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Preface
The role of imaging is growing in most areas of cancer care,
from screening to staging, treatment decision making, and
follow-up. Moreover, the average life span is lengthening and
the elderly population is expanding worldwide. As a result,
oncologic imaging examinations now are a major portion
of both oncologic and general radiologic practices. The
radiology report constitutes the formal, permanent record of
the radiologist’s communication of ﬁndings to the referring
physician. Concise, clinically relevant reports are the essence
of good cancer patient management at every step of the
disease course.
Proper interpretation of oncologic images requires special
knowledge, which is complex and speciﬁc to each of the
many types of cancer. Instruction in interpretation of
oncologic images, however, remains limited in many
radiology training programs, and even for radiologists with
extensive oncologic training, the relevance of imaging
ﬁndings for patient management for each cancer can be
difﬁcult to remember. In addition, not only the content, but
the style of reports varies widely among institutions. Patients
increasingly have access to their radiology reports and often
become concerned over perceived discrepancies in style and
content among reports. There thus is a need to standardize
reports in oncologic imaging so that each involved party can
readily extract all relevant information from the report and
accurate management decisions can be made. To date, no
single, reader-friendly volume has been published that
summarizes the key ﬁndings that need to be included in a
comprehensive imaging report and provides stylistic
reporting guidelines. It is our hope that this handbook will
ﬁll that void and help radiologists deliver standardized
imaging reports that communicate the relevant oncologic
information to referring physicians clearly and concisely.
As cancer care and imaging needs are similar worldwide, this
manual was written jointly by cancer experts from the United
States and Europe. The more common cancers worldwide
were selected for inclusion. For each such tumor, we have
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indicated key clinical and imaging points; key report
elements to be mentioned (including tumor size, location,
and local extent); the TNM staging system of the American
Joint Committee on Cancer (from the AJCC Cancer Staging
Manual, 6th edition, 2002) or an alternate system, if
appropriate; and treatment implications of imaging ﬁndings.
Stage groupings are provided to facilitate communication
with clinicians. The preferred imaging technique for each
tumor is listed along with imaging tips, but complete details
of the imaging examination technique or image interpretation
are not included. The handbook is not intended to supply
detailed information on tumor imaging, but rather to provide
easy reference to the most relevant oncologic imaging
ﬁndings and simple guidelines for reporting imaging studies
undertaken for tumor staging and follow-up. For detailed
information regarding the imaging of tumors the reader is
referred to comprehensive texts on imaging in oncology and
to the primary literature.
Hedvig Hricak
Janet Husband
David Panicek
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1 Guidelines for
Radiologic Reporting of
Common Cancers

STYLE GUIDE FOR ONCOLOGIC IMAGING REPORTS
The guidelines for oncologic imaging reports in this manual
are intended to provide practical recommendations for
reporting that can readily be adapted to meet local
requirements. The essential elements of an imaging report
differ depending on whether the study ordered is an initial
staging examination or a follow-up examination.
A uniform style is desirable for imaging reports originating
from a given department or facility. It helps to avoid
confusion in terminology between reports and projects a
positive image of the radiologists as having a consistent
approach to image interpretation.
The radiology report constitutes the formal, permanent record
of the radiologist’s communication of ﬁndings to the referring
physician. Furthermore, in today’s health care environment,
patients increasingly request to read their own reports and are
becoming involved in their own medical management. The
report should allow the referring physician and the patient to
understand the important issues relevant to initial staging or
follow-up of the patient’s particular cancer.
The following tips may help improve the clarity and
readability of oncologic reports:
• The report should be concise; a long essay is unlikely to be
read by many busy clinical colleagues—or by other
radiologists.
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• The report should consist of the following four
components:
䊊 Indication: a statement about clinical or surgical staging,
pathology or tumor marker levels, if available and
pertinent
䊊 Technique: details of the imaging parameters and
contrast media used (to allow their replication during
follow-up)
䊊 Findings: a statement of the imaging ﬁndings, including
precise identiﬁcation of marker lesions by anatomic
location, size, and imaging section(s), and any
complications observed
䊊 Impression (Conclusion): a succinct statement responding
to the speciﬁc clinical question(s) posed. Items in the
Impression should be listed in order of their importance
and, if ﬁndings are nonspeciﬁc or equivocal, should
include recommendations regarding further workup.
• At the beginning of the report, the date and type of the
prior examination used for comparison should be stated.
Similarly, the date of the prior study should be given in
the Impression (Conclusion), e.g., “Since 9/15/05, interval
increase in size and number of pulmonary metastases.”
This practice makes it clear to the reader which studies
were compared, thereby avoiding serious errors that can
occur if different studies have inadvertently been
compared.
• For lesions that are not measurable, semiquantitative
assessment of volume is acceptable, e.g., “small [or
moderate or large] ascites.” If all the disease in a patient
is nonmeasurable, this should be stated in the report.
• When reporting a computed tomogram (CT) of the
abdomen, little value is gained by routinely stating, “The
lung bases are unremarkable.” Only abnormal ﬁndings
noted in the lung bases should be reported on an
abdominal CT. Similarly, only abnormal ﬁndings noted in
the upper abdomen on a chest CT should be reported
(except for the description of the adrenal glands, if
completely imaged, in patients with lung cancer).
• Use of abbreviations should be avoided.
• Ambiguous terms or phrases, such as those below, should
be guarded against.
䊊
“Small volume lymph nodes” or “insigniﬁcant
adenopathy” (The term adenopathy signiﬁes pathology.)

3
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“No convincing evidence of malignancy” (This wording
leaves open the possibility that there may be some
evidence of malignancy.)
䊊
“ . . . was not seen on the prior study” (This could either
mean that the lesion was present but not reported on
the prior study or that the lesion simply was not visible
on the prior study. For clinical and other reasons, it is
important to explicitly state whether a lesion was or was
not visible on the prior study, regardless of whether it
was reported.)
False reassurances should be avoided. For example, stating
“spinal metastases are noted without evidence of epidural
extension” on an abdominal CT report disregards the fact
that routine CT may not demonstrate epidural extension if
it is present; thus, the statement may convey a false
impression to the clinician.
“Hedge” phrases such as “cannot be excluded” should be
avoided.
If differential diagnosis as a result of nonspeciﬁc or
equivocal ﬁndings is warranted, the list should be kept to
the minimum number of relevant items.
When making recommendations for additional imaging,
use of the phrase “if clinically indicated” allows the
referring physician greater latitude in deciding whether to
follow the recommendation.
The phrase “clinical correlation is suggested” should be
used sparingly.
䊊

•

•
•

•

•

FUNDAMENTALS OF CANCER STAGING
The purpose of staging is to determine the extent to which
the cancer has spread. Staging classiﬁcation systems are
based on the assumption that in different patients, cancers of
the same histologic type that develop in the same anatomic
location will demonstrate similar patterns of growth and
spread as well as similar outcomes. Information from staging
is used to select treatment, assess patient prognosis, and
evaluate the success of the treatment. Staging classiﬁcation
systems facilitate communication between healthcare
providers and the comparison of research results from
different institutions.
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ESSENTIALS FOR AN INITIAL STAGING REPORT
All elements relevant to the TNM staging classiﬁcation (or
other agreed-upon staging classiﬁcation) for the speciﬁc
tumor being studied should be stated. A speciﬁc TNM
staging (e.g., T2 N1 M0), if such is desired in your practice
environment, should also be provided.
If a ﬁnding is equivocal, this should be stated, giving some
judgment as to the likelihood that the ﬁnding is of clinical
signiﬁcance. Reports should include positive ﬁndings
essential for staging but also pertinent negative comments
essential in patient management (e.g., no lymphadenopathy
is seen).
A concise, accurate, and relevant staging report should
describe these basic elements:
Primary Tumor
• Location, size, local extension, and characterization (when
applicable) (e.g., solid, cystic, necrotic)
Lymph Node Involvement
• Normal or enlarged nodes within regional and metastatic
groups
Distant Metastases
• Location of all metastases and size of at least two lesions
in the same organ
Other Findings Relevant to Patient’s Disease
• Additional information relevant for staging and treatment
(e.g., aberrant vessels in a patient undergoing surgery, or a
pelvic kidney in a patient undergoing pelvic radiotherapy)
Incidental Findings
• Location and (if possible) characterization and the
likelihood of clinical signiﬁcance
ESSENTIALS FOR A FOLLOW-UP REPORT
Comparison with the immediate prior scan to assess the
progress of the disease is mandatory. If the ﬁndings appear

5
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unchanged, comparison with earlier previous post-treatment
scans should be performed because some changes may be
subtle on immediate prior scans but obvious when compared
with earlier scans. Comparisons with earlier studies also may
be helpful by showing long-term stability of benign lesions
or slow progression of a malignant lesion. (Note: Some
benign lesions can grow slowly as well, e.g., hematomas,
renal cysts.) If the ﬁndings on a follow-up scan are unusual
or unexpected, comparison with both post-treatment and
pretreatment scans often can clarify the etiology. Whenever
possible, postoperative changes should be reported as such,
without adding a “hedge phrase” such as “recurrent tumor
cannot be excluded.”
In the 21st century, CT has essentially become the “new
radiograph” and often a surrogate for clinical examination in
the Western world. Because follow-up CT examinations often
are repeated at 6- to 8-week intervals in patients undergoing
chemotherapy treatment, it is important to focus on changes
that occur and to report them in a concise manner, without
extensive review of a multitude of incidental, clinically
irrelevant ﬁndings.
Key Points in Follow-Up Examinations
1. The imaging technique selected to assess response should
offer the best combination of evidence-based efﬁcacy,
simplicity, and cost for a given tumor site. The strategic
approach is to provide the maximum information for
multidisciplinary decision making while keeping
inappropriate, duplicative imaging and radiation exposure
to a minimum.
2. The follow-up examination should use the same modality
used for initial staging. The speciﬁc imaging protocols
for follow-up examinations of a given tumor should be
consistent (e.g., triphasic CT of the liver for follow-up of
hepatoma and serial use of the same planes and magnetic
resonance pulse sequences for follow-up of cervical
carcinoma).
3. In some cases, a different imaging modality may be
employed for follow-up assessments. For example, colon
cancer may be staged and followed up by CT, but if
markers are rising in the absence of demonstrable disease
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4.

5.

6.

7.

on CT, then 18F-ﬂuorodeoxyglucose positron emission
tomography (18F-FDG PET) or 18F-FDG PET with
anatomical fusion (18F-FDG PET/CT) may be employed to
identify occult disease. Similarly, residual masses present
after treatment for lymphoma or nonseminomatous germ
cell tumor (NSGCT) may be assessed with 18F-FDG PET or
18
F-FDG PET/CT. If disease is identiﬁed only on 18F-FDG
PET or 18F-FDG PET 18F-FDG PET/CT, then further followup should be done with that modality.
It is essential that previous images are used for
comparison in conjunction with details of the timing of
treatment (surgery, chemotherapy, or radiotherapy).
CT remains the major modality for the assessment of solid
cancers, but radiography or ultrasonography can be
suitable for the follow-up of certain patients on established
therapy or palliative treatment — for example, chest
radiographs may be used to assess lung metastases in a
patient with soft-tissue sarcoma of an extremity.
Timing of follow-up imaging is dependent on the tumor
type and treatment and varies among oncologists, clinical
trials, and institutions.
The initial follow-up imaging after radiotherapy or
surgery should be delayed for at least 3 months to allow
post-treatment effects to subside. In patients on
chemotherapy, imaging during treatment or at shorter
intervals after treatment is often valid.

A concise, accurate and relevant follow-up report describes
these basic elements:
• Date of each comparison study used
• Documentation of evidence of local disease recurrence
• Documentation of any new sites of disease since prior
study
• Measurement of the same lesions as in previous scans
• Whether disease is nonmeasurable
• Overall response assessment (increase, decrease, or no
change in size and number of lesions)
• Incorporation of the Response Evaluation Criteria in Solid
Tumors (RECIST) or World Health Organization (WHO)
guidelines, if the institution or the clinical trial uses them,
in the Impression (Conclusion) of the report (e.g., “Overall
stable disease”)

7
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Measurement of Disease Response
Although a number of different criteria have been used in the
assessment of tumor response for patients in clinical trials,
controversies persist, and response classiﬁcations continue to
evolve. The two most widespread systems for tumor
response in clinical trials have been the RECIST (single
largest diameter of tumor deposit) and the WHO (largest
diameter and largest perpendicular diameter of tumor
deposit) guidelines, described in the following tables. It is
hoped that one uniﬁed system will be agreed on in order to
facilitate comparison of trials performed in various countries.
Radiologists should be familiar with the criteria that are used
in their clinical environments and agree with referring
physicians on the minimum required measurements that they
expect and ﬁnd essential in their daily practice. Often the
detailed tumor measurements required for clinical trials are
time-consuming and are not used in routine reporting of
oncologic imaging examinations. The particular lesions
selected for measurement typically are among the larger ones
and show reasonably well-deﬁned margins. Target lesions
should be identiﬁed on staging scans and measured

Deﬁnition of Response Using RECIST
Response
Complete response (CR)

Evaluation of Target Lesions
Disappearance of all target
lesions

Partial response (PR)

At least a 30% decrease in
maximum diameters

Progressive disease (PD)

At least a 20% increase in the
maximum diameters or any new
lesions

Stable disease (SD)

Neither sufﬁcient shrinkage to
qualify for a partial response
nor sufﬁcient increase to qualify
for progressive disease

RECIST, Response Evaluation Criteria in Solid Tumors.
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Deﬁnition of Response Using WHO Criteria
Response
Complete response (CR)

Evaluation of Target Lesions
Disappearance of all target
lesions

Partial response (PR)

At least a 50% decrease in
bidimensional product

Progressive disease (PD)

At least a 25% increase in
bidimensional product or any
new lesions

Stable disease (SD)

Neither sufﬁcient shrinkage to
qualify for a partial response
nor sufﬁcient increase to qualify
for progressive disease

WHO, World Health Organization.

according to RECIST guidelines (largest diameter of lesion;
although the recommendation is to measure between 5 and
10 lesions, in practice, two to ﬁve lesions may be sufﬁcient)
or WHO guidelines (largest diameter of lesion and largest
perpendicular diameter). The selected target lesions should
be those measured at follow-up.
Pitfalls in Tumor Response Assessment
RECIST and WHO guidelines do not incorporate changes in
lesion consistency, such as calciﬁcation, necrosis, or
hemorrhage—features that may develop during treatment
and inﬂuence lesion size. These features also may have
favorable prognostic signiﬁcance (such as enlargement of a
soft-tissue sarcoma by massive hemorrhage despite a marked
decrease in the amount of solid tumor, or development of
cystic change throughout a liver metastasis of gastrointestinal
stromal tumor); therefore their presence should be
documented.
Some lesions such as en-plaque lesions are difﬁcult to
measure with RECIST criteria; they frequently diminish in
their short axis rather than their long axis.

9
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Some tumor types are not amenable to measurement, such as
diffuse peritoneal carcinomatosis and ascites in ovarian
cancer. In such cases, follow-up assessment also depends on
obtaining other data, such as serum tumor marker levels.
Sample Follow-Up CT Report
Clinical statement: Non-Hodgkin lymphoma
Technique: Images of the chest, abdomen, and pelvis were
obtained after administration of intravenous and oral
contrast media. (Detailed reporting of the technique varies
between institutions, but a permanent record of the types of
contrast medium, dose, and rate of injection must be kept.)
Comparison is made with the pretreatment CT of
mm/dd/yyyy (dd/mm/yyyy).
Findings: There has been regression in size and number of
lymphadenopathy, with the marker lesion in the left axilla
having decreased from x cm to y cm. The right paratracheal
lymph node mass has decreased from xx cm to yy cm. The
retroperitoneal nodes have also responded to treatment; the
largest node below the left renal vein has decreased from
xxx cm to yyy cm.
No new lesions are identiﬁed.
Impression (Conclusion): Since mm/dd/yyyy
(dd/mm/yyyy), there has been a decrease in size and
number of the lymphadenopathy, indicating a response to
treatment. (Note: “partial response” is an appropriate term
only if RECIST or WHO guidelines are used.)

THE GREATEST CHALLENGE IN ONCOLOGY REPORTS:
LYMPH NODES
Probably the area of greatest difﬁculty in cross-sectional
oncologic imaging is the assessment of lymph nodes for
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metastatic disease. The signiﬁcant limitations of using size
criteria alone for the prediction of lymph node involvement
are well documented. Nodes involved with tumor may be
smaller than the cut-off threshold size, and reactive nodes
can often be larger. However, for most anatomic sites, the use
of size criteria is still accepted as the best method available.
The upper limit of nodal size is determined by using the
maximum short axis diameter of a lymph node and varies for
different sites throughout the body. Recommended upper
threshold sizes for nodes in different body sites are listed in
the following table. Note that different criteria may apply for
speciﬁc tumor types. It is important to emphasize that if the
only criterion excluding the patient from deﬁnitive treatment
is the presence of a single enlarged node, then size alone
should not be considered an adequate predictor of tumor
involvement, and biopsy should be recommended.
Additional secondary criteria in judging malignant nodal
involvement include the nodal shape (reniform vs rounded),
nodal margin (regular vs. irregular contour), nodal density
(homogeneous vs. heterogeneous), and asymmetric presence
of small but clustered nodes. With respect to the shape of the
node, rounded nodes are more suspicious for tumor
involvement than are nodes that are oval or have a fatty
hilum. Irregular nodal contour portends a higher incidence of
malignant involvement. Heterogeneous nodes often represent
necrotic metastases. The presence of a normal-sized node or a
cluster of small nodes in a location of regional tumor
drainage combined with advanced local tumor extension
strongly suggests (despite nodal size) the presence of
metastatic disease. Similarly, in such a patient, if there are
additional normal-sized nodes in the region of metastatic
drainage, these should also be suspected as malignant.

11
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Recommendations for Upper Limits of Normal Node
Size (Short Axis) at CT
Site
Head and Neck*

Group
Facial
Cervical

Axilla

Short Axis Size (mm)
Not visible
10 (or <10 if centrally
necrotic)
10

Mediastinum*

Subcarinal
Paracardiac
Retrocrural
All other sites

12
8
6
10

Abdomen*

Gastrohepatic
ligament
Porta hepatis
Portacaval
Celiac axis to
renal artery
Renal artery to
aortic
bifurcation

8

Pelvis*

Inguinal region

Common iliac
External iliac
Internal iliac
Obturator

8
10
10
12

9
10
7
8
10

*Head and neck data from Tart RP, et al: Facial lymph nodes:
normal and abnormal CT appearance. Radiology 188:695–700, 1993,
and van der Brekel MWM, et al: Cervical lymph node metastasis:
assessment of radiological criteria. Radiology 177:379–384, 1990.
Mediastinum data from Glazer GM, et al: Normal mediastinal
lymph nodes: number and size according to American Thoracic
Society mapping. Am J Roentgenol 144:261–265, 1985; Dorfman RE,
Alpern MB, et al: Upper abdominal lymph nodes: criteria for
normal size determined with CT. Radiology 180:319–322, 1991; and
Callen PW, et al: Computed tomography evaluation of the
retrocrural, prevertebral space. Am J Roentgenol 129:907–910,
1977. Abdomen data from Callen PW, et al: Computed tomography
evaluation of the retrocrural, prevertebral space. Am J Roentgenol
129:907–910, 1977. Pelvis data from Vinnicombe S, et al: Normal
pelvic lymph nodes: documentation by CT scanning after bipedal
lymphangiography. Radiology 194:349–355, 1995.
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2 Esophageal Cancer

KEY CLINICAL AND IMAGING POINTS
In the Western world, esophageal adenocarcinoma has
increased in prevalence signiﬁcantly in the last two decades
and is now more common than squamous cell carcinoma.
Surgical resection offers the only curative option, although
signiﬁcant morbidity (30%) and mortality (5%) are related to
the procedure. The role of imaging is to assess the extent of
local and metastatic disease and to accurately select patients
for the most appropriate therapeutic options.
The deﬁnition of regional nodes varies, depending upon the
location of the primary tumor. CT criteria for nodal
involvement are based on size, but tumor inﬁltration is not
uncommon in normal-sized nodes, and inﬂammatory nodal
enlargement can also occur.
Initial Staging
Current imaging techniques for staging include CT,
endoscopic ultrasound (EUS), magnetic resonance imaging
(MRI), and positron emission tomography (PET)/CT:
• CT is the cornerstone for assessment of the locoregional
extent of tumor and metastatic disease.
䊊
Tumors cause esophageal wall thickening; for the
distended esophagus, a wall thickness greater than
5 mm is considered abnormal.
䊊
Individual layers of the esophageal wall cannot be
resolved at CT; therefore the depth of tumor penetration
cannot be reliably assessed, and the overall accuracy of
T staging with CT is poor (50%).
䊊
Extension into the periesophageal fat and into adjacent
structures (T3 and T4) is more accurately assessed.
䊊
Tumor length is not easily deﬁned; CT tends to
overestimate length.
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• Endoscopic ultrasound (EUS) is the most accurate
means of local staging, with overall accuracy rates of
up to 85%.
䊊
It is the most accurate modality for detecting early
esophageal tumors. The technique is operatordependent, and some stenotic tumors may be
impassable.
䊊
This technique is superior to other available crosssectional imaging techniques for tumors of the
gastroesophageal junction.
䊊
Nodal disease remains difﬁcult to assess, particularly
after neoadjuvant chemotherapy.
䊊
EUS cannot fully assess for metastatic spread.
• 18F-FDG PET/CT is useful in N and M staging,
including assessment of occult metastatic disease. The
technique is used primarily in patients being considered
for surgical resection. 18F-FDG PET upstages up to 20%
of patients whose tumors are deemed resectable by
other means.
• MRI of the liver helps in the evaluation of indeterminate
lesions seen on CT.
• Laparoscopy is performed in patients being considered for
resection in whom tumor extends below the gastroesophageal junction, in order to assess for peritoneal spread.
CT Tips
• Water (100–200 mL) is used as an oral contrast medium;
when given immediately prior to scanning, it helps
distend the cardia and gastroesophageal junctions with the
patient supine.
• Imaging in the prone position in CT may help to assess for
deﬁnite aortic invasion, as the fat plane between the aorta
and esophagus should be demonstrable on CT when
patients are prone.
• Soft-tissue extension into the mediastinal fat has an
accuracy of 88% to 90% for T3 disease.
• Inward bowing of the posterior wall of the carina or left
main bronchus has a positive predictive value for
tracheobronchial invasion of 83%.
• Aortic invasion is diagnosed if there is loss of the triangular
fat space between the spine, aorta, and esophagus or
obliteration of the fat plane between the esophagus and
aorta with an arc of contact greater than 90°.
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18

F-FDG PET Pitfalls
• 18F-FDG PET often fails to demonstrate T1 lesions.
• It has limited resolution for T staging.
• False-positive results are seen in the presence of
inﬂammation.
• Mucinous cancers could produce false-negative ﬁndings.

KEY REPORT ELEMENTS
T: Primary Tumor
• Size of tumor:
䊊
Bidimensional measurement on axial image
䊊
Wall thickness (for a distended esophagus, >5 mm is
pathologic)
䊊
Estimation of tumor length
• Location:
䊊
Cervical or upper/middle/lower thoracic
• Local extent:
䊊
Evidence of extension into the periesophageal fat
䊊
Preservation of the fat plane between the esophagus and
the aorta
䊊
For middle esophageal tumors: relation to the
tracheobronchial tree
䊊
For lower esophageal tumors: relation to the
pericardium
N: Lymph Nodes
• Identify presence of regional nodes, dependent on the site
of the primary tumor
• Look in particular for celiac axis lymphadenopathy
(considered M1a disease) in the context of lower
esophageal tumors.
M: Metastases
• Liver is the most common site
• Peritoneal deposits

Ch002-X3251.qxd 20/9/06 3:04 PM Page 19

CHAPTER 2 ESOPHAGEAL CANCER

A

B
CT (A) shows circumferential wall thickening of the esophageal
wall, indicating a T3 tumor. EUS in a different patient (B)
illustrates low-echogenicity tumor (white arrows) obliterating the
normal esophageal wall layers anteriorly and along the right
lateral wall, indicating a T3 tumor. Calipers highlight two small
periesophageal nodes.
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TNM STAGING SYSTEM

Left atrium

T3

T4
Mucosa
Lamina propria
Muscularis mucosa

T2

Submucosa
Muscularis propria

T1

Esophageal wall
(adventitia)

T—Primary Tumor
TX
Tumor cannot be assessed
T0
No evidence of tumor
Tis
Carcinoma in situ
T1
Tumor invades the lamina propria or submucosa
T2
Tumor invades muscularis propria
T3
Tumor invades adventitia
T4
Tumor invades adjacent tissue
N—Regional Lymph Nodes
NX
Nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Regional lymph node metastasis*
M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
Tumors of the Upper Thoracic Esophagus
M1a
Metastasis in cervical nodes
M1b
Other distant metastasis
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Tumors of the Midthoracic Esophagus
M1a
Not applicable
M1b
Nonregional lymph nodes and/or other distant
metastasis
Tumors of the Lower Thoracic Esophagus
M1a
Metastasis in the celiac lymph nodes
M1b
Other distant metastasis
*Regional lymph node stations: cervical esophagus: scalene,
internal jugular, upper and lower cervical, periesophageal,
supraclavicular; intrathoracic esophagus—upper, mid, lower: upper
periesophageal (above the azygos vein), subcarinal, lower
periesophageal (below the azygos vein); gastroesophageal junction:
lower esophageal (below the azygos vein), diaphragmatic,
pericardial, left gastric, celiac.
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.

Stage Grouping

0

Tis

N0

M0

I

T1

N0

M0

IIA

T2
T3
T1
T2

N0
N0
N1
N1

M0
M0
M0
M0

III

T3
T4

N1
Any N

M0
M0

IV
IVA
IVB

Any T
Any T
Any T

Any N
Any N
Any N

M1
M1a
M1b

IIB

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• The presence of extensive local disease and/or metastatic
disease negates surgery, except for purposes of palliation.
• Treatment response can be assessed using 18F-FDG
PET/CT, as alteration in the standardized uptake value
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(SUV) of the tumor has been shown to correlate with
response and overall survival.
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3 Gastric Cancer
KEY CLINICAL AND IMAGING POINTS
The overall incidence of gastric adenocarcinoma has fallen in
the past few decades, and there has been a change in the
pattern of disease, with an increase in the proportion of
proximal tumors.
The aim of imaging is to determine whether the disease is
localized or metastatic and to accurately assess the extent of
locoregional disease to assist in patient management. Surgery
remains the only curative option for localized disease (T1, T2,
and early T3 staging). For patients with advanced disease,
combination chemotherapy is given, with or without
palliative resection. Preoperative neoadjuvant chemotherapy
is now given to some patients; imaging in these instances is
used to assess for treatment response and to predict the
likelihood of a complete resection.
Initial Staging
• CT is the imaging technique of choice; overall accuracy for
T staging is 66% to 77%. CT is also used for assessment of
regional disease and metastatic spread.
• Endoscopic ultrasound has a higher accuracy than CT for
evaluating early gastric tumors. The 7.5- to 12-MHz probes
used produce high-resolution images, demonstrating ﬁve
layers of the stomach wall. The technique cannot be used
for assessing for distant spread, except for metastasis in
the lateral segment of the left hepatic lobe.
• 18F-FDG PET/CT is being evaluated for its role in gastric
carcinoma. It is likely to prove useful in the assessment of
disease recurrence and treatment response.
• MRI’s accuracy rates for T and N staging are similar to
those of CT.
• Laparoscopy should be performed in all patients being
considered for radical surgery. It identiﬁes occult
metastases (peritoneal and liver) in 23% to 37% of patients
whose tumors are otherwise considered resectable
according to CT.
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•

18

F-Fluorodeoxyglucose (FDG) uptake is high in 50% to
70% of gastric cancers but is not correlated with histologic
subtype.
• 18F-FDG PET is useful in M staging.
CT Tips
• The contour of a T2 tumor is sharp, with a clear perigastric
fat plane or only a few linear strands of soft tissue
extending into the fat.
• T3 disease is associated with blurring of at least one third
of the extent of the tumor or wide reticular strands
radiating from its edge.
• Linitis plastica manifests as a diffusely inﬁltrating process
that results in loss of the normal rugal fold pattern and
poor distention.
• The accuracy for staging nodal disease is generally poor
(25%–86%) because tumor can inﬁltrate normal-sized
nodes and reactive nodes may be enlarged.
• Good gastric distention is required for accurate assessment
of wall thickening. Gas granules can be used in addition to
water to improve distention.
• Prone position scanning for antral tumors can reduce
artifact caused by gas/ﬂuid interfaces on supine position
scanning.
• Decubitus position scanning can help to distend the
gastroesophageal junction or antrum/pylorus, which may
prevent overestimation of tumors.
• Nodes larger than 8 mm are considered pathologic.
Pathologic nodal staging is based on the number involved,
which has been shown to correlate with prognosis.
MRI Tip
• The inherent tissue contrast allows for improved
visualization of the layers of the gastric wall, but fast
sequences must be used to minimize motion artifact.

18

F-FDG PET Tips
18
F-FDG PET is not useful in detecting peritoneal or
pleural carcinomatosis.
• It has low sensitivity in signet cell and mucinous
adenocarcinomas.

•
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• Involved perigastric lymph nodes may not be identiﬁed
separately from the primary tumor.
• SUV of primary lesion and of lymph node metastasis in
well-differentiated tumors is higher than in poorly
differentiated ones.
KEY REPORT ELEMENTS
T: Primary Tumor
• Size (perpendicular axial diameters and length)
䊊
Degree of wall thickening (when distended, normal wall
thickness should be < 6 mm)
• Location: cardia, fundus, body, antrum, pylorus, greater
curvature, lesser curvature
• Local extent:
䊊
Presence of extramural disease, stranding of perigastric
fat
䊊
Presence of direct invasion into adjacent structure
(determined by loss of the fat plane between organs)
• Other: polypoid or fungating, ulcerated or diffusely
inﬁltrating
N: Lymph Nodes
• Number of nodes visible
• Regional lymph nodes depend on the location of the
primary tumor.
M: Metastases
• Liver metastases most common site (up to 25% at
presentation); capsular deposits may be difﬁcult to
identify
• Peritoneal deposits (second-most common site)
• Nonregional nodes, including retropancreatic and paraaortic nodes, are considered M1 disease.
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A

B
Axial (A) and reconstructed sagittal (B) CT images showing
circumferential wall thickening of the gastric antrum (arrow). The
sagittal reconstruction helps to conﬁrm that there is no
extramural extension of tumor, indicating stage T2.
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TNM STAGING SYSTEM
This staging system applies only to carcinomas, not to
gastrointestinal stromal tumors (GIST) or lymphoma.

T1
Mucosa
Lamina propria
Submucosa
Muscularis propria
Subserosa
Serosa

T2a

T2b

T3
T4

Transverse colon

T—Primary Tumor
TX
Tumor cannot be assessed
T0
No evidence of tumor
Tis
Carcinoma in situ: intraepithelial tumor without
invasion of the lamina propria
T1
Tumor invades the lamina propria or submucosa
T2
Tumor invades muscularis propria or subserosa
T2a
Tumor invades muscularis propria
T2b
Tumor invades subserosa
T3
Tumor penetrates subserosa (visceral peritoneum)
without invasion of adjacent structures
T4
Tumor invades adjacent tissue
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N—Regional Lymph Nodes
NX
Regional node(s) cannot be assessed
N0
No regional lymph node metastasis
N1
Metastasis to 1–6 regional lymph nodes
N2
Metastasis to 7–15 regional lymph nodes
N3
Metastasis to > 15 regional lymph nodes
M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.

Stage Grouping
0

Tis

N0

M0

IA
IB

T1
T1
T2a/b

N0
N1
N0

M0
M0
M0

II

T1
T2a/b
T3

N2
N1
N0

M0
M0
M0

IIIA

T2a/b
T3
T4
T3

N2
N1
N0
N2

M0
M0
M0
M0

T4
T1–3
Any T

N1–3
N3
Any N

M0
M0
M1

IIIB
IV

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Palliative surgery may be performed in the presence of
metastatic disease for symptom relief and to treat anemia.
• If no extragastric spread is shown at CT, laparoscopic
examination only rarely will ﬁnd such spread.
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4 Colorectal Cancer
KEY CLINICAL AND IMAGING POINTS
Colorectal adenocarcinoma is the third most common cancer
and the second most common cause of cancer deaths in the
Western world. The majority of patients are seen with
localized disease. For such patients, an increasing number of
treatment options are available. Accurate radiologic staging
is essential to determine the optimal treatment strategy, to
enable preoperative therapy to be tailored to the stage, and to
assess the risk of recurrence.
Between 50% and 60% of colorectal carcinomas are located in
the rectum and sigmoid colon. Initial diagnosis is made at
colonoscopy or with barium enema studies; both have high
sensitivity for detecting mucosal lesions. Complete staging
requires a multimodal approach. Preoperative identiﬁcation
of metastatic disease in many patients does not preclude
treatment with curative intent.
Initial Staging
The choice of imaging modalities includes CT, MRI,
endoscopic ultrasound, and 18F-FDG PET/CT.
• CT is the technique of choice for detecting metastatic
disease. For colonic tumors it also serves as the modality
for local staging, although its accuracy is only moderate.
• Virtual colonoscopy can demonstrate colonic tumors after
incomplete conventional colonoscopy.
• MRI is now established as a highly accurate method of
local staging of rectal cancer. There is clear depiction of the
mesorectal fascia on T2WI, and MRI is highly accurate for
predicting whether the circumferential resection margin
will be tumor free. Nodal involvement is also better
assessed with MRI than with CT.
• EUS is also recognized as an accurate method of local T
staging for rectal carcinoma. However, the technique does
not provide information regarding the circumferential
resection margin and does not stage all nodes within the
mesorectum owing to limitations of the ﬁeld of view.
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•

18

F-FDG PET/CT is used currently for the detection of
suspected recurrent disease (in patients with a rising
tumor marker level) when there is no apparent cause
identiﬁed on conventional imaging.

CT Tips
• There may be proximal bowel distention as a result of
luminal stenosis causing obstruction.
• Extramural extension manifests as nodular soft tissue
extension into the pericolic fat.
• Include thoracic imaging, because the lung is a common
site for metastatic disease.
• Images of the abdomen should be acquired in the portal
venous phase for optimal visualization of liver metastases.
MRI Tips (Rectosigmoid Tumors)
• High-resolution T2WI demonstrates bowel wall layers.
Tumor can be delineated separately as an intermediate
signal-intensity mass.
• Inﬁltration of tumor within lymph nodes results in
heterogeneous signal intensity, an irregular outer margin,
or both.
• The high-resolution axial images should be perpendicular
to the tumor. This may require acquisition of several image
series if the rectum is tortuous.
• If tumor is present at the anorectal junction, ensure that
the axial and coronal images are parallel and
perpendicular to the sphincter complex, respectively. This
will permit accurate assessment of the relationship of the
tumor to the sphincter complex.
• T2WI provides optimal visualization of the tumor.
• Contrast-enhanced T1WI causes enhancement of normal
bowel wall together with tumor, tending to result in
“upstaging” of the tumor.
• Serpiginous extramural extension of tumor often
indicates extramural venous invasion, a poor prognostic
sign.
18

F-FDG PET/CT Tips
• Focal accumulation of FDG in the abdomen that is not
sufﬁciently explained by the primary disease is an unusual
ﬁnding. The causes include both malignant and benign
processes that may not be related to the bowel or the
primary cancer.
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• False-negative results will occur if lesions are less than
1 cm or if necrotic lesions have only a thin viable rim.
• False-positive ﬁndings will occur in inﬂammatory lesions
like granulomatous disease and liver abscesses.
• The normal variable pattern of bowel uptake is sometimes
difﬁcult to differentiate from tumor recurrence. A focal
pattern of bowel uptake would be worrisome and warrant
further work-up.
• False-negative 18F-FDG PET results are seen in mucinous
adenocarcinoma.
Nuclear Scintigraphy Tips
• Octreoscan (a somatostatin analogue) is useful in imaging
tumors like carcinoid, insulinoma, adenocarcinoma of the
colon, and GIST.
• Satumomab Pendetide Oncoscint CR/OV is a monoclonal
antibody speciﬁc for cells found in colorectal tumors. It
may be useful in detection of extrahepatic malignant
disease.
• Assessment of hepatic artery infusion pump (to evaluate
both patency of its catheter and presence of extrahepatic
perfusion) with 99mTc (technetium)-sulfur colloid and
99mTc MAA (macroaggregated albumin) is done before
initiation of intra-arterial chemotherapy for liver
metastases.
• A bone scan is used for evaluation of osseous
metastases.
KEY REPORT ELEMENTS
T: Primary Tumor Stage
For colonic tumors, T will be assessed on CT; for rectal
tumors, ideally T stage will be assessed with high-resolution
MRI.
• Size of tumor: bidimensional and length
• Location: for rectal tumors, the distance from the anal
verge and dentate line should be given
• Appearance (polypoidal, annular, ulcerating, mucinous)
• Local extent:
䊊
Evidence of extramural extension and depth of
extramural spread
䊊
Distance to the mesorectal fascia for rectal tumors
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A

B
The sagittal T2W high-resolution MR image (A) illustrates
intermediate-signal intensity tumor (arrows), which appears
conﬁned to the rectal wall. The oblique line indicates the
orientation, perpendicular to the tumor, of the corresponding
axial image (B). This conﬁrms that the tumor (arrow) is stage T2,
conﬁned within the low-signal muscularis (arrowhead).
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䊊

Prediction of whether the circumferential resection
margin will be involved

N: Lymph Nodes
• Regional nodes will extend along the course of the main
vessels supplying the particular bowel segment.
• Retroperitoneal nodes and nodes outside the mesorectum
(e.g., pelvic sidewall: internal and external iliac nodes) are
considered metastatic.
M: Metastases
• The liver is the most common site.
• Isolated lung metastases are not uncommon in rectal cancer.
• Document the precise segmental location of liver and lung
metastases if the disease burden is small, as the patient
may be suitable for metastasectomy.
TNM STAGING SYSTEM
This applies to colorectal carcinomas, not to lymphomas or
sarcomas.

Mucosa
Submucosa
Muscularis
propria

T1

Subserosa
T2

T3
T4

Bladder
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T—Primary Tumor
TX
Tumor cannot be assessed
T0
No evidence of tumor
Tis
Carcinoma in situ: intraepithelial or invasion of the
lamina propria
T1
Tumor invades the submucosa
T2
Tumor invades muscularis propria
T3
Tumor invades through the muscularis propria into
the subserosa or into the nonperitonealized pericolic
or perirectal tissues
T4
Tumor directly invades other organs or structures
and/or perforates visceral peritoneum
N—Regional Lymph Nodes
NX
Regional nodes cannot be assessed
N0
No regional lymph node metastases
N1
Metastasis in 1 to 3 regional lymph nodes
N2
Metastasis in 4 or more regional lymph nodes
M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.
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Stage Grouping
Stage
0

T
Tis

N
N0

M
M0

Dukes*
—

MAC*
—

I

T1
T2

N0
N0

M0
M0

A
A

A
B1

IIA
IIB

T3
T4

N0
N0

M0
M0

B
B

B2
B3

IIIA
IIIB
IIIC

T1–T2
T3–T4
Any T

N1
N1
N2

M0
M0
M0

C
C
C

C1
C2/C3
C1/C2/C3

IV

Any T

Any N

M1

—

D

*Dukes B is a composite of better (T3 N0 M0) and worse (T4 N0
M0) prognostic groups, as is Dukes C (Any TN1 M0 and Any T N2
M0). MAC is the modiﬁed Astler-Coller classiﬁcation.

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• For a patient with a colonic tumor, the presence of
extensive extramural spread indicates that he or she may
beneﬁt from neoadjuvant chemotherapy to “downstage”
the tumor.
• The precise location of a low rectal tumor in relation to the
sphincter complex on MRI helps to determine whether the
patient is a candidate to undergo a low anterior or
abdominoperineal resection.
• Patients who undergo resection for solitary or minimal
metastatic disease have a relatively good prognosis.
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5 Pancreatic Carcinoma
KEY CLINICAL AND IMAGING POINTS
Adenocarcinoma is the most common pancreatic malignancy,
with a dismal 5-year survival rate of 1%. Surgery remains the
only cure, but even in expert hands it carries a 3% mortality
rate and surgical morbidity runs at up to 30%. The role of
imaging is to accurately select those patients suitable for
surgical resection of their tumors.
Resectability is determined based on the extent of vascular
encasement, extension of the primary tumor into
surrounding structures, and the presence of metastatic
disease. The positive predictive value for unresectability is
93%. Predicting resectability is more challenging, with 20% to
55% of patients considered resectable by CT subsequently
shown to be unresectable at surgery. The most common
reasons for this are undetected vascular invasion or small
areas of metastatic disease in the peritoneum or liver.
Other pancreatic malignancies include neuroendocrine
tumors, islet cell tumors, and metastases, with renal cell
carcinoma being the most common tumor to metastasize to
the pancreas. These are not included in the TNM
classiﬁcation system.

Initial Staging
Imaging techniques used for staging pancreatic cancer
include CT, MRI, EUS, and 18F-FDG PET/CT:
• State-of-the-art imaging with multidetector CT (MDCT)
and MRI have similar sensitivity and speciﬁcity values for
pancreatic lesion detection and determination of
resectability. CT is more readily available and thus forms
the mainstay for staging.
• MRI has superior tissue contrast to CT; small lesions may
be better detected on MRI because of the inherent superior
tissue contrast resolution.
• EUS has the beneﬁt of enabling tissue sampling as well as
demonstrating the primary tumor and extent of disease.
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The technique occasionally upstages patients whose
tumors are considered resectable on CT.
• 18F-FDG PET/CT is useful for lesion detection when CT
has failed to identify a mass and also for the detection of
occult metastases. However, its ability to detect
subcentimeter liver lesions and peritoneal deposits is poor.
CT Tips
• Imaging should be performed prior to stenting. The
inﬂammatory changes associated with the stent may be
indistinguishable from tumor extension, and small lesions
can be obscured by the stent.
• Water is an excellent negative oral contrast agent.
• MDCT using collimation of 0.5 mm allows for
postprocessing using isotropic voxels. The high-quality
three-dimensional reformats produced are helpful for
determining vascular invasion.
• Tumor is unresectable if there is more than 180° contiguity
of the portal vein, superior mesenteric vessels, or celiac
axis with the tumor. Any contact with these vessels
precludes obtaining a negative surgical margin.
• Stranding of the peripancreatic fat is a sign of tumor
inﬁltration.
• For small tumors, secondary signs of abrupt cut-off of the
pancreatic duct or upstream dilatation may be all that is
detectable.
• Islet cell tumors, neuroendocrine tumors, and metastases
are generally hypervascular and thus enhance more than
the surrounding parenchyma.
MRI Tips
• Pre- and postgadolinium T1W spoiled gradient-echo
sequences with fat saturation are optimal for lesion
conspicuity.
• Axial and coronal T2W MR cholangiopancreatography
sequences are used to determine the level and extent of
ductal obstruction.
18

F-FDG PET Tips
18
F-FDG PET may be a useful adjunctive modality in
diagnosis of patients with suspected pancreatic cancer in
whom CT fails to identify a mass.
• 18F-FDG PET can detect CT-occult metastases and recurrent
disease.

•
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䊊

䊊

䊊

䊊

䊊

False-positive ﬁndings in the presence of inﬂammatory
process, such as acute pancreatitis
False-positive results in the presence of marked
intrahepatic cholestasis
False-negative outcome for carcinoma in patients with
diabetes, hyperglycemia, or islet cell tumors
False-negative ﬁndings in early stage pancreatic
cancer
18
F-FDG PET/CT accuracy lower for pancreatic tumors
of neuroendocrine origin

KEY REPORT ELEMENTS
T:
•
•
•

Primary Tumor
Size (axial perpendicular diameters and length)
Location within gland (e.g., head, neck, body, tail)
Local extent:
䊊
Relation to vasculature
䊊
Estimate the extent of tumor encasement of the celiac
axis, superior mesenteric artery (SMA), superior
mesenteric vein (SMV), portal vein, and splenoportal
venous conﬂuence.
䊊
Ancillary features of tumor inﬁltration such as tethering
of the SMV, causing a “teardrop sign,” indicate
unresectability.
䊊
Venous collaterals in the left upper quadrant often are
caused by splenic vein occlusion by tumor.
䊊
Extent of biliary and pancreatic ductal dilatation and
location of ductal obstruction
䊊
Extension into neighboring structures

N: Lymph Nodes
• Detection of lymph nodes is limited. The size of
peripancreatic nodes does not correlate well with
prediction of tumor involvement.
• Lymphadenopathy in the left para-aortic region often
represents metastasis.
M: Metastases
• The liver is the most common site.
• Ascites and soft tissue nodules within the peritoneum
indicate peritoneal spread. CT underestimates the extent of
peritoneal disease.
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Oblique coronal reformatted image showing abrupt cut-off of a
dilated pancreatic duct (arrowhead) due to the presence of a
pancreatic head mass (black arrow). Superior to the pancreas is
an enlarged, enhancing peripancreatic lymph node (white
arrow).

TNM STAGING SYSTEM
TNM applies only to tumors of the exocrine pancreas.
Neuroendocrine and islet cell tumors are not staged by TNM
guidelines.
Patients whose tumors are considered surgically resectable
on imaging grounds will also undergo laparoscopy to
evaluate occult peritoneal spread prior to laparotomy.

41
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T1 ≤ 2cm

Superior
mesenteric
artery and vein
IVC

T2 > 2cm

T4
T3
Aorta

T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Tis
Carcinoma in situ
T1
Tumor is limited to the pancreas, ≤2 cm in greatest
dimension
T2
Tumor is limited to the pancreas, >2 cm in greatest
dimension
T3
Tumor extends beyond the pancreas but without
involvement of the celiac axis or the superior
mesenteric artery
T4
Tumor involves the celiac axis or the superior
mesenteric artery (unresectable primary tumor)
N—Regional Lymph Nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Regional lymph node metastasis*
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M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
*Regional nodes: Peripancreatic, hepatic artery, celiac axis, pyloric,
and splenic lymph nodes.
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.

Stage Grouping

0

Tis

N0

M0

IA
IB

T1
T2

N0
N0

M0
M0

IIA
IIB

T3
T1
T2
T3

N0
N1
N1
N1

M0
M0
M0
M0

III

T4

Any N

M0

IV

Any T

Any N

M1

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Direct invasion into the duodenum does not render the
tumor unresectable, as the duodenum and the tumor can
be removed en-bloc at surgery.
• Celiac or SMA involvement is unresectable in most
cases.
• Venous involvement may or may not preclude
resection.
• Resection is not indicated if metastases are present.
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6 Hepatocellular
Carcinoma
KEY CLINICAL AND IMAGING POINTS
Hepatocellular carcinoma (HCC) is a malignant tumor of
hepatocytes, which are endothelial cells. HCC accounts for
the vast majority of primary liver tumors, and viral hepatitis
is a predisposing factor. The malignant cell in HCC may
resemble hepatocytes or may be more anaplastic;
additionally, these cells may be lipid-rich. Therefore, the
appearance of HCC is varied on all imaging modalities. Most
smaller HCCs tend to be better differentiated and appear
more homogeneous on imaging, whereas larger HCCs tend
to be less well differentiated and heterogeneous on imaging.
Fibrolamellar HCC is a distinct subtype of HCC that tends to
occur in younger, female patients who are frequently cured
after a resection procedure. Central scars are more commonly
seen at imaging in ﬁbrolamellar HCC but are not
pathognomonic.
Initial Staging
Imaging techniques of choice for local staging are MRI and
triphasic contrast-enhanced CT.
• MRI better demonstrates involvement of biliary tree.
• CT better demonstrates intratumor vascularity.
• Small lesions typically enhance on arterial-phase images.
• Noncontrast chest CT is used to assess for distant
metastasis.

CT Tip
• It is necessary to use a triphasic technique to visualize all
sites of disease in the liver.

MRI Tips
• Assess vessels, portal veins, and hepatic veins on gradient
echo and/or contrast-enhanced images. Distinguish

45
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between those tumors that compress or displace vessels
and those that invade them.
• Avoid fast or single-shot sequences for lesion detection.
• Use fat suppression for optimal lesion detection.
• Multiphase dynamic gadolinium-enhanced imaging is
useful for characterizing focal hepatic lesions and for
distinguishing multifocal hepatoma from other causes of
focal hypervascular liver lesions.
Nuclear Medicine Tips
• 18F-FDG PET has low sensitivity for primary hepatocellular
carcinoma but may be useful in monitoring the response to
hepatic-directed therapy or for detection of recurrence or
unsuspected metastatic disease.
• 11C-Acetate PET complements 18F-FDG PET in evaluating
hepatocellular carcinoma.
• Gallium-67 scans are useful in differentiating primary
hepatocellular carcinoma from regenerating nodules in
patients with cirrhosis.
䊊
Gallium-67 pitfall: Gallium-67 produces false-positive
ﬁndings when there is infection/inﬂammation or
granulomatous disease.
䊊
Gallium-67 scans usually are not recommended for routine
screening of patients with occult primary malignancies.
KEY REPORT ELEMENTS
T: Primary Tumor
• Number of lesions, including presence of satellite lesions
(i.e., one or more separate lesions in the vicinity of the
dominant primary tumor)
• Size of tumor (perpendicular axial diameters and length):
≤ 2 cm (T1), >2 cm (T2)
• Location of tumor:
䊊
Which segments of the liver are involved, and how
many?
• Local extent:
䊊
Involvement of vessels: hepatic veins, inferior vena cava
(IVC), or portal veins
䊊
Does tumor invade the hepatic capsule and has it
ruptured into the peritoneum?
䊊
Invasion of the gallbladder
• Tissue characterization: fat; patterns of enhancement
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A

B
Axial T1W in-phase (A) and corresponding axial T1W out-ofphase (B) images. Note hyperintense lesion (arrow) in the right
lobe of the liver on the in-phase image that becomes
hypointense on the out-of-phase image, indicating the presence
of fat within the lesion.
Continued on next page
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C

D
C and D, Axial CT images showing extensive hepatoma in the left
lobe of liver and, to lesser extent, in the right lobe. Note large,
enhancing tumor thrombus expanding the main portal vein
(arrow in D) with resultant formation of several varices.
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N: Lymph Nodes
• Lymph nodes are not commonly involved in HCC but the
porta hepatis, periceliac, and portacaval space nodes are
those most commonly encountered. Even when enlarged,
these nodes are frequently only hyperplastic, especially
when associated with cirrhosis.
• Para-aortic and peripancreatic nodal metastases are less
common.
M: Metastases
• The lung is the most common site of metastasis, followed
by lymph nodes and bone. Less common sites of
metastasis include the adrenal gland, the peritoneum, and
the bowel.
TNM STAGING SYSTEM
Imaging ﬁndings at MRI or CT constitute key elements in
deﬁning the TNM stage of a hepatocellular carcinoma. Note
that the following system also applies to staging of
intrahepatic cholangiocarcinoma.

T4
T3
Portal vein

T2

T2
T1

Transverse
colon
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T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
T1
Solitary tumor without vascular invasion
T2
Solitary tumor with vascular invasion or multiple
tumors, none > 5 cm
T3
Multiple tumors > 5 cm or tumor involving a major
branch of the portal or hepatic vein(s)
T4
Tumor(s) with direct invasion of adjacent organs
other than the gallbladder or with perforation of
visceral peritoneum
N—Regional Lymph Nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Regional lymph node metastasis
M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.

Stage Grouping
I

T1

N0

M0

II

T2

N0

M0

IIIA
IIIB
IIIC

T3
T4
Any T

N0
N0
N1

M0
M0
M0

IVA
IVB

Any T
Any T

N1
Any N

M0
M1
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The TNM staging of HCC may undergo change in the future.
Most consider stage IIIb or IV to be unresectable. Stage IV
disease is present if nodal or distant metastasis has occurred.
TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• HCC is considered unresectable if there is tumor present in
both lobes of the liver, invasion of a major portal vein or
two or more hepatic veins, involvement of nodes by
tumor, or distant metastatic disease.
• It is critical to identify vascular invasion at the time of
imaging. It is also important to distinguish tumor
thrombus and bland thrombus. Tumor thrombus is a
contraindication to surgery.
• Enhancing nodules in a cirrhotic liver may represent a
spectrum of disease, including regenerative or dysplastic
nodules and arteriovenous shunts; these entities are
difﬁcult to distinguish on imaging.
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7 Gallbladder Carcinoma
KEY CLINICAL AND IMAGING POINTS
Gallbladder carcinoma is a relatively uncommon tumor of
the gastrointestinal tract and may be found incidentally in
1% to 3% of cholecystectomy specimens. Early diagnosis is
difﬁcult because symptoms are nonspeciﬁc, consisting of
right upper quadrant pain, weight loss, jaundice, and nausea
and vomiting. Five-year survival rates for this tumor are very
low, making early diagnosis critical. Patients with newly
diagnosed jaundice should be evaluated by standard imaging
techniques, including an evaluation of the gallbladder. At
imaging, gallbladder cancer may appear as focal or diffuse
thickening of the gallbladder wall, an intraluminal
gallbladder wall mass, or a mass involving both the
gallbladder and adjacent liver. Gallstones are typically present
within the diseased gallbladder. The gallbladder wall may be
calciﬁed (“porcelain gallbladder”), a predisposing factor to
the development of gallbladder cancer.
Initial Staging
• Imaging techniques of choice for local staging are MRI and
triphasic contrast-enhanced CT.
䊊
MRI better demonstrates involvement of the biliary tree.
䊊
CT better demonstrates intratumoral vascularity and the
relationship of hepatic vessels in the porta hepatis to the
tumor.
• Ultrasonography (US) is useful for assessing gallbladder
wall thickening and demonstrating polypoid masses.
• The gallbladder tumor may be centered within the
gallbladder lumen or gallbladder wall or may project
exophytically.
• Gallbladder cancer is often multifocal.
• Noncontrast chest CT is used to assess for distant
metastasis.
CT Tips
• The gallbladder mass may have variable enhancement; all
scan phases must be examined for both the mass and
contiguous spread into the liver.
• Loss of fat plane suggests invasion of adjacent organs.
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MRI Tips
• Use single-shot sequence with an intermediate echo time
(TE) value to demonstrate the ﬂuid-ﬁlled gallbladder and
biliary tree (hyperintense signal) and the tumor mass
(intermediate signal).
• Assess vessels, portal veins, and hepatic veins on gradientecho images.
• Use fat-saturated T2WI for evaluating liver invasion.
• Use fat suppression for optimal lesion detection and to
evaluate for hepatic metastases.
• Gadolinium enhancement is useful to characterize focal
hepatic lesions.

US Tips
• The gallbladder wall should be evaluated for focal and
asymmetric thickening.
• Evaluate adjacent hepatic parenchyma for direct tumor
extension.

KEY REPORT ELEMENTS
T: Primary Tumor
• Size of tumor: bidimensional, if measurable
• Location: Gallbladder carcinoma occurs in the fundus in
60% of patients, in the body of the gallbladder in 30%, and
in the neck in 10%.
• Local extent: invasion of the main portal vein and/or
hepatic artery, or hepatic veins
• Other—morphology:
䊊
Mural wall thickening
䊊
Polypoid mass within the gallbladder
䊊
Solid mass replacing the gallbladder

N: Lymph Nodes
• Lymph nodes commonly involved: cystic and
pericholedochal
• Later spread: portacaval, celiac, retropancreatic,
interaortocaval, and superior mesenteric nodes
• Peripancreatic nodes along the pancreatic body and tail are
considered sites of distant metastasis.
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T2-weighted MR image of gallbladder cancer shows the
gallbladder ﬁlled with stones and tumor invading subjacent
hepatic parenchyma anterior to gallbladder.

Coronal T2WI demonstrating a large exophytic gallbladder cancer
(thick arrows) invading the left lobe of the liver with resultant
left-sided biliary obstruction (thin arrows).
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Coronal T2WI demonstrating a large gallstone and a soft-tissue
mass (thick arrows) arising from the wall of the gallbladder neck
that obstructs the common duct (thin arrow).

M: Metastases
• Direct invasion of adjacent structures is not considered
distant metastasis.
• Distant metastases frequently include those to the
noncontiguous liver, peritoneum, and lung.
TNM STAGING SYSTEM
Imaging ﬁndings at MRI or CT constitute key elements in
deﬁning the TNM stage of a gallbladder carcinoma.
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Liver

T1/T2

Portal vein
T3

T4

T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Tis
Carcinoma in situ
T1
Tumor invades lamina propria or muscle layer
T1a Tumor invades lamina propria
T1b Tumor invades muscle layer
T2
Tumor invades perimuscular connective tissue; no
extension beyond serosa or into liver
T3
Tumor perforates the serosa (visceral peritoneum)
and/or directly invades the liver and/or one other
adjacent organ or structure, such as the stomach,
duodenum, colon, pancreas, omentum, or
extrahepatic bile ducts
T4
Tumor invades main portal vein or hepatic artery or
multiple extrahepatic organs or structures
N—Regional Lymph Nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Regional lymph node metastasis
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M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.

Stage Grouping

0

Tis

N0

M0

IA
IB

T1
T2

N0
N0

M0
M0

IIA
IIB

T3
T1
T2
T3

N0
N1
N1
N1

M0
M0
M0
M0

III

T4

Any N

M0

IV

Any T

Any N

M1

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Gallbladder cancer is considered unresectable if any
distant metastases are identiﬁed.
• It is critical to identify vascular invasion at the time of
imaging, as it precludes resection.
• Exophytic gallbladder masses are frequently
misdiagnosed, as the epicenter of an exophytic gallbladder
mass is not the gallbladder. These masses must still be
considered gallbladder cancer until proved otherwise.
• When gallbladder cancer is discovered incidentally at
laparoscopic cholecystectomy, subsequent re-excision of
the gallbladder and adjacent liver appears to improve
survival.
• Gallbladder cancer can recur along laparoscopic port
tracts; at follow-up imaging, nodular lesions at those sites
should be considered suspicious for recurrent tumor.
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8 Cholangiocarcinoma
KEY CLINICAL AND IMAGING POINTS
Cholangiocarcinomas are generally classiﬁed as intrahepatic
and extrahepatic, based on their site of origin. Extrahepatic
cholangiocarcinoma refers to adenocarcinomas of the bile
ducts that arise below the bifurcation of the right and left
hepatic ducts. Intrahepatic cholangiocarcinoma generally
arises from bile ducts peripheral to the secondary bifurcation
of the left and right hepatic ducts. Most intrahepatic
cholangiocarcinomas are large by the time they are
diagnosed, in contrast to most extrahepatic
cholangiocarcinomas, which are quite small and manifest
early with biliary obstruction and jaundice. Extrahepatic
cholangiocarcinomas are especially challenging, both to
image (because of their small size) and to treat (because of
their poor responses to traditional therapeutic options).
Initial Staging
• Imaging techniques of choice include MRI with MRCP and
triphasic contrast-enhanced CT.
䊊
MRI better demonstrates involvement of the biliary
tree.
䊊
CT is better for showing intratumoral vascularity
and the relationship of the hepatic artery to the
tumor.
• Ultrasound is useful for assessing the degree of biliary
involvement, especially in patients who already have
biliary stents in place traversing the tumor.
• Percutaneous transhepatic cholangiography may be useful
for deﬁning the extent of ductal involvement.
• Noncontrast CT of the chest is useful to assess for distant
metastasis.
CT Tip
• Use arterial-phase imaging to assess the hepatic arterial
anatomy and the relationship of the artery to the lesion.
Thin-section, small ﬁeld-of-view images are helpful to
evaluate the degree of biliary involvement.
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MRI Tips
• Use single-shot sequence with an intermediate echo time
(TE) value to demonstrate the ﬂuid-ﬁlled biliary tree
(hyperintense signal) and the biliary tumor mass
(intermediate signal).
• Assess vessels, portal veins, and hepatic veins on gradientecho images.
• Use fat-saturated T2WI for evaluating liver involvement.
These tumors are low in signal intensity on T2WIs because
of their high collagen content.
• Gadolinium enhancement is useful to distinguish
intrahepatic cholangiocarcinoma from other lesions
(including hepatoma).
US Tips
• Even with a biliary stent in place, these lesions may be
identiﬁed within or surrounding the bile ducts.
• Evaluate the portal vein for tumor continuity or invasion.
18

F-FDG PET Tips
• Limited reported experience using 18F-FDG PET to
diagnose this rare tumor exists.
• 18F-FDG PET false-negative ﬁndings have been seen in
mucinous adenocarcinoma.

KEY REPORT ELEMENTS
T: Primary Tumor
• Size of tumor: bidimensional measurements
• Location:
䊊
Intrahepatic
䊊
Extrahepatic: Differentiate between common variety
(shown as thickening of bile duct wall) and a papillary
lesion.
• Local extent:
䊊
Invasion of the main portal vein and/or hepatic artery;
also note the length of the portal vein involvement, as
bypass and reconstruction may be possible in selected
patients
䊊
Speciﬁcation of upper and lower extent of duct
involvement
䊊
Multifocal disease is present in a minority of cases but
should be assessed.
䊊
Gallbladder involvement
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A

B
CT images show large intrahepatic cholangiocaranoma that has
obliterated the middle hepatic vein (A) and the right portal vein
(B).
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Classic extrahepatic cholangiocarcinoma shown on coronal T2W
single-shot fast spin–echo image. Biliary stent is in place (but not
clearly visible).

N: Lymph Nodes
• Lymph nodes: cystic duct and pericholedochal (N1
disease)
• Later spread to portocaval, celiac, retropancreatic,
interaortocaval, and superior mesenteric nodes (N2
disease)
M: Metastases
• Direct invasion of adjacent structures is not considered
distant metastasis.
• Distant metastases frequently include those to the
noncontiguous liver, lung, and peritoneum.
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Coronal T2WI demonstrating a papillary type of extrahepatic
cholangiocarcinoma (arrows), which (unlike the extrahepatic
cholangiocarcinoma shown in the previous ﬁgure) is widening
the duct. This type of extrahepatic cholangiocarcinoma
has a better prognosis than the more common scirrhous
lesion.

TNM STAGING SYSTEM
Imaging ﬁndings at MRI or CT constitute key elements
in deﬁning the TNM stage of an extrahepatic
cholangiocarcinoma. Note that this staging system cannot
be used for intrahepatic cholangiocarcinoma, which is staged
with the same TNM system as hepatocellular carcinoma
(Chapter 6).
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T1
T2

Portal vein
Common bile duct
T4
Pancreas

T3
Duodenum

T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Tis
Carcinoma in situ
T1
Tumor conﬁned to the bile duct histologically
T2
Tumor invades beyond the wall of the bile duct
T3
Tumor invades the liver, gallbladder, pancreas,
and/or unilateral branches of the portal vein (right
or left) or hepatic artery (right or left)
T4
Tumor invades any of the following: main portal
vein or its branches bilaterally, common hepatic
artery, or other adjacent structures, such as the
colon, stomach, duodenum, or abdominal wall
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N—Regional Lymph Nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Regional lymph node metastasis
M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.

Stage Grouping

0

Tis

N0

M0

IA
IB

T1
T2

N0
N0

M0
M0

IIA
IIB

T3
T1
T2
T3

N0
N1
N1
N1

M0
M0
M0
M0

III

T4

Any N

M0

IV

Any T

Any N

M1

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Preoperative assessment should evaluate the key areas that
determine resectability, including extent of tumor in the
biliary tree, vascular invasion, lobar atrophy, and
metastatic disease.
• It is preferable to perform noninvasive imaging prior to
biliary intervention, as the presence of a biliary stent limits
evaluation at cross-sectional staging.
• 99mTc DISIDA (disofenin) or BrIDA (mebrofenin) is useful
in postoperative evaluation of biliary drainage and in
evaluating for biliary leaks.
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9 Lung Cancer
KEY CLINICAL AND IMAGING POINTS
Lung cancer has the highest cancer mortality rate among
both sexes in the Western world. Lung cancer symptoms
usually develop late, and the 5-year survival rate is less than
15%. Imaging has a central and important role in staging and
management of lung cancer patients.
Lung cancer is classiﬁed as non–small-cell lung cancer
(NSCLC) and small-cell lung cancer (SCLC), which represent
about 80% and 20% of cases, respectively. Approximately
50% of NSCLCs are localized, and 50% are locally advanced
or metastatic at diagnosis; SCLC usually metastasizes early
(80%).
Initial Staging
• 18F-FDG PET/CT is the most accurate noninvasive
staging modality and should be used for staging in all
NSCLC patients being considered for surgery or radical
treatment.
• CT is essential for staging NSCLC if PET is not
available.
• SCLC should be staged with CT.
• MRI has a useful role in staging superior sulcus tumors.
• Liver involvement is uncommon at presentation of
NSCLC.
• 99mTc methylene diphosphonate (MDP) bone scan is
useful for evaluation of osseous metastases.
• Quantitative V/Q lung scans with 99mTc DTPA
(diethylenetriamine-penta-acetic acid) and 99mTc MAA
(macroaggregated albumin) are used to assess for
differential ventilation and perfusion of each lung prior to
pulmonary surgery.
• MRI, using in-phase and opposed-phase gradient–echo
imaging sequences, can differentiate adrenal adenomas
from adrenal metastases.
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CT Tips
• It is difﬁcult to deﬁne the limits of the tumor reliably from
areas of contiguous collapsed or consolidated lung. Tumor
enhances less than consolidated lung after injection of
intravenous contrast medium.
• Mediastinal or chest wall invasion can be difﬁcult to
assess; multidetector CT may improve assessment of
mediastinal invasion.
• Mediastinal node assessment is based on size and
therefore is not accurate.
• All staging scans should include the adrenal glands.
䊊
Smooth enlargement or mild nodularity (<1 cm) of
adrenal glands at initial CT does not imply early
metastasis.
• Early bone metastatic disease may not be detected on
CT.

MRI Tips
• MRI is superior to CT for detection of invasion of the chest
wall in superior sulcus tumors.
• Most adrenal adenomas lose signal on opposed-phase
images (because of their high lipid content).
䊊
If no substantial signal loss is visible, an adrenal lesion
may represent a lipid-poor adenoma versus metastasis.
18

F-FDG PET Tips
• Subcentimeter lung nodules may currently be beyond the
resolution of this technique.
• In the majority of cases, 18F-FDG PET can differentiate
tumor from contiguous collapse or consolidation,
potentially aiding radiotherapy planning.
• 18F-FDG PET has limitations in deﬁning mediastinal and
chest wall invasion.
• 18F-FDG PET is the most accurate noninvasive strategy for
mediastinal nodal staging.
• Speciﬁcity is lower when low-grade nodal uptake is
present (mediastinoscopy is needed).
• 18F-FDG PET may detect unknown or unexpected disease
sites.
• False-negative results occur in patients with
bronchoalveolar carcinoma, carcinoid tumors, and some
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subcentimeter-sized adenocarcinomas; the ﬁrst two tumors
can range from showing very low-grade to intense FDG
uptake in different patients.
• False-positive results occur in patients with inﬂammation,
infection, and granulomatous disease (e.g., sarcoidosis,
tuberculosis).

KEY REPORT ELEMENTS
T: Primary Tumor
• Size of primary tumor (perpendicular axial dimensions,
the greatest axial dimension in particular being critical).
Measurements are conventionally performed on CT lung
windows.
• Location: speciﬁc lobe and, if possible, segment(s)
• Local extent:
䊊
Relationship to pleura (chest wall or mediastinum) if
close-abutting with a pleural tag or involvement
䊊
Chest wall or mediastinal invasion
䊊
Distance of tumor from carina if in close proximity
䊊
Satellite nodules in same lobe, other lobes, or
contralateral lung (thin-cut images should be analyzed
for the presence of tiny pulmonary nodules)
䊊
Most pleural effusions associated with lung cancer are
caused by tumor. The presence of even a trace pleural
effusion should be highlighted to clinicians, as it is
important to obtain cytologic analysis of the ﬂuid prior
to chemotherapy performed for tumor downstaging

N: Lymph Nodes
• Nodes in the mediastinum should be described according
to their station (see schematic diagram), with maximum
short-axis diameter and nodal enhancement being
documented.
• 18F-FDG PET should be used in all NSCLC patients being
considered for surgery or radical treatment.
• If there is uncertainty regarding nodal involvement,
mediastinoscopy should be performed.

A 68-year-old male with consolidative change in the left lung, having received chest
radiotherapy for lymphoma 20 years earlier. It is difﬁcult to deﬁne the discrete tumor and limits
of the proximal mass on diagnostic CT. The patient underwent three bronchoscopies, all of
which produced negative results. 18F-FDG PET/CT image (CT upper row; fused 18F-FDG PET/CT
lower row) shows intense 18F-FDG uptake by the entire consolidative mass. Subsequent open
biopsy conﬁrmed large-volume adenocarcinoma; the whole mass was then retreated with
radiotherapy.
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M: Metastases
• The most common sites for metastases are the contralateral
lung, adrenal glands, bones, liver, brain, pericardium, and
kidneys. Virtually any organ can be involved—hence the
strength of 18F-FDG PET (except for the cranium).
STAGING
SCLC Staging
SCLC behaves as a systemic condition and metastasizes
early in most patients. The staging classiﬁcation is
simple:
Limited Stage

Extensive Stage

Conﬁned to one hemithorax; may
involve contralateral mediastinal and
supraclavicular nodes
Disease beyond the above distributions

Surgical resection is an option in only a small proportion of
patients (less than 5%) in whom disease is limited with no
evidence of spread. Otherwise, the above classiﬁcation is
important, as limited stage disease can often be encompassed
by a radiotherapy ﬁeld.
NSCLC Staging
TNM Staging and Clinical Staging Classiﬁcations for NSCLC
are listed below. Note that separate metastatic tumor
nodule(s) in the ipsilateral nonprimary tumor lobe(s) of the
lung are classiﬁed as M1.
TNM Staging for NSCLC
T—Primary Tumor
TX
Primary tumor proved by malignant cells in sputum
or bronchial washings but cannot be visualized by
imaging or bronchoscopy
T0
No evidence of primary tumor
Tis
Carcinoma in situ
T1
Tumor ≤ 3 cm in greatest dimension, surrounded by
lung or visceral pleura, with no bronchoscopic
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T2

T3

T4

evidence of invasion more proximal than lobar
bronchus* (i.e., not in the main bronchus)
Tumor with any of the following features of size or
extent: >3 cm in greatest dimension; involves main
bronchus, ≥2 cm distal to the carina; invades the
visceral pleura; associated with atelectasis or
obstructive pneumonitis that extends into the hilar
region but does not involve the entire lung
Tumor of any size that directly invades any of the
following: chest wall (including superior sulcus or
Pancoast tumors), diaphragm, mediastinal pleura,
parietal pericardium; or tumor in the main bronchus
< 2 cm distal to the carina but without involvement
of the carina; or associated atelectasis or obstructive
pneumonitis of the entire lung
Tumor of any size that directly invades any of the
following: mediastinum, heart, great vessels,
trachea, esophagus, vertebral body, carina; or tumor
with malignant pleural effusion, or with satellite
tumor nodule(s) within the ipsilateral primary tumor
lobe of the lung
Trachea
Right main bronchus
T3

T4

T2 > 3.0 cm

T3

Right lung

T2 ≤ 3.0 cm

Left lung

T4
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N—Regional Lymph Nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis

Brachiocephalic
artery

Azygos vein

Inferior pulmonary ligament
Highest mediastinal nodes
Upper paratracheal nodes
Lower paratracheal nodes
Subaortic nodes
Paraaortic nodes
Subcarinal nodes
Paraesophageal nodes
Pulmonary ligament nodes
Hilar nodes
Interlobar nodes
Lobar nodes

Ligamentum
arteriosum
Left
pulmonary
artery

Modiﬁed from Cymbalista M, et al: CT demonstration of
the 1996 AJCC-UICC regional lymph node classiﬁcation for
lung cancer staging. RadioGraphics 19:899–900 poster.
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N1

Metastasis to ipsilateral peribronchial and/or
ipsilateral hilar lymph nodes and intrapulmonary
nodes, including involvement by direct extension of
the primary tumor
Metastasis to ipsilateral mediastinal and/or
subcarinal lymph node(s)
Metastasis to contralateral mediastinal, contralateral
hilar, ipsilateral or contralateral scalene, or
supraclavicular lymph node(s)

N2
N3

M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis present
*The uncommon superﬁcial tumor of any size with its invasive
component limited to the bronchial wall, which may extend
proximal to the main bronchus, is also classiﬁed T1.
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.

Stage Grouping for NSCLC
OC

TX

N0

M0

0

Tis

N0

M0

IA
IB

T1
T2

N0
N0

M0
M0

IIA
IIB

T1
T2
T3

N1
N1
N0

M0
M0
M0

IIIA

T1
T2
T3
T3
Any T
T4

N2
N2
N1
N2
N3
Any N

M0
M0
M0
M0
M0
M0

Any T

Any N

M1

IIIB
IV
OC, occult carcinoma.
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TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Surgery offers the only chance for cure in NSCLC.
• T1–T3A tumors are surgically resectable.
• Surgery is not an option for patients with Stage IIIB or IV
disease.
• Metastases are detected at presentation in approximately
50% of cases.
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10 Pleural Mesothelioma

KEY CLINICAL AND IMAGING POINTS
Pleural mesothelioma is a rare tumor (less than 1% of all
thoracic malignancies) that arises from the mesothelium of
the pleural cavity. The most important risk factor for this
tumor is previous asbestos exposure.
Mesothelioma can closely resemble metastatic
adenocarcinoma. Surgical resection may be undertaken in
selected patients without chest wall or mediastinal
involvement. On serial imaging, most mesotheliomas are
observed to grow slowly. Malignant mesotheliomas very
rarely may also arise from the mesothelial lining in the
pericardial and peritoneal cavities.
Initial Staging
• Chest CT is the standard technique for staging mesothelioma.
• MRI is useful for assessing chest wall and diaphragmatic
invasion.
• 18F-FDG PET/CT may be helpful for identifying
mediastinal nodal disease and sites of extrathoracic spread.
• Quantitative V/Q lung scans with 99mTc DTPA
(diethylenetriamine-penta-acetic acid) and 99mTc MAA
(macroaggregated albumin) are used to assess for
differential ventilation and perfusion of each lung prior to
pulmonary surgery.
CT Tips
• Overall there is a tendency to understage pleural
mesothelioma with CT.
• Rib destruction and the presence of a chest wall mass are
speciﬁc signs of chest wall invasion.
• Tumor tracking within the chest wall along drain or biopsy
sites can occur and should be documented.
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MRI Tip
• If the CT ﬁndings are borderline or equivocal for
resectability, MRI may be helpful in assessing chest
wall/diaphragmatic invasion.
PET Tips
• Mesothelioma is intensely FDG avid, but pleurodesis also
incites an intense reaction; these entities cannot be
differentiated.
• 18F-FDG PET may deﬁne tumor spread or nodal
involvement outside the ipsilateral hemithorax.
KEY REPORT ELEMENTS
T: Primary Tumor
• Size: generally difﬁcult to measure
• Location: describe relative to apex, ribs, mediastinum,
diaphragm
• Local extent:
䊊
Documentation of pleural surfaces involved, including
involvement along pleural ﬁssures
䊊
Presence or absence of invasion of tumor into adjacent
chest wall, mediastinum, and diaphragm
䊊
Estimation of the extent of soft tissue and ﬂuid
components of disease
N: Lymph Nodes
• Nodes larger than 8 mm in short axis diameter should be
regarded as pathologic.
• Mediastinal nodal spread is most common.
• Regional nodes include hilar, mediastinal, supraclavicular,
scalene
• Axillary or abdominal nodes are metastatic disease (M1).
M: Metastases
• The contralateral pleura, lung parenchyma, and peritoneal
cavity may be involved.
• Distant metastases are usually hematogenous and are often
found at autopsy.
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Coronal 18F-FDG PET/CT image showing intensely FDG-avid
mesothelioma (“golden glow”) involving the right-sided pleura
(chest wall, mediastinal and diaphragmatic pleura). Note a right
pleural effusion on the CT component of the image.

TNM STAGING SYSTEM
The International Mesothelioma Interest Group (IMIG)
proposed an updated TNM staging system in 1995. The
different histologic subtypes and other indicators of
prognosis such as thoracoscopic evaluation (which is
particularly useful in deﬁning T categories) have not been
differentiated or speciﬁcally incorporated in this
classiﬁcation, however.
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Vertebral column
Rib

Right lung
T3
T4

T2

T1

TNM Deﬁnitions (IMIG, 1995)
T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
T1
Tumor involves ipsilateral parietal pleura, with or
without focal involvement or visceral pleura
T1a Tumor involves ipsilateral parietal pleura
(mediastinal/diaphragmatic); no involvement of
visceral pleura
T1b Tumor involves ipsilateral parietal pleura
(mediastinal/diaphragmatic), with involvement of
visceral pleura
T2
Tumor involves any of the ipsilateral pleural surfaces
(parietal, mediastinal, diaphragmatic, and visceral)
with at least one of the following:
Conﬂuent visceral pleural tumor (including ﬁssure)
Invasion of diaphragmatic muscle
Invasion of lung parenchyma
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T3

T4

Locally advanced but potentially resectable tumor
Tumor involves any of the ipsilateral pleural
surfaces, with at least one of the following:
Invasion of the endothoracic fascia
Invasion into mediastinal fat
Solitary focus of tumor invading the soft tissues of
the chest wall
Nontransmural involvement of the pericardium
Locally advanced technically unresectable tumor
Tumor involves any of the ipsilateral pleural
surfaces, with at least one of the following:
Diffuse or multifocal invasion of soft tissues of the
chest wall
Any rib involvement
Invasion through the diaphragm to the
peritoneum
Invasion of any mediastinal organ(s)
Direct extension to the contralateral pleura
Invasion into the spine
Extension to the internal surface of the
pericardium
Pericardial effusion with positive cytology
Invasion of the myocardium
Invasion of the brachial plexus

N—Regional Lymph Nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node involvement
N1
Ipsilateral bronchopulmonary/hilar node
involvement
N2
Subcarinal and/or ipsilateral internal mammary or
mediastinal node involvement
N3
Contralateral mediastinal/internal mammary,
ipsilateral or contralateral supraclavicular nodal
involvement
M—Distant Metastasis
MX
Distant metastases cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.
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Stage Grouping

I
Ia
Ib

T1
T1a
T1b

N0
N0
N0

M0
M0
M0

II

T2

N0

M0

III

T1, T2
T1, T2
T3

N1
N2
N0, N1, N2

M0
M0
M0

IV

T4
Any T
Any T

Any N
N3
Any N

M0
M0
M1

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• The key observation is to select potentially operable
candidates, but all current modalities have limitations for
precise staging.
• Surgical resection is possible when tumor is relatively
small and circumscribed.
• Ipsilateral pleural effusion is a contraindication to resection
for cure.
• Resection is often performed for palliation of symptoms,
such as those related to pleural effusion.

SELECTED REFERENCES
Muller NL: Imaging of the pleura. Radiology 186:297–309, 1993.
Patz EF Jr, et al: The proposed new international TNM staging
system for malignant pleural mesothelioma: application to
imaging. Am J Roentgenol 166:323–327, 1996.
Rusch VW, et al: Pleural mesothelioma. In Greene FL, Page DL,
Fleming ID, et al (eds): AJCC Cancer Staging Manual, 6th ed.
New York, Springer-Verlag, 2002, pp 179–184.
Schneider DB, et al: Positron emission tomography with F18ﬂuorodeoxyglucose in the staging and preoperative evaluation
of malignant pleural mesothelioma. J Thorac Cardiovasc Surg
120:128–133, 2000.
Wang ZJ, et al: Malignant pleural mesothelioma: evaluation with
CT, MR imaging and PET. RadioGraphics 24:105–119, 2004.

Ch011-X3251.qxd 20/9/06 3:12 PM Page 84

84

GYNECOLOGIC TUMORS

11 Ovarian Cancer
KEY CLINICAL AND IMAGING POINTS
Ovarian cancer is the leading cause of death from
gynecologic cancers. Diagnosis and staging are carried out by
laparotomy and tumor debulking, including total abdominal
hysterectomy and bilateral salpingo-oophorectomy
(TAH/BSO), omentectomy, retroperitoneal lymph node
sampling, peritoneal and diaphragmatic biopsies, and
cytologic evaluation of peritoneal washings.
On imaging, ovarian cancers are commonly seen as complex
adnexal masses, frequently associated with ascites and
peritoneal carcinomatosis in advanced cases. The role of
imaging in ovarian cancer relates to tumor detection and
characterzation; treatment planning, particularly by
demonstrating nonresectable disease (where neoadjuvant
chemotherapy is the appropriate choice); and detecting
recurrent tumor, as “second-look” surgery is no longer
routine.
Initial Staging
• A combination of CA-125 and ultrasound screening is
justiﬁed in a high-risk population (e.g., positive family
history or patients with breast cancer).
• US is a primary modality for adnexal mass detection and
characterization.
• MRI is a problem-solving modality in cases with an
indeterminate adnexal mass.
• Imaging techniques of choice for local staging:
䊊
Contrast-enhanced CT of the abdomen and pelvis is the
preferred modality for preoperative staging.
䊊
The role of 18F-FDG PET in ovarian cancer is still
evolving and is greatest in the detection of recurrence.
US Tip
• Ovarian cancer may manifest as a complex cystic or solid
mass, with thick septations (>3 mm), internal excrescences,
and low resistive index on Doppler imaging (RI < 0.4).
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CT Tip
• Contrast enhancement facilitates detection of hepatic
capsular implants and distant metastases.
MRI Tip
• Contrast-enhanced T1WI facilitates detection of papillary
projections in a cystic mass, tumor necrosis, and peritoneal
implants.
18

F-FDG PET Tips
• Benign lesions (e.g., corpus luteum cysts, adnexal
inﬂammatory lesions, diverticulitis) with abnormal glucose
metabolism can mimic malignant tumors.
• 18F-FDG PET may show false-negative results in the setting
of microscopic intraperitoneal disease.
• Interpretation of disease in the pelvis may be hampered by
the presence of urinary radioactivity.
• 18F-FDG PET can determine the presence, location, and
extent of disease recurrence in cases with elevated CA-125
tumor markers.

KEY REPORT ELEMENTS
T:
•
•
•

Primary Tumor
Size of tumor: three dimensions
Location: unilateral or bilateral
Tumor characteristics: complex cystic adnexal masses with
septations and papillary projections or solid adnexal
masses with variable degrees of necrosis
• Local extent:
䊊
Involvement of colon, small bowel, and bladder
䊊
Peritoneal implants inﬂuence T stage based on their
location and size.
䊊
Special attention should be paid to identiﬁcation of the
following potentially nonresectable deposits:
䊊
Capsular implants invading liver
䊊
Liver dome
䊊
Intersegmental ﬁssure
䊊
Porta hepatis
䊊
Gastrohepatic ligament
䊊
Lesser sac
䊊
Splenocolic ligament
N: Lymph Nodes
• Bidimensional measurements
• Regional nodes: obturator, common, internal and external
iliac, laterosacral, para-aortic, inguinal
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A

B
Contrast-enhanced CT images show a large left ovarian mass
(arrows) with cystic and solid components (A) and a peritoneal
implant (*) in the hepatorenal recess (B).

• Retroperitoneal nodes above the renal hilum and nodes in
the mesentery indicate unresectable disease.
M: Metastases
• Peritoneum is the most common. Diaphragmatic and
hepatic capsular involvement as well as disease in the
mesentery are included in the T stage and are not
considered distant metastasis.
• Parenchymal liver, lung, and skeletal metastases, and
retrocrural, superior diaphragmatic, supraclavicular, and
axillary nodes are distant metastases.
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TNM STAGING SYSTEM
• The deﬁnitions of the T categories correspond to the stages
accepted by the Fédération Internationale de Gynécologie
et d’Obstétrique (FIGO). Both systems are included for
comparison.
• Hepatic capsular metastases are T3/stage III; liver
parenchymal metastases are M1/stage IV. Pleural effusion
must have positive cytologic ﬁndings for M1/stage IV.
2c if malignant cells
present in ascites
Bowel

Peritoneal deposit:
3b ≤ 2 cm
3c > 2 cm

T2b

T2a

T1c

T1a

T1b (Bilateral ovarian involvement)

T—Primary Tumor
TNM
FIGO
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
T1
I
Tumor limited to ovaries (one or both)
T1a
IA
Tumor limited to one ovary; capsule
intact, no tumor on ovarian surface; no
malignant cells in ascites or peritoneal
washings*
T1b
IB
Tumor limited to both ovaries; capsules
intact, no tumor on ovarian surface; no
malignant cells in ascites or peritoneal
washings*
T1c
IC
Tumor limited to one or both ovaries with
any of the following: capsule ruptured,
tumor on ovarian surface, malignant cells
in ascites or peritoneal washings*
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T2

II

T2a

IIA

T2b

IIB

T2c

IIC

T3

III

T3a

IIIA

T3b

IIIB

T3c

IIIC

Tumor involves one or both ovaries with
pelvic extension and/or implants
Extension and/or implants on uterus
and/or tube(s); no malignant cells in
ascites or peritoneal washings
Extension to and/or implants on other
pelvic tissues; no malignant cells in
ascites or peritoneal washings
Pelvic extension (T2a or T2b) with
malignant cells in ascites or peritoneal
washings
Tumor involves one or both ovaries with
microscopically conﬁrmed peritoneal
metastasis outside the pelvis
Microscopic peritoneal metastasis beyond
pelvis (no macroscopic tumor)
Macroscopic peritoneal metastasis beyond
pelvis 2 cm or less in greatest dimension
Peritoneal metastasis beyond pelvis more
than 2 cm in greatest dimension and/or
regional lymph node metastasis

N—Regional Lymph Nodes
TNM
FIGO
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
IIIC
Regional lymph node metastasis
M—Distant Metastasis
TNM
FIGO
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
IV
Distant metastasis (excludes peritoneal
metastasis)
*The presence of nonmalignant ascites is not classiﬁed. The
presence of ascites does not affect staging unless malignant cells
are present.
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.
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Stage Grouping
I
IA
IB
IC

T1
T1a
T1b
T1c

N0
N0
N0
N0

M0
M0
M0
M0

IIA
IIB
IIC
III
IIIA
IIIB
IIIC

T2
T2b
T2c
T3
T3a
T3b
T3c
Any T

N0
N0
N0
N0
N0
N0
N0
N1

M0
M0
M0
M0
M0
M0
M0
M0

IV

Any T

Any N

M1

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• A multimodality therapy, depending on the tumor stage,
mainly involves surgical cytoreduction and chemotherapy.
• Demonstration of metastatic sites assists surgical planning.
• Detection of unresectable disease may be an indication for
preoperative chemotherapy with interval debulking rather
than primary debulking with postoperative chemotherapy.
• After therapy, surgeons resect recurrent disease larger than
1 or 2 cm (the exact criterion depends upon the surgeon’s
preference).
SELECTED REFERENCES
Hricak H, et al: Complex adnexal masses: Detection and
characterization with MR imaging—multivariate analysis.
Radiology 214:39–46, 2000.
Jones HW III, et al: Ovary. In Greene FL, Page DL, Fleming ID, et al
(eds): AJCC Cancer Staging Manual, 6th ed. New York, SpringerVerlag, 2002, pp 275–284.
Tempany C, et al: Staging of advanced ovarian cancer: comparison
of imaging modalities—report from the Radiological Diagnostic
Oncology Group. Radiology 215:761–767, 2000.
Woodward PJ, et al: Radiologic staging of ovarian carcinoma with
pathologic correlation. RadioGraphics 24:225–246, 2004.
Yoshida Y, et al: Incremental beneﬁts of FDG positron emission
tomography over CT alone for the preoperative staging of
ovarian cancer. AJR 182:227–233, 2004.
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12 Cervical Cancer

KEY CLINICAL AND IMAGING POINTS
Cervical cancer is the third most common gynecologic
malignancy.
The Papanicolaou (Pap) smear is a commonly used screening
tool for cervical cancer. The diagnosis of cervical cancer is made
after a biopsy. The role of imaging in patient management is to
deﬁne local staging in tumors more than 2 cm in size. Tumors
greater than 3 to 4 cm in diameter or with invasion to the
parametrium, lower third of the vagina, ureter, bladder, or
rectum are not surgically resectable.
Initial Staging
• Imaging techniques of choice for local staging:
䊊
MRI is the method of choice.
䊊
CT is useful in demonstrating lymph node involvement
or distant metastases.
18
䊊
F-FDG PET is useful in assessment for lymph node
metastases.
CT Tip
• Cervical cancer is usually isoattenuating relative to cervical
stroma, even on contrast-enhanced CT. However, dynamic
contrast-enhanced multidetector CT may be used in local
staging.
MRI Tips
• MR imaging protocol should include the following:
䊊
T1WI: axial, large ﬁeld of view (FOV) including entire
pelvis
䊊
T2WI: axial, coronal, and sagittal; small FOV
• T2WI is the most useful sequence in tumor depiction and
staging.
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• Contrast enhancement may help in the detection of
adjacent organ or pelvic wall invasion.
• The sagittal plane is essential in determining the site of
tumor origin: endometrial, cervical, upper vagina
• The epicenter of the lesion is helpful in suggesting site of
origin.
Follow-Up
• Evaluate treatment response and treatment-related
complications.
• Examine the extent of local tumor recurrence and lymph
node status after surgery or radiation treatment.
• Use 18F-FDG PET in assessment for lymph node metastases
and detection of recurrent disease.
KEY REPORT ELEMENTS
T: Primary Tumor
• Size of tumor (width or anteroposterior diameter; the
length of the tumor is not included in T staging): ≤4 cm
(T1b1), >4 cm (T1b2)

Sagittal T2-weighted MR image shows a large cervical mass
invading the lower uterine segment superiorly, the urinary
bladder anteriorly, and the upper vagina inferiorly.
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• Location: exophytic or endocervical
• Polypoid versus inﬁltrative
• Local extent:
䊊
Invasion of cervical stroma: partial or full-thickness
䊊
Parametrium (located laterally) (T2b)
䊊
Vagina: upper two thirds (T2a), lower one third (T3a)
(the urethra is the anatomical landmark for the lower
one third)
䊊
Pelvic sidewall (T3b)
䊊
Hydronephrosis (T3b)
䊊
Rectum, bladder (T4)
N: Lymph Nodes
• Bidimensional measurements
• Regional nodes: parametrial, obturator, common, internal
and external iliac, presacral
• Distant nodes: para-aortic, interaortocaval, retroperitoneal,
inguinal, mesenteric, mediastinal
M: Metastases
• Rare
• Liver, lung, bone
TNM STAGING SYSTEM
• The deﬁnitions of the T categories correspond to the stages
accepted by the Fédération Internationale de Gynécologie
et d’Obstétrique (FIGO). Both systems are included for
comparison.
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T1b1≤4 cm

T1b2>4 cm

Obturator
internus
muscle

T2a
T2b
T3b

Cervix

Rectum

Cervix

Bladder

T4

T3a

Rectum
Urethra

Vagina
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T—Primary Tumor
TNM
FIGO
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Tis
0
Carcinoma in situ
T1
I
Cervical carcinoma conﬁned to uterus
(extension to corpus should be
disregarded)
T1a
IA
Invasive carcinoma diagnosed only by
microscopy
T1a1
IA1
Measured stromal invasion ≤ 3 mm in
depth and ≤ 7 mm in horizontal spread
T1a2
IA2
Measured stromal invasion > 3 mm and
not more than 5 mm with a horizontal
spread ≤ 7 mm
T1b
IB
Clinically visible lesion conﬁned to cervix,
or microscopic lesion greater than T1a/IA2
T1b1
IB1
Clinically visible lesion ≤ 4 cm in greatest
dimension
T1b2
IB2
Clinically visible lesion > 4 cm in greatest
dimension
T2
II
Cervical carcinoma invades beyond uterus
but not to pelvic wall or to lower third of
vagina
T2a
IIA
Tumor without parametrial invasion
T2b
IIB
Tumor with parametrial invasion
T3
III
Tumor extends to pelvic wall and/or
involves lower third of vagina, and/or
causes hydronephrosis or nonfunctioning
kidney
T3a
IIIA
Tumor involves lower third of vagina; no
extension to pelvic wall
T3b
IIIB
Tumor extends to pelvic wall and/or
causes hydronephrosis or nonfunctioning
kidney
T4
IVA
Tumor invades mucosa of bladder or
rectum and/or extends beyond true pelvis
(bullous edema is not sufﬁcient to classify
a tumor as T4)
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N—Regional Lymph Nodes
TNM
NX
Regional nodes cannot be assessed
N0
No regional nodal metastasis
N1
Regional nodal metastasis
M—Distant Metastasis
TNM
FIGO
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
IVB
Distant metastasis
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.

Stage Grouping

0

Tis

N0

M0

I
IA
IA1
IA2
IB
IB1
IB2

T1
T1a
T1a1
T1a2
T1b
T1b1
T1b2

N0
N0
N0
N0
N0
N0
N0

M0
M0
M0
M0
M0
M0
M0

II
IIA
IIB

T2
T2a
T2b

N0
N0
N0

M0
M0
M0

III
IIIA
IIIB

T3
T3a
T1
T2
T3a
T3b

N0
N0
N1
N1
N1
Any N

M0
M0
M0
M0
M0
M0

IVA

T4

Any N

M0

IVB

Any T

Any N

M1
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TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• A multimodality approach involving surgery, radiation
treatment, and/or chemotherapy is used, depending on
tumor stage.
• Imaging is useful in the determination of several
prognostic factors such as tumor volume, depth of stromal
invasion, adjacent organ invasion, and lymph node
involvement.

SELECTED REFERENCES
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carcinoma. AJR 180:1621–1631, 2003.
Nicolet V, et al: MR imaging of cervical carcinoma: a practical
staging approach. RadioGraphics 20:1539–1549, 2000.
Scheidler J, et al: Imaging of cancer of the cervix. Radiol Clin North
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13 Endometrial Cancer
KEY CLINICAL AND IMAGING POINTS
Endometrial cancer is the most common invasive
gynecologic malignancy. The diagnosis is made by means
of endometrial biopsy. The role of imaging in patient
management is to triage for biopsy based on ultrasound
ﬁndings and to deﬁne the local extent of disease for
treatment planning.
Initial Staging
• The imaging technique of choice for local staging is
MRI.
• CT is limited in local staging because of its inability to
detect deep myometrial invasion, but it is valuable in
demonstrating lymphadenopathy and distant
metastases.
• Ultrasound is useful in detection but limited in the staging
of disease.
• 18F-FDG PET is useful in assessing nodal disease and
distant metastases.
MRI Tips
• Dynamic postcontrast T1WI: sagittal plane is essential for
evaluation of myometrial extension
• On T2WI, if the (low T2 signal) junctional zone is intact,
deep myometrial invasion is excluded.
• Segmental and not diffuse thinning of the myometrium
indicates deep myometrial invasion.
Follow-Up
• Evaluate treatment response and treatment-related
complications.
• 18F-FDG PET is useful in monitoring response to therapy.

97

Ch013_X3251.qxd 22/9/06 4:55 PM Page 98

98

GYNECOLOGIC TUMORS

KEY REPORT ELEMENTS
T:
•
•
•
•
•

Primary Tumor
Size of tumor: three dimensions
Location: fundus, body, or lower uterine segment
Polypoid versus inﬁltrative
Pattern of enhancement; presence of necrosis
Local extent:

Axial T2-weighted MR image shows a polypoid endometrial mass.
Note that the junctional zone is interrupted anteriorly (arrows),
indicating myometrial invasion.
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䊊

䊊

䊊

䊊
䊊

Depth of myometrial invasion: endometrium only (stage
IA); inner half of the myometrium (stage IB); outer half
of the myometrium (stage IC)
Extension into cervix: invasion of the glandular tissue
only (stage IIA); invasion of the stroma (stage IIB)
Invasion of the uterine serosa, parametrium, or adnexa
(stage IIIA)
Invasion of the vagina (stage IIIB)
Invasion of the bladder or rectum (stage IVA)

N: Lymph Nodes
• Bidimensional measurements
• Regional nodes; obturator, common, internal, and external
iliac, presacral, para-aortic

M: Metastases
• Lung most common
• Inguinal, mesenteric, and thoracic nodes are distant
metastases.

TNM STAGING SYSTEM
The deﬁnitions of the T categories correspond to the stages
accepted by the Fédération Internationale de Gynécologie et
d’Obstétrique (FIGO). Both systems are included for
comparison.
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T1a
T1b
T1c

T3

T2a

T2b

Bladder
T4
Uterus

Rectum

T—Primary Tumor
TNM
FIGO
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Tis
0
Carcinoma in situ
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T1
T1a
T1b

I
IA
IB

T1c

IC

T2

II

T2a
T2b
T3

IIA
IIB
III

T3a

IIIA

T3b

IIIB

N1

IIIC

T4

IVA

Tumor conﬁned to corpus uteri
Tumor limited to endometrium
Tumor invades less than one half of the
myometrium
Tumor invades one half or more of the
myometrium
Tumor invades cervix but does not extend
beyond uterus
Endocervical glandular involvement only
Cervical stromal invasion
Local and/or regional spread as speciﬁed
in T3a, b, and/or N1 and FIGO IIIA, B, and
C below
Tumor involves serosa and/or adnexa
(direct extension or metastasis) and/or
cancer cells in ascites or peritoneal
washings
Vaginal involvement (direct extension or
metastasis)
Metastasis to the pelvic and/or para-aortic
lymph nodes
Tumor invades bladder mucosa and/or
bowel mucosa (bullous edema is not
sufﬁcient to classify a tumor as T4)

N—Regional Lymph Nodes
NX
Regional nodes cannot be assessed
N0
No regional nodal metastasis
N1
Regional nodal metastasis
M—Distant Metastasis
TNM
FIGO
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
IVB
Distant metastasis (includes metastasis to
intra-abdominal lymph nodes other than
para-aortic and/or inguinal lymph nodes;
excludes metastasis to vagina, pelvic
serosa, or adnexa)
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.
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Stage Grouping

0

Tis

N0

M0

I
IA
IB
IC

T1
T1a
T1b
T1c

N0
N0
N0
N0

M0
M0
M0
M0

II
IIA
IIB

T2
T2a
T2b

N0
N0
N0

M0
M0
M0

III
IIIA
IIIB
IIIC

T3
T3a
T3b
T1
T2
T3

N0
N0
N0
N1
N1
N1

M0
M0
M0
M0
M0
M0

IVA

T4

Any N

M0

IVB

Any T

Any N

M1

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• A multimodality approach, depending on tumor stage,
involves surgery and preoperative and postoperative
radiation treatment and chemotherapy or hormonal
treatment.
• Depth of myometrial invasion inﬂuences the decision
between lymph node sampling and lymph node
dissection.
• Imaging is useful in the determination of depth of
myometrial invasion, stage of disease, and lymph node
involvement.

SELECTED REFERENCES
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14 Vulvar Cancer
KEY CLINICAL AND IMAGING POINTS
Vulvar cancer is an uncommon gynecologic malignancy. It is
most commonly squamous cell carcinoma in type and is
highly curable when diagnosed at an early stage. There is
prevailing evidence that human papillomavirus (HPV) is a
causative factor. Vulvar cancer most often affects the inner
edges of the labia majora or the labia minora.
The role of imaging in patient management is to deﬁne the
local extent of disease and regional nodal status for treatment
planning.
Initial Staging
• Imaging techniques for local staging:
䊊
MRI is the method of choice in that it can assess both
the local extent of disease and regional nodal
involvement.
䊊
CT is limited in local staging because of suboptimal soft
tissue contrast but is helpful in detecting
lymphadenopathy and other metastases.

MRI Tips
• Assess inguinal and pelvic adenopathy on large FOV
T1WI.
• T2WI is most helpful for tumor detection and assessment
of local tumor extension (intermediate to high-signal
intensity).
• Postcontrast T1WI may be helpful for detection of local
recurrence and evaluation of treatment-related
complications.
Follow-Up
• Evaluate treatment response, presence of recurrence, and
treatment-related complications.
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KEY REPORT ELEMENTS
T: Primary Tumor
• Size of tumor: greatest dimension ≤ 2 cm, stage T1; >2 cm,
stage T2
• Tumor thickness
• Local extension:
䊊
Conﬁned to vulva and perineum (stage T1 or T2)
䊊
Contiguous spread to the lower urethra and/or vagina
or anus (stage T3)
䊊
Invasion of the upper urethra, bladder mucosa, or rectal
mucosa (stage T4)
䊊
Fixation to the pubic bone (stage T4)
N: Lymph Nodes
• Bidimensional measurements
• Laterality: unilateral, stage N1; bilateral, stage N2
• Number of suspicious lymph nodes
• Regional nodes: femoral and inguinal lymph nodes
• Distant nodes: all intrapelvic lymph nodes
M: Metastases
• Rare

Axial T2-weighted MR image shows vulvar cancer in periurethral
region.
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TNM STAGING SYSTEM
The deﬁnitions of the T categories correspond to the stages
accepted by the Fédération Internationale de Gynécologie et
d’Obstétrique (FIGO). Both systems are included for
comparison.

Vagina
Bladder

Rectum
Urethra

T2 > 2 cm

T1 ≤ 2 cm

T4

T3
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T—Primary Tumor
TNM
FIGO
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Tis
0
Carcinoma in situ
T1
I
Tumor conﬁned to the vulva or vulva and
perineum, ≤2 cm in greatest dimension
T1a
IA
Tumor conﬁned to the vulva or vulva and
perineum, ≤2 cm in greatest dimension,
and with stromal invasion ≤1 mm
T1b
IB
Tumor conﬁned to the vulva or vulva and
perineum, ≤2 cm in greatest dimension,
and with stromal invasion >1 mm*
T2
III
Tumor conﬁned to the vulva or vulva and
perineum, >2 cm in greatest dimension
T3
III
Tumor of any size with contiguous spread
to the lower urethra and/or vagina or anus
T4
IVA
Tumor invades any of the following:
upper urethra, bladder mucosa, or rectal
mucosa or is ﬁxed to the pubic bone
N—Regional Lymph Nodes
TNM
FIGO
NX
Regional nodes cannot be assessed
N0
No regional nodal metastasis
N1
III
Unilateral regional nodal metastasis
N2
IVA
Bilateral regional nodal metastasis
M—Distant Metastasis
TNM
FIGO
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
IVB
Distant metastasis (including pelvic lymph
node metastasis)
*The depth of invasion is deﬁned as the measurement of the
tumor from the epithelial-stromal junction of the adjacent most
superﬁcial dermal papilla to the deepest point of invasion.
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.
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Stage Grouping

0

Tis

N0

M0

I
IA
IB

T1
T1a
T1b

N0
N0
N0

M0
M0
M0

II

T2

N0

M0

III

T1
T2
T3
T3

N1
N1
N0
N1

M0
M0
M0
M0

IVA

T1
T2
T3
T4
Any T

N2
N2
N2
Any N
Any N

M0
M0
M0
M0
M1

IVB

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Nodal status and primary lesion diameter are the most
important prognostic factors.
• Five-year survival rate is 98% for T1N0 disease; 29% if
three or more unilateral nodes or two or more bilateral
nodes are present.
• Standard treatment is surgery. For most patients with stage
III or IV disease, surgery is supplemented by externalbeam radiation therapy.
• Newer strategies are to provide individualized
management, including a trend toward vulvar
conservation in patients with early vulvar cancer. Since
human papilloma virus (HPV)-induced carcinogenic effect
may be widespread in the vulvar epithelium, close followup of patients is mandatory.
• The feasibility of preoperative chemotherapy plus
radiation therapy as a neoadjuvant to surgery for
advanced vulvar cancer is being investigated.
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15 Vaginal Cancer

KEY CLINICAL AND IMAGING POINTS
Vaginal cancer is an uncommon tumor, constituting 1% to 2%
of gynecologic malignancies. There are two major histologic
types of vaginal cancer: squamous cell carcinoma (85%) and
adenocarcinoma (15%); these are different in pathogenesis
and natural history. One type of adenocarcinoma, clear cell
adenocarcinoma, is rare and occurs most often in young
patients with in utero exposure to diethylstilbestrol (DES).
Rarely, melanoma, sarcoma, and adenosquamous carcinoma
may occur as primary vaginal cancers.
The role of imaging in patient management is to deﬁne the
local extent of disease for treatment planning. When found in
the early stages, vaginal cancer is often curable. Cervical and
vulvar carcinomas need to be ruled out by biopsy and
clinical examination.
Initial Staging
• Imaging techniques of choice for local staging:
䊊
MRI is the method of choice.
䊊
CT is limited in local staging because of suboptimal softtissue contrast, but it is valuable in demonstrating
lymphadenopathy and distant metastases.
MRI Tips
• T2WI is most helpful for assessment of local tumor
extension (mildly to moderately increased signal).
• Postcontrast T1WI is helpful for characterization of
vaginal masses and evaluation of treatment-related
complications.
Follow-Up
• Evaluate treatment response, presence of recurrence, and
treatment-related complications.
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• Vaginal contrast (e.g., self-administered ultrasound gel into
vagina) may be helpful for evaluation of residual or
recurrent disease at MRI in post-treatment setting.
KEY REPORT ELEMENTS
T: Primary Tumor
• Size of tumor: three dimensions
䊊
Length of vaginal wall involvement
• Location: upper, middle, or lower third of the vagina

Sagittal T2-weighted MR image shows a large vaginal mass (*).
Note that the anterior vaginal wall is interrupted (arrows),
indicating paravaginal invasion.
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• Presence or absence of the uterus
• Local extension:
䊊
Conﬁned to vagina (stage T1)
䊊
Paravaginal tissues (stage T2)
䊊
Pelvic wall (stage T3)—including muscle, fascia,
neurovascular or osseous structures
䊊
Mucosa of the bladder or rectum (stage T4)—bullous
edema is not sufﬁcient
䊊
Beyond the true pelvis (stage T4)
N: Lymph Nodes
• Bidimensional measurement
• Regional nodes: pelvic (obturator and internal, external,
common iliac) and inguinal lymph nodes
䊊
Tumors in upper two thirds of vagina drain to pelvic
nodes; those in lower one third drain to inguinal nodes.
䊊
Adenocarcinoma tends to involve pelvic lymph nodes.
• Distant nodes: retroperitoneal
䊊
Adenocarcinoma tends to involve supraclavicular lymph
nodes.
M: Metastases
• Lungs: in both squamous cell carcinoma and
adenocarcinoma
• Liver: more common in squamous cell carcinoma
TNM STAGING SYSTEM
The deﬁnitions of the T categories correspond to the stages
accepted by the Fédération Internationale de Gynécologie et
d’Obstétrique (FIGO). Both systems are included for
comparison.
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T1

T2

Bladder
Vagina
Obturator
internus
muscle

T3

T4
Rectum
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T—Primary Tumor
TNM
FIGO
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Tis
0
Carcinoma in situ
T1
I
Tumor conﬁned to vagina
T2
II
Tumor invades paravaginal tissues but
does not reach pelvic wall
T3
III
Tumor extends to pelvic wall
T4
IVA
Tumor invades mucosa of the bladder or
rectum and/or extends beyond the true
pelvis (bullous edema is not sufﬁcient to
classify a tumor as T4)
N—Regional Lymph Nodes
TNM
FIGO
NX
Regional nodes cannot be assessed
N0
No regional nodal metastasis
N1
IVB
Pelvic or inguinal nodal metastasis
M—Distant Metastasis
TNM
FIGO
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
IVB
Distant metastasis
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.
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TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Prognostic factors indicative of reduced survival include
advanced stage, older age, symptomatic at the time of
diagnosis, lesions of the middle and lower vagina, poorly
differentiated tumors, and greater length of vaginal wall
involvement.
• Surgery or radiation therapy is highly effective in early
stages. Radiation therapy alone is standard in stages III
and IVA disease. There is no established drug regimen for
stage IVB disease.
• In posthysterectomy patients, vaginal cancers are more
likely to be limited to the upper one third of the vagina.
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16 Gestational
Trophoblastic Tumors
KEY CLINICAL AND IMAGING POINTS
Gestational trophoblastic tumors are uncommon
malignancies. In complete hydatiform moles (karyotype
46XX), there are no fetal parts and the tumor is composed of
grapelike vesicles. In partial hydatiform moles (69XXX or
69XXY), fetal parts are found in association with proliferative
trophoblastic tissue. About 20% of complete moles and 5% of
partial moles may recur locally or metastasize.
Choriocarcinoma is a rare but malignant form of gestational
trophoblastic tumor. Choriocarcinoma is an aggressive tumor;
metastatic lesions can be its initial presentation.
Gestational trophoblastic tumors produce β-human chorionic
gonadotropin (β-hCG), which is a very helpful serum tumor
marker in both diagnosis and treatment monitoring.
Gestational trophoblastic tumors respond well to
chemotherapy, with cure rates approaching 100%.
Initial Staging
• Imaging techniques of choice for local staging are as
follows:
䊊
Transvaginal US (grayscale and Doppler) for initial
evaluation
䊊
MRI for evaluation of myometrial invasion
• CT or MRI is used to assess for distant metastases.
US Tips
• Heterogeneous, echogenic mass with anechoic regions
• Low resistance and high peak systolic velocities at Doppler
imaging
MRI Tips
• Foci of hemorrhage and serpentine, dilated vessels
• Loss of zonal anatomy of uterus
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• Marked enhancement of tumor and associated blood
vessels
KEY REPORT ELEMENTS
T: Primary Tumor
• Location: Gestational trophoblastic tumors arise from
placental tissue in the uterus.
• Local extent: local invasion of the myometrium or
extension outside the uterus

Gestational trophoblastic tumor. Transvaginal power-Doppler US
shows heterogeneous mass in the endometrium with associated
prominent vessels.

N: Lymph Nodes
• This is rare and indicates poor prognosis.
• There is no regional lymph node designation.
• Any nodal metastases are classiﬁed as metastatic disease
(M1).
M: Metastases
• Cervix, vagina (T2)
• Lungs (M1a), kidney, gastrointestinal tract, spleen, liver,
brain (M1b)
TNM STAGING SYSTEM
Fédération Internationale de Gynécologie et d’Obstétrique
(FIGO) staging system is included for comparison.
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T1

T2

Uterus

Ovary

T—Primary Tumor
TNM FIGO
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
T1
I
Tumor conﬁned to uterus
T2
II
Tumor extends to other genital structures
(ovary, tube, vagina, broad ligaments) by
metastasis or direct extension
M—Distant Metastasis
TNM FIGO
MX
Metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
M1a
III
Lung metastasis
M1b
IV
All other distant metastasis
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.
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Stage Grouping
Risk level is determined using a Prognostic Scoring Index,
which gives scores for the following prognostic factors: age;
antecedent pregnancy; interval months from index
pregnancy; pretreatment hCG (IU/mL); largest tumor size,
including uterus; size of metastases; number of metastases
identiﬁed; previous failed chemotherapy. The scores for
individual prognostic factors are summed; a total score of 7
or less is considered low risk, and a total score of 8 or more
is considered high risk.

I
IA
IB

T1
T1
T1

M0
M0
M0

Risk factor unknown
Low risk
High risk

II
IIA
IIB

T2
T2
T2

M0
M0
M0

Risk factor unknown
Low risk
High risk

III
IIIA
IIIB

Any T
Any T
Any T

M1a
M1a
M1a

Risk factor unknown
Low risk
High risk

IV
IVA
IVB

Any T
Any T
Any T

M1b
M1b
M1b

Risk factor unknown
Low risk
High risk

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Treatment options include evacuation of uterine contents,
chemotherapy, and surgery.
• Imaging assessment of local extent inﬂuences the choice of
treatment.
• β-hCG serum tumor marker is a mainstay for treatment
monitoring.
• When β-hCG remains or becomes elevated, imaging helps
in the detection of local disease and distant metastases.
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17 Renal Cell Carcinoma
KEY CLINICAL AND IMAGING POINTS
A general increase in the use of medical imaging has led to
an increase in the detection of small renal masses that often
are of indeterminate etiology. Solid renal masses are rarely
biopsied, and, therefore, despite 80% to 85% of solid renal
masses being renal cell carcinomas (RCCs), identiﬁcation of
features indicating malignancy in these and in complex cystic
lesions is of great importance. Large, typical RCCs do not
present a diagnostic challenge. The role of the radiologist in
these cases is to accurately stage the tumor in order to
determine resectability. In tumors without demonstrable
metastatic disease, the most important prognostic indicator is
the presence or absence of vascular invasion.
Initial Staging
• Contrast-enhanced CT is the standard method of
staging.
• MRI can also be employed for staging, but its main use is
in the assessment of the extent of inferior vena cava (IVC)
thrombus and also detection of caval wall invasion that
would necessitate resection at surgery.
• Coronal and sagittal reformats (CT or MRI) are helpful in
assessing vascular anatomy if nephron-sparing surgery is
planned and for demonstration of vascular anomalies.
• Assessment of the contralateral kidney is essential, as
detection of bilateral disease may necessitate nephronsparing surgery.
• There is an increased incidence of reactive
lymphadenopathy in the presence of a necrotic tumor
or of venous thrombus.
CT Tips
• Scans are performed initially unenhanced and then with
intravenous contrast.
䊊
Scanning at 40 to 50 sec after injection provides optimal
opaciﬁcation of the renal veins.
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䊊

䊊

Masses are best characterized on the nephrographic
phase (90–120 sec after injection), but there is some
increased sensitivity for detection if the
corticomedullary phase is also examined.
Delayed scans performed at 3–5 min provide
information on the collecting systems.

Nuclear Medicine Tips
• Renal cancer may manifest as a low-grade FDG-avid lesion
at positron emission tomography (PET) that is difﬁcult to
differentiate from normal renal background activity and is
often metabolically inactive; therefore the sensitivity of
18
F-FDG PET for renal cancer is only in the region of
60%.
• 18F-FDG PET can show false-positive results in
angiomyolipoma, oncocytoma, and pheochromocytoma.
• Evaluation of a renal mass on 18F-FDG PET is limited by
urinary excretion.
• 18F-FDG PET may be useful in cases with equivocal CT or
bone scan and in assessing distant metastases.
• Dimercaptosuccinic acid (DMSA) renal studies may be
used to assess differential renal function prior to
surgery.
MRI Tip
• Patients with RCC have an increased incidence of
nonhyperfunctioning adrenal adenomas. Chemical-shift
imaging may be required to distinguish them from
metastases prior to surgery.
KEY REPORT ELEMENTS
T: Primary Tumor
• Size and laterality of tumor (perpendicular axial diameters
and length)
• Presence of an ipsilateral or contralateral synchronous
lesion
• Any other contralateral renal abnormality
• Local extent:
䊊
Presence or absence of thrombus within the renal vein
or IVC and the cephalic limit of the thrombus
䊊
Presence of vascular anomalies (e.g., circumaortic or
retroaortic left renal vein, multiple renal arteries)
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A

B
CT scans A and B show a large RCC extending beyond the renal
capsule into the perirenal space and into the renal vein and
inferior vena cava (arrows). Note the reticular mosaic pattern of
low attenuation in the liver (“nutmeg liver”) due to hepatic
venous obstruction by caval tumor thrombus.
Continued on next page
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C
CT scan C shows a cystic clear cell RCC that demonstrates
amorphous calciﬁcation and is localized to the kidney.

䊊

䊊

Evidence of possible perinephric extension: stranding of
the perinephric fat, soft tissue nodules, thickening of
Gerota’s fascia
Direct invasion of adjacent muscles or organs

N: Lymph Nodes
• Site and size of enlarged nodes within the retroperitoneum
• Regional nodes are hilar, para-aortic, paracaval
• Mediastinal and hilar lymphadenopathy represent distant
metastasis.
M: Metastases
• Lung is most common site of metastases
• Bone metastases are typically lytic and expansile
• Liver metastases are seen in advanced disease
• Adrenal glands
• Central nervous system
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TNM STAGING SYSTEM
T1 ≤ 7 cm
T1

T2

T2 > 7 cm

A
Renal vein

IVC
T3b

T3a

B

Gerota’s fascia
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Diaphragm
T3c

T4

Gerota’s fascia

C
T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
T1
Tumor ≤ 7 cm in greatest dimension, limited to
kidney
T1a
Tumor ≤ 4 cm in greatest dimension, limited to
kidney
T1b
Tumor > 4 cm but not > 7 cm in greatest
dimension, limited to kidney
T2
Tumor > 7 cm in greatest dimension, limited to
the kidney
T3
Tumor extends into major veins or invades
adrenal gland or perinephric tissues but not
beyond Gerota’s fascia
T3a
Invades adrenal gland or perinephric tissues but
not beyond Gerota’s fascia
T3b
Grossly extends into renal vein(s) or vena cava
below diaphragm
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T3c

Grossly extends into vena cava above diaphragm
or invades wall of the vena cava
Tumor invades beyond Gerota’s fascia

T4

N—Regional Lymph Nodes
The para-aortic and paracaval nodes are the regional
lymph nodes:
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Metastasis in a single regional lymph node
N2
Metastasis in more than one regional lymph
node
M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.
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II
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III

T1
T2
T3
T3
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T3a
T3b
T3b
T3c
T3c

N1
N1
N0
N1
N0
N1
N0
N1
N0
N1

M0
M0
M0
M0
M0
M0
M0
M0
M0
M0

IV

T4
T4
Any T
Any T

N0
N1
N2
Any N

M0
M0
M0
M1
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ROBSON CLASSIFICATION VERSUS TNM SYSTEM

Robson
I

II
IIIA
IIIB
IIIC
IVA
IVB

Disease Extent
Tumor conﬁned to kidney (small,
intrarenal)
Tumor conﬁned to kidney (large)
Tumor spread to perinephric fat
but within Gerota’s fascia
Tumor spread to renal vein or
vena cava
Tumor spread to local lymph
nodes
Tumor spread to local vessels and
lymph nodes
Tumor spread to adjacent organs
(excluding ipsilateral adrenal)
Distant metastasis

TNM
T1
T2
T3a
T3b
N1–N2
T3b, N1–N2
T4
M1

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Small incidental RCCs may be treated with partial
nephrectomy or focal ablative therapy (e.g., radiofrequency
tumor ablation).
• Vascular invasion requires surgical excision; therefore
preoperative detection with imaging is of crucial
importance.
• Nephrectomy may be performed in the presence of
metastatic disease to relieve symptoms.
• Ipsilateral adrenal gland involvement precludes nephronsparing surgery.
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18 Urothelial Tumors
KEY CLINICAL AND IMAGING POINTS
Tumors of the upper urinary tract collecting system are much
less common than either renal cell or bladder carcinomas.
More than 90% are transitional cell carcinomas (TCCs), and
most occur in the renal pelvis. It is important to distinguish
invasive TCCs from renal cell carcinomas (RCCs), as the
entire ureter is removed for TCCs. Most upper tract TCCs
arise in the renal pelvis. Within the ureter, the highest
incidence is in the distal ureter, and the incidence decreases
proximally. Multifocal involvement (synchronous or
metachronous) occurs, often involving the bladder; this must
be kept in mind during both staging and follow-up imaging.
Initial Staging
• Contrast-enhanced CT is the method of choice for staging.
• Staging with MRI has been performed, and the results are
comparable with those of CT, but the latter remains the
modality of choice.
• MRI is useful in assessing the extent of any vascular
invasion by inﬁltrating tumors.
CT Tips
• Scans should be performed unenhanced as well as in the
nephrographic phase (90–120 sec after contrast injection)
and excretory phase (after 3–5 min).
• Early TCCs are seen as areas of focal wall thickening
showing mild enhancement or as ﬁlling defects.
• TCCs are relatively hypovascular, enhancing less than the
renal parenchyma they inﬁltrate.
• Stage I or II disease is diagnosed if there is a visible fat
plane between a pelvicaliceal mass and the renal
parenchyma.
• Loss of peripelvic fat indicates invasive disease.
• Dilatation of calices is likely to indicate noninvasive tumor.
• The kidney tends to maintain its reniform shape but may
be enlarged.
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• Pitfalls in the diagnosis of invasion can be due to other
causes of irregular enhancement (e.g., infection, vascular,
obstruction).
• On both intravenous urography and CT, the contralateral
collecting system, ureter, and bladder should be
scrutinized because of the multifocal nature of the
tumor and to assess the integrity of the opposite kidney
prior to surgery.
KEY REPORT ELEMENTS
T: Primary Tumor
• Site of the primary tumor or tumors
• Evidence of invasion:
䊊
Into the renal parenchyma for tumors in the renal pelvis
䊊
Into the periureteric fat for tumors within the ureter
• Note presence or absence of ureteric obstruction or caliceal
dilatation
• Invasion of adjacent structures including the renal vein
and IVC
N: Lymph Nodes
• Note the size and location of any enlarged local nodes.
• There is an extensive periureteric lymphatic network;
depending on the site of the primary lesion, regional sites

CT scan shows transitional cell carcinoma (arrow) of the right
upper ureter near the ureteropelvic junction.
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A

B
CT scans demonstrate transitional cell carcinoma of the left renal
pelvis (*) (A) that invades the renal parenchyma and regional
(left para-aortic) nodal metastasis (arrow) (B).
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for lymphatic extension from ureteral tumors are the paraaortic, paracaval, and common iliac and pelvic lymph
nodes.
• Laterality of nodal metastasis does not affect N
classiﬁcation.
M: Metastases
• Liver
• Bone (particularly lumbar spine and sacrum)
• Lung
• Kidney
• Adrenal
TNM STAGING SYSTEM

T4

T1

T2

T3
Subepithelial connective tissue
Muscularis
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T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Ta
Noninvasive papillary carcinoma
Tis
Carcinoma in situ
T1
Tumor invades subepithelial connective tissue
T2
Tumor invades muscularis
T3
(Renal pelvis) Tumor invades beyond muscularis
into peripelvic fat or renal parenchyma
(Ureter) Tumor invades beyond muscularis into
periureteric fat
T4
Tumor invades adjacent organs or through the
kidney into perinephric fat
N—Regional Lymph Nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Metastasis in a single lymph node ≤ 2 cm in
greatest dimension
N2
Metastasis in a single lymph node > 2 cm but
≤ 5 cm in greatest dimension, or multiple nodes,
none > 5 cm in greatest dimension
N3
Metastasis in a lymph node > 5 cm in greatest
dimension
M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.
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Stage Grouping
0a
0is

Ta
Tis

N0
N0

M0
M0

I

T1

N0

M0

II

T2

N0

M0

III

T3

N0

M0

IV

T4
Any T
Any T

N0
N1–3
Any N

M0
M0
M1

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Because disease may be multifocal, it is important to
deﬁne the number of tumors and sites (unilateral or
bilateral) in order to plan the appropriate operative
procedure.
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19 Adrenal Cortical
Carcinoma
KEY CLINICAL AND IMAGING POINTS
Adrenal cortical carcinoma (ACC) is a rare tumor that has a
poor prognosis; many patients (70%) present with advanced
local or metastatic disease—stages III and IV. The deﬁnitive
treatment is surgery (stages I–III) with en-bloc dissection that
may include the kidney.
There are two peaks of incidence: early childhood and fourth
to ﬁfth decades of life. The features of the adult tumors are
described. Approximately 30% of adult patients have
Cushing’s syndrome and 20% to 30% have virilization with
or without Cushing’s syndrome. Approximately 50% of these
tumors are therefore nonhyperfunctioning and usually
detected later; these are more common in males, although
overall there is a female preponderance. They may be
incidentally found on imaging or as a palpable mass or may
manifest as ﬂank pain or symptoms caused by metastatic
disease. Large masses may cause constitutional symptoms.
Since the treatment is surgical, accurate staging is essential.
Initial Staging
• Preliminary staging is performed with CT. At the time of
diagnosis, most tumors are larger than 5 cm.
• MRI is useful to delineate more accurately any vascular or
local invasion.
• US is not used for staging but may be useful for diagnosis.
CT Tips
• Intravenous contrast medium should be used for
improved tumor characterization.
• Masses that contain cystic areas and calciﬁcation may be difﬁcult
to distinguish from renal tumors. Central necrosis is common.
• The differential diagnosis includes pheochromocytoma.
• The lungs should be scanned to deﬁne the extent of
metastatic disease in order to avoid unnecessary major
surgery.
• Multiplanar reformatting may be helpful for assessing
local invasion, but MRI is usually superior.
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MRI Tips
• T1WI may show areas of high-signal intensity as a result
of hemorrhage.
• Functional carcinomas may contain small areas of signal
dropout on chemical shift imaging.
• Sagittal and coronal planes are helpful in assessing local
invasion superiorly and inferiorly and also the upper
extent of any vascular invasion (which occurs in 10% of
cases).
KEY REPORTING ELEMENTS
T: Primary Tumor
• Size of tumor: perpendicular axial diameters and length
• Local extent:
䊊
Evidence of local invasion
䊊
In large tumors, it is critical to deﬁne invasion of
adrenal and renal veins and inferior vena cava (IVC), as
well as caval and atrial tumor thrombus.
䊊
Because surgery may involve nephrectomy, the
contralateral kidney should be assessed.

CT image showing large left-sided adrenal carcinoma with
heterogeneous enhancement, calciﬁcation, and regional
lymphadenopathy (arrow).
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N: Lymph Nodes
• Presence and size of lymph nodes in retroperitoneum and
retrocrural space
• CT and MRI are equally effective in detection.
M: Metastases
• Lungs
• Liver (rare)
• Bone (rare)
STAGING SYSTEM
The American Joint Committee on Cancer and the International
Union Against Cancer have no formal TNM staging system for
adrenal cortical carcinoma. The system of MacFarlane,
modiﬁed by Sullivan et al and Henley et al, is often used.

I ( ≤ 5 cm)

II ( > 5 cm)

III
IV
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≤ 5 cm, invasion absent
> 5 cm, invasion absent
outside adrenal in fat
invading adjacent organs

T1
T2
T3
T4

Tumor
Tumor
Tumor
Tumor

N0
N1

No positive lymph nodes
Positive lymph nodes

M0
M1

No distant metastasis
Distant metastasis

Stage Grouping

I

T1

N0

M0

II

T2

N0

M0

III

T1
T2
T3

N1
N1
N0

M0
M0
M0

IV

Any T
T3
T4

Any N
N1
N1

M1
M0
M0

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Metastatic disease to lymph nodes and other sites
precludes curative surgery.
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20 Bladder Cancer
KEY CLINICAL AND IMAGING POINTS
Ninety percent to 95% of bladder tumors are transitional cell
carcinomas. Approximately two thirds of these are superﬁcial
papillary tumors with a relatively low histologic grade. The
remaining third show evidence of invasion into or through
the muscle layer.
Cystoscopy is the best method for detection of bladder tumors.
Subsequent therapy and the prognosis are determined by the
histologic grade, depth of invasion, and extent of spread.
Noninvasive superﬁcial tumors are treated with resection
and/or intravesical chemotherapy and no further staging is
required. Patients with muscle-invasive disease without
apparent nodal or metastatic disease are treated with an
intention to cure by radical surgery or radiotherapy, and it is
in these patients in whom accurate radiologic staging is vital,
as it dictates patient management.
Initial Staging
• The imaging technique of choice for local staging is MRI.
• MRI has superior contrast resolution compared to contrastenhanced CT.
• The multiplanar capability of MRI allows better
visualization of the bladder base and dome.
• It is also more accurate for assessing local invasion and in
detection of obturator and presacral nodes.
• Intravenous urography (IVU) is useful for assessment of
the upper urinary tract, but it has largely been replaced by
CT urography.
• CT urography and MR urography are alternative
methods that have the advantage of assessing both the
retroperitoneum and the upper tracts.
• Bone scintigraphy with 99mTc methylene diphosphonate
(MDP) is useful for detecting osseous metastases in highrisk patients.
• Very little work has been done with 18F-FDG PET in
bladder cancer.
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䊊

18

F-FDG PET is of limited value secondary to excreted
tracer in the urinary bladder, pooling of excreted tracer
in ureters, and variable bowel uptake.

CT Tips
• CT images should be acquired with a delay of 60 to 90 sec
after intravenous contrast to show tumor enhancement.
• Delayed images with contrast agent present in the ureters
and bladder may be helpful in delineating the extent of
tumor at the bladder base and dome and spread into the
ureter.
MRI Tips
• An antiperistaltic agent may be useful.
• T2W high-resolution scans are performed in a plane(s)
orthogonal to the primary tumor (e.g., sagittal for bladder
base).
• Gadolinium-enhanced dynamic scanning techniques may
improve visualization of depth of bladder wall invasion
and organ invasion.
General Tips
• The retroperitoneum and liver should be scanned for the
presence of nodes and metastases and to identify renal
obstruction.
• Nodal metastases often mimic the characteristics of the
primary tumor (such as the degree of enhancement and/or
the presence of calciﬁcation).
• Superﬁcial tumors may have been resected prior to
staging, and thickening of the bladder wall may represent
residual tumor, edema, or inﬂammatory reaction.
• Tumors arising within a bladder diverticulum are more
difﬁcult to assess with CT than with MRI. The walls of
diverticula lack a muscle layer; therefore tumors within
diverticula are more likely to extend into the perivesical fat
and also to metastasize to lymph nodes.
• High false-negative rates for nodal involvement are due to
tumor replacing the normal node with little, if any, nodal
enlargement.
KEY REPORT ELEMENTS
T: Primary Tumor
• Size and site(s) of tumor
• Specify if multifocal disease
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CT showing advanced bladder cancer extending into the
extravesical fat (long arrow). Note calciﬁcation on the tumor
surface and enlarged obturator nodes bilaterally (short arrows).

Sagittal T2W MRI showing tumor arising in a bladder
diverticulum. Note extravesical spread superiorly (arrow).
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• Papillary or en-plaque appearance
• Local extent:
䊊
Extension into the perivesical fat
䊊
Presence of bladder wall retraction, which may indicate
muscle invasion
䊊
Evidence of invasion of adjacent structures (seminal
vesicles, prostate, rectum, uterus, perineum)
N: Lymph Nodes
• Site and maximal dimension of any regional nodes
• Most frequently involved regional nodes are obturator and
internal and external iliac
• The size of the largest regional node inﬂuences staging
(≤2 cm = N1; 2–5 cm = N2; >5 cm = N3).
M: Metastases
• Liver—usually with co-existent nodal disease within the
pelvis or abdomen
• Bone—particularly with a squamous histology
• Lungs
• Brain
• Inguinal and retroperitoneal nodes indicate distant
metastasis.
TNM STAGING SYSTEM

T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Ta
Noninvasive papillary carcinoma
Tis
Carcinoma in situ: “ﬂat tumor”
T1
Tumor invades subepithelial connective tissue
T2
Tumor invades muscle
T2a
Tumor invades superﬁcial muscle (inner half)
T2b
Tumor invades deep muscle (outer half)
T3
Tumor invades perivesical tissue
T3a
Microscopically
T3b
Macroscopically (extravesical mass)
T4
Tumor invades any of the following: prostate,
uterus, vagina, pelvic wall, abdominal wall
T4a
Tumor invades prostate or uterus or vagina
T4b
Tumor invades pelvic wall or abdominal wall

Ch020_X3251.qxd 20/9/06 3:22 PM Page 145

CHAPTER 20 BLADDER CANCER

T4b
Pubis
Epithelium
T1 T2a

Lamina propria
Smooth muscle
Serosa

Urinary
bladder

T2b

T3
T4a

Uterus

N—Regional Lymph Nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Metastasis in a single lymph node ≤ 2 cm in
greatest dimension
N2
Metastasis in a single lymph node > 2 cm but
≤ 5 cm in greatest dimension, or multiple lymph
nodes, none > 5 cm in greatest dimension
N3
Metastasis in a lymph node > 5 cm in greatest
dimension
M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.

145

Ch020_X3251.qxd 23/9/06 5:35 PM Page 146

146

UROLOGIC TUMORS

Stage Grouping

0a
0is

Ta
Tis

N0
N0

I

T1

N0

M0

II

T2a
T2b

N0
N0

M0
M0

III

T3a
T3b
T4a

N0
N0
N0

M0
M0
M0

IV

T4b
Any
Any
Any
Any

N0
N1
N2
N3
Any N

M0
M0
M0
M0
M1

T
T
T
T

M0
M0

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Extensive extravesical tumor spread and organ invasion
preclude total cystectomy.
• Distant nodal involvement precludes radical treatment.
• The size and number of involved nodes is a prognostic
factor, regardless of whether nodes are ipsilateral or
contralateral to the tumor.
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21 Urethral Cancer
KEY CLINICAL AND IMAGING POINTS
Urethral cancers are very rare. The majority are epithelial in
origin, and the disease is much more common in women than
in men. Squamous cell carcinoma is the most common
histologic type, followed by transitional cell carcinoma and
adenocarcinoma. On imaging they appear as solid masses
growing within and expanding the urethra. The major role of
imaging in patients with urethral tumors is for local staging.
MRI has been reported to be useful in evaluating the local
extent of the tumor and in treatment planning.
Initial Staging
• The imaging technique of choice for local staging is MRI.
CT Tips
• Urethral tumors can be seen as homogeneously enhancing
masses.
• It is difﬁcult to differentiate urethra from adjacent
structures.
MRI Tips
• On T2WI, the tumor most commonly appears as a highsignal-intensity mass disrupting the “target-like” zonal
anatomy of urethra.
• Local invasion is well-demonstrated on T2WI or contrastenhanced T1WI.
• On contrast-enhanced T1WI, urethral tumors demonstrate
moderate enhancement.
• Fistula formation is best seen on contrast-enhanced
images.
Follow-Up
• Evaluate treatment response and treatment-related
complications.
• The extent of local tumor recurrence and lymph node
status after surgery or radiation treatment should be
noted.
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KEY REPORT ELEMENTS
T: Primary Tumor
• Size of tumor: three dimensions
• Location:
䊊 Male:
䊊 Posterior portion (prostatic and membranous
segments); extends from the bladder neck distally to
the inferior urogenital diaphragm
䊊 Anterior portion; extends from the inferior urogenital
diaphragm distally to the external meatus
䊊 Female:
䊊 Proximal two thirds
䊊 Distal one third (also called anterior urethra)
• Local extent: bladder; penis or prostate (male); vagina
(female)
N: Lymph Nodes
• Bidimensional measurements
• Regional nodes: inguinal (superﬁcial or deep), common
iliac, internal and external iliac, obturator, presacral,
sacral

Axial T2-weighted MR image shows a lobulated mass (*) conﬁned
within the urethra, with invasion of the anterior wall of the
vagina on the right. Anterior to the mass a Foley catheter
(arrow) is also seen.
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M: Metastases
• Lung, liver, bone
TNM STAGING SYSTEM

Bladder

T4

T3
Prostate
T2

Urethra
T1

Epithelium
Subepithelial connective tissue
Urethral muscle

T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Ta
Noninvasive papillary, polypoid, or verrucous
carcinoma
Tis
Carcinoma in situ
T1
Tumor invades subepithelial connective tissue
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T2

Tumor invades any of the following: corpus
spongiosum, prostate, periurethral muscle
Tumor invades any of the following: corpus
cavernosum, beyond prostatic capsule, anterior
vagina, bladder neck
Tumor invades other adjacent organs

T3

T4

N—Regional Lymph Nodes
NX
Regional nodes cannot be assessed
N0
No regional nodal metastasis
N1
Metastasis in a single node ≤ 2 cm in greatest
dimension
N2
Metastasis in a single node > 2 cm in greatest
dimension or in multiple nodes
M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.
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M0

III
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T2
T3
T3

N1
N1
N0
N1

M0
M0
M0
M0

IV

T4
T4
Any T
Any T

N0
N1
N2
Any N
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M1

Ch021_X3251.qxd 23/9/06 5:35 PM Page 151

CHAPTER 21 URETHRAL CANCER

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Clinical diagnosis may be difﬁcult because symptoms
mimic chronic urinary tract infection.
• Multimodality approach involving surgery, radiation
treatment, and chemotherapy is used, depending on tumor
stage.
䊊 Surgery: local excision in early disease, wide excision in
advanced disease
䊊 Radiotherapy: alone in early disease, in combination
with surgery in advanced disease
䊊 Chemotherapy: in combination with surgery and
radiotherapy for advanced cases
• Imaging is useful in the determination of size, location,
and local extension of the tumor, which are important
factors for treatment planning.

SELECTED REFERENCES
Amin MB, et al: Primary carcinomas of the urethra. Semin Diagn
Pathol 14:147–160, 1997.
Kawashima A, et al: Imaging of urethral disease: a pictorial review.
RadioGraphics 24 Suppl 1:S195–216, 2004.
Ryu J, et al: MR imaging of the male and female urethra.
RadioGraphics 21:1169–1185, 2001.
Thompson IM Jr, et al: Urethra. In Greene FL, Page DL, Fleming ID,
et al (eds): AJCC Cancer Staging Manual, 6th ed. New York,
Springer-Verlag, 2002, pp 341–346.

151

Ch022-X3251.qxd 22/9/06 4:57 PM Page 152

152

UROLOGIC TUMORS

22 Prostate Cancer
KEY CLINICAL AND IMAGING POINTS
In men in the Western world, prostate cancer is the most
common cancer and the third leading cause of cancer death.
Given its biological heterogeneity, the high prevalence of
indolent (low-grade, clinically not signiﬁcant) disease, and
the desire for patient-speciﬁc treatment design, noninvasive
evaluation of tumor prognostic variables, including tumor
location, volume, aggressiveness, and extent, continues to be
of great clinical interest. Biopsy is essential for the diagnosis.
No consensus exists regarding the use of imaging for
evaluating primary prostate cancers. Ultrasound is mainly
used for biopsy guidance and brachytherapy seed placement.
Endorectal MRI is helpful for evaluating local tumor extent,
and MR spectroscopic imaging may provide information
about tumor aggressiveness. The use of CT is reserved for
advanced disease (Gleason grade > 7, clinical T3 lesion or
PSA > 20 ng/mL) and the search for nodal metastasis. The
use of positron emission tomography/computed tomography
(18F-FDG PET/CT) is limited in the assessment of primary
disease but is gaining acceptance in prostate cancer treatment
follow-up.

Initial Staging
• MRI is the method of choice for local staging.
• The primary role of MRI is to demonstrate tumor location,
extracapsular extension, and seminal vesicle invasion.
• Combined use of MRI and multivoxel MR spectroscopy
improves tumor detection.
• The use of US in staging is limited.
• CT is useful in demonstrating lymph node involvement or
distant metastasis.
• Bone scan is useful in detecting bone metastasis.
• ProstaScint scan may be helpful in detecting nodal
metastases in the pelvis.
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MRI Tips
• T2WI is the most useful sequence in tumor depiction and
staging.
• The use of dynamic contrast-enhanced MR imaging is
optional.
18

F-FDG PET Tips
• Urinary excretion may mask tumor, and 18F-FDG PET/CT
offers better detail.
• 18F-FDG PET is not helpful in detecting nodal and bone
metastases in primary setting.
• False-positive ﬁndings may occur in benign conditions,
such as inﬂammation.
Follow-Up
• Evaluate extent of local tumor recurrence and lymph node
status after radical prostatectomy.
• Changes in the prostate may limit evaluation for recurrent
tumor after radiation or hormonal treatment.
• In aggressive cancer only, 18F-FDG PET can identify lesions
in prostate bed, bone, and lymph nodes.

KEY REPORT ELEMENTS
Prostate Measurements
• Size: three dimensions (anteroposterior, transverse,
craniocaudal)
• Volume: (anteroposterior × transverse × craniocaudal)/2
• PSA (prostate-speciﬁc antigen) density: (serum PSA
level)/volume
T: Primary Tumor
• Location: base, midgland, or apex; peripheral zone or
transitional zone; anterior, anterolateral, posterior,
posterolateral
• Local extent:
䊊 Extracapsular extension:
䊊 Irregular bulging of prostatic capsule
䊊 Contour deformity with step-off or angulated margin
䊊 Overt disruption of capsule with direct tumor extension
䊊 Obliteration of rectoprostatic angle
䊊 Asymmetry of neurovascular bundles
䊊
Seminal vesicle invasion
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Axial T2-weighted MR image with endorectal coil shows a focal
low-signal intensity area (*) consistent with tumor in the right
peripheral zone posterolaterally. Note that the lesion causes
capsular bulging and thickening in the neurovascular bundle
(arrow), consistent with extracapsular extension.

Contiguous low T2 signal-intensity tumor extension into
and around seminal vesicles
䊊
Adjacent organ invasion: bladder, rectum
• Indicate if the lesion extends toward the region of the
neurovascular bundles
䊊

N: Lymph Nodes
• Size: two dimensions
• Increased number of lymph nodes or asymmetric
enlargement of lymph nodes on the same side as the
extracapsular extension is suspicious for metastasis
• Location:
䊊 Regional lymph nodes: internal iliac, obturator, external
iliac, sacral
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䊊

Distant lymph nodes: para-aortic, common iliac,
superﬁcial and deep inguinal

M: Metastases
• Most commonly to bones
TNM STAGING SYSTEM

Prostate:
Transitional zone
Peripheral zone
T2a
T2b

T2c
T3a

Rectum

Seminal vesicle

Seminal vesicle

T3b

T4

Rectum

T2c
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T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
T1
Clinically inapparent tumor neither palpable nor
visible by imaging
T1a
Tumor incidental histologic ﬁnding in 5% or less
of tissue resected
T1b
Tumor incidental histologic ﬁnding in more than
5% of tissue resected
T1c
Tumor identiﬁed by needle biopsy (e.g., because
of elevated PSA)
T2
Tumor conﬁned within prostate*
T2a
Tumor involves one half of one lobe or less
T2b
Tumor involves more than one half of one lobe
but not both lobes
T2c
Tumor involves both lobes
T3
Tumor extends through the prostate capsule†
T3a
Extracapsular extension (unilateral or bilateral)
T3b
Tumor invades seminal vesicle(s)
T4
Tumor is ﬁxed or invades adjacent structures
other than seminal vesicles: bladder neck,
external sphincter, rectum, levator muscles,
and/or pelvic wall
N—Regional Lymph Nodes
NX
Regional nodes were not assessed
N0
No regional nodal metastasis
N1
Metastasis in regional node(s)
M—Distant Metastasis‡
MX
Distant metastasis cannot be assessed (not
evaluated by any modality)
M0
No distant metastasis
M1
Distant metastasis
M1a
Nonregional lymph node(s)
M1b
Bone(s)
M1c
Other site(s) with or without bone disease
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G—Histologic Grade
GX
Grade cannot be assessed
G1
Well differentiated (slight anaplasia) (Gleason
2–4)
G2
Moderately differentiated (moderate anaplasia)
(Gleason 5–6)
G3–G4
Poorly differentiated/undifferentiated (marked
anaplasia) (Gleason 7–10)
*Tumor found in one or both lobes by needle biopsy, but not
palpable or reliably visible by imaging, is classiﬁed as T1c.
†
Invasion into the prostatic apex or into (but not beyond) the
prostatic capsule is classiﬁed not as T3 but as T2.
‡
When more than one site of metastasis is present, the most
advanced category is used.
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.

Stage Grouping

I

T1a

N0

M0

G1

II

T1a
T1b
T1c
T1
T2

N0
N0
N0
N0
N0

M0
M0
M0
M0
M0

G2, G3–G4
Any G
Any G
Any G
Any G

III

T3

N0

M0

Any G

IV

T4
Any T
Any T

N0
N1
Any N

M0
M0
M1

Any G
Any G
Any G
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TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• The optimal therapeutic approach varies widely; options
include watchful waiting, androgen ablation (chemical or
surgical castration), hormone therapy, radical surgery, and
various forms of radiation therapy (brachytherapy, external
beam irradiation).
• MR imaging can provide important information about the
size, location, and extent of the prostate cancer. This
information is useful for the surgeon to perform optimal
resection and minimize the possibility of urinary and
sexual dysfunction and positive surgical margins.
• MR imaging is also a very useful tool in radiation
treatment planning. Tumor mapping with MR imaging
optimizes dose delivery to the cancer foci and reduces the
risk of damage to normal tissue.
• Mean PSA is higher in 18F-FDG PET-positive than in
18
F-FDG PET-negative patients.
• 18F-FDG PET can monitor tumor response to chemotherapy
and hormonal therapy.
• 18F-FDG PET is helpful in identifying hormone-refractory
aggressive tumors.

SELECTED REFERENCES
Claus FG, et al: Pretreatment evaluation of prostate cancer: role of
MR imaging and 1H MR spectroscopy. RadioGraphics 24:167–180,
2004.
Engelbrecht MR, et al: Local staging of prostate cancer using
magnetic resonance imaging: a meta-analysis. Eur Radiol
12:2294–2302, 2002.
Pucar D, et al: Prostate cancer: correlation of MR imaging and MR
spectroscopy with pathologic ﬁndings after radiation therapy—
initial experience. Radiology 236:545–553, 2005.
Schoder H, et al: 2-[18F] Fluoro-2-deoxyglucose positron emission
tomography for the detection of disease in patients with
prostate-speciﬁc antigen relapse after radical prostatectomy. Clin
Cancer Res 11:4761–4769, 2005.
Thompson IM Jr, et al: Prostate. In Greene FL, Page DL, Fleming ID,
et al (eds): AJCC Cancer Staging Manual, 6th ed. New York,
Springer-Verlag, 2002, pp 309–316.
Yu KK, et al: Imaging prostate cancer. Radiol Clin North Am
38:59–85, 2000.

Ch023_X3251.qxd 20/9/06 3:27 PM Page 159

CHAPTER 23 TESTICULAR CANCER

23 Testicular Cancer
KEY CLINICAL AND IMAGING POINTS
Testicular tumors are rare, accounting for 1% of all male
malignancies, but they are the most common neoplasms in
young males (15–34 yr). They are also important because
more than 95% are curable. Approximately 95% of these
tumors are of germ cell origin and are malignant. The two
main categories are seminomas (40%–45%) and
nonseminomatous germ cell tumors (NSGCTs). The staging
system and methods are the same for both histologic groups.
Staging accuracy with imaging is vital, as major management
decisions are made on the basis of the presence of nodal or
pulmonary involvement.
A surveillance strategy may be adopted for NSGCT patients
with no evidence of metastases at staging.
Initial Staging
• CT is the staging modality of choice.
• Knowledge of the patterns of disease spread and potential
pitfalls is essential.
• MRI may be used for problem solving (e.g., possible IVC
invasion from intra-abdominal nodal spread, evaluation of
suspected liver or bone metastases).
• A chest radiograph may be useful as a baseline for followup if there is measurable disease, thus avoiding the need
for multiple CT scans and thereby reducing radiation
exposure in these young patients.
• Imaging of the brain should be routine in high-risk
patients, as the metastases are often asymptomatic.
• Brain metastases may be hemorrhagic.
CT Tips
• Opaciﬁcation of duodenum and proximal small bowel
with oral contrast material helps avoid confusion between
nodal metastasis and unopaciﬁed bowel.
• Intravenous contrast agent is useful for distinguishing
mildly enlarged lymph nodes from vessels.
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KEY REPORT ELEMENTS
T: Primary Tumor
• Imaging does not have a role in local staging.
N: Lymph Nodes
• Sites of nodal involvement
• Size of nodes (maximum short-axis diameter;
conglomerate nodal masses should be measured as for
other masses, i.e., perpendicular axial diameter and length)
• Character of lymph nodes. Nodal metastases from
seminoma tend to be of soft tissue attenuation, whereas
those from NSGCTs are frequently heterogeneous with
cystic change.
• The ﬁrst site of involvement in right-sided testicular
tumors is usually an interaortocaval node or right
paracaval node in the retroperitoneum caudal to the level
of the right renal vein/IVC junction.

CT showing a left para-aortic nodal metastasis (arrow) from a left
testis tumor.
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CT showing an interaorticocaval nodal metastasis (arrow) from a
right testis tumor.

• In left-sided tumors, the ﬁrst node involved is usually just
below the left renal vein.
• Contralateral lymph node involvement in the absence of
ipsilateral node involvement is very rare.
• Distinctions between stage I and stage II tumors are
crucial, as stage I tumors may be followed by means of
active surveillance.
• For nodes in the primary regional drainage, a node larger
than 6 mm has been considered abnormal. Other studies
have suggested that even smaller nodes, if visible at CT,
should be considered abnormal. If a suspicious node is the
only site of potential disease, then early follow-up, biopsy,
or PET scan is advised.
• The presence of suprarenal, retrocrural, and mediastinal
nodes is caused by direct cranial extension in seminoma;
spread is not usually contiguous in NSGCT.
• Supraclavicular lymphadenopathy may be present
secondary to spread to the chest via the thoracic duct.
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• Pelvic nodes may be involved if there is bulky retroperitoneal
lymphadenopathy as a result of retrograde extension or such
risk factors as cryptorchism or previous scrotal incision.
M: Metastases
• Hematogenous spread is predominately to the lung.
• More aggressive tumors spread to brain, bone, or liver.
• Unusual sites are kidneys, adrenal glands, muscle, spleen,
prostate, pleura, and peritoneum; these usually occur at
relapse rather than at presentation.
TNM STAGING SYSTEM

Interaortocaval node

Left
Kidney
Right
Kidney

Para-aortic node
Paracaval node

Left testicular
vein

Right testicular
vein

Testes
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T—Primary Tumor
The extent of the primary tumor is classiﬁed after radical
orchidectomy (pT).
pTX
Primary tumor cannot be assessed (if no radical
orchidectomy has been performed, TX is used)
pT0
No evidence of primary tumor (e.g., histologic scar
in testis)
pTis
Intratubular germ cell neoplasia (carcinoma in situ)
pT1
Tumor limited to testis and epididymis without
vascular/lymphatic invasion; tumor may invade the
tunica albuginea but not the tunica vaginalis
pT2
Tumor limited to testis and epididymis with
vascular/lymphatic invasion or tumor extending
through tunica albuginea with involvement of
tunica vaginalis
pT3
Tumor invades spermatic cord with or without
vascular/lymphatic invasion
pT4
Tumor invades scrotum with or without
vascular/lymphatic invasion
N—Regional Lymph Nodes
Clinical involvement
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Metastasis with a lymph node mass ≤ 2 cm in
greatest dimension or multiple lymph nodes none
> 2 cm in greatest dimension
N2
Metastasis with a lymph node mass > 2 cm but not
> 5 cm in greatest dimension; or multiple lymph
nodes, any one mass > 2 cm but not > 5 cm in
greatest dimension
N3
Metastasis with a lymph node mass > 5 cm in
greatest dimension
M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
M1a
Nonregional lymph node or pulmonary metastasis
M1b
Distant metastasis other than to nonregional lymph
nodes or lungs
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S—Serum Tumor Markers
SX
Marker studies not available or not performed
S0
Marker study levels within normal limits
S1
LDH < 1.5 × N* and hCG (mIU/mL) < 5000 and AFP
(ng/mL) <1000
S2
LDH 1.5–10 × N or hCG (mIU/mL) 5000–50,000 or
AFP (ng/mL) >1000–10,000
S3
LDH > 10 × N or hCG (mIU/mL) > 50,000 or AFP
(ng/mL) >10,000
*N = upper limit of normal for LDH assay.
AFP, α-fetoprotein; hCG, human chorionic gonadotropin; LDH,
lactate dehydrogenase.

Stage Grouping
0

pTis

N0

M0

S0

I
IA
IB

pT1–4
pT1
pT2
pT3
pT4
Any pT/TX

N0
N0
N0
N0
N0
N0

M0
M0
M0
M0
M0
M0

SX
S0
S0
S0
S0
S1–S3

Any
Any
Any
Any
Any
Any
Any

pT/TX
pT/TX
pT/TX
pT/TX
pT/TX
pT/TX
pT/TX

N1–N3
N1
N1
N2
N2
N3
N3

M0
M0
M0
M0
M0
M0
M0

SX
S0
S1
S0
S1
S0
S1

Any
Any
Any
Any
Any
Any
Any
Any

pT/TX
pT/TX
pT/TX
pT/TX
pT/TX
pT/TX
pT/TX
pT/TX

Any N
Any N
Any N
N1–N3
Any N
N1–N3
Any N
Any N

M1
M1a
M1a
M0
M1a
M0
M1a
M1b

SX
S0
S1
S2
S2
S3
S3
Any S

IS
II
IIA
IIB
IIC
III
IIIA
IIIB
IIIC
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TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Surveillance for stage I NSGCTs requires regular
monitoring with CT of the chest and abdomen during
the ﬁrst 2 years of follow-up.
• Chemotherapy is indicated for metastatic disease and is
curative in the majority of cases.
• Radiotherapy is used for patients with seminoma for stage
I and small-volume nodal metastases (stage II).
• Postchemotherapy CT is valuable for assessing the
presence and resectability of residual nodal masses.
• 18F-FDG PET has been shown to be of value in deﬁning
recurrent disease in residual masses and in patients with
elevated tumor markers.
• Cystic masses along lymph node chains after
lymphadenectomy may represent lymphoceles or
recurrent teratomatous elements.
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24 Penile Cancer
KEY CLINICAL AND IMAGING POINTS
Carcinoma of the penis is a rare disease. Most penile cancers
are squamous cell carcinomas. The etiology of carcinoma of
the penis is unclear, but the disease is seldom seen in
circumcised men and it is related to the presence of a
foreskin, irritant effects of smegma, and poor hygiene.
MRI is a useful tool to evaluate penile tumors, especially
when the tumor extends into the radix penis, which is
difﬁcult to evaluate clinically.
Initial Staging
• Imaging is generally not needed for detection because the
tumor is usually visible on physical examination.
• Imaging techniques of choice for local staging are the
following:
䊊
US is most often used as the ﬁrst imaging modality.
䊊
MRI provides better soft-tissue resolution and local
staging.
䊊
CT may be used to show lymphadenopathy, but both
US and MRI are superior to CT in the evaluation of the
primary lesion.
MRI Tips
• Penile cancers are usually hypointense relative to the
corpora on both T1- and T2-weighted images.
• On contrast-enhanced MRI, penile cancers enhance but less
so than the normal corporal bodies.

Follow-Up
• Evaluate treatment response and treatment-related
complications.

KEY REPORT ELEMENTS
T: Primary Tumor
• Size of tumor: if visible
• Local extension:
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A

B

Axial pre- (A) and postcontrast (B) T1-weighted MR images show
a penile mass with hemorrhagic and enhancing components.

• Look for evidence of invasion of corpus spongiosum or
cavernosum, urethra, prostate, adjacent structures.
• Depiction of tumor extension into the bulb of the penis
or across the urogenital diaphragm is important in
determining treatment options, which include radiation
therapy and surgery.

N: Lymph Nodes
• Bidimensional measurements
• Regional nodes: superﬁcial inguinal (femoral), deep
inguinal, obturator, internal and external iliac
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M: Metastases
• Lung, liver, bone
TNM STAGING SYSTEM

T2

T1
T3
Urethra

Pubic bone
T4
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T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Tis
Carcinoma in situ
Ta
Noninvasive verrucous carcinoma
T1
Tumor invades subepithelial connective tissue
T2
Tumor invades corpus spongiosum or
cavernosum
T3
Tumor invades urethra or prostate
T4
Tumor invades other adjacent structures
N—Regional Lymph Nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Metastasis in a single superﬁcial inguinal lymph
node
N2
Metastasis in multiple or bilateral superﬁcial
inguinal lymph nodes
N3
Metastasis in deep inguinal or pelvic lymph
node(s), unilateral or bilateral
M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.
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Stage Grouping

0

Tis
Ta

N0
N0

M0
M0

I

T1

N0

M0

II

T1
T2
T2

N1
N0
N1

M0
M0
M0

III

T1
T2
T3
T3
T3

N2
N2
N0
N1
N2

M0
M0
M0
M0
M0

IV

T4
Any T
Any T

Any N
N3
Any N

M0
M1
M1

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Treatment depends on the degree of involvement and
ranges from partial penile amputation to total penectomy.
• Depiction of tumor extension into the bulb of the penis or
across the urogenital diaphragm is important in
determining treatment options, which include radiation
and surgery.
• Survival decreases markedly with cavernosal invasion or
with spread to regional lymph nodes.
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25 Lymphoma: Hodgkin
Disease and
Non-Hodgkin Lymphoma

KEY CLINICAL AND IMAGING POINTS
Early stage Hodgkin disease (HD) is curable, and many
subtypes of non-Hodgkin lymphoma (NHL) are also
compatible with long-term survival. Imaging plays a central
role in determining the type of treatment, including
radiotherapy, chemotherapy, or a combination of both; in
monitoring the response to treatment; and in the detection of
relapse.
HD is less common than NHL, with its incidence remaining
fairly stable. More than 80% of patients present with stages
I–II disease.
The incidence of NHL is increasing (approximate increase of
60% over past 45 yr). The increase affects all age groups but
is more common with advancing age.
HD and NHL may both manifest widespread nodal and
visceral involvement or single nodal group involvement.
NHL involves organs more frequently than HD, and singleorgan involvement without nodal disease is very rare in HD.
Although extranodal disease is much more common in NHL,
the majority of presentations still show nodal enlargement.
NHL varies more than HD in its range of aggressiveness. With
low-grade disease, lymphadenopathy may be intermittent and
the disease may run an indolent course. The average age at
diagnosis is 55 to 60 years; this disease is rarely seen in the
young. Intermediate-grade NHL is seen in a slightly younger
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age group (50–55 yr) and may show extranodal disease.
Systemic symptoms are more common in HD than NHL, and
high-grade lymphomas are more likely than low-grade ones to
manifest with systemic symptoms.
Initial Staging
• CT scanning is the imaging modality of choice for both
staging and follow-up.
• MRI has comparable accuracy to CT in lymph node
detection but is not so widely available, and the technique
is slow compared with CT.
• MRI is superior to CT in cases of musculoskeletal and
central nervous system (CNS) involvement.
• 18F-FDG PET/CT is likely to become a routinely used
method of investigation in both NHL and HD in initial
staging, restaging, and evaluation of recurrence.
• A baseline chest radiograph should also be obtained, since
when measurable disease is present radiography can be
used to assess response, thereby reducing the radiation
burden.
Hodgkin Disease
• The spread of disease tends to be contiguous from one
nodal group to an adjacent group.
• The most common site of involvement is the cervical
region (60%–80%).
• The mediastinum is commonly involved—prevascular and
pretracheal (84%), hilar (28%), and subcarinal (22%) nodes.
Ten percent of patients with mediastinal nodes on CT
have a normal chest radiograph.
• Hilar nodal involvement without mediastinal nodes is
rare.
• Axillary involvement is seen in 6% to 20% at the time of
diagnosis.
• Large mediastinal masses may directly invade the chest
wall and pericardium, the latter occurring in 6% of cases.
• Twenty percent of patients present with inguinal
lymphadenopathy.
• Thirty percent to 50% of patients have thymic involvement
that may be indistinguishable from adjacent adenopathy.
Benign thymic rebound may develop after chemotherapy,
but it cannot always be differentiated from recurrence
(even with use of 18F-FDG PET).
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• Parenchymal lung involvement is associated with
mediastinal involvement, usually by direct invasion from
the involved nodes.
• Splenic enlargement occurs in 30% to 40% of patients and
in 10% is the only site of disease, but isolated
subdiaphragmatic nodal involvement is uncommon.
• Extranodal disease in isolation is extremely rare. If
extranodal disease is found, there should be a high
index of suspicion and a thorough search for disease
elsewhere.
• One third of patients with splenic involvement have a
normal sized spleen, and in one third of those with
splenomegaly, the spleen is not involved by tumor.
• Celiac, splenic, hilar, and porta hepatis nodes are involved
in 30% of cases.
• Five percent have liver involvement, usually in association
with splenic disease. This is often diffuse and difﬁcult to
detect.
• Secondary cerebral involvement is so rare as to suggest a
second pathologic condition if a space-occupying lesion is
found in association with HD.
• Spinal involvement may occur late in the disease,
characteristically with extension of nodal disease through
the intervertebral foramina, leading to dural compression
by an epidural mass.
• Primary bone disease itself is rare but soft-tissue disease
may invade bone. Marrow involvement, although also rare
at presentation, affects 5% to 15% of patients late in the
disease.
Non-Hodgkin Lymphoma
• Lymph node involvement does not follow the contiguous
pattern of HD but rather is random.
• There is a high incidence of extranodal disease and
marrow involvement. More than 85% of patients have
stage III or IV disease.
• Extranodal disease is seen in 40% of patients.
• Mediastinal nodes are less common (25%–40%) at
presentation than in HD.
• Retroperitoneal and mesenteric disease is seen in 50% of
patients. Nodal involvement is often noncontiguous and
bulky. Primary extranodal lymphomas are almost
exclusively seen in NHL.
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• In cases of primary extranodal disease, the regional nodes
are often involved.
• Pulmonary parenchymal and pleural disease may be seen
without nodal involvement.
• The spleen is involved in 40% of cases during the course of
disease. Primary splenic NHL is rare.
• Liver involvement is more common in NHL, occurring in
15% at presentation. Hepatomegaly is highly suggestive of
inﬁltration.
• The gastrointestinal tract is the most common site of
primary extranodal disease.
• In both primary and secondary forms, the stomach is the
most frequently involved, followed by small bowel, large
bowel, and esophagus. Disease may be multicentric.
• Primary pancreatic disease occurs in 2% of cases, and
secondary disease is usually by direct extension from
nodal disease.
• The genitourinary tract is very rarely involved at
presentation, but it is involved in 50% of patients with
end-stage disease. The most common site is the testicle,
followed by the kidney and perirenal space.
• Renal involvement is commonly found after death (50%),
but most of these instances are not detected by imaging
(only 3%). The usual appearance is of multiple masses that
enhance less than the renal parenchyma. In most cases
there is no associated lymphadenopathy in the
retroperitoneum. Involvement can also be by direct
invasion from nodes or inﬁltration of the perirenal soft
tissue, which may encase the kidney.
• Bone marrow involvement is found in 20% to 40% at
presentation.
Lymphoma in the Immunocompromised Patient
• Extranodal sites are most commonly involved, especially
the gastrointestinal tract, central nervous system, liver, and
bone marrow. More than 75% of such patients have
multifocal extranodal disease. Only 30% have peripheral
nodal involvement at presentation.
• The tumors are usually advanced and aggressive with
bulky disease.
• In the thorax, pleural effusions and pulmonary
parenchymal disease are common, with the mediastinal
nodal disease being relatively mild.
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• Gastrointestinal tract, liver, renal, adrenal, and lower
genitourinary tract involvement are common; nodal
disease is usually mild.
• In the central nervous system, primary lymphoma tends to
show a greater degree of rim enhancement and
multifocality.
Post-Treatment Follow-Up
• Achievement of complete remission (CR) is the most
important prognostic factor. The ﬁnal evaluation of
response at or within one month of completion of
treatment is crucial. CR is present when there is no
disease at the previously involved sites. Interim scans
during treatment may be undertaken to assess response
and to aid decisions regarding treatment.
• 18F-FDG PET scans are increasingly being used early in the
treatment regimen in NHL to predict the outcome more
accurately than CT, thus allowing an early change in
therapy and reducing toxicity.
• If there is measurable disease on chest radiographs,
radiography may be used, but CT is needed to assess
changes due to radiotherapy, thymic rebound, etc.
• Residual masses are a particular problem in lymphoma.
These consist of nodes in which ﬁbrous, nonactive tissue
persists. They are more common when there has been
bulky disease initially. There is no obvious correlation
between the presence of a residual mass and relapse rate.
• CT cannot distinguish between viable tumor and ﬁbrosis.
If masses are static after 1 year, they are considered
inactive.
• Masses generally show reduced signal intensity on T2W
MRI following treatment. If they remain heterogeneous or
with high signal foci, this has a higher speciﬁcity and
positive predictive value for persistent disease, but edema
and cystic change may result in false-positive ﬁndings.
• 18F-FDG PET has a high positive predictive value (PPV) for
residual disease and relapse, but careful clinical correlation
is needed to avoid false-positive results attributable to
reactive or inﬂammatory change.
CT Tip
• Water provides an excellent oral contrast agent for
identifying multiple sites of gastrointestinal tract
involvement.
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CT showing large conglomerate retroperitoneal lymphomatous
mass invading the left kidney and perinephric space and encasing
the inferior vena cava. Note compressed bowel.

Nuclear Medicine Tips
• This is less frequently used now because of the availability
of 18F-FDG PET.
• Gallium-67 scintigraphy can be useful in staging and
restaging, evaluation of recurrence or distant metastases,
and assessment of response to therapy.
• Gallium-67 scintigraphy can show false-positive ﬁndings
in the presence of infection, inﬂammation, granulomatous
disease (such as sarcoidosis), or tuberculosis.
• There may be false-positive results at 18F-FDG PET in
reactive lymph nodes, inﬂammatory or infectious
processes (such as sarcoidosis), and post-therapy thymic
rebound.
• There may be false-positive uptake at 18F-FDG PET
throughout marrow in patients who have received G-CSF
(granulocyte colony stimulating factor) therapy.
• False-negative results may occur at 18F-FDG PET in
mucosa-associated lymphoid tissue (MALT) and in lesions
smaller than 1 cm in diameter, and in particular in lowgrade lymphoma.
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• Uptake in brown fat in the neck, supraclavicular region,
and mediastinum is physiologic and can lower sensitivity
of detecting disease at these sites (unless 18F-FDG PET/CT
is performed).
KEY REPORT ELEMENTS
• Lymph nodes larger than the threshold for the upper limit
of normal for the region should be documented. The
average nodal size should be documented for each group
of enlarged nodes. A conglomerate mass of nodes should
be measured.
• Nodal sites and short-axis dimensions should be
accurately recorded.
• In HD, there should be careful investigation of the next
contiguous group of nodes, as this would be the next
expected site of disease.

T2W MRI showing left paraspinal mass (large arrows) extending
into the spinal canal through the intervertebral foramen at
D12/L1. Note mass in left paraspinal muscles (small arrow).
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PET/CT showing uptake of 18FDG by multiple nodes in the
abdomen and pelvis. A focal hot spot in the right iliac bone
(arrow) indicates stage IV disease. (Courtesy of Dr. Gary Cook,
Royal Marsden Hospital, Surrey, UK.)

• In NHL, organ involvement should be measured where
possible (e.g., size of renal masses).
• In NHL, diffuse, ill-deﬁned lesions are common (e.g.,
perirenal inﬁltration). These are not measurable, but the
extent should be described.
• Complications of disease should be assessed (e.g., the
presence and degree of hydronephrosis).
• Pertinent negative statements are important (e.g., normal
splenic size).
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STAGING OF LYMPHOMA (COTSWOLD
CLASSIFICATION)

IV

III

I

II
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Stage
I
II
III

III(I*)
III(2*)
IV

Area of Involvement
One lymph node region or extralymphatic site
Two or more lymph node regions on the same
side of the diaphragm
Involvement of lymph node region or structures
on both sides of diaphragm, subdivided as
follows:
With involvement of spleen and/or splenic hilar,
celiac, and portal nodes
With para-aortic, iliac, or mesenteric nodes
Extranodal sites beyond those designated E

Additional Qualiﬁers
A
No symptoms
B
Fever, sweats, weight loss (up to 10% body weight)
E
Involvement of single extranodal site, contiguous
in proximity to a known nodal site
X*
Bulky disease
Mass >1/3 thoracic diameter at T5
Mass >10 cm maximum dimension
CE*
Clinical stage
PS*
Pathologic stage: PS at a given site denoted by a
subscript (e.g., M = marrow, H = liver, L = lung,
O = bone, P = pleura, D = skin)
*Modiﬁcations from Ann Arbor system.

CRITERIA OF RESPONSE
• Complete remission (CR): complete disappearance of all
radiographic evidence of disease. Nodes and nodal
masses of disease have regressed to < 1.5 cm in greatest
transverse diameter for nodes > 1.5 cm before therapy.
Previously involved nodes 1.1–1.5 cm in greatest
transverse diameter have regressed to ≤ 1 cm in greatest
transverse diameter after therapy. The spleen, if
enlarged by CT criteria, must have regressed.
• Complete remission, unconﬁrmed (CRu): where there is a
residual nodal mass ≥ 1.5 cm maximum transverse
diameter that has regressed by > 75% of the sum of the
products of greatest diameters (SPD).
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• Partial remission (PR): ≥50% decrease in SPD of largest
nodes/masses. No increase in size of spleen, lymph
nodes, liver. Splenic and hepatic nodules decreased by
50%.
• Progressive disease (PD): 50% or greater increase from
nadir in the SPD of any previously identiﬁed abnormal
node for PRs or nonresponders, or appearance of any
new lesion during or at the end of therapy.
• Relapse from CR or CRu: appearance of any new lesion
or increase by 50% or more in the size of previously
involved sites. 50% increase in greatest diameter of any
previously identiﬁed node ≥ 1 cm in its short axis or in
the SPD of more than one node.

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• The extent of disease deﬁned on initial imaging dictates
treatment in HD and also in NHL.
• Low-grade lymphoma may be monitored rather than
treated.
• Early stage disease can be treated curatively with
radiotherapy.
• More advanced disease requires chemotherapy and other
systemic therapies.
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26 Multiple Myeloma
KEY CLINICAL AND IMAGING POINTS
• Multiple myeloma is the most common primary bone
neoplasm, arising from a single clone of malignant plasma
cells in the bone marrow.
• The malignant plasma cells produce a protein (protein M)
that is detectable (using immunoﬁxation and
immunoelectrophoresis techniques) in blood and/or urine
in nearly all cases.
• Marrow involvement at imaging may be solitary
(plasmacytoma) or multifocal (multiple myeloma).
• Plasmacytoma occurs in approximately one third of
patients and often eventually becomes multifocal (multiple
myeloma).
• Multifocal areas of involvement (in multiple myeloma)
most commonly involve pelvic bones, spine, rib cage,
sternum, and skull.
Initial Staging
• The Durie-Salmon staging system is most often used and
is based on clinical and radiologic ﬁndings to provide an
estimate of the total burden of myeloma cells in the body.
䊊 The amount of protein M, serum hemoglobin level,
serum calcium level, and renal function must be
determined.
䊊 The number of lytic bone lesions should be noted on a
radiographic skeletal survey.
• More recently, serum β-2 microglobulin, albumin, and
C-reactive protein levels and the plasma cell labeling
index have been found to be important prognostic
factors.
• No standardized imaging protocols are universally
accepted. Clinicians may request more than one modality
to evaluate the extent of disease (number of lesions) to
facilitate staging.
• A radiographic skeletal survey (including lateral skull, AP
and lateral spine, AP pelvis, ribs, humeri, and femurs) is
frequently used.
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• MRI is preferable in assessment of the spine, particularly
vertebral collapse, epidural extension, and cord
compression.
• Whole-body MRI of marrow can be used to assess the
overall burden of disease.
• CT is useful in evaluation of focal disease at any location.
With helical technique, a total spine survey is utilized
more frequently, particularly in patients who are unable to
undergo MRI.
• Conventional radionuclide bone scan frequently
gives false-negative results. The Tc99m-sestamibi scan
and the 18F-FDG PET scan are considered more
sensitive.
• 18F-FDG PET is sensitive in assessing the extent of disease
at the time of initial diagnosis, contributing to staging that
is more accurate.
• 18F-FDG PET is also useful for assessing response to
therapy and in differentiating post-treatment changes and
residual or recurrent tumor.
Radiographic Skeletal Survey Tips
• Five main patterns of bony ﬁndings may be seen at
radiography:
䊊
Normal bony density
䊊
Generalized osteopenia, without focal changes
䊊
Solitary lytic lesion
䊊
Multiple lytic lesions (typically small, similar-sized
lesions; often subcortical; may coalesce into larger lesions)
䊊
Sclerotic bony lesions (much less common)
• Assess for vertebral body collapse and pathologic fractures.
CT Tips
• Multidetector CT is useful for deﬁning lytic or blastic bony
lesions.
• Note that multiple myeloma is no longer considered an
absolute contraindication to the administration of
intravenous contrast material as long as the patient’s renal
function is normal and the patient is well hydrated before
and after the procedure.
MRI Tips
• Findings may include the following:
䊊 Normal
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Vertebral compression deformity/fracture (single or
multiple levels)
䊊 Diffuse heterogeneous signal intensity of marrow
䊊 Multiple focal lesions, sometimes resembling “punchedout” pattern on T1WI
䊊 Enhancement of lesions (focal or diffuse) after contrast
administration
• Spin-echo T1-weighted, fat-suppressed T2-weighted, and
STIR sequences are useful, as are gadolinium-enhanced
fat-suppressed T1-weighted sequences, to fully
characterize the extent and nature of marrow ﬁndings.
䊊

Nuclear Medicine Study Tips
• Tc99m MDP bone scan: lesions may show as osteopenic
areas
• Tc99m sestamibi scan: lesions show as areas of increased
uptake
• 18F-FDG PET scan: lesions show as areas of increased
standardized uptake values (SUVs)
• Pitfalls:
18
䊊
F-FDG PET may produce false-negative ﬁndings in
some lytic lesions.
18
䊊
F-FDG PET may show false-positive ﬁndings in
inﬂammatory or infectious processes involving bone.
䊊
99mTc MDP bone scan often results in false-negative
ﬁndings.
KEY REPORT ELEMENTS
• Overall number of lesions (one, two, or more)
• Local extent of lesion(s)
• Spine: report levels of collapse; paraspinal and epidural
extension; cord compression
• Follow-up after treatment:
䊊
Assess response in terms of reduction in tumor size,
reconstitution of normal marrow signal (at MRI), and
decrease of metabolic activity (at PET scanning).
䊊
Assess for complications of treatment, such as avascular
necrosis or spinal fracture (due to steroid therapy) and
infection (due to immunosuppression caused by
cytotoxic chemotherapy).
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Lateral skull radiograph showing classic lytic lesions of various
sizes due to myelomatous involvement of bone.

Axial CT image through base of the skull shows destructive
change of the clivus on the right side (arrow)
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A
A, Sagittal T1-weighted MR image of lumbar spine shows partial
collapse of L2 vertebral body (arrow) with low T1 signal lesions
scattered diffusely throughout the marrow.
Continued on next page
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B
B, Axial T1-weighted MR image of the thoracic spine
demonstrates destructive process of bone with epidural (black
arrow) and paraspinal (white arrow) extension.

DURIE-SALMON STAGING SYSTEM
Stage
I

Deﬁnition
All of following criteria must be met:
hemoglobin > 10.0 g/dL; serum calcium ≤ 12
mg/dL, 0–1 bone lesions on radiographic skeletal
survey; serum IgG < 5 g/dL; serum IgA < 3 g/dL;
and urine M-protein < 4 g/24 hr

II

Patient ﬁts neither stage I nor stage III criteria

III

At least one of the following criteria must be met:
hemoglobin < 8.5 g/dL; serum calcium > 12 mg/dL;
two or more lytic bone lesions on radiographic
skeletal survey; serum IgG > 7 g/dL; serum IgA >
5 dL; or urine M-protein > 12 g/24 hr

Patients are further subclassiﬁed as (A) serum creatinine < 2.0 mg/dL
and (B) serum creatinine ≥ 2.0 mg/dL.
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TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Imaging ﬁndings can guide the selection of site(s) for bone
biopsy, potentially avoiding false-negative results if routine
iliac crest biopsy was performed in a patient with focal or
multifocal bone involvement not involving the crest.
• The extent of marrow involvement demonstrated at MRI is
predictive of overall prognosis.
• MRI can be used to deﬁne radiation ports in cases of
plasmacytoma.
• Imaging ﬁndings are used to assess treatment effect in
marrow. Prognosis is better for patients whose extent of
marrow involvement decreases or resolves.
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27 Carcinoma of the
Oral Cavity
KEY CLINICAL AND IMAGING POINTS
More than 90% of cancers of the oral cavity are squamous
cell. The most common sites of involvement are the anterior
two thirds of the tongue (26%) and the lip (23%), followed by
the ﬂoor of the mouth (16%) and minor salivary glands
(11%); other sites include buccal mucosa and the hard palate.
The incidence of and mortality from oral cavity cancer have
been declining over the past few decades. About 15% of
patients have synchronous cancers in nearby sites, including
the larynx, esophagus, or lung. Tobacco and alcohol use
increase the risk of a recurrent or a second oral cavity tumor.
Initial Staging
• Imaging techniques of choice for local staging are contrastenhanced CT and MRI.
• CT is the main imaging study used:
䊊
Very quick scan time with multidetector CT scanners;
covers the primary tumor and entire neck
䊊
Better than MRI for early detection of direct cortical
bone invasion
䊊
More susceptible to dental amalgam artifact, which may
obscure pathology
• MRI:
䊊
Better than CT if patient is able to lie still
䊊
Demonstrates tumor-muscle interface and perineural
spread better
䊊
Swallowing and motion (during much longer scan time)
may cause degradation of images.
䊊
Preferred imaging modality for hard palate tumors
• CT is the technique of choice for staging the regional
lymphatics in the neck:
䊊
Early detection of extracapsular spread, which is
generally not seen on MRI
䊊
Detects focal metastasis/necrosis within normal-sized
lymph nodes earlier than MRI
• Distant metastases are extremely rare at presentation.
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• Patients who have locoregionally advanced tumor are at
increased risk for distant metastasis, especially to the
lungs.
• Noncontrast chest CT may be indicated to assess for
distant metastasis.
CT Tips
• Intravenous contrast agent must be used.
• Axial and coronal imaging are needed to fully assess local
extension.
MRI Tips
• Pre- and post contrast scans are essential.
• Precontrast T1WI is useful in differentiating tumor from
surrounding fat, detecting neurovascular bundle
encasement (sublingual space), and detecting marrow
involvement.
• Sagittal T2WI is helpful in assessing the extent of oral
tongue tumor.
• Postcontrast fat-saturated T1WI is helpful in differentiating
tumor from muscle and fat and in detecting perineural
spread of disease.
18

F-FDG PET Tips
• No cost-effective role has been shown for routine 18F-FDG
PET scanning in initial staging.
• 18F-FDG PET can be useful in staging spread to the neck in
selected patients.
• 18F-FDG PET can be useful in evaluation of recurrence and
response to therapy.
• 18F-FDG PET pitfalls:
䊊 False-positive ﬁndings in inﬂammation or infection
䊊 False-negative ﬁndings in small nodal metastases

KEY REPORT ELEMENTS
T:
•
•
•

Primary Tumor
Size of the tumor: three dimensions
Location: specify site within the head and neck area
Local extent:
䊊 Oral tongue/ﬂoor of mouth tumors:
䊊 Extension of tumor across midline ﬁbrofatty septum
䊊 Proximity to or involvement of neurovascular bundle
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Extension into extrinsic muscles of tongue
(genioglossus, hyoglossus, palatoglossus, and
styloglossus)
䊊
Relationship to sublingual glands, Wharton’s duct
䊊
Relationship to inner cortex of mandible
䊊
Perineural spread along inferior alveolar nerve
(especially with minor salivary gland tumors)
Buccal mucosa/retromolar trigone tumors:
䊊
Involvement of ascending ramus of mandible
䊊
Involvement of pterygomandibular raphe, which
allows tumor access into buccal space, pterygoid
musculature and pterygoid plates, posterior maxillary
alveolar ridge, or skull base
䊊
Involvement of skin of face
Hard palate tumors:
䊊
Submucosal extent
䊊
Invasion of maxillary bone and extension into the
nasal cavity or maxillary sinus
䊊
Perineural spread along the greater and lesser
palatine nerves/pterygopalatine fossa, particularly
in adenoid cystic carcinoma
䊊

䊊

䊊

A
CT images show (A) right oral tongue cancer (arrows) that crosses
to the left of the midline.
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B

C
B, Cancer invades right-sided ﬂoor of mouth/mylohyoid muscle
(black arrow) and right sublingual space/neurovascular bundle
(white arrow), with obstruction of right submandibular duct
(arrowheads). C, Cancer invades mandible anteriorly (arrow).
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䊊

Upper and lower alveolus (gums) tumors:
䊊 Invasion of cortical bone
䊊 Superﬁcial erosion of bone or tooth socket by a
gingival primary tumor should be noted but is not
sufﬁcient to classify the tumor as T4.

N: Lymph Nodes
• Risk of nodal metastases is site-dependent: buccal
mucosa/oral tongue/ﬂoor of mouth > hard palate/upper
gum.

I

II

III
VI
V

IV

Diagram of lymph node levels in the neck. Level I: submental,
submandibular. Level II: jugulodigastric or upper jugular. Level III:
jugulo-omohyoid or midjugular. Level IV: supraclavicular lower
jugular. Level V: upper and lower spinal accessory, transverse
cervical, supraclavicular. Level VI: central compartment.
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• First echelon lymph nodes at levels I to III
• Level IV or V metastasis is rare in absence of
lymphadenopathy at levels I to III.
• Size criteria are not universally accepted.
• Normal-sized lymph nodes can have focal metastasis
or necrosis that is more easily seen on CT than on
MRI.
• Round morphology of lymph node is more likely to be
metastatic.
• Extracapsular nodal spread is generally seen in larger
lymph nodes but can be seen in small ones and is an
adverse prognostic factor.
• Evaluate for encasement of internal carotid artery
M: Metastases
• Rare
TNM STAGING SYSTEM
Imaging ﬁndings at MRI or CT described above constitute
key elements in deﬁning the TNM stage of oral cavity
tumors. Lip cancers are imaged only when locally
advanced.
T staging is based on the greatest dimension of the primary
tumor and extension into adjacent structures.
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T1

T2
Body of tongue

T3
T4a

Mandible
Genioglossus muscle

Body of tongue

T4b

Mandible
Medial pterygoid
muscle

T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Tis
Carcinoma in situ
T1
Tumor ≤ 2 cm in greatest dimension
T2
Tumor > 2 cm but ≤ 4 cm in greatest dimension
T3
Tumor > 4 cm in greatest dimension
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T4

T4a

T4b

(Lip) Tumor invades through cortical bone, inferior
alveolar nerve, ﬂoor of mouth, or skin of face (i.e.,
chin or nose)*
Tumor invades adjacent structures (e.g., through
cortical bone, into deep [extrinsic] muscle of
tongue [genioglossus, hyoglossus, palatoglossus,
and styloglossus], maxillary sinus, skin of face)
Tumor involves masticator space, pterygoid
plates, or skull base and/or encases internal carotid
artery

N—Regional Lymph Nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Metastasis in a single ipsilateral lymph node ≤ 3 cm
in greatest dimension
N2
Metastasis in a single ipsilateral lymph node > 3 cm
but ≤ 6 cm in greatest dimension; or in multiple
ipsilateral lymph nodes, none > 6 cm in greatest
dimension; or in bilateral or contralateral lymph
nodes, none > 6 cm in greatest dimension
N2a
Metastasis in a single ipsilateral lymph node > 3 cm
but ≤ 6 cm in greatest dimension
N2b
Metastasis in multiple ipsilateral lymph nodes, none
> 6 cm in greatest dimension
N2c
Metastasis in bilateral or contralateral lymph nodes,
none > 6 cm in greatest dimension
N3
Metastasis in a lymph node > 6 cm in greatest
dimension
M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
*Superﬁcial erosion alone of bone/tooth socket by gingival primary
tumor is not sufﬁcient to classify tumor as T4.
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.
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Stage Grouping

0

Tis

N0

M0

I

T1

N0

M0

II

T2

N0

M0

III

T3
T1
T2
T3

N0
N1
N1
N1

M0
M0
M0
M0

IVA

T4a
T4a
T1
T2
T3
T4a
T4b
Any T
Any T

N0
N1
N2
N2
N2
N2
Any N
N3
Any N

M0
M0
M0
M0
M0
M0
M0
M0
M1

IVB
IVB
IVC

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Surgical resection is the treatment of choice for most oral
cancers.
• Bulky tumors of the oral tongue that cross the midline and
need sacriﬁce of both neurovascular bundles are resectable
only with total glossectomy. Chemoradiation may be a
better option in such patients.
• Direct extension of oral cavity tumors through the
mylohyoid muscle into the submandibular space needs to
be differentiated from nodal metastases in the
submandibular space. Oral cavity tumors that extend
directly into the submandibular space need en bloc
through-and-through resection of the muscular diaphragm
of the mouth for complete excision.
• Tumors with gross invasion of the mandible require
segmental mandibulectomy.
• Marginal mandibulectomy is appropriate for tumors that
are in close proximity to or minimally invade the
mandibular cortex.
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28 Carcinoma of the
Oropharynx
KEY CLINICAL AND IMAGING POINTS
More than 90% of cancers of the oropharynx are squamous
cell. These tumors involve the posterior third of the tongue,
soft palate, tonsils, tonsillar pillars, and lateral and posterior
walls of the pharynx. Base of tongue tumors have a strong
propensity to spread to lymph nodes and can grow in either
an inﬁltrating or an exophytic pattern. Tumors of the tonsil,
tonsillar pillar, and soft palate differ substantially from each
other in behavior. Tumors of the tonsillar pillar tend to be
more superﬁcial and spread over a broad region, whereas
those of the tonsillar fossa are often advanced and bulky at
presentation. Adenoid cystic carcinoma of the soft palate is
often less aggressive, tends to linger in early stages, remains
superﬁcial for longer periods, and has a propensity for
perineural spread. Tumors of the pharyngeal walls often are
found at advanced stages and have a propensity to spread to
lymph nodes of the neck. Bilateral involvement is often seen.
Over the past few decades, the incidence of and mortality
from oropharyngeal cancer has been declining. If metastasis
has occurred, the prognosis for oropharyngeal cancer is poor.
After successful initial treatment, the chance of a second oral
cavity tumor developing is as high as 20%. About 15% of
patients have synchronous cancers in other nearby sites,
including the larynx, esophagus, or lung. Tobacco and
alcohol use increase the risk of a recurrent or a second
oropharyngeal tumor.
Initial Staging
• Imaging techniques of choice for local staging are contrastenhanced CT and MRI.
• CT is the main imaging study:
䊊
Scan time with multidetector CT scanners is fast,
covering the primary tumor and entire neck.
䊊
Coronal reformation from skull base to hyoid bone is
standard and necessary practice.

Ch028-X3251.qxd 22/9/06 4:59 PM Page 203

CHAPTER 28 CARCINOMA OF THE OROPHARYNX

CT is better for early detection of direct cortical bone
invasion.
䊊
CT is more susceptible to dental amalgam artifact,
which may obscure pathology.
• MRI:
䊊
MRI is better than CT if patient is able to lie still.
䊊
MRI better demonstrates tumor-muscle interface and
perineural spread
䊊
Swallowing and motion (during much longer scan time)
cause degradation of images.
䊊
MRI is the preferred imaging modality for soft palate
tumors.
• CT is the technique of choice for staging the regional
lymphatics in the neck:
䊊
CT allows early detection of extracapsular spread that is
generally not seen on MRI.
䊊
CT also detects focal metastasis/necrosis within
normal-sized lymph nodes earlier than MRI.
䊊

CT Tips
• Intravenous contrast must be used.
• Axial and coronal imaging are needed to fully assess local
extension.
MRI Tips
• Pre- and postcontrast scans are essential.
• Precontrast T1WI is useful in:
䊊
Differentiating tumor from surrounding fat (e.g.,
sublingual space, parapharyngeal space, pre-epiglottic
space)
䊊
Detecting mandibular and skull base invasion
• On T2WI, tumor is hyperintense to muscle.
• Postcontrast fat-saturated T1WI is helpful in differentiating
tumor from muscle or fat and in detecting perineural
spread of disease.
18

F-FDG PET Tips
18
F-FDG PET is useful in initial staging and restaging of
locoregionally advanced tumors, evaluation of recurrence,
and assessment of response to therapy.
• 18F-FDG PET can contribute to radiation treatment
planning.

•
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Post-Therapy Surveillance
• Evaluation of response after chemotherapy or radiation
can be difﬁcult.
• Diagnostic and functional (PET) imaging generally is
performed 12 weeks after completion of therapy to assess
treatment response. False-positive results may occur if
imaging is performed too early after completion of
therapy.
• Imaging may need to be performed earlier if progression
of disease is suspected.
• Patients are at risk for osteoradionecrosis of the mandible
after chemoradiation therapy. Early changes that may alert
the radiologist to the presence of osteoradionecrosis
include ill-deﬁned cortical disruption and trabecular
distortion of medullary bone.
KEY REPORT ELEMENTS
T:
•
•
•

Primary Tumor
Size of the tumor: three dimensions
Location
Local extent:
䊊
Base of tongue/lingual tonsil tumors:
䊊
Extension of tumor across midline
䊊
Proximity to or involvement of neurovascular bundle
䊊
Extension into extrinsic muscles of tongue
(genioglossus, hyoglossus, palatoglossus, and
styloglossus)
䊊
Extension into pre-epiglottic space and larynx
䊊
Extension into palatine tonsil, soft palate, and
nasopharynx
䊊
Extension into pharyngeal wall and hypopharynx
䊊
Palatine tonsil tumors:
䊊
Extension into soft palate and nasopharynx
䊊
Extension into base of tongue, pharyngeal wall, and
hypopharynx
䊊
Involvement of ascending ramus of mandible
䊊
Involvement of parapharyngeal space, pterygoid
muscles (medial and/or lateral), pterygoid plates, or
skull base
䊊
Encasement of internal carotid artery (surrounds
artery by > 270°)

Ch028-X3251.qxd 22/9/06 4:59 PM Page 205

CHAPTER 28 CARCINOMA OF THE OROPHARYNX

Right internal carotid artery (arrow) between level II nodal
metastasis (N) and primary tonsil tumor (*). Tumor does not
encase carotid artery.

䊊

䊊

Soft palate tumors:
䊊
Submucosal extent
䊊
Invasion of hard palate, maxillary bone, and
extension into the nasal cavity or maxillary sinus
䊊
Perineural spread along the greater and lesser
palatine nerves/pterygopalatine fossa, particularly in
adenoid cystic carcinoma
Pharyngeal wall tumors:
䊊
Extension into base of tongue and hypopharynx
䊊
Extension into palatine tonsil, soft palate, and
nasopharynx
䊊
Invasion of prevertebral musculature and fascia
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Precontrast sagittal T1WI showing base-of-tongue tumor sparing
pre-epiglottic fat (arrow).

䊊

Encasement of internal carotid artery (surrounds artery
by > 270°)

N: Lymph Nodes
• There is a high incidence of nodal metastases.
• There is a risk of bilateral nodal metastases in tumors that
approach or cross the midline.
• First echelon lymph nodes are at levels I to III (see
diagram of levels in Chapter 27); level II is most
commonly involved.
• Size criteria are not universally accepted.
• Normal-sized lymph nodes can have focal metastasis or
necrosis that is more easily seen on CT than on MRI.
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• Round morphology of lymph node is more likely to be
metastatic.
• Extracapsular nodal spread is generally seen in larger
lymph nodes but can be seen in small ones and is an
adverse prognostic factor.
• Encasement of internal carotid artery can be from large
level II lymphadenopathy and/or direct extension of
primary tumor through parapharyngeal space.
M: Metastases
• Patients with locoregionally advanced tumors are at
increased risk for distant metastasis, especially to the
lungs. Noncontrast chest CT is used to assess for distant
metastasis.
• Subcentimeter pulmonary metastases are below the
resolution of 18F-FDG PET scan and are best detected by
chest CT.
• Demonstration of low-volume pulmonary metastases does
not alter treatment of the primary tumor.
TNM STAGING SYSTEM
Imaging ﬁndings at MRI or CT described above constitute
key elements in deﬁning the TNM stage of oropharyngeal
tumors.
T staging is based on greatest dimension of the primary
tumor and extension into adjacent structures.

T1 ≤ 2 cm

T2
2–4 cm

A
Continued on next page

207

Ch028-X3251.qxd 22/9/06 4:59 PM Page 208

208

HEAD AND NECK TUMORS

T4a

B

Lateral pterygoid
plate
Lateral ptyergoid
muscle

Pharynx

T4b

Carotid artery
Base of
skull

C

T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Tis
Carcinoma in situ
T1
Tumor ≤ 2 cm in greatest dimension
T2
Tumor > 2 cm but not > 4 cm in greatest dimension
T3
Tumor > 4 cm in greatest dimension
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T4a

T4b

Tumor invades the larynx, deep/extrinsic muscle of
the tongue, medial pterygoid, hard palate, or
mandible
Tumor invades lateral pterygoid muscle, pterygoid
plates, lateral nasopharynx, or skull base or encases
carotid artery

N—Regional Lymph Nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Metastasis in a single ipsilateral lymph node, 3 cm
or less in greatest dimension
N2
Metastasis in a single ipsilateral lymph node, more
than 3 cm but not more than 6 cm in greatest
dimension; or in multiple ipsilateral lymph nodes,
none more than 6 cm in greatest dimension; or in
bilateral or contralateral lymph nodes, none more
than 6 cm in greatest dimension
N2a
Metastasis in a single ipsilateral lymph node more
than 3 cm but not more than 6 cm in greatest
dimension
N2b Metastasis in multiple ipsilateral lymph nodes, none
more than 6 cm in greatest dimension
N2c
Metastasis in bilateral or contralateral lymph nodes,
none more than 6 cm in greatest dimension
N3
Metastasis in a lymph node more than 6 cm in
greatest dimension
M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.
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Stage Grouping
0

Tis

N0

M0

I

T1

N0

M0

II

T2

N0

M0

III

T3
T1
T2
T3

N0
N1
N1
N1

M0
M0
M0
M0

IVA

T4a
T4a
T1
T2
T3
T4a
T4b
Any T
Any T

N0
N1
N2
N2
N2
N2
Any N
N3
Any N

M0
M0
M0
M0
M0
M0
M0
M0
M1

IVB
IVC

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Radiation (with or without chemotherapy) is the treatment
of choice for most oropharyngeal cancers.
• Laryngectomy (partial or total) becomes necessary in
addition to glossectomy if surgical resection is attempted
for base-of-tongue tumor extending into the pre-epiglottic
fat.
• Tumor encasing the internal carotid artery is not surgically
resectable for cure.
SELECTED REFERENCES
Kapoor V, et al: Role of 18F-FDG PET/CT in the treatment of head
and neck cancers: principles, technique, normal distribution, and
initial staging. AJR 184:579–587, 2005.
Shah JP, et al: Pharynx. In Greene FL, Page DL, Fleming ID, et al
(eds): AJCC Cancer Staging Manual, 6th ed. New York, SpringerVerlag, 2002, pp 33–45.
Som PM, et al (eds): Head and Neck Imaging, 4th ed. St. Louis,
Mosby, 2003.
Weber AL et al: Malignant tumors of the oral cavity and
oropharynx: clinical, pathologic, and radiologic evaluation.
Neuroimaging Clin North Am 13:443–464, 2003.
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29 Laryngeal Cancer
KEY CLINICAL AND IMAGING POINTS
Squamous cell carcinoma (SCCA) accounts for more than
95% of malignant neoplasms of the larynx. The TNM staging
system does not include nonepithelial tumors. The larynx has
three anatomic regions, each with its own TNM staging. The
supraglottic larynx (i.e., the portion above the level of the
true vocal cords) is composed of the false vocal cords, the
laryngeal side of the aryepiglottic folds, the upper
arytenoids, and the epiglottis, paraglottic, and pre-epiglottic
fat/spaces. The glottis includes the anterior and posterior
commissures in addition to the true vocal cords. The
subglottic larynx extends from inferior to the true vocal cords
to the inferior margin of the cricoid cartilage.
Initial Staging
• Accurate staging of the primary tumor (T) requires
knowledge of mucosal and deep extent of the lesion.
䊊
Superﬁcial/mucosal extent is assessed by endoscopic
examination.
䊊
CT and MR imaging are used to assess deep or
submucosal components that are blind to the
endoscope.
• Regional lymphadenopathy can be assessed by CT or
MRI.
• Metastatic adenopathy is most commonly seen with
supraglottic SCCA due to a rich lymphatic network.
• CT is preferred over MRI because it has fewer motion
(swallowing and breathing) artifacts.
• MRI is helpful when cartilage invasion is equivocal on
CT.
• CT of the chest and 18F-FDG PET can be used to assess for
distant metastases.
• 18F-FDG PET is useful in initial staging and restaging,
evaluation of recurrence, assessment of response to
therapy, and radiation treatment planning.
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CT Tips
• Coronal reformatted images are helpful for assessing
craniocaudal extent of the supraglottic tumors and
visualization of the superior margin of the true vocal
cords.
• Asymmetric or incomplete cartilage ossiﬁcation may be
mistaken for cartilage destruction by tumor.
• Cartilage sclerosis may be reactive due to inﬂammation
from abutment by tumor or tumor invasion.
MRI Tips
• Coronal imaging is helpful for depicting craniocaudal extent
of the tumor, but axial imaging is preferred in the subglottis.
• Check for cartilage invasion.
䊊
Replacement of medullary fat in regions where the
cartilage is ossiﬁed
䊊
Relative T2-hyperintensity and enhancement in
nonossiﬁed portions of the cartilage are suggestive of
cartilage invasion.
KEY REPORT ELEMENTS
• Knowledge of both mucosal and deep extents is essential
for accurate staging.
• Vocal cord ﬁxation is best assessed clinically.
T: Primary Tumor
Supraglottic SCCA
• Size of tumor: three dimensions
• Location of tumor
䊊
Tumor is limited to one subsite of the supraglottis (T1).
Subsites include the following:
䊊
Ventricular bands (false cords)
䊊
Arytenoids
䊊
Suprahyoid epiglottis
䊊
Infrahyoid epiglottis
䊊
Aryepiglottic folds (laryngeal aspect)
• Local extent:
䊊
Involvement of more than one subsite or other regions
(e.g., mucosa at the base of the tongue, vallecula,
piriform sinus) (T2)
䊊
Deep component within the paraglottic space, preepiglottic space, or invasion of the postcricoid tissues (T3)
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A
Supraglottic SCCA extending to the level of the true vocal cord.
Axial T1-weighted image (A) at the level of the true vocal cords:
tumor along the medial surface of the thyroid cartilage and
normal medullary fat within ossiﬁed thyroid cartilage (arrows).
Continued on next page

Caudal extent to glottis and subglottis (transglottic
tumor)
䊊
Extent of cartilage erosion
䊊
Minor (T3)
䊊
Extralaryngeal spread through the thyroid cartilage
(T4a)
䊊
Invasion of the prevertebral space, mediastinal
structures, or carotid encasement (T4b)
• Airway compromise
䊊
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B
Coronal T1-weighted image (B): craniocaudal extent within the
paraglottic space (long thin arrows), normal medullary fat within
the ossiﬁed thyroid cartilage (thick arrow).

Glottic SCCA
• Size of tumor: three dimensions
• Local extent:
䊊
Cord laterality, anterior or posterior commissure
䊊
One cord (T1a), both cords (T1b)
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Portion of the cord involved (e.g., anterior third or
posterior half)
䊊
Craniocaudal extension to supraglottis and/or subglottis
(T2)
䊊
Extent of deep components (within the paraglottic
space; T3)
䊊
Extent of cartilage erosion
䊊
Minor (T3)
䊊
Extralaryngeal spread through the thyroid cartilage
(T4a)
䊊
Invasion of the prevertebral space, mediastinal
structures, or carotid encasement (T4b)
• Airway compromise
䊊

Subglottic SCCA
• Size of tumor: three dimensions
• Local extent:
䊊
Limited to the subglottis (T1)
䊊
Craniocaudal extension
䊊
Extent of the deep components
䊊
Cricoid or thyroid cartilage invasion and/or
extralaryngeal spread (T4a)
䊊
Invasion of the prevertebral space, mediastinal
structures, or carotid encasement (T4b)
• Airway compromise
N: Lymph nodes
• Location (including laterality; see diagram of nodal levels
in Chapter 27), size, and number
• Necrosis
• Extracapsular extension, carotid encasement
• Internal jugular vein invasion or occlusion
M: Metastases
• CT of the chest and/or PET for advanced disease
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A

B
Glottic SCCA. Axial CT at the level of the true vocal cords (A):
thickened anterior half of the left vocal cord from SCCA (arrows).
Slightly higher image (B): submucosal extension within the
paraglottic space (arrows).
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A

B
Supraglottic SCCA. Axial CT (A) and T2-weighted MR image (B):
Note extralaryngeal extension (black arrow) through the thyroid
notch (white arrows).
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TNM STAGING SYSTEM
Supraglottis

T3

Pre-epiglottic
space
T1
Epiglottis

T1

Vocal fold
False cord

T2

Aryepiglottic fold
Trachea

Vocal ligament
T4a
Thyroid cartilage
Arytenoid
cartilage

A

Cricoid cartilage
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Glottis

T2b
Vocal ligament
T1a
Thyroid cartilage
Arytenoid cartilage
Cricoid cartilage

T3
Fixed vocal ligament

Epiglottis
Vestibule of larynx
Thyroid
cartilage
T2
T2

T4
Vocal
cord
Cricoid
cartilage

Trachea

B
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Subglottis
Epiglottis
Vestibule of larynx

Vocal cord

T2/T3
T1

T4
Cricoid cartilage
Trachea
Thyroid gland

C

T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Tis
Carcinoma in situ
Supraglottis
T1
Tumor limited to one subsite of supraglottis with
normal vocal cord mobility
T2
Tumor invades mucosa of more than one adjacent
subsite of supraglottis or glottis or region outside
the supraglottis (e.g., mucosa of base of tongue,
vallecula, or medial wall of piriform sinus) without
ﬁxation of the larynx
T3
Tumor limited to larynx with vocal cord ﬁxation
and/or invades any of the following: postcricoid
area, pre-epiglottic tissues, paraglottic space, and/or
minor thyroid cartilage erosion (e.g., inner cortex)
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T4a

T4b

Tumor invades through the thyroid cartilage, and/or
invades tissues beyond the larynx (e.g., trachea, soft
tissues of the neck, including deep extrinsic muscle
of the tongue, strap muscles, thyroid, or esophagus)
Tumor invades prevertebral space, encases carotid
artery, or invades mediastinal structures

Glottis
T1
Tumor limited to the vocal cord(s) (may involve
anterior or posterior commissure) with normal
mobility
T1a
Tumor limited to one vocal cord
T1b
Tumor involves both vocal cords
T2
Tumor extends to supraglottis and/or subglottis,
and/or with impaired vocal cord mobility
T3
Tumor limited to the larynx with vocal cord ﬁxation
and/or invades paraglottic space, and/or minor
thyroid cartilage erosion (e.g., inner cortex)
T4a
Tumor invades through the thyroid cartilage and/or
invades tissues beyond the larynx (e.g., trachea, soft
tissues of neck, including deep extrinsic muscle of
the tongue, strap muscles, thyroid, or esophagus)
T4b
Tumor invades prevertebral space, encases carotid
artery, or invades mediastinal structures
Subglottis
T1
Tumor limited to the subglottis
T2
Tumor extends to vocal cord(s) with normal or
impaired mobility
T3
Tumor limited to larynx with vocal cord ﬁxation
T4a
Tumor invades cricoid or thyroid cartilage and/or
invades tissues beyond the larynx (e.g., trachea,
soft tissues of neck, including deep extrinsic
muscles of the tongue, strap muscles, thyroid, or
esophagus)
T4b
Tumor invades prevertebral space, encases carotid
artery, or invades mediastinal structures
N—Regional Lymph Nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Metastasis in a single ipsilateral lymph node ≤ 3 cm
in greatest dimension
N2
Metastasis in a single ipsilateral lymph node > 3 cm
but ≤ 6 cm in greatest dimension; or in multiple
ipsilateral lymph nodes ≤ 6 cm in greatest
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dimension; or in bilateral or contralateral lymph
nodes ≤ 6 cm in greatest dimension
Metastasis in a single ipsilateral lymph node > 3 cm
but ≤ 6 cm in greatest dimension
Metastasis in multiple ipsilateral lymph nodes ≤ 6 cm
in greatest dimension
Metastasis in bilateral or contralateral lymph nodes,
≤ 6 cm in greatest dimension
Metastasis in a lymph node > 6 cm in greatest
dimension

N2a
N2b
N2c
N3

M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.

Stage Grouping

0

Tis

N0

M0

I

T1

N0

M0

II

T2

N0

M0

III

T3
T1
T2
T3

N0
N1
N1
N1

M0
M0
M0
M0

IVA

T4a
T4a
T1
T2
T3
T4a
T4b
Any T
Any T

N0
N1
N2
N2
N2
N2
Any N
N3
Any N

M0
M0
M0
M0
M0
M0
M0
M0
M1

IVB
IVC
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TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• There are both surgical and nonsurgical voice-conserving
treatment options that can be offered for various lesions.
• Tumor stage is a critical factor in deciding which treatment
or combination of treatments is most suitable.
• Accurate assessment of tumor location, extent, and
cartilage status is crucial, particularly when voiceconserving partial laryngectomies are contemplated.

SELECTED REFERENCES
Curtin HD: The larynx. In Som PM, Curtin HD (eds): Head and Neck
Imaging, 4th ed. St. Louis, Mosby, 2003.
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hypopharynx and larynx with 18F-ﬂuorodeoxyglucose, 123I-alphamethyl-L-tyrosine and 99mTc-hexakis-2-methoxyisobutylisonitrile.
Eur J Nucl Med Mol Imaging 29:324–330, 2002.
Kapoor V, et al: Role of 18F FDG PET/CT in the treatment of head
and neck cancers: principles, technique, normal distribution, and
initial staging. AJR 184:579–587, 2005.
Lev MH, et al: Larynx. Neuroimaging Clin N Am 8:235–256, 1998.
Shah JP, et al: Larynx. In Greene FL, Page DL, Fleming ID, et al (eds):
AJCC Cancer Staging Manual, 6th ed. New York, Springer-Verlag,
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30 Carcinoma of the
Nasal Cavity and
Paranasal Sinuses
KEY CLINICAL AND IMAGING POINTS
Squamous cell carcinoma constitutes the most common type
of malignant tumor of the paranasal sinuses and nasal cavity;
adenocarcinoma and mucoepidermoid carcinoma account for
10% to 20%. The majority of tumors of the paranasal sinuses
present with advanced disease, and cure rates are generally
poor (≤50%). The maxillary sinus is the most common site of
paranasal sinus cancer; tumors of the ethmoid sinuses, nasal
vestibule, and nasal cavity are less common, and tumors of
the sphenoid and frontal sinuses are rare.
Pretreatment evaluation and staging, as well as
multidisciplinary planning of treatment, are essential. Since
most treatment failures occur within 2 years, the follow-up of
patients must be frequent and meticulous during this period.
In addition, because nearly a third of these patients develop
second primary cancers in the aerodigestive tract, a lifetime
of follow-up is required.
Although metastases from both the nasal cavity and
paranasal sinuses may occur, locoregional recurrence
accounts for the majority of cancer deaths.
Initial Staging
• Imaging techniques of choice for local staging are contrastenhanced CT and MRI, which complement each other.
Limited literature on the use of 18F-FDG PET in these
tumors exists.
• CT:
䊊
Multidetector CT scanners have very quick scan time,
covering the primary tumor and entire neck.
䊊
Coronal reformation from skull base to hyoid bone is
standard and necessary practice.
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Both soft-tissue and bone algorithms are necessary for
all images.
䊊
CT is the imaging modality of choice for showing bone
detail (bone expansion, remodeling, erosion, bony or
cartilaginous matrix, calciﬁcations).
䊊
CT is the technique of choice for staging the regional
lymphatics in the neck, allowing early detection of
extracapsular spread that is generally not seen on MRI.
䊊
CT detects focal metastasis/necrosis within normalsized lymph nodes earlier than MRI.
• MRI:
䊊
MRI is better than CT for soft-tissue detail.
䊊
MRI easily differentiates tumor from postobstructive
inﬂammatory sinus disease.
䊊
MRI better demonstrates tumor-muscle interface and
perineural spread.
䊊
MRI is better for demonstrating orbital and intracranial
extension.
䊊

CT Tips
• Intravenous contrast agent must be used.
• Tumor is usually mildly enhancing.
• Axial and coronal imaging are needed to fully assess local
extension.
MRI Tips
• Always scan without and with contrast medium.
• Precontrast T1WI very useful in:
䊊
Differentiating tumor from surrounding fat (e.g., orbit,
pterygopalatine fossa)
䊊
Detecting skull base invasion
• T2WI differentiates tumor, which is of intermediate signal,
from high-signal postobstructive mucosal disease.
• Postcontrast fat-saturated T1WI is helpful in differentiating
tumor from muscle and fat in the orbit, evaluating
intracranial extension, and detecting perineural spread of
disease.
Post-Therapy Surveillance
• Baseline diagnostic and functional 18F-FDG PET imaging is
generally performed 12 weeks after completion of therapy.
• Imaging may need to be performed earlier if progression
of disease is suspected clinically.
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KEY REPORT ELEMENTS
T: Primary Tumor
• Size of tumor: three dimensions
• Location, including all anatomic subsites involved, since
overlapping involvement is not uncommon
• Local extent:
䊊
Nasal cavity and ethmoid sinus tumors:
䊊
Involvement of the medial wall or ﬂoor of the orbit,
maxillary sinus, palate, or cribriform plate
䊊
Involvement of anterior orbital contents, skin of nose
or cheek, anterior cranial fossa, pterygoid plates,
sphenoid or frontal sinuses

Coronal postgadolinium T1W MR image shows large
nasal/paranasal sinus tumor with intracranial and right
intraorbital invasion (arrows).
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Axial fat-suppressed T2-weighted MR image shows intermediatesignal tumor (*) in left nasal cavity with minimal extension into
left maxillary sinus (black arrow) and hyperintense
postobstructive inﬂammatory change (white arrow).

Involvement of orbital apex, brain, middle cranial
fossa, cranial nerves other than V2, nasopharynx, or
clivus
Maxillary sinus tumors:
䊊
Erosion or destruction of bony walls of maxilla
䊊
Extension into the hard palate and/or middle nasal
meatus
䊊

䊊
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䊊

䊊

䊊

Involvement of subcutaneous tissues, ﬂoor or medial
wall of orbit, pterygopalatine fossa, ethmoid sinuses
Involvement of anterior orbital contents, skin of
cheek, pterygoid plates, infratemporal fossa,
cribriform plate, sphenoid or frontal sinuses
Involvement of orbital apex, dura, brain, middle
cranial fossa, cranial nerves, nasopharynx, or clivus

N: Lymph Nodes
• Risk of nodal metastases is low.
• Size criteria are not universally accepted.
• Normal-sized lymph nodes can have focal metastasis or
necrosis that is more easily seen on CT than on MRI.
• Round morphology of lymph node is more likely to be
metastatic.
• Extracapsular nodal spread is generally seen in larger
lymph nodes but can be seen in small lymph nodes and is
an adverse prognostic factor.
• See diagram of nodal levels in chapter 27.
M: Metastases
• Patients who have locoregionally advanced squamous cell
carcinoma are at increased risk for distant metastasis,
especially to the lung.
• Adenoid cystic carcinoma has a higher propensity for lung
metastasis.
• Subcentimeter pulmonary metastases are below the
resolution of 18F-FDG PET scanning and are best detected
by noncontrast chest CT.
TNM STAGING SYSTEM
Imaging ﬁndings at MRI or CT described above constitute
key elements in deﬁning the TNM stage of nasal
cavity/paranasal sinus tumors.
T staging is based on involvement of anatomic subsites and
extension into adjacent structures.
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Maxillary sinus

T3

Dura
Extraocular
muscles

T4a

T4b

T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Tis
Carcinoma in situ
Nasal Cavity and Ethmoid Sinus
T1
Tumor restricted to any one subsite, with or
without bony invasion
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T2

T3
T4a

T4b

Tumor invading two subsites in a single region or
extending to involve an adjacent region within the
nasoethmoidal complex, with or without bony
invasion
Tumor extends to invade the medial wall or ﬂoor of
the orbit, maxillary sinus, palate, or cribriform plate
Tumor invades any of the following: anterior orbital
contents, skin of nose or cheek, minimal extension
to anterior cranial fossa, pterygoid plates, sphenoid
or frontal sinuses
Tumor invades any of the following: orbital apex,
dura, brain, middle cranial fossa, cranial nerves
other than V2, nasopharynx, or clivus

Maxillary Sinus
T1
Tumor limited to the maxillary sinus mucosa with
no erosion or destruction of bone
T2
Tumor causing bone erosion or destruction,
including extension into the hard palate and/or
middle nasal meatus, except for extension to
posterior wall of maxillary sinus and pterygoid
plates
T3
Tumor invades any of the following: bone of the
posterior wall of maxillary sinus, subcutaneous
tissues, ﬂoor or medial wall of orbit, pterygoid
fossa, ethmoid sinuses
T4a
Tumor invades anterior orbital contents, skin of
cheek, pterygoid plates, infratemporal fossa,
cribriform plate, sphenoid or frontal sinuses
T4b
Tumor invades any of the following: orbital apex,
dura, brain, middle cranial fossa, cranial nerves
other than maxillary division of trigeminal nerve V2,
nasopharynx, or clivus
N—Regional Lymph Nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Metastasis in a single ipsilateral lymph node 3 cm or
less in greatest dimension
N2
Metastasis in a single ipsilateral lymph node > 3 cm
but ≤ 6 cm in greatest dimension; or in multiple
ipsilateral lymph nodes, none > 6 cm in greatest
dimension; or in bilateral or contralateral lymph
nodes, none > 6 cm in greatest dimension
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Metastasis in a single ipsilateral lymph node > 3 cm
but ≤ 6 cm in greatest dimension
Metastasis in multiple ipsilateral lymph nodes, none
> 6 cm in greatest dimension
Metastasis in bilateral or contralateral lymph nodes,
none > 6 cm in greatest dimension
Metastasis in a lymph node > 6 cm in greatest
dimension

N2a
N2b
N2c
N3

M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.

Stage Grouping

0

Tis

N0

M0

I

T1

N0

M0

II

T2

N0

M0

III

T3
T1
T2
T3

N0
N1
N1
N1

M0
M0
M0
M0

IVA

T4a
T4a
T1
T2
T3
T4a
T4b
Any T
Any T

N0
N1
N2
N2
N2
N2
Any N
N3
Any N

M0
M0
M0
M0
M0
M0
M0
M0
M1

IVB
IVC
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TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Surgical resection is the mainstay of treatment.
• En bloc resection of high nasal cavity and ethmoid sinus
tumors requires a combined transfacial-transcranial
surgical approach.
• Indications for orbital exenteration include gross
involvement of orbit or optic nerve.
• Orbital exenteration may be required if surgical resection
is likely to result in a painful or nonfunctional eye from
resection of extraocular muscles or bony support.
• Extension of tumor to orbital apex, dura, brain, middle
cranial fossa, cranial nerves (other than maxillary division
of trigeminal nerve V2), nasopharynx, or clivus is
surgically unresectable for cure.
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31 Carcinoma of the
Thyroid Gland
KEY CLINICAL AND IMAGING POINTS
The most common types of thyroid cancer are papillary and
mixed papillary/follicular (accounting for about 80% of
cases), which have an excellent prospect for cure. Follicular
thyroid cancer (17% of cases) also has an excellent prognosis,
unlike medullary or anaplastic thyroid cancers. Thyroid
cancer occurs in all age groups but is most common after
age 30. The aggressiveness of thyroid cancer increases
signiﬁcantly in older patients. External radiation to the
neck increases the risk of developing thyroid cancer.
Papillary tumors tend to spread locally, whereas follicular
tumors metastasize hematogenously to distant sites.
Medullary tumors have a propensity for early spread to
lymph nodes.
Initial Staging
• Ultrasound is the imaging technique of choice for
detection and characterization of thyroid carcinoma.
• Locally aggressive differentiated carcinoma and poorly
differentiated or anaplastic thyroid cancer requires CT or
MRI for assessment of the relationship of the tumor to
central compartment viscera.
• Contrast-enhanced CT is contraindicated for the evaluation
or initial work-up of I131-avid thyroid cancer because
iodinated contrast agent will interfere with postoperative
adjuvant radioactive iodine therapy.
• MRI can and should be done with contrast medium since
gadolinium does not interfere with radioactive iodine uptake.
• CT and MRI scans should extend from the skull base to
the carina.
Ultrasonography Tips
• The tumor shows as a hypoechoic or isoechoic solid mass,
with or without calciﬁcation.
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• There is a high index of suspicion for malignancy in a
hypoechoic, hypervascular mass with microcalciﬁcation.
• Follicular neoplasms tend to be isoechoic with an
echopenic halo around the mass secondary to the
surrounding vessels.
• Cancers are generally not cystic, except for the cystic
papillary type with nodule.
• US provides image guidance for ﬁne-needle aspiration
cytology.
• A lymph node is suspicious for harboring metastasis if the
anteroposterior diameter is increased; if the node is
hypervascular with perforating vessels and no central hilar
vessel; or if it shows calciﬁcation, cystic areas, or abnormal
architecture.
CT Tips
• CT covers the primary tumor within seconds with
multidetector CT scanners.
• Iodinated intravenous contrast medium can interfere
with iodine uptake by thyroid cells and may delay
postoperative adjuvant radioactive iodine therapy of
differentiated thyroid cancer. A CT scan without contrast
agent provides adequate information in this scenario, but
subtle ﬁndings (e.g., small recurrent nodule in thyroid bed
or small lymph node) may be missed.
• Contrast-enhanced CT can be used for assessment of local
extent of disease if treatment with radioactive iodine is not
anticipated. Aggressive differentiated carcinoma and
poorly differentiated or anaplastic thyroid cancers do not
concentrate radioactive iodine, and CT with contrast is an
acceptable modality in these cancers.
• CT is useful for early detection of extracapsular nodal
spread that is generally not seen on MRI. Focal
metastasis/necrosis within normal-sized lymph nodes can
be detected on contrast-enhanced CT earlier than on MRI.
MRI Tip
• Gadolinium contrast does not interfere with radioactive
iodine uptake. MRI is the modality of choice when CT
contrast is contraindicated.
18

F-FDG PET (PET/CT) Tips
• Differentiated thyroid carcinoma is generally not FDG avid.
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• FDG uptake is indicative of a more aggressive tumor
type, such as poorly differentiated or anaplastic thyroid
carcinomas (which are not radioactive iodine–avid
tumors).
• 18F-FDG PET is useful in patients with differentiated
thyroid cancer if the whole body diagnostic or posttherapy iodine scan is negative and thyroglobulin levels
are elevated.
• Lesions that do not concentrate iodine but produce
thyroglobulin can be localized by 18F-FDG PET.
• Hürthle cell, medullary, and anaplastic carcinomas are not
typically radioiodine avid but tend to be FDG avid.
• 18F-FDG PET pitfalls:
䊊
False-positive ﬁndings in cases of infection or
inﬂammation
䊊
False-negative ﬁndings in I131-positive differentiated
thyroid cancer
Nuclear Scintigraphy Scans
• Diagnostic scans with either I123 or I131 are performed before
radioactive iodine treatment.
• Use of I123 or Tc99m pertechnetate can help evaluate for
“cold” nodules, although these agents are not used very
often.
• I131 scan can be performed after total thyroidectomy to
detect local and metastatic disease.
• I131 therapeutic doses are delivered if there is residual
thyroid or metastatic differentiated cancer.
• I131 avidity is inversely proportional to FDG activity.
• Metaiodobenzylguanidine (MIBG), 18F-FDG PET, or
Octreoscan may be useful in the assessment of medullary
thyroid cancer.
Post-Therapy Surveillance
• Rising serum thyroglobulin levels after total thyroidectomy
dictate the need for radioactive iodine scan and, if
necessary, anatomic imaging.
• Anatomic imaging for evaluation of rising calcitonin levels
after treatment for medullary thyroid carcinoma may fail
to detect miliary metastases situated on the surface of the
liver. These are generally detected on laparoscopy.
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KEY REPORT ELEMENTS
T: Primary Tumor
• Size of tumor
• Location, including position within lobe (superior, middle,
or lower pole), isthmus, and pyramidal lobe
• Characteristics: generally not distinctive, can be welldeﬁned nodule(s), have ill-deﬁned borders, focal
calciﬁcation, or hemorrhage
• Local extent:
䊊
Minimal extrathyroid extension (e.g., extension to strap
muscles or perithyroid soft tissues)
䊊
Invasion of subcutaneous soft tissues, larynx, trachea,
esophagus, or recurrent laryngeal nerve
䊊
Invasion of prevertebral fascia or encasement of carotid
artery or mediastinal vessels
N: Lymph Nodes
• Risk of nodal metastases is higher for papillary than for
follicular carcinoma.
• Nodal metastases are very frequently seen in children.

A
A, CT image shows inﬁltrative right thyroid mass with
extrathyroid extension and tumor thrombus (arrow) in the right
internal jugular vein.
Continued on next page

Ch031-X3251.qxd 20/9/06 3:35 PM Page 237

CHAPTER 31 CARCINOMA OF THE THYROID GLAND

B

C
B, CT scan shows level IV cystic nodal metastasis on left (arrow).
C, CT image shows direct intratracheal extension from a right
thyroid mass.
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• Primary drainage to level VI (pretracheal, paratracheal,
and prelaryngeal/Delphian lymph nodes) (see diagram of
nodal levels in Chapter 27).
• Other nodal basins at risk include cervical (levels II–V) and
upper mediastinal lymph nodes (level VII).
Retropharyngeal nodes are less common but should not be
overlooked.
• Normal-sized lymph nodes can have focal metastasis or
necrosis, which is more easily seen on contrast-enhanced
CT than MRI.
• Lymph node metastases can be solid or cystic. Focal
hemorrhage or calciﬁcation may be present.
• Cystic metastases can be mistaken for branchial cleft
cyst.
• Lymphatic metastases containing thyroglobulin may
appear bright on T1WI.
M: Metastases
• Patients who have bulky nodal metastases are at increased
risk for distant metastasis, especially to the lung.
• Anatomic imaging may not demonstrate miliary
pulmonary metastases, which are often diagnosed on
radioactive iodine scanning following total
thyroidectomy.
TNM STAGING SYSTEM
Imaging ﬁndings described above constitute key elements in
deﬁning the TNM stage of thyroid tumors.
T staging is based on the histology (differentiated or
medullary carcinoma vs anaplastic carcinoma), size, presence
of extrathyroid extension, and involvement of adjacent
structures.
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T4a

Thyroid gland

T3

Common carotid
artery

Esophagus

T4b

T—Primary Tumor
All categories may be subdivided: (A) solitary tumor and
(B) multifocal tumor (the largest determines the
classiﬁcation).
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
T1
Tumor ≤ 2 cm in greatest dimension limited to the
thyroid
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T2
T3

T4a

T4b

Tumor > 2 cm but ≤ 4 cm in greatest dimension
limited to the thyroid
Tumor > 4 cm limited to the thyroid or any tumor
with minimal extrathyroid extension (e.g., extension
to sternothyroid muscle or perithyroid soft tissues)
Tumor of any size extending beyond the thyroid
capsule to invade subcutaneous soft tissues,
larynx, trachea, esophagus, or recurrent laryngeal
nerve
Tumor invades prevertebral fascia or encases carotid
artery or mediastinal vessels

All Anaplastic Carcinomas Are Considered
T4 Tumors
T4a
Intrathyroidal anaplastic carcinoma—surgically
resectable
T4b
Extrathyroidal anaplastic carcinoma—surgically
unresectable
N—Regional Lymph Nodes*
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Regional lymph node metastasis
N1a
Metastasis to level VI (pretracheal, paratracheal,
and prelaryngeal/Delphian lymph nodes)
N1b Metastasis to unilateral, bilateral, or contralateral
cervical or superior mediastinal lymph nodes
M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
*Regional nodes are the central compartment, lateral cervical, and
upper mediastinal lymph nodes.
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.
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Stage Grouping
Separate stage groupings are recommended for papillary or
follicular, medullary, and anaplastic (undifferentiated)
carcinoma.

Papillary or Follicular Carcinoma

Under 45 Years of Age
I
Any T

Any N

M0

II

Any N

M1

45 Years or Older
I
T1

N0

M0

II

T2

N0

M0

III

T3
T1
T2
T3

N0
N1a
N1a
N1a

M0
M0
M0
M0

IVA

T4a
T4a
T1
T2
T3
T4a
T4b
Any T

N0
N1a
N1b
N1b
N1b
N1b
Any N
Any N

M0
M0
M0
M0
M0
M0
M0
M1

IVB
IVC

Any T
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Medullary Carcinoma
I

T1

N0

M0

II

T2

N0

M0

III

T3
T1
T2
T3

N0
N1a
N1a
N1a

M0
M0
M0
M0

IVA

T4a
T4a
T1
T2
T3
T4a
T4b
Any T

N0
N1a
N1b
N1b
N1b
N1b
Any N
Any N

M0
M0
M0
M0
M0
M0
M0
M1

Any N
Any N
Any N

M0
M0
M1

IVB
IVC

Anaplastic Carcinoma

IVA
IVB
IVC

T4a
T4b
Any T

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Surgical resection is the mainstay of treatment.
• Hemithyroidectomy is adequate treatment for “low-risk”
well-differentiated carcinoma (T1–T2 N0 M0 tumor in
patients younger than 45 years). If nodules appear in
opposite lobe, patient needs total thyroidectomy.
• Tumors invading the larynx, trachea, or esophagus need
more extensive surgical resection and appropriate
reconstruction.
• Central compartment node dissection is an integral part of
management of medullary thyroid carcinoma.
• Tumor invasion or thrombosis of the internal jugular vein
may be seen in poorly differentiated and anaplastic
thyroid carcinomas and is a relative contraindication for
surgery.
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32 Retinoblastoma
KEY CLINICAL AND IMAGING POINTS
Several different systems have been developed for staging
retinoblastoma (Rb). The Reese-Ellsworth staging system was
developed in the 1960s to provide information about the
likelihood that the tumor could be effectively treated while
preserving vision after external beam radiation. Other staging
systems have been developed to predict outcome in patients
undergoing chemotherapy and/or focal ocular therapies. The
International Classiﬁcation for Intraocular Retinoblastoma
(ICIR) uses basic clinical features to predict treatment success
for eyes receiving conservative therapy for Rb. The ICIR is
more accurate in stratifying risks of newer therapies and is a
better prognostic indicator of ocular salvage in patients
treated with chemoradiation and/or focal therapies than the
Reese-Ellsworth classiﬁcation. The Reese-Ellsworth and the
newer classiﬁcation systems are clinical staging systems that
mostly classify intraocular tumors. The patients/tumors are
essentially staged depending on the ophthalmoscopic
examination. CT and MR imaging play small roles in staging
the intraocular disease but help to conﬁrm the diagnosis and
the extent of tumor (particularly in younger children) and
help in excluding other cases of leukocoria. CT and MR
imaging are crucial in the detection of unsuspected
extraocular disease, including brain metastasis and pineal
gland neoplasms as well as other primaries that can occur in
patients with hereditary and bilateral tumors. In contrast to
Reese-Ellsworth and other intraocular staging systems, the
TNM staging system (which is seldom used clinically) also
incorporates extraocular tumors. Currently, there is no
uniformly accepted system of classifying patients with
advanced intraocular disease or extraocular tumor. Recently,
a worldwide multicentric group proposed a comprehensive
classiﬁcation system that incorporates all Rbs.
Unlike in the case of intraocular tumors, imaging is essential
for staging patients with extraocular disease. The information
obtained from imaging can be of signiﬁcant clinical
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importance and is often used in treatment strategy. In
patients with bilateral disease, each eye is staged separately.
In TNM staging, T1 through T3 designations depend on
clinical ﬁndings in most patients. For example, speciﬁc
ﬁndings such as involvement of the optic disk (which places
a tumor in the T3 category) are usually known from
funduscopic examination prior to the time of imaging. For
such tumors, imaging helps to conﬁrm the extent of tumor,
especially in children in whom ophthalmoscopy is not
diagnostically adequate. In patients with extraocular disease
(T4 tumors), imaging is helpful in identifying the structures
involved beyond the eye and the extent of extraocular
tumor.
Initial Staging
• Imaging techniques of choice for local staging are US, MRI,
and CT.
䊊
Ultrasonography is performed by most
ophthalmologists and can detect intraocular calciﬁcation
and masses but cannot reliably image the anterior part
of the eyeball and is not helpful for retrobulbar spread.
䊊
MRI is the preferred cross-sectional imaging modality. It
demonstrates the extent of extraocular and some
intraocular tumors.
䊊
CT is the modality of choice for detection of intraocular
calciﬁcation, which is present in more than 90% of
tumors.
• Contrast-enhanced MRI is used to assess for brain
metastases.
• CT is used to assess for distant metastases.
MRI Tips
• Evaluate for retrobulbar optic nerve involvement or other
retrobulbar structures.
䊊
Although optic nerve head involvement can be detected
by funduscopic examination, extension posterior to the
lamina cribrosa may only be detected noninvasively by
imaging.
䊊
Optic nerve involvement is typically seen as asymmetric
enlargement with enhancement on MRI.
䊊
The entire length of the optic nerve and the chiasm
should be evaluated, since nerve involvement may not
be limited to the intraorbital segment.
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• Evaluate other retrobulbar structures. The tumor may
involve the orbital fat or the extraocular muscle without
involving the optic nerve.
• Check the pineal and suprasellar regions for unsuspected
tumors.
䊊
Patients with the germline form of Rb have a high
incidence of “trilateral” tumors: bilateral Rb and an
intracranial primitive neuroectodermal tumor (PNET),
usually in the pineal gland (pineoblastoma) or rarely
in the supra/parasellar region.
䊊
Quadrilateral tumor refers to bilateral Rb with pineal
and suprasellar masses.
• Be cognizant of the high incidence of other primaries.
䊊
Patients with hereditary Rb have a high incidence of
developing nonocular malignancies such as osteogenic
sarcoma, particularly in the radiation ﬁeld.
• Look for signs of leptomeningeal spread of tumor.
䊊
Rb can directly seed the subarachnoid space through the
optic nerve.
KEY REPORT ELEMENTS
T: Primary Tumor
• Diagnosis and staging of intraocular Rb are made
primarily by clinical examinations.
䊊
Size of tumor: ≤ 3 mm (T1a), < half of the volume of the
eye (T1b), ≤ two thirds of the volume of the eye (T2b), ≥
two thirds of the volume of the eye (T2c)
䊊
Size in millimeters is helpful for other classiﬁcation
systems (e.g., ICIR).
• Local extent:
䊊
Extent of intraocular tumor:
䊊
Vitreous involvement (T2); anterior segment and
ciliary body extension, tumor in contact with the lens,
massive vitreous hemorrhage (T2c); optic disk
involvement (T3)
䊊
Extraocular tumor (T4)
䊊
Retrobulbar optic nerve invasion or extraocular
disease other than optic nerve
䊊
Retinal detachment
䊊
No retinal detachment more than 5 mm from the base
of the tumor (T1b)
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A

B
Axial T1-weighted contrast-enhanced fat-saturated images (A and
B): Extensive intraocular disease on the right side, with optic
nerve and chiasm extension. The suprasellar mass in (B)
represents contiguous disease from the chiasm.
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Noncontrast CT scan shows calciﬁed tumor in left eyeball.

Total detachment (T2)
Number of lesions
䊊

䊊

N: Lymph Nodes
• Unusual; periauricular, submandibular, or cervical (N1)
M: Metastases
• These are uncommon in the Western Hemisphere, since most
lesions are detected early and the cure rate is more than 90%.
• CT, MRI, and bone scans are done for hematogenous
metastases (liver and bone are the typical sites).
• Metastases can directly seed the subarachnoid space.
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A

B
Axial T2-weighted (A) and contrast-enhanced fat-saturated (B)
images: Bilateral tumors in a patient with familial Rb.
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TNM STAGING SYSTEM
Clinical Classiﬁcation (cTNM)
No stage groupings apply.

T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
T1
Tumor conﬁned to the retina (no vitreous seeding
or signiﬁcant retinal detachment). No retinal
detachment or subretinal ﬂuid > 5 mm from the
base of the tumor.
T1a
Any eye in which the largest tumor is ≤ 3 mm in
height and no tumor is located closer than 1 disc
diameter (DD) (1.5 mm) to the optic nerve or
fovea
T1b
All other eyes in which the tumor(s) is conﬁned to
the retina regardless of location or size (up to half
the volume of the eye). No vitreous seeding. No
retinal detachment or subretinal ﬂuid > 5 mm from
the base of the tumor.
T2
Tumor with contiguous spread to adjacent tissues or
spaces (vitreous or subretinal space)
T2a
Minimal tumor spread to vitreous and/or
subretinal space. Fine local or diffuse vitreous
seeding and/or serous retinal detachment up to
total detachment may be present, but no clumps,
lumps, snowballs, or avascular masses are allowed
in the vitreous or subretinal space. Calcium ﬂecks in
the vitreous or subretinal space are allowed. The
tumor may ﬁll up to two thirds of the volume of
the eye.
T2b
Massive tumor spread to the vitreous and/or
subretinal space. Vitreous seeding and/or subretinal
implantation may consist of lumps, clumps,
snowballs, or avascular tumor masses. Retinal
detachment may be total. Tumor may ﬁll up to two
thirds of the volume of the eye.
T2c
Unsalvageable intraocular disease. Tumor ﬁlls more
than two thirds of the eye or there is no possibility
of visual rehabilitation or one or more of the
following are present:
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T3
T4

Tumor-associated glaucoma, either neovascular or
angle closure
Anterior segment extension of tumor
Ciliary body extension of tumor
Hyphema (signiﬁcant)
Massive vitreous hemorrhage
Tumor in contact with lens
Orbital cellulitis-like clinical presentation (massive
tumor necrosis)
Invasion of the optic nerve and/or optic coats
Extraocular tumor

N—Regional Lymph Nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Regional lymph node metastasis involvement
(preauricular, submandibular, or cervical)
N2
Distant lymph node involvement

M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Metastasis to central nervous system and/or bone,
bone marrow, or other sites
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Lack of a widely accepted staging system limits
comparisons of different clinical series, assessment of
relapse risk and treatment response, and standardization
of treatment.
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33 Neuroblastoma
KEY CLINICAL AND IMAGING POINTS
Neuroblastoma arises from the embryonal neural crest. There
is a spectrum of disease ranging from well-differentiated
ganglioneuroma to highly malignant undifferentiated
neuroblastoma. These tumors arise along the sympathetic
neural axis, most frequently in the adrenal glands, although
cervical, thoracic, and pelvic neuroblastoma may also be
encountered. The peak incidence is about 2 years of age.
Children with an abdominal primary tumor who are older
than 1 year of age have metastatic disease at presentation in
approximately 75% of cases. Patients with localized disease,
who form the minority of patients, may be treated with
surgery alone; other patients receive neoadjuvant
chemotherapy after initial staging and require repeat imaging
prior to surgery. Neuroblastoma in the ﬁrst year of life,
which may be diagnosed on antenatal sonography, behaves
in a less aggressive manner than in older children and carries
a relatively good prognosis.
Initial Staging
• The ﬁrst investigation of an abdominal mass is with
ultrasound. However, tumor at other sites (such as the
thorax) may be better imaged with CT or MRI.
• CT with contrast or MRI can be used to demonstrate local
tumor extent and vascular encasement.
• MRI is the most sensitive technique for detecting focal and
diffuse abnormalities in bone marrow. CT can also
demonstrate bony involvement when changes are gross.
• Bone scintigraphy with 99mTc MDP is used to detect
osseous lesions.
• Meta-iodobenzylguanidine (MIBG) localizes in aminesecreting tumors; radionuclide scanning with MIBG is
performed routinely in all patients at diagnosis.
• I131 or I123 MIBG scintigraphy is helpful for detection of
skeletal and nonskeletal lesions.
• 18F-FDG PET is useful in staging and monitoring response
to treatment of MIBG-negative tumors.
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䊊

Pitfall: Findings at MIBG can be false positive in the
kidney, bowel, urinary bladder, brown fat (shoulders),
and when showing diffuse lung activity.

CT and MRI Tips
• Loss of tissue planes may help to distinguish
neuroblastoma from Wilms’ tumor.
• Tumor is inﬁltrating and difﬁcult to measure.
• Calciﬁcation is better shown on CT.
• T2W sequences are required to assess spinal involvement.
• MRI is better than CT at demonstrating extension of
abdominal and thoracic tumor into neural foramina and
spinal canal.
• Contrast-enhanced CT can identify intraspinal tumor
extension.
Preoperative Staging after Neoadjuvant Therapy
Neuroblastoma is expected to respond to neoadjuvant
chemotherapy; the most malignant tumors (as assessed
histologically) tend to demonstrate the greatest reduction
in tumor bulk. Preoperative assessment of abdominal
and thoracic tumors should be undertaken with CT or
MRI.
KEY REPORT ELEMENTS
T:
•
•
•

Primary Tumor
Size of tumor (perpendicular axial diameters and length)
Conﬁrm organ of origin
Local extent:
䊊
Presence of vascular encasement
䊊
Extension of tumor across the midline
䊊
Assess for presence of extension into neural foramina or
spinal canal (“dumbbell” tumor)
䊊
Identify bony erosion by primary tumor
䊊
Identify invasion of adjacent organs (e.g., kidney, liver,
spleen, diaphragm)

N: Lymph Nodes
• Presence of nodal enlargement in retroperitoneum,
retrocrural region, or mediastinum
• Regional nodal drainage depends on the speciﬁc site of
tumor origin.
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A large tumor (T) is present in the right retroperitoneum, with
adenopathy (N) displacing the aorta (black arrow), inferior vena
cava (arrowheads), and splenic vein (white arrow). Fine
calciﬁcations are evident within the tumor.

M: Metastases
• Assess for bone metastases.
• Pulmonary metastases are rare.
• Hepatic metastatic disease is commonly seen in stage IVS
disease in patients younger than 1 year old.
STAGING SYSTEM
The International Neuroblastoma Staging System (INSS)
is the most widely used staging classiﬁcation. It takes into
account radiologic ﬁndings, surgical resectability, and
pathologic status of lymph nodes and bone marrow.
Stage I

Stage IIA

Localized tumor with complete macroscopic
excision (with or without microscopic residual
disease)
Localized tumor with incomplete gross
excision and ipsilateral lymph nodes negative
for tumor microscopically
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Stage IIB

Stage III

Stage IV

Stage IVS

Localized tumor with or without complete
gross excision with ipsilateral lymph nodes
positive for tumor
Tumor inﬁltrating across the midline with or
without regional node involvement, or
localized unilateral tumor with contralateral
lymph nodes positive for tumor, or midline
tumor with bilateral extension by inﬁltration
or lymph node involvement
Any primary tumor with dissemination to
distant lymph nodes, bone, bone marrow,
liver, or other sites
Localized primary tumor (i.e., stages I, IIA, or IIB)
with dissemination limited to skin, liver, or bone
marrow in patients under the age of 1 year

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Tumors deemed unresectable at initial staging (e.g., tumors
encasing major vessels, invasion of the spinal canal, large
tumors crossing the midline) are treated with
chemotherapy.
• CT is useful for assessing tumor response and resectability
post-therapy.
• Persistent MIBG activity after induction therapy portends
a poor outcome.
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34 Wilms’ Tumor
KEY CLINICAL AND IMAGING POINTS
Wilms’ tumor is the most frequent renal tumor of childhood
and typically appears in the ﬁrst six years of life as a painless
abdominal mass. The initial differential diagnosis is with
extrarenal abdominal masses; once a tumor of renal origin is
established, the differential diagnosis is principally with
congenital mesoblastic nephroma and nephroblastomatosis in
the infant or young child, or with clear cell sarcoma, renal
cell carcinoma, or renal lymphoma in older children. By age
15, a primary renal mass is more likely to be renal cell
carcinoma than Wilms’ tumor.
When full staging has been completed and a diagnosis of
Wilms’ tumor has been conﬁrmed, most patients proceed to
neoadjuvant cytotoxic chemotherapy. Interim assessments
during treatment may be made to conﬁrm reduction in tumor
bulk, and full restaging is undertaken prior to surgery with
curative intent. Radiologic staging is supplemented by
further assessment carried out at surgery.
Initial Staging
• Ultrasound is usually the ﬁrst investigating modality. This
conﬁrms a mass, but tumors may be so large that it is
difﬁcult to clearly establish the organ of origin.
• CT of the whole abdomen and pelvis is the technique of
choice for staging and should include contrast-enhanced
imaging.
• MRI may be used instead of CT. There are no large
series that report on the relative merits of CT and MRI
in staging of Wilms’ tumor, but both are considered
satisfactory.
• 18F-FDG PET is useful in the initial evaluation of Wilms’
tumor, assessing response to therapy and guiding selection
of alternate therapy.
18
䊊
F-FDG PET pitfalls:
䊊
Urinary excretion limits visualization of lesions.
18
䊊
F-FDG PET can show false-positive results in the
presence of infection or inﬂammation.
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CT Tips
• CT is more reliable than ultrasound for detecting discrete
nodal enlargement in the retroperitoneum.
• Typically, enhanced normal renal tissue appears as a
“claw” around the intrarenal tumor.
• Tumor thrombus in vessels may extend up the inferior
vena cava into the right atrium. However, with large
tumors, the inferior vena cava may be compressed, so
nonvisualization at CT does not necessarily imply the
presence of tumor thrombus.
• Pulmonary metastatic disease is not uncommon in Wilms’
tumor. CT of the thorax is a sensitive method of detecting
pulmonary deposits, although most international Wilms’
tumor research studies rely on ﬁndings at chest
radiography to document pulmonary metastatic
disease.
Preoperative Staging after Neoadjuvant Therapy
Wilms’ tumor usually reduces in size after neoadjuvant
chemotherapy. Follow-up imaging should use the same
imaging technique (usually CT) with similar protocol to that
used at initial diagnosis.

KEY REPORT ELEMENTS
T:
•
•
•

Primary Tumor
Conﬁrmation of organ of origin
Size of tumor
Local extent:
䊊
Assessment of tumor extent and capsular penetration
䊊
Assessment of tumor extension into vessels (renal vein
and inferior vena cava)
䊊
Involvement of adjacent organs (e.g., liver, spleen)

N: Lymph Nodes
• Enlargement of retroperitoneal, retrocrural, and
mediastinal lymph nodes
M: Metastases
• Detection of contralateral renal tumor
• Pulmonary metastatic disease
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A large tumor (T) is present in the left kidney. On this contrastenhanced CT scan, the renal cortex is seen forming a “claw”
around the tumor (black arrows). The tumor is well
circumscribed, and there are no separate lymph nodes visible
in the retroperitoneum. There is no tumor thrombus in the
IVC (white arrow). At surgery the tumor was completely
excised and the renal capsule remained intact (stage I Wilms’
tumor).

• Hepatic metastatic disease
• Wilms’ tumor rarely metastasizes to bone.

STAGING SYSTEM
Staging of Wilms’ tumor is according to the National Wilms’
Tumor Study Group (postsurgical) clinicopathologic staging
system. Clinical and radiologic assessments are undertaken
initially, with further information gathered during surgery
contributing to the stage assigned.
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IV
Aorta

III Post excision
residua

Liver
I

Kidney

II

V (Bilateral renal involvement)

I

II

III

IV
V

Tumor limited to single kidney and completely
excised. The surface of the renal capsule is intact and
remains so during removal of tumor.
Tumor extends beyond the renal capsule into
perirenal soft tissues but is completely removed.
Vessels outside the kidney are inﬁltrated or contain
tumor thrombus. Local spillage of tumor conﬁned to
the ﬂank may have occurred, but no residual tumor is
apparent beyond the margins of excision.
Residual nonhematogenous tumor conﬁned to the
abdomen (involved lymph nodes, peritoneal
contamination by tumor growth through the
peritoneal surface or by seeding to the peritoneum,
tumor extending beyond surgical margins or not
completely removed because of local inﬁltration of
vital structures).
Hematogenous metastases (e.g., lung, liver).
Bilateral renal involvement at diagnosis (occurs in 5%
of patients).
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TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Postchemotherapy staging provides assessment of tumor
bulk prior to surgery.
• Involvement of vessels requires resection of thrombus.
• The presence of limited pulmonary metastatic disease does
not preclude resection of the primary tumor.
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35 Breast Cancer
KEY CLINICAL AND IMAGING POINTS
Invasive ductal cancer constitutes 70% to 80% of all primary
breast cancers. Lobular cancer, Paget’s disease, and
undifferentiated carcinoma constitute the remaining 20% to
30%. Cystosarcoma phylloides, angiosarcoma, and
lymphoma also occur in the breast but are not considered to
be typical breast cancers.
Patients with locally advanced disease undergo neoadjuvant
chemotherapy for local disease control. Imaging can help
assess response to chemotherapy and aid in surgical
planning.
Initial Staging
• Imaging techniques of choice for local staging are
mammography, ultrasound, and contrast-enhanced MRI.
䊊
Mammography better demonstrates the extent of
malignant calciﬁcations.
䊊
MRI better evaluates the presence of chest wall invasion,
local staging of invasive lobular carcinoma, the presence
of mammographically and clinically occult primary
tumor in the presence of lymph node metastases, and
the extent of disease in patients with mammographically
dense breasts.
䊊
All three modalities used in tandem provide the best
sensitivity for the detection of local disease.
• Lymphatic mapping is used for identiﬁcation of sentinel
lymph nodes in T1-T2 N0 patients.
䊊
Gamma probes are used in lymphoscintigraphy during
surgery.
• Chest radiography, liver ultrasound, bone scan, and CT of
the chest/abdomen/pelvis/brain, MRI of the brain and
spine, and 18F-FDG PET are used to assess for distant
metastases.
• 99mTc MDP bone scan is useful for evaluation of
osteoblastic lesions but less useful for purely lytic
metastases.
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MRI Tips
• The use of fat saturation enables better visualization of
contrast enhancement.
• Fat-suppressed T2WI, non–fat-suppressed T1WI, fatsuppressed pre- and postcontrast T1WI, subtraction
images, and maximum intensity projection (MIP)
reconstructions are recommended.
• Contrast agent can be administered either by a hand
injection or by a power injector.
• Timing of the contrast bolus should enable immediate
imaging of both breasts in less than two minutes from the
start of the injection in order to optimally assess
enhancement kinetics.
• Image resolution should aim to enable detection of lesions
as small as 3 mm in size.
• MR-guided intervention capabilities should be available
when performing breast MRI examinations, as suspicious
lesions may be visualized only by MRI.
18

F-FDG PET Tips
18
F-FDG PET is useful in N and M staging, restaging,
evaluation of disease recurrence, and assessment of
response to therapy.
• It is useful in patients with breast implants or dense
breasts with equivocal mammogram results.
䊊
Pitfall: 18F-FDG PET has limited sensitivity in small
lesions and invasive lobular carcinoma.

•

Assessment of Response to Neoadjuvant
Chemotherapy
Early knowledge of suboptimal response may make it
possible to switch to alternative treatment regimens sooner;
unless the response is dramatic, it currently takes months to
predict response, as the mammogram and physical
examination may be compromised due to ﬁbrosis.
• Residual tumor measurements on MRI correlate with the
pathologic residual disease present after neoadjuvant
chemotherapy.
• The mere presence or absence of enhancement on MRI
may be misleading because post-treatment ﬁbrosis may
enhance.
• After treatment, residual tiny islands of tumor may exist
that are below the detection level of MRI.
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KEY REPORT ELEMENTS
T: Primary Tumor
• Deﬁnitions for classifying the primary tumor (T) are the
same for clinical and for pathologic classiﬁcation. If the
measurement is made by physical examination, the
examiner will use the major headings (T1, T2, or T3). If
other measurements, such as mammographic or pathologic
measurements, are used, the subsets of T1 can be used.

A
Sagittal postcontrast fat-suppressed T1W MR images. A, Image
demonstrates a 5-mm mammographically occult primary breast
tumor (arrow) in a patient who presented with metastatic
axillary adenopathy; breast conservation treatment was offered
to the patient.
Continued on next page
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B
B, Image in a different woman shows a posterior tumor (arrow)
invading the chest wall (i.e., stage IIIB) and thus requiring
chemotherapy rather than surgical treatment.

• Size of tumor: Tumors should be measured to the nearest
0.1-cm increment.
• Location: periareolar, upper outer quadrant, upper inner
quadrant, lower outer quadrant, lower inner quadrant,
axillary tail
• Local extent:
䊊
Skin
䊊
Nipple
䊊
Chest wall, pectoralis muscle
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N: Lymph Nodes
• Regional nodes are ipsilateral and include axillary, internal
mammary, infraclavicular, and supraclavicular.
• Other nodes, including cervical or contralateral nodes, are
considered metastatic.
M: Metastasis
• Hematogenous metastases are common: lung, bone, liver,
brain, adrenals, pleura
TNM STAGING SYSTEM
TNM classiﬁcation applies only to carcinomas. In the case of
multiple simultaneous tumors in one breast, the tumor with
the highest T category is used for classiﬁcation. Bilateral
breast cancers are classiﬁed independently.

T2 > 2.0 cm,
≤ 5.0 cm

T4
T2

T3
T1
T1 ≤ 2.0 cm

T3 > 5.0 cm
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T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Tis
Carcinoma in situ
Tis (DCIS)
Ductal carcinoma in situ
Tis (LCIS)
Lobular carcinoma in situ
Tis (Paget’s) Paget’s disease of the nipple with no
tumor*
T1
Tumor ≤ 2.0 cm in greatest dimension
T1mic
Microinvasion ≤ 0.1 cm in greatest dimension
T1a
Tumor > 0.1 cm but ≤ 0.5 cm in greatest
dimension
T1b
Tumor > 0.5 cm but ≤ 1.0 cm in greatest
dimension
T1c
Tumor > 1.0 cm but ≤ 2.0 cm in greatest
dimension
T2
Tumor > 2.0 cm but ≤ 5.0 cm in greatest
dimension
T3
Tumor > 5.0 cm in greatest dimension
T4
Tumor of any size with direct extension to
(A) chest wall or (B) skin, only as described
below
T4a
Extension to chest wall, not including
pectoralis muscle
T4b
Edema (including peau d’orange) or
ulceration of the skin of the breast, or
satellite skin nodules conﬁned to the same
breast
T4c
Both T4a and T4b
T4d
Inﬂammatory carcinoma
N—Regional Lymph Nodes
NX
Regional lymph nodes cannot be assessed
(e.g., previously removed)
N0
No regional lymph node metastasis
N1
Metastasis to movable ipsilateral axillary
lymph node(s)
N2
Metastasis to ipsilateral axillary lymph
node(s) ﬁxed or matted, or in clinically
apparent† ipsilateral internal mammary
nodes in the absence of clinically evident
axillary lymph node metastasis
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N2a

N2b

N3

N3a
N3b
N3c

Metastasis in ipsilateral axillary lymph nodes
ﬁxed to one another (matted) or to other
structures
Metastasis only in clinically apparent†
ipsilateral internal mammary nodes and in
the absence of clinically evident axillary
lymph node metastasis
Metastasis in ipsilateral infraclavicular lymph
node(s) with or without axillary lymph node
involvement; or in clinically apparent†
ipsilateral intermal mammary lymph node(s)
and in the presence of clinically evident
axillary lymph node metastasis; or,
metastasis in ipsilateral supraclavicular
lymph node(s) with or without axillary or
internal mammary lymph node involvement
Metastasis in ipsilateral infraclavicular lymph
node(s)
Metastasis in ipsilateral internal mammary
lymph node(s) and axillary lymph node(s)
Metastasis in ipsilateral supraclavicular
lymph node(s)

M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
*Paget’s disease associated with a tumor is classiﬁed according to
the size of the tumor.
†
Clinically apparent is deﬁned as detected by imaging studies
(excluding lymphoscintigraphy) or by clinical examination or as
grossly visible pathologically.
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.
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Stage Grouping

0

Tis

N0

M0

I

T1

N0

M0

IIA

T0
T1
T2
T2
T3

N1
N1
N0
N1
N0

M0
M0
M0
M0
M0

IIIC

T0
T1
T2
T3
T3
T4
T4
T4
Any T

N2
N2
N2
N1
N2
N0
N1
N2
N3

M0
M0
M0
M0
M0
M0
M0
M0
M0

IV

Any T

Any N

M1

IIB
IIIA

IIIB

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
Stages I, II, IIIA and Operable IIIC Breast Cancer
• Options for surgical management include breastconserving surgery plus radiation therapy, mastectomy
plus reconstruction, and mastectomy alone. Surgical
staging of the axilla should also be performed. The
presence of multicentric disease is treated with
mastectomy.
• Chemotherapy and hormone therapy are used based on
the pre- or postmenopausal state of the patient at
diagnosis and the receptor status of the primary breast
tumor.
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36 Primary Bone Tumors
KEY CLINICAL AND IMAGING POINTS
Primary bone tumors are predominantly sarcomas; primary
lymphomas of bone and multiple myeloma are not included
in the TNM classiﬁcation of primary bone tumors.
Patients with bone tumors often undergo neoadjuvant
(preoperative) chemotherapy and/or radiotherapy, which
facilitates the subsequent deﬁnitive surgery and improves
patient prognosis. Patients thus undergo imaging staging
twice: initially (before neoadjuvant therapy) to establish the
disease stage, and then after neoadjuvant therapy to aid in
surgical planning.
Initial Staging
• Imaging techniques of choice for local staging are
radiographs and MRI or contrast-enhanced CT.
䊊
MRI better demonstrates extent of intraosseous (bone
marrow) and extraosseous (soft-tissue) components of
tumor.
䊊
CT better demonstrates calciﬁed tumor matrix.
• Bone scan and noncontrast chest CT are used to assess for
distant metastases.
• 18F-FDG PET is useful in estimating biologic activity of
skeletal lesions, as high-grade sarcomas show higher
standardized uptake values (SUV).
CT Tip
• Must use intravenous contrast agent to fully assess local
soft-tissue extension
MRI Tips
• Avoid STIR sequence, as it overestimates extent of disease.
• Assess neurovascular encasement and marrow
involvement on T1WI.
• Differentiate tumor from surrounding reactive zone
(edema) on T2WI or postgadolinium images, comparing
against T1WI.
• Sagittal or coronal T1WI of entire bone is required to
assess for skip metastasis.
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Nuclear Medicine Tips
• Aggressive benign lesions cannot be distinguished from
sarcomas on 18F-FDG PET.
• Benign lesions like enchondroma have a high 18F-FDG PET
uptake.
• Low-grade chondrosarcomas may be falsely negative on
18
F-FDG PET.
• Skeletal scintigraphy with 99mTc MDP is useful for
assessing activity and multiplicity of bone lesions.
• Gallium-67 citrate scintigraphy has been evaluated as an
indicator of treatment response in osteosarcoma but has
proved less accurate than Tl201 scintigraphy for this
purpose.
Preoperative Staging after Neoadjuvant Therapy
The following additional points need to be considered when
performing local restaging imaging after completion of
neoadjuvant therapy.
• Imaging techniques of choice are radiographs and MRI or
contrast-enhanced CT.
• Intraosseous component of tumor usually does not shrink,
but extraosseous component often does.
• Prognosis is improved if remaining tumor is more than
90% necrotic at histopathologic examination.
䊊
Changes in signal intensity are unreliable for
determining necrotic fraction.
䊊
Necrotic fraction can be estimated with dynamic
gadolinium-enhanced MRI.
• Islands of red marrow often develop due to use of
marrow-stimulating agents (e.g., granulocyte
colony–stimulating factor [G-CSF]) that are administered
to avoid neutropenic sepsis.
䊊
Multiple new foci of abnormal MR signal in marrow are
virtually always due to such red marrow islands (rather
than to multiple new metastases).
KEY REPORT ELEMENTS
T: Primary Tumor
• Size of tumor (perpendicular axial diameters and length)
• Distance from closest end of bone to end of tumor (for
preoperative planning)
• Location within bone—epiphysis, metaphysis, diaphysis
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A

B

C

Primary bone tumors. A, Axial postgadolinium MR image:
extraosseous extension (arrow) of proximal femoral
chondrosarcoma. B, Axial MR image: extraosseous component of
femoral osteosarcoma contacting but not encasing popliteal
vessel (arrow). C, T1-weighted coronal MR image: several skip
metastases (arrows) from distal femoral osteosarcoma.
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If skeletally immature, mention whether tumor contacts
physis (inﬂuences the decision to perform a physissparing procedure)
• Local extent:
䊊
Location of extraosseous soft-tissue component of tumor
䊊
Is component contained by elevated periosteum?
䊊
Does component displace or invade muscle?
䊊
Involvement of adjacent vessel or nerve: specify contact
versus encasement
䊊
Intra-articular extension
䊊
Skip lesions (i.e., separate lesions within same bone as
primary tumor)
• Other:
䊊
Endosteal scalloping, cortical destruction, periosteal
reaction (single, layered [“onion-skin”], interrupted,
Codman’s triangle), bony expansion, cortical buttressing
䊊
Calciﬁed chondroid (stippled, arcs) or osseous
(cloudlike) matrix; fat; ﬂuid-ﬂuid levels; hemosiderin;
ﬁbrosis; necrosis
䊊
Pathologic fracture
䊊

N: Lymph Nodes
• Lymph nodes (rarely involved by bone sarcomas)
M: Metastases
• Lung (site of >90% of bone sarcoma metastases); even
when as many as a few dozen lung metastases are present,
they may be amenable to resection.
• Bone is an uncommon site of metastasis.
TNM STAGING SYSTEM
Imaging ﬁndings at MRI or CT constitute key elements in
deﬁning the TNM stage of a bone tumor.
For TX and T0 tumors, no radiologic ﬁndings are evident. T1
tumors are 8 cm or less in maximal dimension; T2 tumors are
larger than 8 cm. A separate “skip” lesion present within the
same bone as the primary tumor constitutes T3 disease.
M1a disease represents metastasis to lung; M1b disease
represents distant metastases to nonpulmonary sites
(including distant nodes).
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T1

T2

T3

T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
T1
Tumor ≤ 8 cm in maximal dimension
T2
Tumor > 8 cm in maximal dimension
T3
Skip lesion(s)
N—Regional Lymph Nodes
NX
Regional nodes cannot be assessed
N0
No regional nodal metastasis
N1
Regional nodal metastasis
M—Distant Metastasis
MX
Distant metastasis not assessed
M0
No distant metastasis
M1
Distant metastasis
M1a
Lung
M1b
Other distant sites
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G—Histologic Grade
GX
Grade cannot be assessed
G1
Well differentiated—low grade
G2
Moderately differentiated—low grade
G3
Poorly differentiated—high grade
G4
Undifferentiated—high grade
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.

Stage Grouping
The TNM staging of bone sarcomas is unusual in that it also
incorporates the histologic grade of the tumor as a factor.
Stage I tumors are distinguished from stage II tumors only
by the low-grade histology of the former and high-grade
histology of the latter.
A stage III tumor consists of skip metastases but no nodal or
distant metastases. Stage IV disease is present if lung
metastasis, regional nodal metastasis, or distant metastasis
has occurred.

IA
IB

T1
T2

N0
N0

M0
M0

G1,2
G1,2

Low grade
Low grade

IIA
IIB

T1
T2

N0
N0

M0
M0

G3,4
G3,4

High grade
High grade

III

T3

N0

M0

Any G

IVA
IVB

Any T
Any T
Any T

N0
N1
Any N

M1a
Any M
M1b

Any G
Any G
Any G

TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• As a result of the relative rarity and the diverse histologic
subtypes of primary bone tumors, considerable
interinstitutional variability exists in the use of

281

Ch036-X3251.qxd 26/9/06 1:21 PM Page 282

282

MUSCULOSKELETAL TUMORS

chemotherapy, surgery, and/or radiotherapy for their
treatment. Therefore, imaging ﬁndings considered relevant
may vary somewhat at different institutions.
• Even when lung metastases are present at initial staging,
the primary bone tumor will generally be resected (if
technically feasible). The lung metastases will be treated
with chemotherapy and, if persistent, will be resected.
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37 Soft-Tissue Sarcoma
KEY CLINICAL AND IMAGING POINTS
Soft-tissue sarcomas include a wide range of histologies;
malignant ﬁbrous histiocytoma and liposarcoma are the most
common. Gastrointestinal stromal tumors (GIST) are included
in the TNM classiﬁcation of soft-tissue sarcomas, although
Kaposi’s sarcoma, dermatoﬁbrosarcoma protuberans,
ﬁbromatosis/desmoid, angiosarcoma, and sarcoma arising
from parenchymal organs are not included.
Note that only well-differentiated liposarcoma shows
extensive macroscopic fat at imaging. Myxoid liposarcomas
may show poorly deﬁned streaks of fat; other histologic
subtypes of liposarcoma can show no macroscopic fat.
Initial Staging
• Imaging techniques of choice for local staging are MRI or
contrast-enhanced CT.
䊊
MRI better demonstrates the extent of soft-tissue
tumor.
䊊
CT better demonstrates calciﬁed tumor matrix.
• Noncontrast chest CT is used to assess for distant
metastases.
• Bone scans are used for those few histologic types known
to metastasize to bone (e.g., synovial sarcoma, myxoid
liposarcoma, angiosarcoma).
CT Tip
• Must use intravenous contrast agent to fully assess local
soft-tissue extension
MRI Tips
• Assess neurovascular encasement and marrow
involvement on T1WI.
• Differentiate tumor from surrounding reactive zone
(edema, possibly contaminated with tumor cells) on T2WI
or postgadolinium images, comparing against T1WI.
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• Longitudinal T1WI obtained in a plane that includes both
soft-tissue mass and nearby bone helps assess for cortical
involvement.
• Avoid STIR sequence, as it overestimates extent of disease.
• Gadolinium enhancement is useful in differentiating a
myxoid tumor (shows some enhancement) from
postsurgical ﬂuid collection (shows only thin peripheral
enhancement).
KEY REPORT ELEMENTS
T: Primary Tumor
• Size of tumor (perpendicular axial diameters and length):
≤5 cm (T1), >5 cm (T2)
• Location: specify body site
䊊
Superﬁcial (located in subcutaneous tissue, without
involving the superﬁcial investing fascia in extremity
or trunk lesion) versus deep (if any portion is located
deep to that fascia)
䊊
All retroperitoneal, intrathoracic, and visceral lesions
are considered deep.
• Local extent:
䊊
Does tumor displace or invade muscle?
䊊
Involvement of adjacent vessel or nerve: specify
contact versus encasement
䊊
Invasion of bone
䊊
Intra-articular extension
䊊
Satellite lesions (i.e., separate lesion in vicinity of
primary tumor)
• Other
䊊
Tissue characterization: fat; ﬂuid-ﬂuid levels;
hemosiderin; ﬁbrosis; necrosis; myxoid matrix (very
hyperintense on T2WI); calciﬁed chondroid (stippled,
arcs) or osseous (cloud-like) matrix
N: Lymph Nodes
• Lymph nodes are rarely involved in most types of softtissue sarcomas (exceptions include rhabdomyosarcoma,
epithelioid sarcoma).
M: Metastases
• The lung is the initial site of about 90% of metastases from
soft-tissue sarcomas of the extremities.
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A

B
Soft-tissue sarcomas. Axial T1-weighted (A) and corresponding
fat-saturated T2-weighted (B) MR images: T1 muscle “texture
sign” (curvilinear streaks of fat: arrows in [A]) helps distinguish
edematous reactive zone from tumor (T).
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C
C, Sagittal STIR image of ankle: several satellite lesions (arrows)
are present proximal to primary myxoﬁbrosaroma (*) on dorsum
of foot.

Even when as many as a few dozen lung metastases are
present, they may be amenable to resection.
• The liver is often the ﬁrst site of metastasis from
retroperitoneal sarcoma or GIST.
• Bone is an uncommon site of metastasis for most types of
soft-tissue sarcomas; exceptions include synovial sarcoma,
myxoid liposarcoma, and angiosarcoma.
• Myxoid liposarcoma metastasizes to bone marrow but
typically is occult on radiographs and bone scans; it is
readily visible on MRI.
䊊

TNM STAGING SYSTEM
Imaging ﬁndings at MRI or CT constitute key elements in
deﬁning the TNM stage of a soft-tissue sarcoma.
For TX and T0 tumors, no radiologic ﬁndings are evident. T1
tumors are 5 cm or less in maximal dimension; T2 tumors are
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larger than 5 cm. The relationship to the superﬁcial investing
muscular fascia deﬁnes the depth of tumor (a = superﬁcial,
b = deep).
M1 disease represents metastasis to lung or other distant
sites.
T1b
T1a

Femur

T2b

T2a

T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
T1
Tumor 5 cm or less in greatest dimension
T1a
Superﬁcial tumor
T1b
Deep tumor
T2
Tumor more than 5 cm in greatest dimension
T2a
Superﬁcial tumor
T2b
Deep tumor
N—Regional
NX
N0
N1*

Lymph Nodes
Regional nodes cannot be assessed
No regional nodal metastasis
Regional nodal metastasis
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M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
G—Histologic Grade
GX
Grade cannot be assessed
G1
Well differentiated—low grade
G2
Moderately differentiated—low grade
G3
Poorly differentiated—high grade
G4
Poorly differentiated or undifferentiated—
high grade (four-tier grading system only)
*Presence of positive nodes (N1) is stage IV
Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material
is the AJCC Cancer Staging Manual, Sixth Edition (2002) published
by Springer-Verlag New York, www.springer-ny.com.

Stage Grouping
The TNM staging of soft-tissue sarcomas is unusual in that it
also incorporates the histologic grade of the tumor as a
factor. If a three-tier grading system is used, grades 2 and 3
are considered high grade; in a four-tier system, grades 3 and
4 are high grade. Stage I tumors are distinguished from stage
II or III tumors by the low-grade histology of the former and
high-grade histology of the latter.
A stage III tumor consists of a deep, high-grade tumor larger
than 5 cm, with no nodal or distant metastases. Stage IV
disease is present if nodal or distant metastasis has occurred.

I

Any T

N0

M0

4-Tier
G1–G2

3-Tier
(G1)

Low grade

II

T1a, 1b,
2a

N0

M0

G3–G4

(G2–G3)

High grade

III

T2b

N0

M0

G3–G4

(G2–G3)

High grade

N1
N0

M0
M1

Any grade
Any grade

IV Any T
Any T
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TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Due to the relative rarity and the diverse histologic
subtypes of soft-tissue sarcomas, considerable
interinstitutional variability exists in the use of
chemotherapy, surgery, and/or radiotherapy for their
treatment. Therefore, imaging ﬁndings considered relevant
may vary somewhat at different institutions.
• Even when lung metastases are present at initial staging,
the primary soft-tissue sarcoma is generally resected (if
technically feasible). The lung metastases may be resected
ﬁrst or treated ﬁrst with chemotherapy and then resected if
persistent.
• Special clinical circumstance: the “re-excision scenario.” A
marginal excision is performed elsewhere for a lesion
believed to be benign, and the patient is then referred for
re-resection when sarcoma is found at pathologic
examination. Imaging is needed before re-resection to
assess for gross residual tumor. Re-resection results in an
improved prognosis.
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38 Malignant Melanoma

KEY CLINICAL AND IMAGING POINTS
Malignant melanomas constitute approximately 5% of skin
tumors. The incidence of melanoma is now rising faster than
any other malignancy, and the current lifetime risk is
currently 1 in 132 (UK) and 1 in 75 (US).
Initial Staging
• The initial staging of malignant melanoma is surgically
deﬁned after wide local excision.
• There is no evidence to support the routine use of chest
radiography, ultrasound, or CT for screening patients with
early stage melanoma.
• High-frequency ultrasound examination may be employed
in assessing regional draining lymph nodes and guiding
ﬁne-needle aspiration biopsy.
• Tumors with a thickness of more than 2 mm at initial
pathologic examination require assessment by enhanced
CT of the chest, abdomen, and pelvis.
• There is no evidence to support the routine use of imaging
in surveillance after the treatment of early-stage malignant
melanoma, and most relapses are detected by selfexamination or clinical examination.
• Patients with clinical stage II disease are evaluated in some
centers by sentinel node localization and biopsy technique
or, alternatively, targeted nodal ultrasound examination
and image-guided tissue sampling.
• If disseminated metastatic disease is suspected, CT
evaluation of the trunk and brain is appropriate, as
melanoma has the potential to involve any part of the
body.
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•

18

F-FDG PET/CT has shown utility in identifying
disseminated malignant melanoma and in restaging or
evaluation of disease recurrence.
• 18F-FDG PET/CT is particularly useful in evaluation of
high risk (thickness > 1.5 mm) or advanced stage
melanoma.
• 18F-FDG PET/CT pitfalls:
䊊
False-positive ﬁndings in case of recent surgery, arthritis,
infection, phlebitis, Warthin’s tumor, endometriosis,
pigmented villonodular synovitis
䊊
False-negative ﬁndings in small lesions (<0.5 cm in
diameter) with no mass effect and in cerebral
metastases
18
䊊
F-FDG PET is of limited use in patients with earlystage disease and cannot replace sentinel node biopsy,
which is much more sensitive in detecting microscopic
lymph node metastases.
• Sentinel node lymphoscintigraphy with ﬁltered 99mTc
sulfur colloid is useful for identifying the sentinel node
before surgery.
CT Tips
• Widespread dissemination of this disease may be present
without accompanying symptoms. Lung, soft tissue, liver,
brain, bone, and adrenal gland metastases predominate,
but the spleen and the gastrointestinal tract also frequently
are sites of metastasis.
• Small, well-deﬁned, enhancing, nodular soft-tissue
deposits within the subcutaneous fat are not
uncommon.
• Lymph nodes are typically bulky with enhancement after
intravenous contrast material and not infrequently show
central necrosis.
• Pulmonary parenchymal metastases are typically spherical,
well-deﬁned, and numerous.
• Liver metastases are often bulky and of relatively high
density.
• Occasionally, enhancing polypoid metastases are seen
within the gallbladder. Melanoma accounts for more than
half of all metastases to the gallbladder.
• Brain metastases are typically multiple and supratentorial
and carry a grave prognosis (with patient survival of only
about 4 months).
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• Gastrointestinal tract metastases often cause melena, so CT
requires careful evaluation.
KEY REPORT ELEMENTS

Contrast-enhanced CT scan shows numerous hepatic metastases
and a large metastasis (*) in the left adrenal gland from
metastatic melanoma.

T: Primary Tumor
• Imaging of the local tumor site is not performed unless
grossly advanced disease is clinically evident and invasion
of subjacent structures may be present.
N: Lymph Nodes
• The particular regional nodes imaged will be determined
by the site of the primary tumor.
• The number of metastatic nodes (one, two to three, or four
or more) should be described, as the number determines
the N status.
M: Metastasis
• Imaging is performed to assess for distant metastasis in
high-risk patients or those with advanced disease.
• Both lymphatic and hematogenous metastases are
common.
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T1W axial MRI showing high-signal intensity metastases in the
choroid.

TNM Classiﬁcation

T—Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Tis
Melanoma in situ
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T Classiﬁcation
T1

Thickness
≤1.0 mm

T2

1.01–2.0 mm

T3

2.01–4.0 mm

T4

>4.0 mm

Ulceration Status
T1a without ulceration
and levels II/III
T1b with ulceration or
levels IV/V
T2a without ulceration
T2b with ulceration
T3a without ulceration
T3b with ulceration
T4a without ulceration
T4b with ulceration

N—Regional Lymph Nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N Classiﬁcation No. of
Metastatic
Nodes
N1
1 node
N2

2–3 nodes

N3

4 or more
metastatic
nodes, or
matted nodes,
or in transit
met(s)/
satellite(s)
with metastatic
node(s)

Nodal Metastatic
Mass
N1a micrometastasis*
N1b macrometastasis†
N2a micrometastasis*
N2b macrometastasis†
N2c—in transit
met(s)/satellite(s)
without metastatic
nodes

M—Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
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M Classiﬁcation Site
M1a

Serum Lactate
Dehydrogenase
Normal

Distant skin,
subcutaneous,
or nodal
metastases
Lung metastases Normal
All visceral
Normal
metastases
Any distant
Elevated
metastases

M1b
M1c

*Micrometastases are diagnosed after sentinel or elective
lymphadenectomy.
†
Macrometastases are deﬁned as clinically detectable nodal
metastases conﬁrmed by therapeutic lymphadenectomy or when
nodal metastasis exhibits gross extracapsular extension.

Stage Grouping

T
Tis

N
N0

M
M0

IA
IB

T1a
T1b
T2a

N0
N0
N0

M0
M0
M0

IIA

T2b
T3a
T3b
T4a
T4b

N0
N0
N0
N0
N0

M0
M0
M0
M0
M0

III

Any T
Any T
Any T

N1
N2
N3

M0
M0
M0

IV

Any T

Any N

Any M1

0

IIB
IIC

Clinical staging includes microstaging of the primary
melanoma and clinical/radiologic evaluation for
metastases. By convention, it should be used after
complete excision of the primary tumor, followed by
clinical assessment for regional and distant metastases.
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TREATMENT IMPLICATIONS OF IMAGING FINDINGS
• Imaging is undertaken to detect metastatic disease in
lymph nodes and blood-borne sites.
• Metastatic work-up should be performed if sentinel node
lymphoscintigraphy is positive.
• The number of involved lymph nodes is relevant to
staging.
• Treatment depends on local sites of spread and extent of
disseminated disease but is essentially palliative.
• Surgical resection of localized nodal recurrence may be
performed.
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TNM staging of, 72–75
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