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Learning Objectives

» To gain knowledge and understanding of what clini-
cians want to know from imaging of soft tissue,
bone, and bone marrow tumors.

* To understand how the key imaging features of
tumors impact their diagnosis, staging, and treat-
ment options.

» To illustrate examples of report templates for the
comprehensive and clear reporting of imaging stud-
ies obtained for evaluation of soft tissue, bone, and
bone marrow tumors.

10.1 Introduction

The function of imaging in the setting of a soft tissue, bone,
or bone marrow tumor hinges on the capacity to accurately
characterize, localize, and quantitate the abnormality. A radi-
ologist’s interpretation and reporting of these key imaging
findings allow for a differential diagnosis, can add specificity
and confidence in diagnosis, and allow for a determination
regarding the need for biopsy and a shared platform from
which the clinical team and patient can discuss further diag-
nostic management and an initial treatment plan. In addition,
the appropriate characterization of a tumor can often provide
insight into the potential staging of the tumor and guide the
need for additional imaging prior to biopsy.
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Adult tumors of soft tissue, bone, and bone marrow
encompass a broad range of histopathologies with varying
immunohistochemical and molecular properties, but the
tenets of imaging for these tumors and their value to clini-
cians and patients are consistent regardless of tumor type.
Demonstrating an understanding of the relevance and influ-
ence of the patient’s history and addressing the important
imaging features of a tumor in a consistent and concise man-
ner in the radiology report elevate the perceived worth of the
radiologist’s input into patient care. In this chapter, we focus
on magnetic resonance imaging (MRI) findings and provide
guidance on what clinicians want to know and how to report
this information using a clear and uniform approach.

10.2 SoftTissue Tumors

Although the majority of soft tissue tumors (STT) are benign,
the morbidity and mortality associated with soft tissue
sarcoma (STS) are significant and warrant that radiologists
havea fundamental knowledge of their imaging presentations
andtreatment methods and goals. Radiographs, ultrasound,
computed tomography (CT), and positron emission
tomography (PET)/CT can all often provide useful
information for differential diagnosis of a STT. The purpose
of radiographs for the evaluation of STT is often
underestimated, but they can provide highly valuable
information, such as the identification and characterization
of associated mineralization and osseous lesion origin and
the identification of underlying cortical involvement, which
can influence the differential diagnosis. Therefore,
radiographs should be routinely performed during the
workup of STT and are an appropriate initial imaging study.
For superficial STT, either radiographs or ultrasound is
appropriate initially [1]. If the STT requires further
characterization after radiographic or ultrasound evaluation,
MRI is the imaging technique of choice [2-4] asit often
allows for a limited differential diagnosis. For example, the
most common myxoid lesions, soft tissue myxoma,
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myxoid liposarcoma, and myxofibrosarcoma (Fig. 10.1), can
usually be distinguished by their imaging characteristics in
the vast majority of cases on MRI [5-7]. An understanding
of the relevance of the MRI features favoring a benign versus
malignant diagnosis is paramount to making a determination
of radiology-pathology concordance or discordance and
making appropriate recommendations for next steps in
management. For STS in particular, the key MRI features
that help predict its behavior and potentially impact surgical
management are the tumor’s anatomical site (intramuscular,
intermuscular, subcutaneous, intraarticular, extensive/multi-
focal), size, depth, margin, and morphological/enhancement
complexity. Specific locations can also improve diagnostic
accuracy, such as deep to the scapular tip for elastofibroma
and hand/foot for fibromatosis. Reporting of associated
inflammatory edema-like signal or hemorrhage in the
surrounding soft tissues or associated fascial enhancement
extending from the tumor (fascial tails) is also crucial
because these areas can contain tumor cells and needs to be
addressed in the treatment plan to maximize local control.
Several recent studies have incorporated the numerous

Key Point

» Knowledge of the key imaging features that predict
tumor behavior is critical to providing a compre-
hensive imaging report.

elemental constituents of these key MRI features into MRI
radiomics models in an effort to better grade [8] and stage [9]
STS as well as predict specific histopathology [4], treatment
response [10], and overall survival [11]. Therefore, each of
these key MRI features should be specifically described in
the radiology report. Of note, in the setting of an aggressive-
appearing or otherwise indeterminate STT, it behooves radi-
ologists, particularly those practicing outside the tertiarycare
setting, to clearly and specifically recommend in the final
impression of the imaging report that the patient be referred
to an orthopedic oncologist prior to biopsy. An

example of a structured MRI report for a soft tissue sarcoma
is provided in Fig. 10.2.

In addition to an appreciation of the importance of the key
MRI features, an understanding of the staging methods for STS
is relevant. The most commonly used staging system for almost
all histological subtypes of STS is the American Joint
Committee on Cancer (AJCC) staging system [12], which
incorporates extent of tumor (T), lymph node status (N),
presence of metastasis (M), and tumor grade (G). In the most
recent8th edition of the AJCC staging system published in 2017
[13],the anatomical site of STS became a more relevant
staging parameter, with different staging systems now
employed based on whether the STS is located in the
trunk/extremity, retroperitoneum, head and neck, or
thoracic/abdominal visceral organs [12, 13]. In the
musculoskeletal radiology realm, we are primarily involved
in the assessment of STS of the trunk/extremity, so specific
knowledge of the staging system for this anatomical site is
useful. The tumor grade in the AJCC stagingsystem is based
on the French Federation of Cancer Centers (FNCLCC)
grading system, which includes tumor differentiation,
presence of necrosis, and mitotic count in its analysis.
Radiologists can provide insight on the histological grade of a
STS by identifying and reporting necrosis during image
interpretation and including areas of necrosis within biopsy
specimens. Of note, a few aspects of the AJCC
trunk/extremity staging system are controversial, including
the designation of regional nodal metastasis as stage IV
disease, the exclusion of tumor depth as an independent
prognostic factor, and the division of tumors greater than 10
cm into two separate T categories rather than just one
category (T3, >10 cm < 15 cm; T4,
>15 c¢m) [14]. Given these controversies and the broad non-
uniformity in STS types and behaviors, tumor genomics likely
plays a greater role, if not a central role, in future prognostica-
tion. In the interim, clinicians rely on clinical examination and
the information gleaned from the MRI interpretation to plan
treatment.

The mainstay of treatment for STS is wide surgical resec-
tion with the primary goal being a balance between achieving
local control and preserving patient function. Additional MRI
features that are essential to report in an effort to help
surgeons best achieve this balance, particularly in the setting

>
>

Fig. 10.1 Examples of common pathologically proven myxoid lesions on
MRI. Coronal T1-weighted (a), coronal T2-weighted fat-saturated (b),
and coronal T1-weighted fat-saturated post-contrast (¢) MR imagesof
the proximal right thigh demonstrating a <5 c¢cm circumscribed intra-
muscular mass with homogeneous T1 signal isointense to muscle and a
thin rim of perilesional fat (arrowheads in a), homogeneous extremely
bright T2 signal with perilesional edema at the superior and inferior
margins (arrows in b), and whorl-like areas of mild enhancement inter-
nally. There is no enhancement extending away from the mass. These
MRI features are most compatible with a soft tissue myxoma.
Coronal T1-weighted (d), coronal T2-weighted fat-saturated (e), and

coronal T1-weighted fat-saturated post-contrast (f) MR images of the
proximal right thigh demonstrating a >5 c¢cm fat-containing heteroge-
neous mass with irregular perilesional edema and enhancement. These
MRI features are most compatible with a myxoid liposarcoma.
Coronal T1-weighted (g), coronal T2-weighted fat-saturated (h), and
coronal T1-weighted fat-saturated post-contrast (i) MR images of the
proximal right thigh demonstrating a >5 cm heterogeneous mass avid
irregular peripheral enhancement, central necrosis, and irregular perile-
sional edema and enhancement. These MRI features are most com-
patible with a myxofibrosarcoma
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Fig. 10.1 (continued)

of an aggressive-appearing STT, are the presence or absence

of muscular compartmental breaching, neurovascular
involvement (Fig. 10.3), organ invasion, or bone invasion.
This information often dictates the treatment plan, including
whether to pursue neoadjuvant therapies prior to resection or
to proceed with primary surgical intervention. In the case of
neurovascular or organ involvement, the orthopedic oncol-

ogy team requires operative assistance by other surgical spe-
cialties. Furthermore, if the STT is situated within an
anatomically complex region such as the pelvis, the need for
three-dimensional (3D) printing for surgical planning can be
anticipated.

Another crucial element to the report which often receives
less attention from radiologists is a description of the
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EXAM: MRI [ANATOMICAL SITE] WO + W/CON

Technique: Multiplanar multisequence MR imaging of the [anatomical site] was performed before and after the
uneventful intravenous administration of [x] mL [contrast agent].

History: xx-year-old man/woman presented to an outside physician 1 month ago for evaluation of a slowly enlarging
painless mass at the anterior aspect of the [anatomical site] which was first noticed approximately 2 years ago.
Outside ultrasound demonstrated a solid vascular mass that was reported as worrisome for malignancy. The patient

has no other health concerns.

Comparisons: Radiographs of the [anatomical site] obtained earlier today.

FINDINGS:

Mass characteristics:

Location:
Anatomical site:

Tissue depth/location (subcutaneous,fascial,intra-/intermuscular,intraarticular, multifocal):

Size:

Margin (circumscribed/irregular):

Morphology and T1/T2 signal characteristics:

Enhancement characteristics (avid/heterogeneous/central/peripheral):

Most aggressive portion for biopsy target:

Necrosis (None vs <50% vs >50%):

Radiographic appearance (mineralization/cortical involvement):

Sonographic appearance (solid vs cystic/echogenicity/vascularity):

Status of surrounding tissues:

Edema (peritumoral/fascial):
Hemorrhage:
Neurovascular involvement:
Bone involvement:

Other:

Other findings:
Staging information:

Longest diameter of tumor (T):

Lymph node (L): may be unknown at time of MRI; report expected date of staging CT

Metastasis (M): may be unknown at time of MRI; report expected date of staging CT

Necrosis:

FINAL IMPRESSION:

Fig. 10.2 Example of a structured MRI report for soft tissue sarcoma

patient’s history. Accurately and thoroughly addressing the
patient’s history relevant to the STT directly in the report,
particularly in the setting of treated soft tissue sarcoma, gives
the referring clinician and the patient confidence in the care
that the radiologist is providing. For example, if the patient
has a history of an undifferentiated pleomorphic sarcoma,
specifically reporting in chronological order the date of ini-
tial biopsy diagnosis, the histologic grade, the incorporation

of radiation with dates of initiation and conclusion and total
dosage, the incorporation of chemotherapy, and the date of
any surgeries, whether non-oncologic or oncologic is
extremely helpful for bringing together a common language
for all involved in the patient’s care. Also, a key piece of
information that should be sought when interpreting follow-
up MRI after STS resection is the surgical margin status as it
is the primary influence on risk of local recurrence [15].
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Fig. 10.3 A 36-year-old man with osteosarcoma of the right ilium.
Coronal T2-weighted fat-saturated image of the pelvis demonstrates the
large primary tumor with invasion into the right hip joint (skinny
arrows), a right external iliac lymph node metastasis (arrowheads), and
tumor thrombus in the right common iliac vein (fat arrows)

Fortunately, much of this information is now available in the
electronic medical record. Other alternatives to obtaining
this information could be providing a questionnaire to the
patient at the time of check-in for imaging or contacting the
patient directly.

Key Point

 Inclusion of a detailed patient history in the imag-
ing report confirms to the patient and the other
members of the healthcare team the investment of
the radiologist in helping maximize patient care and
outcome.

10.3 Bone Tumors

Similar principles guiding the imaging reporting of STT can
be applied to bone tumors. Although radiographs are highly
valuable in the setting of a STT even when negative, in the
setting of extremity bone tumors, accurate characterization of
an extremity bone tumor relies heavily on the radiographic
appearance. Therefore, radiographs in at least two orthogonal
planes are imperative and should be employed as the initial
imaging modality. Given that the location of a bone lesion in
combination with the patient age allows for a limited differ-
ential of two or three diagnoses in most cases, the radio-

graphic report should initially include a clear description of
the specific location within the bone, whether epiphyseal,
metaphyseal, or diaphyseal and whether intramedullary,
cortical, or surface. Other key features to analyze and report
arethe size, zone of transition (narrow or wide), pattern of
bone destruction (geographic, moth-eaten, permeative),
periosteal reaction (aggressive or nonaggressive), and
internal characteristics of the lesion (lucent/lytic, sclerotic,
mixed, osteoid/ chondroid matrix). For indeterminate or
aggressive-appearinglesions, it is vital to also report on the
status of the cortex andsoft tissues and assess for risk of
pathologic fracture.

Key Point

» Radiographic evaluation of a bone tumor is impera-
tive. MRI interpretation of a bone lesion without
comparison to the corresponding radiographs raises
the risk of misdiagnosis and mistreatment.

When radiographs confirm the presence of an aggressive
or indeterminate bone lesion in the extremity or pelvis, the
modality of choice for further imaging evaluation is MRI,
which should be protocoled to include sequences of the entire
compartment with the associated proximal and distal joints
[16]. Of note, the corresponding radiographs should always
be reviewed concurrently during the MRI interpretation, and
this direct correlation should be stated in the report.For non-
extremity bone lesions, CT is typically used as the primary
imaging modality [16], but MRI is also advantageous as a
subsequent test as it can better define tissue planesbetween
tumor and surrounding structures. The same features of the
lesion described radiographically should similarly be
addressed in the MRI and/or CT report. Additionally, the
morphological/enhancement complexity can be better
defined with these advanced modalities. Other highly
important potential findings to identify and describe include
physeal transgression, articular invasion, and soft
tissue/organ/ neurovascular involvement (Fig. 10.3). Each
feature has implications for diagnosis, staging, biopsy plan-
ning, and treatment planning. Therefore, as stated above for
STT, radiologists in a non-tertiary care setting can best serve
their patients by clearly and specifically recommending in
the final impression of the report a referral to an orthopedic
oncologist prior to biopsy.

Key Point

+ Patients with high-risk musculoskeletal tumors
should only undergo biopsy following consultation
with the treating orthopedic oncologist.
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Similar to STS, there are controversies surrounding the
available staging systems for bone sarcoma, which include
the AJCC 8th edition, Musculoskeletal Tumor Society, and
Vanderbilt staging systems. In particular, these staging sys-
tems have variable accuracies for predicting overall survival
in the three most common types of primary bone sarcoma,
which are osteosarcoma, Ewing sarcoma, and chondrosar-
coma [17, 18]. However, radiologists can benefit from the
knowledge that histologic grade and the presence and
location of metastatic disease are key factors for staging in
all ofthese lesions. Although combining these three most
common bone sarcoma types into one staging system
simplifies the clinical approach, it may be a disservice to
patients who would more likely benefit from individualized
prognostic information. Therefore, a greater focus on tumor-
type specific genomics is expected to play more of a role in
the staging of bone sarcomas in the future. As radiologists,
keeping

EXAM: MRI [ANATOMICAL SITE] WO + W/CON

up to date as the staging systems for these tumors evolve over
time is important to maintain a common multidisciplinary
language.

MRI or CT reports obtained for evaluation of a bone
tumor need to include a thorough description of all relevant
patient history associated with the bone tumor, particularly
in the post-treatment setting. For example, the general
treatment strategies for osteosarcoma and Ewing sarcoma
incorporate both neoadjuvant and adjuvant chemotherapy,
but radiation is usually reserved for anatomical locations
where complete surgical resection is difficult or impossible
[16]. Therefore, the knowledge that a patient with osteosar-
coma or Ewing sarcoma was treated with radiation is help-
ful in that it alerts the radiologist to the potential of a higher
risk of local recurrence. An example of a structured report
template for bone sarcoma following treatment is provided
in Fig. 10.4.

Technique: Multiplanar multisequence MR imaging of the [anatomical site] was performed before and after the
uneventful intravenous administration of [x] mL [contrast agent].

History: xx-year-old man/woman with history of grade 2 chondrosarcoma of the [anatomical site] initially diagnosed
on [date] from CT guided biopsy specimen. The patient was treated with

wide oncologic resection on [date], resulting in wide negative margins > 3 cm. Immediate reconstruction was
achieved with allograft prosthetic composite, tendon reconstruction, myocutaneous flap, and skin grafting. This is
the patient’s 4" follow-up MRI (performed every 6 months) with no evidence of tumor recurrence in the interval

since surgery.

Comparisons: Initial pre-treatment radiographs from [date] and initial pre-treatment MRI from [date]. Multiple other
post-treatment radiographs and MRI examinations were also compared, the most recent from [date].

FINDINGS:

Nodular signal abnormality/enhancement: None. There is no evidence of

local tumor recurrence.

Postoperative change:

Prostheses/Fixation:
Myocutaneous flap:
Fluid collection:

Postradiation change:

Subcutaneous tissues:
Muscle:
Bone marrow:

Other findings:

Lymph nodes:
Neurovascular structures:
Myotendinous structures:
Joint findings:

FINAL IMPRESSION:

Fig. 10.4 Example of a structured MRI report for post-treatment follow-up of bone sarcoma
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10.4 Bone Marrow Tumors

Primary bone marrow tumors (BMT) include myeloma,
leukemia, and lymphoma. Radiographs, CT, PET/CT, and
MRIare all used in the evaluation of these tumors. As with
bone tumors, radiographs are the most appropriate initial
imagingtest when the clinical presentation is that of localized
unremitting atraumatic bone pain. However, if the clinical
presentation of a BMT is instead based on laboratory
abnormalities, the historical practice of using skeletal survey
for initial evaluation is now considered suboptimal.
Currently, low-dose CT, PET/CT, or whole-body MRI are
considered acceptable initial imaging modalities today. The
primary advantages of low-dose CT are that it is more
sensitive thanskeletal survey and has short acquisition time
and wide availability. However, CT relies on the presence of
trabecular and/or cortical destruction for detection of focal
disease [19].

PET/CT can also detect focal bone lesions and has been used
for assessment of treatment response and for monitoring, but
its sensitivity is lower than that of MRI. Comparatively,
whole-body MRI with diffusion-weighted imaging is the
most sensitive for BMT and allows for the earliest detection
of focal disease in the form of cellular infiltration, even
before trabecular or cortical destruction [19]. Unfortunately,
there remain barriers to whole-body MR’s wide
implementation into routine clinical practice due to its cost,
acquisition time, and challenges with billing and
reimbursement [20]. Ifwhole-body MRI is not available,
MRI of the spine and pelvis is considered a suitable
alternative [19].

When assessing BMT with imaging, the key elements of
disease to report are the disease distribution (focal or dif-
fuse), associated soft tissue components, nodal/organ
involvement, and the presence of fracture or predicted frac-
ture risk. In regard to focal disease, the International
Myeloma Working Group has provided guidance on size
measurements using thresholds of 5 and 10 mm. For lesions
<5 mm, documentation of the abnormality is recommended
to facilitate continued surveillance, but an exact measure-
ment is not necessary. Lesions that are >5 mm but <10 mm
should be interpreted as unequivocally active myeloma, but
again an exact measurement is not necessary [19]. Focal
lesions larger than 10 mm should be reported with associ-
ated measurements. If the imaging findings are instead
indicative of diffuse disease, this should be identified in the

dations provided by the Myeloma Response Assessment and
Diagnosis System (MY-RADS), which was created under
the guidance of the International Myeloma Working Group
and the National Institute for Clinical Excellence in the
United Kingdom [19]. Although a similar system hasnot
been specifically devised for other BMT such as leukemia or
lymphoma, a similar approach to image analysis and
reporting is recommended.

Key Point

e The use of structured reporting in the setting of
myeloma allows for clear and consistent communi-
cation between the radiologist and other members
of the healthcare team.

10.5 Concluding Remarks

In this review, we have highlighted what clinicians want to
know from the imaging of soft tissue, bone, and bone mar-
row tumors and how the key imaging features influence their
diagnosis, staging, and treatment. We have stressed the
importance and value of providing a detailed patient history
in the imaging report and of explicitly stating the need for
referral to an orthopedic oncologist if a sarcoma is suspected.
An accurate and quality imaging report that demonstrates
investment in the patient’s care can elevate the perceived
worth of radiologists to the healthcare team.

Take Home Messages

 Clearly and consistently report the key imaging fea-
tures that may impact the diagnosis, staging, and
treatment of soft tissue, bone, and bone marrow
tumors.

* Provide a detailed patient history regarding the
tumor in the imaging report.

» Do not hesitate to recommend referral to an ortho-
pedic oncologist in the final impression of the report
if an aggressive tumor is suspected.
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report. In addition, analysis of burden of disease in the posteromedial aspects of the ilia, which are the most
commonly used sites for bone marrow aspiration and biopsy, would be helpful to ensure optimal tissue sampling of
the most abnormal area or to suggest an alternate site. Reportingof ADC values is also recommended, but only for
lesions where diffusion-weighted imaging demonstrates water signal. Radiologists can benefit their referring
clinicians and patients by following the structured reporting recommendation.
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