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Background: Response to neoadjuvant  chemotherapy in breast  cancer w ith pathologic 
complete response (pCR) is associated w ith improved pat ient  outcomes. The rates of pCR 
vary w ith breast  tumor subtype and therapy g iven; however overall rates remain low  
(<30 %). Predict ive studies of pCR from core b iopsy pre-t reatment  core needle b iopsy 
samples, if  successful, would lead to bet ter pat ient  select ion and improved outcomes.

Methods: We used the HALO pathology system to t rain and validate an A I algorithm 
designed to predict  pCR to neoadjuvant  chemotherapy of breast  cancer based on 
pre-t reatment  core needle b iopsies. We performed ret rospect ive chart  review  of clinical, 
demographic and t reatment  response variab les, notably percent  tumor cellularit y which 
ind icated residual tumor remaining after neoadjuvant  systemic therapy. We used Surgery 
Research Invest igator Award grant  funding to t rain and test  A I technology on core needle 
b iopsies of breast  cancer pat ients as an init ial proof of concept .

Result s: We previously reported our result s that  the algorithm ident if ied pat terns 
predict ive of t reatment  response to neoadjuvant  therapy (as evidenced by residual tumor 
on f inal surg ical pathology). We init ially used the median cut  off residual tumor cellularit y 
to define tumors as sensit ive or resistant  to neoadjuvant  chemotherapy. A I analysis of 259 
cases (126 Resistant , 133 Sensit ive) was performed.  After t raining on 155 cases (75 
Resistant  and 80  Sensit ive), we ran the algorithm on a test  set  of 10 4 (51 Resistant  and 53 
Sensit ive).  The algorithm marked up the test  images as either Resistant  or Sensit ive. We 
reviewed result s using mult ip le magnif icat ion; tumor only; expanded mark-ups w ith both 
5.5x as well as 10 x magnif icat ion. The categorizat ion was only slight ly bet ter than chance 
using this 50 % correct -call cutoff.  The algorithm however substant ially performed bet ter 
ident ifying Resistant  than Sensit ive cases.

We then addressed cellularit y predict ion as a 4-class classif icat ion task, categorizing 
tumor cellularit y into: <25%, 25?50 %, 50 ?75% and 75?10 0 %.Using CLAM (a mult ip le 
instance learning framework w ith at tent ion mechanisms) on whole-slide images (w ith and 
w ithout  tumor makers mult imodal/ unimodal)  and we achieved a baseline accuracy of 56% 
AUC (for both mult imodal and unimodal approach).

Conclusions: The A I algorithm can overall bet ter predict  cases resistant  to neoadjuvant  
chemotherapy than sensit ive cases. However, this deep learning approach faces challenges 
due to complicat ing model debugging and d if f icult y isolat ing failure modes in established 
architectures. To address these limitat ions, we're now  exploring interpretable approaches: 
texture pat terns, collagen densit y quant if icat ion, etc. as features for simple ML approaches 
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like log ist ic regression, decision t rees, etc. This shift  aims to improve interpretabilit y 
through engineered b iomarkers, reduce dependency on large t raining datasets and 
establish clearer performance baselines for comparison. In addit ion to the above, we are 
exploring incorporat ing radiologic response to systemic therapy using pre-t reatment  and 
post -t reatment  MRI breasts into our algorithm to improve it s predict ive capabilit y.

Figure 1b: Resistant  cases markup example. 
Pre-t reatment  core needle b iopsies of 
cases predicted as more resistant  by HALO. 
Green areas are sensit ive to t reatment  and 
red areas are resistant .

Figure 1a: Sensit ive cases markup example. 
Pre-t reatment  core needle b iopsies of cases 
predicted as sensit ive to t reatment  by 
HALO. Green areas are more sensit ive to 
t reatment
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