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1.  Background 

The Alliance for Nanotechnology in Cancer (ANC), established in 2004, serves as a national resource 
that links physical scientists, engineers, and technologists working at the nanoscale with cancer 
biologists and oncologists specializing in the diagnosis, prevention, and treatment of cancer. The ANC 
program and its infrastructure have been designed to rapidly advance new discoveries and to 
transform them into cancer-relevant applications with a potential clinical utility. The aggressive, 
scientific, and translational goals of the program were outlined in the Cancer Nanotechnology Plan 
which was published in 2004 and accompanied the RFAs (CA-05-024, -025, -026). 

In the current funding period, the ANC operates as an integrated constellation of 8 Centers for Cancer 
Nanotechnology Excellence (CCNEs) and 12 smaller collaborative Cancer Nanotechnology Platform 
Partnerships (CNPPs), together with the Multidisciplinary Research Training and Team Development 
awards (11 awardees) and the National Characterization Laboratory (NCL). The CCNEs are thematically 
and geographically diverse centers which are the core of the ANC network and infrastructure. The first 
3 years of the program have shown the effectiveness of the multi-disciplinary teaming in accelerating 
science and technology development. A steady flow of innovation from nanotechnologists and 
biologists is opening up new opportunities for prevention, diagnosis, and treatment of the disease. 
These innovations are, in turn, evaluated by oncologists, who provide on-going guidance for the 
further technology development. Several principal investigators within the program originate from 
disciplines that are non-traditional for NIH sponsored research. These researchers benefit from the 
partnerships with biologists and clinicians in terms of understanding the needs of contemporary 
oncology and subsequently can direct their research towards the most relevant oncological problems. 
The resulting collaborative projects formed under such partnerships are described in the Appendix. 
Initially, these efforts occurred mainly through the interactive research within each center. The centers 
have evolved into research organisms having distinct area(s) of technical excellence and core 
resources (e.g., fabrication and materials development, diagnostic assays, toxicology, in vivo 
technology validation, informatics etc.). Moreover, with time, numerous opportunities for synergistic 
collaborations across the ANC have emerged, resulting in several joint projects among different 
centers. These inter-center activities involve not only joint scientific developmental efforts, but also 
the exchange and cross-training of young scientists.   

In summary, even though the ANC is only 3 years old, the Alliance has succeeded in being highly 
innovative, productive, and translation-oriented. The re-issuance of RFAs will allow for the maturing of 
the field of cancer nanotechnology, evolving the program towards even stronger emphasis on clinical 
translation, and developing further ties with other NCI programs and divisions. The main 
organizational solutions of the proposed re-issuance will largely replicate the successful and efficient 
structure of the original ANC. However, we propose few changes and improvements, reflecting 
‘lessons learned’ from first 3 years of the program: 1) in order to promote the clinical translation 
further, we will focus the operation of each center on developing an entire solution with a prospective 
clinical utility (single application focus). To reflect the maturation of several technologies developed in 
the centers, we expect several Phase 0 and Phase I clinical trials to emerge. Their planning will be 
performed through collaboration with DCTD, while their funding will occur through existing NIH 
clinical trial funding mechanisms and other sources; 2) to further draw upon diversified capabilities of 
the centers, we would formulate joint Grand Challenge projects to be announced every 18 months; 
10% of set-aside budget will be maintained to fund them through the duration of the program; 3) the 
platform partnership projects (currently funded as R01s) will be issued as cooperative agreement U01s 
to promote further NCI-investigator interactions and active management of the program. 

ANC Characteristics 

Distinctive aspects of the ANC program that has contributed to its success include an appropriate 
combination of geographically-distributed large and smaller research groups (CCNEs and CNPPs, 
respectively). These ANC components provide diverse and complementary capabilities to work 
collectively in support of the six key “opportunity areas” outlined in the initial RFAs. Active program 
management structure (U54 cooperative agreement) ensures frequent and close communication 
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between investigators and the NCI program staff members. Importantly, the cooperative agreement 
mechanism allows the NCI to guide (if necessary) the research direction of project(s), and to promote 
and facilitate the collaborative efforts among the awardees. The NCI program staff members have 
actively contributed in both of these areas. 

The Alliance is governed by the Coordinating and Governance Committee (CGC). CGC membership 
includes at least one member from each CCNE, NCI Program Director, and public advocacy group 
representative. The CGC meets three times per year to assess scientific progress, identify new research 
opportunities, establish priorities, and consider policy recommendations. In addition, each CCNE has 
its own Steering Committee (in some cases scientists from one CCNE serve on the steering committee 
of the other); few of the CCNEs have formed Industrial Advisory Committees that provide help in 
developing commercialization strategies. Principal Investigator (PI) meeting, held annually in autumn, 
is a main venue enabling ANC investigators to meet in person and exchange their ideas and 
experiences. These annual meetings consist of oral and poster presentations, and working group 
meetings. ANC PI meetings are designed to promote interactions of junior investigators and graduate 
students with senior PIs. NCI also invites parties who can aid investigators in commercializing 
technologies and translating them to the clinic.  

ANC Achievements 

• The ANC has generated very strong scientific output during the past 3 years (Appendix), which 
includes over 600 peer-reviewed publications in highly regarded scientific journals (an 
average impact factor ~ 7) and more than 200 patent disclosures/applications. Moreover, the 
funding support from ANC has allowed the program participants to secure significant 
additional research and developmental funds from the federal government, philanthropic 
sources, industry, and foreign governments to further build upon research seeded by the 
Alliance program.  

• In addition to scientific advances, the association of the program with nearly 50 industrial 
entities (ranging from PI-initiated start-up companies to collaborations with large multi-
national firms) has established a vital commercial outlet for produced technologies. Currently, 
these companies along with the investigators from the ANC, are engaged in 5 nano-therapy 
and imaging clinical trials. Several additional companies have a nanotechnology application in 
advanced, pre-IND stage of technology development. Many of them have successfully applied 
and received Phase I funding through the NCI SBIR Development Center. 

• Through the operation of Nanotechnology Characterization Laboratory (NCL), over 130 
different nanoparticle formulations have been evaluated. The program has also contributed to 
centralized information base for the results of these characterization efforts – caNanoLab 
database has been developed in collaboration with NCICB and is accessible to the users from 
the research community. In addition, NCL has fruitfully collaborated with FDA on establishing 
approaches to regulatory clearance of these technologies (Appendix – NCL Progress Report).  

• ANC investigators formed the community which is at the fore-front of the new field of cancer 
nanotechnology and are driving its progress. The multi-disciplinary teams, consisting of 
researchers from diversified, yet synergistic, disciplines, are developing the ability to speak a 
common research language and work together towards a common goal. The development of 
these teams resulted in 43 multi-PI joint publications with several more being prepared for 
submission. Moreover, the integration and active participation of oncologists into the 
technology development, although occurring slowly, are becoming a reality.  

Collaborations with other NCI programs and divisions: Several investigators of the Alliance are also 
supported by other large NCI programs (e.g., SPOREs, EDRN, ICBP, and MMHCC) as well as through 
other synergistic NIH nanotechnology initiatives (e.g., PEN (Program of Excellence in Nanotechnology) 
from NHLBI and Nanomedicine Roadmap), and individual R21 and R01 projects from NHGRI, NIGMS, 
and others. This broad programmatic participation allows for propagation of the knowledge 
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developed under the Alliance program into other program areas. Similarly, NCI OTIR program staff has 
established communication with several groups and divisions within NCI to promote the interactions 
with ANC investigators. For example, recent discussions with DCTD leadership (Drs. Doroshow and 
Tomaszewski) led to establishing a strategy for combining drug formulations which failed in the past 
toxicology evaluations at NCI with new nanotechnology-based localized delivery vehicles for 
prospective elimination of harmful toxicity profiles. DTP staff (Dr. Creekmore) has continuously been 
providing advice on the drug development issues and participated in site visits. Similarly, Clinical 
Center researcher (Dr. Dahut) joined program staff on several site visits. CTEP (Dr. Wright) and OTIR has 
established joint seminar series to raise awareness of the nanotherapeutic developments occurring in 
early to medium stage companies and to initiate clinical evaluation collaborations with these 
companies. Several ANC investigators have also visited with DTP and CTEP for advice on strategies in 
therapeutic development. CIP (Drs. Clarke and Farahani) and OTIR staff has established discussions on 
joint program opportunities and collaborations of NTROI network and the ANC. Close interaction with 
NCICB (Dr. Buetow and Mr. Basu) resulted in the development of database for storage and 
dissemination of nanomaterials characterization results. Finally, training efforts are planned jointly 
with OCTR (Ms. Lohrey and Dr. Gorelic) and CRCHD (Drs. Springfield and Bailey) and will be further 
strengthened by joint training initiative for underserved students and PIs which is under planning 
with CRCHD. 

Collaborations with other agencies: Active relationship with FDA has been established through the 
collaborative effort of Nanotechnology Characterization Laboratory and Inter-Agency Oncology Task 
Force (IOTF). NIST is supporting physical characterization of nanomaterials at NCL. The Alliance has on-
going relationship with NSF on training programs – 4 IGERT centers with oncology training focus are 
co-funded by NCI. There is also active discussion on participation of the Alliance investigators in NSF 
National Nanotechnology Infrastructure Network (NNIN). DOE Nanotechnology Centers have 
communicated with NCI on sharing nanomaterials characterization protocols.  

2.  Purpose of RFA 

The major goal of reissuing these RFAs is the continuation of the Alliance for Nanotechnology in 
Cancer as a coordinated program to further explore nanotechnology tools, devices, and formulations 
in applications relevant to cancer prevention, diagnosis, and treatment. Building upon technology 
development achieved in the current initiative, the reissued program will continue to have a strong 
translational nature. The main organizational solutions will largely replicate the successful and 
efficient structure of the original ANC. Nonetheless, new RFAs will be issued as an open competition 
initiative to ensure the proper influx of new ideas, technologies, and investigators.  

The proposed Alliance structure will involve Centers of Excellence, platform projects, and training 
mechanisms. Each center will consist of 3-5 interactive and synergistic research projects focused on 
developing a complete solution in one of the following areas:  

1. Early diagnosis using in vitro assays and devices or in vivo imaging techniques;  

2. Multifunctional therapeutic solutions;  

3. Devices and techniques for cancer prevention and control; 

4. Tools for preventing, detecting, and eradicating metastasis.  

Each of the centers will need to demonstrate the translational potential of the entire technological 
solution in at least two different organ systems. The investigators will be encouraged to develop at 
least one application for cancer of those organs, where the disease is characterized by low survival 
rates: brain, lung, ovary, and pancreas.  
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Similar to the original ANC, each center will be expected to:  

• Integrate with NCI-designated Cancer Center and/or Specialized Program of Research 
Excellence (SPORE); 

• Affiliate with academic or research centers devoted to engineering or physical sciences; 

• Establish relationship with for profit organization(s) for commercial technology outlet; 

• Ensure data sharing capabilities compatible with Cancer Biomedical Informatics Grid (caBIG) at 
NCICB; 

• Establish appropriate education, training, and outreach programs.  

The detailed scientific recommendations and priorities for cancer nanotechnology over the next 5-10 
years have been established at three Strategic Scientific Nanotechnology Workshops held by NCI in 
February-March 2008. These recommendations will be used in the preparation of new RFAs. The 
workshops report (to be published in Cancer Research), agenda, and list of attendees are given in 
Appendix. 

The original ANC Program involved the support of different teams with an early emphasis on 
technology development. The proposed continuation will solicit centers focused on developing an 
entire solution with a prospective clinical utility (single application focus) and further emphasis on 
supporting translational research and creating and sharing resources for validation of the technology 
platforms developed and implemented by the different centers. Through the proposed single 
application focus of each center, centers would become synergistic rather than competitive and 
further active collaborations should emerge. Similarly, focus on researching different organs should 
promote highly interactive environment for validation work. To reflect the maturation of several 
technologies developed in the centers, we expect several Phase 0 and Phase I clinical trials to emerge. 
Their planning will be performed through collaboration with DCTD, while their funding will occur 
through existing NIH clinical trial funding mechanisms and other sources. The diversified backgrounds 
of investigators would be put further to work by formulating joint Grand Challenge projects drawing 
on the personnel of several centers. These projects will be announced every 18 months; 10% of set-
aside budget will be maintained to fund them through the duration of the program.  

The satellite, smaller programs in the form of U01s (instead of R01s from 1st issuance) will be 
maintained to promote further innovation in single project, multi-investigator environment. The 
training program based on K99/00 and R25 awards will be established in place of F32/F33s. 
Nanotechnology Characterization Laboratory (NCL) will continue its function of performing 
nanomaterials characterization towards translational efforts.  

Program Structure and Management 

The Coordination and Governance Committee (CGC) will be established to bring together the 
components of the Alliance program. The committee will consist of: 1) principal investigators of all 
centers (U54 awardees), 2) two representative PIs of nanotechnology platforms (U01 awardees), 3) two 
NCI-OTIR program staff members, and 4) one representative of NCL. Responsibilities of this committee 
will include review of progress of the research activities against NCI program goals, development of 
collaborative protocols, identifying technology impediments to clinical translation, and developing 
strategies for sharing technologies and validation results. CGC will meet three times a year (at least 
once in person). CGC Executive Committee (CGC EC) will be formed to provide for the continuity of the 
leadership between these meetings; four PIs and two NCI staff members will be selected to participate 
in this committee which will meet at least monthly by telephone conference. 

There will be two additional Advisory Committees put in place: 1) Industrial Advisory Board and 2) NIH 
Working Committee. The former, consisting of representatives from for-profit organizations (5-6 
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members) involved in the commercialization of nanotechnology-based oncology solutions will 
provide guidance and advice on translational strategies. The latter will include representatives from 
NCI organizational units (e.g., DTP, CIP, Cancer Prevention Division, NCICB, and CCR), as well as other 
NIH institutes and initiatives (e.g., NIBIB, NHLBI, Nanomedicine Roadmap), and Federal agencies (e.g., 
FDA, and NIST). Representatives of both committees will be invited to participate in the ANC 
Investigators meetings; in addition they will meet by telephone conference 2 times a year.  

3.  Current Portfolio Analysis 

A search for new (Type 1, 2) RPG applications (R01, P01, R03, R15, R21, R33, R41, R42, R43, R44) using 
“nanotechnology” as a keyword in abstracts, summary statements, and title in QVR yielded 159 total 
applications that had NCI as primary contact for fiscal year 2007 (FY07). This number nearly doubled, 
in fiscal year 2008, to 313 total applications. Approximately 50% of these applications were scored 
each year and nearly 40 applications were funded in FY08. This proportion translates to approximately 
$10.58 million of new funding in fiscal year 2008, compared to the $6.07 million dollars invested in 
FY07. Thus, overall interest in research related to nanotechnology grew rapidly, whereas the success 
rate of funded applications remained about the same. The latter statistics would support the need for 
continuation of RFAs to further solidify this area of research and technology in the NCI portfolio. These 
trends also held for NIH-wide applications. Further, detailed portfolio analysis, which includes also 
training and funding trends over last five years (instead of only two years in the Table below), is given 
in Appendix. 

Activity Categories FY07 - NIH/NCI FY08 - NIH/NCI 

RPG 
(Type 1,2) 

Total Applications 586/159 1067/313 

Unscored Applications 272/81 533/142 

Scored Applications 314/78 534/171 

Funded Applications 97/22 112/38 

Total Cost for FY $30.59M/$6.07M $33.28M/$10.58M 

Table 1. Portfolio analysis for nanotechnology grants at NIH and NCI. The U54 cooperative agreements 
(ANC is only NCI-sponsored nanotechnology U54 program) are not included here. 

4.  Justification for Use of RFA Mechanism 

The development and clinical use of new high technologies, including nanotechnology requires 
continuous fostering of these applications within the NIH and NCI portfolios. Large contingent of the 
applications in these areas come from engineers and physical scientists who traditionally are not well 
established within NIH funding landscape. The portfolio analysis above indicated significant increase 
of the number of applications; however, the funding success rate remained about the same. In 
addition, the overall budget dedicated to nanotechnology at NCI remains relatively low 
(approximately $70M/year, including budget of this initiative), while the potential pay-off from this 
research is considered high.  

The budget set-aside associated with the re-issuance of RFAs will:  

1. Allow for attracting more cancer nanotechnology applications;  

2. Lead to the improvement of the quality of these applications;  

3. Strengthen the training in this area (which is under funded to-date (see Appendix)); 

4. Enable formation of multi-disciplinary teams required by the nature of research in this area;  
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5. Maintain at least part of cancer nanotechnology infrastructure assembled under first CCNE 
RFA.  

The organizational complexity of Centers of Excellence and diversity of involved science requires the 
use of special review panels, as for the previous CCNE RFA. Only, such specially formed panels could 
cover the wide range of cancer nanotechnology topics (e.g., early detection, molecular imaging, 
multifunctional therapeutics, etc.) and range of projects maturity; but more importantly, grasp the 
cohesive integration of these topics into the assembly of centers and satellite platform projects.  

5.  Justification of Use of Cooperative Agreement 

The ANC is a highly integrated program in which the NCI’s role goes well beyond the normal 
stewardship of awards. NCI program staff members interact frequently with awardees in order to 
ensure speedier progress, to develop baseline protocols, and to promote a collaborative environment 
across the ANC network. These interactions occur at multiple levels. At the highest level, the 
Coordinating and Governance Committee (CGC) is a partnership between CCNE directors and NCI 
program director to stimulate interactions amongst all the CCNEs and to identify appropriate priority 
needs. Working groups (WGs), chaired by NCI program staff member, coordinate various activities 
with investigators that possess shared scientific knowledge and interests across the Alliance in order 
to facilitate progress and establish inter-Alliance teaming and collaborations. Direct one (investigator) 
to one (program staff) communication allows for substantive involvement to guide project direction 
and preempt any possible delays or complications concerning meeting projects’ aims and milestones. 
Several collaborative efforts among centers and centers and platforms have been suggested by 
program staff and successfully carried forward by the ANC investigators.  

NCI program staff members also play an active role in facilitating interactions between investigators 
and NCI divisions and laboratories (e.g., CIP, DTP, CTEP, IMAT, NCL, OBBR, SBIR Development Center) 
and other federal agencies such as the FDA and NIST. The vast resources of NCI have been utilized by 
the investigators in their quest for additional information on drug and imaging agent development 
strategies, regulatory issues, clinical trials, and additional funding mechanisms. The complex nature of 
the Alliance program involving large center operations and gathering researchers from disparate 
fields, benefits from the continuous involvement of the program staff as indicated in the Evaluation 
Document (Appendix). As such, continuation of this initiative under the Cooperative Agreement is the 
best forward strategy. 

6.  Budget 

As described in Sections 1 and 2, the current Alliance structure has been established in order to 
promote the development of multi-disciplinary innovation teams with a focus on clinical utility of this 
innovation. The structure involves Centers of Excellence, platform projects, and training mechanisms. 
The requested funding will allow for 1) sustaining sufficient number of NCI’s national resourced 
cancer nanotechnology centers to maintain the ANC network, 2) providing sufficient technology 
diversity among nanotechnology platforms, and 3) providing training for young investigators to 
establish their solid career foundation in this new and expanding field. The budget requested for the 
re-issuance is proposed as follows: A) 5-8 (U54) centers, B) 8-12 (U01) partnership teams, C) 4-5 training 
grants (K99/00), and D) 2 (R25) training centers. 
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 Centers of Excellence Nanotechnology 
Platforms 

Training Programs 

5-8 U54 centers @ $3-4M 8-12 U01 projects @ $0.6M 4-5 K99/00 awards @$0.5M 
 2 R25 awards            @ $1.2M 

Total/yr $15-32M $5-7M $4.5-5M 

Table 2. Proposed budget for second round of the Nanotechnology Alliance. 

 Centers of Excellence Nanotechnology Platforms Training Programs 

8 U54 centers 12 R01 projects 11 F32 and F33 awards 

Yr 1 $26.2M $7.05M $98K 

Yr 2 $28.7M $7.01M $228K 

Yr 3 $29.1M $7.16M $248K 

Table 3. Year-by-year spending of the ANC program. 

The history of funding for first three years of the Alliance initiative is given above. In addition, 5 
minority supplements were funded by CRCHD for the amount of $250K. 

7.  Evaluation Criteria for RFA 

A.  Evaluation of the ANC Program by the NCI OTIR  

To evaluate the ANC program on an ongoing basis, a matrix of quantitative performance measures 
was established based on the criteria outlined in the original RFAs. These measures include the 
following data: 

1. The number of peer-reviewed publications along with journal impact factors (total of 606 
publications with average impact factor of 7, including 54 high impact factor (>15) 
publications, and 43 multi-PI, joint publications), 

2. The number of disclosed, filed, and awarded patent innovations (total of 203),  

3. The number of clinical trials (5 were initiated),  

4. List of established IRB and IACUC protocols for work with human patients and human clinical 
samples and animal testing (17 and 42, respectively),  

5. List of IND, NDE, and IDE filings (1 IND awarded, 1 IDE awarded, additional 4 pre-IND 
discussions were held with FDA),  

6. Evidence of commercial efforts leading to the translation of developed technologies (total of 
50 companies are associated with the program; 24 were formed as spin-offs in last 3 years), 

7. Several successful NIH grant submissions obtained by the investigators and leveraging results 
from the ANC program.  

There is also qualitative value of the program in establishing true multi-disciplinary teams consisting 
of researchers from diversified, yet synergistic disciplines. These teams developed the ability to speak 
a common research language and work together towards a common goal resulting in several joint 
publications (Appendix). There is strong evidence of collaborative efforts of researchers who never 
worked together before, yet contributed to a successful outcome due to the complimentary 
knowledge.  
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The initial goals of Cancer Nanotechnology Plan have been met or exceeded. New version of Cancer 
Nanotechnology Plan, suitable for second Phase of the initiative will be prepared prior to issuing new 
RFAs. The findings of Strategic Nanotechnology Workshops (Spring 2008) will be used as guidance to 
the preparation of the new plan and RFAs.  

The ANC program should be credited for increasing number of grant applications in cancer 
nanotechnology (see Section 3) with several non-traditional NIH applicants submitting proposals and 
getting them awarded. Despite all these successes, there is a strong need for the continuation of RFAs 
dedicated to U54 and U01 mechanisms for reasons stated in sections 4 and 5.  

B.  Independent Evaluation of the ANC Program 

An independent panel (2 NIH staff members and 1 NCI staff member) was formed to evaluate the 
Alliance program and its progress and to provide comments and/or recommendations for the 
proposed renewal. The panel was provided with Scientific Status Program Report (issued in Spring 
2008), reports from NCI Strategic Cancer Nanotechnology Workshops, and survey of program 
stakeholders conducted by Science and Technology Policy Institute (STPI). STPI interviews concerned 
rationale and program design, effectiveness of NCI program management, strategies towards 
promoting multidisciplinary collaborations, techniques used for clinical translation, and other topics. 
The interviews involved several groups: investigators, trainees, nanotechnology and oncology experts 
not participating in the program, NCL staff, program staff from NCI, NIH, and staff of other federal 
agencies.  

The panel’s assessment of the program and its recommendations for the continuation are given in the 
Appendix and will be used in the development of new RFAs. Briefly, the panel noted: 

• A successful beginning of actively managed program resulting in the development of multi-
disciplinary teams, numerous scientific achievements, and early stage of clinical technology 
demonstrations; 

• Need for additional strategies fostering further team development and inter-center 
collaboration development; 

• Need for additional mechanisms facilitating close interaction of CCNEs and CNPPs; 

• Need for the continuation of efforts supporting clinical translation including active role of NCL, 
closer communication with FDA, and the need for interactions of program investigators with 
existing NCI infrastructure;  

• Need for the continuation of the ANC program beyond the five-year mark to build upon the 
developed infrastructure. 

 



Award Description
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The Alliance Program Characteristics 

1.1 Introduction 

The NCI Alliance for Nanotechnology in Cancer comprises four programs: Centers of Cancer 
Nanotechnology Excellence (CCNEs), Cancer Nanotechnology Platform Partnerships (CNPPs), 
Multidisciplinary Research Training and Team Development awards, and Nanotechnology 
Characterization Laboratory (NCL). There are over 80 projects in the program and they include basic 
research, applied translational projects, and cores. Close to 400 researchers are funded through the 
program; they represent seasoned and senior investigators who are leading large centers and 
multiproject efforts as well as junior faculty involved in the individual projects. At the heart of the 
program are CCNEs which are awarded as cooperative agreements (U54s). The Program Office 
maintains close interaction with the investigators and is involved in close monitoring of the scientific 
and technology progress. The NCI program management occurs in conjunction with the operation of 
the Coordinating and Governance Committee (CGC), an oversight body that gathers individuals from 
the centers and also has representation from NCI and the advocacy community. 

1.2 Program Infrastructure 

1.2.1 Centers of Cancer Nanotechnology Excellence 

The primary goal of the Centers of Cancer Nanotechnology Excellence (CCNEs) is to integrate 
nanotechnology development into basic and applied cancer research. Each Center is affiliated with an 
NCI Comprehensive Cancer Center and engages engineering and physical science departments of the 
university. By leveraging existing NCI resources, these Centers are bridging gaps in the development 
pipeline from materials discovery to preclinical testing. The CCNE awardees (in alphabetical order) are: 

• Carolina Center of Cancer Nanotechnology Excellence, University of North Carolina, 
Chapel Hill, North Carolina. This Center is focused on the fabrication of “smart,” or targeted, 
nanoparticles and other nanodevices for cancer therapy and imaging. Principal Investigators: 
Rudolph Juliano, Ph.D., and Joseph DeSimone, Ph.D. (University of North Carolina).  

• Center for Cancer Nanotechnology Excellence Focused on Therapy Response, Stanford 
University, Palo Alto, California. This Center uses nanotechnology-enabled diagnostic tools 
to advance cancer detection and therapy techniques. Principal Investigator: Sanjiv Sam 
Gambhir, M.D., Ph.D. (Stanford University). [Awarded February 2006]  

• Center of Nanotechnology for Treatment, Understanding, and Monitoring of Cancer, 
University of California, San Diego, California. This Center focuses on smart, 
multifunctional, all-in-one platform device solutions capable of targeting tumors and 
delivering payloads of therapeutics. Principal Investigator: Sadik Esener, Ph.D. (University of 
California, San Diego).  

• Emory-Georgia Tech Nanotechnology Center for Personalized and Predictive Oncology, 
Atlanta, Georgia. This Center aims to innovate and accelerate the development of 
nanoparticles for cancer molecular imaging, molecular profiling, and personalized therapy. 
Principal Investigator: Shuming Nie, Ph.D. (Emory University and Georgia Institute of 
Technology).  

• MIT-Harvard Center of Cancer Nanotechnology Excellence, Cambridge, Massachusetts. 
This Center is focused on diversified nanoplatforms for targeted therapy, diagnostics, 
noninvasive imaging, and molecular sensing. Principal Investigators: Robert Langer, Ph.D. 
(Massachusetts Institute of Technology), and Ralph Weissleder, M.D., Ph.D. (Harvard University, 
Massachusetts General Hospital).  
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• Nanomaterials for Cancer Diagnostics and Therapeutics, Northwestern University, 
Evanston, Illinois. This Center is designing and testing nanomaterials and nanodevices for 
highly sensitive in vitro detection platforms. Principal Investigator: Chad Mirkin, Ph.D. 
(Northwestern University).  

• Nanosystems Biology Cancer Center, California Institute of Technology, Pasadena, 
California. This Center focuses on the development and validation of tools for early detection 
and stratification of cancer through rapid and quantitative measurement of panels of serum 
and tissue-based biomarkers. Principal Investigator: James Heath, Ph.D. (California Institute of 
Technology).  

• The Siteman Center of Cancer Nanotechnology Excellence at Washington University in 
St. Louis, St. Louis, Missouri. This Center has a comprehensive set of projects for the 
development of nanoparticles for in vivo imaging and drug delivery, with special emphasis on 
translational medicine. Principal Investigator: Samuel Wickline, M.D. (Washington University in 
St. Louis).  

1.2.2 Cancer Nanotechnology Platform Partnerships 

Cancer Nanotechnology Platform Partnerships (CNPPs) were awarded to 12 individual investigators 
and reflect a cross-section of technologies, disciplines, cancer types, geographies, and risk/reward 
profiles, and will link universities to NCI-designated Cancer Centers. The awards, in alphabetical order 
by principal investigator, include: 

• Nanotherapeutic Strategy for Multidrug Resistant Tumors, Northeastern University, 
Boston, Massachusetts. Principal Investigator: Mansoor Amiji, Ph.D.  

• DNA-linked Dendrimer Nanoparticle Systems for Cancer Diagnosis and Treatment, 
University of Michigan, Ann Arbor, Michigan. Principal Investigator: James Baker, Jr., M.D.  

• Metallofullerene Nanoplatform for Imaging and Treating Infiltrative Tumor, Virginia 
Commonwealth University, Richmond, Virginia. Principal Investigator: Panos Fatouros, 
Ph.D.  

• Detecting Cancer Early With Targeted Nano-probes for Vascular Signatures, University 
of California, San Francisco, California. Principal Investigator: Douglas Hanahan, Ph.D.  

• Photodestruction of Ovarian Cancer: ErbB3 Targeted Aptamer-Nanoparticle Conjugate, 
Massachusetts General Hospital, Boston, Massachusetts. Principal Investigator: Tayyaba 
Hasan, Ph.D.  

• Hybrid Nanoparticles in Imaging and Therapy of Prostate Cancer, University of Missouri, 
Columbia, Missouri. Principal Investigator: Kattesh Katti, Ph.D.  

• Near-Infrared Fluorescence Nanoparticles for Targeted Optical Imaging, The University 
of Texas M.D. Anderson Cancer Center, Houston, Texas. Principal Investigator: Chun Li, 
Ph.D.  

• Integrated System for Cancer Biomarker Detection, Massachusetts Institute of 
Technology, Cambridge, Massachusetts. Principal Investigator: Scott Manalis, Ph.D.  

• Novel Cancer Nanotechnology Platforms for Photodynamic Therapy and Imaging, 
Roswell Park Cancer Institute, Buffalo, New York. Principal Investigator: Allan Oseroff, M.D., 
Ph.D.  
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• Multifunctional Nanoparticles in Diagnosis and Therapy of Pancreatic Cancer, State 
University of New York, Buffalo, New York. Principal Investigator: Paras Prasad, Ph.D.  

• Nanotechnology Platform for Targeting Solid Tumors, The Sidney Kimmel Cancer Center, 
San Diego, California. Principal Investigator: Jan Schnitzer, M.D.  

• Nanotechnology Platform for Pediatric Brain Cancer Imaging and Therapy, University of 
Washington, Seattle, Washington. Principal Investigator: Miqin Zhang, Ph.D. 

1.2.3 Multidisciplinary Research Training and Team Development 

Multidisciplinary Research Training and Team Development fellowship awards were granted to 
postdoctoral trainees to allow for multidisciplinary training. The awards, in alphabetical order by 
trainee, are: 

• Nanoparticle-Bioconjugates as Cancer-Treating Agents, Texas A&M University, College 
Station, Texas. Trainee: Sofi Bin-Salamon, Ph.D. 

• Nanoscale Mechanisms of Hsp90 and Its Co-chaperones, Yale University, New Haven, 
Connecticut. Trainee: Ivo P. Doudevski, Ph.D. 

• Targeted Delivery Via Protein-Carbohydrate Interactions, Liquidia, Inc., Research 
Triangle Park, North Carolina. Trainee: Ashley L. Galloway, Ph.D. 

• Liposomal Delivery of High LET Emitters to Cell Nuclei, Johns Hopkins University, 
Baltimore, Maryland. Trainee: Yah-El Har-El, Ph.D. 

• Geldanamycin-Mediated Uptake of Nanoparticle Probes, Purdue University, West 
Lafayette, Indiana. Trainee: Giselle M. Knudsen, Ph.D. 

• Nanolabels of Active Proteases for Cancer Detection, University of California, San 
Francisco, California. Trainee: Mark D. Lim, Ph.D. 

• Single Walled Carbon Nanotube Based Tumor Vaccines, Memorial Sloan-Kettering 
Institute for Cancer Research, New York, New York. Trainee: Rena J. May, Ph.D. 

• Short-Interfering RNA-Gold Nanoparticle Bioconjugates: A New Cancer Therapy, 
Northwestern University, Evanston, Illinois.  Trainee: Adam B. Braunschweig, Ph.D. 

• Design of Affinity Capture Agents for Akt1 Using in situ Click Chemistry, California 
Institute of Technology, Pasadena, CA.  Trainee: Steven W. Millward, Ph.D. 

• Targeted Photoactivated Nanopartcicles for the Treatment of Ovarian Cancer, 
Massachusetts General Hospital, Boston, MA.  Trainee: Daniel Neuman, Ph.D. 

• Nanoprobes and Integrated Nanodevices for Cancer Detection and Treatment, 
University of Colorado Health Services, Superior, CO.  Trainee: Wounjhang Park, Ph.D. 

The NCI is also collaborating with the National Science Foundation (NSF) to fund four integrative 
training and team development awards for U.S. science and engineering doctoral students to focus 
on interdisciplinary nanoscience and technology training programs. The funded programs are: 

• Integrative Nanoscience and Microsystems, University of New Mexico, Albuquerque, New 
Mexico, a collaboration between the University of New Mexico’s Center for High Technology 
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Materials within the School of Engineering, College of Arts and Sciences, and Cancer Research 
and Treatment Center. Principal Investigator: Diana Huffaker, Ph.D. 

• NanoPharmaceutical Engineering and Science, Rutgers University, New Brunswick, New 
Jersey, a collaboration between Rutgers, New Jersey Institute of Technology, and University of 
Puerto Rico. Principal Investigator: Fernando Muzzio, Ph.D.  

• Nanomedical Science and Technology, Northeastern University, Boston, Massachusetts, a 
collaboration between the Dana-Farber Cancer Institute and Massachusetts General Hospital. 
Principal Investigator: Srinivas Sridhar, Ph.D.  

• Building Leadership for the Nanotechnology Workforce of Tomorrow, University of 
Washington, Seattle, Washington. This joint institute for nanotechnology involves University 
of Washington, Pacific Northwest National Laboratory, and Fred Hutchinson Cancer Research 
Center. Principal Investigator: Marjorie Olmstead, Ph.D.  

1.2.4 Nanotechnology Characterization Laboratory 

The Nanotechnology Characterization Laboratory (NCL), the only intramural component of the 
Alliance, operates at the NCI’s Frederick research facility and is performing and standardizing the 
preclinical characterization of nanomaterials developed by researchers from academia, government, 
and industry. The NCL is serving as a national resource and knowledge base for cancer researchers and 
will facilitate the accelerated regulatory review and translation of nanomaterials and devices into the 
clinical realm. The NCL works in concert with the National Institute of Standards and Technology 
(NIST) and the U.S. Food and Drug Administration (FDA).  



Award Map
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Progress Towards Milestones of Cancer Nanotechnology Plan 

Cancer Nanotechnology Plan, published in 2004 set aggressive translational goals for the Alliance 
initiative. This plan represented an integrated program of activities to use nanotechnology as an 
enabler of rapid clinical and research advances and as a means of lowering the barriers to technology 
development and commercialization by the private sector. 

As indicated in RFA, the Alliance program DID NOT intend to fund materials scale-up needed for the 
IND or IDE filing or subsequent clinical trials. The projects funded under the program represented a 
mix of developmental scientific projects and translational projects aiming specific, future clinical 
application. However, several investigators funded through the program have strong entrepreneurial 
background, managed to raise additional funds, and established many spin-off companies in last 3 
years, while maintaining ties with other small and large for-profit entities. The interaction between the 
investigators and their universities and these companies provided for a strong opportunity towards 
technology translation and thus allowed for addressing several highly translational milestones of the 
Cancer Nanotechnology Plan. 

The following pages detail programmatic milestones outlined in the Cancer Nanotechnology Plan and 
corresponding scientific and technology achievements met in last 3 years. The color coding is as 
follows: Green –milestone met, Yellow – approaching the milestone, Red – milestone not met.  

New version of Cancer Nanotechnology Plan, suitable for second Phase of the initiative will be 
prepared prior to issuing new RFAs. The findings of Strategic Nanotechnology Workshops (held in 
spring 2008) will be used as guidance to the preparation of the new plan.  
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Independent Evaluation of the ANC Program 

An independent panel (2 NIH staff members and 1 NCI staff member) was formed to evaluate the 
Alliance program and its progress and to provide comments and/or recommendations for the 
proposed renewal. The panel was provided with Scientific Status Program Report (issued in spring 
2008), reports from NCI Strategic Cancer Nanotechnology Workshops, and survey of program 
stakeholders conducted by Science and Technology Policy Institute (STPI). STPI interviews concerned 
rationale and program design, effectiveness of NCI program management, strategies towards 
promoting multidisciplinary collaborations, techniques used for clinical translation, and other topics. 
The interviews involved several groups: investigators, trainees, nanotechnology and oncology experts 
not participating in the program, NCL staff, program staff from NCI, NIH, and staff of other federal 
agencies.  

The panel’s assessment of the program and its recommendations for the continuation follows along 
with the STPI survey.  

Panel 

Dr. Catherine Lewis 
Director 
Division of Cell Biology and Biophysics 
National Institute of General Medical Sciences, NIH 

Dr. Denis Buxton 
Chief 
Advanced Technologies and Surgery Branch in the Division of Cardiovascular Diseases 
National Heart, Lung, and Blood Institute, NIH 

Dr. Daniel Gallahan 
Deputy Director 
Division of Cancer Biology 
National Cancer Institute, NIH 



September 3, 2008 

TO: Piotr Grodzinski, Program Director, NCI Alliance for Nanotechnology in Cancer 

FROM:  Denis Buxton, NHLBI 
Daniel Gallahan, NCI 
Catherine Lewis, NIGMS 

SUBJECT: NCI Alliance for Nanotechnology in Cancer – NIH Program Evaluation 

The NCI Alliance for Nanotechnology in Cancer was established in 2005 through the publication of 
three RFAs. The first and largest of these was an RFA (RFA-CA-05-024) to set up Centers of Cancer 
Nanotechnology Excellence (CCNEs). The CCNEs were envisioned to be a national resource that would 
integrate nanotechnology development into basic and applied cancer research to facilitate the rapid 
application of nanotechnology into the clinic. This initiative was based on the premise that 
nanotechnology has potential in cancer research and treatment to develop nanomaterials and 
nanoscale devices for molecular imaging and early detection, in vivo imaging, reporters of efficacy, 
multifunctional therapeutics, prevention and control, and research enablers. The purpose of the RFA 
was to establish interdisciplinary research teams that would identify approaches, validate and 
translate nanotechnology for a variety of cancer applications up to and including pre-clinical testing. 

The second RFA (RFA-CA-05-025), titled “Multidisciplinary Career Development in Cancer 
Nanotechnology”, was designed to provide individual postdoctoral fellowships (F32s) and senior 
fellowships (F33s) for training of a cadre of researchers capable of applying nanotechnology to cancer 
research and clinical oncology.  

The third RFA (RFA-CA-05-026), titled “Cancer Nanotechnology Platform Partnerships, (CNPPs)”, was 
designed to support RPGs to develop nanotechnology platforms for basic, applied, and translational 
multidisciplinary research using nanotechnology in cancer research. 

To achieve these goals the program was designed to overcome a series of obstacles; 

• The need for cross-disciplinary collaborations to enable the integration of the fundamental 
biological knowledge base with physical sciences and engineering approaches to address 
cancer processes  

• The widening “gap” between discovery and early development of diagnostics and 
therapeutics;  

• The requirement for cross-cutting technology platforms;  

• The critical lack of available standards or publicly available datasets of characterized (e.g., 
physically, chemically, and physiochemically) nanoscale devices and their interactions with 
living systems; and  

• The application and adaptation of extant technology to mission-oriented tasks 
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Responses to Questions Addressed to the NIH Evaluation Panel 

1.  To what extent has the Alliance been meeting the goals established by the initial RFA? 

a. Are the Principal Investigators moving towards the anticipated goals? 

The Alliance is at a relatively early stage, less than three years into the initial funding period. It is thus 
important to view progress realistically. Multidisciplinary collaborations take time to gel, since in many 
cases there is a lack of a common language between the different disciplines. The establishment of 
these multidisciplinary teams is thus a significant move forward.  

Despite the early stage of this analysis, significant progress has been made by the Alliance 
investigators, as outlined in the Spring 2008 Program Update. The first three years of the Alliance have 
resulted in an impressive output of publications (606) and patent applications/disclosures (203). 
Among the most significant publications are 54 that are listed as high-impact Alliance papers (> 15), in 
journals such as Nature, Nature Materials, Nature Nanotechnology, Nature Biotechnology, Science, 
Cell, and Cancer Cell. Collaborations between different centers in the Alliance show evidence that a 
number of groups are succeeding in reaching across institutional barriers to promote team science 
that includes investigators outside their own centers. Thirteen inter-Alliance collaboration projects are 
highlighted in the Spring 2008 Program Update, with their resulting publications (pages 26-42). 
Perhaps the most impressive progress of the Alliance is demonstrated by the research advances that 
have addressed the scientific barriers outlined at the outset of the program. These are summarized in 
the Spring 2008 Update (pages 50-90) in the areas of: (1) molecular imaging and early detection; (2) in 
vivo imaging; (3) multifunctional therapeutics; (4) reporters of efficacy; (5) prevention and control; (6) 
research enablers. These advances represent the leading edge of the Alliance in terms of their promise 
to deliver useful cancer diagnostics and therapeutics.  

Current challenges of the Alliance are to establish a greater degree of collaboration between CCNEs, 
to promote more active participation of clinicians, and to develop diagnostic and therapeutic 
strategies that are less redundant across the different research groups. Although there are a number 
of activities in place to facilitate collaborations and to disseminate information across the Alliance, it is 
evident from the awardees interviews that barriers exist as disincentives for collaboration. These 
include competition for resources, intellectual property concerns, and technologies that are not yet 
sufficiently mature to benefit from collaboration. Participation of clinicians is also at an early stage, 
based on reports from the awardees indicating that oncologists and clinicians have been somewhat 
skeptical and difficult to engage in nanobiology research. Translation into the clinic is thus not yet a 
clear outcome of the Alliance so far. Finally, development of nanotechnologies that are based on 
approaches and strategies other than those of “smart” nanoparticles is a challenge for the Alliance 
since most of the current efforts appear to be focused on this class of research in nanotechnology  

Participation of the Alliance with industrial partners, as a stepping stone to move nanotechnology into 
the clinic, is off to a good start. At the current time, Alliance investigators have played key roles in 
founding at least two dozen companies (see Spring 2008 Update, pages 99-118). Although it is still 
early days for many of these efforts, a number of the companies have made substantial progress 
towards planning Phase I clinical trials, such as Avidimer Therapeutics, Insert Therapeutics, and Calando 
Pharmaceuticals. It is not entirely clear to what extent the industrial partnerships have been based on 
technologies developed primarily through the Alliance, but the fact that the Alliance investigators are 
involved in commercializing   and leveraging their technologies is a promising achievement of the 
Alliance initiative as a whole. 
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b. Are the goals achievable within the next reissuance period? 

It is likely that progress would be significantly faster during a second funding period. While in an open 
competition it is probable that not all current centers would be re-funded, those that are funded again 
would have a big head-start in not having to put together infrastructure and collaborations. A rapid 
pace of technology development is expected in the next renewal period, with a resultant increase in 
the number of technologies reaching pre-clinical readiness. 

One question that arises from the interviewee comments is the degree that the technologies 
developed through the Alliance will be translated into clinical applications through the current 
structure. While collaborations with industry are an integral part of the first cycle, there is skepticism 
from some PIs whether this will be enough to move the technology forward. Assistance for 
translational components (e.g. manufacturing and scale-up) could facilitate this process. 

One area that will need more attention is the FDA approval for research in large animals; this will need 
to be addressed directly in the next issuance. The requirement for grams of material for analysis by the 
NCL is a concern for a number of the centers. The overall goal of moving nanoparticles from the basic 
research environment to the NCL for analysis and then on to the FDA for approval will require specific 
language as well as the funds to support it. 

Incentives to support further collaborations among the CCNEs and CNPPs would strengthen cross-
fertilization and maximize the strengths of different groups. A re-allocation of funds to specifically 
promote collaborations, as suggested by several of the awardees, might foster more extensive 
interdisciplinary working relationships and reduce competition between groups. Development of new 
cross-cutting technology platforms, beyond those of smart nanoparticles, may be necessary to 
maximize progress towards the Alliance goals. 

The lack of available standards or publicly available datasets of characterized materials and nanoscale 
devices and their interactions with living systems remains at an early stage. Reports from the awardees 
and from the nanotechnology Characterization Laboratory (NCL) indicate that many of the centers are 
not yet interacting with the NCl for a variety of reasons. Support for this activity as well as incentives 
may be required to achieve this goal.  

c. Are the principal investigators building a multidisciplinary community as anticipated 
through the formation of the centers and the governance structure? 

A central theme that comes out of all the PI interviews is that the Alliance has resulted in bringing 
together the physical scientists with the biologists and clinicians. This should be recognized as an 
essential first step towards the Alliance goals. The consensus view is that collaborations within centers 
and platform sites are moving forward well. Most PIs refer to the establishment of interdisciplinary 
research groups for each of their projects. In many cases it appears that the physical scientists were 
initially more enthusiastic, while clinicians have been more reluctant and slower to recognize the 
potential of nanotechnology for cancer. However, several interviewees indicate that progress is being 
made in this direction. 

The establishment of collaborations between components of the Alliance has been less consistent. 
While a number of collaborations are highlighted in the brochure and in interviewee responses, there 
are also interviewee responses indicating that these are more limited relative to establishment of 
internal collaborations. In some cases this appears to reflect a suspicion of “competitors”, while a lack 
of funds to aid in establishment of collaborations is also cited. Consideration of the need for a pool of 
money for this purpose, as cited in section 1b above, might be part of the renewal process for the 
Alliance. 
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The success of the cross-disciplinary training programs, which are an important component of the 
Alliance, will most likely have an impact on the community as a whole by the end of 10 years of the 
program. While it is still too early to reflect on the best methods for training the next generation of 
experts in nanotechnology for cancer research, there are a number of different strategies underway 
that will no doubt achieve the goal of producing well trained individuals in this field.  

2.  What were the anticipated outcomes and are they being achieved? 

The key anticipated outcomes were the development of multidisciplinary teams to promote the 
development of nanotechnology for cancer diagnostics and therapeutics; the application of these 
teams to the development and translation of these technologies to cancer; and the training of a cadre 
of investigators capable of applying nanotechnology to the cancer field. It is clear from the Spring 
2008 Program Update (pages 50-90) and from the interview responses outlined in the report from the 
STPI (Science and technology Policy Institute), that significant progress is being made in all areas.  

Notable among these is a cyclodextrin-based nanoparticle, IT-101, a conjugate composed of a potent 
anticancer drug camptothecin and CyclosertTM, a proprietary polymer delivery vehicle. This material, 
developed by Mark Davis and colleagues at the California Institute of Technology, has the effect of 
rendering sparingly soluble anticancer drugs water soluble and is cleared from the body by the 
kidney. Phase I trials indicate that the particles display favorable pharmaco-kinetic properties and 
promising efficacy against solid tumors in patients.  Phase II trials are being planned. 

A second notable achievement is that made by Chad Mirkin and his colleagues at Northwestern 
University in developing a Biobarcode assay that allows for detection of cancer protein markers with 
six orders of magnitude greater sensitivity than is obtainable using conventional assays. The 
Biobarcode assay, which can detect as few as 100 molecules of a protein marker in a drop of blood, 
uses magnetic microparticles and gold nanoparticles conjugated to antibodies against the PSA 
protein, a marker for prostate cancer. Each gold nanoparticle is attached to hundreds of “barcode” 
DNA strands that amplify the signal from each PSA molecule. The PSA agglomerates the magnetic and 
gold particles; a magnetic field is then used to collect the agglomerated particles so that the DNA 
barcodes can be measured. This method can be used to monitor patients after radical prostatectomy, 
in which case the PSA level is “zero” based on conventional diagnostic tools. The barcode assay can be 
used to show an increase in the PSA concentration post-surgery, signaling a recurrence of the disease 
which would otherwise not be detected. Thus, the barcode assay holds great promise as a highly 
sensitive diagnostic tool for the early detection of cancer or its recurrence. 

3.  Was the initiative successful at increasing the level of research in the area of cancer 
nanotechnology? 

There is no doubt that the Alliance has been successful in increasing the level of research in cancer 
nanotechnology. Many researchers who had no previous experience in applying nanotechnology to 
cancer have been attracted into multidisciplinary teams. This includes investigators from the physical 
scientists who had not previously applied their skills to biological problems; investigators who have 
been involved in applying nanotechnology to biological systems, but have now refocused their efforts 
towards the cancer field; and biologists and clinicians who had no previous experience of 
nanotechnology, but have been made aware of the potential of the technology for cancer diagnostics 
and therapeutics. 

Efforts to establish collaborations with clinicians and with industrial partners have no doubt been 
accelerated by the Alliance initiative and increased funding for cancer nanotechnology. Similarly, 
efforts to provide a spectrum of training opportunities in cancer nanotechnology will generate an 
increase in the next generation of scientists who will continue to address the challenges and barriers 
in cancer research using tools developed through this program.  
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The focus in the Alliance on the development of nanoparticles for cancer diagnosis and therapy may 
need to be expanded to bring in different kinds of approaches. Strategies to remodel cellular 
machinery, redirect signal transduction or gene expression are examples of fertile areas to explore in 
cancer nanotechnology. 

4.  Are the anticipated benefits from the development of nanotechnology for cancer diagnosis 
and therapy applications and pursued under this program, significant? 

The potential of nanotechnology for the diagnosis and treatment of cancer is enormous, and the work 
being pursued through the program is highly significant. The early detection of cancer through 
multiplexed highly sensitive detection of biomarkers, and through sensitive and specific molecular 
imaging of tumors, is a key need in oncology, and nanotechnology has the potential to make major 
contributions to both areas. Similarly, enhanced therapeutics through targeting of drug delivery and 
tumor ablation will decrease the morbidity and mortality resulting from off-target side-effects of 
current generation cancer therapeutics.  

a. Would these benefits have been accomplished had other investigator-initiated funding 
mechanisms been utilized? 

While there were clearly some pre-existing collaborations ongoing that may have been accomplished 
without the program, for example using investigator-initiated mechanisms such as the Bioengineering 
Research Partnerships, this appears to represent a minority of the achievements of the Alliance. In 
most cases the advances would not have been made without the establishment of multidisciplinary 
groups through the Alliance, since the essential multidisciplinary teams would not have formed in 
most cases without the stimulus provided by the Alliance.  

In addition, the training components of the Alliance have been successful in attracting students and 
postdocs as a result of the establishment of this initiative. The Multidisciplinary Research Training and 
Team Development and NSF training collaborations also would not have occurred without the 
Alliance. The trainees from these components will play an essential role in the future application of 
nanotechnology to cancer. 

It is clear that the centers have provided the vehicle for a number of activities that would not have 
otherwise occurred. The critical mass of technology support and team-oriented science has created an 
excellent training environment and opportunity for collaboration. Nonetheless, it is not entirely clear 
how the distribution of activities between the centers and platforms has contributed to the progress 
to date or what the best overall structure should be, based on the performance so far. At some point it 
may be worthwhile considering what the centers are contributing that the platforms would not, or 
how the combination of centers and platforms could be made more flexible in the future to be sure 
the Alliance remains responsive to evolving needs as it moves through the next period of support. The 
centers may, in fact, be a less effective organization to facilitate multi-disciplinary research once 
sufficient infrastructure, training, industrial spin-offs, and clinical partnerships are in place. 

5.   Are the results to date worth the initiative’s cost? 

The Alliance is an expensive program, and so it is important to consider how efficiently it is meeting its 
goals. However, it would be short-sighted to try to gauge the cost-benefit ratio without looking at the 
long range potential of the program. Many of the outcomes from the Alliance will take a number of 
years to come to fruition. The investigators from both ends of the scientific spectrum who have been 
attracted into interdisciplinary teams to apply nanotechnology to cancer are likely to become 
increasingly productive as they become more familiar with the problems to be solved. A wide range of 
technologies are currently being developed by the Alliance members; many will take several years to 
reach pre-clinical and clinical application, and while their potential is enormous, their clinical utility 
commercial success cannot yet be predicted. However, even if only a small percentage of these 
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technologies are successful, the potential for moving the field of cancer diagnostics and therapeutics 
forward is very high. 

6.  As the program utilized a cooperative agreement mechanism, has the NCI staff associated 
with the initiative been helping to ensure success of the program? 

By NIH standards, the Alliance has been unusually interactive between program staff and the 
extramural investigators. Novel features include the inclusion of milestones and monthly reporting 
from the sites to NCI. There is a general consensus from Alliance participants that the involvement of 
NCI staff has been very positive. The site visits from program staff are viewed as particularly useful. The 
engagement of program staff has been helpful in facilitating collaborations between investigators. It 
appears that program staff have been successful in walking a delicate line between micro-
management and engagement, and have been sensitive to the needs of individual centers in terms of 
management. Program staff may need to exercise caution in finding the right balance between 
directed research (DARPA-like) and investigator-initiated research to ensure that creativity and 
exploration of new ideas are maximized. There is some concern that the similarity across research 
groups in technologies and goals may be driven by the directed research approach. Finally, there is a 
sense that the monthly reporting requirements for the CCNEs may be overly burdensome. Response 
to the milestones has been mixed; some awardees find them helpful in focusing while others find 
them unnecessarily intrusive and not helpful.  

The Alliance annual meetings are viewed as extremely effective and well organized by many of the 
Alliance investigators. These meetings provide good opportunities for the initiation of collaborations 
across groups and for students and postdocs to interact with individuals from other programs. The 
technical working groups are viewed as “works in progress” so far, primarily because participation in 
these groups is limited to a few individuals from each research group. There is hope that the 
effectiveness of these groups will increase in facilitating interactions as they gather momentum 

7.  Can the infrastructure generated by the Alliance program become a long-lasting vehicle for 
developing the discovery technologies with prospective cancer clinical utility? 

The current infrastructure consists of four components; the CCNEs, the Platform Partnerships, the 
Multidisciplinary Research Training and Team Development, and the NCL. While elements of this 
infrastructure may prove useful for long-term support of discovery technologies for cancer, the 
optimal configuration of support at this time is currently difficult to predict. As a new generation of 
researchers with interdisciplinary skills is trained through the Alliance, it may be that the need for 
centers is diminished since self-assembly of investigator-initiated groups to tackle specific problems 
may become more facile. Expanded use of the Platform Partnership mechanism could represent a 
more flexible way to support technology development at that point. As technologies become more 
mature, an increased focus on translational assistance may become essential. The NCL could continue 
to play a significant role in that process, and will no doubt also continue to develop standards, a 
critical need for the field. 

The existing structure appears to be an effective use of the funds and may be the most useful 
organization in the current time frame. Nonetheless, the barrier of moving the technology through 
the NCL into the clinic is a formidable one. A major gap in the current scheme is to get to the next 
level of facilitating translation to the clinic. A push towards new platforms to support this process 
should be considered. An organizational structure that promotes internal adjustments and flexibility 
would be ideal. Management of this initiative should consider how to realign the organizational 
structure on an ongoing basis and as new needs emerge. 



NCI Alliance for Nanotechnology in Cancer – RFA Re-Issuance Request 
 

 
- 7 - 

8.  Considering the outcomes of the Alliance program in its first 3 years of existence, would you 
continue the program beyond the 5 year mark? 

The Alliance program should be continued beyond the five-year mark. The expectation is that 
progress in a second period of funding would be accelerated due to pre-existing infrastructure and 
collaborations. The failure to fund a second cycle of the Alliance would short-change the investment 
that has been made during the first cycle. This project should be viewed in terms of its ten-year goals. 
Collaborations among the different groups need time to develop; the process and timeline from the 
basic research lab to the NCL to the FDA to the clinic will take time to work out; true investment by 
clinicians will require establishing credibility for the utility of nanotechnology directed towards cancer 
diagnosis and therapeutics. Although expectations about the return on the investment need to be 
realistic, one of the Alliance awardees has stated that if just one clinical trial results from each of the 
eight CCNEs, the Alliance program will have been a huge success by the standards of industrial R & D 
investment. 

 



STPI Report



NCI Alliance for Nanotechnology in Cancer – RFA Re-Issuance Request 
 

 
- 1 - 

 
   S T P I 

 

 

July 2008 

MEMORANDUM 

 
TO: Expert Review Panel, NCI Alliance for Nanotechnology in Cancer 
FROM: Brian Zuckerman, PhD, Science and Technology Policy Institute (STPI) 
SUBJECT: Summary of Findings from Interviews with Alliance Stakeholders 
 
The purpose of this memo is to summarize findings from stakeholder interviews conducted in support 
of an expert panel review of the NCI Alliance for Nanotechnology in Cancer (“Alliance”) programs. The 
interviews were intended to supplement summary information about program outputs already 
available through investigator progress reports and other documentation. Their primary purpose was 
to characterize perceptions and opinions from both program participants and external stakeholders 
regarding program goals, implementation, management, and effectiveness.  
 
Following a brief explanation of interview methodology, this memo summarizes interview findings by 
theme. Themes include: 
 

• Rationale and Current Program Design, pg. 3 
• Approach to Program Management, pg. 3 
• Use of Milestones as a Management Tool, pg. 4 
• Annual Alliance Meetings, pg. 4 
• Communications and Integration Working Group, pg. 4 
• Technical Working Groups, pg. 5 
• Dissemination Strategies, pg. 5 
• Scientific Progress, pg. 6 
• Training, pg. 7 
• Strategies to Promote Multidisciplinary Collaboration within Alliance Centers and Projects, pg. 8 
• Collaborations between Alliance Members, pg. 8 
• Interactions with the NCL, pg. 9 
• Interactions with the Division of Cancer Treatment and Diagnosis, pg. 10 
• Collaborations with Industry, pg. 10 
• Perspectives from DARPA, pg. 11 
• Perspectives from FDA, pg. 11 
• Suggestions for the Future, pg. 11 

 
Summaries of selected individual interviews are provided as Appendix A; these summaries have been 
reviewed and approved for inclusion by the interview participants. 
 
Data Collection Methods 
 
Stakeholder interviews were conducted via telephone by at least two STPI staff members following 
discussion guides based on an evaluation framework for the Alliance Programs (discussion guides are 
included as Appendix B). Potential interviewees were identified from target groups in consultation 
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with Alliance program staff. Candidates were then contacted via email and invited to participate in 
voluntary telephone interviews. A total 38 individuals1 were invited to participate, and 29 chose to do 
so, for an overall response rate of 76%. As shown in Table 1, however, response rate differed 
substantially by group; direct award recipients (PIs, fellows, and administrators) and NCI 
representatives were more likely to participate while external stakeholders and clinicians were less 
likely to do so. 
 

Table 1. Interview Participants and Response Rates 

Participant Type Number 
Invited 

Number 
Participated 

Participation 
Rate 

Award Recipients [Awardees]    

Principal Investigators, CCNE 8 8 100% 

Administrators, CCNE 3 3 100% 

Training Coordinators, CCNE 1 1 100% 

Principal Investigators, Platform Partnerships 5 5 100% 

Alliance Ruth L. Kirschstein NRSA Fellows 2 2 100% 

Clinicians or other collaborators on CCNE or 
Platform projects 

5 2 40% 

NCI Employees [NCI]    

Alliance program staff2 1 1 100% 

Nanotechnology Characterization Laboratory 1 1 100% 

Center for Cancer Research 2 1 50% 

Developmental Therapeutics Program 1 1 100% 

Cancer Training Branch or Office of Centers 
Training and Resources 

2 1 50% 

Cancer Imaging Program 1 0 0% 

External Stakeholders [External]    

National Nanotechnology Infrastructure 
Network awardees 

1 0 0% 

Joint NCI-NSF Integrative Graduate Education 
and Research Traineeship (IGERT) coordinators 

1 1 100% 

Representatives from other science funding or 
regulatory agencies (DOE, DARPA, NSF, FDA) 

4 2 50% 

 

Interview findings are summarized by theme below. The tags [Awardees], [NCI], and [External] at the 
end of each summary point indicate which group or groups of interviewees provided the information 
in question. In a few cases, additional factual information was added to the summary at the request of 
OTIR staff members; these additions are enclosed in double brackets and marked as additions.  
 
                                                 
1 In the case of the Alliance program staff, all members were invited to participate, but they have been counted as a single 
respondent because the interview was conducted as a group. 
2 See Note 1. 
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Summary of Findings 
 
Rationale and Current Program Design 
 

• Rationale for Alliance. The rationale for the Alliance programs was to address what was 
perceived as a critical need to facilitate collaboration among cancer biologists, 
nanotechnologists, and clinicians on nano-enabled technologies to improve diagnosis, 
treatment and prevention of cancer. [NCI] 

• Context for Alliance. At the time the Alliance programs were launched, there were no other 
large-scale nanotechnology programs at NCI or anywhere else at NIH. The Roadmap 
Nanomedicine Initiative and the PEN Program at NHLBI started in the same year. [NCI] 

• Alliance Structure. After consulting with the extramural community, OTIR decided on a multi-
pronged strategy for extramural funding: 
– The CCNE centers were created to address the need for large-scale multidisciplinary teams. 

The cooperative agreement mechanism was used to ensure that it remained milestone-
driven and so that NCI could be actively involved in managing the program. [NCI] 

– The Platform R01s were intended to provide a mechanism of support for development of 
specific technologies outside of the centers. [NCI] 

– For training, an individual fellowship program was chosen in preference to an institutional 
training program because NCI believed it would allow them more flexibility in selecting 
the best talent and controlling the number of fellows supported annually based on 
available funding. [NCI] 

 
Approach to Program Management 
 

• Division of Labor. Alliance program staff members hold a standing weekly meeting and also 
interact informally about the programs on a daily basis. Responsibility for individual awards is 
split topically among Alliance staff members, so there is not a separate management structure 
for the CCNEs relative to the Platforms or other Alliance components. [NCI] 

• Management Approach. Program staff described their general approach to program 
management as steering a middle course between NIH's typical investigator-driven grants 
management style and DARPA's goal-driven, top-down management approach. Program staff 
stated that they are sensitive to the need to avoid micro-managing and attempt to match 
their level of involvement with the needs of each awardee. CCNE and Platform PIs agreed that 
the Alliance program staff members are unusually well-informed, helpful, and accessible but 
do not attempt to micro-manage. [NCI; Awardees] 

• Site Visits. Several PIs remarked that the frequent site visits have been particularly useful, 
both in terms of receiving constructive feedback and building relationships. Intramural staff 
members frequently participate in Alliance workshops and site visits. [Awardees; NCI] 

• Reporting Requirements. One CCNE PI and all of the administrators interviewed mentioned 
that they found the program’s reporting requirements to be excessive. They suggested that 
the need for monthly reporting in particular should be re-evaluated now that the Centers are 
well-established. The Communications and Integration Working Group (see below) has made 
specific recommendations for revising the reporting requirements. [Awardees] 

• Facilitating Collaborations. Many of the PIs described situations in which the program staff 
had facilitated useful contacts with potential collaborators, NCI staff members, individuals in 
the private sector, and others. [Awardees] 

• Identifying Funding Opportunities. PIs also appreciated the program staff's willingness to 
work with them individually to identify opportunities to leverage additional resources through 
other NCI programs and mechanisms such as SBIR, R01/R21, Early Detection Research Network 
(EDRN), Mouse Models of Human Cancer Consortium (MMHCC), and imaging programs. 
[Awardees] 

• Coordination with NCI Intramural and Extramural Programs. Program staff members 
reported having conducted internal discussions about opportunities for synergy with the 
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Cancer Therapy Evaluation Program (CTEP), the imaging programs, the intramural Center for 
Cancer Research Nanobiology program, caBIG, and the Developmental Therapeutics Program 
(DTP) and its Rapid Access to Intervention Development (RAID) program. [NCI] 

 
Use of Milestones as a Management Tool 
 

• Rationale for Milestones. The Alliance programs are somewhat unusual at NIH in that they 
use milestones as a management tool. Program staff stated that the underlying rationale for 
the milestones was to keep the PIs focused on specific goals and clearly communicate 
expectations. Most PIs agreed that these are potential benefits of the milestone approach, 
although more skeptical PIs questioned whether the milestones were necessary to achieve 
these goals. [NCI; Awardees] 

• PI comfort level. The degree of comfort on the part of the PIs with the milestone approach 
appeared correlated with their backgrounds; those who came from an engineering or industry 
background and those who had previous experience with funders such as DARPA appeared 
most enthusiastic, while others described it as a difficult cultural adjustment. [Awardees] 

• Importance of Flexibility. Several PIs praised the program staff for their willingness to work 
with the investigators to alter the milestones as needed. Some viewed this as a departure from 
typical NCI culture. For those who expressed reservations about milestones, flexibility to make 
such revisions was frequently described as a key issue. Without it, they cautioned, resources 
could be wasted in pursuit of sub-optimal approaches and better opportunities could be 
missed. [Awardees] 

• Milestone focus. Several PIs also suggested that milestones should focus exclusively on 
achieving concrete steps towards translation or understanding biological drivers for cancer 
rather than adherence to specific technological approaches. They cautioned that the latter 
approach is more likely to result in development of technologies that solve no problems 
and/or closing off the possibility of pursuing more promising solutions as they emerge. 
[Awardees] 

 
Annual Alliance Meetings  
 
• Effectiveness. Several PIs described the Alliance annual meetings as extremely effective. Alliance 

meetings were frequently described as a good venue for identifying and meeting with potential 
collaborators. [Awardees] 

• Quality. One PI commented that he prefers to send students to Alliance meetings rather than the 
biggest meetings in the field because the quality of science and participants is so high and 
because they are small enough to permit individual interactions. Another compared these 
meetings favorably with DARPA-run PI meetings. [Awardees] 

 
Communications and Integration Working Group 
 

• Purpose. The Communications and Integration Working Group (CIWG) is intended to facilitate 
sharing of information, resources, and best practices across the Alliance. A representative 
other than the PI (typically an administrator) participates on behalf of each CCNE. Group 
activities are coordinated by Dr. Jerry Lee. [Awardees; NCI] 

• Current Activities. The group maintains an intranet site on cancer.gov that only Alliance 
members can access. A calendar and newsletter have recently been launched. [Awardees; NCI] 
[[Note from Alliance program staff: the CIWG is currently holding monthly meetings.]] 

• Future Plans. At a recent retreat, the CIWG discussed several new ideas to facilitate 
communications and integration: 
– Outreach opportunities such as Alliance-wide participation in NSF-sponsored “Nano Days” 

events; 
– Implementing an exchange program for Alliance postdocs (see discussion under 

‘Collaborations Between Alliance Members’); 
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– Creating a “best practices” manual that would collate information on successful 
management practices from across the CCNEs. Participants are enthusiastic that such a 
manual could help to facilitate sharing of ideas and tools that have been effective at some 
of the Centers as well as capturing tacit knowledge to help orient future staff members. 
[Awardees] 

 
Technical Working Groups 
 

• General Perceptions. Opinion on the success of the technical working groups appeared 
mixed. Most PIs described them as “works in progress” that have not yet reached their full 
potential. Several PIs described the tabulation of existing nanoparticle technologies as a 
particularly helpful working group activity. [Awardees] 

• Diagnostics Working Group. The diagnostics working group appears to have been the most 
active of the technical working groups in terms of coordination. To facilitate comparison of 
performance among the labs working on sensing technologies, members of the working 
group agreed that everyone should measure HCG from a central source. PIs and program staff 
emphasized that the goal was not necessarily to test which technology was furthest along; it 
was considered more important to help identify common problems that members could 
address collaboratively. OTIR staff member Dr. Larry Nagahara was described by the PIs as 
pivotal in spearheading this effort by arranging logistics such as access to reagents and a 
forum for sharing results. [Awardees] 

 
Note from Alliance program staff: Although they were not discussed specifically in interviews, there 
are two additional Alliance Working Groups: a Nanotheranostics Working Group and an Informatics 
Working Group. The Nanotheranostics Working Group acts as a forum for exchanging ideas, 
information, and expertise for facilitating the development of multifunctional nanotechnology-based 
tools supporting both diagnostics and therapy. The group includes two representatives from each of 
the CCNEs as well as select representatives from the Platform Partnerships. In general, these 
representatives include those Alliance investigators whose projects are aimed at developing novel 
nanotherapeutics as well as investigators with expertise in tumor targeting. Principal investigators 
from relatively advanced (demonstrated proof of concept in at least one animal model) therapeutics 
projects have met with NCI experts in the Developmental Therapeutics Program (DTP), Center for 
Cancer Research (CCR), and Cancer Therapy Evaluation Program (CTEP) with the goal of formulating a 
preclinical development plan for their respective technologies. The Informatics group is run by Dr. 
Linda Molnar and is being developed jointly with caBIG and caNanolab. Databases are currently being 
installed at Washington University, Emory, and Stanford with plans to disseminate further.  
 
Dissemination Strategies 
 

• Alliance-Level Dissemination Activities. Program level dissemination activities performed 
by OTIR program staff include:  
– Maintaining an Alliance website that includes lay-language summaries of discoveries; 
– Maintaining a nano.cancer.gov mailbox to answer questions from the public; and  
– Staffing a booth at major oncology conferences. [NCI] 

• CCNE Dissemination Activities. CCNE PIs described pursuing a range of strategies for 
disseminating information to targeted groups. These included: 
– Partnerships with K-12 schools, science museums, and other public forums such as the 

virtual community “Second Life”; 
– Providing testimony to Congress and participation in state level planning processes; 
– Development of curricula and seminar series for medical students; 
– Publication of review articles, papers in lay science journals (e.g. Scientific American), and 

popular press articles suitable for use in educational efforts; 
– Presentations at clinician and technology conferences;  
– Presentations to patient groups and other community gatherings. [Awardees] 
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• Use of caBIG. Most PIs described dissemination efforts through caBIG as limited so far, 
although one CCNE (Washington University) mentioned aggressively making use of the 
resource. Some explained that their work does not currently have a strong informatics 
component that would be a natural fit for dissemination via the caBIG system. Others 
mentioned unresolved intellectual property issues as a barrier preventing them from using 
caBIG. [Awardees] 

• Other Online Dissemination. Resources such as data, algorithms, protocols, seminar 
webcasts, and curriculum materials have been disseminated by Alliance members online but 
outside of the caBIG framework.  [Awardees] 

 
Scientific Progress 
 

• Platforms. Most of the Platform PIs described progress in cell culture and/or animal models, 
but none of the Platform projects appeared close to beginning human trials. [Awardees] 

• Diagnosis and Sensing. Several of the CCNE projects aimed at diagnosis or sensing are 
already using banked human samples for retrospective studies. [Awardees] 

• Therapeutics. Several of the CCNE projects related to therapeutics are conducting efficacy 
and safety studies. Few projects (Mark Davis, Caltech and Calando Pharmaceuticals; Michael 
Phelps, UCLA; Tom Kipps, UCSD; Sam Wickline, Greg Lanza and Kereos Inc., Washington 
University) have entered Phase I clinical trials [Awardees, NCI]  

• Examples of Scientific Advances. Selected examples of advances discussed in interviews are 
described in the table below, but please note that the table should be used for illustrative 
purposes only. For a more complete summary of scientific progress, please see the Alliance 
Progress Report. [Awardees] 
 

Category Advance Institution Award 
Type 

Therapeutics 

Discovered new polymer carrier for certain anti-cancer 
drugs. Developed procedures to synthesize, did 
toxicology and now efficacy studies in animals. Expect to 
be in Phase I trials in 1-2 years. 

Emory-
GATech 

CCNE 

In mice, suppressed metastatic disease by 92% with 
angiogenesis targeted liposomes.  

UCSD CCNE 

In studies with SKOV-3 human ovarian adenocarcinoma 
cells and MCF-7 human breast adenocarcinoma cells, 
demonstrated 100-fold increase in sensitivity to 
chemotherapy. 

Northeastern Platform 

In Vitro 
Detection, 
and 
Diagnosis 

Developed technology to do multiparameter blood-based 
profiling for human cancer patients. Measured on order of 
12 proteins per patient for 25 patients. Succeeded in 
stratifying patients as well as surgery. Just got IRB 
approval to expand protein measurements from 12 to 25 
per patient.  

Caltech CCNE 

Developed a clinical assay for detecting recurrence in 
prostate cancer patients immediately after surgery. Work 
based on retrospective study of banked human samples. 

Northwestern CCNE 

Have advanced quantum dot molecular technology to the 
point where clinical development is possible. Ready to 
start retrospective studies using preserved human tissue 
specimens. 

Emory-
GATech 

CCNE 



NCI Alliance for Nanotechnology in Cancer – RFA Re-Issuance Request 
 

 
- 7 - 

Category Advance Institution 
Award 
Type 

In vivo 
Imaging and 
Diagnosis 

Produced first in vivo images of Raman nanoparticles in 
living subjects.  

Stanford CCNE 

Developed a very stable nanoparticle for in vivo 
applications that can cross the blood-brain barrier and 
specifically bind to brain tumor cells.  

UW Platform 

Using prototype devices for X-ray imaging using 
nanotubes in animal studies. Will soon be used to image 
phantoms.  

UNC CCNE 

Demonstrated the ability to go to a database of 
proteomics and genomic signatures, identify a target, 
translate to probe, create the probe, and validate in both 
mice and humans within a year. Have begun to generalize 
the pathway and developed 4-5 probes. 

Caltech CCNE 

Fabrication, 
Toxicology, 
and Safety 

Developed a unique approach to production of 
nanoparticles—molding process from semiconductor 
industry called Particle Replication In Non-wetting 
Templates, (PRINT). Produced multi-milligram quantity of 
particles that are being tested in animal tumor trials. 

UNC CCNE 

Irradiated gold particles in order to quantify the number 
of gold nanoparticles that enter cancer cells. This 
technique has helped better understand the endocytosis 
of hybrid gold nanoparticles in prostate and breast cancer 
cells. 

Missouri Platform 

Will soon publish a paper looking at toxicity of carbon 
nanotubes. Results show a lack of toxicity. 

Stanford CCNE 

Have developed two methodologies for the synthesis of 
monodispersed, highly sensitive nanoparticles for the 
delivery of bioactivated MR agents.  

Northwester
n 

CCNE 

 

Training 
 

• Multidisciplinary Training at CCNEs. CCNE PIs credited the centers with attracting students 
from an unusually diverse range of backgrounds, including medical students as well as 
students with biology, physical science, and engineering backgrounds. Common strategies for 
promoting multidisciplinary training at the CCNEs included creating seminar series, assigning 
two mentors per student, requiring students and postdocs to train in multiple labs, and 
assigning students with different backgrounds to work together in interdisciplinary teams. 
One PI described his approach to training as “problem-based”, encouraging students and 
postdocs to spend time in labs appropriate to the problem they are working on rather than 
the discipline they are training in. However, several PIs expressed concerns that students with 
truly multidisciplinary training and research interests may be at a disadvantage in the job 
market, because joint faculty appointments remain rare at the junior level. As one interviewee 
stated, the students may be changing faster than the system. [Awardees] 

• Challenges for Multidisciplinary Training. Several CCNE PIs described working to establish 
new multidisciplinary curricula and even degree-granting programs at their institutions. 
Developing such programs was described as challenging because the courses have to be 
structured in a way that accounts for the sometimes drastic differences in background 
between biologists, clinicians, engineers, and physical scientists. One interviewee described a 
need for courses such as 'biology for engineers' that would facilitate cross-training and 
communication without requiring years of re-training on the part of the trainees. [Awardees] 
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• Training on Platform Awards. The Platform PIs also described supporting smaller numbers of 
students and postdocs on their awards. One Platform PI suggested linking fellowships with the 
most productive R01 programs. [Awardees] 

• NRSA Fellowships. Of the two Fellowship recipients interviewed, one had ties to a CCNE and 
one did not. The one who was not affiliated with a CCNE described the experience as 
somewhat isolated. Lacking a strong network of contacts at the institutions most active in 
nanobiotechnology research, she was also facing more uncertainty with respect to her next 
career move. [Awardees] 

 
Strategies to Promote Multidisciplinary Collaboration within Alliance Centers and Projects 
 

• Bridging to Medical Schools. Most of the CCNE PIs reported that the CCNE acted as a bridge 
between the physical science and engineering communities and their medical schools. They 
reported that few if any collaborations of this nature involving nanotechnology existed at 
these institutions prior to the CCNE. [Awardees] 

• Multidisciplinary Teams. Most PIs described deliberately creating project teams where 
biological scientists were paired with physical scientists as a strategy for promoting 
multidisciplinary collaboration. [Awardees] 

• Monthly Meetings. One strategy commonly employed to promote scientific collaboration 
within the CCNE is to hold monthly meetings, sometimes via webcast or video conference if 
multiple locations are involved. Attendance at these meetings is mandatory for some CCNEs 
and voluntary for others. PIs also mentioned creating CCNE-only intranet sites, seminar series, 
and retreats for similar reasons. [Awardees] 

• Challenges: Engaging Clinicians. Many of the PIs reported that the oncologists and clinicians 
tended to be the most skeptical and most difficult to engage in nanobiotechnology research. 
In some cases the Cancer Center at the CCNE institution served as a resource for identifying 
interested clinicians. One PI suggested that it would be useful for NCI to provide specific 
incentives for collaboration by clinicians such as the supplements available through the 
Roadmap Nanomedicine program. [Awardees] 

• Challenges: Communication Barriers. CCNE PIs estimated that it took from one to two years 
for everyone to learn to speak the same language and for the CCNEs to begin functioning as 
cohesive and integrated communities. [Awardees] 

 
Collaborations between Alliance Members 
 

• Establishing Collaborations. Many PIs mentioned preliminary discussions at Alliance 
meetings as the starting point for specific collaborations with other Alliance members. OTIR 
program staff members were also credited with having facilitated collaboration between 
particular Alliance members. [Awardees] 

• Platform Projects and Collaboration. Four of the five Platform PIs interviewed described at 
least one collaboration with a CCNE, and several had multiple collaborations with CCNEs or 
other Platform projects. The fifth Platform PI described actively seeking a collaborator to 
provide a nanoparticle he could use to test his targeting pathway, but at the time of the 
interview he had not yet found one. [Awardees] 

• CCNEs and Collaboration. Most (but not all) of the CCNE PIs described ongoing research 
collaborations with at least one other CCNE or Platform project. Examples of collaborative 
activities included supplying another CCNE with materials, providing help evaluating materials 
produced by another CCNE, or coordination of research activities to reduce duplication of 
effort. [Awardees] 

• Other Interactions. CCNE members also stated that they frequently participate as seminar 
speakers or advisory board members at other CCNEs. [Awardees] 

• Competition as a Barrier. The barrier to collaboration stated often by PIs and administrators 
is that the Alliance investigators perceive themselves as in competition with one another for 
scarce funding resources. [Awardees] [[Note from Alliance staff: However, there are multiple 
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examples of successful Alliance collaboration which suggest that this barrier can be overcome 
in cases where strong scientific synergy exists among the researchers building the 
collaboration.]]  

• Competition as a Motivator. One PI commented that competition can be a healthy 
motivator, especially when trying to meet grand challenges such as integration of 
nanotechnology into cancer research. [Awardees] 

• Proposed Exchange Program. Several interviewees observed that competition is less of a 
barrier to collaboration among postdocs and graduate students, who are not yet sufficiently 
established to compete for funding on their own. Exchange of postdocs and graduate 
students across the Alliance has therefore been suggested by the CIWG as an alternative 
strategy for promoting collaboration. Such exchanges are currently rare, but interviewees 
speculated that the problem is not lack of interest but administrative complications. 
Specifically, there is no obvious mechanism for funding such activities. The CCNE at 
Northwestern may soon issue an RFA to support pilot projects that include exchange of 
postdocs using funding raised from a private donor, but this is probably not a feasible long-
term solution for supporting an exchange program across the Alliance. [Awardees] 

• Other Barriers. Other barriers to collaboration within the Alliance identified by PIs include 
intellectual property concerns, insufficient resources, and technologies that are not yet 
sufficiently mature to benefit from collaboration. [Awardees] 

• Importance of Collaboration. Several interviewees argued that collaborations should only be 
encouraged in cases where strengths and resources are truly complementary and 
collaboration advances the goals of both research programs. Others pointed out that 
collaborations that do advance the goals of the research should be valued equally, regardless 
of whether or not the collaborator is a member of the Alliance. [Awardees] 

 
Interactions with the NCL 
 

• Integration with Alliance. OTIR program staff view the NCL as an integral part of the Alliance. 
They meet with NCL staff every week and perform technical reviews bi-annually. [NCI] 

• NCL Role. In addition to providing characterization support to Alliance PIs, the original goal 
for the NCL was to develop a standard assay cascade to which all nanomaterials could be 
subjected. [[Note from Alliance program staff: This consolidated characterization effort will 
enable uniformity in materials evaluation and the development of standards.]] The NCL staff 
later determined that materials and needs were too varied for a single cascade, so emphasis 
shifted to developing individual protocols. 25-28 protocols have been developed so far, and 
three of them have become ASTM-recognized consensus standards. Acting as a liaison to FDA 
and NIST is also part of the charter of the NCL. [NCI] 

• Characterization Work for Alliance Projects. NCL staff estimated that about one third of 
their current characterization activities are for Alliance-related projects. Most of the rest 
involve collaborations with other NCI-supported programs such as the former Unconventional 
Innovations Program (UIP) and with other investigators from academia and industry. NCL staff 
reported that collaborations are usually initiated by the NCL rather than by the NCI PIs. 
Following an in-person meeting to discuss technical issues and other concerns, investigators 
are invited to submit concepts. Alliance PIs have access to a shortened application process. 
Those PIs who reported having collaborated successfully with the NCL described staff as 
helpful and knowledgeable. In particular, PIs mentioned that NCL staff were able to provide 
useful advice about common pitfalls in characterization. [NCI; Awardees] 

• NCL Perspective on Barriers to Collaboration with Alliance. NCL staff described two groups 
of Alliance projects with which they have not collaborated so far: 1) Alliance projects that are 
immature in terms of development and therefore not yet at a point where collaboration with 
NCL would be useful; 2) Alliance projects that are sufficiently mature but have chosen to fund 
their characterization work through other means. NCL staff speculated that barriers for the 
latter group may include intellectual property concerns. [NCI] 

• PI Perspective on Barriers to Collaboration with NCL. In interviews, several PIs cited the 
large quantities of material required by NCL as the primary reason for their failure to 
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collaborate. From the perspective of these PIs, however, the issue was one of cost rather than 
maturity; they viewed it as too expensive to provide NCL with the quantities of material they 
required. [[Note from Alliance program staff: Large quantities of material are required for 
evaluation under standard assay cascades. NCL does work with several investigators in earlier 
stage collaborations with significantly smaller quantities.]] Others reported that they are still 
focusing on solving device-related problems and not yet ready for characterization work. 
None of the PIs who have funded characterization work independently elaborated on their 
reasons for doing so. [Awardees] 

• Informal Interactions between NCL and Alliance PIs. Several PIs, including some that have 
not sent material for characterization, reported that they have received useful advice from NCL 
about how to negotiate the FDA approval process. For example, one PI reported that the NCL 
had advised him to develop a particular technology as three separate concepts rather than a 
single drug/imaging modality. [Awardees] 

 
Interactions with the Division of Cancer Treatment and Diagnosis (DCTD) 
 

• Relationship to Alliance. There is currently no formal relationship between the Alliance and 
the Developmental Therapeutics Program (DTP), but staff members on both sides mentioned 
that they had discussed how Alliance projects could be transitioned to the RAID program in 
the future. [NCI] [[Note from Alliance program staff: Recent discussions with Drs. Jim 
Doroshow and Joe Tomaszewski (Director and Deputy Director of DCTD, respectively) led to 
establishing a strategy for combining drug formulations which failed in past toxicology 
evaluations at NCI with new nanotechnology-based localized delivery vehicles in order to 
eliminate harmful toxicity profiles.]] 

• Nanotechnology-related Applications to RAID. There have been a few nanotechnology-
related applications to the RAID program so far, but none of them have been Alliance-
affiliated. DTP’s perception is that those with sufficiently mature concepts who could have 
applied have chosen to raise their own money instead. [NCI] 

• Advice to Alliance Investigators. Several CCNE investigators have come to DTP for 
preliminary advice on strategies and common errors in development. [Awardees] [[Note from 
Alliance program staff: CTEP has also been approached by investigators for similar advice.]] 

 
Note from Alliance program staff: OTIR and CIP have started to collaborate on developing joint 
programmatic opportunities in nanotechnology-based imaging. OTIR and CTEP have established a 
seminar series to bring to NCI speakers from early to medium stage companies involved in 
nanotherapeutics development. Several sessions were held and now CTEP staff are actively engaged 
in interactions with these investigators for guiding further development and planning. 
 
Collaborations with Industry 
 

• Industry Collaborators. Alliance PIs described many examples of successful research 
collaboration with industry, including both large and small firms. However, several PIs 
commented that it is easier to collaborate with smaller firms because they tend to be more 
agile and more willing to do pilot studies without making excessive intellectual property 
demands. [Awardees] 

• Licensing and Spinoffs. Several PIs have licensed technologies for development by outside 
firms, while others have chosen to form their own spinoff companies. At least two of the five 
Platform PIs interviewed and most of the CCNE PIs were able to describe at least one Alliance-
related spinoff. [Awardees] 

• Attracting Venture Capital. Most PIs appeared to be confident about their ability to attract 
venture capital, although a few (mostly from universities without a history of attracting 
venture capital) expressed concerns. [Awardees] 
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Perspectives from DARPA 
 

• DARPA Approach to Research Management. The interviewee from DARPA explained that 
his organization typically operates by identifying specific “hard problems” and then attacking 
them strategically. The DARPA management style is more goal-driven and more hands-on 
than is usual at NIH. [External] 

• Use of Milestones. DARPA’s use of milestones was described as critical; success or failure to 
meet milestones forms the basis for go/no-go decisions for each project every 12 months. The 
general idea is to encourage teams to “fail early and often” so that only the best and most 
promising approaches continue to be pursued. [External] 

• Competitions and Re-teaming. It is also common for DARPA to hold competitions between 
teams pursuing different approaches at a neutral test center in order to identify the best one. 
It is also common for DARPA to “re-team” people (i.e., mandate collaboration as a condition 
for continued funding) if DARPA sees potential for synergy. [External] 

 
Perspectives from FDA 
 

• Importance of Government-Funded Bio-Nano Research. The interviewee from FDA 
reported that they see the Alliance as important because it brings more discoveries into the 
public domain, which helps FDA to learn about the state of the science and incorporate 
findings into the regulatory process. [External] 

• FDA-NCL Relationship. The relationship between FDA and the NCL was described as 
particularly useful and productive. FDA provided input into several of the characterization 
protocols developed by NCL and currently refers sponsors to those protocols as guidelines. 
[External] 

 
Suggestions for the Future 
 

• Regulatory Uncertainty. Many of the Alliance PIs and other stakeholders identified the 
uncertainty surrounding the toxicology and safety of nanoparticles as a major barrier for 
nanomedicine. They suggested that NCI should work more closely with FDA to identify and 
address potential regulatory hurdles. [Awardees; NCI] 

• Funding Gap for Clinical Trials. Several PIs observed that CCNE funds are not sufficient to 
sustain prospective clinical trials, but there is currently no mechanism to expedite the process 
of obtaining additional funds for this purpose from NCI and/or through other channels. At 
least one CCNE PI described a project that is currently ready to begin prospective clinical trials, 
but funding has not yet been secured. If the Alliance wants to push technologies into the clinic 
as quickly as possible, this funding gap should be addressed. [Awardees] 

• Overarching Research Strategy. Several PIs suggested that the time is right for the Alliance 
programs to start thinking about an overarching strategy for identifying and collectively 
addressing any perceived “gaps” in knowledge that could become bottlenecks in the process 
of bringing nanotechnology into the clinic. Some went as far as to state that, once these 
problems are identified, NCI's resources in the next round of Alliance funding should be 
devoted to systematically attacking them, perhaps using a model similar to the problem-
driven management strategies employed by DARPA. Others suggested a more democratic but 
equally aggressive approach, perhaps modeled on the kind of comparative and collaborative 
work begun in the diagnostics working group. [Awardees] 

• Trans-NIH Coordination. Several interviewees noted that NCI has been a leader at NIH in 
advanced technology development, especially nanotechnology. Observing that this work has 
had spillover benefits in many other areas of biomedical science, they suggested that NCI 
should explore bilateral collaboration with other ICs and/or trans-NIH initiatives to share the 
cost of developing nanotechnology Platforms. [Awardees; NCI] 

• Reserving Funds for Pursuit of New Opportunities. Several CCNE PIs suggested that a small 
percentage of CCNE funds should remain uncommitted so they can be allocated to pursue 
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promising new opportunities as they arise. The current lack of uncommitted funds means that 
nothing new can be added without taking money away from an existing project. Some CCNEs 
already incorporate “pilot” projects into their research strategies, but these funds are typically 
used for the purpose of drawing new investigators into nanobiotechnology research. 
[Awardees] 

• Funding for Alliance-Wide Collaboration. CCNE administrators suggested that there should 
be a separate pool of money for activities to promote Alliance-wide collaboration. Under 
current arrangements, the CIWG has to secure funding from individual Centers in order to 
support activities such as newsletters, calendars, etc. that benefit all Alliance members. 
Similarly, a central pool could be used to more easily facilitate collaborative activities such as 
exchange of postdocs across the Alliance. [Awardees] 
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Current Portfolio Analysis (Expanded): (As of 7/7/08) 

Briefly describe current NCI/NIH grant and cooperative agreement/application portfolio (and other 
related projects) for the research area, specifically addressing: (a) funded (active) grants, contracts, and 
cooperative agreements; (b) pending (scored) but unfunded grants: (c) applications not scored; and 
(d) any related research funded by other NIH Institutes and/or centers (ICs). Include the current and 
one previous fiscal year in the analysis. 

Nanotechnology RPG Overall (As required by Concept Policy) 

Activity Categories 
FY07  
NIH (NCI) 

FY08 
NIH (NCI) 

RPG  
(Type 1,2) 

Total  
Applications 

586 (159) 1067 (313) 

Unscored 
Applications 

272 (81) 533 (142) 

Scored 
Applications 

314 (78) 534 (171) 

Funded 
Applications 

97 (22) 112 (38) 

Total Cost for FY $30.59M ($6.07M) $33.28M ($10.58M) 
 

A search for new (Type 1, 2) RPG applications (R01, P01, R03, R15, R21, R33, R41, R42, R43, R44) using 
“nanotechnology” as a keyword in abstracts, summary statements, and title in QVR for yielded 159 
total applications that had NCI as primary contact for fiscal year 2007. This nearly doubled, in fiscal 
year 2008, to 313 total applications. Approximately 50% were scored each year and nearly 40 
applications were funded in fiscal year 2008. This translates to approximately $10.58 million dollars of 
new funding in fiscal year 2008, comparable to the $6.07 million dollars invested in fiscal year 2007. 
Thus, overall interest in research related to nanotechnology grew rapidly, whereas the success rate of 
funded applications remained about the same. 

Additional Analysis 

Nanotechnology R01 Research (Trans-NIH Nanobiology and Nanomedicine PA/PAR) 

Activity  FY04 FY05 FY06 FY07 FY08 

R01 

NIH (Scored) 39 27 35 43 70 

NIH (Funded) 10 9 11 14 14 

      

NCI (Scored) 3 8 11 14 34 

NCI (Above Payline) 1 2 3 2 13 

NCI (Funded) 1 2 4 1 8* 

NCI (Total Cost) $274K $1.27M $2.42M $2.70M $5.54M
 

Since the launch of the NCI Alliance for Nanotechnology in Cancer program, the overall number of 
cancer nanotechnology R01 applications received from the trans-NIH PA/PAR and were scored has 
increased more than 10 times (3  34). Currently, more than 62% of applications over the payline are 
being funded, which corresponds to a total cost investment of approximately $5.54 million for FY08.  
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Nanotechnology Training  

Activity  FY04 FY05 FY06 FY07 FY08 

F32/F33 

NIH (Received) 8 15 45 31 33 

NIH (Funded) 3 7 9 6 4 

      

NCI (Received) 4 8 21 15 19 

NCI (Funded) 1 4 5 1 3 

NCI (Total Cost) $58K $231K $357K $304K $297K 
 

Activity  FY04 FY05 FY06 FY07 FY08 

K99 

NIH (Received) 0 0 0 15 9 

NIH (Funded) 0 0 0 2 1 

      

NCI (Received) 0 0 0 4 3 

NCI (Funded) 0 0 0 0 0 

NCI (Total Cost) 0 0 0 0 0 
 

Activity  FY04 FY05 FY06 FY07 FY08 

T32 

NIH (Received) 6 4 8 17 10 

NIH (Funded) 1 1 1 2 0 

      

NCI (Received) 0 0 1 1 4 

NCI (Funded) 0 0 1 0 0 

NCI (Total Cost) 0 0 $202K $202K $202K 
 

Activity  FY04 FY05 FY06 FY07 FY08 

R25 

NIH (Received) 0 0 2 4 4 

NIH (Funded) 0 0 0 0 0 

      

NCI (Received) 0 0 0 2 3 

NCI (Funded) 0 0 0 0 0 

NCI (Total Cost) 0 0 0 0 0 
 

A similar analysis was conducted for relevant training mechanisms with the keyword 
“nanotechnology.” An RFA for F32/F33 trainees was part of the Alliance program (CA05-025) and was 
reissued twice (CA06-010, CA08-003). Based on comparison of landscape before and after the initial 
RFA, there is a clear trend of increased interest in cancer nanotechnology training as F32/F33 
applications increased nearly 5 times (4 19), with more than 50% received in response to the general 
F32/F33 PA. A similar increasing trend for NCI is seen in both individual training awards (K99) and 
institutional training awards (T32, R25), with a combined total of 1 application in FY06, 7 applications 
in FY07, and 10 applications in FY08. However, the number of these applications is still very low as 
compared to the overall training needs. Additionally, of the 18 combined applications, only one award 
(T32), in FY06, has been made so far with total cost per year of $202K. 



Report
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Abstract 

The National Cancer Institute (NCI) Alliance for Nanotechnology in Cancer is a comprehensive, 
systematized effort encompassing the academic and private sectors in multidisciplinary research and 
dedicated to the use of nanotechnology in cancer prevention, diagnosis, and therapy. The program is 
designed to move basic science discoveries into the development pipeline and eventually into clinical 
use. As the program approaches the midway point of its five-year funding, NCI is once again assessing 
the field of cancer nanotechnology to determine the current needs and gaps in this area of research. 
Toward that end, the NCI’s Office of Technology and Industry Relations (OTIR) held three strategic 
workshops on cancer nanotechnology covering the areas of in vitro diagnostics and prevention, in 
vivo diagnosis and imaging, therapy and post-treatment. To each of these meetings, NCI’s program 
staff invited a wide range of experts from academia, industry, the non-profit sector, and the Federal 
government, including those from the National Institutes of Health and the U.S. Food and Drug 
Administration. This meeting report is the summary and compilation of recommendations developed 
at these strategic workshops.  
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Introduction 

Cancer is one of the main public health problems facing the United States. The statistics for cancer are 
daunting; the number of Americans who will die of cancer in 2008 is projected to be over 550,000 
(nearly one in four of all deaths will be cancer related).(1) The number of people who will be 
diagnosed with the disease will exceed 1.4 million. With an increasing aging population, the number 
of people who develop cancer is only going to increase in the years ahead. On the positive side, there 
are over 12 million cancer survivors today in the United States and their numbers are steadily 
increasing, mainly due to progress in early screening and treatment. Globally, greater than 70% of all 
cancer deaths occur in low and middle income countries; hence, the issues surrounding cancer are 
clearly not a domestic matter.  

More than three years ago, the National Cancer Institute (NCI) began the process of developing and 
funding the NCI Alliance for Nanotechnology (http://nano.cancer.gov) in an attempt to bring the 
power of nanotechnology to bear on developing new solutions to the major challenges of the 
disease.(2-6) It has been recognized that nanotechnology carries great potential; if this knowledge is 
applied to cancer, it could someday revolutionize the way cancer is viewed, diagnosed, and treated as 
a disease.(7) Moreover, nanotechnology spans all aspects of the Institute’s strategic objectives 
ranging from tools to provide better insight into the fundamentals of cancer biology, through early 
diagnostics and imaging, to improving cancer treatment and care. In order to organize the discussion 
topically, three one-day strategic workshops were convened in spring with the following thrusts: 

Workshop I:  In vitro Diagnostics and Prevention 

Workshop II:  Therapy and Post-Treatment 

Workshop III:  In vivo Diagnosis and Imaging 

These workshops were designed to assess the status of cancer nanotechnology and determine what 
are the opportunities, the needs of the field, and existing knowledge gaps. At each workshop, the 
attendees listened to few short overview presentations from thought leaders on the technical 
challenges confronting the use of nanotechnology in cancer and the most promising 
nanotechnologies that may overcome these challenges. The talks gave the clinician (e.g., oncologist) 
and technologist (e.g., chemist) perspective and provided impetus for brainstorming and additional 
discussion. To further guide discussion, NCI staff provided attendees with a list of NCI’s thoughts on 
possible “holy grail” applications for cancer nanotechnology. These included: 

• Personalized diagnostic “nano” kit to screen for 100 cancer-associated agents within 
the time of a doctor’s visit. 

• Set of nanotechnology tools for “real-time” elucidation of cancer properties for the 
tumor nano/microenvironment at both the intracellular and extracellular levels. 

• Tools to monitor and control biodistribution as a function of particle size, shape, and 
targeting scheme. 

• Multifunctional particle systems capable of diagnosis and subsequent tailored therapy 
with controlled release. 

• Robust efficacy feedback monitoring tools for novel cancer therapeutic drugs in 
clinical trial settings to reduce the time from months to days or hours. 

• Nanoparticle platform for effective and controlled delivery of therapeutics to the brain. 
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• Design tools to look beyond tumor size (e.g., microenvironment, follow metastasis). 

• Tool to identify tumors that are far smaller (100x, 1000x) than those detectable with 
today’s technology. 

After the opening presentations, the invited scientists were divided into three smaller working groups 
and worked on a list of a common questions and topics. Those included:  

• Question 1: Within the theme of each workshop, what are the most important goals in 
cancer research (not just nano-driven) that might be achieved within the next 5 years? 
Within the next 10 years?  

• Question 2: How and where do you see (or have seen) nanotechnology contributing to the 
areas identified in Question 1? 

• Question 3: What are the major barriers (e.g., technical, financial, infrastructure, 
organizational/managerial) that would be of hindrance in reaching these goals?  

A compilation of responses and recommendations compiled at the workshops are presented here. 

Overarching Themes in the Recommendations 

Each workshop produced a series of important and specific recommendations that are discussed 
below. In addition, there were several recommendations that appeared as common themes 
throughout the three workshops.  

The Technologist and the Clinician 

In spite of organizing the workshops to have overview lectures from a technologist and clinician 
perspective, overwhelmingly the audience pointed out the continued need for technologists, 
biomedical researchers, and clinicians to work together in order to make the most out of the 
opportunities that nanotechnology can generate. Many applauded NCI’s efforts in creating 
multidisciplinary team science environment, and expressed hope that such efforts would continue to 
be expanded going forward. It was believed that he Alliance program provided a huge boost to the 
field of cancer nanotechnology and that the Institute should continue providing avenues for both 
intra- Center for Cancer Nanotechnology Excellence (CCNE)(8) and inter-CCNE partnerships to form. In 
addition, NCI should consider new mechanisms for creating strategic partnerships with other agencies 
and other fields to maximize the impact that nanoscience will have on cancer research and clinical 
oncology. A consensus exists that nanotechnology may be able to drive new advances that will 
improve cancer diagnosis, imaging, and therapy, in large part because the nature of cancer could be 
understood better resulting from these disparate research communities working together.  

Multifunctional/Multimodal Nanotechnology Agents 

Prevailing throughout the three workshops was the notion that the real (paradigm shifting) power of 
cancer nanotechnology will occur when an agent/platform combines two or more of the modalities 
(associated with workshops thrust areas) namely, diagnosis, imaging, and/or therapy. Clearly, a strong 
advantage for a nanoparticle system is the potential for a ‘plug & play’ like approach to integrate 
multifunctionality and multimodality. However, maintaining a more pragmatic vision, the participants 
recommended that ‘uni-‘ functionality/modality be established first and subsequently translated to 
the clinic. The increase in the complexity of the multi-modal solution should then occur gradually. 
Other recommendations include: 
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• Integrate imaging and therapy so that the oncology community can monitor the 
effects of therapy in real time, both for conventional agents and for nanotechnology-
enabled agents. 

• Multifunctional probes – intracellular identification of markers combined with a 
subsequent imaging or therapeutic event 

• Develop multimodal therapy using a nanoplatform that can deliver a novel form of 
therapy, such as heat, in combination with a standard therapy. 

• Probes that can localize intracellular concentrations of an analyte and then be 
addressed and triggered to release a therapeutic payload. 

• The high payload-carrying capacity of nanoparticles can improve sensitivity and 
resolution by dramatically increasing the local concentration of an imaging agent at a 
tumor. 

In Vitro Diagnostics and Prevention Workshop 

One of the keys to the growing number of cancer survivors is emergence of early diagnostics of the 
disease. The participants at this workshop believed that further advances to develop and adopt new 
nanotechnology methodologies that enable cancer to be discovered earlier in its development and 
ultimately to prevent it from occurring in the first place was paramount. A positive feedback loop 
mechanism (diagnosis, treatment, and monitoring of treatment results) will be important for pushing 
this field forward. Early detection methods will be enabled by improved early-stage biomarkers and 
followed by more effective therapies designed to target early stage disease. As a result, developing 
new early detection methodologies becomes even more important in the quest to reduce the 
incidence and mortality from cancer. The long term vision for developing new in-vitro diagnostics is to 
be able to take a body fluid, a blood sample for example, and determine the presence of low-
abundance biomarkers, characteristic to cancer that would ideally identify the type of tumor present, 
specify the appropriate therapy, and predict the outcome of that therapy. 

Specific recommendations for future development include: 

Early Detection 

• The development of modular diagnostics based on bodily fluids, such as blood, serum, 
cerebrospinal, urine, stools, or saliva. In certain cases, breathe as a collection source. 
Elucidating the variables that are needed to optimize the modules for a particular 
bodily fluid. 

• Multifunctional capabilities, one platform capable of detecting nucleic acid and 
protein. 

• Develop new in vivo diagnostics that would pinpoint tumors and their metastatic 
lesions (e.g., Detecting rare cancer cells as on cancer-associated molecules). 

• Nanotechnology should lead to new assays with lower cost and higher sensitivity 
markers. 

• Nanotechnology-based detection and analytical technologies could be incorporated 
into a multiplexed nano-probe that could be inserted (or targeted) into a tumor, act as 
sensors of the local environment, and that are then removed when the probe is 
excised.  
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Therapy and Post-Treatment Workshop 

Targeted cancer therapies represent a glimpse into the future of oncology with ERBB and VEGF based 
therapies being the first successful examples of using targeted approaches. Similarly, it has been 
demonstrated that ‘nano-carriers’ delivery can improve the efficacy of anticancer drugs and reduce 
the associated toxicities. The participants at this workshop shared a common vision that that 
nanoparticles will be able to improve the therapeutic index for a wide variety of anticancer drugs, and 
that this improvement alone will be of great potential benefit. Moreover, multifunctional aspects and 
the monitoring therapeutic response using ‘smart’ nanoparticles will also represent a paradigm-
changing event in oncology. 

Specific recommendations for future development include: 

Therapeutic Development, Delivery, and Monitoring 

• Develop a monitoring test (ultimately to be designed for home use) for monitoring 
disease response to therapy and disease progression; the immune system to 
determine if the immune system is attacking the tumor or supporting it, information 
that would contribute to clinical decision-making.  

• Create endpoint measurements in addition to apoptosis to assess therapeutic efficacy. 

• Develop nanomaterials and targeting strategies aimed specifically at the tumor 
microenvironment. 

• Develop tumor cell surface targeting ligands to deliver nanoparticles to the tumor site 
in humans. 

• Improve the pharmacokinetics of current nanocarriers in order to decrease the toxicity 
of their drug payloads. 

• Understand how nanomaterials affect cell signaling and drug response. 

• Development of new chemistries that would trigger drug release from a nanoparticle 
only at the site of a tumor 

• Develop new biomaterials that would change the biodistribution patterns of 
nanomaterials and their drug cargos.  

• Create methods for ‘programming’ nanoparticles for use in personalized anticancer 
therapy. 

• Activation of targeted nanoparticle could enable timed release of imaging agents and 
drugs, while bidirectional communication with the nanoparticle would provide 
therapeutic feedback. 

This workshop group also recommended that the NCI continue its efforts to work with FDA and 
clinicians to address the unique features of nanoparticles and the opportunities to change the 
approval paradigm as far as modularity and personalized therapies are concerned. The group also 
recommended that the NCI and its Nanotechnology Characterization Laboratory (NCL; 
http://ncl.cancer.gov) continue their efforts to develop bioanalytical methods suitable for 
characterization of nanoparticles and to fund efforts for mathematical modeling that might help drug 
developers rationalize their choice of a specific nanoparticle for a particular application. To accomplish 
these goals, the audience identified several critical needs. These included the need for relevant animal 
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models of human cancer; the development of a streamlined approach to evaluate toxicology, 
pharmacokinetics, and the efficacy of potential nanotherapeutics, essentially expanding the scope of 
the NCL’s mission, and along the lines of the current NCL effort; and the creation of an infrastructure 
for translational nanotechnology research that would feed promising therapeutics into the nation’s 
clinical trials apparatus. 

In Vivo Diagnosis and Imaging Workshop 

Perhaps, the most impacting use of nanotechnology which is relatively close to the clinic is in vivo 
imaging. Improving diagnosis by detecting tumors at ever small stages, via in vivo imaging, opens 
new opportunities for improving treatment, as well as for understanding of metastasic processes. 
Currently, imaging provides limited information about the tumor type, with subsequent surgery and 
then pathology being used to actually identify the tumor and determine therapy. A vision that this 
workshop participants shared is to develop in vivo imaging techniques which can provide more 
specific information about tumor type and tumor environment and thus virtually eliminate the need 
for surgical biopsy prior to determining the therapy. Moreover, the group believed that 
nanotechnology-enabled imaging methodology would be capable of monitoring the response to 
therapy in real time. This, in turn, would reduce the time lapse to determine if therapy is effective, 
would greatly improve the quality of life for patients by getting patients off ineffective drugs that 
could cause adverse side effects, and would decrease the likelihood that drug resistance might 
develop before an effective therapy is established for particular patients.  

Specific recommendations for future development include: 

Imaging Tools 

• Develop minimal or non-invasive methods to access to currently inaccessible organs 
such as brain, pancreas, lungs, and ovaries and to help better understand in vivo 
tumor biology. 

• Develop enhanced imaging technologies and contrast agents to help diagnose, 
stratify, and monitor patient treatment. 

• Improve spatial and temporal resolution, as well as sensitivity, in order to detect the 
very low tumor burdens, improve surgical guidance, and monitor the response of 
those small tumors to therapy. 

• Achieve a broader distribution of existing imaging agents beyond the major research 
medical centers. 

• Develop image-guided biopsies with simultaneous, multiplexed in situ analysis to 
eliminate the need for diagnoses based on histopathology. 

• The development of more sensitive and less expensive imaging hardware, such as the 
development of carbon nanotube-based CT instruments. 

• Develop entirely new nano-imaging strategies to change limits of detection. 

• Improve detection systems for optical imaging in humans by optimizing imaging 
platforms to take advantage of the unique payload carrying characteristics of 
nanoparticles. 
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Additional Common Themes 

In addition to establishing recommendations specific to each workshop thrust, there were several 
additional comments that appeared as common themes throughout the three workshops as listed 
below. As the level of detection is lowered and sensitivity increases, the issues associated with ‘good’ 
biospecimens and sample preparation practices were clearly viewed as a concern to translating 
nanotechnology platforms in a timely manner. Improving the specificity of biomarker assays (and 
reducing non-specific binding) was another common issue.  

Other common categories, which were identified, include: 

Biospecimen and Sample Preparation 

• Analytical issues: Developing techniques to increase signal to background (chemists 
and biologists approach these problems differently. Chemists and biologists, for 
instance, try to increase signal, while physicists look to reduce noise and the medical 
community works to make sense of poor signals). 

• Sample preparation issues: Improving faster and facile sample concentration 
techniques. 

• Improved biospecimen sampling and validation, which is absolutely critical for 
retrospective studies and biomarker validation.  

• Specimen collection issues: Preparing the patient for sample donation (e.g., 
nanocarriers be administered prior to sample collection to ensure trace biomarkers are 
recovered; in vivo collection using injected particles). 

• New nano-capabilities for making metabolic correlations between anoxia response 
and changes in glycolysis, for example, and the development of cancer or the 
occurrence of metastasis. 

Biomarkers 

• New (and improved) recognition agents, better antibodies or antibody equivalents. 

• Validation of new cancer specific biomarkers. 

• Develop faster validation, higher selectivity and higher affinity systems for molecular 
recognition using nanotechnology 

• Low-cost panel assays for multiple protein markers, such as those being developed 
already for ovarian cancer. 

Biomedical Informatics and Modeling/Simulations 

• Develop medicine metrics using database information that includes patient profiles 
with imaging and outcomes. There is no mechanism now for “one-stop shopping” 
that accumulates all the different types of imaging combined with outcome data. In 
addition, there is a need for automated analytical tools that can extract information 
from the images in a way that can be incorporated into these databases and searched.  

• Develop simulations for nanodevices to predict and validate in vivo pharmacokinetic 
and pharmacodynamic measurement as well as to design better nanomaterials. 
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• Develop better models of cancer that are more predictive of response in human 
cancers. 

Funding and Training Mechanism 

The groups believed strongly that the NCI needs to continue and expand on the multiple funding 
mechanisms that it has developed for creating focused, multidisciplinary teams. In particular, funding 
should include expanded opportunities for individual investigators to work with the CCNEs and the 
Platform Partnerships (R01s), and for students and postdoctoral fellows to engage in more 
multidisciplinary training opportunities (e.g., F32/F33) in order to get the next generation of 
researchers firmly entrenched. 

Additionally, participants expressed a desire for a Defense Advanced Research Projects Agency 
(DARPA)-style funding initiative for more translational projects and exploratory-based for more 
fundamental research. The workshop participants were in agreement regarding the value of focused 
research aimed at bringing cancer nanotechnology-enabled platforms into the clinic, but there were 
some discussions about how NCI can transition this type of applied research to the private sector 
providing additional funding (which is not in place, currently), while at the same time maintaining 
future funding for either cutting edge research or fundamental research that will feed into the 
translational research phase.  

Summary 

The strategic workshops echoed a clear consensus that cancer nanotechnology had made very 
significant advancements over the past three years, both in fundamental discovery and the 
development of practical, clinic-worthy solutions. The participants clearly believed that the NCI 
supported infrastructures, such as the CCNEs and NCL, have aided the cancer nanotechnology 
community in awareness, nurture of promising science, dissemination of ‘best practices’, and 
standardization of characterization methods. The audience viewed many more discoveries to ensue as 
long as funding is available to maintain and expand number of researchers working in the field. 

Cancer nanotechnology field has the potential to better monitor therapeutic efficacy, provide novel 
methods for detecting and profiling early stage cancers, and for enabling surgeons to delineate tumor 
margins and sentinel lymph nodes. This field is well positioned to provide improved methods for 
imaging and staging cancers and for more effectively delivering therapeutics in a targeted manner to 
tumors. Ultimately, if the nanotechnology researchers can establish methods to detect tumors at a 
very early stage, that is, before tumors begin to vascularize and metastasize, cancer will become a 
disease that will become amenable to complete cure via surgical resection. The impact on the disease 
survival rates and disease management expenditures could be exceedingly high. 
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 Initial discussion - please review questions in the attachment.  

Develop straw-man proposal. 
 
 Working Group 1 Rockville/ 
 Discussion Leader: Prof. Sam Gambhir  Chevy Chase Rooms 
 Stanford University 
 
 Working Group 2 Bethesda Room  
 Discussion Leader: Prof. Thomas Meade 
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needed in terms of Federal agency support. 
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Technology Translation to the Clinic 

Introduction 

The Alliance program is dedicated to the development of new, applied technology solutions towards 
cancer prevention, diagnosis, and treatment which have clinical utility potential. The Alliance 
investigators took upon themselves to raise additional funds, establish spin-off companies, and 
promote the move of their laboratory-developed technologies to the commercial world. Some of the 
program infrastructure, namely Nanotechnology Characterization Laboratory and SBIR initiative, has 
been designed to accelerate and support these translational attempts.  

The Nanotechnology Characterization Laboratory (NCL) was conceived at the onset of the Alliance 
program and has become a critical component aiding particle characterization and standardization of 
characterization methodologies. In concert with National Institute of Standards and Technology (NIST) 
and the U.S. Food and Drug Administration (FDA), the NCL takes the lead role in creating the 
preclinical assays needed to prepare nanoparticle-enabled advances for clinical study. The work of 
NCL is in close concert with the prolific activity of the investigators in forming spin-off companies and 
transferring technology from the university laboratories to these companies where the scale-up of 
nanoparticle development occurs. Several such companies have been founded in the last 3 years.  

The commercial partners of Alliance investigators are also encouraged to submit Small Business 
Innovation Research (SBIR) proposals. The first four contracts of Phase 1 have already been awarded 
and are discussed further in this section. 



Nanotechnology Characterization Laboratory
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Nanotechnology Characterization Laboratory 

The NCL performs preclinical characterization of nanomaterials intended for cancer therapeutics and 
diagnostics. Nanotechnology has the potential to improve cancer diagnosis, imaging, and treatment; 
however, the novel properties and reactivity of nanomaterials are not entirely understood. Methods 
and tests used in conventional preclinical pharmacological development are frequently not applicable 
to nanoparticles, making it difficult to unambiguously meet regulatory requirements for safety and 
efficacy. The NCI’s Alliance for Nanotechnology in Cancer formed the NCL in collaboration with NIST 
and the FDA to help accelerate the transition of nanotechnology cancer drugs to patients.  

The NCL was launched in September 2004 and now is fully operational, with collaborators from within 
the Alliance and other investigators originating from academia, industry, and government. The NCL 
assay cascade now contains more than 30 protocols, 20 of which are publicly available (the others are 
still undergoing validation). Three of these protocols have passed the final ballot stage and are 
becoming American Society for Testing and Materials (ASTM) International standards. To-date NCL 
characterized over 130 different nanoparticle formulations. 

Nanoparticles submitted to the NCL include liposomes, nanoshells, nanorods, metal colloids, 
functionalized gold, titanium dioxide, derivatized fullerenes, dendrimers, quantum dots, 
nanoemulsions, nanocrystals, and polymer-based nanomaterials. The NCL has seen significant recent 
success with the use of these nanoparticles as platforms or carriers for otherwise insoluble or poorly 
soluble drugs. Nanoparticle-carried drugs often have altered pharmacokinetics (PK) and disposition 
profiles as compared to their native forms. 

The detailed achievements of NCL are described in their 2007 Annual Progress Report which is also 
included in this summary. 



Clinical Trials, IRB, IACUC Protocols
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Clinical Trials, FDA Approvals, IRB, and IACUC Approvals 

Reflecting an aggressive push for moving the innovative technologies and their proof-of-concept 
demonstrations in the investigators’ laboratories, the Alliance program witnessed substantial amount 
of work with animal models, experimentation with human clinical samples, and emerging human 
clinical trials. In total, 5 Phase I clinical trials for nano-therapeutics and nanoparticle-based imaging 
agents were initiated, 1 IND and 1 IDE were obtained from FDA, 4 discussions with FDA on future IND 
clearance were held, 17 IRB protocols were approved, and 42 IACUC animal protocols were approved. 
Majority of the funds to support these efforts came from additional sources and were raised by the 
investigators in addition to the Alliance funds. 

Calando Pharmaceuticals Clinical Trials on Nano-therapies – Caltech/UCLA CCNE: Mark Davis 

Calando Pharmaceuticals, founded by Caltech/UCLA CCNE investigator Mark Davis, is currently 
involved in two clinical studies. 

The first clinical trial is an ongoing study for IT-101. IT-101 is a conjugate of camptothecin and a linear, 
cyclodextrin-based polymer. This is an open-label, dose-escalation study of IT-101 administered in 
patients with solid tumor malignancies (http://www.clinicaltrials.gov/ct2/show/NCT00333502?term 
=calando&rank=1). Patients who satisfy the inclusion/exclusion criteria will receive injections of IT-101 
every other week. 

Camptothecin is a naturally-occurring compound possessing potent anticancer properties against a 
broad spectrum of tumor cell lines. Camptothecin interrupts cell division and replication by inhibiting 
the enzyme topoisomerase 1. Unfortunately, Camptothecin possesses significant pharmacological 
shortcomings including very poor solubility in water and hydrolysis from its active lactone form to an 
inactive, yet toxic, carboxylate form at human blood pH levels. The components of Cyclosert™ 
nanoparticles are ß-cyclodextrin, polyethylene-glycol and L-cysteine. Camptothecin is covalently 
attached to Cyclosert™ through a glycine linker to form IT-101 resulting in a 1000-fold increase in 
camptothecin solubility while stabilizing it in its active lactone form. Cyclosert nanoparticles are 
typically between 30 and 60 nm in diameter. Their hydrophilic character and close to neutral surface 
charge allows them to evade uptake by macrophages, which do not recognize them as foreign 
entities. Similarly, they can circulate for extended times in the blood stream. A long circulation half-life 
leads to a preferential accumulation of Cyclosert nanoparticles in tumor tissues with abnormally leaky 
vasculature. In mouse models, Cyclosert nanoparticles have been shown to preferentially accumulate 
in tumor tissue over time. 

The second clinical trial is a Phase I trial of CALAA-01 which is currently recruiting participants. This is 
an open-label, dose-escalating study of the safety of intravenous CALAA-01 in adults with solid tumors 
refractory to standard-care therapies. The trial is being conducted at the UCLA Jonsson Cancer Center 
(UCLA) in Los Angeles, California, and at South Texas Accelerated Research Therapeutics (START) in 
San Antonio, Texas. The first patient was recently enrolled and dosed at START in San Antonio, Texas 
(http://www.clinicaltrials.gov/ct2/show/NCT00689065?term=calando&rank=2).  

CALAA-01 is a small interfering RNA (siRNA) agent which targets the M2 subunit of ribonucleotide 
reductase formulated with Calando’s RONDEL™ (RNAi/Oligonucleotide Delivery) polymer delivery 
system. The foundation of the RONDEL system is a linear, cyclodextrin-containing polymer that when 
mixed with siRNA self-assemble into nanoparticles with diameters of less than 100 nm that fully 
protect the siRNA from nuclease degradation in serum. Targeting ligands and stabilizers can be 
incorporated into the nanoparticles for organ-specific delivery of the siRNA. The siRNA delivery system 
has been designed for intravenous injection. Upon delivery to the target cell, the targeting ligand 
binds to membrane receptors on the cell surface and the RNA-containing nanoparticle is taken into 
the cell by endocytosis. There, chemistry built into the polymer allows to unpackage the siRNA from 
the delivery vehicle. 
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Nucleic acid-based therapies hold great promise for treating cancer. However, systemic delivery of 
nucleic acid-based therapeutics has proven difficult due to degradation in blood. Nanoparticle-
mediated delivery strategies such as those used by Calando in the synthesis and formulation of 
CALAA-01 could make siRNA cancer therapies a reality. 

Human Clinical Studies Using Two PET Imaging Agents - Caltech/UCLA CCNE: Caius Radu, Owen 
Witte, and Michael Phelps 

[18F]D-FAC (1-(2’-deoxy-2’-[18F] fluoroarabinofuranosyl) cytosine) and [18F]L-FAC PET probes developed 
by the investigators have been approved for clinical studies. In parallel, application for the use of [18F]L-
FMAC ([18F] fluoromethylallylcholine) in humans has also been submitted. 

[18F]FAC is a new PET probe that allows for visualization of thymus and spleen in mice and is sensitive 
to alterations in lymphoid mass and immune status. Studies in mice have shown that PET is useful to 
visualize immune responses and antitumor T cell responses. Other studies conducted in mice also 
showed that [18F]FAC could be used to image murine models of leukemia, melanoma and glioma. 
[18F]FAC microPET also detected early changes in lymphoid mass in systemic autoimmunity and 
allowed evaluation of immunosuppressive therapy. These data support the use of [18F]FAC PET in a 
wide range of clinical applications towards cancer (Radu et al., Nat. Med. 2008 Jul;14(7):783-8.). 

In current trial, the biodistribution of D-FAC and L-FAC probes is being determined in eight healthy 
volunteers. Recruitment of patients with autoimmune disorders as well as patients with lymphomas, 
pancreatic, and ovarian cancers is underway. The clinical research studies using the FAC family of 
molecular probes are carried out by Caius Radu, Owen Witte and Michael Phelps at UCLA in 
collaboration with Johannes Czernin there. The study is approved for maximum of 30 subjects. 

[18F]D-FAC, [18F]L-FAC and [18F]L-FMAC are produced using a microfluidic platform developed by 
Caltech/UCLA CCNE investigators (Lee et al, Science 2005 Dec; 310(5575):1793-6). Several generations 
of microfluidic chemical reaction circuits (CRCs) have been developed and a prototype has been 
licensed to Siemens. 

Chemically-Engineered Adenovirus Nanoparticles (CAN) for Improved Immune Gene Therapy – 
UCSD CCNE: Thomas Kipps, Sadik Esener 

An ongoing Phase I dose escalation study is evaluating chronic lymphocytic leukemia (CLL) patients who 
received direct intranodal injection of Ad-ISF35 (Immune Stimulatory Factor 35), an Ad5 (adenovirus 5) 
based vector that directs expression of a recombinant CD154 in transduced cells. Systemic clinical effects 
have been already observed following a single intranodal injection with significant reductions in 
leukemia cell counts and reductions in the size of all lymph nodes and spleen. Injections were well 
tolerated with grade 2 or less toxicity, generally lasting less than 48 hours after injection. 

This clinical study is currently being modified by implementing targeting scheme, which should allow 
for injections containing smaller numbers of adenoviral carriers that preferentially target neoplastic 
cells. Direct chemical conjugation of araF-NAD+ via a PEG linker to free amino groups on the outside 
of the viral coat would allow for targeted delivery of the Ad5 virus via CD38+ CLL cells. The virus links 
to the CD38 on the surface of CLL cells or other tumors, from which the virus will be endocytosed to 
transfect the cell.  

Kereos Clinical Trial on Nano-imaging Agent – Washington University CCNE: Samuel Wickline 
and Gregory Lanza 

Kereos, Inc., founded by Washington University CCNE investigators Samuel Wickline and Gregory 
Lanza, is initiating Phase I clinical trials of its KI-0001 MRI agent in Australia. KI-0001 detects tumors by 
imaging angiogenesis via the α

v
β

3
 integrin biomarker and can recognize tumors as small as 1-2 mm in 

size. KI-0001 may also prove useful in monitoring response to anti-angiogenic therapies. Kereos' 
proprietary ligand-targeted emulsion technology consists of a perfluorocarbon nanoparticle core 
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surrounded by a lipid monolayer. This lipid layer both stabilizes the particle and provides a virtually 
unlimited number of anchoring sites for targeting ligands and payload molecules. Water-insoluble 
payloads (lipophilic), such as chemotherapeutic agents, are incorporated into the lipid monolayer. The 
result is an oil-in-water emulsion of particles with an average size of approximately 250 nm. For KI-
0001, α

v
β

3
 is used as the targeting ligand and the gadolinium- tetraazacyclododecanetetraacetic acid 

(Gd-DOTA) complex, an imaging agent, is used as the payload. 

Awarded IDE 

In September 2007, the U.S. Food and Drug Administration cleared for marketing a new genetic test 
manufactured by Nanosphere Inc., founded by Northwestern CCNE investigator Chad Mirkin. The test 
will be used with the Verigene System, a clinical laboratory test system, to assess whether a patient 
may be especially sensitive to the drug warfarin (Coumadin). Warfarin is used to prevent potentially 
fatal clots in blood vessels. However, one-third of patients receiving warfarin experience a higher risk 
of bleeding. This increased risk of bleeding has been associated with variants of two genes, CYP2C9 
and VKORC1. The Nanosphere Verigene Warfarin Metabolism Nucleic Acid Test detects some variants 
of both genes and is a significant advance in personalized medicine.  

The test could be easily adapted to cancer diagnostics and treatment by substituting genetic 
sequences linked to cancer for the CYP2C9 and VKORC1 genes. 

Pre-IND inquiries with FDA 

• Kereos, Inc. is currently conducting pre-IND discussions with the FDA on KI-0001 

• Avidimer Therapeutics, founded by University of Michigan CNPP investigator James Baker is also 
engaged in pre-IND discussions with the FDA. Avidimer’s technology consists of a folic acid-
targeted, surface-modified dendrimer which serves as a platform for targeted delivery of 
therapeutic or imaging agents. Currently, Avidimer is pursuing approval of a folic acid-targeted G5 
polyamidoamine dendrimer coupled to anti-cancer agent methotrexate (MTX). Polyamidoamine 
(PAMAM) dendrimers are the most common class of dendrimers suitable for many materials 
science and biotechnology applications. PAMAM dendrimers are well-characterized, highly 
branched synthetic macromolecules that are biocompatible and nonimmunogenic. G5 PAMAM 
dendrimers contain, on average, 110 to 128 primary amines on their surface providing ample 
reactive sites for the conjugation of complex drug delivery systems and multiple chemical 
moieties. The high-affinity folic acid receptor is overexpressed in breast, ovary, endometrium, 
kidney, lung, head and neck, and brain cancers. Like many cancer chemotherapeutic agents, MTX 
is dose limited by side effects resulting from cytotoxicity that kills normal as well as tumor cells. 
Thus, by attaching both folic acid and MTX to the G5 PAMAM dendrimer the anti-cancer agent can 
be more effectively delivered to the tumor site. 

• Miqin Zhang, a CNPP investigator at the University of Washington, has developed highly 
dispersed, stable iron oxide nanoparticles with amine functional groups allowing for 
conjugation of targeting ligands, and therapeutic and imaging agents. Zhang’s group has 
demonstrated the ability of a nanoparticle with a model targeting ligand, chlorotoxin, to cross 
the blood-brain barrier in brain tumors in a genetically engineered mouse model. Subsequent, 
dual modality imaging with MRI and optical imaging was also demonstrated using these iron 
oxide particles. A pre-IND discussion with the FDA has taken place and process scale-up to 
produce sufficient quantities of therapeutic agent for toxicology studies is currently underway. 

• Sanjiv Gambhir, Principal Investigator at the Stanford CCNE, has developed new instruments 
and strategies for photoacoustic molecular imaging using RGD-targeted carbon nanotubes 
(CNTs). Chronic toxicology studies of single wall CNTs have already been accomplished and 
published recently in mouse models showing the safety of intravenously administered CNTs. 
Discussions have begun with the FDA to guide this technology towards IND submission and 
utilization of targeted CNTs via colorectal delivery for colon cancer diagnosis applications. 
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Institutional Review Board (IRB) Approvals 

To date, seventeen studies led by Alliance investigators have been approved by Institutional Review 
Boards (IRBs) which involve either human patients or human tissue samples. These studies are 
designed to test new tools, optimize strategies, identify side effects and determine efficacy and are 
listed in Table 1. 

Table 1. 

 IRB Protocol ID Number Institution Investigator(s)

1 D-FAC:The biodistribution of 1-(2 deoxy-2,-
18fluoroarabinofuranosyl)cytosine (18FAC) in 
healthy subjects and patients with cancer, 
autoimmune and inflammatory diseases 

07-07-071-01 Caltech/
UCLA CCNE 

Johannes Czernin

2 L-FAC: The biodistribution of 1-L-(2 deoxy-2,-
18fluoroarabinofuranosyl)cytosine ([18F]L-FAC) 
in healthy subjects and patients with cancer, 
autoimmune and inflammatory diseases 

08-02-049-01 Caltech/
UCLA CCNE 

Johannes Czernin

3 Development of Microfluidics Integrated 
Nanoelectronic Sensor as a Diagnostic Tool 
for Pathologic Analysis of Cancer Tissue 

05-10-062-03 Caltech/
UCLA CCNE 

Paul Mischel

4 Use of conjugated nanoparticles to detect 
breast cancer biomarkers in archived breast 
cancer aspirates and corresponding surgical 
specimens 

327-2005 Emory/
GT CCNE 

Brian Leyland-Jones

5 Colon cancer tissue biomarker detection 
using IHC with nanocrystals 

1115-2005 Emory/
GT CCNE 

Brian Leyland-Jones

6 Multiplexed nanoparticle Raman tags for 
cancer immunohistochemical profiling 

274-2005 Emory/
GT CCNE 

Andrew Young

7 The Prostate Satellite Tissue Bank at Emory 
University 

098-2004 Emory/
GT CCNE 

Leland Chung

8 The Kidney Satellite Tissue Bank at Emory 
University 

1214-2003 Emory/
GT CCNE 

Andrew Young

9 Nanomaterials for cancer diagnostics and 
therapeutics 

1567-004 Northwestern 
CCNE 

Chad Mirkin

10 Development of barcode assays for the 
detection of ovarian cancer 

1559-011 Northwestern 
CCNE 

Chad Mirkin

11 Development of barcode assays for the 
detection of ovarian cancer and prostate 
cancer 

1567-002 Northwestern 
CCNE 

Chad Mirkin

12 Pre-screening breast carcinoma patients for 
imaging angiogenesis 

08-0465 Washington 
University CCNE 

Samuel Wickline

13 Prognostic markers in prostate cancer 
(PMPCA) 

4453/CR0000
1953 

Stanford CCNE David Agus

14 Center for Cancer Nanotechnology 
Excellence focused on therapy response 

5298 Stanford CCNE Sanjiv Sam Gambhir

15 Detecting breast cancer cells with quantum 
dot spectroscopy from benign and 
malignant breast tissue 

60683 UCSD CCNE Andrew Kummel & 
Sarah Blair 

16 CLL research consortium tissue core sample 
collection study 

80915 UCSD CCNE Thomas Kipps

17 Prostate fusion gene variants as a cancer 
biomarker 

80096 UCSD CCNE Xinjian Liu
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Approved Animal Protocols 

In addition to the approved protocols listed above in Table 1, Alliance investigators are also involved 
in numerous preclinical animal studies. Numerous Institutional Animal Care and Use Committee 
(IACUC) protocols developed by Alliance investigators have been approved for use (see Table 2). The 
breadth of new technology developments is areas of diagnostics, imaging and therapeutics is wide 
and these IACUC protocols will lay the foundation for future human clinical trials using 
nanotechnology to diagnosis, image and treat cancer in humans. 

Table 2. 

 IACUC Protocol ID Number Institution Investigator(s)

1 Mechanisms regulating prostate growth, 
progression, and metastasis; Molecular 
imaging with quantum dots probing EMT 
and prostate cancer metastasis in live 
animals; and, Nanotechnology: Linking 
biomarkers with cancer behavior 

022-2008 Emory/GT CCNE Shuming Nie

2 Nanotherapeutics: Multifunctional 
nanoparticles for imaging, drug delivery 
and targeting 

121-2008 Emory/GT CCNE Dong Shin

3 Multifunctional nanoparticles for targeted 
imaging and therapy of human breast and 
pancreatic cancers 

099-2005 Emory/GT CCNE Dong Shin

4 Nanotherapeutics: multifunctional 
nanoparticles for drug delivery and 
targeting 

210-2005 Emory/GT CCNE Leland Chung

5 Evaluation of nucleic acid ligands for 
targeted diagnostic and therapeutic 
applications 

0904-072-10 MIT/Harvard 
CCNE 

Robert Langer

6 Transcription regulation by oncogenes and 
tumor suppressor genes 

0905-064-08 MIT/Harvard 
CCNE 

Phil Sharp

7 The pharmacokinetics of nanoparticles in 
animal models 

0408-038-11 MIT/Harvard 
CCNE 

Sangeeta Bhatia

8 Molecular analogy of immunological 
memory 

0307-027-10 MIT/Harvard 
CCNE 

Jianzhu Chen

9 Molecular imaging of solid tumors 2004N000283/3 MIT/Harvard 
CCNE 

Ralph Weissleder

10 CLIO-based sensor implants 0107-008-10 MIT/Harvard 
CCNE 

Michael Cima

11 Genome-wide scan for tumor suppressor 
genes 

0601-046-10 MIT/Harvard 
CCNE 

David Housman

12 Heating effect on tumor homing of peptide 
and peptide-conjugated nanoparticles 

07-054 MIT/Harvard 
CCNE 

Erkki Ruoslahti

13 Nanoscale encasement and targeted 
delivery of multifunctional therapeutic 
agents for hematologic cancer and solid 
tumors 

2008-1297 Northwestern 
CCNE 

Thomas O’Halloran

14 TiO2-DNA nanoparticles for prostate 
therapy 

2007-1140 Northwestern 
CCNE 

Gayle Woloschak

15 Multifunctional nanostructures for 
therapeutic targeting of breast cancer 

2008-1292 Northwestern 
CCNE 

Samuel Stupp

16 SCCNE-Project 3 acoustic nanobeacons for 
targeted detection and treatment of tumor 
angiogenesis 

20080075 Washington 
University CCNE 

Samuel Wickline
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 IACUC Protocol ID Number Institution Investigator(s)

17 Molecular imaging and therapy of solid 
tumors with a novel αvβ3-directed 
nanoparticle targeted to the neovasculature 

20060284 Washington 
University CCNE 

Gregory Lanza

18 Siteman Center of Cancer Nanotechnology 
Excellence - Small animal imaging core 

200601106 Washington 
University CCNE 

Jeffrey Arbeit

19 CCNE umbrella animal protocol 13826 Stanford CCNE Sanjiv Sam Gambhir

20 Molecular pharmacology of cisplatin resistance S05516 UCSD CCNE Stephen Howell

21 Antitumor activity and pharmacokinetic 
studies of novel drug delivery systems in 
murine tumor models 

S06026 UCSD CCNE Stephen Howell

22 Pharmacology and toxicokinetic studies of 
a novel drug delivery system in rats 

S07332 UCSD CCNE Stephen Howell

23 Isolation and characterization of peptides 
homing to liver in mice 

06-103 UCSD CCNE Errki Ruoslahti

24 Targeting of nanoparticle-homing peptides 
conjugates to tumors 

07-019 UCSD CCNE Errki Ruoslahti

25 Breeding and maintenance of SR-A 
knockout mice 

07-115 UCSD CCNE Errki Ruoslahti

26 Targeting of nanoparticles to tumors and tumor 
treatment with drug loaded nanoparticles 

08-011 UCSD CCNE Errki Ruoslahti

27 Nanoparticles for tumor immunotherapy S07128 UCSD CCNE Sadik Esener

28 Pharmacological and efficacy study of 
nanoparticles in cancer therapy  

S07388 UCSD CCNE Sadik Esener

29 Molecular signaling pathways in vascular 
biology 

S05018 UCSD CCNE David Cheresh

30 Vascular responses during development, 
cancer, and metastasis 

S06295 UCSD CCNE David Cheresh

31 Optimal imaging parameters of contrast 
agents in mice 

S00224 UCSD CCNE Robert Mattrey

32 Small animal imaging core 08-040 UNC CCNE Weili Lin 

33 Mechanisms of epithelial cell tumorigenesis 
in the mouse 

07-223 UNC CCNE Terry Van Dyke

34 Pharmacokinetic studies of monodisperse, 
shape specific, biocompatible 
nanoparticles in mice 

07-104.0 UNC CCNE Joe DeSimone

35 Targeted delivery of therapeutic agents 08-198 UNC CCNE Joe DeSimone

36 The role of p16INK4a in mammalian aging 05-228 UNC CCNE Norman Sharpless

37 Photodestruction of ovarian cancer: ErbB3 
targeted aptamer-nanoparticle conjugate 

2005N000151/4 Massachusetts 
General Hospital 
Cancer Center 

Tayyaba Hasan

38 Molecular MRI imaging of tumors 3441-05 University of 
Washington 

Raymond Sze

39 Nanotechnology platform for pediatric 
brain cancer imaging 

1637 Fred Hutchinson 
Cancer Research 
Center 

James Olsen

40 Targeted therapy using imaging guidance 07-98-05234 M.D. Anderson 
Cancer Center  

Chun Li 

41 Targeted imaging and therapy 09-97-07434 M.D. Anderson 
Cancer Center  

Chun Li 

42 Investigation of the anti-tumor effects of 
conjugated metallofullerene nano-particles 
in rat malignant glioma model 

AM10257 Virginia 
Commonwealth 
University 

William Broaddus
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The Alliance and Technology Transfer – Participation in SBIR Program 

The NCI Alliance for Nanotechnology in Cancer has played a vital role in attracting a number of high-
quality research proposals to be funded through the Small Business Innovation Research (SBIR) 
program on topics that support the mission of the Alliance. The basis for the program is to provide 
early-stage technology financing in order to promote innovation for developing and commercializing 
novel technologies and products to prevent, diagnose, and treat cancer. The nanotechnology-related 
topics that have attracted submissions are:  

• Early Diagnostics Using Nanotechnology-Based Imaging and Sensing. The goal is to 
develop nanotechnology-based devices with improved sensitivity and specificity for early 
detection and post-treatment monitoring of cancer signatures using genomic and proteomic 
means operating in both in vitro and in vivo environments (solicitation in 2007). 

• Multifunctional Therapeutics Based on Nanotechnology. The goal is to develop an in vivo 
nanoparticle-based delivery platform with improved efficacy as compared to currently used 
treatments, and to incorporate an imaging agent to provide real-time feedback and 
monitoring of therapy (solicitations in 2007 and 2008). 

• Nanotechnology Imaging and Sensing Platforms for Improved Diagnosis of Cancer. The 
goal is to develop nano-enabled platforms that can provide increased resolution both spatially 
and, more importantly, temporally in detecting cancer that would ultimately offer clinicians a 
way to maximize the chance of positive clinical prognosis. The platforms can be used for early 
detection/imaging of initial onset of disease, or be used as post-treatment monitoring to 
detect/image recurrence of disease (solicitation in 2008). 

The SBIR program is divided into phases as follows: 

• Phase I - Feasibility Study. A small business may submit a Phase I proposal in response to the 
topics published in an open NCI solicitation. A Phase I SBIR award is typically funded at 
$150,000 for a 6-month period to demonstrate the feasibility of a concept. The awarded 
companies also begin to pursue commitments for follow-on funding during this phase.  

• Phase II - Development. Upon successful completion of a Phase I project, the program 
manager(s) may invite a company to submit a Phase II proposal for consideration. A Phase II 
proposal is more extensive than the Phase I proposal and should demonstrate the company’s 
potential for rendering a product or process. Phase II proposals are typically funded at 
$750,000 for approximately 12-18 months. 

U.S. Public Health Service (PHS) SBIR Solicitation (PHS 2007-1) received 13 Phase I applications. Four 
contracts were awarded for a total of approximately $600,000 from two topics, namely, Topic 240: 
Early Diagnostics Using Nanotechnology-Based Imaging and Sensing and Topic 241: Multifunctional 
Therapeutics Based on Nanotechnology. 4 companies have been awarded Phase I contracts:  

• BIND Biosciences, Inc., PI: Jeff Hrkach, Ph.D. 

• Liquidia Technologies, Inc., PI: Bolyn Hubby, Ph.D. 

• MagArray, Inc., PI: Robert White, Ph.D. 

• PDS Biotechnology Corp, PI: Frank Bedu-Addo, Ph.D. 

SBIR Solicitation (PHS 2008-1) has been recently announced for applications for two nanotechnology 
topics, namely, Topic 241: Multifunctional Therapeutics Based on Nanotechnology and Topic 252: 
Nanotechnology Imaging and Sensing Platforms for Improved Diagnosis of Cancer. Nanotherapeutics 
(241) received the most applications (13), while Nano-Diagnostics & Imaging (252) – tied 4th most 
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applications (10). These numbers indicate aggressively developing commercial landscape associated 
with cancer nanotechnology and strong interest of these companies in seeking funds from several 
different sources including SBIR. 

We also anticipate that all companies funded last year as Phase I (see above) will be invited to submit 
Phase II applications.  
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Commercial Partnerships and Technology Start-ups 

Several investigators funded through the program have strong entrepreneurial background and 
established many spin-off companies in last 3 years, while maintaining ties with other small and large 
for-profit entities. In total, 50 companies had relationships with the investigator laboratories, with 24 
of them being established in last 3 years. These numbers speak to the initiative, productivity, and fund 
raising capabilities of the investigators involved in the program.   

The following pages provide a listing of 50 companies associated with the program and brief origin of 
the technology, the founders, and technology/product focus. The map with geographic distribution of 
these companies follow. 
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- 1 - 

Leveraged Funding 

During the past 3 years, Alliance investigators have been very successful in utilizing NCI-funded 
nanotechnology work to leverage additional funds from various sources including Federal/State 
agencies, private foundations, and industrial partners. The listing which follows catalogs new and 
successfully renewed NIH awards won by CCNE and CNPP investigators as well as funding from other, 
non-NIH sources. This list is significant and ranges from small ~100K grants to large multi-million 
dollar donations.  
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Publications 

The Alliance investigators have been very prolific in publishing during the course of the program. 
After 3 years of the program 606 publications with average impact factor of 7 were published; 54 of 
these publications had impact factor  above 15; an average of 5.8 publications were prepared per 
million dollars of funding. These statistics are gathered in the proceeding slide where breakdown 
among the centers (CCNEs) and platforms (CNPPs) is provided. CCNEs are more productive (per million 
dollar of funding) than CNPPs. This would support the notion of effectiveness of multidisciplinary 
team research.  
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Publications With Impact Factor Above 15 

 

1. Lee, C. C., Sui, G., Elizarov, A., Shu, C. J., Shin, Y. S., Dooley, A. N., Huang, J., Daridon, A., Wyatt, P., 
Stout, D., Kolb, H. C., Witte, O. N., Satyamurthy, N., Heath, J. R., Phelps, M. E., Quake, S. R. and 
Tseng, H. R. Multistep Synthesis of a Radiolabeled Imaging Probe Using Integrated 
Microfluidics. Science 310, 1793-6. Dec 16, 2005. Caltech/UCLA CCNE 

2. Lei, Q., Jiao, J., Xin, L., Chang, C. J., Wang, S., Gao, J., Gleave, M. E., Witte, O. N., Liu, X. and Wu, H. 
Nkx3.1 Stabilizes P53, Inhibits Akt Activation, and Blocks Prostate Cancer Initiation Caused by 
Pten Loss. Cancer Cell 9, 367-78. May, 2006. Caltech/UCLA CCNE  

3. Shen, W. H., Balajee, A. S., Wang, J., Wu, H., Eng, C., Pandolfi, P. P. and Yin, Y. Essential Role for 
Nuclear Pten in Maintaining Chromosomal Integrity. Cell 128, 157-70. Jan 12, 2007. 
Caltech/UCLA CCNE 

4. He, X. C., Yin, T., Grindley, J. C., Tian, Q., Sato, T., Tao, W. A., Dirisina, R., Porter-Westpfahl, K. S., 
Hembree, M., Johnson, T., Wiedemann, L. M., Barrett, T. A., Hood, L., Wu, H. and Li, L. Pten-
Deficient Intestinal Stem Cells Initiate Intestinal Polyposis. Nat Genet 39, 189-98. Feb, 2007. 
Caltech/UCLA CCNE 

5. Thomas, R. K., Baker, A. C., Debiasi, R. M., Winckler, W., Laframboise, T., Lin, W. M., Wang, M., 
Feng, W., Zander, T., MacConaill, L., Lee, J. C., Nicoletti, R., Hatton, C., Goyette, M., Girard, L., 
Majmudar, K., Ziaugra, L., Wong, K. K., Gabriel, S., Beroukhim, R., Peyton, M., Barretina, J., Dutt, 
A., Emery, C., Greulich, H., Shah, K., Sasaki, H., Gazdar, A., Minna, J., Armstrong, S. A., 
Mellinghoff, I. K., Hodi, F. S., Dranoff, G., Mischel, P. S., Cloughesy, T. F., Nelson, S. F., Liau, L. M., 
Mertz, K., Rubin, M. A., Moch, H., Loda, M., Catalona, W., Fletcher, J., Signoretti, S., Kaye, F., 
Anderson, K. C., Demetri, G. D., Dummer, R., Wagner, S., Herlyn, M., Sellers, W. R., Meyerson, M. 
and Garraway, L. A. High-Throughput Oncogene Mutation Profiling in Human Cancer. Nat 
Genet 39, 347-51. Mar, 2007. Caltech/UCLA CCNE 

6. McAlpine, M. C., Ahmad, H., Wang, D. and Heath, J. R. Highly Ordered Nanowire Arrays on 
Plastic Substrates for Ultrasensitive Flexible Chemical Sensors. Nat Mater 6, 379-84. May, 
2007. Caltech/UCLA CCNE 

7. Berquin, I. M., Min, Y., Wu, R., Wu, J., Perry, D., Cline, J. M., Thomas, M. J., Thornburg, T., Kulik, G., 
Smith, A., Edwards, I. J., D'Agostino, R., Zhang, H., Wu, H., Kang, J. X. and Chen, Y. Q. Modulation 
of Prostate Cancer Genetic Risk by Omega-3 and Omega-6 Fatty Acids. J Clin Invest 117, 1866-
75. Jul, 2007. Caltech/UCLA CCNE 

8. Radu, C. G., Shu, C. J., Nair-Gill, E., Shelly, S. M., Barrio, J. R., Satyamurthy, N., Phelps, M. E. and 
Witte, O. N. Molecular Imaging of Lymphoid Organs and Immune Activation by Positron 
Emission Tomography with a New [18f]-Labeled 2'-Deoxycytidine Analog. Nat Med 14, 783-8. 
Jul, 2008. Caltech/UCLA CCNE 

9. Wang, Z. L. and Song, J. Piezoelectric Nanogenerators Based on Zinc Oxide Nanowire Arrays. 
Science 312, 242-6. Apr 14, 2006. Emory/GT CCNE  

10. Wang, X., Song, J., Liu, J. and Wang, Z. L. Direct-Current Nanogenerator Driven by Ultrasonic 
Waves. Science 316, 102-5. Apr 6, 2007. Emory/GT CCNE  

11. Merrill, A. H., Jr., Wang, M. D., Park, M. and Sullards, M. C. (Glyco)Sphingolipidology: An 
Amazing Challenge and Opportunity for Systems Biology. Trends Biochem Sci 32, 457-68. 
Oct, 2007. Emory/GT CCNE  

12. Qian, X., Peng, X. H., Ansari, D. O., Yin-Goen, Q., Chen, G. Z., Shin, D. M., Yang, L., Young, A. N., 
Wang, M. D. and Nie, S. In Vivo Tumor Targeting and Spectroscopic Detection with Surface-
Enhanced Raman Nanoparticle Tags. Nat Biotechnol 26, 83-90. Jan, 2008. Emory/GT CCNE 

13. Qin, Y., Wang, X. and Wang, Z. L. Microfibre-Nanowire Hybrid Structure for Energy Scavenging. 
Nature 451, 809-13. Feb 14, 2008. Emory/GT CCNE 
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14. Wang, X., Yang, L., Chen, Z. G. and Shin, D. M. Application of Nanotechnology in Cancer 
Therapy and Imaging. CA Cancer J Clin 58, 97-110. Mar-Apr, 2008. Emory/GT CCNE  

15. Rabin, O., Manuel Perez, J., Grimm, J., Wojtkiewicz, G. and Weissleder, R. An X-Ray Computed 
Tomography Imaging Agent Based on Long-Circulating Bismuth Sulphide Nanoparticles. Nat 
Mater 5, 118-22. Feb, 2006. MIT/Harvard CCNE  

16. Tannous, B. A., Grimm, J., Perry, K. F., Chen, J. W., Weissleder, R. and Breakefield, X. O. Metabolic 
Biotinylation of Cell Surface Receptors for in Vivo Imaging. Nat Methods 3, 391-6. May, 2006. 
MIT/Harvard CCNE  

17. Weissleder, R. Molecular Imaging in Cancer. Science 312, 1168-71. May 26, 2006. MIT/Harvard 
CCNE  

18. Swirski, F. K., Libby, P., Aikawa, E., Alcaide, P., Luscinskas, F. W., Weissleder, R. and Pittet, M. J. 
Ly-6chi Monocytes Dominate Hypercholesterolemia-Associated Monocytosis and Give Rise to 
Macrophages in Atheromata. J Clin Invest 117, 195-205. Jan, 2007. MIT/Harvard CCNE  

19. Ventura, A., Kirsch, D. G., McLaughlin, M. E., Tuveson, D. A., Grimm, J., Lintault, L., Newman, J., 
Reczek, E. E., Weissleder, R. and Jacks, T. Restoration of P53 Function Leads to Tumour 
Regression in Vivo. Nature 445, 661-5. Feb 8, 2007. MIT/Harvard CCNE  

20. Wu, H. J., Sawaya, H., Binstadt, B., Brickelmaier, M., Blasius, A., Gorelik, L., Mahmood, U., 
Weissleder, R., Carulli, J., Benoist, C. and Mathis, D. Inflammatory Arthritis Can Be Reined in by 
Cpg-Induced Dc-Nk Cell Cross Talk. J Exp Med 204, 1911-22. Aug 6, 2007. MIT/Harvard CCNE  

21. Kirsch, D. G., Dinulescu, D. M., Miller, J. B., Grimm, J., Santiago, P. M., Young, N. P., Nielsen, G. P., 
Quade, B. J., Chaber, C. J., Schultz, C. P., Takeuchi, O., Bronson, R. T., Crowley, D., Korsmeyer, S. 
J., Yoon, S. S., Hornicek, F. J., Weissleder, R. and Jacks, T. A Spatially and Temporally Restricted 
Mouse Model of Soft Tissue Sarcoma. Nat Med 13, 992-7. Aug, 2007. MIT/Harvard CCNE  

22. Ebert, M. S., Neilson, J. R. and Sharp, P. A. Microrna Sponges: Competitive Inhibitors of Small 
Rnas in Mammalian Cells. Nat Methods 4, 721-6. Sep, 2007. MIT/Harvard CCNE  

23. Leung, A. K. and Sharp, P. A. Micrornas: A Safeguard against Turmoil? Cell 130, 581-5. Aug 24, 
2007. MIT/Harvard CCNE  

24. Choi, H. S., Liu, W., Misra, P., Tanaka, E., Zimmer, J. P., Itty Ipe, B., Bawendi, M. G. and Frangioni, J. 
V. Renal Clearance of Quantum Dots. Nat Biotechnol 25, 1165-70. Oct, 2007. MIT/Harvard 
CCNE  

25. Nahrendorf, M., Swirski, F. K., Aikawa, E., Stangenberg, L., Wurdinger, T., Figueiredo, J. L., Libby, 
P., Weissleder, R. and Pittet, M. J. The Healing Myocardium Sequentially Mobilizes Two 
Monocyte Subsets with Divergent and Complementary Functions. J Exp Med 204, 3037-47. 
Nov 26, 2007. MIT/Harvard CCNE  

26. Weissleder, R. and Pittet, M. J. Imaging in the Era of Molecular Oncology. Nature 452, 580-9. 
Apr 3, 2008. MIT/Harvard CCNE  

27. Howarth, M., Liu, W., Puthenveetil, S., Zheng, Y., Marshall, L. F., Schmidt, M. M., Wittrup, K. D., 
Bawendi, M. G. and Ting, A. Y. Monovalent, Reduced-Size Quantum Dots for Imaging Receptors 
on Living Cells. Nat Methods 5, 397-9. May, 2008. MIT/Harvard CCNE  

28. Kandere-Grzybowska, K., Campbell, C., Komarova, Y., Grzybowski, B. A. and Borisy, G. G. 
Molecular Dynamics Imaging in Micropatterned Living Cells. Nat Methods 2, 739-41. Oct, 
2005. Northwestern CCNE  

29. Rosi, N. L., Giljohann, D. A., Thaxton, C. S., Lytton-Jean, A. K., Han, M. S. and Mirkin, C. A. 
Oligonucleotide-Modified Gold Nanoparticles for Intracellular Gene Regulation. Science 312, 
1027-30. May 19, 2006. Northwestern CCNE  

30. Anker, J. N., Hall, W. P., Lyandres, O., Shah, N. C., Zhao, J. and Van Duyne, R. P. Biosensing with 
Plasmonic Nanosensors. Nat Mater 7, 442-53. Jun, 2008. Northwestern CCNE  
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31. Irish, J. M., Kotecha, N. and Nolan, G. P. Mapping Normal and Cancer Cell Signalling Networks: 
Towards Single-Cell Proteomics. Nat Rev Cancer 6, 146-55. Feb, 2006. Stanford CCNE  

32. So, M. K., Xu, C., Loening, A. M., Gambhir, S. S. and Rao, J. Self-Illuminating Quantum Dot 
Conjugates for in Vivo Imaging. Nat Biotechnol 24, 339-43. Mar, 2006. Stanford CCNE  

33. Krutzik, P. O. and Nolan, G. P. Fluorescent Cell Barcoding in Flow Cytometry Allows High-
Throughput Drug Screening and Signaling Profiling. Nat Methods 3, 361-8. May, 2006. 
Stanford CCNE  

34. Seo, W. S., Lee, J. H., Sun, X., Suzuki, Y., Mann, D., Liu, Z., Terashima, M., Yang, P. C., McConnell, 
M. V., Nishimura, D. G. and Dai, H. Feco/Graphitic-Shell Nanocrystals as Advanced Magnetic-
Resonance-Imaging and near-Infrared Agents. Nat Mater 5, 971-6. Dec, 2006. Stanford CCNE  

35. Liu, Z., Cai, W. B., He, L. N., Nakayama, N., Chen, K., Sun, X. M., Chen, X. Y. and Dai, H. J. In Vivo 
Biodistribution and Highly Efficient Tumour Targeting of Carbon Nanotubes in Mice. Nat 
Nanotechnol 2, 47-52. Jan, 2007. Stanford CCNE  

36. Mallick, P., Schirle, M., Chen, S. S., Flory, M. R., Lee, H., Martin, D., Ranish, J., Raught, B., Schmitt, 
R., Werner, T., Kuster, B. and Aebersold, R. Computational Prediction of Proteotypic Peptides 
for Quantitative Proteomics. Nat Biotechnol 25, 125-31. Jan, 2007. Stanford CCNE  

37. Hanash, S. M., Pitteri, S. J. and Faca, V. M. Mining the Plasma Proteome for Cancer Biomarkers. 
Nature 452, 571-9. Apr 3, 2008. Stanford CCNE  

38. Schipper, M. L., Nakayama-Ratchford, N., Davis, C. R., Kam, N. W., Chu, P., Liu, Z., Sun, X., Dai, H. 
and Gambhir, S. S. A Pilot Toxicology Study of Single-Walled Carbon Nanotubes in a Small 
Sample of Mice. Nat Nanotechnol 3, 216-21. Apr, 2008. Stanford CCNE   

39. Kashatus, D., Cogswell, P. and Baldwin, A. S. Expression of the Bcl-3 Proto-Oncogene 
Suppresses P53 Activation. Genes Dev 20, 225-35. Jan 15, 2006. UNC CCNE  

40. Pertz, O., Hodgson, L., Klemke, R. L. and Hahn, K. M. Spatiotemporal Dynamics of Rhoa Activity 
in Migrating Cells. Nature 440, 1069-72. Apr 20, 2006.  UNC CCNE  

41. Ji, H., Li, D., Chen, L., Shimamura, T., Kobayashi, S., McNamara, K., Mahmood, U., Mitchell, A., 
Sun, Y., Al-Hashem, R., Chirieac, L. R., Padera, R., Bronson, R. T., Kim, W., Janne, P. A., Shapiro, G. 
I., Tenen, D., Johnson, B. E., Weissleder, R., Sharpless, N. E. and Wong, K. K. The Impact of 
Human Egfr Kinase Domain Mutations on Lung Tumorigenesis and in Vivo Sensitivity to Egfr-
Targeted Therapies. Cancer Cell 9, 485-95. Jun, 2006. UNC CCNE  

42. Janzen, V., Forkert, R., Fleming, H. E., Saito, Y., Waring, M. T., Dombkowski, D. M., Cheng, T., 
DePinho, R. A., Sharpless, N. E. and Scadden, D. T. Stem-Cell Ageing Modified by the Cyclin-
Dependent Kinase Inhibitor P16ink4a. Nature 443, 421-6. Sep 28, 2006. UNC CCNE  

43. Krishnamurthy, J., Ramsey, M. R., Ligon, K. L., Torrice, C., Koh, A., Bonner-Weir, S. and Sharpless, 
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Publications List  

 

Cancer Centers Nanotechnology Excellence (CCNE) 
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through Ring-Opening Polymerization. J Am Chem Soc accepted, 2008. Washington 
University CCNE  

524. Waters, E. A., Chen, J., Zhang, H., Lanza, G. M. and Wickline, S. A. Detection and Quantification 
of Angiogenesis in Experimental Valve Disease with Integrin-Targeted Nanoparticles and 19-
Fluorine Mri/Mrs. J Cardiovasc Magn Reson accepted, 2008. Washington University CCNE  

 

Cancer Nanotechnology Platform Partnership (CNPP) 

 

Publication with Impact Factor above 15 (papers 525 - 530) 

525. Yelin, D., Rizvi, I., White, W. M., Motz, J. T., Hasan, T., Bouma, B. E. and Tearney, G. J. Three-
Dimensional Miniature Endoscopy. Nature 443, 765. Oct 19, 2006. Mass. Gen. Hosp. CNPP  

526. Burg, T. P., Godin, M., Knudsen, S. M., Shen, W., Carlson, G., Foster, J. S., Babcock, K. and Manalis, 
S. R. Weighing of Biomolecules, Single Cells and Single Nanoparticles in Fluid. Nature 446, 
1066-9. Apr 26, 2007. MIT CNPP 

527. Squires, T. M., Messinger, R. J. and Manalis, S. R. Making It Stick: Convection, Reaction and 
Diffusion in Surface-Based Biosensors. Nat Biotechnol 26, 417-26. Apr, 2008. MIT CNPP  

528. Oh, P., Borgstrom, P., Witkiewicz, H., Li, Y., Borgstrom, B. J., Chrastina, A., Iwata, K., Zinn, K. R., 
Baldwin, R., Testa, J. E. and Schnitzer, J. E. Live Dynamic Imaging of Caveolae Pumping 
Targeted Antibody Rapidly and Specifically across Endothelium in the Lung. Nat Biotechnol 
25, 327-37. Mar, 2007. S.K.C.C CNPP 

529. Red-Horse, K. and Ferrara, N. Vascular Targeting Via Caveolae. Nat Biotechnol 25, 431-2. Apr, 
2007. S.K.C.C CNPP  

530. Leroueil, P. R., Hong, S., Mecke, A., Baker, J. R., Jr., Orr, B. G. and Banaszak Holl, M. M. 
Nanoparticle Interaction with Biological Membranes: Does Nanotechnology Present a Janus 
Face? Acc Chem Res 40, 335-42. May, 2007. U Michigan CNPP  
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531. Chang, S. K., Rizvi, I., Solban, N. and Hasan, T. In Vivo Optical Molecular Imaging of Vascular 
Endothelial Growth Factor for Monitoring Cancer Treatment. Clin Cancer Res 14, 4146-53. Jul 
1, 2008. Mass. Gen. Hosp. CNPP 

532. Lee, S., Zhu, L., Minhaj, A. M., Hinds, M. F., Vu, D. H., Rosen, D. I., Davis, S. J. and Hasan, T. Pulsed 
Diode Laser-Based Monitor for Singlet Molecular Oxygen. J Biomed Opt 13, 034010. May-Jun, 
2008. Mass. Gen. Hosp. CNPP  

533. Pogue, B. W., Sheng, C., Benevides, J., Forcione, D., Puricelli, B., Nishioka, N. and Hasan, T. 
Protoporphyrin Ix Fluorescence Photobleaching Increases with the Use of Fractionated 
Irradiation in the Esophagus. J Biomed Opt 13, 034009. May-Jun, 2008. Mass. Gen. Hosp. 
CNPP  

534. Verma, S., Sallum, U. W., Athar, H., Rosenblum, L., Foley, J. W. and Hasan, T. Antimicrobial 
Photodynamic Efficacy of Side-Chain Functionalized Benzo[a]Phenothiazinium Dyes. 
Photochem Photobiol Jul 23, 2008. Mass. Gen. Hosp. CNPP  

535. Ji, X. J., Shao, R. P., Elliott, A. M., Stafford, R. J., Esparza-Coss, E., Bankson, J. A., Liang, G., Luo, Z. 
P., Park, K., Markert, J. T. and Li, C. Bifunctional Gold Nanoshells with a Superparamagnetic Iron 
Oxide-Silica Core Suitable for Both Mr Imaging and Photothermal Therapy. Journal of 
Physical Chemistry C 111, 6245-51. May 3, 2007. M.D. Anderson CNPP  

536. Melancon, M. P., Wang, W., Wang, Y. T., Shao, R. P., Ji, X. J., Gelovani, J. G. and Li, C. A Novel 
Method for Imaging in Vivo Degradation of Poly(L-Glutamic Acid), a Biodegradable Drug 
Carrier. Pharmaceutical Research 24, 1217-24. Jun, 2007. M.D. Anderson CNPP  

537. Melancon, M. P., Wang, Y., Wen, X., Bankson, J. A., Stephens, L. C., Jasser, S., Gelovani, J. G., 
Myers, J. N. and Li, C. Development of a Macromolecular Dual-Modality Mr-Optical Imaging for 
Sentinel Lymph Node Mapping. Invest Radiol 42, 569-78. Aug, 2007. M.D. Anderson CNPP  

538. Yang, Z., Zheng, S., Harrison, W. J., Harder, J., Wen, X., Gelovani, J. G., Qiao, A. and Li, C. Long-
Circulating near-Infrared Fluorescence Core-Cross-Linked Polymeric Micelles: Synthesis, 
Characterization, and Dual Nuclear/Optical Imaging. Biomacromolecules 8, 3422-8. Nov, 
2007. M.D. Anderson CNPP  

539. Melancon, M. P., Lu, W., Yang, Z., Zhang, R., Cheng, Z., Elliot, A. M., Stafford, J., Olson, T., Zhang, 
J. Z. and Li, C. In Vitro and in Vivo Targeting of Hollow Gold Nanoshells Directed at Epidermal 
Growth Factor Receptor for Photothermal Ablation Therapy. Mol Cancer Ther 7, 1730-9. Jun, 
2008. M.D. Anderson CNPP  

540. Banyard, J., Bao, L., Hofer, M. D., Zurakowski, D., Spivey, K. A., Feldman, A. S., Hutchinson, L. M., 
Kuefer, R., Rubin, M. A. and Zetter, B. R. Collagen Xxiii Expression Is Associated with Prostate 
Cancer Recurrence and Distant Metastases. Clin Cancer Res 13, 2634-42. May 1, 2007. MIT 
CNPP  

541. Lee, J. H., Chung, S., Kim, S. J. and Han, J. Poly(Dimethylsiloxane)-Based Protein 
Preconcentration Using a Nanogap Generated by Junction Gap Breakdown. Anal Chem 79, 
6868-73. Sep 1, 2007. MIT CNPP  

542. Kim, S. J. and Han, J. Self-Sealed Vertical Polymeric Nanoporous-Junctions for High-
Throughput Nanofluidic Applications. Anal Chem 80, 3507-11. May 1, 2008. MIT CNPP  

543. Son, S., Grover, W. H., Burg, T. P. and Manalis, S. R. Suspended Microchannel Resonators for 
Ultralow Volume Universal Detection. Anal Chem 80, 4757-60. Jun 15, 2008. MIT CNPP  

544. Grover, W. H., von Muhlen, M. G. and Manalis, S. R. Teflon Films for Chemically-Inert 
Microfluidic Valves and Pumps. Lab Chip 8, 913-8. Jun, 2008. MIT CNPP  

545. van Vlerken, L. E. and Amiji, M. M. Multi-Functional Polymeric Nanoparticles for Tumour-
Targeted Drug Delivery. Expert Opin Drug Deliv 3, 205-16. Mar, 2006. Northeastern CNPP  
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546. Tiwari, S. B. and Amiji, M. M. Improved Oral Delivery of Paclitaxel Following Administration in 
Nanoemulsion Formulations. J Nanosci Nanotechnol 6, 3215-21. Sep-Oct, 2006. Northeastern 
CNPP  

547. Kommareddy, S. and Amiji, M. Biodistribution and Pharmacokinetic Analysis of Long-
Circulating Thiolated Gelatin Nanoparticles Following Systemic Administration in Breast 
Cancer-Bearing Mice. J Pharm Sci 96, 397-407. Feb, 2007. Northeastern CNPP  

548. Devalapally, H., Shenoy, D., Little, S., Langer, R. and Amiji, M. Poly(Ethylene Oxide)-Modified 
Poly(Beta-Amino Ester) Nanoparticles as a Ph-Sensitive System for Tumor-Targeted Delivery of 
Hydrophobic Drugs: Part 3. Therapeutic Efficacy and Safety Studies in Ovarian Cancer 
Xenograft Model. Cancer Chemother Pharmacol 59, 477-84. Mar, 2007. Northeastern CNPP  

549. Kommareddy, S. and Amiji, M. Poly(Ethylene Glycol)-Modified Thiolated Gelatin Nanoparticles 
for Glutathione-Responsive Intracellular DNA Delivery. Nanomedicine 3, 32-42. Mar, 2007. 
Northeastern CNPP  

550. Kommareddy, S. and Amiji, M. Antiangiogenic Gene Therapy with Systemically Administered 
Sflt-1 Plasmid DNA in Engineered Gelatin-Based Nanovectors. Cancer Gene Ther 14, 488-98. 
May, 2007. Northeastern CNPP  

551. van Vlerken, L. E., Duan, Z., Seiden, M. V. and Amiji, M. M. Modulation of Intracellular Ceramide 
Using Polymeric Nanoparticles to Overcome Multidrug Resistance in Cancer. Cancer Res 67, 
4843-50. May 15, 2007. Northeastern CNPP  

552. van Vlerken, L. E., Vyas, T. K. and Amiji, M. M. Poly(Ethylene Glycol)-Modified Nanocarriers for 
Tumor-Targeted and Intracellular Delivery. Pharm Res 24, 1405-14. Aug, 2007. Northeastern 
CNPP  

553. Desai, A., Vyas, T. and Amiji, M. Cytotoxicity and Apoptosis Enhancement in Brain Tumor Cells 
Upon Coadministration of Paclitaxel and Ceramide in Nanoemulsion Formulations. J Pharm 
Sci 97, 2745-56. Jul, 2007. Northeastern CNPP  

554. Devalapally, H., Chakilam, A. and Amiji, M. M. Role of Nanotechnology in Pharmaceutical 
Product Development. J Pharm Sci 96, 2547-65. Oct, 2007. Northeastern CNPP  

555. Devalapally, H., Duan, Z., Seiden, M. V. and Amiji, M. M. Paclitaxel and Ceramide Co-
Administration in Biodegradable Polymeric Nanoparticulate Delivery System to Overcome 
Drug Resistance in Ovarian Cancer. Int J Cancer 121, 1830-8. Oct 15, 2007. Northeastern CNPP  

556. Deshpande, D., Devalapally, H. and Amiji, M. Enhancement in Anti-Proliferative Effects of 
Paclitaxel in Aortic Smooth Muscle Cells Upon Co-Administration with Ceramide Using 
Biodegradable Polymeric Nanoparticles. Pharm Res 25, 1936-47. Aug, 2008. Northeastern 
CNPP  

557. Devalapally, H., Duan, Z., Seiden, M. V. and Amiji, M. M. Modulation of Drug Resistance in 
Ovarian Adenocarcinoma by Enhancing Intracellular Ceramide Using Tamoxifen-Loaded 
Biodegradable Polymeric Nanoparticles. Clin Cancer Res 14, 3193-203. May 15, 2008. 
Northeastern CNPP  

558. Cottrell, W. J., Paquette, A. D., Keymel, K. R., Foster, T. H. and Oseroff, A. R. Irradiance-Genetic 
Risk Factors of Suicidal Behaviour Acid-Photodynamic Therapy of Superficial Basal Cell 
Carcinomas. Clin Cancer Res 14, 4475-83. Jul 15, 2008. Roswell Park Cancer Institute  CNPP 

559. Kim, S., Pudavar, H. E. and Prasad, P. N. Dye-Concentrated Organically Modified Silica 
Nanoparticles as a Ratiometric Fluorescent Ph Probe by One- and Two-Photon Excitation. 
Chem Commun (Camb) 2071-3. May 21, 2006. U Buffalo CNPP  

560. Cinteza, L. O., Ohulchanskyy, T. Y., Sahoo, Y., Bergey, E. J., Pandey, R. K. and Prasad, P. N. 
Diacyllipid Micelle-Based Nanocarrier for Magnetically Guided Delivery of Drugs in 
Photodynamic Therapy. Mol Pharm 3, 415-23. Jul-Aug, 2006. U Buffalo CNPP  
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561. Baba, K., Pudavar, H. E., Roy, I., Ohulchanskyy, T. Y., Chen, Y., Pandey, R. K. and Prasad, P. N. New 
Method for Delivering a Hydrophobic Drug for Photodynamic Therapy Using Pure Nanocrystal 
Form of the Drug. Mol Pharm 4, 289-97. Mar-Apr, 2007. U Buffalo CNPP  

562. Kim, S., Ohulchanskyy, T. Y., Pudavar, H. E., Pandey, R. K. and Prasad, P. N. Organically Modified 
Silica Nanoparticles Co-Encapsulating Photosensitizing Drug and Aggregation-Enhanced Two-
Photon Absorbing Fluorescent Dye Aggregates for Two-Photon Photodynamic Therapy. J Am 
Chem Soc 129, 2669-75. Mar 7, 2007. U Buffalo CNPP  

563. Yong, K. T., Qian, J., Roy, I., Lee, H. H., Bergey, E. J., Tramposch, K. M., He, S., Swihart, M. T., 
Maitra, A. and Prasad, P. N. Quantum Rod Bioconjugates as Targeted Probes for Confocal and 
Two-Photon Fluorescence Imaging of Cancer Cells. Nano Lett 7, 761-5. Mar, 2007. U Buffalo 
CNPP  

564. Qian, J., Yong, K. T., Roy, I., Ohulchanskyy, T. Y., Bergey, E. J., Lee, H. H., Tramposch, K. M., He, S., 
Maitra, A. and Prasad, P. N. Imaging Pancreatic Cancer Using Surface-Functionalized Quantum 
Dots. J Phys Chem B 111, 6969-72. Jun 28, 2007. U Buffalo CNPP  

565. Klejbor, I., Stachowiak, E. K., Bharali, D. J., Roy, I., Spodnik, I., Morys, J., Bergey, E. J., Prasad, P. N. 
and Stachowiak, M. K. Ormosil Nanoparticles as a Non-Viral Gene Delivery Vector for Modeling 
Polyglutamine Induced Brain Pathology. J Neurosci Methods 165, 230-43. Sep 30, 2007. U 
Buffalo CNPP  

566. Ohulchanskyy, T. Y., Roy, I., Goswami, L. N., Chen, Y., Bergey, E. J., Pandey, R. K., Oseroff, A. R. 
and Prasad, P. N. Organically Modified Silica Nanoparticles with Covalently Incorporated 
Photosensitizer for Photodynamic Therapy of Cancer. Nano Lett 7, 2835-42. Sep, 2007. U 
Buffalo CNPP  

567. Zheng, Q., Bonoiu, A., Ohulchanskyy, T. Y., He, G. S. and Prasad, P. N. Water-Soluble Two-
Photon Absorbing Nitrosyl Complex for Light-Activated Therapy through Nitric Oxide Release. 
Mol Pharm 5, 389-98. May-Jun, 2008. U Buffalo CNPP  

568. Kumar, R., Roy, I., Ohulchanskyy, T. Y., Goswami, L. N., Bonoiu, A. C., Bergey, E. J., Tramposch, K. 
M., Maitra, A. and Prasad, P. N. Covalently Dye-Linked, Surface-Controlled, and Bioconjugated 
Organically Modified Silica Nanoparticles as Targeted Probes for Optical Imaging. ACS Nano 2, 
449-56. 2008. U Buffalo CNPP  

569. Xu, G., Yong, K. T., Roy, I., Mahajan, S. D., Ding, H., Schwartz, S. A. and Prasad, P. N. 
Bioconjugated Quantum Rods as Targeted Probes for Efficient Transmigration across an in 
Vitro Blood-Brain Barrier. Bioconjug Chem 19, 1179-85. Jun, 2008. U Buffalo CNPP  

570. Zhang, A. P., Burzynski, R., Yoon, Y. K., Prasad, P. N. and He, S. Double-Layer Fabrication Scheme 
for Large-Area Polymeric Photonic Crystal Membrane on Silicon Surface by Multibeam 
Interference Lithography. Opt Lett 33, 1303-5. Jun 15, 2008. U Buffalo CNPP  

571. Shi, X., Thomas, T. P., Myc, L. A., Kotlyar, A. and Baker, J. R., Jr. Synthesis, Characterization, and 
Intracellular Uptake of Carboxyl-Terminated Poly(Amidoamine) Dendrimer-Stabilized Iron 
Oxide Nanoparticles. Phys Chem Chem Phys 9, 5712-20. Nov 14, 2007. U Michigan CNPP  

572. Myc, A., Douce, T. B., Ahuja, N., Kotlyar, A., Kukowska-Latallo, J., Thomas, T. P. and Baker, J. R., Jr. 
Preclinical Antitumor Efficacy Evaluation of Dendrimer-Based Methotrexate Conjugates. 
Anticancer Drugs 19, 143-9. Feb, 2008. U Michigan CNPP  

573. Shi, X., Wang, S. H., Swanson, S. D., Ge, S., Cao, Z., Van Antwerp, M. E., Landmark, K. J. and Baker, 
J., J. R. Dendrimer-Functionalized Shell-Crosslinked Iron Oxide Nanoparticles for in-Vivo 
Magnetic Resonance Imaging of Tumors. Advanced Materials 20, 1671-78. 2008. U Michigan 
CNPP  

574. Swanson, S. D., Kukowska-Latallo, J. F., Patri, A. K., Chen, C., Ge, S., Cao, Z., Kotlyar, A., East, A. T. 
and Baker, J. R. Targeted Gadolinium-Loaded Dendrimer Nanoparticles for Tumor-Specific 
Magnetic Resonance Contrast Enhancement. Int J Nanomedicine 3, 201-10. 2008. U Michigan 
CNPP  
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575. Majoros, I. J., Myc, A., Thomas, T., Mehta, C. B. and Baker, J. R., Jr. Pamam Dendrimer-Based 
Multifunctional Conjugate for Cancer Therapy: Synthesis, Characterization, and Functionality. 
Biomacromolecules 7, 572-9. Feb, 2006. U Michigan CNPP  

576. Shi, X., Bi, X., Ganser, T. R., Hong, S., Myc, L. A., Desai, A., Holl, M. M. and Baker, J. R., Jr. Hplc 
Analysis of Functionalized Poly(Amidoamine) Dendrimers and the Interaction between a 
Folate-Dendrimer Conjugate and Folate Binding Protein. Analyst 131, 842-8. Jul, 2006. U 
Michigan CNPP  

577. Shukla, R., Thomas, T. P., Peters, J. L., Desai, A. M., Kukowska-Latallo, J., Patri, A. K., Kotlyar, A. 
and Baker, J. R., Jr. Her2 Specific Tumor Targeting with Dendrimer Conjugated Anti-Her2 Mab. 
Bioconjug Chem 17, 1109-15. Sep-Oct, 2006. U Michigan CNPP  

578. Hong, S., Leroueil, P. R., Majoros, I. J., Orr, B. G., Baker, J. R., Jr. and Banaszak Holl, M. M. The 
Binding Avidity of a Nanoparticle-Based Multivalent Targeted Drug Delivery Platform. Chem 
Biol 14, 107-15. Jan, 2007. U Michigan CNPP  

579. Myc, A., Majoros, I. J., Thomas, T. P. and Baker, J. R., Jr. Dendrimer-Based Targeted Delivery of an 
Apoptotic Sensor in Cancer Cells. Biomacromolecules 8, 13-8. Jan, 2007. U Michigan CNPP  

580. Shi, X., Wang, S., Meshinchi, S., Van Antwerp, M. E., Bi, X., Lee, I. and Baker, J. R., Jr. Dendrimer-
Entrapped Gold Nanoparticles as a Platform for Cancer-Cell Targeting and Imaging. Small 3, 
1245-52. Jul, 2007. U Michigan CNPP  

581. Majoros, I. J., Thomas, T. P., Candido, K. A., Islam, M. T., Woehler, S., Mehta, C. B., Kotlyar, A., Cao, 
Z., Kukowska-Latallo, J. F. and Baker, J. R. J. Dendrimer-Based Nanomedicine: Engineered 
Nanodevice Synthesis, Characterization, and Biological Testing. Biokémia 31, 9-16. 2007. U 
Michigan CNPP 

582. Wang, S. H., Shi, X., Van Antwerp, M., Cao, Z., Swanson, S. D., Bi, X. and Baker, J., J. R. Dendrimer-
Functionalized Iron Oxide Nanoparticles for Specific Targeting and Imaging of Cancer Cells. 
Advanced Functional Materials 17, 3043-50. November 2007, 2007. U Michigan CNPP 

583. Kannan, R., Rahing, V., Cutler, C., Pandrapragada, R., Katti, K. K., Kattumuri, V., Robertson, J. D., 
Casteel, S. J., Jurisson, S., Smith, C., Boote, E. and Katti, K. V. Nanocompatible Chemistry toward 
Fabrication of Target-Specific Gold Nanoparticles. J Am Chem Soc 128, 11342-3. Sep 6, 2006. 
U Missouri CNPP  

584. Kattumuri, V., Katti, K., Bhaskaran, S., Boote, E. J., Casteel, S. W., Fent, G. M., Robertson, D. J., 
Chandrasekhar, M., Kannan, R. and Katti, K. V. Gum Arabic as a Phytochemical Construct for the 
Stabilization of Gold Nanoparticles: In Vivo Pharmacokinetics and X-Ray-Contrast-Imaging 
Studies. Small 3, 333-41. Feb, 2007. U Missouri CNPP  

585. Wang, Y. C. and Han, J. Pre-Binding Dynamic Range and Sensitivity Enhancement for Immuno-
Sensors Using Nanofluidic Preconcentrator. Lab Chip 8, 392-4. Mar, 2008. U Missouri CNPP  

586. Shukla, R., Nune, S. K., Chanda, N., Katti, K., Mekapothula, S., Kulkarni, R. R., Welshons, W. V., 
Kannan, R. and Katti, K. V. Soybeans as a Phytochemical Reservoir for the Production and 
Stabilization of Biocompatible Gold Nanoparticles. Small Jul 18, 2008. U Missouri CNPP  

587. Bhattarai, N., Ramay, H. R., Chou, S. H. and Zhang, M. Chitosan and Lactic Acid-Grafted Chitosan 
Nanoparticles as Carriers for Prolonged Drug Delivery. Int J Nanomedicine 1, 181-7. June, 
2006. U Washington CNPP  

588. Kohler, N., Sun, C., Fichtenholtz, A., Gunn, J., Fang, C. and Zhang, M. Methotrexate-Immobilized 
Poly(Ethylene Glycol) Magnetic Nanoparticles for Mr Imaging and Drug Delivery. Small 2, 785-
92. Jun, 2006. U Washington CNPP  

589. Sun, C., Sze, R. and Zhang, M. Folic Acid-Peg Conjugated Superparamagnetic Nanoparticles for 
Targeted Cellular Uptake and Detection by MRI. J Biomed Mater Res A 78, 550-7. Sep 1, 2006. 
U Washington CNPP  
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590. Veiseh, M., Gabikian, P., Bahrami, S. B., Veiseh, O., Zhang, M., Hackman, R. C., Ravanpay, A. C., 
Stroud, M. R., Kusuma, Y., Hansen, S. J., Kwok, D., Munoz, N. M., Sze, R. W., Grady, W. M., 
Greenberg, N. M., Ellenbogen, R. G. and Olson, J. M. Tumor Paint: A Chlorotoxin:Cy5.5 
Bioconjugate for Intraoperative Visualization of Cancer Foci. Cancer Res 67, 6882-8. Jul 15, 
2007. U Washington CNPP  

591. Yang, J., Gunn, J., Dave, S. R., Zhang, M., Wang, Y. A. and Gao, X. Ultrasensitive Detection and 
Molecular Imaging with Magnetic Nanoparticles. Analyst 133, 154-60. Feb, 2008. U 
Washington CNPP  

592. Sun, C., Veiseh, O., Gunn, J., Fang, C., Hansen, S., Lee, D., Sze, R., Ellenbogen, R. G., Olson, J. and 
Zhang, M. In Vivo Mri Detection of Gliomas by Chlorotoxin-Conjugated Superparamagnetic 
Nanoprobes. Small 4, 372-9. Mar, 2008. U Washington CNPP  

593. Sun, C., Lee, J. S. and Zhang, M. Magnetic Nanoparticles in Mr Imaging and Drug Delivery. Adv 
Drug Deliv Rev 60, 1252-65. Aug 17, 2008. U Washington CNPP  

594. Park, J. H., von Maltzahn, G., Zhang, L., Schwartz, M. P., Ruoslahti, E., Bhatia, S. N. and Sailor, M. J. 
Magnetic Iron Oxide Nanoworms for Tumor Targeting and Imaging (Adv. Mater. 9/2008). 
Advanced Materials 20, 1589. May 5, 2008, 2008. UCSF CNPP  

595. Fatouros, P. P., Corwin, F. D., Chen, Z. J., Broaddus, W. C., Tatum, J. L., Kettenmann, B., Ge, Z., 
Gibson, H. W., Russ, J. L., Leonard, A. P., Duchamp, J. C. and Dorn, H. C. In Vitro and in Vivo 
Imaging Studies of a New Endohedral Metallofullerene Nanoparticle. Radiology 240, 756-64. 
Sep, 2006. Virginia Commonwealth CNPP  

596. Qian, M. C., Ong, S. V., Khanna, S. N. and Knickelbein, M. B. Magnetic Endohedral 
Metallofullerenes with Floppy Interiors. Physical Review B 75, -. Mar, 2007. Virginia 
Commonwealth CNPP  

597. Qian, M. C. and Khanna, S. N. An Ab Initio Investigation on the Endohedral Metallofullerene 
Gd3n-C-80. Journal of Applied Physics 101, -. May 1, 2007. Virginia Commonwealth CNPP  

598. Qian, M. C., Ong, S. V., Khanna, S. N. and Knickelbein, M. B. Magnetic Endohedral 
Metallofullerenes with Floppy Interiors (Vol 75, Art No 104424, 2007). Physical Review B 75, -. 
Jun, 2007. Virginia Commonwealth CNPP  

599. Cai, T., Xu, L., Gibson, H. W., Dorn, H. C., Chancellor, C. J., Olmstead, M. M. and Balch, A. L. 
Sc(3)N@C(78): Encapsulated Cluster Regiocontrol of Adduct Docking on an Ellipsoidal 
Metallofullerene Sphere. J Am Chem Soc 129, 10795-800. Sep 5, 2007. Virginia 
Commonwealth CNPP  

600. Shu, C., Cai, T., Xu, L., Zuo, T., Reid, J., Harich, K., Dorn, H. C. and Gibson, H. W. Manganese(Iii)-
Catalyzed Free Radical Reactions on Trimetallic Nitride Endohedral Metallofullerenes. J Am 
Chem Soc 129, 15710-7. Dec 19, 2007. Virginia Commonwealth CNPP  

601. Cai, T., Xu, L., Shu, C., Champion, H. A., Reid, J. E., Anklin, C., Anderson, M. R., Gibson, H. W. and 
Dorn, H. C. Selective Formation of a Symmetric Sc3n@C78 Bisadduct: Adduct Docking 
Controlled by an  Trimetallic Nitride Cluster. J Am Chem Soc 130, 2136-7. Feb 20, 2008. 
Virginia Commonwealth CNPP  

602. Shu, C. Y., Ma, X. Y., Zhang, J. F., Corwin, F. D., Sim, J. H., Zhang, E. Y., Dorn, H. C., Gibson, H. W., 
Fatouros, P. P., Wang, C. R. and Fang, X. H. Conjugation of a Water-Soluble Gadolinium 
Endohedral Fulleride with an Antibody as a Magnetic Resonance Imaging Contrast Agent. 
Bioconjug Chem 19, 651-5. Mar, 2008. Virginia Commonwealth CNPP  

603. Shu, C.-Y., Wang, C.-R., Zhang, J.-F., Gibson, H. W., Dorn, H. C., Corwin, F. D., Fatouros, P. P. and 
Dennis, T. J. S. Organophosphonate Functionalized Gd@C82 as a Magnetic Resonance Imaging 
Contrast Agent. Chem. Mater. 20, 2106-09. 2008. Virginia Commonwealth CNPP  

604. Zuo, T., Walker, K., Olmstead, M. M., Melin, F., Holloway, B. C., Echegoyen, L., Dorn, H. C., Chaur, 
M. N., Chancellor, C. J., Beavers, C. M., Balch, A. L. and Athans, A. J. New Egg-Shaped Fullerenes: 
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Non-Isolated Pentagon Structures of Tm3n@C(S)(51 365)-C84 and Gd3n@C(S)(51 365)-C84. 
Chem Commun (Camb) 1067-9. Mar 7, 2008. Virginia Commonwealth CNPP  

605. Zuo, T., Olmstead, M. M., Beavers, C. M., Balch, A. L., Wang, G., Yee, G. T., Shu, C., Xu, L., Elliott, B., 
Echegoyen, L., Duchamp, J. C. and Dorn, H. C. Preparation and Structural Characterization of 
the Ih and the D5h Isomers of the Endohedral Fullerenes Tm3n@C80: Icosahedral C80 Cage 
Encapsulation of a Trimetallic Nitride Magnetic Cluster with Three Uncoupled Tm3+ Ions. 
Inorg Chem 47, 5234-44. Jun 16, 2008. Virginia Commonwealth CNPP  

606. Angeli, C. D., Cai, T., Duchamp, J. C., Reid, J. E., Singer, E. S., Gibson, H. W. and Dorn, H. C. 
Purification of Trimetallic Nitride Templated Endohedral Metallofullerenes by a Chemical 
Reaction of Congeners with Eutectic 9-Methylanthracene. Chem. Mater. 20, 4993-97. 2008. 
Virginia Commonwealth CNPP  
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1. Heath JR, van Dam M & Elizarov A. Mechanism and Appartus for the Mechanical Actuation of 
Microvalves in Elastomeric Microfluidic Devices. Caltech/UCLA CCNE 

2. Heath JR, Elizarov A, van Dam M & Kolb H. Rigid Microfluidic Device with an Elastomeric Gas-
Permeable Gasket. Caltech/UCLA CCNE 

3. Heath JRR, Bailey R & Kwong G. A Unified Platform for Multiplexed Cell Sorting and Detection 
of Genes and Proteins. Caltech/UCLA CCNE 

4. Heath JR, van Dam M & Elizarov A. Method and Apparatus for the Mechanical Actuation of 
Valves in Fluidic Devices. Caltech/UCLA CCNE 

5. Heath JR, Bunimovich Y & Amori M. A Nanodevice for the Label-free, Absolute Quantitation of 
Biomolecule Concentrations and Kinetic Binding Parameters. Caltech/UCLA CCNE 

6. van Dam M, Heath JR & Elizarov A. Methods and Devices for Interfacing with a Microflidic Chip. 
Caltech/UCLA CCNE 

7. Heath JRR, Elizarov A, van Dam M & Kolb H. A Microfluidic Method and Structure with an 
Elastomeric Gas-Permeable Gasket. Caltech/UCLA CCNE 

8. Heath JRR, Bailey R, Kwong G & Fan R. Methods and Systems for Detecting and/or Sorting 
Targets. Caltech/UCLA CCNE 

9. Agnew H, Rohde R, Kolb H & Heath JR. Protein-Catalyzed Formation of Multi-Ligand Protein 
Capture Agents. Caltech/UCLA CCNE 

10. Heath JR, Fan R & Ahmad H. High Density Barcode Array: a Generic Patterning Technique and 
Biotedetection Devices Fabrication Therefrom. Caltech/UCLA CCNE 

11. Heath JR, Fan R & Kwong G. An Integrated Platform for Blood Separation and Protein 
Detection Immunoassay. Caltech/UCLA CCNE 

12. Heath JR, Fan R & Kwong G. Digital DEAL: A Quantitative and Digital Protein Detection 
Immunoassay. Caltech/UCLA CCNE  

13. Hood L. et al. Combination of YKL40 (Chitinase 3-like 1) and MASP2 for Liver Disease Diagnosis, 
Stratification and Prognosis. Caltech/UCLA CCNE  

14. Hood L. MMP-9 for Ovarian Cancer Diagnosis Stratification and Prognosis. Caltech/UCLA CCNE 

15. Radu CG, Witte ON, Nair-Gill E, Satyamurthy N, Shu CJ & Czernin J. Positron Emission 
Tomography Probes for Imaging Immune Activation and Selected Cancers.Caltech/UCLA 
CCNE 

16. Radu, CG, Ribas T, Witte ON, Kwong G & Heath GR. Nucleic Acid Tetramers for High Efficiency 
Multiplexed Cell Sorting. Caltech/UCLA CCNE 

17. Yang L, Nie S et al. Targeted Multifunctional Nanoparticles for Cancer Imaging and Treatment. 
Emory/GT CCNE 

18. Yang L, Nie S, et al. Nanostructures, Methods of Synthesizing Thereof, and Methods of Use 
Thereof. Emory/GT CCNE 

19. S. Nie et al. Porous Materials Embedded with nanospecies, methods of fabrication thereof, and 
methods of use thereof. Emory/GT CCNE 

                                                 
* The list includes invention disclosures, provisional patents, applications under examination, and issued patents 
(number included) by U.S. Patent and Trademark Office.   
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20. Kairdolf B & Nie SM. Materials and Methods for Multiplexed Assays of Therapeutic Protein 
Targets. Emory/GT CCNE 

21. Sathe T & Nie SM. Mesoporous Silica Beads Embedded with Semiconductor Quantum Dots 
and Iron Oxide Nanocrystals: Dual-Function Microcarriers for Optical Encoding and Magnetic 
Separation. Emory/GT CCNE 

22. Gao X, Yezhelyev M & Nie SM. Nanoparticle Agents for siRNA Delivery and Targeting. 
Emory/GT CCNE 

23. Agrawal A. & Nie SM. Methods for Single Molecule Detection and Imaging Based on Color-
Coded Nanoparticles and Colocalization Analysis. Emory/GT CCNE 

24. Wang M. BioNano-lnformatics for Personalized Medicine. Emory/GT CCNE 

25. Qian XM & Nie SM. Polymer Coated SERS Nanoparticle Tags and Their Use Thereof. Emory/GT 
CCNE 

26. Bao G. Development of Quantum Dot – Fluorescent Protein FRET Probes and Their Biomedical 
Applications. Emory/GT CCNE 

27. Duan H & Nie SM. Hyperbranched Polyglycerols and Their Self-Assembled Nanostructures for 
Bioagent Delivery and Targeting. Emory/GT CCNE 

28. Nie S. Development of Paclitoxel-ScFvEGFR-heparin for Treatment of Cancer. Emory/GT CCNE 

29. Nie S. Hydroxyl-Derivatized Surface Coatings for Minimizing Nonspecific Binding of 
Nanoparticles. Emory/GT CCNE 

30. Nie S. Multi-Functional Au-PEG-Doxorubicin-Folate Drug Nanocarrier for in vitro Cellular 
Targeting and Drug Efficacy Study. Emory/GT CCNE 

31. Nie S. New and Improved Methods for Synthesis of Heparin-Taxol-Folic Acid Ternary 
Conjugate. Emory/GT CCNE 

32. Farokhzad OC, Cheng J, Teply BA & Langer R. Formulation of Polymeric Particles for Prostate 
Cancer Targeting. MIT/Harvard CCNE 

33. Farokhzad OC & Langer R. Method of Identifying Particles with Desired Characteristics Form a 
Library of Particles. MIT/Harvard CCNE 

34. Farokhzad OC, Jon S, Bagalkot V, Levy-Nissenbaum E, Teply BA & Langer R. Nanocrystal-
Aptamer-Doxorubicin Multifunctional Conjugate System for Cancer Diagnosis and Treatment. 
MIT/Harvard CCNE 

35. Farokhzad OC, Khademhosseini A & Langer RS. High Throughput synthesis of functionalized 
materials. MIT/Harvard CCNE 

36. Farokhzad OC, Gu F, Teply BA & Langer R. Multi-Block Copolymer for the Development of 
Functional Particles. MIT/Harvard CCNE 

37. Farokhzad OC & Langer RS. Method of Identifying Particles that Target Certain Cells, Tissues or 
Organs. MIT/Harvard CCNE 

38. Bhatia, Chen & Derfus. Quantum Dots to Monitor and Improve Gene Silencing. MIT/Harvard 
CCNE 

39. Farokhzad OC & Langer RS. Method of Isolating Nucleic Acid Ligands that are Taken up by 
Cells and Uses Thereof. MIT/Harvard CCNE 

40. Farokhzad OC & Langer RS. Affibodies as a Targeting Ligand in Controlled Drug Delivery 
Systems. MIT/Harvard CCNE 

41. Farokhzad OC & Langer RS. Amphiphilic Compound Assisted Polymeric Particles for Targeted 
Delivery. MIT/Harvard CCNE 
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42. Mirkin C, Han MS & Lytton-Jean A. Colorimetric Screening of DNA Intercalators with Gold 
Nanoparticle Probes. Northwestern CCNE 

43. Woloschak G & Paunesku T. Use of 32P Radiolabeled Oligonucleotides and TiO2-nucleic Acid 
Nanocomposites in Tandem to Accomplish Localized Nucleic Acid Scission. Northwestern 
CCNE 

44. Mirkin C, Lytton-Jean A & Hurst S. Maximizing DNA Loading on Gold Nanoparticles. 
Northwestern CCNE 

45. Mirkin C, Xu X & Rosi N. Asymmetric Functionalization of Nanoparticles with Oligonucleotides. 
Northwestern CCNE 

46. Mirkin C, Huo F & Lytton-Jean A. Asymmetric Functionalization of Nanoparticles Based on 
Thermally Addressable DNA Interconnects. Northwestern CCNE 

47. van Duyne R, Schatz G, Zhao J, Zhang X, Das A & Sligar S. Resonance Surface Plasmon 
Spectroscopy: Low Molecular Weight Substrate Binding to P450. Northwestern CCNE 

48. Woloschak GE & Wu A. A Relocatable Method for Various Microscopes. Northwestern CCNE 

49. Mirkin C, Han MS & Lytton-Jean A. Chip-Based Detection of Duplex and Triplex DNA Binders 
with DNA Modified Gold Nanoparticles. Northwestern CCNE 

50. MacDonald R, Koynova R & Wang L. Superior Lipofection Activity of Cationic Lipid Mixtures at 
the Gel-Liquid Crystalline Phase Transition. Northwestern CCNE 

51. Stupp S, Lee HK & Soukasene S. Liposome-Encapsulated Peptide Amphiphile Nanostructures. 
Northwestern CCNE 

52. Woloschak G, Wu A & Paunesku T. Preparation of Magnetic Nanocrystal Materials and the 
Formation Process of Magnetic Nanocomposite Materials. Northwestern CCNE 

53. Woloschak G, Wu A & Paunesku T. An Approach to Magnetic Resonance Imaging Based on 
Magnetic Nanocrystals. Northwestern CCNE 

54. Woloschak G, Wu A & Paunesku T. Preparation of Core-Shell Nanocrystal Materials Based on 
Metal Components and the Formation Process of Nanocomposite Materials Including Metal 
Elements. Northwestern CCNE 

55. Woloschak G, Wu A & Paunesku T. Preparation of Core-Corona-Shell Nanocrystal Materials and 
the Formation Process of Nanocomposite Materials. Northwestern CCNE 

56. Mirkin C, Hurst S, Han MS & Lytton-Jean A. Screening the Sequence Selectivity of DNA-Binding 
Molecules Using a Gold Nanoparticle Based Colorimetric Approach. Northwestern CCNE 

57. Mirkin C, Lee JS, Hill H & Elghanian R. Scanometric Protein Array Detection with DNA-
Functionalized Gold Nanoparticles. Northwestern CCNE 

58. Mirkin C, Xu X & Han MS. A Gold Nanoparticle-Based, Real-Time Colorimetric Screening 
Method for Endonuclease Activity and Inhibition. Northwestern CCNE 

59. Mirkin C, Seferos D & Giljohann D. Particles for Detecting Intracellular Targets. Northwestern 
CCNE 

60. Mirkin C, Seferos D & Giljohann D. Locked Nucleic Acid-Nanoparticle Conjugates. 
Northwestern CCNE 

61. O'Halloran T, Nguyen S & Lee SM. Polymer-Caged Lipsomes: a pH-Responsive Delivery System 
with High Stability. Northwestern CCNE 

62. Mirkin C, Georganopoulou D, Xu X & Hill H. In Situ Detection of Nucleic Acids Based upon the 
Light Scattering Properties of Silver-Coated Nanoparticle Probes. Northwestern CCNE 

63. Woloschak G, Wu A & Paunesku T. An Approach to Computed Tomography and Magnetic 
Resonance Imaging Using Same Nanomaterials. Northwestern CCNE 
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64. Mirkin C, Seferos D & Gilijohann D. Nanoparticles for Control of Drugs. Northwestern CCNE 

65. Mirkin C, Lee JS, Lytton-Jean A & Hurst S. Silver Nanoparticle Oligonucleotide Conjugates 
Based on DNA with Triple Cyclic Disulfide Moieties. Northwestern CCNE 

66. Grzybowski B, Campbell C & Kandere-Grzybowski K. Assay for Quantifying Cell Motility. 
Northwestern CCNE 

67. Mirkin C, Patel P, Giljohann D, Seferos D & Daniel W. Multifunctional Peptide and 
oligonucleotide Nanoparticles for Gene Regulation. Northwestern CCNE 

68. Meade T, Schultz Sikma E & Ulrich B. T1/T2 MRI Contrast Agent with Cleavable Linker for 
Detection of Enzyme Activity. Northwestern CCNE 

69. Meade T, Dravid V, Aslam M & Schultz Sikma E. Novel T1-T2 Multimodal Contrast Agents for 
Magnetic Resonance Imaging. Northwestern CCNE 

70. Bertin PA, Gibbs JM, Thaxton CS, Mirkin CA & Nguyen ST. A Multifunctional Polymeric 
Nanoparticle Platform for Sensing, Diagnostic and Drug Delivery Applications. Northwestern 
CCNE 

71. Chen H & O’Halloran TV. Encapsulated Arsenic Drugs. (PCT/US06/034488). Northwestern CCNE 

72. Meade T, Song Y & Kohlmeir E. Macromolecular MRI Contrast Agents Through Copper(l) 
Catalyzed [3+2] Cycloaddition Reaction for Cellular Tracking and Fate Mapping. Northwestern 
CCNE 

73. Mirkin C, Giljohann D, Seferos D & Patel P. Modulating Uptake of Olignucleotide-Modified 
Nanoparticles. Northwestern CCNE 

74. Mirkin C, Hill H & Hurst S. Polyvalent DNA-Au Nanoparticle Conjugates Exhibit Size-Dependent 
Cooperativity. Northwestern CCNE 

75. Mirkin C, Huo F, Zheng A & Zheng G. Multi-Scale Soft Pen Lithography. Northwestern CCNE 

76. Mirkin C, Lee JS & Seferos D. Conjugation and Thermodynamically Controlled Separation of 2 
nm Gold Nanoparticles Densely Functionalized with DNA. Northwestern CCNE 

77. Mirkin C, Levine J, Xu X, Zhao Z, Qin L & Wei W. A Fluorescence Recovery Assay for the 
Detection of Protein-DNA Binding. Northwestern CCNE 

78. Mirkin C, Zheng G & Daniel W. High Sensitivity Telomerase Detection Based upon Nanoparticle 
Conjugates with Barcode Amplification (NU Case No. NU2 8029; a provisional patent 
application has been filed #61/055,051). Northwestern CCNE 

79. Mirkin, C, Thaxton S & Giljohann D. Nanoparticle Supported Lipid Bi-Layer Bio-Mimetic 
Structures. Northwestern CCNE 

80. Van Duyne RW, Hall P, Anker J, Modica J, Mrksich M & Lin Y. Method and Materials for 
Detection of Calcium Modulated Protein Conformational Switching with High Resolution 
Localized Surface Plasmon Resonance (LSPR) Nanosensors. Northwestern CCNE 

81. Wang SX, Wilson RJ & Hu W. Direct Physical Fabrication of Multilayer Nanoparticles. Stanford 
CCNE 

82. Wang SX, Wilson RJ & Hu W. Magnetic Sifter. Stanford CCNE 

83. Wang SX, Pourmand N & White RL. Mesoporous Silica Beads Embedded with Semiconductor 
Quantum Dots and Iron Oxide Nanocrystals: Dual-Function Microcarriers for Optical Encoding 
and Magnetic Separation. Stanford CCNE 

84. Yu H, Wang SX & Pourmand N. Biomolecule Immobilization on Biosensors. Stanford CCNE 

85. Dai H, Seo W & Lee J. Multifunctional FeCo-Graphitic Shell Magnetic Nanocrystals with Near-
Infrared Properties for Nanobiotechnology. Stanford CCNE 
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86. Dai H & Nakayama N. Femto-molar Sensing of Biological Molecules Using Carbon Nanotubes 
as Novel Raman-Labels. Stanford CCNE 

87. Nolan G et al. Application of Optical Polarization For Raman Peak Signal Variation to Allow 
Better Deconvolution of Multiple Spectra. Stanford CCNE 

88. Yamakawa M, Wang L, Sun L, Chan S, Zhu J & Nolan G. Method to Enhance Analysis of 
Raman/SERS Based Molecular Markers through Raman Optical Activities. Stanford CCNE 

89. Rao J, Gambhir SS, So M, Xu C & Loeing AM. Self-Illuminating Quantum Dot Conjugates For 
imaging in living Cells or Animals. Stanford CCNE 

90. Chen X & Cai W. Nanoparticle-Based Bioconjugates for Vasculature Targeting and Imaging and 
Methods of Use Thereof. Stanford CCNE 

91. Gambhir SS & Karen De A. Imaging Bioluminescence Resonance Energy Transfer (BRET) from 
Live Cells and Living Subjects. Stanford CCNE 

92. Gambhir SS, Loening A & Wu AM. Mutated Renilla Luciferase for Higher Light Output and 
Altered Stability. Stanford CCNE 

93. Gambhir SS & Keren S. In vivo Molecular Using Surface Enhanced Raman Scattering (SERS) 
nanoparticles. Stanford CCNE 

94. Barat B & Wu A. Biotin-Ligase System for Secretion of Biotinylated Proteins (UCLA Case No. 
2008-501; provisional application filed 2/1/2008). Stanford CCNE 

95. Chen X & Cai W. Nanoparticle-Based Bioconjugates for Vasculature Targeting and Imaging, 
and Methods of Use. Stanford CCNE 

96. Dai H & Lippard S. Carbon Nanotubes for Anticancer Drug Design. Stanford CCNE 

97. Dai H & Liu Z. Supramolecular Chemistry of Doxorubicin on Carbon Nanotubes. Stanford CCNE 

98. Fu A & Gambhir SS. Highly Fluorescent Magnetic Nanoprobes. Stanford CCNE 

99. Gambhir SS, Loening A & Wu AM. Mutated Renilla Luciferase for Higher Light Output and 
Altered Stability. Stanford CCNE 

100. Levi J, Gambhir SS & Keren De A. New Methodology for Imaging Bioluminescence Resonance 
Energy Transfer (BRET) from Live Cells and Living Subjects. Stanford CCNE 

101. Levi J, Gambhir SS & Keren S. Novel Molecular Imaging Contrast Agents for Photoacoustic 
Imaging. Stanford CCNE 

102. Pourmand, S & Wang, Y. Modification of Surface for Biomolecule Immobilization. Stanford 
CCNE 

103. Reiter RE & Wu AM. Engineered Anti-Prostate Stem Cell Antigen (PSCA) Antibodies for Cancer 
Targeting. Stanford CCNE 

104. Wang SX, Osterfeld SJ, Yu H, Pourmand N & White RL. Quantitative Magneto-Nano Biosensors 
with Real-Time Proximity Detection Capability. Stanford CCNE 

105. Wu AM, Olafsen T & Raubitschek AA. Engineered Anti-CD20 Antibody Fragments for in vivo 
Targeting. Stanford CCNE 

106. Wu AM, Reiter RE, Lepin EJ, Marks JD & Zhou Y. High Affinity Anti-PSCA Antibodies for Cancer 
Targeting. Stanford CCNE 

107. Sailor MJ, Orosco, Pacholski & Miskelly. Optical Biosensor for Protease Activity Using Protein-
Coated Porous Silicon Phototonic Crystals. UCSD CCNE 

108. Sailor MJ, Segal E, Vecchio KS, Bhatia SN, Park J & Derfus AM. Method for Heating of Discrete 
Droplets Using Amphiphilic Magnetic Particles Derived from Porous Silicon. UCSD CCNE 

109. Esener S & Osman K. New Anticancer Method of Diagnosis, Treatment, Monitoring, and 
Prevention. 3/23/2006 UCSD CCNE 
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110. Heller, Mike, Esener, Sullivan & Dehlinger. Pulsed Dielectrophoretic System for Ex-Vivo 
Diagnostics, Drug Monitoring and Disease Management. UCSD CCNE 

111. Heller, Mike, Esener, Sullivan, Dehlinger, Krishnan & Justis. Electric Field Combinatorial 
Synthesis Using Nano-Vesicle Encapsulated Reagents. UCSD CCNE 

112. Carson DA & Liu YT. Rapid Isolation of Rare Cancer-Specific DNA Sequences in the Presence of 
Contaminating Normal DNA. UCSD CCNE 

113. Esener S, Slatanovik & Kibar. Device for Near-Field Scanning in Microfluidic Channels. 
7/10/2006 UCSD CCNE 

114. Heller, Michael, Sullivan, Esener, Dehlinger & Marciniak. Chemical-Luminescent-Fluorescent 
Transfer Nanostructures and Their Applications. UCSD CCNE 

115. Esener S, Liu YT & Carson D. In Situ Decoding of Parallel Amplification in Microreactors. UCSD 
CCNE 

116. Esener S & Stuart I. Echogenic Drug Delivery Vehicle. UCSD CCNE 

117. Carson DA & Liu YT. Simultaneous Detection of Multiple Gene Fusion Transcript Variants. UCSD 
CCNE 

118. Daugherty PS & Kenrick S. Peptides Binding to Vascular Endothelial Growth Factor. UCSD CCNE 

119. Esener S. UV Acticated DOX Prodrug. UCSD CCNE 

120. Heller M & Esener S. Ex-vivo Multi-Dimensional System for the Separation and Isolatoin of Cells, 
Vesicles, Nanoparticles, and Biomarkers. UCSD CCNE 

121. Kummel A. Automated Microscopy Analysis for the Detection of Breast Cancer Using Cluster 
Analysis. UCSD CCNE  

122. Ruoslahti E & Jarvinen T. Methods and Compositions Related to Targeting Wounds, Tissue, and 
Tumors New (PCT/US2007/086627). UCSD CCNE 

123. Ruoslahti E & Jarvinen T. Molecular Changes in the Vasculature of Injured Tissues. UCSD CCNE 

124. Ruoslahti E Methods and Compositions Related to Terminal Arginine Peptides. UCSD CCNE 

125. Ruoslahti E, Lee BH & Kim IS. Bladder Tumor-Targeting Peptide and Use Thereof. UCSD CCNE 

126. Ruoslahti E. Methods and Compositions Related to Internalizing RGD Peptides. UCSD CCNE 

127. Segal E, Perelman LA & Sailor MJ. Method to Control the Phase Transition of a Polymer/ 
Hydrogel by Confinement in an Electrochemically-Prepared Porous Nanostructure. UCSD 
CCNE  

128. Trogler WC, Yang J, Ulrik J, Esener SC & Messmer D. Hollow Silica Nanospheres and Methods of 
Making Same. UCSD CCNE 

129. Cho M, Desimone J, Frelinger J, Kole R, An J, Lee J, Sazani P, Rothrock G, Murphy A, Galloway A, 
Petros R & Buntzman A. Nanoparticle Compositions for Controlled Delivery of Nucleic Acids. 
UNC CCNE 

130. Desimone J, Kelly J, Guo J, Rothrock G & Murphy A. Discrete Size and Shape Specific 
Pharmaceutical Organic Nanoparticles. UNC CCNE 

131. Zhou O, Lu J, Lee Y, Cheng Y, Zhang J, Yang G & Qiu Q. Methods, Systems, and Computer 
Program Products for Multiplexing Computed Tomography. UNC CCNE 

132. Lu J, Zhang J, Lalush D & Zhou O. Binary Multiplexing X-Ray Radiography. UNC CCNE 

133. Lu J, Liu Z & Zhou O. Micro-Focus Field Emission X-Ray Sources and Related Methods. UNC 
CCNE 

134. Lu J, Lalush D, Yang G & Zhou O. A Stationary X-ray Digital Tomosynthesis System for Breast 
Imaging. UNC CCNE 
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135. Lin W, Kim J, Rieter W & Taylor K. Hybrid Nanomaterials as Multimodal Imaging Contrast 
Agents. UNC CCNE 

136. Frelinger J, Buntzmann A, Petros R & DeSimone JM. Discrete Size and Shape Specific Organic 
Nanoparticles Designed to Illicit an Immune Response (PCT/US2008/058022). UNC CCNE 

137. Kelly J & DeSimone JM. Nanoparticle Imaging Agents. UNC CCNE 

138. Kim JS, Rieter WJ, Taylor KML, An H, Lin W & Lin W. Hybrid Nanoparticles as Anti-Cancer 
Therapeutic Agents and Dual Therapeutic/ Imaging Contrast Agents. UNC CCNE 

139. Li W, Lin B & Tu LC. Devices for Studying Cancer Invasion and Migration. UNC CCNE 

140. Parrott M, Gratton S & DeSimone JM. Degradable di-Alkyl Silane Cross Linkers for Particle 
Replication in Non-Wetting Templates (PRINT). UNC CCNE 

141. Wickline S, Lanza G & Hughes M. Application of Information-Theoretic Signal Receivers to 
detection of Nanoparticle coated Surfaces in vivo. Washington University CCNE 

142. Lanza G & Wickline S. Stem cell labeling with perfiuorocarbon nonoparticles for cell tracking 
with fluorine MRI. Washington University CCNE 

143. Wickline S, Solin S, Hughes M & Wallace. Multifunctional Nanoscopy for Imaging Living Cells. 
Washington University CCNE 

144. Lanza G & Wickline S. System and Method for Ultrasonic Characterization of Internal Body 
Conditions Using Information Theoretic Signal Receivers. Washington University CCNE 

145. Lanza G, Wickline S. & Harris. Emulsion of lipid coated nanoparticles targeted to endothelial 
cells by coupling particle to v 3 integrin. Washington University CCNE 

146. Lanza G & Wickline S. Method for ameliorating at least one symptom of atherosclerosis using 
targeted carrier compositions comprising a therapeutic agent and targeting ligand. 
Washington University CCNE 

147. Lanza G, Wickline S. & Hall. Method for imaging and treating blood clots comprising 
administering lipid coated nanoparticles coupled to at least one ligand specific for blood clots. 
Washington University CCNE 

148. Lanza G & Wickline S. Composition for use in delivering a bioactive agent to target tissue 
through prolonged association and increased contact of lipid coated nanoparticles to the 
target tissue. Washington University CCNE 

149. Lanza G, Wickline S, Athey, Gulyas & Kiefer. Chelating agents which can be associated with 
targeted nanoparticle emulsions to obtain MR images and to control the relaxivity of the 
signal. Washington University CCNE 

150. Lanza G & Wickline S. Emulsions of lipid coated nanoparticles coupled to targeting ligands, 
which particles may also comprise biologically active agents or imaging agents also relates to 
methods of use. Washington University CCNE 

151. Lanza G & Wickline S. Method for delivery of a therapeutic agent using a lipid encapsulated 
particle comprising a targeting ligand and a therapeutic agent and subjecting that particle to 
ultrasound energy without disrupting said particle. Washington University CCNE 

152. Lanza G, Wickline S. & Harris. Compositions and methods for imaging and drug delivery 
wherein nanoparticles are targeted with non-antibody moities to regions with elevated 
angiogenesis. Washington University CCNE 

153. Lanza G & Wickline S. Administering targeted radionuclides (includes article regarding 
molecular imaging of a Vx-2 rabbit tumor), low/high resolution imaging. Washington 
University CCNE 

154. Lanza G & Wickline S. Methods to prevent restenosis and ameliorate vascular injury induced by 
angioplasty and placement of stents. Relates to use of integrin-targeted particulate emulsions 
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comprising a therapeutic agent that aids in repair of an injured blood vessel, as well as 
retarding restenosis. Washington University CCNE 

155. Lanza G, Wickline S. Kiefer & Athey. Para-CEST contrast agents that are coupled to targeted 
delivery vehicles for imaging of specific sites in vivo. Washington University CCNE 

156. Riley & Lanza G. Chelating ligands based on nitrogen-containing ring systems, specifically Tc-
99m. Washington University CCNE 

157. Lanza G & Wickline S. Nanoparticle as an enhanced MRI contrast agent wherein, the 
nanoparticle comprises a paramagnetic ion offset from the surface of the particle. 9/29/2006. 
Washington University CCNE 

158. Lanza G & Wickline S. Method for treating atherosclorosis by administering Fumagillin carrying 
nanoparticles in conjunction with statins. Washington University CCNE 

159. Lanza G & Wickline S. Method to enhance delivery of the targeted composition to the desired 
location in the subject by simultaneously administering a decoy composition with a targeted 
composition. Washington University CCNE 

160. Wickline S, Lanza G & Pan. Novel Contrast Agents for Spectral CT Imaging. Washington 
University CCNE 

161. Wickline S, Ramchandra & Schlesinger. Selective delivery of membrane permeabilizing 
peptides to cells with molecularly targeted nanoparticles for therapeutic benefit. Washington 
University CCNE 

162. Cheng J & Tong R. Particulate Drug Delivery. Washington University CCNE 

163. Cheng J, Reza A & Tong R. Immunosuppression Using Nanoparticles. Washington University 
CCNE 

164. Chung LWK, Yang X, Cheng J & Tong R. Small Molecule Ligand-Drug Conjugates for Targeted 
Cancer Therapy. Washington University CCNE 

165. DeSimone J. Nanoparticle Fabrication, Methods, Systems for Fabrication of Artificial Red Blood 
Cells. Washington University CCNE 

166. Lanza GM & Wickline SA. Blood Clot-Targeted Nanoparticles (US Patent No. 7,220,401). 
Washington University CCNE 

167. Lanza GM & Wickline SA. Methods for Targeted Drug Delivery (US Patent No. 7,186,399). 
Washington University CCNE 

168. Lanza GM & Wickline SA. Paramagnetic Particles that Provide Improved Telaxivity (US Patent 
No. 7,235,227). Washington University CCNE 

169. Lanza GM, Hall CS & Wickline SA. Enhanced Ultrasound Detection with Temperature-
Dependent Contrast Agents. Washington University CCNE 

170. Lanza GM, Wickline SA & Harris T. Integrin Targeted Imaging Agents. (US Patent No. 7,255,875). 
Washington University CCNE 

171. Lanza GM, Wickline SA, Athey PS, Gulyas G & Kiefer GE. Chelating Agents with Lipophilic 
Carriers (US Patent No. 7,279,150). Washington University CCNE 

172. Lanza GM. Cytotoxic Peptides on Nanoparticle Carriers for Therapy. Washington University 
CCNE 

173. Lanza, GM, Senpan A, Pan D, Caruthers SD & Wickline SA. Development of Colloidal Iron Oxide 
Contrast Agent for Magnetic Resonance Imaging (MRI) and Magnetic Particle Imaging (MPI). 
Washington University CCNE 

174. Lu H & Cheng J. Controlled Ring-Opening Polymerization of NCA Using Organosilicon 
Reagents. Washington University CCNE 
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175. Pan D, Lanza GM & Wickline SA. Particles for Imaging (Soft Particle Filing). Washington 
University CCNE 

176. Pan D, Lanza, GM & Wickline SA. Water Soluble Nano-Bialys: A Vascularly Constrained, Slow 
Releasing Nano-carrier for Therapeutic Imaging. Washington University CCNE 

177. Wickline SA & Solin SA. EXX Nano Arrays for the Study of Cancer Cells. Washington University 
CCNE 

178. Sokolov K, Milner T, Aaron J, Oh J, Ji X & Li C. Methods and Compositions Related to Hybrid 
Nanoparticles, M.D. Anderson CNPP 

179. Li C, Lu W, Melancon M, Xiong CY & Stanford J. Targeted Hollow Gold Nanoshells for 
Diagnostic and Therapeutic Applications. M.D. Anderson CNPP 

180. Manalis S. Integrated Microsystem for Biomolecular Detection. MIT CNPP 

181. Kim SJ & Han J. Methods for Fabricating Electrokinetic Concentration Devices. MIT CNPP 

182. Manalis S. Suspended Microchannel Detectors (US Patent No. 7,82,329). MIT CNPP 

183.  Manalis S. Measurement of Concentrations and Binding Kinetics (patent application has been 
approved by the examiner). MIT CNPP 

184. Amiji MM & Tiwari SK. Novel Nanoemulsion Formulations. Northeastern CNPP 

185. Amiji MM, Shenoy DB, & van Vlerken LE. Nanoparticulate Delivery Systems for Treating Multi-
drug Resistance. Northeastern CNPP 

186. Amiji M & Devalapally HK. Microfluidic Method for Fabrication of Polymeric Nano and Micro-
Particles. Northeastern CNPP 

187. Pandey RK, Goswami LN, Morgan J, Bergey EJ, Prasad PN & Oseroff AR. Post-Loaded 
Photosensitizing and Imaging Agents in silica Nanoparticles for Multivalent Actions. Roswell 
Park Cancer Institute  CNPP 

188. Pandey RK, Goswami LN, Morgan J, Ohulchanskyy T, Roy I, Bergey EJ, Prasad PN & Oseroff AR. 
Organically Modified in silica Nanoparticles with Covalently Incorporated Photosensitizers for 
Drug Delivery in Photodynamic Therapy. Roswell Park Cancer Institute  CNPP 

189. Haridas P, Roy NI, Ohulchanskyy TY, Pandey RK, Oseroff AR & Prasad PN. A New Method for 
Delivering Hydrophobic Drug for Photodynamic Therapy Using Pure Form of the Drug. U 
Buffalo CNPP 

190. Paras NP, Yong KT & Roy I. A Method to Produce Water-Dispersible Highly Luminescent 
CdSe/CdS/ZnS Quantum Dots for Biomedical Applications. U Buffalo CNPP 

191. Paras NP, Law WC, Yong KT & Roy I. One-Pot Aqueous Phase Synthesis of Highly Luminescence 
Core/ Shell Quantum Dots. U Buffalo CNPP 

192.  Shi X, Wang S & Baker JR. Dendrimer Based Compositions and Methods of Using the Same. U 
Michigan CNPP 

193. Rameshwer S, Thommey PT & Baker JR. Targeted Delivery of Imaging Agents/Drugs to Cancer 
Cells. U Michigan CNPP 

194. Boote E, Kannan R, Katti KV, Kattumuri V & Casteel S. Design and Applications of Bioconjugated 
Gold Nanoparticles in Molecular Imaging. U Missouri CNPP  

195. Katti KV, Kannan R & Katti K. New Green Process for the Production of Biocomaptible Gold 
Nanoparticles. U Missouri CNPP 

196. Katti KV, Kannan R & Katti K. Zero Chemical Green Process for the Production of Biocomaptible 
Gold Nanoparticles. U Missouri CNPP 

197. Katti KV, Kannan R, Casteel S, Katti K, Boote E & Churchill R. Biocompatible Gold Nanoparticles 
in X-Ray CT Imaging. U Missouri CNPP 
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198. Zhang M, Kohler N & Gunn JA. Bifunctional Poly(ethylene glycol) Silane Immobilized on 
Metallic Oxide-Based Nanoparticles for Conjugation with Cell Targeting Agent.  U Washington 
CNPP 

199. Zhang M, Wang S, Kohler N, Lin Y & Sun C. Magnetic Nanoparticle-Conjugates as Contrast 
Agents or Drug Carriers for Cancer Diagnosis and Therapeutics. U Washington CNPP  

200. Zhang M, Olson J, Sze R, Ellenbogen R, Veiseh O, Sun C & Gunn J. Chlorotoxinlabeled 
nanoparticle compositions and methods for targeting primary brain tumors. U Washington 
CNPP 

201. Olson J, Zhang M, Veiseh M, Gabikian P, Bahrami B. Ellenbogen R, Sze R & Veiseh O. Fluorescent 
Chlorotoxin Conjugate for Intra-Operative Visualization of Cancer. U Washington CNPP 

202. Zhang M, Sun C, Veiseh O & Bhattarai N. Specific Targeting of Brain Tumors with an Optical/MR 
Imaging Nanoprobe Across the Blood Brain Barrier. U Washington CNPP 

203. Zhang M, Gunn J & Yee C. Specific T Cell Labeling for Cancer Immunotherapy. U Washington 
CNPP 

 




