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The NCI-Frederick Advisory Committee (NFAC) convened for its 3" meeting on 12 September 2012,
in Conference Room 10, C Wing, 6" Floor, Building 31, Bethesda, MD. The meeting was open to the public
on Wednesday, 12 September 2012, from 9:00 a.m. to 12:15 p.m., and closed to the public on Wednesday, 12
September 2012, from 12:15 p.m. to 3:00 pm. The NFAC Chairperson, Dr. Zach W. Hall, President Emeritus,
Institute for Regenerative Medicine, University of California, San Francisco, CA, presided during both the
open and closed sessions.
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l. OPENING REMARKS
Dr. Zach W. Hall

Dr. Zach W. Hall, Chair, called to order the 3" meeting of the NFAC and welcomed the Committee
members. After reviewing the charge to the Committee and the mission of the Frederick National Laboratory
for Cancer Research (FNLCR), he reminded members of the conflict-of-interest guidelines and confidentiality
requirements. Members of the public were welcomed and invited to submit to Dr. Thomas M. Vollberg,
Executive Secretary, in writing and within 10 days, any comments regarding items discussed during the
meeting.

A motion was made to approve the minutes of the 30 May 2012 NFAC meeting. The motion was
seconded, and the Committee unanimously approved the minutes. Dr. Hall informed the Committee that the
September 2013 NFAC meeting will be held in Frederick, MD.

1. NCI SENIOR LEADERSHIP TEAM: DEFINING THE FUTURE OF FNLCR
Dr. Harold Varmus

Dr. Harold VVarmus, Director, NCI, welcomed Committee members, Ex-Officio members, and
members of the public attending the meeting. Dr. Varmus noted that since he became NCI Director he has a
better understanding of the structure and programs of the FNLCR, and has been impressed by the amount of
scientific expertise and opportunities for growth in the Frederick facility. He said that based on what he
observed and heard in past NFAC meetings, he felt the name change from NCI-Frederick to the FNLCR better
reflected its scope as a national laboratory. The FNLCR is a national laboratory that should have the same
impact in the field of cancer research as the Los Alamos National Laboratory, the Fermi Laboratory, or the
Lawrence Berkeley National Laboratory have in their respective scientific areas. Dr. Varmus noted several
developments at Frederick: a change of leadership within SAIC-Frederick, creation of a contractor-
Cooperative Research and Development Agreement (CRADA) policy, and steps to improve how FNLCR’s
capabilities and resources are communicated to the extramural community. He recognized the Committee’s
input and advice during previous NFAC meetings that contributed positively to these achievements and the
Committee’s role in improving visibility of the Frederick operation to the greater scientific community.
Progress also has been made in developing a strategic plan for the FNLCR that includes identification of large
projects in research areas for which the FNLCR is uniquely qualified. Dr. Varmus thanked the NFAC for
making a difference in providing suggestions to the NCI leadership that have made a difference at the FNLCR.

1. CANCER NANOTECHNOLOGY —AN OPPORTUNITY FOR NEW THERAPEUTICS AND
DIAGNOSTICS
Dr. Piotr Grodzinski

Dr. Piotr Grodzinski, Director, Office of Cancer Nanotechnology Research, Center for Strategic
Scientific Initiatives, Office of the Director, NCI, provided context for the Nanotechnology Characterization
Laboratory (NCL) of the FNLCR as part of the NCI Alliance for Nanotechnology in Cancer. The use of
nanoparticle delivery in cancer therapy, such as for the delivery of chemotherapeutics or small interfering RNA
(siRNA), or for nanoparticle-mediated thermal ablation and hyperthermia, is of increasing interest to the NCI
and public and private collaborators to improve the public health. Nanoparticles made of organic and inorganic
materials are largely the products of individual laboratories in academia and industry. For the purpose of
uniform evaluation of these nanomaterials and in-depth understanding of their properties, the scientific
community needed a battery of assays by which to characterize all varieties of nanoparticles. The
Nanotechnology Characterization Laboratory (NCL) was established with a goal to provide services to
academic and industrial investigators where nanoparticles could be characterized uniformly and compared.
Strengths of the NCL include the ability to characterize the interactions of nanomaterials with biological
systems and to compare data on interactions of different types of nanoparticles, with the ultimate goal of
validating nanoparticle agents and tools for their introduction into clinical trials and cancer care.
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Dr. Grodzinski spoke on nanomaterials that are finding use in cancer therapy and diagnosis with
support of the NCI Nanotechnology Alliance and the NCL. He reviewed the expanding applications of
nanoparticles in drug delivery with reduced toxicity profiles, including delivery of drug combinations and
imaging agents. He presented a case study of docetaxel-encapsulated polylactic-co-glycolic acid (PLGA)
aptamer conjugate used in vitro for targeted drug delivery to prostate cancer cells. Results indicated that the
conjugate was able to deliver more drug to cells than a non-conjugate. In addition, further in vivo studies in
tumor-bearing mice found that a targeted conjugate nanoparticle was more effective than non-encapsulated
free drug in reducing tumor size. An initial Phase I clinical trial in patients with advanced solid tumors
indicated that a docetaxel targeted nanoparticle has a better pharmacological profile as compared to serum-
based docetaxel administration, with greater tumor shrinkage at levels lower than the conventional serum-
based docetaxel dosages. Early studies also have shown the advantages in the use of nanoparticle constructs
for delivering combination therapies.

A current strategy in the NCI Nanotechnology Alliance is to use nanoparticles to deliver established,
U.S. Food and Drug Administration (FDA)-approved drugs with enhanced efficacy and lowered toxicity
occurring due to nanoparticle encapsulation. A next challenge is to develop drugs that have known efficacy but
have not been widely used because of their high toxicity in free form. The promise for the use of this
technology is the ability to maintain or increase efficacy while reducing toxicity, especially during the pre-
marketing phase of drug development. A joint project of the Nanotechnology Alliance with NCI’s Division of
Cancer Treatment and Diagnosis (DCTD) is going to review drugs in the NCI portfolio that have a high
efficacy/high toxicity profile as candidates for applying this reformulation strategy.

Dr. Grodzinski also explained the use of nanotechnology in developing integrated biobarcode
microfluidic chips for in vitro diagnostics and monitoring of in vivo treatment. An advantage of these chips is
that they may be multiplexed for investigating multiple biomolecular signatures at one time and can be used
with any bodily fluid of interest. Dr. Grodzinski demonstrated the chips’ potential, including the use of chips
to measure diverse components from the same sample. Barcode chips have been also modified to monitor
secretion of specific proteins from individual cells exposed to different drugs and to assess the effectiveness of
therapy.

Dr. Grodzinski illustrated the national scope of the NCI’s Nanotechnology Alliance commercial
partners and their affiliations with academic research institutions. He illuminated the history of the NCL in
providing services to those involved in the Alliance and the wider research community.

Dr. Grodzinski introduced Dr. McNeil for his presentation on the operation of the Nanotechnology
Characterization Laboratory.

V. NANOTECHNOLOGY CHARACTERIZATION LABORATORY—A COMPREHENSIVE
RESOURCE FOR PRECLINICAL EVALUATION OF NANOMATERIALS
Dr. Scott E. McNeil

Dr. Scott E. McNeil, Director, NCL, FNLCR, reviewed the Nanotechnology Characterization
Laboratory (NCL) concept of operations and its origins in 2004 as an interagency collaboration among NCI,
National Institute of Standards and Technology (NIST), and the FDA, with the mission to accelerate the
translation of promising nanotechnology cancer drugs and diagnostics. The NCL is within the FNLCR, run for
NCI under the contract with SAIC-Frederick, and supports the extramural community by conducting
preclinical characterization of nanomaterials. The NCL employs a three-stage assay cascade of physiochemical
characterization, in vitro experiments and in vivo testing for safety and efficacy. The Laboratory collaborates
and supports research from academia, private industry, and various federal agencies. One of the most
important functions of the NCL is to provide independent validation of results at a time when research
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investigations are using ever more intricate and sophisticated materials in a wider range of studies. Significant
numbers of Material Transfer Agreements, clinical assays, and animal studies have been accomplished since
the NCL was established, and has worked with sponsors in support of Investigational New Drug (IND) and
Investigational Device Exemption (IDE) applications with the FDA. The NCL is capable of moving
nanomaterials from molecular studies to in vitro and in vivo studies so that they are poised for application in
clinical studies, and is positioned to take advantage of complementary capabilities within other critical
research areas and activities at the FNLCR. The NCL’s purview is to characterize the physical and chemical
composition of supplied nanomaterials and to help establish safety and toxicity of the supplied agent. The
Laboratory is only involved with production on a limited basis and does not have Good Manufacturing Process
(GMP) capabilities.

Dr. McNeil described two characterization case studies to show how the NCL conducts investigations
to meet its mission. The first is characterization of a nickel-arsenic (Ni-As) liposome, which initial studies
showed it to be extremely toxic. The NCL conducted animal toxicity and safety studies on the Ni-As liposome
and found that Ni was a major contributor to the high toxicity. In vivo animal studies confirmed the role of Ni
toxicity, resulting in the NCL recommending that the developer pursue an alternative to Ni in the Ni-As
liposome. The second characterization case study involved nanoparticle prodrugs, comparing the efficacy and
toxicity of a lipid/prodrug self-assembling nanoformulation of docetaxel with Taxotere. Extensive
characterization of the nanoparticles was conducted in vitro and in vivo to develop pharmacokinetic profiles.
Animal studies, evaluating tumor volumes, animal survival, and percent change in body weight indicated that
the nanoformulation was more efficacious than the equi-toxic dose of Taxotere.

The NCL has been in full operation since 2007 and is now able to point to successful studies with
nanoparticles that have moved from basic molecular studies into clinical trials. Dr. McNeil said that the NCL
has contributed to approval of at least one IND or Investigational Device Exemption (IDE) from the FDA each
year. Examples of other successes include BIND-014, a docetaxel-encapsulated PLGA nanoparticle-aptamer
conjugate (described earlier by Dr. Grodzinski), which is being tested in an ongoing Phase | safety study in
patients with advanced or metastatic cancer, and completion of Phase I trials for a PEGylated colloidal gold
nanoparticle-TNFa conjugate, with a Phase II trial in combination with Taxotere beginning this year.

Dr. McNeil described efforts to inform the research community about the NCL through presentations
of findings at various research facilities and conferences. In addition, NCL hosted the “NCL Lessons Learned
Workshop”. The presentations include, in addition to positive findings, results that illustrate what doesn’t
work. The workshops and presentations are invaluable to investigators in the field and have increased interest
in the NCL. NCL has been invited to give traveling versions of the Lessons Learned Workshop at several
academic institutions across the country. In addition, NCL investigators and partners are publishing numerous
peer-reviewed articles in a wide range of scientific journals.

A future challenge for translational nanomedicine includes meeting the need for large-scale production
of nanomaterials for clinical trials. Although NCL does not have the capability at this time for large-scale
production, the Laboratory is working with partners and others to test the consistency of the produced
materials, assess process design and optimization, validate quality control, and provide assistance for
developing methods for in-process testing. In this regard, NCL methods are becoming the de facto standard in
the nanomedicine community. Outside the field of oncology, the NCL has had scientific collaborations with the
FDA to determine the effects of y-radiation on nanomaterials and with the National Institute of Environmental
Health Sciences (NIEHS) for its U01/U19 Nanotechnology Centers of Excellence. The NCL has matured and
now is a leader in the nanotechnology field and is sought out as a model for other countries that are seeking to
develop this field.
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In the discussion, the following points were made:

o Members encouraged the NCL to review the impact of the lack of GMP capability and consider the
advantages that attaining standards will bring to large-scale production. Members pointed out that
emerging nanotechnologies include a great diversity of nanoparticle formulations. This contributes to
the challenges of growing facilities that are capable of GMP production, and will require the
maturation of not just one center of GMP capability but instead multiple centers. It was recognized
that NCL interactions are primarily with sponsors who originate the nanoparticle concept and not with
GMP production facilities. NCL should consider how it may assist the development of quality
measures that sponsors may use to obtain adequate production quality from the contract research
organizations with whom they contract for GMP capability. Development may require intermediate
level production for pilot studies, or intermediate scale-up as a model that informs large scale
production methods and quality measurements. NCL, interacting as a consultant to
investigators/sponsors in their development of scale-up methods, could assist the growth of multiple,
diverse GMP capabilities that address the wide variety of nanoparticle technologies.

) The NCL is a free resource for sponsors, such as those from academia. NCL’s engagement by
sponsors has come at all stages of development from conceptual to production. It should be left to
partners such as pharmaceutical companies to move the nanomaterials into a GMP laboratory for
further development.

) The NCL could be the bridge to translation in the field of nanomaterials, but there is a need to address
issues of Intellectual Property (IP) rights throughout that process, which is a challenge for the high-
risk, innovative projects. The NCL encourages sponsors to develop their IP position prior to working
with the NCL. The cost of translational efforts grows exponentially throughout a project, and the NCI
Alliance for Nanotechnology program has formed a consortium of 12 members, including industry
partners in large pharmaceutical and biotechnology sectors, to address this issue.

) Members acknowledged the NCL’s significant accomplishments in providing comprehensive
characterization of nanomaterials where this capability did not exist previously.

. NCL animal studies generally show that the use of nanomaterials is beneficial for reducing the
toxicities of chemotherapeutics.

o Members recognized that the repurposing of previously effective but highly toxic drugs using
nanoparticles that maintain effectiveness but reduce toxicity is an emerging success story for this
technology.

o Members requested that speakers to the NFAC be directed to provide explicit information on how

their program or project is integrated with the NCI and the FNLCR. This also should include a
statement on affiliation of the speaker, components of the program or project conducted by NCI
scientists, SAIC-F scientists, or scientists with other affiliations, and the location(s) where the work is
being performed.

V. THE VACCINE PILOT PLANT: USE OF FFRDC FOR URGENT NATIONAL NEED
Drs. Richard Schwartz and John R. Gilly

Dr. Richard Schwartz, Chief, Vaccine Production Program Laboratory (VPPL), Vaccine Research
Center, National Institute of Allergy and Infectious Diseases (NIAID), NIH, informed members of ongoing
activity at the VPPL in Frederick that is funded through the Federally Funded Research and Development
Centers (FFRDC) mechanism. The NIAID Vaccine Research Center (VRC) is involved in the rapid
advancement of promising vaccine candidates from the laboratory to the clinic. The scope of the VRC covers
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the spectrum of vaccine development from basic and applied virology and immunology, preclinical
immunology and animal models, and translation research and development, through clinical trial vaccine
testing. The VRC maintains collaborations with other federal agencies and nongovernmental organizations for
advanced clinical evaluation. Examples of vaccines researched include gene- and protein-based vaccines and
broadly neutralizing monoclonal antibodies (mAbs) for human immunodeficiency virus (HIV), emerging
viruses such as Chikingunya, and fioviruses (Ebola and Marburg) and alphaviruses (V, E, and WEEV)
important for biodefense. The VRC also works on seasonal and universal influenza viruses. The VPPL is
responsible for translation of ideas and products through development and production for all VRC products,
and is designed to concurrently develop two new clinical products within the same timeframe.

Dr. Schwartz addressed the need of the VRC for the Vaccine Clinical Materials Program (VCMP),
which is operated by a contractor responsible for GMP production of all VRC clinical products. The contractor
also is tasked with the maintenance of ongoing clinical trials. The advantage for use of a FFRDC contractor for
these services allows many of the services to be conducted internally instead of having them conducted
commercially. Because the time, costs, and technologies needed for vaccine production and GMP, it is more
efficient to use a contractor for production and allows the VRC to better meet its mission of rapid development
and movement of promising vaccine candidates from the laboratory to the clinic. The use of the VCMP
through the FFRDC also is preferred because it manages a contractor-operated pilot plant for the VRC and has
GMP capabilities. This mechanism expedites the flow of vaccine candidates from research to the clinic quicker
than if these functions were acquired through outside commercial interests.

After the September 2011 terrorist attacks on the United States, the VRC and VCMP expanded their
capabilities to include biodefense, which led to expansion of the Vaccine Pilot Plant (\VVPP) facility to include
adequate processing capacity for potential biodefense vaccine candidates. The expansion included increasing
the drug production filling capacity and full GMP utilities. Dr. Schwartz reviewed projects in the VPPL and
VPP and production of products of the VCMP, including those produced at the VPP or through subcontracts.
Successes of VPPL development and VCMP production include the HIN1 vaccine in 2009 and the
Chikingunya virus-like particle vaccine.

Dr. John A. Gilly, Director, Vaccine Clinical Materials Program, SAIC-Frederick (SAIC-F), Inc.,
VRC at Frederick, FNLCR, provided examples of VCMP sourcing for specific needs and listed VRC active
subcontracts through the VCMP. The VCMP operates the Vaccine Pilot Plant and has capability and much
experience with vaccine production employing pDNA. Also, the VCMP has the ability to issue subcontracts to
outside contract research organizations (CROs). Resources accessed through these subcontracts include
development of feasibility batches or material for evaluation in early-phase studies, toxicology, animal studies,
and GMP production. The NIH and SAIC-F work together to select subcontractors, with SAIC-F VCMP
assuming management responsibilities after the selection. An advantage of the subcontracts is to make
resources available that might not otherwise be available at the FNLCR or other NIH facilities. An example of
the type of project using a subcontractor is for the production of a mAb, where responsibility for production of
the antibody is transferred to a subcontractor after development by the VCMP.

Dr. Gilly informed members of the assessment conducted by the VCMP to show the value of in-house
project costs to the value of delivered products. The variety of products developed by the VRC is extensive
and tracked to determine the efficiency of the program in meeting program needs. A subcontractor’s ability to
meet VRC deadlines also has been critical for progress and the success of the program. For those
subcontractors who could not meet deadlines, the VRC works with them to identify roadblocks and challenges
in missed deadlines. Cumulative data from the beginning of the NIAID VRC VCMP in 2006 indicate that
among the products are 28 INDs, 54 clinical protocols with 22 drug product types (plus 4 placebo types), and
the production and release of 46 drug product lots and 17 placebo lots.
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In the discussion, the following points were made:

o The VCMP should consider way to serve the broader community. The VCMP currently serves as an
informal resource, sharing information, and offers a variety of vector approaches and a wealth of
experience.

o The prioritizing of VCMP projects is an ongoing process and is restricted to current capabilities, time,

and resources of the VRC.

o Because production of mAbs is a broad platform and there could be an emerging need to quickly
produce these in large amounts, the amount of time such production would take under current
capabilities at the VRC was discussed. A potential of this program to serve as national resource to
assist in responding to an emerging situation was mentioned as something to be considered. Program
staff responded that, to produce antibodies quickly at kilogram scale, a stable, defined cell line and an
established platform method should be present so that a process will not have to be created anew. It
was mentioned the VCMP has experience to draw upon outside resources for vaccine production
through subcontracts. In addition, the VCMP also would have access to other excellent resources
within SAIC-F to compete and manage such subcontracting needs.

VI. SAIC-F PARTNERING, ATRF, AND THE OPERATIONAL ENABLEMENT OF LIFE
SCIENCES MISSIONS
Dr. Atsuo Kuki

Dr. Atsuo Kuki, Chief Technology Officer, Frederick National Laboratory, SAIC-Frederick, FNLCR,
NIH, thanked NFAC members for the opportunity to address the committee and explain SAIC-F partnering,
the Advanced Technology Research Facility (ATRF), and the operational enablement of life sciences missions.
In the time since the May 2012 NFAC meeting, the SAIC-F has been authorized to enter partnering
agreements with the external cancer research community through the contractor-CRADA (cCRADA)
mechanism. Additionally, the SAIC-F partners with the extramural community through Technical Services
Agreements (TSASs) to perform discrete, fixed-priced services. It is expected that approximately 12 Technical
Service Agreements (TSAs) will be completed by the end of this month. Partners are drawn from the breadth
of the extramural community, including partners from government, academic, entrepreneurial (SBIR/STTR)
and large private sector companies. The pre-approved TSAs will support a wide range of activities, such as
reagent assays and integrated in vivo services. Examples of the TSAs were provided to show the integration of
services that derive from FNLCR support areas, such as the AIDS and Cancer Virus Program (ACVP). In
addition, the ATRF is open and operational, and expertise now exists in the FNLCR to enable and support the
life sciences missions.

The cCRADA and TSA mechanisms are intended to support a vigorous external research community
in areas of interest to the NCI and other NIH Institutes and Centers (ICs). Dr. Kuki reported positive
engagement from the SAIC-F scientists in FNL, such as the receipt of three Concept Approval Forms (CAFs)
within 8 days of authorization of the cCCRADA research pipeline, which then move into formal approval of the
CAFs with NCI Lead Program representatives. Each c-CRADA requires full negotiation in a way that is
customized to its project. SAIC-F is in discussion with four other potential partners and expects to receive
additional CAFs pertaining to these cCCRADA opportunities in the near future. Now that the FNLCR is
accepting CAFs and the ATRF is functioning, the next priority for SAIC-F will be to begin the process of
focusing on the strategic impact of the FNLCR on long-term NCI priorities and further integration of the
research programs.

Dr. Kuki shared four examples of integrated multi-laboratory experiments that illustrate the

operational enablement of life sciences missions that occurs at FNLCR, such as the NCL nanocharacterization
integrated assay cascade and the ACVP’s vaccine/therapy non-human primate integrated study. Other
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examples of this kind of integration also include imaging and molecular pathway studies within the Laboratory
Animal Sciences Program (LASP), and national biospecimen networks such as the Cancer Human Biobank
(caHUB). To detail the extent of integration, an example from LASP was illustrated from a DCTD study on
small animal imaging to determine dosing uptake of [*Zr] - panitumumab in an animal tumor model. Results
indicated that tumor uptake directly correlated with Her-1 expression. The next step for this study is to
proceed in plans to investigate this in clinical trials. Another example of integration is the Information Systems
Program (ISP) hub for the National Biospecimen Network (NBN), which is intended to provide available
biospecimens for studies at the NCI and FNLCR. The integration of functions that is present within the ISP
provides a permanent foundation that is useful to support meaningful biospecimen collection. The Genotype-
Tissue Expression (GTEX) project already has amassed more than 10,000 normal human tissue specimens of
almost all organs and organ systems using a rapid autopsy network. GTEX is operated by NCI’s
Biorepositories and Biospecimen Research Branch, and SAIC-F conducts histopathology on all samples as
part of the Pathology Resource Center. There is a high level of quality control in all biospecimen collection and
storage operations. These examples demonstrate integrated cascades of multi-laboratory high-level capabilities
that in combination support complex multidisciplinary experimental investigations, and this ability to
assemble collections of individual laboratory capabilities is a strength of the FNLCR that enables strategic
missions within NCI priorities. Characteristics that are seen in the best FNLCR examples are: multi-
technology integrated protocols, relentless emphasis on quality control, a logistical operational focus,
familiarity with a range of contractual and regulatory complexity, the building of de facto standards and the
ability to offer implementation of these to new partners.

In the discussion, the following points were made:

o FNLCR’s mission of advancing translational medicine and mission as a National Laboratory may
present opportunity to integrate with the mission of the National Center for Advancing Translational
Sciences (NCATS). NCI’s intramural program has a number of existing collaborations and productive
interactions with NCATS. Opportunities for catalytic interactions of FNLCR with the NCATS can be
anticipated.

. Some members supported a conservative approach in expanding the FNLCR’s scope of activities.
Another approach may be to focus on those activities that the FNLCR does well and leave other
activities to partners or others. NCI and FNLCR leadership recognizes this concern and is providing
careful consideration for the types of projects being planned for partnerships. Matrix models have
been useful at other national laboratories. Adoption of a matrix approach could be applied to illustrate
how demonstration cCCRADA projects match with the strategic mission and FNLCR scientific
capabilities, and serve as a vision of scientific priority for future cCRADA projects.

o The establishment of the cCRADA and TSA mechanisms should afford the FNLCR opportunities to
expand its marketing to the scientific community for specific projects. To create the mantle of a
“National Laboratory,” it will be important to identify the customers for FNLCR and to publicize the
unique capabilities and services of the FNLCR to help outreach to a wider audience than in the past.
The FNLCR and SAIC-F leadership is exploring many ways to address and publicize key mission
areas and services.

VII. CLOSED SESSION
This portion of the meeting is being closed to the public in accordance with the provisions set
forth in section 552b(c)(9)(B) Title 5 U.S.C., and section 10(d) of the Federal Advisory Committee
Act, as amended (5 U.S.C. Appendix 2).

Members were instructed to exit the room if they deemed that their participation in the deliberation of
any matter before the Committee would be a real conflict or that it would represent the appearance of
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a conflict. Members were asked to sign a conflict-of-interest/confidentiality certification to this effect.

The committee met in closed session for the purpose of examining and discussing a Draft FNLCR
Strategic Plan. Members absented themselves from the meeting during discussions for which there
was potential conflict of interest, real or apparent.

IX. ADJOURNMENT
Dr. Zach W. Hall

Dr. Hall thanked the Committee members and other invitees for attending. There being no further
business, the 3" meeting of the NFAC was adjourned at 2:40 p.m. on Wednesday, September 12, 2012.

Date Zach W. Hall, Ph.D., Chair

Date Thomas M. Vollberg, Ph.D., Executive Secretary
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. . Ann Biomed Eng.
Delivery of siRNA (2006) 34: 15

RF-heated
Liposome '
Magnetite nanopatrticle @ HPPerthemua
A. lto etal., J. of THieRpy

Bioscience and Bioeng.

M. Davis et al. Nature (2010) 464: 1067 (2005 100: 1)
nci Alliance for

Nanotelﬁlmglggy National Cancer Institute 4



Docetaxel-Encapsulated PLGA Nanoparticle-
Aptamer Conjugates

Polymeric platform for drugs or biologics delivery
Targeting ligand — aptamers (nonimmunogenic, stable in a wide pH range & temperature)

' O Surface functionalization — PEG (increased stability)
Polymer matrix — PLGA (controlled released polymer)

@ Therapeutic payload — small molecules, peptides or nucleic acids

Y. ) ) ..
N Advantage: increased efficacy & reduced toxicity
50 - 200 nm
. Targeted NPs are more 100% of the targeted NPs

Approach. _ effective in tumor size group was alive on day 109
- Docetaxel delivery to prostate cancer A _ reduction B

. Aptamer recognizing PSMA on prostate 800‘ \ )

cancer cells (LNCaP cell line) i T

- The comparative efficacy study of intratumoral
ic?jection (40 mg/kg) was evaluated over 109
ays

[64)

=]

o

L
=]
o

D
(=]
1

b

o
o
s

Mean Tumor Size (mm?)
W A
o
o

=
o
L

200 4

Langer & Farokhzad — MIT — Harvard CCNE i

—d

20 A
Ly

Percent Survival (not reaching endpoin

L T 0 I ' ' ' = ’
PNAS (2006) 103: 6315 0O 2 4 60 80 100 120 ¢ & 4 5 @ W 9
PNAS (2008) 105: 2586 Time (days) Time (days)

—8— Dixl-NP-Apt —#—Dix-NP—— Dixl =— NP —&— Saline =@ Dd-NF-Apt~=e=Dixh-NP—=—Dtd ~8=NP —a= Saline

nci Alliance for

Nanotechnology National Cancer Institute 5



Comparison of Delivery Profiles for Docetaxel s

with and without NPs

Tumor-bearing mice

100000
o= ® Docetaxel
5 10000 " BIND-014
O [

T T 1000
3 E
v 3 100
(ol R
O c 10
1 | | L L | |
0O 10 20 30 40 50 60
Time (h)
Non-human primates
100000 ® DTXL(M)
- ® BIND-014 (M)
LgJE' 10000 v DTXL (F)
(@] v -
S2 oo BIND-014 (F)
s
© £
@ 9 100
o =
o QA
= 10

| | | | | | | |

0O 10 20 30 40 50 60 70 80
Time (h)

1

nci Alliance for
Nanotechnology

Rats
® High dose Dtxl
1000000
c ®  [owdose BIND-014
% 100000 A Mid dose BIND-014
£ _ 10000 - v High dose BIND-014
S E
€S 1000
O£
© 100
£
(2]
< 10 +
[a
1 I | |
0 20 40 60
Time (hr)

Long-circulating particles and controlled drug
release provide for well-controlled and
differentiated PK profile across species

sb-DTXL elimination from plasma occurs very
quickly

National Cancer Institute




Phase | Clinical Trial — Patient’s Data

10° - 105
® sb-DTXL
_10° B DTXL-TNP _ "*—0\_.\‘\.
] 75 mg/m?
E £ 104+
- - 60 /m?
g 107 £ ‘*“-‘\i——ﬁx‘ somgm:
= pr} 15 mg/m?
=< 107 30 mg/m2 >
- E 103 7 mg/m?
e 107 3.5 mg/m?
0 1 | 1 | 1 102 1 1 1 1 i
10 0 10 20 30 40 50 0 2 4 6 8
Time (hours) Time (hours)

Hrkach J, Von Hoff D, Langer R et al, Science Transl Medicine (2012) 4:1

nci Alliance for

Nanotechnology
in Cancer

National Cancer Institute



Combination Therapies

. . A _ Polymers + drugs in
Usin 0 Nano P articles Hydrodynamic Flow Acetonitrile X
— COOH Mﬁr\rW - oo g & o Water
PLGA-PEG-COOH PLA-PH(IV)

Q Nanoprecipitation

Nanoprecipitation

Microfluidics NP synthesis

O Pt{IV)-monosuccinate () Docetaxel (Dtxl) A Al0-Aptamer
(Hydrophilic Drug) (Hydrophobic Drug ) (Targeting Ligand) -
100 - Dtxl
Multiple drugs in one NP & Zz

 delivery of a correct ratio of each drug to s ] Pt

the target; 347

 synergistic therapeutic effects; = 207

« ability to control drug exposure temporally 0
(IJ.1'5‘3If.'ll4l5‘6l0I7I5

Kolishetti N, Langer R, Farokhzad OC et al., PNAS (2010) Time (h)

107:17939 In vitro release kinetics in PBS from NPs

nct Alliance for
Nanotegicil)__r_}g!pgv National Cancer Institute




Nanotechnology Drug Delivery Strategi

Current

* Using nanoparticles to deliver established chemotherapeutic
drugs while enhancing their efficacy

* Existing drugs are readily available and provide a direct,
established comparator

Challenge

e Can we ‘resurrect’ drugs which have high potency, but also high
toxicity and failed in free form delivery using nanoparticle-based
delivery?

Action plan

- Proposing a joint development with DCTD to look at few drugs
from NCI stockpile.

nci Alliance for

Nanotechnology National Cancer Institute g



Integrated Biobarcode Microfluidic Chip

In vitro diagnostics and nanotechnology

» Modular diagnostics — work with bodily fluids,
such as blood, serum, urine, or saliva

* Multiplexing — interrogate several biomolecular
signatures at the same time .

» Techniques to monitor and capture circulating
tumor cells from blood

IBBC - mlcroflwdlc device for multlplexed
detection of proteins in whole blood
sample

DEAL - single-strain (ss) DNAs bound to
antibodies that are labeled with
complementary ssDNA oligomers

Currently tested for molecular and
functional analysis of prostate, breast,
melanoma, and glioblastoma

Less than 10 min working time

» Multifunctional capabilities — one platform
capable of detecting nucleic acid and protein

DEAL (DNA Encoded
Antibody Library)

purity)

#, ® RBC
IS @ WBC
;| Plasma (99%
0~ ﬂ
Bl|9=" =
o@D - o
O [ e
of [4— . ‘
- gf|wp— - =
g* " o \
T .@‘ DEAL barcode

Fan R, Heath JR et al., Nat Biotech ‘N 90
(2008) 26: 1373 o T
Shi Q, Hood L, Mischel PS, Heath JR.,

Proc Natl Acad Sci U S A (2012) 109:419

Plasma protein

DNA codes

National Cancer Institute




W NRSETNEER

Multiplexed Protein %
- . 1 P=0.007 1 P=04 100y P=05
Measurements in Clinical Samples C1 I R 1) 5 S
,O0U 5 q ] 2 o
a G- | . 100, ‘
5..5 o {_}T"-g i ] v — ’—"1{]' 2
L LL T O c = | —E'— = = ]
EE50P 598 s™ 18 e 2
| 11} Before % ' 3 W ﬂ}: : R :
assay o 1 = ] o o — °
103 _g_ E = 1_ o =
§ 1{ 8 8 1 & =%
] ‘; ] E & ] g_ :
L - 0.1] 0.1
© Breast cancer o Prostate cancer

Multiplexed protein measurements of

clinical patient sera, (a) Layout of the barcode
array used in this study, (b) Representative
fluorescence images of barcodes used to
measure the cancer marker PSA and 11
cytokines from cancer patient serum samples.
B - samples from breast cancer patients; P -
samples from prostate cancer patients, (c)
Distribution of estimated concentrations of PSA,
TNF-o and IL-1p in all serum samples. The
horizontal bars mark the mean values.

National Cancer Institute



Single Cell Barcode Chip

Monitor secretion of proteins from individual cells to assess

effectiveness of therapies

control valves

waste
., outlets

960 chambers """'#;7 + \

DEAL barcode
array

secreted protein

N e
®
[ 8 °
capture
antibody g

after
incubation

detection / ®
antibody S
\% ,
[ ]
@ ¥

Shin, et al., ChemPhysChem 2010 (molecular patterning for these chips)
Shin, et al., Biophys J 2011 (macrophage secretome, information theory)

Ma, et al., Nature Medicine, 2011 (applied to melanoma immunotherapy patients)

nci Alliance for

Nanotechnology
in Cancer

National Cancer Institute 12



NCI Nanotechnology Alliance
Commercial Partners

NCI Alliance for
Nanotechnology

Northeastern CCNE
Nemucore Medical Innovations

SoluBest (Isreal)

Northwestern CNPP
Valence Therapeutics
Tactic Pharma

Cedars-Sinai CNPP
Arrogene, Inc.
Caltech/UCLA CCNE

Calando Pharmaceutcals
Calhoun Vision [

University of Cincinnati
Kylin Therapeutics, Inc.

ST

Rice UnlverS|ty CNPP
Nanospectra Biosciences

Emory University CNPP

Integrated Diagnostics
Ocean Nanotech

Molecular Biomarkers
Sofie Biosciences

Texas CCNE

AM Biotechnologies, LLC
Arrowhead Research
BioPath Holdings, Inc.
Leonardo Biosystems
Nanomedical Systems

© Caltech/UCLA

@ MiT/Harvard

@ Northwestern University
‘ Stanford University

O University of North Carolina

UNC CCNE
NanoMed Pharma

Stanford CCNE

Enlight Biosciences
Nine Point Medical
Panorama

Caltech, MIT & NEU
Cerulean Pharma, Inc.

MIT/Harvard CCNE
Alnylam Pharmaceuticals
BIND Biosciences

Blend Therapeutics
Lumicell Diagnostics, Inc.
MicroCHIPS, Inc.

Selecta Biosciences

T2 Biosystems

UNC CCNE

B3 Biosciences

Coordination Therapeutics, Inc.
Liquidia, Inc.

Qualiber, Inc.

XinRay Systems

Xintek, Inc.

@ Dartmouth College

@ Johns Hopkins University
O Northeastern University
@ university of Texas

O cNPPs



Nanotechnology Characterization Laboratory:
Serving the Community

Nanoparticle Biocompatibility i

‘I' At capacity,
More mature concepts
Work with NIEHS

) High
1n ) 230 m
Size
a (Rigid Core} I I

ANNEX 2 Characterization, SAR studies,

NATIONAL CANCHR INSTITUTE
NANOTECHNOLOGY CHARACTERIZATION LABORATORY

MATERIAL TRANSFER AGREEMENT Support of early development

The Mational Cancer Institute (NCI) Manotechnology

Characterization Laboratory (MCL) has been designed to
investigate the use of nanoparticulate material for the
advancement of cancer research. This Material Transfer
Agreement (MTA) permits the exchange of materials and
associated information between MC| and the party defined
below as "Provider.”

Receipt of materials $

e A 423

Development of assay cascade

- P ."‘2.“&
Y I: e

Physicochemica

Solubliity

[

G

(i

AR

Initiation and planning — &

—Moalecular weight In Vitro:

; —Pharmacology
—Surface chemistry
“iderity —Blood contact properties

—Immune cell function
—Purity ot

In Vivo:

in Cancer iational Cancer Institute
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Centers of Cancer Nanotechnology Excellene
(U54)

Dartmouth Center for Cancer
Nanotechnology Excellence
Dartmouth College, Hanover, NH

MIT-Harvard Center of Cancer
Nanotechnology Excellence,
Cambridge, MA

Center for Translational Cancer
Nanomedicine,

Nanomaterials for Cancer A .
Diagnostics and Therapeutics, Northeastern University, Boston, MA
Northwestern University, Evanston, IL
Center for Cancer Nanotechnology .
Excellence and Translation, )
Stanford University, Palo Alto, CA i&mﬁ:ﬁﬂgﬂ;ge&?&.fg,zcceancer
Baltimore, MD
Nanosystems Biology
Cancer Center 2, California
LnSt'LUts OfCTAEChnOIOQV’ Carolina Center of Cancer Nanotechnology
LR, Excellence, University of North Carolina,
Chapel Hill, NC

Texas Center for Cancer Nanomedicine,
University of Texas & MD Anderson,
Houston, TX

. Centers of Cancer Nanotechnology
Excellence (9)



NCI Nanotechnology Alliance
Awardees 2010

New England

g A

"’

California '

Midwest

T e
Southwest _‘/\f
= ~,
‘ \ 'Southeast

. Centers of Cancer Nanotechnology

® Cancer Nanotechnology Trainin
Excellence (9)

(CNTCs; R25) (6)

® Cancer Nanotechnology Platform () Pathway to Independence Award in
Partnerships (12) Cancer Nanotechnology — K99/R00 (7)

mirancen — — - —




NANOTECHNOLOGY
CHARACTERIZATION
LABORATORY
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Nanotechnology Characterization
Laboratory (NCL)

A Comprehensive Resource
for Preclinical Evaluation of Nanomaterials

Scott E. McNeil
NCI-Frederick Advisory Committee (NFAC)
Sept. 12th, 2012

ncl@mail.nih.gov

Advanced Technology Program

JIONAL® Frederick
Natlonal Frederic
(NS Y Laboratory SAIC ferek

U E for Cancer Research Funded by NCI Contract HHSN261200800001E
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CHARACTERIZATION
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NCL Concept of Operations

NCI Alliance for

Nanotechnology
in Cancer

¢ The NCL was established in 2004 as an interagency
collaboration among NCI, NIST, and FDA. The lab’s
mission is to accelerate the translation of promising
nanotech cancer drugs and diagnostics.

€ NCL performs preclinical | o,
characterization of \ | /
nanomaterials, including: | re 2 #55 2
[ SmallBiotech | mmmmmmd> o < Diagnostics
« physicochemical ot 7'§f o \
L
characterization < EDA—>

¢ In vitro experiments

¢ In vivo testing for safety and
efficacy.

90%b6 of NCL'’s efforts support the extramural community.
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Reproducibility

NCI Alliance for

Nanotechnology
in Cancer

€ Success rate of Phase 2 human

: : : : No Cure
trials (efficacy trials) down to 18% in When Bayer tried toreplcate.
2008-2010. inacademic fournals nearty | - Nk,

two-thirds failed. .
e e Elusive Goal:

Reproducing

¢ Bayer, Pfizer, Amgen, & other Feplicated Study Results,

Wall Street
20.9%0 Not

Pharma report difficulty replicating Partially — SRy | Journal,

replicated 64.2% December 2,

published research, “More often than 11.9% 2011
not.”

Fully

Not applicable 3.0%0

Source: Nature Reviews Drug Discovery

¢ Increasing intricacy of experiments -
. . . Prinz, Schlange & Asadullah, Believe it or not: how much
and SOph |St|Cated matenals may can we rely on published data on potential drug targets?

Nature Reviews Drug Discovery 10, 712, September

exacerbate reproducibility 2011.

Cha”enges See also: Data Replication & Reproducibility, Special
Issue of Science, 2 December 2011, Vol. 334, #6060.

NCL provides independent validation of results.




NCL Extramural Collaborators

NANOTECHNOLOGY
CHARACTERIZATION
LABORATORY
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NCI Alliance for

Nanotechnology

Dendnitic Nanotechnologies, Inc.”
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y =
FNL Capabilities =

NCI Alliance for

Nanotechnology
From the Molecular Level, through In Vitro & In _ Ui ncer

Vivo Screening, into Clinics...to the Cure!

A . NANOTECHNOLQ Labort I Vive Screening

) Immul ¢ ADME-Toxicity
B CHARACTERIZATK - Efficacy

LA"B@M:F@RA{— « Pharmacokinetics
 Optical Microscopy and

In Vitro Screening

* Blood contact properties

» Toxicity

e Immune cell functions

- s
i =S
4 iy [\
| T8
0l
\ B - _
Al oy
n
4
4
j

<" | Clinical Support Lab

ATEIEI [2ErEessien Lele Analysis of Clinical Samples

Small Animal Imaging Program
ELoetrenlir:]str Lab Scale-Up Assistance _
y Laboratory| « Batch-to-batch consistency
* Process design and optimization
| i, Lol Quality control
Characterization « Developing methods for in-
e Size process testing
§ L& . Composition d
Al «  Surface functionality

Technol

e Compatibility in
; z Laboratg biological matrices

T T |




NCL Characterization Case Study: & O

" LABORATORY

NI_AS Llposomes NCI Alliance for

Nanotechnology
in Cancer

¢ NCL in vitro studies indicated the control
(including the nickel counter ion) liposome
was significantly toxic.

¢ NCL conducted characterization, in vivo tox
and efficacy studies to see if this particle was
also toxic in animals...

Ni-As complex Water - 100x
PCC: Size and Structure T 10 mMnad - 10x
——— PBS - 10x
) o PBS - 100x
PCC: ICPMS for Drug Quantitation Size Distribution by Intensity Size Distribution by Intensity

g Liposome ~100 nm iﬁ \‘ § o lf \

e J 1\ - | /RN

Diameter, nm Diameter, nm

Tissue Samples from PK Study

Ni-only Control Liposome Ni-As Liposome

—*— Animal # 2
+  Animal # 4

o A Animal # 6
El 21 T Animal #8 Cryo EM
4 301 * Animal # 10 ; s
% 50 Multi-lamellar structure
g Single-lamellar ; \ =
g 30 structures
§ 20 | e )

10 |

0 T T T 1

0 5 10 15 20 25 30
Time, hr

ICP-MS = inductively coupled plasma mass spectrometry; Ni = nickel;
As = arsenic; PK = pharmacokinetics; PCC = physicochemical characterization



NCL Characterization Case Study: [ e

Ni-As Liposomes

LABORATORY

NCI Alliance for

¢ NCL examined cytotoxicity and immunotoxicity of the
formulation and controls in vitro.

&« Much of the formulation’s cytotoxicity and immunotoxicity
was due to Ni rather than As API.

Cytotoxicity

MTT of Ni-As Liposome in LLC-PK1 Cells

140.0

ity
8
o

100.0
80.0
60.0
40.0
20.0

0.0
-20%04001

% Control Viabil

0.0001 0001 001 01 1

mM As

Immunotoxicity

4500
4000
_, 3500

E
5, 3000

Q
o5 2500

-
= 2000
1500
1000
500

0

- B

NC PC

-

Liposome

MTT of Ni-only Control Liposome LLC-PK1 Cells

140.0
120.0 -
100.0 -
80.0
60.0 4
40.0
20.0

0.0 : . . N

-20.0
0.00001  0.0001 0.001 0.01 0.1 1

mM As equivalent dilution of Ni-only control

".“ v ’."".
I I Ni-As complex

Ni-Liposome  Ni-As-Liposome |

% Control Viability

NC = negative control; PC = positive control; As = arsenic; Ni = nickel; LLC-PK1 = porcine renal proximal tubal cells; API = active pharmaceutical ingredient

Nanotechnology
in Cancer
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NCL Characterization Case Study: ﬁ=

NI'AS LlpOSOmeS NCI Alliance for
Nanoteﬁ]hcn;lgcle?gy

€ NCL in vivo study showed the Ni-only liposome
caused more body weight loss than the Ni-As-

liposome.

In Vivo Study Design

Dosing days

-7 13579111315171921232’5272931

Implant LS 174T colon cancer cells Study end day

Animal Body Weight Ni-As complex
25

— PBS .
7 2°] On NCL’s recommendation,
5 —= Ni-only Liposome (6mg/kg) developer PI iS now
] :  NiAsLiposome (omg APIKG) | nursuing alternatives to Ni.
§ 1781 * —* Free As (6mg APl/kg)
15

173 6§ 7 9 11 13 15 17 19 21 23 25 27 29

measurement days

Histophathology of

inflamation in Stunted villi

duodenum . with
emorrhage

As = arsenic; Ni = nickel 8




NCL Characterization Case Study: [ e

LABORATORY

Nanoparticle Prodrugs NG Allance or

Nanotechnology
in Cancer

¢ In theory, nanoparticle will get to tumor, prodrug
will be released and DTX (API)
cleaved/hydrolyzed.

&« NCL characterized samples, measured in vitro
plasma hydrolysis rates, in vivo PK, toxicity and
efficacy.

PCC: Size and Charge

Size Distribution by Intensity

15

. 10— /\ ~30 nm
Self-assembling g [\
i lipid/prodrug T )/
Anchor component o 1 " meter foco 1o0e0
400000 Zeta Potential Distribution |
- Ester linkage g o I R
Docetaxel (DTX) o —~ / : — 1

Zeta Potential, mV

DTX = docetaxel; APl = active pharmaceutical ingredient;
PCC = physicochemical characterization; PK = pharmacokinetics 9



NCL Characterization Case Study: [ e

LABORATORY

Nanoparticle Prodrugs B e or

mAU Void peak
=0 Increasing time
2000
1500
1000
500
0
——
] Cleaved Drug
0] .
a0 Cleaved Drug , )
o] L Epimer, “, \ "‘
2 X ﬂ{:’- A j f
] " r S {M
3

In Vitro Prodrug Hydrolysis in Plasma € PK suggests distribution into plasma

100
2 9
g 8 —
& 70 #
o 60—

50
N /
ol
©
T 20
R 10

0

0 20

e

—

40
Time,

60 80 100
h

MALDI Liver Imaging

Optical
Image

Molecular Image

m/z 788.25

\ m/z 788.25
e Ml s
m/z 788.25

s M

m/z 788.25

¢ NCL performed extensive characterization: HPLC to
separate components of formulation and plasma. LC to
determine cleavage site and drug stability.

¢ In vivo study to evaluate pharmacokinetics in jugular
catheterized 10-wk-old female SD rats. Prodrug
concentrations in plasma and liver measured w/
HPLC. MALDI imaging of liver.

In Vivo Prodrug
Plasma Profile

volume only (no tissue distribution). 100000 |

Plasma decay half-life R . .‘
approximately equal to hydrolysis 3 '
half-life.

1.00
0 5 10 15 20 25
Hours

200 ulL blood collection via jugular catheter

0 15 30 1h 2h 4h 6h  8h 24h
10 mg DTX Liver collected Liver collected
equiv./5mL/kg for DTX quantitation for DTX quantitation

HPLC = high performance liquid chromatography; LC = liquid chromatography; SD = sprague dawley; DTX = docetaxel

Nanotechnology
in Cancer

30

10



NCL Characterization Case Study: [ e

Nanoparticle Prodrugs

LABORATORY

NCI Alliance for

Tumor Volume

in Cancer

% Change in Body Weight

30 +
25
20
15
10

rrrrrrrrrrrrri

.5 81214 34384348535762

% Change in Body Weight

Study days

Nanotechnology

More efficacious than an equi-
toxic dose of Taxotere.

4000 -
&
£ 3500
€ 3000 —e— Sucrose
Q2500 ,
o -m— Empty Nanoparticles
= 2000
g 1500 —« Nano DTX-Prodrug
- (10 mg DTX/kg)
O 1000
= —«— Taxotere
= 500 (2.5 mg DTX/kg)

8 12141620242934384348535762
Study days
Animal Survival
125+ Nano DTX-Prodrug
= (10 mg DTX/kg)

— .

‘g 100 bl Taxotere

=

) 504

X

" 254

n L] v L) L) L) L] L}
0 10 20 30 40 50 60 70

Study days

DTX = docetaxel

11



Success Stories: L

NANOTECHNOLOGY
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LABORATORY

NCL Submissions in Clinics

NCI Alliance for

for photothermal ablation with

Nanotechnology
in Cancer

¢« Silica-core gold-shell particle <>
Nanospectra NIR irradiation. I
w ¢ Pilot safety study in head and C T M M U N E
=l

study in lung tumors to start in

neck cancers ongoing; efficacy s c I ENCES I NCH

IDE 2008 2012. » Phase 1
" - Complete in 2008
A - -
| ¢ %A\Tl-lll.Zt_B PE]ESéllatetd nalnollposomal ¢ Aurlmune® PEGylated colloidal gold
- l ormufation ot docetaxel. nanoparticle-TNFa, conjugates.

¢« Phase | safety study in patients with
AZAYA THERAPEUTICS advanced solid tumors complete in 2012.

IND Dec 2009

¢ Phase Il study in combination with
Taxotere to start in 2012.

. "o =
& PrONAI
L] ..
s, ¢ BIND-014 docetaxel-encapsulated PLGA
BI N D ) nanoparticle-aptamer conjugates. IND 2010
¢ Binds PSMA expressed on prostate ¢ PNT2258 liposome-
B1OSCIENCES cancer cells. encapsulated oligonucleotide for
Q| I
Phase | safety study in patients with breast and lung cancer.
IND 2011 advanced or metastatic cancer ongoing. ¢ Phase | safety study in patients

with advanced solid tumors

ongoing.

12
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Getting Results Out to Community

NCI Alliance for

Nanotechnology
in Cancer

¢« Lessons Learned Workshop:

« Draws on NCL’s experience with variety of
nanomaterials, reagents, preparation
methods, etc.

« Presents negative results, “What doesn’t
work”, not available elsewhere.

« One-on-one discussions regarding specific
nanoparticles/experiments/etc.

&
NCL Lessons Learned
Workshop 2011

June 2-3, 201

National Cancer Institute

NIH, June 2011

FDA, Oct. 2011

Carolina CCNE, Dec. 2011.
Northeastern CCNE, Sept. 2012
Texas CCNE, Nov. 2012

Basel, Switzerland planned for 2013
More as possible...

T " e c e "

13
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Translational Nanomedicine T

in Cancer

e Scale up of nanomaterials to large
scale production for clinical trials
continues to be challenge.

¢ NCL assists in all aspects, without
actually producing large scale
batches in-house:
e Batch-to-batch consistency testing
e Process design and optimization
 Quiality control

 Developing methods for in-process
testing

NCL methods continue to become the de facto standard for
nanomedicine community.

Nanotechnology

14



Nanotech Outside Oncology: & [{%
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NCL Work for Others el e o

Nanotechnology
in Cancer

« NCL's expertise and resources now support other
HHS agencies.

¢« Scientific Collaborations with FDA

« Dermal penetration of nanomaterials in
sunscreens and cosmetics, endotoxin, iImmune
reactions.

« Collaboration with NIEHS for physicochemical
characterization to support risk/hazard assessment

« NCL provided key infrastructure support for P NIEHS

NIEHS’ U01/U19 nanotechnology centers of %’ National Institute of
excellence / v Environmental Health Sciences

These collaborations contributed to over $1M/year in additional
funding for NCL/NClI in FY11 & 12.

15
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NCL Expertise is in Demand

NCI Alliance for

« European Commission plans to construct “EU version” of NCL.

« NCL playing an advisory role.

« FDA, EPA, DoD, routinely seeking NCL input on nanotech efforts.

- ApproaChed by Blg Pharma for Aurimune®: PEG-coated colloidal
characterization support and for nanotech oarTie o
: . ™ PES CYTIMMUNE
reformulation of failed drugs. gy e ——
= 3
« Interest from Sanofi Aventis, J&J, Novartis, ‘W
many others. Colloidal Gold

Nanoparticle

IND 2006, Phase II 2012

The NCL model has been extremely successful.

The NCL is now a leader in its field.

Nanotechnology
in Cancer
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The VRC, VPPL and VCMP



Vaccine Research Center

 VRC mission involves the rapid
advancement of promising vaccine
candidates from the laboratory to the clinic

— Basic and applied virology and immunology
— Pre-clinical immunology — animal models

— Translational research & development

— Clinical trial vaccine testing

— Collaboration with other USG agencies and NGOs for
advanced clinical evaluation



VRC Translational Research Programs

HIV
 (Gene-based vaccines
* Protein-based vaccines
« Broadly Neutalizing mADb

Emerging Diseases
e Chikungunya vaccine

Biodefense
* Filovirus (Ebola and Marburg) vaccine
* Alphaviruses (V, E and WEEV) vaccine

Influenza
« Seasonal vaccine
 Universal vaccine



Overview of the Vaccine Production Program Lab (VPPL)

 VPPL Is responsible for translation of research
iIdeas/products through development and
production for all VRC clinical products

« Organization includes resources for:

— Process (~22 FTE), analytical (~12 FTE) and formulation
development (~3 FTE)

— Project management (~2-3 FTE)
— Regulatory Affairs (~2 FTE)

e Designed for the concurrent development of 2 new
clinical products



Overview of the Vaccine Clinical Materials Program (VCMP)

e Contractor responsible for GMP production of all VRC
clinical products

— Internal production at Vaccine Pilot Plant (VPP)

— Subcontract production when more effective

* Organization includes resources for:
— Manufacturing (~40 FTE)
— QC (=25 FTE)
— QA (~23 FTE)
— Management (~9 FTE)
— Facilities (~19 FTE)

o Staffed for the concurrent production of 2 clinical products
and maintenance of on-going trials
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The Need for the VCMP at the VRC



The VRC’s Need for the VCMP

 VRC mission involves the rapid advancement of promising
vaccine candidates from the laboratory to the clinic

* Necessitates the development of a vaccine production
Infrastructure that includes the capacity for cGMP
production of materials for Phase I/1l clinical trials

 Two strategies are possible for obtaining the requisite
cGMP capacity:

— contracting with commercial firms

— building a government financed manufacturing facility



Contracting vs Internal Production

e TImMe:

— Commercial manufacturers typically require up-front commitment
of products and processes up to a year in advance; making it
difficult, if not impossible, to drive new vaccine candidates
forward on accelerated timelines

e Cost:

— Commercial manufacturers are very expensive (~$8M for partial
VRCO1 Phase | clinical material)

« Technology:

— Technology unique to VRC products is extremely difficult and
time intensive to transfer to external manufacturers



Why the VCMP via the FFRDC at NCI?

 Government-controlled GMP production capacity is a critical
component for expediting the introduction of vaccine
candidates into the clinic.

* Realization that NIAID could not manage a GMP facility
based on contracting resources and timeframes required to
effectively run a pilot plant

« The FFRDC at NCI-F provided the best mechanism for
operation of a contractor-operated pilot plant for the VRC
« Facility Approval Timelines
— Facility approvals initiated in Jan 2003
— D&F approved in June 2003
— Oct 2003 final HHS comments to NIH for award of task to SAIC



Expansion of the VRC & VCMP Mission

o After 9/11 attacks, the mission of the VRC & VCMP
expanded from providing clinical lots of HIV vaccines to
expeditiously developing, manufacturing and testing
vaccines against potential bioterrorism agents.

« To implement this enhanced mission, the scope, and
subsequently the size, of the facility expanded to include
adequate processing capacity for potential biodefense
vaccine candidates.



The VPP Facility

Facility Scope
* Increased scope for biodefense and emergency*use

— From: initial design of 1 small (100L) and 2 medium-scale (400L)

— To: 2 small, 1 medium and 1 large (2000L) bulk production suites
 Drug product filling capacity up to 30K vials/lot (15K current)
« Multiple locations considered during facility planning
* Meeting with FDA for facility design prior to construction

e Full GMP utilities and Equipment

— SS bioreactors

— Disposable media prep and fluid handling equipment utilized
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Current Projects in the VPPL and
VCMP



Projects in the VPPL and VPP

Disease

Product Type

Adeno | VLP | mADb | rProtein

HIV

TBD

Filovirus

CHIKV

WEVEE

Universal
Influenza

Complete

In-progress




Production of Products by the VCMP

« VCMP has the ability to manufacture products at VPP or
via subcontract

« Make (VPP) — Buy (Subcontract) Product Decision

— Products developed in the VRC research labs utilizing new
technology will be developed within the VPPL and produced at VPP
(VLP, nanoparticle, rProtein)

— Products developed in the VRC research labs utilizing platform or
collaborator technology may be produced at VPP or via subcontract
(pDNA, Ad5, mAb, ChAd3)

— Products developed in the VRC research labs utilizing commercially
available technology will be considered for production via
subcontract (large-scale mAb, MVA, AAV, reagent production, CLD
& formulation development)



Production at VPP or Subcontractor

Product Type
Disease Produced at (VPP) or Subcontractor (Sub)

PDNA | Adeno | VLP mAD

rProtein

HIV VPP | Sub & Sub &

VPP

VPP

Filovirus | VPP
CHIKV VPP
WEVEE | VPP

Universal | VPP
Influenza




VPPL Development and VCMP
Production

Actual Success Stories

2009 Pandemic Influenza Vaccine

A Chikungunya VLP Vaccine



DNA Vaccine Development Timeline - An Example
Swine-Origin Influenza A (A/California/04/2009 (H1N1))

Mid March 2009

* April 1, 2009

La Gloria, Veracruz Mexico

April 25, 2009
60% population sickened

by Respiratory illness VRC received the flu May 28, 2009
sequence
I Plasmid
Late March 2009 o Received at Pilot
* First isolate Plant
First case in USA completely ;
sequenced
(A/California/04/2009 Jun 4, 2009
(HIN1) May 15, 2009 cGMP MCB
Complete
2"d Gen Codon
optimized plasmids
received at VRC Jun 9. 2009
‘ cGMP Bulk
May 20, 2009 Complete
First mice studies 1
initiated at VRC Jun 10. 2009

cGMP Filled Drug
Product Complete

July 21, 2009

1

VRC Vaccine
Pilot Plant
Releases Vaccine

August 5, 2009

August 24, 2009

FDA Release of
VRC Product

Influenza
Phase | Clinical Trial
Initiated at VRC/NIAID
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Chikungunya VLP-Based Vaccine



CHIKV Genome & Production Plasmid

Chikungunya genome

e e [ Jow Hoc = B &

nonstructural core envelope

VLPs constructs: C-Env | ¢ o] ez e B




CHIKV cGMP Development and Production

VPPL Development

« Serum-free HEK-293 cell line

 Upstream process development

« Downstream process development
 Analytical development

 Formulation development (contracted by SAIC-F)

VPP Manufacturing

 Tech transfer from VPPL to VPP of process and assays
 Bulk manufacturing

 Drug product manufacturing

Lot release testing

 On-going stability testing



Chikungunya Virus Vaccine Program

200972010 | 2011 | 2012 (and beyond)

/CHIKVVLPvector} [CHIKVVLPCGMP} { CHIKV Vaccine }

e £ |  development Production Phase I Trial
> g CHIKV VLP cGMP| CRADA and License with Merck for Phase
Tech Transfer 11 and further development
§ Expand VLP model to
S additional alphaviruses (WEVEE)
E 8 [VRC293 Cell Line for}
&5 cGMP Production
23 CHIKV VLP platform
g " for vaccine delivery




Examples of VCMP Sourcing for
Specific Needs



VRC Active Subcontracts Through VCMP

Name

Access Bio

Bavarian Nordic

California Institute of Technology
GenVec

Lampire Biological Laboratories, Inc.
Lonza Sales AG

Science Applications International Corp
SRl International

TBD - Pending Selection

Grand Total

Purpose

Tox/PK Consulting
CMO (MVA)

rAAV Research

CMO (rAd)

Reagent Development
CMO (bnMADb)
Regulatory

Preclinical Tox

CMO (rAAV)

LTD

$6,000
$3,336,000
$4,528,530
$5,667,685
$101,388
$8,457,510
$238,137
$545,710
$2,000,000

$24,880,961



VRC Active Subcontracts Through VCMP

Name Purpose LTD
Beth Israel Deaconess Medical Center Lab Animal Medicine $1,200,000
BioQual Lab Animal Medicine $2,375,362
Dr. Lynn Morris (University of Witswatersrand) VRC Structural Biology $50,000
Duke University Medical Center Lab Animal Medicine $547,332
Full Spectrum Genetics, Inc. VRC Structural Biology $150,000
Kansas State Lab Animal Medicine $115,000
Tulane National Primate Research Center (TNPRC) Lab Animal Medicine $1,061,440
University of Kentucky Research Foundation Lab Animal Medicine $51,782
University of Michigan Lab Animal Medicine $200,000
University of Texas Medical Branch Lab Animal Medicine $418,415

Grand Total $6,169,331



Tracking In-House Project Costs to
the Value of the Delivered Products



Cost Efficiency of VCMP

VCMP Cost and Output Product Value by Fiscal Year
2007 - 2011

$120,000,000

$100,000,000

$80,000,000

$60,000,000

$40,000,000 M Cost

$ M Product Value
20,000,000

$0 -

-$20,000,000
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Cost Efficiency of VCMP

Expense Cash Flow of the VCMP

(Product Value Determined from Available CMO Sources)
FY2007-FY2011
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Cost Efficiency of VCMP

Example of Single Year Analysis

FY2011 Products Bulk (g or L) Vials Value

ChikV VLP Tox Lot 16 $1,153,679
Chikv VLP GMP1 16 $1,153,679
ChikVv VLP GMP2 16 $1,153,679
ChikVv VLP GMP3 16 $1,153,679
Chikv VLP GMP4 16 $1,153,679
FluPerth Fill 2665 $1,037,446
ChikV Fill 782 $304,421
ChikVv Fill 546 $212,550
ChikvV Fill 308 $119,900
VLP Tech Transfer $600,000
HIV mosaic pDNA9663 4.6 $1,334,000
Flu Perth pDNA 2439 mosaic DNA 24 $6,960,000

Total: $16,336,713



Tracking Responsiveness to Critical
VRC Deadlines



In-House — Outsource Comparison

VRC01 GMP Production

Yield (g)
Key Activity Original Target Actual Completion Difference Target Actual
MCB Production* 26-Dec-11 15-Dec-11 -11d
130L Pilot Bulk #1 (Tox)** 5-Feb-12 15-Dec-11 -52d 188.0 55.2
130L Pilot Bulk #2 14-Jun-12 14-Jun-12 0 188.0 110.6
GMP Documention 9-Feb-12 14-Jun-12 +130d
GMP Batch Bulk Production** 12-Mar-12 16-Aug-12 +157d 2,880.0 1,268.0

* Duration of 18 months from start of cell line development to MCB production

** Pilot #1 process deviations required Pilot #2 to be produced. The GMP batch included significant process deviations
resulting in product loss and reprocessing

2012-2013 Seasonal Influenza pDNA Trivalent Vaccine Production

Key Activity Original Target Actual Completion Difference
WHO Strain Announcement 23-Feb-12 N/A
Plasmid Construct Avail. 6-Mar-12 30-Jan-12 -28d
B/Wisconsin GMP Bulk 16-Mar-12 2-Mar-12 -10d
A/Victoria GMP Bulk 23-Mar-12 21-Mar-12 -3d
Final Vaccine fill 4-Apr-12 22-Mar-12 -9d
Ship to Clinical Sites 29-May-12 23-May-12 -4d

Protocol Activated/
First enrollment 7-Jun-12 4-Jun-12 -3d
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VCMP — Contract Responsibilities

Support to the NIAID Vaccine Research Center (VRC)

The VRC cGMP pilot plant shall be leased and operated by the Contractor with major responsibilities to
include, but are not limited to:

 Support all aspects of GMP development,
 Establish and manage the production, testing, and QA release for Phase I/ll products,;
 Establish manufacturing processes suitable for eventual manufacture by VRC partners;

e Comply with U.S. Food and Drug Administration regulations as is appropriate to meet compliance-
level requirements for each product manufactured..

« Manufacture Phase I/l clinical lots of candidate vaccines utilizing appropriate cGMP standards;
 Support the development activities at the VPPL,;

 Maintain Quality Systems to support manufacturing of candidate vaccines by other VRC
Contractors;

* Participate in technology transfer of manufacturing processes as projects are transferred from
VPPL to the VCMP

« Develop and maintain regulatory Master Files and CMC sections to support all active INDs
« Track record for products from the VCMP since 2006:

— 28 INDs.

— Supporting 54 clinical protocols

— With 22 drug product types (plus 4 placebo types)

— Produced and released 46 drug product lots and 17 placebo lots
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FNLCR CTO highlights

Presentation Outline

» Access and partnering by external Cancer Research
community now OPEN: =

— Legal and Contractual Alignment from DHHS v~

— Contract Modification for FNLCR now in place v
¢

» Access for discrete fixed-price services: TSAs
* R&D Partnering via cCRADAS: the current pipeline

 ATRF: Populated and operational, now building the
Innovation Culture

* The Operational Enablement of Life Sciences Missions:
Leading examples of complex multi-lab expts at FNLCR



Access by the external community:

Expand value for national cancer research via TSAs

National Cancer Research and Development Community

« Gov't.: Federal Agencies, State Universities...

 Academic: external investigators, consortia, grant recipients
* Entrepreneurial: SBIR/STTR recipients
* Private sector R&D: Pharmaceutical and top-tier Biotech industry

TSA route for getting science done. Oncology & AIDS R&D enabled by
FNLCR applied life sciences technoloqy programs :

Pre-Approved TSAs with fixed pricing, expect ~12 by end of September
— Integrated in vivo Services for GEMMs (LASP Directorate, Lionel Feigenbaum)

— Protein Interaction Analysis; Cancer Biomarkers; ... (ATP Directorate, and BioComputing)

— Virologic and Analytical Reagents and Services for HIV, SIV, SHIV (ACVP Directorate,
Jeff Lifson)



FNLCR Access by the external community

Technical Service Agreements (TSA)

“ Frederick National Laboratory

I‘ for Cancer Research
N — o®
We build dozcj:'n.s of I! Investigat‘or Scientific Program: Execute Technical
[SASEREERIIL ! notifies our Defined Work Scope Q Services Agreement
PO Approved : FNL PDO » for FNL Lab with external group
Services N

Fixed price TSAs (first dozen) to include:

« Complex antigen(s) mass ID for antibody characterization by immunoprecip’n-MALDI-TOF
robotic assay (ATP, Protein Chemistry Lab)

* Antibody Pairing Assay, Epitope Overlap, Integrated SPR protocol (ATP, Protein Chemistry)

* Transgenic Mouse Models by Pronuclear Injection and Cryopreservation of Founder Lines
(Integrated in vivo TSAs offered by FNL LASP will expand steadily)

« Estrogen Metabolite Biomarkers in biofluids and tissues, LC-MS-MS (ATP, LPAT Analytical)
« >3 from AIDS and Cancer Virus Program at FNL (next slides)




NIATIONAL

AIDS and Cancer Virus Program

Initial 2012 TSA Offerings from the ACVP

Plasma SIV/SHIV RNA analysis

® Real time gRT-PCR assay, covers all virus isolates in common usage;
used in pathogenesis, treatment and prevention/vaccine studies

HIV-1 p24©A antigen capture immunoassay Kkits * " not intended for analysis of
clinical specimens

® Robust time-proven kits specifically engineered to accelerate preclinical research
(plates, secondary Ab, detection reagents, standards)

Additional 2012/13 Planned TSA Offerings from the ACVP

SIV/SHIV In Situ Hybridization

® |SH analysis of NHP tissues (LN, gut, other), with virus lineage specific probes,
with quantitative image analysis; pathogenesis, treatment and vaccine studies

Single Genome Amplification (SGA) Sequencing

® Limiting dilution PCR sequencing to identify individual viral variants in
studies of viral transmission, evolution and drug resistance, immune escape

Frederick National Laboratory for Cancer Research
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NATIONAL

AIDS and Cancer Virus Program

Inteqgrated 2012/13 Planned TSA Offerings from the ACVP

Laser Capture Microdissection (LCM) SGA Seguencing
® Tissue Analysis Core, and Viral Evolution Core, integrated service

® LCM to recover selected (virus+) foci from tissue sections, with extraction and
Single Genome Amplification sequencing to identify individual distinct viral variants
in studies of viral transmission, evolution and drug resistance, immune escape

Core Labs are the key. ACVP example: Intramural NCI Programs

Quantitative Molecular Diagnostics Core, M Piatak, PhD
Biological Products Core, J Bess, Jr, MS

Tissue Analysis Core, J Estes, PhD

Viral Evolution Core, B Keele, PhD

External TSA Services

Unique Integrated Services

Frederick National Laboratory for Cancer Research



Partnering with the external community:

cCRADA pipeline: submissions for Concept Approval

Concept Approval Form (CAF)
e sentto NCI Lead Program to

verify Mission alignment, and ~7 3 ——— by October, expect steady-state
e to optimizevalue as the f >4 t CAF
cCRADA plan takeiha:pe OPP'Ys CAFs | 70 post-
3 CAFs submitted within 8 days of cCRADA authorization
/ FNL \ NCI|? NCI CRADA
NCI/SAIC-F Partnership
Investigators Development Tech Transfer Office
Programs/Divisions/ FNL PDO Team Y! Develop & negotiate
Offices/Centers Agreement
Partnership
FNL PDO Opportunity
Outreach/Inreach Capture N s N
Activity Contractor CRADA FNL CRADA
Committee
Conferences Bruce Crise FNL PDO & IT office APP'jOVa| of
Symposia Concept Develop & negotiate final
Events Approval \ Agreement y agreement
\ J NCI Lab Concurrence

3 CAFs
NCI Lead Program

FNL PDO = Frederick National Laboratory Partnership Development office,
part of the CTO office

CAF = Concept Approval Form, to verify Mission alignment



cCRADA pipeline, being vetted

Breadth of partnership (in preliminary discussion)

SAIC-F Partner
Clinical Directorate Emerging Market Pharma
ATP / ElecMicroscopy Industry Consortium

ATP / Proteomics Instrument Maker

ISP / BioComputing || Pediatric Comprehensive Cancer Ctr
ATP / NCL Pharma / Reformulating Therapeutics
ACVP Academic Consortia (NIH funded)

exploratory Academic Consortia (Philanthropy funded)




Partnering Opportunities just a start of

Evolution into high impact National Lab

NOW.
1. Expanding collaboration from FNL with Extramural, Entrepreneurial, and
Industrial partners for Translational Medicine

2. Opening of the new Advanced Technology Research Facility (ATRF)

3. Opportunities span FNL expertise
— Molecular, Nanotech, Virologic, Cellular, Tissue, in vivo, Imaging, Bioinformatics, Molecular Pathology

— Clinical support, Biopharmaceutical development, Cancer biomarkers

... hext

4. Strategic impact on long-term National Cancer priorities:

More than just breadth of Operational capability, the emerging strength in
FNL is Integration across that span. From here, we will derive

Top caliber Enablement of Strategic Missions



ATRF open. Advanced Technology

Program (ATP) labs 70% to 90% operational

ATP Move to ATRF June 19t - present
130 people in 8 Laboratories and ATP Office

48 lab rooms, 4 cold rooms
44 offices, 86 cubicles
5 electron microscopes, 13 mass spec, 60 L fermentor ...

Co-localization of teams into the ATRF is enormously

significant.

* Re-invigorating passion for scientific discovery and inspiring previously
silo’d tech lab members to seek out interdisciplinary approaches

* Nascent spirit of shared purpose and mutual accountability

«  Commitment to developing 1st ATP-wide innovation event: Lab Tours in Oct
Integrated biology capabilities and formation of “Trans-ATP Innovation group”




FNL emerging strength...

Integration across Span of Capabilities

The Operational Enablement of Life Sciences Missions

What are some of the key characteristics for success?

Four leading examples of integrated multi-lab experiments at
FNLCR:

1. The NCL Nanocharacterization integrated assay cascade
2. The ACVP AIDS vaccine/therapy non-human primate integrated study
3. GEMM cascade in LASP w/ Imaging, Molecular pathology (e.g. for CAPR)

4. ISP integration Hub for national Biospecimen networks (e.g. for caHUB)

11 Atsuo Kuki CTO SAIC-F FNL
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Integration across Span of Capabilities = v

Operational Enablement of complex multi-lab interdependent
cascade expts

1. The Nanocharacterization integrated assay cascade (NCL, McNeil)

: Plasma, o
Nanoéﬁ’\?rt'de Cytotox Tissue in vivo Tox o sl?ri\tl)mi) o imaging
surface chem

2. AIDS vaccine non-human primate integrated study (ACVP, Lifson)

Molecular Quantitative \éﬁﬁl gl;gﬁggg
pathology Iy ztg e, variation

. . Disease T-cell immune
\g:]oolron%::cs progression system
9 NHP dynamics

12 Frederick National Laboratory for Cancer Research
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Integration across Span of Capabilities B e e

Operational Enablement of complex multi-lab interdependent
cascade expts

3. GEMM operation w/ Imaging, Molecular pathology (LASP)

Micro-inject Genotypic
into egg characteriz’n
pronucleus founders

Transgene
Design & Prep

Experimental
therapy

Imaging &

Pathology

4. integration Hub for national Biospecimen networks (ISP)

Clinical Record,
Tissue Record

Biospecimen Tissue Source Tissue Accrual
network sites across the (Pre-analytical
infrastructure nation Variables)

in vivo imaging

QC, RNARIN, Sequencing

Pathology

and gene

(CoC, Reg) expression

tissue / cellular pathology data systems

13 Frederick National Laboratory for Cancer Research



3. LASP CORE Programs

Laboratory Animal
Sciences Program, Mouse Model Development

L. Feigenbaum Transgenics

Gene targeting / mESC
Animal Care \
in-vivo Imaging /

CT/SPECT
PET
Biolum/Fluor
MRI / US

Strain Preservation

Cryopreservation
Colony expansion

\Phenotyping-PHL

NCI-Repository




Small Animal Imaging to Inform Dosing

Panitumumab: testing targeting in tumor models

Integration: (DCTD/NCI): Radio-labeling and preclinical imaging of [89Zr] - panitumumab in
diagnostically relevant low doses to identify determinants of tumor uptake. Next, proceed to
clinical trials to be performed at the Molecular Imaging Program, CCR/NCI.

Schematic structure of
radio-labeled
panitumumab

PET anatomical
Imaging performed by

Conjugated by LASP/SAIC-F
Dr. Bhattacharyya
(ADRD / SAIC-F)
 Conclusion: Dr.’s Hollingshead & Kaur (NCIl: BTB/DTP/DCTD)
— Tumor Uptake (PET) correlates directly with Her-1 expression (Western)
* FNL role (broader implications): L. Feigenbaum

Support for intramural programs validate comprehensive Radio-Label and Preclinical Modeling capability

* transferable to other drugs / targets to inform clinical dosing regiments
Imaging &
Pathology
>
>

I I BTN
>

FNL Capability




4. ISP integration Hub for national

Biospecimen networks

Quality: Permanent Foundation for Meaningful N Roch
. . . . ROChe
Biospecimen Collections G. Korzeniewski

Genotype Tissue Expression (GTEXx) project NCI/OBBR

GTEX Project to collect normal human tissue in an ambitious 15-30 tissues per case
* myocardium, aorta, lung, thyroid, pancreas, peripheral nerve, liver, stomach, brain...

Requirements for Quality in the specimen collection campaign

after 5t qtr

. 6000
o .
; /
: : 5 9 4000
* Pre-analytical Variables é% P d
. . : . : : 2000
— Delay to fixation, time in fixative “NCI. Biospecimen Preanalytical Variable” 3E P d
— BPV Phase 2: 900 cases of ovary, lung, colon and kidney cancers from four medical centers Quarter

— Validation of PAXGENE protocol for GTEx (BMS, Biospecimen Methods Study started in July)

» Histologic review (Dr. L Sobin, part of SAIC-F Pathology Resource Center)

Ethical, Leg al and Regu | atory team: consent, PII protection and handling of all clinical and research records

Status of Specimen Collection in GTEx June 2011 SAIC-F engaged a rapid autopsy network
Currently over 10,000 GTEx specimens have been collected

February: GTEX project will scale to enable collection of over 750 cases, 32,000 specimens, 300 brains

Validated results enabling SOPs as an NCI resource for State of the Art specimen collections

16




RIN (RNA quality) values by Histologic Type

tracked over thousands of samples in GTEX
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FNL enabling and managing Biospecimens

In the highly variable clinical environment - ;
AL 6

- - AN LB o
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caHUB support — multi-program experience in planning, designing, QC,
operating and scaling biospecimen projects

NIH GTEx, NCI BPV and BMS projects providing

. arich exchange of lessons learned, best practices
and state-of-the-art expertise Analyze: S
SNPs & Q5.9
The Pathology Resource Center under SAIC-F expression PN
- levels 9n
provides
. centralized detailed histologic review of ALL r ‘
tissues collected; ensuring high quality control
Go Live/Accrue Develop
Scalable, flexible management by SAIC-F of the 'SOPS
. Central BioRepository (Ann Arbor), ‘ Establish
o Central Data Repository (Frederick) partner
_ _ _ _ network
. Diverse Biospecimen Source Sites

Project Lifecycle continuously applied; Relentless focus on state-of-art QA/QC



FNL emerging strength and future

Integration across Span of Capabilities within and
beyond walls of FNLCR

FNL expertise is most evident as the demonstrated capability to
deploy multi-scale technology multi-lab resources into integrated
complex (and sometimes nationally networked) cascade expts

1. The Nanocharacterization integrated assay cascade

2. The AIDS vaccine/therapy non-human primate integrated study
3. GEMM cascade w/ Imaging, Molecular pathology

4. ISP integration Hub for national Biospecimen networks

Some characteristics in the best FNL examples to date:

e Multi-technology integrated protocols,

 Relentless emphasis on QC, controls, durable impact

* Logistical operational focus (more industrial than academic)

« Familiarity with a range of contractual and regulatory complexity
* Building de facto standards

o Offering implementations of these to new partners

19 Atsuo Kuki CTO SAIC-F FNL



Summary: FNL is Open

e TSAs: OPEN (grow to dozen, then multiple dozens) Selective. Relevant.
« CCRADA pipeline: OPEN (expect > 4 steady-state in negotiation post-CAF)
« ATRF: OPEN, driving to 100% operational output

 Emphasis from CTO vantage (enabling complex missions) :

— Complex Integrated Functions of high value to National Cancer R&D community

— High quality durable capabilities, clinical and pre-clinical, brought to new partners
from the long-term work within FNL directorates, now the newest National Lab

— de facto standards, reference quality

Top caliber Enablement of Strategic Missions within NCI Priorities

20 Atsuo Kuki CTO SAIC-F FNL



Additional slides

T AT ALY e

o & g 3 oL}
e e A 1V Nl
& 4 ;

o
L)

21



ARTICLES

e es®
medicine n P

Lymph node T cell responses predict the efficacy of live
attenuated SIV vaccines

Yoshinori Fukazawa*>8, Haesun Park!>%8, Mark ] Cameron?, Francois Lefebvre?, Richard Lum!2, Noel Coombes!+2,
FEisa Mahyaril’z, Shoko Hagenl’z, Jin Young Bael2, Marcelo Delos Reyes 2 Tonya Swanson!2, Alfred W Legassel'z,
Andrew Sylwester!2, Scott G Hansen!2, Andrew T Smith?, Petra Stafova®, Rebecca Shoemaker?, Yuan Li*,
Kelli Oswald?, Michael K Axthelm!2, Adrian McDermott®, Guido Ferrari®, David C Montefiori®, Paul T Edlefsen’,

| Michael Piatak Jr%, Jeffrey D Lifson®, Rafick P Sékaly® & Louis J Picker*"

Persistent low level vaccine immunogen expression from
“Immune privileged” Tgy infection by LAV, maintains persistent
lymph node Tgy, responses capable of effective early response to
and control of WT challenge virus, similar to postulated
mechanism of protection by rRh-CMV vectored SIV vaccines

Frederick National Laboratory for Cancer Research
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Plasma viral load
(log SIV RNA copies per ml)

Comparative study of 5 different live attenuated SIVs varying in
levels of virus expression, persistence and sequence match with
challenge virus generated an immune response/protection matrix to

SIVmac239Anef

0 10 20 30 40 50 60 70

SHIV89.6

0 10 20 30 40 50 60 70

evaluate potential immune correlates

SIVmac239A3

0 10 20 30 40 50 60 70

SIVsmE543Anef

0 10 20 30 40 50 60 70

scSIVmac239
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No vaccine
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—&- Complete protection (n = 19) —#— Partial protection (n=7) —-No protection (n =6) —#—No vaccine (n =6) Ic

Time after vaccination (weeks)
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NATIONAL

AIDS and Cancer Virus Program

Among cellular and humoral immune responses tested, only LN T cell
responses correlated with vaccine protection

Table 1 Kruskal-Wallis analysis of the 11 primary immune response predictors compared
to the protection categories

Immune predictors Unadjusted P Bonferroni-corrected P
PBMC CD4* T cell response magnitude 0.0672 0.7392
PBMC CD8* T cell response magnitude 0.0195 0.2148
PBMC CD4* T cell response breadth 0.0301 0.3313
PBMC CD8™ T cell response breadth 0.1593 1.0000
Lymph node CD4* T cell response magnitude 0.0003 0.0036
Lymph node CD8* T cell response magnitude 0.0006 0.0070
BAL fluid CD4* T cell response magnitude 0.0450 0.4950
BAL fluid CD8* T cell response magnitude 0.0221 0.2426
SIVmac239 neutralizing antibodLes 0.1458 1.0000
SIV env-specific antibodies; TCL& SIVmac251 neutralization 0.0079 0.0872
SIV env-specific antibodies; ADCC 0.0073 0.0808

Values in bold are those that reached statistical significance after Bonferroni correction. TCLA, T cell-line adapted;
ADCC, antibody-dependent cell-mediated toxicityk



NIATIONAL

AIDS and Cancer Virus Program

Persistent expression of LAV RNA in LN (in Tg, cells) is
associated with persistent LN SIV-specific Tgy, responses;
both are correlated with vaccine protection

Lymph node CD4" memory Lymph node CD8* memory P = 0.0007
=2 P = 0.0001 P =0.0003 < 6 P=00240 P=00432
T £°1P=0.0069 P=0.0350 129 P=0.0125 P=0.0350 Z2 : ' |
S E ¢ 101 * %m; 4] ”:.“ Kruskal-\;'\iallis test:
g 2 Kruskal-Wallis test: 81 ¢ Kruskal-Wallis test: 3 5 ‘Y . = 0.0005
S E : P=00003 61 -, P=0.0006 &q,| " .
@] 1 - +* 4 ’. o .2 0:0 .
S © M R 28 .
7> | Tt o 2] o nt LN ,
P, i i LN e e 3E P e
(% g é}@' rz} x@ %\ Complete Partial No
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SAIC-F LASP /Imaging and Histotechnology

—

Small Animal Imaging Program Pathology and Histotechnology %
Laboratory

Histotechnology

* Tissue processing

* Molecular histology assay development
Bioluminescence CT/SPECT

— Immunohistochemistry

— In situ hybridiz

— etc.

* Image capture/anal
— Bright field

— FlueET

Fluorescence MRI

1. Phenotypic analysis of GEM or

Veterinary patholo
xenograft models Inarysig gy

* Study desig
2. Development of new targets for early
phenotypic detection * Protocol develop

3. Testing of potential new therapies - Data analy

http://web.ncifcrf.gov/rtp/lasp/intra/saip/
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