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Methods
» Invasive Ductal Carcinoma is the most common breast cancer

subtype; ER+ patients typically rece|ve.endocr|ne th'erap.y. » Dataset: Longitudinal cohort of 423 IDC patients; all received adjuvant treatment post-surgery. o | N
» Chemotherapy may offer added benefit for select high-risk cases. > Predi 19 clinical and , dict . . Hictol ateralit lularity. PR stat audi ot e O /GE"T"‘B:T\ , N\ Y
> For women <50, treatment decisions should consider ferti“ty and re .ICtor.S' clinical an genom-lcs Predictors _.age’ umor s age.’ ISLOIOgY, laterality, Celiularity, >tatus, clau |n-s.u YPE, ' Train and e . 4 ) ' [ pret Ic_:e . 'f KITE1 =p (Recurrence\ \ ! (FOCUS on patient | l.
overtreatment multi-omics clusters, TMB, mutation count, Nottingham Prognostic Index (NPI) (Note: Age was excluded when modeling the : Evaluate ’ » |WSelactBest || i ' [NEoUD aelr acty | T ohemo | 11| <sOyearsand |1 - < !

. . - g . - [
. . <50 group; NPl was excluded when modeling the low-NPI group) Model  ( RandomForest J . | Classificati | ! bability ||| +- Radiation) - i Low-NPI, , | Treatment |
» Low NPI patients are usually spared chemo, although some genetic : | Performance | ' | onmethod |i | Pr v P(Recurrencein 5yr| | ‘1l respectively | ! escalation |
subgroups may still benefit. » Outcomes: 5-year overall survival (OS) and recurrence-free survival (RFS), coded as binary endpoints (alive/dead; ClaSSiL?cation .i FI;VIultilatyer L | (c-statistic/ | in ai:éeir;c:i |  HT ont) ) ' : ![l)e- i
. . - recepiron a . | ' + * i

» Goal: Use a two-stage machine learning framework to: recurrence/no recurrence). 5-yoar | D : AUC) P P0i) using i p N '\ / Regression \ ! e;::eztfnn |
* |dentify genomic signatures of young ER+/HER2- patients who > Virtual Twins Framework: i | recurrence- | | XGBoost ! ~ j Pl random '[ TE2=P (DeathinSyr | |1 | trees using | genomics ||
benefit from combination chemo-endocrine therapy (chemo in - T i ' ° i [ freesunvival o )/ * P! Rk | IUESERE= ! ITE as . | subgroups |
<! Py Stage 1: Compare classifiers (Random Forest, XGBoost, MLP) for OS/RFS prediction. Best-performing model used to estimate : (RES) or N ——— i | | Combination || Radiation)-P(Death X uteorne . Srna g |
addition to hormonal therapy). Individual Treatment Effects (ITE). Overall [ ot ] - thg;‘apy (HT | +{ inSyr | HT only) J W] usingtops i \_ o
. i i i ' ' : . : : . : . : ival(OS P oalEne e ! i !
Detect genomic subgroups with hidden chemo benefit (alongside Stage 2: Train regression tree on ITEs using top 5 predictors to identify treatment-sensitive subgroups. SUrvIvailos) ! | Radiation)vs | o predictors | !
hormonal therapy) in low-NPI patients outcomes o B e e -7\ \_fromstage1 / '
PY P . . . . . _ . s \ \ HT only / ‘o y /

» Focus: Stratify by age (<50) and low NPI to identify groups benefiting from chemo-endocrine therapy. ‘ "\ N R

Stage 1 VT — Select Best Model in Prediction of RFS & OS

_1 . cen s . — . . <
ROC Curve Stage 2 VT — 1. Genomic Treatment Sensitivity Subgroups in Fertility-Conscious Patients (Age < 50) Age < 50 years RFS

ROC Curve
S N o . ]
J - 7 ,——l—l Age < 50 years OS | [ Omics cluster J |
—
@ | o [ ) > Highest OS benefit (ITE = -0.07, 18%): 1.3, ‘?* 7,9 2’4ER+|’8’1°
e /J ! ‘ ) | e High NPl with 11913/14 (CCND1, PAK1, RSF1, NP]
> 8- | 28 - . igh (55.0) Low, Intermediate EMSY), 8p12, 8, 20q amps | [\
2 3 i ‘ ' (<5.0) e Plus TRG/TRA deletions, TCR disruption, CD8+ Intermediate, High (> 4.0) Low, (< 4.0), Intermediate
& I - AUC:0.775 B I J/I AUC;0.729 | infiltration | (4.0-5.0)
AUE 0622 AUC: 0.704 —[ Omics cluster ]— I_‘ Omics cluster ]— e Indicates proliferative, immune-inflamed, chemo- |—[ Claudin Subtype ]—‘ Low (<4.0) High (> 5.0) o I
~ JZP - — mics cluster
S ° f — Random Forest 1,3,4ER+,6,7,8,10 sens.ltlve su!otype Luminal B Luminal A, Normal-Llike 8,10 4 ER+
7 — Random Forest _ J  oBoet | » Luminal B-like, Low NPI, Modest Benefit (ITE = - | | |
o |/ ——  XGBoost ° MLP 2, 4ER+, 6,9 1,7,8,10 |_[ Claudin Subtype 9 0.017, 15%): [ -0.03 ] [ -0.0077 ] [ 0.021 ] -0.0036 0.022 0.072
| | | | | | | | | ) | | Claudin Low, e Dual signature: moderate proliferation + immune 18% 28 % 13% 16 % 12% 14%
10 08 0.86 .f. 2.4 02 00 10 0.8 06 ” 9_4 02 0.0 ‘ LumlinalB LumiTalA activity
i Ll 0.07 200024 ) (0017 0,007 0.024 ) | »Intermediate benefit (ITE = -0.0024, 15%): > Greatest RFS benefit (ITE =—0.03, 18%)
18% 15% 15 0% 41 % 15% e Genomic instability: 17923, 20q, 5q loss, 8q gain, * Intermediate—high NPI (>4.0), Luminal B subtype
10p/12p (TTK, AURKB, CDC20, FOXM1, RAD51AP1) e Genomic features: 17923, 20g amplifications, 8p12, 8q, 16p gain/16q loss, 8q/20q gains
Low-NP| (<4.0) OS Low-NPI (<4.0) RFS e Plus 16p/16q, 19/16q switches > subclonal »Moderate benefit (ITE = —0.0077, 28%)
Age group | Omicscluster | heterogeneity e Same genomic context with Luminal A or Normal-like subtype
S | e ) 7910 s > Minimal/no benefit (ITE = 0.024, 15-41%): » Additional benefit group (ITE = -0.0036, 16%)
oung ( (5)5’_';16) e-age Older (>70) 02/ 5% S e Low NPI, 89/20q alone, 1q gain, 16q loss, Luminal e High NPI with amplifications at 11g13/14 (CCND1, PAK1, RSF1, EMSY); Genomic instability: 5q loss, 8q gain,
| — —(Ciaudin Subype A / Claudin-low 10p/12p gains (TTK, AURKB, CDC20, FOXM1, RAD51AP1), 1q gain/16q loss; High immune infiltration
|— Omics cluster Omics cluster [ ge broup ] \ e Hormone-driven, genomica[[y quiet, immune-cold » Minimal benefit (lTE =0.021-0.072, 12—14%)
1.3, 4ER+, 10 |7 Middle-Aged (55-70), Claudin-low, Luminal A tumors e Low/intermediate NPI
| 2,6,7,9  2,3,4ER+,6,7 8,9 Young (<55) Older|(>7°) Luminal B , e Genomically quiet or modestly altered tumors (e.g., 8, 10; cluster 4 ER+)
4EIR+ s '10 Claudin Subtype |- _Age Group }_‘ e TRG/TRA deletions with CD8+ infiltration showed the least benefit (ITE = 0.072)
| | Claudin Low, . Young (<55), middle- Older (>
[ -0.0011 ] 0.003 0.0072 0.054 0.085 Lumjnal ruminal A aged (55-70) e”‘ 70)
16% 34% 19% 21%

10% ' - o .
- [ 0.016 ][ 0.026 ] [ 0.039 ][ 0.034 ][ 0.059 ] [ 0.091 ] Clinical Implications of Findings
12% 14% 27% 9% 29% 9%

e Young (<55) and middle-aged (55—70) with high CD8+ infiltration and »Most RFS benefit (12-14%):
complex genomic instability: (ITE =-0.0011, 16%) e Young patients (<55) with amplifications in 11g13/14 (CCND1, PAK1, RSF1, EMSY), 8p12, 8q, 20q, 16p gain/16q loss, and *»Escalation recommended:
e 17923 & 20qg amplifications (1), 5q loss, 8q gain, 10p/12p gains (TTK, AURKB, mitotic/DNA repair genes (TTK, AURKB, CDC20, FOXM1, RAD51AP1) (ITE = 0.016, 12%); s»Escalation recommended: e Young (<55) or Middle-aged (55—-70), with immune-active Cluster
CDC20, FOXM1, RAD51AP1) (10) (ITE = 0.003, 34%) e Claudin-low and Luminal B subtypes in middle-aged/older patients also show moderate benefit (ITE = 0.026, 14%) e High NPI, Clusters 2, 4ER+, 6, 9 - strong OS benefit 4 - OS benefit
» Modest benefit (ITE = 0.0072, 19%) » Moderate benefit (27%): e Intermediate/High NPI, Luminal B subtype, Clusters 1, 6, 9 e Young (<55) with proliferative/unstable Clusters 2, 6, 8,9, 10 >
e Patients <70 with amplifications in - 11q13/14 (CCND1, PAK1, RSF1, EMSY), e Luminal A tumors among middle-aged/older patients within the same genomic subgroup (ITE = 0.039, 27%) — RFS benefit RFS benefit
8912, 16p gain/16q loss, 8q, and 8g/20qg » Least benefit (9-29%): **De-escalation considered: *»*De-escalation considered:
» Least benefit (ITE = 0.085, 10%) e Older patients (>70) with Luminal A or Claudin-low subtypes, genetically quiet tumors or 1q gain/16q loss (ITE = 0.091, e Low/Intermediate NPI, Cluster 9 - OS minimal benefit e Older (>70), genomically quiet Clusters 8, 9 - OS limited benefit
e Older patients (>70 years) with 1qg gain and 16q loss or 8q/20q gains; 9%). e Low/Intermediate NPI, Cluster 4 > minimal RFS benefit e Older (>70) with Luminal A / Claudin-low, Clusters 3, 4, 8 >
e Reflects hormone-driven, genomically quiet Luminal A-like biology e Younger (<70) in this subgroup show slightly better outcome for combination therapy (ITE = 0.059, 29%). limited RFS benefit
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