





Figure 5

(A) DR5 expression rates in some common cancers in previous literatures. (B-D) MIP reconstruction images (B),

the coronal (C) and sagittal (D) PET-CT fused images on 2 hours, 24 hours, 48hours, 72 hours, and 120 hours in patient seven
showed both of the primary tumor lesion and the liver metastatic lesion (arrow) showed high uptake of tracer. DR5, death
receptor 5; IHC, immunohistochemistry; MIP, maximum intensity projection.

success inclinical trials. Previously, it was reported that
"n-CS1008 SPECT could reveal the interpatient and
intrapatient heterogeneity of DR5 expression in patients
with metastatic colorectal cancer and was predictive of
DR5 agonist efficacy.”” However, ''In-CS1008 uptake in
tumors did not correlate with DR5 expression detected
by immunohistochemistry (IHC) in the achieved tumor
samples. This finding might be because SPECT cannot
quantitatively analyze radioactive uptake with low spatial
resolution, suggesting that it was premature to use '''In-
CS1008 SPECT clinically. PET can not only use the SUV
value to qualitatively analyze uptake, but also has a higher
spatial resolution and higher sensitivity, indicating that
PET is a better approach than SPECT. Another reason
might be the lack of DR5 antibodies reactive on paraffin
sections, which has limited the application of IHC. To
date, there has been no systematic survey of the sensitivity
and specificity of currently used antibodies in detecting
DRb5 expression. RNAscope is a novel RNA ISH method
that allows for the visualization of specific gene expression
in tumor cells and is known for its higher sensitivity and
specificity than traditional THC methods.”’ When THC is
not available or is difficult to standardize, RNAscope is
a promising and sensitive method for the detection of
target RNA in cells. RNAscope technology can provide an
effective supplement for IHC detection when there is no
effective antibody or the antibody sensitivity/specificity
cannot meet the clinical needs, and has a more sensitive
detection rate than THC.” mRNA detected by RNAscope
demonstrated a positive association with protein status as
determined by IHC.?

Herein, we first reported that 897x-CTB006 PET/CT
imaging was safe in humans and could detect primary and
metastatic lesions and DR5 expression levels effectively

in gastrointestinal cancers. The biodistribution of *Zr-
CTBO006 in humans was in line with the metabolism of
897rlabeled antibodies in vivo, which was consistent
with the PET/CT imaging results of previously reported
¥7rlabeled antibodies.” ** The probe was mainly
concentrated in the heart and blood vessels, liver and
spleen after administration. Clearance from the blood,
liver, spleen began at 24hours and the tumor visualiza-
tion became obvious. At 72hours, the contrast between
the tumor and the background was optimal. Astonish-
ingly, the adrenal glands maintained stable high uptake
during the whole imaging process, and that the uptake
decreased more slowly with time than other organs,
which has not been reported previously. The attempts
have been made to verify DR5 expression levels in the
tissue samples of human adrenal gland by RNAscope and
western blot analysis. However, both assays did not yield
positive results. We believe both quality of tissue samples
and detection sensitivity might be the issues. Thus far,
the toxicity against adrenal glands by DR5 antibody has
not been reported in clinical trials. Hence, whether this
finding is because of DR5 overexpression in the adrenal
glands or other reasons still needs further research.
Compared with the four tracers previously reported by
Bensch et al’ ¥Zr-CTB006 showed a comparable distribu-
tion pattern in the whole body. Healthy liver tissue as well
as in the spleen, kidneys and intestines showed higher
tracer concentrations. The bone marrow, lung and brain
showed lower tracer concentrations. However, the higher
concentration in the adrenal glands was different from
the four tracers. However, due to the small volume, the
adrenal glands only contained approximately 0.04% ID.
In the current study, over 50.0% (10/18) of patients
had no DR5 expression, and only 16.7% (3/18) of
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Figure 6 PET/CT images and RNAscope staining of patient 17 and 1. (A) MIP image, the axial and coronal PET-CT fused
images of "®F-FDG PET/CT of patient 17 showed high uptake of '®F-FDG in tumor (arrow). (B) MIP image, the axial and coronal
PET-CT fused images of 3Zr-CTB006 PET/CT of patient 17 showed high uptake of #Zr-CTB006 in tumor (arrow). (C) RNAscope
score of the patient 17 was 3 (40X). (D) MIP image, the axial and coronal PET-CT fused images of '®F-FDG PET/CT of patient
one showed high uptake of '®F-FDG in tumor (arrow). (E) MIP image, the axial and coronal PET-CT fused images of ®Zr-CTB006
PET/CT of patient one showed low uptake of 8Zr-CTB006 in tumor (arrow; the DASH arrow indicates the unclearly tumor
lesion). (F) RNAscope score of patient 1 was 0 (40X). MIP, maximum intensity projection.

patients had DR5 overexpression in tumors, which indi-
cated that the rate of DR5 expression was not as high
as previously reported.”® This finding may also be the
reason why only a subset of patients in the previous clin-
ical trials showed antitumor effects, and no trials could
achieve the endpoint of improving the efficacy in unse-
lected patients.27 It might be because of the inaccurate
detection of DR5 by IHC in previous studies, resulting in
the overestimation of the DRb expression rate in tumors.
Although 11-CS1008 SPECT has been reported to be
able to predict DR5 expression in patients' tumors, it
has not been used clinically due to its low resolution and
inability to quantify.

In this study, we demonstrated that 897-CTB006 PET/
CT could clearly detect primary and metastatic tumor
lesions and could quantitatively measure uptake in tumors
to distinguish the DR5 expression status from animals
to patients. The uptake of *Zr-CTB006 in tumors with
RNAscope scores of 3—4 was significantly higher than that

of tumors with scores of 0-2. An SUV__ of 9.3 at 48 hours
and 6.3 at 72 hours could be used to discriminate the DR5
expression status of tumors both with a sensitivity and
specificity of 100% and 92.9%, respectively. Tumors with
higher 897r-CTB006 uptake than adrenal glands were more
likely to overexpress DR5, indicating that the uptake of
adrenal glands could be a cut-off value to identify tumors
with DR5 overexpression. The tumor-to-adrenal uptake
ratio of 1.38 at 48 hours was an effective cut-off value to
discriminate the DR5 expression status of tumors with a
sensitivity and specificity of 100% and 78.6%, respectively.
Furthermore, animal experiments in PDX mice demon-
strated that *Zr-CTB006 PET/CT could determine DR5
expression in tumors with RNAscope scores of 3 and 4,
which needs to be validated by a clinical trial with a large
sample size. It is suggested that *Zr-CTB006 PET/CT can
be used for the noninvasive detection of DR5 expression
levels and has the potential to identify patients benefiting
from DR5 agonist antibody treatment.
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897r-CTB006 uptake in patients who had received radio-
therapy or chemotherapy was significantly lower than that
in patients without treatment. This finding might indicate
that radiotherapy and chemotherapy could downregulate
DR5 expression levels and might also be a reason why
DRb5 agonists could not improve the antitumor activity
of chemotherapy in clinical trials,® ** although preclin-
ical evidence of antitumor effects has been described in
combination with chemotherapy.® *' A previous study
reported that DR5 expression in liver tissue and that
TRAIL could induce apoptosis in the human liver, while
hepatocytes from rats, mice and rhesus monkeys were
not sensitive to human TRAIL. The study indicated that
there were considerable differences between species in
their response to TRAIL.*”® The preclinical investigation
results in other species should be taken with caution and
preclinical evaluation of DR5 targeted antitumor treat-
ment should include investigation with human cells.

CONCLUSION

Taken together, the study developed a noninvasive
approach *Zr-CTB006 PET/CT to detect DR5 over-
expressing tumors based on molecular imaging and
suggested that *Zr-CTB006 PET/CT has the potential
to identify DR5 overexpressing patients. This study is the
first to find high uptake in adrenal glands that could be
an internal marker to distinguish DR5 overexpression,
but the reason still needs further research. We also found
that the rate of DRb overexpression in tumor patients was
substantially lower than that reported previously, which
might explain the failure of clinical trials and needs
further investigation.
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