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Abstract

Advanced or metastatic sarcoma is associated with an invariably fatal outcome. Two noteworthy cases of chemotherapy-
resistant metastatic sarcoma with durable responses to SNKO1 autologous enhanced natural killer cell therapy and
pembrolizumab, an immune checkpoint inhibitor, are reported here. Single patient use of SNKO1 and pembrolizumab was
authorized by the United States Food and Drug Administration and a Central Institutional Review Board. After informed
consent was obtained, Patient #1 with desmoplastic small round cell tumor and Patient #2 with radiation-induced
chondrosarcoma received SNKO1 2x10° cells i.v. and 200 mg pembrolizumab i.v. every 3 weeks. Patient #1’s tumors
gradually decreased in size, achieving a 47% partial response after which the patient underwent two surgical resections and
achieved a sustained remission. Patient #2’s tumors gradually decreased in size, achieving a 38% partial response. Albeit a
very small case study, the data suggest that SNKO01 plus pembrolizumab may be a viable therapeutic option for patients with
chemotherapy-resistant advanced sarcoma with manageable toxicity, and supports existing evidence that natural killer cells
mediate a favorable response to immune checkpoint inhibitor therapy while reducing immune-related adverse events.

Keywords: SNKO01; autologous natural killer cells; immune checkpoint inhibitor; program death ligand-1; PD-1; PD-
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Introduction [2]. Given that natural killer cells have also been found to target and
eliminate autoreactive T-cells, natural killer cells could possibly reduce
autoimmune-like side effects associated with immune checkpoint
inhibitor therapy as well [3].

Immunotherapy for sarcoma has not, hitherto, shown impressive clinical
benefit as in other solid tumors. However, in principle, natural killer cell
function within the tumor may be revived with the use of immune
checkpoint inhibitors [1]. Recent evidence has implicated a profound role ~ SNKO1 is a first-in-kind, autologous non-genetically modified natural
of natural killer cells in the immune checkpoint inhibitor pathway and  Killer cell therapy with highly enhanced cytotoxicity and over 90%
suggests that natural killer cells can improve program death ligand 1 (PD-  activating receptor expression which can be consistently produced from
L1) - negative tumor response to immune checkpoint inhibitor therapy =~ chemotherapy-treated patients [4]. Pembrolizumab is a humanized

Auctores Publishing LLC — Volume 6(5)-126 www.auctoresonline.org
ISSN: 2640-1053 Page 1 of 5



J. Cancer Research and Cellular Therapeutics

monoclonal immunoglobulin (Ig) G4 antibody directed against human
cell surface receptor PD-1 (programmed death-1). Upon administration,
pembrolizumab binds to PD-1, an inhibitory signaling receptor expressed
on the surface of activated T cells and blocks the binding to and activation
of PD-1 by its ligands, which results in the activation of T-cell-mediated
immune responses against tumor cells. The ligands for PD-1 include
programmed death ligand 1 (PD-L1), overexpressed on certain cancer
cells, and programmed death ligand 2 (PD-L2), which is primarily
expressed on antigen presenting cells [5]. The aim of this article is to
present the case studies of two patients with chemotherapy resistant
metastatic sarcoma who were treated with SNKO1 + pembrolizumab after
previous therapy with an immune checkpoint inhibitor and provide a
review of literature and future perspectives on the use of SNKO1 in
advanced sarcoma.

Case Reports

Two single patient investigational new drug applications using SNK01
and pembrolizumab for advanced sarcoma were authorized by the United
States Food and Drug Administration/Center of Biologic Evaluation and
Research (USFDA/CBER), Bethesda, MD, USA, and approved by
Western Institutional Review Board, Olympia, WA, USA. The treatment
protocol consisted of autologous enhanced natural killer (SNKO01) cells at
a dose of 2 x 10° cells i.v. and pembrolizumab 200 mg i.v. every 3 weeks,
followed by surgical debulking of residual disease if possible. Treatment
outcome parameters included best overall response and progression-free
survival using RECIST v1.1 [6], overall survival and incidence of
treatment related adverse events using NCI NIH Common

A .
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toxicity Criteria for Adverse Events version 5.0 [7]. Stopping rules
included serious treatment-related adverse events that did not improve to
Grade 1 or less severity after 3 weeks.

Patient # 1: A 32-year-old hispanic male was diagnosed to have
metastatic desmoplastic small round cell tumor in December 2016 for
which the patient received multiple chemotherapy regimens including
vincristine sulfate, doxorubicin, cyclophosphamide + ifosfamide, and
etoposide phosphate followed by aldoxorubicin, irinotecan, vincristine
and temozolomide. The patient then received trabectedin and
pembrolizumab until disease progression in October 2019. In November
2019, the patient was enrolled in Cohort 1 of SNKO1 Phase 1 study,
wherein he received five weekly doses of SNKO1 at a dose of 1 x 10°
cells/dose. After five treatments, a follow-up CT scan revealed stable
disease, although at that time, he still had extensive liver metastases with
massive abdominal and pelvic disease. Because intra-patient dose
escalation was not allowed in the Phase 1 study, and to improve tumor
response, a single patient investigational new drug application using
SNKO1 and pembrolizumab was authorized by the USFDA based on a
publication demonstrating how natural killer cells could play a significant
role in responses of patients with PD-L1 negative tumors [2]. The
patient’s tumors decreased in size over one year of treatment to a 47%
partial response by RECIST v1.1 [6]. In March 2021, he underwent a
surgical debulking procedure followed by whole abdominal radiation and
intraperitoneal chemotherapy, after which he resumed SNKO1 and
pembrolizumab regimen in May 2021. His last scan in January 2022
showed sustained remission with no evidence of disease (Figure 1).

(A) PET scan before treatment; (B) PET scan after SNKO1 plus pembrolizumab treatment

followed by debulking procedure; (C) Abdominal CT scan before treatment; (D) Abdominal

CT scan after SNKO1 plus pembrolizumab treatment followed by debulking procedure. FDG

PET: Fluorodeoxyglucose Positron Emission Tomography; CT: Computerized Tomography.

Figure 1: Dramatic reduction in FDG avidity by PET scan and significant reduction in the size of tumors by CT scan using RECIST v1.1 in a patient
with desmoplastic small round cell tumor after combination therapy with SNKO1 and pembrolizumab.
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He has now received 32 cycles of SNKO1 + pembrolizumab over 28
months and has an Eastern Cooperative Oncology Group score of 0 (fully
active, able to carry on all pre-disease performance without restriction).
Grade 2 treatment-related adverse events included hypothyroidism,
fatigue, rash, and pruritus. There were no > Grade 3 treatment-related
adverse events reported.

Patient #2: A 57-year-old white male was diagnosed to have a high-grade
pleomorphic liposarcoma of the right pelvis in 2004. The patient
underwent pre-operative  doxorubicin, ifosfamide, mesna, and
radiotherapy. He then received adjuvant interferon for 2 years. In January
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2019, a biopsy of the right iliac crest revealed PD-L1 positive radiation-
induced chondrosarcoma. The patient underwent a two-stage surgical
procedure including right hemipelvectomy and proximal femoral
replacement in March 2019. The patient then received nivolumab in
August 2019 until disease progression. Other targeted therapies included
palbociclib and pazopanib until disease progression in June 2020. The
USFDA then authorized a single patient use investigational new drug
application using SNKO01 2 x 10° cells and pembrolizumab 200 mg every
3 weeks and the patient had a 38% partial response by RECIST v1.1 [6]
after four months of treatment (Figure 2).

(A, B) Before treatment; (C, D) Four months after treatment.

CT: Computerized Tomography.

Figure 2: Significant reduction in the size of liver nodules by CT scan using RECIST v1.1 in a patient with radiation induced chondrosarcoma after
combination therapy with SNKO1 and pembrolizumab.

He then undertook a surgical debulking procedure, but unfortunately,
developed post-operative sepsis and died. The patient had received 18
cycles of SNKO1 + pembrolizumab and survived 12 additional months.
Grade 3 treatment-related adverse events included increased AST; Grade
2 treatment-related adverse events included hypothyroidism, increased
ALT, increased alkaline phosphatase and increased GGT.

Discussion

In recent years, the efficacy and safety of immune checkpoint inhibitors
in advanced sarcoma have been reported. The pioneering SARC028
multicenter phase 2 study investigating the safety and efficacy of
pembrolizumab in advanced soft tissue sarcoma and bone sarcoma
showed promising activity in certain histologic subtypes [8]. Of 80
patients evaluable for response at 12 center members of the Sarcoma
Alliance for Research through Collaboration, seven (18%) of 40 patients
with soft tissue sarcoma had an objective response: four (40%) of ten
patients with undifferentiated pleomorphic sarcoma, two (20%) of ten
patients with liposarcoma, and one (10%) of ten patients with synovial
sarcoma. Only 5% of 40 patients with bone sarcoma had an objective
response. Nine (11%) patients had serious treatment-related adverse
events, five of which were immune-related including adrenal
insufficiency, pneumonitis, and nephritis.
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In 2018, Chawla et al. reported on their clinical experience with
combination chemo-/immunotherapy using trabectedin and nivolumab
for advanced soft tissue sarcoma [9]. Twenty-eight heavily treated
patients received trabectedin (1.5 mg/m? via continuous intravenous
infusion for 24 hours) every 3 weeks, and nivolumab (3 mg/kg
intravenously over 30 minutes) every 2 weeks. Tumor responses were
assessed by RECIST v1.1 [6]. All patients had metastatic disease and a
median of 4 lines of prior chemotherapy. Best overall response rate was
18.2%, median progression-free survival was 45.4 weeks (range: 10-95
weeks), median overall survival was 66.5 weeks (10-95 weeks), 6-month
progression-free survival rate was 68.2%, and 6-month overall survival
was rate 95.4%. Safety analysis in 28 patients showed > Grade 3
treatment-related adverse events including anemia (7%), fatigue (3.6%),
thrombocytopenia (3.6%), neutropenia (3.6%) and increased creatine
kinase (3.6%). Taken together, the data suggested that paired
administration of trabectedin and nivolumab is safe, and that this chemo-
/immuno-therapy approach may have synergistic activity that could lead
to improved clinical outcomes.

In 2021, Chawla et al. (10) reported on the results of the TNT study, a
Phase 2 study using Talimogene Laherparepvec, Nivolumab and
Trabectedin for previously treated advanced soft tissue sarcoma
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(NCT03886311). Best overall response (complete and partial responses)
was 11% and disease control rate was 80.6%. Safety analysis in 47
patients showed the following > Grade 3 treatment-related adverse events:
anemia  (25.5%), increased ALT (17%), fatigue (8.5%),
thrombocytopenia (8.5%), and neutropenia (8.5%). There was no > Grade
3 injection site reaction with talimogene laherparepvec intratumoral
injections. Further, there was one conversion of an unresectable to
resectable tumor, showing 100% tumor necrosis on histopathologic
examination. Taken together, the data indicated that the TNT protocol
may be effective as second/third line therapy for advanced soft tissue
sarcoma, with no new safety signals seen.

Recently, Gordon et al. reported on the results of a five-year study using
the SAINT protocol: A Phase 2 study using Safe Amounts of Ipilimumab,
Nivolumab and Trabectedin as first-line therapy for previously untreated
patients with advanced soft tissue sarcoma [11]. The guiding hypothesis
was that sarcoma cells are more immunogenic earlier in the course of the
disease [12] and that immune checkpoint inhibitors that promote
sustained T cell activation would be most effective when given as first-
line therapy, together with a tumoricidal agent, trabectedin, that depletes
the tumor microenvironment of growth-promoting macrophages. In this
article, best overall response was 21.6% with 87.5% disease control rate
in 88 patients. Median progression-free survival was 7 (range:1-44)
months, median overall survival was 14 (range: 1-46) months. Grade 3
or greater treatment-related adverse events included increased ALT
(29.5%), anemia (11.4%), increased AST (11.4%), fatigue (9.1%),
neutropenia (6.8%), thrombocytopenia (4.5%), hyponatremia (2.3%),
increased ALP (2.3%), port site infection (2.3%), increased CK (2.3%),
psoriasis exacerbation (1.1%), adrenal insufficiency (1.1%), dehydration
(1.1%), and rhabdomyolysis (1.1%). There was no incidence of alopecia
nor cardiac toxicity reported. Taken together, by indirect comparison,
these data indicate that first-line combinatorial therapy with the SAINT
protocol (1) may be more effective than standard first line therapy
(doxorubicin/ifosfamide/mesna), and (2) may be safer than standard first
line therapy for advanced soft tissue sarcoma.

Natural Killer cells of the innate immune system play a key role as the
main effector cells against cancer. In recent years, there has been
increasing evidence of natural killer cell-mediated immunosurveillance of
sarcoma cells, highlighting the potential of using natural killer cells as a
therapeutic tool against sarcoma [13]. Hence, a rational approach would
be to boost innate natural killer cell-mediated anti-tumor activity with ex
vivo activated natural killer cells. Autologous natural Killer cells have
always been challenging to grow ex vivo, especially when derived from
chemotherapy-treated patients. Thus, universal allogeneic donor-derived
products have been mostly used [14]. SNKO1 is the first-in-kind,
autologous, non-genetically modified natural killer cell product with
significant anti-tumor cytotoxicity and over 90% expression of cell
determinants CD16, NKG2D, NKp46, and DNAM-1, that can be
consistently produced even from chemotherapy-treated cancer patients
[4]. While most, if not all, natural killer cell therapies have focused on
hematologic malignancies, SNKO1 has been shown to exhibit strong
activity against both hematologic malignancies and solid tumors in
preclinical studies. For patients with advanced sarcomas in the
relapsed/refractory setting, there are few, if any, effective salvage
treatment options. Monotherapy with PD-L1 inhibitors have shown only
modest activity in most sarcomas, especially in tumors that have little to
no PD-L1 expression [2,8]. In our experience, SNKO1 can be safely
administered without the need for lymphodepletion [4]. Interim results of
Cohort 4 of a Phase 1 study using SNKO1 cell therapy and avelumab, a
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PD-L1 immune checkpoint inhibitor for chemotherapy-resistant sarcoma
have been reported [15]. These patients were treated with 4 x 10° SNK01
cells and 800 mg of avelumab intravenously every two weeks. Best
overall response rate was 13.3% and disease control rate was 33.3%.
Response was independent of PD-L1 status. Three of 15 patients had a
grade 2/3 adverse event which was related to avelumab. There were no
adverse events related to SNKO1. The authors concluded that
combinatorial therapy with SNKO1 and avelumab may be safe with
antitumor activity in advanced sarcoma that is independent of PD-L1
status.

Albeit these are very small studies that require confirmation in a larger
randomized Phase 2 study, the interim results of the on-going Phase 1
study using SNKO1 and avelumab for previously treated advanced
sarcoma and the promising results of these two case studies suggest that
combination therapy using SNKO01 and an immune checkpoint inhibitor
may improve treatment outcome of patients with advanced
chemotherapy-resistant sarcoma.

Future perspectives: An interesting concept is that improved efficacy may
be achieved by combining SNKO1, an immune checkpoint inhibitor and
a targeted cell cycle checkpoint inhibitor, e.g., DeltaRex-G, a tumor-
targeted retroviral vector (1) that uniquely targets/hunts down tumors, and
(2) that kills not only cancer cells/ cancer stem cells, but also proliferative
neovasculature, tumor- associated growth-promoting macrophages and
tumor associated fibroblasts [16]. Extracellular matrix deposition by
tumor-associated fibroblasts down-regulate ligands of natural killer cell-
activating receptors [14] and prevent immune cell trafficking in the tumor
microenvironment.  Reducing extracellular matrix production by
DeltaRex-G therapy may enable SNKO1 cell entry in the tumor
microenvironment, favor natural Kkiller cell-ligand interactions and
improve tumor control and treatment outcome.

Conclusions

Taken together, the data (1) suggests that SNKO1 plus pembrolizumab
may be a viable salvage therapy regimen for chemotherapy-resistant
advanced sarcoma with manageable toxicity, and (2) supports existing
evidence that natural killer cells mediate a favorable response to immune
checkpoint inhibitor therapy while reducing immune-related adverse
events. Randomized Phase 2 studies are planned to confirm these
encouraging results and biologic insights.
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