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1. INTRODUCTION:  

 
 
 
 
 
 
   
 
 
 
 
 

2. KEYWORDS: 

 

3. ACCOMPLISHMENTS:  The PI is reminded that the recipient organization is required to obtain prior
written approval from the awarding agency grants official whenever there are significant changes in the
project or its direction.

What were the major goals of the project?
List the major goals of the project as stated in the approved SOW.  If the application listed
milestones/target dates for important activities or phases of the project, identify these dates and show
actual completion dates or the percentage of completion.

Aim 1: integrative analysis of serial tumor samples during ICI for 
genomic/epigenomic analysis with immune profiling. Months  

Aim 1.1 – Genomic and epigenomic analysis of tumors 
Patient selection – patient must have at least 3 time points for analysis 

Pre-treatment, On-treatment, Post-treatment/Recurrence 

Therapy: aPD1 monotherapy or combination aPD1 + aCTLA4 

BRAF V600E mutant (n=5) NRAS mutant (n=2) 
NF1 mutant (n=1) 
Triple wild type (n=1) 

Sequencing completed for n=5 BRAF V600E mutant patients, n=2 NRAS patient, 
n=1 NF1 patient, and n=1 triple wild type patient. 

The timeline was impacted by COVID-19 delays, but analysis is back on track. 

3-6 MGH (Boland Lab) 

Exome sequencing 
n=9 patients with 3 time points n=27 tumor samples total 

Sequencing completed and phylogenetic analyses underway. 

3-6 Broad (Boland) 

One of the most promising recent therapeutic avenues has been cancer immunotherapy: boosting 
the immune system or training it against tumor antigens. However, only a fraction of patients receive 
durable clinical benefits from these therapies. There is a pressing need to identify factors predictive 
of clinical response to help make patient-specific treatment choices, understand the mechanisms of 
both de novo and acquired immunotherapy resistance, and nominate new therapeutic targets for 
combination therapy. We are undertaking multi-level analysis of longitudinal patient tumor samples 
in parallel with peripheral blood-derived extracellular vesicle (EV) RNA expression in patients 
undergoing checkpoint blockade therapy. We hypothesize that blood-based analysis will allow us to 
interrogate multiple tumor sites simultaneously, offering a more broad-based analysis of the tumor 
and immune landscape than tumor analysis alone. Additionally, tissue-of-origin analysis from EV 
transcripts during treatment will allow us to gain a comprehensive understanding of changes in the 
tumor microenvironment during checkpoint blockade immunotherapy. 
 

Tumor genomics, transcriptomics, immunotherapy, biomarker 



ATACseq 
n=9 patients with 3 time points n=27 tumor samples total 

Large ATACseq dataset available. However, not all samples from WES and 
RNAseq have undergone ATACseq. 

3-9
MGH/Broad (Boland; 
technical assistance 
Kellis) 

Phylogenetic analysis 
n=9 patients with 3 time points n=27 tumor samples total 

Sequencing completed and phylogenetic analyses underway. 

9-12
MGH (Boland Lab, 
MGH computational 
team) 

Aim 1.2 – Immune characterization. 
RNAseq - using same patient samples from Aim 1.1 n=9 patients with 3 time 
points 
n=27 tumor samples total 

Sequencing completed and transcriptional analyses underway. 

3-6 MGH 

TCR and BCR calling using same patient samples from Aim 1.1 n=9 patients with 
3 time points 
n=27 tumor samples total 

Sequencing completed and immunologic analyses underway. 

6-12 MGH/Broad (Boland 
and Kellis Labs) 

Multiplexed immunofluorescence using same patient samples (Aim 1.1) n=9 
patients with 3 time points n=27 tumor samples total 

Initial pilot project completed and published (Liu D… Boland GM, Nat Med, May 
2021). Multiplex imaging underway for the remaining patient samples. The 
imaging data analysis is non-trivial and required significant optimization for the 
initial pilot project. The pipelines now exist and will be utilized to move the 
remaining samples forward in year 3. 

6-12
6-12 MGH 
(Boland and Stott 
Labs) 

Aim 2: utilizes circulating exosomal RNA to identify, monitor tumoral 
RAAs 
Aim 2.1 – Bulk exosomal analysis. 
Exosome RNA isolation, paired samples to match tumors in Aim 1 
  n=9 patients with 3 time points 
  n=27 plasma samples total 

Samples submitted to pair with pilot patient study (Liu D… Boland GM, Nat 
Med, May 2021). Bulk transcriptomics completed and analysis underway. 

6-9 MGH 
(Boland Lab) 

RNAseq 
  n=9 patients with 3 time points 
  n=27 plasma samples total 

Samples submitted to pair with pilot patient study (Liu D… Boland GM, Nat 
Med, May 2021). Bulk transcriptomics completed and analysis underway. 

9-12 MGH/Broad 
(Boland) 

Comparison with tumor data 
  n=9 patients with 3 time points 
  n=27 tumor samples total 

Integrative analysis underway for pilot patient study (see above), pairing 
deep tumor characterization with bulk EV analysis. Once this pilot 
completed, other samples will be sequenced and analyzed. 

12-18 MGH/Broad 
(Boland and Kellis 
Labs) 

Aim 2.2 – Cell-specific exosome selection. 
Deconvolution of bulk exosome signals into tumor/immune components 
  n=9 patients with 3 time points 

12-15 MGH/Broad 



  n=27 plasma samples total 

Awaiting sequencing results. Pilot analysis of existing datasets underway. 

(Boland and Kellis 
Labs) 

Cell-specific exosome capture 
  Melanoma cell lines: A375 (BRAF/MEKi sensitive and resistant), RPMI  

       7951, MeWo, SkMel30 
  Other cell lines: T cells (Jurkat E.61), B cells (RPMI-1788), 

  Megakaryocyte (MEG-01), and Fibroblast (SV40) 

Experiments are underway utilizing cell line specific exosome capture. This 
technology was the foundation for an NIH U18 award (PIs: Stott, Boland) 
utilizing circulating EV for COVID-19 detection and monitoring changes in 
the immune microenvironment. 

15-24 MGH 
(Boland and Stott 
Labs) 

Focused sequencing 
  Cell line-derived exosomes to confirm selective capture 

Pilots on cell lines and n=5 patient samples completed. 

15-24 MGH 
(Boland and Stott 
Labs) 

RNAseq 
  n=9 patients with 3 time points 
  n=27 plasma samples total 

We are awaiting optimization of Aim 2.2 methods prior to running patient 
samples. Samples from n=5 pilot available, but characterized by ddPCR 
thus far. 

24-36 MGH/Broad 
(Boland; analysis 
Boland, Stott, and 
Kellis Labs) 

Aim 2.3 – Modeling of ICI response. 
Predictive modeling using bulk exosomal RNA data 
  n=9 patients with 3 time points 
  n=27 plasma samples total 

Pending 

15-20 MGH/Broad 
(Boland and Kellis 
Labs) 

Predictive modeling using selected exosomal RNA data 
  Training set from cell lines (Aim 2.2) 
  Patient samples: 

  n=9 patients with 3 time points, n=27 plasma samples total 

Pending 

24-36 MGH/Broad 
(Boland, Stott, and 
Kellis Labs) 

Aim 3: functionally validate EV-derived transcripts and proteins 
Aim 3.1 – RNA and protein modulation 
In vitro cell culture 
  Melanoma cell lines: A375 (BRAF/MEKi sensitive and resistant) 

  RPMI 7951 
  MeWo 
  SkMel3 

12-24 MGH 
(Boland Lab) 

Candidate overexpression and/or knockdown 
miRNA 
  miRNA4454 
  miRNA548A3 
  miR4472-2 
  miR4664 

Protein 
  PD-L1 
  HLA-A/B 

This work has begun and data will be included below. 

12-24 MGH 
(Boland Lab) 

In vitro assays – cell proliferation, wound-healing, transwell invasion 
   Melanoma cell lines: A375 (BRAF/MEKi sensitive and resistant) 

12-24 MGH 
(Boland Lab) 



  RPMI 7951 
  MeWo 
  SkMel3 

  Overexpression/knockout of candidates (above) in a subset of the 
  melanoma cell lines, starting with A375 sensitive/resistant cell lines 

Efforts ongoing. 
Aim 3.2 – Exosome and immune cell interaction 
Normal blood collection, T cell isolation/expansion 
  n=5 health donor collections 

12-24 MGH 
(Boland Lab) 

T cell activation 
  n=5 health donor collections 

12-24 MGH 
(Boland Lab) 

Exosome treatment 
  Melanoma cell lines: A375 (BRAF/MEKi sensitive and resistant) 

  RPMI 7951 
  MeWo 
  SkMel3 

1. Overexpression/knockout of candidates in a subset of melanoma cell
lines, starting with A375 sensitive/resistant cell lines

2. Isolation of exosomes derived from overexpressing/knockout cell
lines

3. Comparison of miRNA/protein expression between cell line and
exosomes

4. If concordant (i.e. the overexpression or knockout of cellular
expression is reflected in changes in exosome expression),
exosomes harvested and used to treat non transfected/infected cell
lines (parental) to assess for phenotypic changes

Efforts ongoing. 

12-36 MGH 
(Boland Lab) 

RNA and protein analysis 
1. Assess changes in gene/protein expression in exosome treated tumor

and immune cells

Efforts ongoing. Manuscript in preparation. 

24-36 MGH 
(Boland Lab) 



What was accomplished under these goals? 
For this reporting period describe: 1) major activities; 2) specific objectives; 3) significant results or key 
outcomes, including major findings, developments, or conclusions (both positive and negative); and/or 
4) other achievements.  Include a discussion of stated goals not met. Description shall include pertinent
data and graphs in sufficient detail to explain any significant results achieved.  A succinct description
of the methodology used shall be provided.  As the project progresses to completion, the emphasis in
reporting in this section should shift from reporting activities to reporting accomplishments.

   

Figure Legend: (left): Ab selection of CD45 and CD3 selectively enrich for those signals, validated by 
ddPCR. (center): Ab selection of melanoma cell line-derived EVs is enriched as compared to 
CD45/CD3 as validated by ddPCR. (right): capture of mTurqoise labelled EVs on the herringbone chip 
showing increased capture (panels B) as compared to IgG control (panels A) – top row is 40x 
magnification, bottom row is 60x magnification. 

Aim 1: integrative analysis of serial tumor samples during ICI for genomic/epigenomic 
analysis with immune profiling.  

Liu D, Lin JR… Boland GM. Evolution of delayed resistance to immunotherapy in a melanoma 
responder. Nature Medicine, May 2021. 
https://www.nature.com/articles/s41591-021-01331-8  

Aim 1.1 and Aim 1.2: Patients/samples have been identified and submitted for WES, RNAseq, and 
ATACseq for all patients. The samples for WES/RNAseq are being analyzed. ATACseq samples 
were submitted to the MIT Core, but we are assessing how many samples from each data set 
overlap. There may be under-representation of this patient cohort in the ATACseq data. Efforts are 
ongoing to identify samples that have not yet been submitted for analysis.. The FFPE blocks that 
pair with the samples submitted for sequencing are available, but have not been cut/sent for 
imaging yet.  

Our initial longitudinal analysis has now been published in Nature Medicine: 
https://www.nature.com/articles/s41591-021-01331-8 and was used to establish analytical 
pipelines. The process development for the imaging analysis was significant and was done in 
collaboration with our collaborator, Peter Sorger. We are now expanding the analysis and will 
include these samples during year 3. 

Aim 2.1: Plasma samples from the patients identified in Aim 1.1/1.2 have been allocated for the 
experiments in Aim 2.1 and 2.2. Bulk EV have been isolated from n=15 timepoints from patient in 
Nature Medicine manuscript, RNAseq completed, integrative analysis with tumor sequencing 
underway. 

Aim 2.2: Cell specific Exosome/Extracellular Vesicle (EV) Capture. 
We have utilized Ab capture of tumor and immune cell line derived EVs and show promising 
results quantified by qPCR. We were awarded an NIH U18 grant (PIs: Boland, Stott) to use similar 
techniques for assessment of SARS CoV-2 and immune EV capture. These efforts are maturing. 
We ran a pilot of n=5 patient samples and have early signs of successful tumor and immune EV. 
Expansion to longitudinal samples will occur in year 3 once techniques fully validated. 
 
Aim 3.1: Functional validation of EV-derived miRNA and/or PD-L1 and HLA-A/B. 
This work has been ongoing and data will be included below. Since the last annual report, we 
further validated a candidate miRNA found to be implicated in targeted therapy resistance and 
analyzed EV and cell line RNAseq. Putative targets identified and validated in sequencing data 
(included below). 

https://www.nature.com/articles/s41591-021-01331-8
https://www.nature.com/articles/s41591-021-01331-8


Aim 2: utilizes circulating exosomal RNA to identify, monitor tumoral RAAs. 
We are using the EV-Chip for cell-specific EV capture. Cell line data and pilot patient data below. 

Figure 2: 

Aim 3: functionally validate EV-derived transcripts and proteins 

This Aim builds upon our now-published data suggesting a role for EV transcriptional profiles in 
predicting/monitoring ICI response and emergence of RAAs. 

Shi A…. Kellis M, Boland GM. Plasma-derived extracellular vesicle analysis and deconvolution 
enable prediction and tracking of melanoma checkpoint blockade outcome. Sci Adv, Nov 2020. 



https://advances.sciencemag.org/content/6/46/eabb3461.abstract 

Several miRNA were nominated from this analysis and have been now been validated in vitro. miR-
4674 overexpression induces resistance to BRAF- and MEK-inhibition in vitro (Figure 1). EV from 
miR-4674 OE cells were used to treat non-OE cells and demonstrated increased expression of miR-
4674 and increased cell viability during targeted therapy treatment (Figure 2). We next used paired 
A375-S and A375-Resistant cell lines to examine RNA expression in cells & EV, assessing if putative 
miR-4674 targets were enriched in EV. We found that FAT3 transcripts (a predicted miR-4674 target) 
are higher in A375-S EV (Figure 3). We next used the RNAseq data sets from the paper (Shi et al, 
above) to assess if FAT3 transcripts were higher in ICI responders, finding that pre-treatment FAT3 
expression in EV correlated with response to ICI (Figure 4). FAT3 is a modulator of YAP-
phosphorylation and may have a tumor suppressor role in melanoma (Figure 5). Longitudinal EV 
transcriptional signals were assessed and FAT3 persistence was seen in ICI responders (Figure 6). 

Figure 1: 

https://advances.sciencemag.org/content/6/46/eabb3461.abstract


Figure 2:

Figure 3: 



Figure 4:

Figure 5: 



Figure 6: 



What opportunities for training and professional development has the project provided?    
If the project was not intended to provide training and professional development opportunities or there 
is nothing significant to report during this reporting period, state “Nothing to Report.” 

How were the results disseminated to communities of interest?    
If there is nothing significant to report during this reporting period, state “Nothing to Report.” 

Describe how the results were disseminated to communities of interest.  Include any outreach activities 
that were undertaken to reach members of communities who are not usually aware of these project 
activities, for the purpose of enhancing public understanding and increasing interest in learning and 
careers in science, technology, and the humanities.   

I co-coordinated a Department of Surgery Grant Writing Program Jan 2020 in conjunction with 
surgical leaders at Brigham and Women’s Hospital. 

I completed a course at MGH: “Bridging Academia with Industry” where researchers create teams 
and work with industry partners/venture capital to build projects and/or ideas with potential for 
marketing and start-up opportunities.  

2020 Characterizing the Hippo/YAP Pathway in Melanoma Immunotherapy 
Invited Lecturer. Melanoma Research Foundation (MRFBC). Virtual Presentation. 

2020 

2020 

Evidence-Based Management of Melanoma 
Invited Lecturer. Madigan Army Medical Center, Hospital Grand Rounds. (Virtual). 

Evidence-Based Management of Melanoma 
Invited Lecturer. Oregon-Washington ACS Symposium. Virtual Presentation and 
Tumor Board. 

2020 

2021 

2021 

2021 

2021 

2021 

2021 

Multi-Modality of Melanoma Immunotherapy Response and Resistance 
Invited Lecturer. Immuno-Oncology Summit, Boston, MA (Virtual) 

Creating a Career as a Surgeon Scientist 
Invited Lecturer. Jefferson MD/PhD Mentorship Seminar. Thomas Jefferson 
University, Philadelphia, PA (Virtual) 

Surgical Management in Melanoma: Where are We Now and Where are We Going 
Invited Lecturer. International Symposium on Melanoma and Other Cutaneous 
Malignancies. New York, NY (Virtual) 

Surgical Management in Melanoma: Where are We Going? 
Invited Lecturer. American College of Surgeons Cancer Program (Virtual) 

Multi-Modality Approach to Predicting and Monitoring Melanoma Immunotherapy 
Response and Resistance. 
Invited Lecturer. Molecular Med Tri-Con Conference & Expo (Virtual) 

What’s Old is New Again: Transformative Change in the Management of Melanoma. 
Visiting Professor. Department of Surgery Grand Rounds. Johns Hopkins (Virtual) 

Protein Biomarkers in Plasma: Revealing Biological Insights into the Tumor 
Microenvironment. 
Invited Speaker. Cell and Gene Therapy Insights (Webinar) 

 
International 
2020 
 
 
2020 
 

Blood Based Biomarkers of Immunotherapy Response and Resistance 
Invited Lecturer. Liquid Biopsy Congress, United Kingdom (Virtual). 
 
Using Proteomics and Multiplex Immunofluorescence to Enhance Immunotherapy.
Invited Lecturer. Flow-Cytometry & Multiplexing Tools Symposium, United Kingdom 
(Virtual). 



 

 
 

 

What do you plan to do during the next reporting period to accomplish the goals?  
If this is the final report, state “Nothing to Report.”   

Describe briefly what you plan to do during the next reporting period to accomplish the goals and 
objectives.   

 

 
 

4. IMPACT: Describe distinctive contributions, major accomplishments, innovations, successes, or any
change in practice or behavior that has come about as a result of the project relative to:

What was the impact on the development of the principal discipline(s) of the project?
If there is nothing significant to report during this reporting period, state “Nothing to Report.”

Describe how findings, results, techniques that were developed or extended, or other products from the
project made an impact or are likely to make an impact on the base of knowledge, theory, and research
in the principal disciplinary field(s) of the project.  Summarize using language that an intelligent lay
audience can understand (Scientific American style).

What was the impact on other disciplines?    
If there is nothing significant to report during this reporting period, state “Nothing to Report.” 

Describe how the findings, results, or techniques that were developed or improved, or other products 
from the project made an impact or are likely to make an impact on other disciplines. 

2020 Multimodality Approach to Predicting and Monitoring Immunotherapy Response and 
Resistance. 
Invited Lecturer. Symposium on Biomarkers in Immunotherapy. Bergen, Norway 
(Virtual) 

The projects referenced above were presented in a variety of forums (local, national, international) 
for discussion and to create opportunities for collaboration. 

There were also efforts to target groups of interest (e.g. Liquid Biopsy Congress, UK). 

We have now successfully published the first patient data in this series (Liu D, Lin JR… Boland 
GM, Nat Med May 2021) – creating pipelines to integrate bulk and single-cell resolution 
sequencing with single-cell resolution imaging. The goal would be to recapitulate this type of 
longitudinal analysis with more patients and integrate the EV analysis. 

Simultaneously, we have improved our cell-specific EV capture and obtained funding for further 
technology development in the setting of monitoring COVID-19 infection (NIH U18). We will 
move forward with more patient samples during this final year of funding. 

We now have the majority of data in hand (aside from some imaging data to be generated). The 
goal for this year is to analyze and integrate the data sets. We have created these types of 
pipelines and learned how to optimize this process for the Nature Medicine paper, and I’m 
optimistic we can complete the projects proposed.  

I am also focused on publication of generated data to support additional funds for further 
research. 



 
 
 
 

What was the impact on technology transfer?    
If there is nothing significant to report during this reporting period, state “Nothing to Report.” 

Describe ways in which the project made an impact, or is likely to make an impact, on commercial 
technology or public use, including: 
• transfer of results to entities in government or industry;
• instances where the research has led to the initiation of a start-up company; or
• adoption of new practices.

 
 
 
 

What was the impact on society beyond science and technology? 
If there is nothing significant to report during this reporting period, state “Nothing to Report.” 

Describe how results from the project made an impact, or are likely to make an impact, beyond the 
bounds of science, engineering, and the academic world on areas such as: 
• improving public knowledge, attitudes, skills, and abilities;
• changing behavior, practices, decision making, policies (including regulatory policies), or social

actions; or
• improving social, economic, civic, or environmental conditions.

 
 

5. CHANGES/PROBLEMS:  The PD/PI is reminded that the recipient organization is required to obtain
prior written approval from the awarding agency grants official whenever there are significant changes
in the project or its direction.  If not previously reported in writing, provide the following additional
information or state, “Nothing to Report,”  if applicable:

Changes in approach and reasons for change
Describe any changes in approach during the reporting period and reasons for these changes.
Remember that significant changes in objectives and scope require prior approval of the agency.

The techniques arising from this work will have impact on a variety of other specialties/disciplines 
including novel computational techniques (with the Kellis Lab at MIT) and with bioengineering 
(with the Stott Lab at MGH). The immune EV capture was repurposed in the setting of the 
COVID-19 pandemic, and Dr. Stott and I obtained an NIH U18 grant. 

While the technological development here may not be patentable, the analytical approaches are 
amenable to licensing agreements, and we have been working with Partners Innovation on the 
marketing/dissemination of these novel analytical approaches. 

While we are a few steps away from conversion of this type of approach to a CLIA environment, 
we aspire to create a reproducible EV platform that could eventually be used clinically. 

We are also focused on using these studies for education of the community regarding 
immunotherapy response and resistance.  

There have been no major changes to the scope of the proposed project. There were some 
experimental delays to the COVID-19 pandemic, but we are back and functioning at full capacity. 



Actual or anticipated problems or delays and actions or plans to resolve them 
Describe problems or delays encountered during the reporting period and actions or plans to resolve 
them. 

 
 
 

Changes that had a significant impact on expenditures 
Describe changes during the reporting period that may have had a significant impact on expenditures, 
for example, delays in hiring staff or favorable developments that enable meeting objectives at less 
cost than anticipated. 

 

Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or 
select agents 
Describe significant deviations, unexpected outcomes, or changes in approved protocols for the use or 
care of human subjects, vertebrate animals, biohazards, and/or select agents during the reporting 
period.  If required, were these changes approved by the applicable institution committee (or equivalent) 
and reported to the agency?  Also specify the applicable Institutional Review Board/Institutional Animal 
Care and Use Committee approval dates. 

Significant changes in use or care of human subjects 

 

Significant changes in use or care of vertebrate animals 

 

Significant changes in use of biohazards and/or select agents 

 

6. PRODUCTS:  List any products resulting from the project during the reporting period.  If there is
nothing to report under a particular item, state “Nothing to Report.”

• Publications, conference papers, and presentations
Report only the major publication(s) resulting from the work under this award.

Journal publications.   List peer-reviewed articles or papers appearing in scientific, technical,
or professional journals.  Identify for each publication: Author(s); title; journal; volume: year; page
numbers; status of publication (published; accepted, awaiting publication; submitted, under
review; other); acknowledgement of federal support (yes/no).

Not applicable. 

One major issue in our proposed experimental timeline relates to delays in data 
generation/analysis due to the COVID-19 pandemic. I doubt this is unique to our project, 
but I think we are back on track for completion of the proposed work on time. 

Not applicable. 

Not applicable. 
 

Not applicable. 
 



 
 
 
 
 
 

Books or other non-periodical, one-time publications.  Report any book, monograph, 
dissertation, abstract, or the like published as or in a separate publication, rather than a 
periodical or series.  Include any significant publication in the proceedings of a one-time 
conference or in the report of a one-time study, commission, or the like.  Identify for each one-
time publication:  author(s); title; editor; title of collection, if applicable; bibliographic information; 
year; type of publication (e.g., book, thesis or dissertation); status of publication (published; 
accepted, awaiting publication; submitted, under review; other); acknowledgement of federal 
support (yes/no). 

 

Other publications, conference papers and presentations.  Identify any other publications, 
conference papers and/or presentations not reported above.  Specify the status of the 
publication as noted above.  List presentations made during the last year (international, national, 
local societies, military meetings, etc.).  Use an asterisk (*) if presentation produced a 
manuscript. 

Previously reported. 

• Website(s) or other Internet site(s)
List the URL for any Internet site(s) that disseminates the results of the research activities.  A
short description of each site should be provided.  It is not necessary to include the publications
already specified above in this section.

• Technologies or techniques
Identify technologies or techniques that resulted from the research activities.  Describe the
technologies or techniques were shared.

 
 
 

• Inventions, patent applications, and/or licenses
Identify inventions, patent applications with date, and/or licenses that have resulted from the
research.  Submission of this information as part of an interim research performance progress
report is not a substitute for any other invention reporting required under the terms and conditions
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approaches. 
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diagnosis, prognosis, treatment and /or rehabilitation of a disease, injury or condition, or to
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compensation (a person month equals approximately 160 hours of effort). If information is unchanged 
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The aim of this project is to collaborate with other funded researchers in the Adelson Program in 
Cancer Research to understand mechanisms of resistance to combination treatment regimens 
including signal transduction inhibitors and immunotherapy using tumor biopsy samples and other 
tissues from patients enrolled on 10 different clinical trials investigating novel melanoma therapeutics. 
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The goal of this project is to analyze and characterize the role of Hippo/YAP signaling during 
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National Institutes of Health, 9000 Rockville Pike, Bethesda, Maryland 20892 
Statistical methods for cancer genomics and cell-free DNA analysis 
The main objective of the proposed project is to develop and test a flexible suite of statistical methods 
for cancer detection and analysis using cfDNA sequencing data at low tumor fractions. Our central 
hypothesis is that structured probabilistic models of genomic signals of cancer in cfDNA data, along 
with careful handling of errors and biases, will enable cancer detection and classification with high 
sensitivity and specificity. 
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effort 
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National Institutes of Health, 9000 Rockville Pike, Bethesda, Maryland 20892 
Microfluidic isolation and characterization of SARS-CoV-2 and virus-related exosomes 
We will repurpose our existing exosome microfluidic isolation technology to measure viral loads in 
plasma, saliva, and stool. Once validated, we will bring our technology to a clinical pathology lab to 
collect data for FDA certification. 

No Award No. (Perez) 07/01/20-06/30/2021 
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Partners Innovation Development Grant: Boland (PI)     04/01/2019 – 04/01/2020  
Deconvolution of circulating exosomal RNA signatures in melanoma immunotherapy 
The goal of this project is to utilize artificial intelligence to deconvolve and selectively enrich 
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Decoding Immune Networks, T Cell Clonotypes, and Biomarkers Associated with irAEs 



The goal of this project is to identify the phenotype of T ccelllel repertoires in irAEs, characterize the 
antigen-TCR specificities of irAE TIL, and assess circulating biomarkers for patients at risk for irAE. 

Department of Defense Melanoma Research Program Translational Research Award with 
Collaborator Option 
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Targeting Epigenetic Modifiers of Phenotype Switching in Targeted Therapy-Resistant Melanoma 
(Sub BU- Wu) 0% 
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antigen-TCR specificities of irAE TIL, and assess circulating biomarkers for patients at risk for irAE. 

Department of Defense Melanoma Research Program Translational Research Award with 
Collaborator Option 
DOD 1077 Patchel Street, Fort Detrick, MD, 21702-5024; 301-619-7071 
Targeting Epigenetic Modifiers of Phenotype Switching in Targeted Therapy-Resistant Melanoma 
(Sub BU- Wu)       07/01/21-06/30/24 0% 
effort 



What other organizations were involved as partners?    
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the text.  Examples include original copies of journal articles, reprints of manuscripts and abstracts, a
curriculum vitae, patent applications, study questionnaires, and surveys, etc.
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