Hierarchical forest attributes for multimodal tumor
segmentation on FDG-PET /contrast-enhanced CT @

UNIVERSITE
. . . . A / . DE REIMS
Francisco Javier Alvarez Padilla!, Barbara Romaniuk!, Benoft Naegel®, Stéphanie cuampacNEARDENNE

Servagi-Vernat!'?, David Morland!*, Dimitri Papathanassiou!** and Nicolas Passat!

LUniversité de Reims Champagne-Ardenne, CReSTIC, France, 2Université de Strasbourg, CNRS, ICube, France,
3Radiotherapy Department and “Nuclear Medicine Department, Institut Jean-Godinot, Reims, France

% J Institut Jf:em—[}udinut
—_ Centre de Lutte Conere le Cancer
R sTI C Aisne ! Champagne-Ardenne

1. Abstract

Accurate tumor volume delineation is a crucial step for disease assessment, treatment planning and monitoring of several kinds of cancers. However, this
process is complex due to variations in tumors properties. Recently, some methods have been proposed [1] for taking advantage of the spatial and spectral
information carried by coupled modalities (e.g., PET-CT, MRI-PET). Simultaneously, the development of attribute-based approaches has contributed
to improve PET image analysis. In this work, we aim at developing a coupled multimodal / attribute-based approach for image segmentation. Our
proposal is to take advantage of hierarchical image models for determining relevant and specific attribute from each modality. These attributes then
allow us to define a unique, semantic vectorial image. Sequentially, this image can be processed by a standard segmentation method, in our case a
random-walker approach, for segmenting tumors based on their intrinsic attribute-based properties. Experimental results emphasize the relevance of
computing region-based attributes from both modalities.

2. Context concepts 3. Hierarchical structures

Hierarchical

1. A hierarchical structure is a graph rep- 3-D Intensity models —  Image partition™ Inter-region relationship — gy, o4y res
resentation of an image formed by nodes 1-D partition representation for
k € © that are hierarchically linked by
edges e € F via an order relation, e.g. the
inclusion relation [2], or the nested relation
of their frontiers.
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. A node k£ is an image region formed by
connected pixels/voxels.
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. An attribute h is a value (usually scalar)
that characterizes a node. An attribute
can, for example, be based on notions of
form, spectrality, geometry, etc.
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4. Method
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6. Vectorial image reconstruction and vectorial Random Walker
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The random walker algorithm seeks the shortest path between a

Individual image reconstruction and ,
non-class node and the provided markers [3].

First, 1, is model as a graph: Markers m are set by a t threshold
R o protocol for background b and
foreground f, respecting: t, < U < t;

X1 {hy, | x, {hy, x3 {hy,
hyy oo A Yhy, ., R A2y - By}

~ x,; {hll xS {hll xﬁ {hll
hy, .o, R P2y s Y|y, .., by )

This analysis process be-
gins from the extremal

x7 {hy, xg {hy, Xq {hy,
hyy ooy B Yfhy, .., Ry YRy, ..., hin}

|
|
|
|
|
|
|
|
|
¥(0) I1,(X) |
|
|
|
|
|
|
|
|

nodes k;, (leaves of \Ij)y up Forest reconstruction and vectorial set concatenation

to the root, through the Y=[¥, ¥, VR

branches, pruning instable Ve o Ve \/ e L (D) = 6. (V. E) PET for mb((b'ue)a my (;ed) and U
o VREE] Vke(—) VkEB gray values
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. - . this norm is represented by a Mahalanobis distance between

1S aChleVQd lf and Oﬂly Y the inter-node vectors of attributes A, for normalization.

if the estimator S(kz) — LX) = Ly () 1 Ly GO 1 oo 1l Ly, ()
kian(h) — k;_a(h)] has a
local minimum at k; where
A € N denotes the evalua- /. Results

tion range. A max-tree 7 was built from PET and a ToS ® from CE-CT for the forest T = |tppr, Pcr_c7].
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8. Conclusions

1. Multimodality and region-based at-
tributes improved our results (literature

corroboration). Their functional / mor- PET CE-CT PET/CE-CT
phological complementarity allows for a
. . Monomodal | DSC (¢ + o) | Multimodal DSC (1 £+ o)
better delineation of tumors. PET 0.716 + 0.065 | PET/CT 0.802 + 0.038
CT 0.789 + 0.053 | HFA PET/CT | 0.856 + 0.036

. Vectorial image framework can be ex-
ploited by other methodologies.

. Versatility of relevant attributes and imag-
ing modalities selection with its prefer-
able type of hierarchical structure, allow
to adapt the algorithm according to inher-
ent target properties.
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