
18F-FDG PET/MRI for Therapy Response Assessment of
Isolated Limb Perfusion in Patients with Soft-Tissue Sarcomas

Johannes Grueneisen1, Benedikt Schaarschmidt1, Aydin Demircioglu1, Michal Chodyla1, Ole Martin2, Stefanie Bertram3,
Axel Wetter1, Sebastian Bauer4, Wolfgang Peter Fendler5, Lars Podleska6, Michael Forsting1, Ken Herrmann5,
and Lale Umutlu1

1Department of Diagnostic and Interventional Radiology, University Hospital Essen, University of Duisburg–Essen, Essen, Germany;
2Department of Diagnostic and Interventional Radiology, University Hospital Dusseldorf, University of Dusseldorf, Dusseldorf,
Germany; 3Institute of Pathology, University Hospital Essen, University of Duisburg–Essen, Essen, Germany; 4Sarcoma Center,
Western German Cancer Center, University of Duisburg–Essen, Essen, Germany; 5Department of Nuclear Medicine, University
Hospital Essen, University of Duisburg–Essen, Essen, Germany; and 6Sarcoma Surgery Division, Department of General, Visceral,
and Transplantation Surgery, University Hospital Essen, University of Duisburg–Essen, Essen, Germany

Our purpose was to assess the diagnostic potential of simultaneously

acquired 18F-FDG PET and MRI data sets for therapy response as-

sessment of isolated limb perfusion (ILP) in patients with soft-tissue

sarcomas (STS). Methods: In total, 45 patients with histopathologi-
cally verified STS were prospectively enrolled for an integrated 18F-

FDG PET/MRI examination before and after ILP. Therapy response

was assessed based on different MRI- and PET-derived morpho-
logic (RECIST and the MR-adapted Choi criteria) and metabolic

(PERCIST) criteria. In addition, a regression model was used com-

bining relative changes in quantitative variables to predict treatment

response under ILP. Histopathologic results after subsequent tumor
resection served as the reference standard, and patients were cate-

gorized as responders or nonresponders on the basis of the 6-stage

regression scale by Salzer-Kuntschik. Results: Histopathologic

analysis categorized 27 patients as responders (grades I–III) and
18 patients as nonresponders (grades IV–VI). Calculated sensitivity,

specificity, positive and negative predictive values, and diagnostic

accuracy were 22%, 89%, 75%, 43%, and 49% for RECIST; 70%,

44%, 66%, 50%, and 60% for the Choi criteria; and 85%, 78%,
85%, 78%, and 82% for PERCIST. Receiver-operating-characteristic

analysis revealed an area under the curve (AUC) of 0.56 for RECIST,

0.57 for the Choi criteria, and 0.82 for PERCIST. The combined re-
gression model revealed higher values (AUC, 0.90) than for the stand-

alone analysis, however, differences to metabolic parameters did not

reach significance (P value: 0.067). Conclusion: Our study dem-

onstrates the superiority of 18F-FDG PET over MRI data sets for
response assessment of STS under neoadjuvant ILP. In a clinical

setting, MRI delivers valuable information for presurgical assessment.

Therefore, combining 18F-FDG PET and MRI data may enable more

reliable treatment planning and therapy monitoring of STS.
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Soft-tissue sarcomas (STS) are a heterogeneous group of ma-
lignant mesenchymal tumors that represent less than 1% of all
cancers in adults (1). Limb-preserving complete tumor resection
is an important objective for management of sarcoma of the ex-
tremities, as limb salvage therapy has been shown to equal limb
amputation in terms of overall survival (2). Over the years, several
different neoadjuvant therapeutic strategies have evolved to
achieve local disease control in cases of locally advanced and
nonresectable tumors. Hyperthermic isolated limb perfusion
(ILP) with tumor necrosis factor-a and melphalan has been dem-
onstrated to be an efficient preoperative treatment to ensure local
disease regression and limb-preserving surgery (3–5). The tech-
nique of this neoadjuvant treatment enables the administration of
high regional drug concentrations and causes in only rare cases
systemic side effects. Previous studies described therapy re-
sponse rates of 60%–90% and overall limb salvage rates of above
70% (5–7), with reported associations to the histologic sarcoma
subtype (8,9).
In clinical practice, therapy response is routinely monitored by

changes in tumor size according to RECIST (10). However, ex-
clusive size-based criteria have been shown insufficient for reli-
able response evaluation of neoadjuvant treatment effects of STS
(11,12). Therefore, Stacchiotti et al. introduced the MR-adapted
Choi criteria, comprising modified size criteria for tumor response
with, in addition, quantification of therapy-related changes in con-
trast-enhancing tumor parts (13,14). When Stacchiotti et al. com-
pared RECISTwith the MR-adapted Choi criteria for prediction of
pathologic response in high-grade STS, the Choi criteria showed
superior results (13). Apart from size- and morphology-based
criteria, several studies have investigated the use of 18F-FDG
PET data for therapy response evaluation in sarcomas and found
metabolic assessment to be superior to RECIST and volumetric
tumor measurements (15–18).
The clinical implementation of integrated PET/MRI systems

enables the simultaneous acquisition of morphologic information
based on MRI and metabolic data derived from the PET component
(19,20). Therefore, this study aimed to perform a direct, intraindi-
vidual comparison of RECIST, the MR-adapted Choi criteria, and
PERCIST, using a combination of PET- and MRI-derived quan-
titative parameters obtained within a single examination and to
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evaluate their clinical utility for response assessment of STS un-

der neoadjuvant ILP.

MATERIALS AND METHODS

Patients

The present study was approved by the institutional review board.

Written informed consent was obtained from all patients before each
examination. In total, 45 patients (mean age, 53.6 6 14.1 y) with

primary (n 5 26) or recurrent (n 5 19) STS, scheduled for neoadju-
vant treatment with ILP, were included in this prospective study be-

tween December 2012 and February 2018. All patients were
scheduled to undergo an 18F-FDG PET/MRI examination before the

initiation of treatment and a second scan after ILP before limb salvage
surgery (mean delay between ILP and second scan, 43.6 6 6.5 d).

Surgery was performed with a mean delay of 21.1 6 19.8 d after the
second PET/MRI examination. The histologic subtypes of the STS are

shown in Table 1.

ILP

ILP was performed under mild hyperthermia of 39�C. Nuclear
medicine testing with radiolabeled serum (111In) was used for contin-

uous monitoring for leakage. Vascular access via a femoral or iliac
approach was chosen for the lower limb and via a brachial or axillar

approach for the upper limb. In a first step, recombinant human tumor
necrosis factor-a (Beromun; Boehringer-Ingelheim) was administered

at a dosage of 1 mg for the upper limb and 2 mg for the lower limb,
followed by application of melphalan (L-phenylalanine mustard) at a

concentration of 11 mg/L for the legs and 13 mg/L for the arms, with a
15-min delay.

PET/MRI

PET/MRI examinations were obtained with the patient supine on a

3-T Biograph mMR scanner (Siemens Healthineers). Data acquisition
started 60 min after a body weight–adapted dose of 18F-FDG had been

administered intravenously, resulting in a mean activity of 247 6 48
MBq for the first scan and 2396 42 MBq for the second scan. Patients

were told to fast for at least 6 h before the scan. Blood samples were
taken to ensure blood glucose levels below 150 mg/dL. PET/MRI data

were obtained at 1 or 2 bed positions (depending on the tumor size)
comprising a 10-min PET data acquisition per bed position. PET

images were reconstructed using the iterative ordered-subset expecta-
tion maximization method, with 3 iterations and 21 subsets, a gaussian

filter of 4 mm in full width at half maximum, and a 344 · 344 image

matrix. Attenuation correction was performed by a vendor-supplied
software solution using a 4-compartment-model attenuation map

(m-map) calculated from fat-only and water-only data sets, as obtained
by Dixon-based sequences. For MRI of the extremities, mMR body

phased-array coils and mMR spine coils were used. MRI data were
acquired simultaneously with PET data, using the following sequence

protocol: a coronal 3-dimensional volume-interpolated breath-hold
examination (VIBE) sequence (repetition time [TR], 3.6 ms; echo

time [TE], 1.23 and 2.46 ms; 3.12-mm slices; field of view (FOV),
500 mm), a coronal short tau inversion recovery sequence (TR,

5,990 ms; TE, 57 ms; inversion time, 220 ms; 5-mm slices; FOV,
380 mm), a transversal T1-weighted turbo spin echo (TSE) sequence

(TR, 616 ms; TE, 12 ms; 5-mm slices; FOV, 380 mm), a transversal
T2-weighted TSE sequence (TR, 4,860 ms; TE, 106 ms; 5-mm slices;

FOV, 380 mm), and a fat-saturated transversal 3-dimensional VIBE
sequence for dynamic imaging (TR, 4.32 ms; TE, 2.21 ms; 3.5-mm

slices; FOV, 380 mm). Therefore, 3 repetitive scans were acquired at a
delay of 25, 54, and 86 s after the application of intravenous contrast

agent (0.1 mmol of Gadobutrol [Bayer Healthcare] per kilogram of

body weight). Additionally, we obtained a transversal contrast-en-
hanced fat-saturated T1-weighted TSE sequence (TR, 555 ms; TE, 12

ms; 5-mm slices; FOV, 380 mm) and a coronal contrast-enhanced fat-
saturated T1-weighted TSE sequence (TR, 549 ms; TE, 13 ms; 5-mm

slices; FOV, 380 mm).

Image Analysis

Two physicians with 6 and 5 y of experience in reading MRI and

hybrid imaging rated the pre- and posttherapeutic PET/MR images in
consensus in random order using dedicated viewing software for

hybrid imaging (Syngo.via B30; Siemens Healthineers). They were
informed about the patients’ diagnosis and the planned treatment

strategy (neoadjuvant ILP followed by surgery) but were blinded re-
garding histopathologic results after tumor resection. The readers were

instructed to evaluate therapy response based on different MRI- and
PET-derived morphologic (RECIST 1.1 and Choi criteria) and meta-

bolic (PERCIST) criteria (10,13,21).
For RECIST analysis, the maximum diameter of the tumors was

determined on contrast-enhanced fat-saturated T1-weighted MR im-
ages. For the MR-adapted Choi criteria, changes in contrast enhance-

ment of the tumor lesions were additionally assessed. Therefore, digital
subtractions of T1w VIBE images were obtained and a region of interest

was manually drawn around the tumor margins on each slice, encom-
passing the entire tumor volume. The average contrast enhancement of

pre- and posttherapeutic images was measured, and percentage changes

were calculated.
To determine metabolic activity, a volume of interest was manually

placed on attenuation-corrected 18F-FDG PET data sets, covering the
entire tumor volume. SUVs were corrected for body weight, and the

SUVpeak (average SUV within a spheric volume of interest of 1 cm3

around the hottest point in the tumor) was automatically generated.

For both, contrast-enhancement measurements as well as the determi-
nation of 18F-FDG accumulation, muscle was used as the reference

tissue. The readers were asked to classify each patient as a therapy
responder (complete or partial response) or a nonresponder (stable or

progressive disease) in accordance with RECIST, the MR-adapted
Choi criteria, and PERCIST (Supplemental Fig. 1; supplemental ma-

terials are available at http://jnm.snmjournals.org).
In a further step, for the 3 different variables (tumor size, contrast

enhancement, and SUVpeak in pre- and posttherapeutic examinations),
the optimal threshold for percentage changes under treatment was

calculated. In addition, we used a regression model combining relative
changes in the quantitative variables to investigate the potential to

predict treatment response under ILP.

TABLE 1
Distribution of Histologic Subtypes of STS

Histologic subtype Patients (n)

Undifferentiated pleomorphic sarcoma 9

Synovial sarcoma 9

Undifferentiated spindle cell sarcoma 8

Myxofibrosarcoma 7

Liposarcoma 4

Epitheloid sarcoma 2

Leiomyosarcoma 2

Clear cell sarcoma 1

Angiosarcoma 1

Fibrosarcoma 1

Malignant peripheral nerve sheath tumor 1

Total 45
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Reference Standard

Histopathologic analysis of post-ILP surgical specimen served as
the reference standard for the determination of therapy response.

Microscopic evaluation was performed on hematoxylin and eosin-

stained slides. Tumor regression after ILP was assessed by light

microscopy using the grading scale of Salzer-Kuntschik (22). There-

fore, histopathologic findings were subdivided into 6 stages based on

the percentage of viable tumor amount after therapy, with grade I

indicating no vital tumor; grade II, a single vital tumor cell or 1

cluster/5 mm; grade III, less than 10% vital tumor; grade IV, 10%–

50% vital tumor; grade V, more than 50% vital tumor; and grade VI,

no effect of therapy. Tumor stages I–III were categorized as therapy

responders and stages IV–VI as nonresponders, as proposed in pre-

vious studies (12,13).

Statistical Analysis

Statistical analysis was performed using the R software environ-
ment (version 3.4.4, https://www.r-project.org). The sensitivity, spec-

ificity, positive predictive value, negative predictive value, and

diagnostic accuracy for RECIST, the MR-adapted Choi criteria, and

PERCISTwere calculated. A McNemar test was used to determine the

statistical significance of differences between the different ratings. P

values of less than 0.05 were considered to be statistically significant.

In addition, receiver-operating-characteristic (ROC) analysis was per-

formed, and a bootstrap test was used to compare the corresponding

area under the curve (AUC) values between the different response

criteria. The resulting P values were adjusted according to the Holm–

Bonferroni method.

In a further step, for each of the 3 quantitative variables (tumor size,
contrast enhancement, and SUVpeak in pre- and posttherapeutic exam-

inations), ROC analysis was performed and the AUCs and optimal
threshold were calculated to predict treatment response under ILP.

Finally, a combined score from all 6 quantitative variables was de-
termined, and relative changes and all interactions were computed by

a LASSO regression. Internal validation was performed by bootstrap-

ping with 1,000 repeats.

RESULTS

Patients

According to the results of histopathologic analysis after surgi-
cal tumor resection, 27 (60%) patients were categorized as therapy
responders and the remaining 18 (40%) patients as nonresponders
(Fig. 1). Table 2 gives an overview of the tumor grades of all 45
patients.

Morphologic Response Assessment: RECIST

Morphologic analysis of all 45 patients revealed an overall
tumor size reduction of 7.9% after ILP. Patients classified as
histopathologic responders showed a mean reduction in tumor size
of 8.4%; the mean decrease in the nonresponders was 6.9%.
According to RECIST, 8 patients were classified as therapy re-

sponders and 37 as nonresponders. Correlating these results with
the reference standard, 6 of 27 patients were correctly defined as
responders and 16 of 18 as nonresponders, thus resulting in false-
positive findings in 2 cases and false-negative findings in the remaining
21 cases.

Morphologic Response Assessment: Choi criteria

Quantitative analysis revealed an overall reduction of 29.4% in
contrast enhancement of the tumors during treatment. Contrast
enhancement of tumors in histopathologic responders decreased
by a mean of 33.2%, whereas the decrease was 23.3% in the
nonresponders.

Furthermore, image analysis based on the MR-adapted Choi
criteria defined 29 patients as responders and the remaining 16 as
nonresponders. Among them, 19 of 27 patients were correctly
classified as responders and 8 of 18 as nonresponders, whereas the
MR-adapted Choi criteria led to findings that were false-positive
in 10 cases and false-negative in 8 cases.

Metabolic Response Assessment
18F-FDG PET data quantification of the sarcomas in pre- and

posttreatment examinations revealed a mean reduction in SUVpeak

of 47.6%. The histopathologic responders showed a stronger decrease
in metabolic activity (58.7%) than the nonresponders (20.1%).
According to PERCIST, 27 patients were rated as therapy

responders and the remaining 18 as nonresponders. Based on the
reference standard, therapy response was correctly identified in 23
of 27 patients and nonresponse in 14 of 18 patients. Additionally,
false-positive and false-negative results were found in 4 patients
each.

Comparison of Morphologic and Metabolic

Response Criteria

Comparing the results of the 3 response evaluation criteria (Fig.
2; Tables 3 and 4), the Choi criteria and PERCIST enabled correct
determination of therapy response with a significantly higher sen-
sitivity than RECIST (P 5 0.0016 and 0.0003, respectively;
Fig. 3). For correct identification of nonresponders, RECIST and
PERCIST revealed a significantly higher specificity than the MR-
adapted Choi criteria (P 5 0.014 and 0.0286, respectively). More-
over, PERCIST showed a significantly higher positive predictive
value than the MR-adapted Choi criteria (P 5 0.0202) and a higher
negative predictive value than RECIST (P 5 0.0014). In addition,

FIGURE 1. A 56-y-old patient with a leiomyosarcoma of the left limb

(arrows). The tumor manifestation does not show significant changes in

tumor size (diameter: from 243 to 256 mm), contrast-enhancing tumor

parts and metabolic activity (SUVpeak: from 3.9 to 3.6). Histopathologic

analysis revealed a regression grade 5 (histopathologic nonresponder).

TABLE 2
Tumor Grades of All Patients, According to 6-Stage

Salzer-Kuntschik Regression Scale

Tumor grade Patients (n)

I 6

II 8

III 13

IV 10

V 7

VI 1
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PERCIST had better diagnostic accuracy, as well as a significantly
higher AUC (0.82), than RECIST (0.56, P 5 0.0016) or the MR-
adapted Choi criteria (0.57, P 5 0.0069).
Furthermore, ROC analysis (Fig. 4) revealed an optimal thresh-

old for percentage changes of the quantitative variables under ILP
of 27.2% for the maximal tumor diameter, 22.6% for contrast-
enhancement of the tumors, and 234.3% for the SUVpeak and
corresponding AUC values of 0.59 (maximal tumor diameter),
0.60 (contrast-enhancement), and 0.82 (SUVpeak), respectively.
The combined analysis considering relative changes of all 3 quan-
titative parameters under treatment revealed a higher AUC than for
the stand-alone analysis, revealing significantly higher AUC value
(0.90) than for tumor diameter and contrast-enhancement alone (P
values:, 0.001), whereas differences to the results of SUVpeak did
not reach the significance level (P value: 0.067).

DISCUSSION

For locally advanced and nonresectable STS of the extremities,
the application of hyperthermic ILP has proven to be an
efficient neoadjuvant treatment strategy that enables high limb
preservation rates (4,5). The effectiveness of this presurgical
therapeutic procedure is determined histopathologically based

on the amount of residual viable tumor cells after surgical
excision and is of crucial prognostic value. In this context, a
number of previous studies defined good histopathologic re-
sponse in the case of less than 10% viable tumor cells after
ILP and poor response to ILP, when residual viable tumor
exceeded 10% (12,13,23). Accordingly, we applied this thresh-
old as a reference in our study to assess the effectiveness of
PET- and MRI-derived response criteria for differentiation be-
tween histopathologic therapy responders and nonresponders to
ILP.
Based on its inherently high soft-tissue contrast, MRI is consid-

ered the imaging modality of choice for assessing local tumor
extent and for planning surgery, as well as for treatment monitor-
ing of STS. Although morphologic response evaluation according
to RECIST remains the only universally accepted and the most
commonly applied method of monitoring treatment changes in
solid tumors, it has been demonstrated insufficient to determine a
valid tumor response in STS (11,12). Our data go in line with these
findings, yielding a sensitivity of 22% and a diagnostic accuracy
of 49% for the prediction of histopathologic therapy response
based on RECIST. Especially, large sarcomas commonly have a
heterogeneous tissue composition and tend to show highly diverse
histopathologic effects under neoadjuvant treatment, such as a
persistent size or, in rare cases, an increase in size due to necrosis,
fibrosis, and hemorrhage, instead of the anticipated tumor size
reduction (24). These paradox treatment effects partially explain
the weak association between solely size-based response assess-
ment and therapy-induced histopathologic changes.
Considering these structural changes under therapy, new re-

sponse criteria were proposed by Choi et al., combining the
information of changes in tumor size and tumor density on CT
images during treatment (25). Stacchiotti et al. modified and trans-
ferred those criteria to contrast-enhanced MRI and successfully
applied them for investigations on STS (13,14). The authors re-
ported the MR-adapted Choi criteria to be more sensitive than
RECIST (82.4% vs. 41.2%) for preoperative therapy monitoring,
when histopathologic response was defined as less than 10% remain-
ing viable tumor cells. In accordance with these results, we found the
MR-adapted Choi criteria to be significantly more sensitive than
RECIST for correct identification of treatment responders (70.4%
vs. 22.2%, P 5 0.002). On the other hand, the MR-adapted Choi
criteria tended to overestimate the response to therapy, resulting in a
significantly lower specificity than RECIST (88.9% vs. 44.4%, P 5
0.014). These results underline the weakness of using solely morpho-
logic response criteria in STS, as microscopic regression patterns and
functional tumoral changes are not considered.
With the increasing use of 18F-FDG PET in cancer diagnostics

and treatment monitoring, several studies have shown the potential
of using 18F-FDG PET data to predict the histopathologic response

FIGURE 2. Receiver-operating-characteristic curves of ratings according

to RECIST, Choi criteria, and PERCIST.

TABLE 3
Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value, Diagnostic Accuracy, and AUC of the

3 Response Criteria for Differentiation Between Responders and Nonresponders

Response criteria Sensitivity Specificity Positive predictive value Negative predictive value Accuracy AUC

RECIST 22.2% 88.9% 75.0% 43.2% 48.9% 0.556

Choi criteria 70.4% 44.4% 65.5% 50.0% 60.0% 0.574

PERCIST 85.2% 77.8% 85.2% 77.8% 82.2% 0.815
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and survival of sarcoma patients (17,18,26). Evilevitch et al. re-
ported a more accurate therapy response evaluation with 18F-FDG
PET data quantifications than with tumor size changes (15). In
another study, by Denecke et al., 18F-FDG PET data showed better
results than MRI-derived parameters for noninvasive response
evaluation of patients with osteosarcoma (27). Facing the need
for more structured and standardized monitoring of treatment ef-
fects with PET, PERCIST criteria have been introduced and pre-
viously shown useful for the prediction of therapy response in
different tumor entities (21,28). In our study, PERCIST provided
the best results for response evaluation of ILP among the 3 dif-
ferent response criteria. Similar to the statements in a review
article by Muheremu et al., our results yielded a high sensitivity,
specificity, and AUC for 18F-FDG PET for the differentiation be-
tween responders and nonresponders under presurgical therapy
(29).
In a preliminary study by Schuler et al. investigating a small

group of 12 patients, the authors assessed the use of 18F-FDG PET/
MRI for monitoring neoadjuvant systemic treatment of sarcoma
patients (20). They reported poor agreement between 18F-FDG

PET and MRI data for the assessment of therapy response. Al-
though our data show the superiority of 18F-FDG PET in assessing
response to therapy, the essential role of MRI for assessing local
tumor extent and planning surgery stands without discussion. To
underline and understand the importance of the combined assess-
ment of MRI and PET parameters, we performed a combined
analysis comprising the information of morphologic and meta-
bolic quantitative parameters. This predictive model facilitated a
slight increase in diagnostic accuracy and AUC for differentiation
of therapeutic responders from nonresponders, compared with
PERCIST alone. Our findings are supported by a study by Cheon
et al. demonstrating the potential of combining metabolic and vol-
umetric/morphologic information from 18F-FDG PETand MRI data
for predicting histologic response to neoadjuvant chemotherapy in
sarcoma patients (30).
Nevertheless, our study is not without limitations. Because of

the scarcity of the disease and the strict inclusion criteria for this
single-center study, the enrolled cohort was reasonable yet com-
paratively small. Accordingly, these preliminary results need to be
validated in a larger cohort. Furthermore, the fact that our study
population comprised patients with different histopathologic sub-
types and with primary or recurrent sarcomas might have had an
effect on our results.

CONCLUSION

Our results underline the superiority of using 18F-FDG PET
data for response assessment of STS under neoadjuvant ILP, when
compared with RECIST or the MR-adapted Choi criteria. Further-
more, combining the information of 18F-FDG PET and MR-
derived morphologic parameters may enable a more accurate pre-
diction of histopathologic tumor response. Therefore, integrated
PET/MRI might serve as a valuable tool for pretherapeutic and
presurgical assessment as well as for monitoring neoadjuvant
treatment strategies for STS.

TABLE 4
P Values for Comparison of RECIST, Choi criteria,

and PERCIST

Parameter

RECIST

vs. Choi

RECIST

vs.

PERCIST

Choi vs.

PERCIST

Sensitivity 0.0016* 0.0003* 0.2482

Specificity 0.0140* 0.3173 0.0286*

Positive

predictive
value

0.8205 0.8205 0.0202*

Negative

predictive
value

0.4821 0.0014* 0.0995

Accuracy 0.3972 0.0057* 0.0727

AUC 0.8197 0.0016* 0.0069*

*Statistically significant difference.

FIGURE 3. A 60-y-old patient with an undifferentiated pleomorphic

sarcoma of the right limb (arrows). The tumor reveals an extensive

tumor necrosis and a significant reduction of 18F-FDG uptake (SUVpeak:

from 15.3 to 4.1) between pre- (A–C) and posttherapeutic (D–F) exam-

inations, whereas tumor size remains substantially stable (diameter:

from 99 to 97 mm). Histopathologic analysis revealed a regression grade

3 (histopathologic responder).

FIGURE 4. Receiver-operating-characteristic curves of quantitative var-

iables for assessment of therapeutic response to ILP.
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KEY POINTS

QUESTION: Are there significant differences within an intraindi-

vidual comparison between 18F-FDG PET and MRI-derived

morphologic criteria for response assessment of STS under

neoadjuvant ILP?

PERTINENT FINDINGS: In this study, comprising patients with

STS of the limb, 18F-FDG PET data enabled a more accurate

differentiation between histopathologic responders and non-

responders under ILP than MRI-derived response criteria. In

addition, a regression model combining the metabolic and mor-

phologic information revealed better results, however, differences

to metabolic parameters alone did not reach significance level.

IMPLICATIONS FOR PATIENT CARE: 18F-FDG PET data may be

highly valuable when implemented into diagnostic algorithms for

monitoring neoadjuvant treatment strategies for STS.
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23. Crombé A, Le Loarer F, Cornelis F, et al. High-grade soft-tissue sarcoma: optimiz-

ing injection improves MRI evaluation of tumor response. Eur Radiol. 2019;29:

545–555.

24. DeLaney TF, Spiro IJ, Suit HD, et al. Neoadjuvant chemotherapy and radiother-

apy for large extremity soft-tissue sarcomas. Int J Radiat Oncol Biol Phys. 2003;56:

1117–1127.

25. Choi H, Charnsangavej C, Faria SC, et al. Correlation of computed tomography

and positron emission tomography in patients with metastatic gastrointestinal

stromal tumor treated at a single institution with imatinib mesylate: proposal

of new computed tomography response criteria. J Clin Oncol. 2007;25:1753–

1759.

26. Byun BH, Kong CB, Lim I, et al. Early response monitoring to neoadjuvant

chemotherapy in osteosarcoma using sequential 18F-FDG PET/CT and MRI. Eur

J Nucl Med Mol Imaging. 2014;41:1553–1562.

27. Denecke T, Hundsdorfer P, Misch D, et al. Assessment of histological response

of paediatric bone sarcomas using FDG PET in comparison to morphological

volume measurement and standardized MRI parameters. Eur J Nucl Med Mol

Imaging. 2010;37:1842–1853.

28. O JH, Lodge MA, Wahl RL. Practical PERCIST: a simplified guide to PET

response criteria in solid tumors 1.0. Radiology. 2016;280:576–584.

29. Muheremu A, Ma J, Amudong A, et al. Positron emission tomography/computed

tomography for osseous and soft tissue sarcomas: a systematic review of the

literature and meta-analysis. Mol Clin Oncol. 2017;7:461–467.

30. Cheon GJ, Kim MS, Lee JA, et al. Prediction model of chemotherapy re-

sponse in osteosarcoma by 18F-FDG PET and MRI. J Nucl Med. 2009;50:

1435–1440.

1542 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 60 • No. 11 • November 2019


