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Purpose:

Materials and
Methods:

Results:

Conclusion:

To determine the added value of quantitative diffusion-
weighted and dynamic contrast material-enhanced im-
aging to conventional magnetic resonance (MR) imaging
for assessment of the response of soft-tissue sarcomas to
neoadjuvant therapy.

MR imaging examinations in 23 patients with soft-tissue
sarcomas who had undergone neoadjuvant therapy were
reviewed by two readers during three sessions: conven-
tional imaging (T1-weighted, fluid-sensitive, static post-
contrast T1-weighted), conventional with diffusion-weight-
ed imaging, and conventional with diffusion-weighted and
dynamic contrast-enhanced imaging. For each session,
readers recorded imaging features and determined treat-
ment response. Interobserver agreement was assessed
and receiver operating characteristic analysis was per-
formed to evaluate the accuracy of each session for deter-
mining response by using results of the histologic analysis
as the reference standard. Good response was defined as
less than or equal to 5% residual viable tumor.

Of the 23 sarcomas, four (17.4%) showed good histologic
response (three of four with >95% granulation tissue and
<5% necrosis, one of four with 95% necrosis and <5%
viable tumor) and 19 (82.6%) showed poor response (vi-
able tumor range, 10%-100%). Interobserver agreement
was substantial or excellent for imaging features in all
sequences (k = 0.789-1.000). Receiver operating char-
acteristic analysis showed an increase in diagnostic per-
formance with the addition of diffusion-weighted and dy-
namic contrast-enhanced MR imaging for prediction of
response compared with that for conventional imaging
alone (areas under the curve, 0.500, 0.676, 0.821 [reader
1] and 0.506, 0.704, 0.833 [reader 2], respectively).

Adding functional sequences to the conventional MR im-
aging protocol increases the sensitivity of MR imaging for

determining treatment response in soft-tissue sarcomas.

©RSNA, 2015
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eoadjuvant chemotherapy and

radiation are used in the treat-

ment of soft-tissue sarcomas
to provide better local control (1).
The treatment-induced histologic re-
sponse at the time of definitive sur-
gery best reflects treatment effec-
tiveness and is highly associated with
the patient’s prognosis (2). However,
the amount of remaining viable tumor
can be determined only at surgical re-
section and histologic analysis after
completion of neoadjuvant treatment
(3). Furthermore, to be considered ef-
fective and indicative of a good prog-
nosis for the patient, a neoadjuvant
treatment regimen requires 95% tumor
response with only 5% viable tumor
remaining (2). Treatment regimens for
soft-tissue sarcomas are evolving (4),
and a noninvasive imaging technique
to help predict treatment response and
prognosis would be desirable so that

Advances in Knowledge

B The addition of functional se-
quences to the conventional MR
imaging protocol for soft-tissue
sarcomas that have been treated
preoperatively with neoadjuvant
therapy increases accuracy for
determination of treatment
response (area under the curve,
0.821-0.833 vs 0.500-0.506, re-
spectively), particularly in tumors
that form granulation tissue and
fibrosis rather than necrosis as a
histologic response to treatment.

B Dynamic contrast-enhanced MR
imaging and apparent diffusion
coefficient (ADC) mapping are
highly sensitive (100%) for as-
sessment of the degree of nonvi-
able tumor, and therefore, for
determination of treatment
response.

B By using diffusion-weighted im-
aging, good treatment response
can be determined if the min-
imum ADC is greater than 2.0
mm?/sec (100% sensitivity,
61.1% specificity) or the average
ADC is greater than 2.2 mm?/sec
(sensitivity, 50%; specificity,
77.8%).

an alternate presurgical regimen may
be used, as needed, before the patient
undergoes definitive surgical resection.

Magnetic resonance (MR) imag-
ing remains the modality of choice for
the evaluation of soft-tissue sarcomas.
However, conventional T1-weighted, T2-
weighted, and static contrast material—
enhanced MR imaging do not allow ac-
curate assessment of treatment-related
response (5-7). Soft-tissue sarcomas
show a pathologic response to treat-
ment in the form of granulation tissue
and fibrosis (3); hence, because granu-
lation tissue and fibrosis appear as en-
hancement on images after intravenous
administration of contrast material, dis-
tinguishing posttreatment inflammatory
changes from residual viable tumor is
not possible with conventional MR im-
aging alone.

Compared with nonneoplastic tis-
sue, malignant tumors have enlarged
cell nuclei and are hypercellular. Be-
cause the degree of restriction to
water diffusion is correlated with tis-
sue cellularity and the integrity of cell
membranes, the aforementioned histo-
pathologic features condense the extra-
cellular matrix, and the space in which
water protons can diffuse in the extra-
cellular areas is reduced, with a resul-
tant decrease in the apparent diffusion
coefficient (ADC) at diffusion-weighted
imaging (DWI) (8). In addition, most
malignant neoplasms show hypervascu-
larity, a feature that appears as rapid,
early, and strong enhancement at dy-
namic contrast-enhanced (DCE) imag-
ing. Hence, the functional MR imaging
techniques of DWI and DCE imaging
may offer a more accurate assessment
of histologic response, as suggested for
other organ systems (9-13), and for
osteosarcoma (5,6,14-16). However,
limited reports exist regarding the use
of DWI (17-19) and DCE imaging for

Implication for Patient Care

B Functional MR imaging may be
used to improve the prediction of
response to preoperative neoad-
juvant therapy in patients with
soft-tissue sarcoma.

prediction of response to treatment in
soft-tissue sarcomas (20-26).

We hypothesized that differences in
diffusion characteristics and enhance-
ment patterns exist among viable tu-
mor, nonneoplastic granulation tissue,
and fibrosis in soft-tissue sarcomas,
and that the addition of DWI and DCE
imaging to the conventional MR imag-
ing examination may increase the ac-
curacy of MR imaging for assessment
of treatment response. The purpose of
our study was to determine the value
of adding quantitative DWI and DCE
to conventional MR imaging for assess-
ment of response to neoadjuvant ther-
apy in soft-tissue sarcomas.

Materials and Methods

This Health Insurance Portability and
Accountability Act-compliant retro-
spective study was approved by our
institutional review board, and the re-
quirement to obtain informed consent
was waived.

Study Population

Data of patients with newly diagnosed
soft-tissue sarcoma who were referred
to the orthopedic oncology clinic in our
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institution between August 2011 and
February 2014 were extracted from an
institutional review board-approved da-
tabase. The respective medical records
were reviewed, including the imaging,
treatment, and pathologic diagnoses.
Patients were included only if they had
completed all their care at the institu-
tion; had undergone postneoadjuvant
therapy, preoperative conventional MR
imaging (T1-weighted, T2-weighted, or
T1-weighted imaging with contrast en-
hancement) and DWI or DCE MR im-
aging; and had a histologic specimen
available that could be analyzed for the
percentage of postsurgical necrosis, via-
ble tumor, and granulation tissue or fi-
brosis. Exclusion criteria were the lack of
required MR imaging sequences or histo-
logic specimens and neoadjuvant therapy
or surgical treatment outside the study
institution.

Pathologic Examination

All pathologic specimens were reviewed
by a pathologist (E.M., with 24 years
of experience in analysis of soft-tissue
sarcomas). The histologic diagnosis was
confirmed, and the percentages of via-
ble tumor, treatment-related necrosis,
and posttreatment granulation tissue
and fibrosis were recorded for each
patient. This was done by performing
semiquantitative estimation of each
component on each glass slide for each
tumor and averaging the findings for all
of the slides for each neoplasm.

Overview of MR Imaging Protocol

MR imaging was performed with a 3.0-
T imager (Verio; Siemens Medical So-
lutions, Erlangen, Germany) by using a
phased-array or eight-channel extrem-
ity coil (depending on the anatomic re-
gion) with the sequences that follow.

Conventional MR Imaging

The imaging protocol included axial and
coronal T1-weighted (spin-echo imag-
ing: repetition time msec/echo time
msec, 600-800/9-15), fluid-sensitive
(coronal short tau inversion-recovery
imaging: 1500-2000/140-150 and ax-
ial T2-weighted imaging with fat sup-
pression: 3500-4500/60-75; inversion
time, 220 msec) sequences and coronal

T1-weighted sequence (fat-suppressed
volume-interpolated breath-hold exami-
nation: 4.6/1.4; flip angle, 9.5°; section
thickness, 1 mm; isotropic resolution)
before and after intravenous admin-
istration of 0.1 mmol per kilogram of
gadopentetate dimeglumine (Magnev-
ist; Bayer Schering, Berlin, Germany).
Subtraction imaging, with subtraction
of the precontrast from the postcontrast
images, was provided. Multiplanar re-
constructions (axial and sagittal planes)
were obtained from the T1-weighted iso-
tropic sequences.

Quantitative DWI and ADC Mapping

Before administration of contrast ma-
terial, fat-suppressed DWI was per-
formed in the axial plane (spin-echo,
single-shot,  echo-planar  imaging:
760/80; inversion time, 180 msec;
number of signals acquired, two; field
of view, 180-250 mm?; matrix, 256 X
256 pixels; section thickness, 5 mm;
intersection gap, 1 mm; section levels,
30; echo-planar imaging factor, 88;
b values, 50, 400, and 800 sec/mm?).
ADC maps were automatically gener-
ated from the DWI sequences.

DCE MR Imaging

DCE MR imaging was performed in the
coronal or sagittal plane (time-resolved
angiography with interleaved stochastic
trajectories: 2.2-4.16/0.77-1.33; field
of view, 230-400 mm; matrix, 108-256
pixels; section thickness, 3-8 mm, ac-
cording to the anatomic body part),
capturing arterial, mixed, and venous
phase images. Contrast material (gado-
pentetate dimeglumine) was injected at
a rate of 3 mL/sec, and images from
30 phases were acquired with a min-
imum temporal resolution of 7 sec-
onds. A composite set of images was
reconstructed with maximum intensity
projection in coronal, axial, and sagit-
tal planes. Enhancement in the volume
of interest could be viewed throughout
different phases, similar to techniques
described in prior work (22,26).

Readers and Image Review Order
Two readers (S.A. [reader 1] and
T.S. [reader 2], with 2 and 3 years of

musculoskeletal MR tumor imaging

experience, respectively), who had no
knowledge of the histopathologic and
official dictated imaging reports, inde-
pendently evaluated the MR imaging
studies with a picture archiving and
communication system workstation (Ul-
travisual; Emageon, Birmingham, Ala).
Interpretation disagreements were re-
solved by a third reader (L.M.F., with
12 years of experience) in consensus
with the other readers. Images from
conventional sequences were reviewed
first, followed by the addition of DWI
and ADC maps, and then DCE images.
The readers graded each sequence on
a quality scale of 1-4 (1 = nondiagnos-
tic, artifacts affected > 50% of images;
2 = nondiagnostic, artifacts affected
25%-50% of images; 3 = diagnostic, ar-
tifacts affected < 25% of images; and
4 = diagnostic, no substantial artifacts),
similar to methods described in prior
work (26).

Reader Procedures: Conventional Imaging
On T1-weighted and fluid-sensitive
images, readers evaluated the signal
intensity (hypointense, isointense, hy-
perintense relative to muscle) and het-
erogeneity of the neoplasms on a scale
of 1-4 (1, = 25% heterogeneity; 2,
26%-50% heterogeneity; 3, 51%-75%
heterogeneity; 4, >75% heterogeneity).
On static postcontrast and subtraction
images, readers recorded the presence
and percentage of enhancement. Treat-
ment response was assessed by using a
semiquantitative scale of 1-3, equating
necrosis with areas with a lack of en-
hancement (poor response, >5% of the
tumor enhancing; good response, =5%
of the tumor enhancing). One reader
recorded the location and maximum di-
mension of each mass.

Reader Procedures: DWI with ADC
Mapping

Having the conventional MR images
available for viewing, each reader re-
corded minimum and average ADCs in
the center, proximal, and distal periph-
ery of each neoplasm by using regions
of interest that encompassed the max-
imum possible tumor area, while en-
suring that they did not include tissue
outside the tumor boundaries. By using
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a threshold ADC value of 1.0 X 1073
mm?/sec for differentiating malignant
viable tumor from nonneoplastic tissue,
tumor locations with lower and higher
ADCs were considered to be viable and
nonviable tumor, respectively, similar
to methods used in prior work (16).
The percentage of treatment response
was determined on the basis of a qual-
itative visual assessment of the mea-
sured ADCs (poor response, >5% of
tumor with low ADCGCs; good response,
=5% of tumor with low ADCs).

Reader Procedures: DCE MR Imaging

The conventional MR and DWI images
were available for viewing. Each reader
reviewed the arterial phase images of
the DCE MR imaging sequence (defined
as the image on which arterial filling was
first identified) and qualitatively recorded
the presence or absence of early tumor
enhancement and presence or absence
of treatment response (poor response,
>5% of tumor enhancing or good re-
sponse, =5% of tumor enhancing).

Statistical Analysis

The histologically defined percentages
of tumor necrosis, viable tumor, and
granulation tissue or fibrosis in the
soft-tissue sarcomas were used as the
reference standard for treatment re-
sponse. Response was defined as good
when the tumor exhibited less than
or equal to 5% viable tumor and as
poor when the tumor demonstrated
greater than 5% viable tumor. De-
scriptive statistics were reported, in-
cluding demographic data and a sum-
mary of image quality measurements
and imaging features from consensus
data. The accuracy of each feature for
predicting histologic response (good
or poor) was determined from the
consensus readings and was analyzed
with the Fisher exact test for categoric
variables and the Wilcoxon rank-sum
test for continuous variables. Interob-
server agreement for the assessment
of each imaging feature was evaluated
by using the Cohen k for the qualita-
tive imaging variables and intraclass

correlation coefficients for ADC mea-
surements. After calculating the aver-
age of all ADCs of the two readers,
we obtained receiver operating char-
acteristic curves to specify the opti-
mal threshold ADC for predicting
response, which we considered to be
the value that maximized the sum of
specificity and sensitivity. Receiver
operating characteristic analysis was
performed to determine the accuracy
of the reading sessions (conventional
MR imaging, conventional MR with
DWI, and conventional MR with DWI
and DCE MR imaging) for assess-
ment of response by each reader. All
analyses were performed by using sta-
tistical software (MedCalc 8.0; Med-
Calc, Mariakerke, Belgium).

Of the 130 referred patients with soft-
tissue sarcomas, 23 patients (mean
age, 48 years = 26; range, 2-89 years)
had undergone MR imaging with the

Table 1

Demographic and Histologic Results for Subjects with High-Grade Soft-Tissue Sarcomas in the Study Group

Percentage of Posttreatment Tumor Tissue

Age Sex Histologic Diagnosis Histologic Response Viable Tumor Necrosis Granulation Tissue
81 Male Pleomorphic sarcoma Poor 15 85 0
35 Male Malignant peripheral nerve sheath tumor Poor 30 50 20
53 Female Malignant peripheral nerve sheath tumor Poor 100 0 0
14 Female Synovial sarcoma Poor 20 0 80
54 Female Undifferentiated sarcoma Poor 60 40 0
54 Female Rhabdomyosarcoma Poor >95 <5 0
48 Female Malignant fibrous histiocytoma Poor 70 30 0
2 Female Rhabdomyosarcoma Poor 20 80 0
10 Female Synovial sarcoma Poor 20 80 0
89 Female Pleomorphic sarcoma Poor 10 90 0
66 Female Myxofibrosarcoma Poor >90 4
55 Male Myxofibrosarcoma Poor 80 0 20
14 Male Synovial sarcoma Poor >99 <1 <1
53 Male Pleomorphic sarcoma Poor 40 60 0
86 Male Pleomorphic sarcoma Poor 70 20 10
57 Male Malignant peripheral nerve sheath tumor Poor 60 30 10
60 Male Fibrosarcoma Poor 70 0 30
21 Female Epitheliod sarcoma Poor 30 10 60
62 Female Epitheliod sarcoma Poor 100 0 0
15 Male Alveolar rhabdomyosarcoma Good 0 0 100
53 Male Myxoid liposarcoma Good <5 0 >095
15 Male Alveolar rhabdomyosarcoma Good 0 0 100
82 Male Undifferentiated sarcoma Good 5 95 0

834 radiology.rsna.org = Radiology: \lolume 278: Number 3—March 2016
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required sequences and included 13
male patients (mean age, 49 years *
28 years; range, 2-81 years) and 10 fe-
male patients (mean age, 47 years *
23; range, 10-89 years). Of these 23
studies, 22 included DWI, 18 included
DCE, and 15 included both DWI and
DCE imaging. The average interval be-
tween MR imaging and surgery was 25
days (range, 0-129 days).

Table 1 is a summary of the demo-
graphic and histologic features of the
study samples. There was no signif-
icant difference in age between male
and female patients (P = .42). The
average maximum diameter of the tu-
mors was 7.4 cm = 4.7 (range, 1.3-
15.4 cm). Their locations were upper
arm (n = 1), chest (n = 3), pelvis (n =
S5), thigh (n = 11), and calf or ankle (n

= 3). Of the 23 soft-tissue sarcomas,
four (17.4%) had a good histologic
response to treatment with a combi-
nation of necrosis (average, 23.5%;
range, 0%-95%) and granulation tissue
or fibrosis (average, 73.75%; range,
0%-100%), whereas the remaining 19
(82.6%) had a poor response to treat-
ment, with a range of 10%-100% via-
ble tumor (average, 57%) (Fig 1). In

Figure 1
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Figure 1:  Images and photomicrograph in a 14-year-old boy with synovial sarcoma. Preoperative MR imaging was performed after neoadjuvant chemotherapy with
ifosfamide and doxorubicin and radiation. (a) Axial fluid-sensitive fat-suppressed T2-weighted image (2191/59) shows heterogeneous hyperintense intra-articular
mass (arrow) in suprapatellar pouch extending into medial thigh. (b) Axial T1-weighted (778/11) image shows heterogeneous mass (arrow) containing hyperintense
components when compared with skeletal muscle. (c) Axial postcontrast fat-suppressed T1-weighted image (volumetric interpolated breath-hold examination,
6.35/1.64) shows enhancement throughout most of mass (arrow). (d) ADC map shows restricted diffusion throughout mass (arrow), with minimum ADC of 0.7 mm?/sec
and mean ADC of 1.5 mm?/sec. (e) Coronal contrast-enhanced image obtained at DCE imaging (time-resolved angiography with interleaved stochastic trajectories
sequence, 3.6/1.3) 10 seconds after administration of contrast agent shows avid diffuse, early arterial enhancement throughout mass (arrows). Patient underwent
radical resection of left distal thigh and medial knee synovial sarcoma. Histopathologic analysis of surgical specimen revealed minimal treatment-associated necrosis
and sclerosis. (f) Histologic slide (magnification, X< 40) stained with hematoxylin and eosin shows wholly viable, monotonous fibrous synovial sarcoma. Nearly every
single tumor cell nucleus is viable. A few neoplastic nuclei are indicated with arrows. Both anatomic and functional MR imaging features support histopathologic
findings of residual viable tumor with poor treatment response.
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three of four patients with a good his-
tologic response, there was less than
5% necrosis, with the majority of the
tumor showing response in the form of
granulation tissue or fibrosis. All four
patients with good histologic response
underwent both DCE imaging and
DWI. Of the 19 studies with poor re-
sponse, 18 included DWI, 14 included
DCE, and 11 included both DWI and
DCE imaging.

Regarding image quality, all con-
ventional and DCE MR imaging se-
quences were diagnostic (at conven-
tional MR imaging 21 of 23 were grade
4 sarcomas, two of 23 were grade 3; at
DCE MR imaging 14 of 18 were grade
4 and four of 18 were grade 3). Nine-
teen DWI sequences were diagnostic
(10 of 22 were grade 4, nine of 22 were
grade 3), and 3 were nondiagnostic
(two of 22 were grade 2 and one of 22
was grade 1).

Table 2 is a summary of the im-
aging features determined in the con-
sensus readings. Static postcontrast
imaging offered high specificity (18 of
19 [94.7%]) but poor sensitivity (one
of four [25%]) for determining good
response to treatment, with false-nega-
tive results in three of four tumors with
primarily granulation tissue or fibrosis
response to treatment rather than ne-
crosis (Fig 2). In the latter tumors, con-
ventional MR imaging (showing 100%
tumor enhancement) results were dis-
cordant with the histologic response,
while DCE MR imaging (showing no
arterial enhancement) and ADC maps
(minimum ADC, 2.1 mm?/sec; aver-
age ADC, 2.5 mm?/sec) offered fea-
tures that were concordant with a good
response.

There was substantial to excellent
agreement (k = 0.789-1.000) between
the 2 readers regarding the assessment
of qualitative tumor MR imaging char-
acteristics. There was also substantial
to excellent agreement regarding the
evaluation of response at conventional
MR imaging, DWI, and DCE imaging
(k = 0.795, 0.840, and 0.773, respec-
tively), and excellent agreement in the
measurements of the ADCs (intraclass
correlation coefficient, 0.8335; 95%
confidence interval, 0.7729, 0.8791).

Accuracy of MR Imaging Features for Prediction of Treatment Response

Histologic Response

Feature Good (n=4)  Poor (n=19)  Sensitivity (%)  Specificity (%)  Accuracy (%)
T1 signal intensity
Hypointense 0 1 0 100.0 82.6
Isointense 4 16 100 54.8 58.7
Hyperintense 0 2 0 100.0 82.6
T1 heterogeneity
1%—-25% 2 3 50 73.6 69.5
26%-50% 1 12 25 52.6 47.8
51%—-75% 1 1 25 94.7 82.6
76%—-100% 0 3 0 78.9 65.2
T2 signal intensity
Hypointense 0 0 0 100.0 82.6
Isointense 0 2 0 89.5 73.9
Hyperintense 4 17 100 10.5 26.0
T2 heterogeneity
1%—-25% 2 2 50 89.5 82.6
26%-50% 1 7 25 63.1 56.5
51%—-75% 1 3 25 84.2 73.9
76%-100% 0 7 0 63.1 52.2
Static postcontrast
enhancement
=5% 1/4 1/19 25 94.7 82.6
>5% 3/4 18/19 75 53 174
DCE MR imaging
=5% arterial phase 4/4 2/14 100 94.7 95.6
enhancement
>5% arterial phase 0/4 12/14 0 14.3 1141
enhancement
DWI/ADC map
=5% with low ADCs ~ 4/4 4/18 100 894 91.3
>5% with low ADCs  0/4 14/18 0 28.6 222

Note.—All features in this Table are reported on the basis of consensus readings. Sensitivity, specificity, and accuracy have been
calculated with true-positive results defined as those with histologic response and true-negative results defined as those

without response.

On the basis of the receiver operating
characteristic curves, a minimum ADC
greater than 2.0 mm?/sec (sensitivity,
100%; specificity, 61.1%) or an average
ADC greater than 2.2 mm?/sec (sen-
sitivity, 50%; specificity, 77.8%) were
identified as threshold values for deter-
mining good response.

The addition of DWI and DCE MR
imaging to the conventional imaging
protocol increased the accuracy with
MR imaging for assessment of treat-
ment response. This increase is reflect-
ed in the areas under the curves for (a)
conventional imaging alone (b) conven-
tional and DWI, and (c) conventional,

DWI, and DCE MR imaging. The lat-
ter combination exhibited the best ac-
curacy for both readers (Tables 3, 4;
Figs 3, 4).

After neoadjuvant treatment in soft-tis-
sue sarcomas, the percentage of treat-
ment-related response is an important
predictor of patient prognosis and is cur-
rently determined at histologic examina-
tion after surgical excision, rather than
at preoperative imaging. Conventional
MR imaging has been shown to have
limited utility for definition of treatment
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Figure 2

d. e. f

Figure 2: Images and photomicrograph in a 1-year-old boy with alveolar rhabdomyosarcoma. MR imaging was performed after neoadjuvant chemotherapy at an
outside facility and radiation. (a) Axial fluid-sensitive fat-suppressed T2-weighted sequence (3879/69) shows hyperintense intramuscular residual mass (arrow) in
left soleus. (b) Axial T1-weighted (566/8.9) image shows residual iso- to minimally hyperintense mass (arrow) adjacent to skeletal muscle. (c) Axial postcontrast T1-
weighted image (volumetric interpolated breath-hold examination, 8.1/4.8) shows diffuse enhancement throughout most of mass (arrow). (d) ADC map shows lack
of restricted diffusion throughout mass with minimum ADC of 1.3 X 10~3 mm%sec and mean ADC of 1.3 X 10~3 mm%sec. (e) Coronal contrast-enhanced image
obtained with DCE MR imaging (time-resolved angiography with interleaved stochastic trajectories, 3.2/1.1) 10 seconds after administration of contrast agent shows
lack of early arterial enhancement in medial calf. Patient underwent radical resection of left calf alveolar rhabdomyosarcoma. Histopathologic specimen revealed com-
plete (100%) treatment-associated fibrosis with histiocytic response and calcification. (f) Histologic evaluation (magnification, X20) hematoxylin and eosin—stained
slide shows residual damaged skeletal myocytes (brightly eosinophilic rounded cells indicated by arrows), each encircled by fibrosis and a few nonneoplastic vessels,
with no evidence of residual tumor. Although anatomic images including static postcontrast sequences suggest residual neoplasm, the lack of restricted diffusion and
early enhancement supports histopathologic finding of good treatment response.

response in soft-tissue sarcomas (20),

Table 3 although it can show tumor volume re-

. . duction from pretreatment imaging, as
Accuracy of MR Imaging Features for Predicting Treatment Response well as cystic regions presumed to be

Reader Conventional Imaging Conventional and DWI Conventional, DWI, and DCE tumor necrosis (21,27,28). Our study
results confirmed that conventional MR
imaging with static postcontrast imaging
has poor sensitivity when a tumor re-
Note.—Data are areas under the curve, with 95% confidence intervals in parentheses. sponds with treatment-related fibrosis
and granulation tissue rather than with

Reader 1 0.500 (0.287, 0.713) 0.676 (0.439, 0.861) 0.821 (0.563, 0.961)
Reader 2 0.506 (0.292, 0.719) 0.704 (0.467, 0.880) 0.833 (0.577, 0.966)
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Table 4 necrosis, while DCE MR imaging and
ADC mapping both offer 100% sensi-
Pairwise Comparison of the Receiver Operating Characteristic Curves tivity in this scenario. We also showed
Standard Post hoc that functional MR imaging techniques
Reader and Pairwise Comparison Area Under the Curve Error PValue Power enable assessment of treatment-related
response with the use of the presurgi-
Reader 1 i i cal study alone and potentially offer
Conventional vs conventional 0.174 (—0.224, 0.581) 0.205 .3845 2.9 an alternative to standard treatment-
and DWI -
- response criteria that measure changes
Conventional and DWI vs 0.0952 (—0.190, 0.380) 0.145 5124 9.4 . . )
) in tumor size between the pretreatment
conventional, DWI, and DCE .
Reader 2 and posttreatment images (Response
Conventional vs conventional 0.214(-0.180,0.609 0201 2870 29 Evaluation Criteria in Solid Tumors) (7).
and DWI Compared with the histopathologic
Conventional and DWI vs 0.0714 (—0.314,0456)  0.196 7161 9.4 examination, functional MR imaging

sequences are noninvasive and are
easily integrated into a routine presur-
Note.—Data in parentheses are 95% confidence intervals. gical examination. DCE MR imaging
has been studied for the assessment

conventional, DWI, and DCE

100F 100F 100
80} 80f 80
2 | =2 2
= 60} = 60r = 60
‘0 I ‘0 I ‘@
& 40 & 40 g 40
%] [ (7} [ [7)]
20} 20fF 20
0_ I ! I ! | O‘ I | I I ! 0 : ! ! ! ! !
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
100 - Specificity 100 - Specificity 100 - Specificity
a. b C.

Figure 3:  Graphs show receiver operating characteristic curve analysis of diagnostic performance of (a) conventional MR
imaging, (b) conventional MR imaging combined with DWI, and (c) conventional MR imaging combined with DWI and DCE MR
imaging for reader 1. Note the progressive increase in area under the curve (0.500 in a, 0.676 in b, 0.821 in c).
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Figure 4:  Graphs show receiver operating characteristic curve analysis of diagnostic performance of (a) conventional MR
imaging, (b) conventional MR imaging combined with DWI, and (c) conventional MR imaging combined with DWI and DCE MR
imaging for reader 2. Note again the progressive increase in area under the curve (0.506 in a, 0.704 in b, 0.833 in ¢).
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of treatment response in patients with
musculoskeletal tumors, but mainly in
osteosarcomas (5,6,14), and to a lesser
degree, in soft-tissue sarcoma (20-22)
and experimental soft-tissue sarcoma
models (17,29,30). In our study, DCE
MR imaging increased the diagnostic
accuracy of MR imaging compared
with that at conventional imaging
alone for assessment of the response
of soft-tissue sarcomas to preoperative
neoadjuvant therapy. Our results are in
agreement with those of previous re-
ports (20-23,29,30) in which DCE MR
imaging was used to measure residual
viable tumor after neoadjuvant treat-
ment. However, authors of some of
these studies included a small number
of patients, as few as four (21) and 10
patients (22), and the percentage of
nonviable tumor required to determine
a good histologic response was not
consistently reported as greater than
or equal to 95%), with some studies ac-
cepting only 0% viable tumor to indi-
cate response (22). In addition, some
authors only measured necrosis rather
than histologic response in the form
of posttreatment fibrosis (23). In our
study, DCE MR imaging proved to be
an improvement to conventional static
postcontrast imaging for establishing
substantial treatment-related fibrosis
and granulation tissue that can occur
in soft-tissue sarcomas, although DCE
imaging typically lacks spatial resolu-
tion and must be interpreted with the
conventional MR imaging sequences,
which have higher spatial resolution to
display anatomic detail.

Several authors have shown the im-
portance of DWI with ADC mapping to
assess posttreatment response in oste-
osarcomas (14-16), but to our knowl-
edge, few studies have reported its use
in assessing response in soft-tissue
sarcomas (17-19), although DWI has
been used for detecting tumor recur-
rence and for characterizing soft-tis-
sue tumors (19,27,31). Since changes
at the cellular level are likely to occur
before morphologic changes in tumor
size occur, DWI is considered useful in
detecting treatment response sooner
than conventional imaging (18). DWI
changes have been shown to correlate

with alterations in tumor perfusion af-
ter neoadjuvant treatment, and ADCs
are inversely related to tumor cellular-
ity (17). Unlike DCE, DWIis a noncon-
trast technique and a potentially useful
alternative for assessing response in
patients with contraindications to the
use of contrast material. Limitations
of DWI include its relative decreased
signal-to-noise ratio and spatial reso-
lution compared with conventional im-
aging, and, as for DCE MR imaging,
DWI with ADC mapping cannot be
interpreted without concomitant con-
ventional sequences. Also, in myxoid
tumors, ADC map values are elevated
to a range similar to that of benign
tissue, resulting in potential pitfalls in
determining response. Therefore, a
multiparametric radiologic approach
is needed, since it is unlikely that a
single radiologic parameter alone can
allow prediction of treatment response
in tumors.

Our study had limitations. First,
the sample size was relatively small,
although prior studies on the use of
DCE MR imaging or DWI in soft-tissue
sarcomas have had small sample sizes.
Also, the percentage of treatment re-
sponders was relatively small, at four
of 23 (17%), but not dissimilar to those
in other studies, such as in Canter et al
(7) in which there were only two of 18
(11%) treatment responders. There-
fore, we cannot exclude the possibility
that the results would be different if
the number of responders was larger,
and that this study was suggestive,
revealing a trend. Second, volumetric
measurements and automated quanti-
tative assessment of the tumors were
not performed, because we intended
to mimic a typical clinical interpre-
tation session with semiquantitative
analysis and visual inspection of the
imaging. Third, not all imaging pa-
tients underwent both DWI and DCE
imaging, and this limitation could have
affected our results. In addition, our
method of imaging interpretation was
analogous to the pathologic assess-
ment of response, in that the histologic
percentage of viable tumor, necrosis,
and sclerosis or granulation tissue was
based on qualitative visual assessment,

because quantitative histologic assess-
ment is not currently available. A final
limitation was that variables including
age, sex, percentage of viable tumor,
necrosis, and granulation tissue were
not considered in the analysis of the di-
agnostic accuracy. Therefore, we can-
not exclude the possibility that some of
these variables may have confounded
the predictive power of the modality.
However, we presume that our sample
size was too small to assess this poten-
tial issue.

In conclusion, the addition of func-
tional MR sequences to the conven-
tional MR protocol may increase the
sensitivity of MR imaging for determin-
ing treatment response in soft-tissue
sarcomas, particularly when the tumor
forms granulation tissue and fibrosis
rather than necrosis as a histologic re-
sponse to treatment. Our study results
also show the clinical utility of a single
preoperative MR imaging examination
to assess response, without comparison
with imaging performed before neoad-
juvant treatment. Future investigations
should be focused on optimizing tech-
nical acquisition parameters for func-
tional imaging, and investigators should
consider a clinically viable volumetric
analysis for complete characterization
of tumoral tissue types.
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