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[ Preface

This second edition of Oncologic Imaging is especially im-
portant to clinical oncologists. The imaging techniques
available and the clinical assessments required are rapidly
changing during the ongoing biologic and technical revo-
lution occurring in medicine. The oncologist—whether

surgical, radiologic, or medical—requires four classes of

information from diagnostic imaging: tumor detection,
extent of malignant progression, anatomic location and
relationship to normal tissues, and tumor physiology.

Neoplasm detection begins with screening. The RCO
curve must be as rectilinear as possible. The screening
images should indicate the general location of the putative
tumor but need not be anatomically detailed. There
should be a quantitative estimate of the numeric likeli-
hood of malignancy rather than a descriptive comment
subject to interpretive confusion.

In contrast to oncologic diagnosis, for optimal treat-
ment, the evaluation of the primary tumor must be per-
formed with minimal uncertainty regarding both extent
of tumor and anatomic position of dose-limiting normal
tissues. Under ideal circumstances, all tumor cells should
be located, including microscopic infiltrations, but until
this is possible, location of the tumor cell “density” within
the gross tumor volume is desirable. By density, I mean
the number of tumor cells per unit volume of tissue. It is
essential that the understanding of the relationship of the
tumor to normal tissues be as detailed as possible; this is
the result of a precise fusion of variously acquired parts
of imaging information. In addition, tumor physiology
both before and during treatment is important for plan-
ning appropriately and carrying out surgical, radiothera-
peutic, or medical systemic intervention.

The most vital determination for prognosis and treat-
ment of cancer is whether metastases have occurred. De-
tection of metastases must be as anatomically informative
as that used for primary tumors, with the additional re-
quirement of establishing the number of metastases. In
the past, patients were classified by whether they had
metastases. However, metastases differ in number, loca-
ton, and extent of malignant progression. Within the
metastatic group there is a significant number of patients

with oligometastases, that is, a more localized form of

metastatic involvement restricted by number and organ
site and therefore amenable to curative regional therapies.
These metastases must be identified; their anatomic detail
should be revealed, and this group of patients should be
separated from those with extensive disseminated spread
for whom systemic agents are the primary treatment.
The better the determination of the nature, volume, and
location of tumor, the more specific the therapeutic plan
can be. Ideally, more intensive systemic therapy can be
applied if it can be restricted to patients requiring such
treatment because, in such cases, there is no longer con-
cern with the unnecessary prophylactc treatment of pa-
tients who are free from widespread metastases. This
means that tumor imaging must be extended to the detec-
tion of microscopic disease. Finally, to effect appropriate
salvage treatment, the oncologist also must detect tumor
recurrence as early as possible.

The book begins with introductory chapters providing
an overview of cancer incidence and survival rates, a
concise statement of the new molecular oncology of carci-
nogenesis, and the principles of multidisciplinary treat-
ments. These important chapters offer promise for
achieving some of the goals of the oncologist mentioned
carlier. There follows a chapter on cancer classification
and staging. The next chapters are devoted to updates
of the rapid advances in diagnostic radiologic imaging,
including cost-effectiveness, a description of the innova-
tions in functional and metabolic imaging, the new fron-
tiers of molecular imaging, and expanding interventional
techniques. These are followed by discussion of the spe-
cific needs of an ever-changing radiation oncology treat-
ment planning field, with the challenges of more dynamic
and precise delivery of radiation—both photon and
electron—designed to improve therapeutic ratios. The
body of the book is organized by tumor type and site.

In short, we desire nonhazardous, noninvasive inte-
grated techniques that diagnose disease, predict outcome,
design treatment, and evaluate results of treatment. This
second edition of Oncologic Imaging describes the current
status and begins showing us the way to achieve these
goals in the future.

Sam HELLMAN
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Introduction

The second edition of the text Oncologic Imaging is de-
signed to catalyze both interest in and appropriate appli-
cation of sophisticated diagnostic imaging tools used in
the process of detection, diagnosis, staging, treatment
planning, and post-treatment follow-up surveillance of
cancer. Advances in oncologic imaging have contributed
to the cure of cancer by improving the therapeutic appli-
cation of surgeons, radiation oncologists, and medical
oncologists through the accurate and serial definition of
target cancer volumes and foci in this multidisciplinary
area of cancer care.

The societal burden of cancer is enormous. The Amer-
ican Cancer Society estimated that 1,228,600 diagnoses
of new cases and 564,800 cancer-related deaths would
occur in 2001.! The societal costs are equally staggering,
having been estimated by the National Cancer Institute
to exceed $110 billion in 2000. Although the relative 5-
year survival rates for cancer have continued to increase,
from an estimated 49% in the 1960s to approximately
60% in 2001,? the incidence rate has continued to increase
as a reflection, in large measure, of the aging popula-
tion."? Although the improvements in certain cancer site
survival rates have been impressive (e.g., pediatric, breast,
testis, and cervical cancers), other types of cancer (e.g.,
male and female lung cancer, brain tumors) have been
frustratingly difficult to manage. An incremental improve-
ment in cancer survival will require the coordination of
both investigational and clinical researchers and clinicians.

The progress in the understanding of cancers and their
complex metabolic, genetic, and environmental dynamics
has been dramatic since the last decade of the 20th cen-
tury and promises that there will be continued incremen-
tal gains in the control of these complex neoplasms. It is
the collective stimulus and future goal of diagnostic im-
aging, radiation oncology, and medical/surgical oncology,
that with advances in the molecular biologic, genetic, and
biomedical engineering communities we will be able to
define more specifically the intrinsic environment and
behavioral characteristics of cancer, thereby improving
control and cure.

The establishment of the National Institute of Bio-
medical Imaging and Bioengineering will create the plat-
form within the National Institutes of Health for the
future directions of the imaging sciences. This new Insti-
tute will facilitate the translation of research and foster
basic science and will enable the development of prospec-
tive interdisciplinary clinical trials.

The centerpiece of this second edition of Oncologic
Imaging is the theme of catalyzing practical clinical inter-
actions and research collaborations. Oncologists and radi-
ologists alike are indeed fortunate to be practicing at a
time when the past accomplishments of medical imaging
are rich and its future bright. In 1985, when the first
edition of this book was published, there had already

been significant advances in imaging technology, and their
marked impact on the diagnosis and management of can-
cer was a central motif of the text. Now, more than a
decade and a half later, on the threshold of yet another
imaging revolution, the challenge is to integrate the
evolving understanding of metabolic, functional, genetic,
and behavioral attributes of tumors with their anatomic
characteristics and to elucidate the impact of this newly
emerging information on the care of cancer patients.

To help readers meet this challenge, this second edition
of Oncologic Imaging has been entirely rewritten. Each
chapter is a new presentation, with greatly expanded con-
tent and a rich assortment of imaging illustrations (partic-
ularly computed tomography, magnetic resonance im-
aging, ultrasonography, single photon emission computed
tomography, and positron emission tomography) to en-
able both the radiologist and the clinical oncologist to
better appreciate and manage the challenge of multimodal
tumor imaging. The text is organized according to the
major organs and systems that are sites of cancer in both
adult and child. For each site, both the state of the art
and the current science of imaging, as well as the promise
for the future, are discussed by nationally and internation-
ally renowned contributing authors. The text is designed
to serve practicing clinicians in both the clinical and
imaging sciences, providing the information needed to
allow integration of the ever more sophisticated opera-
tional tools of the disciplines of radiation oncology, medi-
cal and surgical oncology, and diagnostic radiology.

Some of the changes to the second edition include:

B Reorganization of the section on the brain and spinal
cord and inclusion of it in the section on head and
neck cancers

B Expansion of coverage of breast cancer to include a
discussion of interventional techniques

B Expansion of coverage of the thorax to two chapters
and of the gastrointestinal tract from three to five
chapters

B Expansion of gynecologic cancers from one to two
chapters and of musculoskeletal cancers from two to
three chapters

W Expansion of the section on pediatric tumors from
just one chapter in the first edition to four chapters,
in an effort to cover more comprehensively the
complexities of cancer imaging in the child
In an attempt to set the theme for imaging in oncology,

the organization of organ site chapters begins with a brief

review of tumor pathology and behavior, followed by
cancer classification and staging, with most of the chapter
devoted to imaging strategies for detection, diagnosis,
staging, and treatment. The expanding field of minimally
invasive diagnosis and multidisciplinary treatment of can-
cers is presented. No discussion of cancer imaging would

xiii



xiv Introduction

be complete without its application to treatment planning,
enhanced by the new imaging technology that allows
greater latitude and flexibility in conforming the treat-
ment beam to a specific cancer site. Five new special
chapters in the section entitled “Treatment Planning” are
devoted to the critical role of imaging in radiation treat-
ment planning and delivery. As metabolic and molecular
imaging become available, biologically based dose distri-
butions can be developed. Further enhancements will be
realized as the use of image fusion (amplification of infor-
mation derived from multiple procedures combined to
create “real-time” three-dimensional image displays) be-
comes more widespread. In this edition, the treatment
planning aspects of each type of cancer are presented in
the radiation treatment planning section rather than at
each anatomic site. A multidisciplinary treatment decision
table, based on cancer stage, is concisely organized and
facilitates interaction and coordination among imager,
surgical oncologist, medical oncologist, and radiation on-
cologist in arriving at individualized approaches to cancer
care by anatomic site, determined most often by the
anatomic stage, the histopathologic tumor type and grade,
or all three.

As the field of diagnostic radiology enters its second
century, new challenges emerge that will shape its future.
The first quarter century of progress, which began just
before the previous century, reflected excitement about
the discovery of the mysterious energy of the x-ray beam,
with properties and abilities that facilitated viewing the
human body through fluoroscopic screens and radio-
graphs. At the beginning of the 20th century, the develop-
ment of contrast materials enabled visualization of the
gastrointestinal tract, biliary tree, and urinary tract. Later
technologic explosions in midcentury—such as the advent

of computed tomography, magnetic resonance imaging,
ultrasonography, nuclear imaging, angiography, and mini-
mally invasive procedures—drove the field rapidly into
areas of exploration never before believed possible. This
technologic “push” of increasingly sophisticated equip-
ment and imaging procedures has transformed the medi-
cal horizon and opened the field of radiology to new
challenges and opportunities as well as inherent risks.
Image-guided diagnosis, treatment, and follow-up of can-
cer patients promises to dramatically increase the poten-
tial for curing cancer in the new millennium by more
effective and accurate delivery of image-guided
multimodal therapy. Therapeutic imaging is a logical ex-
tension and integration of diagnostic imaging, which initi-
ates the process of treating and caring for oncologic pa-
tients. The imaging future promises new avenues of
exploration of molecular, microscopic, genetic, and bio-
logic events in the human body, performed noninvasively
and in real time. It is with this excitement and promise
that we present the second edition of Oncologic Imaging,
and we dedicate it to the undiscovered vistas of the im-
aging sciences and their specific challenges in the field of
oncology.
David G. Bragg
Philip Rubin
Hedvig Hricak
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Figure 4-3. The three-dimensional model reconstructs a kidney
myelolipoma (green) derived from a computed tomography scan.
Bones are seen in white, kidney calices in yellow, and vessels in
blue. In such models, the organs and various tissue components
can be individually manipulated to facilitate surgical simulation
and planning.

Figure 4-4. Axial magnetic resonance image (MRI) of a patient
in the lithotomy position in an open MRI scanner. During treat-
ment planning for brachytherapy of the prostate (which is central
in the gray-scale image), dosimetry is superimposed on the image.
Seen here as colorized fields on the posterior region of the gland
before seed placement.

Figure 4-7. Multimodality data combined for intraoperative use in
the interventional environment. An intraoperatively acquired axial
magnetic resonance image (obliguely perpendicular to the page) and pre-
operative image data merge to assist in surgery. The preoperative
data are shown as colorized overlay models: The lesion is in green;
the vessels are in red; and magnetic resonance data for speech and
motor functions are in blue, magenta, and yellow. In the intraoper-
ative image, a hand-held probe appears from below, pointing toward
the lesion.

Figure 4-9. Three-dimensional (3-D) model reconstructed from magnetic resonance image (MRI) of an interstitial laser therapy of a
low-grade astrocytoma performed under MRI guidance. The first image (4) shows the tumor (green) before treatment (ventricles in blue
and laser fiber in yellow). The second image (B) shows the 3—D representation (red) of the treatment effect.



Figure 6-1. Beam’s-eye view for a lung patient. Along with the
outer skin, the lungs (red), spinal cord (b/ue), and planning treat-
ment volume (green) are displayed. The treatment aperture (white)
and the collimators (yellow) are also projected.

Figure 6-2. Digitally reconstructed radiograph of a lateral head
and neck field showing the planning treatment volume (green),
spinal cord and brainstem (red). The field apertures are shown
(pink and blue) as well as the direction of the wedge.

Figure 6-3. A, Isodose distribution for a lung patient in a transverse computed tomography plane. B, The outline of the planning
treatment volume (yellow) is also shown with the same dose distribution as a color wash.



Figure 6—4. A three-dimensional dose display showing the planning
treatment volume (yellow), parotd glands (green), and spinal cord
(red) superimposed with the 95% isodose surface (blue).

Figure 6-8. Dose distributions for a seven-field, intensity-modulated radiotherapy nasopharynx plan. The planning treatment volume
is outlined in red and the spinal cord and brainstem are in blue. 4, Axial distribution through the central axis. B, Axial distribution 4
cm inferior to the central axis. C, Sagittal distribution through the central axis.

Figure 6-10. Dose distribution for a left lateral intensity-
modulated radiotherapy head and neck field as calculated by
the treatment planning system and measured using film do-
simetry.

Calculated Distribution Measured Distribution



Figure 7-1. Screen display from a surface-fitting program. The sagittal contours represent the brain surface extracted from an MRI
study. The dots are brain surface contours from axial images of positron emission tomography data. After initially positioning the two
data sets interactively, the surfaces are fit to each other to minimize the volume between them.

Figure 7-3. B, An axial image with a red contour in-
dicating the tumor region and two blue regions lateral
to the tumor, corresponding to right-hand tactile
function. C, A dose distribution from conventional
planning that produces a spherical high dose region.
D, A dose distribution shaped to avoid the functional
regions.




