of urokinase receptor in
tumor progression and development. Theranostics 3:487-495
Dass K, Ahmad A, Azmi AS, Sarkar SH, Sarkar FH (2008) Evolv-
ing role of UPA/UPAR system in human cancers. Cancer Treat
Rev 34:122-136. https://doi.org/10.1016/j.ctrv.2007.10.005
Lawaetz M, Christensen A, Juhl K, Karnov K, Lelkaitis G, Fichn
A-MK, Kjaer A, von Buchwald C (2023) Potential of UPAR,
Avp6 integrin, and tissue factor as targets for molecular imaging
of oral squamous cell carcinoma: evaluation of nine targets in
primary tumors and metastases by immunohistochemistry. Int J
Mol Sci 24:3853. https://doi.org/10.3390/1JMS24043853
Christensen A, Kiss K, Lelkaitis G, Juhl K, Persson M, Charabi
BW, Mortensen J, Forman JL, Sgrensen AL, Jensen DH et al
(2017) Urokinase-type plasminogen activator receptor (uPAR),
tissue factor (TF) and epidermal growth factor receptor (EGFR):
tumor expression patterns and prognostic value in oral cancer.
BMC Cancer 17. https://doi.org/10.1186/s12885-017-3563-3
Boonstra MC, Verspaget HW, Ganesh S, FJGM K, Vahrmeijer AL,
CJH v dV, PIK K, PHA Q, CFM S (2011) Clinical applications
of the urokinase receptor (UPAR) for cancer patients. Curr Pharm
Des 17:1890-1910. https://doi.org/10.2174/138161211796718233
Fosbgl M@, Kurbegovic S, Johannesen HH, Rgder MA, Hansen
AE, Mortensen J, Loft A, Petersen PM, Madsen J, Brasso K et al
(2021) Urokinase-type plasminogen activator receptor (UPAR)
PET/MRI of prostate cancer for noninvasive evaluation of aggres-
siveness: comparison with gleason score in a prospective phase
2 clinical trial. J Nucl Med 62:354. https://doi.org/10.2967/
JNUMED.120.248120

Carlsen EA, Loft M, Loft A, Berthelsen AK, Langer SW, Knigge
U, Kjaer A (2022) Prospective phase II trial of prognostication by
68Ga-NOTA-AE105 uPAR PET in patients with neuroendocrine
neoplasms: implications for uPAR targeted therapy. J Nucl Med
63(9):1371-1377. https://doi.org/10.2967/INUMED.121.263177
Risgr LM, Clausen MM, Ujmajuridze Z, Farhadi M, Andersen KF,
Loft A, Friborg J, Kjaer A (2022) Prognostic value of urokinase-
type plasminogen activator receptor PET/CT in head and neck
squamous cell carcinomas and comparison with 18F-FDG-PET/
CT: a single-center prospective study. J] Nucl Med 63(8):1169—
1176. https://doi.org/10.2967/jnumed.121.262866

Ploug M, @stergaard S, Gardsvoll H, Kovalski K, Holst-Hansen C,
Holm A, Ossowski L, Dang K (2001) Peptide-derived antagonists
of the urokinase receptor. Affinity maturation by combinatorial
chemistry, identification of functional epitopes, and inhibitory
effect on cancer cell intravasation. Biochemistry 40:12157-12168.
https://doi.org/10.1021/bi010662g

Johnbeck CB, Knigge U, Loft A, Berthelsen AK, Mortensen J,
Oturai P, Langer SW, Elema DR, Kjaer A (2017) Head-to-head
comparison of 64Cu-DOTATATE and 68Ga-DOTATOC PET/CT:
a prospective study of 59 patients with neuroendocrine tumors.
J Nucl Med 58:451-457. https://doi.org/10.2967/jnumed.116.
180430

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Persson M, Skovgaard D, Brandt-Larsen M, Christensen C, Mad-
sen J, Nielsen CH, Thurison T, Klausen TL, Holm S, Loft A et al
(2015) First-in-human UPAR PET: imaging of cancer aggressive-
ness. Theranostics 5:1303. https://doi.org/10.7150/THNO.12956
Christensen A, Juhl K, Persson M, Charabi BW, Mortensen J,
Kiss K, Lelkaitis G, Rubek N, von Buchwald C, Kjer A (2017)
UPAR-targeted optical near-infrared (NIR) fluorescence imaging
and PET for image-guided surgery in head and neck cancer: proof-
of-concept in orthotopic xenograft model. Oncotarget 8:15407—
15419. https://doi.org/10.18632/oncotarget. 14282

Abdolahi S, Ghazvinian Z, Muhammadnejad S, Saleh M, Asa-
dzadeh Aghdaei H, Baghaei K (2022) Patient-derived xenograft
(PDX) models, applications and challenges in cancer research. J
Transl Med 20. https://doi.org/10.1186/S12967-022-03405-8
Izumchenko E, Paz K, Ciznadija D, Sloma I, Katz A, Vasquez-
Dunddel D, Ben-Zvi I, Stebbing J, McGuire W, Harris W et al
(2017) Patient-derived xenografts effectively capture responses
to oncology therapy in a heterogeneous cohort of patients with
solid tumors. Ann Oncol 28:2595. https://doi.org/10.1093/
ANNONC/MDX416

Julien S, Merino-Trigo A, Lacroix L, Pocard M, Goefé D, Mari-
ani P, Landron S, Bigot L, Nemati F, Dartigues P et al (2012)
Characterization of a large panel of patient-derived tumor xeno-
grafts representing the clinical heterogeneity of human colo-
rectal cancer. Clin Cancer Res 18:5314-5328. https://doi.org/
10.1158/1078-0432.CCR-12-0372/85035/AM/CHARACTERI
ZATION-OF-A-LARGE-PANEL-OF-PATIENT

Illemann M, Bird N, Majeed A, Lerum OD, Lund LR, Dang K,
Nielsen BS (2009) Two distinct expression patterns of uroki-
nase, urokinase receptor and plasminogen activator inhibitor-1
in colon cancer liver metastases. Int J Cancer 124:1860-1870.
https://doi.org/10.1002/ijc.24166

Jacobsen B, Ploug M (2008) The urokinase receptor and its
structural homologue c4.4a in human cancer: expression,
prognosis and pharmacological inhibition. Curr Med Chem
15:2559-2573. https://doi.org/10.2174/092986708785909012
Seshadri M, Merzianu M, Tang H, Rigual NR, Sullivan M, Loree
TR, Popat SR, Repasky EA, Hylander BL (2009) Establishment
and characterization of patient tumor-derived head and neck squa-
mous cell carcinoma xenografts. Cancer Biol Ther 8(23):2275-83
Kimple RJ, Harari PM, Torres AD, Yang RZ, Soriano BJ, Yu M,
Armstrong EA, Blitzer GC, Smith MA, Lorenz LD et al (2013)
Development and characterization of HPV-positive and HPV-
negative head and neck squamous cell carcinoma tumorgrafts.
Clin Cancer Res 19:855-864. https://doi.org/10.1158/1078-0432.
CCR-12-2746

Peng S, Creighton CJ, Zhang Y, Sen B, Mazumdar T, Myers JN,
Woolfson A, Lorenzi MV, Bell D, Williams MD et al (2013)
Tumor grafts derived from patients with head and neck squamous
carcinoma authentically maintain the molecular and histologic
characteristics of human cancers. J Transl Med 11. https://doi.
org/10.1186/1479-5876-11-198

Cosper PF, Abel L, Lee YS, Paz C, Kaushik S, Nickel KP, Alex-
andridis R, Scott JG, Bruce JY, Kimple RJ (2020) Patient derived
models to study head and neck cancer radiation response. Cancers
(Basel) 12(2):419

Kang HN, Kim JH, Park AY, Choi JW, Lim SM, Kim J, Shin EJ,
Hong MH, Pyo KH, Yun MR et al (2020) Establishment and char-
acterization of patient-derived xenografts as paraclinical models
for head and neck cancer. BMC Cancer 20. https://doi.org/10.
1186/512885-020-06786-5

Bankhead P, Loughrey MB, Fernidndez JA, Dombrowski Y,
McArt DG, Dunne PD, McQuaid S, Gray RT, Murray LJ, Cole-
man HG et al (2017) QuPath: open source software for digital
pathology image analysis. Sci Rep 7. https://doi.org/10.1038/
S41598-017-17204-5

@ Springer


https://doi.org/10.1186/S13550-020-00638-W
https://doi.org/10.1186/S13550-020-00638-W
https://doi.org/10.1016/j.radonc.2016.11.020
https://doi.org/10.1016/j.radonc.2016.11.020
https://doi.org/10.1158/1078-0432.CCR-19-3484
https://doi.org/10.1158/1078-0432.CCR-19-3484
https://doi.org/10.1016/j.ctrv.2007.10.005
https://doi.org/10.3390/IJMS24043853
https://doi.org/10.1186/s12885-017-3563-3
https://doi.org/10.2174/138161211796718233
https://doi.org/10.2967/JNUMED.120.248120
https://doi.org/10.2967/JNUMED.120.248120
https://doi.org/10.2967/JNUMED.121.263177
https://doi.org/10.2967/jnumed.121.262866
https://doi.org/10.1021/bi010662g
https://doi.org/10.2967/jnumed.116.180430
https://doi.org/10.2967/jnumed.116.180430
https://doi.org/10.7150/THNO.12956
https://doi.org/10.18632/oncotarget.14282
https://doi.org/10.1186/S12967-022-03405-8
https://doi.org/10.1093/ANNONC/MDX416
https://doi.org/10.1093/ANNONC/MDX416
https://doi.org/10.1158/1078-0432.CCR-12-0372/85035/AM/CHARACTERIZATION-OF-A-LARGE-PANEL-OF-PATIENT
https://doi.org/10.1158/1078-0432.CCR-12-0372/85035/AM/CHARACTERIZATION-OF-A-LARGE-PANEL-OF-PATIENT
https://doi.org/10.1158/1078-0432.CCR-12-0372/85035/AM/CHARACTERIZATION-OF-A-LARGE-PANEL-OF-PATIENT
https://doi.org/10.1002/ijc.24166
https://doi.org/10.2174/092986708785909012
https://doi.org/10.1158/1078-0432.CCR-12-2746
https://doi.org/10.1158/1078-0432.CCR-12-2746
https://doi.org/10.1186/1479-5876-11-198
https://doi.org/10.1186/1479-5876-11-198
https://doi.org/10.1186/s12885-020-06786-5
https://doi.org/10.1186/s12885-020-06786-5
https://doi.org/10.1038/S41598-017-17204-5
https://doi.org/10.1038/S41598-017-17204-5

1044

Molecular Imaging and Biology (2023) 25:1034-1044

37.

38.

39.

40.

41.

42.

Goulding H, Pinder S, Cannon P, Pearson D, Nicholson R, Snead
D, Bell J, Elston CWE, Robertson JF, Blamey RW et al (1995)
A new immunohistochemical antibody for the assessment of
estrogen receptor status on routine formalin-fixed tissue samples.
Hum Pathol 26:291-294. https://doi.org/10.1016/0046-8177(95)
90060-8

Swick AD, Stein AP, McCulloch TM, Hartig GK, Ong IM,
Sampene E, Prabakaran PJ, Liu CZ, Kimple RJ (2017) Defining
the boundaries and expanding the utility of head and neck cancer
patient derived xenografts. Oral Oncol 64:65. https://doi.org/10.
1016/J.ORALONCOLOGY.2016.11.017

Campbell KM, Lin T, Zolkind P, Barnell EK, Skidmore ZL,
Winkler AE, Law JH, Mardis ER, Wartman LD, Adkins DR et al
(2018) Oral cavity squamous cell carcinoma xenografts retain
complex genotypes and intertumor molecular heterogeneity. Cell
Rep. 24:2167-2178. https://doi.org/10.1016/j.celrep.2018.07.058
Makita H, Endo K, Kasahara Y, Nakata A, Moriyama-Kita M,
Ishikawa K, Ueno T, Nakanishi Y, Kondo S, Wakisaka N et al
(2021) Xenografts derived from patients with head and neck can-
cer recapitulate patient tumour properties. Oncol Lett 21. https://
doi.org/10.3892/0L.2021.12646

Rosfjord E, Lucas J, Li G, Gerber HP (2014) Advances in patient-
derived tumor xenografts: from target identification to predict-
ing clinical response rates in oncology. Biochem Pharmacol
91:135-143

Li ZB, Niu G, Wang H, He L, Yang L, Ploug M, Chen X (2008)
Imaging of urokinase-type plasminogen activator receptor expres-
sion using a 64cu-labeled linear peptide antagonist by MicroPET.
Clin Cancer Res 14:4758-4766. https://doi.org/10.1158/1078-
0432.CCR-07-4434

@ Springer

43.

44.

45.

46.

47.

Persson M, Madsen J, @stergaard S, Jensen MM, Jgrgensen JT,
Juhl K, Lehmann C, Ploug M, Kjaer A (2012) Quantitative PET
of human urokinase-type plasminogen activator receptor with
64Cu-DOTA-AE105: implications for visualizing cancer inva-
sion. J Nucl Med 53:138-145. https://doi.org/10.2967/jnumed.
110.083386

Persson M, Hosseini M, Madsen J, Jgrgensen TID, Jensen KJ,
Kjaer A, Ploug M (2013) Improved PET imaging of UPAR
expression using new 64Cu-labeled cross-bridged peptide ligands:
comparative in vitro and in vivo studies. Theranostics 3:618.
https://doi.org/10.7150/THNO.6810

Persson M, El Ali HH, Binderup T, Pfeifer A, Madsen J, Rasmus-
sen P, Kjaer A (2014) Dosimetry of 64Cu-DOTA-AE105, a PET
tracer for UPAR imaging. Nucl Med Biol 41:290-295. https://doi.
org/10.1016/j.nucmedbio.2013.12.007

Persson M, Rasmussen P, Madsen J, Ploug M, Kjaer A (2012)
New peptide receptor radionuclide therapy of invasive cancer
cells: in vivo studies using 177 Lu-DOTA-AE105 targeting UPAR
in human colorectal cancer xenografts. Nucl Med Biol 39:962—
969. https://doi.org/10.1016/j.nucmedbio.2012.05.007

Zhai BT, Tian H, Sun J, Zou JB, Zhang XF, Cheng JX, Shi YJ et al
(2022) Urokinase-type plasminogen activator receptor (uPAR) as
a therapeutic target in cancer. J Transl Med 20. https://doi.org/10.
1186/512967-022-03329-3

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/0046-8177(95)90060-8
https://doi.org/10.1016/0046-8177(95)90060-8
https://doi.org/10.1016/J.ORALONCOLOGY.2016.11.017
https://doi.org/10.1016/J.ORALONCOLOGY.2016.11.017
https://doi.org/10.1016/j.celrep.2018.07.058
https://doi.org/10.3892/OL.2021.12646
https://doi.org/10.3892/OL.2021.12646
https://doi.org/10.1158/1078-0432.CCR-07-4434
https://doi.org/10.1158/1078-0432.CCR-07-4434
https://doi.org/10.2967/jnumed.110.083386
https://doi.org/10.2967/jnumed.110.083386
https://doi.org/10.7150/THNO.6810
https://doi.org/10.1016/j.nucmedbio.2013.12.007
https://doi.org/10.1016/j.nucmedbio.2013.12.007
https://doi.org/10.1016/j.nucmedbio.2012.05.007
https://doi.org/10.1186/s12967-022-03329-3
https://doi.org/10.1186/s12967-022-03329-3

	Urokinase-Type Plasminogen Activator Receptor (uPAR) Expression and [64Cu]Cu-DOTA-AE105 uPAR-PETCT in Patient-Derived Xenograft Models of Oral Squamous Cell Carcinoma
	Abstract
	Purpose 
	Procedures 
	Results 
	Conclusions 

	Introduction
	Materials and Methods
	Patient Selection and Study Design
	Animals
	Establishment of PDX Models
	Radiochemistry
	Imaging Protocol and Imaging Analysis
	Autoradiography
	Immunohistochemistry
	Histology and Immunohistochemistry Evaluation
	Statistical Analysis

	Results
	PDX Models
	Histological Stability of PDX Model Tumors Compared to Patient Tumor
	Small-Animal PETCT with [64Cu]Cu-DOTA-AE105
	Ex Vivo Validation of [64Cu]Cu-DOTA-AE105 Distribution Within Tumors
	Correlation Between Tumor Growth and uPAR Expression

	Discussion
	Conclusions
	Anchor 26
	References


