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U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES 
NATIONAL INSTITUTES OF HEALTH 

RECOMBINANT DNA ADVISORY COMMITTEE 
Minutes of Meeting1 

 
December 14, 2016 

 
The Recombinant DNA Advisory Committee (RAC) convened for its 147th meeting at 1:00 p.m. on 
December 14, 2016, at the National Institutes of Health (NIH), Building 35, Conference Room 620/630, 
Bethesda, Maryland. Dr. Richard Whitley, RAC Chair, presided. In accordance with Public Law 92-463, 
the meeting was open to the public from 1:00 p.m. until 5:25 p.m. on December 14, 2016. The following 
individuals were present, either in person or by teleconference, for all or part of the December 2016 RAC 
meeting. 
 
Committee Members 
 
Zachary Adelman, Texas A&M University 
Lorraine Albritton, The University of Tennessee Health Science Center (via teleconference) 
Michael Atkins, Georgetown University School of Medicine 
Kathleen Boris-Lawrie, University of Minnesota (incoming) 
Mildred Cho, Stanford University School of Medicine (via teleconference) 
David DiGiusto, Stanford University (incoming) (via teleconference)  
Kevin Donahue, University of Massachusetts Medical School 
Patrick Hearing, Stony Brook University  
Benhur Lee, Mount Sinai School of Medicine 
Douglas McCarty, Ohio State University College of Medicine 
Joseph Pilewski, University of Pittsburgh 
Matthew Porteus, Stanford Medical School (incoming) 
Lainie Ross, University of Chicago Medical Center (via teleconference) 
Richard Whitley (RAC Chair), University of Alabama School of Medicine  
 
NIH Office of Science Policy (OSP) 
 
Jessica Tucker, Office of the Director (OD), NIH 
Marina O’Reilly, Executive Secretary, RAC, Office of the Director (OD), NIH 
 
Nonvoting Agency Representatives 
 
Ramjay Vatsan, Center for Drug Evaluation and Research (CDER), U.S. Food and Drug Administration 

(FDA) 
 
NIH/OD/OSP Staff Members 
 
Shayla Beckham 
Linda Gargiulo 
Morad Hassani 
Robert Jambou 
Chengyuan Li 
Eugene Rosenthal 
Aparna Singh 
Jyoti Singh 
 

                                                           
1 The Recombinant DNA Advisory Committee is advisory to NIH, and its recommendations should not be considered final or 
accepted. The Office of Science Policy should be consulted for NIH policy on specific issues. 
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Attendees 
 
There were 60 attendees at this one-day RAC meeting. 
 
Attachments 
 
Attachment I contains a list of RAC members, nonvoting agency and liaison representatives, and ad hoc 
presenters and speakers. Attachment II contains a list of public attendees. Attachment III contains a list of 
abbreviations and acronyms used in this document. 
 
 
I. Call to Order and Opening Remarks 
 
Dr. Whitley, the RAC Chair, called the meeting to order at 1:00 p.m. on December 14, 2016. Notice of this 
meeting under the NIH Guidelines for Research Involving Recombinant or Synthetic Nucleic Acid 
Molecules (NIH Guidelines) was published in the Federal Register on November 21, 2016 (81 FR 83251–
83252). Issues addressed by the RAC at this meeting included a report from the Gene Transfer Safety 
Assessment Board (GTSAB, a subcommittee of the RAC) and public review and discussion of three gene 
transfer protocols. 
 
Dr. Whitley introduced three new members and three incoming members of the RAC. The new members 
are Dr. Lorraine Albritton, Dr. Zach Adelman, and Dr. Benhur Lee. The incoming members are Dr. 
Kathleen Boris-Lawrie, Dr. David DiGiusto, and Dr. Matthew Porteus. 
 
RAC members then introduced themselves by name, affiliation, and research interests. 
 
Dr. O’Reilly reminded RAC members of the rules of conduct that apply to them as Special Government 
Employees, read into the record the conflict-of-interest statement, and suggested that related questions 
be addressed to the OSP Committee Management Officer. 
 
 
II. Minutes of RAC Meeting, June 21–22, 2016 
 
 RAC Reviewers:  Drs. Hearing and Pilewski 
 
Drs. Hearing and Pilewski found the minutes to accurately reflect the Committee’s business at the June 
21–22, 2016, RAC meeting. Both reviewers recommended approval of the minutes as written. No 
additional comments or changes to the minutes were suggested by other RAC members. 
 
A. Committee Motion 1 
 
Dr. Whitley asked the RAC to approve the minutes of the June 21–22, 2016, RAC meeting. The RAC 
voted unanimously by voice to do so. 
 
 
III. Director’s Updates 
 

Presenter:  Dr. Tucker, Director, Biosafety, Biosecurity, and Emerging Biotechnology 
Policy Division, OSP, NIH 

 
A. Protocol Submissions 
 
Dr. Tucker presented an overview of gene transfer protocols submitted to OSP for registration, including 
protocols not selected for in-depth review and public discussion. Twenty-four protocols were submitted to 
OSP for registration since the last RAC meeting in June 2016. Of these, 21 protocols did not require RAC 
review. Five of the 21 that did not require RAC review had a recommendation for RAC review from at 
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least one oversight body, while three of the 24 were scheduled to be reviewed at the current meeting. 
These three protocols plan to employ “off-the-shelf” allogeneic T cells transduced with lentiviral vectors 
expressing different chimeric antigen receptors (CARs). At least one oversight body requested RAC 
review for each of these three protocols. Among the 21 protocols completing the registration process 
without RAC review, 15 were oncology trials, two involved age-related macular degeneration, two 
involved infectious diseases, one involved peanut allergy, and one involved monogenic disease. Seven 
protocols used a retrovirus vector, three used lentivirus, three used adenovirus, three used adeno-
associated virus (AAV), three used Listeria, and two used plasmid. 
 
The first protocols selected for in-depth review under the new process in the amended NIH Guidelines 
had requests for review from Institutional Biosafety Committees and/or Institutional Review Boards. NIH 
concurred that the criteria for in-depth public review and discussion were met in accordance with the 
revised Guidelines. The three protocols share multiple common elements that were sufficiently novel so 
that these protocols and the field would benefit from RAC review and broad discussion. The trials involve 
first-in-human use of “off-the-shelf” allogeneic T cells for chimeric antigen receptor (CAR) T cell 
immunotherapy, which constitutes a new approach in a rapidly advancing field. The products involve the 
first use of gene editing mediated by transcription activator-like effector nucleases (TALENs) and the first 
use of a novel suicide mechanism. Safety data for these products are limited. 
 
Dr. Tucker also announced that planning for a workshop to celebrate the 40th anniversary of the NIH 
Guidelines is underway. The workshop will focus on the history of the NIH Guidelines and the RAC. Key 
features will include special examination of NIH’s current biosafety oversight framework, including 
consideration of application to emerging technologies and evaluation of gaps and duplications with other 
systems of oversight. A future vision of biosafety oversight will be developed with input from stakeholders 
in the scientific and oversight communities and the public. RAC members will be notified about updates 
for the workshop as additional details become available. 
 
 
IV. Gene Transfer Safety Assessment Board Report 
 

RAC Reviewers:  Drs. Atkins, Curry, Donahue, Kaufman, Lee, Pilewski, and Whitley 
 
A. GTSAB Report 
 
Dr. Whitley opened the session by reviewing the charge to the GTSAB, a working group that advises the 
RAC: 

• Review in closed session, as appropriate, safety information from gene transfer trials for the 
purpose of assessing toxicity and safety data across gene transfer trials. 

• Identify significant trends or significant single events. 
• Report significant findings and aggregated trend data to the RAC and thereby disseminate it to 

the scientific and patient communities and to the general public. 
 
The GTSAB review process enhances review of new protocols; improves the development, design, and 
conduct of human gene transfer trials; promotes public understanding and awareness of the safety of 
human gene transfer research studies; and informs decision-making of potential research participants. 
 
The current GTSAB roster includes seven RAC members and two FDA representatives. 
 
Dr. Whitley then presented the GTSAB report for the third and fourth quarters of 2016. During the third 
quarter, there were 84 serious adverse events (SAEs) including initial and follow-up reports from 24 
protocols that were shared and discussed with GTSAB. During the fourth quarter of 2016, there were an 
additional 63 SAEs including initial and follow-up reports from 20 protocols that were received and 
reviewed by the NIH OSP Medical Officer.  
 
SAEs not related to cytokine release syndrome (CRS) included the following: 
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• Protocol 1243: Listeria bacteremia occurred more than 200 days after the last dose of the study 
product (CRS-207). The bacteremia resolved with antibiotic treatment. The research participant’s 
chemoport may have been involved in the infection. 

• Protocol 1439: SAEs include one case of elevated liver function tests (LFTs) and one case of 
liver failure. Both cases occurred after intrahepatic administration of study product (talimogene 
laherparepvec). 

• Protocol 1484: A research participant with advanced metastatic melanoma to the lungs, pleura, 
and lymph nodes developed dyspnea 10 days after the last dose of the study drug (intralesional 
administration of talimogene laherparepvec). Imaging showed pleural effusions, and pleural fluid 
analysis showed tumor cells and immune cells. The patient died three weeks after the onset of 
dyspnea, likely due to progressive disease.  

 
The following CRS-related SAEs were reported for CAR T cell trials: 

• Protocol 1147: Two SAEs involved CRS, decreased ejection fraction, and neurotoxicity. 
Magnetic resonance imaging (MRI) in one case showed enhancement in prior areas of CNS 
disease; the research participant was treated with systemic and intrathecal corticosteroids. Both 
research participants recovered with complete remission. 

• Protocol 1320: A research participant with relapsed CD19-negative acute lymphoblastic 
leukemia (ALL) and hemophagocytic lymphohistiocytosis (HLH) after participating in a CD19 CAR 
T cell trial enrolled in an Emergency IND under this anti-CD22 CAR trial. The research 
participant’s course was complicated by severe CRS, invasive fungal pneumonia, coagulopathy, 
and lactic acidosis. Despite treatment, the research participant died with massive 
bronchopulmonary hemorrhage, likely due to invasive pneumonia. The sponsor paused the study 
and decreased the T cell dose in this protocol.  

• Protocol 1351: Multiple cases of CRS and neurotoxicity were included in the annual report for 
this trial. 

• Protocol 1431: A few cases of CRS were reported, including one research participant who 
developed CRS, hypoxia, pleural effusions, thrombocytopenia/epistaxis, encephalopathy, and 
tumor lysis syndrome. The research participant was recovering as per the last follow-up. 

• Protocol 1413: One SAE involved a research participant with ALL who developed fever and 
neurotoxicity (Grade 4) with seizure. Research participant recovered two weeks after the event. 
Another SAE involved a research participant with refractory ALL who developed severe CRS, 
complicated by cardiac arrest and multi-organ failure; the patient died a few days after T cell 
infusion. The sponsor has paused the dosing of future research participants and is examining the 
data that have been derived from this study so far. The sponsor plans to de-escalate the dose in 
the next group of research participants to a lower dose and expand the cohort.   

• Protocol 1213: This is a Phase I/II study of immunotherapy for advanced CD19-positive B-cell 
malignancies with defined subsets of autologous T cells engineered to express a CD19-specific 
CAR. A study research participant with ALL and CNS disease developed neutropenic fever after 
lymphodepletion (LD) chemotherapy and CD19 CAR T cell infusion. The research participant’s 
course was complicated by sepsis (Clostridium perfringens) during a second course of LD 
chemotherapy despite antibiotics. The cause of death was considered to be cardiopulmonary 
arrest due to sepsis in the setting of chemotherapy with refractory ALL. Cardiac toxicities in T cell 
immunotherapy trials have been reported to GTSAB. Similar SAEs were previously reported in 
older research participants with comorbidities in other trials. GTSAB members discussed the 
enrollment criteria for cardiac function in these trials. 

• Protocol 1339: This Phase I/II multicenter study is evaluating the safety and efficacy of CD19 
CAR T cells in research participants with refractory aggressive non-Hodgkin’s lymphoma. One 
research participant with diffuse large B-cell lymphoma (DLBCL) developed neurotoxicity, 
complicated by decreased ejection fraction and HLH. The encephalopathy worsened, and the 
research participant subsequently died. Another research participant with DLBCL developed 
severe CRS and neurotoxicity, complicated by cardiac arrest and severe lactic acidosis; the 
research participant later died. The SAE was assessed by the Principal Investigator (PI)/sponsor 
as Grade 5 anoxic brain injury after a myocardial infarction. This first case also involved 
pancytopenia and the patient had evidence of HLH in bone marrow, liver, spleen, lymph nodes, 
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but not the brain at autopsy. The second case also involved pancytopenia. As per sponsor, a 
“Dear Investigator” letter was sent to inform study sites of the risks of cardiac arrest and acidosis 
in the setting of CRS; in addition, these risks are being added to the informed consent document 
(ICD). Other SAEs included multiple cases of CRS and early neurotoxicity, some complicated by 
atrial fibrillation, all of which resolved after treatment. 
  

Dr. Whitley provided further detail regarding the CRS-related events reported for Protocol 1339. As of 
June 2016, 75 research participants were dosed in this trial (six in Phase I, 69 in Phase II). Neurotoxicity 
has been observed in about one third of the research participants who have enrolled in this trial. There 
has been one related death in Phase I (dose-limiting toxicity [DLT]), due to severe CRS complicated by 
intracranial hemorrhage in the setting of severe thrombocytopenia, as reviewed by the GTSAB last year. 
Two other related deaths occurred in Phase II; one case involved HLH, and the second case involved 
cardiac arrest, severe acidosis, and anoxic brain injury, as reviewed by the GTSAB in September 2016. 
Per information from the sponsor, two additional research participants had reversible Grade 4 CRS and 
two others had Grade 4 neurotoxicity, one of whom is still resolving and one of whom completely 
resolved. An update provided by the sponsor in mid-October 2016 noted that 122 research participants 
have been dosed with KTE-C19 across all ZUMA trials. Cumulative data from these protocols indicated 
that 17 cases of Grade 3 or higher CRS were observed, including 13 cases in ZUMA-1 (Protocol 1339). 
Eleven of the 17 cases were Grade 3 CRS, four were Grade 4 CRS, and two were Grade 5 CRS. 
Thirteen of the 17 cases involved research participants who completely recovered from CRS. According 
to news releases, the ZUMA-1 trial has recently completed dosing of all enrolled research participants. 
 
Protocol 1419 is a Phase II single-arm, multicenter trial to determine the efficacy and safety of CD19 
CAR T cells in adults with relapsed or refractory B-cell acute lymphoblastic leukemia (The Rocket Study). 
Three cases of fatal brain edema in Protocol 1419 involved young research participants with ALL who 
developed severe CRS and neurotoxicity (encephalopathy), complicated by diffuse brain edema, leading 
to death. These three cases were assessed by the PI and sponsor as related or likely related to T cells 
with possible contribution by lymphodepletion chemotherapy with cyclophosphamide (Cy) and fludarabine 
(Flu). All three cases were reported to the GTSAB in real time. The protocol was put on hold by the FDA, 
and news releases indicated that the sponsor initially assessed that a recent intensification of LD 
chemotherapy (i.e., the addition of Flu) may have contributed to the SAEs, given that the trial previously 
used Cy alone. The hold was lifted a few days later, and the sponsor removed Flu from the LD 
chemotherapy regimen for this protocol.  
Two recent SAEs involving research participants with ALL who developed signs of CRS and 
neurotoxicity, complicated by brain edema leading to death, were reported in Protocol 1419. Brain 
imaging of these research participants was initially negative, but repeat imaging showed diffuse brain 
edema. These two cases occurred after Flu had been eliminated. According to recent news releases, a 
voluntary hold on this trial was initiated by the sponsor in response to these cases. These two cases of 
fatal brain edema bring the total number of deaths due to brain edema in this trial to five. These two 
cases were recently shared with the GTSAB in real time. 
 
Dr. Whitley then continued with the OSP Analysis of Brain Edema across all CAR T cell trials:  
There have been nine cases of brain edema across all CAR T cell trials targeting hematologic 
malignancies. An analysis by OSP based on information in the GeMCRIS database showed that eight of 
these cases were in research participants with ALL treated with CD19 CAR T cells. One case was in a 
research participant with multiple myeloma treated with an anti-B–cell maturation antigen (anti-BCMA) 
CAR; this research participant had an SAE of Grade 4 neurotoxicity involving brain edema, as noted in a 
recent annual report for Protocol 1410. Seven of the nine cases were fatal; all of these cases were in 
research participants with ALL. Five of the fatal cases occurred in patients enrolled in Protocol 1419, and 
two cases occurred in Protocol 1213. Six of the fatal cases involved diffuse brain edema in relatively 
young adult research participants with ALL, which appeared to progress very rapidly. Two cases in 
Protocol 1419 involved hypernatremia, and a few of the nine cases involved seizure(s), evidence for 
anoxic brain injury or decreased perfusion, and herniation. 
 
The OSP analysis found that to date, approximately more than 300 research participants with ALL have 
been dosed in CAR T cell immunotherapy trials, most of which involved administration of CD19 CAR T 
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cells. Overall findings indicate that brain edema, which has been reported in a few protocols, is a rare 
event, relatively confined to research participants with ALL, and more common in young adults than in 
other patient groups.  
 
Following the above review, Dr. Whitley provided a summary of recent publications and research reports 
related to OSP protocols, highlighted by OSP staff as follows:  

• Identification of Predictive Biomarkers for Cytokine Release Syndrome after Chimeric 
Antigen Receptor T cell Therapy for Acute Lymphoblastic Leukemia. David Teachey et al., 
Cancer Discov 664-679, 2016. This paper reported that regression modeling accurately predicted 
which patients would develop severe CRS. 

• CRISPR-Cas9-mediated multiplex gene editing in CAR T cells. Letter to the Editor by 
Xiaojuan Liu et al. Cell Res (advance online publication 2 December 2016; doi: 
10.1038/cr.2016.142). In this study, mutant engineered T cells were tested in vitro and in 
preclinical murine models, suggesting potential for clinical application. 

• Multiplex Genome-Edited T cell Manufacturing Platform for “Off-the-Shelf” Adoptive T cell 
Immunotherapies. Laurent Poirot et al., Cancer Res; 75(18):3853-3864, 2015. Results 
demonstrate the applicability of TALEN-mediated genome editing to a scalable process, which 
enables manufacturing of third-party CAR T cells against tumor targets in an “off-the-shelf” 
manner. 

 
Dr. Whitley thanked the OSP staff for compiling information for the GTSAB. To learn more about the 
Office of Science Policy, including RAC meeting updates, committee members may visit the OSP blog, 
“Under the Poliscope,” at http://osp.od.nih.gov/under-the-poliscope. General inquiries can be posted to 
SciencePolicy@od.nih.gov. 
 
B. RAC Discussion 
 
In response to a question from Dr. Atkins as to whether a link between CRS and neurotoxicity has been 
established, Dr. Whitley noted that there currently is insufficient evidence to confirm such a relationship, 
including in protocols where multiple cases have been reported. Dr. Hassani, Medical Officer, OSP, 
added that neurotoxicity associated with CAR T cell immunotherapies was discussed in detail at the CRS 
Workshop last year. Based on the available data, the neurotoxicity associated with CAR T cell 
immunotherapies may be part of a CRS presentation or it may present by itself without CRS. There was 
general agreement among those at the workshop that neurotoxicity is a distinct condition from CRS and it 
seems to be more commonly associated with CD19 CAR T cell trials. 
 
In response to a question from Dr. DiGiusto, Dr. Hassani replied that there have been multiple cases of 
neurotoxicity without CRS. In response to a question from Dr. Atkins, Dr. Whitley replied that Protocol 
1413 is a CD19 CAR T cell trial, which enrolls adults with Philadelphia chromosome–negative relapsed 
refractory B-cell lymphoma. Dr. DiGiusto noted that discordant cases where there is neurotoxicity in the 
absence of CRS suggest that while the neurotoxicity cannot be pinned to CRS, it also does not prove that 
it is CD19-related. Dr. Atkins pointed out that discerning the underlying cause of neurotoxicity is important 
to how patients are treated. For example, if the neurotoxicity is (or was) treated with tocilizumab and 
intrathecal corticosteroids as if it were CRS-related, this may not be the most appropriate therapy for 
those patients. If the neurotoxicity is due directly to the T cells rather than to cytokine release, a different 
approach to eliminate the modified T cells, such as use of a suicide gene, should be considered. 
Dr. Hassani added that most of the established algorithms for treatment of neurotoxicity associated with 
CD19 T cell therapy have used corticosteroids. A few protocols have used tocilizumab, but to date there 
is no evidence that tocilizumab has any impact on the outcome of the neurotoxicity, whereas 
corticosteroids have clearly been shown to have a role. 
 
Dr. Ross inquired about the number and chronology of deaths related to brain edema reported for 
Protocol 1419. She asked whether there have been a total of seven, not five, deaths, and which occurred 
before and which after the FDA hold. Dr. Hassani noted that there originally were three deaths, one in 
May and two in June of this year, after which the FDA hold was placed. Two additional deaths occurred in 
November, after the hold was lifted. A recent news release referred to seven deaths for this study, but 

http://osp.od.nih.gov/under-the-poliscope
mailto:SciencePolicy@od.nih.gov
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OSP staff have not confirmed this additional information. The RAC was concerned about the relatively 
high number of deaths that appeared to be related to participation in this research protocol and asked 
what these events are being attributed to and what is unique about the hold on this particular trial. 
Dr. Whitley commented that this information is likely available to the FDA but not to the RAC.  
 
Dr. DiGiusto pointed to the discrepancy in the frequency of cases among the trials and recommended that 
as this issue is evaluated, trial-specific interventions—including construct dosing and timing and method 
of the intervention as to presentation of the SAE—may all be contributory factors to the outcome. 
 
Dr. Atkins requested additional information regarding the potential role of eligibility criteria and either 
inclusion or exclusion of patients with CNS disease on the study outcomes. Dr. Hassani explained that 
treatment of CNS disease is mixed and that initially some of the CD19 CAR T cell trials shied away from 
including patients with a history of CNS conditions. After seeing promising responses in patients who 
have very few options across several protocols, investigators began to shift their thinking about this 
population and some protocols now allow patients with CNS disease to enroll in these trials. To minimize 
risks, patients undergo screening imaging and may have cerebrospinal fluid (CSF) analysis before CAR T 
cell infusion. Patients also have a CNS evaluation after adverse events or neurotoxicity. Dr. Hassani 
noted that there are patients without any post-infusion evidence of CNS involvement who develop brain 
edema. To date, one autopsy report has been received for one of the five patients in Protocol 1419 who 
died from complications of brain edema, and a second autopsy report is expected. The RAC requested 
that this information be made available to the committee. 
 
Dr. Donahue commented on the limited post-evaluation information that is available across trials, 
including autopsy reports, which makes it difficult to assess the possible mechanism of this toxicity. Those 
with expertise in this field might be able to make specific recommendations on how best to approach this 
question to gain understanding of the cause of these deaths and severe neurotoxicities. Dr. Hassani 
noted that Protocol 1419 added a request for autopsy for the future research participants after the hold 
was lifted. However, such requests are not consistent across trials. In some cases, the wishes of the 
research participant’s parents differ from those of the research participant regarding autopsy, and the 
family’s request needs to be considered and respected. 
 
As for whether research participants with brain edema who survived have done better clinically than those 
who did not have brain involvement, it was noted that localized edema is seen in many patients with not 
only CNS disease, but also other types of tumors. Dr. Hassani added that one research participant who 
survived after a neurosurgical intervention may not have had the same diffuse brain edema seen in these 
recent reports, which focus on hematologic malignancies and seem to be specific to ALL in some way. 
Thus far, there has been only one case that survived with ALL after neurosurgical intervention. The 
research participant who received the anti-BCMA CAR had multiple myeloma and survived as well, 
although we have not yet reviewed this case since the event was only briefly mentioned in an annual 
report. The other eight cases received CD19 CAR T cells. Approaches to effectively treat diffuse brain 
edema in these cases are not clear at this time, however. 
 
Dr. Atkins noted that an NIH scientist at the 2015 CRS workshop had discussed CD19 expression in the 
brain and the relationship of that expression to toxicity from CD19 CAR T cells. Further investigation of 
specific protocol-related issues is warranted, including a possible role of vectors, eligibility criteria, and 
any on-target/off-tumor T cell recognition in the brain. With this information, it might be possible to select 
for risk factors or determine whether there is an appropriate means of shutting off T cells in cases of brain 
edema. CSF analysis is not available from the SAEs and cases reviewed during the current meeting. 
Dr. Hassani noted, however, that analyses from previous cases of neurotoxicity provide clear evidence 
that CD19 CAR T cells enter the brain and that a large number of the CAR T cells are present in CSF 
after development of CRS and neurotoxicity. Across trials, there is no agreement as to whether patients 
with CNS disease can be enrolled safely in these protocols. The prominent trend in the recent past is that 
CNS disease can be allowed as long as it meets certain criteria with neurologic evaluation, because of 
the potential for clinical benefit from the treatment.  
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Dr. Tucker noted that the GTSAB will continue to be utilized as-needed basis to provide their expertise to 
the RAC and NIH. She added that prior discussion about analysis of the brain edema cases has provided 
insight into models that might be helpful for safety assessment analyses to identify individual cases or 
relevant trends going forward. 
 
C. Public Comment 
 
No public comments were offered. 
 
 
V. Review and Discussion of Human Gene Transfer Protocol 1610-1547: Phase I, Open Label 

Dose-Escalation Study to Evaluate the Safety, Expansion, Persistence, and Clinical Activity 
of a Single Dose of UCART123 (allogeneic engineered T cells expressing anti-CD123 
chimeric antigen receptor), Administered in Patients with Blastic Plasmacytoid Dendritic Cell 
Neoplasm (BPDCN) 

 
 Presenters:  David Sourdive, Ph.D., Cellectis 

Julianne Smith, Ph.D., Cellectis 
Naveen Pemmaraju, M.D., MD Anderson Cancer Center 

 
RAC Reviewers:  Drs. Cho, DiGiusto, Porteus, and Donahue 
 

A. Protocol Summary 
 
Universal chimeric antigen receptor T cell products, also termed UCARTs, are off-the-shelf allogeneic T 
cells that are genetically engineered to target tumor-associated antigen and to carry specific additional 
features to make them suited for a particular clinical use. In the UCART platform, cells undergo two 
rounds of genetic engineering. In the first round, using lentiviral vectors, genetic material is added to the T 
cells, including a gene coding for a chimeric antigen receptor able to recognize a tumor-associated 
antigen, the target to which the product is directed. In a second round of engineering using TALEN-
mediated gene editing, individual chosen knockouts are performed. TALENs are artificially engineered 
nucleases capable of generating site-specific DNA double-strand breaks (DSB) at a desired target site 
leading to inactivation of the targeted gene. Inactivation of the TRAC gene, which codes for the alpha 
chain of the T cell receptor (TCR) (the TCRα subunit), results in the elimination of a functional TCRα/β 
heterodimer at the T cell surface in the UCART products. This is thought to circumvent the recognition of 
major histocompatibility complex (MHC) disparities between donor and recipient through the donor cell’s 
TCR and to prevent the potential development of graft-versus-host disease (GVHD). Additional genes can 
be added or deleted at these individual steps. Like any off-the-shelf product, UCARTs are made ahead of 
time. The products are stored in frozen vials and are shipped to be readily available at investigation sites. 
UCARTs come in different dosages and can be directly administered upon thawing. 
 
UCARTs share some features with autologous CAR T cell products in that they carry a CAR at their 
surface that is expressed after vector-mediated transgenesis. In addition, UCARTs are an adoptive T cell 
immunotherapeutic that relies on the capacity of T cells to kill cancer cells that they recognize. UCARTs 
are also a different concept, however, in that they are made from healthy donor T cells and therefore do 
not depend upon the research participant’s own lymphocytes to be altered. Because UCARTs are not the 
result of a patient-specific production process, they could be deployed to numerous clinical trial sites and 
be available to broad patient populations. In addition, through TALEN-mediated gene editing, specific 
features are enabled in these UCARTs, including the loss of alloreactivity to limit the risk of GVHD when 
using allogeneic T cells. UCARTs can also be made resistant to specific chemotherapies, antibody 
therapies, and lymphodepleting agents—as is the case for UCART19—and to checkpoint inhibition 
through the knockout of certain genes (e.g., PD1). Another feature of UCARTs is that they can be 
modified to target antigens that are naturally at the surface of T cells; through TALEN-mediated gene 
editing, these modified cells can also be altered such that they are unable to recognize each other and kill 
each other. UCARTs are therefore a means to broaden the spectrum of addressable targets. 
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Two off-the-shelf UCART products, UCART19 and UCART123, have been developed by Cellectis under 
the framework of collaborations with Weill Cornell, MD Anderson, and Pfizer. Both products stem from the 
same UCART platform. UCART123 is the second investigational new drug being developed by Cellectis. 
Prior to development of UCART123, Cellectis developed UCART19, an engineered human T cell product 
for the treatment of cluster of differentiation (CD) 19–expressing hematologic malignancies, initially 
developed for the treatment of chronic lymphocytic leukemia (CLL) and ALL. Three clinical trials are 
ongoing in the United Kingdom for clinical development of UCART19. Three clinical trials involving these 
two products were selected for in-depth RAC and public review during the current RAC meeting. 
Protocols 1547 and 1548 pertain to UCART123 in blastic plasmacytoid dendritic cell neoplasm (BPDCN) 
and acute myeloid leukemia (AML), respectively, while Protocol 1549 pertains to UCART19 in B-cell 
acute lymphoblastic leukemia (B-ALL). 
 
BPDCN is a rare disease with poor outcomes and no consensus treatment. Patients have a median 
survival of less than 18 months in spite of therapy. The condition typically involves the skin, bone marrow, 
blood, and lymph nodes; the CNS is also often affected. Growing preclinical evidence and clinical data 
demonstrate that CD123/IL-3Rα is over-expressed in leukemia stem cells in the majority of patients with 
AML and in nearly 100 percent of patients with BPDCN. Given this finding in such a rare disease, coupled 
with the urgent unmet medical need for patients with BPDCN, clinical investigation has identified targeting 
CD123 as an attractive potential for novel therapy given its accessibility as a target (surface marker), 
differential expression (markedly over-expressed on BDPCN and AML blasts as compared to normal 
hematopoietic stem cell compartment), and virtually ubiquitous expression in all BPDCN patient cells. The 
over-expression of CD123/IL-3R on almost 100 percent of BPDCN blasts makes the targeting of CD123 
an attractive potential therapeutic for patients with BPDCN. 
 
The UCART123 construct is engineered in a lentiviral vector and contains fragments of murine anti-
CD123 (IL-3 receptor) and co-stimulatory signaling domains, as well as RQR8 to permit targeted 
destruction of RQR8+ cells when rituximab (aka Rituxan®) is administered. The product is engineered to 
inactivate the TRAC gene using TALENs to eliminate or reduce functional TCRα/β in UCART123 cells to 
prevent GVHD in the recipient. 
 
The proposed trial is a Phase I, open-label dose-escalation and dose-expansion study to evaluate the 
safety and clinical activity of a single dose of UCART123 administered to adult research participants with 
BPDCN and to determine the recommended Phase II dose of UCART123. The investigational agent in 
this application, UCART123, is a genetically modified allogeneic T cell that expresses a CAR specific for 
CD123. The investigational product is transduced with a recombinant third-generation self-inactivating 
(SIN) lentiviral vector encoding a second-generation CAR (scFv- 41 BB- CD3ζ) directed against CD123 
(CD123CAR) and a new safety switch or depletion mechanism RQR8 combining epitopes from both 
CD34 and CD20 antigens. Unlike many other CAR T cell strategies that use autologous T cell 
transplantation, this proposal will use T cells from allogeneic healthy donors that are engineered to be 
directed/targeted against CD123. The first phase of the protocol will be a dose-escalation arm that will 
test three doses of UCART123 after lymphodepletion with fludarabine and cyclophosphamide. The initial 
dose of 6.25 × 105/kg was chosen based on previously used doses of other CAR T cell treatments; the 
second and third doses will be 1.25 × 106/kg and 6.25 × 106/kg, respectively. The second phase will be a 
dose expansion to up to 60 research participants. Research participants will be followed until disease 
progression, death, or withdrawal from the study, whichever comes first. Research participants enrolled 
onto the dose-finding phase of the study must have an available donor for a potential allogeneic bone 
marrow transplant (including matched related or unrelated donor, cord blood transplant, or haploidentical 
donor). 
 
B. Written Reviews by RAC Members 
 
Four RAC members provided written reviews of this proposed Phase I trial. 
 
The reviewers noted that critical toxicity data were not provided or were redacted, precluding meaningful 
review of the investigational product and proposed trial, in particular with regard to verification of the 
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requisite testing and proof-of-concept of safety features. Specific issues that need to be addressed were 
identified by the reviewers, as noted below.  
 
Dr. Cho had the following comments and questions regarding the protocol: 

• The redacted data include in particular the assessment of genotoxicity and transformation 
potential of TALENs. Data to show the “absence of IL-2 independent proliferation” are not 
provided. 

• It is not clear where T cells from “healthy donors” will be obtained or how donor cells will be 
tested. 

• Basic information on where research participants will be recruited, by whom, and where they will 
receive clinical care and participate in research procedures was not provided. 

• The meaning of the statement, “No information concerning the study or the data will be released 
to any unauthorized third party without prior written approval of the sponsor,” is not clear. In 
addition, further detail is needed regarding “study monitors or other authorized representatives of 
the sponsor” who “may inspect all study documents and records required to be maintained by the 
investigator….” 
 

The following additional comments and questions were raised about information in the preclinical 
package: 

• How “significant level” of off-target cleavage of TALENs is defined needs to be clearly delineated. 
• An IL-2 independent proliferation assay has been proposed to assess risk of malignant cell 

transformation, but supporting data for this assay is not shown. 
• No data on binding to CD123 in normal human tissues are shown. 
• Toxicity of UCART123 to normal myeloid cells in vitro was said to be “minimal,” but colony-

forming unit (CFU) formation was reduced by almost 50 percent in two of three assays at different 
target-to-effector (T:E) ratios. 

 
Clarification is needed regarding the following in the informed consent document: 

• Use of the phrase “optional procedures” at the top of the first page of the document is not clear.  
• The document should state clearly that the T cells used for this study are from an unmatched 

donor. 
• Potential risks and side effects associated with the investigational product need to be more 

clearly explained, specifically in reference to “mild skin disorder” and “severe involvement of the 
skin, liver, and gut.” In addition, the document should state that treatment of GVHD could make 
research participants more susceptible to relapse of cancer. 

• It is not clear how statements about storage of coded samples for up to 15 years, who will and will 
not have access to the sample codes, and oversight of leftover samples banked by the sponsor 
for additional research, relate to the language in the protocol about the sponsor’s access to 
identified research participant information. 

• The typo “stagy” should be corrected to “stage.” 
 
Dr. DiGiusto had the following comments and questions regarding the description of the product and 
redacted or limited information: 

• Derivation of plasmids is discussed in the text of the submitted document. However, figures on 
the derivation of plasmids are redacted, as is the figure documenting the lentiviral vector cassette 
that drives the expression of CD123CAR, making it difficult to assess safety by design. 
Ostensibly, the HIV backbone has been engineered to exclude essential viral replication and 
packaging gene sequences from HIV to create a SIN vector for insertion of the therapeutic gene 
sequences. Using this with a split (3 helper plasmid) packaging system increases the safety of 
the vector and is appropriate for this application. However, redacted construct generation and 
assembly figures prevent reasonable analysis of the constructs. 

• The authors state that in vitro primary and secondary pharmacology studies have demonstrated 
the specificity and functionality of the CD123CAR through a CD123 antigen-dependent 
cytotoxicity assay and a cytokine secretion assay, the molecular and functional inactivation of the 
TRAC gene, and the efficient elimination of RQR8+ cells by rituximab. Because the data for these 
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statements are redacted, it is not possible to evaluate the supporting evidence and studies. The 
same problem was encountered in trying to assess statements describing anti-tumor activity; 
release specifications for HEK293-T cell line used in vector manufacturing; the development, 
sequence, and manufacture of the high-quality grade TALEN plasmid construct; the plasmids 
encoding TALEN; and the quality controls performed on the High Quality DNA plasmids for the 
TALEN TCR. 

• All information about off-target genome modification and karyotypic analysis is redacted, 
precluding evaluation of safety. In addition, use of “in silico” models for off-target analysis does 
not cover unintended cutting at non-predicted sites as has been previously observed. This is a 
significant safety issue and cannot be reviewed without adequate information. 

• The quantitative fluorescent PCR-enhanced reverse transcriptase (QFPERT) assay for 
replication-competent lentivirus (RCL) is described, but no release testing results are provided. It 
is therefore not possible to evaluate the efficacy or appropriateness of this assay for the test 
product and vector. Similarly, without data on manufacturing reagent quality and qualification and 
the manufacturing process, it is not possible to determine the success of manufacturing multiple 
batches or the adequacy of the reagents used in this process. 

 
Dr. DiGiusto identified safety concerns for the investigational product, including donor sourcing, quality of 
raw materials, and potential for replication competent virus, viral vector integration mediated 
toxicity/tumorigenicity, toxicity/tumorigenicity related to off-target modification of genome, GVHD, and 
cytokine storm–related toxicity upon infusion. The manufacturing processes are consistent with current 
standards for manufacturing a product of this type and, in general, the product should meet FDA 
expectations for safety and efficacy. A split packaging cell line reduces the risk of generating replication 
competent lentivirus, and the inclusion of an in vivo mechanism for UCART depletion (RQR8) adds an 
additional level of safety. The extent of redacted information makes assessment of safety and risks 
associated with the study agent and thus with participation in this clinical trial very difficult.  
 
Dr. DiGiusto had the following specific comments and questions about the preclinical package: 

• The cytotoxicity data do not seem concordant with a high level of killing; 60 percent of cells were 
viable at four hours, but the time at which 60 percent lysis occurred is not specified. Cell line data 
suggest that primary tumor samples with a mean fluorescent intensity (MFI) of less than 10,000 
are not likely to be killed. Three of eight primary BPDCN samples had a CD123 MFI of less than 
10,000. In addition, the data presented indicate that cell lysis was very incomplete. These results 
raise questions about utility of the treatment and research participant inclusion criteria. Greater 
detail is needed to allow assessment of the safety of the product. 

• UCART123 stimulated by CD123+ tumor cells were shown to secrete high levels of interferon-
gamma (IFNγ) in culture supernatants. It is not clear whether this is the proposed mechanism of 
action of cytotoxicity, however. 

• There should be a clear statement as to whether complement-mediated cytotoxicity (CDC) or 
antibody-dependent cell-mediated cytotoxicity (ADCC) is the main mechanism of depletion of 
UCART123 cells. 
 

Dr. Porteus had the following comments and questions: 
• It is nearly impossible to assess the genotoxicity data that the sponsor has generated for the 

TALEN-mediated knockout of TRAC as it has all been redacted. The sponsor claims that analysis 
of bioinformatically identified off-target sites and translocation frequencies have been quantified, 
but these data were redacted. In addition, the fraction of T cells becoming TCR-negative after 
TALEN treatment is not shown, and the percentage of cells that remain TCR-positive after the 
second sort is not provided, although the text indicates that the release criteria show that 
percentage to be less than 3 percent. 

• The possibility of T cell transformation is not discussed adequately as a DLT or in the consent. 
While presumably rare, this is a potentially unique DLT of the modified cells and may be more 
likely as more cells are infused. In addition, there are no stopping criteria or indications of how the 
sponsor would handle such an event if it occurred. Further, transformation is not listed as a SAE. 
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• The sponsors do not report any analysis of the possibility/frequency of translocations between 
TCR and know TCR-oncogene fusion partners. Such a list can easily be found in relevant 
databases. 

• The sponsors also do not report any analysis of potential synergistic genotoxicity between 
lentiviral insertions and off-target TALEN-induced changes, including translocations. Dr. Porteus 
inquired as to whether translocations can occur between lentiviral insertions and the on-target 
break and, if so, should such an occurrence be measured. 

• There is no discussion of biobanking samples for potential retrospective analysis of the genome if 
a transformation event occurs. 

• The sponsor presents evidence that UCART123 should not cause hematopoietic stem cell (HSC) 
aplasia, but the risk mitigation plan (including back-up autologous marrow or having a readily 
available allogeneic donor) is not fully discussed. Criteria for irreversible bone marrow aplasia 
should be better discussed in both the proposal and consent. 

 
Dr. Donahue found the proposed protocol thoughtful and noted that it incorporates many safeguards and 
results of other studies in the published literature that describe adverse events with CAR T cells. The 
dosing regimen and incorporation of long-term follow-up into the primary study design are reasonable. 
Inactivation of the CAR T cells by rituximab is an important feature of the product. 
 
Dr. Donahue had the following comments and questions about the protocol and preclinical data: 

• The investigators need to disclose the redacted toxicity data, the predicted off-target TALEN 
activity, and the karyotype analysis data from the preclinical package or clarify where these were 
included in the clinical protocol but redacted in the preclinical package. 

• “Adequate organ function” needs to be more strictly defined in the study inclusion criteria. The 
investigators should consider being more strict in requiring normal function of key organs (lungs, 
heart, liver, kidney) in a Phase I study, given that many CAR T studies have shown fatal or near-
fatal events with any degree of organ impairment. 

• The investigators should consider excluding anyone with baseline impairment consistent with 
“greater than clinically significant, greater than Grade 3 nonhematological toxicity.” With this 
change, “pre-existing” can be removed from the dose-limiting toxicity definitions. 

• How DLT is defined should be expanded so that any partial contribution of the treatment to a 
toxicity is considered (in addition to complete attribution of toxicity to the therapy) because 
clinically significant worsening of underlying organ dysfunction should be considered a toxicity of 
the study intervention. 

• Obtaining an electrocardiogram (ECG) at a time point other than baseline should be considered. 
• The clinical study protocol mentions GVHD in two research participants treated with allogeneic 

CAR T cells targeting CD19. Clarification is needed as to whether the cited CD19 product has the 
same TALEN-mediated inactivation of TRAC that will be used in the proposed trial to achieve 
immune evasion. 

• Preclinical data show 91 percent disruption of TRAC, but data indicating that this is a sufficient 
level of inactivation to allow use of the planned allogeneic product are not provided. 

• The protocol needs to clarify that research participants will still be tracked for toxicity to the best 
extent possible if they withdraw or if they are withdrawn from the study; the latter is particularly 
important given the possibility of study bias from selective withdrawal of research participants. 
Statements that “the investigator and/or sponsor can [remove] a research participant from the 
study at any time for any reason” should be revised so that the phrase “at any time for any 
reason” is deleted and that provisions and language allowing the sponsors to interfere with the 
study are removed. 

• The study withdrawal criteria need to clarify the difference between “newly developed exclusion 
criteria” or “clinical adverse events” and product-related toxicity. The current design allows 
removal and exclusion of research participants with potential product-related toxicity and is not 
consistent with the study design of a single upfront therapy and only clinical follow-up after the 
initial therapy. 

• References to various tables in the clinical study protocol section 2.1.5.1 are off by one and need 
to be corrected. 
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Dr. Donahue had the following additional comments and questions about the ICD: 

• The document should be reviewed so that specific phrasing and the overall document read at a 
level understandable by all in the target audience. This is particularly relevant to discussions of 
the product and its expected mechanism of action and the description of GVHD. 

• Language should be added to state that participants will be referred to an appropriate expert to 
address any significant problems found in the screening tests. 

• Language regarding the length of participation should be rephrased to indicate that the 15-year 
study follow-up is mandated by the FDA and that this should not be taken as any indication of 
product efficacy or expected survival. 

• In the discussion of CRS, lung and heart failure should be added as potential risks. Use of a 
respirator is mentioned, but the reason why a respirator might be needed is not specified. 

• Language regarding withdrawal of consent needs to specify that while the research participant 
may withdraw from the study, the CAR T cells will remain in the research participant unless the 
investigators plan to remove these cells on withdrawal. 

• Additional information about potential or expected benefits of MD Anderson needs to be added to 
language for study participation, to replace the current vague mention. 

 
C. Investigator Response  
 

1. Written Responses to RAC Reviews 
 
The investigators thanked the reviewers for their careful and constructive review of the application. 
 
Research participants will be recruited for the dose-escalation arm of the protocol from the MD Anderson 
Cancer Center by the PI. This site is a referral center for BPDCN, and the dose-finding portion of the 
study will take place at this center only. The dose expansion phase of the trial will be open to centers in 
the United States and in Europe, given the rarity of the disease. Between five and 10 sites familiar with 
the target, the disease, and potentially with CAR therapy, will be chosen. These sites are currently under 
selection. The same sites will be used for both the AML and BPDCN studies (i.e., protocols 1610-1547, -
1548, and -1549) to gain experience with the drug and with safety management. The institutions will be 
selected on their experience in the field of BPDCN and availability of a multidisciplinary team of transplant 
physicians, ICU staff, and neurologists to work closely with the study site PI, who will enroll the research 
participants and monitor them. Clinical care and research procedures will be done at the investigational 
sites under the supervision of the PI of each center. 
 
The protocol has been revised to state that monitoring will be performed by the sponsor’s Clinical 
Research Operations (CRO) contractor and that the monitor will evaluate study processes and 
documentation based on sponsor standards and the International Conference on Harmonization (ICH) 
Good Clinical Practice (GCP) guidelines. 
 
The T cells used to produce the UCART123 agent are sourced from a blood bank located in California 
that has a license from the FDA for collection of whole blood and allogeneic leucocytes/granulocytes from 
automated aphaeresis and for storing and distribution to third parties. The blood bank also holds licenses 
from the FDA and the State of California for the collection, storage, and manufacture of multiple human 
cells, tissues, and products and for the production of biologics. In addition, the blood bank has a 
California Clinical Laboratory License, an American Association of Blood Banks (AABB) accreditation for 
cell therapy activity, and a Clinical Laboratory Improvement Amendments (CLIA) certificate of 
accreditation for hematology testing.  
 
The blood bank collects fresh mononuclear cells (MNCs) by leukapheresis from healthy volunteer donors. 
Procurement and collection is performed in compliance with U.S. regulatory requirements in accordance 
with 21 CFR Parts 1270 and 1271 and industry guidelines, European Union (EU) directives of the 
European Parliament and the European Council, Cellectis’ project-specific donors’ requirements set up to 
ensure maximum consistency of this starting material, and IRB-approved information and consent forms 
applicable for this project. On the day of collection, all donors are asked whether they have had a fever, 
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flu symptoms, or any type of infectious illness in the prior two weeks and whether they are feeling well 
and healthy that day. The specific tests performed the day samples are procured are listed in the 
response to the reviewers’ comments. The combination of these questions, the physical examination on 
the day of procurement, and the test results from prescreening are designed to rule out the possibility of 
infectious toxoplasma or Epstein-Barr virus (EBV) on the day of collection. Approximately 90 percent of 
donors will test positive for previous exposure to EBV. If a donor tests negative for all EBV antibodies 
during prescreening, retesting on the day of collection would be done. 
 
Adequate organ function, including renal, hepatic, pulmonary, and cardiac function, will be assessed 
during the screening period and are required for trial participation, per the criteria below: 

• Creatinine clearance of at least 30 mL/min (assessed as glomerular filtration rate [GFR] using the 
Cockcroft and Gault formula), 

• Alanine aminotransferase (ALT) or aspartate aminotransferase (AST) below 3 × ULN (upper limit 
of normal) or below 5 × ULN for research participants with liver involvement of leukemia, 

• Total bilirubin below 2 × ULN (except with documented history of Gilbert’s syndrome), 
• Left ventricular ejection fraction (LVEF) of at least 45 percent as assessed by echocardiogram or 

Multi-Gated Acquisition (MUGA) scan, and 
• Pulmonary function tests within normal limits. 

 
The eligibility criteria will be amended as suggested to exclude anyone with baseline impairment 
consistent with “greater than clinically significant Grade >3 non-hematological toxicity.” An ECG will be 
added to day 28–35 and day 56 visits/time points. 
 
The investigators agree with the reviewers that the criteria for DLT should be expanded to include 
consideration of any partial contribution of the therapy to a toxicity (in addition to complete attribution of 
toxicity to the therapy). As indicated in the protocol, any new clinically significant conditions and/or 
clinically significant worsening of any conditions will be captured as adverse events. The relationship to 
the study drug will be assessed by the investigator. 
 
Adverse events and unacceptable toxicities are monitored throughout the duration of the study. In 
addition, the long-term (15-year) follow-up includes monitoring for the absence of replication-competent 
virus for 15 years. The ICDs for UCART123 for both the AML and BPDCN clinical studies mention the 
development of a new malignancy related to the genetic modification of T cells as a possible risk and side 
effect following infusion of the study product. Malignant transformation following lentiviral transduction and 
gene edition is mentioned in the protocol as a potential risk but is not listed as an SAE or a separate DLT. 
However, genotoxicity of any type or any grade is to be reported immediately to the sponsor as an 
adverse event of special interest. As stated in the protocol, “Any other unacceptable toxicity encountered 
which in the view of the investigator or the Data and Safety Monitoring Board (DSMB) qualifies for a DLT.” 
The sponsor is willing to add reporting of any genotoxicity or tumorigenicity as an SAE in the safety risk 
section of the protocol. 
 
The investigators identified the multiple sections in the protocol that acknowledge potential 
myelosuppression, provide a risk mitigation plan, and identify the criteria for irreversible marrow aplasia 
(e.g., under Benefit/Risk Assessment, Safety Risks, and Supportive Care Measures). The consents 
mention risks of infection and low blood cell counts, which can be related to the disease treatment and 
will be revised to reflect the information and courses of action in the respective sections of the protocol. 
 
The protocol will be revised to clarify that research participants will continue to be followed for toxicity to 
the best extent possible if they withdraw or if they are withdrawn from the study. They will remove the 
statement that the investigator can remove a research participant “at any time for any reason” language 
and the ability of the sponsors to interfere with the study. Criteria for withdrawal of a research participant 
will be revised as recommended. Study physicians will retain the ability to decide to withdraw a research 
participant for his/her best interest. 
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The protocol will be updated to expand the use of retained samples for further analysis of safety and/or 
efficacy biomarkers, which may include potential retrospective analysis of the genome if a transformation 
event occurred. 
 
The investigators have revised the ICD per the recommendations of the reviewers. The section describing 
the investigational agent and the source of the cells now states, “UCART123 is a novel product designed 
to eliminate leukemia cells which have the target called CD123 on their surface. This study product is 
manufactured from healthy immune cells, called T cells, taken from healthy donors, and then engineered 
to confer to them some specific recognition and killing properties towards the cancer cells.” The reference 
to “optional procedures” in the ICD was clarified to read “optional biobanking procedures.” Samples will 
be stored at the study sites in accordance with ICH GCP guidelines; each sample will be identified with a 
unique research participant identification code, and the sponsor will only have access to the assigned 
sample codes. The consent now informs participants that if they withdraw from this study, the UCART123 
cells remain in their body unless they and their physician decide to remove them. 
 
The other specific changes to the ICD were included in the written response to the reviewers’ comments. 
 
The investigators provided the following information in response to questions about redacted or limited 
data and supporting material: 
 
The key starting materials in UCART123 manufacture are MNCs and the viral vector used to transduce 
the cells with genes for the expression of the CD123-targeted CAR and the RQR8 epitope. The 
messenger RNAs (mRNAs) with which the cells are treated to induce expression of the TALEN proteins 
that mediate gene disruptions are also critical raw materials. The viral vector is manufactured to GMP 
according to a standard protocol based on transfection of HEK293T cells with high-quality DNA plasmids, 
both of which were prepared under GMP standards and have completed all requisite safety testing. The 
mRNAs that encode the TALEN proteins are also made under GMP conditions, by in vitro transcription 
from high quality DNA plasmids. Other raw materials used in the manufacturing process are obtained at 
appropriate grades for use in manufacture of products for parenteral clinical use. Where materials of 
animal origin are used, certifications are obtained to ensure absence of risk from contamination with 
agents for transmissible spongiform encephalopathies. The raw materials used in the manufacture of 
UCART123 are research participant to detailed review by the FDA as part of the IND submission. 
 
The UCART123 cells are quality tested for identity, safety, purity, and potency. To be released for 
administration to research participants, the following criteria must be met: 
The UCART123 cells must have the same genetic identity as the original donor from whom the starting 
MNCs were derived. 
Cell viability. 
The UCART123 cell culture final product must be 97 percent TCRαβ-negative and at least ≥ 50 percent 
CAR+TCRαβ-negative. 
 
Safety is (and will be) assessed using sterility, endotoxin, mycoplasma, and viral testing, and genetic 
stability assays. In addition, potency assays such as cytotoxicity, cytokines secretion, and phenotypical 
characteristics will be performed. 
 
Cytotoxicity of UCART123 against cell lines and samples from primary AML and BPDCN research 
participant samples has been examined. The results obtained with cell lines indicate that after four hours 
of co-culture, there is approximately 45 percent cell lysis for MOLM-13 (an AML cell line derived from the 
peripheral blood of a 20-year-old patient) and 70 percent lysis for RPMI-8226. In studies that examined 
UCART123 in vivo activity against the cell line that showed the lowest level of cell lysis in vitro (MOLM-
13), however, a strong anti-tumor activity was observed, even at the lowest dose of UCART123, as 
shown by reduction of the tumor burden by bioluminescence imaging and increased survival of the 
treated mice. For primary BPDCN, the research participant sample examined both in vitro and in vivo 
displays an MFI that is less than 10,000, which is among the lowest of the samples tested. However, in 
vitro, there is a high level of specific lysis (80 percent) and strong in vivo anti-tumor activity. These 
findings suggest that UCART123 has significant activity even against cells with a lower MFI. To further 
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investigate the impact of CD123 expression level on UCART123 activity, one of the exploratory objectives 
in both the AML and BPDCN clinical studies is to investigate the potential relationship between baseline 
level of CD123 expression and clinical outcome. 
 
The expected mechanism of action of UCART123 is that UCART123 activation, driven by contact 
between its anti-CD123 CAR and the CD123 antigen, leads to eradication of CD123+ cells through T 
cell–mediated cytotoxicity and potentially proinflammatory cytokine production. UCART123 cells express 
RQR8 as a depletion mechanism. RQR8 is a 136 amino acid artificial cell surface protein combining 
antibody-binding epitopes from both human CD34 and human CD20 antigens. The CD20 epitopes 
present within the construct are recognized by the monoclonal antibody rituximab. Prior studies have 
shown that monoclonal antibodies can mediate anti-tumor effects by a variety of mechanisms, including 
direct induction of apoptosis, complement-dependent cytotoxicity, and antibody dependent cellular 
cytotoxicity. In vitro, in vivo, and clinical studies suggest that rituximab can act by all three mechanisms. 
 
The vector delivery system, (SIN) CD123CARrLV, is a self-inactivating recombinant lentiviral vector for 
ex-vivo gene therapy use that is produced and tested under GMP conditions. Its production is made 
pursuant to classical third-generation lentiviral vector manufacturing; production relies on multiply 
attenuated viral genome split among several (helper) plasmids, whereby the vector is generated by 
transient co-transfection of one vector encoding (expression) plasmid and three different helper plasmids 
into an established cell line. Helper 1 plasmid encodes HIV-1 gag and pol, helper 2 plasmid encodes HIV-
1 rev, and helper plasmid 3 encodes a pseudotype envelope. The expression plasmid, pCLS27322, 
contains a cassette coding for the CD123CAR as well as the RQR8 depletion mechanism. Maps of the 
expression plasmid and the lentiviral vector were provided, as were details of the individual plasmids, 
sequences, and components comprising the vector. The response also includes a detailed description of 
the components of the anti-CD123 CAR sequence, the recombinant fusion protein incorporated in the 
final CAR construct, and the construct assembly and sequencing processes. (The construct encoding the 
fusion protein is generated by gene synthesis and cloned in a high-expression mammalian vector in a 
proprietary process.) 
 
Results of in vitro primary and secondary pharmacology and in vitro toxicology studies were provided in 
the response memo and are included in the non-clinical section or the core of the application. Data 
demonstrate the specificity and functionality of the CD123CAR through a CD123 antigen-dependent 
cytotoxicity assay and a cytokine secretion assay, the molecular and functional inactivation of the TRAC 
gene, and the elimination of RQR8+ cells by rituximab. Data for predicted off-target TALEN activity and 
results of karyotype analysis also were provided, as were the release specifications for HEK293-T cell line 
used in vector manufacturing.   
 
A detailed description of the plasmids encoding TALENs and the development, sequence, and 
manufacture of the high-quality grade TALEN plasmid construct was provided. The process involves 
mRNA vectorization, which is suited to transiently express TALEN into T cells. TALEN coding sequences 
were introduced into plasmids downstream of the T7 promoter. To improve TALEN expression, Cellectis 
investigated post-transcriptional control elements and determined that introduction of the hemoglobin 
alpha 3’ untranslated region increased TALEN efficiency upon expression in T cells (an internal report is 
available on request). An efficient expression is also dependent on the presence of a poly(A) tail at the 3’ 
end of the mRNA. A poly(A) stretch [poly(A) tail] was introduced downstream of the TALEN coding 
sequence. A 120 adenosine-long tail was the longest stretch tested that did not impair plasmid integrity 
[longer poly(A) stretches were unstable]. The restriction site SapI was introduced directly downstream of 
the poly(A) as it allows linearization of the plasmid right after the last adenine base of the polyA stretch, 
before a T7-driven in vitro transcription. Maps of the two plasmids used to produce TALEN mRNA TCR 
synthesis were provided; the sequences are considered proprietary information. A summary of the 
multiple assessments done for quality control of the DNA plasmids for the TALEN TCR was included in 
the memo and the current application. Complete detailed information is confidential and proprietary to the 
TALEN mRNA manufacturer; this information will be submitted to the FDA for assessment at the time of 
the IND application. 
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The major risk associated with TALEN-mediated gene editing is off-target cleavage. To mitigate this 
potential risk, the TRAC TALENs are introduced into the cells during the production process by 
electroporation of mRNA, resulting in only a transient expression of the nuclease. Further, TRAC TALENs 
were designed to minimize off-target cleavage by choosing target sites that differ from other sites in the 
human genome by three or more positions at either half site. Internal studies that examined more than 
15,500 TALEN/target combinations have demonstrated that the presence of at least three mutations 
(DNA target/TALEN) significantly impacts or eliminates nuclease activity.  
 
Potential translocations between an on-target cleavage site and a potential off-target cleavage site are a 
concern and will be closely monitored. Translocations occur as the result of erroneous repair of two DSB 
present within a cell at the same moment. An increased risk of a TCR/oncogene translocation might be 
expected if a frequent DSB is generated within TCR-translocated oncogene partners. Potential TALEN 
off-target sites were identified by in silico analysis using a proprietary algorithm based on an experimental 
model of the specificity of repeat variable di-residue (RVD)/nucleotide associations. TCR-translocation 
oncogene partners, TLX1, TLX3, LMO1, LMO2, TAL1, TAL2, MYC, LCK, TCL1A, HOXA and NOTCH1, 
were not identified, however, in the most probable off-target sites that are monitored by deep sequencing. 
Unbiased genome-wide analysis is being performed to identify potential off-target sites not predicted by 
the algorithm. In addition, the presence of clinically relevant translocations will be monitored in both 
UCART19 and UCART123 by cytogenetic analysis of edited populations. 
 
Potential synergistic genotoxicity between lentiviral insertions and TALEN induced changes, including 
translocations, could theoretically occur by (1) the preferential lentiviral insertion into a locus where 
TALEN-induced DSB would occur and that could potentially result in a genotoxic event; (2) TALEN-
induced off-target DSB within the integrated lentiviral insertion, leading to potential translocations; and (3) 
synergistic genotoxicity due to a lentiviral insertion and TALEN off-target induced changes. To address 
the first theoretical scenario, the UCART cell manufacturing process was designed so that the lentiviral 
transduction and the introduction of TALEN mRNA are separated in time to limit potential synergistic 
genotoxicity resulting from these events occurring simultaneously. As for the second theoretical scenario, 
translocations are known to occur as the result of erroneous repair of two DSB present within a cell at the 
same moment, as noted above. The absence of an off-target site within the lentiviral vector suggests that 
there is a very low probability of a translocation event between lentiviral insertions and an on-target break 
and thus is not specifically measured. For the third scenario, although existing experience suggests that 
the individual risks of T cell transformation following a lentiviral insertion or gene disruption are low, there 
is still a theoretical potential that the combined modifications introduced in UCART123 could lead to cell 
transformation. Results of in silico analysis to identify off-cleavage sites and use of unbiased genome-
wide analysis to identify potential off-target sites not predicted by a proprietary algorithm are discussed 
above. An IL-2 independent proliferation assay will also be performed to assess for potential 
transformation events, as described below. 
 
The inactivation of the TRAC gene prevents the cell surface expression of the TCRαβ complex, 
eliminating TCR-mediated recognition of histocompatibility antigens that can lead to GVHD. The 
investigators noted that the UCART123 and UCART19 constructs use the same TALEN-mediated 
inactivation of TRAC. Utilization of TALEN to inactivate the TRAC gene is very efficient, resulting in the 
inactivation of 91 percent of TRAC alleles and the generation of a large majority of cells that no longer 
express TCRαβ. However, to further enrich for TCRαβ–negative cells, a purification step is performed at 
the end of the cell manufacturing process. This step involves the depletion of remaining TCRαβ-positive 
cells through the use of TCRαβ paramagnetic beads and a depletion column, with ≤ 3 percent TCRαβ-
positive cells as a release criterion. 
 
UCART123 cells generated through TALEN inactivation followed by depletion of remaining TCRαβ-
positive cells have been tested in a xenogeneic mouse model, the NSG mouse model. The model allows 
for the efficient engraftment of human T cells and has been previously shown to consistently develop 
xenogeneic GVHD following injection of human PBMCs or human T cells. In one study, NSG mice were 
given a single intravenous injection of UCART123 or related unmodified T cells (controls). All UCART123-
treated and control mice survived until the end of the study. All mice injected with unmodified T cells 
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showed treatment-related changes suggestive of GVHD (weight loss, histopathological changes) with 
dose-relationship in severity and time of onset. In contrast, UCART123-treated mice did not display any 
significant difference in body weight compared to control untreated animals. Further, no histopathological 
changes associated with GVHD were observed in the mice given the UCART123 cells. 
 
Despite the use of specific criteria for TALEN design, potential off-target sites have been predicted by 
proprietary software based on an internally developed algorithm. A total of 25 potential off-target sites 
resulting from this analysis were chosen and analyzed by deep sequencing of T cells following 
transfection of TRAC TALEN. These 25 sites represent the top 15 sites, based only on the likelihood of 
cleavage, plus the 10 next most likely cleavage sites that are located within a coding sequence. 
 
Off-target cleavage is monitored by deep sequencing. UCART123 cells obtained from four independent 
production runs produced at manufacturing scale using research grade material (pilot batches) have been 
analyzed for off-target cleavage. Analysis of the 25 potential off-target sites in each of the UCART123 
samples indicate no significant levels of off-target cleavage within these predicted sites. The threshold 
level is defined as a level of off-target superior to 0.5 percent between the UCART123 at day 19 (end of 
production) and day 4 (prior to TALEN electroporation) at each of the 25 predicted off-target sites. The 
level of significance (0.5 percent) is derived from the maximum background level of false positive non-
homologous end joining (NHEJ) events measured by Illumina sequencing on amplicons from control cells 
(i.e., those not treated with TALEN) as determined over multiple sites and sequencing batches. To 
minimize the risks associated with TALEN-mediated gene editing, the 25 potential off-site targets will 
undergo karyotype following each GMP production run, with that analysis serving as a release criterion. 
 
Per the FDA’s advice during the pre-IND meeting, an unbiased genome-wide analysis (Guide-SEQ) has 
been initiated. Results will be reported to the FDA for review as part of the IND application. To further 
evaluate genetic stability, a karyotype analysis has been performed on development batches of 
UCART123. The karyotype analysis examined a total of 100 metaphases per sample. Eighty metaphases 
were screened for aberrations of the TRAC chromosomal locus (14q11.2), the ploidy level, and the modal 
chromosome number as well as the detection of any gross structural abnormalities including chromosome 
breaks and gaps among others (e.g., dicentrics, acentric fragments, double minutes). Twenty additional 
metaphases were karyotyped according to the International System for Human Cytogenetic 
Nomenclature (ISCN) based on their G-banding pattern for the detection of any specific structural 
chromosomal aberration including deletions, translocations involving 14q11.2 or others, inversions, 
duplications, and additions. 
 
To mitigate the risk of malignant cell transformation, an IL-2–independent proliferation assay will be 
performed with UCART123 following each good manufacturing practice (GMP) production run. A similar 
assay has been previously described. The IL-2–independent proliferation assay was developed to 
demonstrate the non-ability of the UCART123 product to proliferate in vitro in the absence of IL-2 
cytokine. The absence of unwanted autonomous proliferation of genetically modified UCART123 is used 
to demonstrate the absence of aberrant transformation of modified cells, which could lead to clonal 
expansion and risk of tumorigenicity. In this assay, UCART123 cells are cultured after thawing in the 
absence of cytokines and target antigen. These conditions are insufficient for growth of normal primary 
human T cells. As a positive control, UCART123 are co-cultured in the presence of target CD123+ 
irradiated cells and IL-2. Cells are incubated in triplicate under these two conditions for 18 days. At the 
end of the assay, the number of viable cells at day 18 will be compared to the number of viable cells at 
day 0. The ratio of cell numbers between the last and the first day must be less than or equal to 1 for 
there to be an absence of proliferation. 
 
Analysis of post-thaw UCART123 drug product from more than 30 development and pilot batches has 
consistently shown no proliferation in the absence of IL-2 and CD123-positive target cells. More detailed 
analysis of total cell numbers performed on a subset of these experiments indicates that in the absence of 
IL-2 and CD123-positive target cells, UCART123 cell numbers decrease dramatically by day 6. This 
assay will be performed on every GMP run and is a release criterion. The risk of clonal expansion and 
eventual tumorigenicity may also be limited by the allogeneic nature of UCART cells. Because UCART 
cells are allogeneic to the research participant, it is expected that the cells will be rejected by the immune 
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system of the research participant following recovery from the lymphodepleting pre-conditioning and/or 
other treatments. The presence of RQR8 in both UCART19 and UCART123 may also provide a 
mechanism of eliminating the cells. In addition, research participants will be followed per FDA guidelines 
for 15 years to gather clinical and laboratory information on the potential impact of the gene editing on 
infused T cells. 
 
All UCART123 pilot and GMP runs and all (SIN)-CD123CARrLV batches (supernatant and end of 
production cells) tested to date using the QFPERT assay were found to be RCL negative. The 
UCART123 GMP runs are under final quality control; results will be filed with the FDA at the time of 
submission of the IND application. 
  
To examine the potential recognition (binding) of CD123 on normal tissues, a tissue cross-reactivity study 
was performed utilizing components of the CD123CAR fused to a mouse IgG1 Fc fragment (K43scFv-Fc). 
The recognition of human CD123 by this fusion protein was validated prior to the study. This fusion 
protein was shown to recognize CD123 antigen at the surface of CD123-expressing cells (MOLM-13 and 
RPMI-8226), while no staining was observed in cells that do not express CD123. In addition, this fusion 
protein was validated by immunohistochemistry against CD123-positive and -negative tissue samples 
from the tonsil and liver parenchyma, respectively. Following this validation, a panel of 37 normal human 
tissues was assayed in compliance with Good Laboratory Practices (GLP). For each tissue in the panel, 
at least three sections from three unrelated donors were assayed. Expression using this panel is 
consistent with the known expression pattern of CD123, as seen in monocytes, a subset of dendritic cells, 
and endothelial cells. 
 
The initial result for CFU formation in normal cord blood (CB) samples has been expanded and now 
includes more than 10 different donors (vs. four prior donors initially presented). A reduction in myeloid 
colony formation in UCART123-treated CB samples compared to controls was only observed at the 
highest effector-to-target (E:T) dose. However, higher levels of cytotoxicity were observed over a large 
range of E:T ratios against primary AML samples. These results suggest a “minimal toxicity” against 
myeloid progenitor when compared to the activity observed against AML primary cells. 
 
VI. Review and Discussion of Human Gene Transfer Protocol 1610-1548: Phase I, Open Label 

Dose-Escalation and Expansion Study to Evaluate the Safety, Proliferation, Persistence and 
Clinical Activity of a Single Dose of UCART123 (allogeneic engineered T cells expressing 
anti-CD123 chimeric antigen receptor), Administered in Patients with Relapsed/Refractory 
Acute Myeloid Leukemia, and Patients with High-Risk Newly Diagnosed Acute Myeloid 
Leukemia 

 
 Presenters:  David Sourdive, Ph.D., Cellectis 

Julianne Smith, Ph.D., Cellectis 
Gail Roboz, M.D., Weill Cornell Medical College 

 
RAC Reviewers:  Drs. Cho, DiGiusto, Porteus, and Donahue 

 
A. Protocol Summary 
 
UCARTs are off-the-shelf allogeneic T cells that are genetically engineered to target tumor-associated 
antigen and to carry specific additional features to make them suited for a particular clinical use. Two 
UCART products, UCART19 and UCART123, have been developed by Cellectis under the framework of 
collaborations with Weill Cornell, MD Anderson, and Pfizer. Both products stem from the same UCART 
platform. UCART123 is the second investigational new drug being developed by Cellectis. Prior to 
development of UCART123, Cellectis developed UCART19, an engineered human T cell product for the 
treatment of CD19-expressing hematologic malignancies, initially developed for the treatment of CLL and 
ALL. Three clinical trials are ongoing in the United Kingdom for clinical development of UCART19. Three 
clinical trials involving these two products were selected for in-depth RAC and public review during the 
current RAC meeting. Protocols 1547 and 1548 pertain to UCART123 in BPDCN and AML, respectively, 
while Protocol 1549 pertains to UCART19 in B-ALL. 
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AML is the most common type of acute leukemia in adults and accounts for the largest number of annual 
deaths from leukemia in the United States. The majority (55 percent) of new cases occur in patients over 
65 years, and the median age at diagnosis is approximately 70 years. Overall five-year survival in 
patients under 60 years is about 40 percent and less than 10 percent for older patients. Outcomes for 
younger patients have improved somewhat during the last three decades, mostly due to advances in 
supportive care, but the very poor outcomes for older patients have remained essentially unchanged. 
Most patients with AML experience disease relapse, including those who achieve initial complete 
remission.  
 
Growing preclinical evidence and clinical data demonstrate that CD123/IL-3Rα is over-expressed in 
leukemia stem cells in the majority of patients with AML. Given this finding, coupled with the unmet 
medical need for patients with AML, clinical investigation has identified targeting CD123 as an attractive 
potential for novel therapy given its accessibility as a target (surface marker) and differential expression in 
AML patient cells (i.e., it is markedly over-expressed on AML blasts as compared to normal hematopoietic 
stem cell compartment). This over-expression on AML blasts results in CD123 as an attractive therapeutic 
target for patients with this disease. 
 
The proposed Phase I open-label dose-escalation trial will assess the safety and tolerability of 
UCART123 administered to adult research participants (age 18–70) with relapsed/refractory or newly 
diagnosed AML and to determine the recommended Phase II dose of UCART123. The secondary 
objective of this protocol is to assess the efficacy of UCART123 in this research participant population. 
The investigational agent in this application, UCART123, is a genetically modified allogeneic T cell that 
expresses a CAR specific for CD123. Unlike many other CAR T cell strategies that use autologous T cell 
transplantation, this proposal will use T cells from allogeneic healthy donors that are engineered to be 
directed/targeted against CD123. The investigational product is transduced with a recombinant third-
generation SIN lentiviral vector encoding a second-generation CAR (scFv-4-1BB-CD3ζ) directed against 
CD123 (CD123CAR) and a new safety switch or depletion mechanism RQR8 combining epitopes from 
both CD34 and CD20 antigens. The first phase of the protocol will be a dose-escalation arm that will test 
three doses of UCART123 after lymphodepletion with fludarabine and cyclophosphamide. The initial dose 
of 6.25 × 105/kg was chosen based on previously-used doses of other CART treatments; the second and 
third doses will be 1.25 × 106/kg and 6.25 × 106/kg, respectively. The second phase will be a dose 
expansion to up to 60 research participants. Research participants will be followed until disease 
progression, death, or withdrawal from the study, whichever comes first. Research participants enrolled 
onto the dose-finding phase of the study must have an available donor for a potential allogeneic bone 
marrow transplant (including matched related or unrelated donor, cord blood, or haploidentical donor), in 
the event of persistent marrow aplasia without evidence of residual leukemia. 
 
B. Written Reviews by RAC Members 
 
Four RAC members provided written reviews of this proposed study. 
 
Dr. Cho noted that available data from clinical studies using UCART19 come from three research 
participants treated under unlicensed medicinal products authorization in the United Kingdom, as also 
described in her review of protocol 1610-1547 above. 
  
Dr. Cho had the following additional specific comments and questions regarding the protocol: 

• The redacted data include in particular the assessment of genotoxicity and transformation 
potential of TALENs. Data to show the “absence of IL-2 independent proliferation” are not 
provided. 

• It is not clear where T cells from “healthy donors” will be obtained or how donor cells will be 
tested. 

• Basic information on where research participants will be recruited, by whom, and where they will 
receive clinical care and participate in research procedures was not provided. 

• The meaning of the statement, “No information concerning the study or the data will be released 
to any unauthorized third party without prior written approval of the sponsor,” is not clear. In 
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addition, further detail is needed regarding “study monitors or other authorized representatives of 
the sponsor” who “may inspect all study documents and records required to be maintained by the 
investigator…” 

 
The following additional comments and questions were raised about information in the preclinical 
package: 

• How “significant level” of off-target cleavage of TALENs is defined needs to be clearly delineated. 
• An IL-2 independent proliferation assay has been proposed to assess risk of malignant cell 

transformation, but supporting data for this assay is not shown. 
• No data on binding to CD123 in normal human tissues are shown. 
• Toxicity of UCART123 to normal myeloid cells in vitro was said to be “minimal,” but CFU 

formation was reduced by almost 50 percent in two of three assays at different T:E ratios. 
 
Clarification is needed regarding the following points in the ICD: 

• It is not clear why being pregnant or deciding to father a child disqualifies a research participant 
from follow-up. 

• The document should state clearly that the T cells used for this study are from an unmatched 
donor or explain why it is important that some cells will still have their T cell receptors. 

• Potential risks and side effects associated with the investigational product need to be more 
clearly explained, specifically in reference to “mild skin disorder” and “severe involvement of the 
skin, liver and gut.” 

• The document should clarify what the meaning of the optional procedures was in the ICD. Dr. 
Cho later added that she thought this issue was clarified by adding that the optional procedures 
involve bio-banking, which is a separate activity from the clinical protocol.    

 
Dr. DiGiusto identified safety concerns for the investigational product, including donor sourcing, quality of 
raw materials, and potential for replication competent virus, viral vector integration mediated 
toxicity/tumorigenicity, toxicity/tumorigenicity related to off-target modification of genome, GVHD, and 
cytokine storm related toxicity upon infusion. The manufacturing processes are consistent with current 
standards for manufacturing a product of this type and, in general, the product should meet FDA 
expectations for safety and efficacy. A split packaging cell line reduces the risk of generating replication 
competent lentivirus, and the inclusion of an in vivo mechanism for UCART depletion (RQR8) adds an 
additional level of safety. The extent of redacted information makes it very difficult to assess the safety 
and risks associated with the study agent and thus with participation in this clinical trial.  
 
Dr. DiGiusto had the following specific comments and questions about the preclinical package: 

• The cytotoxicity data do not seem concordant with a high level of killing. 60 percent of cells were 
viable at four hours, but the time at which 60 percent lysis occurred is not specified. Cell line data 
suggest that primary tumor samples with a mean fluorescent intensity (MFI) less than 10,000 are 
not likely to be killed. Three of eight primary BPDCN samples, for example, had a CD123 MFI 
less than 10,000. In addition, the data presented indicate that cell lysis was very incomplete. 
These results raise questions about utility of the treatment and research participant inclusion 
criteria. Greater detail is needed to allow assessment of the safety of the product. 

• UCART123 stimulated by CD123+ tumor cells were shown to secrete high levels of IFNγ in 
culture supernatants. It is not clear whether this is the proposed mechanism of action of 
cytotoxicity, however. 

• There should be a clear statement as to whether complement-mediated cell killing or antibody-
dependent cell-mediated cytotoxicity is the main mechanism of depletion of UCART123 cells. 
 

Dr. Porteus had the following comments and questions: 
• It is nearly impossible to assess the genotoxicity data that the sponsor has generated for the 

TALEN-mediated knockout of TRAC as it has all been redacted. The sponsor claims that analysis 
of bioinformatically identified off-target sites and translocation frequencies have been quantified, 
but these data were redacted. In addition, the fraction of T cells becoming TCR-negative after 
TALEN treatment is not shown, and the percentage of cells that remain TCR-positive after the 
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second sort is not provided, although the text indicates that the release criteria show that 
percentage to be less than 3 percent. 

• The possibility of T cell transformation is not discussed adequately as a DLT or in the consent. 
While presumably rare, this is a potentially unique DLT of the modified cells and may be more 
likely as more cells are infused. In addition, there are no stopping criteria or indications of how the 
sponsor would handle such an event if it occurred. Further, transformation is not listed as a SAE. 

• The sponsors do not report any analysis of the possibility/frequency of translocations between 
TCR and known TCR-oncogene fusion partners. Such a list can easily be found in relevant 
databases. 

• The sponsors also do not report any analysis of potential synergistic genotoxicity between 
lentiviral insertions and off-target TALEN-induced changes, including translocations. Dr. Porteus 
inquired as to whether translocations can occur between lentiviral insertions and the on-target 
break and, if so, should such an occurrence be measured. 

• There is no discussion of biobanking samples for potential retrospective analysis of the genome if 
a transformation event occurs. 

• The sponsor presents evidence that UCART123 should not cause hematopoietic stem cell (HSC) 
aplasia, but the risk mitigation plan (including back-up autologous marrow or having a readily 
available allogeneic donor) is not fully discussed. Criteria for irreversible bone marrow aplasia 
should be better discussed in both the proposal and consent. 

 
Dr. Donahue found the proposed protocol thoughtful and noted that it incorporates many safeguards and 
results of other studies in the published literature that describe adverse events with CAR T cells. The 
dosing regimen and incorporation of long-term follow-up into the primary study design are reasonable. 
Inactivation of the CAR T cells by rituximab is an important feature of the product. 
 
Dr. Donahue had the following comments and questions about the protocol and preclinical data: 

• The investigators need to disclose the redacted toxicity data, the predicted off-target TALEN 
activity, and the karyotype analysis data from the preclinical package or clarify where these were 
included in the clinical protocol but redacted in the preclinical package. 

• “Adequate organ function” needs to be more strictly defined in the study inclusion criteria. The 
investigators should consider being more strict in requiring normal function of key organs (lungs, 
heart, liver, kidney) in a Phase I study, given that many CAR T studies have shown fatal or near-
fatal events with any degree of organ impairment. 

• The investigators should consider excluding anyone with baseline impairment consistent with 
“greater than clinically significant, >Grade 3 non-hematological toxicity.” With this change, “pre-
existing” can be removed from the dose-limiting toxicity definitions. 

• How DLT is defined should be expanded so that any partial contribution of the treatment to a 
toxicity is considered (in addition to complete attribution of toxicity to the therapy) because 
clinically significant worsening of underlying organ dysfunction should be considered a toxicity of 
the study intervention. 

• Obtaining an ECG at a time point other than baseline should be considered. 
• The clinical study protocol mentions GVHD in two research participants treated with allogeneic 

CAR T cells targeting CD19. Clarification is needed as to whether the cited CD19 product has the 
same TALEN-mediated inactivation of TRAC that will be used in the proposed trial to achieve 
immune evasion. 

• Preclinical data show 91 percent disruption of TRAC, but data indicating that this is a sufficient 
level of inactivation to allow use of the planned allogeneic product are not provided. 

• The protocol needs to clarify that research participants will still be tracked for toxicity to the best 
extent possible if they withdraw or if they are withdrawn from the study; the latter is particularly 
important given the possibility of study bias from selective withdrawal of research participants. 
Statements that “the investigator and/or sponsor can [remove] a research participant from the 
study at any time for any reason” should be revised so that the phrase “at any time for any 
reason” is deleted and that provisions and language allowing the sponsors to interfere with the 
study are removed. 
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• The study withdrawal criteria need to clarify the difference between “newly developed exclusion 
criteria” or “clinical adverse events” and product-related toxicity. The current design allows 
removal and exclusion of research participants with potential product-related toxicity and is not 
consistent with the study design of a single upfront therapy and only clinical follow-up after the 
initial therapy. 

• It was not clear whether a reference in the clinical protocol to “recurrence” of [a condition] not 
present at baseline should instead be “occurrence” of [a condition] not present at baseline. 
 

Dr. Donahue had the following additional comments and questions about the ICD: 
• The document should be reviewed so that specific phrasing and the overall document read at a 

level understandable by all in the target audience. This is particularly relevant to discussions of 
the product and its expected mechanism of action and the description of GVHD. 

• The discussion of the study timeframe mentions four phases: screening, study agent 
administration, follow-up, and long-term follow-up. The accompanying table does not address the 
screening phase, however. In addition, the follow-up phases should specify the respective 
timeframes to clarify when/how one transitions from follow-up to long-term follow-up and how long 
the long-term follow-up period lasts. The table should be reformatted so that it is all on the same 
page. 

• Screening criteria on echocardiography should be clarified. The meaning, or a clearer description 
of, “the abnormalities of the lining of your heart” is needed. The purpose of the echocardiography 
should be clearly stated. 

• The statement on the benefit of the study drug should be removed or rephrased in this Phase I 
trial, where there should be no expectation of benefit from the study drug. 

• The study assessments table should have its own page and should be expanded in size so that it 
is legible. 

• Language regarding the length of participation should be rephrased to indicate that the 15-year 
study follow-up is mandated by the FDA and that this should not be taken as any indication of 
product efficacy/therapeutic benefit or expected survival. This should be consistent throughout 
the ICD. 

• In the discussion of CRS, lung and heart failure should be added as potential risks. Use of a 
respirator is mentioned, but the reason why a respirator might be needed is not specified. 

• The section on on-target/off-tumor toxicity and GVHD should describe each of the potential 
consequences of expected problems in lay language (similar in complexity to descriptions for 
CRS and tumor lysis). 

• The document needs to explain clearly that screening tests to determine eligibility to participate in 
the study are not standard of care. In addition, the document needs to explain why taking part in 
the research would lead to additional costs that it appears will not be covered (i.e., will 
participants be responsible for these costs; if so, state why). 

• Language regarding withdrawal of consent needs to specify that while the research participant 
may withdraw from the study, the CAR T cells will remain in the research participant unless the 
investigators plan to remove these cells on withdrawal. 

 
C. Investigator Response 
 

1. Written Responses to RAC Reviews  
 
The investigators thanked the reviewers for their careful and constructive review of the application. 
 
Research participants will be recruited to the dose-escalation portion of this study by the Leukemia 
Program faculty at Weil Cornell Medicine and the New York Presbyterian Hospital in New York City. The 
dose-finding arm will be conducted at this center only. The dose-expansion phase of the trial is expected 
to open in five to 10 centers in the United States with expertise in leukemia and cellular therapies. These 
sites are currently under selection. The same sites will be used for both the AML and BPDCN studies, to 
gain experience with the drug and with safety management. The institutions will be selected based on 
their experience in the fields of leukemia and cellular therapies, as well as by their ability to assemble a 
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multidisciplinary team of transplant physicians, ICU staff, and neurologists to work closely with the 
principal investigator and study team. 
 
Research participant data will be held in strict confidence, as explained in the Research participant 
Confidentiality section of the protocol. References to release of data to an unauthorized third party (only 
with prior written approval of the sponsor) will be deleted. In addition, the protocol has been revised to 
state that monitoring for this study will be performed by the sponsor’s CRO contractor and that the 
monitor will evaluate study processes and documentation based on sponsor standards and the ICH GCP 
guidelines. 
 
The T cells used to produce the UCART123 agent are sourced from a blood bank located in California 
that has a license from the FDA for collection of whole blood and allogeneic leucocytes/granulocytes from 
automated aphaeresis and for storing and distribution to third parties. The blood bank also holds licenses 
from the FDA and the State of California for the collection, storage, and manufacture of multiple human 
cells, tissues, and products and for the production of biologics. In addition, the blood bank has a 
California Clinical Laboratory License, an AABB accreditation for cell therapy activity, and a CLIA 
certificate of accreditation for hematology testing.  
 
The blood bank collects fresh MNCs by leukapheresis from healthy volunteer donors. Procurement and 
collection are performed in compliance with U.S. regulatory requirements in accordance with 21 CFR 
Parts 1270 and 1271 and industry guidelines, Cellectis’ project-specific donors’ requirements set up to 
ensure maximum consistency of this starting material, and IRB-approved information and consent forms 
applicable for this project. Screening tests on potential donors are performed no more than 14 days prior 
to MNC collection. On the day of collection, all donors are asked whether they have had a fever, flu 
symptoms, or any type of infectious illness in the prior two weeks and whether they are feeling well and 
healthy that day. The specific tests performed the day samples are procured are listed in the response to 
the reviewers' comments. The combination of these questions, the physical examination on the day of 
procurement, and the test results from prescreening are designed to rule out the possibility of infectious 
toxoplasma or EBV on the day of collection. Approximately 90 percent of donors will test positive for 
previous exposure to EBV. If a donor tests negative for all EBV antibodies during prescreening, retesting 
on the day of collection would be done.  
 
Adequate organ function, including renal, hepatic, pulmonary, and cardiac function, will be assessed 
during the screening period and are required for trial participation, per the criteria below: 

• ALT or AST below 3 × ULN or below 5 × ULN for research participants with liver involvement of 
leukemia, 

• Total bilirubin below 2 × ULN (except with documented history of Gilbert’s Syndrome), 
• Creatinine clearance of at least 30 mL/min (assessed as GFR using the Cockcroft and Gault 

formula), 
• LVEF of at least 45 percent as assessed by ECHO or MUGA scan, and 
• Pulmonary function tests within normal limits. 

 
The eligibility criteria will be amended as suggested to exclude anyone with baseline impairment 
consistent with “greater than clinically significant grade >3 non-hematological toxicity.” An ECG will be 
added to day 28–35 and day 56 visits/time points. 
 
The investigators agree with the reviewers that the criteria for DLT should be expanded to include 
consideration of any partial contribution of the therapy to a toxicity (in addition to complete attribution of 
toxicity to the therapy). As indicated in the protocol, any new clinically significant conditions and/or 
clinically significant worsening of any conditions will be captured as adverse events. The relationship to 
the study drug will be assessed by the investigator.  
 
Adverse events and unacceptable toxicities are monitored throughout the duration of the study. In 
addition, the long-term (15-year) follow-up includes monitoring for the absence of replication-competent 
virus for 15 years. The ICDs for UCART123 for both the AML and BPDCN clinical studies mention the 
development of a new malignancy related to the genetic modification of T cells as a possible risk and side 
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effect following infusion of the study product. Malignant transformation following lentiviral transduction and 
gene edition is mentioned in the protocol as a potential risk but is not listed as an SAE or a separate DLT. 
However, genotoxicity of any type or any grade is to be reported immediately to the sponsor as an 
adverse event of special interest. As stated in the protocol, “Any other unacceptable toxicity encountered 
which in the view of the investigator or the DSMB qualifies for a DLT.” The sponsor is willing to add 
reporting of any genotoxicity or tumorigenicity as an SAE in the safety risk section of the protocol. 
 
The investigators identified the multiple sections in the protocol that acknowledge potential 
myelosuppression, provide a risk mitigation plan, and identify the criteria for irreversible marrow aplasia 
(e.g., under Benefit/Risk Assessment, Safety Risks, and Supportive Care Measures). The consents 
mention risks of infection and low blood cell counts, which can be related to the disease treatment and 
will be revised to reflect the information and courses of action in the respective sections of the protocol. 
 
The investigators agreed with the reviewers that being pregnant or deciding to father a child should not 
disqualify a research participant from follow-up. This criterion will be removed from the protocol and 
consent. The possible risks and side effects section of the ICD already includes information about 
potential for development of a new malignancy related to the genetic modification of T cells. 
 
The team has gone through the ICD to simplify more complex terminology and statements using lay 
language. Information about the follow-up phases has been made consistent with the protocol, and the 
table of assessments has been revised to include screening assessments and to specify when 
assessments are done. The section describing the study agent and the source of the cells now states, 
“UCART123 is a new, investigational form of treatment against white blood cells and bone marrow 
cancer. This study product is manufactured with healthy immune system cells, called T cells, taken from 
healthy donors. The T cells are changed in the laboratory to be able to target a molecule called CD123, 
which is present on the surface of cancerous cells. In the laboratory the healthy donor T cells are also 
engineered to make them work in any patient.”  
 
The consent has also been revised to inform participants when and how UCART123 may need to be 
destroyed and when a bone marrow transplant may be needed. The terms “mild skin disorder” and 
“severe involvement of the skin, liver and gut” have been replaced with language that clearly describes 
the side effects associated with these events (in the section on GVHD). In addition, the consent clarifies 
that if participants withdraw or are withdrawn from this study, the UCART123 cells remain in their body 
unless they and their physician decide to remove them. Statements regarding potential for direct benefit 
have been deleted. Language has been added to specify that the sponsor will pay for screening 
assessments not part of the standard of care and that participants may have additional costs, such as 
those related to travel to or parking at the study center, which they may have to cover themselves. 
 
The other specific changes to the ICD were included in the written response to the reviewers’ comments. 
 
The investigators provided the following information in response to questions about redacted or limited 
data and supporting material: 
 
The key starting materials in UCART123 manufacture are MNCs and the viral vector used to transduce 
the cells with genes for the expression of the CD123-targeted CAR and the RQR8 epitope. The mRNAs 
with which the cells are treated to induce expression of the TALEN proteins that mediate gene disruptions 
are also critical raw materials. The viral vector is manufactured to GMP according to a standard protocol 
based on transfection of HEK293T cells with high-quality DNA plasmids, both of which were prepared 
under GMP standards and have completed all requisite safety testing. The mRNAs that encode the 
TALEN proteins are also made under GMP conditions, by in vitro transcription from high-quality DNA 
plasmids. Other raw materials used in the manufacturing process are obtained at appropriate grades for 
use in manufacture of products for parenteral clinical use. Where materials of animal origin are used, 
certifications are obtained to ensure absence of risk from contamination with agents for transmissible 
spongiform encephalopathies. The raw materials used in the manufacture of UCART123 are research 
participant to detailed review by the FDA as part of the IND submission.  
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The UCART123 cells are quality tested for identity, safety, purity, and potency. To be released for 
administration to research participants, the following criteria must be met: 

• The UCART123 cells must have the same genetic identity as the original donor from whom the 
starting MNCs were derived. 

• Cell viability. 
• The UCART123 cell culture final product must be 97 percent TCRαβ-negative and at least 50 

percent CAR+TCRαβ-negative. 
 
Safety will be assessed using sterility, endotoxin, mycoplasma, and viral testing, and genetic stability 
assays. In addition, potency assays such as cytotoxicity, cytokines secretion, and phenotypical 
characteristics will be performed.  
 
Cytotoxicity of UCART123 against cell lines and samples from primary AML and BPDCN research 
participant samples has been examined. The results obtained with cell lines indicate that after four hours 
of co-culture, there is approximately 45 percent cell lysis for MOLM-13 and 70 percent lysis for RPMI-
8226. In studies that examined UCART123 in vivo activity against the cell line that showed the lowest 
level of cell lysis in vitro (MOLM-13), however, a strong anti-tumor activity was observed, even at the 
lowest dose of UCART123, as shown by reduction of the tumor burden by bioluminescence imaging and 
increased survival of the treated mice. For primary BPDCN, the research participant sample examined 
both in vitro and in vivo displays an MFI that is less than 10,000, which is among the lowest of the 
samples tested. However, in vitro, there is a high level of specific lysis (80 percent) and strong in vivo 
anti-tumor activity. These findings suggest that UCART123 has significant activity even against cells with 
a lower MFI. To further investigate the impact of CD123 expression level on UCART123 activity, one of 
the exploratory objectives in both the AML and BPDCN clinical studies is to investigate the potential 
relationship between baseline level of CD123 expression and clinical outcome.  
 
The expected mechanism of action of UCART123 is that UCART123 activation, driven by contact 
between its anti-CD123 CAR and the CD123 antigen, leads to eradication of CD123+ cells through T 
cell–mediated cytotoxicity and potentially pro-inflammatory cytokine production. UCART123 cells express 
RQR8 as a depletion mechanism. RQR8 is a 136 amino acid artificial cell surface protein combining 
antibody-binding epitopes from both human CD34 and human CD20 antigens. The CD20 epitopes 
present within the construct are recognized by the monoclonal antibody rituximab. Prior studies have 
shown that monoclonal antibodies can mediate anti-tumor effects by a variety of mechanisms, including 
direct induction of apoptosis, complement-dependent cytotoxicity, and antibody-dependent cellular 
cytotoxicity. In vitro, in vivo, and clinical studies suggest that rituximab can act by all three mechanisms. 
 
The vector delivery system, (SIN) CD123CARrLV, is a self-inactivating recombinant lentiviral vector for 
ex-vivo gene therapy use that is produced and tested under GMP conditions. Its production is made 
pursuant to classical third-generation lentiviral vector manufacturing; production relies on multiply 
attenuated viral genome split among several (helper) plasmids, whereby the vector is generated by 
transient co-transfection of one vector encoding (expression) plasmid and three different helper plasmids 
into an established cell line. Helper 1 plasmid encodes HIV-1 gag and pol, helper 2 plasmid encodes HIV-
1 rev, and helper 3 plasmid encodes a pseudotype envelope. The expression plasmid, pCLS27322, 
contains a cassette coding for the CD123CAR as well as the RQR8 depletion mechanism. Maps of the 
expression plasmid and the lentiviral vector were provided, as were details of the individual plasmids, 
sequences, and components comprising the vector. The response also includes a detailed description of 
the components of the anti-CD123 CAR sequence, the recombinant fusion protein incorporated in the 
final CAR construct, and the construct assembly and sequencing processes. (The construct encoding the 
fusion protein is generated by gene synthesis and cloned in a high-expression mammalian vector in a 
proprietary process.) 
 
Results of in vitro primary and secondary pharmacology and in vitro toxicology studies were provided in 
the response memo and are included in the non-clinical section or the core of the application. Data 
demonstrate the specificity and functionality of the CD123CAR through a CD123 antigen-dependent 
cytotoxicity assay and a cytokine secretion assay, the molecular and functional inactivation of the TRAC 
gene, and the elimination of RQR8+ cells by rituximab. Data for predicted off-target TALEN activity and 
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results of karyotype analysis also were provided, as were the release specifications for HEK293-T cell line 
used in vector manufacturing. 
 
A detailed description of the plasmids encoding TALENs and the development, sequence, and 
manufacture of the high-quality grade TALEN plasmid construct was provided. The process involves 
mRNA vectorization, which is suited to transiently express TALEN in T cells. TALEN coding sequences 
were introduced into plasmids downstream of the T7 promoter. To improve TALEN expression, Cellectis 
investigated post-transcriptional control elements and determined that introduction of the hemoglobin 
alpha 3’ untranslated region increased TALEN efficiency upon expression in T cells (an internal report is 
available on request). An efficient expression is also dependent on the presence of a poly(A) tail at the 3’ 
end of the mRNA. A poly(A) stretch [poly(A) tail] was introduced downstream of the TALEN coding 
sequence. A 120 adenosine-long tail was the longest stretch tested that did not impair plasmid integrity 
[longer poly(A) stretches were unstable]. The restriction site SapI was introduced directly downstream of 
the poly(A) as it allows linearization of the plasmid before a T7-driven in vitro transcription. Maps of the 
two plasmids used to produce TALEN mRNA TCR synthesis were provided; the sequences are 
considered proprietary information. A summary of the multiple assessments done for quality control of the 
DNA plasmids for the TALEN TCR was included in the memo and the current application. Complete 
detailed information is confidential and proprietary to the TALEN mRNA manufacturer; this information will 
be submitted to the FDA for assessment at the time of the IND application. 
 
The initial result for CFU formation in normal cord blood samples has been expanded and now includes 
more than 10 different donors (vs. four prior donors). A reduction in myeloid colony formation in 
UCART123-treated CB samples compared to controls was only observed at the highest E:T dose. 
However, higher levels of cytotoxicity were observed over a large range of E:T ratios against primary AML 
samples. These results suggest a “minimal toxicity” against myeloid progenitor cells when compared to 
the activity observed against AML primary cells. Although these results suggest that there is limited 
impact on normal myeloid cells, some myelosuppression may be expected with UCART123. The 
allogeneic nature of UCART123 may limit, in part, this risk. It is anticipated that UCART123 cells will be 
rejected by the immune system of the research participant following recovery from the lymphodepleting 
pre-conditioning and/or other treatment. During the clinical trial, research participants will be closely 
monitored. In case of non-hematopoietic recovery by day 56, characterized by the absence of blasts in 
the bone marrow upon adequate treatment with myeloid growth factors, treatment with rituximab to 
deplete UCART123 via the RQR8 cell surface protein will be triggered. Finally, in the dose-escalation 
portion of the study, eligible research participants will need to have an available donor identified prior to 
enrollment. In case of persisting aplasia, a hematopoietic stem cell transplant with the identified donor will 
be considered. 
 
The major risk associated with TALEN-mediated gene editing is off-target cleavage. To mitigate this 
potential risk, the TRAC TALENs are introduced into the cells during the production process by 
electroporation of mRNA, resulting in only a transient expression of the nuclease. Further, TRAC TALENs 
were designed to minimize off-target cleavage by choosing target sites that differ from other sites in the 
human genome by three or more positions at either half site. Internal studies that examined more than 
15,500 TALEN/target combinations have demonstrated that the presence of at least three mutations 
(DNA target/TALEN) significantly impacts or eliminates nuclease activity.  
 
Despite the use of specific criteria for TALEN design, potential off-target sites have been predicted by 
proprietary software based on an internally developed algorithm. A total of 25 potential off-target sites 
resulting from this analysis were chosen and analyzed by deep sequencing of T cells following 
transfection of TRAC TALEN®. These 25 sites represent the top 15 sites, based only on the likelihood of 
cleavage, plus the 10 next most likely cleavage sites that are located within a coding sequence. 
 
Off-target cleavage is monitored by deep sequencing. UCART123 cells obtained from four independent 
production runs produced at manufacturing scale using research grade material (pilot batches) have been 
analyzed for off-target cleavage. Analysis of the 25 potential off-target sites in each of the UCART123 
samples indicate no significant levels of off-target cleavage within these predicted sites. The threshold 
level is defined as a level of off-target superior to 0.5 percent between the UCART123 at day 19 (end of 
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production) and day 4 (prior to TALEN electroporation) at each of the 25 predicted off-target sites. The 
level of significance (0.5 percent) is derived from the maximum background level of false positive NHEJ 
events measured by Illumina sequencing on amplicons from control cells (i.e., those not treated with 
TALEN) as determined over multiple sites and sequencing batches.  
 
Four independent experiments have been performed utilizing UCART123 produced at manufacturing 
scale using research grade material (pilot batches). No clonal abnormalities were detected in three of the 
four samples analyzed. In one sample, a trisomy of chromosome X was detected in 2 clones out of 100. 
To better understand the origin of this abnormality, unmodified cells from an early time point in the 
production process were analyzed. Results obtained indicate the presence of the same clonal 
abnormality (trisomy of chromosome X in 3 clones out of 100). This result indicates that the chromosomal 
aberration existed in the cell population before the introduction of TALEN or transduction with the lentiviral 
vector. To minimize the risks associated with TALEN-mediated gene editing, the 25 potential off-target 
sites will undergo karyotype following each GMP production run, with that analysis serving as a release 
criterion. 
 
Per the FDA’s advice during the pre-IND meeting, an unbiased genome-wide analysis (Guide-SEQ) has 
been initiated. Results will be reported to the FDA for review as part of the IND application. To further 
evaluate genetic stability, a karyotype analysis has been performed on development batches of 
UCART123. The karyotype analysis examined a total of 100 metaphases per sample. Eighty metaphases 
were screened for aberrations of the TRAC chromosomal locus (14q11.2), the ploidy level, and the modal 
chromosome number as well as the detection of any gross structural abnormalities, including 
chromosome breaks and gaps among others (e.g., dicentrics, acentric fragments, double minutes). 
Twenty additional metaphases were karyotyped according to ISCN based on their G-banding pattern for 
the detection of any specific structural chromosomal aberration, including deletions, translocations 
involving 14q11.2 or others, inversions, duplications, and additions. 
 
Analysis of post-thaw UCART123 drug product from more than 30 development and pilot batches has 
consistently shown no proliferation in the absence of IL-2 and CD123-positive target cells. More detailed 
analysis of total cell numbers performed on a subset of these experiments indicates that in the absence of 
IL-2 and CD123-positive target cells, UCART123 cell numbers decrease dramatically by day 6. This 
assay will be performed on every GMP run and is a release criterion. The risk of clonal expansion and 
eventual tumorigenicity may also be limited by the allogeneic nature of UCART cells. Because UCART 
cells are allogeneic to the research participant, it is expected that the cells will be rejected by the immune 
system of the research participant following recovery from the lymphodepleting pre-conditioning and/or 
other treatments. The presence of RQR8 in both UCART19 and UCART123 may also provide a 
mechanism of eliminating the cells. In addition, research participants will be followed per FDA guidelines 
for 15 years to gather clinical and laboratory information on the potential impact of the gene editing on 
infused T cells. 
 
All UCART123 pilot and GMP runs and all (SIN)-CD123CARrLV batches (supernatant and end of 
production cells) tested to date using the QFPERT assay were found to be RCL negative. The 
UCART123 GMP runs are under final quality control; results will be filed with the FDA at the time of 
submission of the IND application. 
 
To examine the potential recognition (binding) of CD123 on normal tissues, a tissue cross-reactivity study 
was performed utilizing components of the CD123CAR fused to a mouse IgG1 Fc fragment (K43scFv-Fc). 
The recognition of human CD123 by this fusion protein was validated prior to the study. This fusion 
protein was shown to recognize CD123 antigen at the surface of CD123-expressing cells, while no 
staining was observed in cells that do not express CD123. In addition, this fusion protein was validated by 
immunohistochemistry against CD123-positive and -negative tissue samples from the tonsil and liver 
parenchyma, respectively. Following this validation, a panel of 37 normal human tissues was assayed in 
compliance with GLP. For each tissue in the panel, at least three sections from three unrelated donors 
were assayed. Expression using this panel is consistent with the known expression pattern of CD123, as 
seen in monocytes, a subset of dendritic cells, and endothelial cells. 
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To mitigate the risk of malignant cell transformation, an IL-2–independent proliferation assay will be 
performed with UCART123 following each GMP production run. A similar assay has been previously 
described. The IL-2–independent proliferation assay was developed to demonstrate the non-ability of the 
UCART123 product to proliferate in vitro in the absence of IL-2 cytokine. The absence of unwanted 
autonomous proliferation of genetically modified UCART123 is used to demonstrate the absence of 
aberrant transformation of modified cells, which could lead to clonal expansion and risk of tumorigenicity. 
In this assay, UCART123 cells are cultured after thawing in the absence of cytokines and target antigen. 
These conditions are insufficient for growth of normal primary human T cells. As a positive control, 
UCART123 are co-cultured in presence of target CD123+ irradiated cells and IL-2. Cells are incubated in 
triplicate under these two conditions for 18 days. At the end of the assay, the number of viable cells at 
day 18 will be compared to the number of viable cells at day 0. The ratio of cell numbers between the last 
and the first day must be less than or equal to 1 for there to be an absence of proliferation. 
 
 
VII. Review and Discussion of Human Gene Transfer Protocol 1610-1549: Phase I, Open Label 

Dose-Escalation Study to Evaluate the Safety, Expansion and Persistence of a Single Dose 
of UCART19 (allogeneic engineered T cells expressing anti-CD19 chimeric antigen receptor), 
Administered Intravenously in Patients with Relapsed or Refractory CD19 Positive B-cell 
Acute Lymphoblastic Leukemia (B-ALL) 

 
 Presenters:  David Sourdive, Ph.D., Cellectis 

Julianne Smith, Ph.D., Cellectis 
Nitin Jain, M.D., MD Anderson Cancer Center 

 
RAC Reviewers:  Drs. Cho, DiGiusto, Porteus, and Atkins 
 

A. Protocol Summary 
 
ALL is a malignant proliferation of precursor blast cells involving bone marrow and blood. Involvement of 
the CNS, lymph nodes, spleen, liver, and testis is common. ALL represents 12 percent of all leukemia 
cases, with an estimated worldwide incidence of 1 to 4.75 cases per 100,000 persons per year and an 
age-adjusted incidence of 1.4 cases per 100,000 persons in the United States. Approximately 75 percent 
of ALL cases occur in children. Outcomes for children are good, with a 5-year overall survival rate of 
about 90 percent. In contrast, adults have the worst 5-year overall survival, with rates of 24 percent for 
patients between 49 and 59 years old and 18 percent for those age 60 to 69 years. About half of adult 
patients relapse after their initial treatment. Salvage therapy can induce a complete response (CR) in 30 
percent to 45 percent of patients with overall survival of 5 to 9 months. Given these poor outcomes, there 
is a high unmet medical need in this patient population, which has extensive chemotherapy resistance, 
rapid disease progression, and lack of further treatment options. 
 
Approximately 85 percent of all ALL cases involve precursor B cells. In addition, lymphoblasts are almost 
always positive for CD19, CD10, CD22, CD34, and CD4. The most frequent (15–30 percent of cases) 
and clinically relevant structural abnormality in adult ALL remains translocation t(9;22)(q34;q11) 
(Philadelphia chromosome–positive [Ph+]) with the BCR-ABL1 fusion. Nearly all cases have clonal 
diverse and joining (DJ) fragment rearrangements of the IGH gene. CD19 is a promising target antigen 
for UCART therapy against B-cell malignancies due to its very restricted pattern of expression. CD19 is 
present on normal and malignant B cells as well as on follicular dendritic cells, and it lacks homology to 
other known proteins. In addition, virtually all B-cell malignancies (with the exception of some very 
immature acute lymphoid leukemias) express the antigen CD19 on their surface. Its function is thought to 
be in establishing the threshold for B-cell receptor-dependent and -independent signaling and playing a 
role in modulating the balance between antigen-induced response and tolerance induction. 
 
Although autologous CAR T cell therapy against CD19 B-cell malignancies has shown great promise, 
patient-specific manufacturing of cells for the autologous approach has significant limitations, including 
immediate local access to a GMP-compliant facility. Further, generation of autologous CAR T cells 
requires harvestable T cells from patients and precludes immediate administration to critically ill patients 
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or those with too advanced disease. Off-the-shelf CAR T cell products (UCARTs) overcome these 
manufacturing and clinical limitations. 
 
UCARTs are genetically engineered T cells manufactured from frozen peripheral blood mononuclear cells 
(PBMCs) obtained by leukapheresis from healthy volunteer donors. These modified cells target tumor-
associated antigen and carry specific additional features to make them suited for a particular clinical use. 
Two UCART products, UCART19 and UCART123, have been developed by Cellectis under the 
framework of collaborations with Weill Cornell, MD Anderson, and Pfizer. Both products stem from the 
same UCART platform. UCART123 is the second investigational new drug being developed by Cellectis. 
Prior to development of UCART123, Cellectis developed UCART19, an engineered human T cell product 
for the treatment of CD19-expressing hematologic malignancies, initially developed for the treatment of 
CLL and ALL. UCART19 contains an integrated self-inactivating (SIN) recombinant lentiviral delivery 
vector that expresses an anti-CD19 CAR (i.e., CD19CAR) and an RQR8 suicide receptor, which allows 
for cells expressing RQR8 to be eliminated by administration of rituximab. UCART19 was also engineered 
by TALENs editing to be TCRα/β-negative (i.e., TRAC knockout) to minimize development of GVHD and, 
with inactivated CD52, to confer alemtuzumab resistance to UCART19 expressing cells. 
 
UCART19 has been tested in numerous in vitro and in vivo pharmacology studies. Results of in vitro 
pharmacology studies confirmed the specificity and functionality of the CD19CAR, molecular and 
functional inactivation of TRAC and CD52 genes, and efficient elimination of RQR8+ cells by rituximab. In 
vivo primary pharmacology studies have demonstrated the anti-tumor activity of UCART19 (GMP grade 
cells) in a tumor xenograft model, the immunodeficient NOD SCID Gamma (NSG) mouse. In vivo 
secondary pharmacology studies have demonstrated resistance of the CD52-knockout fraction of 
UCART19 (non-GMP cells) to alemtuzumab in NSG mice. Further, no GVHD reactions were observed in 
NSG immunodeficient mice after infusion of UCART19. 
 
UCART19 has been administered under a “Special License” (compassionate use) granted by the United 
Kingdom (UK) Medicines and Healthcare Products Regulatory Agency (MHRA) for three research 
participants in two hospitals in London. Three clinical trials involving these two products were selected for 
in-depth RAC and public review during the current RAC meeting. Protocols 1547 and 1548 pertain to 
UCART123 in BPDCN and AML, respectively, while Protocol 1549 pertains to UCART19 in B-ALL. 
 
The proposed Phase I trial of UCART19 includes three parts, as follows: 

• UCART19 in Advanced Lymphoid Malignancies (CALM) is a Phase I, open-label, dose-escalation 
study for the evaluation of safety, expansion, and persistence of a single dose of UCART19 when 
administered intravenously to research participants with relapsed or refractory CD19-positive B-
ALL. CALM study sites are planned for the EU and the United States. The CALM study is 
currently open to enrollment in the UK. 

• UCART19-Pediatric Acute Lymphoblastic Leukemia (PALL) is a Phase I, open-label study to 
evaluate the safety and the ability of UCART19 to induce molecular remission in pediatric 
research participants with relapsed/refractory B-ALL. PALL study sites are currently planned in 
the EU only. The PALL study is currently open to enrollment in the UK. 

• A Long-Term Follow-Up (LTFU) study of research participants who have previously been 
exposed to UCART19 is open to all research participants who have previously been exposed to 
UCART19 in a clinical study or under Compassionate Use. LTFU study sites are planned in the 
EU and United States. 

 
All three arms of the protocol have received approval from the UK MHRA and Ethics Committee. To date, 
two research participants have been enrolled and treated in the PALL study, and two research 
participants have been enrolled and treated in the CALM study. 
 
The multicenter Phase I open-label dose-escalation study (CALM) of a single dose of UCART19 will 
enroll up to 18 research participants age 16 years and older with relapsed or refractory CD19+ B-ALL. 
The primary purpose is to evaluate safety and tolerability of UCART19 and to determine the maximum 
tolerated dose (MTD) for the product. Secondary objectives include assessment of anti-leukemic activity 
based on the rate of objective response at day 28 and day 84 and the overall response, and the duration 
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of response, time to response, disease-specific survival, and progression-free survival. Research 
participants enrolling in the CALM study will be encouraged to also enroll in the LTFU study. Three doses 
of a single intravenous (IV) infusion will be tested in the CALM arm of the protocol, starting with 
6 × 106/research participant (equivalent to 1 × 105 UCART19/kg), with two to four research participants 
receiving each dose level (possibly escalating to 6 × 107 and 1.6 × 108) unless dose-limiting toxicities are 
observed. Total duration of participation in the CALM study is approximately 4 months. 
 
Safety data for each research participant will be reviewed by the DSMB after day 28 of each treated 
research participant. 
 
The LFTU study will enroll up to 200 research participants with advanced lymphoid malignancies who 
have been exposed to UCART19, either as participants in a study or through a Compassionate Use 
program. The purpose is to evaluate the risk of delayed adverse events but does not involve further 
administration of any investigational products. Research participants discontinuing prematurely from or 
completing primary treatment protocols will be enrolled in this study and followed up for at least 3 years 
from the time of UCART19 administration up to 15 years. 
 
B. Written Reviews by RAC Members 
 
 
Four RAC members provided written reviews of this proposed Phase I protocol. 
 
Dr. Cho noted that data from standard animal models were not provided because mouse B cells do not 
express cross-reactive CD19. Instead, human-murine chimeric models were used. In NSG 
immunodeficient mice, no GVHD reactions were observed after infusion of UCART19, but the doses 
administered to these animals were not specified. In addition, no specific data are presented for on- or 
off-target toxicity of UCART19 other than statements that “no unexpected off-target binding was observed 
in any other cell type of the 37 human tissues examined” or that “UCART19 was shown not to elicit any 
GVHD reaction.” Information about the off-target sites in the TALENs analysis should be provided, along 
with evidence of any (or no) proliferative advantage to T cells from translocation after TALENs. 
 
Regarding the CALM study, it is not clear where or by whom research participants will be recruited and 
where they will be monitored (“at a hospital/ambulatory care unit”), receive clinical care, and participate in 
research procedures. In addition, information about the source of donor T cells and how cells will be 
tested was not provided. 
 
In the Final Appendix, under the Summary of Non-Clinical Studies, there is a list of in vitro and in vivo 
preclinical studies conducted and one-sentence descriptions of results of each study. No actual data are 
presented, however. The construct maps are redacted as confidential. Information on only two of the 
three research participants for whom clinical experience with UCART19 is presented; information on the 
third research participant (the 46-year-old who died of disease after CRS and neurological symptoms) 
appears to be redacted. All data on results of the main safety tests were redacted. 
 
The following clarifications and corrections to the ICD were suggested: 

• The document with the MD Anderson Cancer Center (MDACC) logo on top says that up to nine of 
the 18 total participants will be recruited from MDACC. It does not say where the other nine 
research participants will be recruited.  

• The list of risks of UCART19 should include death as a possible result of CRS and list symptoms 
of GVHD.  

• The statement in the section on potential benefits that “UCART19 cells may help to control the 
disease” should be deleted because there is no expectation of benefit from the study agent in this 
Phase I trial. 

• In the HIPAA authorization section, it is not clear whether consent/research participant 
authorization applies to the CALM study or the “Optional Procedures for the Study” (involving 
banked blood and bone marrow) or both. This needs to be clarified. 
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Dr. Cho did not have any comments on the LTFU study, which will not involve any new interventions. 
 
Dr. DiGiusto had the following comments and questions regarding the description of the product and 
redacted or limited information: 

• Derivation of plasmids is discussed in the text of the submitted document. However, figures on 
the derivation of plasmids are redacted, as is the figure documenting the lentiviral vector cassette 
that drives the expression of CD123CAR, making it difficult to assess safety by design. 
Ostensibly, the HIV backbone has been engineered to exclude essential viral replication and 
packaging gene sequences from HIV to create a SIN vector for insertion of the therapeutic gene 
sequences. Using this with a split packaging system increases the safety of the vector and is 
appropriate for this application. However, redacted construct generation and assembly figures 
prevent reasonable analysis of the constructs. 

• The authors state that in vitro primary and secondary pharmacology studies have demonstrated 
the specificity and functionality of the CD123CAR through a CD123 antigen-dependent 
cytotoxicity assay and a cytokine secretion assay, the molecular and functional inactivation of the 
TRAC gene, and the efficient elimination of RQR8+ cells by rituximab. Because the data for these 
statements are redacted, it is not possible to evaluate the supporting evidence and studies. The 
same problem was encountered in trying to assess statements describing anti-tumor activity; 
release specifications for HEK293-T cell line used in vector manufacturing; the development, 
sequence, and manufacture of the high-quality grade TALEN plasmid construct; the plasmids 
encoding TALEN; and the quality controls performed on the DNA plasmids for the TALEN TCR. 

• All information about off-target genome modification and karyotypic analysis is redacted, thereby 
precluding evaluation of safety. In addition, use of in silico models for off-target analysis does not 
cover unintended cutting at non-predicted sites as has been previously observed. This is a 
significant safety issue and cannot be reviewed without adequate information. 

• The QFPERT assay for RCL is described, but no release testing results are provided. It is 
therefore not possible to evaluate the efficacy or appropriateness of this assay for the test product 
and vector. Similarly, without data on manufacturing reagent quality and qualification and the 
manufacturing process, it is not possible to determine the success of manufacturing multiple 
batches or the adequacy of the reagents used in this process. 

 
Dr. DiGiusto identified safety concerns for the investigational product, including donor sourcing, quality of 
raw materials, and potential for replication competent virus, viral vector integration mediated 
toxicity/tumorigenicity, toxicity/tumorigenicity related to off-target modification of genome, GVHD, and 
cytokine storm related toxicity upon infusion. The manufacturing processes are consistent with current 
standards for manufacturing a product of this type and in general, the product should meet FDA 
expectations for safety and efficacy. A split packaging cell line reduces the risk of generating replication 
competent lentivirus, and the inclusion of an in vivo mechanism for UCART depletion (RQR8) adds an 
additional level of safety. The extent of redacted information makes assessment of safety and risks 
associated with the study agent and thus with participation in this clinical trial very difficult.  
 
Dr. DiGiusto had the following specific comments and questions about the preclinical package: 

• The cytotoxicity data do not seem concordant with a high level of killing. 60 percent of cells were 
viable at four hours, but the time at which 60 percent lysis occurred is not specified. Cell line data 
suggest that primary tumor samples with a mean fluorescent intensity (MFI) less than 10,000 are 
not likely to be killed. Three of eight primary BPDCN samples had a CD123 MFI below 10,000. In 
addition, the data presented indicate that cell lysis was very incomplete. These results raise 
questions about utility of the treatment and research participant inclusion criteria. Greater detail is 
needed to allow assessment of the safety of the product. 

• UCART123 stimulated by CD123+ tumor cells were shown to secrete high levels of IFNγ in 
culture supernatants. It is not clear whether this is the proposed mechanism of action of 
cytotoxicity, however. 

• There should be a clear statement as to whether CDC or ADCC is the main mechanism of 
depletion of UCART123 cells. 
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Dr. Porteus had the following comments and questions: 
• It is nearly impossible to assess the genotoxicity data that the sponsor has generated for the 

TALEN-mediated knockout of TRAC as it has all been redacted. The sponsor claims that analysis 
of bioinformatically identified off-target sites and translocation frequencies have been quantified, 
but these data were redacted. In addition, the fraction of T cells becoming TCR-negative after 
TALEN treatment is not shown, and the percentage of cells that remain TCR+ after the second 
sort is not provided, although the text indicates that the release criteria show that percentage to 
be less than 3 percent. 

• The possibility of T cell transformation is not discussed adequately as a DLT in the protocol or the 
consent. While presumably rare, this is a potentially unique DLT of the modified cells and may be 
more likely as more cells are infused. In addition, there is no stopping criteria or indications of 
how the sponsor would handle such an event if it occurred. Further, transformation is not listed as 
a SAE. 

• The sponsors do not report any analysis of the possibility/frequency of translocations between 
TCR and know TCR-oncogene fusion partners. Such a list can be easily found in relevant 
databases. 

• The sponsors also do not report any analysis of potential synergistic genotoxicity between 
lentiviral insertions and off-target TALEN-induced changes, including translocations. Dr. Porteus 
inquired as to whether translocations can occur between lentiviral insertions and the on-target 
break and, if so, should such an occurrence be measured. 

• There is no discussion of biobanking samples for potential retrospective analysis of the genome if 
a transformation event occurs. 

• The sponsor presents evidence that UCART123 should not cause HSC aplasia, but the risk 
mitigation plan (including back-up autologous marrow or having a readily available allogeneic 
donor) is not fully discussed. Criteria for irreversible marrow aplasia should be better discussed in 
both the proposal and consent. 

 
Dr. Atkins found the proposed trial to be an exciting study that serves to provide an “off the shelf” 
temporizing treatment for research participants with relapsed or refractory ALL, thereby enabling a 
greater proportion of research participants to receive potentially life-saving HSCT. He had the following 
comments and questions: 

• Where will the UCART19 product come from? Are the cells modified to eliminate or reduce 
alloreactivity? Will the same product be used for all research participants? 

• How efficient is the TALEN depletion of TCRs in the UCART19 product, and could worrisome 
translocations occur? Will the residual TCR+ cells expand more dynamically with this product, 
and will the resultant cells still attack normal host cells (besides B cells) causing GVHD? 

• Is there a risk that the cells could engraft? 
• What criteria will be used to determine when to administer rituximab? Has this approach been 

used before? What have the results been? What are the anticipated effects on host immunity? 
• Will the recovering immune system eliminate the allogeneic CART19 cells? 
• CD19 is apparently expressed in the CNS, thereby contributing to the neurotoxicity of CART19 

therapy. Will these cells run the same risk? 
• More specific information and details about the dose-escalation plan is needed. It is not clear that 

two research participants per dose cohort will be sufficient to determine safety for dose 
escalation. 

• At what sites will the study be conducted? 
 
C. Investigator Response 
 

1. Written Responses to RAC Reviews 
 
The investigators thanked the reviewers for their careful and constructive review of the application. 
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The investigators’ responses to the reviewers’ comments include requests to provide redacted 
information and data. This information has been added to the submitted protocol materials except where 
noted (e.g., where information is confidential or proprietary).  
 
The investigators noted that several of the reviewers’ questions were similar for three protocols submitted 
to the RAC (1547, 1548, and 1549) and that the responses provided for protocol 1549 include some 
elements related or common to all three protocols. They clarified that much of the information is 
applicable to both UCART123 and UCART19. Information specific to the protocol 1549 and UCART19 
was highlighted where necessary. In addition, data for the UCART123 construct was referenced to 
illustrate points that are common across both products.  
 
The CALM study will be conducted in four highly specialized clinical centers in the United Kingdom, 
United States, and France. Up to nine research participants will be recruited from MDACC. The remaining 
will be recruited from the other three centers, including one other U.S. site, the University of 
Pennsylvania. The trial will be conducted by investigators with proven expertise in first-in-human studies 
in hematology, extensive experience in HSCT, and prior expertise with autologous CART studies or use 
of UCART19 in the compassionate use program. The institutions and PIs at each site are listed in the 
response memo.  
 
Research participants will be hospitalized in a controlled, filtered air flow area to prevent aspergillosis and 
to be able to closely manage the toxicities during lymphodepletion. On day 0, research participants will 
receive a single IV dose of UCART19. Research participants will remain hospitalized until neutrophil 
recovery is confirmed (3 consecutive days with neutrophils ≥0.5 × 109/L) and there are no abnormal 
laboratory findings or ongoing adverse events that warrant prolongation of hospitalization. Research 
participants will then continue to be monitored at a hospital/ ambulatory care unit until day 84. 
 
As per the CALM study protocol, a DLT is defined as an adverse event (excluding anorexia and fatigue) 
or an abnormal laboratory value graded according to the National Cancer Institute (NCI) Common 
Terminology Criteria for Adverse Events version 4.03. This definition includes AEs observed during the 
first four weeks following the administration of UCART19, assessed as unrelated to leukemia, intercurrent 
illness, or concomitant medications and related to UCART19 by the investigator and that meets any of the 
pre-established criteria mentioned in the protocol. In the view of the investigator and the DSMB, any other 
unacceptable toxicity could be considered as a DLT. 
 
In the unlikely scenario where T cell transformation occurs within the first 28 days post-infusion, it will be 
considered a DLT because it meets the DLT criteria as specified in the protocol. Beyond 28 days, 
research participants will continue to be closely monitored in both the CALM and LTFU studies. In the 
LTFU study, a new malignancy is listed as an AE of special interest. Under the CALM protocol, T cell 
transformation is considered a SAE because it meets the SAE criteria of “medically significant” and all of 
these events will be considered SAEs. If T cell transformation occurs, research participants will be 
hospitalized for the management of leukemia. The sponsor will conduct a full genomic analysis to assess 
the mechanism of the transformation. The sponsor and DSMB will make a decision regarding dosing of 
additional research participants based on the available genomic and clinical data. The sponsor will modify 
the informed consent accordingly to include this information. 
 
In the CALM protocol, blood samples and, if applicable, bone marrow samples will be collected during 
screening and at days 0 (prior to UCART19 infusion), 14, 28, and 84 for further analysis of safety and/or 
efficacy biomarkers in research participants who consent. Samples will be initially stored at the Clinical 
Center under appropriate storage conditions until transfer to a third-party laboratory on a regular basis 
during the course of the study and to a Central Biorepository at the end of the study, where they will be 
stored for a maximum of 25 years after the end of the study. Blood and bone marrow biocollection will be 
prepared for potential RNA and DNA analyses. These samples may be used for genome analysis in case 
a transformation event occurred. No collection of biological samples is currently planned for the LTFU 
protocol. The sponsor will amend the LTFU protocol to include biocollection in research participants who 
consent to such collection. 
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Multiple sections in the protocol acknowledge the potential risk of myelosuppression, provide a risk 
mitigation plan, and identify the criteria for irreversible marrow aplasia (e.g., under Benefit/Risk 
Assessment, Safety Risks, and Supportive Care Measures). The consents mention risks of infection and 
low blood cell counts, which can be related to the disease treatment and will be revised to reflect the 
information and courses of action in the respective sections of the protocol. 
 
The UCART19 product consists of modified allogeneic T cells. Initial donor material is sourced, tested, 
processed, and handled in compliance with U.S. requirements governing human cell, tissue, and cellular 
and tissue-based product under 21 CFR Parts 1270 and 1271, as well as industry guidelines, EU 
directives of the European Parliament and the European Council, and Cellectis’ project-specific donors’ 
requirements set up to ensure maximum consistency of this starting material. The cells are collected in 
the United States and processed by platelet depletion before shipping (frozen) to a contract manufacturer 
in France. This manufacturer then performs the steps leading to production of the final UCART19 product, 
which is ultimately frozen, tested, and shipped back to the United States for clinical use. The response 
from the investigators details the individual steps in the process. The manufacturing process and product 
testing is designed to ensure product safety and consistency in manufacture.  
 
The key starting materials in UCART19 manufacture are MNCs and the viral vector used to transduce the 
cells with genes for the expression of the CD19-targeted CAR and the RQR8 epitope. The MNCs are 
obtained by apheresis from healthy U.S. donors. The mRNAs with which the cells are treated to induce 
expression of the TALEN proteins that mediate gene disruptions are also critical raw materials. The viral 
vector is manufactured to GMP according to a standard protocol based on transfection of HEK293T cells 
with high-quality DNA plasmids, both of which were prepared under GMP standards and have completed 
all requisite safety testing. The mRNAs that encode the TALEN proteins are also made under GMP 
conditions, by in vitro transcription from high-quality DNA plasmids. Other raw materials used in the 
manufacturing process are obtained at appropriate grades for use in manufacture of products for 
parenteral clinical use. Where materials of animal origin are used, certifications are obtained to ensure 
absence of risk from contamination with agents for transmissible spongiform encephalopathies. The raw 
materials used in the manufacture of UCART19 are research participant to detailed review by the FDA as 
part of the IND submission. 
 
The UCART19 cells are quality tested for identity, safety, purity, and potency. To be released for 
administration to research participants, the following criteria must be met: 

• The UCART19 cells must have the same genetic identity as the original donor from whom the 
starting MNCs were derived. 

• Cell viability. 
• The UCART19 cell culture final product must be 97 percent TCRαβ-negative and at least 50 

percent CAR+TCRαβ-negative. 
 
Safety is (and will be) assessed using sterility, endotoxin, mycoplasma, and viral testing, and genetic 
stability assays. In addition, potency assays such as cytotoxicity, cytokines secretion, and phenotypical 
characteristics will be performed. 
 
Healthy donors undergo screening including a general health questionnaire, and donated cells are 
research participanted to extensive testing which assures absence of risk from infectious agents. Testing 
is also performed for ABO/Rh blood grouping, red blood cell antibodies, metabolic chemistry, total serum 
protein, C-reactive protein, hemoglobin and counts of platelets, white blood cells (and percentage of 
mononuclear cells), lymphocytes, and neutrophils. Potential donors with abnormal characteristics are 
rejected. In addition, donors must have no known factors predisposing to infection with transmissible 
spongiform encephalopathies. The full donor testing regimen is research participant to FDA review of the 
IND. 
 
Each UNCART19 batch is derived from a single donor and, as such, each research participant will 
receive cells from only one donor. Special considerations may be undertaken for repeat dosing. Different 
research participants may receive cells from a different donor (e.g., research participants in different 
escalation cohorts) because although one blood donation is typically sufficient to make several batches of 
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UCART19, more than one donation is needed to manufacture all of the UCART19 batches that are 
needed for the clinical study. The principle of UCART19 is that the modifications made to the T cells 
make the product universally applicable, without any need to match the recipient to a particular donor 
(e.g., off-the-shelf). 
 
The vector delivery system for the UCART19 product, (SIN) CD123CARrLV, is a self-inactivating 
recombinant lentiviral vector for ex-vivo gene therapy use that is produced and tested under GMP 
conditions. Its production is made pursuant to classical third-generation lentiviral vector manufacturing; 
production relies on multiply attenuated viral genome split among several (helper) plasmids, whereby the 
vector is generated by transient co-transfection of one vector encoding (expression) plasmid and three 
different helper plasmids into an established cell line. Helper 1 plasmid encodes HIV-1 gag and pol, 
helper 2 plasmid encodes HIV-1 rev, and helper 3 plasmid encodes a pseudotype envelope. The 
expression plasmid, pCLS27322, contains a cassette coding for the CD123CAR as well as the RQR8 
depletion mechanism. A graphic depiction of the structure and orientation of the RQR8 and CD19CAR 
coding sequences and elements in the lentiviral vector was provided, as were maps of the expression 
plasmid and the lentiviral and details of the individual plasmids, sequences, and components comprising 
the vector. The response also includes a detailed description of the components of the anti-CD123 CAR 
sequence, the recombinant fusion protein incorporated in the final CAR construct, and the construct 
assembly and sequencing processes. (The construct encoding the fusion protein is generated by gene 
synthesis and cloned in a high-expression mammalian vector in a proprietary process.) 
 
A detailed description of the plasmids encoding TALENs and the development, sequence, and 
manufacture of the high-quality grade TALEN plasmid construct was provided. The process involves 
mRNA vectorization, which is suited to transiently express TALEN into T cells. TALEN coding sequences 
were introduced into plasmids downstream of the T7 promoter. To improve TALEN expression, Cellectis 
investigated post-transcriptional control elements and determined that introduction of the hemoglobin 
alpha 3’ untranslated region increased TALEN efficiency upon expression in T cells (an internal report is 
available on request). An efficient expression is also dependent on the presence of a poly(A) tail at the 3’ 
end of the mRNA. A poly(A) stretch [poly(A) tail] was introduced downstream of the TALEN coding 
sequence. A 120 adenosine-long tail was the longest stretch tested that did not impair plasmid integrity 
[longer poly(A) stretches were unstable]. The restriction site SapI was introduced directly downstream of 
the poly(A) as it allows linearization of the plasmid before a T7-driven in vitro transcription. Maps of the 
two plasmids used to produce TALEN mRNA TCR synthesis were provided; the sequences are 
considered proprietary information. A summary of the multiple assessments done for quality control of the 
DNA plasmids for the TALEN TCR was included in the memo and the current application. The same 
quality control assays shown above are conducted for both TCR and CD52 plasmids. Complete detailed 
information is confidential and proprietary to the TALEN mRNA manufacturer; this information will be 
submitted to the FDA for assessment at the time of the IND application. 
 
The expected mechanism of action of UCART19 is that UCART19 activation, driven by contact between 
its anti-CD19 CAR and the CD19 antigen, leads to eradication of CD19+ cells through T cell–mediated 
cytotoxicity and potentially proinflammatory cytokine production. UCART19 cells express RQR8 as a 
depletion mechanism. RQR8 is a 136 amino acid artificial cell surface protein combining antibody-binding 
epitopes from both human CD34 and human CD20 antigens. The CD20 epitopes present within the 
construct are recognized by the monoclonal antibody rituximab. Prior studies have shown that 
monoclonal antibodies can mediate anti-tumor effects by a variety of mechanisms, including direct 
induction of apoptosis, complement-dependent cytotoxicity, and antibody dependent cellular cytotoxicity. 
In vitro, in vivo, and clinical studies suggest that rituximab can act by all three mechanisms. 
 
Minimization of the potential for alloreactivity is achieved by a combination of genetic knock-out of the 
TCR using the TALEN technology and the subsequent depletion of residual TCR+ cells. The combined 
efficiency of this process is assured through a release test performed on the final product, for which a 
proposed acceptance criteria has been set. The criteria are research participant to the IND review 
process, but have been initially set to no more than 3 percent TCR+ T cells in the UCART19 product. Per 
this threshold, the manufacturing process and controls assure at least 97 percent elimination of TCR+ T 
cells. 
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A detailed summary of the nonclinical studies conducted for the UCART19 program is provided in the 
response to the reviewers (including Appendix 2 of the response to the reviewers). Data demonstrate the 
specificity and functionality of the CD19CAR through a CD19 antigen-dependent cytotoxicity assay and a 
cytokine secretion assay, the molecular and functional inactivation of the TRAC gene, and the elimination 
of RQR8+ cells by rituximab. Data for predicted off-target TALEN activity and results of karyotype 
analysis were also provided, as were the release specifications for HEK293-T cell line used in vector 
manufacturing. 
 
In response to whether interferon- ɣ secretion is involved in cytotoxicity for UCART19, reference was 
made to the UCART123 trials. Cytotoxicity of UCART123 against cell lines and samples from primary 
AML and BPDCN research participant samples has been examined. The results obtained with cell lines 
indicate that after four hours of co-culture, there is approximately 45 percent cell lysis for MOLM-13 and 
70 percent lysis for RPMI-8226. In studies that examined UCART123 in vivo activity against the cell line 
that showed the lowest level of cell lysis in vitro (MOLM-13), however, a strong anti-tumor activity was 
observed, even at the lowest dose of UCART123, as shown by reduction of the tumor burden by 
bioluminescence imaging and increased survival of the treated mice. For primary BPDCN, the research 
participant sample examined both in vitro and in vivo displays an MFI that is less than 10,000, which is 
among the lowest of the samples tested. However, in vitro, there is a high level of specific lysis (80 
percent) and strong in vivo anti-tumor activity. These findings suggest that UCART123 has significant 
activity even against cells with a lower MFI. To further investigate the impact of CD123 expression level 
on UCART123 activity, one of the exploratory objectives in both the AML and BPDCN clinical studies is to 
investigate the potential relationship between baseline level of CD123 expression and clinical outcome. 
 
A risk associated with TALEN-mediated gene editing is off-target cleavage. To mitigate this potential risk, 
the TRAC and CD52 TALEN are introduced into the cells during the production process by 
electroporation of mRNA, resulting in only a transient expression of the nuclease. Further, TRAC and 
CD52 TALEN were designed to minimize off-target cleavage by choosing target sites that differ from 
other sites in the human genome by three or more positions at either half site. Studies at Cellectis that 
examined over 15,500 TALEN/target combinations have demonstrated that the presence of at least three 
mutations (DNA target/TALEN) significantly impacts or eliminates nuclease activity. 
 
Despite the use of specific criteria for TALEN design, potential off-target sites have been predicted by 
proprietary software based on an algorithm developed at Cellectis. A total of 295 potential off-target 
sequences were identified using software developed at Cellectis. Given that TALENs function as 
heterodimers, this analysis took into account sites potentially targeted by homodimers of half-TALEN 
molecules or heterodimers formed by a CD52 half-TALEN and a TRAC half-TALEN. The top 15 sites, 
based on the likelihood of cleavage, were chosen and analyzed by deep sequencing of T cells following 
simultaneous transfection of CD52 and TRAC TALENs.  
 
Two independent experiments were performed, and the results demonstrate that the frequency of 
insertion/deletion at the off-target sites is not statistically different from what was observed in control (non-
TALEN-treated) samples. Given that nearly all CD52 alleles and at least half of the TRAC alleles are 
mutated in TCRαβ-_CD52+/-_T cells, these results demonstrate a very low rate of putative off-target site 
cleavage; that is a rate that is at least 600 times less likely than the intended targets. In addition to 
monitoring for predicted off-target cleavage events, unbiased genome-wide analysis is being performed to 
identify potential off-target sites not predicted by the algorithm.  
 
Due to the simultaneous introduction of two TALENs targeting the TRAC and CD52 loci, there is a risk for 
translocation events to occur. Translocations between the CD52 and TRAC loci have been observed, but 
at a low frequency, ranging from 10-4 to 2 × 10-2. To determine whether these translocation events 
conferred a proliferative advantage to T cells, the dual gene modified cells were placed in a long-term 
culture assay. Purified cells were cultivated ex vivo for 15 and 40 days, the approximate period of time 
when these cells would be most abundantly engrafted in a research participant. Despite the fact that the 
cells expanded more than 4,000 fold, the frequencies of translocations were stable or reduced. These 
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results strongly suggest that TRAC/CD52 translocations do not provide a proliferative advantage to the 
cells. 
 
Potential translocations between an on-target cleavage site and a potential off-target cleavage site are a 
concern and will be closely monitored. Translocations occur as the result of erroneous repair of two DSB 
present within a cell at the same moment. An increased risk of a TCR/oncogene translocation might be 
expected if a frequent DSB is generated within TCR-translocated oncogene partners. Potential TALEN 
off-target sites were identified by in silico analysis using a proprietary algorithm based on an experimental 
model of the specificity of RVD/nucleotide associations. TCR-translocation oncogene partners were not 
identified, however, in the most probable off-target sites that are monitored by deep sequencing. 
Unbiased genome-wide analysis is being performed to identify potential off-target sites not predicted by 
the algorithm. In addition, the presence of clinically relevant translocations will be monitored in both 
UCART19 and UCART123 by cytogenetic analysis of edited populations. 
 
Potential synergistic genotoxicity between lentiviral insertions and TALEN-induced changes, including 
translocations, could theoretically occur by (1) the preferential lentiviral insertion into a locus where 
TALEN-induced DSB would occur and that could potentially result in a genotoxic event; (2) TALEN-
induced off-target DSB within the integrated lentiviral insertion, leading to potential translocations; and (3) 
synergistic genotoxicity due to a lentiviral insertion and TALEN off-target induced changes. To address 
the first theoretical scenario, the UCART cell manufacturing process was designed so that the lentiviral 
transduction and the introduction of TALEN mRNA are separated in time to limit potential synergistic 
genotoxicity resulting from these events occurring simultaneously. As for the second theoretical scenario, 
translocations are known to occur as the result of erroneous repair of two DSB present within a cell at the 
same moment, as noted above. The absence of an off-target site within the lentiviral vector suggests that 
there is a very low probability of a translocation event between lentiviral insertions and an on-target break 
and thus is not specifically measured. For the third scenario, although existing experience suggests that 
the individual risks of T cell transformation following a lentiviral insertion or gene disruption are low, there 
is still a theoretical possibility that the combined modifications introduced in UCART123 could lead to cell 
transformation. Results of in silico analysis to identify off-cleavage sites and use of unbiased genome-
wide analysis to identify potential off-target sites not predicted by a proprietary algorithm are discussed 
above. An IL-2 independent proliferation assay will also be performed to assess for potential 
transformation events, as described below. 
  
To minimize the risks associated with TALEN-mediated gene-editing, the 15 potential off-target sites 
discussed above will be analyzed by high-throughput sequencing of UCART19 cells following each GMP 
production run. UCART19 cell populations will also be tested in a proliferation assay to assess for 
potential transformation events. The IL-2–independent proliferation assay is utilized to assess the ability 
of UCART19 to proliferate in absence of the cytokine IL-2. The absence of autonomous proliferation (e.g., 
without IL-2 and a target) of genetically modified UCART19 demonstrates the absence of transformation 
of modified cells, which could lead to clonal expansion and risk of tumorigenicity. Karyotype analysis also 
will be performed following each GMP production run to assess for any gross structural chromosomal 
abnormalities, including chromosome breaks. The potential risk of clonal expansion and eventual 
tumorigenicity may be limited by the allogeneic nature of UCART19 cells. Because UCART19 cells are 
allogeneic to the research participant, they may be rejected by the research participant’s immune system 
following recovery from the lymphodepleting pre-conditioning and/or other treatments. In addition, the 
presence of RQR8 in UCART19 may provide a mechanism of eliminating the cells. Finally, research 
participants will be followed per FDA guidelines for 15 years to gather clinical and laboratory information 
on the potential impact of the gene editing on infused T cells. 
 
A GLP-compliant tissue cross-reactivity study using immunohistochemical (IHC) techniques was 
conducted to characterize the potential cross-reactivity of 4g7CD8-Fc (a fusion protein that binds with a 
high affinity to its intended target protein) in 37 frozen human tissues, including cerebellum and cerebral 
cortex and blood smears. Positive membranous and granular cytoplasmic staining with 4g7CD8-Fc was 
observed in control spleen tissue as well as lymphoid organs, circulating lymphocytes in blood smears, 
and lymphoid nodules present in some of the tissues. The histological localization of the positive 
lymphocytes in lymphoid organs corresponded to that of the normal B-cell compartment, whereas the T 
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cell compartment stained negative. The lymphocytic positive immunohistochemistry was therefore 
interpreted as being specific to the binding of the test article (4g7CD8-Fc) to its intended antigen, CD19, 
which is normally expressed at the surface of mature B lymphocytes. There was no unexpected off-target 
positive or specific immunohistochemistry staining observed in any other cell type of the tissues 
examined. No positive and specific immunohistochemistry staining was observed in cerebellum and 
cerebral cortex tissues. A detailed description of the study design and results is presented in Appendix 2 
in the protocol packet. 
 
All UCART123 pilot and GMP runs and all (SIN)-CD123CARrLV batches (supernatant and end of 
production cells) tested to date using the QFPERT assay were found to be RCL negative. Testing of 
UCART19 (SIN)-CD19CARrLV and development and clinical batches of UCART19 product were similarly 
found to be RCL negative. Based on release testing specifications, any batch that tests positive for RCL 
would not be released for clinical use. To date, six GMP batches of UCART19 have been manufactured. 
One of these batches could not be released for clinical use, because of an environmental contamination 
during manufacture. The other five batches have all met the critical quality specifications. The UCART 
GMP runs are under final quality control. Batch manufacturing data will be presented and reviewed in 
detail by the FDA in the IND submission. 
 
Regarding expansion of TCR+ cells, the investigators explained that due to the small percentage of TCR+ 
cells remaining in the UCART19 product, there is a potential risk for GVHD. In vitro studies have shown 
that the ratio of TCR+ and TALEN-edited TCR cells remained constant over 2 weeks in culture, 
suggesting that TCR+ T cells did not have a proliferative advantage over TALEN-edited TCR cells. These 
studies were performed in the absence of CD19-expressing tumor cells and in the absence of TCR 
stimulation, however. In research participants, the expectation is that CD19 CAR+/TCR– T cells will 
proliferate and expand when engaging CD19+ tumor cells, although some of the residual TCR+ 
population might proliferate and expand, potentially leading to GVHD. The highest dose tested in the 
mouse GVHD study was 3 × 107 UCART19 per mouse, corresponding to approximately 1.2 × 109 
UCART19 cells/kg (based on an average body weight of 0.025 kg). A detailed description of the study 
design and results are presented in Appendix 2 in the protocol packet. 
 
The CALM protocol lists GVHD as one of the known or potential risks to research participants and 
describes the safety and supportive care measures for these risks. Research participants will be 
monitored closely for signs and symptoms of GVHD. Per the protocol, cutaneous Grade 1 a GVHD will be 
managed with topical corticosteroids. For cases of at least Grade 2 aGVHD, institutional guidelines for the 
treatment of GVHD will be applied and could include the use of systemic corticosteroids. Investigators are 
advised to activate the rituximab-induced ablation of UCART19 (up to four weekly doses of 375 mg 
rituximab/m2) in case of steroid-resistant/refractory acute GVHD. GVHD assessed as higher than Grade 2 
will require systemic steroids and should be reported as an SAE. 
 
Rituximab has been used in five research participants after UCART19 administration (two pediatric 
compassionate cases, two pediatric research participants dosed in the PALL study, and the first adult 
research participant dosed in the CALM study). The rationales for the use of rituximab in these cases 
were to treat GVHD (in the 11-month-old research participant) and/or to ensure a more exhaustive 
ablation of UCART19 before allogeneic SCT (in all five research participants). In these cases, the efficacy 
of rituximab on cellular kinetics was confounded by the myeloablative conditioning regimen administered 
immediately after rituximab in preparation for the subsequent allogeneic transplant. The anticipated effect 
of rituximab on host immunity would be similar to the immunosuppressive effect described in the drug 
label (e.g., lymphopenia, leukopenia, neutropenia). If rituximab is administered to fully eradicate 
UCART19 ahead of allogeneic transplant, the potential effects on host immunity will be offset by the 
conditioning regimen, hematopoietic differentiation, and growth of the transplanted hematopoietic stem 
cells. 
 
Upon host immune recovery, UCART19 will be eliminated, making engraftment unlikely. UCART19s are 
not hematopoietic stem cells with the properties of differentiation, multipotency, and self-renewal. Rather, 
they are derived from T cells of healthy donors without any assessment of histocompatibility matching 
with the donor’s T cells. The UCART19 product will be infused after a lymphodepletion regimen, aiming at 
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allowing UCART19 expansion. Upon recovery of a research participant’s functional immune system, the 
cells theoretically can trigger humoral and/or cellular responses, which lead to elimination of UCART19. 
UCART19 therefore are not expected to persist when the research participant’s immune system recovers. 
Humoral response with neutralizing anti-idiotypic antibodies, cellular anti-CAR immune responses, and 
immunity directed against presumed retroviral vector epitopes were observed in autologous CAR T cell 
therapies transduced with a murine CAR through a retroviral delivery vector and were combined with a 
limited peripheral persistence of CAR T cells. 
 
The mechanism by which severe neurotoxicity has been observed with CAR T cell therapy is unclear. 
Neurologic events in which serum cytokine levels are increased have been described with other therapies 
especially those targeting CD19 (e.g., blinatumomab) and may occur concomitantly with CRS, at different 
times than CRS, or in the absence of CRS toxicities. Most neurotoxicity events have been reversible, 
except for the recent cases in the ROCKET trial evaluating the efficacy and safety of JCAR015 in adult B-
ALL research participants, where a total of five deaths after cerebral edema were observed (three after 
Cy-Flu, two after cyclophosphamide only). The sponsor of the ROCKET study reported a possible 
correlation between rapid CAR T cell expansion and cerebral edema. The exact mechanism for the 
cerebral edema in these cases is unknown. 
 
Only two participants were planned in the original dose escalation plan. For a better estimate of toxicity, 
the CALM protocol will be amended to have at least three research participants per dose level during 
dose escalation. Dose escalation will be guided using the modified Toxicity Probability Interval (mTPI) 
design based on a Bayesian approach. After three research participants complete DLT assessments, and 
depending on the number of observed DLTs, the DSMB may recommend dose escalation, the addition of 
more research participants tested at the same dose, or de-escalation to a lower dose. This methodology 
is largely used in Phase I oncology trials. The statistical properties and operating characteristics are 
described in a peer-reviewed paper (Ji and Wang, J Clin Oncol 2013). A detailed explanation of the mTPI 
design is provided in the response to the reviewers (Appendix 1). 
 
The investigators have made the specific changes to the ICD as suggested by the reviewers, as 
delineated in the written response. 
 
 
VIII. Review and Discussion of Human Gene Transfer Protocols 1610-1547, 1610-1548, and 1610-

1549 
 
A. RAC Discussion of Protocols 1610-1547, 1610-1548, and 1610-1549 
 
The RAC discussion and the investigators’ responses to the RAC's written and discussed questions for 
protocols 1547, 1548, and 1549 were grouped together, rather than being discussed separately, as the 
RAC usually does. The discussions and responses were combined because of the similarities between 
UCART123 and UCART19 and the similarities in the study design and objectives for the three protocols, 
which have the same sponsor and will be led by members of the same research teams. 
 
During the meeting, RAC members raised the following additional questions, concerns, or issues: 

• The reviewers found the presentation to be clear and their concerns and questions to be well 
addressed. They appreciated the additional information and details provided in response to the 
issues raised regarding the extensive amount of redacted data in the initial submission. 

• The reviewers went through their written comments and the investigators’ responses to these 
queries and suggestions, as provided above for each protocol.  

• Dr. Atkins requested additional information about the second adult research participant in the UK-
based CALM study who died, including whether that research participant received rituximab and, 
if not, why not. He also asked whether the study is on hold, since this was the second death to 
date among research participants treated with UCART19. 

• Dr. DiGiusto was responsible for reviewing the cell therapy/product aspects of this research. The 
study design appears to be state-of-the-art. The descriptions and the plan for the development of 
the “ancillary reagents”—that is, the lentiviral vector that introduces the CAR, the safety switch for 
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CD20 expression, and the TALENs—appear to be consistent with industry standards. However, it 
was very difficult to ascertain whether the actual data received from testing of the test articles and 
components were sufficient to ensure the safety of the UCART products, given the level of 
redaction in the initial submission. Similar difficulty was encountered regarding cell and product 
processing and manufacturing, the reagents used to create UCARTs, and the likelihood and/or 
identification of off-target events. Dr. DiGiusto acknowledged that much of this information is 
confidential and will be addressed by the FDA with the IND application. Dr. Whitley agreed, 
adding that it is the FDA’s decision, not the RAC’s, as to whether the trials can proceed as 
planned or with any changes. 

• The data presented at the meeting regarding in silico–predicted gene modification addresses 
some of these questions. Dr. DiGiusto noted, however, that several published studies have 
observed unexpected off-target events with TALENs that would not be predicted in silico. In 
addition to stating that whole-genome analysis will be done, it would be helpful to know whether 
this has been done and, if so, whether any unpredicted targets have been identified. Dr. DiGiusto 
also asked whether a plan for a tumorigenicity study to evaluate the potential for tumor formation 
of these cells is in place and what the results of RCL testing by QFPERT assay are to date. 

• Dr. DiGiusto's major concern involved demonstrable activity of myeloid progenitors and risk of 
marrow aplasia. He did not agree with statements that this activity and risk are not significant, 
given the reduction of CD33-positive human cells and CD34-positive human cells with UCART 
products. Making sure that research participants have an available allogeneic donor if bone 
marrow aplasia develops is an important criterion. Dr. DiGiusto suggested that instead of (or in 
addition to) having a donor for these research participants, the investigators should consider 
having product banked as a safety back-up in case the identified donor is not available or a 
problem arises with the donor. 

• Dr. Porteus shared Dr. DiGiusto’s concerns about the risk of HSC aplasia, particularly for the 
CD123 product. He noted that the literature appears to be mixed, in that results from the UPenn 
group show normal bone marrow hypoplasia, whereas the current team’s data do not show this 
outcome. Dr. Porteus supported biobanking samples in advance so that they can be 
retrospectively analyzed in case something goes wrong. Doing this adds a valuable safeguard for 
research participants. The criteria for how long a neutropenic state will be tolerated are not 
specified. AML research participants with prolonged neutropenia are at a significantly increased 
risk of fungal infections; the longer they are in this state, the greater the risk. The investigators 
should consider adding a pre-specified duration, for example six or eight weeks, in which a 
research participant can be in a neutropenic state before further intervention. 

• Problems associated with the CD123 allogeneic product in particular are the very complicated 
interaction between graft-versus-leukemia (GvL) and graft-versus host disease versus on-target, 
off-site CD123 toxicity. Dr. Porteus asked whether the investigators have determined how they 
will distinguish between alloreactivity of the infusion versus CD123-directed toxicity.  

• Dr. Porteus addressed the vector and gene editing aspects of the protocols. He recognized the 
work of the sponsors and collaborators on putting together an extremely complicated process and 
procedure with multiple moving parts that all interact with each other. A strength of the proposed 
trial is that several events that will be considered to be DLTs go beyond the NCI guidelines. The 
team should consider not including transformation under the general group of DLTs but rather, 
specify it as a distinct DLT. The additional information about TALENs addresses concerns 
regarding the potential for translocations and TCR fusions that might generate T cell leukemias. 
Dr. Porteus encouraged the investigators to perform a specific analysis regarding TCR c-myc 
(MHC class I-chain-related antigens), a frequent translocation partner in T cell leukemias, so that 
this information is known prior to further clinical testing of the study products. Given available 
evidence, it is unlikely that those translocations are coming from on-target nuclease activity to off-
target nuclease activity. Rather, they are more likely coming from on-target nuclease activity to 
off-target breaks that are occurring spontaneously. Therefore, using bioinformatics to try to 
predict those translocations may not be successful. Dr. Porteus noted that prior efforts involving 
guided TALENs have not worked, and he suggested that the investigators request that FDA not 
hold them to that bar because it may not work as anticipated. 

• Dr. Porteus commended the team for working on developing an in vitro assay to predict whether 
a cell has been transformed and to see whether the cells proliferate. He asked whether this 
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testing has demonstrated that a primary human T cell leukemia proliferates in that assay, and 
whether the assay includes a positive control that will identify a transformed cell. 

• Dr. Porteus also asked whether the overt goal for these studies and interventions is to be a bridge 
to allogeneic transplant. 

• Allogeneic off-the-shelf products have at least two clear advantages. One is that these products 
are immediately available to the research participant when needed. The research participant 
therefore does not have to wait for harvesting of T cells and subsequent manufacturing of the 
final infusion product. Such a delay can lead to failure rate for research participants. Another 
advantage is that multiple lots can be generated from the same donor. With this background, 
both Dr. Porteus and Dr. Atkins requested information on how many research participant doses 
are expected from a single donor lot, and, if multiple lots are available, what happens if a 
research participant develops toxicity after being infused with one of the first lots. Specifically, is 
the lot thrown out and replaced with a new lot from a new source, or are additional lots and doses 
from the same source used? Dr. Porteus suggested building in criteria so that for a certain batch, 
if, for example, two out of three research participants in a dose cohort had an SAE, then the 
batch would be switched instead of continuing to keep giving doses from that batch to more 
research participants. He recognized that given the nature of the product, lots will not have 
identical toxicities. Variability in toxicities between lots prepared from different donors are due to 
the differences among donors, the percent of alloreactive T cells that contain the TCR, and 
quality of the TCR remaining in the batch. 

• Dr. Atkins continued this part of the discussion by commenting on the T cells used to produce the 
UCART products. These cells are from healthy donors, in contrast with many other CAR T cell 
products, which are derived from the research participant’s cells. Dr. Atkins pointed out, as have 
the investigators that because most research participants have already been exposed to several 
different therapies prior to having their cells collected, their CAR T cells may be damaged or less 
effective than cells collected from healthy donors. The cells from healthy donors may behave 
more aggressively and/or effectively than autologous CAR T cells. As a result, the starting doses 
using product developed from healthy donor cells may be too high. The team should consider 
whether to lower the starting dose or go with dose reductions.  

• Dr. Donahue appreciated the complexity of the trials and the various features that are built into 
the protocols to mitigate risks to research participants and to address regulatory requirements. 
He presented comments on the ICDs first. 

o Further work is needed to simplify some of the complex language and terminology used 
in the consent documents. Research participants will be focused on their disease and 
prognosis and may not need a detailed description of the process by which the 
investigational product or the mechanisms by which the agent works. They should, 
however, have a clear understanding of what the trial entails, the procedures and tests 
they will undergo, and the risks associated with each study phase and visit. 

o Language in the MD Anderson ICD gives the impression that research participants who 
are excluded after going through the screening process are left on their own. This needs 
to be revised to reflect that the investigators will explain the exclusionary problem or 
abnormality found on screening and that research participants will be provided with 
referrals (or whatever action is planned) to appropriate experts to address that problem. 
This issue does not appear to be mentioned at all in the Cornell ICD and should be 
incorporated into the document. The local IRBs can help develop or provide language to 
convey these points in the ICDs. 

o There is an issue with the need to address the FDA-mandated 15-year follow-up and one 
of the eligibility criterion, which excludes those who are not expected to be able to 
complete the 15 years’ follow-up. Given the prognosis for most research participants who 
will be enrolled in these studies, the investigators need to reconsider excluding anyone 
who is not expected to have 15 years of follow-up while also making sure that the 
language for the 15-year follow-up does not imply an expectation of 15 years’ survival. 

o The statement in the MD Anderson consent that MDACC may benefit from the research 
participant’s participation and/or from what is learned from the study needs to be clarified. 
If, for example, MDACC may (or will) benefit financially from the protocol, that needs to 
be stated explicitly in the ICD. The investigators have a responsibility to let research 
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participants know whether any institution/organization or members of the study team 
have a fiduciary interest in this product or the potential to make money or gain recognition 
from the research.  

o In the Cornell ICD, the rationale for a screening echocardiogram (to see whether there 
are any abnormalities in the research participant’s heart) should be rephrased so that 
research participants better understand why the procedure is needed for this trial. The 
timeframe for and details of each phase of the trial (including the duration of each phase) 
and an explanation of how, when, and why a research participant may transition from one 
phase to the next also need to be added to the Cornell ICD.  

• Dr. Donahue’s comments on other aspects of the trial: 
o  As suggested, the investigators have added ECGs at time points other than at screening 

to determine eligibility. They may want to consider including another ECG at the expected 
time of peak activity for the study treatment (e.g., at 1 week post-infusion). This testing 
could pick up electrical abnormalities that potentially are informative for any off-target 
activity in the heart. 

o Preclinical experience with the off-the-shelf product and TALEN-mediated inactivation of 
TRAC shows no GVHD in the mouse model, even at 91 percent disruption. In contrast, 
two of three research participants who received UCART19 for compassionate use 
developed GVHD, and the third research participant died soon after infusion. 
Dr. Donahue recognized the complex status of these research participants and that they 
all had undergone allotransplants, so there are reasons other than the infusion product 
for the research participants to have GVHD. The difference regarding GVHD between 
mice and humans raises a red flag, however, for the adequacy of testing the response in 
humans, since only two research participants were able to be followed and both 
experienced GVHD. Dr. Atkins agreed, noting that the death in a second research 
participant at the first dose level was not from the research participant’s underlying illness 
(ALL) and does not appear to be from GVHD. The death appears to be related to the 
study product, which should raise significant concerns and be explored further. 
Dr. Donahue strongly advised the team to figure out why there is a preponderance of 
GVHD only in humans before moving forward with this off-the-shelf product and concept. 

o The proposed studies will exclude research participants with specific co-morbidities, 
which, in certain circumstances, is appropriate given the potential for toxicities seen in 
other CAR T cell trials. Many of these trials have shown a benefit to some research 
participant populations, particularly for CD19 agents, indicating efficacy of these 
products. There may be a tendency to allow more leeway regarding who may enroll in a 
study given these results. However, Phase I trials assess safety and toxicity and do not 
evaluate efficacy or involve direct benefit to research participants. Research participant 
eligibility criteria must be developed within this context to protect research participant 
safety and minimize risk to the greatest extent possible, particularly in cases where 
toxicities are known based on prior clinical exposures. Such responses include CRS; 
severe vasodilation, cardiac suppression, and bronchospasm from the CRS; pulmonary 
edema from the cardiac suppression; neurotoxicities; and death. Even otherwise healthy 
or non-compromised individuals would be placed at increased risk for these serious side 
effects. Exposing vulnerable research participants, such as those planned for the 
proposed trials, to these risks of the investigational agents needs further consideration.  

o Given this background, it may not be sufficient for the planned trials to enroll research 
participants with “adequate” organ function. As currently presented, the criteria for 
“adequate” organ function are not clearly defined and leave too much of the 
determination to clinical judgment. For a lot of the major organ systems affected by the 
toxicities seen in other CAR T cell studies, the criteria should require that parameters be 
solidly within the normal range, not on the “edges” of what is considered normal, which 
could reflect individual variability. Redundancy in some of the criteria (e.g., to reduce risk 
for cardiac complications) would be appropriate in this case. For example, the exclusion 
criteria should include no active coronary and no symptomatic heart failure, because of 
the risk of such research participants dying with CRS. A research participant with 
asymptomatic bradycardia (who does not meet the criteria implant for a pacemaker) 
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would not be a good candidate for these trials, due to risk for severe vasodilation; such 
research participants will likely lose their cardiac output component, and their heart will 
not be able to compensate for this effect. A similar concern was raised for those who 
have even a mildly impaired ejection fraction. Vasodilation of research participants with 
underlying coronary disease will be expected to lead to infarction. It may be appropriate 
to expand enrollment at a later stage, but the inclusion/exclusion criteria need to be more 
stringent in a Phase I trial for the reasons cited. 

o Dr. Donahue also suggested broadening interpretation of evaluation of non-hematologic 
toxicities that are not clearly attributable to another identifiable cause. One example might 
involve a research participant who has a myocardial infarction (MI) in the setting of CRS. 
Although underlying coronary disease could be related to this event, the research 
participant’s coronary disease on its own did not cause the MI; rather, the cause was 
their coronary disease on top of the massive vasodilation from the CRS. The event 
therefore is most likely at least partially related to the study product. Having more 
stringent eligibility criteria (e.g., excluding those with heart or lung disease and 
abnormalities) will strengthen the findings regarding outcomes and effects attributable to 
the study intervention and potentially identify a population that could benefit from this 
therapy safely. 

• Dr. Atkins appreciated the challenges facing clinicians and researchers who are working on 
developing interventions that could potentially help research participants with lethal illnesses for 
which there are few or no effective treatments.  

• Dr. Atkins referenced data suggesting possible off-target event expression of CD19 products in 
the CNS and contribution of this expression to the neurotoxicity seen in some research 
participants. This issue may apply to all CAR T cell protocols, particularly those using potentially 
more potent CAR T cells because of their alloreactivity. Dr. Atkins did not find the plan for 
management of cerebral edema to be sufficient for the planned research participant populations. 
Giving tocilizumab or steroids probably will not be enough in these cases, based on outcomes in 
prior research participants. Whether rituximab or another agent should be given at the first sign of 
a seizure needs to be discussed further by the study team. 

• Additional information is needed to explain how well the animal studies mimic what might be 
expected in the clinical trials in terms of toxicity. Dr. Adelman inquired further about on-target/off-
tumor effects for both CD19 and CD123. He noted that the mouse models used in this testing 
had improved survival. These animals expressed only the native mouse CD19 or CD123; 
however, the cells were not transformed to express the human versions of CD19 and CD123. 
The affinity for the receptor that is expressed in the UCART cells that will be used for clinical 
purposes therefore may not have the same affinity for the mouse protein as it would for the 
human protein. Dr. DiGiusto noted that in one of the animal models, CD19-negative residual 
tumors emerged. He asked whether CD123-negative residual tumors have been seen in animals 
given anti-CD123 CARs, and whether expression of CD123 persists in these animals. 

• Dr. Adelman noted further that one of the exploratory aims of the trials is to monitor trafficking of 
the modified cells into different tissues in the body. This tracking will be done in very specific 
locations, but it is not clear how that will be achieved in tissues where the expression level of the 
edited genes is expected to be zero. Further details are needed as to how the investigators plan 
to monitor and detect expression on off-target sites but on-target binding given that there is no 
animal model that can mimic those interactions. 

• Dr. Atkins followed up on prior questions and comments regarding the efficiency of TALEN 
depletion of TCRs in the UCART products. He noted that 97 percent elimination is good but 
questioned whether the 3 percent of residual TCR cells could expand more dynamically if they 
have allo-antigens and more than the CAR T cells that are directed against the tumor. The team 
does not expect these types of expansion of the residual cells based on results of preclinical 
experiments. No tumor was in place in those experiments, however. The investigators noted that 
the CAR T cells directed against the tumor (antigens) would more likely expand when a tumor is 
present. Dr. Atkins commented that it is not clear that that would be the outcome and that it is 
conceivable that those allo-antigens or the T cells with the residual TCR may be most likely to 
expand more and result in GVHD than anticipated. On the other hand, he recognized that these 
cells will likely be eliminated once the host immune system recovers, which provides an 
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additional opportunity to eliminate any GVHD that has developed. Even with this likely possibility, 
however, the issue of tolerability of the investigational product remains a concern from a GVHD 
standpoint. Questions about engraftment of the T cells and whether the TALEN process could 
cause translocations that could lead to transformation have been discussed at length. 

• Dr. Atkins also inquired about the criteria that will be used to determine when to administer 
rituximab to turn on the suicide switch, whether this approach has been used before and, if so, 
what the results and the anticipated effects on host immunity are. It appears that the five prior 
research participants given rituximab were given that agent in anticipation of having their 
hematopoietic stem cell transplantation, not as a treatment for toxicity. Thus, the rituximab 
receptor was in place as a means of enhancing safety. Although this approach is frequently used, 
it usually is not seen in research participants who have severe toxicities that lead to death. 
Additional details about the research participant in the ALL trial who died following CRS will 
hopefully be informative, including whether rituximab was ever given to the research participant 
or whether the focus was on use of steroids and tocilizumab and not on shutting down CRS 
completely with the suicide switch. Upon further discussion, Dr. Atkins noted that available data 
indicate that the research participant deaths occurred quickly, within 48 hours; given this 
timeframe, he expressed concern about the effectiveness of rituximab in research participants 
refractory to steroids who died. Dr. Cho similarly questioned whether the mitigation plans for 
rituximab administration as a suicide switch and for targeted immunosuppressive agents are 
specific enough to the proposed trials. 

• Dr. Pilewski asked whether a durable response has been seen in preclinical studies or whether 
there have been any “cures” in animal models with single- or multiple-dose CART T cell/UCART 
regimens. Improvements in survival in animals have been reported, but the expected durable 
response rate in clinical trials is not clear. 

• Dr. Pilewski raised the issue of potential benefit for participants in a Phase I trial, and how 
“benefit” is described in the ICD, which has been discussed at length at prior RAC meetings. In 
general, in Phase I clinical trials, the likelihood of research participants receiving a significant 
benefit is very low at best. Therefore, the statement in the ICD that research participants “may 
not” receive benefit from the intervention may be misleading or misinterpreted. Rather, the 
opposite is anticipated; that is, the expectation is that research participants will not benefit from or 
be cured by the UCART product. If the investigators have a different expectation based on 
preclinical data or long-term outcomes, they need to provide the clear evidence for that 
determination. The guiding principle should be to ensure that research participant expectations 
are aligned with what is anticipated based on preclinical and any relevant clinical data.  

• Dr. Cho noted that the statement in the written responses regarding research participant 
confidentiality that no information concerning the study or the data will be released by any 
unauthorized third party without prior written approval of the sponsor addresses the prior concern, 
which implied that unauthorized third parties would have access to research participant data. The 
meaning of the optional procedures in the informed consent also has been clarified by stating that 
the optional procedures involve biobanking as a separate activity from the clinical trial. 

• An issue that still needs clarification, however, is how samples will be stored and whether the 
sponsor will have access to the codes. The original language says the sponsor will not have 
access to the codes that link the samples to the research participant's identity. The revised 
language says these samples will be stored by MD Anderson and will be available to the sponsor, 
who will have access to the linked codes. 

• The dose-finding part of the protocols will be conducted at a single site, while the dose-expansion 
arms will be done at up to five to 10 sites in the United States and Europe. The sites for the dose 
expansion have not been identified yet, however, so details as to who will conduct the trials at 
those sites and where the research participants will be recruited from are not available (or known) 
at this point. It will be helpful for the RAC and NIH staff to be able to learn about recruitment and 
treatment of research participants outside the United States and how the studies are progressing 
at the non-U.S. sites. 

• Dr. Cho appreciated the additional data provided in the written responses and presented during 
the meeting but questioned whether these data were sufficient to assess, for example, cross-
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reactivity of the products with human tissues based on the panels used. There did not appear to 
be a complete or detailed list of the tissues against which these products were tested. 

• Dr. Lee noted that in all three trials, one of the exclusion criteria is the presence of donor-specific 
anti-HLA (human leukocyte antigen) antibodies, which is appropriate given the history of these 
research participants. However, it is not clear how or when HLA typing will be done given that the 
UCARTs are off-the-shelf products. Will the cells be tested prospectively for anti-HLA antibodies 
using AABB or other relevant standards? Further, if the anti-HLA antibodies are detected, is a 
different lot (from a different donor) that does not react against HLA antibodies used? 

• Dr. Porteus asked whether the Phase I trials are sufficiently powered to assess whether multiple 
donors have different effects (for safety, potential effectiveness), given that every donor 
represents a different drug and that different “drugs” will be given to different research 
participants. 

 
B. Investigator Response 
 

1. Responses to RAC Discussion Questions 
 
To date, seven research participants have been treated with UCART19. Three research participants 
received the product under compassionate use. Two additional research participants have been treated 
under the pediatric ALL (PALL) study, and two have been treated under the UK CALM study. Five of the 
seven research participants are still alive. Four of the five living research participants are in MRD-negative 
remission. Five of the research participants were going through allo-SCT and received rituximab for that 
reason. One death occurred in a 44-year-old research participant who received UCART19 for 
compassionate use. The sponsor recently informed the study team about the death of another adult, an 
18-year-old research participant enrolled in the UK CALM trial. This research participant had Grade 4 
CRS. Further data are being gathered about this case. Records from the study site have been requested 
to ascertain the cause of the research participant’s death. The information about this event is being 
reported to the UK regulatory agency and will be submitted to the DSMB and U.S. regulatory agencies 
once the research participant’s records have been reviewed. Dr. Jain added that the protocol, which 
currently is open only in the UK, is on hold pending a final decision by the DSMB based on the 
committee’s assessment of these research participant outcomes cases. 
 
Dr. Smith noted that unbiased genome-wide analysis is being done, but because these studies are 
ongoing, there are no results to communicate at this time. The results will be filed with the IND application 
for the UCART trials and will be available for analysis then. There currently is no plan for a tumorigenicity 
study to evaluate the potential for tumor formation of these cells. To date, results of in vivo studies, some 
of which have followed mice for more than 200 days, show no aberrant tumor formation. In addition, all 
RCL data on all batches tested thus far have been negative. Testing will continue to be done using the IL-
2–independent proliferation assay, karyotyping, and immunohistochemistry.  
 
Dr. Jain agreed with the reviewers that cerebral edema is a concern with CAR T cell therapies. He 
explained that MD Anderson has a committee that meets weekly to review the status and outcomes of all 
CAR T cell–treated research participants treated at MDACC. In addition, internal guidelines have been 
developed that include daily rounds by a neurologist as part of the research participant monitoring plan. 
Guidelines are also in place for medical management of cerebral edema. The use of rituximab in research 
participants who are refractory to steroids will be considered and will likely be instituted in the proposed 
trials, as suggested. 
 
The additional discussion comments and suggestions regarding neutropenia were noted. Dr. Roboz 
pointed out, however, that the study cohort comprises research participant with relapsed/refractory cohort 
AML who will have pre-existing neutropenia because of ongoing underlying disease, documented through 
bone marrow biopsy. The duration of each research participant’s neutropenia is expected to be highly 
variable and for many, the duration will be long. Research participants with evidence of active 
disseminated infection will not be enrolled in the study, but the investigators are hesitant to have a 
criterion that specifies a specific number of days for duration of neutropenia because of the variation 
across research participants. 
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Distinguishing between the alloreactivity of the infusion and that associated with CD123-directed toxicity 
is difficult. Clinical management of research participants is complicated as the events of these conditions 
evolve. Several steps can be taken, however, to clarify the research participant’s status. The types of 
circulating cells and subpopulations of cells can be assessed using flow cytometry. Residual 
compartments can also be examined, for both original disease and the circulating cells. Another area of 
active inquiry could be quantitative assessments relevant to the amount of circulating product and the 
research participant’s symptoms and status. 
 
The IL-2–independent proliferation assay has not been tested using primary AML cells. Dilution studies 
with certain cell lines have been performed to determine the limit of detection with that assay, however.  
 
The adult CALM study does not mandate that a transplant be done for research participants enrolled in 
that trial. However, if the research participant is a transplantable candidate and has relapsed/refractory 
ALL, the preferred plan is to try to identify a donor and have the research participant undergo a transplant 
when the research participant is MRA-negative. Thus, while transplant is not a primary goal or outcome, a 
secondary outcome of the protocol is the number of research participants who are able to go to 
transplant. The same provisions and considerations apply to the BPDCN trial. Transplant is a separate 
therapy in and of itself. The distinction between whether a transplant is required or expected for all 
research participants—which it is not—versus having a transplant as a back-up or an option is important 
to note. 
 
Dr. Roboz explained that the clinical sites will ascertain not only that research participants have a 
potentially available donor, but also that each research participant has actual banked donor cells. A 
variety of ways can be used to accomplish this objective, depending on the source of stem cells (e.g., 
cord blood, samples from an unrelated donor or sibling). Thus, availability of an allogeneic product will be 
guaranteed. The language regarding the specifics of accessibility to the biobanked samples will be 
clarified in the informed consent document. 
 
Dr. Sourdive explained that the number of doses yielded from a single donor depends on the number of 
cells per dosage. In a typical GMP run hundreds of doses are generated from a single lot. Further 
development of the manufacturing process and scale-up is expected to increase the number of doses. 
The team is taking an industrialization perspective into account with the capacity to greatly increase the 
number of doses that can be generated from a single donor. Each of the proposed studies will use 
different donors to create different batches of the UCART product. More than one run can be done from 
one blood collection. One fifth to one third of a collection is used for each run, resulting in several batches 
from individual collections. In addition, different donors can be used for each pathway, giving the team the 
capacity to switch or use batches from another collection as needed. 
 
The team has considered using some of the exploratory assessments to try to directly compare the 
biological parameters of each dosing unit or batch so a decision as to whether to continue to use that 
batch is not made solely on clinical grounds. Dr. Roboz pointed out that for relapsed/refractory leukemia 
in particular, it is very likely for two or three research participants in a row to have a severe event and that 
such events may not be related to the study intervention. The aim is to have concrete criteria based on 
scientific data to indicate when a swap should be made. 
 
A significant decrease in tumor burden and improved overall survival have been observed in preclinical 
studies of both UCART products. It was noted that a slight increase in survival has been seen in mice 
given what is considered standard of care, but the UCART studies are the first time such a prolonged 
survival (durable response) has occurred in AML and BPDCN research participant-derived xenograft 
(PDX) animal models. Mice in the UCART studies were very old (>40 weeks) at the time of sacrifice. The 
point at which the mice were sacrificed was chosen because the animals were dying of unrelated causes. 
All were otherwise healthy and disease-free. The bone marrow showed no sign of minimal residual 
disease (MRD), per a digital PCR assay designed to monitor and detect any sign of MRD in those 
animals. 
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Dr. Guzman, Assistant Professor of Pharmacology in Medicine, Weill Cornell Medical College, explained 
further that the mouse model, in which normal hematopoietic cells and leukemic cells coexist, was 
developed because of the concerns regarding off-target events to normal hematopoietic progenitors. This 
model shows that the UCART123 cells preferentially eliminate the AML cells that have higher levels of the 
target, while the normal progenitor cells are not eliminated. She recognized that the model and these 
experiments are limited to addressing the hematopoietic system but that this is the best modeling that can 
be done at this point with human cells.  
 
Dr. Smith noted that human cell lines have been introduced into these immunodeficient mice so that they 
express human CD19 or human CD123. The team therefore is testing the efficiency of human T cells 
against those cell lines. Affinity of those T cells to other organ systems in the body of the animal is not 
tested directly, however. The team uses a tissue cross-reactivity assay in which the antigen-binding 
portion of the CAR is tested against a panel of normal human tissues to detect potential cross-reactivity 
with CD123 or CD19 or perhaps interactions with CD19 or CD123 on those normal human tissues. Dr. 
Guzman noted that the research team had the same concerns as the RAC regarding the possibility of 
residual tumors following administration of UCART123. Residual disease was found in animals treated 
with the lower dose of the UCART123 cells; the leukemia cells in these animals were still 123-positive. No 
residual CARs or T cells were seen in those animals, however.  
 
How potential for benefit is assessed and described to research participants is a very important issue that 
has been widely discussed by the study team. The investigators work closely with the IRB, research 
participant advocates, and ethics and clinical teams to try to achieve the appropriate balance in Phase I 
studies of leukemia, without overstating the potential for benefit. At the same time, however, Dr. Roboz 
noted that she has had research participants who experienced direct and meaningful benefit from 
participation in Phase I trials. She is therefore hesitant to state that there is no chance to benefit from 
participation, which would not necessarily be in the research participant’s best interest.  
 
Dr. Sourdive explained that HLA typing of the donor is done for every collection used to ensure that the 
team has information about anti-HLA reactivity against the donor cells. Matching the HLA of the donor 
and the research participant is not done. As an added safeguard, typing will be done on the first research 
participants scheduled to receive the UCART intervention. The investigators do not anticipate doing 
further HLA typing of the UCART product as a standard requirement for matching going forward, but they 
will be monitoring what happens to determine whether additional testing is needed. Dr. Thompson, Senior 
Principal Scientist with Pfizer, pointed out that the intent of the off-the-shelf product in these Phase I 
studies is to show through multiple donors that the products are safe. To achieve this goal, a number of 
different donors will undergo extensive safety testing under these trials to establish through the team’s 
clinical development plans that product safety and potential preliminary efficacy are not linked to specific 
donor attributes. To that end, as Dr. Sourdive also noted, HLA and other data related to donor safety will 
be collected up front and then analyzed retrospectively to see whether this goal is met. Once the safety of 
donors is established, the team will then try to determine whether a statistical strategy can be applied to 
assess donor safety. This will be a sequential process that will likely continue through the dose-expansion 
portions of each study. 
 
The team will revise the ICDs to address the reviewers’ and RAC members’ questions and concerns. 
 
C. Public Comment 
 
No comments from the public were offered. 
 
D. Synopsis of RAC Discussion and RAC Observations and Recommendations for Protocols 1610-
1547, 1610-1548, and 1610-1549 
 
The RAC’s recommendations focused on multiple areas: the use of allogeneic T cells, the lentiviral vector 
used in the UCART products and gene editing, and ethical issues. The recommendations apply to all 
three trials, given the overlap across the studies. 
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The following observations and recommendations were made during the RAC’s in-depth review and 
public discussion: 
 

• Consider reporting transformation independently as a dose-limiting toxicity. 
• The RAC encourages the team to do a specific analysis of TCR c-myc to determine whether 

translocations are present in the product. 
• Consider including criteria specifying how long neutropenia in participants will be tolerated. 

Consider utilizing a non-affiliated physician to perform this assessment to avoid any bias. 
• Consider opportunities for adding a positive control for IL-2 growth activity in the cell proliferation 

assay. 
• Consider including criteria for batch-to-batch variability due to donor heterogeneity. 
• Consider removing inability to do 15-year follow-up as an exclusion criterion. 
• Consider tightening exclusion/inclusion criteria. Specifically, define adequate organ function, and 

encourage recruitment of those with “normal cardiac/renal/pulmonary function” in this Phase I 
study, recognizing prior exposure to organo-toxic anti-cancer medications as a potential limitation. 

• Consider adding ECG during the timeframe of peak therapeutic activity. 
• In limited exposure to UCARTs thus far, GVHD has been encountered in two of three 

participants. Given this was unanticipated, encourage careful consideration of GVHD moving 
forward. 

• Consider lowering the threshold for administering rituximab in the context of CRS, GVHD, 
neurotoxicity, and cerebral edema. 

• Consider articulating a mitigation plan for management of cerebral edema. 
• Consider ensuring that allogeneic rescue bone marrow is available for each research participant 

for urgent administration. 
• Consider safety and dosing within the context of healthy CAR T cells, given that historically these 

CAR T cells have come from participants who may already have T cells whose activity is 
diminished. 

• Clarify the language regarding who has access to information linking samples to participant 
identities. 

• Regarding the ICDs: 
○ Consider clarifying that there is no expectation of benefit in a Phase I study. 
○ Consider simplifying language and terminology in each document. 
○ State explicitly any financial interests or potential gains of any parties involved in this 

research and these trials. 
○ Given the unanticipated GVHD outcomes, include a stronger statement about the risk of 

GVHD based on clinical results to date. 
 
E. RAC Discussion 
 
In the recommendation regarding rescue bone marrow, the definition of “available” needs to be specified 
and made consistent (e.g., does it mean that the sample has been collected and cryopreserved?) so that 
the intent is clear. 
 
Dr. Cho had a more general question that may have implications for what the consent forms look like, 
especially for the CALM protocol, in which a research participant has already died. She asked whether 
information about this death and information indicating that GVHD may not be as rare an event with 
UCART19 as previously expected should be reflected in the ICD. Dr. Whitley suggested waiting until 
complete information about the research participant who died on the protocol is available before making a 
recommendation as to what should be added to the consent form. He found the recommendation about 
GVHD to reflect the RAC’s discussion and concerns but asked for feedback from other members. In 
response, it was noted that there should be a stronger statement about the risk of GVHD in the consent 
and that a recommendation to the sponsors about careful consideration to GVHD going forward was not 
being suggested at this point. 
 
F. Committee Motion 2 
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Dr. Whitley summarized the RAC recommendations to be included in the letters to the investigators of all 
three protocols, expressing the comments and concerns of the RAC. Dr. Whitley requested a vote, and 
the RAC approved these summarized recommendations by a vote of 9 in favor, 0 opposed, 0 abstentions, 
and 0 recusals. The motion and vote apply to protocols 1610-1547, 1610-1548, and 1610-1549. 
 
 
IX. Closing Remarks and Adjournment 
 
Dr. Whitley thanked the RAC members, OSP staff, and guests and adjourned the December 2016 RAC 
meeting at 5:25 p.m. on December 14, 2016. 
 
 
 
[Note: Actions approved by the RAC are considered recommendations to the NIH Director; therefore, they 
are not considered final until approved by the NIH Director.] 

  
 
 
 
________________________________________________ 
Marina O’Reilly, Ph.D. 
RAC Executive Secretary 

 
I hereby acknowledge that, to the best of my knowledge, the 
foregoing Minutes and the following Attachments are accurate 
and complete. 
 
This Minutes document will be considered formally by the RAC 
at a subsequent meeting; any corrections or notations will be 
incorporated into the Minutes after that meeting. 

 
 
 
Date: ________________ ________________________________________________ 

Richard Whitley, M.D. 
Chair, Recombinant DNA Advisory Committee 



Minutes of the Recombinant DNA Advisory Committee, 12/14/2016 
 

Att-I-1 

Attachment I: 
Recombinant DNA Advisory Committee Roster

Chair 
 
WHITLEY, Richard, M.D. 
Distinguished Professor of Pediatrics 
Professor of Microbiology, Medicine, and 

Neurosurgery 
Loeb Eminent Scholar Chair in Pediatrics 
Department of Pediatrics 
University of Alabama School of Medicine 
Birmingham, AL 35233 
 
Members 
 
ADELMAN, Zachary, Ph.D. 
Associate Professor 
Georgetown Lombardi Comprehensive Cancer 

Center 
Department of Entomology 
Texas A&M University 
College Station, TX 77843 
 
ALBRITTON, Lorraine, Ph.D. 
Professor 
Department of Microbiology, Immunology, and 

Biochemistry 
College of Medicine 
The University of Tennessee Health Science 

Center 
Memphis, TN 38163 
 
ATKINS, Michael, M.D. 
Deputy Director 
Georgetown Lombardi Comprehensive Cancer 

Center 
Professor of Oncology and Medicine 
Georgetown University School of Medicine 
Washington, DC 20057 
 
BORIS-LAWRIE, Kathleen, Ph.D. (incoming) 
Professor of Microbiology 
Chair, Veterinary & Biomedical Sciences 
University of Minnesota 
Saint Paul, MN 55108 
 
CANNON, Paula M., Ph.D. 
Associate Professor 
Department of Pediatrics and Biochemistry 
Keck School of Medicine 
University of Southern California 
Los Angeles, CA 90027 
 
 

 
 
CHO, Mildred, Ph.D. 
Professor 
Department of Pediatrics 
Division of Medical Genetics 
Associate Director 
Stanford Center for Biomedical Ethics 
Stanford University School of Medicine 
Stanford, CA 94305 
 
CURRY, William, M.D. 
Director 
Department of Neurosurgical Oncology 
Massachusetts General Hospital 
Associate Professor of Surgery 
Harvard Medical School 
Boston, MA 02114 
 
DIGIUSTO, David, Ph.D. (incoming) 
Executive Director 
Stem Cell and Cellular Therapeutics 
Stanford Health Care, Stanford Medicine 
Stanford University 
Stanford, CA 94305 
 
DONAHUE, Kevin, M.D. 
Professor 
Division of Cardiovascular Medicine 
University of Massachusetts Medical School 
Worcester, MA 01655 
 
HARDISON, Angelica, M.B.A. 
Compliance Analyst 
Office of Compliance and Enterprise Risk 

Management 
Georgia Regents Health System 
Augusta University 
Augusta, GA 30912 
 
HEARING, Patrick, Ph.D. 
Professor 
Department of Molecular Genetics and 

Microbiology 
Stony Brook University 
Stony Brook, NY 11794 
  



Minutes of the Recombinant DNA Advisory Committee, 12/14/2016 
 

Att-I-2 

KAUFMAN, Howard, M.D., FACS 
Professor 
Department of Surgery 
Robert Wood Johnson Medical School 
Rutgers, The State University of New Jersey 
New Brunswick, NJ 08854 
 
LEE, Benhur, M.D. 
Professor 
Department of Microbiology 
Ward-Coleman Chair in Microbiology 
Icahn School of Medicine at Mount Sinai 
New York, NY 10029 
 
LEE, Dean Anthony, M.D., Ph.D. 
Associate Professor 
Director 
Cellular Therapy & Cancer Immunotherapy 

Program 
The Research Institute at Nationwide Children’s 

Hospital 
Ohio State University College of Medicine 
Columbus, OH 43205 
 
MCCARTY, Douglas, Ph.D. 
Associate Professor 
Department of Pediatrics 
The Research Institute at Nationwide Children’s 

Hospital 
Ohio State University College of Medicine 
Columbus, OH 43205 
 
PILEWSKI, Joseph, M.D. 
Associate Professor of Medicine, Pediatrics, and 

Cell Biology and Physiology 
Division of Pulmonary, Allergy, and Critical Care 
University of Pittsburgh 
Pittsburgh, PA 15213 
 
PORTEUS, Matthew, M.D., Ph.D. (incoming) 
Associate Professor of Pediatrics (Stem Cell 

Transplantation) 
Department of Pediatrics 
Pediatric Hematology-Oncology 
Stanford University School of Medicine 
Stanford, CA 94305 
 
ROSS, Lainie, M.D., Ph.D. 
Professor 
Department of Pediatrics, Medicine, and Surgery 
University of Chicago Medical Center 
Chicago, IL 60637 
 

WOOLEY, Dawn, Ph.D. 
Associate Professor 
Department of Neuroscience, Cell Biology, and 

Physiology 
Boonshoft School of Medicine 
Wright State University 
Dayton, OH 45435 
 
Executive Secretary 
 
O’REILLY, Marina, Ph.D.  
Director, Recombinant DNA Activities Program 
Division of Biosafety, Biosecurity, and Emerging 

Biotechnology Policy 
Office of Science Policy 
Office of the Director 
National Institutes of Health 
Bethesda, MD 20892 
 
National Institutes of Health 
Office of Science Policy 
 
TUCKER, Jessica, Ph.D.  
Director  
Division of Biosafety, Biosecurity, and Emerging 
Biotechnology Policy  
Office of Science Policy  
 
Office of the Director  
National Institutes of Health  
U.S. Department of Health and Human Services  
Bethesda, MD 20892 
 
WOLINETZ, Carrie, Ph.D. 
Associate Director for Science Policy 
Office of Science Policy 
National Institutes of Health 
U.S. Department of Health and Human Services 
Bethesda, MD 20892 
 
 
 
 
 



Minutes of the Recombinant DNA Advisory Committee, 12/14/2016 
 

Att-I-3 

Ad Hoc Presenters and Speakers 
 
JAIN, Nitin, M.D. 
Assistant Professor 
Department of Leukemia 
MD Anderson Cancer Center 
The University of Texas 
Houston, Texas 
 
PEMMARAJU, Naveen, M.D. 
Assistant Professor 
Department of Leukemia 
MD Anderson Cancer Center 
The University of Texas 
Houston, Texas 
 
ROBOZ, Gail, M.D. 
Professor 
Department of Hematology and Oncology 
Weill Cornell Medical College 
New York Presbyterian Hospital 
New York, NY  
 
SMITH, Julianne, Ph.D. 
Vice President 
CAR Development 
Cellectis 
New York, NY 
 
SOURDIVE, David, Ph.D. 
Executive Vice President 
Corporate Development and Manufacturing 
Cellectis 
New York, NY 
 
 
 
 
 
 

THOMPSON, Bruce, Ph.D. 
Senior Principal Scientist 
Biotherapeutics Pharmaceutical Sciences 
Pfizer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Minutes of the Recombinant DNA Advisory Committee, 12/14/2016 
 

Att-I-4 

Nonvoting Agency Representatives 
 
U.S. Department of Health and Human Services 
Office for Human Research Protections 
 
BORROR, Kristina, Ph.D. 
Director 
Division of Compliance Oversight 
Office for Human Research Protections 
U.S. Department of Health and Human Services 
Rockville, MD 20852 
 
Food and Drug Administration 
Office of Cellular, Tissue, and Gene Therapies 
 
VATSAN, Ramjay, Ph.D. 
Biologist 
Center for Biologics Evaluation and Research (CBER) 
Center for Drug Evaluation and Research (CDER) 
Food and Drug Administration 
U.S. Department of Health and Human Services 
Silver Spring, MD 20993 
 
 



Minutes of the Recombinant DNA Advisory Committee, 12/14/2016 
 

Att-II-1 

Attachment II: 
Public Attendees 

 
(This list includes only individuals who are not identified elsewhere in this document) 
 
Christelle Alves-Pierrot, Servier 
Shirley Bartido, Cellectis 
Susan Cohen, Pfizer 
Tim Farries, Servier 
Bishu Ganguly, Pfizer 
Pamela Garzone, Pfizer 
Agnes Gouble, Cellectis (via teleconference) 
Chrystal Huntoon, Pfizer 
Claire Junga Kim, KIE Georgetown 
Marina Konopleva, MDACC (via teleconference) 
Cyril Konto, Pfizer 
Larissa Lapteva, FDA 
Charlotte Lu, Servier 
Christy Magim, Bursen-Marsteller 
William Merritt, NCI 
Inkyoung Park 
Premal Patel, Pfizer 
Thomas Pertel, Pfizer 
Jianqiang Ren, NIH 
Stephan Reynier, Cellectis 
Loan Hoang-Sayag, Cellectis 
Elena Spanjaard, Pfizer 
Sondra Sherriff, NCI 
Bruce Thompson, Pfizer 
Chandra Udata, Pfizer 
Monica Guzman-Weill, Cornell Pharmacology 
Sun Tae Won 
Thierry Wurch, Servier 
Amina Zinai, Servier 
 
 
 



Minutes of the Recombinant DNA Advisory Committee, 12/14/2016 
 

Att-III-1 

Attachment III: 
Abbreviations and Acronyms 

 
AABB American Association of Blood Banks 
AAV adeno-associated virus 
ADCC antibody-dependent cell-mediated cytotoxicity 
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CFU colony-forming unit 
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GVHD graft-versus-host disease 
GvL graft-versus-leukemia 
HLA human leukocyte antigen 
HLH hemophagocytic lymphohistiocytosis 
HSC hematopoietic stem cell 
IB Investigator’s Brochure 
IBC Institutional Biosafety Committee 
ICD informed consent document 
ICH International Conference on Harmonization 
IFNγ interferon-gamma 
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IGH immunoglobulin H gene 
IHC immunohistochemical 
IND Investigational New Drug 
IL-2 interleukin-2 
IRB Institutional Review Board 
ISCN  International System for Human Cytogenetic Nomenclature 
IV intravenous 
Lm Listeria monocytogenes 
LD lymphodepletion 
LFT liver function test 
LTFU long-term follow-up 
LVEF left ventricular ejection fraction 
MDACC MD Anderson Cancer Center 
MFI mean fluorescent intensity 
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MNC mononuclear cell 
MRD minimal residual disease 
MRI magnetic resonance imaging 
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MTD maximum tolerated dose 
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PALL pediatric ALL 
PBMC peripheral blood mononuclear cell 
PCR polymerase chain reaction 
PDX patient-derived xenograft 
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PI principal investigator 
QFPERT  quantitative fluorescent PCR-enhanced reverse transcriptase assay 
RAC Recombinant DNA Advisory Committee 
RCL replication-competent lentivirus 
RVD repeat variable di-residue 
SAE serious adverse event 
scFv  single-chain variable fragment 
SIN self-inactivating 
TALEN transcription activator-like effector nuclease 
TCR T cell receptor 
TCR MIC MHC class I-chain-related antigens 
TRAC TCR-α constant region 
UCART universal chimeric antigen receptor T cell product 
UCART19 UCART targeting CD19 
UCART123 UCART targeting CD123 
UK United Kingdom 
ULN upper limit of normal 
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 Appendix A: 
Verbatim Public Comments 

 
[No public testimony was provided at the December 2016 RAC meeting.] 
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