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Causal Modeling of CALGB 80405 (Alliance) Identifies Network drivers of Metastatic Colorectal Cancer
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BACKGROUND RESULTS
- CALGB 80405 is a recently-completed phase IlI clinical trial of FOLFOX Model 1: Clinical Causal Drivers of OS Model 3: Causal Driver Genes of OS

and FOLFIRI with randomly assigned cetuximab (cet) or bevacizumab

: - - « 1°side, ECOG performance score, concentrations of aspartate aminotransferase (AST), hemoglobin (HGB), « ALOXS5 and CDX2 were among the top causal driver genes of OS.
(bev) in metastatic CRC (mCRC) patients. . , . :
. . . . absolute neutrophil counts (ANC), lactate dehydrogenase (LDH) and metastases at intra-abdominal, lung, and liver - The causal genes in the molecular pathways leading to OS are involved in ECM remodeling and angiogenesis, thereby
- Hypothesis-free machine learning approaches to this study dataset can were the strongest causal drivers of OS. corroborating the findings from Model 2.
p:OVIrde V.alrl:able insights into mCRC prognosis and management of mCRC Fig. 2: Reverse Engineering: Consensus Subnetwork to OS Fig. 3: Top Causal Drivers from Simulations Fig. 8: GO Biological Processes where Fig. 9: Consensus Subnetwork to OS Fig. 10: Top Causal Drivers from
progression. s Causal Driver Genes are Over-represented Simulations
- Causal modeling identifies the set of conditional dependencies between s tmses-smmoncio| @ Y .l
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variables leading to outcomes.
« We built multivariate causal models of mMCRC and examined the network ( ]

25

—_
(6]

n
o

—_
N

Hazard Ratio

Hazard Ratio

-
()]

GeneRatio
@ o1
Qo2 ( mmesr ]| ([ Pracz ]

<L

Fig. 1: Schematic of REFS™ Reverse Engineering & Forward Simulation Workflow
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- - Clustering of NanoString data revealed three molecular clusters with upregulation of different Validation of Causal Drivers of OS CONCLUSIONS
Build a merged Define high-level Using B ian Explore model Interpret result i . 1 1 1 1 1 1 1 1 = i = . . . . .
deosel | modelsiuctue  Iieorce buld  tpoogyand fom simatns signatures: (1) WNT-signaling, (2) Angiogenesis & ECM remodeling, (3) Immune infiltration. + Identified causal drivers were validated in independent cohorts . g\ esian causal modeling identified clinical and
etween variable an ensemble o validation and what-i . . . . . . . . .
classes models and questions « BRAF mutation, RAS mutation, CMS4, and angiogenesis signature were the top molecular using univariate Cox proportional hazard model. HR, 95% ClI, molecular causal drivers (prognostic biomarkers) of OS
cross-valdate drivers of OS and p-value are shown in the plots below PIo9 : -
| | | | - ' P P ' for mCRC. The molecular drivers were validated in
* Using our Bayesian causal machine learning platform REFS™, an ensemble of « Causal effects of 1° side on OS was found to be driven by a molecular pathway. Fig. 11: Kaplan Meier Survival Curves independent cohorts.

128 network models were built for overall survival (OS) of mCRC. :
T o o o of model ( ) 4 identification of k 109 HR = 3.28 (167, 6.43) o HR =201 1.5, 299 . 1.° side, ECO.G score, AST, LDH, HGB, anc_i metastases
'€ ensemble enables estimation of model uncertainty ana identification ot key — o o L _ . P=00002 s o Stta (intra-abdominal, and liver) were the top clinical drivers of
drivers by model consensus. Fig. 5: Over-represented GO Biological Fig. 6: Consensus Subnetwork to OS Fig. 7: Top Causal Drivers from £ =RAE-to : o 0S.
- Simulations were performed on the ensemble to identify causal drivers of OS after Processes in Angiogenesis Cluster [ e ] Simulations g E 0w . . .
accounting for confounders. Causal effect was quantified by median hazard ratio [ o | * BRAF & RAS mutations, CMS4, and angiogenesis/ ECM
g for o S o st >4 y posts gt t v s | @ & oz 3 ox remodeling signature were top molecular drivers of OS.
(HR). For continuous variables, 3@ & 18t quartile values were used to compute HR. o ) _ h _ _
- Analysis of NanoString data: 1 @ R R T s e s w ) %on?:cgtznt wit prelvclio_us studies, A]:I_(g)s)(S and CDX2 were
- Consensus molecular subtypes (CMS) were computed using published code . Emm e Number atrige  Numberatrisk laentified as causal driver genes o '
(Guinney et al., Nat. Med. 2015) on GitHub. chonoine-madtossgaing ey | @ _— [ — *L, ‘ Forele v W Bwdowsl w3 - A molecular pathway between 1° side and OS was
° MOIGCUIar C|USterS were Computed US|ng consensus C|USteI’Ing ce:::;rs':er:atn:c::::::::::::. ¢ :0.1 [ cms4 ] [ LIVER ] [ oMs2 ] E 0 30 Time (iiljonths) 90 120 0 25 Time (Elaonths) 75 100 Identlfled- Investlgatlon Into the molecular underplnnlngs
- Patients with both KRAS wild-type and mutant tumors were included and those SN o — / | g, - of sidedness in driving OS is currently in progress.
who received both cet and bev treatments were excluded. Molecular data from ere] ® NegLogd IR TN . £ 1 poooas p=ooonz T - The availability of the measures for the drivers at
. . response to cytokine - 30 - 075 Strata - 0751 Strata . . . g . ey .
primary tumors were included. I 2 W/J % ' : == ALOXs=Hih : == CDa-tigh baseline will allow better risk stratification at initiation of
- Two independent cohorts (N=117 for mutations, N=206 for nanostring data) were o e y h ST ) S £ £ treatment.
withheld and used for causal drivers validation. A R ' 1 4 — T § o | Y P : - Additional research, including prospective studies, is
R Cor ) | omemer ] L 2 ] | | necessary to confirm these findings.
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