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ABSTRACT

Pancreatic ductal adenocarcinoma (PDAC) has an inauspicious prognosis, mainly due
to difficulty in early detection of the disease by current imaging modalities. Upcoming
development of tumour specific tracers provide an alternative solution for more
accurate diagnostic imaging techniques for staging and therapy response monitoring.
The future goal to strive for, in a patient with PDAC, should definitely be first to receive
a diagnostic dose of an antibody labelled with a radionuclide and to subsequently
receive a therapeutic dose of the same labelled antibody with curative intent.
In the first part of this paper we summarize the available evidence on tumour-targeted
diagnostic tracers for molecular positron emission tomography (PET) imaging that
have been tested in humans, together with their clinical indications. Tracers such as
radiolabelled prostate-specific membrane antigen (PSMA), in particular *F-labelled
PSMA, already validated and successfully implemented in clinical practice for prostate
cancer, also seem promising for PDAC.

In the second part we discuss the theranostic applications of these tumour specific
tracers. Although targeted radionuclide therapy is still in its infancy, lessons can
already be learned from early publications focusing on dose fractioning and adding a
radiosensitizer, such as gemcitabine.
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INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is the most frequent type of all pancreatic
cancers and has an inauspicious prognosis, with a five-year survival rate of less than
5%'2. This extremely low survival rate is mainly due to difficulty in early detection of
the disease extent by current imaging modalities. Staging, and hence rational use of
treatment, are highly dependent on information yielded from conventional imaging
modalities (i.e., computed tomography (CT), magnetic resonance imaging (MRI) or
endoscopic ultrasound (EUS)®. However, almost 50% of surgery is performed without
patient benefit (i.e., due to benign diagnoses, undetected metastases, or rapid
recurrence <6 months), indicating that these imaging modalities are lacking diagnostic
precision and therapy response evaluation accuracy.

During surgery for PDAC, 10% of the patients already present with metastases at
laparoscopy and approximately half of the patients undergoing a resection will have
microscopically positive resection margins (R1), of whom 25% will develop disease
recurrence within six months after surgery. Furthermore, the imaging in patients
with borderline resectable or locally advanced PDAC who started chemotherapy is
unreliable due to difficulty in distinguishing between fibrosis and stroma in PDAC*. Also,
18Ffluorodeoxyglucose ("®F-FDG) PET-CT, the most commonly used tracer in oncology,
has a variable and debatable role in the routine pancreatic work up, mainly due to
the large number of false positive findings by also identifying pancreatitis, potentially
resulting in futile resections of the pancreas. "®F-FDG PET-CT is therefore only reserved
on indication for the individual patient®.

Upcoming development of tumour specific tracers provide an alternative solution for
more accurate diagnostic techniques, staging and therapy response monitoring. Targeted
radionuclides such as radiolabelled peptides, which bind to the receptors overexpressed
by cancer cells and radiolabelled antibodies to tumour-specific antigens can provide
a more specific diagnosis®’. Additionally, this development offers new possibilities to
maximally capitalize the theranostic applicability, i.e. the possibility to use the tracer
both for imaging purposes as well as a targeting binder for radionuclide therapy.

In the first part of this review we summarize the available evidence on tumour-targeted
imaging tracers for molecular PET-CT imaging that have been tested in humans, together
with their clinical indications, and in the second part we discuss the theranostic
applications of these tumour specific tracers.

For this narrative review our search strategy for both the diagnostic and therapeutic
section consisted of a general search of diagnostic and therapeutic tracers in pancreatic

MOLECULAR TARGETED PET IMAGING AND RADIONUCLIDE THERAPY OF PDAC | 23




cancer, followed by a search of specific tracers and finally reviewing the papers for leads
to other — not yet included- tracers.

PART I: TUMOUR TARGETED TRACERS FOR THE
DETECTION OF PANCREATIC CANCER

Early detection is important for the treatment of PDAC. It is believed there are two
main precursors for PDAC; namely pancreatic intraepithelial neoplasia (PanIN) and
intraductal papillary mucinous neoplasm (IPMN). Three grades can be distinguished in
PanIN. PanIN-1 and PanIN-2 are commonly found in patients over the age of 40 or in
chronic pancreatitis. PanIN-3 is more exclusively found in the pancreas with PDAC and is
the stage prior to invasion®°, IPMNs develop in the cells lining the pancreatic ducts and
contribute to mucin production, cystic dilatation of the pancreatic ducts and intraductal
papillary growth. IPMNs are at risk of developing into malignancy in 20% over a period
of 10 years®12,

PanIN’s are challenging to diagnose, as all types are under the resolution of conventional
imaging, due to their limited size. EUS may help in detecting identifiable parenchymal
changes such as acinar cell loss, proliferation of small ductular structures and fibrosis.
These combination of changes, labelled as lobulocentric atrophy (LCA), however, are not
specific for PanIN®13,

In diagnosing PDAC, an important challenge is to distinguish PDAC from pancreatitis, as
both entities have abundant stroma. Also, neoadjuvant treatment such as FOLFIRINOX
make it difficult to discriminate between viable tumour and chemoradiation-induced
tumour necrosis and fibrosis**®. Tumour-targeted molecular imaging could provide
essential knowledge in these situations, by adding metabolic molecular imaging
information to the anatomical changes.

18F-Fluorodeoxyglucose - **F-FDG

PET imaging for the diagnosis of PDAC uses "®F-FDG, a radiolabelled glucose®’. ®F-FDG
PET imaging relies on the property that a normal pancreas tissue has low glucose usage
compared to PDAC. In PDAC a KRAS mutation induces over-expression of hexokinase-2
and glucose cell membrane transporter, GLUT-1%. "®F-FDG is accumulated by PDAC
where it is phosphorylated and consequently goes into metabolic arrest? 8, (Figure 1.1,
Table 1).
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FIGURE 1. Available tracers and their properties

1. '™F-FDG: Tumour cells have the property of using glucose: GLUT-1 and hexokinase are upregulated
in tumours. "®F labelled FDG accumulation

2. 8F-FLT: Cell proliferation in tumour cells: Thymidine kinase is upregulated. **F labelled (FLT) > FLTTP
accumulation

3.  avB6 overexpressed in tumour cells: targeted by labelled peptides: ®F-FP-R01-MG-F2 or ®*Ga-
NODAGA-R01-MG

4. PSMA expressed in tumour cells: targeted by inhibitor molecules labelled with ®F or ®Ga

5.  Expression of FAP (fibroblast activation protein) by CAF (cancer associated fibroblasts) targeted by
FAPI (FAP inhibitor) labelled with ®*Ga or '8F

Abbreviations: avp6 = integrin avp6; DNA = Deoxyribonucleic acid; FAP= fibroblast activation protein; **F =
®Fluorodeoxyglucose labelled; "®F-FDG = *®F-fluorodeoxyglucose; '®F-FDG-6-P = "®F-FDG-6-phosphate; *F-FLT
= "®F-fluorothymidine; ®F-FLTDP = "8F-FLT diphosphate; ®F-FLTMP = "F-FLT monophosphate; *F-FLTTP =
8E-FLT triphosphate; "®F-FP-R01-MG-F2 = 8F labelled integrin tracer; '*F-PSMA = ®F labelled PSMA; %Ga=
%Gallium labelled; *®Ga-FAPI = %Ga labelled fibroblast activation protein inhibitor; ®*Ga-NODAGA-R01-MG =
%8Ga labelled integrin tracer; ®®*Ga-PSMA= 8Ga labelled PSMA; Glucose-6-P = Glucose-6-Phosphate; GLUT-1 =
glucose transporter type 1; PSMA= prostate-specific membrane antigen; TDP = thymidine diphosphate; TMP =
thymidine monophosphate; TTP = thymidine triphosphate.

The average sensitivity and specificity for detecting PDAC by ®F-FDG is reported to be
superior to CT, with sensitivity 94% and specificity 90% for ®F-FDG, compared to 82%
and 75% respectively for CT#1920,

A major limitation of PET imaging with ®F-FDG, is that glucose uptake can also be seen
in inflammation, leading to similar appearance of pancreatitis and PDAC**?'. However,
when the diagnosis of PDAC is correct, the degree of *®F-FDG uptake can predict tumour
aggressiveness and survival?3,
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In clinical practice differentiation between pancreatitis and PDAC is possible by
performing a dual-phase PET scan. This method consists of performing a PET scan at two
different time intervals after the injection of the tracer. Pancreatic masses on PET images
in pancreatitis have lower standardized uptake values (SUV), which further decrease in
the delayed phase. However, there can be overlap in SUV values between inflammation
and PDAC. Furthermore, dual-phase "®F-FDG PET imaging is very time consuming and
therefore often not feasible in the daily practice'”.

The specificity of PET imaging for diagnosis of PDAC could be improved by using more
disease-specific imaging agents compared to 'F-FDG. Several other radiotracers
have been used for the evaluation of PDACY?>%, These include radiotracers such as
8E-Fluorothymidine ("F-FLT), ®Gallium labelled fibroblast activation protein inhibitor
(®®Ga-FAPI), ®Ga labelled 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid-
FAPI-04 (°®Ga-DOTA-FAPI-04), ®Fluorodeoxyglucose labelled PSMA ("®F-PSMA), ®Ga
labelled PSMA (%8Ga-PSMA) and Integrin avB6 tracers. These tracers are amply discussed
in the following part.

8F-Fluorothymidine - "®F-FLT

"8F-fluorothymidine is a marker of cell proliferation due to tracer accumulation in
proliferating cells. Thymidine kinase activity is upregulated during proliferation,
subsequently phosphorylating "®F-FLT which gets trapped intracellularly. (Figure 1.2,
Table 1)

"8FE-FLT PET imaging has shown good correlation with histological Ki-67 expression, a
marker of cell proliferation'?”. Furthermore "®F-FLT PET imaging is potentially superior
to "®F-FDG PET as "®F-FLT uptake is not affected by inflammation or hyperglycaemia®’.

Fibroblast Activation Protein Inhibitor - FAPI

In PDAC more than 90% of the tumour volume consists of cancer-associated fibroblasts
(CAF). CAFs are associated with promotion of tumour growth, tissue invasion, metastasis
developing and therapy resistance?®3. CAFs express Fibroblast Activation Protein (FAP)
on the cell surface, a type Il membrane-bound glycoprotein®*33, FAP can be detected by
performing a PET-CT with ®Ga-labelled FAP-Inhibitors. (Figure 1.5, Table 1)

Rohrich et al. showed in a small study including 19 PDAC patients (7 primary and 12
progressive/recurrent) that ®Ga-FAPI PET-CT led to restaging in half of patients with
PDAC and also in most patients with recurrent disease, compared to standard of care
imaging. Differentiation from pancreatitis was challenging, but significantly improved
with imaging at multiple time points after injection of ®8Ga-FAPI%%,
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Chen et al. compared the use of ®®Ga-DOTA-FAPI-04 to "®F-FDG PET for the diagnosis of
primary disease and metastatic lesions for various types of cancer. Four patients with
pancreatic cancer were included. In one patient the pancreatic cancer was not visualised
due to uptake throughout the pancreas caused by tumour-induced pancreatitis [34].
Identical findings of uptake of ®®Ga-DOTA-FAPI-04 in patients with Ig-G4 related disease
have been reported by others3*38,

The study of Chen et al. did show a significantly lower uptake of ®8Ga-DOTA-FAPI-04 than
BE-FDG, thus facilitating an improved detection of possible liver metastases®.

TABLE 1. Available tracers and their properties for the diagnosis of primary disease.

Tracer Properties Localization Main advantage Main
disadvantage
BF-FDG Marker of glucose Intracellular High-glucose-use of High-glucose-
consumption malignant cells using cells in
inflammation
BF-FLT Marker of cell Intracellular Cell proliferation in
proliferation malignancies
%Ga-FAPI; Expression of FAP by Cell membrane After multiple time Can be false
%8Ga-DOTA- CAF targeted by FAPI of cancer points, PDAC and positive in
FAPI-04; labelled with %Ga associated pancreatitis show a trend pancreatitis
fibroblast for differential uptake
kinetics.
BF-FP-RO1-MG-F2; Labelled peptides Cell membrane  Distinguishment between

%Ga-NODAGA- targeting av66 PDAC and pancreatitis.

RO1-MG; overexpressed in Also uptake in lymph node
#Ga-Trivehexin tumour cells metastases
Radiolabelled Inhibitor molecules Cell membrane Very high diagnostic
PSMA (i.e.*®F- labelled with '8F or accuracy between PDAC

PSMA; ®®GA-PSMA) %Ga targeting PSMA and pancreatitis
expressed in tumour
cells

Abbreviations: avp6 = integrin avp6; CAF = cancer associated fibroblast; FAP = fibroblast activation protein; FAPI= FAP
inhibitor; **F = ¥Fluorodeoxyglucose labelled; "®F-FDG = *F-fluorodeoxyglucose; *F-FLT = "®F-fluorothymidine; "®F-FP-
RO1-MG-F2 = **F labelled integrin tracer; ¥F-PSMA = F labelled PSMA; %Ga= **Gallium labelled; ®*Ga-DOTA-FAPI-04=
%Ga labelled (macrocyclic chelator) 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid-FAPI-04; *®Ga-FAPI = %*Ga
labelled fibroblast activation protein inhibitor; ®®Ga-NODAGA-R01-MG = ®Ga labelled integrin tracer; ®Ga-Trivehexin =
%Ga labelled Trivehexin; ®®Ga-PSMA= %Ga labelled PSMA; PSMA= prostate-specific membrane antigen.

Integrin avp6

Integrins are proteins that facilitate adhesion of cells to extracellular matrix (ECM) of
polypeptides. Integrins play a crucial role in the signalling pathway for the regulation
of cell differentiation, migration, proliferation and apoptosis®*>*°. In many cancers the
expression of specific integrins can become dysregulated, such as avB3 and avpé6.
Overexpression of avB3 results in over-promotion of the angiogenesis pathway>® 4.
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Integrin avB6 promotes PDAC by modulating proliferation, survival, migration and
invasion of both the cancer cells and its microenvironment*. Studies have shown
higher expressions of avf6 in PDAC compared to other type of cancers 3444 also
differentiation of PDAC from pancreatitis was possible**. Additionally tumour positive
lymph nodes also showed elevated levels of avB6*. As avB6 seems to be an important
integrin for the detection of PDAC and the distinguishment from pancreatitis, numerous
research groups have been developing PET tracers*®*. Kimura et al. used "®F-FPRO1-
MG-F2 to target avp6. (Figure 1.3, Table 1). The study group demonstrated that the
targeting peptide was able to penetrate the pancreatic tumour rapidly and also showed
an improved uptake compared to ¥F-FDG, reflecting the difference in the peptide’s
target, namely glucose metabolism versus expression of ECM protein. In addition it
was observed that uptake only occurred in the viable part of the tumour compared to
parts of significant necrosis®. A recent small study from Quigley et al. showed the first
promising result for ®Ga-labeled trimerized avp6-integrin selective nonapeptide (%Ga-
Trivehexin) enabled PET-CT imaging. One patient, out of a total of four, was included
with PDAC, showing a high tracer uptake in the pancreatic tumour including multiple
liver metastases®.

Prostate-Specific Membrane Antigen targeted PET-CT imaging

Currently different types of radiolabelled-PSMA tracers exist (i.e. ®F-PSMA, ®Ga-PSMA)
with different biodistribution, as largely described in literature®. Prostate-specific
membrane antigen (PSMA) is a type Il transmembrane glycoprotein highly expressed on
the surface of prostate cancer cells. The expression of PSMA in tumour-associated (neo)
vasculature of prostate cancer, breast cancer and primary gliomas have been reported,
and has also proven to be high in PDAC®**3. Immunohistochemical experiments from our
group showed high expression of PSMA in 4 out 5 patients with PDAC de novo, as well
as in 32 out 33 PDAC patients after neoadjuvant treatment (mean tumour H-score of 99
(maximum 300)). These experiments also showed no expression on adjacent normal and
pancreatitis tissue (H-score 0), thus yielding high tumour contrast with the background
and an improved tumour detection®. Radiolabelled PSMA targeted PET-CT has proven
highly successful for primary staging and restaging of prostate cancer patients and is
currently being implemented worldwide®>*¢. PSMA expression can be imaged by labelling
small inhibitor molecules, with PET radionuclides, i.e., "®F or ®8Ga*’. (Figure 1.4, Table 1)

18F |labelled Prostate-Specific Membrane Antigen - "®F -PSMA

"8F-radiolabelled PSMA PET has been recently technically validated and successfully
implemented in clinical practice for prostate cancer®**>*%, With one of the more
commonly used variants the F-DCFPyL, a second generation '®F-fluorinated PSMA-
ligand, has advantages over ®®Ga-labelled PSMA tracers. It provides namely a higher
spatial resolution, along with a longer half-life, which may result in a more accurate
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staging due to the detection of small local tumour deposits®.

®8Ga labelled Prostate-specific Membrane Antigen - Ga-PSMA

Krishnaraju et al. showed improved diagnostic accuracy with ®8Ga-PSMA compared
to ®F-FDG in a study among 40 patients with pancreatic lesions - positive predictive
value 90.5% vs. 65.4%, for ®Ga-PSMA compared to ®F-FDG; accuracy 92.5% vs. 72.5%,
respectively®’.

PART Il: TARGETED RADIONUCLIDE THERAPY OF
PANCREATIC DUCTAL ADENOCARCINOMA

Locally advanced and metastatic pancreatic cancer has a poor prognosis. Current
standard of care treatment such as gemcitabine or FOLFIRINOX provides minimal survival
benefit. Targeteted radionuclide therapy may provide improved survival in addition to
less systemic toxicity seen with current chemotherapy®. In patients with cancer, the
ultimate goal is first to identify the receptor expression (by using a diagnostic scan with a
diagnostic tracer) and then, in case of an adequate expression of the receptor, to use the
tracer, radiolabelled with alpha or beta-particles, for therapeutic purposes, with curative
or sometimes palliative intent®?.

In addition to therapy with radiolabelled antibodies, there is a possibility to add
gemcitabine, serving as a radiosensitizer, which is generally well tolerated in combination
with external radiotherapy®2.

In this second part we discuss the theranostic applications of tumour specific tracers.
To our knowledge, there have only been 2 different types of antibodies that have been
reported on in humans as targeted radionuclide therapy of PDAC; 31-KAb201 antibody
and “°Y-clivayuzumab tetraxetan antibody (*°Y-labelled hPAM4). Furthermore there is
only one single study registered at popular databases that is currently recruiting patients
and focusing on the theranostic pair of ®®Ga-DOTA-5G /*"7Lu-DOTA-ABM-5G®’.

1311 labelled KAb201 antibody - *'I-KAb201

Carcinoembryonic antigen (CEA) is expressed in most patients with pancreatic cancer
and therefore serves as an interesting target for antibodies. One potential antibody is
KAb201, an anti-CEA antibody labelled with *!lodine®,

Sultana et al. performed a randomised Phase /Il trial assessing the safety and efficacy

of 1¥1-KAb201 in patients with inoperable PDAC. Patients were randomized to receive
1311-KAb201 via either the intra-arterial (gastroduodenal artery) or intravenous (standard
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intravenous line) delivery route. The hypothesis of including an intra-arterial delivery
route is expected higher concentration of the radiolabelled drug at the target site and
thus increased effectiveness with reduced toxicity®®. In total nineteen patients were
randomised (9 in the intravenous arm, 10 in the intra-arterial arm), of whom 1 patient
was excluded from the intra-arterial arm as there was no uptake on the pre-therapy
scan. The overall response rate was 6% (1 out of 18 patients). Dose limiting toxicity was
only reached in the intra-arterial route (at 50 mCi). Both anti-chimeric antibodies (HACA)
and anti-sheep antibodies (HASA) developed in the entire study population, thus limiting
the possibility of repeat dosing as this could lead to either hypersensitivity reactions
or to complexing with circulating antibodies, creating a challenge to maintain effective
therapeutic levels®® %, Median overall survival was 5.2 months (95% Cl = 3.3-9.0 months),
with no significant difference between either delivery arm (log rank test p = 0.79)°.
Survival and efficacy data are comparable with a single agent therapy of gemcitabine’ 3.
Future improvement can be found in the ability to predict the occurrence and type (I or
I1) of antibody response, thus aiding the possibility of repeat dosing. Also humanisation
of the antibody may reduce the immunogenicity®®.

%Y labelled clivazutumab tetraxetan antibody - *°Y-hPAMA4

Preclinical studies in nude mice have shown that *°Y- labelled PAM4 decelerates tumour
growth’®’*. PAM4 is a monoclonal antibody which binds to a mucin produced primarily in
PDAC’78. Gulec et al. performed a phase | single-dose escalation trial among 21 patients
with PDAC (4 stage Ill- locally advanced; 17 stage IV- metastatic) with the primary aim to
determine dose-limiting toxicity and the maximum tolerated dose. Patients first received
"n-hPAM4 for diagnostic imaging and finally °°Y-hPAM4 for therapy’. Drug-related
toxicities among the study group were grade 3/4 neutropenia and thrombocytopenia,
which both increased with °°Y dose. Fourteen patients progressed rapidly, however 7
patients remained progression-free for 2-6 months, with 3 patients showing partial
response with tumour shrinkage. The combination with gemcitabine showed further
improvements’.

Fractionated dosing of °°Y-hPAM4 (for increased total radiation dose) in combination with
gemcitabine acting as a radiosensitizer (for increased potency of the radiation) could be
a promising treatment regimen®®’°, Ocean et al. showed in a phase 1 trial among 38
untreated patients with pancreatic cancer (5 stage lll- locally advanced, 33 stage IV-
metastatic) that fractionated dosing of °°Y-hPAM4 in combination with gemcitabine in
repeated cycles (number of cycles variated among the patients) allowed for double the
radioimmunotherapy dose®°.

Drug-related toxicities among the study group were grade 3/4 thrombocytopenia and
neutropenia in 28 patients. Sixteen patients showed stabilization and 6 patients a
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partial response. Median overall survival was 7.7 months for all patients, with improved
survival up to 11.8 months with repeated cycles®. An important terminated and
unpublished study is the PANCRIT-1 trial. This was an international, multi-center, double-
blind, randomized phase Ill trial of *°Y-labelled hPAM4 in combination with gemcitabine
versus placebo in combination with gemcitabine in patients with metastatic PDAC who
had progressed despite receiving at least two prior therapies for metastatic disease.
After enrolment of 334 patients, an interim analysis on overall survival was performed,
showing that the treatment arm did not demonstrate a sufficient improvement in overall
survival®. One major flaw of the study seems to be the lack of pre-treatment evaluation
of receptor expression, thus not applying the theranostic concept.

8Ga-DOTA-5G /*’Lu-DOTA-ABM-5G theranostic pair
(®8Gallium labelled- DOTA — 5G / Y’labelled Lutetium — DOTA—ABM-5G; DOTA=1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetraacetic acid)

The only study listed on a clinical study database (ClinicalTrials.gov) is from Sutcliffe et
al. from the University of California. This is a phase | study evaluating the safety and
efficacy of the theranostic pair of %8Ga-DOTA-5G /*’Lu-DOTA-ABM-5G in patients with
locally advanced or metastatic PDAC. Patients first receive a diagnostic ®®Ga-DOTA-5G
PET scan, subsequently only the patients that show uptake receive ’Lu-DOTA-ABM-5G
as therapy.

The primary objective is to identify the dose limiting toxicity and the recommend phase
2 dose. The objective is to enrol 30 participants with an expected completion in 2023¢7.

In summary, results from the study with *}-KAb201 demonstrated the importance
of further investigation into the type of antibody response and the ability to predict
this adverse event for the possibility of repeat dosing. Future research will learn if
humanisation of the antibody is able to reduce immunogenicity. Also, the route of
delivery (intra-arterial versus intravenous) did not show any difference in survival benefit
or reduction in toxicity. Studies using *°Y-labelled hPAM4 proved that dose fractioning
could be successful in increasing the total radiation dose without an increasing adverse
events. In addition the combination with gemcitabine acting as a radiosensitizer can
increase the potency of the radiation. Future research, including randomized controlled
trials, will need to confirm these results.

We are looking forward to the first results from the ®8Ga-DOTA-5G /*’Lu-DOTA-ABM-5G

theranostic pair, as evaluation of quantifiable antibody localization at the site of disease
before administering a therapeutic dose seems to be the best tailored made medicine.
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FIGURE 2. CT vs MRI vs "F-FDG vs '®F-PSMA PET and corresponding pathology and HE and
immunohistochemistry coupes in a patient with pancreatic adenocarcinoma

A: CT image with arrow pointing towards pancreatic lesion; B: MRI image with arrow pointing towards
pancreatic lesion; C: ®F-FDG PET image with arrow pointing towards pancreatic lesion; D: **F-PSMA PET
image with arrow pointing towards pancreatic lesion. Note the more specific PSMA uptake compared
to the ®F-FDG PET scan; E: Hematoxylin and Eosin staining (HE) image. Adenocarcinoma is not visible
on this staining ; F: immunohistochemistry staining of PSMA. The arrow points towards stained PSMA.
CT, computed tomography; MRI, magnetic resonance imaging; PET, positron emitting tomography; HE,
hematoxylin eosin; IHC, immunohistochemistry.

(The “HE image” has previously been published by our study group® and is licensed under a Creative
Commons Attribution 4.0 International- http://creativecommons.org/licenses/by/4.0)

SUMMARY AND CHALLENGES FOR THE FUTURE

Impressive efforts have been made in improving tumour specific tracers for the detection
of PDAC. In patients with PDAC, the ultimate goal is to firstly identify the radiolabelled
peptide expression and then, in case of an adequate expression of the peptide, to use the
tracer, radiolabelled with alpha or beta-particles, for therapeutic purposes, with curative
or sometimes palliative intent. 18F-FDG is a well-known radiotracer that already is being
used in PDAC. An important limitation, however, is that increased glucose metabolism
is not specific for malignant processes only, but can be also found in inflammatory and
infectious disease sites. The specificity of PET imaging for the diagnosis of PDAC could
be improved by a more disease specific imaging agent.

In general there are currently three types of tracers. Tracers that accumulate in the

proliferating cell, such as "F-FLT. The second type of tracers target highly expressed
integrin receptors or PSMA on the surface of cells in PDAC. In this group *F-PSMA is a
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promising tracer (Figure 2) that already has been validated and successfully implemented
in clinical practice for prostate cancer. The last type of tracer targets fibroblast activation
protein (FAP inhibitor), which is expressed by CAF (cancer associated fibroblast).

Targeted radionuclide therapy is still in its infancy. The effectiveness of targeted
radionuclide therapy has been limited by poor delivery to tumours. There have only
been 2 different types of antibodies that have been reported on in humans as targeted
radionuclide therapy of pancreatic ductal adenocarcinoma; **'I-KAb201 antibody and
Y-clivayuzumab tetraxetan antibody (*°Y-labelled hPAM4). Besides selecting the correct
radionuclide antibody, important contributing factors for successful therapy is dose
fractioning and the addition of a radiosensitizer, such as gemcitabine.

These novel diagnostic and therapeutic approaches, in population often characterized

by poor outcome and decreased quality of life, has the potential to add a new chapter
to a patient’s life.
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