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An Al-driven computational biomarker model from H&E slides recovers cases with
low levels of HER2 from immunohistochemically HER2-negative breast cancers
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®
Background: HER2 Model Development Conclusion:
Novel anti-HER2 antibody drug conjugates (ADCs) have shown efficacy Our Al system applied to H&E-stained WSIs can distinguish between BCs
in breast cancers (BCs) expressing low levels of HER2 (i.e., IHC 1+/2+). lacking any HER? protein and mRNA (HERZ frue negq’ri.ve) and HER2-low
A subset of BCs classified as HER2 0 by current IHC methods may express tumors, warranting further validation in cohorts of patients treated by new
HERZ pro-l-ein. We Sough-l- 1-0 deﬁne Whe-l-her BCS expressing HERZ COUId HER2 ADCS 'I'O Supporf |1'S use In 1'I’IG|S Clnd full'ure C|InICCI| dQClSlOn—mqklng.
be accurately detected by deep learning (DL) methods applied to H&E %
whole slide images (WSlIs), using a combination of IHC and HER2 mRNA N > | INVASIVE S N N
expression ds ‘gold standard n Slide Level Classification
AUC: 0.78 +0.08
. . : 14.75 + 4.2 +ve samples per fold. 17212 + 16.6 -ve
Me'l'hOd s: Invasive Primary Deep Learning Salient HER2.E.xpreSS|on
BC Sample Aggregator Tissue ID %I?sljliler S‘/Yﬁ:’ep 1 PKWS]
1479 H&E-stained WSIs from 417 primary BCs were categorized according O oes TRHEETon, = ’ Sererse UL
to HER2 IHC, FISH and HER2 copy number amplification. All HER2 0 and Breast Neoplasm 95% Cl
HER2-low (i.e., 1+ and 2+) samples were also tested for HER2 mRNA Classifier System
. . . . Trained on 40K WSls

expression. For the purpose of defining true negatives we selected cases
that were both negative for HER2 expression via IHC (IHC-0) and .
contained no ERBB2 mRNA (less than 7.6 standardized expression score). -
For cases selected as HER2-low, IHC-1+ and IHC-2+/ISH- were selected Resu I-I-so HER?2 Expressicn Dis-l-ribu-l-ion Per 2
for training. HER2 amplified were defined as having IHC-2+/ISH+, IHC-3+ ¢ [
and DNA amplification as identified via MSK-IMPACT. A SE-ResNet-50 A total of 1098, 820, 122, and 148 WSIs were categorized as HER2 0, 1+, HER2 IHC Cai'egory K
CNN and aggregator were trained from WSls of H&E sections at 20x. 2+ and 3+ by IHC staining, respectively. mRNA expression data revealed her?2 ihe pot
Slide-level predictions were evaluated with 8-fold cross-validation. a range of <7.6 to 11.6 (SD=0.63) for HER2 mRNA expression level. When — &

stratified by HER2 mRNA expression, a cut-off of <7.6 mRNA was selected

to represent HER2-null, which included IHC 0 (n=32), IHC 1+ (n=3) and 100 . 0

: : IHC 2+ (n=1). HER2 IHC 0 to 2+ with HER2 mRNA expression >9 and
ESbeIlShlng a' New S'I'andard -|-o ASSQSS HER2 FISH not amplified were considered as being HER2-low (IHC 0O, - . o
HER?2 Exp ression n=494; IHC 1+, n=562; IHC 2+, n=103). Cases with HER2 IHC 3+ and/or 5 B
. . FISH amplification were considered HER2-positive. Model development 8 O.Oo.o 0.9 0.4 0.6 0.8 0

|HC, FISH & Tra nSCI‘IpmeICSI A New Ground Truth was based on 417 cases (1479 WSIs) including 32 HER2-null, 292 HER2-low S e I o o . 1-2 ' ' ' ' ' '

and 93 HER2-positive cases. When distinguishing HER2-low and FPR (1-Specificity)

amplified cases from HER2-null, the model’s performance had an AUC 2+

} T - e - e 0.78, a sensitivity of 73%, a specificity of 78%, PPV of 21%, NPV of 97%, and
_ 1 B g AR F1=0.85. The model identified 21/25 (84%) HER2 IHC 0 and mRNA<7.6,
.52 classified as HER2-null, and 136/167 (81%) HER2 IHC 1+/2+ and mRNA>9, 0 . x - - HER2 Model Performance
S§Q HER2 NEGATIVE HER2 LOW HER2 AMPLIFIED classified as HER2-low. HER2 mRNA Expression
; L ) Metrics Case Level Slide Level *Calculated on test set
a3 . oge o
€ g ENHERTU . . o g —— R —— Sensitivity* 0.78 0.73
£o The algorithm detects phenotypic patterns within Specificity* | 078 077
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253 PRI/ MEReeT a WSI containing a breast excision, where the S— 0 s .
< HC-0 He-o | [ine | [RC2] [ e | [ THE:2 sample is fom?d to be complefel).' negative for — “on -
c HER2 expression (heatmap). A higher powered
© T mRNA - mRNA + DNA AMPLIFICATION o o o geo o Sensitivity: # true positive / ( # true positive + # false negative)
05 image of the area identified as HER2 true negative Specificity: # frue negative / ( # frua negative + # false positive)
O ° ° ° ° ° PPV: # true positive / ( # true positive + # false positive)
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