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26.1 Introduction

The aim of therapy in patients with soft tissue
sarcoma is to irradicate (curative) or modify
biologic behavior (palliative) of sarcoma while
minimizing damage of normal tissues. This is
done by local (surgery, isolated limb perfusion,
and radiation) or systemic (neoadjuvant and
adjuvant chemotherapy) therapy. Prognosis of
patients with soft tissue sarcoma is mainly influ-
enced by local recurrence and development of
distant metastasis and thus also by response to
treatment [1]. Approximately one-third of all
patients with soft tissue sarcomas will develop
local recurrence or distant metastatic disease,
with the highest risk in the first few years after
treatment; however, late recurrences after 5
years do occur [2-4]. The overall survival
mainly depends on the development of meta-
static disease.

The patterns of recurrence vary with the ana-
tomic site of the primary tumor [5]. Patients with
extremity and superficial trunk primaries have a
higher predilection for metastases and a lower
probability of locoregional recurrences. In con-
trast, patients with retroperitoneal or head and
neck tumors have a higher tendency toward
locoregional recurrences compared to metasta-
ses. In this chapter we’ll address several topics
related to therapy. After a brief discussion on
therapy-induced changes in normal tissue, which
is important in diagnosing recurrence, we’ll
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address monitoring the response to treatment,
imaging locoregional recurrence, and finally
diagnosis of metastases.

26.2 Therapy-Induced Changes

in Normal Tissue

Surgery, radiation therapy, isolated limb perfu-
sion, systemic chemotherapy, angiogenesis-
inhibiting drugs, therapy- and cancer-induced
cachexia, and supportive therapy such as blood
transfusions, erythropoietin (Epo), corticoste-
roids, growth colony stimulating factor (G-CSF),
and peripheral stem cell transplantation may all
cause acute and/or chronic reversible or irrevers-
ible changes in normal tissue. These changes are
often seen on imaging during and/or following
therapy and need to be differentiated from resid-
ual or recurrent tumor and metastatic disease.
These changes include edema, avascular necro-
sis, mucoid degeneration, serous atrophy, osteo-
penia, regeneration or reconversion of
hematopoietic marrow, extramedullary hemato-
poieses, hematoma, seroma, denervation of mus-
cle, and therapy-induced cancers. Most diagnostic
problems related to these therapy effects occur in
the bone marrow of patients with osseous tumors.
Bone marrow changes do occur in patients with
soft tissue tumors but then pose less of a diagnos-
tic problem. In this chapter we’ll limit the discus-
sion to changes that may cause diagnostic
problems in patients with soft tissue tumors.

Various soft tissue tumors such as neurofibro-
matosis and giant cell tumors are treated with
biologicals such as imatinib (Gleevec). In these
patients extensive bone marrow changes display-
ing low signal intensity on TIl-weighted MR
images and high signal intensity on fluid-sensitive
MR sequences may be seen. These may progress
during treatment and may completely disappear
following cessation of treatment. Although avas-
cular necrosis has been supposed as the cause for
these changes, the transient nature is more likely
to reflect edema [6, 7].

In the soft tissues, commonly seen changes
are early (edema and inflammation) and late
(fibrosis) effects of radiation therapy. Especially

the early effects are easily identified because of
the linear margins reflecting the radiation portals.
The signal intensities of hematoma (high signal
intensity of methemoglobin on T1- and fluid-
sensitive sequences) and hygroma (low signal
intensity on T1 and high signal on fluid-sensitive
sequences) allow an easy diagnosis. Follow-up
imaging (also with US) and Gd-chelate-enhanced
imaging are useful in excluding tumor nodules
within or surrounding these postsurgical changes.
Denervated muscle is easily recognized as a high
signal muscle on fluid-sensitive sequences (early
edema) or high signal intensity muscle on
T1-weighted sequences (late atrophy).

26.3 Monitoring Response
to Therapy

With some exceptions, most soft tissue tumors,
and especially sarcomas, are treated with resec-
tion. Resection is often supplemented by neoad-
juvant (presurgical) chemotherapy, radiation
therapy before or following resection, and adju-
vant chemotherapy (postsurgical). In addition tri-
als with chemoradiation have shown promising
results [8]. In contrast to chemotherapy proto-
cols, there is still debate about the optimal use of
radiation therapy as an adjunct to surgery. There
are advantages and disadvantages for both pre-
and postoperative scheduling of radiation. For
imaging it is important to realize that the effect of
radiation therapy takes at least 4 weeks to hap-
pen. Many histological changes including necro-
sis, liquefaction, hemorrhage, hyalinization,
angiogenesis, and fibrosis occur secondary to
radiation and complicate image interpretation.
Volume measurements have been proven to be
insufficient (with the exception of myxoid lipo-
sarcoma) in monitoring response to radiation
therapy [9-12]. Likewise tumor volume mea-
surements are inaccurate in monitoring response
to (neo)adjuvant chemotherapy and chemoradia-
tion. Tumor biology in sarcomas is normally het-
erogeneous and in addition changes over time,
even without therapy. Volume measurements do
not capture the complicated spontaneous and
therapy-induced changes within the sarcomas.
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The revised RECIST 1.1 criteria originate from
the era of cytotoxic chemotherapy [13].
Nowadays and even more so in the future, tar-
geted therapies will use tumor-specific pathways
to modify tumor progression, vasculature, and
growth. This requires matching imaging tech-
niques to monitor response. The EORTC soft tis-
sue and bone sarcoma group proposed a
histological grading system based on the amount
of viable (also called stainable) tumor relative to
necrosis. Grades are from A (no stainable tumor
cells) to E (>50% stainable tumor cells).
Relationships between this new grading system
and prognosis or outcome have yet to be deter-
mined. In this chapter we therefore still use the
value of <10% viable tumor to indicate good
response. Compared to the older system of less
than 10% of viable tumor as a cutoff value for
good response, this new system has, apart from
grade A, also grade B (single or clusters of stain-
able tumor cells <1 % of whole specimen) and
grade C 1-10 % stainable tumor cells [10].

The PERCIST criteria are a step forward for
imaging evaluation because they include meta-
bolic information visualized by FDG-PET imag-
ing [13]. Especially with the advent of various
mechanisms of chemotherapy that change tumor
biology, we need to make use of an integrated
approach using functional parameters obtained
with multiple imaging techniques including MR
(angiogenesis, membrane integrity, hypoxia, etc.)
and PET [14-17]. This approach of tumor profil-
ing has been described as radiomics [17]. For this
chapter a survey of this futuristic approach is
beyond our scope. In this chapter we’ll briefly
describe currently available clinical approaches.

Changes in tumor volume assessed with MR are
also not very accurate in defining response. Only an
increase in tumor volume not caused by massive
hemorrhage within the tumor correlates with a poor
histologic response. An unchanged or decreasing
tumor volume is not predictive of a good response.

Gd-chelate-enhanced MR imaging improves
identification of viable components within the
tumor [14, 18]. However, static contrast-enhanced
MR images are not sufficiently specific to differ-
entiate viable tumor from early immature
granulation tissue, neovascularity in necrotic

areas, and reactive hyperemia. Also, static
Gd-chelate-enhanced imaging results in an over-
estimation of the volume of residual viable tumor
because the small molecular agent Gd-chelate
passes from the intravascular space to the inter-
stitium outside the tumor [18, 19]. Fast or
dynamic contrast-enhanced (DCE) MRI reflects
angiogenesis, in particular flow, permeability,
and interstitial pressure and is thus more accurate
in identifying and localizing residual viable
tumor after chemotherapy thereby improving dif-
ferentiation between good and poor respondents
(Figs. 26.1 and 26.2). Details of this technique
are presented in Chap. 5.

Therapy-induced changes in capillary perme-
ability (time-intensity curve analysis, quantifica-
tion of Ktrans) and vascular density (maximal
enhancement) are often observed before changes
in tumor volume. Direct visual inspection of the
(subtraction) images before and after chemother-
apy allows easy detection of highly vascular and/
or highly perfused viable tumor tissue.
Alternatively parametric analysis (see Chap. 5)
using dedicated software can be used [19, 20].
When more than 10 % of the total tumor volume
enhances early (defined as enhancement within
6 s after arterial enhancement), a poor response
with more than 10% of tumor tissue remaining
viable should be suspected. Several pitfalls have
to be avoided. Young granulation tissue at the
margins of necrotic tumor may enhance early.
Arterioles or small physeal vessels enhance early
as well. Spatial resolution is a limitation. Tumor
nests smaller than 3—5 mm? cannot be depicted.

Diffusion-weighted MR imaging with high
b-values has potential in assessing the chemo-
therapeutic response of soft tissue sarcoma [12,
15, 21-23].

An increase in diffusion reflected by increas-
ing apparent diffusion coefficient (ADC) values
of sarcoma after chemotherapy corresponds to
cell death (disintegration of cell membranes) and
reduction in tumor cell density. Early response to
chemotherapy may, however, result in a decrease
of diffusion caused by dehydration, congestion,
and decreased capillary permeability. It is still
unclear which method of determining changes of
ADC values over time is appropriate for soft tis-
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sue sarcoma. Increase of the minimum ADC
value seems to correlate better with good response
than increase of the average ADC ratios [21].
The value of color Doppler ultrasonography
with spectral analysis has been demonstrated in
patients with bone and soft tissue sarcomas as
long as there is a soft tissue mass. Blood flow
parameters that can be measured by spectral
analysis include peak velocity, mean velocity,
volume flow rate, pulsatility index, and resistive

index ([peak systolic velocity/end-diastolic
velocity]/peak systolic velocity) [18, 24, 25].
Response to neoadjuvant chemotherapy can be
reliably predicted after two cycles, but not sooner.
In a good respondent, a vascular tumor with low
vascular resistive index in feeding arteries
changes into a system with an increased or even
normalized resistive index and decreased flow
and shunting in the tumor. In good respondents,
the resistive indices calculated in the tumor-

Fig. 26.1 Adult patient with synovial sarcoma medial to
the femur with central necrosis diagnosed on the resected
specimen. T1- (a) and T2-weighted frequency-selected
fat-suppressed (b) and T1 fat-suppressed Gd-enhanced
static (¢) axial images show the tumor with centrally less
enhancement. On this panel parametric images (d)
obtained during dynamic Gd-enhanced data acquisition
with a temporal resolution of 3 s and processed with ISP
software package (Philips) are displayed. Upper left is one
of the enhanced images, upper middle the electronically
subtracted image, upper right time to peak, and lower
right the wash-in rate. Below the images, a time-intensity
curve is exhibited (horizontal axis time, vertical axis

relative signal intensity). Artery, viable, and necrotic
tumors are labeled. Following neoadjuvant chemotherapy,
the same parameters are displayed (e). Note that the
necrotic central area has increased (subtraction images),
the time to peak has become longer, and the wash-in rate
has decreased. Following resection the patient had a
recurrent mass which has high signal intensity and fluid-
fluid levels on the T2 fat-suppressed image (f), and on the
static Gd-enhanced images (g), no central enhancement is
observed. On the parametric images (h), no enhancement
is observed on all parametric images nor on the time-
intensity curve. A large hematoma without viable tumor
was evacuated
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feeding artery are almost equal to the resistive
indices in the contralateral reference artery.
Apparently, increase of peripheral resistance cor-
responds to the reduction or disappearance of
intratumoral high-velocity Doppler shifts, which

indicates the reduced need for attracting blood
from the host’s circulation in chemotherapy-
sensitive tumors [26].

Early studies demonstrate the potential of
Doppler ultrasonography with microbubble-
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based contrast agents in evaluating tumor
response to chemotherapy. A decrease of contrast
uptake the day after isolated limb perfusion with
high-dose chemotherapy and tumor necrosis fac-
tor has been reported to correlate with a favorable
histologic response. No ultrasound parameters
have been reported that can predict the response
to therapy before the start of treatment.

There have been conflicting reports on the
usefulness of glucose metabolism imaged by
18F-deoxyglucose positron emission tomogra-
phy (18F-FDG-PET) as a parameter to assess
response to chemotherapy in sarcoma [27].
Following chemotherapy, the standardized uptake
value (SUV) decreases. Most studies report a
larger decrease of SUVmax in responders as
opposed to nonresponders [28-33]. Most studies
are in heterogeneous populations of bone and soft
tissue sarcoma. It seems that metabolic tumor

volumes are a better target than SUVmax values.
Differences in metabolic volume, defined as the
number of voxels within the volume of interest
that have an uptake greater than that of the chosen
background threshold, have been reported to cor-
relate better with response [29]. This tumor com-
ponent correlates with the viable tumor as defined
by early enhancement on DCE MRI and seems a
promising venue of further research.

With the advent of insights in analyzing meta-
bolic tumor volume or residual viable tumor using
various SUV parameters and the rise of reliable
commercial software packages to quantify DCE
MR, it is too early to define the clinical role of
these techniques [27]. For the time being, we still
rely on DCE MRI in combination with high-reso-
Iution MR to monitor response and, at the same
time, to identify viable tumor nests before sur-
gery. It is likely that with the advent of targeted

Fig. 26.2 A 64-year-old patient with solitary fibrous
tumor; following presurgical radiation therapy, 50 % of
the tumor was necrotic. Axial (a) and coronal (b)
Gd-chelate-enhanced fat-suppressed T1-weighted images
show the tumor in the pelvis. Enhancement is mainly seen
in the periphery. Following radiation therapy (c), little
change is seen on the axial fat-suppressed Gd-enhanced
static image. On this panel parametric images (d) obtained
during dynamic Gd-enhanced data acquisition with a tem-
poral resolution of 3 s and processed with ISP software
package (Philips) are displayed. Upper left is one of the

enhanced images, upper middle the electronically sub-
tracted image, upper right time to peak, and lower right
the wash-in rate. Below the images is a time-intensity
curve (horizontal axis time, vertical axis relative signal
intensity). Artery, viable, and necrotic tumors are labeled.
Following radiation therapy, the same parameters are dis-
played (e). Note that the time-intensity curve of the
peripheral enhancing part has decreased relative to the
arterial curve. Time to peak has increased, while only
minor change is seen for the wash-in rate
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predominantly cytostatic, metabolic, and angio-
genesis-inhibiting cancer treatments, 18F-FDG-
PET will take a prominent place together with
other PET tracers requiring cyclotron, DCE MRI,
and ultrasonography in monitoring and guiding
treatment. The combination of several techniques,
displaying various characteristics of tumor pheno-
type in 4D, is likely to be the future. This requires
advanced automated analysis of large data sets.

26.4 Locoregional Recurrence

The benefit of early detection of local recurrence
depends on the availability of therapeutic options
that can prolong survival. Radical compartmental
resection with or without adjuvant radiotherapy
and/or chemotherapy may provide long-term sal-
vage in patients with a local recurrence of soft
tissue sarcoma [34]. The risk for local recurrence
depends on tumor site, size, grade, and adequacy
of surgical margins. Although about 2-20% of
all resections will have positive margins and thus
increased risk for local recurrence, its impact on
overall survival remains controversial [1, 4, 35].
Several guidelines have been recommended
for the follow-up of soft tissue sarcoma consisting
of a combination of clinical history, physical
examination, blood tests, chest radiographs, CT,
and MR imaging [36—42]. The ACR advises MR
follow-up at least twice a year during the first 5
years after treatment of the primary tumor and
once a year 5—10 years after treatment. The ESSR
and ESMO advocate 3—4 MRs during the first 2-3
years in intermediate- or high-grade sarcomas and
2-3 MRs during the first 3 years in low-grade sar-
comas. An MR once a year 5-10 years after pri-
mary treatment is also advocated by ESSR [34,
43-47]. Most institutions rely on consensus-based
guidelines due to the absence of evidence-based
guidelines. Surveillance strategies that, through
early detection and treatment, improve survival
and quality of life while minimizing costs have
yet to be identified in randomized clinical trials.
Only few studies have been reported on the effi-
cacy of surveillance strategies for the follow-up of
soft tissue sarcoma [37, 38, 48]. According to
Whooley et al., clinical assessment and physical

examination are the most useful tools for evaluat-
ing locoregional recurrence, whereas routine MR
imaging of the primary tumor site and laboratory
blood tests appear ineffective strategies. In a ret-
rospective review of 141 patients, they detected
by routine annual imaging only one asymptom-
atic local recurrence; all others were found on
physical examination of the primary site [37, 48].
However, MR imaging has shown to be useful in
patients in whom physical examination is ham-
pered due to radiotherapy changes.

When indicated, MR imaging is the most use-
ful technique for identifying suspected local
recurrence or residual disease after incomplete
resection [34, 49]. An MR using a T2-weighted
sequence with frequency-selective fat saturation
or short tau inversion recovery (STIR) or Dixon
sequence with water reconstruction is considered
to be the most useful first step for detecting recur-
rent tumor (Fig. 26.3). The morphology of the
lesion and the signal intensity contribute to the
definition of its character. Low signal intensity
on T2-weighted images or diffuse high signal
intensity on T2-weighted images excludes tumor
recurrence in 99 % of patients. Mature scar tissue
usually exhibits low signal intensity (Fig. 26.4)
because of its fibrous tissue content, as described
in previous studies. Diffuse high signal intensity
with a feather-like appearance, without mass
effect, generally represents post-therapy change
or inflammation. High signal intensity mass-like

Diffuse HSI | |

| Low Signal | | HSI Mass |

No Change

Fast Injection

Fast Increase

Treatment

Fig. 26.3 Flowchart of MR imaging in the follow-up of
aggressive soft tissue tumors
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lesions on T2-weighted images require further
examination with intravenous Gd-chelates [50].
Fat-suppressed T1-weighted fast spin echo
sequences after Gd-chelate injection can be used to
distinguish non-enhancing post-therapy hygroma,
seroma, or hematoma from enhancing tumor recur-
rence, post-therapy fibrosis, granulation tissue, or
inflammatory masses (Fig. 26.5). The T1 fat-sup-
pressed images obtained after administration of the
contrast agent should be compared to subtraction

images (for instance, obtained in the dynamic
sequence, see below) or to pre-contrast T1 fat-sup-
pressed images to correct for pseudo-enhancement
caused by scaling effects. Absence of contrast
enhancement excludes recurrent tumor. On these
standard contrast-enhanced images, the differentia-
tion between recurrent viable tumor and post-ther-
apy fibrosis or inflammatory pseudomasses may
remain difficult. However, in these cases dynamic
contrast-enhanced MR imaging may prove helpful

Fig.26.4 (a, b) Malignant soft tissue tumor studied after

surgery and radiotherapy in a 30-year-old male: (a) axial
T2-weighted MR image shows low signal intensity

(arrow) indicative of no recurrence; (b) the scar also has
low signal on T1-weighted MR image

Fig.26.5 (a, b) Three months after resection of desmoid-
type fibromatosis of the pelvis in a 26-year-old female: (a)
axial T2-weighted MR image shows a well-defined mass
with homogeneous high signal intensity; (b) on axial fat-

suppressed T1-weighted MR image after intravenous
administration of gadolinium, chelate is only a small rim
of enhancement seen consistent with a postoperative
seroma that resolved spontaneously
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[34, 51]. Dynamic contrast-enhanced MR imaging
allows differentiation between inflammation and
recurrent or residual tumor. After a rapid bolus
injection of contrast, viable tumor exhibits rapid
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Fig.26.6 (a—d) Fifteen months after resection and radio-
therapy of a liposarcoma of the elbow in a 25-year-old
male: (a, b) coronal and axial fat-suppressed T1-weighted
MR image after gadolinium chelate shows an ill-defined
homogeneous enhancing soft tissue mass (arrow).
Markers on the skin demonstrate the surgical scar; (c)
coronal consecutive dynamic contrast-enhanced subtrac-
tion images of the same level obtained with a temporal

progressive increase of signal intensity followed by
washout or plateau phase, whereas the signal from
inflammatory changes will also increase but later
[52] (Fig. 26.6). The exception is young granula-

SL4
Dt307s

resolution of 3 s. Tumor enhancement (arrow) is seen 3 s
after arrival of the bolus contrast in the artery (arrowhead)
suggestive of tumor recurrence; (d) time-intensity curve
of a region of interest in the soft tissue mass demonstrat-
ing rapid progressive enhancement followed by a washout
phase. Histologic examination after Tru-Cut biopsy
showed recurrence of liposarcoma
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tion issue and reactive changes secondary to sur-
gery or radiation within the last 6 months.

Diffusion-weighted imaging has potential in add-
ing specificity in the diagnosis of recurrent tumor.
Preliminary studies have shown a statistical differ-
ence between recurrent tumor and nonneoplastic
masses secondary to earlier treatment [34, 51].

Each case of a suspicious (recurrent) mass
should be treated as if it is a new sarcoma.
Confirmation should be obtained by cytological
sampling or core-needle (Tru-Cut or Jamshidi)
biopsy after locoregional restaging by MR imag-
ing. Histological biopsy should always be
performed after MR imaging because reactive
changes, hemorrhage, and edema secondary to
biopsy may hamper interpretation of MR images
and therefore interfere with staging.

Preliminary studies of positron emission
tomography (PET) demonstrate the potential of
PET with FDG as an additional tool for detect-
ing local recurrence of soft tissue sarcoma.
Moreover, PET seems particularly useful in
patients with extensive histories of surgery and
radiation therapy, in the setting in which MR
imaging interpretation can be difficult [53, 54].
The caveat here is that a negative PET-CT can
only be used to exclude recurrence, if the ini-
tial tumor accumulates sufficient FDG.

Desmoid-type fibromatoses are benign fibro-
blastic proliferations that arise in the deep soft
tissues and are characterized by infiltrative
growth in the surrounding soft tissue structures
and the absence of a pseudocapsule. Because of
this growth pattern, local recurrence after sur-
gery is virtually unavoidable. Routine follow-up
MR imaging of patients with desmoid-type
fibromatosis seems justified not only to detect
(often asymptomatic) local recurrence but also to

evaluate the natural behavior of these lesions as
they change from cellular active lesions toward
mature, collagenous inert lesions [55] (Fig. 26.7).

26.5 Metastases

Early detection of pulmonary metastases is an
important component of surveillance because the
overall survival of sarcoma patients mainly depends
on the development of distant metastases
(Fig. 26.8). Metastatic spread is found predomi-
nantly in the lungs, and about 70 % of all patients
who develop metastases will have distant disease
confined to the lungs [56]. CT is superior to PET-CT
in the detection of pulmonary metastases [57].

Pulmonary metastasectomy is considered a
standard practice since there is indeed a small pop-
ulation that can be cured. Whooley et al. studied
the cost-effectiveness of chest radiograph surveil-
lance in primary soft tissue sarcomas in a retro-
spective analysis. They proved the utility of chest
radiograph surveillance on the basis of a review of
74 patients with first recurrence confined to the
lungs (79% of all first recurrences). Although
chest CT is recommended as part of the staging
evaluation for all patients with high-grade soft tis-
sue sarcomas due to higher sensitivity than chest
radiographs, the role of CT in the surveillance of
metastatic disease has not been determined yet.
However, extrapolations of results of chest CT at
time of initial staging didn’t demonstrate cost-
effectiveness of routine use of surveillance chest
CT over chest radiographs when the risk of pul-
monary metastatic disease was low (thus in low-
grade tumors) [38, 58]. However, in our practice
we routinely use chest CT rather than plain films
to rule out pulmonary metastases.

Fig. 26.7 (a—g) Desmoid-type fibromatosis in the thigh
in a 47-year-old male: (a) axial fat-suppressed
T1-weighted MR image after gadolinium chelate. The
relatively well-defined soft tissue mass shows inhomoge-
neous enhancement. The non-enhancing area demon-
strated low signal intensity on all pulse sequences; (b) 3
months after resection, axial fat-suppressed T1-weighted
MR image after gadolinium chelate reveals a postopera-
tive seroma; (¢, d) 12 months after resection, axial and

»
»

coronal fat-suppressed T1-weighted MR image after gad-
olinium chelate. Spontaneous regression of the postopera-
tive seroma but appearance of new small intramuscular
enhancing nodules suggestive of multifocal recurrence
(arrow); (e, f) the nodules were identified on ultrasound as
hypoechoic soft tissue masses; (g) ultrasound-guided his-
tological Tru-Cut biopsy was performed and recurrence of
desmoid-type fibromatosis was confirmed
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Fig. 26.8 (a—d) Myxofibrosarcoma of the axilla in a
42-year-old man: (a) fat-suppressed axial T2-weighted
MR image of the axilla. Staging chest CT at time of diag-
nosis demonstrated no lung metastases; (b) 3 weeks after

Key Points

1. Therapy-induced changes in normal tis-
sue can be quite extensive but can be
diagnosed by combining imaging find-
ings (morphology, location, MR signal
intensities) with information on tumor
therapy and supportive therapy includ-
ing timing of therapeutic interventions.

2. Monitoring response of sarcomas to
therapy is complicated because of spon-
taneous and therapy-induced change of
biologic  behavior of  sarcomas.

resection, normal chest radiograph; (¢) 3 months after
resection, normal chest radiograph; (d) 6 months after
resection, a new solitary lung nodule in the left upper lobe
is demonstrated. Metastasectomy was performed

Functional imaging, including dynamic
Gd-chelate-enhanced MR, diffusion
MR, MRS, and PET-CT, is in the pro-
cess of replacing volume-based assess-
ments such as RECIST 1.1.

3. Clinical evaluation based on attention to
the clinical history (pain, swelling) and
physical examination seems to be a reli-
able initial method in local surveillance
strategies. A rational and practical sur-
veillance algorithm should include rou-
tine office visits every 4 months for 2
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years, every 6 months for 3 years, and
then annually. When the initial tumor
site is difficult to palpate (retroperito-
neum, ENT area), when the tumor is not
bulky in presentation (no pseudocapsule
such as desmoid-type fibromatosis), or
when there is clinical suspicion, MR
imaging or PET-CT (when the initial
tumor was FDG active) is indicated. In
other situations the role of MR imaging
is based on consensus and not on proof
of added value. Most organizations
advise MR imaging annually or biannu-
ally, depending on grade and margins,
for the first 2-3 years. For metastases,
chest radiographs or low-dose pulmo-
nary CT is indicated. In case of local
recurrence, PET-CT probably is an
effective method to diagnose locore-
gional extent of disease.

4. MR obtained 3-6 months following
local therapy may be useful in defining
posttreatment situation in order to facil-
itate interpretation of later MR
examinations.

5. CT is superior to PET-CT in detecting
or excluding pulmonary metastases.
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