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Homologous recombination deficient (HRD)
fumours are highly responsive to platinum-based
chemotherapy andpoly (ADP-ribose) polymerase
inhibitor (PARPi) therapy. Various PARPi inhibitors have
been FDA approvedtotreat breast, ovarian,
pancreatic and prostate cancers while growing
evidence also suggest its relevance in gastric,
endometrial, colon, bladder,lung,aswell asother solid
tumors.

HRD testing is currently performed using
diagnostic laboratory tests which rely heavily on
Next Generation sequencing (NGS)method.
Though definitive, their time-consuming and
expensive nature may leave alarge cohort of
patients frustrated if thetest results rule them out for
PARPitherapies.

Inourmissionfoprovideaffordableprecision therapy
to patients, we have developed arapid, precise and
cost-effective Al/ML enabled image based HRD tesfing
tool ‘OncoPrediki-HRD' which canscreen for patients
who arelikelyto be HRD positiveandbenefitfromP ARPI
therapiesand should, therefore, undergoNGS
festing.

Significance of HRD for PARPi therapy

Homologous Recombination Deficiency (HRD)
generallyoccurswheng enesinvolvedinthe HRR
pathwayarealteredordisruptedandthe cellsare
unableto carryout DNArepair. Intumor cellswhere
backup DNArepairmechanismsare impaired, PARP
inhibitorscanbe used foinhibit actionofPARP
enzymeswhichmediate DNA repair of fumor cells
making HRD an important biomarker to identify
pafientswho may benefit from PARPitherapy.

Whatis the rationale foridentifying HRD tumor
patients?

Traditionally, HRD stafus has been mainly linked
mutations in BRCAT and BRCA2 genes.

Several studieshave now established otherkey
biomarkers indetermining HRD status (Figure1).
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Figure 1: Relevant Biomarkers for HRD status
identification and PARPI treatmenteligibility.

BRCA1 and BRCAZ2 alterations

Many germline and somatic contributorstoHRD have
been identified and extensively studied in the recent
past. Germline BRCA-1 and BRCA-2 alterations are
key members of the HR DNA repairpathwayand
maijority of HRDtumorsoccur in these cases, however,
somatic BRCA-1 and BRCA-2mutations aswell asother
mutationsin the HR pathwaycanalsobeindicative of
HRD.

Genomic Instability

HRD also gives rise to specific patterns of mutations,
Indels, Copy number variations and structural
rearrangements. The larger genomic alferations give
rise to Genomic Instability and comprises of Loss of
heterozygosity, Telomeric allelic imbalance and large
scale state tfransitions all of which are also predictive of
HRD.

Loss of Heterozygosity
LossofHeterozygosity (LOH)isthelossof one of the
two alleles at aheterozygouslocus. HRD impairs
normal DNAdamagerepairwhichresults
inlossorduplication of chromosomal regionsand
causesgenomiclossofheterozygosity (LOH).
Therefore, LOHisarelevantbiomarkerofHRD.

Telomeric allelic imbalance

Telomeric allelic imbalance, another known
predictor of HRD, is caused by unequal
confribution of paternal and maternal allele
sequences regardless of whether the copy
number has changed and is defined as the
numberofallelicimbalanceregionswhich extend to
thetelomere but do not crossthe centromere. Theyare
significantly present intumorswith BRCAT andBRCA2
deficiency aswellastumors whichare sensitive fo
platinum chemotherapy.
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Large scale transitions
Largescaletransitions,anotherpredictorofHRD, isthe
number of chromosomalbreck points that generate
fragmentsof=10Mb.Theirpresence hasbeen
establishedinbreastcancerandcell lines with BRCA
mutations.

Epigenetic modifications

Epigenetic modifications are alsobeingstudied asan
importantconfributortoHRD. For example, interactions
with different proteins in the DNA repair pathway or
promotermethylation can lead tosilencingof BRCA1
and BRCA2 genes and lead fo HRD.

177 Ovarian Cancer Samples
96/177(54%) HRD=42

46/177(26%) HRR Genes

31/177(17%)
BRCA1/2 Mutation

Figure 2: Diagrammatic representation showing

the distribution of each category used asbasisfor

HRD selection. Note here that our fraining model for
buildingthe Alenabled foolwasa comprehensive
panel containing multiple genomic signatures.

Challengesassociated withHRD
prediction using NGStesting

HRD testing, currently performed using next

generation sequencing, poses the following

drawbacks:

* |[tcantake 2-4weeksforresults.

¢ |thasa high failure rate.

o |trequires significant amount of tissue.

o |tiscostly.

* There may besample QC rejectionduetolow
DNA quantity in many cases.

* |tinvolves multitechnique processes suchas
NGS+MLPA+ChromosomalMicroarray.

Allabove mentionedreasons make predictionof
HRDinconvenientandlessreliable.
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Solution:OncoPrediki-HRD ‘An AlEnabled HRD
Testing Tool’

Asasolutiontothe long drawnandinefficient
processof HRD testing,wehavedeveloped and
tested the ability of an Alenabled platform
‘OncoPredikt-HRD' to predict HRD status. The tool
can predict HRD status using whole slide imaging
analysisofthediagnosticH&Eslide (Figure3)to
identify allkey biomarkers involved including BRCA1
and BRCA2 mutations, other mutations e.g.HRR
genes, genomicinstability markers including LOH,
TAlandLSTaswellas epigenetic modifications.

H&E Slide Al predictive model
of H&E Slide

Figure 3: Diagram representing the Al enabled tool
‘OncoPredikt-HRD'topredictkeygenomicsignatures
from whole-slideimages.

This platform, OncoPredikt-HRD is rapid, precise, and
cost effective. The Al model was trained
on120H&Eslidesthat wereusedtoidentify tumour
prior to manualmicrodissectionfor HRD assessment
byNGS.

a.

@i - - iy

H&E WSI Quality Check: Tissue Region Small Tiles
HistoQC detected (256x256)
v

Trained Model «— B
Wi

b.

s ) e

LA esnet o~

,' .l-‘migg.:‘_:g 8 Model ’
QC

Test Image

Tiles Trained  Heatmap Final
(256x256) Model Prediction

Infer molecular
information with
Inference Engine

Figure 4: Training model for HRD prediction (a),
Inference engine for HRD prediction (b)
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Figure4describesthe processflowforHRD

prediction using OncoPrediki-HRD. Following quality
checks onthe H&Eslide fo ensure good quality data
(checks for cellular morphology, removalofnon-
cellularentitiesetc.), theregion ofinterestinthe

fissue was identifiedand the imagewasthen
fragmentedintomulfiple smallersegments (256x256
smaller files).

Histopathological features were extracted,
followed by feature mapping to predict HRD status
basedontheresultsof NGS testing (Figure 4a).ResNet Al
algorithmwastrained fosegment, annofateand
predict HRD status.Thetrained model was able to
accurately infer molecular informationwiththe
inference engine (Figure4b).

ClinicalTestingofOncoPrediki-HRD AEModel

The Alengine wasfirstirainedonTCGA datasets (1892
images). WSI were randomly split info training and
validation sets designated either HRD or HRP based
on,BRCAT1/2, HRR genesand previously generated
aggregate combined HRD score from:

* Loss of heterozygosity (LOH)

* Largescale genomicinstability (LST)

* Telomeric allelic imbalance (TAI)

120WholeSlidelmages (WSI) whichwerealready tested
for HRD statusby Ambry Genetics,

USA (alreadyidentified fumor priorto manual
microdissectionfor HRD Assessment by NGS) were

used for training, validationandtesting.
Histopathological features were extracted,

followed by feature mapping to predict HRD

status basedontheresults of NGStesting.
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Figure 5: Clinical testing of the OncoPredikt tool
demonstrateda99.3% HRDPrediction accuracy in
single blinded clinical samples.
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ResNet Al algorithm was trained fo segment,
annotate and predict HRD status. 80% of the
randomized dataset was used for training while 10%
of the randomized dataset was used for validation
studiesofthe Almodel. The final 10% data was used for
the fest set wherein using single blinded clinical
samples, OncoPrediki-HRD tool detected HRD positive
samples with 99.3% accuracyalongwith100%
sensitivityand 99% specificity (Figure 5).

ROC/AUC curvesforthe samples demonstrated
robustnessofourmodelwhereinahightrue positive
rateand negligiblefalsepositiveswere observed with
aprediction fime of a fewminutes (Figure é).
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Figure 6: Receiver operating characteristic ROC/AUC
curves for HRD

Patch-level predictions of HRD status
demonstrated intra-fumor heterogeneity withinthe
H&Eslides. Visualinspectionofthe heatmap
suggested the presenceofpatches

With high predictive ability of HRD status andthis
outperformedanaverageHRDscorefor slides with
heterogeneity.

Conclusions

Al-enabled prediction of HRD status can be accurately
performed on diagnostic H&E slides potentially
yielding results quickly and affordably, evenwhen
limited tissueis available for testing, thus, providinga
reliableandaccuratescreening tool to classify HRD
status. Using our clinically and analytically validated
OncoPrediki-HRD AE based NGS enablertoolcan
enable clinicians fo predict HRD status and identify
patient candidates likely to benefit from PARPi therapy
before they undergo expensive and fime- consuming
NGS testing.
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