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Objectives:The objectives of this study are to describe the standardization and
dissemination of dynamic contrast-enhanced ultrasound (DCE-US) for the
evaluation of antiangiogenic treatments in solid tumors across 19 oncology
centers in France and to define a quality score to account for the variability
of the evaluation criteria used to collect DCE-US data.
Materials and Methods:This prospective Soutien aux Techniques Innovantes
Cou� teuses (Support for Innovative and Expensive Techniques) DCE-US study
included patients with metastatic breast cancer, melanoma, colon cancer, gas-
trointestinal stromal tumors, renal cell carcinoma and patients with primary
hepatocellular carcinoma tumors treated with antiangiogenic therapy. The
DCE-US method was made available across 19 oncology centers in France.

Overall, 2339 DCE-US examinations were performed by 65 radiologists in
539 patients.

One target site per patient was studied. Standardized DCE-US examina-
tions were performed before treatment (day 0) and at days 7, 15, 30, and 60.
Dynamic contrast-enhanced ultrasound data were transferred from the differ-
ent sites to the main study center at the Institut Gustave-Roussy for analysis.
Quantitative analyses were performed with a mathematical model to determine
7 DCE-US functional parameters using raw linear data. Radiologists had to
evaluate 6 criteria that were potentially linked to the precision of the evaluation
of these parameters: lesion size, target motion, loss of target, clear borders, to-
tal acquisition of wash-in, and vascular recognition imaging window adapted
to the lesion size.

Eighteen DCE-US examinations were randomly selected from the Soutien
aux Techniques Innovantes Cou� teuses (Support for Innovative and Expensive
Techniques) database. Each examination was quantified twice by 8 engineers/
radiologists trained to evaluate the perfusion parameters. The intraobserver
variability was estimated on the basis of differences between examinations per-
formed by the same radiologist. The mean coefficient of variability associated
with each quality criterion was estimated. The final quality score, ranging from
0 to 5, was defined according to the value of coefficient of variability for each
criterion.
Results:A total of 2062 examinations were stored with raw linear data. Five
criteria were found to have a major impact on quality: lesion size, motion, loss
of target, borders, and total acquisition of wash-in. Only 3% of the examina-
tions were of poor quality (quality of 0); quality was correlated with the radi-
ologists• experience, such that it was significantly higher for radiologists who
had performed more than 60 DCE-US examinations (P G 0.0001).
Conclusions:The DCE-US methodology has been successfully provided to
several centers across France together with strict rules for quality assessment.
Only 3% of examinations carried out at these centers were considered not
interpretable.
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In recent years, targeted antiangiogenic agents have significantly im-
proved outcomes across a wide range of solid tumors.1Y3 Progression-

free survival and overall survival (OS) are the key criteria used to
assess response to treatment with these agents. However, with im-
proving survival rates leading to longer treatment duration,1 assess-
ment of median survival may take longer to achieve. In addition,
tumor response criteria such as Response Evaluation Criteria in Solid
Tumors have proven to be inadequate in assessing response to tar-
geted agents because tumors often show early necrosis before reduc-
tion in tumor size.4

Dynamic contrast-enhanced ultrasonography (DCE-US) is a
new functional technique that enables a quantitative assessment of
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a number of preclinical11 and clinical trials with targeted agents. Ini-
tially, qualitative analyses in several clinical studies have indicated
that DCE-US correlated with tumor responses, for example, in
RCC treated with sorafenib12,13or in GIST treated with imatinib.14

After an improvement in DCE-US methodology using quanti-
tative analysis, we have conducted several different studies using
DCE-US. One study demonstrated that DCE-US is a useful tool for
predicting the early efficacy of sunitinib in mRCC.8 Here, robust cor-
relations were observed between functional parameters measured by
DCE-US and disease-free survival plus OS.8 In a study of patients
with HCC treated with bevacizumab, a correlation with progres-
sion-free survival and OS was also observed.9 The preliminary results
of this study, which included 400 patients, demonstrated that AUC
and AUWO were correlated with response per Response Evaluation
Criteria in Solid Tumors.15 Subsequently, DCE-US methodology
has been included in the new European guidelines on the use of ultra-
sound in clinical practice.16

In this article, we have described the dissemination of the
DCE-US methodology for the evaluation of antiangiogenic treat-
ments in solid tumors across multiple oncology centers in France to
improve evidence-based medicine across these centers. Our study
demonstrates that an Internet-based network can be successfully used
to record data in real time and that DCE-US can be successfully used
across different metastatic sites, including the liver.

Fixed settings were used in all centers. Standardization was
achieved without difficulty. Overall, 65 radiologists were trained in
the use of the DCE-US methodology. The training was carried out
on-site by engineers specializing in DCE-US, and the first (1Y5)
examinations were performed by the radiologist, assisted by the engi-
neer. Strict rules were established to evaluate the quality of DCE-US,
using a quality score ranging between 0 and 5. Evaluation of all the
DCE-US tests conducted demonstrated that, of these, only 3% needed
to be excluded (ie, those assigned a quality score of 0, where quality
could not be verified). In addition, 5 of 6 criteria used to assess qual-
ity were found to have a major impact on quality. In fact, a lesion less
than 2 cm in size is very difficult to quantify because of the difficul-
ties associated with tracking it. This is also the case for dynamic con-
trast enhanced-magnetic resonance imaging when used to assess
target lesions of a similar size.17

The quality of assessments increased with an increase in the
radiologists• experience; in clinical practice, it is relatively easy to
achieve experience by assessing at least 60 examinations. As such,
the learning curve required to successfully implement this technique
in new centers is relatively short. Finally, the results relating to the as-
sessment of fixed versus mobile lesions may assist radiologists in
selecting the best target lesion where the patient presents with several
different metastases. A system is strongly recommended to track mo-
bile lesions. In fact, a study by Goetti et al18 showed that without
tracking, only 70% of the examination could be analyzed. Tracking
of some new devices using a real-time motion compensation algo-
rithm19 could improve their quality, whereas 3-dimensional acquisi-
tion20 and ultrasound molecular imaging targeting>VA321 may
also improve the quality of this technique in the near future.

In summary, this study, conducted across different centers in
France, confirms that DCE-US is a feasible tool that can be relatively
easy to implement. The study also helps establish the rules for evalu-
ating the quality of results obtained.

FIGURE 3. Coefficient of variation of 7 functional parameters
according to the components of quality scores. AUWI indicates
area under the wash-in.

FIGURE 4. Distribution of quality scores based on the number
of DCE-US examinations conducted by radiologists.

FIGURE 5. Changes to the quality scores distribution in
accordance with radiologists’ experience.

TABLE 2. Quality Score According to the Nature of the Targets

Quality Score/No. DCE-US Examinations* 0 1 2 3 4 5

Liver (total = 1122; 55%) 48 257 304 291 178 44
Nonliver (total = 936; 45%) 11 87 132 216 286 204

Total for liver and nonliver = 2058 (the nature of the target was not speci-
fied for 4 lesions).

*Number of DCE-US examinations per quality score, by target (ie, liver/
nonliver)
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