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GRANT APPLICATION FOR FISCAL YEAR 2024

DIRECTIONS: Please complete the entire form. If appropriate, indicate “Not Applicable” and justify. The original
apphcatmn plus an electronic version is due in The Women’s Board office on or. before 4:00 pm on Friday,.
January 6, 2023. Only one (1) application from each department will be accepted. Laté or mcomplete
applications will not be considered.

DATE:; 1/6/2022

CLINICAL DEPARTMENT: Pathology
CONTACT PERSON; Jaclyn Murry, PhD
Phene: 410-955- 8363

Email: imurry3@jh.edu

TITLE OF REQUEST: Digital Polymerase Chain Reaction {dPCR) platferm for detecting clinically significant
gene mutations in tumor DNA.

PHYSICAL LOCATION OF PROJECT; Jokns Hopkins Genomics, 1812 Ashland Ave, Suite 200, Baltimore, MD, 21205,

ABSTRACT {Non-technical averview - 150 words or less):

For patients with cancer, monitoring the residual disease aftér diagnosis and treatment may-be crucial.
Mutaticns causing the tumof’ can also be used to track disease. Technélogical advances enable non-invasive mutational
testing via.circulating tumer DNA, or liquid biopsy. It is passible to detect mutations from liquid biopsy using digital PCR
{dPCR}. dPCRis & method that provides high-precision and absolute quantification of ‘target, DNA sequences in a scalabla
manner for the .detectip_n of previously known mutations. The Molecutar Diagnostics Laboratory is validating the Applied
Biosystems QuantStudio Absolute Q Digital PCR System for detecting low-level gene fnutations and gene copy number-
variants in tumor DNA for hundreds of cancer patients yearly. The requested platform will enable monitoring with greater
assay sensitivity for-at.-risl_( patients, Patients-with known mutations could have targeted follow-up. testing, resultingina
shorter turnaround. time, greater lap efficiency, cost reduction, and improved patient care..

SIGNATURE OF CLINICAL DEPARTMENT CHAIRPERSON:

{(Please type) Chairperson Name: Ralph Hruban, MD
Chairperson Title: Baxiey Professar and Director of Pathology
Chairperson Email; rhruban@ihmi.edu

MOTE: Questions 1-6 must be answered, Please be thorough and concise.

1. Impact on patient care:

Molecular pathology diagnostics routmely rely on complementary but separate assays for an initial cancer
diaghosis, tradltwnally carried out on formalin- fixed paraffin- embedded (FFPE) specimens. Comprehenswe Next-
Gereration Sequencing (NGS) is vital for detecting clinically- significant single. nucleotide variation {SNVs) and RT-PCR
along with traditional fiuorescence in-situ hybndlzatwn (FISH), and microarray for detectl ng aneuploidy, rearrangements,
gene amplifications, and fusion transeripts in tumors for diagnostic-and prognastic purposes.. After initial diagnosis,




treatment momtun ng traditicnally requires invasive follow-up. procediires to ernploy these same miethodologiés again,
gach with-its strengths and timitations. Mutational trackmg of the relationship between tissue and tirculating tumor
{CtONA) has been successfully performed in various tumors with high sensitivity, including, lung, breast, and ¢olon
cancers. CtDNA can be used to detect molecular residual disease (MRD) in solid tumors minimally ibvasively as part of
dynamic molecutar imaging assessments ina longItudma{ manner, As ctDNA bearing these mutations may be low-level in
patients with localized disease, high sensitivity and precision are requifed to detect and quantify target nucleic acid
sequences {1). The:development of muiti ple hqu:d biopsy molecular detection methods has-sought to-address these
sensitivity- and precision needs, mdinly falling into hext- generatlon -hased methods, PCR hased. methods -or combinatorial
approaches (1). While comprehenswe NGS-based testing requ1res labonous wet lab time, sequencing and bicinformatics
processmg, and extensive- expert review and subsequently may result in a lenger turnaround time.. NGS may not be cost-
effective in the background of Kriown historical-mutations. Irstead, targeted cancer mutatlon testing can provide rapid
and accurate identification of known mutational events. A type.of targeted mutational PCR. assay, called dlgItaL
polymeraseé chain reaction (dPCR), targets nucleic acid sequences partmoned {into.concurrent reactions for massively
parallel quantitative PCR (gPCR), eithet designed as a single-locus oF multiplex assay. These parfallel reactions’ take place
in microchambérs on a microfluidic array platé which yields greater sensitivity due to'its compartmentalization of the
molecules. dPCR can bé considered a3 generation ¢PCR assay becatise the end result-allows for the absolute
‘guantification _o_f PCR products, an improvement over the previously indirect quantification methods associated with
gPCR.

Published studies have compared résults from these cross-platform methods (NGS vs. PCR) using. matched
samples for EGFR hotspot mutation.detection; a limit of detection for mutation calling using digital PCR (0. 1%} and NGS
(=0.2%) was established (23, Recent studies. show that dPCR performangce is more accuraté: for EGFR: hotspot mutation
detection in tung and.caolon cancer. relatwe te NGS (3,4). A published systematic. comparison of four PCR-based methods
for the detection of KRAS mutauqns in plasma cell-free DNA demonstrated that dPCR can achieve a higher sensitivity for
KRAS hotspot mutations and is least expensive at higher sample throughput compared to other platforms {5).

The Molecular Diagnostics Laboratory (MDL] isa. CLIA- certified and CAP-aceredited (highest level of regulatory
standards) clinical taboratory that performs molecular and genetic testirg for cancer-patients at HopKins. MDL. has
selected the dPCR methodology for clinical use asit prowdes a highly sensitive method for detecting previously known
actionable mutations in cancer patlents requiring longitudinal follow-up. In-house adoption of this high-throughput and
nor-invasive-assay will provide a personahzed and real-time approach to patient:care, potentially detecting mutational
events earlier than the standard of care.

Comparisons across the various. dPCR platforms have also been published {6). MDL has selected the QuantStudio
Absolute Q Digital PCR System. The' platform is cost-conscmus and harnesses microfluidics to ensure. cansistent
digitization efficiency for the analyzed reaction microchambers, resultmg in highly accurate and consistent, quantification
results within 90 minutes. This platform meets the ¢linical laboratory needs for achieving precision, ease of operation,
and a short turnaround time (7).

This proposed assay will test key mutational events in solid tumor cancers, suppérting real-time drig selection
decision-makihg with a shorter turnaround time (Figure 1, lower panel). Future applications m'a‘y_"a‘lso include the
detection of rare alleles, fusion transcripts, or -ex_pr_essidn levels of transcripts or performing quantification of NGS sample
library preparations to validate . variants reducing the need to repeat a costly sequericing run (Figure 1, lower panel}.

2. Number and type of patiént who wil! benéfit annially from this award:

MDL tests for clinically significant gene mutations and gene.copy nurnber changes in solid tumors and
hematologic malignancies. The current monthly NGS-sequencing volume for clinical patients is 180 for solid tumors. It can
be timieconsuming and éxpénsive to conduct additionial cytogenetics and cytdgenomics tests in-House, prolonging the
correlation of significant diaghiostic and prognostic resutts-as reflexive testing is gften invoked to reduce the:costs to the
patient: The in-house NGS Solid Turrior Hotspot Panel costs $1,000 and cah take Up-to 14 days, or the in-house Full NG5S
Solid Tumor Panel costs -$2,000 and car‘take-up to 21 days for a final result. If a cancer array is added 6, the cost ig
$3,000 and can take up to 21 days, a.karyotype can take up to 14 days costs 51000 and if FISH is added on it can cost
$3GDG and can take up-to 10 days: This explanation is not exhaustive and does not include other existing assays that may
be added on. An in-house patient-specific targeted mutational assay ¢an offer an altetnative in personalized care for
patients whose prigr mutations or copy number alteratidns profiles are kriown. This platform could serve at least 180
cancer patierits each month, impacting care far:mere than :2_,1_60 patients yearly. PCR-based assays genérated will. provide




customized and sensitive mutation or copy number alteration profiles for monitoring minimal/molecular residual risk of
disease at Hopkins.

3. Significance

The dPCR assay design is based on the same gold-standard TagMan chemistry used in real-time PCR and is cited
in greater than 200K research publications (8). Predesigned Absolute Q PCR assays consist of a forward primer, one or
more target-specific probes, and a reverse primer; the assay is pre-mixed and requires no additional testing or
optimization (Figure 1, upper left). The proprietary probe has a minor groove binder (MGB) moiety at the 3’ end that
serves to increase the melting temperature (Tn) of the probe, improving sequence discrimination and flexibility to
accommodate more targets in a single reaction (Figure 1, upper right) (9).

Figure 1. Predesigned Absolute Q PCR
assays (upper left) are premixed together.

Jih e | After adding the DNA and reagents, the
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ot s e PR in the literature. The proprietary probe

serves to improving sequence
discrimination and flexibility to
accommodate more targets in a single
reaction. Potential dPCR applications
(bottom panel) include the ability to
detect rare targets, single molecule
characterization and quantification, and
somatic copy number variation or low fold
changes.

dPCR Applications

The Absolute Q allows for the preparation of up to 16 samples at a time, which requires up to 90 minutes for a
run, with minimal hands-on time for laboratory technologists. Once a panel of probe sets is designed, the probe sets are
hybridized to DNA extracted from patient plasma (or body fluids) or tumor specimens (FFPE), after which droplets are
generated by microfluidic array plate (MAP) technology, PCR is performed and dPCR data analysis is carried out to detect
positive molecules in a single system with no manual transfer steps required (Fig. 2) (10,11).

Figure 2. The Absolute Q platform
workflow. DNA, primers, and probes are
added along with reagents. Next, samples
are loaded onto plates that can
accommodate up to 16 samples at a time.

== Then, plates are loaded onto the
QuantStudio Absolute Q system where
droplets are generated by microfluidic
array plate (MAP) technology and the

LEEne sev nrem = i dPCR reaction is then run. Finally,
90 Minute run time includes: reagent digitization, thermal cycling, and data collection which are integrated into a QuantStudio software performs mutation
single system with no manual transfer steps required. 5 s 5 5
- detection and quantification with
precision and confidence.

Prepare reaction Load onto Run Analyze
mix plate instrument data

Based on current estimates of 180 cancer specimens monthly, a majority of specimens processed in the lab are
receiving initial diagnostic results. If a subset estimated at 10% will need known mutational testing, then the monthly
volume of patients needing dPCR processing is approximately 18. However, based on the practice of each solid tumor
case requiring two to three separate reactions for known copy number changes and mutations, and the practice of follow-
up testing at quarterly intervals, we estimate several hundred separate assays each month. Given this volume, MDL has




requested a-ingle unit of each instrument at this time: 1 Absofute Q instrument + Desktop, installation and 1 day on-site
Field Apphcanon Scientist Trammg, 1 year of AB assurance (extended warranty) with 1 PM (preventative maintenance by
Field Service Engineer visit), an optional. acidltional year of AB assurance, 1xMAP 16 plate kit+ Starter Kit.and White Glove
Shipping. Given the minimal hands-on tech time required, the short duratlon of the run, and the plate size of 16, this
desired platform canaccommodate the current repeat tesu_ng volumes. As the estimated median clinicat tu_rn_around time
is days for dPCR (specimen recejved to final report) compared to weeks for NGS, the _rques_ted'equipment_ will improve
overall lab efficiency and reduce tuinaround and associated costs for testing for the patient, resulting in improved
clinical care.

4. [mphcatmns if any, that this has to do with the Covid pandemic:
This assay does not have a dlrect apphcauon to Covid detectlon

5. Persannel _(Ple_ase note -that we cannot fund grants that incorporate any salaries.)
This proposal is led by Jaclyn B. Murry, Ph.D. She is a co-investigator of this proposal, She performs research. examining
-emerging cytogenemic and melecular genomics:methods for futurg clinical implementation.

Ying':_Zou,_ MD, P'h.'_D._, is an associate director of MDL and is the Cancer Cytogenetics Director at__JH_H ‘and is co-investigator
of this proposal. She'carries out research focused on clinical cytogenomic and molecular genetics laboratory tests.

Rena Xian, M.D., is an associate director of MDL and co-investigator of this proposal. She conducts research focused on
novel diagnostic technigues.

Ming-Tseh Lin, M.D., Ph.D., is a co-investigator of this:proposal. He s an _as_sotiate-direttor of M'DL_and_is a leaderin
moleculat’ diagnostics.

Christopher D. Gocke, M.D., is a co-investigator of this proposal. He is the-division director of Molecular Pathiology, and
the medical director of MDL, and an expertin cancer genomics and non-invasive diagnostics.

Jim Eshleman; M.D., Ph.D., is a co-investigator of this proposal. He is an associate director of MDL and has an active
-research program dedicated to the diagnosis and response monitoring of cancer patients.

Joriathan C. Dudley, M.D., is-a co-investigator of this propesal. He is‘an assdciate director of MDL and-his research focuses
on the development of novel molecular diagnostic méthods for the detection and classification of cancer from.
-cytopathology specimens.

6, Budget: Total Request: § 75.000.

A. Equipment - price per item and discount if applicable for multiples. Please add  compelling justification
if multiples are requested. (temize and justify):
This __$?5,0_00 request ih'cl_ude_s 1 Absolute:Q instrument + Desktop, installation and 1 day on-site Field Application
Scientist Training, 1 year of AB assurance {extended warranty)} with 1 PM.{preveritative maintenance by Field Service
Engineer visit), -an optional additic_nal year of AB assirance; 1:MAP 16 plate kit+ Starter Kit, and White Glove Shipping.

We recognize that the Women’s Board budget may ot extend tg cover the full cost, so we will gratefully accept what is
avaltable and use the clinical lab budget:ng process to obtain the remaining funds.

‘B.. Supplies ([temize and justify):
None

€. What is the out-of-pocket cost to the patient? (Iltemize and justify):
‘Hone

D. Other Expenses, Hidden Costs (Please consider whether your grant proposal contains other costs
that would reqmre hospltal funding, such as structural modifications for equipment installation,
operating costs such as additional FTEs, training costs, ete.}*




None

7. Have you requested fiinds from any othér source?

[l Yes (What was the result?)

Click or tap here to enter fext.

X No (Explain why)

We have niat requested funding for tHis.irstrument from other sourcés; as funding for cliniéal:lab instruments'is
not typically available through traditional funding mechanisms. We will place the balance of the-cost of the
instrument on the:capital. expendlture budget for the clinical labdratory in 2023-24. All. proposed-clinical assays

w1ll be validated in MDL usihg the existing lab budget. CPT code 81479 for Genetic Analysis Proceduires may be
considered-once the clinical test is launched.

* If you have any concerns about additional costs of. your grant to the hospital please feel free to contact the CFQ Katina
Williams @ kw1l1249@]hm1 edu. She is aware of our grant process. All grants selected for funding will eventually be
submitted for final hosp:tal approval by the Women's Board. [t s not required for the departments to request approval
from the hospital pricr to submission on Jan__u_ary 6, _2023
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January 6'”", 2023

The Women’s Board of The Johns Hopkins Hospital

Billings Administration Building, Room 221

500 North Wolfe Street - Baltimore, MD 21287-0221

Phone: (410) 955-9341 - Fax: (410} 614-9856 - Email: jhhwb@jhmi.edu

To The Women's Board of The Johns Hopkins Hospital,

I am submitting the Motecular D_ia_gn"o'stics Laboratory (MDL) proposal for clinical testing developmient support on behalf of
the Department of Pathology for review with The Women’s Board of the Johns Hopkins Hospital.

We appreciate that -our proposal is being considered by the.Board and we hape to: partner with The Women's Board $o'that
at least 180 cancer patients each month at Hopkins can feceive réal-time mutationat follow up results-in a-maofe rapid and
cost-effective’ manner, r_esultmg in improved clinical care. If selected for the award, this <linical develdpment support
would translate into an anticipated 2,180 Hapking cancer patients receiving rapid mutatios results-over the next year.

We are requesting $75,000 ta purchase a digital polymerase chain reaction (dPCR} instruiment and desktop,. installation and
training, warranty, preventative maintenance, initial consumables, and ‘whité glove shipping. As we understand the budget
may not extend. to cover the full cost, we will gratefutly accept what is available and will use thé clinical iaboratory
_budgetmg_p_rqcess to obtain the remaining funds. Once valtidated-in M_DL . the proposed clinical assay would simplify repeated
targeted mutation testing for cancer patients, thereby reducing the wet lab burderi, the assay run duration, and offer a
streamlined analysis and reporting approach for laboratory staff and directors that would translate:into an actionable result
in days rather than weeks, compared to the current in-house next-generation sequencing workflow;

We are excited for the epportunity to _partner with The Wornen's Board of the Johns Hopkms Hospltal and are- lookmg.
forward to adopting this new assay platform that will allow MDL to personalize mutation testing needs for our current,
clinical patients in a potentially nop-invasive manner by using liquid biopsy specimens. Once again, thank you for
considération of cur proposat.

Sincerely,

Jaclyn B. Murry, PhD, FACMG

Assistant Professor- Department of Pathology
Assistant Director<JHH Cytogenetics Laboratory
Division of Molecular Pathology
Jmurry3@jhedu




