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Glioma Cancer Data

(Department of Pediatric Oncology of the Gustave Roussy Institute)
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Glioma Cancer Data: from a multi-block viewpoint

(Department of Pediatric Oncology of the Gustave Roussy Institute)
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Regularized generalized canonical correlation analysis (RGCCA) is a generalization of regularized
canonical correlation analysis o three or more sets of variables. It constitutes a general framework for
many multi-block data analysis methods. It combines the power of multi-block data analysis methods
(maximization of well identified criteria) and the flexibility of PLS path modeling (the researcher decides
which blocks are connected and which are not). Searching for a fixed point of the stationary equations re-
lated to RGCCA, a new monotonically convergent algorithm, very similar to the PLS algorithm proposed
by Herman Wold, is obtained. Finally, a practical example is discussed.
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Block components

y1 = Xja; = a;;Geney + - + ay 1501 G€NE 5904
y2 = Xza3 = a1 CGH, + - + a3 15201 CGH 5904

y3 = X3a3 = a3; Hemisphere + a3, DIPG



Some modified multi-block methods

SUMCOR (Horst, 1961) rnaxirnizez cor(X;aj, Xkag)
Tk

GENERALIZED CANONICAL CORRELATIC | ANALYSIS
Tk

SABSCOR (Mathes, 1993 ; Hanafi, 2004) maximizez |cor(X;ay, Xpay)|

Iy

SUMCOYV (Van de Geer, 1984) T&ﬁ;ﬁij’lﬁ Z ;cov(X,a,, Xkak)
Ik
GENERALIZED CANONICAL COVARIANC ANALYSIS |)
o T ‘},_k'
SABSCOV (Krimer, 2006) TEI?’;;%WZF z |cov(Xjay, Xkax)|
Jj.k




Covariance-based criteria

c; = 1 1f blocks are linked, 0 otherwise and ¢; =0

SUMCOR: aﬂ%}:&gl;iz)g ) jzk cjxcov(Xjaj, Xgag)
SSQCOR: amﬁggiz)g 1; ¢jrcov (Xjaj, X ax)
SABSCOR: Anaximize 1; Gjtelcov(Xay, Xicay )|
SUMCOV: rgﬂggﬁi:zleﬂzkc,-kcov(xja,,xkak)
SSQCOV: rgﬁ;ﬁi:zie; cjxcov? (Xjay, Xiag)
SABSCOV: mpimize A jkc|cov(Xjay, Xica) |



RGGCA optimization problem

]
argmax 2 Cit (cov(Xj a;, X ak))

al,az,...,a] ]?':k

Subject to the constraints (1 — 7; )var(X;a; ) + 7 ||a; ||2 .

A monotone convergent algorithm

related to this optimization problem
will be described.

ted
wher

Jidentity (Horst sheme)
g =

square (Factorial scheme)

Schifer and Strimmer formula can be used for an

optimal determination of the shrinkage constants
and: 7, = Shrinkage constant between U and 1




Construction of monotone convergent algorithms for
these criteria

* Construct the Lagrangian function related to the
optimization problem.

* (Cancel the derivative of the Lagrangian function with
respect to each a;

* Use the Wold’s procedure to solve the stationary
equations (= Gauss-Seidel algorithm).

* This procedure 1s monotonically convergent: the
criterion increases at each step of the algorithm.



The RGCCA algorithm (primal version)

ST Y =Xy T
III =~ Y ~ \
Outer Estimation L \
(explains the block) Inner
. ' Estimation
Initial (1 _ ) (X ) * 1
a. 7. )var(X.a )+ 7z la | = B :
step ™™ J )l Z; = Z Ciu¥r |} (explains
x k= j relation
! [terate until between
{|  convergence ; block)
| of the criterion :
; Choice of weights e
-1
1 - Horst : €y =C;
((1—rj)xng +ij) X!z, e
a, = n ——— - - Centroid : e; =c jksign(cor(y j,yk»
1 ) :
\/ Z;Xj((l - Tj)n XX+ lej Xz, - Factorial : e, =c,, COV(Y Y )

c; = 1 1f blocks are linked, 0 otherwise and ¢; = 0




The RGCCA algorithm (dual version)

t
T 1Y = XXy e
III, = . ~ A
Outer Estimation L \
(explains the block) Inner
Initial a. a! [XjX;(rjI +(l-g)t XjX})]aj 1 Estlniat.lon
step ) Z, = Z ey |} (exp ains
x k= j relation
! Iterate until between
convergence ; block)
| of the criterion '
| Choice of weights e;;:
- . .
((1 o)X X rjlj z Homst e =
@; = n ——yooooe - Centroid : e; = CijIgn(Cor(yj'a)’k»
\/ Z;XJX;((I - Tj)lll XX+ lej Z; - Factorial : e, =c, COV(Y j’yk)

c; = 1 1f blocks are linked, 0 otherwise and ¢; = 0




special cases of RGCCA (among others)

PLS Regression

Redundancy analysis

Regularized CCA

Inter-battery factor analysis

MCOA
60

SSQCOV

SUMCOR
SSQCOR
MAXDIFF

PLS path modeling
(mode B)

Generalized Orthogonal
MCOA

Caroll’s GCCA
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Glioma Cancer Data: from an RGCCA viewpoint

(Department of Pediatric Oncology of the Gustave Roussy Institute)
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High dimensional block settings = dual algorithm for RGCCA

13



CGH (y2)

50

-50

-100

DG

hemisgheres

DG DG
midtine
DipRIF '
DlFEIFgIF‘G DIPG %IPG
DIPG D PG MIHINE  pemispheres
DIFTBPE hE|ﬂr:-‘fp'513'rha|mé.iﬂ%Ta-¢:_.,ﬁm il
midtine midiing hemﬁﬁjﬁ%ﬁer% iI‘lE:I'I gﬁ@%
' hJﬂHuE‘ﬂher;E heml&ahermmw%
midtine
hE’m'SﬂhEHEﬁﬂaﬂherEﬁ
hemiaﬁhEFéEis’E'hErEE
hemispheres
hemispheres
hemisghern
hemispheres
hemispheres
hemisgpheres
| | | | | |

GE (y4)

14



50

Y>

-50

-100

Bayesian Discriminant Analysis

of localization on y, and y,

hemispher
hemispheres
~hemispheres
hemispheres
I I I I I I
-40 -20 0 20 40 60

15



50

Y>

-50

-100

Predictive performance

Table 1. Learning phase

Observed . -
/ Predicted DIPG | Hemispheres | Midline
= DIPG 20 0 1
Hemispheres 0 19 4
Midline 0 5 7
u g@?ee;us Accuracy =82%
Isfiares
hemisgh Eﬁwis-pheres
Table 2. Testing phase (leave-one-out)
Observed . g
Predicted DIPG | Hemispheres | Midline
hemisgh
emispner DIPG 18 1 1
hemispheres Hemispheres 0 17 4
Midline 2 6 7
hemispheTe 1o Accuracy = 75%
I I I I I I
-40 -20 0 20 40 60
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Variable selection for RGCCA

]
argmax z Cit 8 (cov(Xj a;, Xy ak))

al,az,...,a] ] ]

Subject to the constraints {

I 1f X, and X, 1s connected
where: Cy = .
0 otherwise
identity (Horst sheme)
g =< square (Factorial scheme)
'abolute value (Centroid scheme)

and: 7, = Shrinkage constant between 0 and 1



Sparse GCCA

Initial
step

STy =Xy [T
IIII =~ v ~ \
Outer Estimation R \
(explains the block) Inner
2 Estimation
a, HaiH2 =1 Z, = Zejkyk \ (eXpl’flinS

5 k] relation
! Iterate until between
convergence J block)
| of the criterion :

S(- X'z, 1)
n

j)

8=
HS( Xz, 4,)
n

2

S(a, A) = sign(a)max(0, |a| = 1)

Choice of weights e;,:
- Horst : ey =Cy

————————————— - Centroid : € = Cijign(Cor(yj’yk))

- Factorial : e, =c, cov(y j,yk)

c; = 1 1f blocks are linked, 0 otherwise and ¢; = 0




CGH (y)
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FOXG1
ZFHX4
EEPD1
GRID2
EMX1
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DLX1

CYP4Z1  ARFGAP3
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BTC ACADL
PKNOX2  LAMB3
SERPINB10 DCAF6
TAAR2 NET1
ZNF469  ELOVL2
FAM196B  DAAM2
SLC22A3  CHCHD7
HOXB2  FAIM
SLC25A2 HOXA2
HES4 SPEF2
SYT9 C8orf47
C20rf88  DLECH
CLDN3  FzD7
GLUD2  PLIN4
OMP KAL1
KCND2  LRRC55
C170rf71  FAM89A
ADAMTS20 RSPH!1
SLC1A6  AKR1C3
SORD C110rf86
VPS37B  TBX15
NR2E1 SEMG2
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KRAS
APOLD1
CDKN2B
CDKNZ2A
CNOT2
ABCC9
CAPS2
IAPP
PPFIBP1
NAV3
SLCO1A2
PTHLH
ELKS3
KIAA1467
ETNKA1
RAB3IP
TMTCA1
DDX11
GLIPR1L2
ITPR2

STK38L
CAPRINZ2
SOX5
AMNA1
THAP2
PYROXD1
PHLDA1
CSRP2
KRR1
PTPRR
TM7SF3
ZFC3H1
CCDC91
KCNC2
SLCO1B1
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LYRMS
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MED21
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DDX47
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LDHB
FAR2
ST8SIA1
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EMP1
C12o0rf11
OSBPLS
KCNJ8
TSPANS
CASC1
KCNMB4

List of selected variables from GE data List of selected variables from CGH data
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Predictive performance
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DIPG Table 1. Learning phase
= Observed . -
3 Predicted DIPG | Hemispheres | Midline
DIPG
DG DIPG 20 O 1
Hemispheres 0 22 3
DIPG
Midline 0 2 8
1
4
DIPG Accuracy = 89.2%
il (82% non sparse)
u
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Table 2. Testing phase (leave-one-out)
DIFG P 1
] serve . -
d Predicted DIPG | Hemispheres | Midline
w
DIPG 20 0 1
| Hemispheres 0 20 3
(|
B Midline 0 4 8
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Conclusion and perspectives

Depending on the dimension of the blocks, you can use either
the primal or the dual algorithm.

The dual representation of the RGCCA algorithm allows:
* dealing with symbolic data
* recovering nonlinear relationship between blocks

Sparse constraints are useful when the relevant variables are
masked by (too many) noisy variables.

Sparse constraints are useful when we want to select a small
number of significant variables which are active in the
relationships between blocks.
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