Beyond the tumor: a CAF-Driven Gene Signature for Early Clinical Stratification of Metastasis Risk in
Breast Cancer

environ D. P. Barrera', V. Toledo?, J. S. Contreras-Riquelme!, J. Sapunar?, B. Chahuan?, L. Moyano?, B. Prieto!, J. Cerda-Infante'“

surrounding cancer Environ', Fundacion Arturo Lopez Pérez?, Instituto Nacional del Cancer?, Facultad de Medicina Pontificia Universidad Catélica de Chile® PSZ-OQ-"

€: Abstract RNA Integrity and Stromal Content Enable High-Quality FFPE Transcriptomics Validation Confirms the Prognostic Performance of the CAF-Driven

: ; ; HP AP A a2 e oty Seores B MCP-counter Cell Fraction C EPIC Cell Fraction Figure 3. Sequencing quality and cell-type composition in FFPE Chilean cohort from Fundacién Arturo Lépez Pérez
Intro¢.ju‘ct|on..D.esp|te advances in breast cancer manageme-nt,-toc.)ls for early and accurate prediction of metastatic risk it . = ) — samples. A) FastOC high and stable read quality across all 123 P
remain insufficient. Current models focus mainly on tumor-intrinsic features and overlook the tumor microenvironment. . E — = FF;gosamgle?, confirming that pre-analytical crit;eriaC(RlN >18; A B R Lo R Cc
_ . . . . . . . . . — = DV > 30%) yield reliable sequencing output. B) MCP-counter ROC Curve (AUC=0.938) igh Ris ow Ris
Cancer-associated fibroblasts (CAF), major stromal drivers of ECM remodeling, EMT, angiogenesis, and immune | — analysis indicates higher fibroblast abundance compared with o
suppression, play a central role in metastatic progression. Given their biological relevance, we hypothesized that CAF . . - ; - - immune cell populations. C) EPIC deconvolution independently ,—‘ - 1.00-
. . . . . . . . . ) . e = — — = ——— confirms fibroblasts as the predominant cell type, consistent ’
from primary tumors harbor a transcriptomic signature with independent prognostic value for distant metastasis. =~~~ = o o S 7 777 withthe high reactive stroma quantified histologically. 2 B,
Methods. We analyzed 182 FFPE breast tumor biopsies with =5 years of follow-up across all molecular subtypes. Reactive £ Gene signature . .
stroma was quantified on H&E and Masson's trichrome slides using QuPath, and its association with MFS and 0S was ZgA £ os0] Hghstow ' ' g
evaluated through Kaplan-Meier and Cox models. RNA from FFPE tissue and CAF-enriched explants underwent % &
S = &
differential expression analysis, identifying 233 CAF-related genes. A 10-gene prognostic signature was generated using genes = & ° 2 HR 19.95 (IC 95% 5.53 — 72); p = 4.886-06
LASSO regression and validated in an independent cohort and external datasets, with performance assessed by AUC, == N P % % Rective Stroma
specificity, and Cox modeling. Results. A reactive stroma content >53.2% was linked to worse outcomes, including a , T ° Time (months) High vs Low | o
. . . . . . . . Subing ranscrip (?mlc analysis o % . ) _ N b tR' k
3.75-fold higher risk of distant metastasis. The 10-gene CAF signature—enriched strong predictive accuracy (AUC 0.938 4 e = CAFs using RNA-Seq o e 00545 WghRisk { 15 1 0
. .. cpe ei : - . . ; - === =8 s i 19 16 16
in training; 0.956 and 100% specificity in external datasets). Patients positive for the signature had a 19.95-fold increased == - = a-SHAZVIM o os os o4 o2 oo L = 25 50
metastasis risk, independent of receptor status, grade, or tumor size. The signature remained prognostic across — Specificity fime {monthe)
. . . . . Tumor size (pT)
molecular subtypes and sequencing platforms. Conclusion. This study underscores the prognostic importance of the — Nottingham database (England) m_m; | l
stromal compartment, particularly CAF, in breast cancer metastasis. The validated 10-gene signature offers a novel TME- = D £ p-p2
. . o . . .. . . . . : . = High Risk  Low Risk
based biomarker for early risk stratification, enabling earlier identification of high-risk patients and supporting more = ROC Curve (AUC=0.938) = —
personalized therapeutic decisions to improve outcomes. Acknowledgments. CORFO 22CVID-206707; ANID VIU24P0138. = , e e — 7 100 g,
B — - | 5 e— 8 oo . g : ER status
:§=__:! = 0 ion ' i ‘ “‘ H u q § __2: Muscle Cells 2 __ ° :n; 071 Negative vs I I e
B e S @ Positive
G 7 Y W T T ey I - vee — oo Z e = 050
FFPE tumor genes CAF genes o | oyl T L N ﬁﬂﬁ = E g
--: | ﬁﬁﬁ \/ 1 > \/ :;‘3 g < | é 0.251
1,775 J  233CAF-genesDEG MET - ' MET + = @ = HR 5.163 (IC 95% 1.58 — 16.9); p = 0.00667
’ — - - ! T O] y 0001 : : : : foe
A B’::flte‘r"f:::e' - c —— D —— & 7,208 e 1,458 + wp | 3 - 3 % 150 %0 200 ; |
. ° —— i E o [ | I B I . l!fé%it?s's 95% CI:[0.815 - 0.986] N ) Time (months) >685 vs <55
z4 § 80 — g . Sl "o — ———— — > o | p-value: 4.14e-05 umber at Risk years
g, 2 @ 1 gl R == ° | w w w w w High Risk
B ’ 2 525 // i:: = —73:: :__7 e 1.0 0.8 0.6 04 0.2 0.0 Low Risk :I gg ?g ?g g 8
3 - > 1I . . . . . . . o . == = = — Specificity 0 50 100 150 200
‘ 0 . o Figure 4. Transcriptomic profiling of FFPE tumors, isolation and characterization of primary == —=_—— "= Time (months)
Subtypes: o0 gore o ot ot sy ot ot oz o 20 oo s soTROre BTG so1y RO s oz zeee s © " CAF cultures, and integration of CAF-derived genes with FFPE. A) Hierarchical heatmap === ———=— = — , — T
i ; isplaying global ion patt tween MET MET- FFPE tumors. Col =" —__ =" =
h:r;;nam/ o E tethodotogy for quanttying Tota stroma nBreast biopsies | Sé;?;g:;% %ggzngsen:ngxpr)gsvsss I?.gp?,zseegp sgk;iev;/‘ee?op ar:ni?;tions include ir;;;sle Csalij:m:; ———— - ~—— Figure 6. Validation confirms the prognostic performance of the CAF-driven 10-gene signature. A) ROC curve for the 10-gene signature in the Chilean cohort from Fundacion Arturo
HER2-enriched Patients recruited: 806 of CAF activation) Patient  Stan whathoftre Data byt B metastatic status, and molecular subtype. B) Volcano plot showing differentially expressed’ ,:,E —==— ::izzf_:;—ﬁi = Lopez Pérez, showing its ability to discriminate patients at high versus low risk of metastasis. B) Kaplan-Meier curve for metastasis-free survival in the same Chilean cohort, stratified by
Triple Negative - genes (DEGs) between MET+ and MET- patients. €) Schematic workflow of the methodology for = = —— — the 10-gene signature into high- and low-risk groups (with corresponding HR and 95% Cl). C) Multivariate Cox regression forest plot for metastasis-free survival in the Chilean cohort. D)
B —— : — < obtaining and characterizing pure primary fibréblast cultures from fresh breast tumor tissue. ==——&—— s — 5:*;;; — ROC curve for the 10-gene signature in the independent Nottingham dataset, confirming its prognostic performance in an external cohort. E) Kaplan-Meier curve for metastasis-free
M0|ec[:ll\laornszzt\:,/;:ls::tz:]rir:aeldAlln;j:g:;r:ZT;;'iirr:;r;:_n;ae.gaﬂve. AnOI;:(:::Efmz:e);e:rrz;:i:]l;::]:l)[:t;:ni:;;cy. % Fresh tumor cylinders were collected from diagnostic biopsies of breast cancer patients enrolled : —:—_:_; ii_——:——; = :;::;:% = survival in the Nottingham dataset, showing separation between high- and low-risk groups defined by the 10-gene signature.
>5 years of documented clinical follow-up. Prior systemic or radiologic treatment 2 prospectively at Hospital SOterO del RiO, HOSpital San JOSé' and the National Cancer |nStitUte l' 73 :::E = ; **E = E—_ %
FFPE breast tumor samples <15 years old. Neoadjuvant chemotherapy (for surgical specimens). g (lNC) All patients provided informed consent approved by institutional ethics committees. D) 3 = _7: _7 ::i ;7;:
Figure 1. Cohort selection, FFPE pre-analytical evaluation, stromal quantification, and fibroblast marker wm - Pssue e;<p|afnt1teczhn|que. dThumodr tcylln?tersﬁl—Zt cm |°397||1'4_2dTm d'a”](e]:[.%r) vt;/leret CUt.t'r?.tOBB;g ——= == — :E::—;——:“_?_
assessment. A) Workflow for cohort assembly: 806 breast cancer biopsies from different molecular subtypes were H i I I J N dr:fsmgesbi&tl:re); W:'Z}Jaerfoi:re\ed ZtC;O—l;Brg"/p soiilluir;\c: tgvéisu?esppJ:Ji:y é)?oiswrs‘nzr\:\gst;?nir;g . )
:g!@ﬁggl ZS?ntioésa?&Z?Eﬁ.sﬁ;tsgggl%sgiec(;\n;igfy's?s” i?]iﬁ%leej gﬂgr?{i\:cviigiig{rl:l/éfetftr;c;cr)gnzgrOF;Nlﬁg—(SEe(gSagdpfgi; - Q - Q of a-SMA and vimentin in primary CAF cultures, confirming fibroblast of a-SMA and vimentin in primary CAF cultures, confirming fibroblast identity and activation state. F) Western blot U Stromal determinant of metastasis: Reactive stroma in
for tumor stroma enriched in CAF) and reactive stroma on Masson Trichrome (as a marker of fibroblast activation). n Q Q = ﬁ = characte:jizg;ilgn of CAchuItures showin% ?XpLeﬁSigEF?g fibroblast maltlt;eFrS FN, 0(-|SMA: ::]nd VIM, V\Ilith G¢PEH187875|0€§::HQ con’FroI.dG) Venn (ﬁaglgam showing rf]JverIap bde;vggeSBhighly primary breast tumours is a strong, subtype-independent
B) Incl | it lied to define th Ivtical cohort. €) RNA intearit : o . expresse genes and genes expressed in whole tumor tissue. H) Functional enrichment analysis of the 1, -associated genes using Reactome pathways and MSigDB gene ST ‘s
si:ovr\]/?nléstlﬁgtiﬂ?y zg%glsg;?,vm sll’ll\la>61|p8pvlveedre gelde?:tlgg foredg\?vigtllfzgmcfra?]rscrﬁ))tomlc g:ai?sr:syDTg?/Sz%rgd by RIN, S v N e e sets. 1) Heatmap of the 1,775 CAF-associated genes in FFPE patient samples, highlighting clear separation between MET- and MET+ groups. Top annotations depict patient pairing, progno§t|c Indlf:ator of mEtaStaSIS.”Sk'
metastatic status, and molecular subtype. J) Volcano plot of the 233 differentially expressed genes (41 upregulated and 192 downregulated in MET+ patients) based on log2 fold change. HIGH QO CAF-driven biology captured in FFPE: A robust CAF-

distribution showmg the proportion of RNA fragments >200 nucleotides; samples with DV200 > 30% were retained for RNA-Seq. E) Digital pathology workflow for quantlfylng total stroma

on H&E slides using QuPath. (F) Representative H&E images and QuPath predictions illustrating stromal content categories (<25%, ~50%, and >75%). G) Pathologist validation of the Gene Signature Metastasis-Risk associated transcriptomic program is detectable in FFPE
automa’ged stroma[ quaptification. H) Frequenc_y distfibution of stromal percentages across the cohort. I-J) Relative expression of fibroblast markers VIM and P4H across stroma tumours and differentiates metastatic from non-metastatic
categories used to identify the stromal range enriched in CAF and suitable for RNA-Seq selection. patients

A covunnnnnreunsunweer sz B " " N ’ C NXPH4 0 10-gene prognostic signature: LASSO modelling identified a
5 1 e SPP1 CAF-driven 10-gene signature that accurately stratifies
A ratient  stain QuPath Software L Data D. . Figure 2. Prognostic value of reactive stroma across o o N 0GAP3 2% patients into high- and low-risk groups.
] . breaS_tf. capcerfsubtypeS- A) WOfkﬂor)IN forlaut.orr:ﬁated 8 | P 77 0 O Cross-cohort validation: The signature shows high predictive
(R) H g;‘;ﬂit;]écaat:%” %U';,eaat%t'VeB)St?ergfeiz'gfatifjsﬁ?jatsrt'ct[mﬁ £ o |l 3 CEACAMS Reactive performance in both the Chilean clinical cohort (FALP) and the
— -> - omadea | )‘V gm HR .75 (95% CI 1.98-7.09); p < 0.01 . k ° . . . € LI Treea) ..‘ a7 - f -
o ' RE— = simples, low, intermediate, and high levels of reactive & _| = T — NEIL3 STROMA LOW independent Nottingham dataset.
et stroma. ?) Analysis of g})etaTshtasis-freel survifvfa]l (MFSyina T el e T Metastasis-Rick ~ d Clinical translation potential: This CAF-based signature offers
aaaaaaaaaaaa 0o Time (monthe) t tient = . ti t ti Tt 0s00esnsssedngesssste?t : . . . ope .
B . T B 0 OB F Masson QuPath zt‘msn‘ia 3va‘fc;§t”efnﬁ?ned a)t 53e23p [',Tia%:aﬁ_M;rerrefucr\:\éz 5 gL ‘ ‘ ‘ ‘ ZBTBI6 a feasible pathway toward early metastasis risk stratification
5 —— (IS showing significantly reduced MFS in patients with high % % Y 2 ’ T ) ADAM33 and personalised therapeutic decision-making at the time of
8 i & reactive stroma (HR = 3.75; 95% Cl: 1.98-7.09; p < 0.01). E . Log) . . . . i i
= — Forest plot from (multivari ate Cox regression d er?w onstra?cing) Figura 5. LASSO-Based Selection of a CAF-Driven 10-Gene Signature Prognostic of Metastasis AK5 dlagn03|s.
i that reactive stroma is an independent prognostic factor Risk. A) Partial likelihood deviance plotted across log(A) values, with cross-validation identifying
s T g ; , . the optimal penalty parameter that minimizes model error. B) LASSO coefficient paths for all ADHI1A
=1 g f MFS. . : . . . . . . -
3 c%rrrespgndit])g oRueFP;fhszggizlgﬁta:sﬁz?grSEI;T;:SI;?rmHeEF?;E candidate genes, illustrating how increasing regularization progressively shrinks coefficients Contact
2 5 and triple-negative breast cancer (TNBC) tun;ors Gi toward zero. C) Final LASSO coefficients defining the 10-gene CAF-derived prognostic signature. PLP1 , : . : . ' .
£ | : Quantitative comparison of reactive stromal content across  Positive coefficients indicate association with higher metastasis risk (pro-metastatic genes), 1o 05 00 05 o Daniela P. Barrera Alvarez ~ Javier Cerda-Infante This presentation is the intellectual property of the author/presenter. Contact them at javier@environ.bio for
- - molecular subtypes revealed no significant differences. whereas negative coefficients reflect protective genes. LASSO-Coefficient daniela@environ.bio javier@environ.bio permission to reprint and/or distribute.




