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Gene therapy development has been limited by our
inability to target multifocal cancer with systemic deliv-
ery. We developed a systemically administered, tumor-
targeted liposomal nanodelivery complex (SGT-94)
carrying a plasmid encoding RB94, a truncated form of
the RB gene. In preclinical studies, RB94 showed marked
cytotoxicity against tumor but not normal cells. SGT-94
was administered intravenously in a first-in-man study
in metastatic genitourinary cancer. Minimal side effects
were observed; dose-limiting toxicity (DLT) has not been
reached in 11 evaluable patients. There was evidence of
clinical activity at the 2.4mg dose with one complete
remission (CR) and one partial remission (PR). The
patient in CR was retreated upon progression and had
a second PR. Furthermore, there was tumor-specific tar-
geting of the SGT-94 complex. One patient had wedge
resections of two lung metastases which demonstrated
RB94 expression at the DNA level by polymerase chain
reaction (PCR) and at the protein level by Western blot-
ting, with no RB94 present in normal contiguous lung.
In conclusion, systemically delivered SGT-94 showed evi-
dence of selective tumor targeting and was well toler-
ated with evidence of clinical activity. Additional studies
are warranted to explore the activity of this drug as a
single agent and in combination therapy.
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INTRODUCTION

Translation of the RB gene starting from the second in-frame
AUG codon produces a truncated protein, RB94, which lacks the
112 N-terminal amino acids present in the full length RB110 wild-
type protein. In vitro, transfection of plasmids coding for RB94
leads to marked cytotoxicity against all tumor cell lines tested,
irrespective of genetic makeup and status of native RB expres-
sion.'~* Remarkably, such expression of RB94 in nontransformed

cells does no apparent harm.* To date, there has been no docu-
mented development of tolerance to RB94 expression. This is
in contrast to the full-length transcript, for which numerous
long-term clones can be obtained after RB110 transfection in
RB-negative cancer cell lines.!

In vivo, we have demonstrated considerable regression of
subcutaneous xenograft tumor derived from human bladder and
small-cell lung carcinomas by means of direct injection into these
tumors of an adenoviral vector coding for RB94.> While these
results established proof-of-principle for use of RB94 as a novel
cytotoxic therapy, the lack of a systemic delivery system represents
a fundamental barrier to use of this (or any other) gene-therapy
agent in the context of disseminated human cancers.

In response to this limitation, a tumor-targeted complex for
systemic gene delivery has been developed. In this nanoscale
complex, the payload is encapsulated within a cationic liposome.
The surface of the liposome is decorated with an anti-transferrin
receptor (TfR) single-chain antibody fragment. This arrangement
targets cancer cells by binding to the TfR which is highly expressed
on tumor cells and effectively internalized via receptor-mediated
endocytosis.**

The prototype of this nanocomplex encapsulates a plasmid
encoding the wild-type p53 gene (SGT-53). Systemic administra-
tion of SGT-53 effectively and selectively delivers the p53 gene to
both primary and metastatic tumor cells, sensitizing them to radi-
ation and chemotherapy.’"? In preclinical studies, the combina-
tion of SGT-53 and conventional therapies resulted in significant
tumor growth inhibition and even complete tumor regression in
animal models of various tumor types.”!! A phase I study has been
completed using SGT-53 for advanced solid tumors.'> Minimal
side effects and preliminary evidence for efficacy and tumor-tar-
geted delivery were reported.'? Two phase 2 studies of SGT-53 are
currently ongoing.

In this first-in-man phase 1 study, a plasmid containing the
RB94 c¢DNA rather than p53 was used with the identical SGT
delivery system, to form an agent termed SGT-94. Preclinical
studies using intravenously administered SGT-94 showed
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tumor-specific targeting of bladder cancer cells in subcutaneous
tumors, as well as antitumor activity in combination with chemo-
therapy.”® Genitourinary tumors were treated in this study with
a focus on metastatic bladder cancer, since high levels of TfR are
present in human bladder cancers, especially in recurrent high-
grade disease'™'® making them a potential target for the SGT
nanodelivery system. The plasmid within SGT-94 also included
a modified cytomegalovirus (CMV) promoter which results in
high expression of RB94 protein allowing RB94 protein to be
detected in the cytoplasm of the cancer cell by immunochemical
staining, even though RB is a nuclear protein."” Here we report the
results of a phase 1 trial which demonstrate the safety of SGT-94
as a therapeutic agent, the ability of the SGT-94 nanocomplex to
express RB94 in metastatic tumor cells, and the potential of SGT-
94 for the treatment of bladder cancer.

RESULTS

Patient characteristics

Between February 2012 and July 2014, 13 previously treated
patients with metastatic incurable genitourinary cancers were
consented and treated on this clinical trial. Eleven patients had
urothelial cancer and one patient each had prostate and urachal
cancer. Demographic and clinical characteristics are given in
Table 1. All patients had prior standard of care and received at
least one dose of SGT-94. As described below in the discussion, 11
patients were considered evaluable for activity and DLT.

Therapy-related toxicity

The adverse events experienced by the 11 evaluable subjects are
given in Table 2. Subjects 12 and 13 were administered a mal-
formed SGT-94 nanocomplex which had been prepared with
liposomes that were biologically inactive which we suspect may

Table 1 Patient characteristics

No. %

Age at registration

Median 67

Range 53.6-74.2
Gender

Female 3 23

Male 10 77
Race

Caucasian 11 84

Middle Eastern 1 8

Hispanic 1 8
Primary tumor

Urothelial cancer? 11 84

Prostate cancer 1 8

Urachal cancer 1 8
Number of prior chemotherapy regimens

Median 3

Range 1-4

2One patient also had a low-grade lymphoma that did not require therapy.
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be related to an inadvertent freeze/thaw of the liposome. Each
complex mix had to be tested for biological activity as shown in
Figure 1. The defective product did not give cytotoxicity above
baseline. Further evaluation of the separate components con-
firmed it was related to the liposome. All complex mixes for sub-
jects 1-11 showed similar excellent biological activity as seen in
Figure 1. While the adverse events associated with these subjects
have been included in a separate table (Table 3) for completeness,
they are not considered evaluable for DLT or activity.

The treatment was very well tolerated (Table 2). The major-
ity of the adverse events observed in the evaluable patients were
grade 1/2, with the most frequent toxicity recorded being grade
1/2 thrombocytopenia (45% of subjects). The hematologic effects
were typically transient and improved as patients continued
therapy. Fever and chills were experienced by 27% of the patients
and were expected based upon previous studies with liposomes
and the SGT-53 nanocomplex.? In addition two subjects (18%)
experienced gradel/2 lymphopenia or a decrease in white blood
cell count. Of the grade 3/4 adverse events observed in the trial
only three were deemed even possibly related to SGT-94, two
instances (1 grade 3 and 1 grade 4) of lymphopenia in subject 7,
and one instance of grade 3 neutropenia in subject 8. All of these
of the adverse events, including grade 3/4 events, were transient
and resolved while continuing treatment. There were no grade 5
events.

There was no DLT at the 0.6 mg DNA or 1.2 mg DNA dose lev-
els. The protocol initially required decreasing the dose of the drug
in the setting of any myelosuppression. Thus, the first two patients
treated at the 2.4mg DNA dose initially were not able to com-
plete the first cycle, one due to grade 2 thrombocytopenia (subject
7) and the second due to transient grade 3 neutropenia (subject
8). Transient grade 1/2 neutropenia had been observed in three
patients in a phase la gene therapy trial using the SGT nanocom-
plex to deliver the wtp53 gene rather than RB94." However, in the
SGT-53 trial this was not considered DLT and the patients con-
tinued on treatment with no further occurrences of neutropenia.

Due to this observation, the protocol was amended allow-
ing continuing treatment if transient decreases in platelet count
or neutrophil count were observed. Patients were then allowed to
continue on full-dose therapy for platelet count at a level of 275,000
and absolute neutrophil count (ANC) >1,000, with a DNA dose
reduction by 1 level for a platelet count between 50,000-75,000 or
ANC between 500-999. If, while continuing therapy, the absolute
platelet count and the neutrophil count improved, patients were
retreated at the original DNA dose level.

Three additional patients who were treated at the 2.4 mg dose
did not experience a DLT using the new criteria. In addition,
subject 8, who had to discontinue therapy based upon the ear-
lier criteria, but had a response, chose to resume treatment upon
progression. This patient was able to complete four full rounds of
therapy using the new toxicity criteria without any DLTs (Table 4).

Clinical activity

Evidence of clinical activity was observed in patients treated on
this phase 1 trial in a dose-dependent manner. A summary of the
SGT-94 dose, primary tumor response, and survival outcome for
the 11 evaluable subjects is given in Table 4. In addition, a spider
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plot of the observed responses is shown in Figure 2. At the lowest
dose of SGT-94 (0.6 mg DNA), one individual (subject 3) dem-
onstrated stable disease after four cycles of treatment. Similarly,
one subject treated at the 1.2mg DNA dose (subject 6) also
demonstrated stable disease at the end of five cycles. More sig-
nificant responses were observed when the dose administered was
increased to 2.4mg DNA/infusion. Despite receiving only three
initial doses of SGT-94 due to grade 2 neutropenia, one of the five
subjects treated at this dose level (subject 8) had a clinical com-
plete remission of lung metastasis (Figure 3). After having been off
treatment for 4 months, this individual experienced progression
with a biopsy-proven peritoneal seeding and was retreated at the
2.4mg dose completing four cycles of therapy without interrup-
tion. Again, the subject experienced transient side effects includ-
ing neutropenia and thrombocytopenia (Table 2) that resolved
and they achieved a partial remission following this retreatment.
A second subject at the 2.4 mg DNA dose (subject 11) experienced
a partial remission after four cycles of treatment, and stable dis-
ease was reported in a third subject (subject 9). Most significantly,
with the exception of subject 3 (SD at the 0.6 mg DNA dose, who
survived ~14 months), all of the subjects who exhibited a clinical
response are still surviving. The longest survival to date is 3 years
since entering the trial (Table 4).

Total
incidence
37),
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Tumor-specific targeting

A key component of the SGT-94 nanocomplex is the anti-TfR sin-
gle-chain antibody fragment that is utilized as the tumor-targeting
moiety. The specificity of the tumor targeting has been established
in extensive preclinical studies.”"' Strong evidence for tumor-
specific targeting was also observed in this trial in two individual
subjects. After experiencing stable disease on treatment, subject
6 had wedge resections of lung metastases. His tumor carried the
wild-type RB gene. Two metastatic urachal lung metastases were
removed 48 hours after the third infusion of SGT-94 (1.2 mg dose).
To determine if the SGT-94 delivered RB94 gene was present in
these tumors, DNA polymerase chain reaction (PCR) was per-
formed using RB94-specific primers (Figure 4a). A strong band is
evident after PCR in both of the tumors, demonstrating the pres-
ence of the transgene in these lung metastases. Moreover, signifi-
cant RB94 protein expression was documented in both tumors by
Western analysis, whereas no RB94 protein expression was evident
in the contiguous normal lung (Figure 4b). Since the tumors con-
tained wild-type RB110, normal RB110 protein expression was
observed in both tumor and normal lung (Figure 4b).

In addition, a pretreatment lymph node biopsy obtained from
subject 5 was found to be an RB-negative metastasis. An additional
biopsy was taken from the same lymph node ~36 hours after the
third treatment with the 1.2 mg dose of SGT-94. The initial biopsy
contained a large amount of viable tumor cells with no necrotic
areas present. In contrast, the posttreatment biopsy showed
numerous necrotic tumor cells (Figure 5a). These necrotic tumor
cells demonstrated strong RB cytoplasmic staining, suggesting
that the observed cancer cell death likely resulted from the SGT-
94-mediated delivery of RB94 into the tumor cells (Figure 5b).
Although RB94 is expressed normally in the nucleus, SGT-94 has
been shown to produce large amounts of RB94 protein that can
also be seen in the cytoplasm."
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004
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34
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3/4
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3/4

001

grade 5 events.

WBC decreased

006
1/2
ALT, alanine transaminase; WBC, white blood cell.
This table includes all toxicities that were considered related to study drug in evaluable patients. The hematologic effects were transient and typically improved as patients continued on treatment. There were no

Table 2 Toxicity in evaluable patients

Dose

Patient ID

Grade

ALT increase
Anemia

Chills

Fever
Hypokalemia
Hypomagnesemia
Hypophosphatemia
Hypotension
Lymphopenia
Neutropenia
Thrombocytopenia
Thromboembolic
event
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Figure 1 Flow cytometry showing typical marked increase in number of sub-G1 cells 24 hours after treatment with 2 ug of SGT-94 following
mixing in the Cell Therapy Laboratory for systemic i.v. injection to the patient. This was done posttreatment and was required for every mix

that was infused.

Table 3 Toxicity (at least possibly related) in nonevaluable patients

Dose 3.6 mg

Patient ID 012 013 Total patients Total incidence
Grade 1/2 3/4 1/2 3/4 (N=2) (N=13)
ALT 1 1 1
increased

Anemia 5 1 1 6
Fatigue 1 1 1
Fever 1 1 1
Platelet count 3 1 1 4
decreased

DISCUSSION

Intravenously administered SGT-94 showed tumor-specific deliv-
ery of the gene and had evidence of clinical activity. These results
overcome a major limitation in gene therapy development which
has been severely constrained by the need for direct tumor injec-
tion. The need for direct tumor injection limits its use to a rather
small subset of cancer patients who may be treated by other local
measures including surgery, radiation, or percutaneous ablation.
A systemic delivery system overcomes these limitations, opening
up the field to a large number of cancer patients with multifo-
cal systemic metastases who lack any further standard of care
therapies.

Although the potential of RB94 as a potent human cancer-
specific cytotoxic agent which had no effect on normal human
cells was identified over 20 years ago,' the full potential of
RB94 could not be realized without such a systemic delivery
system to target and treat both primary and metastatic dis-
ease. SynerGene Therapeutics (Potomac, MD) has developed
a nanocomplex, for the systemic delivery of molecular medi-
cines, including plasmid DNA for use in gene therapy. In these
nanomedicines (which use the SGT prefix), the payload is
encapsulated within a cationic liposome, the surface of which
is decorated with an anti-TfR single-chain antibody fragment
designed to target cancer cells via the TfR, which is highly
expressed on surface of tumor cells. The TfR-bound nanocom-
plex is efficiently internalized via receptor-mediated endocy-
tosis. The SGT nanocomplex has been shown to specifically
deliver various payloads, including plasmid DNA,”-'""3 siRNA/
miRNA,'”'® small molecules,” and even imaging agents,”** to

Molecular Therapy vol. 24 no. 8 aug. 2016

both primary and metastatic tumor cells in vivo. This nanocom-
plex also crosses the blood-brain barrier.® The SGT nanocom-
plex carrying the wtp53 gene (SGT-53) has completed phase
la and b clinical trials where it was shown to be well tolerated
at the therapeutic doses tested and demonstrated anticancer
effect.’? This nanomedicine has now moved into phase 2 trials
(NCT02340156, NCT02340117). Thus, the SGT nanodelivery
system was employed as a means to efficiently deliver RB94 (in
the product termed SGT-94).

While SGT-94 was administered to a total of 13 subjects, only
11 were considered evaluable as it was discovered that subjects
12 and 13 had unintentionally been administered less biologi-
cally active SGT-94. However, this did not result in any SGT-94
related serious adverse events or lead to a DLT. Upon discovery of
this, the components of the SGT-94 nanocomplex were analyzed.
Cationic liposomes are one of the three components that com-
prise the SGT-94 nanocomplex. It was determined that the loss
of biological activity arose from the use of damaged liposomes
in preparation of SGT-94, which we suspect was due to inadver-
tent freezing/thawing of the liposome. Another sample from the
same lot of liposomes stored elsewhere was found to produce fully
active SGT-94. The damaged liposomes had been used for prepar-
ing SGT-94 for all six of the infusions in cycle 2 for subject 12 and
for all five of the infusions for subject 13. Thus, these two sub-
jects were not considered evaluable for DLT or for clinical activity.
In a different trial involving wtp53 as the therapeutic gene in an
analogous nanocomplex using the exact same lot of liposome,'?
six patients were treated at a 3.6mg dose for a total of 48 doses
and no malformation of the nanocomplexes were evident. Use of
lyophilized material for future trials will overcome any difficulties
in preparing and storing fresh liposome which was used in this
trial.

The 11 evaluable subjects received SGT-94 over three DNA
dose ranges, three subjects at 0.6 mg, three at 1.2mg, and five at
2.4mg DNA/infusion. In this trial, SGT-94 was very well toler-
ated with no DLT at any of the DNA doses tested. Moreover,
the majority of the patients received multiple cycles of SGT-94,
up to five cycles (30 infusions in one case), with no increase
in toxicity thus demonstrating the safety of the nanomedicine.
No serious adverse events were classified as definitely related to
SGT-94. Only one serious adverse event, hypotension experi-
enced by subject 7, was classified as probably related to the study
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Table 4 Primary tumor with dose, response, and survival outcome
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Tumor RB  Dose No. of Change os Disease Reason off
Patient No. Age/sex  Primary staining (mg) cycles Response (%) (months)  status therapy
1 61/M Bladder Positive 0.6 1 PD +210 6.6 DOD Progression
2 74/M Prostate Positive 0.6 2 PD +100 5.6 DOD Progression
3 73/M Bladder Positive 0.6 4 SD +5 14.2 DOD Progression
4 65/M Bladder Positive 1.2 0.33 PD +100 1.0 DOD Progression
5 67/F Bladder Negative 1.2 2 PD +100 19.6 DOD Progression
6 62/M Urachal Positive 1.2 5 SD -7 37.2 AWD Patient Decision
7 54/F Bladder Positive 24 0.16 PD +100 14.1 DOD Toxicity®
8—initial 72/M Bladder Negative 2.4 0.5 CR -100 31.8 AWD  Toxicity®
8—retreatment Bladder 24 4 PR =50 Patient Decision
9 71/M Bladder Positive 24 4 SD -17 25.5 AWD Progression
10 53/M  Bladder Positive 2.4 2 PD +100 7.8 DOD Progression
11 73/M  Bladder Positive 24 4 PR -85 21.1 AWD  Patient Decision
The following two subjects received SGT-94 but were not evaluable for dose-limiting toxicity or efficacy
12 54/M Bladder Negative 3.6 2 N/A N/A N/A N/A N/A
13 68/F Bladder Negative 3.6 1 N/A N/A N/A N/A N/A

% change is reported as compared to baseline tumor.

AWD, alive with disease; DOD, died of disease; OS, overall survival since enroliment on the trial.
2Originally the clinical protocol required holding treatment for >grade 2 myelosuppression or thrombocytopenia and to discontinue therapy if more than two doses
of therapy were held. The trial was later revised and patient 8 was able to complete four cycles upon retreatment using the new toxicity criteria. Dose-limiting toxicity

has not yet been noted.

100 -
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-100 -

= 0.6mg +100 PD
= 0.6mg +100 PD
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= 12mg +100 PD
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48 56 64
———2.4mg +100 PD
~—24mg -100/-50 CR/PR*
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e 2.4 mg  +100 PD
24mg -85 PR

Figure 2 Spider chart of clinical responses for evaluable patients. *This patient had an initial CR, and then upon progression was retreated achiev-

ing a PR upon retreatment.

drug. However, in the phase 1 trial with SGT-53 gradel/2 hypo-
tension occurring within 24 hours after the first infusion was
one of the most frequently occurring adverse events and was
considered related to the SGT-53. Thus, since the adverse event
with SGT-94 occurred during the 23 hours observation period
after the first infusion of this subject, this event was expected.
Increasing the dose of steroid premedication appeared to be
helpful in controlling some of these affects, including the fevers
and chills some subjects experienced. DLT was not observed at
the 2.4 mg dose, suggesting that future trials may explore fur-
ther dose escalation.

1488

Although the objective of this trial was to assess the safety of
SGT-94, evidence of clinical activity was also observed. Three of
five patients (60%) treated at the 2.4 mg dose showed some clinical
effect. One subject had a complete remission of a lung metastasis and
an additional partial response upon retreatment when new tumors
arose in a different location. Moreover, a second subject treated at
this dose level also displayed a partial response with 85% reduction
in tumor size. Stable disease was produced in a third subject treated
at the 2.4mg DNA dose level. However, in subjects treated at the 0.6
or 1.2mg DNA dose levels, only one stable disease, and no partial or
complete response, was observed at each dose.

www.moleculartherapy.org vol. 24 no. 8 aug. 2016
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30 weeks

Basline

Figure 3 CT scan of a bladder cancer metastasis to the lung in subject
8. He had received four prior cycles of chemotherapy (gemcitabine and cis-
platin; dose-dense methotrexate, vinblastine, doxorubicin, with cisplatin;
gemcitabine, paclitaxel, and doxorubicin; and cisplatin, gemcitabine, with
ifosfamide). The baseline scan shows a 1.6 cm lung tumor metastasis from
a bladder cancer present at baseline (arrow) which is no longer present
at 30 weeks after three treatments with 2.4mg of SGT-94. He had other
nonmeasurable lung metastases at baseline which also resolved. He later
progressed with biopsy proven peritoneal implants measuring 2.1cm in
size and had a partial response after completing four full cycles of therapy.

a
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Figure 4 Evidence for SGT-94 tumor-specific targeting. (a) Two meta-
static bladder cancers (T1 and T2) were removed following a wedge
resection of lung metastases in subject 6 ~48 hours after treatment with
a 1.2mg dose of SGT-94. Each tumor showed the presence of RB94
using an RB94-specific polymerase chain reaction primers (arrow) but
not in normal lung tissue (not shown). (b) RB94 protein expression was
also seen in each tumor (only T2 shown), whereas no RB94 was found
in the contiguous normal lung. Since the tumors contained wild-type
RB110, it was present in both tumor and normal lung as shown.

Tumor Tumor RB staining RB staining
Pre-TX Post-TX Pre-TX Post-TX

Z
\)'

Figure 5 Immunostaining evidence for SGT-94-induced tumor cell cytotoxicity and gene transfer. (a) Detection of tumor cell death. The two
panels show paraffin sections of a metastatic bladder cancer lymph node from subject 5 before SGT-94 treatment (Left) (few if any dead cells seen)
and in the same lymph node 36 hours after the third treatment with a 1.2mg dose of SGT-94 (right) (marked tumor cell necrosis is apparent).
(b) Immunostaining for presence of RB94. The left panel demonstrates the absence of RB wild-type staining in this RB-negative lymph node metastasis
(black arrows) before treatment. The right panel is an area in the same biopsy shown in a after systemic SGT-94 treatment showing only necrotic

cancer cells that have RB94 cytoplasmic staining (white arrows) indicative of SGT-94 transfer and cancer cell death. Bars = 20 nm.

It is likely that the tumor-targeting nature of the SGT nanode-
livery system plays a role in this observed clinical activity. To con-
firm that systemically administered SGT-94 targets tumors and
delivers the RB-94 gene into the tumor cells, the presence of both
the transgene and the RB-94 protein was evaluated in metasta-
ses from subjects in the trial. Evidence of selective targeting to
tumor tissue was found by both PCR and Western analysis in two
metastatic bladder nodules from the lungs of a patient. Since SGT-
94 can be given at least twice a week with relatively low toxicity,
numerous doses can be administered with the expectation that
this tumor-specific targeting will occur with each treatment.

The results discussed above serve as proof-of-concept that sys-
temically administered SGT-94 is safe and that the RB94 gene pay-
load can be efficiently delivered to metastases, resulting in clinical
activity. The benefits of developing a systemic delivery system for
genes are readily apparent. This would avoid intratumoral injec-
tions and the risks associated with them in patients with tumors
with altered vasculature, as well as avoiding potential toxicities
associated with nontargeted administration. In addition, the ability
to target multifocal areas of tumor including much smaller, earlier

Molecular Therapy vol. 24 no. 8 aug. 2016

metastases that may not be discernable easily on CT scan or ame-
nable to needle placement is of potential great clinical benefit.

The tumor-targeted activity and lack of cell death in normal
urothelial cells in preclinical models also indicate that SGT-94 has
a therapeutic index that may be beneficial when used in combina-
tion therapy.”® The lack of prolonged myelosuppression and poten-
tial for novel antigen exposure with a novel gene product also may
make these therapies an attractive partner for immune check-
point inhibitors. The subject who experienced a repeat response
upon retreatment with SGT-94 was subsequently treated with an
immune checkpoint inhibitor upon progression and is once again
in a complete remission with long-term immunotherapy.

Additionally, preclinical studies suggested RB94 was cytotoxic to
multiple tumor types irrespective of their genetic makeup, suggest-
ing that SGT-94 could be expanded to other tumor types regard-
less of RB status. Although this approach is contrary to personalized
medicine in which specific gene mutations are sought as a basis for
treatment, a therapeutic modality that can actually be effective with-
out the necessity, time, and cost of determining the genetic makeup
of a particular tumor would have significant clinical potential.
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In conclusion, treatment with SGT-94 was shown to produce
tumor-specific targeting. It was well tolerated and no DLT was
observed. There was also evidence of clinical activity. Further stud-
ies at a higher dose of SGT-94 are warranted along use of SGT-94
in combination with chemotherapy and/or immune checkpoint
inhibitors.

MATERIALS AND METHODS

Patient selection. Between 23 February 2012 and 15 July 2014, 13 patients
were enrolled in this MD Anderson Institutional Review Board approved
clinical trial. This trial (trial registration ID: NCT01517464, https://clinical-
trials.gov) was an open label, single center, sequential dose-escalating phase
1 trial, evaluating the safety and potential activity of SGT-94. The patient
population consisted of those with confirmed histological diagnosis of geni-
tourinary tumors, with incurable metastatic disease for which no additional
standard therapy was available. All patients signed informed consents to
participate. Patients had adequate lung function with spirometry showing
at least 70% of predicted volumes of FEV1 and adequate cardiac function
with a left ventricular ejection fraction >45%. Patients were required to have
adequate physiologic reserve as shown as by Zubrod performance status <2—
3. Patients had adequate laboratory values including an ANC 21,200 mm?,
a platelet count >100,000mm?, and AST/ALT <3 times the upper limit of
normal. Patients needed either normal kidney function or a creatinine clear-
ance >40ml/min as calculated by Cockcroft-Gault. The patients required an
adequate hemoglobin >10g/dl and PT/PTT <1.5 times than the upper limit
of normal. Patients were excluded if they had other experimental therapy in
the past 30 days or a prior radiation within 4 weeks. In addition, patients were
excluded if they had a myocardial infarction within the past 6 months or his-
tory of a cerebrovascular accident (CVA) or transient ischemic attack (TIA) in
the past 6 months, New York Heart Associate >grade 2 congestive heart fail-
ure, unstable angina, or evidence of uncontrolled hypertension defined as a
systolic blood pressure >140 or a diastolic blood pressure 290 despite therapy.

Patient treatment. The RB94 plasmid used (pSCMV-RB94) for treatment
has been previously described" and was encapsulated with the SGT sys-
temic tumor-targeted liposomal nanodelivery system (SGT-94). The cGMP
produced liposome component and sucrose excipient were provided by
SynerGene Therapeutics. The RB94 plasmid and TfR were manufactured
under ¢cGMP conditions by the Waisman Clinical BioManufacturing
Facility (Madison, WI). All three components and excipient were com-
bined in the MD Anderson Cancer Center Cell Therapy Laboratory for
each patient dose. Final testing of each complex preparation included: gram
stain, visual inspection for lack of aggregates, and particle sizing (done pre-
infusion), with postinfusion testing for biological activity in cell cultures
zeta potential and a 14-day sterility testing (aerobic and anaerobic).

Study agent administration to each subject was planned in a sequential
manner, starting at 0.6 mg DNA per infusion with escalation based on the
continuous reassessment method statistical design to assign dose levels on
the basis of toxicities. Dose levels used were 0.6, 1.2, and 2.4mg DNA/
infusion. New dose levels were only opened after all subjects completed
one full cycle of therapy at the previous dose level. At each new dose
level, the first subject must have completed one full cycle before enrolling
additional subjects at the same dose. After this, patients in the same cohort
could be treated concurrently. There was no intrapatient dose escalation.

In the phase 1 trial with the SGT nanocomplex delivering the wt p53
plasmid DNA (SGT-53), the primary toxicities noted were grade 1 and 2
transient fever starting 6-8 hours after infusion and lasting 12-16 hours (5
of 11 patients, 46%) and transient hypotension over a similar time frame in
7 patients (7 of 11 patients, 64%)."* Based upon these findings all patients in
this SGT-94 study were administered premedication with dexamethasone
(8-20mg per oral (PO)) 60 minutes prior to therapy; diphenhydramine
(25mg i.v.) and famotidine (20 mg i.v.) 30 minutes prior to the infusion;
and acetaminophen 650mg PO prior to each infusion. In addition, the
patients in this study were administered their first dose of SGT-94 in the
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hospital and were monitored for fever, chills, hypotension, and rigors for
~24 hours and were allowed to receive additional dexamethasone (20 mg
i.v.) for suspected acute hypersensitivity reactions including hypotension
or bronchospasm. During this initial 24-hour time period, the patients
received i.v. fluid (at least 0.5 NS osmolarity) running at 100 ml/hour.

Subsequent infusions were given in the outpatient setting. Study drug was
administered twice weekly for 3 weeks followed by a 1 week break (4 weeks
= 1 cycle). The infusions typically occurred over 1-2.5 hours depending
upon the dose and volume of the drug. All infusions were completed within
8 hours of preparing a given dose. Blood pressure and pulse were monitored
approximately every 15 minutes during study drug infusion and for 2 hours
after each dose. Patients received an EKG ~2 hours after administration of
the study drug. Patients were allowed to receive antiemetics, analgesics, and
other supportive measures as indicated by the treating physician.

Assessments, follow-up, and monitoring. Patients were seen by a physi-
cian or their designee prior to each cycle of treatment. During the first infu-
sion, the treating physician was present to assess toxicity. Prior to each dose
patients received a physical examination with documentation of adverse
events. Laboratory studies, including a CBC, platelet count differential,
calcium albumin, glucose phosphorus, magnesium, lactate dehydrogenase
(LDH), aspartate aminotransferase (AST), alanine aminotransferase (ALT),
alkaline phosphatase, total bilirubin, bun, creatinine, prothrombin time
(PT), partial thromboplastin time (PTT), and D-dimer were performed on
a weekly basis during therapy. Patients were restaged with CT or MRI after
every two cycles of treatment. Eleven patients who were evaluable in that
they received at least one dose of correctly prepared reagent were included
for toxicity assessment.

Criteria for discontinuing or altering therapy. Adverse events were graded
according to the NCI Common Terminology Criteria for Adverse Events
v4.0 (http://ctep.cancer.gov/forms/). Patients continued on therapy until evi-
dence of progressive disease or unacceptable DLT which was defined as any
acute allergic reaction >grade 3, or as any other adverse events >grade 3 that
was felt to be a least possibly related to study drug (with the exception of
fevers or chills that respond promptly to treatment) and that did not resolve
to <grade 1 within 2 weeks of holding drug. In the initial version of the trial,
treatment was held for any >grade 3 related therapy, with therapy discon-
tinued if it did not improve to <grade 1 by the time the next dose was due.
However, in a clinical trial of the combination of SGT-53 and docetaxel, a
transient decrease in platelet count was observed in a few patients. Although
likely due to docetaxel treatment, this was seen to improve while continuing
therapy. Based upon this, the protocol was then amended so that transient
decreases in platelet count and neutrophil count were not considered DLTs
unless treatment was delayed for 2 weeks. Patients experiencing a platelet
nadir <20,000 or an ANC <500 were counted as a DLT, requiring dose reduc-
tion. Patients were able to continue full dose of the drug for ANC >1,000 and
a platelet count >75,000. Patients were able to have a transient reduction in
DNA dose for an ANC =500 to 999 or platelet count between 50,000 and
75,000. The infusion was held for an ANC <500 or platelet count <50,000.

Dose-escalation process. Patients were enrolled in cohorts of three. Each
patient in the cohort beyond the first was enrolled only after the previous
patient had completed one cycle of therapy without experiencing unac-
ceptable toxicity. An independent committee of experts comprised an out-
side data and safety monitoring board that evaluated the data from each
cohort prior to starting the next cohort at a higher dose.

Statistics. The primary purpose of this phase 1 dose finding trial is to
define a practically attainable and clinically tolerable dose. The target rate
of dose-limiting adverse events was 33%. There were five dose levels con-
sidered, with one additional lower dose level in case of unexpected DLT in
the first dose. Using the continuous reassessment method design, a maxi-
mum of 24 patients could be treated, with 3 patients per cohort.

Tumor analysis. Although the primary endpoint of this trial was to estab-
lish a maximal tolerated dose (MTD) of SGT-94, a secondary objective
was to document evidence of tumor-specific RB94 expression within

www.moleculartherapy.org vol. 24 no. 8 aug. 2016


https://clinicaltrials.gov
https://clinicaltrials.gov
http://ctep.cancer.gov/forms/

© The American Society of Gene & Cell Therapy

tumor tissue after systemic administration of SGT-94 and possible efficacy.
Patients were consented for biopsy to be performed in cycle 1 most com-
monly the day after infusion 3 was administered. Clinical response was
assessed according to standard criteria for the particular solid tumor. In
general, Response Evaluation Criteria in Solid Tumors criteria was used
where applicable (http://ctep.cancer.gov/guidelines/recist.html).

Quantification of sub-G1 produced by SGT-94 using flow cytometry. As
the percentage of cells in a population at a late stage of apoptosis is reflected
by the percentage of cells present as a sub-G1 peak on flow cytometry,
this assay can be used to assess the level of apoptosis induced by RB94
plasmid DNA, and thus its potency to drive cell death. After each SGT-94
complex for infusion was prepared in the Cell Therapy laboratory, a small
sample was obtained and tested. The percentage of cells in sub-G1 present
24 hours after transfection with SGT-94 at a plasmid DNA dose of 2 ug was
assessed. HTB-9 (5,637) RB-negative bladder cancer cells were plated into
six well-plates at 1x 10° cells/well on the day before transfection. The cells
were washed with serum-free minimum essential media (MEM) prior to
addition of the complex. Four to six wells were transfected with complex.
After 4-6 hours of transfection, an equal volume of MEM containing 20%
fetal bovine serum (FBS) was added to the wells. Twenty-four hours after
transfection, the cells were removed from the plate with trypsin, washed
with phosphate-buffered saline (PBS), treated with a hypotonic propidium
iodide solution, and subjected to flow cytometry. A typical result showing a
marked sub-G1 population following SGT-94 treatment compared to con-
trols indicative of the biological integrity of each mix is shown in Figure 1.

Evidence for tumor-specific delivery of SGT-94 using DNA PCR. The presence
of RB94 in patients’ tumor was assessed using DNA PCR primers specific for
the RB94 gene construct as has been previously published.'> RB94 is not nor-
mally expressed in any normal tissue or tumor. Tumor tissue was obtained
between 24 and 48 hours after SGT-94 treatment. When possible, adjacent
normal tissue was obtained simultaneously. DNA for PCR was obtained using
High Pure PCR Template Preparation Kit from Roche (Indianapolis, IN).
Approximately 25 mg of solid tissue was frozen on dry ice, 200 l lysis buffer
and 40 pl Proteinase K were added, and immediately mixed using a pestle on
dry ice. The mixture was then incubated at 50 °C for 1 hour, 200 pl binding
buffer added, and incubated at 72 °C for 10 minutes. Subsequently, 100 pl of
isopropanol was added, transferred to a high filter tube, and centrifuged for
1 minute at 8,000 g. It was then washed with inhibitor removal buffer once
and with wash buffer twice. Finally, 200 ul of prewarmed (70 °C) elution buf-
fer was added and was centrifuged for 1 minute at 8,000x g. A 0.2 pg aliquot
was used for DNA PCR as previously described.”

Western blotting. Each patient’s normal or cancer tissue at surgery was
cut, suspended in 0.5ml of lysis buffer (150 mmol/l NaCl, 1% NP40, 0.5%
sodium deoxycholate, 0.1% SDS, 50 mmol/l Tris pH 8.0, and protease inhibi-
tors), manually homogenized in a Dounce homogenizer, and left on ice for
30 minutes. The tissue lysate was then transferred into a fresh tube, soni-
cated for 3 minutes, and then centrifuged at 12,000 rpm for 20 minutes at
4 °C. It was then stored at —80 °C. Subsequently the tissue lysate samples
were run on a 4-20% Tris-glysine gradient gel and transferred to 0.2 um
polyvinylidene difluoride (PVDF) membrane. RB94 protein was identified
using an anti-RB monoclonal antibody (QED Biosciences, San Diego, CA),
followed by a peroxidase-conjugated anti-mouse IgG antibody (Santa Cruz
Biotechnology, Paso Robles, CA), chemiluminescence using the SuperSignal
West Dura kit (Pierce Thermo, Rockford, IL) and exposure to X-ray film.
Equal loading was confirmed by striping and probing with anti--actin anti-
body (Sigma-Aldrich, St. Louis, MO).

Immunostaining. Formalin-fixed, paraffin-embedded tissues were stained
for RB in the Pathology Department at the MD Anderson Cancer Center
using Clinical Laboratory Improvement Amendments (CLIA)-approved
methodology and reagents. The anti-RB antibody stains both wild-type
RB110 and RB94 and therefore was only useful to detect RB94-specific stain-
ing in tumors that were negative for RB wild type. Only two patients with an
RB-negative tumor were documented in this trial.
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