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RESUME AND SUMMARY OF DISCUSSION: The fellowship applicant proposes training in
bioinformatics and genomics focusing on the analysis of genetic and transcriptional heterogeneity in
chronic lymphocytic leukemia (CLL). The goal of the applicant’s well designed thesis research is to
develop methods to analyze the genetic heterogeneity and subclonal evolution of CLL at the level of
single cells. Bioinformatic tools will be further developed to reconstruct genetic subclonal architecture
and characterize the gene expression profiles of identified subclonal populations. In the KOO phase, the
applicant will continue developing the necessary expertise to characterize heterogeneity in the tumor-
microenvironment and develop methods to assess potential reciprocal interactions between subclones
and their microenvironment over time in response to therapy. This work will produce innovative
statistical methods that can be applied to diverse types of cancer. The applicant is superbly qualified
with a longstanding commitment to cancer research and leadership. Glowing letters of recommendation
describe the applicant in superlative terms as an intellectually curious critical thinker, who is skillful and
creative. The applicant has been incredibly productive, publishing since high school, and has several
high impact papers related to the application. These include first or co-first author papers in Nature
Methods, Genome Research and Cancer Cell that describe state-of-the-art approaches to study cancer
heterogeneity. In addition to being a talented software developer and bioinformatician, the applicant has
received NSF and NIH fellowships, and serves as a leader encouraging girls to explore STEM careers.
The research plan is cutting-edge, innovative, and engages an unusual combination of skills in cancer
biology, statistical analysis, computation and software development. Preliminary results on
transcriptional heterogeneity among single cells in a CLL sample are very promising and informative.
The sponsor is a highly productive and well-funded pioneer in developing methods for analyzing
genomic data, and the co-sponsor is a leader in the study of CLL genomics, which offsets the concerns
of some reviewers that the sponsor is relatively junior. In addition, the training and career development
plans are strong and the institutional environment is exceptional. Overall, this superb application is
expected to have a very high impact by enhancing the applicant’s potential for an independent career in
cancer research.

DESCRIPTION (provided by applicant): Chronic lymphocytic leukemia (CLL) is a cancer that exhibits
genetic and transcriptional heterogeneity along with a highly variable disease course among patients
that remains poorly understood. Previous research has highlighted vast inter- and intra-patient genetic
heterogeneity, with subclonal evolution commonly occurring in treatment settings leading to therapeutic
resistance and relapse in many cases. In addition, our understanding of the role of co-existing non-
cancer cells in the tumor-microenvironment remains limited. Therefore, characterization of these
subclonal populations and their corresponding microenvironment will be paramount to enabling
precision medicine and synergistic treatment combinations that target subclonal drivers and eliminate
aggressive subpopulations thereby improving clinical outcome. In order to accurately dissect the
genetic landscape and reconstruct the underlying subclonal architecture in CLL, measurements must
be made on the single cell level. In the F99-phase of this proposed research, Jean Fan will continue
developing statistical methods and computational software to analyze single cell RNA-seq data derived
from CLL patient samples. Specifically, Jean will develop methods to identify aspects of genetic
heterogeneity, such as the presence of small single nucleotide mutations and regions of copy number
variation, in single cells. Jean will then reconstruct the genetic subclonal architecture and characterize
the gene expression profiles of identified subclonal populations. In the KOO-phase of this proposed
research, Jean will characterize heterogeneity in the tumor- microenvironment and develop methods to
assess potential reciprocal interactions between subclones and their microenvironment over time in
response to therapy. The proposed work will yield innovative statistical methods to enable the
identification and characterization of subpopulations in cancer and yield open-source software that can
be tailored and applied to diverse cancer types. Ultimately, application of these developed methods to
CLL will provide a better understanding of CLL development and progression.
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PUBLIC HEALTH RELEVANCE: Intratumor genetic and transcriptional heterogeneity is a common
feature across diverse cancer types, including chronic lymphocytic leukemia (CLL). Understanding how
heterogeneity both within CLL cells and in relation to the composition and state of co-existing non-CLL
cells in the micro-environment impacts clinical outcome and shapes therapeutic resistance is
paramount to improving treatment strategies and enabling more personalized cancer treatments. This
research proposal will develop statistical methods and computational software to analyze and connect
these different aspects of heterogeneity to provide a better understanding of cancer development and
progression, using CLL as a primary focus.

CRITIQUES: The written critiques of individual reviewers are provided in essentially
unedited form in this section. Please note that these critiques and criterion scores were
prepared prior to the meeting and may not have been revised subsequent to the
discussions at the review meeting. The “Resume and Summary of Discussion” section
summarizes the final opinions of the review committee.

CRITIQUE 1

Fellowship Applicant:

Sponsors, Collaborators, and Consultants:
Research Training Plan:

Training Potential:

Institutional Environment & Commitment to Training:

AN

Overall Impact: This is an exciting application from an incredibly productive student who has been
publishing since high school and has several high impact papers related to the application. She is also
a role model for young girls interested in STEM careers. She is working in an outstanding environment
developing state-of-the-art approached to study tumor heterogeneity. Some minor concerns exist but
they are unlikely to significantly impact the progress of this individual.

1. Fellowship Applicant:
Strengths
¢ Already an accomplished researcher who has developed single cell genomic analysis
approaches and applied them to CLL.
o NSF fellowship recipient
F31 recipient.
o First or co-first author papers in Nature Methods, Genome Research, Cancer Cell and several
high impact co-author papers.
e Arole model who is highly active in promoting STEM activities to young girls and women by
creating a non-profit company to empower girls in this area.
Weaknesses
o None noted.

2. Sponsors, Collaborators, and Consultants:
Strengths
e The sponsor is a pioneer in developing methods for analyzing genomic data including single cell
genomics. He well-funded and can support the proposed studies.
o The co-sponsor is a leader in the study of CLL genomics.
¢ An active collaboration between the sponsor and co-sponsor’s labs has been very productive.
Weaknesses
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¢ Neither the sponsor or co-sponsor have an established track record of training graduate
students. In fact, the applicant may be the only PhD student in both labs at this moment.

3. Research Training Plan:
Strengths
o Aim #1 resulted in the development of approaches to analyze the tumor heterogeneity in CLL.
Aim #2 will apply these approaches to changes associated with ibrutinib treatment.
o Aim #2 will also test for heterogeneity of CNVs in highly expressed genes using single cell RNA-
seq analyzing allelic expression.
e Use of multiple timepoint samples from CLL patients will allow for the applicant to dissect tumor
evolution and subclonal dynamics.
o Aim #3 will apply some of the approaches in the first two aims to both CLL and non-CLL cells to
determine dynamic effects in the micro-environment.
Weaknesses
e Aim #3 is exciting although not a very far stretch from Aim #2 in approach.

4. Training Potential/Development Plan:
Strengths
o Well-articulated plan provided by applicant focusing primarily on continuing to develop analytical
skills, understanding biology and mentorship activities.
Weaknesses
¢ Not much offered by the sponsors.

5. Institutional Environment & Commitment to Training:
Strengths

¢ Environment is outstanding for both the research and training proposed.
Weaknesses

¢ None noted.

Protections for Human Subjects: Acceptable Risks and Adequate Protections
o Extra bone marrow or blood taken from consenting patients who are already having the
procedure.

Data and Safety Monitoring Plan (Applicable for Clinical Trials Only): Not Applicable (No Clinical Trials)

Inclusion of Women, Minorities and Children:
e Sex/Gender: Distribution justified scientifically
e Race/Ethnicity: Distribution justified scientifically
¢ Inclusion/Exclusion of Children under 21: Excluding ages < 21 justified scientifically

Vertebrate Animals: Not Applicable (No Vertebrate Animals)
Biohazards: Not Applicable (No Biohazards)

Training in the Responsible Conduct of Research: Acceptable
Comments on Format (Required):
o Courses taken in 2nd and 5th/6th year of training, two courses one didactic and one small group
interactions
Comments on Subject Matter (Required):
e Appropriate RCR material
Comments on Faculty Participation (Required):
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o 23 faculty members participated last year
Comments on Duration (Required):

e 21 hours
Comments on Frequency (Required):

e Twice during training

Applications from Foreign Organizations: Not Applicable
Select Agents: Not Applicable (No Select Agents)
Resource Sharing Plans: Acceptable

Budget and Period of Support: Recommend as Requested

CRITIQUE 2

Fellowship Applicant:

Sponsors, Collaborators, and Consultants:
Research Training Plan:

Training Potential:

Institutional Environment & Commitment to Training:

N2 Bh

Overall Impact: The applicant is outstanding as measured by her record of accomplishment in
academics and research to date. She seeks cutting-edge research training in an important trans-
disciplinary area of cancer research and has identified an outstanding environment in which to secure
it. The applicant’s longstanding commitment to cancer research is evident. The Sponsor and Co-
Sponsor team offer intellectual and technical resources well suited to meet the research training needs
of the applicant. Research plans for F99 and KOO are thoughtful and well developed. Promising
preliminary results lend confidence as to feasibility of F99 research plan. A few concerns of moderate
significance were identified including insufficient information about the training plan for mentoring and
other non-research skills, and the inexperience of the Sponsor in mentoring doctoral students.

1. Fellowship Applicant:

Strengths
o Applicant demonstrates a very strong academic record as an undergraduate and graduate
student.

Applicant has won competitive federal awards as a graduate student.

¢ Applicant demonstrates a longstanding commitment to cancer research including 1st author
paper on cancer genetics from work done at NCI while in high school.

e Applicant has published 4 co-authored papers and 1 first author paper in high impact journals.
Applicant demonstrates strong commitment to improving representation of women in STEM
through significant mentoring and outreach activities.

o Letters of reference describe the applicant in superlative terms as an intellectually curious
critical thinker, skillful and creative, rigorous, and among the strongest students in a highly
competitive program.

Weaknesses
¢ None identified.

2. Sponsors, Collaborators, and Consultants:
Strengths
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o Sponsor and Co-Sponsor together offer intellectual and technical resources directly relevant to
the research training needs of the applicant.

¢ Sufficient funding is available to the Sponsor in support of the project.

o Co-Sponsor brings expertise in CLL and provides requisite data sets.

o Sponsor and Co-Sponsor are well published in high impact journals.

Weaknesses

e Sponsor is junior faculty with no experience mentoring doctoral students.

o Co-Sponsor has record of successful mentoring, but not clear whether it has involved doctoral
students. Only 1 doctoral student presently in the lab.

3. Research Training Plan:
Strengths
e The research plan is cutting-edge, innovative, and engages an unusual combination of skills in
cancer biology, statistical analysis, computation and software development.
e Applicant is building logically and effectively on experience in laboratory science and “dry lab”
computational approaches to assemble an unusual and valuable skill set.
o Research plan is thoughtful, well developed, and provides clear justification for each research
qguestion and approach.
¢ Preliminary results on transcriptional heterogeneity among single cells in a CLL sample are very
promising and informative. This lends confidence as to feasibility of the approach.
o Plans for the KOO phase represent a logical extension of F99 work, a productive direction, and a
new challenge with significantly more complex substrate.
Weaknesses
o The applicant plans to use a data set from 7 CLL patients without discussion as to how this
sample size was selected or validated.

4. Training Potential/Development Plan:
Strengths
e The applicant and sponsor articulate specific and appropriate goals.
e Program includes ample opportunity to present research work at seminars, journal clubs,
workshops and major national conferences.
Weaknesses
e Little specific information is offered as to the training plan for non-research skills and
professional development, e.g., communication skills, pedagogical guidance, interview and
resume preparation, team management skills, and others.
o Relatively modest plans are described to develop mentoring skills. It is proposed in the FO9
phase to mentor one undergraduate student on a summer project, but other specific training or
experience is not described.

5. Institutional Environment & Commitment to Training:
Strengths
o The Department of Biomedical Informatics offers a highly collaborative intellectual environment
on cross-cutting scientific themes.
¢ Intellectual and scientific environment is outstanding.
Weaknesses
o Little information provided about resources of the Graduate Program or institution for
professional development of the applicant.

Protections for Human Subjects: Acceptable Risks and Adequate Protections
e Adequate protections are in place.
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Data and Safety Monitoring Plan (Applicable for Clinical Trials Only): Not Applicable (No Clinical Trials)

Inclusion of Women, Minorities and Children:
o Sex/Gender: Distribution justified scientifically
e Race/Ethnicity: Distribution justified scientifically
¢ Inclusion/Exclusion of Children under 21: Excluding ages < 21 justified scientifically
e Children not formally excluded, but disease occurs in adults.

Vertebrate Animals: Not Applicable (No Vertebrate Animals)
Biohazards: Not Applicable (No Biohazards)

Training in the Responsible Conduct of Research: Acceptable
Comments on Format (Required):

¢ Didactic case-based presentations and small group discussions
Comments on Subject Matter (Required):

¢ Adequate range of topics presented
Comments on Faculty Participation (Required):

o Faculty-led presentations and small group discussions.
Comments on Duration (Required):

e 21 hours shared between two courses
Comments on Frequency (Required):

e Two courses taken in 2nd year and 5/6th year

Applications from Foreign Organizations: Not Applicable
Select Agents: Not Applicable (No Select Agents)
Resource Sharing Plans: Acceptable

Budget and Period of Support: Recommend as Requested

CRITIQUE 3

Fellowship Applicant:

Sponsors, Collaborators, and Consultants:
Research Training Plan:

Training Potential:

Institutional Environment & Commitment to Training:

[ QU WL N LS N

Overall Impact: This is an outstanding application by a graduate student in Bioinformatics and
Integrative Genomics program at Harvard University, who plans to enhance her training in Bioinformatics
and Genomics methods focusing on study of cancer heterogeneity at the single cell level. The research
plan and training are well thought-out. The research and training plan in gene regulation and cancer are
excellent. Overall, the proposed research and training plan will enable the candidate to be an
independent cancer bioinformatician. The primary mentor is a well-known expert in Bioinformatics and
co-sponsor provide the mentorship and training in cancer research. The Pl has outstanding track
record of peer-reviewed publications in top journals and development of software for cancer genome
data analysis. Overall, | rate this application in “high impact range” because of the noted strengths.

1. Fellowship Applicant:
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Strengths

e The applicant Ms. Jean Fan, who obtained BS in Biomedical Engineering from Johns Hopkins,
has strong background in Applied Mathematics and Statistics.

e The publication record and scientific productivity is outstanding, publishing in top journals, such
as Cancer Cell and Genome Research.

o Excellent track record of software development — developed software for inferring spatial
localization of single cells and pathway and gene set over-dispersion analysis to identify and
characterize transcriptional subpopulations (Fan et al, Nature Methods 2016)

e Application of computational skills for analysis of locally disordered methylation (Landau et al,
Cell 2014), clonal evolution in developing drug resistance (Burger et al, Cancer Discovery
2015), and impact of SF3B1 mutation (Wang et al, Cancer Cell 2016) in chronic lymphocytic
leukemia.

e Currently, the applicant is working on development of computational approaches to link
transcriptional and genetic heterogeneity at the single cell level using a Bayesian hierarchical
models for inferring copy number alteration from single cell RNA-seq data with applications to
multiple myeloma

e Overall, the applicant has outstanding prior training in computational methods — strong
foundations for her future goals.

Weaknesses
e None noted.

2. Sponsors, Collaborators, and Consultants:
Strengths

e The applicant’s research interests are in the broad area of cancer genetics and cancer
heterogeneity — specifically to unravel the transcriptional and genetic heterogeneity at the single
cell level by using cutting-edge statistical approaches.

e The primary sponsor, Dr. Peter V. Kharchenko, an Assistant Professor of Pediatrics, Harvard
Medical School, Boston, MA provides the necessary expertise and advice in the area of
Bioinformatics

e The co-sponsor, Dr. Catherine Ju-Ying Wu, provide the mentorship in cancer.

There is a good track record of collaboration with co-sponsor based on publications and
presentation at conferences.
Weaknesses
¢ None noted.

3. Research Training Plan:
Strengths

e The laboratory of the main sponsor (Dr. Peter V. Kharchenko) has the necessary expertise in
statistical analysis, method benchmarking, method validation, software development, software
documentation, and various programming languages such as R and C++ — matching the
technical training needs of the applicant. The mentor has well-funded research program,
although not from NCI.

e The co-sponsor provides the necessary mentorship and technical expertise in the area of the
single cell RNA-seq, also provides data access to previous NGS datasets that will be used in
this project.

o Both mentors have excellent track record in training pre- and post-doctoral fellows.

Weaknesses
o None noted.

4. Training Potential/Development Plan:
Strengths
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e The training plan for development of Bioinformatics methods for NGS data is very strong.
¢ The plan to transition into cancer bioinformatics area is well thought-out.

Weaknesses
¢ None noted.

5. Institutional Environment & Commitment to Training:
Strengths
e The resources and rich intellectual environment at Harvard University and Dana-Farber Cancer
Research Institute are outstanding
Weaknesses
¢ None noted.
Protections for Human Subjects: Acceptable Risks and Adequate Protections
Data and Safety Monitoring Plan (Applicable for Clinical Trials Only): Acceptable

Inclusion of Women, Minorities and Children:
e Sex/Gender: Distribution justified scientifically
e Race/Ethnicity: Distribution justified scientifically
¢ Inclusion/Exclusion of Children under 21: Excluding ages < 21 justified scientifically

Vertebrate Animals: Not Applicable (No Vertebrate Animals)

Biohazards: Not Applicable (No Biohazards)

Training in the Responsible Conduct of Research: Acceptable

Comments on Format (Required):

Comments on Subject Matter (Required):

Comments on Faculty Participation (Required):

Comments on Duration (Required):

Comments on Frequency (Required):

Applications from Foreign Organizations: Not Applicable

Select Agents: Not Applicable (No Select Agents)

Resource Sharing Plans: Acceptable

Budget and Period of Support: Recommend as Requested

THE FOLLOWING SECTIONS WERE PREPARED BY THE SCIENTIFIC REVIEW OFFICER TO
SUMMARIZE THE OUTCOME OF DISCUSSIONS OF THE REVIEW COMMITTEE, OR REVIEWERS'
WRITTEN CRITIQUES, ON THE FOLLOWING ISSUES:

PROTECTION OF HUMAN SUBJECTS: ACCEPTABLE

INCLUSION OF WOMEN PLAN: ACCEPTABLE

INCLUSION OF MINORITIES PLAN: ACCEPTABLE

INCLUSION OF CHILDREN PLAN: ACCEPTABLE
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COMMITTEE BUDGET RECOMMENDATIONS: The budget was recommended as requested.

Footnotes for 1 F99 CA222750-01; Pl Name: Fan, Jean

NIH has modified its policy regarding the receipt of resubmissions (amended applications).
See Guide Notice NOT-OD-14-074 at http://grants.nih.gov/grants/guide/notice-files/NOT-OD-
14-074.html. The impact/priority score is calculated after discussion of an application by
averaging the overall scores (1-9) given by all voting reviewers on the committee and
multiplying by 10. The criterion scores are submitted prior to the meeting by the individual
reviewers assigned to an application, and are not discussed specifically at the review meeting
or calculated into the overall impact score. Some applications also receive a percentile
ranking. For details on the review process, see
http://grants.nih.gov/grants/peer_review_process.htm#scoring.
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