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We performed a phase I trial of FANG vaccine, an auto
logous tumor-based product incorporating a plasmid
encoding granulocyte-macrophage colony-stimulating
factor (GMCSF) and a novel bifunctional short hairpin
RNAi (bi-shRNAi) targeting furin convertase, thereby
downregulating endogenous immunosuppressive trans
forming growth factors (TGF) β1 and β2. Patients with
advanced cancer received up to 12 monthly intradermal
injections of FANG vaccine (1 × 107 or 2.5 × 107 cells/ml
injection). GMCSF, TGFβ1, TGFβ2, and furin proteins
were quantified by enzyme-linked immunosorbent assay
(ELISA). Safety and response were monitored. Vaccine
manufacturing was successful in 42 of 46 patients of
whom 27 received ≥1 vaccine. There were no treatmentrelated serious adverse events. Most common grade 1,
2 adverse events included local induration (n = 14) and
local erythema (n = 11) at injection site. Post-transfec
tion mean product expression GMCSF increased from
7.3 to 1,108 pg/106 cells/ml. Mean TGFβ1 and β2 effec
tive target knockdown was 93.5 and 92.5% from base
line, respectively. Positive enzyme-linked immunospot
(ELISPOT) response at month 4 was demonstrated in 9
of 18 patients serially assessed and correlated with sur
vival duration from time of treatment (P = 0.025). Nei
ther dose–adverse event nor dose–response relationship
was noted. In conclusion, FANG vaccine was safe and
elicited an immune response correlating with prolonged
survival. Phase II assessment is justified.
Received 15 September 2011; accepted 7 November 2011; advance
online publication 20 December 2011. doi:10.1038/mt.2011.269

Introduction
Following transformation, cancer cells elicit and engage in a
sequenced dynamic of cancer immunoediting,1,2 which includes

elimination, equilibrium, and escape phases. The equilibrium
phase is mediated by the adaptive immune system. Immune
escape permissive for cancer progression can result from a variety of factors including loss of immunogenicity, insensitivity
to effector mechanisms, or either the emergence of nonimmunogenic clones or the development of an immunosuppressive
environment with consequent tolerance being either intrinsic
(anergy or clonal deletion) or extrinsic (immunoregulation),
both of which involve transforming growth factors (TGF) β
mediation.3–6
Transforming growth factors β (TGFβ) are a family of multifunctional proteins that regulate the growth and function of
many normal and neoplastic cell types.7,8 Overexpression of TGFβ
within malignant tissue has been correlated with tumor progression and poor prognosis.9,10 Elevated TGFβ levels have also been
linked with immunosuppression in both afferent and efferent
limbs.7,8,10,11 TGFβ inhibits T-cell activation in response to antigen
stimulation and targets cytotoxic T-cell cytolytic pathways.12 In
addition, TGFβ has antagonistic effects on the natural killer (NK)
cells as well as the induction and proliferation of the lymphokineactivated killer (LAK) cells.13–15
Thus, the immune suppressor functions of TGFβ clearly play a
major role in modulating the effectiveness of cancer cell vaccines.
TGFβ inhibits granulocyte-macrophage colony-stimulating factor
(GMCSF)-induced maturation of bone marrow–derived dendritic
cells16 as well as expression of major histocompatibility complex
class II and costimulatory molecules. It has been shown that
antigen presentation by immature dendritic cells result in T-cell
unresponsiveness.17 TGFβ also inhibits activated macrophages,18
including their antigen presenting function.19,20 Therefore, both
the ubiquitous expression of the TGFβ isoforms as well as the
inhibitory effects of these isoforms on GMCSF immune modulatory function support a broad-based tumor target range for the
application of a TGFβ suppressed/GMCSF-expressing immune
enhancing therapeutic.
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Although GMCSF-secreting autologous immune vaccines have
produced enhanced immune responses with provocative survival
durations,21,22 endogenous tumor immune suppressive proteins
such as TGFβ1 and β2, with their additional potential of blocking GMCSF-induced dendritic cell maturation,16 can subvert full
antigenic potency and limit reversal of immune tolerance. We have
previously reported results of a phase I trial of the TAG vaccine
coexpressing GMCSF and a TGFβ2 antisense (AS) oligonucleotide.23 Considering the broad expression pattern of both TGFβ1
and β2 in human malignancy, we have developed a triad autologous
tumor cell vaccine, FANG, which provides the individual patient’s
tumor antigen array and contains a plasmid encoding both GMCSF
and an innovative RNA interference (RNAi) moiety,24 bifunctional
short hairpin RNAfurin (bi-shRNAfurin), that targets the proprotein
convertase furin (which activates both TGFβ1 and β2), resulting in
knockdown of both TGFβ1 and β2.25 Results of the phase I trial in
advanced cancer patients are described.

Results
Vaccine manufacturing was successful in 42 of 46 patients (91%
success rate). Four vaccines were rejected due to either contaminants (n = 2: ovarian cancer pelvic lymph nodes and pelvic mass)
or insufficient viable tumor cells (n = 2: melanoma lesion; prostate cancer lymph node). Fourteen of the 15 patients who did not
receive vaccine either pursued other treatment options or, because
of rapid clinical deterioration, were unable to fulfill vaccine injection eligibility criteria. Pathology evaluation of the 15th revealed
benign disease. The FANG-treated group included 27 patients
receiving at least a single vaccine. Eighteen patients who had successfully fulfilled surgical resection inclusion criteria (including
all 16 for whom vaccines were successfully manufactured) were
followed long-term for survival and comprised the “No FANG”
group. Demographic and cancer descriptive data of the 45 evaluable patients are found in Tables 1 and 2, respectively.
GMCSF transgene expression and downregulation of expression of TGFβ1 and TGFβ2 are shown in Figure 1. Mean posttransfection GMCSF expression increased from 7.3 to 1,108 pg/106
cells/ml. Mean TGFβ1 and β2 knockdown were 93.5 and 92.5%,
respectively. Two furin enzyme-linked immunosorbent (ELISA)
assays have been used to determine the percentage furin knockdown. The 39 manufactured vaccines were initially tested with the
R&D Systems ELISA (R&D Systems, Minneapolis, MN). Results
demonstrated an ~48% furin knockdown (data not shown). Furin
antibody assays however are reportedly problematic.25 Several
possible reasons for the lower relative knockdown value include
the furin molecular species used, the antibody(s) avidity and
affinity, and the overall assay sensitivity. Therefore, we tested
a second ELISA kit from USCN (Wuhan, China) on the last 20
vaccines manufactured and observed an ~89% knockdown (data
not shown). These more recent results with a different antibody
appear more consistent with the TGFβ effect.

Safety
There was no correlation between dose and the presence of possibly
or probably related adverse events. Two possibly related grade 3
adverse events were observed: abdominal pain and neutropenia.
There were no treatment-related serious adverse events. The most
2

Table 1 Demographic data of evaluable patients (n = 45)
Characteristic

No FANG
(n = 18)

FANG
(n = 27)

All (n = 45)

Age (years)
Mean

56

59

57

Median

56

62

57

Range

39–73

26–84

26–84

Male

9

8

17

Female

9

19

28

Gender

Ethnicity
African American

1

2

3

17

23

40

Hispanic

0

1

1

Latino

0

1

1

1.0 × 107 cells/ml

8

14

22

2.5 × 107 cells/ml

8

13

21

Vaccine failure

2

N/A

2

Caucasian

Dose level

Prior treatmentsa
Chemotherapy

4

24

28

Radiotherapy

4

13

17

Other anti-cancer therapy

5

2

7

N/A, not applicable.
a
All patients required prior surgical debulking.

common grade 1, 2 adverse events related to study medication include
local induration (n = 14) and erythema (n = 11) at injection site.

Clinical response
Of 26 out of 27 patients evaluable for tumor response (i.e., received
≥1 vaccine; one patient progressed following first injection), 23
achieved SD at month 2 or later as their best response (Table 2).
Mean and median survival of the FANG patients from time of procurement and time of treatment was 469 days and 554 days and
336 days and “not reached,” respectively. No differences in response
or survival between cohorts 1 and 2 were observed. Patients who
received less than four vaccinations came off due to either disease
progression or withdrawn consent. There was no correlation of
response with age, sex, dose level, pretreatment expression levels
of TGFβ1, β2 and furin, vaccine transgene expression or knockdown. Based on emerging data from both Provenge and ipilimumab
(Yervoy) studies, time to progression in immune-based therapies is
not necessarily a particularly effective indicator of overall survival
and, insofar as immune-related response criteria (irRC) were not
used, are not reported. Survival in those receiving ≥4 vaccines versus
<4 vaccines was significantly different (P = 0.018) (see Figure 2a). In
addition, there were significant differences in survival from procurement between the FANG and No FANG patients, median 554 days
for the former (n = 27) and 132 days for the latter (n = 18), P < 0.0001
(see Figure 2b), and between the FANG and the subset of No FANG
patients who received alternative therapy (n = 9) after vaccine harvest, a median survival of 255 days compared with the FANG group
www.moleculartherapy.org
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Table 2 Summary of cancer, tissue site, and response of FANG-treated patients
Dose
Number of vaccines
(cells/injection)
administered
Reason off

Vaccine ID

Indication

Tissue site

FANG-003a

Gall bladder cancer

Mets from peritoneum

2.5 × 107

9

Normal completion

FANG-005

Melanoma

Lung

2.5 × 107

3

Disease progression Stable disease

FANG-008

Colorectal cancer

Liver

2.5 × 107

4

Withdrew consent

FANG-011

Small cell lung cancer

Lymph nodes (para-tracheal)

1.0 × 10

7

2

Disease progression Progressive disease

FANG-013

Breast cancer

Left lower axilla and back

1.0 × 107

3

Withdrew consent

FANG-016

Colon cancer

Liver

2.5 × 107

3

Disease progression Stable disease

FANG-018b

Colon adenocarcinoma

Lung

2.5 × 107

5

Disease progression Stable disease

FANG-019b

Melanoma

Lymph nodes

2.5 × 107

7

Normal completion

Stable disease

FANG-020

Melanoma

Soft tissue mets

2.5 × 10

7

7

Normal completion

Stable disease

FANG-021a

Colorectal cancer

Liver

2.5 × 107

4

Disease progression Stable disease

FANG-022a

Melanoma

Right lung

1.0 × 107

8

Normal completion

FANG-024b

Breast cancer

Neck-left

1.0 × 107

4

Disease progression Stable disease

FANG-026

Liposarcoma

Abdomen

1.0 × 107

2

Disease progression Progressive disease

FANG-028

Synovial sarcoma

Anterior mediastinum

2.5 × 107

7

Disease progression Stable disease

FANG-031

Colon cancer

Liver

2.5 × 10

7

4

Adverse event

FANG-032b

Ovarian cancer

Abdomen

2.5 × 107

4

Clinical progression Stable disease

FANG-034a

Ovarian cancer

Pelvic mass

1.0 × 107

7

Normal completion

Stable disease

7

b

a

a
b

Response

Stable disease
Stable disease
Stable disease

Stable disease

Stable disease

FANG-035

Adenoid cystic carcinoma Lung

1.0 × 10

10

Normal completion

Stable disease

FANG-036a

Hepatocellular cancer

Liver

1.0 × 107

11

Normal completion

Stable disease

FANG-037

Ovarian cancer

Liver/omentum

2.5 × 10

7

2

Clinical progression Progressive disease

FANG-038

Bile duct adenocarcinoma Peritoneal implants

1.0 × 107

3

Withdrew consent

FANG-039

Hepatocellular cancer

Liver mets

2.5 × 10

7

5

Disease progression Stable disease

FANG-041b

Colon cancer

Left neck lymph node

1.0 × 107

4

Disease progression Stable disease

FANG-042

Ovarian cancer

Thoracic mass

2.5 × 10

7

4

Disease progression Stable disease

FANG-044a

Hepatocellular

Lung mets

2.5 × 107

6

Normal completion

FANG-046

Ovarian cancer

Left axilla and right axilla

2.5 × 10

7

1

Disease progression Progressive disease

FANG-047

Hepatocellular cancer

Liver

2.5 × 107

7

On study

a

b

b

Stable disease

Stable disease
Stable disease

ELISPOT, enzyme-linked immunospot.
a
ELISPOT positive at month 4. bELISPOT negative at month 4.

(P = 0.019). In further analysis, the survival difference remained
notable in those FANG patients who received ≥4 vaccines (n = 18;
P < 0.0001 (see Figure 2c) compared with No FANG patients.
However, although a trend was observed, there was no significant
difference noted between patients receiving <4 vaccines versus No
FANG (n = 27; P = 0.088) possibly related to small sample size. To
eliminate one possible source of bias, a conservative assessment of
only those patients who survived ≥4 months from procurement
was performed and revealed a median survival for FANG patients
(n = 25) of 554 days versus 255 days for No FANG (n = 10) (P =
0.006). Also of note, No FANG patients who did receive alternative
therapy (n = 9) after vaccine harvest achieved a median survival of
255 days compared with the FANG group of 554 days (P = 0.019). All
four FANG patients with advanced metastatic melanoma achieved
≥1 year of survival (507, 451, 416, and 416 days).

Immune response
Paired enzyme-linked immunospot (ELISPOT) analyses at baseline and month 4 were obtained in 18 patients (see Figure 3).
Molecular Therapy

With one exception, none of the patients demonstrated autologous tumor-specific cytotoxic CD8+ T-cell activity at baseline.
Nine patients demonstrated an increase from a baseline mean of 7
spots to a month 4 mean of 122 spots (P = 0.019) and nine showed
neither reactivity nor enhancement of immune response through
month 4, with a month 4 mean spot difference of 122 versus 2
between the groups, respectively, P = 0.012. There was a significant survival difference between the ELISPOT response and nonresponse populations from both time of procurement (P = 0.045)
and time of treatment (P = 0.025, Figure 4a,b, respectively).
All patients with a positive ELISPOT at month 4 with longterm assessment maintained a positive response throughout treatment and up to 6 months thereafter (Figure 3). One patient with
advanced metastatic melanoma in the month 4 non-response
group demonstrated a belated response at month 6 and experienced a 416-day survival from treatment start.
All patients demonstrated and sustained positive reactivity
against phorbol 12-myristate 13-acetate (PMA) at baseline and at
subsequent testing (data not shown). ELISPOT reactivity against
3
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Figure 1 Vaccine transgene expression. (a) Results of GMCSF gene
expression, (b) TGFβ1 knockdown, (c) TGFβ2 knockdown of the 14-day
post-vaccine manufacturing quality control assay. The pre-transfection (pre)
data are from a tumor cell aliquot removed on day 1 of manufacturing just
prior to electroporation. The post-transfection (post) data are from a tumor
cell aliquot removed on day 2 of manufacturing just following irradiation.
Linear regression was performed on all data sets except for nonlinear regres
sion on the post GMCSF data. The number of patients assayed was 42.
Failed vaccines did not have protein data collected. GMCSF, granulocytemacrophage colony-stimulating factor; TGF, transforming growth factor.

gene-transfected tumor cells was similar to nontransfected tumor
cells (data not shown).

Discussion
This phase I study was designed to assess the safety of an RNAimediated, GMCSF-expressing autologous tumor cell vaccine,
FANG, and to evaluate the triad immunotherapeutic concept26
of concurrent autologous antigen provision, immunostimulation,
4

and inhibition of autologous whole cell component endogenous
immunosuppression. We have previously demonstrated the safety
and suggestive efficacy of TAG.23 The FANG plasmid is distinctly
different from the TAG plasmid in that it incorporates a novel bishRNAfurin DNA sequence instead of a TGFβ2 antisense sequence.25
High levels of furin mRNA and furin protein are widely expressed
in human tumors.27–30 Furthermore, it is known that furin plays an
important role in immune regulation.31,32 Proteolytic cleavage by
furin is required for TGFβ maturation through convertase activation (i.e., pro-TGFβ → TGFβ), which in turn appears to amplify
furin gene transcription through an amplification loop.33 TGFβ1
and TGFβ2 are ubiquitous and expressed in a majority of tumors.34
Overexpression of TGFβ has been correlated with tumor progression and poor prognosis9,10 via multifaceted mechanisms of
immunosuppressive activity including, but not limited to, (i) inhibition of T-cell activation in response to antigen stimulation and
cytotoxic T-cell cytolytic pathways12, (ii) inhibition of expression
of major histocompatibility complex class 2 and costimulatory
molecules, and (iii) inhibition of GMCSF-induced maturation of
bone marrow–derived dendritic cells.16
The bi-shRNAfurin consists of two stem-loop structures with
an miR-30a backbone; the first stem-loop structure is composed
of complementary guide and passenger strands, while the second
stem-loop structure has three strategic base pairing mismatches
at positions 9, 10, and 11 of the passenger strand. The encoding
plasmid is able to accommodate mature shRNA loading onto
more than one type of RNA-induced silencing complex35 to effect
both mRNA cleavage (via cleavage-dependent Ago2-loaded RNAinduced silencing complex) and mRNA degradation, p-body
sequestration, and inhibition of translation (mediated by cleavageindependent Ago1-4-loaded RNA-induced silencing complex).36
Thus, functionality of the effectors is set by programmed passenger strand-guided RNA-induced silencing complex loading rather
than random Ago subset distribution.24,37 Enhanced effectiveness
and potency (five logs greater than siRNA targeted to the same
target mRNA sequence) of the bi-shRNA vis-à-vis downregulation
of expression as compared with siRNA and shRNA, particularly
at lower concentrations, has been previously demonstrated24,38 as
have the distinctive mRNA response kinetics. Comparing FANG
plasmid functionality with the prior generation TAG vaccine, the
median GMCSF expression was similar but TGFβ2 knockdown
was more effective (92.5% versus 54% knockdown). However,
most significantly, TGFβ1 knockdown, which did not occur with
TAG, was 93.5% with FANG. These results validate the rationale
and confirm the effectiveness of inhibition of expression of immunosuppressive TGFβ isoforms via a bi-shRNA-mediated knockdown of the proprotein convertase furin as well as the feasibility
of an integrated GMCSF + RNAi moiety. Furin protein knockdown was ~48% by one ELISA and 89% by another ELISA. This
has been reported to be a limitation by us and others.25 Regardless,
the knockdown of furin is consistent with the functionality of the
expressed furin bi-shRNA transcript from the transfected FANG
plasmid and the subsequent blockade in mature immunosuppressive TGFβ production. Further assessment is ongoing.
Recent demonstrations of increased clinical effectiveness of cancer vaccines have shown the need for different endpoints in immunotherapy than those traditionally used for
www.moleculartherapy.org
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Figure 2 Survival comparison of FANG and No FANG patients. (a) Survival comparison of patients who received <4 FANG (red) vaccinations versus
≥4 vaccinations (blue) (n = 27). (b) Survival comparison of patients receiving FANG (blue) with those not receiving FANG (red) (n = 45). (c) Survival
comparison of patients receiving ≥4 vaccinations (blue) with those not receiving FANG (red) (n = 36).
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Figure 3 IFN-γ (ELISPOT) in FANG vaccine–treated patient’s peripheral blood mononuclear cells in response to non-transfected autologous
tumor cells (n = 18). Blue lines indicate nine patients (003, 020, 021, 022, 028, 034, 035, 036, 044) achieving ≥10 IFN-γ producing lymphocytes
(positive response) at month 4. Red lines indicate nine patients (008, 018, 019, 024, 031, 032, 039, 041, 042) not achieving positive ELISPOT
response at month 4. Green circled dot indicates end of treatment time. ELISPOT, enzyme-linked immunospot.
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Figure 4 Survival comparison of patients achieving positive ELISPOT response at month 4 (blue) versus those not achieving positive ELISPOT
response at month 4 (red). Survival comparison of patients achieving and not achieving positive ELISPOT response from (a) time of procurement
and (b) time of first vaccination (n = 18). ELISPOT, enzyme-linked immunospot.

chemotherapeutic assessment39 and, conceptually more important,
are a culmination of a better understanding of molecular immunology and the evolutionary nature of immunodynamics.1,2 The
cancer immunoediting hypothesis posits three dynamic phases:
elimination, equilibrium, and escape,2 characterized, respectively,
Molecular Therapy

by a potent and efficient coordinated innate and adaptive immune
response, a dominant adaptive response preventing tumor expansion and sculpting immunogenicity, and finally by either loss of
effective antigen expression or the development of an immunosuppressive microenvironment2,5,6 in which TGFβ plays a
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pleiotropic role.40 Schreiber and coworkers41 have elegantly shown
that the equilibrium/escape interface marks the transition from an
unedited antigenically visible to an edited stealthed state (noting
the involvement of TGFβ1 in their model). Yet, despite progression and the development of tolerance, tumor cells can retain their
intrinsic immunogenicity42 and tolerance can be antigen specific43
rather than necessarily global as supported by the current results.
The safety and tolerability of the FANG vaccine, which includes
the ex vivo incorporation of bi-shRNAfurin, has been demonstrated.
Given the progressive nature of the disease following prior therapy
in these advanced cancer patients, the most reasonable immunotherapeutic strategy was to modulate the immune response to allow
for containment44 as supported by preclinical data41 and recent
clinical results.39 Insofar as there was no evidence of a vaccine doserelated survival benefit, all treated patients were evaluated in toto.
Realizing the limitations and hazards of statistical evaluation of
efficacy in a phase I, nonrandomized study, it is noteworthy that
given the prolonged disease stabilization and median increased survival from procurement in FANG patients, the presence of endogenous TGFβ expression in residual target tumors does not appear
to adversely affect activated effector cells.45
Given the dynamic continuum of the immune response, there
is an urgent need to develop and assess biomarkers to determine relevant parameters, optimal assays, and appropriate
assessment time points.46 This need is further necessitated
by the incorporation of immune-related response criteria,47
supplementing response evaluation criteria in solid tumors
(RECIST) into protocol design based on the clinical demonstration of the relevance of the modeled complex kinetics of
cancer proliferation, immune evolution, and the interaction
thereof.48,49 Immune-related response criteria was not applied
in our phase I assessment but current results support its use in
phase II monitoring. The availability of an early predictive biomarker would be helpful in interpreting the significance of early
nonclinically significant tumor progression. Although immune
assessment was purposively limited in this phase I study, the
month 4 ELISPOT analyses (an immune-correlate of cytotoxic
CD8+ tumor-specific activated T-cells) in the 18 patients thus
far analyzed showed a survival advantage for those who were
ELISPOT positive using both time from procurement and time
from treatment start endpoints. This is consistent with the
results of the TAG vaccine.23
These results confirm FANG vaccine safety and in addition
provide a phase I database justifying continued clinical evaluation
and expansion of immune assessment assays. To this end, a phase
II trial in melanoma patients with biopsy accessible advanced
disease exploring additional immune function correlates including ELISPOT assay, circulating mononuclear cell phenotypic,
and cytokine modulation as well as intratumoral mononuclear
cell phenotypic modulation has recently been initiated (BB-IND
14205, CL-PTL 114).

Materials and Methods
The construction and current Good Manufacturing Practice (cGMP)
manufacturing of FANG have been described.25 Briefly, the FANG vector
utilizes the pUMVC3 vector backbone in which the furin bi-shRNA
coding sequence of 241 base pairs DNA with Bam HI sites at both ends
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was inserted into the Bam HI site of the TAG expression vector in place
of the TGFβ2 antisense sequence. Orientation of the inserted DNA was
screened by PCR primer pairs designed to screen for the furin bi-shRNA
DNA sequence insert and orientation. The final construct composition
was confirmed by bidirectional sequencing.
Following protocol-specific informed consent, tumor was excised,
placed in sterile media, and brought to the Gradalis manufacturing
facility (Carrollton, TX). The harvested autologous tumor cells were
mechanically and enzymatically dissociated into a single-cell suspension
followed by a count of viable cells. The FANG vector was electroporated
into the autologous tumor cells ex vivo using a Bio-Rad electroporator
(Bio-Rad Laboratories, Hercules, CA). Therefore, only the cells present at
the time of electroporation incorporated the transfected DNA. Insofar as
many different tumor types were to be used for vaccine manufacturing,
electroporation conditions used for transfection were not optimized for
maximal transfection efficiency but instead ensured greater cell viability.
A mixture of 50 μg of plasmid (50 μl) was combined with 2 × 107 cells
(500 μl) in a sterile 0.4-cm gap cuvette. An exponential decay pulse
waveform was applied, using the following conditions: electrical current
of 300 v, capacitance of 1,000 μF, and resistance set to infinity. Time
constants were recorded for each electroporated aliquot of tumor cells.
Cuvettes were visually inspected following electroporation for telltale
signs that electroporation had been successful. Following electroporation,
tumor cells were incubated overnight at 37 °C. The cells were incubated
to allow transcription of the bi-shRNAfurin and expression of the GMCSF
protein. The following day, the tumor cells were irradiated (10,000 cGy),
then aliquoted, and cryopreserved until the time of injection. The total
processing time for vaccine manufacturing was less than 48 hours. Each
vaccine was subjected to a quality control testing regimen (~3 weeks
duration) and the results reviewed by quality assurance prior to release.25
The expression of GMCSF of ≥30 pg/million cells/ml is a release criterion
for the vaccine. Thirty percent is the minimum knockdown percentage
for both TGFβ1 and TGFβ2. TGFβ protein knockdowns are also used
to evaluate effectiveness of the knockdown of furin. In addition, Furin
knockdown has been directly assessed by ELISA kits from two different
manufacturers.
Study design. The primary objective of this phase I, nonrandomized,

open-label trial was to evaluate the safety of FANG vaccine in patients
with advanced solid tumors without alternative standard therapy options.
Following progression on preceding therapy, the patients were entered
into 1 of 2 cohorts depending on tumor harvest and vaccine manufacturing cell yield sufficient for a minimum of 5 monthly injections, either
1 × 107 cells/injection (cohort 1) or 2.5 × 107 cells/injection (cohort 2). A
maximum of 12 intradermal injections, each a 1-ml injection volume, were
administered monthly alternating between the right and left upper arms
(four of the first six patients for whom doses of 2.5 × 107 cells/injection
were prepared were treated with a volume of 0.4 ml so as to deliver 1.0 ×
107 cells/injection as per FDA guidance). A safety assessment was made
after the first six patients were administered 1.0 × 107 cells/injection.
Eligibility requirements included the manufacturing of a minimum
of five vaccine doses. Treatment was continued until documentation of
progressive disease or to a maximum of 12 injections.
The trial was performed after approval by a local Human Investigations
Committee and in accordance with an assurance filed with and approved
by the Department of Health and Human Services.
Patient population. All eligible patients were treated in the outpatient
facilities of Mary Crowley Cancer Research Centers (MCCRC), Dallas,
Texas and Texas Cancer Center, Abilene, Texas. Inclusion criteria included
a histologically confirmed advanced or metastatic noncurable solid tumor
following completion of ≥1 disease appropriate standard of care therapy
and recovery from all treatment-related toxicities to ≤ grade 1 (except alopecia); availability of tumor in sufficient quantity (a minimum of 2–8 g of
www.moleculartherapy.org
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solid tumor tissue or at least 500 ml of pleural/ascites fluid) for vaccine
processing; history of brain metastases allowed if treatment completed
≥2 months prior to enrollment with magnetic resonance imaging confirmation of no active disease; presence of ≥1 measurable or evaluable lesion;
patient age ≥18 years; Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0–1, a signed, institutional review board–approved,
protocol-specific written informed consent document; a negative pregnancy test for women of child-bearing potential; and normal organ and
marrow function defined as follows: absolute granulocyte count (>1,500/
mm3), platelets (>100,000/mm3), total bilirubin (<2 mg/dl), aspartate aminotransferase (AST)(serum glutamic oxaloacetic transaminase)/alanine
aminotransferase (ALT)(serum glutamic pyruvate transaminase) (<2×
institutional upper limit of normal), and creatinine (<1.5 mg/dl).
Exclusion criteria included surgery involving general anesthesia,
chemotherapy, radiotherapy, or immunotherapy within 4 weeks of study
entry; use of other investigational agents within 30 days prior to study
entry; known immune compromised state or autoimmune disease; prior
malignancy (excluding nonmelanoma skin cancer) unless in remission
for ≥2 years; uncontrolled intercurrent illness or psychiatric illness/
social situations that would limit compliance with study requirements;
or confirmation that patient was pregnant or nursing, HIV or chronic
hepatitis B or C infection (except in patients with hepatocellular carcinoma
(HCC)).
Imaging and lab assessment. Within 2 weeks prior to therapy, a complete

history and physical examination, ECOG assessment, chest X-ray, chest/
abdominal/pelvic computed tomography or magnetic resonance imaging,
brain magnetic resonance imaging or computed tomography, and radionuclide bone scan were performed. Additionally, a complete blood count
with differential and platelet count, serum chemistries (creatinine, glucose,
total protein, blood urea nitrogen, total carbon dioxide (CO2), albumin,
total and direct bilirubin, alkaline phosphatase, and AST and/or ALT) and
electrolytes (total calcium, chloride, potassium, sodium), urinalysis, electrocardiogram, and pregnancy test for females of child-bearing potential
were also performed.
Evaluations performed every 28 ± 3 days during therapy included
physical examination, ECOG assessment, complete blood count with
differential and platelet count, serum chemistry and electrolytes, toxicity
assessment, and clinical assessment of tumor response. Radiological
assessments of tumors were obtained at months 2, 4, 6, and then
quarterly.

Tumor response. Tumor response in patients with measurable disease was

evaluated using RECIST 1.1 criteria (complete response (CR), disappearance of all target lesions; partial response (PR), a 30% decrease in the sum
of longest diameter (SOD) of target lesions; and progressive disease (PD),
a 20% increase in the SOD of target lesions or the appearance of ≥1 new
lesion). Stable disease (SD) met neither progressive disease nor partial
response criteria. Confirmatory scans were required at least 4 weeks apart
for an objective response.

ELISPOT assay. ELISPOT assay was performed using enzyme-linked

immunospot assay for IFN-γ (BD Biosciences, San Jose, CA) as previously
described.23 A value of 10 spots was considered positive.

Statistics. Comparisons of pre- and post-transfection GMCSF, TGFβ1,
TGFβ2, and furin protein levels were made on successfully produced vaccines using paired t-tests at each timepoint (n = 42). In the case of furin,
fewer reserve assay samples were available for alternative methods of
ELISA testing (n = 39 for ELISA 1 and n = 20 for ELISA 2).
Survival was analyzed using SPSS to generate Kaplan Meier curves
and included 45 patients procured as part of the clinical protocol with
a malignant pathology. A subset survival analysis was also done on 35
patients excluding 8 untreated patients and 2 treated patients who
survived less than 4 months from procurement.
Molecular Therapy
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ELISPOT analysis was performed on patients receiving at least four
vaccines and the response status at baseline and month 4 from treatment
start was compared using a paired t-test (n = 18).
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