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Abstract Objectives: To prospec-
tively assess an innovative computer-
aided diagnostic technology that
quantifies characteristic features of
backscattered ultrasound and theore-
tically allows transvaginal sonogra-
phy (TVS) to discriminate benign
from malignant adnexal masses.
Methods: Women (n=264) sched-
uled for surgical removal of at least
one ovary in five centres were
included. Preoperative three-dimen-
sional (3D)-TVS was performed and
the voxel data were analysed by the
new technology. The findings at 3D-

Introduction

Ovarian cancer is the fourth most common cancer in
women, with annual incidence rates ranging between 8.5
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TVS, serum CA125 levels and the
TVS-based diagnosis were compared
with histology. Cancer was deemed
present when invasive or borderline
cancerous processes were observed
histologically. Results: Among 375
removed ovaries, 141 cancers (83
adenocarcinomas, 24 borderline, 16
cases of carcinomatosis, nine of me-
tastases and nine others) and 234 non-
cancerous ovaries (107 normal, 127
benign tumours) were histologically
diagnosed. The new computer-aided
technology correctly identified
138/141 malignant lesions and
206/234 non-malignant tissues (98%
sensitivity, 88% specificity). There
were no false-negative results among
the 47 FIGO stage /Il ovarian lesions.
Standard TVS and CA125 had sensi-
tivities/specificities of 94%/66% and
89%/75%, respectively. Combining
standard TVS and the new technology
in parallel significantly improved
TVS specificity from 66% to 92%
(»p<0.0001). Conclusions: Computer-
aided quantification of backscattered
ultrasound is a highly sensitive for
the diagnosis of malignant ovarian
masses.

Keywords Ovarian cancer
diagnosis - Ultrasound - Ovarian
HistoScanning - Tissue
characterisation

and 21.5 per 100,000 women in European countries [1].
The International Agency for Research on Cancer

estimated that, in 2002, there were 204,499 ovarian cancer
patients and 124,860 ovarian cancer deaths worldwide [1].



In Europe, the average 5-year survival rate of ovarian cancer
patients is around 40% [2]. The high case-fatality rate has
largely been attributed to the fact that most ovarian cancers
are at an advanced stage (>III) when diagnosed. Stage I
cancer carries a survival rate exceeding 90%. Hence, there is
a consensus that detection at early stages will lead to less
morbidity and mortality. That is why bimanual pelvic
examination associated with transvaginal sonography (TVS)
is widely prescribed for women with any kind of pelvic
symptoms or as part of a routine gynaecological examina-
tion. Although surgical management may be appropriate
whether or not the mass is malignant, when a mass is
detected in symptomatic women, the main reason to
discriminate preoperatively between benign and malignant
lesions is to facilitate referral to and management by
clinicians who have specialised training and experience in
managing ovarian malignancy, with improved outcomes [3].
In asymptomatic women, discriminating benign from ma-
lignant disease is also important to ensure appropriate
management in the setting of malignancy and to avoid
unnecessary diagnostic procedures, including surgery, when
the lesion is not malignant and is not likely to undergo
malignant transformation.

Combining morphology and Doppler TVS, the most
common imaging technique for the discrimination of benign
from malignant adnexal masses, achieves pooled sensitivity
and specificity of 86% and 91% [4]. Many attempts have
been made to improve this performance. Measurement of
serum CA125, magnetic resonance imaging (MRI), com-
puted tomography (CT) and positron-emission tomography
(PET) using fluorodeoxyglucose were proposed [4—9]. MRI
appeared to have similar sensitivity and slightly better
specificity than Doppler TVS [6, 7, 9] but is more expensive
and less available while CA125, CT and PET have poorer
diagnostic performance than MRI or Doppler TVS [4].
Different risk-of-malignancy indexes, combining menopaus-
al status, CA125 and TVS, were also proposed but, in
validation studies, they did not improve performance above
that of Doppler TVS alone [10-14].

The aim of this study was to prospectively assess a new
way of increasing the ability of TVS to discriminate benign
from malignant adnexal masses using a concept radically
different from all tissue characterisation technologies
proposed so far: Ovarian HistoScanning (OVHS, Ad-
vanced Medical Diagnostics, Waterloo, Belgium), which
quantifies changes induced by malignant tissues in back-
scattered ultrasound waves when applied to voxel data
generated during TVS.

Patients and methods
Ovarian HistoScanning (OVHS)

Cancerous processes are characterised by various struc-
tural changes in tissue texture, e.g. disorganisation,

anisocytosis and anisonucleosis, which result in measur-
able physical changes of the reflected ultrasound waves,
like energy loss, erratic spatial distribution of energy and
increased entropy. The tissue characterisation algorithms
of HistoScanning are based on mathematical methods that
are trained to quantify such changes in the backscattered
waves induced by cancerous tissue (wWww.histoscanning.
com). The selection of the appropriate characterisation
algorithms for a specific organ and their training are
empirical processes that were previously tested on
prostate cancers [15, 16]. For OVHS, three different
characterisation algorithms were selected and trained during
clinical development studies in 2001-02 on 98 ovaries from
78 patients aged 17-86 years (unpublished data from
Advanced Medical Diagnostics) to discriminate normal
from cancerous tissues. Borderline ovarian tumours exhibit-
ing physical and structural changes comparable to ovarian
cancer, without an invasive component and that could not be
distinguished from invasive cancer by HistoScanning, were
classified with ovarian cancers.

Patients

Patients were recruited in five centres: University Hospital
La Pitié-Salpétriere, Paris, France; Karolinska Hospital,
Stockholm, Sweden; European Institute of Oncology,
Milan, Italy; Hospital La Charité, Berlin, Germany, and
in the Rabin Medical Centre, Petah Tikva, Israel. Study
protocol and procedures conformed with the Helsinki
Declaration of Human Rights. The study protocol and the
written information communicated to patients were
approved by the Ethics Committees of all participating
institutions provided that the study design was developed
to avoid any interference of OVHS analysis with usual
patient management.

All women aged at least 18 years who were scheduled
for surgical removal of one or two ovaries because of the
presence of an adnexal mass or as part of a prophylactic
oophorectomy or hysterectomy with oophorectomy for a
uterine abnormality (fibroid tumour, endometrial cancer)
and who had given their written informed consent were
prospectively included in this study. To exclude ultrasound
data from ovaries that might have been altered, patients
were not included if they had a history of ovarian cancer,
previous pelvic surgery, or chemotherapy for breast or
ovarian cancer.

TVS and OVHS analyses

The day before surgery, all eligible women underwent
TVS, performed by a gynaecologist or a radiologist with
more than 10 years’ experience using, in all participating
institutions, a Voluson 730 Expert (GE Healthcare,
Waukesha, Wis.) equipped with a 5- to 9-MHz real-time
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four-dimensional (4D) endocavity transducer (RIC5-9; GE
Healthcare). The examination started with 2D-TVS in
which both ovaries and/or adnexal masses were identified.
Then the operator performed, according to local practice,
combined B-mode and Doppler real-time analyses. Neither
B-mode morphological scoring systems [17-21] nor
Doppler quantitative analysis [22, 23] was used to evaluate
the ovaries. All study investigators performed a simple
descriptive assessment of the presence or absence of arterial
vessels, septa, unilocular or multilocular cysts within the
mass, following the previously published guidelines [24-28]
for ultrasound classification of ovaries. Based on that
descriptive analysis alone, investigators were asked to
classify each ovary seen as positive (malignant) or negative
(benign) for malignancy.

Afterwards, 3D-TVS was performed to capture in
Dicom mode all structures previously investigated
during 2D-TVS of both ovaries. In the case of very
large masses, several 3D acquisitions were obtained to
cover the tumour. A special standardised protocol for
3D-TVS was followed in all participating centres: the
dynamic control was set at 9, the resolution was set to
maximum and the overall gain was limited to a range of
—8 dB < gain < —4 dB. Ultrasound data for each patient
were rendered anonymous and saved on a CD-ROM that
was sent to the study coordinator, who collected data from
all the participating centres.

OVHS analysis was performed secondarily at Advanced
Medical Diagnostics (Waterloo, Belgium) without knowl-
edge of the patient’s TVS report, medical history, surgery
outcomes or histology. Because the analysis was not
performed in the presence of the sonographers who
acquired the 3D-TVS data, they were asked, before
sending the data, to delineate a region of interest (ROI)
on the 2D image that corresponded to the mid-frame of the
volume acquired and thus indicate the volume on which the
OVHS analysis should be performed. At Advanced
Medical Diagnostics, an independent gynaecologist, expert
in diagnostic TVS, matched the annotated 2D images with
the structure depicted by the 3D-TVS data and determined
the extent of the volume to be analysed. The three
characterisation algorithms were successively applied to
overlapping units of 20x20 voxels of ultrasound data
equivalent to tissue volumes ranging from 0.6 to 1.6 mm?,
depending on the size of the field of view used. Threshold
levels, predefined in preliminary development studies,
below which the presence of cancer was unlikely, were
applied to each characterisation algorithm. These results
given by each algorithm were combined to give 0 (cancer
unlikely) or 1 (cancer likely) probability of cancer for each
elementary unit of 20x20 pixels.

The OVHS report consisted of coloured circles super-
imposed on the 2D-ultrasound video image (Fig. 1). Each
coloured circle represents the analysis result obtained in
each elementary volume unit. When the circle is green, this
elementary unit was considered non-malignant. When the

Fig. 1a, b OVHS analysis. The circles superimposed on the 2D
ultrasound video image represent the results obtained for each
elementary volume unit. Green circles are indicative of tissue
volumes that do not pass the predefined threshold for positivity,
while the red circles are indicative of tissue volumes that pass this
threshold. a Based on OVHS, the ovary was considered negative for
cancer, while the ovary in b was considered positive

circle is red, the elementary unit was considered malignant.
Based on unpublished experience, red circles were
generated only when at least ~100 mm® of consecutive
volume units were positive. The participating centres did
not have knowledge of the OVHS results, thereby avoiding
any possible interference of the study with clinical practice,
as requested by the Ethics Committees.

Histology

Every removed ovary was subjected to histological
examination by the pathology department of each centre.
Conclusions and FIGO stages established by each centre
were considered the final diagnoses, and used for
statistical analysis. No centralised second reading was
performed.



Table 1 Patient characteristics

Characteristic Value
Total number of patients 264
Median age (range) 57 (26-86)
Menopausal (yes/no) 190/74
CAI125" (235/<35) 110/94
Reason for surgery

Symptomatis adnexal mass 72
Asympomatic adnexal mass discovered at 55
gynaecological examination/TVS

Ovaries removed during hysterectomy 91
Prophylactic oophorectomy 26
Other or missing data 20

*Performed according to local practice

Statistical analysis

OVHS analysis results, serum CA125 levels determined
according to local practice and the TVS-based diagnosis

Table 2 Histology results

made by the radiologist or gynaecologist were compared
with histological findings using a chi-squared test. The
specimen was considered positive for malignancy when a
borderline ovarian tumour or an invasive cancerous process
was observed histologically.

Results

A total of 375 ovaries, were removed from 264 women
eligible for the study. Patient characteristics are reported in
Table 1. Pathologists diagnosed 141 (37.6%) cancers and
borderline ovarian tumours, 127 benign lesions and 107
normal ovaries (Table 2). Ultrasonographers’ opinions were
available for 359 ovaries, serum CA125 levels for 273 and
both for 267. OVHS alone correctly identified 138/141
malignant lesions, yielding 98% sensitivity, while TVS alone
had a sensitivity of 94% (not significant) and CA125, using a
threshold of 35 U/ml, a significantly lower sensitivity of 88%
(p=0.005) (Table 3). OVHS accurately classified all FIGO
stage I/II invasive ovarian cancers as positive.

Among the eight TVS false-negatives, seven were
OVHS positive (Fig. 2). On the other hand, OVHS had

Histology TVS (n=359)

CA125 (n=273) OVHS (n=375)

n  Potentially malignant Probably benign »

>35 U/ml <35 U/ml n  Positive Nagative

Normal ovaries 104 8
Benign ovarian lesion 119 68
Ovarian cyst 38 18
Corpus albicans 17 3
Corpus luteum 8 3
Cystadenoma 16 13
Endometriosis 11 7
Cystadenofibroma 8 8
Dermoid 1 1
Teratoma 7 6
Brenner tumour 5 4
Thecoma 3 2
Malignant lesion 136 128
Invasive ovarian cancer 82 78
FIGO stage I 16 16
FIGO stage 11 12 11
FIGO stage III/IV 54 51
Borderline ovarian cancer 24 23
Ovarian metastasis * 9 7
Peritoneal carcinomatosis 13 13

Cancer of organ invading the pelvis® 8 7

96 50 10 40 107 4 103
51 90 21 69 127 24 103
20 25 5 20 40 2 38
14 9 1 8 18 0 18
5 5 3 2 8 3 5
3 17 1 16 18 3 15
4 9 5 4 11 3 8
0 9 3 6 9 3 6
0 0 0 0 1 1 0
1 2 1 1 5 1 4
1 5 0 5 5 3 2
1 2 1 1 5 1 4
8 133 116 17 141 138 3
4 80 70 10 83 82 1
0 16 11 5 16 16 0
1 12 10 2 12 12 0
3 52 49 3 55 54 1
1 24 17 7 24 23 1
2 7 7 0 9 8 1
0 14 14 0 16 16 0
1 8 8 0 9 9 0

zOne colon cancer, one cutaneous melanoma
Cancers of the Fallopian tube



Table 3 Results of the different tests. Combinations of two or three tests were considered positive when all results were positive or negative
when at least one result was negative (FP false-positive, TN true-negative, TP true-positive)

Procedures Total TP ™ FP Sensitivity Specificity
Overall results
TVS 359 128 147 76 0.94 0.66
CA125 273 116 107 35 0.88 0.75
OVHS 375 138 206 28 0.98 0.88"
TVS + CAI125 261 106 117 17 0.83 0.87%
TVS + OVHS 359 125 205 18 0.92 0.92*
TVS + CA 125 + OVHS 361 103 129 5 0.81 0.96*
Abnormal oaries (benign or malignant lesion)
TVS 255 128 51 68 0.94 0.43
CA125 216 116 64 21 0.86 0.75
OVHS 268 137 103 24 0.97 0.81%
TVS + CAI125 206 106 65 14 0.83 0.82%
TVS + OVHS 255 125 102 17 0.92 0.86"
TVS + CA 125 + OVHS 206 103 75 4 0.81 0.95%
Ovaries TVS positive
TVS 204 128 76 0.63
CA125 184 106 47 17 0.86°
OVHS 204 125 58 18 0.87°
TVS + CA125 184 106 47 17 0.86"
TVS + OVHS 204 125 58 18 0.87°
TVS + CA 125 + OVHS 184 103 59 5 0.95"

*Values significantly higher than for TVS or CA125 alone
®Values significantly higher than for TVS alone

three false-negatives: the first concerned a 45-year-old
woman with ovarian cancer >100 mm in diameter,
classified FIGO IIIC; the second was an 18-mm breast
cancer-related ovarian metastasis. These two ovaries were
considered TVS-positive. The third concerned a 53-year-
old patient with bilateral adenofibroma with borderline
characteristics. The right ovary was classified OVHS-
positive and the left ovary was OVHS-negative, and both
were considered TVS-negative. The pathology report for
the left ovary was “cystadenofibroma with microscopic
foci of low malignant potential (borderline)”. OVHS alone
correctly identified 206/234 non-malignant ovaries, yield-
ing 88% specificity, while TVS and CA125 specificities
were significantly lower at 66% and 75% (p<0.0001 and
p=0.01, respectively) (Table 3). OVHS specificity remained
high (81%) when only abnormal ovaries (with benign or
malignant lesions) were considered.

When TVS and OVHS were combined, the sensitivity
for the subgroup of patients for whom both results were
available and positive was comparable with the sensitivity
of TVS alone: 92% versus 94% (Table 4), but the
specificity was significantly improved: 92% versus 66%
(»<0.001). Moreover, when comparing TVS + OVHS with
TVS + CA125 for the respective subgroups (Table 4),

sensitivity was significantly improved (p=0.01) for
comparable specificity. These results reflect the signifi-
cantly fewer false-positive results obtained by the combi-
nation of OVHS and TVS compared with TVS alone.
Indeed, for the subgroup of 119 benign lesions for which
both TVS and OVHS data were available, false-positive
results declined from 57% to 14% (p<0.0001). Among the
104 normal ovaries, OVHS adjunction did not significantly
lower the TVS alone false-positive rate respectively, 3.7%
versus 7.7%, while only four OVHS false-positives were
recorded. On the other hand, among the ovaries considered
potentially malignant with TVS, 37% were misclassified as
false-negatives with TVS used alone. Combining TVS with
CA125 or OVHS significantly decreased the false-positive
rates to 9.2% and 8.8% respectively (p<0.001), while
combining CA125 and OVHS and TVS yielded a false-
positive rate of 2.7%.

Discussion

Ovarian masses are common among women of all ages.
Thus, it is very important to discriminate preoperatively
between benign and malignant lesions to optimise the



Fig. 2 a An example of an ovary considered to be normal with
TVS. b The same TVS false-negative ovary with OVHS-detected
foci of malignancy. The presence of an adenocarcinoma was
confirmed histologically

management of ovarian cancer and avoid unnecessary
diagnostic procedures. Ovarian masses are mainly dis-
covered or first explored with TVS. The previously
estimated TVS sensitivity was 86% [95% confidence
interval (CI): 82-88%] from pooled sensitivities reported
in 53 studies using a random effects model [4]. A limiting
feature of TVS is its high rate of false-positive test results,
which was estimated in the same studies to be around 17%
(95% CI: 24-12%). Many attempts were made to improve
the sensitivity and specificity of TVS, by using morpho-

logical scoring systems [17-21] or by combining morpho-
logical assessment with Doppler quantitative analysis [22,
23], but those approaches only slightly improved sensitiv-
ity to 89% (95% CI: 81-93%) and specificity to 0.91%
(0.80-0.96%) (pooled data from Myers et al. [4]). Another
approach to improving TVS performance was proposed
using an expert system [29] and artificial neural networks
[12, 30]. However, both techniques are based on data
manually provided by the physician and, like the scoring
systems, they are all based on subjective evaluations made
by the operator. Until now, the principal attempts to
automatically analyse ovarian ultrasound images mostly
concerned the automatic segmentation of ovarian follicles
[31-33] and only one paper focused on the automatic
distinction between normal and abnormal ovarian regions
[34]. Zimmer et al. [34] proposed an automatic analysis of
the US images based on quantification of grey-level
variations (mean, standard deviation, slope, etc.). Classi-
fication obtained with that software yielded a success rate
of 80-90% for cysts but only 70% for tumours containing
solid portions.

Herein, we evaluated an automatic scoring system,
HistoScanning, which is based on the quantification of
tissue disorganisation induced by malignant processes in
backscattered ultrasound waves before image processing.
HistoScanning was developed to be applied to digitally
received radio frequency (RF) ultrasound signals which
were backscattered from an imaging volume before
processing by the built-in image production algorithms of
the ultrasound machine that generates the video display. In
that respect, HistoScanning is not an image-enhancement
or -processing tool. In our study, however, because the
manufacturer of the ultrasound machine used blocked our
access to RF data, HistoScanning was applied to
specifically calibrated and standardised voxel data that
represent an almost linear depiction of the backscattered
3D raw data, thereby yielding homogeneous results
obtained from the different centres. This technology is
potentially promising either in improving the identification
of cancers or to help characterise focal abnormalities in
many fields in which ultrasound is widely used, such as
breast, thyroid, prostate or ovary imaging. HistoScanning
has previously demonstrated a high performance in
identifying prostate cancer foci >0.50 mm® with 100%
sensitivity and 82% specificity during presurgical trans-

Table 4 Comparison of the different tests. Combinations of two or three tests were considered positive when all results were positive or

negative when at least one result was negative

Test 1 Test 2 Sensitivity Specificity

Test 1 Test 2 p value Test 1 Test 2 p value
TVS TVS+OVHS 0.94 0.92 0.08 0.66 0.92 <0.001
TVS +CA125 TVS + OVHS 0.83 0.92 0.01 0.87 0.9 0.37
TVS + CA 125 TVS + CA125+OVHS 0.83 0.81 0.08 0.87 0.96 <0.001




rectal sonography in 29 men [15, 16]. This technology has
to be adjusted specifically to each targeted organ. For
ovaries, the core of the system, which is specifically called
OVHS, consists of three specific mathematical algorithms
that were best fitted to extract changes induced by the
presence of cancerous tissue in the backscattered ultra-
sound waves by training against a mouse model of human
ovarian cancer, and retrospective and prospective clinical
studies (unpublished data).

Our study was designed to evaluate the classification
performance of OVHS. Most of the women studied were
referred for presurgical characterisation of ovarian ab-
normalities. However, patients scheduled for systematic
oophorectomy for uterine abnormalities were also in-
cluded, giving us the opportunity to test OVHS specificity
on normal ovaries. OVHS alone performed very well for all
FIGO classification stages, with very low numbers of false-
negative results leading to 98% sensitivity. That sensitivity
was not obtained at the expense of specificity, which
remained significantly higher than for TVS alone, even
when normal ovaries were not considered. When OVHS
was combined with TVS, the number of false-positives
obtained with TVS alone for the subgroup composed of
benign lesions was lowered significantly. Despite the
excellent OVHS sensitivity, its combination with TVS did
not significantly change the overall sensitivity for identify-
ing ovarian cancer.

There are several limitations in this study:

First, this study did not assess the real gain provided by an
OVHS version that would be embedded in the ultrasound
equipment. The physician who performed the TVS did not
use OVHS and the gain provided by its use was evaluated
theoretically by combining OVHS performance and ob-
servers’ performance in parallel, considering a diagnosis
positive for cancer only when both results were positive and
rejecting the cancer when at least one result was negative.
This parallel combination led to an underestimation of the
overall sensitivity. If used in clinical practice, the TVS +
OVHS combination would probably be sequential. The
OVHS results would be considered secondarily, as adjuncts
to TVS findings. The physicians would probably consider
some results positive for cancer that were positive with only
one test. For example, for two of our three OVHS false-
negative results, TVS had been considered positive for
cancer by the physician and vice versa for the eight TVS
false-negatives; seven were OVHS-positive.

Second, our sensitivity for TVS alone was higher than
that reported in the literature [4]. A possible explanation is
that our population was not the general population. Indeed,
71.4% of our patients had ovarian abnormalities and 37.6%
were diagnosed with cancer involving the ovaries. This is
due to the fact that most of our study centres were referral
cancer centres likely to concentrate a high prevalence of
cancerous lesion. In addition, all women were scheduled
for surgery on the basis of clinical examination, TVS and
other criteria eventually including the CA125 blood level

done in days before the TVS for HistoScanning. This
represents a bias in the sense that women were not
consecutive patients presenting with pelvic symptoms. The
rationale backing adoption of this specific design was to
avoid interference of the HistoScanning analysis on
treatment decision. This is the reason why we did not
provide predictive positive or negative values that would
be related to the prevalence of cancer in the population
studied, which did not reflect the general population.
Knowing that, the physicians who performed the TVS had
a probable tendency to favour a cancer diagnosis leading to
very good TVS sensitivity that could lead to an under-
estimation of the gain in sensitivity provided by OVHS in
combination with TVS compared with TVS alone.

Third, this tendency probably also induced an over-
estimation of the specificity gain provided by OVHS in
combination with TVS, compared with TVS alone. Indeed,
our specificity for TVS alone was lower than that reported in
the literature [4] and particularly high numbers of endome-
triosis (7/11, 64%) and teratomas (6/7, 86%) were mis-
classified, while sensitivities for diagnosing these tumours
were reported to be 73% and 84—100%, respectively [35, 36].

We found the performance of OVHS + TVS to be higher
than that for CA125 + TVS with regard to sensitivity and
comparable with regard to specificity. Pertinently, OVHS is
an integral part of the ultrasound examination, while serum
assessment for the tumour marker CA125 is an additional
test that must be performed at another time with additional
costs. Moreover information provided by OVHS is not
strictly redundant with CA125 because the combination of
TVS + OVHS + CAI125 yielded significantly higher
specificity than TVS + CA125 (Table 4).

In conclusion, OVHS accuracy was properly validated
by comparison with histology, OVHS is highly sensitive in
the diagnosis of malignant ovarian masses while maintain-
ing good specificity and it is a promising tool for the non-
invasive characterisation of pelvic masses. OVHS is a
computer-aided diagnostic system that could be embedded
in an ultrasound system to help the physician to
discriminate benign from malignant tumours in abnormal
ovaries in real time. Its good sensitivity and low false-
positive rate, when ovaries were normal, warrants it being
tested, in series, with TVS and OVHS under screening
conditions.

Acknowledgements The following investigators are members of
the Ovarian HistoScanning Clinical Study Group:

B Lauratet B, JP Lefranc, PA Grenier: La Pitié—Salpétricre
Hospital, AP—HP, UPMC, Paris, France

K Schedvins K: Karolinska Hospital, Stockholm, Sweden

R di Pace R, D Franchi, M Bellomi, A Maggioni: European
Institute of Oncology, Milan, Italy

R Mashiach, I Meizner: Rabin Medical Centre, Petah Tikva, Israel

A Schneider, J Lange: Hospital La Charité, Berlin, Germany

AS Absil, M Solnick, P Hennebert, AR Grivegnée: Jules Bordet
Institute, Brussels, Belgium

R Nir, C Soviany: Advanced Medical Diagnostics, SA/NV, Dréve
Richelle, 161, 1410 Waterloo, Belgium



References

1

10.

. Ferlay J, Bray F, Pisani P, Parkin D

(2004) GLOBOCAN 2002: cancer in-
cidence, mortality and prevalence
worldwide. IARC Press, Lyon

. Engel J, Eckel R, Schubert-Fritschle G

et al (2002) Moderate progress for
ovarian cancer in the last 20 years:
prolongation of survival, but no im-
provement in the cure rate. Eur J
Cancer 38:2435-2445

. Tingulstad S, Skjeldestad FE, Hagen B

(2003) The effect of centralization of
primary surgery on survival in ovarian
cancer patients. Obstet Gynecol
102:499-505

. Myers ER, Bastian LA, Havrilesky LJ

et al (2006) Management of adnexal
mass. Evid Rep Technol Assess (Full
Rep) 130:1-145

. ACOG Committee on Gynecologic

Practice (2003) The role of the gen-
eralist obstetrician-gynecologist in the
ecarly detection of ovarian cancer. Int J
Gynaecol Obstet 80:235-238

. Fenchel S, Grab D, Nuessle K et al

(2002) Asymptomatic adnexal masses:
correlation of FDG PET and histopath-
ologic findings. Radiology 223:780—
788

. Grab D, Flock F, Stohr I et al (2000)

Classification of asymptomatic adnexal
masses by ultrasound, magnetic reso-
nance imaging, and positron emission
tomography. Gynecol Oncol 77:454—
459

. Huber S, Medl M, Baumann L,

Czembirek H (2002) Value of ultra-
sound and magnetic resonance imaging
in the preoperative evaluation of sus-
pected ovarian masses. Anticancer Res
22:2501-2507

. Sohaib SA, Mills TD, Sahdev A et al

(2005) The role of magnetic resonance
imaging and ultrasound in patients with
adnexal masses. Clin Radiol 60:340—
348

Jacobs I, Oram D, Fairbanks J, Turner
J, Frost C, Grudzinskas JG (1990) A
risk of malignancy index incorporating
CA 125, ultrasound and menopausal
status for the accurate preoperative
diagnosis of ovarian cancer. Br J Obstet
Gynaecol 97:922-929

. Mol BW, Boll D, De Kanter M et al

(2001) Distinguishing the benign and
malignant adnexal mass: an external

validation of prognostic models. Gy-
necol Oncol 80:162—-167

13.

16.

18.

19.

20.

21.

22.

. Tailor A, Jurkovic D, Bourne TH,

Collins WP, Campbell S (1999) Sono-
graphic prediction of malignancy in
adnexal masses using an artificial neu-
ral network. Br J Obstet Gynaecol
106:21-30

Timmerman D, Verrelst H, Bourne TH
et al (1999) Artificial neural network
models for the preoperative discrimi-
nation between malignant and benign
adnexal masses. Ultrasound Obstet
Gynecol 13:17-25

. Tingulstad S, Hagen B, Skjeldestad FE

et al (1996) Evaluation of a risk of
malignancy index based on serum
CA125, ultrasound findings and
menopausal status in the pre-operative
diagnosis of pelvic masses. Br J Obstet
Gynaecol 103:826-831

. Braeckman J, Autier P, Garbar C et al

(2008) Computer-aided ultrasonogra-
phy (HistoScanning): a novel technol-
ogy for locating and characterizing
prostate cancer. BJU Int 101:293-298
Braeckman J, Autier P, Soviany C et al
(2008) The accuracy of transrectal
ultrasonography supplemented with
computer-aided ultrasonography for
detecting small prostate cancers. BJU
Int 102:1561-1565

. DePriest PD, Shenson D, Fried A et al

(1993) A morphology index based on
sonographic findings in ovarian cancer.
Gynecol Oncol 51:7-11

DePriest PD, Varner E, Powell J et al
(1994) The efficacy of a sonographic
morphology index in identifying ovar-
ian cancer: a multi-institutional inves-
tigation. Gynecol Oncol 55:174-178
Ferrazzi E, Zanetta G, Dordoni D,
Berlanda N, Mezzopane R, Lissoni AA
(1997) Transvaginal ultrasonographic
characterization of ovarian masses:
comparison of five scoring systems in a
multicenter study. Ultrasound Obstet
Gynecol 10:192-197

Lerner JP, Timor-Tritsch IE, Federman
A, Abramovich G (1994) Transvaginal
ultrasonographic characterization of
ovarian masses with an improved,
weighted scoring system. Am J Obstet
Gynecol 170:81-85

Sassone AM, Timor-Tritsch IE, Artner
A, Westhoff C, Warren WB (1991)
Transvaginal sonographic characteriza-
tion of ovarian disease: evaluation of a
new scoring system to predict ovarian
malignancy. Obstet Gynecol 78:70-76
Alcazar JL, Ruiz-Perez ML, Errasti T
(1996) Transvaginal color Doppler so-
nography in adnexal masses: which
parameter performs best? Ultrasound
Obstet Gynecol 8:114-119

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Valentin L (1999) Prospective cross-

validation of Doppler ultrasound ex-
amination and gray-scale ultrasound
imaging for discrimination of benign
and malignant pelvic masses. Ultra-
sound Obstet Gynecol 14:273-283
Granberg S, Wikland M, Jansson [
(1989) Macroscopic characterization of
ovarian tumors and the relation to the
histological diagnosis: criteria to be
used for ultrasound evaluation. Gyne-
col Oncol 35:139-144

Franchi M, Beretta P, Ghezzi F,
Zanaboni F, Goddi A, Salvatore S
(1995) Diagnosis of pelvic masses with
transabdominal color Doppler, CA 125
and ultrasonography. Acta Obstet Gy-
necol Scand 74:734-739

Guerriero S, Alcazar JL, Coccia ME et
al (2002) Complex pelvic mass as a
target of evaluation of vessel distribu-
tion by color Doppler sonography for
the diagnosis of adnexal malignancies:
results of a multicenter European study.
J Ultrasound Med 21:1105-1111
Menon U, Talaat A, Rosenthal AN et al
(2000) Performance of ultrasound as a
second line test to serum CA125 in
ovarian cancer screening. BJOG
107:165-169

Schelling M, Braun M, Kuhn W et al
(2000) Combined transvaginal B-mode
and color Doppler sonography for dif-
ferential diagnosis of ovarian tumors:
results of a multivariate logistic re-
gression analysis. Gynecol Oncol
77:78-86

Bruning J, Becker R, Entezami M et al
(1997) Knowledge-based system AD-
NEXPERT to assist the sonographic
diagnosis of adnexal tumors. Methods
Inf Med 36:201-206

Biagiotti R, Desii C, Vanzi E, Gacci G
(1999) Predicting ovarian malignancy:
application of artificial neural networks
to transvaginal and color Doppler flow
US. Radiology 210:399-403

Krivanek A, Sonka M (1998) Ovarian
ultrasound image analysis: follicle seg-
mentation. IEEE Trans Med Imaging
17:935-944

Muzzolini R, Yang YH, Pierson R
(1993) Multiresolution texture seg-
mentation with application to diagnos-
tic ultrasound images. IEEE Trans Med
Imaging 12:108-123



33. Sarty GE, Liang W, Sonka M, Pierson

RA (1998) Semiautomated segmenta-
tion of ovarian follicular ultrasound
images using a knowledge-based algo-
rithm. Ultrasound Med Biol 24:27-42

34.

35.

Zimmer Y, Tepper R, Akselrod S (2003)
An automatic approach for morphologi-
cal analysis and malignancy evaluation of
ovarian masses using B-scans. Ultra-
sound Med Biol 29:1561-1570

Bazot M, Malzy P, Cortez A, Roseau G,
Amouyal P, Darai E (2007) Accuracy of
transvaginal sonography and rectal endo-
scopic sonography in the diagnosis of
deep infiltrating endometriosis. Ultra-
sound Obstet Gynecol 30:994-1001

36. Bronshtein M, Yoffe N, Brandes JM,

Blumenfeld Z (1991) Hair as a sono-
graphic marker of ovarian teratomas:
improved identification using trans-
vaginal sonography and simulation
model. J Clin Ultrasound 19:351-355



	A new computer-aided diagnostic tool for non-invasive characterisation of malignant ovarian masses: results of a multicentre validation study
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Patients and methods
	Ovarian HistoScanning (OVHS)
	Patients
	TVS and OVHS analyses
	Histology
	Statistical analysis

	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


