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We report on 12 consecutive patients with advanced/ 
metastatic Ewing’s sarcoma who were treated as a separate  
cohort of a phase 1 trial of FANG autologous immuno-
therapy (1 × 106–2.5 × 107 cells/intradermal injection 
each month for minimum 4 months). Safety and clinical  
response were monitored. Patient immune response 
to unmodified autologous tumor cells was assessed by 
gamma interferon-enzyme-linked immunospot (γIFN-
ELISPOT) assay using peripheral blood mononuclear cells 
from baseline (pretreatment) and multiple postvaccination  
time points. None of the 12 patients (47 vaccinations) 
developed grade 2/3/4 drug-related toxicity. Median prod-
uct release granulocyte-macrophage colony-stimulating  
factor expression was 1,941 pg/106 cells, and TGFβ1and 
TGFβ2 knockdown were 99 and 100%, respectively. Eight 
patients were assessed for ELISPOT response to autolo-
gous tumor cells at baseline and all (100%) were negative. 
In contrast, follow-up ELISPOT response at month 1 or 
month 4 (one patient) after FANG was positive in all eight 
patients. One patient achieved a partial tumor response 
(38% tumor reduction, RECIST 1.1). The Kaplan–Meier 
estimated survival of these 12 patients at 1 year was 75%. 
In this phase 1 study in patients with Ewing’s sarcoma, 
FANG immunotherapy was well tolerated, elicited a 
tumor-specific systemic immune response in all patients, 
and was associated with favorable 1-year survival. Further 
clinical testing is indicated.
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publication 28 April 2015. doi:10.1038/mt.2015.43

INTRODUCTION
Ewing’s sarcoma (EWS) is a rare adolescent malignant bone tumor 
distinguished by a translocation of the EWS gene on chromosome 
22q12 with one of the E26 transformation-specific transcription fac-
tory family genes.1 Up to 85% of Ewing’s tumors are characterized by 
the (11;22)(q24;12) translocation resulting in the EWS/FLI1 fusion 
gene.2 The median age of diagnosis for adolescents with EWS is 14 
years.3,4 The 5-year survival with standard of care is ~30% for EWS 

patients with metastatic lesions isolated to the lung and <20% for 
those with bone or bone marrow involvement.3,5,6 In patients refrac-
tory, resistant, or otherwise failing first-line therapy, survival at 5 years 
is even more severely limited,4,7–12 particularly in those who relapse 
within 2 years of frontline treatment. In one large retrospective anal-
ysis of 714 patients from the time of first relapse, 5-year overall sur-
vival (OS) was 13%.4 In another study focusing on relapses that occur 
within the first 2 years after initial diagnosis, which make up 72% of 
relapses,4 the 2-year OS was 7%.9 The 5-year survival, following fail-
ure to respond to second-line treatment, is only 4%.13 Moreover, the 
toxicity profile of standard (year-long) frontline chemotherapy was 
characterized by significant morbidity and rare mortality.14

The potential for efficacy of an immunotherapeutic approach 
is suggested by the finding that EWS tumor samples taken at 
the time of initial diagnosis, which exhibit higher numbers of 
tumor-infiltrating CD8+ T-lymphocytes, correlate with lower 
tumor volume and better OS (P = 0.05).15 In another evaluation, 
mice immunized with tumor peptides having modified anchor 
residues generated cytotoxic T-cells, which were active against 
human EWS cell lines.16 These cytotoxic CD8 T-cells increased 
survival when transferred to severe combined immunodeficiency 
mice previously inoculated with human EWS cells. However, the 
investigators noted that native peptides showed weak affinity to 
HLA-A2.1 with poor stability of peptide/ major histocompatibil-
ity complex (MHC) complexes. Further, 79% of Ewing’s tumors 
showed almost complete absence of human leukocyte antigen 
(HLA) class I expression, as well as a lack of functional class II 
transactivator manifesting as impaired HLA class II expression.17

In a previous publication, we established the safety of FANG 
immunotherapy and showed a correlation of induced T-cell acti-
vation (gamma interferon-enzyme-linked immunospot (γIFN-
ELISPOT)) with survival in adults with multiple cancer types.18–20 
The FANG immunotherapy comprises autologous tumor cells as a 
source of the tumor-specific antigenic matrix transfected with the 
rhGMCSF transgene and the RNAi bi-shRNAfurin to establish a “triad” 
functionality—(i) patient tumor-specific antigen presentation, (ii) 
dendritic cell (DC) recruitment, activation and enhanced regional 
nodal migration (granulocyte-macrophage colony-stimulating  
factor (GMCSF)), and (iii) reversion of immune tolerance 
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(by blocking furin activation of endogenous TGFβ1 and TGFβ2).18–20  
We now report a pilot experience of FANG immunotherapy in 
advanced EWS patients with recurrent or refractory disease.

RESULTS
Patient demographics
Twenty-seven consecutive tumor specimens were harvested 
from 25 consecutive EWS patients (two patients underwent a 
second additional harvest, #s 2, 5), and 175 vaccine vials were 
successfully manufactured. Four patient samples had insufficient 
tumor cells harvested, and seven patient samples failed release 
criteria due to bacterial contaminant (introduced during surgi-
cal harvest prior to immunotherapy construction). Two patients 
had successful manufacture of therapy but elected to not move 
forward with the FANG treatment. Twelve consecutive EWS 
patients thus were treated (demographics in Table 1). All 12 
patients had metastatic disease and were either multiply recur-
rent (n = 11) or had failed frontline treatment within 2 years  
(n = 1). One patient (#2) received two FANG immunotherapy 
treatments from two separate tissue procurements.

Construction/release
All of the vaccines of the 12 consecutive patients treated fulfilled 
the QA release criteria including adequate GMCSF production 
(median: 1,941 pg, range: 31–14,751 pg) and TGFβ1 (median: 
99%, range: 84–100%) and TGFβ2 (median: 100%, range:  
84–100%) knockdown (Supplementary Table S1).

Response/safety
All patients received at least one vaccination. No grade 2, 3, and 
4 toxic effects related to FANG were observed. Side effects were 
limited to grade 1 primary local reactions (erythema, indura-
tion, bruise, and pain). Eight patients were evaluated for cir-
culating immune response to unmodified autologous tumor 
by the IFNγ-ELISPOT assay. As shown in Figure 1, all eight 
patients were negative by IFNγ-ELISPOT assay at baseline and 
all eight converted to a positive ELISPOT response at month 1 
(n = 7) or month 4 (n = 1, patient #2 was not measured at month 
1). Patient outcomes are summarized in Table 2 and patient 
survival estimated by the Kaplan–Meier method is shown in 
Figure 2.

Table 1 Demographics of FANG-treated Ewing’s sarcoma patients (data as of 13 October 2014)

Patient 
#

Vaccine 
ID

Age 
(years) Gender Ethnicity Site of disease Prior treatment

Dose 
(cells/ml)

1 058 15 Male Asian Pelvis Radiation to pelvis, whole lung radiation, vincristine, 
doxorubicin, and cyclophosphamide

2.5 × 107

2 062 18 Female Caucasian Lung Radiotherapy to lung and pelvis, vincristine, doxorubicin, and 
cyclophosphamide

1.0 × 107

098 19 Lung Radiotherapy to lung and pelvis, topotecan, and ifosfamide 1.0 × 106

3 063 22 Female Hispanic/ 
Latino

Mediastinal mass Radiotherapy to spine, mesna/cytoxin/vincristine, adriamycin, 
iphosphamide/VP-16, gemcitabine/taxotere, irinotecan, and 
adriamycin D

2.5 × 107

4 081 19 Male Caucasian Lung pleural Radiotherapy bilateral lung, gemcitabine, taxotere, vincristine, 
irinotecan, temozolomide, adriamycin, cyclophosphamide, 
ifosfamide, etoposide, arginine deaminase, temsirolimus, 
anti-IGF-IR moab, IL2, topotecan, cyclophosphamide, and 
metformin

1.0 × 107

5 083 21 Male Caucasian Lung, diaphragm 
and chest nodules

AEN5003, ifosfamide/etioposide, etoposide/cyclophosphamide 
+ avastin, sirolimus, irinotecan, temodar + vincristine, and 
radiotherapy to whole lung

8.3 × 106

6 089 21 Male Caucasian Lung Radiotherapy: whole lung, hiliar mass, vincristine, adriamycin, 
Cytoxan, ifosfamide, etoposide, metformin, rapamycin, and 
trametinib

1.0 × 107

7 090 17 Female Caucasian Lung, diaphragm 
and chest wall

Vincristine, doxorubicin, cyclophosphamide, ifosfamide, 
etoposide, irinotecan, and temodar

1.0 × 107

8 092 56 Male Caucasian Lung Radiotherapy to thigh, Ifex/mensa, etoposide, anti-TGF beta 
RII moab, and CC-115

4.0 × 106

9 095 18 Male Hispanic/ 
Latino

Lung Radiotherapy, vincristine, cyclophosphamide, doxorubicin, 
ifosfamide and VP16

1.0 × 107

10 101a 47 Male Caucasian Pancreas Vincristin, dacfinomycin, ifosfamide, and etoposide 1.0 × 107

11 104 19 Male Caucasian Pleura, lung, and 
diaphragm

Radiotherapy, anthracycline, vincristine, CPM, ifosfamide, 
etoposide, mesna, topotecan, doxorubicin

2.5 × 107

12 107 20 Male Caucasian Lung Radiotherapy, vincristine, cyclophosphamide, mesna, 
topotecan, gemcitabine, docetaxel, irinotecan, temozolomide, 
doxorubicin, vincristine, zoledronic acid, ifosfamide, 
temsirolimus, irinotecan, and temozolomide

4.0 × 106

aPatient sample 101 had splenectomy prior to study involvement.
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Two cases warrant further discussion. The first case (patient 
#2 in Table 1) is a patient who had a second de novo FANG con-
structed from tumor cells obtained from the single solitary site of 
progression in her lung (i.e., first vaccine was 062 and the second 
vaccine was 098). The patient continues disease-free at >2 years 
post-procurement, which is of longer duration than her first dis-
ease-free interval.

A second case (i.e., patient #6 in Table 1) is that of a patient 
with advanced disease who achieved an objective partial response 
following FANG vaccine (Figure 3). This patient also had a posi-
tive ELISPOT response from 0 spots at baseline to 174 at month 1 
and 155 at month 2.

DISCUSSION
Few EWS patients respond to second-line therapy and there is no 
standard of care second-line treatment. Regimens such as topote-
can/cyclophosphamide, irinotecan/temozolomide, or docetaxel/
gemcitabine are second-line treatment options with less than 
15% response rate and limited evidence for prolongation of life 
despite modest toxicity.4,7–12 An even worse outcome is predicted 
for patients refractory to frontline or second-line treatment.13 
An alternative, perhaps complementary, therapeutic strategy 
to breach the second-line impasse is the targeted application of 
the recent advances in molecular immunology and technologies 
that have already been translated into positive clinical results. 
Although historically the sarcomas as a whole have shown dis-
appointing clinical immunoresponsiveness, recent research and 
clinical findings have led to a renewed enthusiasm. Preclinical 
studies have shown the effectiveness of cytotoxic CD8 T-cell tar-
geting of the EWS/FLI1 fusion gene-specific expressed antigens, 
including EZH2 and CHM1 (ref. 23) and an array of differentially 
expressed cancer testes antigens.24 The number of tumor-infiltrat-
ing CD8+ T-lymphocytes correlates with better OS (P = 0.05)15 as 
well as with the expression levels of HLA class 1,25 which however 
are absent in a majority of EWS tumors.17 Therefore, the poten-
tial importance of the finding that the shRNA-mediated down-
regulation of APLP2 (the expression of which is further enhanced 

by radiation) results in an increase in MHC class I expression.26 
Further, the ganglioside GD2 that has been shown to be a targe-
table antigen is a carbohydrate not requiring MHC class I pre-
sentation.27,28 Additionally, the therapeutic potential of natural 
killer cell-mediated cytotoxicity has begun to be explored in EWS 
tumors.29 Finally, with regard to successful clinical translation of 
these possibilities, a recent trial of consolidative immunotherapy 
in pediatric sarcomas including high-risk EWS not only showed 
provocative 5-year OS but also suggested the persistence of intact 
immune pathways in the postchemotherapy population.30

Control of TGFβ1 and TGFβ2 is a unique aspect of the FANG 
technology. Transforming growth factors beta (TGFβ) are a fam-
ily of multifunctional proteins that regulate the growth and func-
tion of many normal and neoplastic cell types.31–34 Proteolytic 
cleavage by the proprotein convertase furin is required for TGFβ 
activation (i.e., pro-TGFβ→TGFβ). The dimeric TGFβ activates a 
tetrameric TGFβ receptor complex comprised of TGFβRII and 
TGFβRI (ALK5) resulting in the phosphorylation of Smad2 and 
Smad 3, which translocate to the nucleus complexed with Smad4 
where a number of transcription factors are engaged. TGFβ exerts 
a wide range of effects on a variety of cell types and has been 
shown to stimulate or inhibit cell growth, induce apoptosis and 
increase angiogenesis.35–39 Although TGFβ has been shown to be 
an effective tumor suppressor in epithelial cells in the early phases 
of tumorigenesis, once the tumor escapes its growth regulatory 
effects, likely as the result of genetic instability, TGFβ appears to 
function as a tumor promoter40,41 by virtue of its involvement in all 
six of the essential hallmark cancer-related processes as defined by 
Hanahan and Weinberg.42 Overexpression of TGFβ(s) correlates 
with tumor progression and poor prognosis40,43 in many types 
of cancer, including soft tissue sarcomas in which one analysis 
of 249 patients showed that elevated tumor expression of TGFβ 
significantly correlated with poor disease-specific survival.44 Thus, 
control of TGFβ(s) expression could potentially be used as a justi-
fication for anticancer immune induction.

Furthermore, elevated TGFβ2 levels are linked with immuno-
suppression in both the afferent and efferent limbs of the immune 

Figure 1 Gamma interferon (γIFN) expression (enzyme-linked immunospot (ELISPOT)) of FANG vaccine-treated Ewing’s sarcoma (EWS) 
patient PBMCs over time in response to nontransfected autologous tumor cells (n = 8). One patient had a second vaccine constructed with soli-
tary lesion progression (patient #2, sample 098). Positive ELISPOT activation was again developed to the second harvested autologous tumor sample 
(green) (data as of 10/13/14). PBMC, peripheral blood mononuclear cell.
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response arc,31–33,40,45–47 although there is some evidence to sug-
gest that TGFβ predominantly affects the afferent limb of the 
immune response and that it does not suppress the function of 
activated effector cells.48 Tumor-derived TGFβ1 and PGE2 induce 
the upregulation of PD-L1 in immunocompetent splenic DCs 
and are causally related to the shift in DC phenotype from immu-
nostimulatory to immunosuppressive in the transgenic LSL-K-
rasG12D/+p53loxP/loxP murine model of induced metastatic 

ovarian cancer.49 TGFβ2 inhibits T-cell activation in response to 
antigen stimulation as well as targeting cytotoxic T-cell cytolytic 
pathways.50 Additionally, TGFβ2 has antagonistic effects on the 
natural killer cells as well as the induction and proliferation of 
lymphokine-activated killer cells.51–56

The immune suppressor functions of TGFβ proteins thus are 
well characterized and accepted and are likely to play a major role 
in modulating the effectiveness of cancer-cell vaccines. TGFβ 
inhibits GMCSF-induced maturation of bone marrow-derived 
DCs57 as well as expression of MHC Class II and co-stimulatory 
molecules.58 It has been shown that antigen presentation by imma-
ture DCs result in T-cell unresponsiveness.59 TGFβ also inhibits 
activated macrophages60 including their antigen-presenting func-
tion.61,62 Both the immunosuppressive effects of elevated TGFβ 
isoforms in malignant cells, including 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. 
The triad FANG vaccine provides a immune-enhancing thera-
peutic activity by enhancing (i) patient tumor-specific antigen 
presentation, (ii) DC recruitment, activation and regional nodal 
migration (GMCSF), and by (iii) reversion of immune tolerance 
(by blocking furin activation of endogenous TGFβ1 andTGFβ2).

Our previously published phase 1 FANG trial, which involved 
adults, established product safety and confirmed GMCSF trans-
gene expression and effective silencing of furin expression and con-
sequent knockdown of TGFβ1 and TGFβ2 expressions. The study 
showed a 54% conversion from ELISPOT negative status at base-
line to ELISPOT positive status postvaccination using the patient’s 
autologous tumor cells as the antigen source. It is provocative 
that the study also showed a correlation between a FANG-elicited 

Table 2 Response of FANG treated Ewing’s sarcoma patients

Patient # Vaccine ID
ELISPOT  

result Survival status
Days since 
procurement

Days since 
treatment start

Vaccines 
received

Treatment  
status

1 058 Unevaluable Dead 417 28 1 Clinical 
progression

2 062 Positive month 4a Alive 825b 798b 8 Normal completion

098 Continues to be 
positive

N/A N/A On-study

3 063 Unevaluable Dead 219 36 1 Clinical 
progression

4 081 Positive month 1 Alive 439 397 3 Disease 
progression

5 083 Positive month 1 Alive 425 374 4 Normal completion

6 089 Positive month 1 Alive 334 229 8 Normal completion

7 090 Positive month 1 Alive 307 244 9 On-study

8 092 Positive month 1 Alive 271 216 4 On-study

9 095 Positive month 1 Alive 236 76 3 On-study

10 101 Positive month 1 Alive 146 103 4 On-Study

11 104 Positive month 1 Alive 104 66 4 On-study

12 107 Unevaluable Dead 58 13 1 Disease 
progression

N/A, not applicable.
aWas not measured at month 1. bSince first procurement, treatment.

Figure 2 Kaplan–Meier survival curve of treated EWS patients  
(n = 12).
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conversion to positive ELISPOT response and OS.19,20 A separate 
ongoing randomized, controlled, phase 2 trial of FANG in main-
tenance treatment of frontline ovarian cancer patients suggests a 
time to recurrence advantage over control and further supports a 
clinical benefit related to the “triad” vaccine concept.63,64

Here we report the immune response and preliminary sur-
vival data of an expansion cohort of the FANG phase 1 study 
focusing upon patients with refractory EWS. All of these patients 
were heavily pretreated of high risk with metastatic disease. They 
either had early relapse following first line therapy or had multiple 
recurrent or chemotherapy refractory disease. It is notable that 
in this population of EWS patients 100% were IFNγ-ELISPOT 
negative at baseline and 100% converted to IFNγ-ELISPOT posi-
tive following FANG treatment. This immune conversion rate 
compares very favorably to the 54% rate seen in the phase 1 trial 
as a whole. It is possible that the young age of the EWS patients 
contributes to this dramatic immune response. However, an 
intriguing hypothesis is that the presence of a nonself, mutated, 
neoantigen (the EWS fusion protein) in nearly all EWS patients 
results in the presence of high-affinity T cells not subjected to 
prior central tolerance. The FANG treatment may facilitate the 
activation of those T cells via DC cross presentation much bet-
ter than unmodified EWS cells—particularly given the report of 
MHC class I down regulation on the EWS cells. Also provoca-
tive in these EWS patients is the Kaplan–Meier estimated 1-year 
survival of 75%. While unproven, it is intriguing to consider that 
a causal relationship may exist between the high induction of anti-
tumor cellular immune response induced by FANG in these EWS 
patients and preliminary evidence of favorable 1-year survival.

A phase 2 randomized study comparing FANG to second-line 
chemotherapy in pediatric patients with EWS is in preparation.

MATERIALS AND METHODS
The construction and current good manufacturing practice 
manufacturing of FANG immunotherapy have previously been 
described.19,21 Briefly, the FANG vector utilizes the pUMVC3 vec-
tor backbone in which the GMCSF encoding complementary DNA 
and the DNA encoding the furin bifunctional shRNA are under 
transcriptional control of the cytomegalovirus immediate-early  
promoter. The final construct was confirmed by bi-directional 
sequencing.

Following protocol-specific informed consent, the tumor was 
excised, placed in sterile transport media, and brought to the 
Gradalis manufacturing facility (Carrollton, TX).

The FANG immunotherapy is manufactured over two con-
secutive days by first dissociating the tumor cells into a single-cell 
suspension, then electroporating the FANG plasmid into the cells, 
followed by overnight incubation. The next day cells are irradi-
ated (100 Gray), cryopreserved and good manufacturing practice 
Quality Assurance (QA) release testing initiated. Only after suc-
cessful completion of QA release testing can patients be treated.

Study design
The primary objective of this phase 1, non-randomized, open 
label trial (previously described in (ref. 19) was to evaluate the 
safety of the FANG immunotherapy in patients with advanced 
solid tumors who did not have an alternative standard therapy or 
curative options. Following progression on previous therapy, the 

Figure 3 Status of patient #6 in Table 1: post frontline HD chemotherapy, vincristine/irinotcan/temodar, cixutumumab/timsirolimus, pazo-
panub/everolimus, ifosfamide/etoposide, meckinist/rapamycin/metformin, HD ifosfamide→surgery→FANG ×4.

02/19/14

Central independent reads:

02/19/14 – baseline

04/18/14 – 27%↓ target lesions

05/19/14 – 38%↓ target lesions and all nontargeted lesions ↓ or completely gone;

07/13/14 – PR verification study confirmed 35%↓.

04/18/14 05/19/14
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patients were entered into the study depending on the manufactur-
ing cell yield from the harvested tumor, using a minimum criteria 
of four monthly injections at either 1 × 106 cells/injection, 4.0 × 106 
cells/injection, 8.3 × 106 cells/injection, 1 × 107 cells/injection  
or 2.5 × 107 cells/injection. The vaccine, in a 1-ml injection  
volume, was administered monthly to a maximum of 12 intra-
dermal injections alternating between the right and left upper 
arms. The approval for an amendment to the ongoing phase 1 trial 
was obtained to justify treatment of the extension cohort of EWS 
patients described in this manuscript. The details of methods 
including radiographic image, lab assessment and tumor response 
criteria have been published.19

Eligibility requirements included the manufacture of a mini-
mum of four immunotherapy 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 Ethics 
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, TX. 
Specific inclusion criteria have been previously described.19

Enzyme-linked immunospot (ELISPOT) assay
Gamma interferon-enzyme-linked immunospot (γIFN-ELISPOT) 
assay was performed as previously described using ELISPOT for γIFN 
(BD Biosciences, San Jose, CA) and the patient’s unmodified whole 
tumor cells as antigen source.19,22 Independent reading of ELISPOT 
plates was performed by ZellNet Consulting (Fort Lee, NJ). A value 
of ≥10 spots and >2× baseline was considered a positive response. 
The ELISPOT analyses were performed on patients at baseline and 
sequentially starting at month 1 postinitiation of vaccination.

SUPPLEMENTARY MATERIAL
Table S1. Release criteria of vaccines constructed for treated patients
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