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In vivo gastrin releasing peptide receptor
expression in SDH deficient wild-type
gastrointestinal stromal tumours (GIST):
potential for theranostic applications
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Abstract

Background Succinate dehydrogenase (SDH) deficient wild-type Gastrointestinal Stromal Tumours (WtGIST) are

a rare GIST subtype with limited treatment options. Gallium-68 labelled Gastrin Releasing Peptide Receptor (GRPR)
antagonist NeoB has shown promise in PET imaging for multiple primary malignancies. This investigation sought
to assess the biodistribution of [**Ga]NeoB via PET/CT imaging in metastatic wtGIST patients and aimed to evaluate
GRPR expression in lesions to determine the ligand’s potential for patient selection in future therapeutic trials.

Results Twelve patients with histologically confirmed metastatic wtGIST were enrolled. [*®Ga]NeoB PET/CT imaging
was conducted for lesion segmentation and analysis of uptake characteristics. 8 of 12 (66.7%) patients exhibited
intense but heterogeneous [*®Ga]NeoB uptake in lesions, with variable tracer uptake both within and between
lesions. Physiological uptake was highest in the pancreas, liver, and spleen. Four patients (33.3%) displayed minimal or
no uptake in tumour lesions.

Conclusions The majority of wtGIST patients in this small cohort show lesions with intense [*®Ga]NeoB uptake.
Heterogeneity of uptake indicates GRPR has highly variable inter- and intralesional expression. NeoB has potential
for theranostic application in wtGIST, with limited effective standard of care treatments available. Ongoing trials are
investigating the therapeutic use of ['//Lu]NeoB in this setting.
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Introduction

Wild-type gastrointestinal stromal tumours (wtGIST) are
a subset of GIST that lack activating somatic mutations
in the KIT and PDGFRA genes, constituting 15% of adult
and 85% of paediatric GIST cases [1]. wtGIST can be
further categorized into four molecular subtypes: those
with succinate dehydrogenase complex enzyme (SDH)
deficiency due to SDH encoding gene (SDHX) mutations,
those with germline NFI mutations, those with somatic
BRAF mutations, and a fourth group known as ‘quadru-
ple negative’ GIST, lacking mutations in KIT, PDGFRA,
SDHX, and BRAF genes [2-3].

SDH deficient GIST typically present at a young age,
with gastric primary, and exhibit a high rate of metas-
tases [1]. Despite the frequency of metastatic disease at
presentation, patients with SDH deficient GIST can still
experience survival measured in years, underscoring
the necessity for effective treatments with minimal side
effects to ensure a high quality of life. Managing wtGIST
poses a significant challenge as they respond poorly to
standard therapies such as tyrosine kinase inhibitors
(TKI). Nonetheless, the primary therapeutic approach for
wtGIST currently involves TKIs in the absence of more
effective treatment strategies for this population, with
notable adverse effects including myopathy and gastro-
intestinal issues [4]. The lack of promising conventional
treatment options for wtGIST has spurred efforts to
identify novel molecular targets which could be exploited
for therapeutic benefit.

Gastrin-Releasing Peptide (GRP), a bombesin-like pep-
tide growth factor, exerts regulatory control over various
physiological processes within the gastrointestinal tract
and the central nervous system. These processes include
the modulation of gastrointestinal hormone release,
smooth muscle cell contraction, and epithelial cell pro-
liferation. The principal mechanism through which GRP
exerts its effects is via binding to the Gastrin-Releasing
Peptide Receptor (GRPR). Overexpression of GRPR has
been reported in multiple cancer types, including GIST,
and has been implicated in the promotion of angiogen-
esis, local invasion, and the formation of distant metasta-
ses [5-9]. Given the upregulation of GRPR in neoplasms
including GIST there is increasing interest in utilizing
this receptor for innovative tumour imaging techniques
and targeted cytotoxic therapies. In vitro analysis using
three KIT mutated GIST derived cell lines demon-
strated GRPR expression ranging from 80 to over 95% as
assessed using immunohistochemistry (IHC) [10].

NeoBOMBI1 (NeoB) is a peptide bombesin analogue
acting as an antagonist with high affinity and specificity
for GRPR. NeoB contains DOTA metal-chelator, facili-
tating labelling with radionuclides such as gallium-68 for
PET imaging, or lutetium-177 for radionuclide therapy,
making NeoB a promising candidate as a theranostic
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agent [11]. The phase I/II MITIGATE trial evaluated the
safety, biodistribution, dosimetry, and initial diagnostic
efficacy of [*®Ga]NeoB in patients with KIT or PDGFRA
mutated GIST. 9 patients with advanced TKI-pre-treated
GIST were included, with 6 of 9 patients demonstrat-
ing [®Ga]NeoB uptake in tumour lesions. Assessment
of GRPR expression on biopsy specimens also demon-
strated moderate to strong GRPR expression in 6 out of
9 patients, with a correlation between GRPR expression
measured by THC and [®*Ga]NeoB uptake identified in
3 out of 9 patients [12—13]. NeoB has also been investi-
gated in the context of multiple other primary malignan-
cies. The NeoFIND study assessed the diagnostic efficacy
of [®®Ga]NeoB for identifying GRPR positive tumour
lesions in patients with breast, prostate, colorectal, and
lung cancers [14—15]. Nineteen patients were enrolled,
with [®®Ga]NeoB identified in at least one lesion in 17 of
19 patients. Among these, all five breast cancer patients
exhibited moderate to strong uptake of [**Ga]NeoB in
the majority of their metastatic lesion, with all samples
analysed by immunohistochemistry confirming positive
GRPR staining. Alternative tracers targeting GRPR have
been investigated. [**Ga]-BZH3, demonstrated uptake of
8 out of 30 lesions across 17 patients with GIST [16]. The
monoclonal antibody (mAb) RM2 has also been investi-
gated in the context of multiple malignancies including
prostate and breast cancer [17-18], however no studies
in the context of GIST have been reported.

Aims

The main objective of this physiological study was to eval-
uate the bio-distribution of [®®Ga]-NeoB in patients with
metastatic wild-type GIST using PET/CT and to estimate
in vivo expression of GRPR in wtGIST tumour(s). A sub-
sequent aim was to facilitate identification of patients
who may be eligible for treatment with ['”’Lu]NeoB.

Methodology

Ethical approval and study registration

The study was approved by the East of England South
Cambridge Research Ethics Committee (REC ID 14/
EE/1059). All participants provided written informed
consent.

Clinical data collection

12 patients (9 Female, 3 Male) with histologically con-
firmed metastatic SDH deficient wtGIST were enrolled.
Patients were recruited from the National Paediatric
and Adult wild-type GIST (PAWS GIST UK), and clini-
cal genetics clinic at Cambridge University Hospital NHS
Foundation Trust. Details of clinical phenotype, histo-
pathological subtype, family history, and germline molec-
ular testing results were collated from patient records.
Most of these patients were referred to the national clinic
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from other secondary or tertiary referral centres across
the UK and cross-sectional imaging and 18 F FDG PET/
CT imaging was performed at local centres and trans-
ferred for review for the purpose of this study.

[*®Ga]NeoB imaging

The radiopharmaceutical was supplied as a sterile 2-vial
kit for the preparation of [®*Ga]NeoB, allowing for direct
%8Ga-labeling based on reconstitution of a pre-formu-
lated Good Manufacturing Product kit with the elu-
ate of an approved ®Ge/®Ga generator. Materials were
supplied by Advanced Accelerator Applications (Saint-
Genis-Pouilly, France). The volume of [**Ga]NeoB solu-
tion injected, thus dose of radioactivity administered, was
calculated according to the estimated time of injection
on the bases of the current activity provided by the gen-
erator and the physical decay of the radionuclide (half-
life =67.8 min).

3MBq/Kg (+10%) of [®®Ga]NeoB was administered
(mean 215.6 MBq, range 156.4—-255.9 MBq). Scanning
was started after urinary bladder emptying. The mean
uptake time was 63.4 min (range 60—72). Image acquisi-
tion was performed on a GE Discovery MI PET/CT scan-
ner (GE Healthcare, Milwaukee, W1, USA), (25 cm axial
field of view, 4 min per bed position, vertex to upper
thighs) with an unenhanced low-dose CT for attenua-
tion correction and localization. Emission data were cor-
rected for decay, dead time and random coincidences and
normalized for injected dose and patient body weight.
Images were reconstructed using a Bayesian penalized-
likelihood algorithm (Q-clear).

All studies were evaluated by experienced nuclear med-
icine physicians (LA/ IH) for clinical review and gover-
nance reporting. Lesions and areas of abnormal uptake
were evaluated in each patient. A four-point certainty
scoring scale was applied (definitely negative, equivo-
cal probably negative, equivocal probably positive, defi-
nitely positive). Lesions with an SUV,, uptake ratio<1
compared with background liver SUV,,.,, were consid-
ered to have low/no receptor expression. A ratio of 1-2
was considered equivocal, and a ratio>2 was defined as
representing high receptor expression [19]. Images were
analysed for quantitative parameters using 3DSlicer.
Maximum standardized uptake values (SUV,,,) were
obtained for tumour lesions for each patient and dis-
ease site. SUV, .., and SUV, . were recorded for normal
background liver, pancreas, spleen, and the mediastinal
blood pool. Uptake attributable to liver metastases, gas-
tric/ peritoneal disease, and other sites of solid organ
involvement were segmented manually. The volume of
[®Ga]NeoB avid disease (defined as SUV >background
liver SUV,,,,) was derived for each patient and disease
site.
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Standard of care imaging

No additional cross-sectional imaging was undertaken
for this study. Standard of care staging imaging per-
formed locally or at referring centres was reviewed
alongside [®®Ga]NeoB images for each patient. The most
recent correlative contrast enhanced staging CT or MRI
study was manually segmented in 3DSlicer, and the vol-
ume of gastric/ peritoneal disease, liver metastases, and
other sites of solid organ involvement were manually
segmented.

6 patients had contrast enhanced CT imaging and 6
patients had contrast enhanced MRI for the most recent
comparison study. For 2 patients who had recently (<3
months) undergone ["*F]JFDG-PET/CT, the volume of
EDG avid disease was also derived.

Statistical analysis

The study of a rare disease makes a power calculation
more challenging in addition to a paucity of previous
studies, but a sample size of 12 was selected for this pilot
study. Statistical analyses were primarily descriptive.

The targeting properties of [**Ga]NeoB was assessed
for the presence of uptake within known tumour lesions,
SUV values per disease site, and tumour-to-background
liver ratio of [®Ga]NeoB. The presence or absence of
[*Ga]NeoB uptake was correlated with clinical findings
including age at diagnosis, the presence of metastatic
disease at diagnosis, histological subtype (epithelioid/
mixed/ spindle cell), SDHx mutation (SDHA vs. non-
SDHA), time interval from last reported stable disease to
progression, and time interval from last reported disease
progression to Neo-B PET. Statistical analysis was per-
formed in Microsoft Excel. Appropriate tests of associa-
tion were performed where relevant.

Results

Genotype and clinical phenotype of study cohort

12 patients were included in this study (9 female, 3 male).
The median age at presentation was 25.5 years (SD 11.2)
and 7 patients had metastatic disease at presentation. All
12 patients had a gastric primary GIST, and the liver was
the most common site for metastatic spread (100%).

Six patients had a pathogenic germline variant in
SDHA, one patient each had a pathogenic SDHB and
SHDC variant respectively. Two patients had nega-
tive germline testing but were diagnosed with tumoural
hypermethylation of the SDHC promoter region (SDHC
epimutation) and one patient had a co-existing germ-
line SDHA variant and an SDHC epimutation (Table 1).
In one patient, no causative pathogenic variant has
been identified however tumour sequencing has con-
firmed wild type KIT/ PDGFRA and BRAFI loci, germ-
line genetic testing has not identified an SDHx variant
but immunohistochemistry has demonstrated SDH
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deficiency in the tumour. For the 9 patients with acces-
sible histopathology reports on initial biopsy or resection
specimen, 4 cases were of epithelioid subtype, 4 of mixed
epithelioid/ spindle cell, and 1 of spindle cell subtype. The
reported proliferation index was variable, ranging from 0
to 3 mitotic figures per high powered field.

Tracer uptake and SUV,,.,
[®8Ga]NeoB PET imaging was obtained for all twelve
patients included in this study (Fig. 1). Imaging findings
are summarized in Table 2. Physiological uptake was
highest in the pancreas, as expected (mean SUV,,,, 45.4;
range 29.3-89.9), followed by the liver (mean SUV,,
4.8; range 3.2-5.8), spleen (mean SUV,, 2.5; range
1.3-4.5), and blood pool (mean SUV_ ., 2.1; range 0.6—
2.9). Focal uptake greater than liver background was also
noted within the gallbladder fundus in 5 of 11 patients (1
patient having undergone cholecystectomy), although it
is unclear if this was within the gallbladder wall or rep-
resented hepatobiliary excretion of the radiopharmaceu-
tical. Additionally, intense uptake was observed in the
uterus in one patient (SUV,,, 17), with no correspond-
ing metastatic disease identifiable on prior or subsequent
cross sectional or ultrasound imaging, suggesting poten-
tial variability in physiological GRPR expression patterns.
Two patients demonstrated no [*Ga]NeoB uptake
above liver background in tumour lesions. Two further
patients demonstrated tumoural uptake only marginally
higher than background liver and in a very small propor-
tion of the disease volume (< 1 ml by volumetric analysis).
The majority of patients (8/12) enrolled in our study
exhibited some level of uptake in lesions above back-
ground liver. Eight of 12 (66.7%) patients demonstrated
intense but heterogeneous uptake in known tumour
lesions. For these patients, the mean SUV,,, for the most
avid lesion was 41.3 (mean SUV,_, 11.2 times greater
than background liver SUV,,.,; range 3.9-22.7).
Substantial heterogeneity in uptake was observed,
with lesions demonstrating high avidity mixed with
regions with little or no uptake, indicating high vari-
ability of the level of GRPR expression both within and
between lesions. A proportion of lesions demonstrated
uniformly avid uptake of NeoB, however many further
lesions exhibited mixed or entirely photopaenic uptake
patterns, even in lesions with imaging features of viabil-
ity, e.g. contrast enhancement or FDG avidity (Figs. 2 and
3). This finding was present both for liver metastases and
for gastric/ peritoneal disease. No clear association was
noted between tracer uptake and the presence or absence
of contrast enhancement within lesions on correlative
cross-sectional imaging. In some instances, lesions dis-
played peripheral uptake with central photopaenia, con-
sistent with areas of necrosis. As expected, there was low
or absent uptake within lesions previously managed with

ean
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local therapy such as selective internal radiotherapy or
radiofrequency ablation. NeoB PET imaging identified
previously occult metastatic involvement of the seminal
vesicles in one patient, which was not recognized on the
preceding cross sectional staging imaging (patient 9).

Uptake above background was also noted within a
lesion arising from the pelvic musculature in patient 10,
previously characterized via MRI as a synovial giant cell
tumour, and within a biopsy proven benign fibroadenoma
of the breast in patient 5.

Volumetry and quantification of avid disease
Volumes of disease burden on cross sectional imaging
were manually segmented and compared with the vol-
ume of avid disease uptake attributable to metastases
in different locations for each patient. These results are
summarized in the supplementary Table 1.

Tumour volumes were manually segmented for analy-
sis, permitting the quantitative assessment of disease
burden. The volume of disease identified on cross-sec-
tional imaging was greater than identified via [**Ga]NeoB
PET/CT in 7 of the 8 patients with positive studies (mean
percentage of NeoB avid disease =60% (range 16—180%),
using cross sectional imaging as the reference standard).
In one patient, the volume of disease identified via NeoB
PET was >100% of the volume identifiable on cross sec-
tional staging MRI; this observation likely results from
a combination of rapidly progressive disease and count
overspill from areas of intensely avid uptake.

Two patients underwent ['®F]-FDG PET/CT imaging
within 90 days of the NeoB PET study (patients 5 & 10),
and in each case the volume of disease identified via FDG
was greater than via NeoB (mean NeoB avid=22.5%;
range 16-29%; using FDG as reference standard). This
indicates that [®*Ga]NeoB PET imaging may underesti-
mate the volume of disease, but larger prospective studies
are needed to further investigate this finding. Interest-
ingly, in one patient small regions of [®®Ga]NeoB uptake
were present in lesions with low/ no corresponding ['®F]-
FDG uptake (Fig. 3).

Statistical analysis

Clinical and pathological phenotypes were investigated
for predictors of GRPR expression, however no statisti-
cally significant correlation was detectable within this
sample of 12 patients. Mann-Whitney U test was used
to test for association between the presence of NeoB
avid disease and continuous variables; age (U=18,
p=0.28), interval from diagnosis to NeoB PET (U=11,
p=0.92), proliferation index (U=8, p=0.61), time inter-
val from last stable disease (SD)to progressive disease
(PD) (U=10.5, p=0.38), and time interval from last PD
to NeoB PET (U=11 p=0.53). Chi-square test of inde-
pendence was performed for comparison between the
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Fig. 1 Maximum intensity projection (MIP) images (display threshold SUV 0-15) of [®®Ga]NeoB uptake in each of the 12 patients enrolled. High physi-
ological uptake within the pancreas in all patients, with variable uptake/ hepatobiliary excretion within the gallbladder. Patients 3, 5,6, 7,8, 9, 10, & 12
demonstrate regions of avid uptake within tumour lesions. Patients 1, 2, 4, and 11 demonstrate no or minimal uptake
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Table 2 Imaging characteristics of normal tissues and tumour lesions
Background SUV,... Lesion SUV, .,
Case  Liver Spleen Blood Pancreas Liver  Gastric/ Other lesion site  Other lesion LesionSUV,..: Gover-
pool peritoneal SUV .« background nance
SUV,can clinical

report

1 58 2.8 23 89.9 1.2 - - - 1.9 Equivocal
negative

2 55 4.5 29 47.1 10 - - - 1.8 Equivocal
negative

3 74 34 1.7 485 19.7 70 - - 9.5 Positive

4 48 25 2.3 393 NA - - - <1 Negative

5 43 2.5 2.2 458 533 353 Spleen 7.3 12.5 Positive

6 4.2 22 1.8 438 19.8 113 Thoracic nodes 6.8 4.8 Positive

7 43 1.7 1.9 38.1 16.6 14.3 - - 39 Positive

8 4.1 1.6 25 318 26.1 303 Thoracic nodes 105 74 Positive

9 32 13 0.6 293 61.6 724 Seminal vesicles 48.1 227 Positive

10 35 1.8 1.5 449 422 49 - - 14.1 Positive

11 58 2.8 2.5 44.1 NA - - - <1 Negative

12 5 2.7 2.8 426 19.1 - - - 38 Positive

[®3Ga]NeoB imaging findings and SUV, ., of normal tissues, SUV,,,, of tumour lesions, and ratio of SUV,,,, from most avid lesion to background liver SUV, .,

10

Fig.2 (A) Axial fused [®*Ga]NeoB PET/CT demonstrating heterogenous uptake within liver metastases and (B) Correlative staging CT Study showing the
extent of liver disease. Multiple enhancing lesions in the right lobe demonstrate NeoB uptake, however a further enhancing lesion within the left lateral

section (arrow) corresponds to a region on photopaenia on the PET images

presence of NeoB avid disease and the presence of meta-
static disease at presentation (Chi-square 0.0, p=1.00),
histological subtype (epithelioid/ mixed/ spindle cell)
(Chi-square 0.5, p=0.92), and SDH mutation status
(SDHA v. non SDHA pathogenic variant) (Chi-square
0.23, p=0.63).

Safety profile

Vital signs remained stable throughout the imaging
procedure, and there were no significant changes to
laboratory studies changes post-imaging. No adverse or
clinically detectable pharmacologic effects were observed
in any of the 12 study participants during the 12 month
follow-up period.

Discussion

This is the largest study to date investigating in vivo
GRPR expression in patients with genetically character-
ized GIST. Notably, all patients included in this study
have SDH deficient wtGIST, a molecular subtype of GIST
affecting younger patients and with a high rate of meta-
static disease and with limited standard of care treatment
options [1]. The availability of effective systemic thera-
peutic options for patients with metastatic SDH deficient
wtGIST represents a significant unmet need in clinical
practice. This rare subtype of GIST affects young patients
and although metastatic disease is common at presen-
tation [1], the disease can often run an indolent clinical
course, highlighting the need for well tolerated but effec-
tive treatments for this patient cohort. Eight out of twelve
patients (66.7%) demonstrated intense but heterogeneous



Hulse et al. EINMMI Research (2025) 15:132

10

O

Fig. 3 (A) Axial fused [®®Ga] NeoB PET/CT demonstrating heterogenous
uptake between liver metastases. (B) Axial fused ['®FI-FDG PET/CT image
and (C) correlative staging T2w MRI study at the same level. Multiple liver
lesions are present, with differential uptake of NeoB and FDG. A lesion in-
dicated in the right lobe demonstrates avid FDG uptake but photopaenia
on NeoB PET (black arrow). Conversely, an adjacent lesion (white arrow)
demonstrates uptake on NeoB PET without substantial FDG uptake
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uptake in known tumour lesions on NeoB PET and would
consequently meet imaging criteria for inclusion into the
NeoRay study, a phase I/Ila study investigating [7"Lu]
NeoB in patients with advanced solid tumours and with
[°®Ga]NeoB lesion uptake (NCT03872778).

One of the striking features of the PET imaging is the
degree of heterogeneity observed in this study. Intratu-
moural and intertumoural heterogeneity was noted and
could not be explained by tumour specific considerations
such as necrosis or haemorrhage on correlation with
cross sectional imaging (Fig. 3). The mechanisms under-
pinning this finding remain uncharacterised however it
could be speculated that tumour regions demonstrating
lower GRPR expression are less well differentiated than
those expressing high levels of GRPR. Intratumoural
and intertumoural heterogeneity using PET tracers in
isolation or combined PET tracers has proven utility in
other tumour types for predicting disease progression
or tumour de-differentiation [20]- [21]. The limited
availability of tissue for analysis in this study prevented
further testing of tumour tissue to better understand
underlying molecular determinants driving tumour het-
erogeneity. Previous work undertaken in patients with
KIT or PDGFRA mutant GIST has also demonstrated
heterogeneity in NeoB uptake between lesions, suggest-
ing that heterogeneity of GRPR expression may be a fea-
ture common to multiple GIST subtypes [13].

Two patients had [®F]-FDG PET/CT within a three-
month window of their [®*Ga]NeoB PET study, with
NeoB tending to underestimate the volume disease com-
pared with FDG, however with small regions of tumour
demonstrating high NeoB uptake without correspond-
ingly elevated FDG uptake. The absence or reduced FDG
avidity in some tumour lesions despite high NeoB tracer
uptake is of particular interest as patients with SDHx
variants have increased FDG uptake owing to increased
expression of glucose transporters driven by increased
anaerobic glycolysis in SDH deficient tumours resulting
from a pseudohypoxic metabolic environment [22]. This
study was not designed to examine differences in tracer
bio distribution but was an interesting observation and
the biological mechanisms underpinning the discor-
dance between FDG and NeoB uptake require further
investigation in larger prospective studies. Future work
investigating GRPR receptor imaging in SDHx tumour
types should consider employing both tracers and ideally
obtain correlative targeted biopsies of discordant regions
of tumour uptake. Longitudinal follow-up for lesion-spe-
cific progression could also be considered to determine
whether the uptake patterns assessed via NeoB/ FDG
are associated with a more indolent or aggressive disease
course. If an individual is found to have large regions of
discordant NeoB/ FDG avid disease, both tracers could



Hulse et al. EINMMI Research (2025) 15:132

be employed in a complimentary manner to assess the
overall disease burden.

Previous work undertaken on histology specimens
obtained before or after treatment has demonstrated
an association between TKI therapy and reduced GRPR
expression [23]. Of note, only two patients within this
study are TKI naive (patients 9 &10), and both demon-
strate significant NeoB uptake, although patient 10 also
demonstrated regions of low uptake suggesting multiple
biological factors may be involved with regulating GRPR
expression in this cohort. Nonetheless, the histological
data suggesting reduced expression with TKI therapy
may have implications for the sequencing of treatment
with GRPR-targeting Peptide Receptor Radionuclide
Therapy (PRRT), but further studies are required to
understand the impact of treatment duration with TKI
therapy, the effect of stopping therapy on GRPR expres-
sion, and the optimum timing between cessation of ther-
apy and NeoB imaging.

NeoB PET underestimated the burden of disease com-
pared with contract enhanced staging MRI or CT imag-
ing for all but one patient, and for both patients for whom
recent [®F]-FDG PET/CT was available. Nonetheless,
NeoB PET identified previously occult seminal vesicle
metastases in one patient, suggesting possible diagnos-
tic utility in addition to conventional cross-sectional
imaging.

There were no statistically significant correlations iden-
tified between in vivo GRPR expression and clinical fea-
tures or molecular subtypes of SDH deficient wtGIST
in this small cohort. As a rare disease, further probing
of clinical or molecular predictors of GRPR expression
in patients with SDH deficient GIST will likely require a
multicentre or internationally coordinated approach.

For the purposes of this study the threshold for defin-
ing avid disease on ®®Ga-NeoB PET imaging was taken
to be any uptake within lesions greater than background
liver SUV ... As a result, there is potential for a small
variation in the liver SUV_,, to have a large impact on
the volume of disease classified as avid. Nonetheless,
background liver is considered to be the most appropri-
ate reference, as the liver was the most common site of
metastasis in this patient cohort and constituted the
majority of disease volume for most patients. Therefore,
achieving uptake within tumour greater than that of
background liver would likely be necessary for targeting
GRPR as a therapeutic ligand in this cohort. Alternative
background reference standards could be considered in
different GRPR expressing malignancies with differing
uptake patterns and distributions of metastases.

The derivation of tumour volumes represents another
area of complexity; prior cross sectional staging imag-
ing had been performed at multiple different centres
and via variable modalities (CT v. MRI), slice thickness,
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contrast dose, and contrast phase timing. Regions of
liver parenchymal abnormality were segmented as dis-
ease, however this likely resulted in an overestimation
of the true volume of viable liver metastatic disease due
to inclusion of regions of necrotic tumour and paren-
chymal oedema. These factors introduce uncertainty in
disease volume estimation and may contribute to inaccu-
racies in assessing the overall disease burden. As a con-
sequence, the value presented for the overall percentage
of NeoB avid disease is likely an underestimate for most
patients. Nonetheless, the derived volumes are consid-
ered in the opinion of the authors to be a useful means to
approximate the disease volume and present a quantifi-
able method of estimating the extent of NeoB-PET avid
disease.

In recent years there has been increasing interest in
PRRT, in which a ligand conjugated with an alpha- or
beta-emitting radionuclide delivers radiation to a tar-
get-expressing tumour. Examples of widely used clinical
agents include somatostatin analogues (e.g. Octreotide)
and prostate specific membrane antigen (PSMA), typi-
cally conjugated with the beta-emitting radionuclide
Lutetium-177. An aim of this study was to facilitate iden-
tification of patients who may be eligible for ['”’Lu]NeoB
therapy as part of a clinical trial or in future clinical prac-
tice. 8 of the 12 patients enrolled would be eligible for
enrolment in NeoRay on the basis of having at least one
measurable lesion per RECIST 1.1 demonstrating regions
of [®®Ga] NeoB uptake on PET/CT. Further, the applica-
tion of volumetry provides an estimate of the proportion
of the overall disease burden in which there is likely to be
significant uptake of ['”’Lu]NeoB.

As [®Ga]NeoB background uptake is highest in the
pancreas by a substantial margin, this is likely to be the
organ most at risk of incurring dose limiting toxicity dur-
ing future therapeutic trials. No consensus radiation dose
limit for the pancreas is reported in the literature [24],
and although the pancreas is not deemed to be an organ
at risk for radiotherapy planning, prior work on dose
loading of abdominal organs via External beam radio-
therapy (EBR) has shown that grade 1 pancreatic toxicity
starts in the region of 60 Gy [25]. While the timecourse
for [®3Ga]NeoB has previously been determined [26],
[”Lu]-NeoB may exhibit different retention time in pan-
creas. It is however plausible that similar binding affinity
may be achieved. ['”’Lu]-NeoB dosimetry performed in a
mouse model did not identify any biochemical or histo-
logical pancreatic toxicity, and suggests that dose to kid-
ney could be a limiting factor [27]. Furthermore, while a
dosimetry study using the GRPR antagonist ['”’Lu]-RM2
in the context of prostate cancer found initially high pan-
creatic uptake, rapid release of the compound from the
pancreas was observed resulting in an absorbed dose
within tolerable limits [28]. The investigators determined
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that it would be possible to administer a cumulative dose
of up to 56 GBq of ['7"Lu]Lu-RM2 over multiple treat-
ment cycles before approaching the 60 Gy threshold. This
suggests that GRPR targeting ligands could potentially be
employed without incurring pancreatic toxicity in thera-
peutic trials.

Although the majority of patients in this study had
regions of increased tracer uptake within tumour, most
demonstrated significant heterogeneity of tumoural
GRPR expression. Employing NeoB as a therapeutic
agent may leave these regions of tumour untreated and
could result in positive selection of clones not expressing
GRPR leading to resistance, but we eagerly await treat-
ment response outcomes and correlations with tumoural
GRPR expression from the phase I/Ila trial investigating
the therapeutic use of ['”’Lu]NeoB in patients with [**Ga]
NeoB avid disease (NCT03872778).

Finally, the authors wish to acknowledge the limitations
of this study. SDH deficient wtGIST are rare and this is
reflected in the sample size of this study. The patients
included in this study were referred from multiple differ-
ent centres and therefore the availability, type and timing
of cross sectional imaging available for analysis was vari-
able but helpful in excluding necrosis or haemorrhage as
a cause for reduced or absent tracer uptake.

Conclusion

[®8Ga]NeoB PET imaging represents a potential adjunct
in the management of wtGIST. While its heterogeneous
uptake patterns and limited accuracy in detection of
overall tumour burden limit its utility as tool for staging,
the ability to target GRPR-positive lesions offers oppor-
tunities for personalized treatment strategies. Future
research efforts should focus on elucidating the molecu-
lar determinants of GRPR expression and validating the
clinical utility of [**Ga]NeoB PET imaging in guiding
therapeutic interventions. An ongoing phase I/Ila trial
is investigating the therapeutic use of ['”/Lu]NeoB in
patients with [®®Ga]NeoB avid disease, as identified via
[**Ga]NeoB PET (NCT03872778).

Abbreviations

cT Computed tomography

EBR External beam radiotherapy

FDG Fluorodeoxyglucose

GIST Gastrointestinal stromal tumour
GRPR Gastrin Releasing Peptide Receptor
MRI Magnetic resonance imaging
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PSMA Prostate specific membrane antigen
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SIRT Selective Internal Radiation Therapy
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