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Previously: NIMBus
I One negative-binomial model for each cancer type used
I NegBin because patients have different background mutation

rate
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Data
4 cancer types

I BRCA (n=119)
I GACA (n=100)
I LICA (n=88)
I LUAD (n=46)
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Patient-centric Binomial Model

For each patient:

Yi ∼ Binomial(n, pi)

I n = 1 Mbp bin

I Yi = mutation count in bin i

I pi = background mutation rate in bin i

Pr{Yi = yi} =
(
n
yi

)
pyii (1− pi)

n−yi
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Binomial Regression

Perform regression for each patient:

logit(pi) = ~xi
′~β

I logit(pi) = log pi
1−pi

I ~xi = Covariate matrix, 381 features

I ~β = vector of regression coefficients

After regression we can calculate Ŷi = n · p̂i
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Application to KEGG Pathway Analysis using Poisson Binomial
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Poisson Binomial

N independent Bernoulli

Parameters: ~p ∈ [0, 1]N

pmf:

Pr(K = k) =
∑
A∈Fk

∏
i∈A

pi
∏
j∈Ac

(1− pj)

Fk is set of all subsets of k integers that can be selected from 1 : n

10 / 17



Poisson Binomial
Claim: Pathway Variants ∼ Poisson Binomial
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Poisson Binomial

Result: Each base pair in pathway is an independent Bernoulli

I N =
∑

ni,j

I X =
∑

xi,j

I ~p = 〈p1,1, . . . , p1,J , . . . , pI,1, . . . , pI,J〉

Where each pi,j appears ni,j times.

p-value = 1− Pr(X̂ < X)

R: poibin
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Gastric Cancer

Top Recurrent + Significant (padj < 0.05) Pathways
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Gastric Cancer
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KEGG:05219
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Further Analysis

I Other pathways: Gene Ontology, Reactome, etc.

I Apply to TF binding sites, PPI networks

I More annotations, extend to noncoding regions
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