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Introduction

Cell therapy products have become more sophisticated both in type and manufacturing
complexity (1-3). As clinicians' and researchers' understanding of disease and cell
mechanisms of action continue to grow, cell therapy products are being increasingly used or
considered for use in clinical trials (4-12). The safety and efficacy of cell therapy products
have been reported within individual clinical trials and through review articles (13-19).
These publications are often limited to an individual cell type and also differ by how the
data are being collected and reported. The Health Resources and Services Administration
(HRSA) has provided funds to study the use of cell therapy in the United States with a goal
of building a database similar to that established and maintained by the bone marrow
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transplant community for years. The European Union has pursued a similar goal. Despite
these efforts, there is limited published information that describes cell therapy product
administration across both cell types and indications. To this end, The National Institutes of
Health, National Heart, Lung and Blood Institute (NHLBI) Production Assistance for
Cellular Therapies (PACT) program has collected data over the past 10 years on the
administration of cell therapy products manufactured within the program.

The PACT program was formed in 2003 through funding from the NHLBI. The program
provides clinical cell therapy product manufacturing support to investigators wishing to
transition a novel cell therapy from the developmental stage to clinical applications within
the purview of the NHLBI. PACT is not responsible for directly monitoring the clinical
trials of investigators receiving PACT-manufactured products. PACT has required collection
of standardized information on product manufacturing, transport, receipt, administration,
and adverse reactions with product administration.

The purpose of this data collection is 1) to monitor administration of PACT cell therapy
products, and 2) to build a product administration database to identify trends or safety
concerns that may be associated with cell therapy product administrations. All clinical trials
where PACT has provided manufacturing support were approved by local ethics
committees.

Development of Data Collection Forms and Web-Based Data Collection System

The PACT Coordinating Center (CC), the EMMES Corporation, was responsible for
development of the data collection forms in conjunction with the PACT cell processing
facilities. These forms were used by the cell processing facility staff and clinical
investigators. The forms were developed in conformance with Food and Drug
Administration (FDA) regulations, and AABB and the Foundation for the Accreditation of
Cellular Therapy (FACT) standards, as applicable. PACT also collaborated with the Center
for International Blood and Marrow Transplant Research (CIBMTR), which also had a
mandate to develop a database on the use of hematopoietic cell therapy products in clinical
trials. Additionally, the forms' content was harmonized with the cell therapy collections
forms used by the European Society for Blood and Marrow Transplantation (EBMT). PACT
outcome data are collected at 3, 6, and 12 months after product administration in the clinical
trial.

The following forms were used for clinical product data collection:
»  Product Manufacturing Information (including cell type)
e Product Transport and Receipt (including fresh or cryopreserved)
*  Product Administration

e Post-Product Administration (Outcome) Data (started in 2010; outcome data was
not requested for product administrations prior to 2010)

On the Product Administration form, the data elements include:
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»  Primary treatment indication (cardiovascular, pulmonary, hematology, BMT, or
other)
*  Route of administration

»  Whether or not the subject experienced any adverse reactions associated with
product administration

e Type(s) of reactions, if applicable
»  Severity of reactions
On the Post-Product Administration Data form, the data elements include:
» Response to cellular therapy related to:
— Efficacy endpoint (achieved/not achieved, unknown, not evaluated, or N/A)
—  Safety evaluation (no, mild, or severe toxicity, or unknown)
—  Clinical response (none, partial, complete, or unknown)

»  Survival: survival status (alive, dead, or lost to follow up) and primary cause of
death

Additionally, the PACT CC was responsible for developing the web-based data collection
system. The PACT CC monitored the data for completeness, generated queries, and
implemented database upgrades as needed.

Data Collection Procedures

The paper data collection forms, as well as the PACT web-based data collection system
(through which data are submitted to the CC), are made accessible to the PACT cell
processing facility staff through the PACT website. Applicable paper data collection forms
are also provided to the clinical site investigator when his/her clinical trial commences.

Both the designated cell processing facility and the clinical site investigator are required to
provide information in designated sections of the data collection forms. The paper forms are
returned to the cell processing facilities for entry into the data system.

The number and status of clinical projects approved to receive PACT services are shown in
Figure 1. Over 50 clinical projects have been approved. Of those, 37 have administered cell
products. The clinical cell therapy product data collected to date are from 8 cell product
types provided for 31 clinical projects. Six clinical projects were unable to provide clinical
cell therapy product data at the time of product administration for a variety of logistical
reasons. The specific cell product types that PACT has manufactured for clinical trials and
the total number of data forms collected are listed in Table 1.

Data Receipt and Review

The CC provides administrative support and reviews the data for completeness, validity, and
consistency. Any questions regarding anomalies or inconsistencies are distributed to the cell
processing facilities and tracked at the CC until resolution is obtained. Reports are
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developed based on the collected data to provide metrics and facilitate monitoring by the
PACT Steering Committee.

Results

Forms Collected

As of February 2014, PACT has received 665 Product Administration forms and 201 Post-
Product Administration (Outcome) Data forms (Table 1). Of the five primary treatment
indications, 232 Product Administration forms have been collected for cardiovascular-
related, 127 forms for hematology-related, 11 for bone marrow transplant (BMT)-related,
and 3 for pulmonary-related indications. Product Administration forms collected for other
indications included viral infections (145), lymphoma (Hodgkin and non-Hodgkin) (92),
diabetes (33), traumatic brain injury (10), multiple myeloma (9), and GVHD prevention (3).

By cell type, the 665 administrations include 240 bone marrow mononuclear cells (BM-
MNCs), 209 cytotoxic T lymphocytes (CTLs), 77 natural killer (NK) cells, 49 dendritic cells
(DCs), 46 T regulatory cells (Tregs), 29 hematopoietic stem cells (HSCs), 13 mesenchymal
stem/stromal cells (MSCs), and 2 CD133* progenitor cells (Table 1).

Post-Product Administration (Outcome) data form collection began in 2010. Since then, 337
product administrations have occurred. Forms were collected at 3, 6, and 12 month time
points post product administration with 90, 65, and 46 forms collected, respectively, for a
total of 201 forms (Table 1). The majority of these forms have been for products used in
hematology-related indications (85), 74 for cardiovascular-related, 13 for BMT-related
indications, and 29 related to other indications (data not shown).

Adverse Reactions with Product Administration

Adverse reactions post-administration were reported on 8.4% (56/665) of Product
Administration forms. A total of 114 adverse reactions were reported from 56 product
administrations, with one or more adverse reactions being reported with a single product
administration. The three most common types of post-administration-related adverse
reactions were chills 46% (26/56), hypertension 30% (17/56), and fever 21% (12/56) (Table
2). Nine of these 56 reactions (16%) occurred with administration of thawed cryopreserved
products containing dimethyl sulfoxide (DMSO). This represents 3% (9/265) of the products
in which DMSO was used as a cryopreservative.

Sixty-six percent (37/56) of reported adverse reactions followed administration of natural
killer (NK) cells representing 48% (37/77) of the NK cell product administrations. The
indications for use of NK cells included multiple myeloma, hematopoietic stem cell
transplant (HSCT) for acute myeloid leukemia, cancer, and other hematological
malignancies. Other adverse reactions were also seen after administration of CTLs - 4%
(8/209), T reg cells - 4% (2/46), HSCs - 17% (5/29), and MSCs - 40% (4/10). No adverse
reactions were reported with DCs, BM-MNCs, or CD133" progenitor cells (Table 2).

Approximately 62% (409/665) of cell products were administered intravenously with
adverse reactions occurring in 14% (56/409). No adverse reactions were reported for intra-
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arterial, -dermal, -muscular, or other administration routes which accounted for 38%
(256/665) of product administrations. A summary of Product Administration data is
provided in Table 2. Data on the severity of reported reactions were requested; however,
severity data received from the clinical sites were often missing, and therefore only a binary
presence or absence is reported.

Outcome Data

Since the request for outcome data began in 2010, only 27% (90/337) of product
administrations reported had associated outcome data forms provided. Thus, information
pertaining to clinical efficacy, safety, and clinical response is limited. An outcome form data
entry field without a response was included in the “unknown” category for this analysis. At
Month 3, 8 of the 90 forms reported that a clinical efficacy endpoint was achieved, 5 not
achieved, 2 were not applicable, and the remaining 75 were unknown. There were no
reported instances of severe toxicity at any time point (i.e., Months 3, 6, and 12), and only
one reported instance of mild toxicity from a CTL product at Month 3. Complete and partial
clinical responses were noted only for the CTL and NK cell product types at any time point
(Month 6 and Month 12 data not shown).

Thirty-two deaths were reported on the Outcome data forms, with 20 of those deaths
reported by Month 3. Primary causes of death were reported as either 1) disease relapse/
progression/persistent disease or 2) other cause. No deaths were reported as related to the
cellular therapy product. A summary of efficacy, safety and clinical response outcome data
for the Month 3 time point is provided in Table 3.

Discussion

Cellular therapy products are currently manufactured by biotechnology companies and
academic institutions. These groups are largely invested in their products, and often
maintain portfolios of intellectual property rights. As a result, data generated from these
products, including specific product administration data, have largely been kept confidential.
It has also not been possible to obtain standardized data from these entities. The PACT
program has developed a central database for collection of cell therapy product
administration and outcome data across a variety of cell types used for a number of clinical
indications. PACT collects a standard data set from each clinical trial for which it has
manufactured clinical product. The PACT program has achieved a level of operational
efficiency among the five participating cell processing facilities such that obtaining central
and consistent data related to the cell manufacturing process and administration is
successful. The PACT program has done this without jeopardizing intellectual property. Of
note, the primary point of data collection has been at the cell processing facility and not the
clinical site.

There have been challenges, however, obtaining the data related to outcomes (at 3, 6, and 12
months) from the clinical sites. They include: 1) PACT does not have direct access to the
clinical data; only the manufacturing data, 2) outcome data are often a part of the primary
endpoint for the clinical trial and are, therefore, not available until results have been
published well after the completion of the trial and without any involvement of the
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manufacturing facility, and 3) investigators have limited interest in devoting the time and
resources to provide these data to a third party on an ongoing basis.

Based on the administration and outcome data that have been collected thus far, PACT-
manufactured cell therapy products have been well tolerated. Responses to product
administration have not been the same for all cell therapy products, as demonstrated by the
higher rate of events noted with the administration of NK cells. This may be due to the
nature of the cell or manufacturing method, e.g., incubation with cytokines such as IL-2 or
IL-15 (20-22). Specifically, remaining IL-2 after the product is washed with 5% human
serum albumin or cytokines produced by the NK cells as the cells sit for a few hours
awaiting lot release testing prior to administration likely contribute to the reactions seen in
subjects. Other possible factors such as administration volume, cell dose administered, or
subject preparative/lymphodepletion regimens are less likely the cause. Administered
volumes were well within the mid-range for cell therapies, and the dosage administered was
not high. Additionally the preparative/lymphodepletion regimens implemented were not
intensive (20). As noted previously, longer term data are not as easily obtained, making it
difficult to analyze the clinical efficacy of the cell products. Additionally, there are a variety
of cell types and disease areas represented in the individual clinical trials for which PACT
has provided product (23). Large databases will need to be developed and populated to allow
these types of analyses.

The field of cellular therapy is relatively new, yet basic and preclinical research and initial
clinical trials have shown very promising results, stimulating interest in extending its clinical
applications. The majority of current research, which covers a wide range of indications and
cell types, is still at an early stage with only a small fraction of cellular therapies reaching
Phase Il clinical stage and even fewer achieving licensure. Data regarding different cell
types and indications need to be centralized and analyzed in a uniform way.

As many of the indications for cellular therapies are directed at relatively rare genetic or
immunologic indications, it becomes difficult to adequately assess the safety of a given cell
type for one indication in a single clinical trial.

Therefore, there is a need in the cellular therapy community for collaboration and central
data collection to enhance the ability to characterize the safety profile for a given cell
product. Researchers and regulators could have more compelling uniform data to support,
and possibly advance, research more quickly as safety profiles are established.

It would require effort and incentives well beyond the scope of the PACT program to
advance this goal.

The PACT program has established a proof of concept that centralized data collection is
possible across cell therapy manufacturing. The challenge is to the cell therapy community
at large to promote establishing and committing to support this type of effort beyond NIH
funding. The basic structure PACT established can be built upon as a model for future
initiatives to meet this goal.
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Figure 1.

Number and status of clinical projects approved to receive PACT services. The number of
products refers to the number of unique lots of a cell product manufactured by the cell
processing facilities. Larger product lots (e.g., multiple vials) may have been used for

multiple administrations.
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