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THE  BOOK

Molecular imaging is impacting dramatically upon virtually all areas of clinical medi-
cine.  This is particularly true for oncology, where there is a growing appreciation of the
possibilities offered for early detection, by identifying key changes for the emergence and
progression of cancer on the molecular and/or cellular level.  Among the potentially most
promising of these functional imaging modalities are Magnetic Resonance Spectroscopy
(MRS) and Spectroscopic Imaging (MRSI) that involve the in vivo application of tradi-
tional laboratory-based Nuclear Magnetic Resonance (NMR) techniques, and provide, in
addition to the anatomic picture, complementary biochemical and physiologic information
in the form of spectra.  MRS and MRSI should be able to identify key biochemical changes,
much before the tumor becomes detectable by other functional imaging methods that mainly
rely upon single markers that are not entirely sensitive or specific for malignant activity.
Molecular imaging through magnetic resonance could be potentially suited for screening
and repeated monitoring since it entails no exposure to ionizing radiation.  Modern systems
now often have localization capabilities that can connect imaging to spectroscopy.  MRS
and MRSI have been shown to enhance diagnostics as well as assessment of response to
therapy for a number of cancers, most notably brain, prostate and lymphoma, with some
encouraging results for breast cancer, hepatic and head and neck tumors, inter alia.  Most
striking is that adding spectroscopic information from MRS substantially improves the
specificity of MRI in oncology.  The combination of anatomic localization and quantifica-
tion by metabolite spectra is often decisive in accurate and timely identification of malig-
nancy.  This has proven invaluable, especially in the most difficult cases, e.g. differentiat-
ing recurrent tumor from radiation necrosis or post-operative changes.

In the first part of this book we review the basic principles of magnetic resonance
(MR), and then MRS and MRSI. Some computational aspects are included. Signal processing
is initially presented intuitively, using a conceptual approach to conjugate variables, with
familiar clinical examples. This is followed by a succinct mathematical exposition aimed at
a broad audience. The reader will thereby gain an appreciation of the strategies that allow
MR signals to be transformed into clinically meaningful information.  A brief overview of
key technological aspects of MR and the nomenclature is also given.

Next, the current state of the art of in vivo MR imaging and spectroscopy for cancer
diagnostics is presented, beginning with brain tumors, for which molecular imaging through
MRS and MRSI have now become key modalities.  In fact, in no other area of oncology
have MRS and MRSI been so widely incorporated into clinical practice, with a literal
“explosion” of information in neuro-oncology in the last 2-3  years. We have performed a
systematic review of this very recent body of knowledge, which, indeed, represents an
important advance for the detection and characterisation of tumors of the brain.  This is
followed by systematic reviews of the achievements to date using MRS and MRSI in pros-
tate cancer, gynecological tumors, head-and-neck, lymphomas, musculoskeletal and renal
tumors. Functional anatomic imaging, advanced MRI and initial results with MRS are pre-
sented for hepatic, gastrointestinal and other tumors.  This second part of the book con-
cludes with a chapter on the current approach to screening and early diagnosis of breast
cancer, and what MRI and MRS have offered to date.

The chapters in this second part of the book include a brief background of epidemio-
logical and clinical aspects of the tumor types examined with MRS and MRSI.  Within this
background, emphasis is placed upon etiology and risk factors, in order to suggest when the
clinical index of suspicion should be raised, and when, therefore, the information provided
by MRS and MRSI might be of particular benefit.  Other diagnostic modalities and typical
findings using MRI are presented, as well, so that the reader will have a comprehensive view
of how these tumors are currently identified.    The differential diagnosis is thoroughly
discussed, which helps the reader to learn about other indications for MRS and MRSI.
Available in vitro MRS data are also presented for each of the malignancies reviewed. Such
data consistently yield deeper insights into the metabolite features of specific cancers, and
help motivate the quest, presented in the next, and final, part of the book, to extract
further information in the clinical setting from molecular imaging via MRS.M
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In this final part of the book, we discuss the current limitations of in vivo MRS and MRSI and
their relationship to reliance upon the conventional Fourier-based framework for data analysis.  It
is then demonstrated how recent advances in signal processing via the Fast Padé transform, can
circumvent many of these problems.  Salient illustrations are provided.  We examine how these
advances could impact upon cancer diagnostics, with a view to early detection and screening, includ-
ing surveillance of high-risk groups.  In the concluding chapter, we explore the role of molecular
imaging through MR within a broader context, in which working and general quality of life, treat-
ment, clinical monitoring and surveillance are part of an integrated whole.

 This book is written for clinicians and clinical researchers – at various levels of
training and experience.  It is a self-contained text with ample references on a chapter-
by-chapter basis to facilitate in-depth study of a given topic.  The style is pedagogical, and
will be amenable for use in courses on MR, as well as in oncology.  The chief aim of this
book is  “translational”: to help clinicians and clinical researchers more actively and
confidently engage in more basic areas such as molecular imaging through magnetic
resonance, as part of the battle against the scourge of cancer.
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