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Abstract

The field of theranostics is a new nuclear medicine tool being utilized in the treatment of dif-
ferent types of cancers. It couples receptor-specific based imaging predicting and guiding re-
sponse to receptor-specific based radionuclide therapies. For example, somatostatin-receptor
based imaging (Gallium; 68Ga-dotatate scan) is now predicting and guiding the use of treat-
ment with the somatostatin-receptor radiolabeled somatostatin analog (peptide receptor ra-
dionuclide therapy PRRT — Lutetium; 177Lu-Dotatate) for neuroendocrine tumors that express
the somatostatin receptors. The United States Food and Drug Administration approved the
use of 177Lu-Dotatate PRRT for somatostatin-receptor-positive gastroenteropancreatic neu-
roendocrine tumors only. Here we show proof of concept and results of an outstanding re-
sponse to this novel therapy in conjunction with immunotherapy in a refractory cancer type
where it has not been approved (Merkel Cell Cancer). Our results and data provide proof of
principle for considering the use of this novel therapy in a tumor-agnostic approach; similar to
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approval of immunotherapy for mismatch repair deficient tumors. The response demonstrated
has also been unprecedented, likely secondary to use of PRRT with immunotherapy. These
observations have profound and broad implications on how to move this novel field of

theranostics forward for treatment of many cancer-types. © 2019 The Author(s)
Published by S. Karger AG, Basel

Background/Case Presentation

The field of theranostics is a new nuclear medicine tool being utilized in the treatment of
different types of cancers. It couples receptor-specific based imaging predicting and guiding
response to receptor-specific based radionuclide therapies. For example, somatostatin-recep-
tor based imaging (Gallium; 68Ga-dotatate scan) is now predicting and guiding the use of
treatment with the somatostatin-receptor radiolabeled somatostatin analog (peptide recep-
tor radionuclide therapy PRRT - Lutetium; 177Lu-Dotatate) for neuroendocrine tumors that
express the somatostatin receptors (Fig. 1). The United States Food and Drug Administration
approved the use of 177Lu-Dotatate PRRT for somatostatin-receptor-positive gastroentero-
pancreatic neuroendocrine tumors only. Here we show proof of concept and results of an out-
standing response to this novel therapy in conjunction with immunotherapy in a refractory
cancer type where it has not been approved. Our results and data provide proof of principle
for considering the use of this novel therapy in a tumor-agnostic approach; similar to approval
of immunotherapy for mismatch repair deficient tumors. The response demonstrated has also
been unprecedented, likely secondary to use of PRRT with immunotherapy. These observa-
tions have profound and broad implications on how to move this novel field of theranostics
forward for treatment of many cancer-types.

Earlier on January 26, 2018, based on a landmark phase-3 clinical trial, the United States
Food and Drug Administration approved the use of 177Lu-Dotatate PRRT for somatostatin-
receptor-positive gastroenteropancreatic neuroendocrine tumors (NETs) [1]. The somatosta-
tin-receptor-positivity is determined by using the newly evolving field of theranostics using
radioisotopes or radionuclides to label peptides of interest. In this particular case, the soma-
tostatin-receptor positivity is determined by the well-known octreotide scan (octreascan) or
the more recent Gallium (68Ga)-dotatate scan. Figure 1 simplistically illustrates the
theranostics of 177Lu-Dotatate PRRT for somatostatin-receptor-positive gastroentero-
pancreatic neuroendocrine tumors.

However, beyond neuroendocrine tumors of the gastrointestinal tract, other tumors can
exhibit this somatostatin-receptor-positivity. These include lung NETs, pheochromocytomas,
thymic tumors and prostate cancer. Since this is a predictive marker of response, this should
make PRRT a valid radiotherapeutic option for these tumors beyond just NETs.

We present a case of a refractory Merkel cell cancer that within days of one off-label dose
of 177Lu-Dotatate PRRT showed dramatic reduction in the size and symptoms from all palpa-
ble tumors (Fig. 2). A single-photon emission computerized tomography (SPECT) scan done
post therapy shows the 177Lu-Dotatate therapy distributing itself in all the locations of 68Ga-
positivity done prior to this treatment (Fig. 2B). The follow-up 68Ga-scan within a month
shows near complete resolution of all the metastases with some left over avidity but no pal-
pable/visible tumors.
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Discussion

Our report has several novel observations and raises a key question that has implications
for patients with multiple types of cancers. Firstly, this provides proof of concept for consid-
ering the use of this novel therapy in a tumor agnostic approach; similar to approval of immu-
notherapy for mismatch repair deficient tumors [2]. Theranostics is receptor-specific, not tu-
mor-specific. If a tumor expression can be shown either histologically or radiographically here
by the use of 68Ga-scan, receptor based treatments like 177Lu-PRRT should then work for
them.

Secondly, we report on dramatic early and rapid response in a novel tumor type (Merkel
cell) in a refractory setting [3, 4]. This response is unprecedented as well. In the original phase-
3 clinical trial for patients with NETS, there was only 1 patient with a complete response. The
remainder primarily had disease control.

Thirdly, this patient had been on anti-protein programmed death-ligand 1 (PD-L1) immu-
notherapy (avelumab) to which the tumor was refractory. We reinitiated its use pre- and post-
PRRT while we worked on how to get the PRRT for this patient under compassionate use. The
rationale behind this was secondary to the proposed synergy given the synergy between ra-
diation therapies and immunotherapy [5]. This is also one of the first reports showing its fea-
sibility and efficacy with PRRT.

The current National Comprehensive Cancer Network (NCCN) guidelines have included
the use of PRRT for lung NETSs, thymic tumors, pheochromocytomas, paragangliomas and
NETs of unknown primary as well, even though there are no randomized controlled trials sup-
porting its use. The field of theranostics where somatostatin-receptor based imaging is guid-
ing the use of somatostatin-receptor radiolabeled somatostatin analog should, therefore, not
be limited to specific tumor types. A tumor agnostic trial utilizing PRRT for patients with can-
cers that are somatostatin receptor positive with or without immunotherapy would be a novel
strategy to expand the indication of this novel therapy. Finally, it would not be unreasonable
to expand the current indication of this novel therapy for patients whose tumors exhibit so-
matostatin-receptor positivity.

In parallel, the costs of some of these treatments need to be revisited. One dose of PRRT
is more than USD 100,000 factoring in all the costs of delivery of the radionuclide. This is ex-
clusive of costs of novel drugs like immunotherapy, the costs of which are already a focus of
many ongoing debates. In this particular instance, the PRRT costs given the circumstances had
to be done out-of-pocket, which is obviously not a sustainable strategy. Later, insurance cov-
ered it after appeals. While dramatic and unprecedented, the cost of this and any other novel
therapies for many cancers alike is an area of ongoing concern.
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Fig. 1. Simplistic overview illustrating theranostics of recently FDA approved radionuclide therapy
(177Lu-Dotatate peptide receptor radionuclide therapy - PRRT) for somatostatin-receptor-positive neu-
roendocrine tumors. [llustration: (Steven D. Orwoll - Mayo Clinic Media; adaptation from Kasi PM et al.: A
Care Process Model to Deliver 177Lu-Dotatate Peptide Receptor Radionuclide Therapy for Patients with
Neuroendocrine Tumors. Front. Oncol. | doi: 10.3389/fonc.2018.00663).
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Fig. 2. Panel on the left (A) shows the diagnostic images (pre-treatment) from 68Ga dotatate PET/CT scan
done prior to treatment showing immense somatostatin receptor positivity in a patient with Merkel Cell
Cancer. The cancer metastases can be seen in many parts of the body including carcinomatosis (spread to
the abdomen), bones including sternum/ribs and large metastases palpable under the skin (reflecting high
disease burden). Panel in the center (B) provides proof of principle showing the radiolabeled somatostatin
analog (177Lu-Dotatate) therapy distributing itself in all the locations of somatostatin-receptor positivity.
Panel on the right (C) shows the diagnostic images (post-treatment) from 68Ga dotatate PET/CT scan done
1-month post-treatment showing near complete resolution of all the metastases. Note: The SPECT images
(B) are acquired about four hours after the PRRT infusion and due to differences in technique appear dif-
ferent as compared to the pre-treatment PET scan (A). The spleen, liver, kidneys and bladder/urinary tract
light up normally on the 68Ga-scan.
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