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Biological Results!

	  	  	  	  	  

Our recent comparison of the genomes of ovarian tumor and normal cells from 
the same set of patients, measured by two different methods, uncovered several 
chromosome arm-wide patterns of DNA copy-number alterations that are 
correlated with a patient's survival and response to platinum-based 
chemotherapy.4 To uncover these patterns of variation across the patients, that 
are consistent across the measurements, but exclusive to the tumor relative to 
the normal genome, we used the tensor GSVD. For >30 years prior, the best 
predictor of ovarian cancer survival was the tumor's stage; ~25% of primary 
ovarian tumors are resistant to platinum, yet no diagnostic existed to distinguish 
resistant from sensitive tumors before the treatment.!

Mathematical Framework: Tensor GSVD!

	  	  	  	  	  
Fig. 3. The tensor GSVD of patient- and platform-matched ovarian tumor and normal genomic 
profiles uncovered (a,d,g) previously unknown chromosome arm-wide signatures that (b,e,h) classify 
the patients into two groups of significantly different prognoses, and are mathematically and 
biologically exclusive to (c,f,i) the tumor profiles.!

Fig. 2. Survival analyses of the discovery (a-c) and validation (d-f) sets of patients classified by (a,d) 
tumor stage at diagnosis, and (b,c,e,f) the tensor GSVD.!
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!

Novel Tensor GSVD Predicting Ovarian Cancer!
Survival and Response to Platinum-Based Chemotherapy!

Motivation!
The number of large-scale high-dimensional datasets recording 
different aspects of a single phenomenon is growing, accompanied by a 
need for frameworks that can create a single coherent model from 
multiple order-matched tensors, with one-to-one mappings among the 
columns across all but one of the corresponding dimensions among the 
tensors. The recent higher-order generalized singular value 
decomposition (HO GSVD) is the only simultaneous decomposition to 
date of more than two such datasets that is by definition exact, and 
which mathematical properties allow interpreting its variables and 
operations in terms of the similar as well as dissimilar among the 
datasets.1 The HO GSVD, however, is limited to datasets arranged in 
matrices. It builds upon the two-matrix GSVD, which we previously 
reformulated as a comparative spectral decomposition.2,3 !

!We recently demonstrated a novel tensor GSVD in the comparative 
modeling of two such datasets.4,5 Rather than simplifying the complex 
structure of the datasets to a single matrix, the tensor GSVD uses it to 
simultaneously find the similarities and dissimilarities, i.e., patterns of 
varying relative significance, between the two tensors. Here, we define 
and prove the mathematical properties of the tensor GSVD. !

Fig. 1. Our recent tensor 
GSVD comparison of two 
pat ien t - and p la t fo rm-
matched genomic datasets 
uncovered patterns of DNA 
a l t e r a t i o n s t h a t  a r e 
correlated with ovarian 
c a n c e r s u r v i v a l  a n d 
response to chemotherapy.4!
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Definition and Construction. We define the tensor GSVD, which simultaneously

factorizes the two, e.g., third-order, tensors D
i

2 RK

i

⇥L⇥M

, i = 1, 2, as

D
i

= R
i

⇥
a

U

i

⇥
b

V

x

⇥
c

V

y

.

The matrices V

x

and V

y

, identical in both factorizations, and U

i

are obtained from the

GSVDs of the tensors unfolded to preserve the x-, y-, and z-axes, respectively. The

tensors are now superpositions of corresponding pairs of rank-one “subtensors”

S
i

(a, b, c) = u

i,a

⌦ v

T

x,b

⌦ v

T

y,c

, i.e.,

D
i

=
LMX

a=1

LX

b=1

MX

c=1

R
i,abc

S
i

(a, b, c).

We prove that the tensor GSVD (i) always exists, (ii) has the same uniqueness

properties as the GSVD, and (iii) extends the GSVD and the higher-order singular

value decomposition from decompositions of two matrices or one tensor, respec-

tively, to a decomposition of two tensors.

6

Interpretation. Interpreting the tensor GSVD as a framework for comparatively

modeling two datasets, we define the significance of the subtensor S1(a, b, c) in D1

relative to that of S2(a, b, c) in D2 as a function of the ratio of the corresponding

superposition coefficients R1,abc/R2,abc. We prove that this ratio is equivalent to that

of the generalized singular values of D1 and D2 unfolded to preserve the z-axis.


