
For the best experience, open this PDF portfolio in
 
Acrobat X or Adobe Reader X, or later.
 

Get Adobe Reader Now! 

http://www.adobe.com/go/reader




     
     


       
 


 
 
 
 


  
 


 
 
 


lg Penn Medicine 
Confllr lor C.lluiArlllft,.lli0131'iM 


Recombinant DNA Advisory Committee 
NY-ESO-1-redirected TCRendo and PD1 edited T cells 


Tab 2: Scientific Abstract 


Appendix M –April 25, 2016 


Page 6 of 342







     
     


       
 


  


           
    


          
            


          
           


              
           


     
 


           
      


   
         


             
        


        
        


   
 


          
           


           
           


          
         


          
                


            
       


              
           


          
          


        
          


            


 
        
            


 
 
 
  


Recombinant DNA Advisory Committee 
NY-ESO-1-redirected TCRendo and PD1 edited T cells 


Scientific Abstract 
Recent studies have shown safety and promising efficacy of adoptive transfer of T cells with 
transgenic TCRs specific for NY-ESO-1 in myeloma, melanoma and sarcoma. However, our 
studies show that in many instances the gene-modified T cells become exhausted. Exhausted T 
cells may cease to proliferate, may lose function or fail to persist. Here we propose to 
investigate a first application in humans of an efficient CRISPR/Cas 9 technology to delete the 
endogenous TCR and PD1 gene loci. This offers two potential benefits over the previous work: 
1) the T cells have higher expression of the transgenic TCR and do not have the potential for 
mispairing with the endogenous TCR and 2) are resistant to the checkpoint ligands PDL1 and 
PDL2 that may be expressed by tumor cells or by cells in the tumor microenvironment.  


We have developed engineered autologous T cells that express a TCR with specificity for NY-
ESO-1 peptide (SLLMWITQC) in complex with HLA-A*0201 in which the endogenous TCR 
and PD1 have been disrupted by gene editing. The investigational agent in this protocol is termed 
“NY-ESO-1-redirected TCRendo and PD1 edited T cells”. Autologous T cells will be engineered 
using a lentiviral vector to express the transgenic TCR. This is expected to redirect specificity of 
the transduced T cells toward NY-ESO-1 expressing targets. We and others have conducted 
previous trials with NY-ESO-1 transgenic T cells (Robbins, Morgan et al. 2011, Rosenberg 
2011, Kershaw, Westwood et al. 2013, Rapoport, Stadtmauer et al. 2015); the novelty of the 
current trial is the use of CRISPR/Cas9 technology to edit the TCR and PD1 genes. 


Based on our pre-clinical data and previous phase 1 trials, a first-in-human trial is proposed to 
test HLA-A2 restricted T cells expressing the NY-ESO-1 specific T cell receptor. A competitive 
repopulation strategy will be tested. A single infusion of T cells will be infused, and the 
persistence and function of these cells in blood and tumor will be assessed to determine if T cells 
PD1 deficiency have improved persistence and function compared to cells with intact PD1 
expression that are modified only with the NY-ESO-1 TCR. We propose a pilot trial to 
determine if the infusion of these autologous T cells transduced to express NY-ESO-1 TCR and 
lacking endogenous TCR and PD-1 is safe. The primary goals of the study are to determine the 
safety and feasibility of administering NY-ESO-1 CRISPR edited cells. A basket design is used 
for patients expressing NY-ESO-1 and HLA-A201in relapsed and/or refractory myeloma. 
sarcoma and melanoma patients. The protocol consists of an open label pilot study using a 
single flat dose of 1x10^8 T cells/kg. Patients will receive protocol-specified fludarabine and 
cyclophosphamide before the T cell infusion for lymphocyte depletion. The primary endpoint 
measurement is safety and feasibility of product manufacturing. Secondary endpoints will 
determine the engraftment, persistence, function and trafficking of NY-ESO-1 redirected T cells. 
Thus, the protocol will attempt to demonstrate proof of mechanism as measured by an enhanced 
persistence and function of CRISPR edited T cells by comparing the relative engraftment, 
trafficking and function of CRISPR T cells deficient of endogenous TCR and PD1.  


Given the poor prognosis with standard therapies in the proposed study population, we 
hypothesize that checkpoint-resistant T cells may be safe and have improved antitumor activity. 
This protocol also has the potential to advance the field by testing CRISPR/Cas9 technology. 
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NY-ESO-1-redirected TCRendo and PD1 edited T cells 


Non-technical abstract 


The goal of our studies is to harness the immune system for improving the outcome of patients 
with tumors that express the cancer testis antigen NY-ESO-1. The majority of patients with 
advanced myeloma, melanoma and sarcoma express this cancer testis antigen and die of resistant 
disease within 5 years of first relapse. There is an unmet need for these patients because there is 
no effective treatment modality for them. Previous studies have shown that T cell therapies 
targeting NY-ESO-1 have promise, however our efforts have been hampered because the infused 
T cells become exhausted and die or cease to function. To solve this problem, we have developed 
strategies to engineer T cells and make them resistant to exhaustion. Our goal is to determine if 
this is safe and if it is feasible to manufacture T cells that are resistant to exhaustion. 


To address these challenges we have assembled a multi-disciplinary team of investigators at 
three institutions who have combined expertise and experience to test this new strategy. 
Exhaustion-resistant T cells will be manufactured at the University of Pennsylvania. Patients 
with myeloma will be enrolled at the University of California San Francisco and Penn Medicine. 
Patients with metastatic melanoma will be enrolled at the MD Anderson Cancer Center, and 
patients with synovial cell sarcoma and myxoid/round cell sarcoma will be enrolled at MD 
Anderson Cancer Center and Penn Medicine. Our goal is to develop a new type of 
immunotherapy using gene-editing technology that will enable the engineered immune cells to 
be more potent, survive longer, and thereby kill cancer cells more effectively. The successful 
completion of this proposal will advance the field of gene editing and permit definitive Phase II 
trials that will change the standard of care for patients with tumors that express NY-ESO-1. 
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Preclinical Data Package Supporting the Clinical Use of 


NY-ESO-1-redirected TCRendo and PD1 edited T cells 
 


 
 
A preclinical data package supporting clinical testing of T cells, expressing an NY-ESO-1-specific T 
cell receptor (TCR) and carrying endogenous TCR and PD1 gene disruptions in multiple myeloma, 
melanoma, and sarcoma is provided next. This is a summary of the key experimental preclinical 
data supporting the proposal of the clinical construct. The preclinical data continues to be 
developed after this submission.   
 


I. In vitro characterization of NY-ESO-1 T cell with TCRendo and PD1 gene edited  
Initial preclinical work was performed with the goal of determining a lead construct for clinical 
testing. The selection of the NY-ESO-1 lentivirus construct was based on previous work.  The guide 
RNAs used for disruption of the TCR  and  chains and PD1 were selected based on optimization 
of specificity of gene knock out with minimal cell death. 
 
A. Optimization of CRISPR gene editing conditions 
As a first step in testing the CRISPR system using Cas9 messenger RNA (mRNA), we tested the 
efficacy of dual electroporation using Cas9 mRNA and guide RNA (gRNA) for the TCR  gene (TRAC) 
or TCR  gene (TR C). T cells from two different normal donors were stimulated by CD3/CD28 
Dynabeads for three days prior to RNA electroporation. Following activation, T cells were washed 
three times and re-suspended in OPTI-MEM (Invitrogen) at a final concentration of 1-3x108 
cells/ml. Subsequently, 0.1 ml of the cells was mixed with IVT RNA and electroporated in a 2 mm 
cuvette. 20 μg of Cas9 mRNA and 10 μg of gRNA were electroporated into the cells using a T 830 
( arvard Apparatus T ) at 3 0 V and 1 ms  this process was followed by a second electrotransfer 
of 5 μg of gRNA 12 to 24 hours later. Following electroporation, the cells were immediately placed 
in pre-warmed culture media and cultured in the presence of IL-2 (100 IU/ml) at 37°C and 5% CO2.  
 
The results indicate that dual electroporation was superior to single electroporation, as shown by 
the cell population that becomes CD3 negative, since the TCR /  chains are required for surface 
expression of CD3 (Figure 1a). The mismatch-selective T7 surveyor nuclease assay on DNA 
amplified from the cells edited by either TRAC or TR C indicate specific gene disruption under 
these conditions (Figure 1b).  When TCR  and  CRISPR gRNA targeting sites within the genomic 
locus of the TCR  and  constant region were used, multiple peaks in the Sanger sequencing 
results show the CRISPR-mediated events of N E  editing at the TRAC and TR C genomic loci 
(Figure 1c). Clonal sequencing of the PCR amplicons indicated insertions and deletions (Indels) at 
the targeted locus (Figure 1d). The edited cell populations were passed over CD3 column to enrich 
the edited cells for subsequent experiments.  After passage over a CD3 column, more than 99% of 
the cells were CD3 negative and have disruption of the endogenous TCR (Figure1e). The number of 
T cells increased by about 40-fold during the culture process (Figure1f). These results indicate an 
efficient system for disruption of TRAC and TR C that is proposed to be further optimized for 
clinical use.  
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stimulated overnight with Dynabeads Human T-Expander CD3/CD28 beads at a 3:1 bead to cell 
ratio. T cells were then transduced with lentivirus containing NY-ESO-1 TCR at a virus concentration 
adjusted to an MOI of 1 and incubated overnight.  On Day 3 after LV transduction, CD3/CD28 beads 
were removed and the pre-activated T cells were electroporated with Cas9 RNA followed by 
electroporation with three different concentrations of gRNA (H, M, and L)) for TCR , TCR , and 
PD1 on Day 4.  Cells were diluted with fresh medium (RPMI 1 40 with 10% F S and 100IU/ml IL-2) 
every other day during expansion to maintain optimal growth.  Total cell numbers were measured 
at multiple time points and used to determine the fold-expansion of T cells (Figure 2).  oth donors 
showed a dose-dependent decrease in T cell expansion as a function of increasing concentrations 
of gRNAs. 
 


 
Figure 2: NY-ESO-1 TCR Transduced T cells with different concentration of Cas9 RNA plus gRNAs for 
TCR , , and PD1.  T cells were isolated from normal, healthy donors (Donor 1 (ND307) and Donor2 
(ND422)) and transduced with (solid shapes) or without (open circles) NY-ESO-1 lenti viral vector at 
MOI=1.  On Day 3, cells were electroporated with Cas9 RNA and on Day 4 cells were electroporated 
with three different doses (L (solid triangles) = 15 g of Cas9 + 5 g of total gRNAs per 100 l of cells  
M (solid circle) = 30 g of Cas9 + 10 g of total gRNAs per 100 l of cells  H (solid diamond) = 0 g of 
Cas9 + 20 g of total gRNAs per 100 l of cells) of guide RNA.  Electroporation of cells was done at a 
concentration range of 1  108 to 3  108 cells/mL.  Viable cells were counted on Day 3, 10, and 12 (x-
axis) of culture and T cell fold expansion was calculated (y-axis). 


C. Efficiency of triple gene editing 
To determine the efficiency of Cas9 gene editing of TCRendo and PD1, T cells prepared as described 
above for Figure 2  were evaluated by flow cytometry for cell surface expression of NY-ESO-1 TCR 
and endogenous TCR (Figure 3) and PD1 (Figure 4).  Day 11 cultures were restimulated with CD3/28 
beads and the cells were analyzed three days later.   Analysis was done by first gating on cells with 
a lymphocyte scatter profile and then measuring expression of CD3 and V  8 (binds to NY-ESO-1 
TCR).  The results show, for both donors, a high level of NY-ESO-1-specific TCR expression is 
maintained across a range of gRNA concentrations, with NY-ESO-1 TCR expression ranging between 
53% and 83% of T cells.  Endogenous TCR gene editing is observed in 4 % to 90% of untransduced T 
cells and is dependent on the gRNA concentration.  Extrapolating from the data, it is expected that, 
at the medium dose of gRNA, 70% of the NY-ESO-1 TCR expressing cells will lack endogenous TCR. 
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To determine the efficiency of PD1 gene editing, the same Day 11 cultures as in Figure 3 were re-
stimulated with CD3/CD28 beads for 3 days (Figure 4) to induce PD1 expression.  Without re-
stimulation, NY-ESO-1 trasduced but not edited cells had a background PD1 expression of 14.7%.  
With stimulation, in the absence of gene editing for PD1 in either LV transduced (NoCRISPR) or non-
LV transducuced (No TD No CRISPR) greater than 95% of CD3 positive cells can be induced to 
express PD 1.  The percentage of LV transfected T cells electroporated with gRNA and lacking PD1 
expression drops to 35%, 57%, and 74% for L, M, and H gRNA concentrations respectively .  Thus, at 
the medium/standard dose of gRNA, 57% of the NY-ESO-1+ T cells will be deficient in the ability to 
express PD1 (PD1-). 
 


 
 


Figure 3: Efficiency of gene editing of endogenous TCR  T cells from Day 11 expansion cultures from 
two donors (ND307 and ND422) of NY-ESO-1 transduced cells, electroporatated with three different 
concentrations (High, Medium, Low dose) of gRNAs for TCR , TCR , and PD1 were analyzed by flow 
cytometry.  Analysis was done by first gating on a lymphocyte scatter profile followed by analysis of 
CD3 (surrogate for TCR expression  x-axis) and V 8 (binds to NY-ESO-1 TCR  y-axis) expression. 
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Figure 4: Efficiency of PD1 gene editing. T cells from Day 11 expansion culture, from donor (ND422), 
of NY-ESO-1 transduced cells and electroporatated with three different concentrations (High, 
Standard, Low dose) of gRNAs for TCR , TCR , and PD1 were analyzed by flow cytometry. T cells that 
were not transduced with NY-ESO-1 lentiviral vector (Non Transduced) but electroporated with the 3 
concentrations of gRNAs were also prepared. Control cells that were not electroporated were 
prepared for each of the transduced and non-transduced cell populations. These cell populations 
were restimulated with CD3/CD28 beads (Re-stim) to induce PD1 expression or were left 
unstimulated (No Re-stim). Three days after, all cell populations were surface stained with antibodies 
specific for CD3 and PD1.  Analysis was done by first gating on a lymphocyte scatter profile and then 
analyzing for CD3 expression (surrogate for TCR expression  x-axis) and PD1 (y-axis).   


 


The frequency of targeted gene disruption was measured by a mismatch-selective surveyor 
nuclease assay on DNA amplified from the cells prepared as described in Figure 2. Using the 
surveyor assay, T cells from Day 12 cultures (same cultures as used for Figures 2, 3, and 4) from two 
donors were analyzed for the efficiency of gene editing (Figure 5).  For each donor, a dose response 
was observed correlating the % of gene editing with the concentration of gRNA used.  This was the 
observation for all three genes: TCR , TCR , and PD1 though the extent of gene editing varied by 
donor.   This assay indicates efficient disruption for all the genes in donor 307  for donor 422 T cells, 
the disruption of TCR was not optimum  however, the other genes were efficiently disrupted.   
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Figure 5: Surveyor assay for detection of % gene editing. Primer sets for each gene (TCR , TCR , 
and PD1) were used in regular, singular PCR reactions. PCR products were treated with 
endonuclease and run on polyacrylamide gels (A). The intensity of the intact and digested 
bands were measured and % gene knockout was calculated for both donors (blue bars = 
ND307  yellow bars =ND422).  % gene knockout was calculated for four concentrations of gRNA 
(high, medium, low, none) for cells prepared as described in Figure 2 above. 


 
As another measure of the determining the extent of gene editing a digital PCR assay is being 
developed for TCR , TCR and PD1 genes (no data).  The concept used is that for each CRISPR 
target gene, there are designed three TaqMan primer/probe sets.  One “edited” amplicon 
corresponds to the sequence targeted by the guide RNA sequence and will amplify the wild-type 
(unmodified) sequence. Amplification will not occur from CRISPR-modified sequences. Probe is 
tagged with FAM dye.  The other two “unedited” amplicons correspond to flanking regions within 
the same gene that are not predicted to be modified by CRISPR editing. Probes are tagged with VIC 
dye.  The use of the two primer/probe sets (edited and an unedited) in duplex digital PCR 
amplifying two targets in the same gene on one chip.  Calculation of the % of gene editing is the 
ratio of amplification of edited (FAM) and unedited sequences (VIC). 
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In summary, we plan to measure the efficiency of gene disruption using two methods: the surveyor 
assay and digital PCR. In addition, flow cytometry analysis will be used to follow the surface 
expression of the targeted proteins and estimate the frequency of cells that do not express them. 
 
 
D. NY-ESO-1 TCR expression by dextramer staining and copy # analysis 
Gene marking analysis of the NY-ESO-1 TCR-transduced T cell populations transfected with low, 
medium, or high dose CRISPR/Cas9 showed comparable levels of transduction. Surface expression 
of the transduced TCR chains is, however, dramatically enhanced with increasing concentrations of 
guide RNAs (Figure 6), indicating that antigen recognition by this TCR is enhanced when the 
endogenous TCR chains are knocked out. The frequency of NY-ESO-1-specific T cells was confirmed 
by flow cytometry using a fluorescently labeled HLA-A2 dextramer folded around the NY-ESO-1 
epitope (Figure , solid bars).  At the high concentrations of gRNA the % of T cells expressing NY-
ESO-1 TCR is equivalent to that seen in Figure 3 above when NY-ESO-1 expression is assessed by 
V 8 mAb.  Furthermore, PCR for the Woodchuck Hepatitis Virus Posttranscriptional Regulatory 
Element (WPRE) (part of the lentiviral NY-ESO-1 TCR vector) revealed one or less copies of 
integration of the NY-ESO-1 viral vector per cell (Figure 6, bars outlined in blue and right side y-
axis).   


Figure 6: Surface expression of the NY-ESO-1specific TCR is enhanced by increasing doses of 
endogenous TCR-targeting gRNAs. The T cells from ND422 were transduced one day following initial 
stimulation with anti-CD3/CD28 beads. On day 3, the culture was split three-way and transfected 
with Cas9 RNA, followed one day later by transfection with low, medium, or high dose gRNA 
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targeting the TRAC, TR C, and PD1. Transduction efficiency was assesses using a validated WPRE 
qPCR (Rapoport, Stadtmauer et al. 2015), and surface expression of the NY-ESO-1-specific TCR was 
assessed using fluorescently conjugated HLA-A*0201 dextramers folded around the NY-ESO-1 
peptide SLLMWITQC. Shown is the expression of this TCR in total T cells. Our results also show that 
aside from CD8+ T cells, CD4+ T cells recognize this epitope at increasing frequency when higher 
doses of CRISPR/Cas9 was used. 


 
 
E. Functional activity of NY-ESO-1 transduced T cell with TCRendo and PD1 gene editing 
The ability of NY-ESO-1 transduced T cells with TCRendo and PD1 gene edited to degranulate (Figure 
7), release IL-2 and IFN-gamma (Figure 8), and lyse (Figure 9) tumor cell lines expressing HLA-A2 
/NY-ESO-1 peptide was determined.  To determine the ability of NY-ESO-1 transduced cells to 
degranulate, T cells from the above expansion cultures, from two donors, were assessed by flow 
cytometry for the appearance of expression of CD107a on the surface of the T cell.  For both 
donors, only in the NY-ESO-1 transduced T cells was degranulation observed via surface expression 
of CD107a.  The percentage of T cell degranulation was increased in the TCRendo and PD1 gene 
edited cells and was dose dependent. 
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Figure 7: Ability of NY-ESO-1 transduced T cell with TCRendo and PD1 Gene Editing to degranulate in 
response to tumor. To determine the ability of CD8 NY-ESO-1 transduced T cells to degranulate in 
response to HLA-A2 tumor cells lines stably transfected with (Nalm -ESO) or without (Nalm ) NY-
ESO-1, from two donors (422 and 422), expansion cultures were assessed by flow cytometry for the 
appearance of CD107a (y-axis) expression on the surface of the CD8 T cell (x-axis) after 4 hours 
incubation with tumor cells. 


 
 
Next, the ability of NY-ESO-1 transduced T cells with TCRendo and PD1 gene edited to release IL-2 
and IFN-  in the presence or absence of NY-ESO-1 presenting tumors was assessed.  NY-ESO-1 
transduced T cells released IFN-  and IL-2 in response to HLA A2+ tumors transfected with NY-ESO-1 
and to a NY-ESO-1 expressing melanoma tumor cell line, but not when incubated with non-NY-ESO-
1 expressing tumors.  In addition, there was a clear dose dependence of cytokine production in 
response to the amount of gene editing.  Cytokine production was superior for TCRendo and PD1 
gene edited cells compared to NY-ESO-1 transduction alone for both donors and indicates a 
functional advantage to gene editing of TCRendo and PD1. 
 


 
Figure 8: Ability of NY-ESO-1 transduced T cell with TCRendo and PD1 gene editing to release IFN-  
or IL-2 in response to tumor  To determine the ability of NY-ESO-1 transduced T cells  (TD) or non-
transduced (No TD) to release cytokines in response to HLA-A2 expressing tumor cells lines 
transfected with NY-ESO-1 (Nalm -ESO) or without (Nalm ) or melanoma cell line expressing NY-
ESO-1 ( 24mel), were incubated overnight and IFN-  or IL-2 measured in the supernatants by ELISA.  
The ability of NY-ESO-1 transduced T cells in the absence of gene editing (TD NO KO) to release 
cytokine in response to tumor was also evaluated.  T cells from expansion cultures from two donors 
(307 and 422) were tested. 


 
 















NY-ESO-1-redirected TCRendo and PD1 edited T cells  
Preclinical Data Package 


Figure 11. NY-ESO-1 TCR expression at the end of long term cultures.  Cell populations at the end of 
long term cultures (day 38 in Figure 10) were analyzed by flow cytometry for NY-ESO-1 TCR expression 
using the method described in Figure .  The graph represent % NY-ESO-1 expressing T cells (y-axis) as a 
function of gRNA concentration (none, low, medium, high  x-axis) for both donor T cells. 
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An in vivo experiment testing the anti-tumor efficacy of NY-ESO-1 TCR transduced and triple edited cells at 
the TRAC, TR C, and PD1 loci is curently being performed.  
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Supplementary Table 1: Patient demographics and status on the study. 70% of the 
patients were Caucasian, 30% were African-American or Hispanic.  Fifty percent of the 
patients were female and the median age at enrollment was 59 (range: 46-72).  Patients 
received a median of 3 lines of prior therapy (range: 1-5); 5 patients (25%) had relapsed 
after an earlier ASCT.  Patients with high risk disease were typically enrolled after receiving 
their initial line of therapy.  Twelve patients (60%) had cytogenetic abnormalities including 7 
(35%) with confirmed high-risk abnormalities [t(4;14), del17p13,complex].  Patient 
responses are shown:  Best response prior to infusion (“Pre Inf Resp” column), and 
responses at day 42, 100 and 180 post infusion, are shown in the last four columns.  
Administration of protocol-mandated lenalidomide starting at day 100, is noted (“Len. @ dy 
100 (Y/N)” column). 


 


 


Study 
ID Sex Race Age at 


Screen 
Year 
Dx 


# prior 
Rx 


Prior 
ASCT 


Prior 
duration of 
response 


post ASCT 


Chrom 
Abs 


Date of 
Infusion 


Len. 
@ dy 
100 


(Y/N) 


Pre 
Inf 


Resp 


Day 
42 


Resp 


Day 
100 


Resp 


Day 
180 


Resp 


01411-
250 M Cauc 72 2006 4 Y 2yr 8mo t4:;14 30-Jun-


11 Y PD sCR sCR sCR 


01411-
200 M Cauc 61 2011 1 N NA 


17p del, 
trisomy 
11, p53 
overexpr
ession 


26-Aug-
11 Y PD nCR nCR nCR 


01411-
201 F Cauc 55 2011 1 N NA t4;14 31-Oct-


11 Y PR nCR nCR nCR 


01411-
252 M Cauc 72 2002 4 Y 4 yr 


loss chr 
13, 


del14, 
del17 


5-Jan-12 N PR PR PR PR 


01411-
253 F Black 46 2010 2 Y 7.5 mos complex 19-Jan-


12 Y PD nCR nCR PD 


01411-
204 F Hisp / 


Cauc 66 2010 4 N NA none 3-Feb-12 Y PR VGPR nCR PD 


01411-
206 M Cauc 63 2011 1 N NA 


14 
transloca


tion 


23-Mar-
12 Y VGPR VGPR VGPR VGPR 


01411-
254 F Cauc 49 2010 4 N NA 


monoso
my 13, 
trisomy 
11 at 


diagnosis
. None at 
time of 
screen. 


29-Mar-
12 Y SD PR PR PD 


Nature Medicine: doi:10.1038/nm.3910
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Study 
ID Sex Race Age at 


Screen 
Year 
Dx 


# prior 
Rx 


Prior 
ASCT 


Prior 
duration of 
response 


post ASCT 


Chrom 
Abs 


Date of 
Infusion 


Len. 
@ dy 
100 


(Y/N) 


Pre 
Inf 


Resp 


Day 
42 


Resp 


Day 
100 


Resp 


Day 
180 


Resp 


01411-
207 F Black 66 2011 1 N NA 13 del 13-Apr-


12 Y PR VGPR nCR nCR 


01411-
202 F Black 47 2011 1 N NA 13 del 20-Apr-


12 N PR PR nCR nCR 
 


01411-
255 M Cauc 59 2011 2 N NA none 11-May-


12 N SD PR nCR nCR 


01411-
208 M Cauc 44 2006 5 Y 4 yr 4 mo none NA NA NA NA NA NA


01411-
209 M Cauc 64 2011 3 N NA none 13-Jul-12 N SD VGPR nCR nCR 


01411-
251 F Cauc 57 NA NA NA NA UNK NA NA NA NA NA NA 


01411-
203 M Cauc 56 2011 1 N NA none NA NA NA NA NA NA 


01411-
205 F Cauc 50 2009 7 Y 10 mo none NA NA NA NA NA NA 


01411-
210 M Black 53 2011 2 N NA none 17-Aug-


12 Y SD VGPR VGPR VGPR 


01411-
211 F Cauc 66 2012 3 N NA UNK 24-Aug-


12 Y SD VGPR nCR nCR 


01411-
256 M Cauc 54 2011 2 N NA none 30-Aug-


12 Y nCR VGPR nCR CR 


01411-
257 M Cauc 59 2012 2 N NA NA 4-Dec-12 N VGPR SD PD NA 


01411-
258 M Cauc 47 2010 4 Y 15 mon 


complex 
karyotyp


e with 
loss of 


6q, gain 
of 1q21, 
loss of 


13q14 by 
G 


banding 
& FISH 
analysis 


6-Jan-13 Y PD nCR nCR nCR 


01411-
212 M Cauc 70 2012 1 N NA 


deletion-
Y in 8 of 
20 cells. 
positive  


for 
deletion 
13q14 


15-Feb-
13 N PR nCR CR CR 


01411-
259 M Cauc 50 2012 4 Y 6 mo 


Deletion 
17p13 in 
5 out of 
23 cells. 
Deletion 
13q14, 
trisomy 
3, and 


perhaps 
a t4;14 


transloca
tion.


18-Apr-
13 Y PD nCR sCR sCR 


01411-
260 F Black 59 2011 1 N NA none 1-Aug-13 N SD SD SD SD 
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Supplementary Table 2.  Phenotypic analysis of cell product.  The NY-ESOc259 TCR 
contains a Vβ13.1 chain, which is used to detect CD4 and CD8 T cells that carry the TCR.  
Approximately 1-5% of non-gene-modified cells will also carry the Vβ13.1 chain and 
therefore transduction rates are slightly lower than shown.  Patient 260 product was analyzed 
using a different flow cytometry panel, and therefore the percentage of CD4 and CD8 is 
shown in the Vβ13.1 positive population and these numbers are excluded from the summary 
analysis. 


Patient ID CD3% 
%CD62L in 


CD3  
%CD4 in 


CD3 
%CD8 in 


CD3 
250 98.5 62.6 46.9 NA NA 
200 87.3 95.2 34.3 76.4 31.9 
201 99.5 98.6 34.3 54.8 47.6 
252 95.9 89.4 30.0 34.8 67.3 
253 98.5 98.3 23.5 26.3 75.2 
204 98.3 98.0 26.6 80.5 21.2 
206 99.3 98.7 34.6 52.0 65.9 
254 99.9 93.5 33.2 52.1 47.2 
207 99.6 NA 37.8 83.7 24.9 
202 99.8 96.2 37.4 37.8 62.6 
255 99.9 88.1 31.4 74.5 24.6 
209 99.8 87.6 18.2 80.1 24.0 
210 99.4 92.0 33.8 66.1 43.7 
211 99.5 98.1 29.9 66.9 34.6 
256 99.8 85.5 41.9 51.5 59.0 
257 99.8 NA 31.0 60.0 41.0 
258 99.7 97.0 27.0 82.0 18.0 
212 99.3 45.4 37.6 69.0 30.9 
259 99.8 86.9 49.1 49.8 51.1 
260 98.6 ND 29.3 47.5 20.3 


Median      
Minimum      
Maximum      
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Supplementary Table 3.  Evaluation of gene modified cell persistence in blood by PCR 
during long term follow-up.  7/10 have detectable cells above the limit of detection, but 
below the limit of quantitation (LOQ) for the assay.  Two patients have quantifiable levels 
(<1% and 2%). 


  Vector copies per microgram DNA (percent marking) 
Patient ID Year 2  Year 3 


201 missing 3800.8 (2.39) 4511.7 (2.84) 
252 465.0 (0.29) 531.5 (0.33)   
206 Positive but <LOQ Positive but <LOQ   
254 Negative Negative   
207 Positive but <LOQ Positive but <LOQ   
255 Positive but <LOQ     
209 Positive but <LOQ     
210 Positive but <LOQ     
211 Positive but <LOQ     
256 Positive but <LOQ     
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Supplementary Table 4.  Elevation of IL-6 in patients following T cell infusion.  The 
cytokines ILI-β, IL-10, IL-13, IL-6, IL-12, IL-17, GM-CSF, IL-15, IL-5, IFN-γ, IFN-α were 
routinely monitored in patients.  Of these, IL-6 was increased in nearly all patients, to levels 
that are higher than expected with transplantation alone (5—10 pg/ml)1, and are comparable 
to levels observed with CD19-41BB CAR 2,3, despite the absence of clear clinical signals for 
CRS in our study. 


Patient 
ID pre 


day 3 or 
 day 7   day 28 


peak 
day max fold increase 


250 7.27 5.5 21.05 257.77 13880.65 ND 21 1909 
200 6.25 11.58 88.71 139.17 26.06 7.70 14 22.3 
201 4.39 9.36 146.13 26.79 22.02 39.23 7 33.3 
252 2.48 17.24 74.94 ND 16.69 8.07 7 30.2 
253 2.13 4.74 4839.30 45.03 8.06 2.23 7 2272 
204 8.65 9.34 2208.51 20.61 17.68 20.34 7 255 
206 4.13 7.97 45.49 3.94 4.14 4.80 7 11.0 
254 3.40 2.17 11.11 37.02 2.45 2.50 14 10.9 
207 2.15 5.40 35.27 4.86 10.38 215.02 28 100 
202 4.70 10.32 49.36 18.94 16.04 2.91 7 10.5 
255 2.69 3.25 9.16 5.62 13.90 9.85 21 5.2 
209 2.04 2.52 46.09 7.09 4.12 4.84 7 22.6 
210 3.29 6.38 10.36 11.79 27.24 8.61 21 8.3 
211 2.50 4.86 46.08 22.80 5.05 3.58 7 18.43 
256 1.76 45.05 66.60 29.70 6.62 8.59 7 37.84 
257 M M M M M M NA NA 
258 M M M M M M NA NA 
212 0.69 5.65 86.15 13.54 ND ND NA NA 
259 333.39 23.21 81.40 12.22 677.32 568.83 21 2.03 
260 M M M M M M NA NA 


Median 7 22 


1. Condomines, M., et al. Increased plasma-immune cytokines throughout the high-dose melphalan-induced 
lymphodepletion in patients with multiple myeloma: a window for adoptive immunotherapy. Journal of 
immunology 184, 1079-1084 (2010). 


2. Kalos, M., et al. T cells with chimeric antigen receptors have potent antitumor effects and can establish 
memory in patients with advanced leukemia. Science translational medicine 3, 95ra73 (2011). 


3. Maude, S.L., et al. Chimeric antigen receptor T cells for sustained remissions in leukemia. The New England 
journal of medicine 371, 1507-1517 (2014). 
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Supplementary Table 5.  List of serious adverse events on the study. 
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Supplementary Table 6.  List of adverse events at least probably related to the study. 


Number of events
System Organ Class


Preferred Term
Event (%) Grade 2 Grade 3 Grade 4 


Allergy/Immunology
Graft Versus Host Disease - GI 3 (60) 0 (0) 0 3 (100) 0 (0)
Graft Versus Host Disease-skin 2 (40) 0 (0) 2 (100) 0 (0) 0 (0)


Constitutional Symptons
Fatigue 1 (33) 1 (100) 0 0 (0) 0 (0)
Fever 2 (67) 1 (50) 1 (50) 0 (0) 0 (0)


Skin and subcutaneous tissue disorders
Rash 3 (100) 1 (33) 1 (33) 1 (33) 0 (0)


Gastrointestinal 
Diarrhea 2 (100) 1 (50) 1 (50) 0 (0) 0 (0)


Cardiac disorders
Sinus tachycardia 1 (100) 1 (100) 0 0 (0) 0 (0)


Dermatology/Skin
Injection site reaction/extravasation changes 1 (100) 1 (100) 0 (0) 0 (0) 0 (0)


General disorders and administration site conditions
Weakness 1 (100) 1 (100) 0 (0) 0 (0) 0 (0)


Vascular disorders
Hypotension 1 (100) 0 (0) 0 (0) 1 (100) 0 (0)
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Supplementary Table 7.  Evaluation of gene marked cells in affected and non-affected 
colon biopsy samples.
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Supplementary Table 8.  Patterns of relapse. 


Patien
t ID


Best 
Respons


e 


Timepoint 
at relapse


Persistence - gene 
modified cells


NY-ESO 
Antigen


LAGE 
Antigen


Conclusions 


250 sCR 1 year 68 cells/ul 0 0 cells present, antigen negative tumor 
on relapse 


200 nCR 1 year 1 cells/uL ND* ND* loss of persistence, likely antigen 
positive tumor based on surrounding 
timepoints 


204 nCR 9 months <5 cells/uL** 0.011 6.2431 loss of persistence, antigen positive 
tumor 


253 nCR 3 months 3 cells /uL blood 0.02 67 loss of persistence, antigen positive 
tumor 


254 PR 6 months 6 cells / uL blood 0 0 loss of cells, antigen negative tumor 
on relapse 


202 nCR 1.6 year <5 cells/uL  ND  ND  loss of cells, antigen status unknown 
209 nCR 8 months 2 cells /uL blood 0 0.0852 loss of persistence, possible antigen 


negative tumor 
257 SD 4 months 3 cells /uL blood 0.0125 115.733


8 
loss of persistence, antigen positive 
tumor 


258 nCR 9 months ND*** 0.0001 0 cells present, very slight antigen 
detection 


259 nCR 9 months 0**** 0.0262 3.3309 loss of persistence, antigen positive 
tumor 


*Day 360 not performed: day 180 = 0 and 0.3337, NY-ESO and Lage, respectively; day 420 = 0.1065 and 45.7363 (NY-ESO 
and Lage)  
**day 180 value 
***day 270 not available; day 42 =18 cells/uL and month 14 was negative 
****Month 9 PBMC sample not received.  Month 9 marrow negative.  Month 6 PBMC <LOD  
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Supplementary Table 9.  Results for the mixed-effects model of analyzing response 
profile: T-cell persistence in blood is inversely correlated with NY-ESO-1 levels in 
marrow. Effect  Estimate& Std. Err.  p-valueIntercept  NY-ESO-1 LAGE-1 4.55 -47.11 1.29 1.68 18.85 0.74 0.014 0.022 0.098 &adjusted for time
Supplementary Table 10.  Estimated parameters and probabilities for a fitted joint 
model for longitudinal data and OS.  Variables in the model   Value Std.Err.   p-value NY-ESO-1 LAGE-1 CD138 34.292   0.662   1.659 16.3954   0.3444   1.0389 0.037 0.055 0.110 *all values were transformed using a square root transformation to decrease variability and to smooth distribution 
Supplementary Table 11.  Estimated parameters and probabilities for a fitted joint 
model for longitudinal data and PFS.  Variables in the model   Value Std. Err.   p-value NY-ESO-1 LAGE-1 CD138 52.355   0.675   1.719 31.223   0.365   1.224 0.094 0.065 0.160 *all values were transformed using a square root transformation to decrease variability and to smooth distribution 
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Supplementary Figure 1.  Consort statement and overview of manufacture. 


a. Overview of the number of HLA-A201 patients screened and who were entered onto the 
study.  Approximately 1 patient, out of 3 screened, was eligible for enrollment based on 
HLA-A type and antigen expression (24/70 (34)).  b. 10-12L apheresis product is collected 
at clinical sites and shipped overnight to a central manufacturing site.  Cells were depleted 


of monocytes and CD25 
positive cells, and activated 
with bead based artificial 
antigen presenting cells and 
gene modified with a 
lentiviral vector.  Cells are 
expanded for 9-12 days and 
then frozen for release 
testing, which takes an 
additional 7-10 days.  
Patients are scheduled for 
ASCT once the cells are 
released back to the clinical 
site. 
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Supplementary Figure 2. Gene marked cells in marrow at day 100.  A majority of patients 
underwent marrow collections at day 100 to assess response status, and the results of gene 
marking per microgram of DNA is represented in this panel.  The percent of cells that the 
vector copies represent, assuming a single vector copy per cell, is shown by the dotted 
reference lines.   
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Supplementary Figure 3.  Long term expression of NY-ESO TCR in blood and marrow.  
Patients 250 and 201 were evaluated for persistence of gene modified cells by flow cytometry.  The 


top two rows show persistence in blood, and the bottom two show persistence in marrow.  


Mononuclear cells were isolated from blood and fresh marrow aspirates, and interrogated using CD3 


antibody to detect T cells, and NY-ESO TCR specific dextramer reagent to detect gene modified 


cells. Gene marked cells are denoted by the box, and the number to the left of the box represents the 


overall percent positive cells from the CD3 positive fraction. 
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Supplementary Figure 4.  Sequencing of TCR vβ Chains from Patient #253 marrow. 


Histograms depicting the number of specific Vβ–Jβ gene segment combinations in the TCRβ chains 
are shown for the bone marrow of patient 253. a. marrow clonotype analysis from day 28 post second 
infusion.  b. marrow clonotype analysis day 68 post second infusion.  


Patient 253 had study treatment for aggressive relapse of kappa light chain secreting myeloma that 
occurred about 7 months after a first ASCT. Although she achieved a near-CR at day 100 post-ASCT 
#2 along with gene-modified T cells, her myeloma progressed by 6 months post-transplant. The study 
also allowed patients who had relapses of myeloma with NY-ESO-1/LAGE-1 antigen positive disease 
to receive a second infusion of gene-modified T-cells at up to a 5-fold higher dose after pre-
conditioning with low-dose cyclophosphamide (1.5 g/m2) and 2 doses of bortezomib.  Patient 253 had 
very strong antigen expression prior to the second infusion and also had a highly proliferative relapse 
of myeloma associated with hypercalcemia (12.7 mg/dl), an LDH level of 1076 (1.7 x ULN), 
transfusion-dependent pancytopenia, 10 grams/24 hours of Bence Jones kappa light chain excretion 
in the urine and a serum free kappa light chain level of 10,044 mg/L. Also, as shown in Fig 3c (“pre-T-
cell panel”), the marrow was nearly 100% replaced by atypical CD138+ plasma cells many with 
plasmablastic features and all the metaphases showed 48-90 chromosomes with loss of 1p, 13q and 
deletion of 17p/p53 in 85% of the interphase cells by FISH analysis.  Although the patient had 
previously progressed on lenalidomide maintenance and had no response to any bortezomib-
containing regimens, she received the prescribed pre-conditioning using cyclophosphamide 1.5 g/m2 
and 2 doses of bortezomib followed by a infusion of  5 x 1010 total CD3+ T-cells (her second) which 
were 28.8 % transduced.  By day +14 after second T-cell transfer, the absolute lymphocyte count 
(ALC) rose from 200 cells/μl to 4425 cells/μl and the hypercalcemia improved.  By day +24, the 
calcium level was down to 10.5 mg/dl but the LDH level peaked at 1579 (2.6 x ULN) and the serum 
free kappa light chain spiked to 23,194 mg/L while the marrow showed a significant increase in 
marrow-infiltrating CD8+ T-cells (see figure 3c). Low-dose lenalidomide was started on day +24 at a 
dose of 10 mg per day and 8 days later at day +32, the ALC rose further to 8366 cells/μl while the 
serum free kappa light chain level decreased to 9500 mg/L, the 24 hour urinary Bence Jones protein 
decreased to 1.3 g/24 hours and the calcium level became normal at 9.1 mg/dl. By day +38, a 
marrow examination showed a dramatic increase in the marrow-infiltrating CD8+ T-cells to 70% while 
the marrow plasmacytosis was decreased to ~ 15% with extensive CD138+ myeloma cell necrosis 
(see Fig 3c). Over the next month, the patient experienced a return to a good quality of life and the 24 
hour urinary excretion of Bence Jones protein decreased to as low 280 mg/24 hours.   


While immunoassays showed early detection of the gene-marked cells (see Figure 2), during the 
period of major clinical response, the CD8+ T-cell compartment was comprised of 2 dominant 
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clonotypes that were not gene-marked.  About 2 weeks after the point of maximal clinical response, 
the relapse of myeloma occurred coincident with a fall in the level of circulating lymphocytes.   
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Supplementary Figure 5. Clinical 
presentation of autologous graft 
versus host disease.  Three patients 
experiencing diarrhea post-transplant and 
T cell infusion, and which had colonic 
biopsies performed are shown.  The 
pathology for each patient was consistent 
with autologous graft versus host disease, 
with signs of immune infiltrates and tissue 
damage.  A timeline of events for each 
patient is shown along the top of each 
panel.  The events either spontaneously 
resolved or resolved after topical steroids. 
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Supplementary Figure 6.  Kinetics of paraprotein decline.  11 of the 20 patients enrolled on 
the study had measurable baseline levels of paraprotein.  Of these 11, paraprotein levels decreased 
to undetectable levels by the initial tumor assessment at 6 weeks post-transplant in six patients (not 
shown).  Of these six, patients 259 and 204 showed improvement in disease response as measured 
by immunofixation between the first and second tumor assessment period (Supplementary Table 1).  
5 patients experienced a gradual decrease in paraprotein levels over time, as shown in this Figure.  
Note that lenalidomide maintenance was not started until day 100 post-transplant, and therefore 
improvements between day 42 and 100 are independent of this immune modulator.  Patients 260 and 
252 experienced declines after day 100 but did not receive lenalidomide maintenance 
(Supplementary Table 1).  Notably patients 207 and 211 who had light chain only tumor, also 
experienced a gradual improvement of their disease between the first and second tumor assessment 
period (reference Supplementary Table 1).   
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Supplementary Figure 7. Overall Survival (OS) and Progression Free Survival, as estimated 
by the Kaplan-Meier method. Data as of April 1, 2015. 
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Supplementary Note. Case study description of patients #252 and #260, in support of 
immune surveillance against antigen positive tumour.   


One patient is a 75 year old patient (252) who exhibited good persistence of gene-marked 


cells through day +360 along with a partial clinical response after 2nd ASCT and engineered 


T cell infusion per protocol.  The monoclonal protein level fell from a pre-transplant value of 


0.97 g/dl to a post-transplant value of 0.33 g/dl (day +180) corresponding to a decrease in 


marrow plasmacytosis from 10% to 4% (day +180).  However, these residual myeloma cells 


were negative for NY-ESO-1 and LAGE-1 by PCR at days +42, +100, and +180 while gene-


modified T-cells were detected in the blood and marrow at levels of 16-67 cells/mcl and 0.2-


0.4% respectively during the same period of time.  This patient remained in a stable PR at 2 


years post-transplant while never having received lenalidomide maintenance due to post-


transplant thrombocytopenia.  A second patient (260) with active and treatment-refractory 


myeloma prior to transplant also had a minimal response to transplant and T-cell transfer (M-


spike going from 1.7 g/dl to 1 g/dl) but this response was maintained for up to 9 months post-


ASCT without any maintenance therapy and while follow up marrows at days 100 and 180 


showed about 10% residual myeloma cells, tumor antigen expression was no longer 


detectable again suggesting selective elimination of the antigen-positive myeloma fraction 


which may have been responsible for the more aggressive clinical course that was observed 


before transplant. The patient has remained stable without myeloma progression at 1 year 


and 3 months post-ASCT.  


Nature Medicine: doi:10.1038/nm.3910



































































2016;76:2087-2093.Cancer Res 
 
Laurie Menger, Anna Sledzinska, Katharina Bergerhoff, et al. 
 
Rejection of Established Tumors
Lymphocytes Promotes Intratumoral T-cell Persistence and 
TALEN-Mediated Inactivation of PD-1 in Tumor-Reactive


 
Updated version


 
http://cancerres.aacrjournals.org/content/76/8/2087
Access the most recent version of this article at:


 
 


 
 


 
Cited articles


 
http://cancerres.aacrjournals.org/content/76/8/2087.full.html#ref-list-1
This article cites 27 articles, 14 of which you can access for free at:


 
 


 
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts


 
Subscriptions


Reprints and 
 


.pubs@aacr.org
To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department at


 
Permissions


 
.permissions@aacr.org


To request permission to re-use all or part of this article, contact the AACR Publications Department at


on April 15, 2016. © 2016 American Association for Cancer Research. cancerres.aacrjournals.orgDownloaded from 












Recombinant DNA Advisory Committee  
NY-ESO-1-redirected TCRendo and PD1 edited T cells   


Appendix M –April 25, 2016   
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1989-Present: Member, American Society of Clinical Oncology; 1995-96, ASCO Program Committee; 1995-96, 
Member, Bone Marrow Transplantation, High Dose Chemotherapy and Cytokines Subcommittee; 2004-2007, 
Member, Editorial Board Journal of Clinical Oncology; 2007-2012. 
1999-Present: Member, Foundation for the Accreditation of Hematopoietic Cell Therapy (FACT): Inspection 
Team, Member; 1999-present, Team Leader, Clinical Program Inspector; 2000-present, Stem Cell Collection 
Facility Inspector; 2004-present, Member, Accreditation Committee 
2000-Present: Member, Center for International Blood and marrow transplant Research (CIBMTR), Member, 
ABMTR Advisory Board; 2004-2006, Member, ABMTR Executive Committee; 2004-2006, Chairman, ABMTR 
Nominating Committee; 2006-2008, Member, CIBMTR Nominating Committee; 2006-2008, Member, CIBMTR 
Advisory Committee; 2006-2008 Member, CIBMTR Clinical Trials Advisory Committee; 2008-2013, Co- Chair, 
Solid Tumor Working Committee; 2009-2014. 
1989-Present: Member, American Society of Hematology; 2001, 2004, 2008, 2010, 2013 Abstract 
Reviewer/Session Moderator, Clinical Bone Marrow Transplantation 
2001-Present: NHLBI-NCI Blood and Marrow Transplant Clinical Trials Network (BMT-CTN); Principal 
Investigator, University of Pennsylvania; 2001-2005, Chairman, Admin./Operations Committee; 2001-2005, 
Member, Executive Committee; 2001-present, Member, Steering Committee; 2001-present, Member, 
Publications Committee, Chair 2005-Present 
2002-Present: Ad hoc Member, NIH Clinical Oncology Study Section, Ad hoc Member, NHLBI Program Project 
Reviews 
2006-Present: Member, Leukemia and Lymphoma Society, Clinical Development Program, Grant Review 
Subcommittee 
2005-Present: Member, NIAID Hematopoietic Stem Cell Transplantation Data Safety Monitoring Board (HSCT 
DSMB) 
 
Honors 
1989-present Fellow, American College of Physicians 
1994-2015 Listed in 'Top Doctors' issue of Philadelphia Magazine 
2002-2015 Listed in 'Best Doctors in America' 
2005-2015 Listed in ‘America’s Top Doctors for Cancer’ 
2013-present Elected Member, John Morgan Society, University of Pennsylvania 
2013 DuPont Guerry, IV, MD Award for Outstanding Mentorship, University of Pennsylvania 
2016 HEADStrong Foundation Achievement Award, recognizes a physician for outstanding 


achievements in the fight against cancer 
2016 Dr. Brian Durie Humanitarian Award, Philadelphia Multiple Myeloma Networking Group 
 
C. Contribution to Science 
 
1. My early research focused on the role of bone marrow transplant for patients with solid tumors. Breast 
cancer was the most common indication for stem cell transplantation in the world. Our work defined the role of 
bone marrow transplant in patients with breast cancer and changed practice. 
 


a) Antman KH., Rowlings PA., Vaughan WP., Pelz CJ., Fay JW., Fields KK., Freytes CO., Gale RP., Hillner 
BE., Holland HK., Kennedy MJ., Klein JP., Lazarus HM., McCarthy PL Jr., Saez R., Spitzer G., 
Stadtmauer EA., Williams SF., Wolff S., Sobocinski KA., Armitage JO., Horowitz MM.: High-dose 
chemotherapy with autologous hematopoietic stem-cell support for breast cancer in North America. J 
Clin Oncol 1997, 15(5): 1870-9. 


b) Stadtmauer EA., O'Neill A., Goldstein LJ., Crilley PA., Mangan KF., Ingle JN., Brodsky I., Martino S., 
Lazarus HM., Erban JK., Sickles C., Glick JH.: Conventional-dose chemotherapy compared with high-
dose chemotherapy plus autologous hematopoietic stem-cell transplantation for metastatic breast 
cancer. Philadelphia Bone Marrow Transplant Group [see comment] NEJM 2000, 342(15): 1069-76. 


c) Stadtmauer, EA.: A dramatic story of hope and reality. J Clin Oncol 2008, 26(1): 11-2. 
d) Berry DA, Ueno NT, Johnson MM, Lei X, Caputo J, Smith DA, Yancey LJ, Crump M, Stadtmauer EA, 


Biron P, Crown JP, Schmid P, Lotz JP, Rosti G, Bregni M, Demirer T.  High-dose chemotherapy with 
autologous hematopoietic stem-cell transplantation in metastatic breast cancer: overview of six 
randomized trials. J Clin Oncol 2011, 29(24):3224-31. PMCID: PMC4322116 
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2. Much of my research has focused on the development of new therapies for patients with hematologic 
malignancies. This work has contributed to FDA approval of a number of new agents including gemtuzumab-
ozogamicin for acute myeloid leukemia, and alemtuzumab and bortezomib for lymphoid malignancies.  


a) Sievers EL., Larson RA., Stadtmauer EA., Estey E., Lowenberg B., Dombret H., Karanes C., Theobald 
M., Bennett JM., Sherman ML., Berger MS., Eten CB., Loken MR., van Dongen JJ., Bernstein ID., 
Appelbaum FR., Mylotarg Study Group.: Efficacy and safety of gemtuzumab ozogamicin in patients with 
CD33-positive acute myeloid leukemia in first relapse. J Clin Oncol 2001, 19(13): 3244-54. 


b) Rai KR., Freter CE., Mercier RJ., Cooper MR., Mitchell BS., Stadtmauer EA., Santabarbara P., Wacker 
B., Brettman L.: Alemtuzumab in previously treated chronic lymphocytic leukemia patients who also had 
received fludarabine. J Clin Oncol 2002, 20(18): 3891-7. 


c) Fisher RI., Bernstein SH., Kahl BS., Djulbegovic B., Robertson MJ., de Vos S., Epner E., Krishnan A., 
Leonard JP., Lonial S., Stadtmauer EA., O'Connor OA., Shi H., Boral AL., Goy A.: Multicenter phase II 
study of bortezomib in patients with relapsed or refractory mantle cell lymphoma. Journal of Clinical 
Oncology 2006, 24(30): 4867-74. 


d) Chen CI., Kouroukis CT., White D., Voralia M., Stadtmauer E., Stewart AK., Wright JJ., Powers J., 
Walsh W., Eisenhauer E., National Cancer Institute of Canada Clinical Trials Group.: Bortezomib is 
active in patients with untreated or relapsed Waldenstrom's macroglobulinemia: a phase II study of the 
National Cancer Institute of Canada Clinical Trials Group. J Clin Oncol 2007, 25(12): 1570-5. 
 


3. The majority of my recent work has been with novel therapies for patients with multiple myeloma. This work 
has led to FDA approval of a number of new medications such as bortezomib, lenalidomide, and carfilzomib. 
   


a) Richardson PG., Sonneveld P., Schuster MW., Irwin D., Stadtmauer EA.et.al : Bortezomib or high-dose 
dexamethasone for relapsed multiple myeloma. NEJM 2005, 352(24): 2487-98. 


b) Weber DM, Chen C, Niesvizky R, Wang M, Belch A, Stadtmauer EA, Siegel David, Borrello I, Rajkumar 
SV, Chanan-Khan AA, Lonial S, Yu Z, Patin J, Olesnyckyj M, Zeldis JB, Knight RD. Multiple Myeloma 
(009) Study Investigators.: Lenalidomide plus dexamethasone for relapsed multiple myeloma in North 
America [see comment]. NEJM 2007, 357(21): 2133-42. 


c) Siegel DS, Martin T, Wang M, Vij R, Jakubowiak AJ, Lonial S, Trudel S, Kukreti V, Bahlis N, Alsina M, 
Chanan-Khan AA, Buadi F, Reu FJ, Somlo G, Zonder J, Song K, Stewart AK, Stadtmauer EA, Kunkel 
L, Wear S, Wong AF, Orlowski RZ, Jagannath S.: A phase 2 study of single-agent carfilzomib (PX-171-
003-A1) in patients with relapsed and refractory multiple myeloma. Blood 2012, 120(14): 2817-25. 
PMCID: PMC4123387 


d) Shah JJ, Stadtmauer EA, Abonour R, Cohen AD, Bensinger WI, Gasparetto C, Kaufman JL, Lentzsch 
S, Vogl DT, Gomes CL, Pascucci N, Smith DD, Orlowski RZ, Durie BG.: Carfilzomib, pomalidomide, 
and dexamethasone for relapsed or refractory myeloma. Blood 126(20): 2284-90, Nov 12 2015. 


 
4. A significant amount of my work has refined the procedure and defined the role of autologous bone marrow 
transplant for patients with multiple myeloma. These studies continue to demonstrate improved survival for 
myeloma patients when this treatment is applied appropriately. 
 


a) DiPersio JF, Stadtmauer EA, Nademanee A, Micallef INM, Stiff PJ, Kaufman JL, Maziarz RT, Hosing C, 
Fruehauf S, Horwitz M, Cooper D, Bridger G, Calandra G, 3102 Investigators.: Plerixafor and G-CSF 
versus placebo and G-CSF to mobilize hematopoietic stem cells for autologous stem cell 
transplantation in patients with multiple myeloma. Blood 2009, 113(23): 5720-6. 


b) McCarthy PL, Owzar K, Hofmeister CC, Hurd DD, Hassoun H, Richardson PG, Giralt S, Stadtmauer 
EA, Weisdorf DJ, Vij R, Moreb JS, Callander NS, Van Besien K, Gentile T, Isola L, Maziarz RT,  Gabriel 
DA, Bashey A, Landau H, Martin T, Qazilbash MH, Levitan D, McClune B, Schlossman R, Hars V, 
Postiglione J, Jiang C, Bennett E, Barry S, Bressler L, Kelly M, Seiler M, Rosenbaum C, Hari P,  
Pasquini MC, Horowitz MM, Shea TC, Devine SM, Anderson KC, Linker C.: Lenalidomide after stem-
cell transplantation for multiple myeloma. NEJM 2012, 366(19): 1770-81. PMCID: PMC3744390 


c) Krishnan A, Pasquini MC, Logan B, Stadtmauer EA, Vesole DH, Alyea E 3rd, Antin JH, Comenzo R, 
Goodman S, Hari P, Laport G, Qazilbash MH, Rowley S, Sahebi F, Somlo G, Vogl DT, Weisdorf D, 
Ewell M, Wu J, Geller NL, Horowitz MM, Giralt S, Maloney DG; Blood Marrow Transplant Clinical Trials 
Network (BMT CTN). Autologous haemopoietic stem-cell transplantation followed by allogeneic or 
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autologous haemopoietic stem-cell transplantation in patients with multiple myeloma (BMT CTN 0102): 
a phase 3 biological assignment trial. Lancet Oncol 2011, 12(13):1195-203. PMCID: PMC3611089 


d) Appelbaum, Frederick R;  Anasetti, Claudio;  Antin, Joseph H;  Atkins, Harold;  Davies, Stella;  Devine, 
Steven;  Giralt, Sergio;  Heslop, Helen;  Laport, Ginna;  Lee, Stephanie J;  Logan, Brent;  Pasquini, 
Marcelo;  Pulsipher, Michael;  Stadtmauer, Edward;  Wingard, John R;  Horowitz, Mary M.: Blood and 
marrow transplant clinical trials network state of the Science Symposium 2014. Biology of Blood & 
Marrow Transplantation 21(2): 202-24, Feb 2015. 


 
5. Some of my most ground-breaking work has been developing innovative cellular therapies and vaccines for 
the treatment of patients with multiple myeloma. These studies have been the basis for widespread 
investigation of immunotherapy for myeloma.   
 


a) Rapoport AP., Stadtmauer EA., Aqui N., Badros A., Cotte J., Chrisley L., Veloso E., Zheng Z., 
Westphal S., Mair R., Chi N., Ratterree B., Pochran MF., Natt S., Hinkle J., Sickles C., Sohal A., 
Ruehle K., Lynch C., Zhang L., Porter DL., Luger S., Guo C., Fang HB., Blackwelder W., Hankey K., 
Mann D., Edelman R., Frasch C., Levine BL., Cross A., June CH.: Restoration of immunity in 
lymphopenic individuals with cancer by vaccination and adoptive T-cell transfer. Nature Medicine 
2005, 11(11): 1230-7. 


b) Stadtmauer EA, Sullivan K M, Marty FM, Dadwal SS, Papanicolaou GA, Shea TC, Mossad SB, 
Andreadis C, Young JH, Buadi FK, El Idrissi M, Heineman TC, Berkowitz EM.: A phase 1/2 study of an 
adjuvanted varicella-zoster virus subunit vaccine in autologous hematopoietic cell transplant 
recipients. Blood 2014, 124(19): 2921-9. PMCID: PMC4327150 


c) Rapoport, Aaron P;  Stadtmauer, Edward A;  Binder-Scholl, Gwendolyn K;  Goloubeva, Olga;  Vogl, 
Dan T;  Lacey, Simon F;  Badros, Ashraf Z;  Garfall, Alfred;  Weiss, Brendan;  Finklestein, Jeffrey;  
Kulikovskaya, Irina;  Sinha, Sanjoy K;  Kronsberg, Shari;  Gupta, Minnal;  Bond, Sarah;  Melchiori, 
Luca;  Brewer, Joanna E;  Bennett, Alan D;  Gerry, Andrew B;  Pumphrey, Nicholas J;  Williams, 
Daniel;  Tayton-Martin, Helen K;  Ribeiro, Lilliam;  Holdich, Tom;  Yanovich, Saul;  Hardy, Nancy;  
Yared, Jean;  Kerr, Naseem;  Philip, Sunita;  Westphal, Sandra;  Siegel, Don L;  Levine, Bruce L;  
Jakobsen, Bent K;  Kalos, Michael;  June, Carl H.: NY-ESO-1-specific TCR-engineered T cells 
mediate sustained antigen-specific antitumor effects in myeloma. Nature Medicine 21(8): 914-21, Aug 
2015. 


d) Garfall, Alfred L;  Maus, Marcela V;  Hwang, Wei-Ting;  Lacey, Simon F;  Mahnke, Yolanda D;  
Melenhorst, J Joseph;  Zheng, Zhaohui;  Vogl, Dan T;  Cohen, Adam D;  Weiss, Brendan M;  Dengel, 
Karen;  Kerr, Naseem D S;  Bagg, Adam;  Levine, Bruce L;  June, Carl H;  Stadtmauer, Edward A.: 
Chimeric Antigen Receptor T Cells against CD19 for Multiple Myeloma. New England Journal of 
Medicine 373(11): 1040-7, Sep 10 2015. 


 
Complete List of Published Work in MyBibliography: 
http://www.ncbi.nlm.nih.gov/sites/myncbi/edward.stadtmauer.1/bibliography/48143969/public/?sort=date&direct
ion=ascending 
 
D. Research Support 
 
ACTIVE 
 
U10 HL069286 (Stadtmauer) 09/30/01 - 06/30/17 
NIH/NHLBI, NCI 
Bone Marrow Transplant Clinical Network 
The major goals of this project are to facilitate a multi-disciplinary, inter-departmental and multi-Institutional 
evaluation of new therapeutic approaches to hematopoietic stem cell transplantation and disseminate 
these findings to health care professionals, other patients, and the public. 
 
P30 CA016520 (Dang)  11/30/15 – 12/1/20 
NIH/NCI 
Abramson Cancer Center Support Grant 
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(if applicable) MM/YY FIELD OF STUDY 


Cornell University, Ithaca, NY; BA Genetics BA 1985 Genetics 
University of Connecticut School of Medicine, 
Farmington, CT MD 1989 Medicine 


Internship in Internal Medicine, Harbor-UCLA 
Medical Center, Torrance, CA MD 1990 Medicine 


Residency in Internal Medicine, Harbor-UCLA 
Medical Center, Torrance, CA MD 1992 Medicine 


Fellowship in Hematology/Oncology, UCSF 
Medical Center, San Francisco, CA. MD 1996 Hematology/Oncology 
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A. Personal Statement 
I am a Clinical Professor of Medicine in the Division of Hematology/Oncology, Director of the Hematologic 
Malignancies Research Site Committee and Associate Director of the Myeloma Program at the University 
of California, San Francisco. I have been actively involved in clinical research in Hematologic Malignancies 
with a focus in multiple myeloma (MM). I have been the pricipal investigator (PI) on over 25 clinical trials in 
MM including Phase I, II and III trials.  I have been involved in immunotherapy trials for myeloma and have 
been the lead investigator for several clinical trials involving SAR650984, a novel anti-CD38 monoclonal 
antibody. UCSF has been the lead correlative science site under my direction. I have supervised the MM 
tissue bank since it’s inception in 2009. We have enrolled well over 200 patients and have over 3000 
individual PC samples banked.  


B. Positions and Honors 
Principals Positions Held 
1993 1998 Assistant Adjunct Professor, 


Hematology and Bone Marrow 
Transplant, Division of 
Hematology/Oncology, University of 
California, San Francisco, CA. 


  


1999 2001 Assistant Professor of Medicine, 
Chief, Inpatient BMT Unit, Director, 
BMT Fellowship Program, Division of 
Blood and Marrow Transplantation, 
Department of Medicine, MD 
Anderson Cancer Center, Houston, 
TX 


  


2001 2003 Director, Matched Unrelated Donor 
Program, Adult Leukemia and Bone 
Marrow Transplantation, University 
of California, CA 
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2001 2003 Assistant Clinical Professor of 
Medicine, Adult Leukemia and Bone 
Marrow Transplantation Program, 
University of California, San 
Francisco, CA 


  


2003 2008 Associate Clinical Professor of 
Medicine, Adult Leukemia and Bone 
Marrow Transplantation Program, 
University of California, San 
Francisco, CA 


  


2004 Present Associate Director, Myeloma Clinic, 
Adult Ambulatory Care Clinic,   
University of California, San 
Francisco, CA. 


  


2006 Present Member, Committee on Human 
Research (CHR), University of 
California, San Francisco, CA. 


  


2006 Present Clinical Director, 11 Long Adult Stem 
Cell Transplantation 


  


2009 Present Clinical Professor of Medicine, Adult 
Leukemia and Bone Marrow 
Transplantation Program, University 
of California, San Francisco, CA 


  


Other Positions Held Concurrently 


Honors Awards 
1984 Cornell Tradition Fellow Award  
1989 LANGE Book Award for Scholarship in Internal Medicine, University of 


Connecticut, Farmington, CT 
 


2003 Faculty Teaching Award, Division of Hematology/Oncology, University 
of California, San Francisco, CA 


 


Memberships 
1995 Present American Society of Hematology 
1997 2007 American Academy for the Advancement of Science 
2000 Present American Society for Blood and Marrow Transplantation 
2004 2014 Member, Committee on Human Research (CHR) Member, Clinical Research Office 


UCSF Cancer Center 
2008 Present Co-Chair, Hematology/Oncology P+T Subcommittee 
2008 2015 Member, CIDP Credentialing Committee 


Service to Professional Organizations 
1. Ad hoc reviewer. BLOOD Journal: 2012 - present. 
2. Ad hoc reviewer. Clinical Leukemia, lymphoma and Myeloma:  2011- present. 
 


C. Selected Peer-Reviewed Publications 
1.   Shimoni A, Gajewski J, Donato M, Martin T, O'Brien S, Huh V, Talpaz M, Cohen A, Korbling M, 
Champlin R, Giralt S: Long-Term Follow-up of Recipients of CD8-depleted Donor Lymphocyte 
Infusions fro the Treatment of Chronic Myelogenous Leukemia Relapsing After Allogeneic Progenitor 
Cell Transplantation. Biology of Blood and Marrow Transplantation. 7:568-575, 2001 
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2.   Hosing C, Munsell M, Yazji S, Andersson B, Couriel D, de Lima M, Donato M, Gajewski J, Giralt S, 
Korbling M, Martin T, Ueno NT, Champlin RE, Khouri IF: Risk of therapy-related myelodysplastic 
syndrome/acute leukemia following high-dose therapy and autologous bone marrow transplantation for 
non-Hodgkin's lymphoma. Annals of Oncology. 13:450-459, 2002 
3.   Thall PF, Inoue LYT and Martin TG: Adaptive Decision Making in a Lymphocyte Infusion Trial. 
Biometrics. 58:560-568, 2002 
4.   Martin TG, Giralt S, Khouri I, Champlin RE: Non-Myeloablative Stem Cell Transplantation for 
Acute Myelogenous Leukemia. Acute Leukemias IX. Hematology and Blood Transfusion. 41:483-484, 
2003 
5.   Gunn N, Damon L, Varosy P, Navarro W, Martin T, Reis C, Linker C. High CD34 Cell Dose 
Promotes Faster Platelet Recovery After Autologous Stem Cell Transplantation for Acute Myeloid 
Leukemia. Biol Blood Marrow Trasplant, 10:643-8, 2003 
6.   Wong R, Giralt SA, Martin T, Couriel DR, Anagnostopoulos A, Hosing C, Andersson BS, Cano P, 
Shahjahan M, Ippoliti C, Estey EH, McMannis J, Gajewski JL, Champlin RE, de Lima M: Reduced-
intensity conditioning for unrelated donor hematopoietic stem cell transplantation as treatment for 
myeloid malignancies in patients older than 55 years. Blood. 102(8):3052-9, 2003 
7.   Khorshid O, de Meis E, Martin T, Jones RB, Shpall EJ, Nieto Y, Khouri I, Shahjahan M, Gajewski J, 
Giralt S, Champlin R, de Lima M: Unrelated umbilical cord blood stem cell transplant after failure of 
haploidentical or matched unrelated donor hematopoietic stem cell transplant. Leukemia. 17(12):2538-40, 
2003 
8.   Couriel DR, Saliba R, Hicks K, Ippoliti C, De Lima MJ, Hosing C, Khouri I, Andersson B, Donato M, 
Gajewski J, Anderlini P, Kontoyiannis DP, Cohen A, Martin T, Giralt S, Champlin R: Tumor necrosis 
factor alpha blockade for the treatment of steroid-refractory acute GVHD. Blood 2004 Aug 1;104(3):649-
54. 
9.   Damon L, Rugo H, Tolaney S, Navarro W, Martin T 3rd, Ries C, Case D, Ault K, Linker C. 
Cytoreduction of lymphoid malignancies and mobilization of blood hematopoietic progenitor cells with 
high doses of cyclophosphamide and etoposide plus filgrastim. Biol Blood Marrow Transplant. 2006 
Mar;12(3):316-24. 
10.  Lekakis L, Giralt S, Couriel D, Shpall EJ, Hosing C, Khouri IF, Anderlini P, Korbling M, Martin T, 
Champlin RE, de Lima M. Phase II study of unrelated cord blood transplantation for adults with high-risk 
hematologic malignancies. Bone Marrow Transplant. 2006 Sep;38(6):421-6.  
11.  de Lima M, Champlin RE, Thall PF, Wang X, Martin TG 3rd, Cook JD, McCormick G, Qazilbash 
M, Kebriaei P, Couriel D, Shpall EJ, Khouri I, Anderlini P, Hosing C, Chan KW, Andersson BS, Patah 
PA, Caldera Z, Jabbour E, Giralt S. Phase I/II study of gemtuzumab ozogamicin added to fludarabine, 
melphalan and allogeneic hematopoietic stem cell transplantation for high-risk CD33 positive myeloid 
leukemias and myelodysplastic syndrome. Leukemia. 2008 Feb;22(2):258-64.  
12.  Damon L, Damon LE, Gaensler K, Kaplan L, Martin T 3rd, Rubenstein J, Linker C. Impact of 
intensive PBSC mobilization therapy on outcomes following auto-SCT for non-Hodgkin's lymphoma. 
Bone Marrow Transplant. 2008 Nov; 42(10):649-57.  
13.   Martin T, Sharma M, Damon L, Kaplan L, Guglielmo BJ, Working M, O'Malley R and Linker C. 
Voriconazole is Safe and Effective as Prophylaxis for Early and Late Fungal Infections Following 
Allogeneic Hematopoietic Stem Cell Transplantation. Transpl Infect Dis. 2010 Feb; 12(1):45-50. 
14.   Martin T and Wolf J. Bortezomib: Safety and Efficacy in the Treatment of Multiple Myeloma. 
Clinical Medicine Reviews in Oncology. 2010 Nov; 10:4137. 
15. Richardson P, Wolf J, Jakubowiak AJ, Zonder J, Lonial S, Irwin D, Densmore J, Krishnan A, Raje N, 
Bar M, Martin T, Schlossman R, Ghobrial I, Munshi N, Laubach J, Allerton J, Hideshima T, Colson K, 
Poradosu E, Gardner L, Sportelli P, Anderson KC.. Perifosine Plus Bortezomib and Dexamethasone 
Extends Progression-Free Survival and Overall Survival in Relapsed/Refractory Multiple Myeloma 
Patients Previously Treated with Bortezomib: Results of a Multicenter Phase l/ll Trial: J Clin Onc: 2011 
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Nov 10; 29(32):4243-9. 


16. McCarthy P, Hofmeister C, Hurd D, Hassoun H, Richardson P, Giralt S, Stadmauer E, Weisdorf D, 
Vij R, Moreb J, Callander N, van Besein K, Gentile T, Isola L, Maziarz R, Gabriel T, Bashey A, Landau 
H, Martin T, Qazilbash M, Levitan D, McClune B, Schlossman R, Hars V, Postiglione J, Jiang C, 
Bennett E, Barry S, Bressler L, Kelley M, Seiler M, Rosenbaum C, Hari P, Pasquini M, Horowitz M, 
Shea T, Devine S, Anderson K, and Linker C. A phase III randomized, double-blind study of maintenance 
therapy with lenalidomide or placebo following autologous hematopoietic cell transplantation for multiple 
myeloma: for the Cancer and Leukemia Group B / Eastern Cooperative Oncology Group / Blood and 
Marrow Transplant Clinical Trials Network. NEJM ; accepted 20-Mar-2012. 


17. Siegel DS, Martin T, Wang M, Vij R, Jakubowiak AJ, Lonial S, Trudel S, Kukreti V, Bahlis N, 
Alsina M, Chanan-Khan A, Buadi F, Reu FJ, Somlo G, Zonder J, Song K, Stewart AK, Stadtmauer E, 
Kunkel L, Wear S, Wong AF, Orlowski RZ, Jagannath S. A phase 2 study of single-agent carfilzomib 
(PX-171-003-A1) in patients with relapsed and refractory multiple myeloma. Blood. 2012 Oct 
4;120(14):2817-25. doi: 10.1182/blood-2012-05-425934. Epub 2012 Jul 25. 


18. Wang M, Martin T, Bensinger W, Alsina M, Siegel D, Kavalerchik E, Huang M, Orlowski RZ, 
Niesvizky R. Phase 2 dose-expansion study (PX-171-006)  of carfilzomib, lenalidomide and low-dose 
dexamethasone in relapsed or progressive multiple myeloma. Blood. 2013 Oct 31; 122(18):3122-8. 


19. Siegel D, Martin T, Nooka A, Harvey RD, Vij R, Niesvizky R, Badros AZ, Jagannath S, McCulloch 
L, Rajangam K, Lonial S. Hematologica. 2013 Nov; 98 (11): 1753-61. 


20. Badros AZ, Vij R, Martin T, Zonder JA, Kunkel L, Wang Z, Lee S, Wong AF, Niesvizky R. 
Carfilzomib in multiple myeloma patients with renal impairment: pharmacokinetics and safety. Leukemia. 
2013 Jan 31. doi: 10.1038/leu.2013.29.  


21. Jakubowiak AJ, Siegel DS, Martin T, Wang M, Vij, R, Lonial S, Trudel, Kukreti V, Bahlis N, Alsina 
M, Chanan-Khan A, Buadi F, Reu FJ, Somlo G, Zonder J, Song K, Stewart AK, Stadtmauer E, Harrison 
B, Wong A, Orlowski RZ, Jagannath S. Treatment outcomes in patients withrelapsed and refractory 
multiple myeloma and high-risk cytogenetics receiving single-agents carfilizomib in the PX-171-003-A1 
study. Leukemia. 2013 Dec; 27(12): 2351-6. 


22. Niesvizky R, Martin TG, Bensinger WI, Alsina M, Siegel DS, Kunkel LA, Wong AF, Lee S, 
Orlowski RZ, Wang M. Phase 1b dose-escalation study (PX-171-006) of carfilzomib, lenalidomide and 
low-dose dexamethasone in relapsed or progressive multiple myeloma. Clin Cancer Res. 2013 Apr 
15;19(8):2248-56. doi: 10.1158/1078-0432.CCR-12-3352. Epub 2013 Feb 27. 


23. Vij R, Mazumder A, Klinger M, O’Dea D, Paasch J, Martin T, Weng L, Park J, Fiala M, Faham M, 
Wolf J. Deep sequencing reveals myeloma cells in peripheral blood in majority of multiple myeloma 
patients. Clin Lymphoma Myeloma Leuk. 2014 Apr 14(2): 131-139 


24. Keller JW, Andreadis C, Damon LE, Kaplan LD, Martin TG, Wolf JL, Ai W, Venstrom JM, Smith 
CC, Gaensler KM, Hwang J, Olin RL. Hematopietic cell transplantation comorbidity index (HCT-CI) is 
predictive of adverse events and overall survival in older allogeneic transplant recipients. J Geriatr Oncol. 
2014 Jun 2: 1879-4068. 


25. Sherbenoub D, Behrensa CR, Sua Y, Wolf J, Martin TG, Liu B. The development of 
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2010 - 2012 Professor, Department of Medicine, Medical Oncology, University of Washington,, Seattle, WA 
2013 -  Director, Solid Tumor Cell Therapy, Center for Cancer Immunology Research, The University 


of Texas MD Anderson Cancer Center, Houston, TX 
2013 -  Professor, Department of Melanoma Medical Oncology, Division of Cancer Medicine, The 


University of Texas MD Anderson Cancer Center, Houston, TX 
2013 -  Professor, Department of Immunology, Division of Cancer Medicine, The University of Texas 


MD Anderson Cancer Center, Houston, TX 


Other Experience and Professional Memberships 
1999 -  Active Staff, Seattle Cancer Care Alliance, Seattle, WA 
2000 -  Active Staff, Swedish Medical Center, Seattle, WA 
2009 - 2013 Affiliate Member, Fred Hutchinson Cancer Research Center (FHCRC), Seattle, WA 


Honors 
1985 Terry Fox Cancer Research Scholarship 1983-1985, Terry Fox Cancer Research 
1989 Medical Research Council of Canada Post-MD Fellowship - 1987-1989 , Medical Research 


Council of Canada 
1991 Stanford University Housestaff Research Award, Stanford University 
1997 National Cancer Institute of Canada Fellowship - 1994-1997 , National Cancer Institute of 


Canada 
2000 Burroughs Wellcome Fund Career Award in Biomedical Sciences - 1995 - 2000 , Burroughs 


Wellcome Fund 
2004 Cancer Research Institute Investgator Award - 2000 - 2004 , Cancer Research Institute 
2006 Damon Runyon-Lilly Foundation, Clinical Investigator Award - 2001 - 2006 , Damon Runyon-


Lilly Foundation 
2009 Elected to American Society for Clinical Investigation, American Society for Clinical 


Investigation 
2012 Clinical Scientist Award in Translational Research - 2006 - 2012, Burroughs Wellcome Fund 


C. Contribution to Science 
1. Adoptive T Cell Therapy  - First-in-human clinical trials 


• Yee C, Thompson JA, Byrd D, Riddell SR, Roche P, Celis E, Greenberg PD. Adoptive T cell therapy 
using antigen-specific CD8+ T cell clones for the treatment of patients with metastatic melanoma: in 
vivo persistence, migration, and antitumor effect of transferred T cells. Proc Natl Acad Sci U S A 
99(25):16168-73, 12/2002. e-Pub 11/2002. PMCID: PMC138583. 


• Hunder NN, Wallen H, Cao J, Hendricks DW, Reilly JZ, Rodmyre R, Jungbluth A, Gnjatic S, Thompson 
JA, Yee C. Treatment of metastatic melanoma with autologous CD4+ T cells against NY-ESO-1. N 
Engl J Med 358(25):2698-703, 6/2008. PMCID: PMC3277288. 


• Chapuis AG, Thompson JA, Margolin KA, Rodmyre R, Lai IP, Dowdy K, Farrar EA, Bhatia S, Sabath 
DE, Cao J, Li Y, Yee C. Transferred melanoma-specific CD8+ T cells persist, mediate tumor 
regression, and acquire central memory phenotype. Proc Natl Acad Sci U S A 109(12):4592-7, 3/2012. 
e-Pub 3/2012. PMCID: PMC3311364. 


• Chapuis AG, Ragnarsson GB, Nguyen HN, Chaney CN, Pufnock JS, Schmitt TM, Duerkopp N, Roberts 
IM, Pogosov GL, Ho WY, Ochsenreither S, Wölfl M, Bar M, Radich JP, Yee C, Greenberg PD (co-
corresponding athors: CY and PDG). Transferred WT1-reactive CD8+ T cells can mediate antileukemic 
activity and persist in post-transplant patients. Sci Transl Med 5(174):174ra27, 2/2013. PMCID: 
PMC3678970. 
 


2. Immune monitoring 
• Lee PP, Yee C, Savage PA, Fong L, Brockstedt D, Weber JS, Johnson D, Swetter S, Thompson J, 


Greenberg PD, Roederer M, Davis MM. Characterization of circulating T cells specific for tumor-
associated antigens in melanoma patients. Nat Med 5(6):677-85, 6/1999. PMID: 10371507. 


• Yee C, Riddell SR, Greenberg PD. In vivo tracking of tumor-specific T cells. Curr Opin Immunol 
13(2):141-6, 4/2001. PMID: 11228405. 
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NAME: Levine, Bruce 
eRA COMMONS USER NAME (agency login):  
POSITION TITLE: Director, Clinical Cell and Vaccine Production Facility 
EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, 
include postdoctoral training and residency training if applicable.)  


INSTITUTION AND LOCATION DEGREE 
(if 


applicable) 


Completion 
Date  


MM/YYYY 


FIELD OF STUDY 


University of Pennsylvania, Philadelphia, 
PA 


BA 05/1984 Biology (Major), History (Minor) 


Johns Hopkins University PHD 03/1992 Immunology and Infectious 
Diseases 


A. Personal Statement 


Dr. Levine has scientific and regulatory expertise and leadership capabilities in the development, 
manufacturing and testing of novel cell, gene, and biologic therapies. He directs the Clinical Cell and Vaccine 
Production Facility, which has been accredited by the Foundation for the Accreditation of Cellular Therapy. Dr. 
Levine produced cells for the first infusions of purified activated CD4+ T cells as adoptive immunotherapy, 
directed the first ever lentiviral transduced cell infusions in HIV and in cancer, and the first infusions of zinc-
finger nuclease-modified CD4 T cells. Under Dr. Levine’s direction, more than 2400 cellular vaccines have 
been developed and administered to over 900 patients, and Dr. Levine has been involved in the development 
of >40 cellular therapy clinical trials since 1996. In addition to expertise in T cells, dendritic cells, and 
mesenchymal stromal cells, he is well acquainted with current Good Manufacturing Practice and other relevant 
regulations and guidelines pertaining to cell and gene therapies issued by the FDA and he is committed to 
keeping the Facility in regulatory compliance. 


1. Kalos M, Levine BL, Porter DL, Katz S, Grupp SA, Bagg A, June CH. T cells with chimeric antigen 
receptors have potent antitumor effects and can establish memory in patients with advanced leukemia. 
Sci Transl Med. 2011 Aug 10;3(95):95ra73. PubMed PMID: 21832238; PubMed Central PMCID: 
PMC3393096.  


2. Porter DL, Levine BL, Kalos M, Bagg A, June CH. Chimeric antigen receptor-modified T cells in chronic 
lymphoid leukemia. N Engl J Med. 2011 Aug 25;365(8):725-33. PubMed PMID: 21830940; PubMed 
Central PMCID: PMC3387277.  


3. Tebas P, Stein D, Tang WW, Frank I, Wang SQ, Lee G, Spratt SK, Surosky RT, Giedlin MA, Nichol G, 
Holmes MC, Gregory PD, Ando DG, Kalos M, Collman RG, Binder-Scholl G, Plesa G, Hwang WT, 
Levine BL, June CH. Gene editing of CCR5 in autologous CD4 T cells of persons infected with HIV. N 
Engl J Med. 2014 Mar 6;370(10):901-10. PubMed PMID: 24597865; PubMed Central PMCID: 
PMC4084652.  


4. Maude SL, Frey N, Shaw PA, Aplenc R, Barrett DM, Bunin NJ, Chew A, Gonzalez VE, Zheng Z, Lacey 
SF, Mahnke YD, Melenhorst JJ, Rheingold SR, Shen A, Teachey DT, Levine BL, June CH, Porter DL, 
Grupp SA. Chimeric antigen receptor T cells for sustained remissions in leukemia. N Engl J Med. 2014 
Oct 16;371(16):1507-17. PubMed PMID: 25317870; PubMed Central PMCID: PMC4267531.  


B. Positions and Honors 


Positions and Employment 
1995 - 1999 Director, Clinical Cell Production Facility, Henry M. Jackson Foundation, Hospital and/or 
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Administrative Appointment, Philadelphia, PA 
1997 - 1999 Research Assistant Professor of Medicine , Uniformed Services, University of the Health 


Sciences, Faculty Appointment, Bethesda, MD 
1999 -  Director, Clinical Cell and Vaccine Production Facility, University of Pennsylvania Department 


of Pathology and Laboratory Medicine, Perelman School of Medicine and Abramson Cancer 
Center, Hospital and/or Administrative Appointment, Phialdelphia, PA 


1999 - 2002 Research Assistant Professor of Molecular and Cellular Engineering, University of 
Pennsylvania School of Medicine , Faculty Appointment, Philadelphia , PA 


2002 - 2005 Research Assistant Professor of Pathology and Laboratory Medicine, , University of 
Pennsylvania School of Medicine , Faculty Appointment, Philadelphia, PA 


2005 - 2012 Research Associate Professor of Pathology and Laboratory Medicine, University of 
Pennsylvania School of Medicine , Faculty Appointment, Philadelphia, PA 


2012 - 2013 Associate Professor of Pathology and Laboratory Medicine, Hospital of the University of 
Pennsylvania, University of Pennsylvania School of Medicine , Faculty Appointment, 
Philadelphia, PA 


2013 - 2014 Barbara and Edward Netter Associate Professor in Cancer Gene Therapy, University of 
Pennsylvania School of Medicine , Faculty Appointment, Philadelphia, PA 


2014 -  Barbara and Edward Netter Professor in Cancer Gene Therapy, University of Pennsylvania 
School of Medicine , Faculty Appointment, Philadelphia, PA 


Other Experience and Professional Memberships 
1978 - 1984 Laboratory Assistant, The Wistar Institute of Anatomy and Biology 
1984 - 1986 Research Technician, Division of Infectious Diseases, The Children's Hospital of Philadelphia 
1996 - 1999 Staff Scientist, Henry M. Jackson Foundation, Naval Medical Research Institute, National 


Naval Medical Center 
1999 -  Member, Abramson Cancer Center of the University of Pennsylvania  


Honors 
1991 Honorable Mention, The Frederik Bang Award for Student Research 
1995 Sustained Superior Performance Award, 1997, The Henry M. Jackson Foundation 
1997 New Investigator Award, Clinical Immunology Society 
1997 Dynal Literature Award for 1996, Clinical Immunology Society 
2004 Best Abstract Award , International Society for Cellular Therapy Annual Meeting 
2007 Best Abstract Award , International Society for Cellular Therapy Annual Meeting 
2011 Highest Rated Scientific Abstract (blinded review), International Society for Cellular Therapy 


17th Annual Meeting 
2011 Discover Magazine Top 100 Stories of 2011: #2 Designer Cells Block HIV, , 


http://discovermagazine.com/2012/jan-feb/02; #10 Leukemia Cure, 
http://discovermagazine.com/2012/jan-feb/10 


2012 Science Translational Medicine Top Downloaded paper for 2011, T cells with chimerical 
antigen receptors have potent antitumor effects and can establish memory in patients with 
advanced leukemia" 


2014 Dr. Audrey E. Evans Award of Excellence, Philadelphia Ronald McDonald House 
2015 Clinical Research Achievement Award, Clinical Research Forum for Gene editing of CCR5 in 


autologous CD4 T cells of persons infected with HIV 
2015 Best Oral Abstract Award, International Society for Cellular Therapy Annual Meeting 


C. Contribution to Science 


1. Chimeric Antigen Receptor T-cells for Leukemia and Lymphoma – Dr. Levine’s facility has supported the 
development and clinical investigation of an approach which utilizes a lentiviral vector expressing a 
chimeric antigen receptor with specificity for the B-cell antigen CD19 (CART19/CTL019). In August 2011, 
publication of results in three patients with relapsed/refractory CLL in NEJM and Science Translational 
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Medicine reported two complete responses and a partial response. Infused CART19 cells expanded 
>1000-fold in vivo, trafficked to bone marrow, and continued to express functional CARs at high levels. 
Each infused CART19 cell was calculated to eradicate between 1000 and 93,000 CLL cells. Calculation of 
tumor burden indicated that 3.5 to 7.8 pounds of tumor was killed in each patient over several weeks. The 
CR subjects have no evidence of leukemia 5 years after infusion. To date, approximately 50 
relapsed/refractory CLL patients have been treated, with an overall response rate of ~45%. Since 2012, 
>100 children and adults with relapsed/refractory ALL subjects have now been treated with an 
extraordinary Complete Response rate of 90%. This investigational therapy received Breakthrough 
Designation from the FDA in July 2014. Including recently opened trials in lymphoma and myeloma, over 
200 subjects have now received CART19 (CTL019) modified T cells at HUP or CHOP and another 15 at 
collaborating institutions on a multi-center clinical trial.  


a. Kalos M, Levine BL, Porter DL, Katz S, Grupp SA, Bagg A, June CH. T cells with chimeric antigen 
receptors have potent antitumor effects and can establish memory in patients with advanced leukemia. 
Sci Transl Med. 2011 Aug 10;3(95):95ra73. PubMed PMID: 21832238; PubMed Central PMCID: 
PMC3393096.  


b. Porter DL, Levine BL, Kalos M, Bagg A, June CH. Chimeric antigen receptor-modified T cells in chronic 
lymphoid leukemia. N Engl J Med. 2011 Aug 25;365(8):725-33. PubMed PMID: 21830940; PubMed 
Central PMCID: PMC3387277.  


c. Grupp SA, Kalos M, Barrett D, Aplenc R, Porter DL, Rheingold SR, Teachey DT, Chew A, Hauck B, 
Wright JF, Milone MC, Levine BL, June CH. Chimeric antigen receptor-modified T cells for acute 
lymphoid leukemia. N Engl J Med. 2013 Apr 18;368(16):1509-18. PubMed PMID: 23527958; PubMed 
Central PMCID: PMC4058440.  


d. Maude SL, Frey N, Shaw PA, Aplenc R, Barrett DM, Bunin NJ, Chew A, Gonzalez VE, Zheng Z, Lacey 
SF, Mahnke YD, Melenhorst JJ, Rheingold SR, Shen A, Teachey DT, Levine BL, June CH, Porter DL, 
Grupp SA. Chimeric antigen receptor T cells for sustained remissions in leukemia. N Engl J Med. 2014 
Oct 16;371(16):1507-17. PubMed PMID: 25317870; PubMed Central PMCID: PMC4267531. 


e. Porter DL, Hwang WT, Frey NV, Lacey SF, Shaw PA, Loren AW, Bagg A, Marcucci KT, Shen A, 
Gonzalez V, Ambrose D, Grupp SA, Chew A, Zheng Z, Milone MC, Levine BL, Melenhorst JJ, June 
CH: Chimeric antigen receptor T cells persist and induce sustained remissions in relapsed refractory 
chronic lymphocytic leukemia. Science Translational Medicine 7(303): 303ra139, September 2015. 
PubMed PMID: 26333935.  


2. First-in-human gene editing trial in HIV - Persons homozygous for a 32-bp deletion in the gene for CCR5, 
the major coreceptor for HIV, are inherently resistant to HIV infection. Dr. Levine and colleagues at Penn 
validated the strategy of using zinc finger proteins conjugated to bacterial endonucleases to edit the 
genome at the site of this naturally occurring mutation. CCR5 was targeted for gene editing by ZFNs to test 
the safety and feasibility of rendering the CCR5 gene permanently dysfunctional, thereby mimicking the 
homozygous delta32 condition. In a clinical trial reported in NEJM in March, 2014, the team reported that 
CCR5 gene edited autologous CD4 T cells readily engraft and persist after adoptive transfer in HIV-
infected persons and may provide CD4 T cells with a selective advantage. The estimated half-life of 
modified cells was 48 weeks, and during treatment interruption for patients in cohort one, the decline in 
circulating CCR5-modified cells was significantly less than the decline in unmodified cells. Overall, the 
observed relative survival advantage of the CCR5 gene-modified cells during treatment interruption 
suggests that genome editing at the CCR5 locus confers a selective advantage to CD4 T cells in patients 
infected with HIV. This study hence demonstrates the safety and feasibility of targeted genome editing as a 
strategy for introducing a disease-resistant allele. Dr. Levine and colleagues have opened a follow on 
clinical trial that delivers the zinc finger nuclease through RNA electroporation. 


a. Maier DA, Brennan AL, Jiang S, Binder-Scholl GK, Lee G, Plesa G, Zheng Z, Cotte J, Carpenito C, 
Wood T, Spratt SK, Ando D, Gregory P, Holmes MC, Perez EE, Riley JL, Carroll RG, June CH, Levine 
BL. Efficient clinical scale gene modification via zinc finger nuclease-targeted disruption of the HIV co-
receptor CCR5. Hum Gene Ther. 2013 Mar;24(3):245-58. PubMed PMID: 23360514; PubMed Central 
PMCID: PMC3609630.  
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Recently Completed Research Support  
 
1U19AI082628-2 (June)     4/01/09 – 3/31/14   
NIH/NIAID Combination immunotherapy with gene modified CD4 and CD8 T cells and stem cells 
 
1-R01-AI-104400-01 (June)     8/1/2012 – 7/31/2013            .    
NIH Role of co-receptor modified cells in HIV infection 
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~) National Institutes of .Health 


Edward A. Stadtmauer, M.D. 
Professor of Medicine 
Chief, Hematologic Ma lignanc ies Section 
Hematology-Onco logy Division 
Co-Leader, Hematologic Mal ignancies Program 


and Translational Center of Excellence 


July 7th, 2016 


The Ruth and Raymond Perelman Center for Advanced Medicine 
West Pavili on, 2nd Floor 
13400 Civic Center Boulevard 
Phi ladelphia , PA, 191 04 


U.S. Public Health Serv1ce 
Bethesda, Maryland 20892 


Off1ce of Sc1ence Policy 
Nat1onal Institutes of Health 
6705 Rockledge Dnve 
SUite 750, MSC 7985 
Bethesda, MD 20892-7985 
(301 ) 496-9838 (Phone) 
(301) 496-9839 (Fax) 
http 1/osp od n1h gov/ 


RE: Protocol # 1604 1524 titled: Phase I Trial of Autologous T Cells Engmeered to Express NYES0-1 
TCR and Gene Edited to Eluninate Endogenous TCR and PD-1 


Dear Dr. Stadtmauer: 


On behalf of the National Institutes of Health (NTH) and the NTH Recombinant DNA Advisory 
Committee (RAC), I want to thank you and your colleagues for patticipating in the June 2 I, 2016, 
meetin g of the RAC. This letter conveys the major observations and recommendations that need to be 
addressed following RAC review per Appendix M-1-B-2 of the NIH Guidelines for Research involving 
Recombinant or Synthetzc Nucleic Acid Molecules (NIH Guidelines). 


As you kno>v, during its pre liminary review of your protocol, the RAC identified a-number of issues that 
they assessed warranted in-depth review and public discussion. Prior to the RAC meeting, you received 
and had an opportunity to address comments of the RAC reviewers. The RAC appreciated your 
responsiveness to the reviewers' questions prior to and during the meeting as well as your will ingness to 
consider suggested changes to the protoco l and to the informed consent document. 


The NIH makes the fo llow ing observations and recommendations regarding your trial based upon the 
input provided at the June 20 I 6 RAC meeting. 


Cl in ical and Trial Design 


I. Consider collaborating on more sensitive assays to detect translocations that cou ld possibly result 
from the simultaneous edi ting of three different loci by the CRISPR/Cas9 system. 
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2. Given the existence of financial conflicts of interest (FCOI) at the University of Pennsylvania, 
consider additional mechanisms that could be used to mitigate FCOis in the trial on the part of the 
University of Pennsylvania and its investigators. Such mechanisms could include, for example, 
blinded data analysis and/or use of an independent data safety monitoring committee (that is 
independent of individual and institutional conflicts of interests) to evaluate inclusion and 
exclusion criteria. 


3. Consider reviewing the policies for reimbursement of travel and housing costs of research 
participants and their families. 


4. Consider including payment for cancer tests needed for this study. 


Ethical. Legal. and Social Issues 


5. Consider adding a statement in the informed consent document indicating that although a 
research participant may withdraw from or be taken off the study, it may be impossible to reverse 
the effects of the infusion or remove the cells. 


6. Strongly urge adding details of the FCOI of all parties in the informed consent document. 


7. Clarify the role of Novartis (or lack thereof) in the informed consent document. 


8. Consider adding language in the informed consent document, as follows: 
• Explaining that this protocol involves the first-in-human use of the CRISPR/Cas9 system. 
• Changing the term "study doctor" to "investigator." 
• Clarifying that this is a Phase I trial, and it is very unlikely that the research participant 


will receive any benefit. 


The principal investigator and the institution are responsible for ensuring that no research participants are 
enrolled in these protocols until final approvals from the Institutional Biosafety Committee (IBC) and 
Institutional Review Board (IRB), as well as all applicable regulatory authorizations, have been obtained. 
Protocol review by the RAC is not a substitute for IBC and IRB review, and the RAC discussion and 
recommendations should not limit the scope of the issues considered by the IBC and IRB. The webcast 
ofthe RAC meeting is available at: http://videocast.nih.gov. 


As you proceed with the initiation ofyour protocol, Appendix M-1-C-1 ofthe NIHGuidelznes specifies 
additional documentation that the principal investigator must submit to this office no later than 30 days 


· after enrollment of the first research participant. A copy of this and other sections of the NIH Guidelines 
that outline additional reporting requirements are enclosed. Also enclosed, you will find a brochure on 
the Genetic Modification Clinical Research Information System (GeMCRIS-
http://www.gemcris.od.nih.gov/), our web-based data system for human gene transfer trials that was 
developed in collaboration with the Food and Drug Administration (FDA) and is specifically designed to 
facilitate safety reporting. As an investigator on, or sponsor of, a human gene transfer trial, this system is 
available to you for electronic reporting of serious adverse events (SAEs) and annual reports. A hard 
copy of the electronic report can be printed and used to fulfill FDA reporting requirements. Please note 
that sponsors who wish to assume sole responsibility for reporting clinical trial safety information must 
provide OSP with letters of delegation from the principal investigator as specified in Appendix M-I-C-4 
of the NIH Guidelines. 


To access the system electronically, you simply need to submit a request to our office to 
HGTProtocols@mail.nih.gov. Access is available to you and other clinical and regulatory personnel 
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whom you authorize in writing. We will provide you with a unique user ID that will allow you to enter 
the system and obtain your secure password. The enclosed brochure outlines the infonnation that should 
be included in your request. We are available to assist you if you have any questions. 


If you decide that you prefer to submit a paper report for an SAE, you may use the template that is 
available on our Web site as a Word file (http://osp.od.nih.gov/office-biotechnology-activities/hgt-
guidance-pis-and-trial-participants/template-reporting-adverse-events-human-gene-transfer-trials). This 
template will also be accepted by the FDA. 


The Web site of the NIH Office of Science Policy (http://osp.od.nih.gov/office-biotechnology-activities) 
includes a copy of the complete NIH Guidelines, minutes of RAC meetings, and information about gene 
transfer research protocols registered with our office. Contact information for our office is as follows: 


Office of Science Policy 
National Institutes of Health 
6705 Rockledge Drive, Suite 750 
Bethesda, Maryland 20892-7985 (20817 for non-USPS mail) 
Phone: 301-496-9838; Fax: 301-496-9839 


Thank you for your detailed responses to the questions from the RAC reviewers that you provided to us at 
the meeting. Please let us know if you have any questions about these recommendations or the 
requirements of the NIH Guidelines. 


Enclosure 


cc (letter only): 


Sincerely, 


~}¥rC~ 
~sica M. Tucker, Ph.D. 
Director, Division of Biosafety, Biosecurity, and 


Emerging Biotechnology Policy 
Office of Science Policy 
National Institutes of Health 


Carrie D. Wolinetz, Ph.D.; Associate Director for Science Policy; NIH 
Daniel Kessler, Ph.D., IBC Chair University of Pennsylvania 
IRB contact 
Denise Gavin, Ph.D.; Chief, Gene Therapy Branch; Office of Cellular, Tissue and Gene 


Therapies; CBER; FDA; DHHS 
Kristina C. Borror, Ph.D.; Director, Division of Compliance Oversight; Office for Human Research 


Protections; OS; DHHS 
RAC Members 







Reporting Requirements of the 
NIH Guidelines for Research Involvi11g Recombinant or Synthetic Nucleic Acid Molecules 


(Appendix M-1-C) 


Appendix M-1-C-1. Initiation of the Clinical Investigation 


No later than 30 days after enrollment (see definition of enrollment in Section 1-E-7) of the first research 
participant in a human gene transfer experiment, the Principal lnvestigator(s) shall submit the following 
documentation to NIH OSP: (I) a copy of the informed consent document(s) approved by the 
Institutional Review Board (IRB); (2) a copy of the protocol approved by the Institutional Biosafety 
Committee (IBC) and IRB; (3) a copy of the final IBC approval from the clinical trial site; ( 4) a copy of 
the final IRB approval; (5) a brief written report that includes the following information: (a) how the 
investigator(s) responded to each of the RAC's recommendations on the protocol (if applicable); and (b) 
any modifications to the protocol as required by FDA; (6) applicable NIH grant number(s); (7) the FDA 
Investigational New Drug Application (IND) number; and (8) the date of the initiation of the trial. The 
purpose of requesting the FDA IND number is for facilitating interagency collaboration in the Federal 
oversight of human gene transfer research. 


Appendix M-1-C-2. Additional Clinical Trial Sites 


For a clinical trial site that is added after the completion of the NIH protocol registration process, no 
research participant shall be enrolled (see definition of enrollment in Section I-E-7) at the clinical trial site 
until IBC approval and IRB approval from that site have been obtained. Within 30 days of enrollment 
(see definition of enrollment in Section I-E-7) at a clinical trial site, the following documentation shall be 
submitted to NIH OSP: (1) Institutional Biosafety Committee approval (from the clinical trial site); (2) 
Institutional Review Board approval; (3) Institutional Review Board-approved informed consent 
document(s); and ( 4) NIH grant number(s) if applicable. 


Appendix M-1-C-3. Annual Reports 


Within 60 days after the one-year anniversary of the date on which the investigational new drug (lND) 
application went into effect, and after each subsequent anniversary until the trial is completed, the 
Principal Investigator (or delegate) shall submit the information set forth in (a), (b), and (c). When 
multiple studies are conducted under the single IND, the Principal Investigator (or delegate) may choose 
to submit a single annual report covering all studies, provided that each study is identified by its NIH 
protocol number. 


(a) Clinical Trial Information. A brief summary of the status of each trial in progress and each trial 
completed during the previous year. The summary is required to include the following information for 
each trial: (l) the title and purpose of the trial; (2) clinical site; (3) the Principal Investigator; (4) clinical 
protocol identifiers, including the NIH protocol number, NIH grant number(s) (if applicable), and the 
FDA IND application number; (5) participant population (such as disease indication and general age 
group, e.g., adult or pediatric); ( 6) the total number of participants planned for inclusion in the trial; the 
number entered into the trial to date; the number whose participation in the trial was completed; and the 
number who dropped out of the trial with a brief description of the reasons; (7) the status of the trial, e.g., 
open to accrual of subjects, closed but data collection ongoing, or fully completed, and (8) if the trial has 
been completed, a brief description of aBy study results. 


(b) Progress Report and Data Analysis. Information obtained during the previous year's clinical and non-
clinical investigations, including: (1) a narrative or tabular summary showing the most frequent and most 
serious adverse experiences by body system; (2) a summary of all serious adverse events submitted 
during the past year; (3) a summary of serious adverse events that were expected or considered to have 
causes not associated with the use of the gene transfer product such as disease progression or concurrent 
medications; ( 4) if any deaths have occurred, the number of participants who died during participation in 
the investigation and causes of death; and (5) a brief description of any information obtained that is 







pertinent to an understanding of the gene transfer product's actions, including, for example, information 
about dose-response, information from controlled trials, and information about bioavailability. 


(c) A copy of the updated clinical protocol including a technical abstract. 


Appendix M-1-C-4. Safety Reporting 


Principal Investigators must submit, in accordance with this section, Appendix M-I-C-4-a and Appendix 
M-1-C-4-b, a written report on: (1) any serious adverse event that is both unexpected and associated with 
the use of the gene transfer product (i.e., there is reasonable possibility that the event may have been 
caused by the use of the product; investigators should not await definitive proof of association before 
reporting such events); and (2) any finding from tests in laboratory animals that suggests a significant risk 
for human research participants including reports of mutagenicity, teratogenicity, or carcinogenicity. The 
report must be clearly labeled as a "Safety Report" and must be submitted to the NIH Office of Science 
Policy (NIH OSP) and to the local Institutional Biosafety Committee within the timeframes set forth in 
Appendix M-1-C-4-b. 


Principal Investigators should adhere to any other serious adverse event reporting requirements in 
accordance with federal regulations, state laws, and local institutional policies and procedures, as 
applicable. 


Principal Investigators may delegate to another party, such as a corporate sponsor, the reporting functions 
set forth in Appendix M, with written notification to the NIH OSP of the delegation and of the name(s), 
address, telephone and fax numbers of the contact(s). The Principal Investigator is responsible for 
ensuring that the reporting requirements are fulfilled and will be held accountable for any reporting 
lapses. 


The three alternative mechanisms for reporting serious adverse events to the NIH OSP are: by e-mail to: 
HGTprotocols@mail.nih.gov; by fax to 301-496-9839; or by mail to the Office of Science Policy, 
National Institutes of Health, MSC 7985, 6705 Rockledge Drive, Suite 750, Bethesda, Maryland 20892-
7985 (20817 for non-USPS mail). 


Appendix M-1-C-4-a. Safety Reporting: Content and Format 


The serious adverse event report must include, but need not be limited to: ( 1) the date of the event; (2) 
designation of the report as an initial report or a follow-up report, identification of all safety reports 
previously filed for the clinical protocol concerning a similar adverse event, and an analysis of the 
significance of the adverse event in light of previous similar reports; (3) clinical site; ( 4) the Principal 
Investigator; (5) NIH Protocol number; (6) FDA's Investigational New Drug (IND) Application number; 
(7) vector type , e.g., adenovirus; (8) vector subtype, e.g., type 5, relevant deletions; (9) gene delivery 
method, e.g., in vivo, ex vivo transduction; ( 1 0) route of administration, e.g., intratumoral, intravenous; 
(11) dosing schedule; (12) a complete description of the event; (13) relevant clinical observations; (14) 
relevant clinical history; (15) relevant tests that were or are planned to be conducted; (16) date of any 
treatment of the event; and (17) the suspected cause of the event. These items may be reported by using 
the recommended Adverse Event Reporting Template available on NIH OSP's web site at: 
http://osp.od.nih.gov/oftice-biotechnology-activities/biomedical-technology-assessment/hgt/gemcrjs, the 
FDA MedWatch forms, or other means provided that all of the above elements are specifically included. 


Reports from laboratory animal studies as delineated in Appendix M-1-C-4 must be submitted in a 
narrative format. 


Appendix M-1-C-4-b. Safety Reporting: Time frames for Expedited Reports 


Any serious adverse event that is fatal or life-threatening, that is unexpected, and associated with the use 
of the gene transfer product must be reported to the NIH OSP as soon as possible, but not later than 7 







calendar days after the sponsor's initial receipt of the information (i.e., at the same time the event must be 
reported to the FDA). 


Serious adverse events that are unexpected and associated with the use of the gene transfer product, but 
are not fatal or life-threatening, must be reported to the NIH OSP as soon as possible, but not later than 15 
calendar days after the sponsor's initial receipt of the information (i.e., at the same time the event must be 
reported to the FDA). 


Changes in this schedule are permitted only where, under the FDA IND regulations [21 CFR 312(c)(3)], 
changes in this reporting schedule have been approved by the FDA and are reflected in the protocol. 


If, after further evaluation, an adverse event initially considered not to be associated with the use of the 
gene transfer product is subsequently determined to be associated, then the event must be reported to the 
NIH OSP within 15 days ofthe determination. 


Relevant additional clinical and laboratory data may become available following the initial serious 
adverse event report. Any follow-up information relevant to a serious adverse event must be reported 
within 15 calendar days of the sponsor's receipt of the information. If a serious adverse event occurs after 
the end of a clinical trial and is determined to be associated with the use of the gene transfer product, that 
event shall be reported to the NIH OSP within 15 calendar days of the determination. 


Any finding from tests in laboratory animals that suggests a significant risk for human research 
participants including reports of mutagenicity, teratogenicity, or carcinogenicity must be reported as soon 
as possible, but not later than 15 calendar days after the sponsor's initial receipt of the information (i.e., at 
the same time the event must be reported to the FDA). 


Appendix M-1-C-5. Confidentiality 


Data submitted in accordance with Appendix M-I-C that are claimed to be confidential commercial or 
trade secret information must be clearly labeled as such. Prior to making its determination about the 
confidentiality of data labeled confidential commercial or trade secret, the NIH will contact the Principal 
Investigator or delegate to ascertain the basis for the claim and subsequently will notify the Principal 
Investigator or delegate of its final determination regarding the claim. 


If NIH determines that the data so labeled are confidential commercial or trade secret and that their public 
disclosure would promote an understanding of key scientific or safety issues, the NIH will seek agreement 
from the appropriate party to release such data. Public discussion of scientific and safety issues raised by 
data submitted in accordance with Appendix M-1-C is vital to informing both investigators and human 
subjects about the safety of gene transfer research. 


To protect the privacy of participants in gene transfer research, any serious adverse event or annual 
reports submitted to NIH OSP must not contain any information that would identify the human research 
participants. 
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Office of Science Policy
National Institutes of Health
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May 17, 2016


Edward A. Stadtmauer, M.D.
Professor of Medicine
Chief, Hematologic Malignancies Section
Hematology-Oncology Division
Co-Leader, Hematologic Malignancies Program


and Translational Center of Excellence
The Ruth and Raymond Perelman Center for Advanced Medicine
West Pavilion, 2nd Floor
13400 Civic Center Boulevard
Philadelphia, PA, 19104


RE: In-depth Review and Public Discussion of Protocol #1604 1524 titled: Phase I Trial of
Autologous T Cells Engineered to Express NYESO-1 TCR and Gene Edited to Eliminate
Endogenous TCR and PD-1


Dear Dr. Stadtmauer:


I am writing to notify you that members of the NIH Recombinant DNA Advisory Committee (RAC) have
completed the initial review of your protocol (registered by the National Institutes of Health (NIH) Office
of Science Policy (OSP) as Protocol #1604-1524) and found it to warrant in-depth review and public
discussion.


This trial will employ a gene editing strategy using CRISPR/Cas9 to delete the endogenous TCR and PD-
1 genes. Members of the RAC would like further discussion of this first-in-human combination of
immunotherapy (autologous T cells engineered to express NY-ESO-1 TCR) and gene editing using the
CRISPR/Cas9 system.


Your protocol is scheduled for public review during the June RAC meeting, which will be held June 21-
23, 2016, in Bethesda, MD. A 20-30 minute overview of your protocol should be presented, and you
and/or other investigators should be available to respond to any additional questions during the discussion
of this protocol.


In preparation for the public meeting, your protocol will now undergo a more thorough review by
members of the RAC and possible ad hoc consultants. Their written comments and questions will be
forwarded to you approximately two weeks before the RAC meeting. Your written responses to those
comments should be submitted to OSP approximately one week prior to the RAC meeting.


Please note that, in accordance with the NIH Guidelines for Research Involving Recombinant or Synthetic
Nucleic Acid Molecules (NIH Guidelines) research participants may not be enrolled in human gene
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transfer protocols until: (1) the RAC review process has been completed; (2) Institutional Biosafety
Committee (EBC) approval (from the clinical trial site) has been obtained; (3) Institutional Review Board
(IRB) approval has been obtained; and (4) all applicable regulatory authorization(s) have been obtained.
"Enrollment" is defined in Section I-E-7 of the NIH Guidelines as the process of obtaining informed
consent from a potential research participant, or a designated legal guardian of the participant, to undergo
a test or procedure associated with the gene transfer experiment.


As the RAC meeting agenda becomes finalized, we will notify you of the specific date and time of the in-
depth review and public discussion of your protocol.


Thank you for your conscientious attention to the requirements of the NIH Guidelines. If you have any
questions about plans for the RAC discussion of your protocol, please contact us.


Attachment: Outcome of the Initial Review by RAC Members


cc: Carrie D. Wolinetz, Ph.D.; Associate Director for Science Policy; NIH
Daniel Kessler, Ph.D.; IBC Chair
IRB contact
RAC Chair and Members
Denise Gavin, Ph.D.; Chief, Gene Therapy Branch; Office of Cellular, Tissue and Gene


Therapies; CBER; FDA; DHHS
Kristina C. Borror, Ph.D.; Director, Division of Compliance Oversight; Office for Human


Research Protections; OS; DHHS


Sincerely,


Jessica M. Tucker, Ph.D.
Director, Division of Biosafety, Biosecurity, and


Emerging Biotechnology Policy
Office of Science Policy
National Institutes of Health







Page 3 - Dr. Stadtmauer


OUTCOME OF THE INITIAL REVIEW BY RAC MEMBERS


Human Gene Transfer Protocol: #1604-1524


Principal Investigator(s): Edward A. Stadtmauer, M.D.; Professor of Medicine; Chief, Hematologic
Malignancies Section; Hematology-Oncology Division; Co-Leader, Hematologic Malignancies Program
and Translational Center of Excellence


Submitter: Elizabeth A. Veloso, JD, BSN; Director, CCI Clinical Safety and Regulatory Development;
CCI Safety and Study Monitoring; Center for Cellular Immunotherapies; University of Pennsylvania


Title: Phase I Trial of Autologous T Cells Engineered to Express NYESO-1 TCR and Gene Edited to
Eliminate Endogenous TCR and PD-1


In-depth Review and Public RAC Discussion Required: Atkins, Cannon, Kiem, Ross, Zoloth,
Donahue, Cho, Hearing, McCarty, Pilewski


Recused: none







From: Pilewski, Joseph
To: Rosenthal, Eugene (NIH/OD) [E]
Subject: RE: NIH OSP 1604-1524 (due 05/17/2016)/For review
Date: Monday, May 16, 2016 11:19:05 PM


Thanks Gene.  The novelty of the gene modification merits detailed review and public discussion.
Joe Pilewski



mailto:pilewskijm@upmc.edu
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https://secureemail.nih.gov/bds/Login.do?id=A06434852756&p1=z9j21o5sbhfefjgdighlccjidj20

mailto:rosenthg@mail.nih.gov





From: Mccarty, Douglas
To: Rosenthal, Eugene (NIH/OD) [E]
Subject: 1604-1524/For review
Date: Tuesday, May 03, 2016 5:39:01 PM


Dear Eugene,
I agree that Protocol 1604-1524 requires in-depth review and public discussion due to the use of
gene editing technology targeting two different loci along with gene replacement for the TCR. This is
extensive editing in a heterogeneous population of cells and assays for off-target effects should be
carefully evaluated.
 
 
Douglas M. McCarty, Ph.D.
Center for Gene Therapy
The Research Institute at Nationwide Children’s Hospital
Associate Professor, Department of Pediatrics
The Ohio State University College of Medicine
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From: Patrick Hearing
To: Rosenthal, Eugene (NIH/OD) [E]
Subject: Re: NIH OSP 1604-1524 (due 05/17/2016)/For review
Date: Monday, May 02, 2016 10:24:40 AM


Requires in-depth review and public RAC discussion since it is a first-in-human trial using CRISPR/Cas9
gene editing.


-- 
patrick.hearing@stonybrook.edu


Dr. Patrick Hearing
Dept. Molecular Genetics and Microbiology
School of Medicine
Life Sciences 130
Stony Brook University
Stony Brook, NY 11794-5222


Phone: 631-632-8813
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From: Mildred K Cho
To: Kevin Donahue
Cc: Laurie S Zoloth; Hans-Peter Kiem; Rosenthal, Eugene (NIH/OD) [E]; Michael B. Atkins; Paula Cannon; Curry 


William T; Hardison, Angelica; Hearing Patrick; Kaufman, Howard; McCarty, Douglas; Pilewski Joseph; Ross, 
Lainie; Whitley, Rich; Wooley Dawn; Tucker, Jessica (NIH/OD) [E]; Gavin, Denise K (FDA/CBER); Vatsan, Ramjay 
(FDA/CBER); Borror, Kristina C (HHS/OASH)


Subject: Re: NIH OSP 1604-1524 (due 05/17/2016)/For review
Date: Sunday, May 01, 2016 11:51:10 PM


I agree this needs public review because of the novelty of the approach.


Mildred Cho, Professor  Stanford Department of Pediatrics | Associate Director  Stanford Center for Biomedical Ethics
1215 Welch Road, Modular A Room 71A | Stanford, CA 94305-5417 | cirge.stanford.edu
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From: Kevin Donahue
To: Laurie S Zoloth
Cc: Hans-Peter Kiem; Rosenthal, Eugene (NIH/OD) [E]; Michael B. Atkins; Paula Cannon; Cho, Mildred; Curry William


T; Hardison, Angelica; Hearing Patrick; Kaufman, Howard; McCarty, Douglas; Pilewski Joseph; Ross, Lainie;
Whitley, Rich; Wooley Dawn; Tucker, Jessica (NIH/OD) [E]; Gavin, Denise K (FDA/CBER); Vatsan, Ramjay
(FDA/CBER); Borror, Kristina C (HHS/OASH)


Subject: Re: NIH OSP 1604-1524 (due 05/17/2016)/For review
Date: Sunday, May 01, 2016 7:31:44 AM


I agree with the need for public review. 
Kevin


-- 
J. Kevin Donahue, MD
Professor of Medicine
Director of Electrophysiology Research
the University of Massachusetts Medical School
Sherman Center, 7-1043
368 Plantation St.
Worcester, MA 01605
(774) 455-3866
donahuelab@gmail.com



mailto:donahuelab@gmail.com

mailto:lzoloth@northwestern.edu

mailto:hkiem@fhcrc.org

mailto:rosenthg@od.nih.gov

mailto:mba41@georgetown.edu

mailto:pcannon@usc.edu

mailto:micho@stanford.edu

mailto:WCURRY@mgh.harvard.edu

mailto:WCURRY@mgh.harvard.edu

mailto:awalden@gru.edu

mailto:patrick.hearing@stonybrook.edu

mailto:Howard.kaufman@rutgers.edu

mailto:Douglas.McCarty@nationwidechildrens.org

mailto:pilewskijm@upmc.edu

mailto:lross@uchicago.edu

mailto:rwhitley@peds.uab.edu

mailto:dawn.wooley@wright.edu

mailto:jessica.tucker@nih.gov

mailto:Denise.Gavin@fda.hhs.gov

mailto:Ramjay.Vatsan@fda.hhs.gov

mailto:Ramjay.Vatsan@fda.hhs.gov

mailto:Kristina.Borror@hhs.gov





From: Laurie S Zoloth
To: Hans-Peter Kiem
Cc: Rosenthal, Eugene (NIH/OD) [E]; Michael B. Atkins; Paula Cannon; Cho, Mildred; Curry William T; Donahue,


Kevin; Hardison, Angelica; Hearing Patrick; Kaufman, Howard; McCarty, Douglas; Pilewski Joseph; Ross, Lainie;
Whitley, Rich; Wooley Dawn; Tucker, Jessica (NIH/OD) [E]; Gavin, Denise K (FDA/CBER); Vatsan, Ramjay
(FDA/CBER); Borror, Kristina C (HHS/OASH)


Subject: Re: NIH OSP 1604-1524 (due 05/17/2016)/For review
Date: Saturday, April 30, 2016 11:31:14 PM


I agree. We need to understand more about this new technology. 


Laurie Zoloth, Ph.D


Professor


Sent from my iPhone
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From: Ross, Lainie [PED]
To: "Paula Cannon"; Michael B. Atkins; Rosenthal, Eugene (NIH/OD) [E]; "Cho, Mildred"; "Curry William T"; Donahue,


Kevin; Hardison, Angelica; Hearing Patrick; "Kaufman, Howard"; "Kiem, Hans Peter"; "McCarty, Douglas"; "Pilewski
Joseph"; Ross, Lainie; Whitley, Rich; "Wooley Dawn"; "Zoloth Laura"


Cc: Tucker, Jessica (NIH/OD) [E]; Gavin, Denise K (FDA/CBER); Vatsan, Ramjay (FDA/CBER); Borror, Kristina C
(HHS/OASH)


Subject: RE: NIH OSP 1604-1524 (due 05/17/2016)/For review
Date: Saturday, April 30, 2016 3:40:18 PM


I agree with the  need for public review.


Lainie Friedman Ross, MD, PhD


Carolyn and Matthew Bucksbaum Professor of Clinical Ethics


University of Chicago


 “The physician should not treat the disease but the patient who is suffering from it” –Maimonides
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From: Hans-Peter Kiem
To: Rosenthal, Eugene (NIH/OD) [E]
Cc: Michael B. Atkins; Paula Cannon; Cho, Mildred; Curry William T; Donahue, Kevin; Hardison, Angelica; Hearing 


Patrick; Kaufman, Howard; McCarty, Douglas; Pilewski Joseph; Ross, Lainie; Whitley, Rich; Wooley Dawn; Zoloth 
Laura; Tucker, Jessica (NIH/OD) [E]; Gavin, Denise K (FDA/CBER); Vatsan, Ramjay (FDA/CBER); Borror, Kristina 
C (HHS/OASH)


Subject: Re: NIH OSP 1604-1524 (due 05/17/2016)/For review
Date: Saturday, April 30, 2016 10:52:56 AM


This protocol requires in-depth review and public discussion - the use of CRISPR/Cas 9 
technology to delete the endogenous TCR and PD1 gene loci in combination with (NY-ESO-1 
TCR transfer vector is a new concept that merits public discussion.


HPK
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From: Paula Cannon
To: Michael B. Atkins; Rosenthal, Eugene (NIH/OD) [E]; "Cho, Mildred"; "Curry William T"; Donahue, Kevin;


Hardison, Angelica; Hearing Patrick; "Kaufman, Howard"; "Kiem, Hans Peter"; "McCarty, Douglas"; "Pilewski
Joseph"; Ross, Lainie; Whitley, Rich; "Wooley Dawn"; "Zoloth Laura"


Cc: Tucker, Jessica (NIH/OD) [E]; Gavin, Denise K (FDA/CBER); Vatsan, Ramjay (FDA/CBER); Borror, Kristina C
(HHS/OASH)


Subject: RE: NIH OSP 1604-1524 (due 05/17/2016)/For review
Date: Friday, April 29, 2016 12:39:40 PM


I agree with Michael’s comments and the need for public review


Paula
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From: Whitley, Rich
To: Rosenthal, Eugene (NIH/OD) [E]
Subject: Re: NIH OSP 1604-1524 (due 05/17/2016)/exempt
Date: Friday, April 29, 2016 9:25:22 AM


No public review


rw
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From: Michael B. Atkins
To: Rosenthal, Eugene (NIH/OD) [E]; "Cannon Paula"; "Cho, Mildred"; "Curry William T"; Donahue, Kevin; Hardison, 


Angelica; Hearing Patrick; "Kaufman, Howard"; "Kiem, Hans Peter"; "McCarty, Douglas"; "Pilewski Joseph"; Ross, 
Lainie; Whitley, Rich; "Wooley Dawn"; "Zoloth Laura"


Cc: Tucker, Jessica (NIH/OD) [E]; Gavin, Denise K (FDA/CBER); Vatsan, Ramjay (FDA/CBER); Borror, Kristina C 
(HHS/OASH)


Subject: Re: NIH OSP 1604-1524 (due 05/17/2016)/For review
Date: Friday, April 29, 2016 8:25:29 AM


This protocol requires in-depth and public review as it is the first study to employ ACT with a cell containing 
a genetically modified TCR in conjunction with CRISPR/cas9 deletion of the native TCR and PD1 genes.  This 
therefore represents a first effort at combination immunotherapy and a leap over ACT+checkpoint inhibitor 
therapy.


Of interest, study is also supported by Parker Immunotherapy Institute involving a consortium of centers 
funded by Sean Parker’s gift.  This suggests that more studies are to come.  


MBA


Michael B. Atkins, MD
Deputy Director,


Georgetown-Lombardi Comprehensive Cancer Ctr


3970 Reservoir Road, NW


Research Building, Room E501


Washington, DC 20057


Phone: (202) 687-2795


Fax: (202) 687-1370
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From: Rosenthal, Eugene (NIH/OD) [E]
To: Michael B. Atkins; "Cannon Paula"; "Cho, Mildred"; "Curry William T"; Donahue, Kevin; Hardison, Angelica;


Hearing Patrick; "Kaufman, Howard"; "Kiem, Hans Peter"; "McCarty, Douglas"; "Pilewski Joseph"; Ross, Lainie;
Whitley, Rich; "Wooley Dawn"; "Zoloth Laura"


Cc: Tucker, Jessica (NIH/OD) [E]; Gavin, Denise K (FDA/CBER); Vatsan, Ramjay (FDA/CBER); Borror, Kristina C
(HHS/OASH)


Subject: NIH OSP 1604-1524 (due 05/17/2016)
Date: Thursday, April 28, 2016 5:43:14 PM


Files for this submission have been uploaded to NIH’s secure file transfer system and are available at this
URL:


https://secureemail.nih.gov/bds/Login.do?id=A06434852756&p1=z9j21o5sbhfefjgdighlccjidj20


This URL will be used for all of the June 2016 submissions.  Individual pdf files for each element of the
submission (the abstracts, clinical protocol, informed consent document, etc.) will now be part of a pdf
portfolio for that protocol.  It is the pdf portfolio for each new submission that will be available to you.  You
will have to download the portfolio in its entirety and determine which file(s) you are interested in.


************************************************************************


OSP GENE TRANSFER PROTOCOL REGISTRATION:  1604-1524


************************************************************************


RAC MEMBER RECOMMENDATION


Please check off the appropriate recommendation and reply to the Office of Science Policy (OSP) (c/o
Gene Rosenthal, e-mail:  rosenthg@mail.nih.gov; fax:  301-496-9839; phone:  301-496-9838)


(RAC initial review deadline:  05/17/2016)


(1) Does not require in-depth review and public RAC discussion


(2) Requires in-depth review and public RAC discussion (include an explanation for the rationale)


(3) Recuse (due to any conflict of interest). 


If you have a conflict of interest with respect to any protocol, you must recuse yourself from the review of
that protocol and inform us.  If you are uncertain whether you have a conflict of interest or have acquired
reportable financial interests since the last update of your confidential financial disclosure report (form
450), please confer with us before you begin your review.  We review the form 450 financial information of
RAC members.  If we find a conflict of interest, your comments will not be considered and you will be
recused from any further review of the protocol.


(4) Abstain (for any other reasons)


Note:  For the June 2016 submissions, full RAC review of an individual human gene transfer experiment
may be:  (1) initiated by the NIH Director; or (2) initiated by the NIH OBA Director following a
recommendation to NIH OBA by:  (a) three or more RAC members; or (b) a Federal agency other than
NIH.


************************************************************************


Principal Investigator(s): Edward Stadtmauer, M.D., University of Pennsylvania
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Submitter: Elizabeth A. Veloso, JD, BSN; Director, CCI Clinical Safety and Regulatory Development; CCI
Safety and Study Monitoring; Center for Cellular Immunotherapies; University of Pennsylvania


Sponsor:  University of Pennsylvania


Title:  Phase I Trial of Autologous T Cells Engineered to Express NYESO-1 TCR and Gene Edited to
Eliminate Endogenous TCR and PD-1


Keywords: Gene Therapy/Phase I/Cancer/NY-ESO-1 Expressing Myeloma, Sarcoma, or
Melanoma/Immunotherapy/In Vitro/Autologous T Lymphocytes/lentivirus/T Cell Receptor alpha and beta
cDNAs Chains/CRISPR/Cas9 RNAs to Endogenous TCR and PD-1/Intravenous Infusion


************************************************************************


Date Complete Submission Received:  4/26/2016


RAC Initial Review Deadline:  05/17/2016


Clinical Trial Site: University of Pennsylvania


Vector Supplier:  Puresyn, Inc and Penn RVEC


Vector Construct:  pTRP.NYESO1.TCR plasmid (NY-ESO-1 TCR transfer vector) is an HIV derived self-
inactivating (SIN) vector that comprises a 5’ LTR and a 3’ U3 deleted LTR. Transgene transcription is
driven off the mammalian EF‐1a promoter64. The vector also contains the central polypurine tract and
central termination sequence (cppt/CTS) for improved transduction efficiency, the rev response element
(RRE) for RNA transport, the WPRE element for improved RNA translation and the packaging sequence.
The NY-ESO-1 TCR transgene is composed of the a and ß chains of TCR joined by a Furin 2A peptide bond
skipping sequence to ensure equivalent expression of both chains.


CAS9 DNA sequence with a nuclear localization signal (NLS) from SV40 at 3’ end was in vitro
transcribed. The in vitro transcribed gRNAs were designed to target either a sequence within exon 1 of
the TCR a constant region, a consensus sequence common to exon 1 of both TCR ß constant regions 1 and 2, or
exon 1 of PD1. All gRNAs contained more than 13 base pair mispairs to exclude potential off-target
mRNA sites.


Target Cells:  autologous T lymphocytes


************************************************************************


Submitter Abstract


Recent studies have shown safety and promising efficacy of adoptive transfer of T cells with


transgenic TCRs specific for NY-ESO-1 in myeloma, melanoma and sarcoma. However, our


studies show that in many instances the gene-modified T cells become exhausted. Exhausted T


cells may cease to proliferate, may lose function or fail to persist. Here we propose to


investigate a first application in humans of an efficient CRISPR/Cas 9 technology to delete the


endogenous TCR and PD1 gene loci. This offers two potential benefits over the previous work:


1) the T cells have higher expression of the transgenic TCR and do not have the potential for







mispairing with the endogenous TCR and 2) are resistant to the checkpoint ligands PDL1 and


PDL2 that may be expressed by tumor cells or by cells in the tumor microenvironment.


We have developed engineered autologous T cells that express a TCR with specificity for NYESO-1
peptide (SLLMWITQC) in complex with HLA-A*0201 in which the endogenous TCR


and PD1 have been disrupted by gene editing. The investigational agent in this protocol is termed


“NY-ESO-1-redirected TCRendo and PD1 edited T cells”. Autologous T cells will be engineered


using a lentiviral vector to express the transgenic TCR. This is expected to redirect specificity of


the transduced T cells toward NY-ESO-1 expressing targets. We and others have conducted


previous trials with NY-ESO-1 transgenic T cells (Robbins, Morgan et al. 2011, Rosenberg


2011, Kershaw, Westwood et al. 2013, Rapoport, Stadtmauer et al. 2015); the novelty of the


current trial is the use of CRISPR/Cas9 technology to edit the TCR and PD1 genes.


Based on our pre-clinical data and previous phase 1 trials, a first-in-human trial is proposed to


test HLA-A2 restricted T cells expressing the NY-ESO-1 specific T cell receptor. A competitive


repopulation strategy will be tested. A single infusion of T cells will be infused, and the


persistence and function of these cells in blood and tumor will be assessed to determine if T cells


PD1 deficiency have improved persistence and function compared to cells with intact PD1


expression that are modified only with the NY-ESO-1 TCR. We propose a pilot trial to


determine if the infusion of these autologous T cells transduced to express NY-ESO-1 TCR and


lacking endogenous TCR and PD-1 is safe. The primary goals of the study are to determine the


safety and feasibility of administering NY-ESO-1 CRISPR edited cells. A basket design is used


for subjects expressing NY-ESO-1 and HLA-A201in relapsed and/or refractory myeloma,


sarcoma and melanoma subjects. The protocol consists of an open label pilot study using a


single flat dose of 1x10^8 T cells/kg. subjects will receive protocol-specified fludarabine and


cyclophosphamide before the T cell infusion for lymphocyte depletion. The primary endpoint


measurement is safety and feasibility of product manufacturing. Secondary endpoints will


determine the engraftment, persistence, function and trafficking of NY-ESO-1 redirected T cells.


Thus, the protocol will attempt to demonstrate proof of mechanism as measured by an enhanced


persistence and function of CRISPR edited T cells by comparing the relative engraftment,


trafficking and function of CRISPR T cells deficient of endogenous TCR and PD1.







Given the poor prognosis with standard therapies in the proposed study population, we


hypothesize that checkpoint-resistant T cells may be safe and have improved antitumor activity.


This protocol also has the potential to advance the field by testing CRISPR/Cas9 technology.


Enrollment of individuals less than 18 years of age: No


Inclusion Criteria


1. Subjects must have signed written, informed consent.


2. Subjects must be = 18 years of age.


3. Subjects must have an ECOG performance status of 0-2.


4. Subjects must have documented NY-ESO-1 expression on tumor biopsy


5. Subjects must be HLA-A2 positive


6. Subjects of reproductive potential must agree to use acceptable birth control methods,


as described in protocol Section 4.3.


7. Subjects must have adequate vital organ function:


a. Serum creatinine = 2.5 or estimated creatinine clearance =30 ml/min and not


dialysis-dependent.


b. Absolute neutrophil count =1000/µl and platelet count =50,000/µl (=30,000/µl


if bone marrow plasma cells are =50% of cellularity for MM patients).


c. SGOT = 3x the upper limit of normal and total bilirubin = 2.0 mg/dl (except for


patients in whom hyperbilirubinemia is attributed to Gilbert’s syndrome).


d. Left ventricular ejection fraction (LVEF) = 45%. LVEF assessment must have


been performed within 8 weeks of enrollment.


Cohorts:  We will enroll up to 15 evaluable subjects: 6 myeloma subjects, 6 sarcoma subjects and 3
melanoma subjects. Subjects will be enrolled serially. Infusions of the first three subjects will be


staggered by 28 days to allow for observation of adverse events.


************************************************************************


NIH OSP Review


Principal Investigator(s):  Edward Stadtmauer, M.D., (1007-1056,1207-1177,1301-1208)


Clinical Trial Site(s):  University of Pennsylvania (additional sites will be UCSF and University of Texas
MD Anderson Cancer Center







Major Disease Category: Cancer


Disease Subcategory:  myeloma, sarcoma and melanoma


Therapeutic Application: T cell immunotherapy employing TCRs to NYESO-1 has been used in multiple
protocols (1308-1246, 1311-1278, 1312-1281, etc.)  This is the first protocol to use CRISPR/Cas9 editing
to disrupt endogenous TCR and PD-1.


Delivery Vehicle: lentivirus, RNA (9703-179, 9904-306, 9912-367, etc.).


Construct:  CRISPR/Cas9 RNA for endogenous TCR and PD-1 (new), TRP.NYESO1.TCR


Functional Gene:  NYESO-1 TCR (1308-1246, 1311-1278, 1312-1281, etc.), CRISPR/Cas9 for
endogenous TCR and PD-1 (new)


Patient Population: subjects with myeloma, sarcoma or melanoma


*************************************************************************
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Protocol Title:   PHASE I TRIAL OF AUTOLOGOUS T CELLS ENGINEERED TO EXPRESS NY-
ESO-1 TCR AND GENE EDITED TO ELIMINATE ENDOGENOUS TCR AND 
PD-1 
 


Clinical Sites:   Hospital of the University of Pennsylvania, Philadelphia, PA 
  
UCSF Helen Diller Family Comprehensive Cancer Center, San 
Francisco, CA 
 
University of Texas MD Anderson Cancer Center, Houston, TX  
 


Sponsor of IND:   
 


University of Pennsylvania 
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~ Penn Medicine 
Hospital of the University a/Pennsylvania 


April 20, 2016 


Office of Biotechnology Activities 
National Institutes of Health 
6705 Rockledge Drive 
Suite 750, MSC 7985 
Bethesda, MD 20892-7985 


Re: NY-ES0-1 TCR/PDl and TCRencto Deleted T cells 


Dear Members of the Recombinant DNA Advisory Committee: 


Abramson Cancer Center 


Edward A. Stadtmauer, M.D. 
Professor of Medicine 


Chief, Hematologic Malignancies Section 
Hematology-Oncology Division 


Co-Leader. Hematologic Malignancies Program 
and Translational Center of Excellence 


Enclosed please find the protocol submission and Appendix M responses for the study entitled "Phase I trial of 
Autologous T cells engineered to express NY-ES0-1 TCR and gene edited to eliminate endogenous TCR and 
PD-1". I acknowledge that the documentation in this submission complies with the requirements set forth in 
Appendix M-1-A. 


This study is designed to test the hypotheses that checkpoint resistant T cells may be safe and have improved 
antitumor activity. Here we propose to investigate a first application in humans of an efficient CRISPR/Cas 9 
technology to delete the endogenous TCR and PD 1 gene loci . The investigational product is autologous T cells 
lentivirally transduced to express the NY-ES0-1 TCR and edited at the endogenous TCR and PD-1loci. We 
and others have conducted previous trials with NY-ES0-1 transgenic T cells (Robbins, Morgan et al. 2011, 
Rosenberg 2011 , Kershaw, Westwood et al. 2013, Rapoport, Stadtmauer et al. 2015); the novelty ofthe current 
trial is the use of CRISPR/Cas9 technology to edit the TCR and PD 1. 


The study is designed to test the safety and manufacturing feasibility ofNYCE (NY-ES0-1 CRISPR Edited) 
cells in patients with multiple myeloma, melanoma and sarcoma in a pilot study to be open at 3 academic 
institutions, University of Pennsylvania (UPENN), University of California in San Francisco (UCSF), and MD 
Anderson Cancer Center (MDACC). Key investigators in addition to myself are Thomas Martin, MD (UCSF), 
Cassian Yee, MD (MDACC), Carl H. June, MD (UPENN), and Bruce L. Levine, PhD (UPENN). The 
Regulatory Sponsor is UPENN and Emma Meagher, MD is the sponsor representative. 


We propose an open label pilot trial to determine if the infusion of autologous T cells transduced to express 
NY-ES0-1 TCR and lacking endogenous TCR and PD-1 is safe. A competitive repopulation strategy will be 
tested. A single infusion of lx108 T cells/kg will be infused, and the persistence and function of these cells in 


The Ruth and Raymond Perelman Center for Advanced Medicine 
West Pavilion, 2"d Floor 13400 Civic Center Boulevard I Philadelphia, PA, 191041215-662-7910 I Fax: 215-662-4064 
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RE: Edward A Stadtmauer 
MRN: 007822109 
DOB: 6/11/1957 


--- · ·--~- -~-------·~ 


4/20/2016 
Page:2 


blood and tumor will be assessed to determine if T cells with PD 1 deficiency have improved persistence and 
function compared to cells with intact PD1 expression that are modified only with the NY-ES0-1 TCR. 
Patients will receive protocol specified lymphodepleting chemotherapy prior to the T cell infusion. Thus, the 
protocol will attempt to demonstrate proof of mechanism as measured by an enhanced persistence and function 
of CRISPR T cells by comparing the relative engraftment, trafficking and function of CRISPR T cells deficient 
of endogenous TCR and PD 1. 


The financial support for this trial is provided by the Parker Institute for Cancer Immunotherapy. 


As the Regulatory Sponsor is UPENN, the protocol will be reviewed by the UPENN Institutional Biosafety 
Committee (IBC), and Institutional Review Board (IRB), and the Clinical Trials Safety Review and Monitoring 
Committee (CTSRMC) of the Abramson Cancer Center. No subject will be enrolled at under this protocol 
prior to completion of the RAC review process, approval by all local UPENN agencies (IBC, CTSRMC, and 
IRB), and FDA. UPENN operates under the Federal Wide Assurance Number 0004028. Regulatory approval 
from the local committees at the UCSF and MDACC and /or approval from the IRB of record (to be decided) 
will also be sought prior to patients' enrollment at these sites. 


Myself and Drs. June and Levine have had a longstanding collaboration within the UPENN Center for Cellular 
Immunotherapies [the previous Translational Research Program (TRP)] in running human research, providing 
scientific excellence, assuring regulatory compliance, GMP manufacturing ofT cell products for multiple 
clinical studies involving genetically modified cellular therapies. I have extensive clinical trial experience in 
multiple myeloma and have successfully collaborated with Dr. June group for the last years in my role as PI in 
multiple clinical studies (NY-ES0-1 TCR and CAR redirected T cells). Bridging our respective expertise is an 
advantage to this proposal. 


We look forward to your review and feedback on our proposal. 


Best regar s 


E~ Stadtmauer, MD 
Professor of Medicine 


The Ruth and Raymond Perelman Center for Advanced Medicine 
West Pavilion, 2nd Floor 13400 Civic Center Boulevard 1 Philadelphia, PA, 19104 1215-662-7910 1 Fax: 215-662-4064 







 
 


 
 
 
 
 
 
April 22, 2016 
 
Dr. Eugene Rosenthal 
Biotechnology Program Advisor 
Office of Biotechnology Activities 
National Institutes of Health 
6705 Rockledge Drive, Suite 750 
Bethesda, MD 20892 
 
 
 
Dear Dr. Rosenthal, 
 
This letter is in regards to the protocol entitled “PHASE I TRIAL OF AUTOLOGOUS T CELLS 
ENGINEERED TO EXPRESS NY-ESO-1 TCR AND GENE EDITED TO ELIMINATE ENDOGENOUS TCR 
AND PD-1” for which I am the scientific advisor.  I authorize and consent to the NIH Office of 
Biotechnology Activities using the protocol and other information submitted to it by Dr. Edward 
Stadtmauer on April 2016 to carry out its mission, including release of all such information at a 
public meeting of the Recombinant DNA Advisory Committee.  This consent to public 
disclosure specifically includes information that was labeled “confidential” in the submission. 
 
Should you have any questions, please do not hesitate to contact me. 
 
 
Sincerely, 
 
 
Carl H. June, M.D. 


The Leonard and Madlyn Abramson Family Cancer Research Institute 
at the University of Pennsylvania Abramson Cancer Center 


Carl H. June, M.D. 
Richard W. Vague Professor in Immunotherapy 
Department of Pathology and Laboratory Medicine 
Director, Center for Cellular Immunotherapies 
 


8th Floor, Room 123 • 3400 Civic Center Boulevard,  Bldg 421 • Philadelphia, PA 19104-5156 
215-573-3269 • FAX: 215-573-8590 • cjune@exchange.upenn.edu 
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University of Pennsylvania 
Research Participant 


Informed Consent Form and HIPAA Authorization 


 
UPCC 25416 Version 1.04-18-2016       Page 1 of 29 
 


 


Protocol Title: Phase I Trial of Autologous T Cells Engineered to Express NY-ESO-1 
TCR and Gene Edited to Eliminate Endogenous TCR and PD-1 


 


Principal 
Investigator: 


 
Edward Stadtmauer, MD 
Department of Medicine 
University of Pennsylvania School of Medicine  
Philadelphia, Pennsylvania 19104 
(215) 662-7910 
  


Emergency Contact: 
 


Ask for Oncologist on Call 
 


(215) 662-4000  


 
 


Why am I being asked to volunteer? 
You are being invited to participate in a research study because you are HLA-A2-positive, your 
tumor has returned and expresses a protein called NY-ESO-1. HLA-A2 is a protein found on most 
cells in your body and it is used by your immune system to know which cells belong in your body 
and which do not. HLA proteins are of different kinds. All people have the HLA proteins, but not 
all have HLA-A2 protein. Your participation is voluntary which means you can choose whether or 
not you want to participate.  
 
Before agreeing to participate in this research study, it is important that you read the following 
explanation of the proposed procedures and how long you will be in the study. This document 
describes the purpose, procedures, benefits, risks, discomforts and precautions of the study. It 
also describes the alternative procedures that are available to you and your right to withdraw 
from the study at any time.   


 
We are asking that you participate in a research study.  When you take part in a research study, 
you and the study doctor must follow a set plan called the “study protocol.” This is different 
from receiving care outside of the research study.  When you receive medical care from your 
own doctor, he or she develops a plan of care just for you and your individual needs. When 
participating in the research study, the study doctor usually cannot adjust the plan for you as he 
needs to follow the study protocol.  However this research plan includes steps to follow if you 
are not doing well.  It's important to understand that a clinical trial is an experiment. By its 
nature, that means the answer to the research question is still unknown. 


 
Please take time to read the following information carefully. You may wish to discuss it with your 
family, friends, and your personal doctor (i.e., your family doctor or primary care doctor). If you 
have any questions, you may ask your study doctor and/or the research team for more 
information. Take time to decide whether or not you wish to take part. If you decide to 
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participate, you will be asked to sign this form.  If you decide to participate, you can change your 
mind at any time and withdraw from the study without giving a reason.  


 


What is the purpose of this research study? 
This is a research study for people who are HLA-A2-positive, have either multiple myeloma, 
sarcoma, or melanoma that has returned or has not responded to standard treatment, and the 
tumors express an antigen called NY-ESO-1. This is a study conducted at 3 clinical sites: University 
of Pennsylvania (UPENN), University of California in San Francisco (UCSF), and MD Anderson 
Cancer Center (MDACC).  UPENN will be enrolling myeloma and sarcoma patients only. 
 
This research study will take some of your own white blood cells, called T-cells, and modify them 
so that they can identify and possibly kill your cancerous cells.  The modification is a genetic 
change, or gene transfer, to your normal T-cells. These modified T cells are called NY-ESO-1 
redirected CRISPR Edited cells, hereinafter referred to as “NYCE cells”. 
 
NYCE cells will be given back to you through your vein in one infusion.  
  
The use of NYCE cells is experimental and has not been approved by the Food and Drug 
Administration (FDA).  NYCE cells are being tested in humans for the first time under this study. 
 
There is a planned NYCE cells dose for this research study.  However, at this time, we do not 
know the best and safest dose.  It is possible that a lower dose could be effective.  If the 
planned study dose cannot be made, the study physicians may recommend giving you the 
lower dose that has been made if they feel it is safe and poses no additional risk to you. If you 
decide not to receive a lower dose than planned by the research study, you will no longer be 
able to participate in this research study.  If you receive a dose that is lower than the planned 
study dose, you will undergo the same schedule of visits and procedures as participants who 
receive the planned study dose.    
    
How long will I be in the study?  
If you choose to participate, the study will take approximately 1 year from screening to the end 
of the study and up to 2 years for follow-up. You will be asked to come to the Hospital of the 
University of Pennsylvania 2-3 times during the screening process in order to make sure you are 
eligible to receive the NYCE cells, and to prepare you for the experimental treatment. Once you 
receive the NYCE cells, you will be monitored very closely by your doctors and study team as 
either an outpatient or inpatient depending on your clinical condition.  After this first month, you 
will be asked to come back to the Hospital of the University of Pennsylvania at month 2, 3, 4, 5, 6, 
9 and 12 for 1 year (7 visits) and then every 3 months for the second year (4 visits). Each of these 
monthly visits should take about 1 to 4 hours.  
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How many other people will be in the study? 
It is expected that about 15 adults with multiple myeloma, sarcoma, or melanoma will participate 
in this study at three centers in the United States: UPENN, UCSF, and MDACC.   Patients with 
multiple myeloma will be enrolled at UPENN and UCSF, patients with sarcoma will be enrolled at 
UPENN and MDACC, and patients with melanoma will be enrolled at MDACC. 
 
What am I being asked to do? 
Please note that a list of terms that are used throughout this consent form is provided at the end 
of this consent with explanations. 
 
Procedures 
Prior to taking part in this study, you and your doctor should discuss the current standard 
treatments for your cancer. The study doctor or a trained member of their staff will ask you to 
read and sign this Informed Consent Form after all of your questions have been satisfactorily 
answered.  
 
Once you decide to participate, you will have to undergo a screening process to determine if 
you are able to join the study.  In order to determine if you are eligible to participate in this 
study, you will be required to undergo the following tests and evaluations: 
 


Day 


Part of 
Your 


Standard 
Medical 


Care? 


Procedures 


Screening 
Phase:  
Approximately 
1 to 2 months 
prior to your 
NYCE cells 
infusion 


No These procedures will check to see if you are eligible to participate 
in the study and will take approximately 1-2 hours. 


• HIV test (about 1 teaspoon of blood) 
• Blood is drawn for laboratory testing (which includes the 


hepatitis B and hepatitis C tests, tests to determine how fast 
your blood clots,   tests to see if you have any active 
infections,  and research blood tests (about 2 tablespoons). 


Yes • Review of your relevant medical history, current medical 
conditions, and list of medications 


• Physical Exam including vital signs (temperature, blood 
pressure, heart rate (pulse), respiratory rate and blood oxygen 
levels), height and weight 


• Routine blood tests- to assess your blood cell counts (to assess 
the number of each type of blood cell), blood chemistry levels 
(to test your organ function and the minerals in your blood) 
and to assess your disease (about 1 tablespoon)  
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Day 


Part of 
Your 


Standard 
Medical 


Care? 


Procedures 


• Urine pregnancy test- if you are female and able to bear 
children  


• Electrocardiogram (EKG)  
• MUGA/ECHO test  


DISEASE ASSESSMENTS 


Sarcoma patients:  
• CT scan and/or MRI unless these were performed within 8 


weeks of the screening visit. 


Multiple myeloma patients: 
• Bone marrow biopsy/aspirate (only if your tumor cannot be 


measured). If performed, a portion of the aspirate (about 1.5 
tablespoons) will be used for research purposes. 


• Neurologic exam 
• Brain MRI 
• Lumbar puncture to collect spinal fluid (CSF) only if you 


currently have, or had a history of, brain tumors 
• Skeletal bone survey 
• 24-hour urine collection to measure multiple myeloma 
• Blood tests to measure your myeloma protein levels (about 2 


teaspoons) 
 


 


 
Reporting of a positive HIV, hepatitis B and hepatitis C test:  You will be tested for HIV, hepatitis 
B and hepatitis C as one of the screening requirements prior to participating in this study.  If 
you test positive for HIV, hepatitis B or hepatitis C, by law we have to report the infection to the 
City of Philadelphia Health Department/PA Department of Health. We would report your name, 
gender, racial/ethnic background, and the month and year you were born.  
 
Once you have completed the screening visit, your study doctor will determine whether it is 
safe for you to enter the study or not.   
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Day 


 


Part of 
Your 


Standard 
Medical 


Care? 


 


Procedures 


● Make sure you tell the study staff about any medications you are taking during the research 
study. This includes prescriptions drugs, over-the-counter medicines, natural or herbal 
medicines, alternative medicines and vitamins. This is very important.  


● Tell your study doctor or study staff if you have any unusual symptoms any time, even outside 
the visit period. 


Pre-Treatment Phase 
Apheresis  
Approximately 3-4 
weeks prior to 
your NYCE cells 
infusion 
 
 


No 
 
 


Apheresis will take place in the apheresis unit and is done to 
collect the T-cells into which the new genetic material will be 
inserted.  
 
An apheresis unit is a place where patients who need specific 
components of their blood removed from their bodies go to 
have this procedure performed.   This apheresis visit will take ~4 
hours in total and the apheresis procedure will take ~ 3 hours to 
complete.  
 
You may not have to undergo this apheresis procedure if you 
have had T-cells collected on another research study or at 
another facility.  We will use your T-cells collected from the 
other study if they are acceptable to make your NYCE cells for 
this study.    
 
If the veins in your arms are not adequate for the procedure, a 
special apheresis catheter may be inserted into the large vein in 
your neck for the collection. 


 
The following procedures will be done: 
• Review of current medical conditions and list of medications 
• Blood tests (about 1 teaspoon) 
• Vital signs (temperature, blood pressure, heart rate, 


respiratory rate and blood oxygen levels) 
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Day 


 


Part of 
Your 


Standard 
Medical 


Care? 


 


Procedures 


Pre-Infusion 
6-10 days prior to 
your NYCE cells 
infusion 


No 
 
 
 
 


 


This visit and will take ~ ½ hour.  At this visit, the following will 
be performed in order to check your health prior to receiving 
your NYCE cells infusion: 


•  Blood for clinical laboratory tests  and research analysis 
(about 3 tablespoons) 


•  Blood tests to determine how fast your blood clots (about 
1 teaspoon) 


• Within 7 days prior to your NYCE cells infusion, a 
respiratory virus panel (RVP) to test for the flu will be 
performed. This test involves swabbing your nose with a 
cotton swab. 
If your RVP test is positive but you do not have any flu 
symptoms, you will receive an antiviral medication called 
Tamiflu as standard medical care, and your NYCE cells 
infusion will be delayed until you complete this medication 
(administered per packaging instructions).  
If your RVP test is positive and you have flu symptoms, you 
will need to complete the Tamiflu, and all clinical 
symptoms must be resolved before you can receive your 
NYCE cells. 


 
Yes 


 
•     Review of current medications and how you are feeling 
•     Physical examination including an assessment of your vital 


signs 
• Blood test for routine lab tests (about 1 tablespoon) 
• Blood pregnancy test - if you are female and able to bear 


children (about 1 teaspoon) 


DISEASE ASSESSMENTS 


Sarcoma patients:  
• CT scan and/or MRI 


Multiple myeloma patients:  
• If your study doctor suspects that you have masses of 


multiple myeloma plasma cells outside your bone marrow 
called plasmacytomas, you may be asked to undergo an 
imaging test such as a CT scan or PET/CT. 
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Day 


 


Part of 
Your 


Standard 
Medical 


Care? 


 


Procedures 


• 24-hour urine collection to measure multiple myeloma 
• Blood tests to measure your myeloma protein levels 


(about 2 teaspoons) 
• Bone marrow biopsy/aspirate (if not already done at 


Screening).  If performed, a portion of the aspirate (about 
1.5 tablespoons) will be used for research purposes. 


Cytoreductive 
Chemotherapy 
Approximately 
2 to 4 days prior to 
your NYCE cells 
Infusion 


No 
 
 
 
 
 
 
 
 


   


You will receive chemotherapy prior to the NYCE cells infusion 
to eliminate some of your blood white cells and make “room” 
for the NYCE cells.  


• Review of current medical conditions and list of 
medications 


• Physical examination and vital signs assessments will be 
performed in accordance with the chemotherapy unit’s 
standard procedures 


• Blood test for routine lab tests (about 1 tablespoon) 


Treatment and Primary Follow-Up Phase 
NYCE cells 
Infusion 
Day of infusion 
(Day 0)  


No 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


This is the day of your NYCE cells infusion.  2 to 4 Days after you 
have completed chemotherapy, your NYCE cells will be given 
back to you in your vein. This will occur after the cells have 
been grown in the lab for about 8-12 days. These NYCE cells will 
be tested to make sure that they are healthy and free from 
impurities.   
 
You will not receive additional chemotherapy in the two-week 
period before the planned NYCE cells infusion. However, if your 
doctor decides that it is best for you to receive additional 
chemotherapy, the NYCE cells infusion will be delayed. 


 
In order to reduce potential side effects of the NYCE cells 
treatment, you may also receive acetaminophen (e.g., Tylenol) 
and/or diphenhydramine (e.g., Benadryl) prior to the infusion.   
The NYCE cells will take 20 minutes or less to go into your vein.  
 
 
 
You will also undergo the following: 
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Day 


 


Part of 
Your 


Standard 
Medical 


Care? 


 


Procedures 


 
 
 
 
 
 
 
 
 
 


• Vital signs (temperature, blood pressure, heart rate, 
respiratory rate and blood oxygen levels) will be taken 
within 10 minutes prior, within 10 minutes after the 
infusion, and then every 15 minutes for the first hour, and 
then every hour for the next 2 hours until these signs are 
satisfactory and stable. 


• NYCE cells infusion 
• Blood for clinical laboratory tests  collected prior to NYCE 


cells infusion 
• Blood for research analysis collected prior to NYCE cells 


infusion and about 20 minutes after the NYCE cells 
infusion (about 3 teaspoons). 


  
You will be allowed to go home 2 hours after your infusion if 
you feel well and have not experienced unexpected reactions to 
the infusion. 


Yes 
 


 


• Review of current medical conditions and list of 
medications 


• Routine blood tests - to assess your blood cell counts and 
blood chemistry levels (about 1 tablespoon) 


•  
Post Infusion 
Days 1, 3, 7,  14, 
and 21 


No • Blood for clinical lab tests and research analysis (including, 
tests for detection of NYCE cells and molecular studies).  
The maximum amount of blood that may be collected 
during any one of these visits will be 4 tablespoons.) 


Yes • Review of your current medical conditions and 
medications 


• Physical Exam including an assessment of your vital signs.  
• Routine Blood Tests - to assess your blood cell counts and 


blood chemistry levels (about 1 tablespoon).  
 


Post Infusion 
Day 10 
 
 


No • Blood for clinical lab tests and research analysis (including, 
tests for detection of NYCE cells and molecular studies).  
The maximum amount of blood that may be collected 
during any one of these visits will be 4 tablespoons.) 
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Day 


 


Part of 
Your 


Standard 
Medical 


Care? 


 


Procedures 


 Yes • Routine blood tests - to assess your blood cell counts and 
blood chemistry levels (about 1 tablespoon) 


Post Infusion 
Day 28 post 
infusion 


No 
 
 
 
 
 


Approximately 1 month after your NYCE cells infusion , you will 
have your first set of tests performed to see how your tumor 
has responded to the treatment 
• Blood for clinical lab tests and research analysis (including 


tests for detection of NYCE cells).   This requires a total 
blood draw of about 3 ½ tablespoons) 


 
Yes • Review of your current medical conditions and list of      


medications 
• Physical Exam including an assessment of your vital signs  
• Routine blood tests- to assess your blood cell counts, blood 


chemistry levels, and to assess your disease. This requires 
a blood draw of about 1 tablespoon.  


DISEASE ASSESSMENTS 


Sarcoma patients: 
• CT scan and/or MRI 


Multiple myeloma patients:  
• If you have masses of multiple myeloma plasma cells 


outside your bone marrow called plasmacytomas, you may 
be asked to undergo an imaging test such as a CT scan or 
PET/CT. 


• 24-hour urine collection to measure multiple myeloma 
• Blood tests to measure your myeloma protein levels 


(about 2 teaspoons) 
• Bone marrow biopsy/aspirate.  If performed, a portion of 


the aspirate (about 1.5 tablespoons) will be used for 
research purposes. 
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Day 


 


Part of 
Your 


Standard 
Medical 


Care? 


 


Procedures 


Post Infusion 
Months 2-6 post 
infusion 


No 
 
 


 
 


•    Blood for clinical lab tests and research analysis (including 
tests for detection of NYCE cells). The maximum amount of 
blood that may be collected from you during any one of 
these visits will be about 2 tablespoons. 


Yes 
 
 
 
 
 
 
 
 
 
 


• Review of current medical conditions and list of 
medications 


• Physical examination including an assessment of your vital 
signs 


• Routine blood tests- to assess your blood cell counts, blood 
chemistry levels, and to assess your disease. This requires 
a blood draw of about 1 tablespoon.  


DISEASE ASSESSMENTS 


Sarcoma patients: 
• CT scan and/or MRI to assess your tumor (at Month 3 only) 


Multiple myeloma patients:  
• If you have masses of multiple myeloma plasma cells 


outside your bone marrow called plasmacytomas, you may 
be asked to undergo an imaging test such as a CT scan or 
PET/CT (at Month 3 only). 


• 24-hour urine collection to measure multiple myeloma (at 
Months 3 and 6 only; may be done more frequently if 
medically necessary)  


• Blood tests to measure your myeloma protein levels 
(about 2 teaspoons) 


• Bone marrow biopsy/aspirate (at Month 3 only).  If 
performed, a portion of the aspirate (about 1.5 
tablespoons) will be used for research purposes. 


• Skeletal bone survey (at Month 6 only) 
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Day 


 


Part of 
Your 


Standard 
Medical 


Care? 


 


Procedures 


Post Infusion 
Months 9, 12, 15, 
18, 21, and 24 
(End of Treatment 
and Primary 
Follow-Up Phase)  
 
 
 
 
 


 


No • Blood for clinical lab tests and research analysis (including 
tests for detection of NYCE cells).  This requires a blood 
draw of about 2 tablespoons. 


Yes 
 
 
 


•    Review of current medical conditions and list of 
medications  


•    Physical examination including an assessment of your vital 
signs 


• Routine blood tests- to assess your blood cell counts, 
blood chemistry levels, and to assess your disease. This 
requires a blood draw of about 1 tablespoon 


Multiple myeloma patients: 
• If you have masses of multiple myeloma plasma cells 


outside your bone marrow called plasmacytomas, you may 
be asked to undergo an imaging test such as a CT scan or 
PET/CT. 


• 24-hour urine collection to measure multiple myeloma  
• Blood tests to measure your myeloma protein levels 


(about 2 teaspoons) 
 


 
You will be required to travel to the Hospital at the University of Pennsylvania for each of the 
study visits. Once you have had your NYCE cells infusion, it is very important that the study 
doctor is able to monitor your health and safety at each visit. In the event you are unable to 
travel to the Hospital at the University of Pennsylvania for one of these visits, you should contact 
your study doctor. 
 
In the event that you cannot return to the study site for the above follow-up visits, your primary 
care physician and/or local oncologist will be asked to provide information from your medical 
record to the study team at protocol-defined time points (including the results of any routine 
care examinations and/or laboratory assessments), and assist in the collection of protocol 
required blood samples (if applicable) which will be sent to the University of Pennsylvania for 
protocol required analysis.  You and/or your local provider will also be contacted via telephone 
by a member of the study team to assess any potential toxicity. 
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Secondary Follow-up:  After you complete the above study follow-up, we will continue to check 
your health status (including your disease status) every month to see how you are doing until 
you enroll into the long-term follow-up study or until the study ends, whichever occurs first. 
 
Long-Term Follow-Up Study:  After you complete this research study, you will be asked to enroll 
in a separate long-term follow-up research study that will look for possible side effects of the 
gene modified NYCE cells.  If you choose to participate in the long-term follow-up research 
study, you will sign a new separate consent form.  The long-term follow-up research study will 
consist of semi-annual evaluations (every six months) for up to five years followed by annual 
evaluations thereafter for up to 15 years.   
 
The purpose of this long-term follow-up study is to monitor the health status of individuals, such 
as you, who received their own cells that had been changed using a lentiviral vector (also known 
as gene-modified cells). The Food and Drug Administration (FDA) has issued guidelines requiring 
long-term follow-up for up to 15 years of all subjects who received gene therapy. The long-term 
follow-up study is important in monitoring you for development of a new cancer and Replication 
Competent Lentivirus (RCL). Both are very rare events and are described in more detail in the 
“What are the possible risks or discomforts?” section that follows. 
 
Additional Research Samples: In the event something unexpected occurs during your 
participation in the protocol (for example a new side effect that has not been experienced by 
other participants), the research team may request additional blood be collected for research 
analysis. This is being done with the intention of evaluating the likely effects from the NYCE 
cells you have received.  The total amount of extra blood that will be collected from you will be 
3 tablespoons of blood twice in one week.   
 
Request for Autopsy: 
In order for the study doctors to learn more about your disease and the safety and function of 
the NYCE cells, they may request to perform an autopsy in the event of your death.  Your family 
will make the final decision as to whether or not an autopsy can be performed and will be 
required to sign forms that will authorize the autopsy.  Therefore, please inform your family of 
your wishes.  If an autopsy is performed, samples obtained during this procedure will be used for 
research purposes.   
 


What are the possible risks or discomforts? 
The side effects listed below are from different trials that used a genetically modified T cells. 
This research may involve risks that are currently unforeseeable, so tell your doctor if you are 
experiencing any problems.  If you see a doctor other than your study doctor, please let them 
know that you are involved in a research study.   It is very important that you contact your 
study doctor immediately at any signs of fever or other new abnormal symptoms.  Treatment 
on this research study may have risks we don't know about and may require you to go into the 
hospital so the study team can monitor these side effects. 
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The following side effects may be observed with NYCE cells:  
 
Tumor Lysis Syndrome: 
Tumor lysis syndrome happens when tumor cells are killed too quickly for the body to get rid of 
the dead cells.  Tumor lysis syndrome can cause kidney damage and increases in blood 
potassium, uric acid, calcium and phosphorous.  Treatment may require hospitalization, 
including intensive care.   
 
Cytokine Release Syndrome/Macrophage Activation Syndrome: 
Rapidly growing activated NYCE cells may release proteins and chemicals called cytokines.   
Release of large amounts of certain cytokines can cause a “cytokine release syndrome”.  
Macrophage activation syndrome is an activation of your immune system associated with the 
cytokine release syndrome.  Cytokine release syndrome can cause a severe flu-like syndrome.  
Symptoms of this severe flu-like syndrome include high fevers, chills and shaking, muscle aches, 
joint aches, sweating, nausea, vomiting, loss of appetite, fatigue, headache, fast heart rate, liver 
problems, and kidney problems requiring dialysis.  People can also have trouble breathing and 
dangerously low blood pressure.  Some people need to be treated with a ventilator (a breathing 
machine).    Many people with severe flu-like syndromes have had to be cared for in an intensive 
care unit at the hospital.  This reaction can be mild or severe and has resulted in death.  
 
These side effects may or may not be reversible. Medications are available to potentially 
reverse the cytokine release syndrome and macrophage activation syndrome (steroid 
treatment or other medicines). Unfortunately, these medicines could get rid of the NYCE cells 
and prevent them from working.  The best time to administer medications to treat the cytokine 
release syndrome and macrophage activation syndrome is not currently known.   In addition, 
these medications may weaken the immune system increasing the chance for potential serious 
infections (including but not limited to pneumonia).  


 
In a different study involving several adult patients with acute lymphoblastic leukemia, they 
received CART-19 T-cells at higher doses and experienced severe cytokine release syndrome 
that could not be managed with medication and resulted in death. There is no guarantee that 
CRS or death is any less likely to occur with the NYCE cells dose that you will receive.  
 
In addition, some participants have become very confused and disoriented (unaware of who 
they are and or where they are, not recognizing family and friends, unaware of the date and 
unaware of their health problems).  Some participants have had seizures or have even become 
unresponsive.  We believe these side effects are caused by the cytokine release syndrome and 
macrophage activation syndrome.  In most instances these problems resolved when we treated 
the participants with medications that reverse the cytokine release syndrome.  However, one 
individual experienced difficulty with complex thinking (also called cognitive impairment) which 
took over a month to resolve. While this might be a result of the chemotherapy they had 
received, we cannot say for certain that it wasn’t due to the genetically modified T cells.   
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Significant decreases in blood counts, including neutropenia (low white blood cell count), 
anemia (low red blood cell count), and thrombocytopenia (low platelet counts) are routinely 
seen. This will be related to the chemotherapy you receive prior to the NYCE cells infusion, and 
may be related to the NYCE cells infusion as well. These decreases can last weeks or, much 
more rarely, months. These decreases may result in the need for transfusions (i.e. anemia and 
thrombocytopenia) and increase the risk of severe infections. 
 
If your T-cells grow rapidly it is possible that the NYCE cells will multiply in your body. This can 
be a good thing. However, it is possible that the growth of the NYCE cells will be excessive, in 
which case your doctor may wish to kill the NYCE cells. This can be done by giving drugs called 
corticosteroids. If the NYCE cells growth is not controlled by the corticosteroid  treatment,  your  
doctor  will  recommend  chemotherapy,  similar  to  what  is usually administered for your 
tumor.  


 
You may be less likely to respond to similar gene transfer trials in the future because you may 
develop an immune response to the biological delivery vehicle, called a vector, which is used 
for the gene transfer in your cells. 
 
Potential risk of autoimmune disease: 
The use of NYCE cells could potentially result in an illness which doctors call “autoimmune 
disease”.  Our bodies have an immune system that protects us from disease and infection. 
When you have an autoimmune disease, your immune system attacks itself by mistake and you 
can get sick.  Autoimmune disease can  affect many parts of  your body, like  your nerves, 
muscles,  the  endocrine  system  (system  that  directs  your  body’s  hormones  and  other 
chemicals), and digestive system. 
 
Potential risk of other cancer (very rare, unexpected): 
There is a chance that the modification of DNA in your T cells may activate a neighboring gene 
or genes. Depending on the type(s) of neighboring gene(s) activated, there may be a risk of 
uncontrolled cell growth that could result in cancer. We do not know if and what specific genes 
may be activated by the DNA modification used in this protocol and if these would cause a new 
cancer.  
  
Cancers due to a type of viral vector different than that used in this protocol has occurred in a 
gene transfer research study conducted in France. Several children with a disease called X-
linked Severe Combined Immunodeficiency (SCID) that received gene modified cells developed 
a leukemia-like malignant disease (cancer) due to the vector DNA. Some that developed the 
leukemia were successfully treated while others were not. However,  most  of  the  children  
with  X-linked  SCID  who  received gene modified cells have not developed a leukemia-like 
disease. 
 
While this risk is rare, you will be monitored for development of any new cancers throughout 
the scheduled protocol visits. If a new cancer develops while you are on study, you will be 
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treated by standard of care clinical procedures, and the cancer will be investigated to 
determine if the lentiviral vector contributed to its development. 
 
Potential risks associated with a Replication Competent Lentivirus or “RCL” (very rare, 
unexpected): 
The lentiviral vector that is used to modify the DNA of your T cells has been designed so that it 
does not grow once inside your T-cells and remains inactive. However, there is a risk that 
portions of the vector could mutate (change) in your T-cells and allow it become active (i.e. 
grow and spread to other cells).  This would be called a replication competent lentivirus, or 
“RCL”.  The specific risks associated with RCL are unknown. In the worst possible case it may 
make you sicker than you are now. To date, no patient treated with genetically modified T cells 
using lentiviral vector has developed an RCL. 
 
To minimize the possibility of you developing an RCL, the lentiviral vector and the NYCE cells 
will both be tested for RCL. You will also be monitored throughout the study for RCL.  If the test 
used to detect components of a RCL is positive during any of these visits, you will be notified 
and requested to return for additional blood tests for your safety.  A single positive blood test 
does not mean that you have an active RCL. However, if your blood tests for RCL continue to 
remain positive, you will undergo additional testing to determine whether or not you have 
developed an active RCL. During this time, you will be closely monitored in the clinic.  Should 
the additional testing show that you have an active RCL, medical and research experts will work 
with you to design the best care available based upon your health. 
 
Potential risks associated with HIV (very rare, unexpected): 
The lentiviral vector that is used to modify your T-cells is made up of parts of the human 
immunodeficiency virus or HIV.  The lentiviral vector does not behave like HIV and it cannot 
cause the HIV disease. Most of the lentiviral vector is washed away during the manufacturing 
process of your T-cells, however there is a possibility that a small amount of parts of the 
lentiviral vector may remain in the T-cells and cause your body to generate antibodies to the 
HIV proteins. Although generation of antibodies to HIV does not pose a risk to you, it may cause 
a positive test result in some antibody-based tests for HIV.  If you become positive for HIV 
antibodies, you can have a more sensitive test done to determine whether or not you are HIV 
positive. 
  
Possible risk of neurological side effects (rare, unexpected): 
The use of NYCE cells may cause side effects that affect your nervous system.  Typically these 
events have been associated with cytokine release syndrome/macrophage activation syndrome 
(CRS/MAS) as described above.  While most neurological side effects have improved, there is a 
possibility that you will experience side effects that will not improve. 


 
In a different study that used CART-19 T cells, there was one patient who developed severe 
weakness, and loss of the ability to speak or move.  These side effects were not associated with 
CRS/MAS, and may be related to CART-19 T-cells or other factors related to their disease or care. 
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It is possible that the CAR T cells may cause meningitis, which is an inflammation of the lining 
around the spinal cord and brain. This can result in headaches, nausea, vomiting, vision 
problems and increased pressure in the brain. It may also lead to seizures and possibly death. 
We have seen meningitis in at least one patient treated with CART-19 T-cells. We do not know if 
it was caused by the CART-19 T-cells or the patient's underlying leukemia. 
 
Reproductive risks: 
The effects of NYCE cells on pregnancy and child development are unknown. Therefore, there 
could be serious harm to unborn children (or children who are breast-feeding) and it could also 
jeopardize the health of the mother.   
 
If you are capable of becoming pregnant, you will undergo a serum pregnancy test prior to 
entry into the research study and a urine or serum pregnancy test prior to the NYCE cells 
infusion. If you are found to be pregnant or breast-feeding at that time you will not be allowed 
to participate in the research study. 
 
If you are a female participant in the study and are capable of becoming pregnant, you MUST 
use at least one method of birth control during the entire time you participate in the study, 
including long-term follow-up. If you are male, you MUST use at least one method of birth 
control during the entire time you participate in order to avoid impregnating a female.   
 
Examples of highly effective birth control methods include any of the following:  


• Total abstinence (no sexual relations) 
• Female sterilization- surgical removal of both ovaries (woman's reproductive system that 


stores and releases eggs for fertilization and produces female sex hormones), or tubal 
ligation (having your “tubes tied”) at least six weeks prior to signing this consent.  


• Male sterilization (i.e. vasectomy) 
• Condoms (male or female) with or without a spermicidal agent 
• Diaphragm or cervical cap with spermicide 
• An intrauterine device (IUD) 
• Hormonal based contraception (including the birth control pill, vaginal rings, etc) 


 
If you do become pregnant or suspect you may be pregnant, you must tell the investigator 
immediately and consult an obstetrician or maternal-fetal specialist. If you become pregnant 
while you are on this research study you will be taken off the research study. Your study doctor 
will follow your pregnancy until outcome to monitor your safety.   
 
If you are a male participant and your partner becomes pregnant, you must tell the study 
doctor as soon as possible.  
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Risks of cyclophosphamide 


Common (over 10%):  
• Decrease of white blood counts (which may result in infections)  
• Decrease in platelets (cells that help your blood to clot)  
• Decrease in red blood cell counts (which can cause anemia)  
• Nausea and vomiting  
• Temporary hair thinning or hair loss (beginning 3-6 weeks after administration)  
• Sterility (inability to have children)  
• Acute hemorrhagic cystitis (inflammation of the bladder causing blood in the urine)  


 
Less common (1-10%):  


• Facial flushing  
• Headache  


 
 
Risks of fludarabine  


Common:  
• Decrease of white blood counts (which may result in infections)  
• Decrease in platelets (cells that help your blood to clot)  
• Decrease in red blood cell counts (which can cause anemia)  
• Fever 
• Nausea and vomiting 
•  Skin rashes 
• Muscle pain 
• Fatigue (tiredness) 
• Pneumonia 
• Nervous system toxicity such as changes in vision or changes in degree of alertness both 


of which can be severe or fatal, deterioration of mental status 
• Allergic reaction causing breathing difficulty 


Rare: 
• Thrombotic thrombocytopenic purpura (TTP) -  a rare blood disorder where blood clots 


form in small blood vessels throughout the body. 
• Liver failure 
• Tumor lysis syndrome - when tumor cells are killed too quickly for the body to get rid of 


the dead cells.  Tumor lysis syndrome can cause kidney damage and increases in blood 
potassium, uric acid, calcium and phosphorous.  Treatment may require hospitalization, 
including intensive care. 


• Opportunistic infections (protozoan, viral, fungal, and bacterial) 
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Risks of fludarabine combined with cyclophosphamide:  


Common:  
• Decrease of white blood counts (which may result in infections)  
• Decrease in platelets (cells that help your blood to clot) leading to bleeding or easy 


bruising 
• Decrease in red blood cell counts (which can cause anemia)  
• Fatigue 
• Nausea and vomiting  
• Temporary hair thinning or hair loss  
• Skin infection 


Less Likely:   
• Allergic reaction 
• Severe allergic reaction that causes fever, aches and pains in the joints, skin rash, and 


swollen lymph glands, stuffy or runny nose, sneezing, sore throat, abnormal fast 
heartbeat, excessive sweating, flushing, itching, rash, swelling of the lips, eyes, tongue, 
and throat which can be severe, hives, diarrhea, high blood sugar, low blood potassium, 
dizziness, convulsions or seizures 


• Abdominal pain,  
• Back, joint, and/or muscle pain 
• Headache 
• Wheezing 
• Cough 
• Shortness of breath 
• Inflammation (swelling) of the lung which may cause difficulty breathing and difficulty 


getting oxygen, 
• Sterility (inability to have children), irregular menstrual periods 
• Increased production of tears,  
• metallic taste, and 
• acute hemorrhagic cystitis (inflammation of the bladder causing blood in the urine)  


Rare but Serious:  
• Hemolytic anemia 
• Changes in vision or changes in degree of alertness both of which can be severe or fatal 
• Rash which may become severe 
• Separation of your outer and middle skin layers which may be life-threatening  
• Difficulty breathing 
• Allergic reactions to blood transfusions 
• Tumor lysis syndrome that can lead to kidney and heart failure 
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Risks associated with apheresis (uncommon): 
Side effects that can occur during T-cell collection include nausea, vomiting, fainting or 
dizziness, seizures, skin rash, hives, flushing (redness and warmness of the skin, usually the 
face), blood loss, and infection. Tingling of the lips, muscle cramping and, very rarely, changes 
in the heart rhythm can occur. These can be prevented or made milder by giving calcium 
supplements, either by mouth or in the vein, also called intravenous (IV). Very rarely, (less than 
1 in 1,000 procedures), clotting may occur in the apheresis machine or in a patient and is 
potentially life-threatening. To reduce the risk of clotting, you will be given a drug called ACD 
(acid-citrate-dextrose). This drug may increase the risk of bleeding and may cause temporary 
tingling of the lips and limbs, muscle cramping, seizures, or changes in the heart rhythm. After 
the apheresis procedure you may experience temporary discomfort, including irritation, 
swelling or bruising at the place where the needle was inserted into your vein to collect the 
blood. Apheresis can also occasionally cause: nausea, vomiting, fainting, seizures, blood loss, 
infection, skin rash, flushing, hives, numbness and tingling, or swelling of your feet and ankles. 
 
Risks associated with blood draws (uncommon): 
Occasionally there are risks associated with blood draws such as bruising, swelling, black and 
blue marks, fainting and/or infection at the site.   You may also experience a decrease in 
hemoglobin and hematocrit (red blood cell number, called anemia) from having blood drawn 
frequently. Approximately 37 tablespoons (about 2 ¼ cups) of blood will be drawn for research 
purposes during this study over the period of two years.  
 
Risks associated with intravenous catheter placement (IV):   
Placement of an IV catheter involves putting a small, short plastic tube in your vein.  Occasionally 
the procedure can cause local infections, pain or bleeding from the needle stick, bruising of the 
skin, inflammation or irritation of the vein (also known as phlebitis). 
 
What if new information becomes available about the study? 
During the course of this research study, we may find more information that could be 
important to you. This includes information that, once learned, might cause you to change your 
mind about being in the research study.  We will notify you as soon as possible if such 
information becomes available. In order to provide this information to you, you will be asked to 
provide your current address and telephone number to the study doctor and update this 
information so that the research staff will be able to contact you to give you any new 
information learned from this research study in the future. 
 
What are the possible benefits of the study? 
You may not get any benefit from being in this research study. 
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What other choices do I have if I do not participate? 
Your other choices may include: 
 


• Getting treatment or care for your cancer without being in a research study 
• Taking part in another research study 
• Getting no treatment 


 
Will I be paid for being in this research study? 
You will not be paid for participating in this research study. 
 
Will I have to pay for anything? 
The research study will cover the cost of research related tests, procedures and clinic visits. 
There is no cost for the investigational NYCE cells product and the pre-infusion chemotherapy 
used to make “room” (lymphodepleting) for your NYCE cells that you will receive during your 
participation.   
 
This research study also requires that you receive certain standard medical tests and 
examinations during the course of the research study. These exams, tests or procedures are part 
of routine cancer care and may be done even if you were not in this research study. The costs of 
these standard tests and examinations will be the responsibility of you and/or your health 
insurance provider. Some health plans will not pay these costs for people taking part in studies. 
Check with your health plan or insurance company to find out what they will pay for. Taking part 
in this research study may or may not cost your insurance company more than the costs of 
getting regular cancer treatment. You are expected to pay for any costs not paid by your 
insurance provider (including co-pays and deductibles). 
 
What happens if I am injured or hurt during the research study? 
If you have a medical emergency during your participation on this study, you should go to the 
nearest emergency room.  You should contact the Principal Investigator or Emergency contact 
listed on page one of this form. You may also contact your own doctor, or seek treatment outside 
of the University of Pennsylvania.  Be sure to tell the doctor or his/her staff that you are in a 
research study being conducted at the University of Pennsylvania. Ask them to call the telephone 
numbers on the first page of this consent form for further instructions or information about your 
care. 
 
We will offer you the care needed to treat injuries directly resulting from taking part in this 
research.  We may bill your insurance company or other third parties, if appropriate, for the costs 
of the care you get for the injury, but you may also be responsible for some of them.  There are 
no plans for the University of Pennsylvania to pay you or give you other compensation for the 
injury.   
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Financial compensation for such things as traveling, parking, lost wages, disability or discomfort 
due to injury is not available.   
 
You will not lose any of your legal rights when you sign this form. 
 
When is the research Study over? Can I leave the Research Study 
before it ends? 
This research study is expected to end after all participants have completed all visits, and all 
information has been collected.  This research study may also be stopped at any time by your 
physician, the study Sponsor, study Funder or the Food and Drug Administration (FDA) without 
your consent because: 


• The Primary Investigator feels it is necessary for your health or safety.  Such an action 
would not require your consent, but you will be informed if such a decision is made and 
the reason for this decision.  


• You have not followed study instructions. 
•    The  Sponsor,  Study  Funder,  the  study  Principal  Investigator,  or  the  Food  and  Drug 


Administration (FDA) has decided to stop the study. 
 
If you decide not to participate, you are free to leave the research study at any time.  
Withdrawal will not interfere with your future care. 
 
Who can see or use my information? How will my personal 
information be protected? 
The investigator and staff involved with the research study will keep your personal health 
information collected for the research study strictly confidential.  Only the minimum necessary 
data will be provided to the people/entities named below and when possible participants will 
be identified with a unique study identification number. 
 
Electronic Medical Records and Research Results 
What is an Electronic Medical Record? 
An Electronic Medical Record (EMR) is an electronic version of the record of your care within a 
health system. An EMR is simply a computerized version of a paper medical record. 
 
If you are receiving care or have received care within the University of Pennsylvania Health 
System (UPHS) results of research-related procedures (i.e. laboratory tests, imaging studies and 
clinical procedures) may be placed in your existing EMR maintained by UPHS. 
 
If  you  have  never  received  care  within  UPHS  and  are  participating  in  a  University  of 
Pennsylvania research study that uses UPHS services, an EMR will be created for you for the 
purpose of maintaining any results of procedures performed as part of this research study.  The 
creation of this EMR is required for your participation in this research study. In order to create 
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your EMR, the study team will need to obtain basic information about you that would be similar 
to the information you would provide the first time you visit a hospital or medical facility (i.e. 
your name, the name of your primary doctor, the type of insurance you have). Results of 
research procedures performed as part of your participation in the research study (i.e. laboratory 
tests, imaging studies and clinical procedures) may be placed in this EMR. 
 
Once placed in your EMR, these results are accessible to appropriate UPHS workforce members 
that are not part of the research team.  Information within your EMR may also be shared with 
others who are determined by UPHS to be appropriate to have access to your EMR (e.g. health 
insurance company, disability provider, etc.). 
 
A description of this clinical trial will be available on http://www.ClinicalTrials.gov, as required by 
U.S. Law. This Web site will not include information that can identify you. At most, the Web site 
will include a summary of the results. You can search this Web site at any time. 
 
 


What information about me may be collected, used or shared with 
others? 
 


The following personal health information will be collected, used for research, and may be 
disclosed during your involvement with this research study: 
 


• Name, address, telephone number,    
e-mail address, date of birth 


• Personal and family medical history, 
allergies; prior hospital 
admission/discharge information 


• Current and past medications or 
therapies 


• Social security numbers 
• Medical record number 
 


• Information from a physical 
examination that generally also 
includes blood pressure reading, heart 
rate, breathing rate and temperature 


• Results of tests and procedures you 
will undergo during this research study 
as described in this informed consent 
form 


Why is my information being used? 
Your information is used by the research team to contact you during the research study. Your 
information and results of tests and procedures are used to: 
• do the research 
• oversee the research 
• to see if the research was done right 
• evaluate and manage research functions. 


 
Who may use and share information about me? 
The following individuals may use or share your information for this research study: 
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• The Principal Investigator and the Investigator’s study team 
• Authorized members of the workforce of the UPHS and the School of Medicine, and 


University of Pennsylvania support offices, who may need to access your information in 
the performance of their duties (for example: for research oversight and monitoring, to 
provide treatment, to manage accounting or billing matters, etc.). 


• Authorized members of the University of Pennsylvania, School of Medicine who 
coordinate this study and support research operations. 


 


Who, outside of the School of Medicine, might receive my 
information? 


 
• The funding sponsor (Parker Institute for Cancer Immunotherapy) and its authorized 


agents  
• University of California, San Francisco (UCSF) 
• MD Anderson Cancer Center  


 
Regulatory and safety oversight organizations 


• The Food and Drug Administration 
• The Office of Human Research Protections 
• The Office of Biotechnology Activities and their committees overseeing gene therapy 


research 
• The Study Data and Safety Monitoring Board  
• Public Health agencies and other governmental agencies (including non-U.S.) as 


authorized or required by law 
 
Once your personal health information is disclosed to others outside the School of Medicine, it 
may no longer be covered by federal privacy protection regulations. 
 
The Principal Investigator or study staff will inform you if there are any additions to the list 
above during your active participation in the trial. Any additions will be subject to University of 
Pennsylvania procedures developed to protect your privacy. 
 
How long may the School of Medicine use or disclose my personal 
health information? 
 


Your authorization for use of your personal health information for this specific research study 
does not expire.  Your information may be held in a research database.  However, the School of 
Medicine may not re-use or re-disclose information collected in this research study for a purpose 
other than this research study unless: 


• You have given written authorization 
• The University of Pennsylvania’s Institutional Review Board grants permission 
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• As permitted by law 
 
Can I change my mind about giving permission for use of my 
information? 
Yes. You may withdraw or take away your permission to use and disclose your health information 
at any time. You do this by sending written notice to the investigator for the research study. If 
you withdraw your permission, you will not be able to stay in this research study. 
 
What if I decide not to give permission to use and give out my health 
information? 
Then you will not be able to be in this research study. 
 
Who can I call with questions, complaints or if I’m concerned about my 
rights as a research participant? 
If you have questions, concerns or complaints regarding your participation in this research study 
or if you have any questions about your rights as a research participant, you should speak with 
the Principal Investigator listed on page one of this form.   If a member of the research team 
cannot be reached, or you want to talk to someone other than those working on the research 
study, you may contact the Office of Regulatory Affairs with any concerns or complaints at the 
University of Pennsylvania by calling (215) 898-2614. 


Financial Conflict of Interest 
The University of Pennsylvania has a significant financial interest in technologies being 
evaluated in this study. In the event that these technologies prove to be effective, the 
financial benefit to the University of Pennsylvania will increase. 
 
In addition, some of the investigators involved in this study also have significant financial 
interests related to this research. Specifically: 
 
Dr. Carl June (scientific advisor for this study) invented the technology used to expand your 
cells for this study and he receives significant financial benefit related to this. This technology 
is licensed to a biotechnology company called Life Technologies, and has been sub-licensed to 
Novartis. 
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A copy of this consent form and Research Participant HIPAA Authorization describing your 
confidentiality and privacy rights for this research study will be given to you. By signing this 
document you are permitting the School of Medicine to use and disclose personal health 
information collected about you for research purposes as described above. 
 
 
 
 
Name of  Participant                    Signature of Participant                Date 
 
 
 
 
Name of Person Obtaining Consent             Signature of Person Obtaining Consent                           Date 
 
 


When you sign this form, you are agreeing to take part in this research study. This means that 
you have read the consent form, your questions have been answered, and you have decided 
to volunteer.  Your  signature  also  means  that  you  are  permitting  the  University  of 
Pennsylvania Health System and the School of Medicine to use your personal health 
information collected about you for research purposes within our institution. You are also 
allowing the University of Pennsylvania Health System and the School of Medicine to disclose 
that personal health information to outside organizations or people involved with the 
operations of this research study. 


Page 251 of 342







 Informed Consent Form and HIPAA Authorization - UPCC 25416  
Phase I Trial of Autologous T Cells Engineered to Express NY-ESO-1 TCR and Gene  


Edited to Eliminate Endogenous TCR and PD-1 
 


UPCC 25416 Version 1.04-18-2016  Page 26 of 29 


About Using Blood and Tissue for Research 
 


In addition to the research study and the analysis of blood and tissue outlined above, researchers 
are also interested in using blood, tissue, fluid, remaining unmanufactured T-cells (from your 
apheresis collection), unused manufactured NYCE cells or other specimens that may be obtained 
from you while you are participating on this research study.  These research tests may be 
developed during the time you are on the research study or, in some cases, years later. We ask 
that you give approval for these tests to be performed using these specimens.  Because it is not 
possible for you or the researchers conducting this research study to know what will be 
discovered in the future and what additional tests may be appropriate at that time, we ask that 
you give your permission for such studies without being contacted for permission for each test 
including genetic testing.  These tests may provide additional information that will be helpful in 
understanding your disease or response to treatment and/or cancer, but it is unlikely that what 
we learn from these studies will have a direct benefit for you. These studies may benefit patients 
in the future. 
 
In addition, blood, tissue, fluid, unmanufactured or manufactured NYCE cells or other specimens 
obtained from you and may be used to establish products that could be patented or licensed. 
There are no plans to provide financial compensation to you should this occur.  
 
Samples will be stored indefinitely.   Researchers involved in this research study at the Parker 
Institute for Cancer Immunotherapy, Center for Cellular Immunotherapies at UPENN, University 
of California in San Francisco (UCSF), and MD Anderson Cancer Center will have access to the 
specimens.  These specimens may be used to conduct pilot (new) studies regarding your disease 
or regarding your response to the kind of treatment you received. Samples may be sent to other 
researchers for collaborative studies, including researchers at for-profit agencies.  However, prior 
to shipment, patient identifiers (name, initials and medical record numbers) will be removed. 
You will not be given results of these pilot studies.  You have the right to withdraw any unused 
blood, tissue, fluid, unmanufactured or manufactured NYCE cells from further use by contacting 
Dr. Edward Stadtmauer at (215) 662-7910.  Any blood/tissue/fluid that has already been used for 
research will be retained. 
 
Please initial next to your choice below. 
 


Initials  


 
I AGREE to allow my blood/tissue/fluid and any leftover unmanufactured or 
manufactured T-cells to be kept for use in research to learn about, prevent, treat, 
or cure cancer or other diseases. 


 
I DO NOT AGREE to allow my blood/tissue/fluid and any leftover unmanufactured 
or manufactured T-cells to be kept for use in research to learn about, prevent, 
treat, or cure cancer or other diseases. 
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Name of Participant                                         Signature of Participant                                           Date 
 
 
 
 
Name of Person Obtaining Consent         Signature of Person Obtaining Consent                     Date 
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List of Terms Used in the Consent: 
Autoimmune disease - When the body's immune system attacks and damages its own normal 
organs or tissues. 
 
Biopsy - A needle (percutaneous) biopsy removes tissue using a hollow tube called a syringe. A 
needle is passed several times through the tissue being examined. The surgeon uses the needle 
to remove the tissue sample. Needle biopsies are often done typically using computed 
tomography (CT) scan or ultrasound, which guide the surgeon to the right area. In a needle 
biopsy, you will feel a small sharp pinch at the site of the biopsy. In an open or closed biopsy, 
local or general anesthesia is often used to make the procedure pain-free. 
 
Blood draw – When blood is taken from a vein using a needle, in order to monitor your health 
and for research. 
 
Bone marrow biopsy and aspirate - A bone marrow aspiration is a procedure in which an area 
of the hipbone is numbed, and a small sample of bone marrow is removed through a needle. A 
bone  marrow biopsy  is  similar  to  a  bone  marrow aspiration,  except a  sample  of  bone  is 
removed through the needle. 
 
CSF-Cerebrospinal fluid is a clear colorless bodily fluid surrounding the brain and spinal cord. 
 
CT-Scan – The CAT (Computerized Axial Tomography) scan, also known as the CT (computed 
tomography) scan, is an x-ray technique that produces a film representing a detailed cross 
section of body tissues and structures. The standard CT scan procedure is painless, noninvasive, 
and requires no special preparation. 
In this test, a computerized axial tomography (CAT or CT) scanner is used to produce a series of 
cross-sectional x-ray pictures of a selected part of the body. A computer operates the scanner, 
and the resulting picture represents a slice of the body. Areas above and below the chosen slice 
do not appear on the image.  Information from several slices can be combined to create a view 
across the body from any angle, and it produces pictures with 10 to 20 times the detail of 
regular x-rays. 
 
ECHO/MUGA – Both an echo (or echocardiogram) and a MUGA are test that are used to find out 
if the heart is functioning normally.   An echo uses sound waves produce pictures of the heart. A 
MUGA uses a special camera that follows the radioactive substance that is given in your vein to 
produce images of your heart. 
 
Electrocardiogram - An electrocardiogram (EKG or ECG) is a test that checks for problems with 
the electrical activity of your heart. An EKG translates the heart's electrical activity into line 
tracings on paper. The spikes and dips in the line tracings are called waves.  During an EKG, 
several electrodes are attached to the skin on each arm and leg and on your chest. These are 
hooked to a machine that traces your heart activity onto a paper. If an older machine is used, 
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the electrodes may be moved at different times during the test to measure your heart's 
electrical activity from different locations on your chest. 
 
Immune System - The body's defense system against infections and diseases like cancer. 
 
Immunity - protection against a foreign invader (like cancer or a germ). 
 
Lentivirus – a virus-like particle that is made from the human immunodeficiency virus (HIV) virus 
but cannot cause HIV infection or disease.  It is used to deliver or transfer the new genetic 
material into the T-cells. 
 
Lumbar puncture-this is also known as a spinal tap.  This procedure is used to collect CSF and is 
performed by cleaning and numbing an area of the lower back and inserting a needle into the 
lower back.  The CSF fluid is collected, the needle is removed, the area is cleaned and a bandage 
is placed over the needle site. 
 
Medical History – the doctor or study nurse will ask you about all previous medical conditions, 
past and current medications you may have taken, and participation in any prior clinical trials. 
 
Neurologic Exam – a doctor will assess your eye movement, speech pattern, presence or 
absence of tremors, balance, and coordination. 
 
Physical Examination – A doctor or nurse will examine you and ask you how you are feeling and 
may include obtaining your height and weight and vital signs. (temperature, blood pressure, 
heard rate, respiratory rate, pulse or blood oxygen levels). 
 
Previous viral infections tests - Blood tests to check for any sign of previous viral infection such 
as HIV (which causes AIDS), hepatitis B, hepatitis C and Cytomegalovirus (CMV). 
 
Redirected or “gene-modified” T-cells – T-cells that contain a new gene or new genetic material 
that may result in the ability of the T-cells to recognize and attack cancer cells that they could 
not identify before. 
 
Skeletal Bone Survey – a series of x-rays of all the major bones in the body to look for bone 
damage or bone loss. 
 
T-cells – Type of white blood cell that helps fight against infection and cancer; also known as T- 
lymphocytes. 
 
Transfusion - A procedure for giving a blood cell product to a patient through the vein or 
through a catheter ("tube") which is inserted into a vein. 
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Protocol Title: Phase I Trial of Autologous T Cells Engineered to Express NY-ESO-1 
TCR and Gene Edited to Eliminate Endogenous TCR and PD-1 


 


Principal 
Investigator: 


 
Edward Stadtmauer, MD 
Department of Medicine 
University of Pennsylvania School of Medicine  
Philadelphia, Pennsylvania 19104 
(215) 662-7910 
  


Emergency Contact: 
 


Ask for Oncologist on Call 
 


(215) 662-4000  


 
 


Why am I being asked to volunteer? 
You are being invited to participate in a research study because you are HLA-A2-positive, your 
tumor has returned and expresses a protein called NY-ESO-1. HLA-A2 is a protein found on most 
cells in your body and it is used by your immune system to know which cells belong in your body 
and which do not. HLA proteins are of different kinds. All people have the HLA proteins, but not 
all have HLA-A2 protein. Your participation is voluntary which means you can choose whether or 
not you want to participate.  
 
Before agreeing to participate in this research study, it is important that you read the following 
explanation of the proposed procedures and how long you will be in the study. This document 
describes the purpose, procedures, benefits, risks, discomforts and precautions of the study. It 
also describes the alternative procedures that are available to you and your right to withdraw 
from the study at any time.   


 
We are asking that you participate in a research study.  When you take part in a research study, 
you and the study doctor must follow a set plan called the “study protocol.” This is different 
from receiving care outside of the research study.  When you receive medical care from your 
own doctor, he or she develops a plan of care just for you and your individual needs. When 
participating in the research study, the study doctor usually cannot adjust the plan for you as he 
needs to follow the study protocol.  However this research plan includes steps to follow if you 
are not doing well.  It's important to understand that a clinical trial is an experiment. By its 
nature, that means the answer to the research question is still unknown. 


 
Please take time to read the following information carefully. You may wish to discuss it with your 
family, friends, and your personal doctor (i.e., your family doctor or primary care doctor). If you 
have any questions, you may ask your study doctor and/or the research team for more 
information. Take time to decide whether or not you wish to take part. If you decide to 
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participate, you will be asked to sign this form.  If you decide to participate, you can change your 
mind at any time and withdraw from the study without giving a reason.  


 


What is the purpose of this research study? 
This is a research study for people who are HLA-A2-positive, have either multiple myeloma, 
sarcoma, or melanoma that has returned or has not responded to standard treatment, and the 
tumors express an antigen called NY-ESO-1. This is a study conducted at 3 clinical sites: University 
of Pennsylvania (UPENN), University of California in San Francisco (UCSF), and MD Anderson 
Cancer Center (MDACC).  UPENN will be enrolling myeloma and sarcoma patients only. 
 
This research study will take some of your own white blood cells, called T-cells, and modify them 
so that they can identify and possibly kill your cancerous cells.  The modification is a genetic 
change, or gene transfer, to your normal T-cells. This modification will add a new receptor to 
your cells such as the cells recognize cancerous cells expressing the NY-ESO-1 protein. This type 
of modification has been tested in humans. In addition, your cells will be modified to disrupt 3 
genes that the researchers think may improve the function of these modified cells. This is new 
modification that has not been tested in humans. These modified T cells are called NY-ESO-1 
redirected CRISPR Edited cells, hereinafter referred to as “NYCE cells”. 
 
NYCE cells will be given back to you through your vein in one infusion.  
  
The use of NYCE cells is experimental and has not been approved by the Food and Drug 
Administration (FDA).  NYCE cells are being tested in humans for the first time under this study. 
 
There is a planned NYCE cells dose for this research study.  However, at this time, we do not 
know the best and safest dose.  It is possible that a lower dose could be effective.  If the 
planned study dose cannot be made, the study physicians may recommend giving you the 
lower dose that has been made if they feel it is safe and poses no additional risk to you. If you 
decide not to receive a lower dose than planned by the research study, you will no longer be 
able to participate in this research study.  If you receive a dose that is lower than the planned 
study dose, you will undergo the same schedule of visits and procedures as participants who 
receive the planned study dose.    
    
How long will I be in the study?  
If you choose to participate, the study will take approximately 1 year from screening to the end 
of the study and up to 2 years for follow-up. You will be asked to come to the Hospital of the 
University of Pennsylvania 2-3 times during the screening process in order to make sure you are 
eligible to receive the NYCE cells, and to prepare you for the experimental treatment. Once you 
receive the NYCE cells, you will be monitored very closely by your doctors and study team as 
either an outpatient or inpatient depending on your clinical condition.  After this first month, you 
will be asked to come back to the Hospital of the University of Pennsylvania at month 2, 3, 4, 5, 6, 
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9 and 12 for 1 year (7 visits) and then every 3 months for the second year (4 visits). Each of these 
monthly visits should take about 1 to 4 hours.  
 
How many other people will be in the study? 
It is expected that about 15 adults with multiple myeloma, sarcoma, or melanoma will participate 
in this study at three centers in the United States: UPENN, UCSF, and MDACC.   Patients with 
multiple myeloma will be enrolled at UPENN and UCSF, patients with sarcoma will be enrolled at 
UPENN and MDACC, and patients with melanoma will be enrolled at MDACC. 
 
What am I being asked to do? 
Please note that a list of terms that are used throughout this consent form is provided at the end 
of this consent with explanations. 
 
Procedures 
Prior to taking part in this study, you and your doctor should discuss the current standard 
treatments for your cancer. The study doctor or a trained member of their staff will ask you to 
read and sign this Informed Consent Form after all of your questions have been satisfactorily 
answered.  
 
Once you decide to participate, you will have to undergo a screening process to determine if 
you are able to join the study.  In order to determine if you are eligible to participate in this 
study, you will be required to undergo the following tests and evaluations: 
 


Day 


Part of 
Your 


Standard 
Medical 


Care? 


Procedures 


Screening 
Phase:  
Approximately 
1 to 2 months 
prior to your 
NYCE cells 
infusion 


No These procedures will check to see if you are eligible to participate 
in the study and will take approximately 1-2 hours. 


• HIV test (about 1 teaspoon of blood) 
• Blood is drawn for laboratory testing (which includes the 


hepatitis B and hepatitis C tests, tests to determine how fast 
your blood clots,   tests to see if you have any active 
infections,  and research blood tests (about 2 tablespoons). 
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Day 


Part of 
Your 


Standard 
Medical 


Care? 


Procedures 


Yes • Review of your relevant medical history, current medical 
conditions, and list of medications 


• Physical Exam including vital signs (temperature, blood 
pressure, heart rate (pulse), respiratory rate and blood oxygen 
levels), height and weight 


• Routine blood tests- to assess your blood cell counts (to assess 
the number of each type of blood cell), blood chemistry levels 
(to test your organ function and the minerals in your blood) 
and to assess your disease (about 1 tablespoon)  


• Urine pregnancy test- if you are female and able to bear 
children  


• Electrocardiogram (EKG)  
• MUGA/ECHO test  


DISEASE ASSESSMENTS 


Sarcoma patients:  
• CT scan and/or MRI unless these were performed within 8 


weeks of the screening visit. 


Multiple myeloma patients: 
• Bone marrow biopsy/aspirate (only if your tumor cannot be 


measured). If performed, a portion of the aspirate (about 1.5 
tablespoons) will be used for research purposes. 


• Neurologic exam 
• Brain MRI 
• Lumbar puncture to collect spinal fluid (CSF) only if you 


currently have, or had a history of, brain tumors 
• Skeletal bone survey 
• 24-hour urine collection to measure multiple myeloma 
• Blood tests to measure your myeloma protein levels (about 2 


teaspoons) 
 


 


 
Reporting of a positive HIV, hepatitis B and hepatitis C test:  You will be tested for HIV, hepatitis 
B and hepatitis C as one of the screening requirements prior to participating in this study.  If 
you test positive for HIV, hepatitis B or hepatitis C, by law we have to report the infection to the 
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City of Philadelphia Health Department/PA Department of Health. We would report your name, 
gender, racial/ethnic background, and the month and year you were born.  
 
Once you have completed the screening visit, your study doctor will determine whether it is 
safe for you to enter the study or not.   
 
 


 


Day 


 


Part of 
Your 


Standard 
Medical 


Care? 


 


Procedures 


● Make sure you tell the study staff about any medications you are taking during the research 
study. This includes prescriptions drugs, over-the-counter medicines, natural or herbal 
medicines, alternative medicines and vitamins. This is very important.  


● Tell your study doctor or study staff if you have any unusual symptoms any time, even outside 
the visit period. 


Pre-Treatment Phase 
Apheresis  
Approximately 3-4 
weeks prior to 
your NYCE cells 
infusion 
 
 


No 
 
 


Apheresis will take place in the apheresis unit and is done to 
collect the T-cells into which the new genetic material will be 
inserted.  
 
An apheresis unit is a place where patients who need specific 
components of their blood removed from their bodies go to 
have this procedure performed.   This apheresis visit will take ~4 
hours in total and the apheresis procedure will take ~ 3 hours to 
complete.  
 
You may not have to undergo this apheresis procedure if you 
have had T-cells collected on another research study or at 
another facility.  We will use your T-cells collected from the 
other study if they are acceptable to make your NYCE cells for 
this study.    
 
If the veins in your arms are not adequate for the procedure, a 
special apheresis catheter may be inserted into the large vein in 
your neck for the collection. 


 
The following procedures will be done: 
• Review of current medical conditions and list of medications 
• Blood tests (about 1 teaspoon) 
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Day 


 


Part of 
Your 


Standard 
Medical 


Care? 


 


Procedures 


• Vital signs (temperature, blood pressure, heart rate, 
respiratory rate and blood oxygen levels) 


 
Pre-Infusion 
6-10 days prior to 
your NYCE cells 
infusion 


No 
 
 
 
 


 


This visit and will take ~ ½ hour.  At this visit, the following will 
be performed in order to check your health prior to receiving 
your NYCE cells infusion: 


•  Blood for clinical laboratory tests  and research analysis 
(about 3 tablespoons) 


•  Blood tests to determine how fast your blood clots (about 
1 teaspoon) 


• Within 7 days prior to your NYCE cells infusion, a 
respiratory virus panel (RVP) to test for the flu will be 
performed. This test involves swabbing your nose with a 
cotton swab. 
If your RVP test is positive but you do not have any flu 
symptoms, you will receive an antiviral medication called 
Tamiflu as standard medical care, and your NYCE cells 
infusion will be delayed until you complete this medication 
(administered per packaging instructions).  
If your RVP test is positive and you have flu symptoms, you 
will need to complete the Tamiflu, and all clinical 
symptoms must be resolved before you can receive your 
NYCE cells. 


 
Yes 


 
•     Review of current medications and how you are feeling 
•     Physical examination including an assessment of your vital 


signs 
• Blood test for routine lab tests (about 1 tablespoon) 
• Blood pregnancy test - if you are female and able to bear 


children (about 1 teaspoon) 


DISEASE ASSESSMENTS 


Sarcoma patients:  
• CT scan and/or MRI 


Multiple myeloma patients:  
• If your study doctor suspects that you have masses of 
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Day 


 


Part of 
Your 


Standard 
Medical 


Care? 


 


Procedures 


multiple myeloma plasma cells outside your bone marrow 
called plasmacytomas, you may be asked to undergo an 
imaging test such as a CT scan or PET/CT. 


• 24-hour urine collection to measure multiple myeloma 
• Blood tests to measure your myeloma protein levels 


(about 2 teaspoons) 
• Bone marrow biopsy/aspirate (if not already done at 


Screening).  If performed, a portion of the aspirate (about 
1.5 tablespoons) will be used for research purposes. 


Cytoreductive 
Chemotherapy 
Approximately 
2 to 4 days prior to 
your NYCE cells 
Infusion 


No 
 
 
 
 
 
 
 
 


   


You will receive chemotherapy prior to the NYCE cells infusion 
to eliminate some of your blood white cells and make “room” 
for the NYCE cells.  


• Review of current medical conditions and list of 
medications 


• Physical examination and vital signs assessments will be 
performed in accordance with the chemotherapy unit’s 
standard procedures 


• Blood test for routine lab tests (about 1 tablespoon) 


Treatment and Primary Follow-Up Phase 
NYCE cells 
Infusion 
Day of infusion 
(Day 0)  


No 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


This is the day of your NYCE cells infusion.  2 to 4 Days after you 
have completed chemotherapy, your NYCE cells will be given 
back to you in your vein. This will occur after the cells have 
been grown in the lab for about 8-12 days. These NYCE cells will 
be tested to make sure that they are healthy and free from 
impurities.   
 
You will not receive additional chemotherapy in the two-week 
period before the planned NYCE cells infusion. However, if your 
doctor decides that it is best for you to receive additional 
chemotherapy, the NYCE cells infusion will be delayed. 


 
In order to reduce potential side effects of the NYCE cells 
treatment, you may also receive acetaminophen (e.g., Tylenol) 
and/or diphenhydramine (e.g., Benadryl) prior to the infusion.   
The NYCE cells will take 20 minutes or less to go into your vein.  
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Day 


 


Part of 
Your 


Standard 
Medical 


Care? 


 


Procedures 


 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
You will also undergo the following: 


• Vital signs (temperature, blood pressure, heart rate, 
respiratory rate and blood oxygen levels) will be taken 
within 10 minutes prior, within 10 minutes after the 
infusion, and then every 15 minutes for the first hour, and 
then every hour for the next 2 hours until these signs are 
satisfactory and stable. 


• NYCE cells infusion 
• Blood for clinical laboratory tests  collected prior to NYCE 


cells infusion 
• Blood for research analysis collected prior to NYCE cells 


infusion and about 20 minutes after the NYCE cells 
infusion (about 3 teaspoons). 


  
You will be allowed to go home 2 hours after your infusion if 
you feel well and have not experienced unexpected reactions to 
the infusion. 


Yes 
 


 


• Review of current medical conditions and list of 
medications 


• Routine blood tests - to assess your blood cell counts and 
blood chemistry levels (about 1 tablespoon) 


•  
Post Infusion 
Days 1, 3, 7,  14, 
and 21 


No • Blood for clinical lab tests and research analysis (including, 
tests for detection of NYCE cells and molecular studies).  
The maximum amount of blood that may be collected 
during any one of these visits will be 4 tablespoons.) 


Yes • Review of your current medical conditions and 
medications 


• Physical Exam including an assessment of your vital signs.  
• Routine Blood Tests - to assess your blood cell counts and 


blood chemistry levels (about 1 tablespoon).  
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Day 


 


Part of 
Your 


Standard 
Medical 


Care? 


 


Procedures 


Post Infusion 
Day 10 
 
 


No • Blood for clinical lab tests and research analysis (including, 
tests for detection of NYCE cells and molecular studies).  
The maximum amount of blood that may be collected 
during any one of these visits will be 4 tablespoons.) 


 
 Yes • Routine blood tests - to assess your blood cell counts and 


blood chemistry levels (about 1 tablespoon) 


Post Infusion 
Day 28 post 
infusion 


No 
 
 
 
 
 


Approximately 1 month after your NYCE cells infusion , you will 
have your first set of tests performed to see how your tumor 
has responded to the treatment 
• Blood for clinical lab tests and research analysis (including 


tests for detection of NYCE cells).   This requires a total 
blood draw of about 3 ½ tablespoons) 


 
Yes • Review of your current medical conditions and list of      


medications 
• Physical Exam including an assessment of your vital signs  
• Routine blood tests- to assess your blood cell counts, blood 


chemistry levels, and to assess your disease. This requires 
a blood draw of about 1 tablespoon.  


DISEASE ASSESSMENTS 


Sarcoma patients: 
• CT scan and/or MRI 


Multiple myeloma patients:  
• If you have masses of multiple myeloma plasma cells 


outside your bone marrow called plasmacytomas, you may 
be asked to undergo an imaging test such as a CT scan or 
PET/CT. 


• 24-hour urine collection to measure multiple myeloma 
• Blood tests to measure your myeloma protein levels 


(about 2 teaspoons) 
• Bone marrow biopsy/aspirate.  If performed, a portion of 


the aspirate (about 1.5 tablespoons) will be used for 
research purposes. 
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Day 


 


Part of 
Your 


Standard 
Medical 


Care? 


 


Procedures 


 


Post Infusion 
Months 2-6 post 
infusion 


No 
 
 


 
 


•    Blood for clinical lab tests and research analysis (including 
tests for detection of NYCE cells). The maximum amount of 
blood that may be collected from you during any one of 
these visits will be about 2 tablespoons. 


Yes 
 
 
 
 
 
 
 
 
 
 


• Review of current medical conditions and list of 
medications 


• Physical examination including an assessment of your vital 
signs 


• Routine blood tests- to assess your blood cell counts, blood 
chemistry levels, and to assess your disease. This requires 
a blood draw of about 1 tablespoon.  


DISEASE ASSESSMENTS 


Sarcoma patients: 
• CT scan and/or MRI to assess your tumor (at Month 3 only) 


Multiple myeloma patients:  
• If you have masses of multiple myeloma plasma cells 


outside your bone marrow called plasmacytomas, you may 
be asked to undergo an imaging test such as a CT scan or 
PET/CT (at Month 3 only). 


• 24-hour urine collection to measure multiple myeloma (at 
Months 3 and 6 only; may be done more frequently if 
medically necessary)  


• Blood tests to measure your myeloma protein levels 
(about 2 teaspoons) 


• Bone marrow biopsy/aspirate (at Month 3 only).  If 
performed, a portion of the aspirate (about 1.5 
tablespoons) will be used for research purposes. 


• Skeletal bone survey (at Month 6 only) 
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Day 


 


Part of 
Your 


Standard 
Medical 


Care? 


 


Procedures 


Post Infusion 
Months 9, 12, 15, 
18, 21, and 24 
(End of Treatment 
and Primary 
Follow-Up Phase)  
 
 
 
 
 


 


No • Blood for clinical lab tests and research analysis (including 
tests for detection of NYCE cells).  This requires a blood 
draw of about 2 tablespoons. 


Yes 
 
 
 


•    Review of current medical conditions and list of 
medications  


•    Physical examination including an assessment of your vital 
signs 


• Routine blood tests- to assess your blood cell counts, 
blood chemistry levels, and to assess your disease. This 
requires a blood draw of about 1 tablespoon 


Multiple myeloma patients: 
• If you have masses of multiple myeloma plasma cells 


outside your bone marrow called plasmacytomas, you may 
be asked to undergo an imaging test such as a CT scan or 
PET/CT. 


• 24-hour urine collection to measure multiple myeloma  
• Blood tests to measure your myeloma protein levels 


(about 2 teaspoons) 
 


 
You will be required to travel to the Hospital at the University of Pennsylvania for each of the 
study visits. Once you have had your NYCE cells infusion, it is very important that the study 
doctor is able to monitor your health and safety at each visit. In the event you are unable to 
travel to the Hospital at the University of Pennsylvania for one of these visits, you should contact 
your study doctor. 
 
In the event that you cannot return to the study site for the above follow-up visits, your primary 
care physician and/or local oncologist will be asked to provide information from your medical 
record to the study team at protocol-defined time points (including the results of any routine 
care examinations and/or laboratory assessments), and assist in the collection of protocol 
required blood samples (if applicable) which will be sent to the University of Pennsylvania for 
protocol required analysis.  You and/or your local provider will also be contacted via telephone 
by a member of the study team to assess any potential toxicity. 
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Secondary Follow-up:  After you complete the above study follow-up, we will continue to check 
your health status (including your disease status) every month to see how you are doing until 
you enroll into the long-term follow-up study or until the study ends, whichever occurs first. 
 
Long-Term Follow-Up Study:  After you complete this research study, you will be asked to enroll 
in a separate long-term follow-up research study that will look for possible side effects of the 
gene modified NYCE cells.  If you choose to participate in the long-term follow-up research 
study, you will sign a new separate consent form.  The long-term follow-up research study will 
consist of semi-annual evaluations (every six months) for up to five years followed by annual 
evaluations thereafter for up to 15 years.   
 
The purpose of this long-term follow-up study is to monitor the health status of individuals, such 
as you, who received their own cells that had been changed using a lentiviral vector (also known 
as gene-modified cells). The Food and Drug Administration (FDA) has issued guidelines requiring 
long-term follow-up for up to 15 years of all subjects who received gene therapy. The long-term 
follow-up study is important in monitoring you for development of a new cancer and Replication 
Competent Lentivirus (RCL). Both are very rare events and are described in more detail in the 
“What are the possible risks or discomforts?” section that follows. 
 
Additional Research Samples: In the event something unexpected occurs during your 
participation in the protocol (for example a new side effect that has not been experienced by 
other participants), the research team may request additional blood be collected for research 
analysis. This is being done with the intention of evaluating the likely effects from the NYCE 
cells you have received.  The total amount of extra blood that will be collected from you will be 
3 tablespoons of blood twice in one week.   
 
Request for Autopsy: 
In order for the study doctors to learn more about your disease and the safety and function of 
the NYCE cells, they may request to perform an autopsy in the event of your death.  Your family 
will make the final decision as to whether or not an autopsy can be performed and will be 
required to sign forms that will authorize the autopsy.  Therefore, please inform your family of 
your wishes.  If an autopsy is performed, samples obtained during this procedure will be used for 
research purposes.   
 


What are the possible risks or discomforts? 
The side effects listed below are from different trials that used a genetically modified T cells. 
This research may involve risks that are currently unforeseeable, so tell your doctor if you are 
experiencing any problems.  If you see a doctor other than your study doctor, please let them 
know that you are involved in a research study.   It is very important that you contact your 
study doctor immediately at any signs of fever or other new abnormal symptoms.  Treatment 
on this research study may have risks we don't know about and may require you to go into the 
hospital so the study team can monitor these side effects. 
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The following side effects may be observed with NYCE cells:  
 
Tumor Lysis Syndrome: 
Tumor lysis syndrome happens when tumor cells are killed too quickly for the body to get rid of 
the dead cells.  Tumor lysis syndrome can cause kidney damage and increases in blood 
potassium, uric acid, calcium and phosphorous.  Treatment may require hospitalization, 
including intensive care.   
 
Cytokine Release Syndrome/Macrophage Activation Syndrome: 
Rapidly growing activated NYCE cells may release proteins and chemicals called cytokines.   
Release of large amounts of certain cytokines can cause a “cytokine release syndrome”.  
Macrophage activation syndrome is an activation of your immune system associated with the 
cytokine release syndrome.  Cytokine release syndrome can cause a severe flu-like syndrome.  
Symptoms of this severe flu-like syndrome include high fevers, chills and shaking, muscle aches, 
joint aches, sweating, nausea, vomiting, loss of appetite, fatigue, headache, fast heart rate, liver 
problems, and kidney problems requiring dialysis.  People can also have trouble breathing and 
dangerously low blood pressure.  Some people need to be treated with a ventilator (a breathing 
machine).    Many people with severe flu-like syndromes have had to be cared for in an intensive 
care unit at the hospital.  This reaction can be mild or severe and has resulted in death.  
 
These side effects may or may not be reversible. Medications are available to potentially 
reverse the cytokine release syndrome and macrophage activation syndrome (steroid 
treatment or other medicines). Unfortunately, these medicines could get rid of the NYCE cells 
and prevent them from working.  The best time to administer medications to treat the cytokine 
release syndrome and macrophage activation syndrome is not currently known.   In addition, 
these medications may weaken the immune system increasing the chance for potential serious 
infections (including but not limited to pneumonia).  


 
In a different study involving several adult patients with acute lymphoblastic leukemia, they 
received CART-19 T-cells at higher doses and experienced severe cytokine release syndrome 
that could not be managed with medication and resulted in death. There is no guarantee that 
CRS or death is any less likely to occur with the NYCE cells dose that you will receive.  
 
In addition, some participants have become very confused and disoriented (unaware of who 
they are and or where they are, not recognizing family and friends, unaware of the date and 
unaware of their health problems).  Some participants have had seizures or have even become 
unresponsive.  We believe these side effects are caused by the cytokine release syndrome and 
macrophage activation syndrome.  In most instances these problems resolved when we treated 
the participants with medications that reverse the cytokine release syndrome.  However, one 
individual experienced difficulty with complex thinking (also called cognitive impairment) which 
took over a month to resolve. While this might be a result of the chemotherapy they had 
received, we cannot say for certain that it wasn’t due to the genetically modified T cells.   
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Significant decreases in blood counts, including neutropenia (low white blood cell count), 
anemia (low red blood cell count), and thrombocytopenia (low platelet counts) are routinely 
seen. This will be related to the chemotherapy you receive prior to the NYCE cells infusion, and 
may be related to the NYCE cells infusion as well. These decreases can last weeks or, much 
more rarely, months. These decreases may result in the need for transfusions (i.e. anemia and 
thrombocytopenia) and increase the risk of severe infections. 
 
If your T-cells grow rapidly it is possible that the NYCE cells will multiply in your body. This can 
be a good thing. However, it is possible that the growth of the NYCE cells will be excessive, in 
which case your doctor may wish to kill the NYCE cells. This can be done by giving drugs called 
corticosteroids. If the NYCE cells growth is not controlled by the corticosteroid  treatment,  your  
doctor  will  recommend  chemotherapy,  similar  to  what  is usually administered for your 
tumor.  


 
You may be less likely to respond to similar gene transfer trials in the future because you may 
develop an immune response to the biological delivery vehicle, called a vector, which is used 
for the gene transfer in your cells. 
 
Potential risk of autoimmune disease: 
The use of NYCE cells could potentially result in an illness which doctors call “autoimmune 
disease”.  Our bodies have an immune system that protects us from disease and infection. 
When you have an autoimmune disease, your immune system attacks itself by mistake and you 
can get sick.  Autoimmune disease can  affect many parts of  your body, like  your nerves, 
muscles,  the  endocrine  system  (system  that  directs  your  body’s  hormones  and  other 
chemicals), and digestive system. 
 
Potential risk of other cancer (very rare, unexpected): 
There is a chance that the modification of DNA in your T cells may activate a neighboring gene 
or genes. Depending on the type(s) of neighboring gene(s) activated, there may be a risk of 
uncontrolled cell growth that could result in cancer. We do not know if and what specific genes 
may be activated by the DNA modification used in this protocol and if these would cause a new 
cancer.  
  
Cancers due to a type of viral vector different than that used in this protocol has occurred in a 
gene transfer research study conducted in France. Several children with a disease called X-
linked Severe Combined Immunodeficiency (SCID) that received gene modified cells developed 
a leukemia-like malignant disease (cancer) due to the vector DNA. Some that developed the 
leukemia were successfully treated while others were not. However,  most  of  the  children  
with  X-linked  SCID  who  received gene modified cells have not developed a leukemia-like 
disease. 
 
While this risk is rare, you will be monitored for development of any new cancers throughout 
the scheduled protocol visits. If a new cancer develops while you are on study, you will be 
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treated by standard of care clinical procedures, and the cancer will be investigated to 
determine if the lentiviral vector contributed to its development. 
 
Potential risks associated with a Replication Competent Lentivirus or “RCL” (very rare, 
unexpected): 
The lentiviral vector that is used to modify the DNA of your T cells has been designed so that it 
does not grow once inside your T-cells and remains inactive. However, there is a risk that 
portions of the vector could mutate (change) in your T-cells and allow it become active (i.e. 
grow and spread to other cells).  This would be called a replication competent lentivirus, or 
“RCL”.  The specific risks associated with RCL are unknown. In the worst possible case it may 
make you sicker than you are now. To date, no patient treated with genetically modified T cells 
using lentiviral vector has developed an RCL. 
 
To minimize the possibility of you developing an RCL, the lentiviral vector and the NYCE cells 
will both be tested for RCL. You will also be monitored throughout the study for RCL.  If the test 
used to detect components of a RCL is positive during any of these visits, you will be notified 
and requested to return for additional blood tests for your safety.  A single positive blood test 
does not mean that you have an active RCL. However, if your blood tests for RCL continue to 
remain positive, you will undergo additional testing to determine whether or not you have 
developed an active RCL. During this time, you will be closely monitored in the clinic.  Should 
the additional testing show that you have an active RCL, medical and research experts will work 
with you to design the best care available based upon your health. 
 
Potential risks associated with HIV (very rare, unexpected): 
The lentiviral vector that is used to modify your T-cells is made up of parts of the human 
immunodeficiency virus or HIV.  The lentiviral vector does not behave like HIV and it cannot 
cause the HIV disease. Most of the lentiviral vector is washed away during the manufacturing 
process of your T-cells, however there is a possibility that a small amount of parts of the 
lentiviral vector may remain in the T-cells and cause your body to generate antibodies to the 
HIV proteins. Although generation of antibodies to HIV does not pose a risk to you, it may cause 
a positive test result in some antibody-based tests for HIV.  If you become positive for HIV 
antibodies, you can have a more sensitive test done to determine whether or not you are HIV 
positive. 
  
Possible risk of neurological side effects (rare, unexpected): 
The use of NYCE cells may cause side effects that affect your nervous system.  Typically these 
events have been associated with cytokine release syndrome/macrophage activation syndrome 
(CRS/MAS) as described above.  While most neurological side effects have improved, there is a 
possibility that you will experience side effects that will not improve. 


 
In a different study that used CART-19 T cells, there was one patient who developed severe 
weakness, and loss of the ability to speak or move.  These side effects were not associated with 
CRS/MAS, and may be related to CART-19 T-cells or other factors related to their disease or care. 
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It is possible that the CAR T cells may cause meningitis, which is an inflammation of the lining 
around the spinal cord and brain. This can result in headaches, nausea, vomiting, vision 
problems and increased pressure in the brain. It may also lead to seizures and possibly death. 
We have seen meningitis in at least one patient treated with CART-19 T-cells. We do not know if 
it was caused by the CART-19 T-cells or the patient's underlying leukemia. 
 
Reproductive risks: 
The effects of NYCE cells on pregnancy and child development are unknown. Therefore, there 
could be serious harm to unborn children (or children who are breast-feeding) and it could also 
jeopardize the health of the mother.   
 
If you are capable of becoming pregnant, you will undergo a serum pregnancy test prior to 
entry into the research study and a urine or serum pregnancy test prior to the NYCE cells 
infusion. If you are found to be pregnant or breast-feeding at that time you will not be allowed 
to participate in the research study. 
 
If you are a female participant in the study and are capable of becoming pregnant, you MUST 
use at least one method of birth control during the entire time you participate in the study, 
including long-term follow-up. If you are male, you MUST use at least one method of birth 
control during the entire time you participate in order to avoid impregnating a female.   
 
Examples of highly effective birth control methods include any of the following:  


• Total abstinence (no sexual relations) 
• Female sterilization- surgical removal of both ovaries (woman's reproductive system that 


stores and releases eggs for fertilization and produces female sex hormones), or tubal 
ligation (having your “tubes tied”) at least six weeks prior to signing this consent.  


• Male sterilization (i.e. vasectomy) 
• Condoms (male or female) with or without a spermicidal agent 
• Diaphragm or cervical cap with spermicide 
• An intrauterine device (IUD) 
• Hormonal based contraception (including the birth control pill, vaginal rings, etc) 


 
If you do become pregnant or suspect you may be pregnant, you must tell the investigator 
immediately and consult an obstetrician or maternal-fetal specialist. If you become pregnant 
while you are on this research study you will be taken off the research study. Your study doctor 
will follow your pregnancy until outcome to monitor your safety.   
 
If you are a male participant and your partner becomes pregnant, you must tell the study 
doctor as soon as possible.  
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Risks of cyclophosphamide 


Common (over 10%):  
• Decrease of white blood counts (which may result in infections)  
• Decrease in platelets (cells that help your blood to clot)  
• Decrease in red blood cell counts (which can cause anemia)  
• Nausea and vomiting  
• Temporary hair thinning or hair loss (beginning 3-6 weeks after administration)  
• Sterility (inability to have children)  
• Acute hemorrhagic cystitis (inflammation of the bladder causing blood in the urine)  


 
Less common (1-10%):  


• Facial flushing  
• Headache  


 
 
Risks of fludarabine  


Common:  
• Decrease of white blood counts (which may result in infections)  
• Decrease in platelets (cells that help your blood to clot)  
• Decrease in red blood cell counts (which can cause anemia)  
• Fever 
• Nausea and vomiting 
•  Skin rashes 
• Muscle pain 
• Fatigue (tiredness) 
• Pneumonia 
• Nervous system toxicity such as changes in vision or changes in degree of alertness both 


of which can be severe or fatal, deterioration of mental status 
• Allergic reaction causing breathing difficulty 


Rare: 
• Thrombotic thrombocytopenic purpura (TTP) -  a rare blood disorder where blood clots 


form in small blood vessels throughout the body. 
• Liver failure 
• Tumor lysis syndrome - when tumor cells are killed too quickly for the body to get rid of 


the dead cells.  Tumor lysis syndrome can cause kidney damage and increases in blood 
potassium, uric acid, calcium and phosphorous.  Treatment may require hospitalization, 
including intensive care. 


• Opportunistic infections (protozoan, viral, fungal, and bacterial) 
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Risks of fludarabine combined with cyclophosphamide:  


Common:  
• Decrease of white blood counts (which may result in infections)  
• Decrease in platelets (cells that help your blood to clot) leading to bleeding or easy 


bruising 
• Decrease in red blood cell counts (which can cause anemia)  
• Fatigue 
• Nausea and vomiting  
• Temporary hair thinning or hair loss  
• Skin infection 


Less Likely:   
• Allergic reaction 
• Severe allergic reaction that causes fever, aches and pains in the joints, skin rash, and 


swollen lymph glands, stuffy or runny nose, sneezing, sore throat, abnormal fast 
heartbeat, excessive sweating, flushing, itching, rash, swelling of the lips, eyes, tongue, 
and throat which can be severe, hives, diarrhea, high blood sugar, low blood potassium, 
dizziness, convulsions or seizures 


• Abdominal pain,  
• Back, joint, and/or muscle pain 
• Headache 
• Wheezing 
• Cough 
• Shortness of breath 
• Inflammation (swelling) of the lung which may cause difficulty breathing and difficulty 


getting oxygen, 
• Sterility (inability to have children), irregular menstrual periods 
• Increased production of tears,  
• metallic taste, and 
• acute hemorrhagic cystitis (inflammation of the bladder causing blood in the urine)  


Rare but Serious:  
• Hemolytic anemia 
• Changes in vision or changes in degree of alertness both of which can be severe or fatal 
• Rash which may become severe 
• Separation of your outer and middle skin layers which may be life-threatening  
• Difficulty breathing 
• Allergic reactions to blood transfusions 
• Tumor lysis syndrome that can lead to kidney and heart failure 
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Risks associated with apheresis (uncommon): 
Side effects that can occur during T-cell collection include nausea, vomiting, fainting or 
dizziness, seizures, skin rash, hives, flushing (redness and warmness of the skin, usually the 
face), blood loss, and infection. Tingling of the lips, muscle cramping and, very rarely, changes 
in the heart rhythm can occur. These can be prevented or made milder by giving calcium 
supplements, either by mouth or in the vein, also called intravenous (IV). Very rarely, (less than 
1 in 1,000 procedures), clotting may occur in the apheresis machine or in a patient and is 
potentially life-threatening. To reduce the risk of clotting, you will be given a drug called ACD 
(acid-citrate-dextrose). This drug may increase the risk of bleeding and may cause temporary 
tingling of the lips and limbs, muscle cramping, seizures, or changes in the heart rhythm. After 
the apheresis procedure you may experience temporary discomfort, including irritation, 
swelling or bruising at the place where the needle was inserted into your vein to collect the 
blood. Apheresis can also occasionally cause: nausea, vomiting, fainting, seizures, blood loss, 
infection, skin rash, flushing, hives, numbness and tingling, or swelling of your feet and ankles. 
 
Risks associated with blood draws (uncommon): 
Occasionally there are risks associated with blood draws such as bruising, swelling, black and 
blue marks, fainting and/or infection at the site.   You may also experience a decrease in 
hemoglobin and hematocrit (red blood cell number, called anemia) from having blood drawn 
frequently. Approximately 37 tablespoons (about 2 ¼ cups) of blood will be drawn for research 
purposes during this study over the period of two years.  
 
Risks associated with intravenous catheter placement (IV):   
Placement of an IV catheter involves putting a small, short plastic tube in your vein.  Occasionally 
the procedure can cause local infections, pain or bleeding from the needle stick, bruising of the 
skin, inflammation or irritation of the vein (also known as phlebitis). 
 
What if new information becomes available about the study? 
During the course of this research study, we may find more information that could be 
important to you. This includes information that, once learned, might cause you to change your 
mind about being in the research study.  We will notify you as soon as possible if such 
information becomes available. In order to provide this information to you, you will be asked to 
provide your current address and telephone number to the study doctor and update this 
information so that the research staff will be able to contact you to give you any new 
information learned from this research study in the future. 
 
What are the possible benefits of the study? 
You may not get any benefit from being in this research study. 
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What other choices do I have if I do not participate? 
Your other choices may include: 
 


• Getting treatment or care for your cancer without being in a research study (including 
other immunotherapies) 


• Taking part in another research study 
• Getting no treatment 


 
Will I be paid for being in this research study? 
You will not be paid for participating in this research study. 
 
Will I have to pay for anything? 
The research study will cover the cost of research related tests, procedures and clinic visits. 
There is no cost for the investigational NYCE cells product and the pre-infusion chemotherapy 
used to make “room” (lymphodepleting) for your NYCE cells that you will receive during your 
participation.   
 
This research study also requires that you receive certain standard medical tests and 
examinations during the course of the research study. These exams, tests or procedures are part 
of routine cancer care and may be done even if you were not in this research study. The costs of 
these standard tests and examinations will be the responsibility of you and/or your health 
insurance provider. Some health plans will not pay these costs for people taking part in studies. 
Check with your health plan or insurance company to find out what they will pay for. Taking part 
in this research study may or may not cost your insurance company more than the costs of 
getting regular cancer treatment. You are expected to pay for any costs not paid by your 
insurance provider (including co-pays and deductibles). 
 
What happens if I am injured or hurt during the research study? 
If you have a medical emergency during your participation on this study, you should go to the 
nearest emergency room.  You should contact the Principal Investigator or Emergency contact 
listed on page one of this form. You may also contact your own doctor, or seek treatment outside 
of the University of Pennsylvania.  Be sure to tell the doctor or his/her staff that you are in a 
research study being conducted at the University of Pennsylvania. Ask them to call the telephone 
numbers on the first page of this consent form for further instructions or information about your 
care. 
 
We will offer you the care needed to treat injuries directly resulting from taking part in this 
research.  We may bill your insurance company or other third parties, if appropriate, for the costs 
of the care you get for the injury, but you may also be responsible for some of them.  There are 
no plans for the University of Pennsylvania to pay you or give you other compensation for the 
injury.   
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Financial compensation for such things as traveling, parking, lost wages, disability or discomfort 
due to injury is not available.   
 
You will not lose any of your legal rights when you sign this form. 
 
When is the research Study over? Can I leave the Research Study 
before it ends? 
This research study is expected to end after all participants have completed all visits, and all 
information has been collected.  This research study may also be stopped at any time by your 
physician, the study Sponsor, study Funder or the Food and Drug Administration (FDA) without 
your consent because: 


• The Primary Investigator feels it is necessary for your health or safety.  Such an action 
would not require your consent, but you will be informed if such a decision is made and 
the reason for this decision.  


• You have not followed study instructions. 
•    The  Sponsor,  Study  Funder,  the  study  Principal  Investigator,  or  the  Food  and  Drug 


Administration (FDA) has decided to stop the study. 
 
If you decide not to participate, you are free to leave the research study at any time.  
Withdrawal will not interfere with your future care.  However once you receive the NYCE cells 
you will be at risk for all potential side effects of this experimental therapy.  Therefore your 
study doctor may ask to continue to follow you for safety purposes.  
 
Who can see or use my information? How will my personal 
information be protected? 
The investigator and staff involved with the research study will keep your personal health 
information collected for the research study strictly confidential.  Only the minimum necessary 
data will be provided to the people/entities named below and when possible participants will 
be identified with a unique study identification number. 
 
Electronic Medical Records and Research Results 
What is an Electronic Medical Record? 
An Electronic Medical Record (EMR) is an electronic version of the record of your care within a 
health system. An EMR is simply a computerized version of a paper medical record. 
 
If you are receiving care or have received care within the University of Pennsylvania Health 
System (UPHS) results of research-related procedures (i.e. laboratory tests, imaging studies and 
clinical procedures) may be placed in your existing EMR maintained by UPHS. 
 
If  you  have  never  received  care  within  UPHS  and  are  participating  in  a  University  of 
Pennsylvania research study that uses UPHS services, an EMR will be created for you for the 
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purpose of maintaining any results of procedures performed as part of this research study.  The 
creation of this EMR is required for your participation in this research study. In order to create 
your EMR, the study team will need to obtain basic information about you that would be similar 
to the information you would provide the first time you visit a hospital or medical facility (i.e. 
your name, the name of your primary doctor, the type of insurance you have). Results of 
research procedures performed as part of your participation in the research study (i.e. laboratory 
tests, imaging studies and clinical procedures) may be placed in this EMR. 
 
Once placed in your EMR, these results are accessible to appropriate UPHS workforce members 
that are not part of the research team.  Information within your EMR may also be shared with 
others who are determined by UPHS to be appropriate to have access to your EMR (e.g. health 
insurance company, disability provider, etc.). 
 
A description of this clinical trial will be available on http://www.ClinicalTrials.gov, as required by 
U.S. Law. This Web site will not include information that can identify you. At most, the Web site 
will include a summary of the results. You can search this Web site at any time. 
 
 


What information about me may be collected, used or shared with 
others? 
 


The following personal health information will be collected, used for research, and may be 
disclosed during your involvement with this research study: 
 


• Name, address, telephone number,    
e-mail address, date of birth 


• Personal and family medical history, 
allergies; prior hospital 
admission/discharge information 


• Current and past medications or 
therapies 


• Social security numbers 
• Medical record number 
 


• Information from a physical 
examination that generally also 
includes blood pressure reading, heart 
rate, breathing rate and temperature 


• Results of tests and procedures you 
will undergo during this research study 
as described in this informed consent 
form 


Why is my information being used? 
Your information is used by the research team to contact you during the research study. Your 
information and results of tests and procedures are used to: 
• do the research 
• oversee the research 
• to see if the research was done right 
• evaluate and manage research functions. 


 
Who may use and share information about me? 



http://www.clinicaltrials.gov/
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The following individuals may use or share your information for this research study: 
• The Principal Investigator and the Investigator’s study team 
• Authorized members of the workforce of the UPHS and the School of Medicine, and 


University of Pennsylvania support offices, who may need to access your information in 
the performance of their duties (for example: for research oversight and monitoring, to 
provide treatment, to manage accounting or billing matters, etc.). 


• Authorized members of the University of Pennsylvania, School of Medicine who 
coordinate this study and support research operations. 


 


Who, outside of the School of Medicine, might receive my 
information? 


 
• The funding sponsor (Parker Institute for Cancer Immunotherapy) and its authorized 


agents  
• University of California, San Francisco (UCSF)- another institution that is participating in 


this research study 
• MD Anderson Cancer Center- another institution that is participating in this research 


study  
 
Regulatory and safety oversight organizations 


• The Food and Drug Administration 
• The Office of Human Research Protections 
• The Office of Biotechnology Activities and their committees overseeing gene therapy 


research 
• The Study Data and Safety Monitoring Board  
• Public Health agencies and other governmental agencies (including non-U.S.) as 


authorized or required by law 
 
Once your personal health information is disclosed to others outside the School of Medicine, it 
may no longer be covered by federal privacy protection regulations. 
 
The Principal Investigator or study staff will inform you if there are any additions to the list 
above during your active participation in the trial. Any additions will be subject to University of 
Pennsylvania procedures developed to protect your privacy. 
 
How long may the School of Medicine use or disclose my personal 
health information? 
 


Your authorization for use of your personal health information for this specific research study 
does not expire.  Your information may be held in a research database.  However, the School of 
Medicine may not re-use or re-disclose information collected in this research study for a purpose 
other than this research study unless: 
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• You have given written authorization 
• The University of Pennsylvania’s Institutional Review Board grants permission 
• As permitted by law 


 
Can I change my mind about giving permission for use of my 
information? 
Yes. You may withdraw or take away your permission to use and disclose your health information 
at any time. You do this by sending written notice to the investigator for the research study. If 
you withdraw your permission, you will not be able to stay in this research study. 
 
What if I decide not to give permission to use and give out my health 
information? 
Then you will not be able to be in this research study. 
 
Who can I call with questions, complaints or if I’m concerned about my 
rights as a research participant? 
If you have questions, concerns or complaints regarding your participation in this research study 
or if you have any questions about your rights as a research participant, you should speak with 
the Principal Investigator listed on page one of this form.   If a member of the research team 
cannot be reached, or you want to talk to someone other than those working on the research 
study, you may contact the Office of Regulatory Affairs with any concerns or complaints at the 
University of Pennsylvania by calling (215) 898-2614. 


Financial Conflict of Interest 
The University of Pennsylvania has a significant financial interest in technologies being 
evaluated in this study. In the event that these technologies prove to be effective, the 
financial benefit to the University of Pennsylvania will increase. 
 
In addition, some of the investigators involved in this study also have significant financial 
interests related to this research. Specifically: 
 
Dr. Carl June (scientific advisor for this study) invented the technology used to expand your 
cells for this study and he receives significant financial benefit related to this. This technology 
is licensed to a biotechnology company called Life Technologies, and has been sub-licensed to 
Novartis. 
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A copy of this consent form and Research Participant HIPAA Authorization describing your 
confidentiality and privacy rights for this research study will be given to you. By signing this 
document you are permitting the School of Medicine to use and disclose personal health 
information collected about you for research purposes as described above. 
 
 
 
 
Name of  Participant                    Signature of Participant                Date 
 
 
 
 
Name of Person Obtaining Consent             Signature of Person Obtaining Consent                           Date 
 
 


When you sign this form, you are agreeing to take part in this research study. This means that 
you have read the consent form, your questions have been answered, and you have decided 
to volunteer.  Your  signature  also  means  that  you  are  permitting  the  University  of 
Pennsylvania Health System and the School of Medicine to use your personal health 
information collected about you for research purposes within our institution. You are also 
allowing the University of Pennsylvania Health System and the School of Medicine to disclose 
that personal health information to outside organizations or people involved with the 
operations of this research study. 
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About Using Blood and Tissue for Research 
 


In addition to the research study and the analysis of blood and tissue outlined above, researchers 
are also interested in using blood, tissue, fluid, remaining unmanufactured T-cells (from your 
apheresis collection), unused manufactured NYCE cells or other specimens that may be obtained 
from you while you are participating on this research study.  These research tests may be 
developed during the time you are on the research study or, in some cases, years later. We ask 
that you give approval for these tests to be performed using these specimens.  Because it is not 
possible for you or the researchers conducting this research study to know what will be 
discovered in the future and what additional tests may be appropriate at that time, we ask that 
you give your permission to 1). use these additional samples for future research; and 2). conduct 
for such  studies on them in the future without you being contacted for permission for each test 
including genetic testing.  It is possible the additional research performed on your samples in the 
future will include genetic testing.  These tests may provide additional information that will be 
helpful in understanding your disease or response to treatment and/or cancer, but it is unlikely 
that what we learn from these studies will have a direct benefit for you. These studies may 
benefit patients in the future. You will not receive the results of any testing performed on your 
samples.  
 
In addition, blood, tissue, fluid, unmanufactured or manufactured NYCE cells or other specimens 
obtained from you and may be used to establish products that could be patented or licensed. 
There are no plans to provide financial compensation to you should this occur.  
 
Samples will be stored indefinitely.   Researchers involved in this research study at the Parker 
Institute for Cancer Immunotherapy, Center for Cellular Immunotherapies at UPENN, University 
of California in San Francisco (UCSF), and MD Anderson Cancer Center will have access to the 
specimens.  These specimens may be used to conduct pilot (new) studies regarding your disease 
or regarding your response to the kind of treatment you received. Samples may also be sent to 
other researchers for collaborative studies, including researchers at for-profit agencies.  
However, prior to shipment, patient identifiers (name, initials and medical record numbers) will 
be removed however these samples will still include your unique study subject identification 
number. You will not be given results of these pilot studies.   
 
You have the right to withdraw any unused blood, tissue, fluid, unmanufactured or 
manufactured NYCE cells from further use by contacting Dr. Edward Stadtmauer at (215) 662-
7910.  Any blood/tissue/fluid that has already been used for research will be retained. All 
specimens at the University of Pennsylvania that have not been transferred at the time of this 
request will be destroyed.  
 
Please initial next to your choice below. 
 


Initials  
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Name of Participant                                         Signature of Participant                                           Date 
 
 
 
 
Name of Person Obtaining Consent         Signature of Person Obtaining Consent                     Date 


 
I AGREE to allow my blood/tissue/fluid and any leftover unmanufactured or 
manufactured T-cells to be kept for use in research to learn about, prevent, or 
treat, or cure  cancer or other diseases. 


 
I DO NOT AGREE to allow my blood/tissue/fluid and any leftover unmanufactured 
or manufactured T-cells to be kept for use in research to learn about, prevent, or 
treat, or cure cancer or other diseases. 







 Informed Consent Form and HIPAA Authorization - UPCC 25416  
Phase I Trial of Autologous T Cells Engineered to Express NY-ESO-1 TCR and Gene  


Edited to Eliminate Endogenous TCR and PD-1 
 


UPCC 25416 Version 2.06-13-20161.04-18-2016  Page 28 of 29 


List of Terms Used in the Consent: 
Autoimmune disease - When the body's immune system attacks and damages its own normal 
organs or tissues. 
 
Biopsy - A needle (percutaneous) biopsy removes tissue using a hollow tube called a syringe. A 
needle is passed several times through the tissue being examined. The surgeon uses the needle 
to remove the tissue sample. Needle biopsies are often done typically using computed 
tomography (CT) scan or ultrasound, which guide the surgeon to the right area. In a needle 
biopsy, you will feel a small sharp pinch at the site of the biopsy. In an open or closed biopsy, 
local or general anesthesia is often used to make the procedure pain-free. 
 
Blood draw – When blood is taken from a vein using a needle, in order to monitor your health 
and for research. 
 
Bone marrow biopsy and aspirate - A bone marrow aspiration is a procedure in which an area 
of the hipbone is numbed, and a small sample of bone marrow is removed through a needle. A 
bone  marrow biopsy  is  similar  to  a  bone  marrow aspiration,  except a  sample  of  bone  is 
removed through the needle. 
 
CSF-Cerebrospinal fluid is a clear colorless bodily fluid surrounding the brain and spinal cord. 
 
CT-Scan – The CAT (Computerized Axial Tomography) scan, also known as the CT (computed 
tomography) scan, is an x-ray technique that produces a film representing a detailed cross 
section of body tissues and structures. The standard CT scan procedure is painless, noninvasive, 
and requires no special preparation. 
In this test, a computerized axial tomography (CAT or CT) scanner is used to produce a series of 
cross-sectional x-ray pictures of a selected part of the body. A computer operates the scanner, 
and the resulting picture represents a slice of the body. Areas above and below the chosen slice 
do not appear on the image.  Information from several slices can be combined to create a view 
across the body from any angle, and it produces pictures with 10 to 20 times the detail of 
regular x-rays. 
 
ECHO/MUGA – Both an echo (or echocardiogram) and a MUGA are test that are used to find out 
if the heart is functioning normally.   An echo uses sound waves produce pictures of the heart. A 
MUGA uses a special camera that follows the radioactive substance that is given in your vein to 
produce images of your heart. 
 
Electrocardiogram - An electrocardiogram (EKG or ECG) is a test that checks for problems with 
the electrical activity of your heart. An EKG translates the heart's electrical activity into line 
tracings on paper. The spikes and dips in the line tracings are called waves.  During an EKG, 
several electrodes are attached to the skin on each arm and leg and on your chest. These are 
hooked to a machine that traces your heart activity onto a paper. If an older machine is used, 



http://www.righthealth.com/topic/CT_scan/overview/adam20?fdid=Adamv2_003330

http://www.righthealth.com/topic/ultrasound/overview/adam20?fdid=Adamv2_003336
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the electrodes may be moved at different times during the test to measure your heart's 
electrical activity from different locations on your chest. 
 
Immune System - The body's defense system against infections and diseases like cancer. 
 
Immunity - protection against a foreign invader (like cancer or a germ). 
 
Lentivirus – a virus-like particle that is made from the human immunodeficiency virus (HIV) virus 
but cannot cause HIV infection or disease.  It is used to deliver or transfer the new genetic 
material into the T-cells. 
 
Lumbar puncture-this is also known as a spinal tap.  This procedure is used to collect CSF and is 
performed by cleaning and numbing an area of the lower back and inserting a needle into the 
lower back.  The CSF fluid is collected, the needle is removed, the area is cleaned and a bandage 
is placed over the needle site. 
 
Medical History – the doctor or study nurse will ask you about all previous medical conditions, 
past and current medications you may have taken, and participation in any prior clinical trials. 
 
Neurologic Exam – a doctor will assess your eye movement, speech pattern, presence or 
absence of tremors, balance, and coordination. 
 
Physical Examination – A doctor or nurse will examine you and ask you how you are feeling and 
may include obtaining your height and weight and vital signs. (temperature, blood pressure, 
heard rate, respiratory rate, pulse or blood oxygen levels). 
 
Previous viral infections tests - Blood tests to check for any sign of previous viral infection such 
as HIV (which causes AIDS), hepatitis B, hepatitis C and Cytomegalovirus (CMV). 
 
Redirected or “gene-modified” T-cells – T-cells that contain a new gene or new genetic material 
that may result in the ability of the T-cells to recognize and attack cancer cells that they could 
not identify before. 
 
Skeletal Bone Survey – a series of x-rays of all the major bones in the body to look for bone 
damage or bone loss. 
 
T-cells – Type of white blood cell that helps fight against infection and cancer; also known as T- 
lymphocytes. 
 
Transfusion - A procedure for giving a blood cell product to a patient through the vein or 
through a catheter ("tube") which is inserted into a vein. 
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		Reporting of a positive HIV, hepatitis B and hepatitis C test:  You will be tested for HIV, hepatitis B and hepatitis C as one of the screening requirements prior to participating in this study.  If you test positive for HIV, hepatitis B or hepatitis ...

		Request for Autopsy:

		In order for the study doctors to learn more about your disease and the safety and function of the NYCE cells, they may request to perform an autopsy in the event of your death.  Your family will make the final decision as to whether or not an autopsy...

		What are the possible risks or discomforts?

		Potential risk of autoimmune disease:

		Potential risk of other cancer (very rare, unexpected):

		Potential risks associated with HIV (very rare, unexpected):

		Possible risk of neurological side effects (rare, unexpected):

		The use of NYCE cells may cause side effects that affect your nervous system.  Typically these events have been associated with cytokine release syndrome/macrophage activation syndrome (CRS/MAS) as described above.  While most neurological side effect...

		Reproductive risks:

		The effects of NYCE cells on pregnancy and child development are unknown. Therefore, there could be serious harm to unborn children (or children who are breast-feeding) and it could also jeopardize the health of the mother.

		Side effects that can occur during T-cell collection include nausea, vomiting, fainting or dizziness, seizures, skin rash, hives, flushing (redness and warmness of the skin, usually the face), blood loss, and infection. Tingling of the lips, muscle cr...

		Risks associated with blood draws (uncommon):

		What if new information becomes available about the study?

		What are the possible benefits of the study?

		You may not get any benefit from being in this research study.

		What other choices do I have if I do not participate?

		Will I be paid for being in this research study?

		You will not be paid for participating in this research study.

		Will I have to pay for anything?

		What happens if I am injured or hurt during the research study?

		When is the research Study over? Can I leave the Research Study before it ends?

		Electronic Medical Records and Research Results

		What is an Electronic Medical Record?

		Why is my information being used?

		Who may use and share information about me?

		Regulatory and safety oversight organizations

		Then you will not be able to be in this research study.

		Who can I call with questions, complaints or if I’m concerned about my rights as a research participant?

		About Using Blood and Tissue for Research

		List of Terms Used in the Consent:

		Immune System - The body's defense system against infections and diseases like cancer.

		Immunity - protection against a foreign invader (like cancer or a germ).
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Fig. 1.1 CRISPR/Cas9 genome 
engineering. See 
https://www.addgene.org/crispr/guide/ 
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 CT scans of the chest for synovial sarcoma and CT scans of the 
chest/abdomen/pelvis for MRCL. If there is locally unresectable disease in the extremity 
or pelvis, it will be assessed by MRI with/without gadolinium contrast (no lab studies 
applicable for tumor progression).
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a) CT scans of the chest without contrast for synovial sarcoma (RECIST criteria) 
b) CT scans of the chest/abdomen/pelvis and MRI of the spine with/without contrast 


for MRCL (RECIST criteria) 
c) MRI with/without gadolinium contrast of the primary site if there is locally 


unresectable disease. 
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i. CT scans of the chest without contrast for synovial sarcoma (RECIST 
criteria) 


ii. CT scans of the chest/abdomen/pelvis and MRI of the spine with/without 
contrast for MRCL (RECIST criteria) 
MRI with/without gadolinium contrast of the primary site if there is locally 
unresectable disease.
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Tumor assessment will be performed at the pre-infusion visit and post-infusion on Day 28 and 
Month 3. Additional assessment may be made by the study PI as clinically indicated.  


124


CT scans of the chest for synovial sarcoma and CT 
scans of the chest/abdomen/pelvis for MRCL. Spine MRI with/without contrast for MRCL. If there 
is locally unresectable disease, it will be assessed by MRI with/without gadolinium contrast (no 
lab studies applicable for tumor progression). 
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Premature study termination may occur if the Investigator, Study Funder, Sponsor, DSMB, IRB, 
DSMC or any independent review board or regulatory body decides for any reason that subject 
safety may be compromised by continuing the study
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Exception 
A one time, intentional action or process that departs from the IRB approved study protocol, 
intended for one occurrence. If the action disrupts the study progress, such that the study design 
or outcome (endpoints) may be compromised, or the action compromises the safety and welfare 
of study subjects, advance documented approval from the Regulatory Sponsor and IRB is 
required.   


No exception will be granted if the action disrupts the study progress, such that the study design 
or outcome (endpoints) may be compromised, or the action compromises the safety and welfare 
of study subjects. 


Deviation 
A one time, unintentional action or process that departs from the IRB approved study protocol, 
involving one incident and identified retrospectively, after the event occurred. If the impact on 
the protocol disrupts the study design, may affect the outcome (endpoints) or compromises the 
safety and welfare of the subjects, the deviation must be reported to the Regulatory Sponsor and 
the IRB within 10 business days. 


Any departure from the protocol that meets the following criteria is a protocol deviation and 
should be submitted to the Regulatory Sponsor and IRB: 


The Sponsor Project Manager will submit the exception request or deviation notification to the 
Regulatory Sponsor for review and approval. Once approval of the exception request or 
acknowledgement of the deviation has been granted by the Regulatory Sponsor, the exception or 
deviation will be submitted to the IRB
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Background, Rationale and Cell ManufacturingBackground, Rationale and Cell Manufacturing
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• Many advanced tumors that are currently not curable express NY‐ESO‐1


• Our published data indicates that targeting of NY‐ESO‐1 with transgenic T cells is safe 
and has antitumor activity  (Rapoport AP, Stadtmauer EA et al. Nature Medicine. 
2015;21(8):914‐21)


• Our preliminary data suggests that efficacy would be improved by increasing expression 
of the transgenic TCR and preventing exhaustion of the infused T cells







Tumor Expression of NY-ESO-1Tumor Expression of NY-ESO-1


• Adult expression of NY‐ESO‐1 is restricted to tumors and gametogenic tissues


• NY‐ESO‐1 expression on significant % of tumors


Melanoma            28 ‐ 45%
Synovial and Myxoid Sarcoma       >70% 
Advanced Myeloma ~50% 


• Studies of NY‐ESO‐1 gene modified T cells show safety and evidence of antitumor 
activity in melanoma, sarcoma and myeloma


4







NY-ESO-1: Previous Experience 
with Vaccines and Adoptive  T Cell Transfer


NY-ESO-1: Previous Experience 
with Vaccines and Adoptive  T Cell Transfer
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Experience with “Wild Type” NY-ESO-1 TCR T cellsExperience with “Wild Type” NY-ESO-1 TCR T cells


6Rapoport, Stadtmauer et al ; Nat Med, 2015


OS and PFS


Persistence of NY-ESO-1 TCR T cells in blood and marrow


• 20 pts with antigen‐positive MM received an average 2.4 ×
109 engineered T cells. 


• Encouraging clinical responses were observed in 16 of 20 
patients (80%) with advanced disease, with a median 
progression‐free survival of 19.1 months.


• NY‐ESO‐1 TCR–engineered T cells were safe, trafficked to 
marrow and showed extended persistence that correlated 
with clinical activity against antigen‐positive myeloma.







Evidence suggesting that NY-ESO-1 T cells become exhaustedEvidence suggesting that NY-ESO-1 T cells become exhausted


7Rapoport, Stadtmauer et al ; Nat Med, 2015


Persistence of NY-ESO-1 TCR T cells
in pts 250, 256, 201 and 207 • Persistence and function of gene‐modified 


cells in NY‐ESO‐1 TCR‐positive CD8+ T cells 
were evaluated for functionality in the cell 
product (MP) and from d21 to d360 after 
infusion.


• Production of IFN‐γ, granzyme B and CD107a 
in response to antigen‐loaded T2 target cells 
was measured.


• Subsets of IFN‐γ+ cells with or without 
expression of granzyme B and CD107a are 
represented by the various colors in each 
histogram.


• Pt 201 has persistent NY‐ESO‐1 T cells that 
increasingly fail to secrete IFN‐γ+ and are 
granzyme B neg.







Limitations of Current NY-ESO-1 Transduced T Cells That 
Retain Endogenous TCR Expression


Limitations of Current NY-ESO-1 Transduced T Cells That 
Retain Endogenous TCR Expression


• Studies show many gene‐modified T cells become exhausted, cease to proliferate, 
may lose function or fail to persist1


• Signaling between PD‐1 and PD‐L1/PD‐L2 leading to checkpoint blockade2


• Mispairing of endogenous TCR with NY‐ESO‐1 TCR transduced T cells may generate 
new specificities that could be toxic3


• Retention of the endogenous TCR can limit expression and functionality of the 
transgenic TCR4


8


1. Schietinger A & Greenberg PD. Tolerance and exhaustion: defining mechanisms of T cell dysfunction. 
Trends in immunology. 2014;35(2):51‐60.


2.   Postow, et al. Immune checkpoint blockade in cancer therapy. Journal of Clinical Oncology 33.17 (2015): 1974‐1982.
3.   van Loenen et al. Mixed T cell receptor dimers harbor potentially harmful neoreactivity. PNAS. 2010;107(24):10972‐7.
4. Ochi et al. Novel adoptive T‐cell immunotherapy using a WT1‐specific TCR vector encoding silencers for endogenous 


TCRs shows marked antileukemia reactivity and safety. Blood. 2011;118(6):1495‐503.







Genetic Editing May Increase Function of Transgenic TCRs 
and Increase Resistance to Exhaustion


Genetic Editing May Increase Function of Transgenic TCRs 
and Increase Resistance to Exhaustion
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Previous Experience with Human Gene Editing


• Open label, single dose study (NCT00842634)
• Study population: 3 cohorts
• Optional structured treatment interruption (STI) beginning 1 month post infusion (cohort 2)
• Single infusion of SB-728-T (5 - 10 x 109 cells)
• Translational time frame:  Idea (2003) => Preclinical (2008) => Clinical (2014)
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• First patient infused July, 2009 with a single infusion of ZFN edited CD4 cells.
• As of 2016, more than 5% of CD4 cells are CCR5 deficient


=> cells are permanently HIV resistant
• No SAEs in the 12 patients treated


Pablo Tebas, MD, Clinical PI,   Protocol #806383


Pilot Test of Adoptive Transfer of CCR5 Deleted CD4 T 
Cells using ZFNs to Introduce HIV resistance
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Cell manufacturing rationale for this protocol


Transgenic TCR:
NY-ESO-1


Resistance to exhaustion:
PD-1 Deficiency?


CRISPR:Cas9: 
Genetic Reprogram
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Patrick D. Hsu, et.al, Cell, 2014,157:1262-1274
Cong. Hsu, et.al, Science, 2013,339:819-822


addgene.org/crispr/guide


CRISPR/Cas9 has potential to enhance T cell therapiesCRISPR/Cas9 has potential to enhance T cell therapies


A rapidly advancing field







14Blank, et al. Cancer Res. 2004;64(3):1140-5.


Adoptive transfer of PD-1 deficient T cellsAdoptive transfer of PD-1 deficient T cells


In studies of chronic viral infection:
 Early enhancement of proliferation and function 


of PD‐1 KO P14 cells
 Reduced survival of PD‐1 KO P14 cells during T 


cell contraction
 Diminished long term proliferation and stability 


of CD8+ T cells in absence of PD‐1 


• Adoptive transfer of PD‐1 deficient T cells has not been 
extensively studied, unlike the administration of PD‐1 
antagonistic antibodies


• PD‐1–deficient CD8+ TCR transgenic T cells caused potent 
tumor rejection in an adoptive transfer model under 
conditions in which wild‐type T cells as well as CTLA‐4–
deficient T cells failed (Blank et al. PD‐L1/B7H‐1 inhibits the 
effector phase of tumor rejection by T cell receptor (TCR) 
transgenic CD8+ T cells. Cancer Res. 2004;64(3):1140‐5.


Odorizzi PM et al. J Exp Med. 2015;212(7):1125‐37.
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Remove beads
Electroporation with CAS9 RNA, 


PD1, TCR A, TCR B  gRNA


HLA‐A2+/NY‐ESO‐1+ patient
Apheresis/Elutriation
CD25+ cell depletion


L V Transduction
NY‐ESO‐1 TCR


NY‐ESO‐1+NY‐ESO‐1‐


Day  ‐1                       0                      1                  3                  4                         10 ‐ 12 


PD1‐


TCR WTPD1 WT


TCR
NY‐ESO‐1+


Harvest 


CD3/28 bead activation
Release testing


NYES01‐ NYES01+ NYES01‐ NYES01+ NYES01‐ NYES01+ NYES01‐ NYES01+
TCR WT TCR WT TCR A‐B+ TCR A‐B+ TCR B‐A+ TCR B‐A+ TCR A‐B‐ TCR A‐B‐
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TCR‐


NY-ESO-1 CRISPR (TCR-PD1) Edited (NYCE cells)
Manufacturing


NY-ESO-1 CRISPR (TCR-PD1) Edited (NYCE cells)
Manufacturing







NY-ESO-1 CRISPR (TCR-PD1) Edited (NYCE cells)
Manufacturing


NY-ESO-1 CRISPR (TCR-PD1) Edited (NYCE cells)
Manufacturing
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TCR Disruption                   Surveyor Nuclease


CD3 Expression
pTRP.ESO.TC R(C 8007)


9529 bp


F-GS2-T2A


TC R alpha


TC R  beta


U5 region


U5 region


R region


R region


W PR E


Beta Lactamase


cPPT


partial gag sequence
EF1alpha promoter


RSV promoter


Sa lI (3031)


X baI (119 2)


Lentiviral Vector Map







Gene Disruption in Edited T Cells
Manufacturing


Gene Disruption in Edited T Cells
Manufacturing


Gene Number of Donors 
Tested


Average % Disruption
(Range)


TRAC 5 79.6
(62.0 – 92.3)


TRBC 10 76.6
(69.5 – 83.1)


TRAC + TRBC 16 73.2
(57.1 – 92.1)


PDCD1 (PD1) 6 53.1
(47.5 – 56.1)
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Frequencies in Healthy Donors                   Expansion in vitro
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NY-ESO-1 CRISPR (TCR-PD1) Edited (NYCE cells)
Function In Vitro


NY-ESO-1 CRISPR (TCR-PD1) Edited (NYCE cells)
Function In Vitro


Increased lysis Cytokine secretion: effect of gRNA dose
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Pre-clinical studies: 
Triple-Edited NYCE T cells In Vivo


Pre-clinical studies: 
Triple-Edited NYCE T cells In Vivo
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Five million lung cancer cells (A549‐ESO‐CBG) that are HLA‐A2+ and NY‐ESO‐1+  were inoculated subcutaneously at the right flank of NSG mice. Nine days 
post tumor injection, 10 million transduced T cells, including only NY‐ESO‐1 TCR transduced T cells (NY‐ESO‐1.TCR), NY‐ESO‐1 TCR transduced and PD1/TCR 
alpha/TCR beta triple knockout T cells (NY‐ESO‐1.TCR, CRISPR), were injected to the mice intravenously. Tumor growth was monitored by bioluminescence 
imaging, tumor size and survival.  19







Clinical Protocol: 
Competitive repopulation strategy


Clinical Protocol: 
Competitive repopulation strategy
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• The approach is to employ a competitive repopulation strategy to identify T cells with a 
favored phenotype for persistence and function.


• Previous examples of competitive repopulation strategies in adoptive transfer studies:


 Harrison DE. Competitive repopulation: a new assay for long‐term stem cell 
functional capacity. Blood. 1980;55(1):77‐81.


 Zon LI. Intrinsic and extrinsic control of haematopoietic stem‐cell self‐renewal. 
Nature. 2008;453(7193):306‐13.


 Milone MC et al. Chimeric Receptors Containing CD137 Signal Transduction Domains 
Mediate Enhanced Survival of T Cells and Increased Antileukemic Efficacy In Vivo. 
Mol Ther. 2009;17(8):1453‐64.


 Savoldo B et al. CD28 costimulation improves expansion and persistence of chimeric 
antigen receptor–modified T cells in lymphoma patients. J Clin Invest. 
2011;121(5):1822.
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Clinical Protocol:
Phase I trial of NY-ESO-1 redirected CRISPR Edited T 
cells (NYCE cells) engineered to express NY-ESO-1 TCR 
and gene edited to eliminate endogenous TCR and PD-1


Clinical Protocol:
Phase I trial of NY-ESO-1 redirected CRISPR Edited T 
cells (NYCE cells) engineered to express NY-ESO-1 TCR 
and gene edited to eliminate endogenous TCR and PD-1


Edward Stadtmauer, MD
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Study BackgroundStudy Background


 Despite significant incremental improvements in the therapy of relapsed and 
refractory multiple myeloma, and unresectable synovial cell sarcoma, 
myxoid/round cell liposarcoma and melanoma, these diseases remain almost 
uniformly fatal


 NY-ESO-1 is highly expressed in these poor-prognosis diseases
• SCS/MRCL >70%
• Multiple Myeloma (50%)
• Melanoma (28 - 45%)


 NY-ESO-1 directed T cells have been used to treat myeloma, sarcoma and 
melanoma with reports of response and safety


• Myeloma (UPENN, UMARYLAND)
– Blood derived T cells gene modified with lentiviral vector encoding NY-ESO-1 


TCR
• Melanoma (Fred Hutch, MSKCC)


– Blood derived T cells targeting NY-ESO-1 were isolated cultured and 
expanded 


• Sarcoma (NCI)
– Blood derived T cells gene modified with retrovirus encoding NY-ESO-1 TCR


 Lack of response and progression have been associated with T cell exhaustion 
and lack of T cell persistence which may be mediated by PD-1 


• Disrupting expression of endogenous TCR and PD-1 may increase the persistence 
of the therapeutic T cells 


• Result: increased safety and effectiveness
 Myeloma, sarcoma and melanoma have tumor tissue amenable to biopsy, 


permitting analysis of tumor, T cells and tumor microenvironment


Kumar et al., Blood, 2008; Rollig et al., Lancet, 2014


ASCT


“Novel agents” (‐imid’s,
proteasome inhibitors)







Primary: 
‐Determine safety and feasibility of an infusion of autologous NY‐
ESO‐1 transgenic TCR expressing and endogenous TCR and PD‐1 
gene edited (CRISPER) T Cells
‐Evaluate Manufacturing feasibility


Secondary:
‐Clinical assessment: anti‐tumor responses and survival 
‐NYCE cells engraftment, persistence, and trafficking
‐NYCE cells bioactivity
‐NYCE cells immunogenicity
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NYCE Clinical Trial ObjectivesNYCE Clinical Trial Objectives







NYCE Clinical Trial DesignNYCE Clinical Trial Design
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Day   ‐35       ‐4     ‐3    ‐2    ‐1    +0     +1      +3      +7      +10      +14     +21  +28 


Monitoring:
Monthly until 6 mo.
Quarterly for 2 years


Apheresis and 
Cell Manufacture


Infusion:
NY‐ESO‐1 TCR‐PD1 CRISPR T cells*


Solid tumors
250‐300 mg/m2 flu
+25‐30 mg/m2 cy
1 hr. infusion
Days ‐4, ‐3, ‐2


Myeloma
1.5 g/m2 cy
1 hr. infusion


Day ‐2


Cell  and Toxicity Assessment:
Persistence of cell types
Cell function assays


Disease  Evaluation:
PET Scan
Biopsy


Tumor Markers


*Study Product, Dose, Route, Regimen: Autologous T cells
transduced with a lentiviral vector to express NY‐ESO‐1 and
electroporated with guide RNA to disrupt expression of
endogenous TCR, and TCR, and PD‐1. A single manufacturing
site at UPENN will be used for all subjects enrolled into this
study. A single dose of 1x108 cells/kg will be given i.v.







Study Aspect RationaleStudy Aspect Rationale


• Rationale for TCRendo gene disruption
Safety: Minimize mispairing with recombinant NY‐ESO‐1 TCR


‐reduce the risk for autoreactivity (autoimmunity)
Potency: enhance recombinant NY‐ESO‐1 TCR expression on the cell surface


‐reduces recombinant and endogenous TCR expression competition
• Rationale for PD‐1 gene disruption


Potency: create “checkpoint” resistant T cells
‐PD‐1 is a T cell exhaustion marker and my lead to reduced or defective memory T cells


• Dose Rationale
Safety established in previous clinical trials with NY‐ESO‐1 TCR modified cells at higher doses: 1010‐1011 cells


• Patient Population Rationale
Tumors with NY‐ESO‐1 expression
Poor prognosis with available therapies
HLA‐A0201 allele


‐The NY‐ESO‐1 TCR expressing T cell must complex with HLA‐A0201 for successful activation
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Inclusion CriteriaInclusion Criteria
• All Subjects:


Subjects must be ≥ 18 years of age.
Subjects must have an ECOG performance status of 0‐2.
Subjects must be HLA‐A2 positive and have NY‐ESO‐1 expression on tumor biopsy.
Subjects of reproductive potential must agree to use acceptable birth control methods.
Subjects must have adequate vital organ function: 


Serum creatinine ≤ 2.5 or estimated creatinine clearance ≥30 ml/min and not dialysis‐dependent
ANC ≥1000/µl and platelet count ≥50,000/µl (≥30,000/µl if BM plasma cells are ≥50% for MM patients)
SGOT ≤ 3x the upper limit of normal and total bilirubin ≤ 2.0 mg/dl
Left ventricular ejection fraction (LVEF) ≥ 45%


• MM Subjects
Confirmed prior diagnosis of active MM as defined by the IMWG criteria.
Subjects must have measurable disease
Relapsed or refractory disease after either one of the following:


At least 3 prior regimens, which must have contained an alkylating agent, proteasome inhibitor, and IMiD.
At least 2 prior regimens if “double‐refractory” to a proteasome inhibitor and IMiD. 


Be at least 90 days since autologous stem cell transplant, if performed.
Recovered from toxicities from prior therapies.


• Melanoma Subjects
Subjects must have a confirmed prior diagnosis of melanoma.
Progressed after at least 4 therapy lines.
Patients must have measurable disease.


• Sarcoma Subjects
Subjects must have a confirmed prior diagnosis of synovial sarcoma or MRCL.
Patients with proven metastatic disease or surgically inoperable local recurrence that have failed first line treatment.
Patients must have measurable disease .
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Exclusion CriteriaExclusion Criteria


• Be pregnant or lactating.
• Inadequate venous access for or contraindications to leukapheresis.
• Active and uncontrolled infection.
• Active hepatitis B, hepatitis C, or HIV infection.
• Uncontrolled medical or psychiatric disorder that would preclude participation as outlined.
• Have NYHA Class III or IV heart failure, unstable angina, or a history of recent (within 6 months) myocardial infarction 


or sustained (>30 seconds) ventricular tachyarrhythmias.  
• Received prior gene therapy or gene‐modified cellular immunotherapy. Subject may have received 


non‐gene‐modified autologous T‐cells in association with an anti‐myeloma vaccine (e.g., hTERT or MAGEA3) or 
vaccination against infectious agents (e.g., influenza or pneumococcus).


• Active auto‐immune diseases, or have a history of severe (as judged by the principal investigator) autoimmune disease
requiring prolonged immunosuppressive therapy.


• Prior allogeneic stem cell transplant.
• Prior or active CNS involvement with myeloma.  Subjects with calvarial disease that extends intracranially and 


involves the dura will be excluded, even if CSF is negative for myeloma.







Protocol Management - IProtocol Management - I


• Enrollment (18 total evaluable, 6 myeloma, 6 sarcoma, 6 melanoma)
A ‘basket’ design will be used


‐Myeloma (UPENN 3 and UCSF 3)
‐Sarcoma (MD Anderson 3 and UCSF 3)
‐Melanoma (MD Anderson 6)


The first 3 patents will be treated in 4 week intervals with the next patient treated after the day 28 evaluation. If no 
untoward safety signal, the remainder of enrollment will proceed as subjects are accrued.
The UPENN site will open first, followed by opening the other sites. The first patients will be those with multiple 
myeloma as this patient population has been previously tested for safety of NY‐ESO‐1 TCR redirected T cells at UPENN. 
Patients enrollment will be coordinated by a dedicated project manager within the Regulatory Sponsor team at UPENN, 
ensuring balanced allocation at the 3 sites and coordination with the UPENN CVPF manufacturing slots availability.


• Cell collection and manufacturing
A single manufacturing site at UPENN will be used for all subjects enrolled. Collection will be at the individual sites.


• Lymphodepleting Chemotherapy
Fludarabine and cyclophosphamide will be given prior to T cell infusion for solid tumors


‐standard doses for these agents for other diseases and prior cellular therapy protocols will be used
Cyclophosphamide alone will be given prior to T cell infusion for myeloma


‐standard dose given prior to previous NY‐ESO‐1 TCR cellular therapy protocol







Protocol Management - IIProtocol Management - II


• Disease Control
 Patients are allowed to receive standard therapies to maintain disease control after apheresis and up to 2 weeks 


prior to infusion. Patients with disease progression (or cell manufacturing failure) will be replaced. The patients with 
cell manufacturing failure will be included in the analysis of feasibility endpoint.


• Patient monitoring
 Our plan for this protocol is that patients will be followed closely following the infusion of the NYCE cells using deep 


sequencing, quantitative PCR and digital droplet PCR. Cases with unusual kinetics of the infused cells, i.e. any 
patients with secondary expansions of gene‐modified cells, will examined in detail for clonal T cell abnormalities. 


 Our protocol is designed to assess for off‐target editing of the CRISPR/Cas9 as a primary safety endpoint. Patients will 
be followed per FDA guidelines for 15 years to gather clinical and laboratory information on the potential 
consequences of off target editing
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Management of Potential ToxicityManagement of Potential Toxicity


1. Uncontrolled T cell proliferation
• corticosteroids and chemotherapy 


2. Immunogenicity of product
• Cas9 immunogenicity tested as secondary endpoint


3. Transformation
• Not seen in hundreds of subjects treated with LV modified T cells; 
• Risk due to  CRISPR off target disruption is not known


4. CRS
• Supportive therapy, anti‐cytokines (next slide)


5. TLS (usually associated with burden of disease)
• Fluids, rasburicase, prophylactic allopurinol, close monitoring  


6. Off target disruption
• Secondary clonal T cell expansions to be investigated in detail


7. Autoimmunity
• Possible; safety evaluated as primary endpoint


8. Chemotherapy adverse effects
• Standard care


9. RCL (replication competent lentivirus) (will be assessed up to 2 years)
• Consultation with FDA 
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Management of Cytokine Release SyndromeManagement of Cytokine Release Syndrome


Lee DW et al. How I treat: current 
concepts in the diagnosis and 
management of cytokine release 
syndrome. Blood. 2014;124(2):188‐95.
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Plan for Sample AnalysisPlan for Sample Analysis


Simon F. Lacey, Ph.D. Translational and Correlative Studies Laboratory
Jos Melenhorst, Ph.D.  Product Development & Correlative Sciences laboratory
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Plan for Sample AnalysisPlan for Sample Analysis


Assays to detect integrity of gene editing and cell populations and frequencies in biospecimens
• Flow Cytometry


• NY‐ESO‐1 Dextramers
• Stimulation and checkpoint inhibitor expression (14‐color, 16 parameter)
• TCRendo staining with cocktail of VmAbs


• Detection of Indels due to CAS9 gene editing
• Endonuclease digestion (Surveyor)
• Digital PCR to assess gene disruption frequency
• Targeting sequencing in TCR domains, and PD1


• Detection of off target effects
• Targeted deep sequencing
• Sequencing of gene panels
• Whole genome vs whole exome sequencing
• Long term cell culture to detect clonal advantage or transformation


Electroporation with CAS 9 RNA
Electroporation with PD1, TCR A, TCR B  gRNA


Lymphocyte Isolation
CD3/28 activation


Lenti Viral Transduction
NY‐ESO‐1 TCR


NY‐ESO‐1+NY‐ESO‐1‐


Day 0                          Day 1                                     Day 2 


Days 3‐4


Days 10‐12


PD ‐


TCR WTPD1 WT


TCR
NY‐ESO‐1


T Cell Populations







Expected T Cell Populations: Genotype and PhenotypeExpected T Cell Populations: Genotype and Phenotype


Phenotype


Genotype


1 9 3, 5, 7 11, 13, 15


PD1+
3:TCR A‐B+
5:TCR B‐A+
7:TCR A‐B‐


PD1‐
11:TCR A‐B+
13:TCR B‐A+
15:TCR A‐B‐


PD1+
TCR A+B+


PD1‐
TCR A+B+


2


8


PD1+
2:TCRA+B+
4:TCR A‐B+
6:TCR B‐A+
8:TCR A‐B‐


10


16


PD1‐
10:TCRA+B+
12:TCR A‐B+
14:TCR B‐A+
16:TCR A‐B‐


4, 6 12, 14


Endogenous TCR


NYESO1 TCR


Mispaired TCR


PD‐1
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Expected T Cell Populations: fitness and functionExpected T Cell Populations: fitness and function


Phenotype


Genotype


1 9 3, 5, 7 11, 13, 15


PD1+
3:TCR A‐B+
5:TCR B‐A+
7:TCR A‐B‐


PD1‐
11:TCR A‐B+
13:TCR B‐A+
15:TCR A‐B‐


PD1+
TCR A+B+


PD1‐
TCR A+B+


Wild‐type T cells that
were not modified during
manufacturing. Safety is
expected while efficacy is
not.


T cells with PD‐1 disruption 
that retains endogenous TCR. 
These cells are anticipated to 
have a low toxicity risk based 
on data from systemic 
therapy with PD‐1 
antagonists. Increased neo‐
Ag responses??


T cells with endogenous 
TCR disruption. These 
cells are expected to be 
rare, have low potential 
for toxicity and should 
not persist after adoptive 
transfer.


T cells with endogenous 
TCR and PD‐1 disruption; 
expected to be rare, have 
low potential for toxicity 
and should not persist 
after adoptive transfer.


Endogenous TCR


NYESO1 TCR


Mispaired TCR


PD‐1
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Expected T Cell Populations (cont.)Expected T Cell Populations (cont.)


Phenotype


Genotype


Endogenous TCR


NYESO1 TCR


Mispaired TCR


PD‐1


2


8


PD1+
2:TCRA+B+
4:TCR A‐B+
6:TCR B‐A+
8:TCR A‐B‐


4, 6


NY‐ESO‐1 specific T cells without gene disruption. Previously tested in 
patients with multiple myeloma with demonstrated safety.


NY‐ESO‐1 specific T cells with endogenous TCR disruption. Expected 
enhanced anti‐tumor activity compared to cell population 2, have 
reduced, but not absent, potential for mispairing and susceptible to 
exhaustion by PD‐1 expression.


NY‐ESO‐1 specific T cells with endogenous TCR disruption. Expected 
enhanced anti‐tumor activity compared to population 2. Absent 
potential for mispairing, but susceptible to exhaustion by PD‐1 
expression.
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Expected T Cell Populations (cont.)Expected T Cell Populations (cont.)


Phenotype


Genotype


Endogenous TCR


NYESO1 TCR


Mispaired TCR


PD‐1


NY‐ESO‐1 specific T cells with PD‐1 disruption. Expected anti‐tumor 
efficacy and less susceptible to exhaustion by PD‐1 expression


NY‐ESO‐1 specific T cells with endogenous TCR and PD‐1 disruption. 
Expected reduced potential for mispairing. May have enhanced 
effector function. Expected to be less susceptible to exhaustion by 
PD‐1 expression.


10


16


PD1‐
10:TCRA+B+
12:TCR A‐B+
14:TCR B‐A+
16:TCR A‐B‐


12, 14
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ND307 ND422


Detection of NY-ESO-1 specific TCR using HLA-A2/SLLMWITQC


dextramer identifies transgenic TCR expression on both 
CD8+ and CD4+ NYCE T cells


Detection of NY-ESO-1 specific TCR using HLA-A2/SLLMWITQC


dextramer identifies transgenic TCR expression on both 
CD8+ and CD4+ NYCE T cells
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NY‐ESO‐1 expression analysis in low CRISPR‐treated donor T cells; % TCR+ cells
T cell subset Donor ND307 Donor ND422


CD4+ 16.7 13.5


CD8+ 29.9 24.9


CD8


N
Y‐
ES
O
‐1
 T
CR







Increased frequency of NY-ESO-1 dextramer+ T cells with 
increased CRISPR gRNA dose


Increased frequency of NY-ESO-1 dextramer+ T cells with 
increased CRISPR gRNA dose


These 8 samples were also analyzed for:


1. Long term culture (CVPF);


2. Molecular and flow assay (TCSL);


3. Karyotyping;


4. NGS for off‐target testing
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ND307
CRISPR:  None                                        low medium high


ND422
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PD-1 Expression on TCR Transduced, Triple 
CRISPR-Edited T cells


PD-1 Expression on TCR Transduced, Triple 
CRISPR-Edited T cells


NY‐ESO‐1 TCR Transduced


No CRISPR


Re‐stim.


No Re‐stim.


CD3


PD1


High dose (H) Standard dose (M) Low dose (L)
No TD 


No CRISPR


High dose (H) Standard dose (M) Low dose (L)


Non Transduced


Day 11 T cells (ND422) were re‐stimulated with CD3/CD28 beads for 3 days,   PD1 and CD3 were detected by flow 
cytometry (upper and middle panel),  non re‐stimulated T cells were used as controls (bottom).


NY‐ESO‐1 TCR Transduced


No CRISPRHigh dose (H) Standard dose (M) Low dose (L)
No TD 


No CRISPR


CD3


PD1


41







Digital-PCR Assay of PD-1 Gene-Editing in NY-ESO-1 


TCR Transduced, Triple Edited T cells 


Digital-PCR Assay of PD-1 Gene-Editing in NY-ESO-1 


TCR Transduced, Triple Edited T cells 


CRISPR TargetUnedited 
sequence 1 in 
same gene


Unedited 
sequence 2 in 
same gene


FAMVIC VIC
A.


B.


0


10


20


30


40


50


60


%
 e
di
te
d 
PD


1


CRISPR dose


ddPCR


Primers/probes amplify two sites in
PD‐1 gene which are not affected by
CRISPR/Cas9 editing, (VIC probes),
and one probe (FAM Probe) only
amplifies the target gene if unedited.


High               Medium             Low                None  


% PD‐1 Gene Editing =
FAM/VIC X 100
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Quantification of gene disruption efficiency 
using digital PCR and Surveyor Assays


Quantification of gene disruption efficiency 
using digital PCR and Surveyor Assays
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Plan for Assessment of Off-Target EffectsPlan for Assessment of Off-Target Effects
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Assays conducted on infusion product and patient samples post infusion:


• Deep sequencing


• Digital droplet PCR (ddPCR)


• Karyotyping / FISH


• Long term culture of T cells


• Analysis to be driven by clinical outcome and/or evidence of clonal TCR expansion







Assessment of Off-Target Effects:
Deep Sequencing


Assessment of Off-Target Effects:
Deep Sequencing


Target
Gene


ND307 ND391 ND422 ND463 ND469


High Dose Med Dose Low Dose Med Dose High Dose Med Dose Low Dose Med Dose Med Dose


PD1 0 0 0 0 
Not 
targeted


0 0 0 0
Not 
targeted


0
Not 
targeted


TRAC 0 0 0 0
Not 
targeted


0 0 0 0
Not 
targeted


0
Not 
targeted


TRBC 0 1 0 0 0 0 0 0 0


Number of small insertions and deletions at the off‐target sites


Number of 
Samples having 
the indels at the 
off‐target site


Chromosome 
Location (hg19)


Mutation 
description


HGVS mutation name Mutation 
Frequency 
in the 
identified 
sample(s)


Number of 
supporting 
sequencing 
reads


Gene Gene 
region


1 out of 9 chr8:41631339 deletion of the C 
at chr8:4163339


NM_000037.3:c.28‐
15684del


0.45% 5 ANK1 intron 
1


Off‐target indels 


sequence UCSC gene locus (hg19) Note
TGTGCTAGACATGAGGTCTATGG chr14:+23016588 TRAC guide sequence
TGTGCTAGAGATTAGGTCTAGGG chr5:+98609341
AGTCCTAGACATGAGGTCTCAGG chr22:+43998013
TCTGCTAGTAATGAGGTCTACAG chr13:‐110662475
TTTGCCAGAAATGAGGTCTACAG chr2:‐150299223
TGGGTTAAAAATGAGGTCTATGG chr18:‐659011
TGCGCTACACATAAGGTCTAGGG chr5:+168703790
TGTTATAGACATTAGGTCTACAG chr10:‐12763850
TGTTCTTGACAGGAGGTCTAGGG chr4:‐90922429
GGGTCTAGGCATGAGGTCTAAGG chr22:‐27933001
TGTGACACAGATGAGGTCTACAG chr6:‐107598353
TCTTCTAGATATGAGGTCTGAGG chr16:+75379841
TAACCTAGACATGAGGGCTAGGG chr10:+116534477
AATGATAGACATCAGGTCTACAG chr3:‐135045562
CCTCCTAGACATTAGGTCTAAGG chr12:‐72404435
TTTGCTAAAAATGAGGCCTACAG chr10:+12677636
TGTGGTATATATAAGGTCTATAG chr7:+145619400
AGTTCCAGACGTGAGGTCTATGG chr19:+4811068
TGTGCTGGACTTGAGGTCTTTAG chr1:+85154310
TCTGGTAGATATGAGGTCAATAG chr2:‐161344560
AGTGCTGCACATGAGGCCTACAG NM_178026 chr20:+33450540
GGTTCTGGACATGAGGCCTAGAG chr21:‐46598307
TGTATTAGCCAAGAGGTCTAAAG chr7:+50346288
TGTGTTACCCATGAGGTCTGTGG NM_020402 chr11:‐3686775
TGGGCTGTACATGAGGCCTAGAG chr2:‐31180420
TGTGCTGGGCATGAGGTCGAGGG chr3:‐174859848
TAGGCTAGATATGACGTCTATGG chr8:+81836556
TGTGTTAGCTATGAGGTCTGCAG chr10:‐89800797
TGTTTTAGAGATGAAGTCTAAAG chr18:‐33612451
TGTGCTAGATATAAGGGCTAAGG chr10:+119664019
TTTCCTAGACAGGAGGTCTTTGG chr7:‐106945165
TGGGCCTGGCATGAGGTCTATGG chr7:+2545277
TGTGAAAGAGATGAGGGCTAAAG chr3:+128709992
TTTGCTAGAAAAGAGGTCTGTGG chr16:‐66001866
TGTTCTTGAGATGAGGTCAAAAG chr4:+142424875
TGTATTATACATGAGGTGTATGG chr7:‐25522274
TCTGTTAGACAAGAGGACTAGAG chr15:‐39327658
TGTGGTATTCATGAGGTCAACGG chr4:‐154125202
GGTCCTAGACATGAGGACTCTGG chr19:‐40402588
GGTCCTAGACATGAGGACTCTGG chr19:‐40370648
TGTGAAAGAAATGAGGTCAAAGG chr4:‐84930266
TGTGGTAAACACCAGGTCTATAG chr13:+107879766
TGTGCCAGACATTAGGGCTAGAG chr5:+4155089
TGTTCTTGAAATGATGTCTAGGG chr21:‐30265732
TGTTCTAGAAATCAGGTCTTAAG chr2:‐110407377
TGTGTTAGAAATGAGGACTTGAG chrX:‐20417960
CCTGCTAGACTTGATGTCTACAG chr16:‐85993980
TGTGCTGGAACAGAGGTCTAAGG chr1:+37001981
CGTCCTAGACATGAGGTCAGGAG chr2:‐7488417
TGTGCTAACCCTGAGGTCTTGGG chr9:‐72693940


TRAC Sequencing sites
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Assessment of Off-Target Effects:
Long-term culture of manufactured T cells and patient samples


Assessment of Off-Target Effects:
Long-term culture of manufactured T cells and patient samples


Long term culture to measure: 
total cell number
population doubling
viability
cell volume


Serial transfer of patient T cells into 
NSG mice
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Responses to Reviewers


Thank you and Questions?


Responses to Reviewers


Thank you and Questions?


1. Michael B. Atkins, MD, Professor of Oncology and Medicine (Hematology/Oncology), 
Georgetown University School of Medicine.


2. Paula Cannon, PhD, Professor in the Department of Molecular Microbiology & 
Immunology, University of Southern California Keck School of Medicine.


3. Mildred Cho, PhD, Professor Department of Pediatrics, Stanford University School of 
Medicine.
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RAC	Review	for	Protocol	OBA	#	1604‐1524	
	
Protocol	Name:		PHASE	I	TRIAL	OF	AUTOLOGOUS	T	CELLS	ENGINEERED	TO	
EXPRESS	NYESO‐1	TCR	AND	GENE	EDITED	TO	ELIMINATE	ENDOGENOUS	TCR	
AND	PD‐1 
	
Reviewer:	Michael	B.	Atkins,	M.D.	
Date:	June	1,	2016	
	
Protocol	Description:	The study is designed to test the safety and manufacturing 
feasibility of NYCE (NY-ES0-1 CRISPR Edited) T cells in patients with multiple myeloma, 
melanoma or sarcoma in a pilot study to be open at 3 academic institutions as part of the 
Parker Immunotherapy Institute. A competitive repopulation strategy will be tested. A single 
infusion of lx108 T cells/kg will be infused, and the persistence and function of the cells in 
blood and tumor will be assessed to determine if T cells with PD 1 deficiency have improved 
persistence and function compared to cells with intact PD1 expression that are modified only 
with the NY-ES0-1 TCR. Participation will be restricted to patients with refractory tumors 
expression NY-ESO-1 and HLA A0201+.  The primary endpoint is safety and feasibility. 
Secondary endpoints are the engraftment, persistence, function and trafficking of NY-ESO-1 
redirected T cells and to determine if they possess anti-tumor activity.   A single 
manufacturing site (UPENN) will be used for all the patients enrolled in the study at the 3 
sites.   Fifteen patients are to be treated.   
 
Reviewer	Comments:		
This	is	an	exciting	first	human	effort	to	determine	safety	and	feasibility	of	
attempting	to	enhance	and	maintain	Adoptively	transferred	T	cell	function	through	
simultaneously	deleted	the	endogenous	TCR	and	PD1	using	CRISPR/Cas9	gene	
editing	approach.		Editing	out	of	the	endogenous	TCR	may	reduce	chance	of	
autoimmunity	and	also	reduce	T	cell	mispairing.		Editing	out	of	PD1	on	t	cells	would	
hopefully	maintain	the	function	of	the	activated	T	cells	even	in	the	presence	of	
ligand	expression	on	the	tumor	or	in	the	TME.		There	is	extensive	preliminary	in	
vitro	data	supporting	the	ability	of	edited	T	cells	to	function,	proliferate	and	
continue	to	express	the	NY‐ESO‐1	TCR.		The	protocol	is	very	well	written	and	
extremely	thorough	in	describing	the	possible	risks	and	issues	associated	with	this	
approach.			It	is	being	conducted	at	very	experienced	centers.		
	
Questions	


	
1. How	will	patients	be	maintained	for	the	35	days	that	it	takes	to	manufacture	


the	cells?		Will	patients	with	disease	progression	be	replaced?		
	


2. How	will	enrollment	be	coordinated	between	the	3	sites	and	3	different	
disease	populations?		
	


3. How	will	protocol	agent	be	deactivated	if	excess	toxicity	is	observed?	
	







4. How	much	gene	editing	is	possible	in	the	transfused	T	cells?	Will	it	be	100%?	
Will	it	be	consistent	from	patient	to	patient?		


	
5. Please	explain	how	“off	targeted	editing”	will	be	identified	and	how	this	will	


be	handled	if	it	is	noted?		
	


6. It	does	not	appear	that	IL‐2	be	given	to	maintain	T	cell	survival	and	function?		
Will	this	be	considered	in	the	future?		


	
7. Will	immunogenicity	of	the	deleted	T	cells	be	an	issue?		Does	the	deletion	


leave	expression	of	an	abnormal	protein(s)	on	the	T	cell	surface?				
	


8. What	do	we	know	about	tumor	escape	from	NY	ESO‐1	transduced	T	cell	
infusions?		


	
	


	







RAC Review for Protocol OBA # 1604‐1524 
 
Protocol Name:  PHASE I TRIAL OF AUTOLOGOUS T CELLS ENGINEERED TO EXPRESS 
NYESO‐1 TCR AND GENE EDITED TO ELIMINATE ENDOGENOUS TCR AND PD‐1 
 
Reviewer: Michael B. Atkins, M.D. 
Date: June 1, 2016 
 
Protocol Description: The study is designed to test the safety and manufacturing 
feasibility of NYCE (NY‐ES0‐1 CRISPR Edited) T cells in patients with multiple myeloma, 
melanoma or sarcoma in a pilot study to be open at 3 academic institutions as part of 
the Parker Immunotherapy Institute. A competitive repopulation strategy will be tested. 
A single infusion of lx108 T cells/kg will be infused, and the persistence and function of 
the cells in blood and tumor will be assessed to determine if T cells with PD 1 deficiency 
have improved persistence and function compared to cells with intact PD1 expression 
that are modified only with the NY‐ES0‐1 TCR. Participation will be restricted to patients 
with refractory tumors expression NY‐ESO‐1 and HLA A0201+.  The primary endpoint is 
safety and feasibility. Secondary endpoints are the engraftment, persistence, function 
and trafficking of NY‐ESO‐1 redirected T cells and to determine if they possess anti‐
tumor activity.   A single manufacturing site (UPENN) will be used for all the patients 
enrolled in the study at the 3 sites.   Fifteen patients are to be treated.   
 
Reviewer Comments:  
This is an exciting first human effort to determine safety and feasibility of attempting to 
enhance and maintain Adoptively transferred T cell function through simultaneously 
deleted the endogenous TCR and PD1 using CRISPR/Cas9 gene editing approach.  Editing 
out of the endogenous TCR may reduce chance of autoimmunity and also reduce T cell 
mispairing.  Editing out of PD1 on t cells would hopefully maintain the function of the 
activated T cells even in the presence of ligand expression on the tumor or in the TME.  
There is extensive preliminary in vitro data supporting the ability of edited T cells to 
function, proliferate and continue to express the NY‐ESO‐1 TCR.  The protocol is very 
well written and extremely thorough in describing the possible risks and issues 
associated with this approach.   It is being conducted at very experienced centers.  
 
Questions 


 
1. How will patients be maintained for the 35 days that it takes to manufacture 


the cells?  Will patients with disease progression be replaced?  
Response:   We thank the reviewer for careful and constructive review of our protocol. 
 
Patients are allowed to receive standard therapies to maintain disease control after 
apheresis and up to 2 weeks prior to infusion according to protocol Section 5.5. Patients 
with disease progression (or cell manufacturing failure) will be replaced. The patients 
with cell manufacturing failure will be included in the analysis of feasibility endpoint.  







2. How will enrollment be coordinated between the 3 sites and 3 different 


disease populations?  


Response:  The current plan is to open the UPENN site first, followed by opening the 


other sites. Enrollment will commence at UPENN site and continue with the other sites 


in the order in which they are activated. Each site will take turns in enrolling the 


subjects. The first patients will be those with multiple myeloma as this patient 


population has been previously tested for safety of NY‐ESO‐1 TCR redirected T cells at 


UPENN. Myeloma patients will be enrolled by Dr Stadtmauer at UPENN and Dr Martin at 


UCSF. Melanoma patients will be enrolled by Dr Yee at MDACC. Sarcoma patients will be 


enrolled at MDACC and UPENN.  Patients enrollment will be coordinated by a dedicated 


project manager within the Regulatory Sponsor team at UPENN, ensuring balanced 


allocation at the 3 sites and coordination with the UPENN CVPF manufacturing slots 


availability. 


 


3. How will protocol agent be deactivated if excess toxicity is observed? 


Response:   Management of toxicity including modified cells inactivation strategies are 


described in the clinical protocol section 1.5.2, and 8.4. Inactivation strategies are 


considered for a) uncontrolled T cell proliferation; b) tumor lysis syndrome; c) 


autoimmunity and d) cytokine release syndrome.  


 


Specifically, in case of uncontrolled T cell proliferation, corticosteroids and 


chemotherapy (cyclophosphamide) would be given to eradicate the modified cells. This 


strategy has worked in previously published studies. Campath is also considered in these 


situations. Tumor lysis syndrome will be managed with intravenous fluids and 


rasburicase as needed and also appropriate clinical therapy; prophylactic administration 


of allopurinol is at the discretion of the clinical investigator. Autoimmunity is a potential 


effect of this investigational therapy and will be managed according to the standard of 


care principles that are evolving for immune‐oncology. Depending on the toxicity 


severity, the clinical investigator may choose to eradicate the modified T cells using the 


agents mentioned above, in consultation with the rheumatology service. In case of 


cytokine release syndrome (CRS), anti‐cytokine therapy is considered along with steroids 


and supportive care. Cytokine release syndrome is managed as published (1).  Based on 


the extensive experience of our UPENN team with CART19 related CRS management, we 


have developed an algorithm for CRS clinical management that includes strategies to 


block cytokine release. The algorithm is presented below and will be included in the 


clinical protocol for guidance.  


  
 







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


4. How much gene editing is possible in the transfused T cells? Will it be 100%? 
Will it be consistent from patient to patient?  


 
Response:   We tested the efficacy of triple editing CRIPSR technology in 2 donors 
(ND307 and ND422). For each of these donors, there were 3 conditions in which 
titrating amounts of gRNA were used (low, medium and high gRNA levels for a total of 6 
gene edited samples and 2 control, not edited samples).  
 
Our initial preclinical data indicate that the CRISPR system that we propose to use 
induces PD‐1 gene editing in 20‐55% alleles depending on the amount of gRNA.  This is 
based on digital droplet PCR (ddPCR) analysis. A similar range was measured using a 
surveyor nuclease assay. We found that gene editing by surveyor assay and ddPCR 
correlated with the frequency of PD‐1 negative cell phenotype by flow cytometry (25‐
55%). Similarly, an increasing editing frequency at the TRAC and TRBC loci has been 
noted in both donors by both surveyor assay and ddPCR when the amount of gRNA is 
increased. The disruption levels are similar between the 2 donors analyzed.  







This analysis is being expanded to detect the frequencies of genes/alleles disruption 
over a larger pool of donors. A summary of various experiments with healthy donors is 
shown in Table 1 below. We do not expect 100% gene editing. In our initial study with 
CCR5 editing using ZFNs, the efficiency ranged from 11 to 28% (2). 
 
Table 1.  Gene disruption frequencies in healthy donors. 


Gene	 Number	of	Donors	
Tested	


Average	%	Disruption	
(Range)	


TRAC	 5	 79.6	
(62.0 – 92.3)	


TRBC	 10	 76.6	
(69.5 – 83.1)	


TRAC	+	TRBC	 16	 73.2	
(57.1 – 92.1)	


PD1	 6	 53.1	
(47.5 – 56.1)	


 
It is expected that the frequency of NY‐ESO‐1 TCR lentiviral transduction, and Cas9 
mRNA and gRNAs electroporation efficiencies will vary among various donors and 
cancer patients, and that this variation will be larger in various cancer histotypes, given 
differing chemotherapy regimens that may impact lymphocytes. We plan to expand the 
analysis over a larger range of donors such as to better define the potency and limits of 
the system and to define realistic criteria for clinical products release. This expanded 
analysis will be included in the IND application. Nevertheless, one of the primary 
endpoints of this study is testing the manufacturing feasibility.  
 
 


5. Please explain how “off targeted editing” will be identified and how this will be 
handled if it is noted?  


 
Response:   How will “off targeted editing” be identified? Off target effects of triple gene 
CRISPR‐mediated disruption has been analyzed in 2 donors (ND307 and ND422) by deep 
sequencing the loci that were identified as potential targets for the gRNAs. For each of 
these donors, there were 3 conditions in which titrating amounts of gRNA were used 
(low, medium and high gRNA levels for a total of 6 gene edited samples and 2 control, 
not edited samples). Off target effects of CRISPR‐mediated disruption of the TRBC gene 
only were also analyzed in an additional 3 donors (medium level gRNA only for a total of 
3 gene edited samples and 4 control, not edited samples). Thus a total of 9 CRISPR 
edited samples and 6 control samples were tested.  
 
This analysis used the web‐based algorithm called “CRISPR Design” developed at MIT by 
Dr. Feng Zhang’s group (http://crispr.mit.edu/about) to determine the potential off 
target sites. We identified 148 genes as potential off‐target sites over the 3 targeted 
genes. The analysis indicates high on‐target gene disruption efficiency in CRISPR‐Cas9‐







treated samples, as the CRISPR induced indels were located in a narrow window 
surrounding the predicted target site, within a 20bp window near the cleavage site. On 
average, 95% of the CRISPR induced on‐target indels are small deletions. Deletion of 1 
nucleotide is the most frequent CRISPR induced indel, which amount to ~15% of the 
total mutations. The longest indel was a 53bp deletion.  
 
Among the total of 148 putative off‐target regions examined, there was one deletion 
identified in an intronic region of the gene ANK1 (chromosome 8). This is a deletion of a 
single C, at a frequency of 0.45%, supported by 5 reads, and located 26 nucleotides 
upstream of the predicted cleavage site. This off target deletion was observed in 1 
donor (ND307) electroporated with medium levels of gRNA of the 9 CRISPR edited 
samples analyzed. Additional analysis would be required to validate whether it is truly 
an off‐target site or an artifact due to a low‐frequency sequencing error. The ANK1 gene 
encodes for ankyrins, a family of proteins that link the integral membrane proteins to 
the underlying spectrin‐actin cytoskeleton. Ankyrin 1, the prototype member of this 
mily, was first discovered in erythrocytes, but since has also been found in brain and 
muscles. Mutations in erythrocytic ankyrin 1 have been seen in patients with hereditary 
spherocytosis. As our cell product does not contain erythrocytes, the effect of an ANK1 
mutation is unknown and likely inconsequential.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Absence of transformation in donor ND307. Wild type T cells are “NO TD NO 
KO”. Total cell number, population doublings, viability and cell volume are shown. 







How will off target editing be handled if it is noted?  All gene editing strategies 
developed so far have some non‐zero rate of off‐target editing.  For example, in our pre‐
clinical studies with ZFN‐mediated editing of CCR5 we found several off‐target sites (3). 
However, in the clinical trial and ongoing long term follow up of the patients for up to 6 
years so far, there have been no clinical consequences due to off‐target editing (2).  
 
Our protocol is designed to assess for off‐target editing as a primary safety endpoint. 
Patients will be followed per FDA guidelines for 15 years to gather clinical and 
laboratory information on the potential consequences of off target editing. For our 
laboratory studies, the “gold standard assay” for off‐target editing is the long term 
culture of T cells to assess for transformation in culture.  For example, in the above 
assay where we identified off‐target modification of ANK1, the cell population in which 
this off target deletion occurred was subjected to a long term expansion culture to 
assess for potential transformation events, in parallel with other triple‐gene modified 
and control non‐modified populations. The cultures were maintained without further 
stimulation for up to 42 days when viability decreased. All cultures showed similar 
growth curves over the entire period tested and thus exclude any gene editing 
associated transforming events (Figure 1 above). This data will be submitted to FDA for 
review. 
 
Our laboratory investigations will be guided by clinical observations. If we observe clonal 
T cell expansions in a patient, this will trigger a detailed investigation to exclude off‐
target editing. We report such incidences to FDA and RAC, and would conduct the 
investigation in consultation with FDA and RAC. We do not plan to asses every cell 
product prospectively for off targets effects, however, we propose to test the clinical 
cell products in long term culture conditions to asses for potential transforming events. 
We intend to perform this as a retrospective analysis, not as a release criterion. In our 
previous study with ZFN modified T cells, we used a pentamer assay and surveyor 
nuclease assay to monitor patient products and samples post infusion for on‐target 
editing. For this study, the final release criteria for the manufactured products will be 
defined in collaboration with FDA.  
 


6. It does not appear that IL‐2 be given to maintain T cell survival and function?  
Will this be considered in the future?  
 


Response:   We are not proposing to infuse IL‐2 in the patients following T cell infusion. 
In our recent study with NY‐ESO‐1 T cell infusions that were given without IL‐2 support, 
we found long term engraftment persisting for at least a year in many patients (4). In 
order to maintain comparability between that trial, which did not employ CRISPR editing 
and the present trial, we want to avoid the addition of other variables such as IL‐2 
infusions. In addition, patient safety assessments are more straightforward in the 
absence of the background of toxicity that would be expected from IL‐2.  Finally, we 
previously compared CAR T cell infusions in patients with and without IL‐2 support, and 
did not find enhanced CAR engraftment in the cohort given IL‐2 (5, 6).  







 
7. Will immunogenicity of the deleted T cells be an issue?  Does the deletion 


leave expression of an abnormal protein(s) on the T cell surface?    
 
Response:   it is possible that gene editing may induce synthesis of abnormal proteins 
and new epitopes, and that these may be immunogenic. Immunologic elimination of 
gene modified T cells has not had clinical consequences (i.e. has been clinically silent) in 
a number of previous studies documenting lack of persistence for genetically modified T 
cells.  This was a theoretic risk in our previous study with ZFN‐modified T cells, and to 
date there has been no evidence for immune reactivity to the modified T cells because 
the T cells have persisted long term in the patients. It is possible that tolerance to PD1 
or the T cell receptor locus could be altered by the infused products, and in such case 
we will investigate as guided by the specifics of the clinical presentation.  Most likely, 
any immunogenicity will be clinically silent and recognized by the rapid disappearance of 
the infused cell product (7).  
 
Additionally, Cas9 is a protein of bacterial origin and may be immunogenic. We are 
currently investigating the decay rate of the Cas9 at the mRNA and protein levels, and 
also intend to test Cas9 specific immunogenicity in patient samples. Our study is 
designed to determine the immunogenicity of the investigational cell product as a 
secondary objective.    
 


8. What do we know about tumor escape from NY ESO‐1 transduced T cell 
infusions?  


 
Response:   We have previously demonstrated that some patients with myeloma whose 
tumor was targeted using NY‐ESO‐1 specific TCR‐transduced T cells develop antigen 
escape variants (4).  Interestingly this appears not to be the case in synovial cell 
sarcoma, where patients maintain homogenous expression of NY‐ESO‐1, even when 
progressing after NY‐ESO‐1 T cell infusions (8). We have chosen NY ESO‐1 as a target 
because of the extensive clinical experience with this target; we view it as a “tool” and 
that should CRISPR editing prove safe as an approach to decrease checkpoint resistance, 
then future trials would seek other targets with additional TCRs or CARs and PD‐1 
disruption. 
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Protocol 1604-1524: Phase I trial of autologous T cells engineered to NY-ESO-1 TCR 
and gene edited to eliminate endogenous TCR and PD-1 
 
Sponsor: University of Pennsylvania 
 
Principal Investigator: Edward Stadtmauer 
 
RAC reviewer: Paula Cannon PhD, for June 2016 RAC meeting 
 
Description: This study is designed to test the safety of autologous T cells that have 
been genetically modified in 4 ways – (1) with a lentiviral vector to introduce a high 
affinity TCR directed to NY-ES0-1, (2) using CRISPR/Cas9 editing to knock-out the 
alpha chain of the endogenous TCR, (3) using CRISPR/Cas9 editing to knock-out the 
beta chain of the endogenous TCR, and (4) using CRISPR/Cas9 editing to knock-out the 
checkpoint inhibitor, PD1. The final multiply-modified cell product is therefore sometimes 
abbreviated as NYCE (NY-ES0-1 CRISPR Edited) T cells.  
 
The rationale for editing the endogenous TCR is to reduce TCR mispairing and promote 
expression of the exogenous NY-ESO-1 TCR.  Editing of PD1 is intended to maintain 
their activity in the presence of ligands such as PDL1 and PDL2, including in the tumor. 
 
Because each of the 4 proposed genetic modifications is not 100% effective, the end 
result is expected to be a mixture of up to 16 different types of cells, described in Table 
1.2. A single infusion of l x 108 cells/kg of the bulk-treated T cells will be given, so that 
the protocol is effectively a ‘competitive repopulation strategy’, whereby the location, 
persistence and bioactivity of the edited cells found in the blood and the tumors will 
provide information to address the hypothesis that disrupting PD1 can lead to better 
performance of the NYCE T cells.  
 
Fifteen patients will be enrolled, having refractory tumors of either multiple myeloma, 
melanoma or sarcoma that express NY-ESO-1, and being HLA A0201+, to be 
complementary to the high affinity TCR  
 
The primary endpoints are safety and feasibility. Secondary endpoints are the 
engraftment, persistence, trafficking and bioactivity of NY-ESO-1 redirected and 
CRISPR edited T cells and to determine if they generate any immunogenicity.   
 
Questions for the investigators: 
 
1. The proposed genetic engineering involves 4 different modifications which can 
produce 16 different combinations of cell genotypes (Table 1.2). It was not apparent to 
me from the data presented what was the frequency of the ultimate desired cell product 
(#16 in table 1.2) in the bulk treated NYCE populations.  
 
Some of this difficulty is because the assays used are not all straightforward to interpret 
eg FACS analysis for CD3 will recognize both the endogenous and exogenous TCRs. In 
addition, the Surveyor assay data presented in Fig 1.3-5 (p74) is labeled as % gene 
knockout. While technically correct, this assay is a measurement of all alleles in the cell 
population and so does not provide any information about the number of cells with the 
desired bi-allelic disruption that would create a phenotypic knockout. Finally, absolute 







values of gene disruption are in some cases not available but are instead extrapolated 
from partner or control samples eg p285.  
 
Assays such as deep sequencing and clonal analyses would complement these studies, 
and give a more definitive assessment of the frequency of the 16 different edited cell 
genotypes. I did not find evidence of such assessments, although it is stated that a 
ddPCR based assay is in development (p288). 
 
2. The data provided for the two T cell donors shown seemed to show quite different 
levels of some of the modifications, so what is the range of modification seen over a 
more extensive set of donors? 
 
3.  Measuring the possibility for off-target editing for each of the three gRNAs is an 
important part of pre-clinical safety studies involving targeted nucleases. However I was 
not able to find this information.  
(a) On page 23 in Appendix M it is stated that “All gRNAs contained more than 13 base 
pair mispairs to exclude potential off-target mRNA sites” but this description is not 
sufficiently detailed to interpret. Moreover it seems to imply that lack of off-target activity 
is predicted, rather than has been confirmed experimentally. 
(b) On page 33 in Appendix M it is stated that “Methods to detect genetic modifications 
outside of the target RNA sequence are under development.”  Are these now available, 
and have the selected gRNAs been validated for their off-target profile? 
(c) On page 40 in Appendix M, and on page 87 of the Clinical protocol, it is recognized 
that “off target effects …..is a possibility we have to consider” and that “Whether this will 
occur with our CRISPr/Cas9-edited cells will have to be investigated in the infusion 
products.” Is there an assay now in place to do this, and how will the results of this 
analysis be included in the release criteria?  
 
4. Using CRISPR/Cas9 to simultaneously edit 3 different loci raises a couple of safety 
concerns beyond the normal concerns about off-target editing from a single gRNA.  
Specifically, was the risk of translocations occurring between 2 different DNA breaks 
assessed? 
 
5. There are 4 different genetic modifications being attempted. Is there a lower cut-off 
limit of modification to define success? For example, it is stated on page 32 in Appendix 
M that lentiviral vector transduction must be >2%, but I found no similar metric for each 
of the 3 different gene knock-outs.  
 
Minor Comments: 
 
1. Study Summary and Study Schema page 55: - section “Study Product, Dose, Route, 
Regimen”: ‘CRISPR RNA’ is not the correct term to describe the active component, it is 
a combination of Cas9 mRNA and 3 different guide RNAs.  
 
2. Is the Cas9 being used the standard S. Pyogenes protein or a different variant? 
 
 















total of 6 gene edited samples and 2 control, not edited samples). The ddPCR data 
shown above indicates that the modifications of PD1 and TRAC were quite similar for 
ND307 and ND422.  However, there is an expected substantial variation when multiple 
donors are examined on experiments conducted over various dates.  
 
Our initial preclinical data indicate that the CRISPR system that we propose to use 
induced PD‐1 gene editing in 20‐55% alleles depending on the amount of gRNA.  This is 
based on droplet digital PCR (ddPCR) analysis. A similar range was measured using Cel1  
(Surveyor) nuclease assay. We found that gene editing by surveyor assay and ddPCR 
correlated with the frequency of PD‐1 negative cell phenotype by flow cytometry (25‐
55%). Similarly, an increasing editing frequency at the TRAC and TRBC loci has been 
noted in both donors by both surveyor assay and ddPCR when the amount of gRNA is 
increased. The disruption levels are similar between the 2 donors analyzed. This analysis 
is being expanded to detect the frequencies of genes/alleles disruption over a larger 
pool of donors. A summary of various experiments with healthy donors is shown in the 
Table 1below.  
 
Table 1. Gene disruption frequencies in healthy donors. 


Gene	 Number	of	Donors	
Tested	


Average	%	Disruption	
(Range)	


TRAC	 5	 79.6	
(62.0 – 92.3)	


TRBC	 10	 76.6	
(69.5 – 83.1)	


TRAC	+	TRBC	 16	 73.2	
(57.1 – 92.1)	


PD1	 6	 53.1	
(47.5 – 56.1)	


 
 
It is expected that the frequency of NY‐ESO‐1 TCR lentiviral transduction, and Cas9 
mRNA and gRNAs electroporation efficiency will vary among various donors. We plan to 
continue to expand the analysis over a larger range of donors to better define the 
potency and limits of the system and to define realistic criteria for clinical product 
release. This expanded analysis will be included in the IND application. Nevertheless, 
one of the primary endpoints of this study is testing the manufacturing feasibility in 
patients with advanced cancer, a variable that is unknown until the protocol is 
conducted.  
 
3.  Measuring the possibility for off‐target editing for each of the three gRNAs is an 
important part of pre‐clinical safety studies involving targeted nucleases. However I 
was not able to find this information.  
 











As the reviewer well knows, all gene editing strategies developed so far have some non‐
zero rate of off‐target editing.  For example, in our pre‐clinical studies with ZFN‐
mediated editing of CCR5 we found several off‐target sites (1). However, in the clinical 
trial and ongoing long term follow up of the patients for up to 6 years so far, there have 
been no clinical consequences due to off‐target editing (2).  Patients will be followed 
closely following the infusion of the NYCE cells using quantitative and digital PCR and 
cases with unusual kinetics of the infused cells, i.e. patients with secondary expansions 
of gene‐modified cells, will be examined in detail for clonal T cell abnormalities. 
 
 
(b) On page 33 in Appendix M it is stated that “Methods to detect genetic 
modifications outside of the target RNA sequence are under development.”  Are these 
now available, and have the selected gRNAs been validated for their off‐target profile? 
 
Response: The methods we will use refer to the deep sequencing analysis for off target 
editing; the results of this analysis are described as our response to question 3a above. 
In collaboration with Dr. Frederic Bushman, a leading expert in the field of gene therapy, 
we will explore more sensitive assays to capture genomic rearrangements that may 
occur in the CRISPR triple edited cells. 
 
(c) On page 40 in Appendix M, and on page 87 of the Clinical protocol, it is recognized 
that “off target effects …..is a possibility we have to consider” and that “Whether this 
will occur with our CRISPr/Cas9‐edited cells will have to be investigated in the infusion 
products.” Is there an assay now in place to do this, and how will the results of this 
analysis be included in the release criteria?  
 
Response:   As the reviewer is well aware, all gene editing strategies developed so far 
have some non‐zero rate of off‐target editing.  For example, in our pre‐clinical studies 
with ZFN‐mediated editing of CCR5 in T cells, we found several off‐target sites (1). 
However, in the clinical trial and ongoing long term follow up of the patients for up to 6 
years so far, there have been no clinical consequences due to off‐target editing (2).  
 
Our protocol is designed to assess for off‐target editing of the CRISPR/Cas9 as a primary 
safety endpoint. Patients will be followed per FDA guidelines for 15 years to gather 
clinical and laboratory information on the potential consequences of off target editing. 
For our laboratory studies, the current “gold standard assay” for off‐target editing is the 
long term culture of T cells to assess for transformation in culture.  For example, in the 
above experiments where we identified off‐target modification of ANK1, the cell 
population in which this off target deletion occurred was subjected to a long term 
expansion culture to assess for potential transformation events, in parallel with other 
triple‐gene modified and control non‐modified populations. The cultures were 
maintained without further stimulation for up to 42 days when viability decreased (see 
figure below). All cultures showed similar growth curves over the entire period tested 







and thus exclude any gene‐editing associated transforming events. This data will be 
submitted to FDA for review. 
 
Our laboratory investigations on patient samples will be guided by clinical observations. 
If we observe clonal T cell expansions in a patient, this will trigger a detailed 
investigation to exclude off‐target editing. We report such incidences to FDA and RAC, 
and would conduct the investigation in consultation with FDA and RAC. We do not plan 
to asses every cell product prospectively for off target effects, however, we propose to 
test the clinical cell products in long term culture conditions to asses for potential 
transforming events. We intend to perform this as a batched retrospective analysis, not 
as a release criterion. In our previous study with ZFN modified T cells, we used a 
pentamer assay and surveyor nuclease assay to monitor patient products and samples 
post infusion for on‐target editing. For this study, the final release criteria for the 
manufactured products will be defined in collaboration with FDA.  
 
4. Using CRISPR/Cas9 to simultaneously edit 3 different loci raises a couple of safety 
concerns beyond the normal concerns about off‐target editing from a single gRNA.  
Specifically, was the risk of translocations occurring between 2 different DNA breaks 
assessed? 
 
Response:   The reviewer is correct that translocations are expected at some frequency 
when editing with more than one locus with several gRNA simultaneously. In preclinical 
data for the “London Baby experiments” using TALENs targeting CD52 and TRAC, 
translocation frequencies ranged from 10‐4 to 2x10‐2, with translocation events resulting 
in acentromeric or dicentromeric chromosomes occurring the least frequently.  To 
determine whether these translocations conferred a proliferative advantage, 
Scharenberg and colleagues used purified CD52‐/TRAC‐ cells to conduct long term cell 
growth experiments.  They analyzed isolated genomic DNA after 15 and 38 days in 
culture – approximating the period of time when these cells would be most abundantly 
engrafted in a patient. Despite the fact that the cells expanded more than 4000‐fold 
between the 2 culture samplings, frequencies of all of the translocations were found to 
be stable or reduced, providing evidence that TRAC/CD52 translocations do not provide 
a proliferative advantage to host cells (3). 
 
We have performed similar cytogenetic analyses of edited populations prepared from 2 
donors (ND 307 and ND422). For each of these donors, there were 3 conditions in which 
titrating amounts of gRNA were used (low, medium and high gRNA levels for a total of 6 
gene edited samples and 2 control, not edited samples). The analysis has not identified 
clonal or clinically relevant translocations; random abnormalities involving 
translocations have been noted in single cells [t(16q;17q); t(2q;14q); t(2q;14q)] and they 
are considered not clinically relevant by our cytogeneticists, and are likely potential 
artifacts of the assay.  
 











validation experiments in GMP conditions such as to define the gene editing release 
specification based on experimental data. Based on our previous data with CART19 T 
cells, we are able to monitor and observe clinical effects when a population of T cells is 
infused containing as little as 2 to 3% modification (4).  
 
The current results from ongoing experiments are shown in the above Table 1 for the 
disruption frequencies in various experiments. Our initial preclinical data indicate that 
the CRISPR system that we propose to use induced PD1 gene editing in 20‐55% alleles 
depending on the amount of gRNA. This is based on droplet digital PCR (ddPCR) analysis, 
and correlates with results by flow cytometric analysis, as discussed above. Our final 
data set will be submitted to FDA for review. For our ongoing CCR5 ZFN protocol, our 
lower cut‐off is “CCR5 genome modification present” by MiSeq analysis. A high bar is 
not required for phase I testing where safety and feasibility are primary endpoints.  For 
potential efficacy testing in phase II trials, we will set a higher disruption frequency 
based on the data from the phase I trial.  
 
Minor Comments: 
 
1. Study Summary and Study Schema page 55: ‐ section “Study Product, Dose, Route, 
Regimen”: ‘CRISPR RNA’ is not the correct term to describe the active component, it is 
a combination of Cas9 mRNA and 3 different guide RNAs.  
 
Response:  We agree that ‘CRISPR RNA’ is not the correct term to describe the active 
component!;  thank you for pointing this out. The active component proposed in this 
study is a heterogeneous population of autologous T cells expressing NY‐ESO‐1 TCR and 
with TRAC, TRBC, and PD1 gene disruptions. This investigational cell product is 
manufactured by treating T cells with a NY‐ESO‐1 TCR encoding lentiviral vector, and a 
combination of Cas9 mRNA and 3 different guide RNAs specific for targeting TRAC, 
TRBC, and PD1 genes. These modified T cells are called NY‐ESO‐1 redirected CRISPR 
Edited cells, hereinafter referred to as “NYCE cells”. 
 
2. Is the Cas9 being used the standard S. Pyogenes protein or a different variant? 


Response:   The Cas9 being used is the standard Streptococcus pyogenes protein used 
for CRISPR/Cas systems (5).  
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Title:	


Phase	I	Trial	of	Autologous	T	Cells	Engineered	to	Express	NY‐ESO‐1	TCR	and	Gene	Edited	to	Eliminate	
Endogenous	TCR	and	PD‐1		


Synopsis:	
This	is	a	first‐in‐human,	Phase	I	trial	to	determine	the	safety	profile	of	a	single	infusion	(7	x	109	total	cells	
to	achieve	anticipated	dose	of	target	cells	1	x	108	cells/kg)	of	autologous	T	cells	modified	to	express	TCR	
(in	a	lentiviral	vector)	with	specificity	for	NY‐ESO‐1	antigen,	and	gene	edited	using	CRISPR	to	disrupt	
expression	of	TCR,	TCR,	and	PD‐1.		The	trial	will	enroll	15	adult	HLA‐A2*0201+	patients	in	relapse	or	
with	refractory	tumors	expressing	the	NY‐ESO‐1	antigen.		Patients	from	UPenn,	UCSF,	and	MD	Anderson	
will	be	enrolled,	using	a	basket	design	that	includes	diagnoses	of	multiple	myeloma	(n=6),	melanoma	
(n=3)	and	synovial	sarcoma	(n=6),	for	which	there	are	no	known	effective	therapies.	
	
NY‐ESO‐1	is	a	highly	immunogenic	human	tumor	antigen,	presented	to	T	cells	via	HLA	encoded	by	the	
CTAG1B	gene.		Expression	in	normal	tissue	appears	to	be	restricted	to	testis	and	ovary.		This	study	plans	
to	use	CRISPR/Cas9	to	target	TCR,	TCR,	and	PD‐1	in	order	to	reduce	endogenous	TCR	and	PD‐1	gene	
expression	and	mixed	dimer	formation,	and	to	reduce	tolerance	and	delay	T	cell	exhaustion.	
	
Patients	will	be	lymphodepleted	and	given	a	single	infusion	of	autologous	T	cells	that	have	been	
genetically	modified	ex	vivo.		16	populations	of	T	cells	could	theoretically	be	produced,	with	each	of	4	
genes	(NY‐ESO‐1	TCR,	PD‐1,	TCR,	and	TCR)	either	intact	or	disrupted.		Some	of	these	populations	will	
either	be	unmodified,	or	not	expected	to	persist	after	transfer	because	they	are	not	able	to	generate	TCR‐
mediated	signals.		The	rationale	for	the	study	is	to	test	the	hypothesis	that	T	cells	with	NY‐ESO‐1	
specificity	and	disrupted	PD‐1	have	enhanced	anti‐tumor	efficacy,	so	cells	will	not	be	preselected	before	
infusion,	with	the	expectation	that	analysis	will	“pick	the	winners.”		Patients	must	be	off	all	therapies	for	
2	weeks	prior	to	infusion.	
	
Pre‐clinical	data	come	primarily	from	in	vitro	experiments	with	T	cells	from	two	normal	human	donors.		
49%	and	62%	of	CD3+	cells	from	these	individuals,	respectively,	expressed	NY‐ESO‐1	TCR	after	
transduction.		Approximately	70%	of	NY‐ESO‐1	TCR	transduced	cells	lacked	endogenous	TCR	after	gene	
editing	at	the	“medium”	dose	of	guide	RNAs.		However,	a	significant	proportion	(~43%)	of	NY‐ESO‐1	
transduced	cells	were	not	PD‐1	edited	in	vitro.		Animal	models	of	CRISPR/Cas9	double	edited	T	cells	have	
been	studied	using	NOD/SCID/2null	mice,	with	no	evidence	of	uncontrolled	T	cell	proliferation	or	
unexplained	illness,	but	replication	competent	lentivirus	was	not	monitored,	nor	was	off‐target	gene	
editing	assessed.		“Assays	to	detect	genomic	editing	by	CRISPR/Cas9,	including	deep	sequencing	and	
digital	PCR,	are	being	developed.”		In	addition,	“an	in	vivo	experiment	testing	the	anti‐tumor	efficacy	of	
NY‐ESO‐1	TCR	transduced	and	triple	edited	cells	at	the	TRAC,	TRBC,	and	PD1	loci	is	curently	being	
performed.	“		The	only	in	vivo	experiment	from	animal	models	tested	a	CAR	specific	for	prostate	stem	cell	
antigen	expressed	in	T	cells	using	a	lentiviral	vector	and	CRISPR/Cas9	to	disrupt	the	PD‐1	gene	in	
NOD/SCID	gamma	mice.		The	PD‐1neg	CAR	T	cells	showed	significantly	enhanced	anti‐tumor	activity	
compared	to	the	conventional	CAR	T	cells.	


Anticipated	risks:		
Dose	related	toxicity	‐NY‐ESO‐1‐directed	TCRs	have	been	tested	in	several	(18)	clinical	studies	including	
Phase	II	trials,	including	by	this	group.		These	studies	have	demonstrated	safe	dose	ranges	of	up	to	130	x	







109	cells,	with	favorable	response	rates.		However,	toxicity	of	additionally	including	cells	with	PD‐1	
deactivated	is	unknown.	
On‐target	reactivity	‐	In	two	trials,	29	of	36	total	patients	developed	erythematous	skin	rashes	that	were	
thought	to	represent	on‐target	reactions	to	antigen	on	normal	cells.			
Uncontrolled	T	cell	proliferation	and	transformation	‐	Although	uncontrolled	T	cell	proliferation	has	not	
been	observed	by	the	investigators,	they	plan	to	use	corticosteroids	and	chemotherapy	if	necessary.		
Transformation	of	T	cells	in	adoptive	T	cell	transfer	has	not	been	observed	in	hundreds	of	patients	
receiving	retroviral	modified	cells	or	in	21	HIV	patients	receiving	lentiviral	modified	cells.	
Immunogenicity	of	modified	T	cells	‐	Immunogenicity	of	CRISPR/Cas9	modified	T	cells	is	unknown	and	
will	be	monitored	as	a	secondary	objective.			
Cytokine	release	syndrome	‐	In	contrast	to	CAR	redirected	T	cell	treatments,	CRS	did	not	occur	in	patients	
in	studies	testing	NY‐ESO‐1	TCR‐redirected	T	cells,	despite	elevated	levels	of	IL‐6.		However,	the	
investigators	state	that	the	NY‐ESO‐1	redirected	T	cells	with	edited	TCR	and	PD‐1	may	induce	CRS,	and	
that	treatment	of	the	CRS	(e.g.	with	anti‐IL‐6	receptor	antibody)	could	adversely	impact	the	anti‐tumor	
response.	
Tumor	lysis	syndrome	–	TLS	risks	are	typically	dependent	on	disease	and	burden	of	disease	but	the	
investigators	have	a	plan	to	monitor	and	manage	as	necessary.	
Off‐target	effects	–	are	acknowledged	to	be	a	possibility	but	investigators	do	not	describe	a	plan	to	assess	
whether	they	have	occurred	or	to	try	to	predict	off‐target	risks.	
Autoimmunity	–	although	the	investigators	believe	these	risks	to	be	low,	they	state	that	there	is	potential	
for	enhanced	risk	from	transfer	of	T	cells	that	have	lost	PD‐1	expression	but	retained	endogenous	TCR	
expression.	
Replication‐competent	lentivirus	–	risks	of	generating	RCL	have	been	minimized	through	design	of	the	
vector	and	by	excluding	individuals	with	HIV	infections,	but	RCL	will	be	assessed	for	up	to	2	years	after	
infusion.	
	
Conflicts	of	interest:	
Dr.	Carl	June,	scientific	advisor	for	the	study,	has	a	“significant”	financial	interest	as	inventor	of	the	
technology	used	in	the	study,	which	is	licensed	to	Life	Technologies	and	sub‐licensed	to	Novartis.		This	
COI	is	disclosed	in	the	consent	form	with	no	further	detail,	and	no	mitigation	strategies	were	described.	
	
Consent	form:	
In	the	section	about	the	purpose	of	the	study	(pg	2),	it	should	be	made	clear	that	the	purpose	of	the	study	
is	to	test	a	variation	of	immunotherapies	that	have	been	tested	in	humans,	but	that	this	variant	has	not.		
When	statements	about	withdrawing	from	the	study	are	made	(e.g.,	pgs,	1,2	&	21)	it	should	be	clarified	
that	it	might	be	impossible	to	reverse	the	effects	of	the	infusion.		In	the	discussion	of	alternatives	(pg	20),	
it	should	be	made	clear	that	participating	in	this	study	is	not	the	only	option	for	patients	to	obtain	
immunotherapy.		It	is	not	clear	why	social	security	numbers	are	necessary	for	the	research	(pg	22).		In	
the	section	about	use	of	blood	and	tissue	(pg	26),	it	should	be	clarified	whether	patient	samples	will	
retain	any	linkages	to	identifiers	even	if	identifiers	are	removed	before	being	given	to	other	researchers,	
and	whether	withdrawing	from	the	study	also	means	withdrawing	from	studies	being	conducted	by	other	
researchers	who	obtained	the	samples.		At	the	bottom	of	the	page,	the	use	of	the	word	“cure”	is	
potentially	coercive	because	a	“cure”	for	cancer	in	general	is	implausible.		
	
Overall	review:	
This	protocol	was	selected	for	public	review	because	of	its	combination	of	NY‐ESO‐1	redirected	T	cells	
and	gene	editing	to	reduce	or	disrupt	expression	of	endogenous	TCR	and	PD‐1.		I	defer	to	my	colleagues	
on	the	RAC	with	more	expertise	in	immunology	and	gene	editing,	but	it	seems	to	me	that	the	novelty	of	
triple	editing	to	disrupt	endogenous	TCR	and	PD‐1	in	combination	with	adoptive	T	cell	transfer	warrants	
more	animal	studies	in	order	to	better	anticipate	the	effects	of	PD‐1	disruption	and	of	the	bulk	
transfer/”pick	the	winner”	strategy.	







	
Specific	questions	and	recommendations:	
	


 What	are	results	of	assays	that	were	developed	to	detect	genomic	editing	by	CRISPR/Cas9?	
 Are	there	any	results	of	animal	studies	that	assessed	safety	of	triple‐editing	similar	to	the	


proposed	Phase	I	trial	using	NY‐ESO‐1?	
 Need	a	plan	to	assess	off‐target	effects.	
 Consent	form	should	specify	the	magnitude	and	nature	of	the	conflict	of	interest	
 Clarifications	to	consent	form	should	be	made	as	described	above.	


	
	
	











On‐target reactivity ‐ In two trials, 29 of 36 total patients developed erythematous skin rashes that were 
thought to represent on‐target reactions to antigen on normal cells.   


Uncontrolled T cell proliferation and transformation ‐ Although uncontrolled T cell proliferation has not been 
observed by the investigators, they plan to use corticosteroids and chemotherapy if necessary.  
Transformation of T cells in adoptive T cell transfer has not been observed in hundreds of patients receiving 
retroviral modified cells or in 21 HIV patients receiving lentiviral modified cells. 


Immunogenicity of modified T cells ‐ Immunogenicity of CRISPR/Cas9 modified T cells is unknown and will be 
monitored as a secondary objective.   


Cytokine release syndrome ‐ In contrast to CAR redirected T cell treatments, CRS did not occur in patients in 
studies testing NY‐ESO‐1 TCR‐redirected T cells, despite elevated levels of IL‐6.  However, the investigators 
state that the NY‐ESO‐1 redirected T cells with edited TCR and PD‐1 may induce CRS, and that treatment of the 
CRS (e.g. with anti‐IL‐6 receptor antibody) could adversely impact the anti‐tumor response. 


Tumor lysis syndrome – TLS risks are typically dependent on disease and burden of disease but the 
investigators have a plan to monitor and manage as necessary. 


Off‐target effects – are acknowledged to be a possibility but investigators do not describe a plan to assess 
whether they have occurred or to try to predict off‐target risks. 


Autoimmunity – although the investigators believe these risks to be low, they state that there is potential for 
enhanced risk from transfer of T cells that have lost PD‐1 expression but retained endogenous TCR expression. 


Replication‐competent lentivirus – risks of generating RCL have been minimized through design of the vector 
and by excluding individuals with HIV infections, but RCL will be assessed for up to 2 years after infusion. 


 
Conflicts of interest: 
Dr. Carl June, scientific advisor for the study, has a “significant” financial interest as inventor of the technology 
used in the study, which is licensed to Life Technologies and sub‐licensed to Novartis.  This COI is disclosed in 
the consent form with no further detail, and no mitigation strategies were described. 
 
Consent form: 
In the section about the purpose of the study (pg 2), it should be made clear that the purpose of the study is to 
test a variation of immunotherapies that have been tested in humans, but that this variant has not.  When 
statements about withdrawing from the study are made (e.g., pgs, 1,2 & 21) it should be clarified that it might 
be impossible to reverse the effects of the infusion.  In the discussion of alternatives (pg 20), it should be 
made clear that participating in this study is not the only option for patients to obtain immunotherapy.  It is 
not clear why social security numbers are necessary for the research (pg 22).  In the section about use of blood 
and tissue (pg 26), it should be clarified whether patient samples will retain any linkages to identifiers even if 
identifiers are removed before being given to other researchers, and whether withdrawing from the study also 
means withdrawing from studies being conducted by other researchers who obtained the samples.  At the 
bottom of the page, the use of the word “cure” is potentially coercive because a “cure” for cancer in general is 
implausible.  
 
Overall review: 
This protocol was selected for public review because of its combination of NY‐ESO‐1 redirected T cells and 
gene editing to reduce or disrupt expression of endogenous TCR and PD‐1.  I defer to my colleagues on the 
RAC with more expertise in immunology and gene editing, but it seems to me that the novelty of triple editing 
to disrupt endogenous TCR and PD‐1 in combination with adoptive T cell transfer warrants more animal 















reveal any gene editing associated transforming events. We have previously used this assay in our CCR5 ZFN 
editing trial (2). 
 
Our plan for this protocol is that patients will be followed closely following the infusion of the NYCE cells using 
deep sequencing, quantitative PCR and digital droplet PCR. Cases with unusual kinetics of the infused cells, i.e. 
any patients with secondary expansions of gene‐modified cells, will examined in detail for clonal T cell 
abnormalities. 
 


 Consent form should specify the magnitude and nature of the conflict of interest 
 
Response:   All potential financial conflicts are reviewed by the UPenn Conflict of Interest Standing Committee 
(CISC) per institutional policy.  The CISC will evaluate whether Dr. June can participate in this study in the 
proposed capacity and/or if a management plan will need to be issued and agreed to by Dr. June.  The current 
COI language in the informed consent is not final, but it is included as a placeholder. The final language will be 
defined after the UPenn CISC review. CISC/IRB requires all financial interests be disclosed appropriately in the 
consent. The final language will ultimately be reviewed by the CISC and IRB, and approved by the IRB based on 
the CISC management plan. 
 


 Clarifications to consent form should be made as described above. 
 
Response:  We have addressed all concerns related to the language in the informed consent. A new version of 
the informed consent (PC2 V2.06‐13‐2016) with track changes has been attached.  
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RESPONSES TO APPENDIX M (M-II TO M-V) 


M-II.       DESCRIPTION OF THE PROPOSAL 


This is a multi-center, first-in-human trial proposed to test HLA-A2*0201 restricted T cells 
expressing the NY-ESO-1 specific T cell receptor (TCR) with gene edited endogenous T cell 
receptor and PD-1 (NY-ESO-1TCR/PD1 and TCRendo deleted). The primary objective is to 
determine the safety profile of a single infusion of autologous NY-ESO-1TCR/PD1 and TCRendo 
deleted T cells in subjects with tumors expressing NY-ESO-1 and also to evaluate manufacturing 
feasibility. Namely, patients with multiple myeloma (MM), synovial sarcoma (SS) and 
myxoid/round cell sarcoma or melanoma (MEL) will be eligible. Secondary objectives include 
assessing anti-tumor responses and survival, measuring engraftment, persistence and bioactivity 
of NY-ESO-1 CRISPR T cells and incidence of immunogenicity. The goal of this study is 
evaluate the safety of redirected T cells targeting NY-ESO-1, which have been genetically 
modified to increase potency compared to previous NY-ESO-1 TCR T cell systems. 
 
For gene transfer of NY-ESO-1 TCR, a self-inactivating (SIN) lentiviral vector expressing the 
transgene under the control of a mammalian elongation factor 1-α (EF-1α) will be used.  
Lentiviral vector will be manufactured in accordance with good manufacturing practice (GMP) 
by the Center for Advanced Retinal and Ocular Therapeutics (CAROT) at the University of 
Pennsylvania. Clinical grade in vitro transcribed RNAs necessary for CRISPR-mediated gene 
editing will be made in house at the University of Pennsylvania RNA Vector Engineering 
Center. Autologous NY-ESO-1/TCRendo and PD1 edited cells will be manufactured in 
accordance with GMP at the Cell and Vaccine Production Facility (CVPF) at the University of 
Pennsylvania, a facility accredited by the Foundation for the Accreditation of Cellular Therapy.  


M-II.A. Objectives and Rationale of the Proposed Research 
The primary objective is to evaluate the safety of a single infusion of NY-ESO-1TCR/PD1 and 
TCRendo deleted T cells in HLA-A201 subjects with NY-ESO-1 expressing malignancies and to 
evaluate manufacturing feasibility  
 
The primary and secondary objectives, as well as endpoints, of the proposed trial are outlined in 
Table 1 below. 
 
 


Table 1: Objectives and endpoints for the proposed research 


Objectives Endpoints 
Primary 
Determine safety profile of a 
single infusion of NY-ESO-1 
TCR/PD1 and TCRendo  
CRISPR-edited T cells 


• Frequency and severity of adverse events. 


Evaluate manufacturing 
feasibility of NY-ESO-1 
TCR/PD1 and TCRendo  
CRISPR-edited T cells 


• Percentage of manufacturing products that do not meet release 
criteria for vector transduction efficiency, gene disruption T 
cell product purity, viability, sterility or due to tumor 
contamination. 
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Table 1: Objectives and endpoints for the proposed research 


Objectives Endpoints 
Secondary 
Determine engraftment, 
persistence, and trafficking 
of NY-ESO-1 TCR/PD1 and 
TCRendo  CRISPR-edited T 
cells 
 


• Duration of NY-ESO-1 T cells in vivo survival as determined 
by Q-PCR and polychromatic flow cytometry performed at a 
minimum of weekly for the first month, monthly until Month 6 
and every three months until Month 12 or until any 2 
sequential negative tests documenting loss of NY-ESO-1 T 
cells provided that a specific blood or tissue sample is 
available at that time point.  


• T cells carrying disrupted TCRα, TCRβ, and/or PD1 genes 
will be studied at the same intervals using digital PCR (dPCR) 
assays interrogating each of these genes. 


• The pharmacokinetics of PD1 gene-disrupted cells, in addition 
to the aforementioned dPCR assay, will be assessed using 
polychromatic flow cytometry using resting and re-stimulated 
T cells recovered from the patient. 


• If biopsy tumor samples or tissue samples are available, 
determine the presence of NY-ESO-1 redirected and for 
CRISPRedited T cells using qPCR and dPCR, respectively.  


Evaluate best overall 
response rates 
 
 


• Percentage of patients with a best overall disease response of 
CR or CRi, where the best overall disease response is defined 
as the best disease response recorded from the start of the 
treatment until death, last follow up, relapse or start of new 
anticancer therapy, whichever comes first.  


• Percentage of patients achieving CR/CRi before or at Month 6  
Evaluate overall survival 
(OS), duration of remission 
(DOR) , relapse free survival 
(RFS), and event free 
survival (EFS) 


• Overall survival (OS), duration of remission (DOR), relapse 
free survival (RFS), and event free survival (EFS).  


Describe cause of death 
(COD) when appropriate 


• Cause of death (COD) when appropriate. 


Describe the incidence of 
immunogenicity  
 


• Host immunity against NY-ESO-1 redirected T cells as 
determined by multiparametric flow cytometry or other 
methods.  


• Assess correlation for immunogenicity with loss of detectable 
NY-ESO-1 redirected T cells (loss of engraftment) 


Evaluate bioactivity of NY-
ESO-1 TCR/PD1 and 
TCRendo  CRISPR-edited T 
cells 


• Systemic soluble immune and inflammatory factors pre- and 
post-infusion as determined by Luminex-based analyses. 


• NY-ESO-1 antigen levels in marrow and other biopsied 
tumor/tissues pre- and post-infusion.  


 
NY-ESO-1 is an attractive target for tumor-directed T lymphocyte immunotherapy. NY-ESO-1 
belongs to the cancer-testis (CT) antigen group of proteins and its expression is in normal tissues 
is restricted to the testis and ovaries1. Expression of NY-ESO-1 has been observed in various 
tumor types, including myelomas, sarcomas, melanomas and other solid tumors 1 at both 
molecular and protein levels. In fact, to date, at least 18 studies have been opened investigating 
NY-ESO-1 TCR redirected T cells as summarized in the clinical protocol Table 1.4.2. Published 
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Table 2. Predicted Cell Populations- Safety and Efficacy by Cell Surface Staining Profile 


Cell 
surface 
staining 
profile 


Cell surface staining Gene Status 
(intact +) (disruption -) Cell 


Populatio
n 


Predicted safety and efficacy 
profile NY-


ESO CD3 PD1* TCRa TCRb   PD1 


1 - + + + + 


 
+ 1 


Wild-type T cells that were not 
modified during manufacturing. 
Safety is expected while efficacy 
is not. 


2 - + - + + - 9 


T cells with PD-1 disruption that 
retains endogenous TCR. These 
cells are anticipated to have a 
low toxicity risk based on data 
from systemic therapy with PD-1 
antagonists. 


3 - - + 


- + + 3 T cells with endogenous TCR 
disruption. These cells are 
expected to be rare, have low 
potential for toxicity and should 
not persist after adoptive 
transfer. 


+ - + 5 


- - 
+ 


7 


4 - - - 


- + - 11 T cells with endogenous TCR 
and PD-1 disruption; expected to 
be rare, have low potential for 
toxicity and should not persist 
after adoptive transfer. 


+ - - 13 


- - - 15 


5 + + + 


+ + + 2 


NY-ESO-1 specific T cells 
without gene disruption. 
Previously tested in patients with 
multiple myeloma with 
demonstrated safety. 


- + + 4 
NY-ESO-1 specific T cells with 
endogenous TCR disruption. 
Expected enhanced anti-tumor 
activity compared to cell 
population 2, have reduced, but 
not absent, potential for 
mispairing and susceptible to 
exhaustion by PD-1 expression. 


+ - + 6 


- - + 8 


NY-ESO-1 specific T cells with 
endogenous TCR disruption. 
Expected enhanced anti-tumor 
activity compared to population 
2. Absent potential for 
mispairing, but susceptible to 
exhaustion by PD-1 expression. 


6 + + - 
+ +  


- 10 


NY-ESO-1 specific T cells with 
PD-1 disruption. Expected anti-
tumor efficacy and less 
susceptible to exhaustion by PD-
1 expression 


- + - 12 NY-ESO-1 specific T cells with 
endogenous TCR and PD-1 
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Table 2. Predicted Cell Populations- Safety and Efficacy by Cell Surface Staining Profile 
Cell 


surface 
staining 
profile 


Cell surface staining Gene Status 
(intact +) (disruption -) Cell 


Populatio
n 


Predicted safety and efficacy 
profile NY-


ESO CD3 PD1* TCRa TCRb   PD1 


+ - - 14 disruption. Expected reduced 
potential for mispairing. May 
have enhanced effector function. 
Expected to be less susceptible to 
exhaustion by PD-1 expression. 


- - - 16 


*after stimulation 
 


Population #1 are wild type T cells that escaped transduction or editing during manufacturing. 
These autologous T cells are expected to be safe and have no antitumor activity based on 
previous trials. Population #2 are T cells with transgenic TCR and the retained endogenous TCR. 
These cells have been tested clinically and found to be safe and have antitumor efficacy in 
sarcoma, melanoma and myeloma 11,12. Population #9 are T cells with PD-1 disruption that retain 
endogenous TCR. These cells are anticipated to have a low toxicity risk based on data from 
systemic therapy with PD-1 antagonists 9, however they could mediate autoreactivity. It is 
possible that these cells may facilitate “antigenic spreading” of an antitumor response directed 
against tumor neo-epitopes 13,14. Populations #3, 5, 7, 11, 13, and 15 are T cells with endogenous 
TCR disruption. These cells are expected to be rare, have low potential for toxicity and should 
not persist after adoptive transfer because TCR signals are required for T cell survival in 
experimental settings 15,16. Populations #10, 12, 14, and 16 are NY-ESO-1 specific T cells with 
PD-1 disruption. These cells may have enhanced effector function and are expected to be less 
susceptible to exhaustion by PD-1 expression. A major rationale for this study is that it is a 
competitive repopulation experiment: the bulk cells will be infused and analysis will “pick the 
winners”, testing the hypothesis that T cells with NY-ESO-1 specificity and disrupted PD1 may 
have enhanced function, as 17. 
 
The rationale for dosing in this study is based on our and others experience using autologous 
gene modified T cells.  
 
It is difficult to know the optimal dose of NY-ESO-1 TCR/PD1 and TCRendo deleted cells as they 
were not previously administered in patients. However, numerous studies testing the NY-ESO-
1TCR transduced T cells are ongoing (Table 1.4.2 in the clinical protocol). Extrapolating from 
the doses used in this studies and from the doses of CART-19 cells administered on studies 
conducted and sponsored by the University of Pennsylvania and others18,19, we have chosen to 
use a target cell dose of 1x108 cells/kg for an approximate dose of 7x109 cells total (assuming a 
patient of 70 kg). This dose is similar or lower than the ones tested in ongoing studies captured in 
the clinical protocol Table 1.4.2.  


M-II.A.1. Use of Recombinant DNA for Therapeutic Purposes 


M-II-A-1-a. Why is the disease selected for treatment by means of gene therapy a good 
candidate for such treatment? 
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This is a multi-center trial using a basket design in which NY-ESO-1/TCR PD1 cells will be 
administered in three different disease indications: multiple myeloma, sarcoma and metastatic 
melanoma.  
 
Multiple myeloma (MM) is a disease defined by the accumulation of clonal bone marrow plasma 
cells and development of clinical complications including hypercalcemia, renal insufficiency, 
symptomatic anemia, destructive lytic bone lesions, and susceptibility to infections. According to 
the NCI SEER database, over 30,000 men and women in the United States will be diagnosed 
with MM, and over 12,000 will die of the disease, in 201620.  Treatment of MM has advanced 
significantly over the past decade, and an expanding palette of drugs targeting MM plasma cells, 
including proteasome inhibitors, immunomodulatory drugs (IMiDs), steroids, alkylators, and 
monoclonal antibodies is now clinically available, such that the vast majority of newly diagnosed 
patients respond to initial therapy.  Despite these advances, nearly all patients relapse with 
disease that becomes progressively more refractory to successive lines of therapy. In fact, once 
the disease becomes resistant to both bortezomib and IMiDs, median progression-free and 
overall survival have historically been only 5 and 9 months, respectively 21. Second-generation 
proteasome inhibitors (e.g. carfilzomib) and IMiDs (e.g. pomalidomide), along with new 
monoclonal antibodies (e.g. daratumumab) are useful additions but only incrementally improve 
outcomes (median PFS 3-4 months).  Early results of clinical trials utilizing genetically 
engineered T-cells (anti-CD19 CARs, anti-BCMA CARs and anti-NY-ESO TCRs) show safety 
and clinical response in relapsed myeloma. Thus, there remains a strong unmet need for novel 
therapeutic approaches in relapsed/refractory myeloma and consideration of treatment by means 
of gene transfer is appropriate.   
 
Sarcomas. Synovial Sarcoma (SS) and Myxoid/Round Cell Liposarcoma (MRCL). Synovial 
sarcoma most commonly affects adolescents and young adults ages 15-40. It originates from 
mesenchymal cells, but not from the synovium as the name implies. MRCL is the second most 
common liposarcoma subtype, accounting for >33% of liposarcomas and approximately 10% of 
all soft tissue sarcomas. MRCL is almost always associated with a chromosomal translocation, 
most commonly t(12;16)(q13;p11). NY-ESO-1 is ubiquitously expressed in MRCL 22,23. 


Sarcoma is <1% of all cancers. Synovial sarcoma is the fourth most commonly occurring 
sarcoma, accounting for 8-10 % of all sarcoma. There are ~12,310 new soft tissue sarcomas 
diagnosed each year in the US. The incidence of synovial sarcoma is estimated to be 900 new 
cases a year in US. Poor prognostic factors include (1) distant metastasis, (2) age older than 25 
years, (3) tumor size of greater than 5 cm, (4) poorly differentiated area seen in histology. 


Synovial sarcoma most commonly presents in lower extremities, but can also present in upper 
extremities and represents one of the three most common sarcomas in upper extremities. It can 
present in trunk, head & neck, infrequently in lungs. Synovial sarcoma usually presents with a 
mass, often deep-seated, rapidly growing with or without pain. Other presentations depend on the 
specific anatomical location(s), i.e. pneumothorax (punctured lung) or hemoptysis (coughing 
blood) or cough due to lung metastasis, bone pain or pathological fracture due to bone 
metastasis, G.I. symptoms due to metastasis to liver, abdomen or pelvis. The 5-, 10-, and 20-year 
overall survival rates for the non-metastatic adult group are approximately 66%, 48%, and 38%. 
The Pediatric multi-center study shows the estimated 5-year overall survival and event-free 
survival rates for the entire group were 80% and 72%, respectively. 
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For tumor size of 5 cm or less, limb-saving surgical resection with pre-op or post-op radiation 
therapy is recommended. For tumor greater than 5 cm, multi-disciplinary approach using pre-
operative (neoadjuvant) chemotherapy, plus pre-operative radiation treatment, followed by 
surgery is recommended, although the role of chemotherapy continues to be debated. Patients 
with metastatic disease have limited options. No treatment that has been shown to significantly 
improve survival. The metastasis are almost always to the lung and occasionally to lymph 
nodes.  Once tumors metastasize, patients have a dismal prognosis. The consensus regarding 
chemotherapy is not clear for adult patients with high-risk synovial sarcoma, but it is clear that 
unresectable, metastatic and recurrent synovial sarcomas are nearly universally fatal. Thus, new 
therapies are needed for patients with these high-risk features. 


 
Cutaneous melanoma is a global health problem, with increasing incidence in Caucasians. While 
more than 95% of patients with early stage melanoma are recurrence-free 5 years after diagnosis, 
fewer than 50% of patients with metastases survive more than 5 years 24. Despite the 
revolutionary developments in immunotherapy, most patients still die and the treatment of 
patients with metastatic melanoma has been focused more on extending progression free survival 
and palliation than on effecting a cure 25-27. 
 
In most cancers, targetable tumor-specific antigens are not well defined. NY-ESO-1 is a human 
tumor antigen belonging to the Cancer Testis antigen group of proteins and its expression is 
limited largely to testis, ovaries and malignant tissues1. The restricted expression of NY-ESO-1 
in non-malignant tissues to immune-privileged sites makes NY-ESO-1 an attractive target for 
cancer immunotherapy.  
 
The three disease indications targeted for enrollment in this clinical protocol all demonstrate 
moderate expression of NY-ESO-128, as summarized below. Thus, these malignancies represent 
strong candidates for treatment with T cells genetically engineered to target NY-ESO-1- 
expressing tumor cells.    
 
In multiple myeloma, molecular and immunohistochemical analyses have demonstrated NY-
ESO-1 expression ranges from approximately 7% to 56% of all multiple myeloma samples tested 
29,30,31,32. Overall, increased NY-ESO-1 has been observed in advanced myeloma stages as well 
as myelomas with abnormal cytogenetic profiles (approximately a third of the total patient 
population) across multiple reports29,30,32,33.  
 
Expression of NY-ESO-1 protein in sarcoma samples has been reported to be ≥80% with 
synovial sarcomas and myxoid/round cell liposarcomas showing the highest levels of expression. 
More than 70% of synovial and myxoid/round cell liposarcoma samples demonstrate intense 
NY-ESO-1 staining signal in over half of the malignant cells per sample analyzed 22,28,34,35.  
 
Melanoma samples have been shown to have varying degrees of NY-ESO-1 expression. One 
report has shown that NY-ESO-1 is not expressed in primary tumors but detected in 28% of 
metastatic samples 36. Two other studies demonstrated that 45% of all melanoma samples were 
NY-ESO-1 positive 37,38 with no relationship between expression and tumor stage 37. It has also 
been suggested that NY-ESO-1 expression is positively correlated with tumor thickness and 
negatively correlated with tumor-infiltrating lymphocytes 39.     
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Studies in several academic centers have recently demonstrated the potency and, in some cases, 
curative potential of engineered T cells for cancer therapy. Results from robust preclinical 
models using humanized mice show that infusion of engineered T cells is the most potent single 
agent tumor immunotherapy yet described40. These findings have been demonstrated in the clinic 
in patients with melanoma, and with CLL and ALL41,42.  
 


M-II-A-1-b. Describe the natural history and range of expression of the disease selected 
for treatment. What Objective and/or quantitative measures of disease 
activity are available? In your view, are the usual effects of the disease 
predictable enough to allow for meaningful assessment of the results of gene 
therapy? 


Multiple myeloma is a largely incurable cancer defined by the accumulation of clonal bone 
marrow plasma cells and development of clinical complications including hypercalcemia, renal 
insufficiency, symptomatic anemia, destructive lytic bone lesions, and susceptibility to 
infections.  While the vast majority of newly-diagnosed patients respond to initial therapy, nearly 
all patients relapse, with disease that becomes progressively more refractory to successive lines 
of therapy.  While median overall survival from diagnosis is roughly 5-7 years currently, once 
the disease becomes resistant to both proteasome inhibitors (e.g. bortezomib) and IMiDs 
(immunomodulatory drugs, e.g. lenalidomide), median progression-free and overall survival 
have historically been only 5 and 9 months, respectively21.  Thus there remains a strong unmet 
need for novel therapeutic approaches in relapsed/refractory myeloma.  Disease activity in 
myeloma is easily assessed by several measures, including serum and urine levels of the 
monoclonal protein produced by the myeloma cells (via SPEP, UPEP, and serum free light chain 
assays), radiographic imaging of bone lesions, and bone marrow biopsies to quantitate clonal 
myeloma cells in the marrow.   Standardized criteria to assess response and progression 43 are 
available and will be followed for this protocol.   The usual effects of the disease are predictable 
enough to allow for meaningful assessment of the proposed therapy.     
 
Synovial sarcoma (SS) is the fourth most commonly occurring sarcoma, accounting for 8-10 % 
of all sarcomas. MRCL is the second most common liposarcoma subtype, accounting for >33% 
of liposarcomas and approximately 10% of all soft tissue sarcomas. The incidence of SS is 
estimated to be 900 new cases a year in US. SS originates from mesenchymal cells, but not from 
the synovium as the name implies. More than 90% of synovial sarcomas demonstrate t(X:18) 
translocation involving SYT and SSX genes, resulting in abnormal fusion (chimeric) protein 
(SYT-SSX). The fusion protein has altered function and represents the initiating molecular event 
leading to tumor formation. Poor prognostic factors for SS include (1) distant metastasis, (2) age 
older than 25 years, (3) tumor size of greater than 5 cm, (4) poorly differentiated area seen in 
histology. The 5-, 10-, and 20-year overall survival rates for adults with non-metastatic SS are 
approximately 66%, 48%, and 38% as control for localized SS is highly effective. However, 
metastasis occurs in half of all cases with metastases always to the lung and occasionally to 
lymph nodes. When the disease metastasizes, no treatment has been shown to significantly 
improve survival. As such, there a strong need to control disease in subjects with advanced, 
metastatic SS.  
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Melanoma (MEL), a malignancy composed of neoplastic melanocytes, accounts for 4.5% of all 
new cancer diagnosis made each year in the United States making it the 6th most common cancer 
diagnosis44. There were an estimated 73,870 new cases diagnosed in 2015 with the number of 
cases annually diagnosed over the past decade increasing significantly. Once metastatic disease 
develops, the chances of long-term survival are low. Recent therapeutic advances have centered 
on molecularly targeted and immunotherapy approaches.  Molecularly targeted therapy including 
BRAF inhibitors have shown to improve overall survival in BRAF V600E mutant melanoma45, 
but unfortunately this target is only present in about 50% of cutaneous melanomas and responses 
are always of limited duration46.  The use of monoclonal antibodies to target immune 
checkpoints aimed at to re-invigorating an autologous immune response have shown significant 
clinical efficacy.  Approaches include targeting CTLA-4 with ipilimumab and targeting the PD1 
receptor on T cells with multiple currently approved drugs. Nonetheless, long- term survival 
remains poor. 
 


M-II-A-1-c. Is the protocol designed to prevent all manifestations of the disease, to halt 
the progress of the disease after symptoms have begun to appear, or to 
reverse manifestations of the disease in seriously ill victims? 


This is a first in human safety and feasibility study. This protocol is designed to determine the 
safety of treating cancer subjects with NY-ESO-1 redirected T cells with edited endogenous T 
cell receptor and PD-1.  The investigational therapy is not expected to have therapeutic benefit.  
If successful, this intervention may halt progression of the disease, or lead to future protocols 
that benefit patients.  


M-II-A-1-d. What alternative therapies exist? In what groups of patients are these 
therapies effective? What are their relative advantages and disadvantages as 
compared with the proposed gene therapy? 


This trial will enroll HLA-A201 patients with multiple myeloma, sarcoma, and melanoma whose 
disease has progressed after prior therapies and are considered incurable. In the case of MM, 
subjects will have disease that is “double refractory” to a proteasome inhibitor and an 
immunomodulatory agent. Sarcoma patients to be treated in this study have progressed through 
prior therapy. Melanoma patients to be treated in this study have progressed in spite of having 
received prior classes of drugs.  
 
Given the poor prognosis with standard therapy in the proposed study populations, the strong 
rationale for targeting NY-ESO-1 antigen, the clinical results of other studies targeting this 
antigen, we believe the risk-benefit ratio for this study is favorable. 


M-II.A.2. Transfer of DNA for Other Purposes 


M-II-A-2-a. Into what cells will the recombinant DNA be transferred? Why is the transfer 
of recombinant DNA necessary for the proposed research? What question 
can be answered by using the recombinant DNA? 


Recombinant DNA will be transferred by ex vivo transduction and electroporation into 
autologous T lymphocytes. A self-inactivating lentiviral vector will be used to transfer the NY-
ESO-1 TCR. This genetic modification is necessary in order to confer anti-tumor activity to the 
T cells that potentially will impact the curative potential of an autologous transplant by targeting 


Page 19 of 342







Recombinant DNA Advisory Committee  
NY-ESO-1-redirected TCRendo and PD1 edited T cells   


Appendix M –April 25, 2016   
 


the NY-ESO-1 expressing tumor cells.  Briefly, modification of TCRa and TCRb genes is for the 
purpose of minimizing NY-ESO-1 TCR mispairing, thereby reducing the risk of autoreactivity 
and enhancing recombinant NY-ESO-1 TCR expression on the cell surface. Introduction of 
guide RNA targeting PDCD1 is necessary to improve the function of anti-tumor T lymphocytes, 
as PD-1 has been identified as a T cell exhaustion marker in cancer and may lead to reduced or 
defective memory T cell formation. 


M-II-A-2-b. What alternative methodologies exist? What are their relative advantages and 
disadvantages as compared to the use of recombinant DNA?  


This approach cannot be attempted without the use of recombinant DNA.  In this study, 
recombinant DNA will be introduced by lentiviral mediated transduction. CRISPR/Cas9 
mediated gene editing will be used for DNA editing and involves introducing Cas9 RNA and 
guide RNAs by electroporation. An alternative strategy is to introduce Cas9 protein 47,48, which 
would minimize the use of recombinant DNA; optimization of protein-based delivery methods 
are underway and may have therapeutic applications in the future 47 48,49.    
 
Introduction of the NY-ESO-1 TCR recombinant DNA may either be via lentiviral vector 
transduction (as is proposed here) or mRNA electroporation. One disadvantage of the latter 
method is that the NY-ESO-1 TCR expression would be transient (on the order of days) and may 
impact the persistence and engraftment of NY-ESO-1/TCR PD1 cells required for anti-tumor 
responses. However, the limited life-time of mRNA molecules and the dilution effects following 
T cell proliferation acts as a safety feature. With safety of lentiviral transduced NY-ESO-1 TCR 
cells demonstrated in previous trials at Penn4 and elsewhere 2 3, it is our preference to introduce 
NY-ESO-1 TCR recombinant DNA by lentivirus in order to maximize potential efficacy. 
Alternative vectors to the lentiviral vector could be used, but no available vectors have a clearly 
better safety profile over lentiviral vectors.  In fact, certain vectors such as those derived from the 
Maloney murine retroviral vector (MLV), may be less safe due to their integration pattern and 
transcriptional/enhancer activity that can dysregulate cellular oncogenes50,51. It has also been 
suggested that lentiviral vectors are indeed less likely to induce tumorigenesis due to their pattern 
of insertion52.  Additionally, lentiviral vectors are more efficient in gene transfer to lymphocytes 
than retroviral vectors53,54. Non-retroviral vectors such as adenoviral vectors do not allow for 
long-term gene expression, which is important in terms of prolonged expression in cells such as 
T cells that have extensive replicative potential.  
 
The CRISPR/Cas9 (clustered regularly interspaced short palindromic repeats/CRISPR associated 
protein 9 nuclease) approach is one of several methods capable of targeted genome editing. 
Other platforms such as the zinc finger nucleases (ZFNs) and transcription activator-like effector 
nucleases (TALENs) also induce targeted DNA double strand breaks (DSB) and have been used 
to create gene edited cell therapies 55. TCR gene editing has been compared in pre-clinical 
studies using TALENs, CRISPR/Cas9 and megaTAL nucleases 56. The ZFN technology has been 
used by the University of Pennsylvania to target the CCR5 locus in HIV patients’ T cells57-59. 
The TALEN platform has been used to create an off-the-shelf universal CART19 (UCART) by 
disrupting the αβ TCR and CD52 genes 55 . These UCART19 have been used clinically for the 
treatment of an 11-month old with relapsed ALL60.  The CRISPR/Cas9 genome editing system 
was chosen for NY-ESO-1 TCRα/TCRβ and PD1 edited cells based on the system’s low 
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cytotoxicity profile61, ease and specificity of simultaneous editing of multiple genes61,62, high 
efficiency of gene editing47 and easily scalable manufacturing approach63. 


M-II.B. Research Design, Anticipated Risks and Benefits  


M-II.B.1. Structure and Characteristics of the Biological System 


M-II.B.l.a.  What is the structure of the cloned DNA that will be used? 


M-II-B-l-a-(1). Describe the gene (genomic or cDNA), the bacterial plasmid or phage 
vector, and the delivery vector (if any). Provide complete nucleotide 
sequence analysis or a detailed restriction enzyme map of the total 
construct. 


The NY-ESO-1 TCR transgene is composed of the α and β chains of TCR joined by a Furin 2A 
peptide bond skipping sequence to ensure equivalent expression of both chains. The schematic 
representation of the complete construct containing NY-ESO-1 TCR is shown in Figure 2a. 


 
Figure 2-Schematic representation of constructs used in this study 
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Vector release testing 
Release tests for safety, potency, identity and purity are outlined below in Table 4. In order to be 
used for this protocol, the vector lot must pass all of the following release criteria:  
 


Table 4- Lentiviral vector release tests- 
Tests are performed either on crude harvest or final product as indicated. 


Test Method Specifications 
Crude Harvest 


Safety tests 
In Vitro Assay for the Presence of 
Adventitious Viral Contaminants 
(Pooled supernatant) 


Assay on 3 
indicator cell 
lines 


Negative for presence of 
viral contaminants   


Mycoplasma –USP, EP,  PTC 1993 
(Pooled supernatant) 


Culture and Vero 
indicator cells 


No for the presence of 
mycoplasma 


Qualification of the mycoplasma test 
(Mycoplasmastasis) – USP, EP, PTC 1993, JP 


Direct 
inoculation 


No mycoplasmastasis 


Replication Competent Lentivirus (RCL) 
(Pooled Supernatant) 


Tested on C8166 
cells with 
amplification and 
indicator phases 


No evidence of RCL 


Replication Competent Lentivirus (RCL) 
(Pooled EOP Cells) 


Tested on C8166 
cells with 
amplification and 
indicator phases 


No evidence of RCL 


Residual VSVg 
(Pooled supernatant) 


Real time Q-PCR Report result 
 


Residual VSVg 
(Pooled EOP cells) 


Real time Q-PCR Report result 
 


Final Product 
Safety tests 
Isolator Sterility USP, EP, JP Two media direct 


inoculation 
method 


No bacterial or fungal 
growth 


Sterility isolator method suitability USP, EP, 
JP 


Direct 
inoculation 


No antimicrobial activity 


Endotoxin Endosafe Determine gram-negative 
bacterial endotoxin level 


Potency tests 
Viral Antigen (p24) Assay ELISA Report result 
Titer  (Transduction unit/mL) Lentiviral titer 


assay 
≥1X 107 TU/mL 


Identity tests 
Appearance Visual inspection The appearance of sample 


with respect to phase, 
color, clarity and 
particulate matter 


Vector identity RT-PCR and 
Sequencing 


Matches original sequence 


pH Potentiometry 6.9 -7.8 
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Purity tests  
Residual Benzonase ELISA <100 ng/mL 
Residual host cell DNA Real time Q-PCR Report result 


 
 
M-II-B-1-b-(1)-(iii). If co-cultivation is employed, what kinds of cells are being used for 
co-cultivation? What steps are being taken (and assays used with their sensitivity) to 
detect and eliminate any contaminating materials? 


Specifically, what tests are being conducted to assess the material to 
be returned to the patient for the presence of live or killed donor cells 
or other non-vector materials (for example, VL30 sequences) 
originating from those cells? 


No co-cultivation is employed. 
 


M-II-B-1-b-(1)-(iv). If methods other than those covered by Appendix M-II-B(i) –M-II-B(iii), 
Research Design, Anticipated Risks and Benefits, are used to 
introduce new genetic information into target cells, what steps are 
being taken to detect and eliminate any contaminating materials? 
What are possible sources of contamination? What is the sensitivity 
of tests used to monitor contamination? 


As described above, several tests are performed on the lentiviral vector to ensure safety, potency, 
identity, and purity. These are described in the above section “vector release testing” and Table 
4.  


M-II-B-1-b-(2). Describe any other material to be used in preparation of the material to 
be administered to the patient. For example, if a viral vector is proposed, 
what is the nature of the helper virus or cell line? If carrier particles are 
to be used, what is the nature of these? 


Please refer to the section above (M-II-B-1-b (1)-(ii)) for the response to this section. 


M-II.B.2. Preclinical Studies, Including Risk Assessment Studies 


M-II.B.2.a. Delivery System 


M-II-B-2-a-(1). What cells are the intended target cells of recombinant DNA? What 
target cells are to be treated ex vivo and returned to the patient, how will 
the cells be characterized before and after treatment? What is the 
theoretical and practical basis for assuming that only the target cells will 
incorporate the DNA? 


The intended target cells of recombinant DNA are autologous T lymphocytes. The starting 
culture contains some CD19+ cells (B cells ~5-10%) and small percentage of CD14+ cells 
(macrophages ~<5%).  Therefore, these cells will be exposed to the vector during transduction, 
and some will likely incorporate the recombinant transcript. However, culture conditions do not 
support the growth of macrophages or B cells. After expansion in vitro (9-11 days), the final 
cellular product is typically >98% CD3+ lymphocytes, ~<2% B cells and ~<1% macrophages as 
determined by flow cytometry analysis. Post-treatment of these cells, they are tested, as per 
Table 5, prior to infusion into the patient. 
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To minimize the possibility that cells other than the target cells incorporate the recombinant 
DNA, residual non-integrated vector is washed away at multiple points before the final product 
is formulated. The vector cannot mobilize, even in the presence of HIV, accordingly, so there are 
no concerns regarding vertical or horizontal transmission of the vector, or transmission to cells 
not present in the starting culture. 
 


Table 5- Final release testing of the NY-ESO-1TCR/PD1 and TCRendo deleted 


Test Method Criteria Specificity 
Cell Viability on 


Sentinel Tube 
Trypan Blue 


Exclusion ≥70% N/A 


% CD3 positive T 
cells Flow Cytometry ≥80% CD3+ cells 


Residual beads 
number Visual ≤100 beads/3e6 


cells Not applicable 


Endotoxin Gel Clot ≤ 3.5 EU/mL Gram-negative bacterial 
endotoxin 


Mycoplasma MycoAlert Assay Negative mycoplasma 


Bacterial culture Bactec culture No growth at 
Day 7 


aerobic and anaerobic 
bacteria: 


 
-Alcaligenes faecalis 
-Candida albicans 
-Escherichia coli 


-Haemophilus influenzae 
-Neisseria meningitidis 


-Pseudomonas aeruginosa 
-Staphylococcus aureus 


-Streptococcus pneumoniae 
-S. pyogenes group A 


-Clostridium perfringens 
-Bacteroides fragilis 


-Bacteroides vulgatus 
Transduction 


efficiency 
(scFv expression) 


Flow Cytometry ≥2% positive NY-ESO-1 TCR 


Transduction 
efficiency (copy 


number) 
Q-PCR 


≥0.02 and ≤4 
average copies 


per cell 
NY-ESO-1 TCR 


Frequency of CRISPR 
edited cells Surveyor Assay TBD PDCD1, TRAC, TRAB 


Fungal culture Culture No growth at 
Day 7 1 CFU 


RCL (VSV-G) Q-PCR <50 Ave. 
Copies/µg DNA G protein of VSV 


 


M-II-B-2-a-(2). Is the delivery system efficient? What percentage of the target cells 
contain the added DNA? 
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patient. Methodologies to detect CRISPR/Cas9 mediated gene editing, including deep 
sequencing and digital PCR are currently being developed.  


M-II-B-2-a-(4). How many copies are present per cell? How stable is the added DNA 
both in terms of its continued presence and its structural stability? 


With respect to lentiviral integration, for safety purposes, we limit the average culture copy 
number per cell to the range of 0.02-4.  The copy number after expansion is stable since the 
vector is stably integrated into the cell’s DNA, and there is no selection on cells that express NY-
ESO-1. Detection of absolute vector copies in vivo after dosing may increase or decrease over 
time, as a result of the expansion, trafficking and persistence of the vector modified cells. 
Methods for detection of gene editing are under development.  


M-II.B.2.b. Gene Transfer and Expression 


M-II-B-2-b-(1). What animal and cultured cell models were used in laboratory studies to 
assess the in vivo and in vitro efficacy of gene transfer system? In what 
ways are these models similar to and different from the proposed human 
treatment? 


Please refer to Preclinical Data Package in Tab 8. Briefly, our preclinical in vitro data suggests 
that NY-ESO-1 TCR transduced and CRISPR triple edited T cells maintain their functionality as 
indicated by their capacity to secrete cytokines and to exert cytotoxicity in response to antigen 
specific targets. Additionally, CD3 stimulation of these cells induces cell expansion at a rate that 
is similar to that of non-transduced T cells. This data suggest that the gene editing process does 
not target functionally vital loci and that the redirected and edited cells exert antigen specific 
functions. The in vivo data for the investigational cell product proposed is pending; however, 
initial experiments testing the effect of PD-1 CRISPR edited T cells in a chimeric antigen 
receptor (CAR) model indicate that these cells exert a superior anti-tumor activity compared to 
the non-edited CAR expressing cells.  


M-II-B-2-b-(2). What is the minimal level of gene transfer and/or expression that is 
estimated to be necessary for the gene transfer protocol to be 
successful in humans? How was this level determined? 


The clinical products will be tested for percent of lentiviral transduction by flow cytometry, and 
the actual number of transduced NY-ESO-1 TCR cells will be calculated based on the flow 
cytometry measurement. Final products will be released if transduction efficiency is ≥2%. The 
final clinical products will also be tested for transgene copy number using a q-PCR assay with 
release criteria specification 0.02-4 average copies per cell. The minimal level of gene transfer 
estimated to be successful in humans was estimated based on the PENN clinical experience using 
CART19 and other CART products in clinical trials. This level of gene transfer was validated in 
preclinical in vitro studies.   
 


M-II-B-2-b-(3). Explain in detail all results from animal and cultured cell model 
experiments which assess the effectiveness of the delivery system in 
achieving the minimally required level of gene transfer and expression. 


Please refer to Preclinical Data Package in Tab 8. Briefly, expression of NY-ESO-1 TCR on the 
surface of target (CD3+) cells from two different normal donors was 49% and 62% respectively 
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as determined by Vβ surface staining and flow cytometry analysis. Dextramer staining for flow 
cytometry analysis of NY-ESO-1 TCR expression is currently being optimized; however, initial 
analysis indicates approximately 40% expression in the donor that has 49% expression by Vβ 
staining.  The transduction efficacy in GMP conditions will be determined on the small scale 
validation experiments to be performed upon release of the GMP clinical lentivirus vector.  
 


M-II-B-2-b-(4). To what extent is expression only from the desired gene (and not from 
the surrounding DNA)? To what extent does the insertion modify the 
expression of other genes. 


The lentiviral vector used for this study only encodes a single protein, which is the transgene of 
interest.  Therefore, no other genes will be expressed by the vector other than the transgene.  This 
technology has been extensively tested in previous and ongoing protocols.  


 
In our previous lentiviral vector study, we used a conditionally replicating viral vector, which 
used the native LTR as promoters70.  There is very low basal activity in these promoters in the 
absence of tat, and therefore little read through into neighboring genes was expected, except in 
the context of HIV infection.  An analysis on insertion site patterns in the five patients treated 
was performed on the original transduced cellular product.  It was found that the vector inserted 
into genes in a pattern similar to that observed with other lentiviral vectors, including SIN 
vectors71. The location of insertion was as expected for lentiviruses, which is predominantly in 
gene-rich regions.  The vector inserted into transcriptionally active genes distributed throughout 
the coding region as previously reported for lentivirus (not shown)51.  
 
The vector used in the proposed study will be a SIN vector with a constitutively active internal 
promoter.  We expect a similar insertion pattern as was observed in our previous trial, since we 
will be using a similar cell manufacturing protocol.  A study evaluated transcriptional activity of 
SIN vectors and their effect on activation of oncogenes, in direct comparison to a murine 
retroviral vector with intact LTRs, in the context of a tumor prone mouse model.  Molecular 
analysis of the genes in tumors developing in the mice did not support oncogene transcriptional 
activation by the SIN vectors, although the murine retroviral vectors induced oncogene 
activation in myeloid tumor subsets52. This is likely a result of a greater enhancer effect from the 
MLV LTR, and the insertion pattern of the MLV vector, which dominates in the 5’ control 
region of genes where it is more likely to modulate gene expression.   


 
Although transcriptional activation of neighboring genes is possible in cells transduced with SIN 
lentiviral vectors, the frequency of the event appears to be much lower than with MLV vectors.  
It is worthwhile to note that the natural experiment has been conducted in HIV infection, where 
T cell leukemia is not a known side effect of infection with the wild type lentivirus. 
 
Guide RNAs were designed to minimize the possibility of off-target effects as described in 
section M-II-B-l-a-(3). Methods to detect genetic modifications outside of the target RNA 
sequence are under development.  


M-II-B-2-b-(5).   In what percentage of cells does expression from the added DNA occur? 
Is the product biologically active? What percentage of normal activity 
results from the inserted gene? 
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Please refer to Preclinical Data Package in Tab 8. Briefly, expression of NY-ESO-1 TCR on the 
surface of target (CD3+) cells from two different normal donors was 49% and 62% respectively 
as determined by Vβ surface staining and flow cytometry analysis. The preclinical data suggests 
that NY-ESO-1 TCR transduced and CRISPR triple edited T cells maintain their functionality as 
indicated by their capacity to secrete cytokines and to exert cytotoxicity in response to antigen 
specific targets. Additionally, CD3 stimulation of these cells induces cell expansion at a rate that 
is similar to that of non-transduced T cells. This data suggest that the gene editing process does 
not target functionally vital loci and that the redirected and edited cells exert antigen specific 
functions. As the NY-ESO-1 TCR is not found in nature, the proliferation and functional activity 
of redirected T cells in response to NY-ESO-1 specific targets are interpreted to be due to the 
inserted NY-ESO-1 TCR transgene.  


M-II-B-2-b-(6). Is the gene expressed in cells other than the target cells? If so, to what 
extent? 


An advantage of the ex vivo manufacturing process is that the cells exposed to the vector can be 
carefully controlled and assessed. As a result, the introduced transgene should only be expressed 
in cells targeted by the vector during cell processing. Since the starting T lymphocytes will be 
isolated via positive selection, a small percentage of monocytes and B cells may be present in the 
culture during transduction. For example, we have engineered over 200 chimeric antigen 
receptor T cell products using similar manufacturing techniques and observed an average of 
97.1% (range 79.1% to 100%) CD3+ cells in the final product. We expect to have similar T cell 
composition in the final products for this protocol.  


M-II.B.2.c. Retrovirus Delivery System 


M-II-B-2-c-(1). What cell types have been infected with the retroviral vector 
preparation?  Which cells, if any, produce infectious particles? 


HEK293T cells and primary T cells have been modified with the lentiviral vector preparation.  
The vector is a third generation self-inactivating (SIN) vector and does not contain any viral 
proteins and is replication incompetent.  Therefore, no infectious particles are produced by cells 
that have been transduced with the vector. The vector lot to be used for GMP cell manufacturing 
is released only if it is negative for replication competent lentivirus (RCL). 
 
The final NY-ESO-1 TCR/PD1 and TCRendo deleted T cell products are also tested for 
replication competent lentivirus (RCL). A quantitative PCR assay for detection of VSV-g is 
performed. Post-infusion biologic RCL testing (C8166 indicator cell assay) will be performed for 
information only if there are detectable VSV-g copies from the VSV-g qPCR release assay. The 
chance of RCL generation is negligible due to the lack of accessory proteins and homology 
regions in the production system; this final biological assay provides functional evidence to the 
lack of any replicating moiety in the vector preparation.  


M-II-B-2-c-(2). How stable is the retroviral vector and the resulting provirus against 
loss, rearrangement, recombination, or mutation? What information is 
available on how much rearrangement or recombination with 
endogenous or other viral sequences is likely to occur in the patient’s 
cells? What steps have been taken in designing the vector to minimize 
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instability or variation?  What laboratory studies have been performed to 
check for stability and what is the sensitivity of the analyses? 


Although the error rate for reverse transcription is about 1 in 10,000, resulting in approximately 
1 error on average for every 2 proviruses, when a transduced cellular population is taken 
together, such mutations likely fall into the background as noise, thus providing an overall 
picture of 100% fidelity.  Using the approach that we propose, since there is only a single round 
of reverse transcription for each vector, the effect of the mutation rate on the function of the 
transcript should be negligible.  In order to minimize instability of the vector, we have designed 
the lentiviral vectors such that they have no direct or inverted repeat elements, and these vectors 
now have extensive use in humans with no off target effects.  
 
No information exists as to whether these vectors could recombine with an endogenous retro-
element present in human cells.  However, considerable knowledge exists about the parental wt-
HIV genome and how it replicates in human cells. To date there has been no description of a 
recombination event between wt-HIV and an endogenous retroviral element, even though 40 
million humans are infected with the virus. Given the occurrence of this hypothetical 
recombination event, the issue becomes whether it would result in the generation of a 
recombinant with greater pathogenicity than wt-HIV. If this occurs, then it would likely have 
already occurred in the infected population. The fact that no such event has been described in the 
worldwide infected population suggests that if a recombination event between wt-HIV and an 
endogenous sequence occurs, then the resulting recombinant is rare or is not pathogenic in 
humans. 


M-II-B-2-c-(3). What laboratory evidence is available concerning potential harmful 
effects of the transfer (e.g., development of neoplasia, harmful 
mutations, regeneration of infectious particles, or immune responses)? 
What steps will be taken in designing the vector to minimize 
pathogenicity? What laboratory studies have been performed to check 
for pathogenicity, and what is the sensitivity of the analyses? 


To date there are no reports of tumorigenesis caused by an HIV-derived lentiviral vector.  A 
report by Montini et al52 provides evidence supporting the biosafety of SIN lentiviral vectors in 
terms of genotoxicity.  Although it remains theoretically possible that HIV-derived lentiviral 
vectors could cause insertional oncogenesis, to date no data exists to support this theory.  The 
vector used in the proposed studies is a SIN vector, which has been meticulously designed to 
contain only the minimal genetic elements required for function and no vector proteins for 
maximum biosafety68.  
 
We have performed a biotoxicity study testing CRISPR/Cas9 double edited T cells in 
NOD/SCID/β2null mouse xenograft model of acute leukemia. This experiment indicated no 
concerns of genotoxicity and carcinogenicity, uncontrolled T cell proliferation or any measurable 
and clinical toxicity. An additional experiment testing the investigational product proposed in 
this study is being conducted by our team.  


 M-II-B-2-c-(4). Is there evidence from animal studies that vector DNA has entered 
untreated cells, particularly germ-line cells? What is the sensitivity of 
these analyses? 
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M-II-B-3-d. How will it be determined that new gene sequences have been inserted into 
the patient’s cells and if these sequences are being expressed?  Are these 
cells limited to the intended target cell populations? How sensitive are these 
analyses? 


Transduced autologous T cells will be evaluated by qPCR for NY-ESO-1 specific vector copy 
number, as a way to determine that they have been transduced and at what level (how many 
copies) per cell on average. Results generated using a similar qPCR assays have been published 4 
(Rapoport et al, 2015 in Tab 8). NY-ESO-1 TCR expression will also be measured by flow 
cytometry as part of the release criteria for the investigational cell product (see Table 5 above). 
Assays to detect genomic editing by CRISPR/Cas9, including deep sequencing and digital PCR, 
are being developed.  


 


M-II-B-3-e. What studies will be conducted to assess the presence and effects of the 
contaminants? 


Purification of the viral vector, as described in section M-II.B.1.b.(1)(ii) minimizes contaminants 
that patient cells are exposed to. The final vector preparation will be tested for safety, potency, 
identity, and purity. The NY-ESO-1 TCR/PD1 and TCRendo deleted T cell product will also be 
tested prior to patient infusion, as summarized in Table 5 above. In addition to these tests, we 
will also send out pre-harvest NY-ESO-1 TCR/PD1 and TCRendo deleted viable cells to the 
Indiana University Vector Production Facility (IUVPF) for a biologic RCL assay for 
information. 


M-II-B-3-f. What are the clinical endpoints of the study? Are there objectives and 
quantitative measurements to assess the natural history of the disease? Will 
such measurements be used in patient follow-ups? How will patients be 
monitored to assess specific effects of the treatment on the disease? What is 
the sensitivity of the analyses? How frequently will follow-up studies be 
conducted? How long will patient follow-up continue? 


The primary objective is to determine the safety profile and manufacturing feasibility of a single 
infusion of NY-ESO-1 TCR/PD1 and TCRendo CRISPR-edited T cells. Secondary objectives 
seek primarily to evaluate engraftment, persistence, trafficking, bioactivity and immunogenicity 
of NY-ESO-1 TCR/PD1 and TCRendo CRISPR-edited T cells, as well as response metrics (i.e. 
best overall response rates, overall survival, duration of remission). The clinical endpoints are 
defined in section M-II.A and Section 2 of the clinical protocol.  
 
Clinical response evaluations and research assays to monitor specific effects of the treatment on 
the disease are defined in Section 6 of the clinical protocol and follow up visit frequency is 
described in the Schedule of Events (Section 15) of the clinical protocol. Primary patient follow 
up will be up to 2 years post-T cell infusion.  


M-II-B-3-g. What are the major beneficial and adverse effects of treatment that you 
anticipate? What measures will be taken in an attempt to control or reverse 
these adverse effects if they occur? Compare the probability and magnitude 
of deleterious consequences from the disease if recombinant DNA transfer is 
not used. 
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This trial will enroll HLA-A201+ patients with multiple myeloma, sarcoma, and melanoma 
whose disease has progressed after prior therapies or who have disease that is “double-
refractory” to a proteasome inhibitor and an IMiD.  As discussed in the protocol Section 1.1, 
event-free and overall survival of multiple myeloma patients has historically been short (median 
5 and 9 months, respectively) 21, and even with the approval of newer therapies like carfilzomib 
and pomalidomide, the anticipated survival of these patients is <2 years. 
 
Sarcoma and melanoma patients to be treated in this study have progressed through prior 
therapies. Given the poor prognosis with standard therapy in the proposed study populations, the 
strong rationale for targeting NY-ESO-1 antigen, the clinical results of other studies targeting 
this antigen, we believe the risk-benefit ratio for this study is favorable. 
 
In terms of risks, the following adverse events may occur and are discussed further in Section 
1.5 of the attached protocol. Gene transfer-related risks are outlined below: 
 
T cell proliferation. Participation in this study will expose the patient to genetically engineered 
autologous T cells. The risk of the ex vivo expanded cells alone is low based on clinical 
experience. T cell proliferation could be uncontrolled; however we have not observed this in our 
pre-clinical models or in any CAR redirected or TCR redirected T cells administered to patients 
so far. In case of uncontrolled T cells proliferation, corticosteroids and chemotherapy would be 
given to eradicate the modified cells; this has worked in previous cases 72. 
 
Immunogenicity. We are using a fully human TCR, and the likelihood that the cells are 
immunogenic is extremely low. If an immune response to the cells occurs, it is possible that the 
cells will be rejected though this has not been reported yet in any similar trial. Immunogenic 
effects from Cas9 may occur and this possibility will be assessed as a secondary endpoint.  
 
Transformation. There is a risk that people who receive gene transfer may develop new tumors 
derived from their genetically modified cells. This risk is primarily associated with viral gene 
transfer vectors that integrate into the cellular DNA where they may dysregulate genes 
controlling proliferation. Transformation has not been observed following adoptive T cell 
transfer in hundreds of cancer and HIV patients receiving gammaretroviral modified T cells 
treated on multiple protocols at many academic centers73, and in the 21 HIV patients treated with 
lentiviral modified T cells treated at Penn71.    
 
Replication-competent lentivirus (RCL). It is theoretically possible that RCL may be generated 
during the product manufacturing phase or subsequently after infusion into the patient. However, 
an RCL resulting from the production phase is highly unlikely since elements are incorporated in 
the design of the vector system that minimize vector recombination and generation of RCL. 
Furthermore, the vector used to transduce the product undergoes sensitive assays for detection of 
RCL before it can be used in the manufacturing process. Nevertheless, generation of an RCL 
following infusion remains a theoretical possibility. The consequences of such recombination 
events in subjects without a known lentiviral infection are unknown, and therefore subjects with 
coexistent HIV infection are excluded from participation in this study in order to minimize this 
possibility. The development of RCL could pose a risk to both the subject and their close 
contact(s), and therefore, monitoring for RCL will be conducted during the course of the trial. 
RCL assessment (Q-PCR for VSV-G) in subjects’ samples will be performed prior to treatment 
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(as a baseline) and after T cell infusion at Months 3, 6, 12, 24 on this protocol; this assessment 
will continue on the LTFU protocol according to the FDA guidance. If the tests are negative 
during the first year, the following samples will be archived in a temperature monitored and 
alarmed freezer at -80°C at the Translational and Correlative Studies Laboratory (TCSL). 
 
Risk of tumor lysis syndrome (TLS) related to cytoreductive chemotherapy or TCR-expressing 
cells.  The risk of TLS is dependent on the disease and burden of disease.  This risk is generally 
lower in MM patients compared to those with lymphomas, but is present. Similarly, this may 
occur in patients with sarcoma or melanoma. Patients will be closely monitored both before and 
after chemotherapy and redirected T cell infusion for laboratory evidence of TLS (serum 
measurements of potassium, uric acid, phosphate, calcium, and creatinine). TLS resulting in 
renal insufficiency, or rapidly rising uric acid, or evidence of organ dysfunction will be managed 
with intravenous fluids and rasburicase as needed and determined by the treating physicians. 
Appropriate clinical therapy will be administered should any significant tumor lysis occur. 
Prophylactic administration of allopurinol is at the discretion of the clinical investigator.  
 
Cytokine Release Syndrome (CRS). Life threatening CRS has been noted in multiple patients 
treated with CAR redirected T cells at PENN and elsewhere74 75 76,77; however, CRS has not been 
observed in patients treated with TCR-redirected T cells. One of the published studies testing 
NY-ESO-1 redirected T cells in multiple myeloma reports that severe CRS did not occur in 
patients despite elevated levels of IL-6, a hallmark of CRS. Nearly all patients had elevated 
levels of serum IL-6 which were higher than expected following SCT; however, the high IL-6 
levels were not accompanied by clinical signs of CRS.  
 
It is possible that the more potent NY-ESO-1 redirected T cells, such as those with edited 
endogenous TCR and PD-1, may induce CRS.   
 
CRS clinical manifestations have included high fevers, fatigue, anorexia, nausea, vomiting, 
headache, rash, hypotension (occasionally requiring vasopressor support), tachypnea, hypoxia 
(occasionally requiring ventilator support), delirium and confusion (in several patients), evidence 
of disseminated intravascular coagulation as well as macrophage activation syndrome (MAS).  
The CRS has been effectively abrogated with anti-cytokine directed therapy including 
tocilizumab in CAR redirected studies 74,78 75. It is unclear if treating the CRS adversely impacts 
the anti-tumor response. 
 
At this time it is still unknown whether CRS is beneficial or harmful to the antitumor response. 
Research correlative analysis in CAR T cell studies at PENN, for example, have shown that IL-6 
levels were extraordinarily high during the CRS, prompting us to use an anti-IL6 receptor 
antibody tocilizumab to treat the CRS. We have treated multiple adult patients with tocilizumab 
for CRS and MAS on the CLL/ALL trials. In most of the patients, this treatment resulted in  
rapid (within hours) resolution of dramatic fevers, and continuous improvement in hypotension 
and hypoxia over hours to several days, and all showed improvement in biochemical evidence of 
CRS and MAS within 48 hours. Adult patients were initially treated with tocilizumab 4mg/kg x 
1. Subsequently, the dose was raised to 8mg/kg. It is unclear if early treatment will negate the 
antitumor response. Treatment and timing of treatment of this toxicity will be at the discretion of 
the patient’s physician and the study investigator; generally, treatment will be initiated if the 
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syndrome progresses towards hemodynamic instability or other signs of critical illness requiring 
intensive care.   
 
There are still several unknowns regarding the observed CRS after CAR T cell infusion. It is 
unknown which patient factors (including type of disease; disease burden; prior therapies; 
genetic predisposition) correlate with severity of CRS.  It is also unknown if cell dose correlates 
with severity of clinical CRS and if the duration and intensity of the CRS correlates with disease 
response.  It is evident that responding patients have had CRS, it remains unknown if abrogating 
the CRS with anti-cytokine directed therapy abrogates anti-tumor responses. 
 
Grading of CRS: The Common Toxicity Criteria (i.e., CTCAE) grading system was originally 
developed to capture a cytokine syndrome occurring during infusional therapy; therefore, it is 
inadequate to capture the delayed CRS that occurs after redirected T cell infusion.  We propose 
to modify the CTC grading specifically to capture toxicity for protocols using CAR and TCR 
modified T cells. MAS/HLH signs and symptoms are a manifestation of CRS and will therefore 
not be graded separately (See protocol Section 8). 
 
Risk for off-target effects of gene editing. Off-target effects of the CRISPR/Cas9-mediated gene 
editing is a possibility we have to consider, though genotoxicity using ZFN-mediated disruption 
of CCR5 has thus far not been reported. Furthermore, a recent study employing TALEN to 
disrupt TCR and CD52 genes showed that gene rearrangements were identified. Whether this 
will occur in our CRISPR/Cas9-edited cells will have to be investigated in the infusion products. 
 
Autoimmunity. There is a theoretical risk of autoreactivity, though this has not been observed by 
NCI3 or our group4. Also small theoretical possibility of cross-reactivity because of the enhanced 
surface expression of transduced NY-ESO-1 TCR in TCRendo-edited T cells, but since the TCR 
has not been affinity enhanced as was done in the study by Robbins et al. (2015) or Rapoport et 
al. (2015), this likelihood is small. There is potential for enhanced risk of autoimmunity with 
transfer of T cells that have lost PD-1 expression but retained endogenous TCR (see population 9 
in Table 2 above). 


M-II-B-3-h. If a treated patient dies, what special post-mortem studies will be performed? 


In the informed consent, the patient is made aware that an autopsy may be requested upon their 
death. Consent to autopsy is voluntary and is not necessary for enrollment and treatment on this 
protocol. We have established autopsy procedures in the event that a patient does die while 
participating under our protocol. During the autopsy, which will occur within 24 hours of death, 
samples from multiple organs will be collected for analysis of NY-ESO-1 TCR transgene 
presence. If the death is not cancer related, the cause of death will be evaluated to determine if it 
was related to the gene therapy treatment.  


M-II.B.4. Public Health Considerations 


M-II-B-4-a. On what basis are potential public health benefits or hazards postulated? 


The only risk to public health currently envisioned is the generation of a pathogenic RCL.  To 
avoid this possibility, the SIN vector and its production system has been extensively modified for 
safety.  The production system lacks all of the elements necessary for RCL generation, and each 
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final vector product is tested for RCL.  Patients are also monitored on an ongoing basis for RCL 
by VSV-G DNA PCR.  The vector and the payload do not contain any genes that may confer 
virulence to a recombinant HIV virus.  These factors ensure that the risk to public health is very 
low.  


M-II-B-4-b. Is there a significant possibility that the added DNA will spread from the 
patient to other persons or to the environment? 


There is no possibility that the DNA will spread to other persons or the environment.  The vector 
is not capable of mobilizing out of transduced T cells to other cells.  Nor will the vector have 
access to germ line cells which could spread the vector to offspring.  


M-II-B-4-c. What precautions will be taken against such spread (e.g., patients sharing a 
room, health-care workers, or family members)? 


All health care workers involved in this protocol observe Universal Precautions. No special 
precautions are required for roommates or family members. 


M-II-B-4-d. What measures will be undertaken to mitigate the risks, if any, to public 
health? 


No special measures will be undertaken to mitigate the very low public health risks associated 
with this protocol. 


M-II-B-4-e. In light of possible risks to offspring, including vertical transmission, will 
birth control measures be recommended to patients? Are such concerns 
applicable to health care personnel?   


Without the development of RCL, there is no known risk of vertical transmission. Therefore, no 
special measures are required related to vertical transmission for patients or health care 
personnel. Birth control recommendations have been made and are included in the Informed 
Consent Document. A negative result from a pregnancy test is required just prior to infusion with 
the gene modified T cells.  


M-II.B.5. Qualifications of Investigators and Adequacy of Laboratory and Clinical 
Facilities 


M-II-B-5-a. What professional personnel (medical and non-medical) will be involved in 
the proposed study and what is their relevant expertise? Provide a two-page 
curriculum vitae for each key professional person in biographical sketch 
format (see Appendix M-I, Submission Requirements Human Gene Transfer 
Proposals). 


Professional personnel with experience in cancer, cell manufacturing and vector manufacturing 
will be involved in this study.   
 


The Principal Investigator at the University of Pennsylvania is Edward Stadtmauer, M.D., 
Professor of Medicine. Dr. Stadtmauer is the co-leader of the Hematologic Malignancies 
Program of the Penn Medicine/Abramson Cancer Center Translational Center of Excellence and 
the Chief of the section of Hematologic Malignancies in the Department of Medicine’s 
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Hematology-Oncology Division. His clinical expertise is in multiple myeloma, leukemia, 
lymphoma and bone marrow and stem cell transplantation.  
 
At UCSF, the Principal Investigator is Thomas Martin, M.D., Clinical Professor of Medicine at 
UCSF School of Medicine. Dr. Martin is the associate director of the Myeloma Program and the 
director of the Unrelated Donor Programs at UCSF Medical Center as well as the clinical 
research director of hematologic malignancies at the UCSF Helen Diller Family Comprehensive 
Cancer Center. His clinical expertise is in hematology and bone marrow transplantation. 
 
The Principal Investigator at the University of Texas MD Anderson Cancer Center is Cassian 
Yee, M.D., Professor in the Department of Melanoma Medical Oncology, Division of Cancer 
Medicine. Dr. Yee holds a joint appointment as a Professor in the Department of Immunology at 
University of Texas MD Anderson Cancer Center and is also the Director of Solid Tumor Cell 
Therapy at their Center for Cancer Immunology Research. Dr. Yee’s research interests include 
development of adoptive cellular therapy in patients with malignant and viral diseases.  
 
The Scientific Advisor is Carl June, M.D., who is the Richard W. Vague Professor in 
Immunotherapy in the Department of Pathology and Laboratory Medicine at the University of 
Pennsylvania. Dr. June is the Director of the Center for Cellular Immunotherapies at Penn. He 
has served as the Sponsor of several Investigational New Drug (IND) applications dealing with T 
cell expansion and infusion for treatment of cancer or infectious disease. He has over 25 years 
experience in diverse aspects of human immunobiology and stem cell transplantation. He has 
sponsored many first in human protocols involving T cell transfer.  
 
All cell processing will be performed at Penn at the Clinical Cell and Vaccine Production 
Facility under the direction of Bruce Levine, Ph.D., Professor of Pathology and Laboratory 
Medicine at PENN. Dr. Levine is recognized for his work in T lymphocyte activation, growth 
and senescence and for work describing the anti-HIV effect on T lymphocytes of CD28 
stimulation. Dr. Levine produced cells for the first infusions of purified activated CD4+ T cells 
as adoptive immunotherapy. He also directed the first ever infusions of lentiviral transduced 
cells. Dr. Levine has been involved in the development of 35 cellular therapy clinical trials since 
1996. Dr. Levine has produced approximately 600 clinical T cell products and provided the 
cellular product for the first lentiviral vector trial.   
 
Biosketches for these key individuals are attached in Tab 7.  


M-II-B-5-b.  At what hospital or clinic will the treatment be given? What facilities of the 
hospital or clinic will be especially important for the proposed study? Will 
patients occupy regular hospital beds or clinical research center beds? 
Where will patients reside during the follow-up period? What special 
arrangements will be made for the comfort and consideration of the patients? 
Will the research institution designate an ombudsman, patient care 
representative, or other individual to help protect the rights and welfare of the 
patient? 


This is a multi-center clinical study and subjects will be treated at three institutions: The Hospital 
at the University of Pennsylvania (Philadelphia, PA); UCSF Medical Center (San Francisco, 
CA); University of Texas MD Anderson Cancer Center (Houston, TX).  
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The Hospital at the University of Pennsylvania is the largest hospital in the region, and serves as 
a regional and national referral center.  The hospital offers some of the most sophisticated 
diagnostic and treatment services available in the country along with a tradition of medical and 
scientific excellence.  The infrastructure for carrying out clinical trial work is highly developed 
at Penn.  Subjects enrolled at Penn will be treated at the General Clinical Research Center 
(GCRC) at HUP.  The GCRC was founded in 1962 with an NIH grant, and is a multidisciplinary 
research facility that recently underwent a 1.8-million-dollar renovation, and is located centrally 
within the University of Pennsylvania Medical Center.  The nursing unit consists of 8 in-patient 
beds and 5 outpatient units.  Each of the rooms is equipped for cardiac monitoring, sleep 
monitoring, and the capacity for both positive and negative pressure air flow.  Core facilities 
include a kitchen, a laboratory, and a state-of-the–art computer system with software and 
databases for storage and analysis of clinical research data. 


 
UCSF Medical Center is a world-renown institution for innovative patient care and has been 
rated as one of the top 10 hospitals in the United States. The availability of comprehensive 
infrastructure for executing clinical trials at UCSF is exemplified by the over 400 interventional 
clinical trials in cancer held in the year 2014 at the UCSF Helen Diller Family Comprehensive 
Cancer Center, which accrued 801 patients.  
 
The University of Texas MD Anderson Cancer Center is consistently among the United States’ 
top ranked hospitals for cancer care. Investigators at MD Anderson have pioneered the field of 
clinical trials in cancer as over 9,400 subjects participated in clinical trials in the year 2015.   
 
Patients will be closely monitored through outpatient visits during the follow-up period for 
disease progression and in accordance with the Schedule of Evaluations provided in Section 15 
of the protocol included in this submission.  The Principal Investigator(s) will be designated in 
the informed consent document as the point of contact for the patient to discuss their rights and 
welfare as a subject under this trial.  A Research Subject Advocate oversees this process and 
serves as an ombudsman to protect patient rights.  


M-II.C. SELECTION OF THE PATIENTS 


M-II-C-1. How many patients do you plan to involve in the proposed study? 
We plan to enroll up to 15 evaluable patients in this study.  


M-II-C-2. How many eligible patients do you anticipate being able to identify each 
year? 


We anticipate completing enrollment in 12 to 18 months.  


M-II-C-3. What recruitment procedures do you plan to use? 
Subjects will be identified through the clinical practices of the investigator or sub-investigators and 
through referrals from outside hospitals and physicians. The study will be publicized on 
clinicaltrials.gov, and via institution-specific announcements. No direct-to-patient advertising will 
be performed.   
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Before an individual undergoes screening, informed consent must be obtained by means of a 
written approved Informed Consent document. The information will be provided in the language 
of the subject’s choice and written so that the subject can easily understand it. The subject will be 
given sufficient time to read the document and to ask questions before deciding to participate. If 
the person would like to participate, he or she must indicate this by signing the document.  The 
subject will be asked to read and sign the approved protocol consent form before any study-
specific procedures have been performed.  


M-II-C-4. What selection criteria do you plan to employ? What are the exclusion 
and inclusion criteria for the study? 


This study has inclusion and exclusion criteria applicable for all subjects as well as requirements 
specific for each disease indication, which can be found in the clinical protocol Sections 4.1 and 
4.2. The inclusion and exclusion criteria for all subjects are provided here.  
 
Inclusion criteria for all subjects: 


1. Subjects must have signed written, informed consent. 
2. Subjects must be ≥ 18 years of age. 
3. Subjects must have an ECOG performance status of 0-2. 
4. Subjects must have documented NY-ESO-1 expression on tumor biopsy 
5. Subjects must be HLA-A2 positive 
6. Subjects of reproductive potential must agree to use acceptable birth control methods, 


as described in protocol Section 4.3. 
7. Subjects must have adequate vital organ function:  


a. Serum creatinine ≤ 2.5 or estimated creatinine clearance ≥30 ml/min and not 
dialysis-dependent. 


b. Absolute neutrophil count ≥1000/µl and platelet count ≥50,000/µl (≥30,000/µl 
if bone marrow plasma cells are ≥50% of cellularity for MM patients). 


c. SGOT ≤ 3x the upper limit of normal and total bilirubin ≤ 2.0 mg/dl (except for 
patients in whom hyperbilirubinemia is attributed to Gilbert’s syndrome). 


d. Left ventricular ejection fraction (LVEF) ≥ 45%.  LVEF assessment must have 
been performed within 8 weeks of enrollment. 


 
Exclusion criteria for all subjects: 
Subjects must not: 


1) Be pregnant or lactating. 
2) Have inadequate venous access for or contraindications to leukapheresis. 
3) Have any active and uncontrolled infection. 
4) Have active hepatitis B, hepatitis C, or HIV infection. 
5) Have any uncontrolled medical or psychiatric disorder that would preclude 


participation as outlined. 
6) Have NYHA Class III or IV heart failure, unstable angina, or a history of recent 


(within 6 months) myocardial infarction or sustained (>30 seconds) ventricular 
tachyarrhythmias.   


7) Have received prior gene therapy or gene-modified cellular immunotherapy. Subject 
may have received, however, non-gene-modified autologous T-cells in association 
with an anti-myeloma vaccine (e.g., hTERT or MAGEA3) or vaccination against 
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infectious agents (e.g., influenza or pneumococcus) as was performed on our 
previous studies. 


8) Have active auto-immune disease, including connective tissue disease, uveitis, 
sarcoidosis, inflammatory bowel disease, or multiple sclerosis, or have a history 
of severe (as judged by the principal investigator) autoimmune disease requiring 
prolonged immunosuppressive therapy. 


9) Have prior allogeneic stem cell transplant. 


M-II-C-5. How will patients be selected if it is not possible to include all who 
desire to participate? 


It is anticipated that all eligible patients who desire to participate will be able do so until planned 
accrual is complete. Subjects will be enrolled on a ‘first come first enrolled’ basis. 


M-III. INFORMED CONSENT 


M-III.A. COMMUNICATION ABOUT THE STUDY TO POTENTIAL PARTICIPANTS 


M-III-A-1. Which members of the research group and/or institution will be 
responsible for contacting potential participants and for describing the 
study to them? What procedures will be used to avoid possible conflicts 
of interest if the investigator is also providing medical care to potential 
subjects? 


The Principal Investigator(s) and individuals listed on Form 1572 for the attached protocol will 
be responsible for describing the study to potential participants. The informed consent requires 
that patients be free to choose to participate in the study, cease participation in the study, or not 
participate in the study without affecting the care they otherwise receive from the site. 


M-III-A-2. How will the major points covered in Appendix M-II, Description of 
Proposal, be disclosed to potential participants and/or their parents or 
guardians in language that is understandable to them? 


All major points in Appendix M-II that affect the study participant will be disclosed in language 
that is understandable to them.  In addition, all questions by the potential participant will be 
explained by the study team.                


M-III-A-3. What is the length of time that potential participants will have to make a 
decision about their participation in the study? 


There is no time limit to make a decision to participate in the study.  


M-III-A-4. If the study involves pediatric or mentally handicapped subjects, how will the 
assent of each person be obtained? 


By virtue of study inclusion criteria, this study does not involve pediatric (age <18yo) or 
mentally handicapped persons. 


M-III.B. INFORMED CONSENT DOCUMENT 
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The informed consent document for the PENN clinical site is provided in Tab 6.  


M-IV. PRIVACY AND CONFIDENTIALITY 


The University of Pennsylvania adheres to HIPAA regulations.  All persons involved in the 
clinical study have received University HIPAA certification as per institutional requirements.  


M-IV-A. What provisions will be made to honor the wishes of individual patients (and the 
parents or guardians of pediatric or mentally handicapped patients) as to 
whether, when, or how the identity of patients is publicly disclosed. 


There will be no public disclosure of any patient’s identity. 


M-IV-B. What provisions will be made to maintain the confidentiality of research 
data, at least in cases where data could be linked to individual patients? 


The protocol and consent document are HIPAA compliant. Medical records and study files will 
be maintained as confidential and stored according to Good Clinical Practices. The study team is 
informed that contracted designees, FDA and other regulatory authorities may review the 
medical records and study files to verify the accuracy of the case report form. 


M-V.   SPECIAL ISSUES 


M-V-A. What steps will be taken, consistent with Appendix M-IV, Privacy and 
Confidentiality, to ensure that accurate and appropriate information is made 
available to the public with respect to such public concerns as may arise from 
the proposed study? 


The Principal Investigator(s) and Regulatory Sponsor will cooperate with the appropriate 
regulatory authorities to ensure that appropriate information is made available for public health 
and safety. 


M-V-B. Do you or your funding sources intend to protect under patent or trade secret 
laws either the products or the procedures developed in the proposed study? If 
so, what steps will be taken to permit as full communication as possible among 
investigators and clinicians concerning research methods and results? 


Patents protecting this technology have been filed through the University of Pennsylvania. The 
clinical and scientific results of the study will be publicly presented at meetings and published 
in scientific journals in a full, expeditious and open manner. During the operation of the trial 
and before public disclosure of results, ongoing internal meetings will be held to keep all 
investigators abreast of emerging information. The external Data Safety Monitoring Board will 
also convene at a minimal twice a year or as needed if serious adverse events or other protocol-
critical issues arise. The FDA and other regulatory bodies will also be kept abreast of any 
emerging information that impacts patient safety. 
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