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Motivation Biological Results

The number of large-scale high-dimensional datasets recording || Our recent comparison of the genomes of ovarian tumor and normal cells from &) Tumor arraylet

different aspects of a single phenomenon is growing, accompanied by a | | the same set of patients, measured by two different methods, uncovered several i e e
need for frameworks that can create a single coherent model from || chromosome arm-wide patterns of DNA copy-number alterations that are
multiple order-matched tensors, with one-to-one mappings among the || correlated with a patient's survival and response to platinum-based
columns across all but one of the corresponding dimensions among the | | chemotherapy.* To uncover these patterns of variation across the patients, that
tensors. The recent higher-order generalized singular value || are consistent across the measurements, but exclusive to the tumor relative to
decomposition (HO GSVD) is the only simultaneous decomposition to || the normal genome, we used the tensor GSVD. For >30 years prior, the best
date of more than two such datasets that is by definition exact, and || predictor of ovarian cancer survival was the tumor's stage; ~25% of primary
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which mathematical properties allow interpreting its variables and || ovarian tumors are resistant to platinum, yet no diagnostic existed to distinguish ;1
operations in terms of the similar as well as dissimilar among the || resistant from sensitive tumors before the treatment. .
datasets.! The HO GSVD, however, is limited to datasets arranged in @) mumor Stage ) Three Probelets (Comb.) (¢) Three Probelets (Comb. . .
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matrices. It builds upon the two-matrix GSVD, which we previously || . * rar | g Y A Y A
. - = N=29 ] N=29 o N=29 Median Absolute Deviations (c) Tumor Relative DNA Copy Number
reformulated as a comparative spectral decomposition.?3 35 S F o0 | B 0-10 N
We recently demonstrated a novel tensor GSVD in the comparative || 5z o ER C e e
modeling of two such datasets.#5 Rather than simplifying the complex || &§ . S C
structure of the datasets to a single matrix, the tensor GSVD uses it to || 5 B g B
simultaneously find the similarities and dissimilarities, i.e., patterns of || ;% . csons 04 -[LLI M g, o
varying relative significance, between the two tensors. Here, we define || % ¢ S i o3s . w117 T
and prove the mathematical properties of the tensor GSVD. A . A S _ & oo o
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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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Mathematical Framework: Tensor GSVD
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Definition and Construction. We define the tensor GSVD, which simultaneously s
faCtorizeS the tWO’ e'g'5 third-order5 tenSOrS DZ E RKiXLXM’ Z — 17 25 aS ' .—8'.5 —61.5 -4.5 -2'.5—0.'5 o'.5 215 425 615 12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 '
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The matrlces ‘/ZIZ and V, Identlcal In both faCtorlzathnS, and UZ are Obtalned frOm the Flg. 3. The tensor GSVD of patlen’[- and platform'matChed ovarian tumor and normal genomiC

: profiles uncovered (a,d,g) previously unknown chromosome arm-wide signatures that (b,e,h) classify
GSVDs of the tensors unfolded to preserve the L= Y and Z-dXes, respeCtlver' The the patients into two groups of significantly different prognoses, and are mathematically and

o B . . (1 b}
tensors are now superpositions of corresponding pairs of rank-one “subtensors biologically exclusive to (c,f,i) the tumor profiles.
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