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Titre: Imagerie IRM de Diffusion : peut-on améliorer la caractérisation des masses annexielles

RESUME

Objectif: Evaluer les différents paramétres ADC (moyenne, minimum, maximum, déviation standard
et percentiles) issus d’une région d’intérét localisée et d’une région d’intérét occupant la plus grande
partie possible de la portion solide de tumeurs ovariennes bénignes, frontiéres et malignes. Nous avons
¢galement essayé d’associer une valeur quantitative issue de la cartographie ADC au Score ADNEX-

MR pour prédire le potentiel invasif d’une tumeur ovarienne.

Matériels et méthodes: 194 femmes (4ge médian de 53,5 ans, de 18 a 95 ans) représentant 240 Iésions
ovariennes ont été incluses dans notre étude. Elles ont bénéficié d’une IRM pelvienne avec une séquence
de diffusion. Deux radiologues experts ont relu les examens évaluant les lésions selon le score ADNEX-
MR. Un radiologue junior a dessiné 2 régions d’intérét (une petite localisée et une la plus grande
possible) dans la portion tissulaire des masses annexielles. Les valeurs moyennes, minimales,
maximales, la deviation standard pour les 2 régions d’intérét ont été calculées pour les différentes lésions
ainsi que les 5eme, 10éme, 20éme, 50éme, 75éme et 95éme percentiles pour la plus grande région
d’intérét, basées sur les constatations anatomopathologiques et le suivi a 2 ans. Les tests exact de Fisher,
du Chi?, de Kruskal-Wallis, de Mann-Whitney et I’analyse de courbes ROC ont été effectués pour

I’analyse statistique.

Résultats: Les valeurs d’ADC moyennes, minimales et maximales dans les portions solides des tumeurs
ovariennes sont significativement plus faibles dans les tumeurs invasives que dans les tumeurs frontiéres
et bénignes quelque soit le type de région d’intérét utilisé. Les 10éme, 20eme, S50¢éme 75¢me et 95éme
percentiles de la valeur des coefficients d’ADC de la région d’intérét la plus large étaient également

significativement plus faible dans les tumeurs invasives que dans les tumeurs bénignes ou frontieres.



Title : DWI MR imaging: can we improve the characterization of adnexal masses.

ABSTRACT

Purpose: To assess different ADC values (as mean, minimum, maximum and standard deviation) in a
larger population, from an hotspot and a larger area region of interest (ROI) drawed in the tissular portion
from benign, borderline and invasive ovarian lesions. Besides we tried to add gquantitative ADC value

to ADNEXMR Score to predict invasiveness of an ovarian tumor.

Material and methods: One hundred and ninety four women (median age, 53,5 years, 18-95 years)
with 240 lesions (151 women had a unique mass, 40 had two masses, on the same ovary or bilateral
lesion, 3 women had 3 lesions) were included in our study and underwent MR scan with Diffusion
Weighted sequence. Two senior radiologist reviewed images and scored MR results according to
previously ApnexMR-Score. A junior radiologist drawed two ROI (hotspot and a larger one) in the
tissular portion of the adnexal masses. Mean, standard deviation, minimum and maximum values, 5th,
10th, 20th, 50th, 75th, 95th percentiles on ADC Map were computed for each ROI according to surgical
histopathology or two-years follow-up findings. Statistical analysis was performed by using Fischer

exact, chi-squared, Kruskal-Wallis, and Mann Whitney tests and ROC analysis.

Results: Mean, minimum and maximum ADC values in ovarian solid portion are lower in invasive
tumors than in benign and borderline tumors whatever the ROl used (Hotspot or a larger area). The 10th,
20th, 50th, 75th, 95th percentiles ADC coefficient from the larger area ROl were also lower in invasive
tumors than in benign or borderline masses.The maximum ADC value from the hotspot ROl was the
best parameters to distinguish malignant from benign lesions and invasive from non-invasive lesions
with an optimum cut-off point was respectively, a hotspot maximum ADC value < 1.03x10-3mm2/s
and < 1x10-3mm?2/s with a PLRMalignant= 2.07 and PLRInvasiveness = 2.65. In the sub-group rated
ADNEX-MRSCORE 4 or 5, a hotspot maximum ADC value < 1.04x10—3mm2/s are more likely to be

invasive with a PLRInvasiveness = 3.3.



Conclusion: Ovarian tumors with a tissular portion with a low maximum ADC are more likely to be
malignant (invasive and borderline) or invasive tumors. But this is not accurate enough to distinguish
malignant from borderline or invasive from non-invasive without using morphological and contrast-

enhancement sequence

Mot-clés: Tumeurs ovariennes, diffusion, coefficient ADC, masses, caractérisation

Key Words: Ovarian, tumors, DWI, ADC, MR, masses, characterization
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INTRODUCTION

Adnexal masses are the first indication for gynecologic surgery [1] (Curtin JP).
Among those masses, ovarian neoplasms are often asymptomatic during the initial
stage of the disease, that is why the diagnosis are often made in an advanced stage,
with a bad prognosis and explains why ovarian tumors are called “silent killer” [2] (Le
Page C). Ovarian tumors characterization is a challenge for radiologists. Indeed, as
ovaries are located deeply in the pelvis, biopsies cannot easily be performed. Thus,
pre-operative diagnosis is a key to manage accurately the patient. In particular, the
aim is to avoid unnecessary surgery for patients who had a benign or eventually
borderline lesions where oncologic and fertility preservation options could be discussed
for young patients in expert centers. Besides, for malignant tumors an appropriate
surgical procedure with most complete resection is one of the most important

prognostic factor [3] (Bristow RE).

To diagnose ovarian lesions, ultrasonography (US) is the first line exam [4]
(Gynecologic sonography: report) but has well-known limitations in particular for
complex adnexal masses [5] (Kinkel K). In second line, Magnetic Resonance Imaging
(MRI) using morphological sequences is more accurate than US for discriminate
complex benign ovarian lesions from malignant with an accuracy from 83% to 93%
[6] (Hricak H) [7] (Sohaib SA). Adding functional sequences helps to optimize adnexal
masses characterization and Dynamic Contrast Enhanced sequence from 91 to 98%
[8] (Thomassin-Naggara ) with functional sequences as Diffusion Weighted sequence
(DWI), and Dynamic Contrast Enhanced (DCE) [9] (Bernardin L )[10] (Dilks P). The

ApnexMR Score using morphological, DWI and DCE sequences was created to help
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radiologist to evaluate malignancy of an adnexal tumor [12] (Thomassin-Naggara I,

Adnex MR score).

In addition to DWI sequence which is qualitative assessment on tissue cellularity
and cell membrane integrity by detecting the extent of diffusion of free water
molecules, the Apparent Diffusion Coefficient (ADC) provides a quantitative
measurement of the diffusion of water molecules in tissues. Several studies have
reported that ADC values from solid portion in differ among malignant, borderline, and
benign ovarian tumors and can be useful for distinguishing malignant from benign or
borderline ovarian tumors [12](Li W) [13](Zhao SH) [14] (Takeuchi). But these studies
have included limited numbers of patients and reported varied diagnostic performances

[15] (Kurata, Yasuhisa & Kido).

The purpose of our study was to assess different ADC values (as mean,
minimum, maximum and standard deviation) in a larger population, from an hotspot
and a larger area region of interest (ROI) drawed in the tissular portion from benign,
borderline and invasive ovarian lesions. The 5th, 10th, 25th, 50th, 75th and 95th
percentiles from larger area ROI were also evaluated. Besides we tried to add

quantitative ADC value to ApnexMR Score to predict invasiveness of an ovarian tumor.

MATERIAL AND METHODS

Institutional ethic committee approved the study. The population is issued from
prospective data acquired in 12 centers from France (Tenon Hospital, Paris; Georges
Pompidou European Hospital, Paris; Lariboisiere Hospital, Paris; Pitie-Salpetriere

Hospital, Paris; Pyramides Imagery Center, Paris; Curie Institut, Paris; Gustave Roussy
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Institut, Paris; La Timone Hospital, Marseille; Paoli Calmettes Institut, Marseille;
Lapeyronie Hospital, Montpellier; Valenciennes Hospital, Valenciennes; Oscar Lambret
Center, Valenciennes) participating in EURAD study clinical trial (CLINICAL TRIAL

NCT01738789). All patients signed an informed consent.

Population

Between 2013/03/05 and 2016/03/31, all patients with sonographically
indeterminate adnexal mass referred for MR imaging in our center were consecutively
included in EURAD study. To be included, patients had to be more than 18 years old,
with sonographically indeterminate adnexal mass, and had to have given their
informed consent. Women who were pregnant, had any contra-indication to MR
imaging (such as pace-maker, ferromagnetic material, or any other contra indication),
had intolerance to gadolinium contrast agents or had severe renal insufficiency (GFR

< 30 mL/min/1.73m?) were not included (Figure 1).
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Figure 1 : Flowchart showing patient population and index test results.
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Thus, 1006 patients have been prospectively included in 12 french centers
representing 1328 lesions considered as complex adnexal masses on ultrasound exam.
902 lesions didn't show solid tissue (displaying a solid tissue as defined by Timmerman
et al [16], including vegetation, solid portion, and thickened septa) and then were
excluded. 52 lesions were excluded because considered as extra-ovarian lesions
according 2 seniors reading conclusion. 110 lesions from Paoli-Calmettes Institut were
excluded because of post treatment issue (non-loading of DCE MR sequences on
workstation). Also, 11 more lesions were excluded for a solid tissue too small to draw

a reliable ROI inside.

Thus, the final cohort consisted in 194 women (median age, 53,5 years, 18-95
years) with 240 lesions (151 women had a unique mass, 40 had 2 masses, on the

same ovary or bilateral lesion, 3 women had 3 lesions).

176 patients, with 216 masses, underwent surgery. There were 24
cystectomies, 122 salpingo-oophorectomies (19 unilateral, 77 bilateral, and 26 non
reported), 75 hysterectomies associated with salpingo-oophorectomies, 1
myomectomie (one broad ligament myoma)) and 95 biopsies (hepatic, vaginal, antral

or peritoneal). 18 patients underwent clinical or imaging follow-up.

Histopathological findings included 143 benign, 16 borderline and 81 invasive

malignant lesions, are reported in Table 1.

19



Table 1: Reference Standard Findings

Number of
lesions
n =240
Bilateral 40
Three lesions by 3
patient
Establishment of Surgical pathology 216
final diagnosis
Follow-up (2 years or more) 24
Final diagnosis BENIGN 143
- Serous cystadenomas 38
- Mucinous cystadenomas 3
- Brenner tumor 3
- Cystadenofibroma 29
- Benign Germ Cell Tumor 24
- Sex-cord tumors 32
- Functional cyst 1
- Mesothelial cyst 1
- Myoma 2
- Indeterminate (2 stable follow up 4
and 2 disappeared)
- Pelvic Inflammatory disease
/Fibrosis 2
- Adnexal Torsion
. 2
- Hydrosalpinx
2
BORDERLINE 16
- Serous tumors 12
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- Mucinous tumors 2
- Cystadenofibroma 2
INVASIVE 81
- Cystadenocarcinomas 32
- Other epithelial carcinomas 18
- Sex-cord stromal tumors 3
- Metastases 21
- Tubal cancers 3
- Other (urothelial, neuroendocrine 4
tumors...)

MR acquisition

MRI sequences were acquired at 1.5T (GE MR 450 W or GE Sigma HDX,
Milwaukee, USA; or Philips ACHIEVA, Koninklijke, Netherlands; or Philips INTERA,
Koninklijke, Netherlands; or Siemens AVANTO, Munich, Germany) or 3T (GE Discovery
MR 750 or GE GEMS or GE SIGNA, Milwaukee, USA; or Siemens SKYRA, Munich,
Germany). The patients were placed in a phased-array pelvic coil in the supine position
with an intravenous (IV) access in place. All sequences were acquired with saturation
bands placed anteriorly and posteriorly to eliminate the high signal from subcutaneous
fat. The patients fasted for three hours and received an antispasmodic drug
intravenously (1 mg of Glucagon Chlorhydrate, GLUCAGEN ; Novo Nordisk, France)

immediately before MRI to reduce bowel peristalsis. A sagittal T2-weighted turbo spin-
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echo sequence from one femoral head to the other (TR/TE 5280 msec/100.416 msec
; Flip angle 160° ; echo-train length 24; slice thick- ness 4 mm; gap 1 mm; field of
view 24 cm; excitations 3; and matrix size 320x240), axial T2-weighted turbo spin-
echo sequence from the renal hilum to the symphysis pubis (TR/TE 9926
msec/100.608 msec; Flip angle 160° ; echo-train length 24; slice thickness 5 mm; gap
1 mm; field of view 30 cm; excitations 1.5; and matrix size 320240) and axial T1-
weighted gradient-echo sequence (TR/TE 205/4.2; flip angle 12°; excitations 2 ; slice
thickness 6mm; No gap; field of view 30 cm and interpolated matrix size 280 x240)
were obtained. Diffusion-weighted MR images in the axial plane (TR/TE 10750 msec /
Minimum; TI 89 msec ; number of shots 1 ; slice thickness 5 mm; gap 1 mm; field of
view 38 cm and interpolated matrix size 120 x100) were systematically added. The b-
values corresponding to the diffusion-sensitizing gradient were 0 and 1000 or 1200
seconds/mm?. Motion-probing gradient pulses were placed in the three orthogonal

planes.

DCE T1-weighted isotropic gradient-echo sequences (three dimensional [3D]
Fast Spoiled Gradient-Recalled-Echo [FSPGR]) (Axial plan, TE Minimum; flip angle 30°;
slice thickness 3 mm; no gap ; bandwith 62.5kMHz, excitation 1; field of view 35 x
31.5; and interpolated matrix size 256 x 180, 54 slices (i.e z=16.2cm)) were acquired.
Gadolinium chelate (DOTAREM ; Guerbet, Aulnay, France) was given at a dose of 0.2
mL.kg~! via a Power Injector (Medrad, Maastricht, The Netherlands) at a rate of 2
mL.second!, followed by 30 mL of normal saline to flush the tubing. Images were
obtained at 15-second intervals for 4 min 30, beginning 10 seconds before the bolus

injection.
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Finally, delayed post-contrast axial and sagittal T1-weighted gradient-echo

images with breath hold were performed after gadolinium injection.

156 lesions were performed on 1.5T MRI and 84 lesions were performed on

3T.

All of the MR images were reviewed on a Osirix workstation and sent to

OLEASPHERE 3.0 (La Ciotat, France) for DWI MR analysis.

MR Data Analysis

Two senior radiologists, with experience in pelvic MRI, independently reviewed
MR images, informed of clinical and ultrasonographic data, but blinded to the histologic

results or following.

Morphological analysis

The following items were recorded: size, side and origin of the adnexal mass,
bilaterality, wall enhancement, bi or multilocularity, type of solid tissue (solid portion,
vegetation, thickened regular and irregular septa, grouped septa). When there were
multiples masses, each lesion was analyzed. T2-weighted signal intensity within the
solid tissue (low or intermediate compared with that of the outer myometrium) and b
= 1000 or 1200 sec/mm?-weighted signal intensity within the solid tissue (high
diffusion-weighted signal intensity compared with that of serous fluid; i.e. urine within
bladder or cerebro-spinal fluid [CSF]) were analyzed. Finally, the presence of

associated ascites and peritoneal implants was reported.
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Functional Analysis

For dynamic contrast analysis, two regions of interest (ROIs) was drawed ; one
in the external myometrium and one in solid tissue portion of the adnexal masse. The
enhancement was classified using a previously published time intensity curve
classification [17]. A gradual increase in the signal intensity of the solid tissue, without
a well-defined “shoulder,” was defined as curve type 1. A moderate initial increase in
the signal intensity of solid tissue compared with that of the external myometrium,
followed by a plateau, was defined as curve type 2. An initial increase in the signal
intensity of solid tissue that was steeper than that of myometrium was defined as curve
type 3. When patients underwent hysterectomy, time intensity curve with well-defined

“shoulder” were classified as type 2 and without classified as type 1.

For diffusion analysis, the ADC values of each lesion was evaluated by drawing two
ROI on ADC maps: one circular ROI (Hotspot) was placed visualy on the most
enhanced area of the entire tissular portion (mean ROI size = 13.01 mm?, [IC 95%:10
—16]), and an other larger ROI (Area) was hand-free drawed to be as large as possible
(mean ROI size = 272.95 mm?, [IC 95%: 208 — 337]) within the confines of the tissular

portion without involving artifact from tumour/air interface or blood flow (figure 2).
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Figure 2 : Female patient with ovarian fiboroma. Two region of interest are drawned. A circular one
visualy placed on the most enhanced area of the entire tissular portion and a larger one drawned to
be as large as possible within the confines of the tissular portion without involving artifact from

tumour/air interface or blood flow.

0,00
Coupe=87/160

When the lesion was heterogeneous, the ROI was placed in order not to involve
hemorrhage, necrosis or cystic components within the lesion by referring to
conventional T1- and T2-weighted sequences. Then, OLEASPHERE computed mean,
standard deviation, minimum and maximum values 5%, 10t 20t 50t 75t 95th

percentiles.
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Reference standard

Final diagnoses were established by means of surgical pathologic results for 176
patients (216 lesions) or based on 2-years clinical or imaging follow-up for 18 patients
(24 lesions) (Table 1). Among the 24 lesions evaluated with clinical or imaging follow-
up at 2 years, 3 resolved, 2 increased in size, 2 decreased and 17 were stable in size

and appearance.

Statistical analysis

Descriptive analysis was performed by using the Chi2 test and Fisher exact test for
categorical parameters. Intraclass correlation coefficients were calculated on each
DWI-MR continuous parameter estimated by hotspot ROIs or larger ROIs (mean,
minimum, maximum, standard deviation values). Significant differences DWI MRI
quantitative parameters according to the 3 histopathologic types (benign, borderline
and invasive) were identified by using the nonparametric Kruskal-Wallis, a one-way
analysis of variance by ranks. The null hypothesis of the Kruskal-Wallis test is that
there is no difference in the medians of n populations, considering a set of n
independent samples. When a significant result was found, we used Mann-Whitney
test to compare samples 2 by 2, identify which of the histopathological groups were
different and determine p-value. We used receiver operating characteristics curve
(ROC) to determine the optimum cutoff point with the best sensitivity and specificity
of the most relevant DWI-MR parameter for distinguishing malignant from non-
malignant tumors in the entire population. Then we used ROC curve again to determine

the optimum cutoff point with the best sensitivity and specificity of the most relevant
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DWI-MR parameter for distinguishing invasive from non-invasive tumors in the

ApnexMR-Scoring 4 or 5 population [11].

A p-value of less than 0.05 was considered statistically different. Statistical analyses

were performed by using MedCalc software (MedCalc version 17.8 ; www.medcalc.be,

Belgium).

RESULTS

DESCRIPTIVE ANALYSIS

Morphological characteristics (Table 2)

The presence of solid papillary projections was significantly more frequent in
borderline than in benign (p = 0,000001) or invasive tumors (p < 0,000001) but no
difference was observed between benign and invasive tumors. The presentation as
solid portion in a mixed mass was more frequent in invasive than in benign tumors (p
= 0,004275) and than in borderline tumors (p = 0,03), but no difference was found
between benign and borderline tumors (p = 0,593930). The presentation as purely
solid mass was more frequent in invasive than in borderline tumors (p = 0,010632)
and in benign than in borderline tumors (p= 0,013) but no difference was found
between benign and invasive tumors or benign or borderline tumors. No difference
was found between benign, borderline or invasive groups about the presence of
thickened irregular septa. Low T2W signal intensity of solid tissue was more frequent
in benign than in borderline tumors (p = 0,00002) and in benign than in invasive

tumors (p < 0,000001). Only one invasive or borderline tumors displayed low T2W
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signal intensity of the solid tissue, it was an invasive tumor (metastasis). Low DW
signal intensity of solid tissue was more frequent in benign than in borderline tumors
(p = 0,00002) and in benign than in invasive tumors (p < 0,000001) but no difference
was found between invasive and borderline tumors. Four of the invasive tumors
displayed an intermediate or high DW signal intensity of the solid tissue (a mucinous
and a serous cystadenocarcinoma, a endometriod carcinoma and a metastasis).
Invasive tumors were bigger and had larger solid tissue than benign tumors (p =
0,0012 and p < 0,0001), and had larger solid tissue than borderline tumors (p =
0,0002). Borderline tumors were bigger than benign tumors (p = 0,0034). No
difference was found in the size of tumors between invasive and borderline tumors nor

in the size of solid tissue between borderline and benign tumors.

Time intensity curve Type 1 was more significantly more frequent in benign
tumors than in borderline or invasive tumors (respectively p= 0,00005 and p <
0,000001). Time intensity curve Type 2 was more frequent in borderline tumors than
in benign tumors (p = 0,000013) and than in invasive tumors (p= 0,013). Time
intensity curve Type 3 was more frequent in invasive tumors than in benign tumors

(p= 0,0012).

ADNEXMR SCORE Analysis

e AonexMR-Score 1, which means absence of pelvic mass on MR imaging, was not
found in this study, because these cases were excluded from the study.

e ApnexMR-Score 2, which corresponds to “Benign mass”, represented in this study by
lesions with solid tissue in lowT2W and low DW signal was found in 14.6% (35/240)

with @ PLRmaiignancy = 0, @s no malignant mass had a score 2.
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ApnexMR-Score 3, which means “Probably benign mass”, represented in this study
by lesions with solid tissue in intermediate T2W or high DW signal that enhances
according a Time intensity curve type 1 was found in 28.7% (69/240) with a
PLRmalignancy= 0.067. It was found in 66 benign, 2 borderline (serous and mucinous)
and 1 malignant tumors (metastasis).

ApnexMR-Score 4, corresponding to “Indeterminate MR mass”, represented by lesions
with solid tissue in intermediate T2W or high DW signal than enhances according a
time intensity curve type 2 was found in 30% (72/240) with a PLRmalignancy= 1.65. It
was found in 34 benign, 11 borderline and 27 invasive masses.

ApnexMR-Score 5, corresponding to “Probably malignant mass”, represented by
lesions with solid tissue in intermediate T2W or high DW signal than enhances
according a time intensity curve type 2 or lesions associated with peritoneal implants
was found in 27% (64/240) with @ PLRmaignancy= 10.3. There were 8 benign, 3
borderline and 53 invasive tumors. The 8 benign masses classified as AonexMR-Score

5 were two cystadenofibromas, 1 Brenner tumor and 5 mature teratomas.
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Table 2: Morphological and enhancement features of the solid tissue of adnexal masses

Benign Borderline Invasive p
(n=143) (n=16) (n=81)
Size of the tumor (mm) 47 80.5 84 0,000001
median/interquartile (35,73.5) (86.5;116.0) (41.5 ;140)
Size of the solid tissue in mixed 17 22 55 <0,000001
masses (mm) (9; 31.25) (14.2; 27.5) (36.2;80.7)
Papillary projection
Present 44 15 22 <0,0001
Absent 99 1 59
Solid portion in a mixed mass
Yes 58 5 50 =0,0040
No 85 11 31
Purely solid mass
Yes 38 0 23 =0,0515
No 105 16 58
Thickened irregular septa
Present 11 1 12 =0,2037
Absent 132 15 69
T2 weigthed signal
Low 75 0 1 <0,0001
Intermediate or High 68 16 80
DWI weigthed signal
Low 66 0 4 < 0,0001
Intermediate or High 77 16 77
Time intensity curve
Type 1 94 2 1 <0,0001
Type 2 35 13 37
Type 3 8 1 42
Non feasable 6 0 1
ADNEX MR Score
Score 1 0 0 0 <0,0001
Score 2 35 0 0
Score 3 66 2 1
Score 4 34 11 27
Score 5 8 3 53

P values were determined by Chi-squared test except for size for which P value was determined by

Kruskal-Wallis test

Overall accuracy of the score was 81.25% (195/240). Within the tumors classified

ApnexMR-Score 1, 2 or 3, there were 2 borderline tumors (serous and mucinous) and 1

malignant tumor, a metastasis (i.e false negative). All the other ones were benign. The
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ApnexMR-Scoring 4 or 5 was found in 42 benign (i.e false positive), 14 borderline and
80 invasive masses including 27 invasive tumors classified as score 4. Then, in the

sub-group including masses scored ApnexMR 4 or 5, PLRinvasiveness = 2.87.

Hence, we worked to determine if it was possible to use quantitative ADC coefficient
to improve the prediction of benign, borderline and invasive malignant subtypes with

the score.

QUANTITATIVE DWI MR analysis

An excellent concordance of results between Hot Spot ROIs technique and Larger
Area ROIs technique was found for mean, minimum and maximum values with Intra

class coefficients (ICC) between 0.806 and 0.937 (Table 3).

Table 3: DCE MR parameters according ROl technique (Hotspot versus Larger Area)

Intraclass Correlation 95%CI
Coefficient
ADC mean 0,9373 [0,9202 ; 0,9508]
ADC max 0,8062 [0,7578 ; 0,8457]
ADC min 0,9118 [0,8882 ; 0,9306]
ADC STD 0,4674 [0,3643 ; 0,5593]

A poor to fair concordance was found for standard deviation parameter with ICC

= 0,4674 (95% IC = [0,3643 ; 0,5593]).

Significant differences were found between benign, borderline and invasive
tumors in all DWI MR parameters (mean, minimum, maximum, standard deviation, 5%,

10th, 20th, 50t, 75t, 95t percentiles) (table 4).
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Table 4 : Comparison of ADC-DWI MRI parameters between benign, borderline and invasive
adnexal tumors (median, percentile 25", percentile 75%)

Hotspot Larger Area
Benign Borderline Invasive P* Benign Borderline Invasive P*
(n=143) (n=16) (n=81) (n=143) (n=16) (n=81)
ADC mean 1.07 1.25 0.84 <0,000001 1.170 1.370 0.960 0,000012
(0.86;1.5) (1.09;1.54) (0.71;1.06) (0.890;1.48) | (1.235;1.610) (0.82;1.18)
ADC min 0.99 1.195 0.78 0.77 1.05 0.69 0,001167
(0.76;1.41) (1;1.5) (0.66;0.91) 0,000006 (0.48;1.16) (0.78;1.4) (0.57;0.82)
ADC max 1.17 1.335 0.900 <0,000001 1.54 1.78 1.36 0,000090
(0.98;1.58) | (1.155;1.615) | (0.80;1.165) (1.21;1.92) (1.56;2.005) | (1.147;1.552)
ADC STD 0.06 0.05 0.04 0,004800 0.15 0.165 0.130 0,007245
(0.03;0.110) (0.015;0.065) (0.02;0.06) (0.12;0.21) (0.115;0.190) (0.09;0.163)
ADC5 - - - - 0.83 1.110 0.75 0,001913
(0.61;1.17) (0.87;1.44) (0.625;0.903)
ADC 10 - - - - 0.89 1.19 0.8 0,000314
(0.67;1.24) | (0.955;1.445) | (0.675;0.94)
ADC 20 - - - - 0.99 1.235 0.840 0,000083
(0.73;1.31) | (1.075;1.475) (0.72;1.03)
ADC 50 - - - - 1.14 1.390 0.94 0,000009
(0.89;1.55) (1.23;1.6) (0.79;1.18)
ADC 75 - - - - 1.31 1.495 1.04 0,000002
(0.99;1.66) (1.34;1.755) (0.89;1.29)
ADC 95 - - - - 1.45 1.71 1.2 0,000001
(1.15;1.87) (1.495;1.94) (1.04;1.44)

* Kruskal-Wallis test

Benign versus Invasive tumors

Hotspot: Invasive tumors displayed significantly lower mean ADC coefficient,
minimum ADC coefficient, maximum ADC coefficient and standard deviation ADC

coefficient than benign tumors (p < 0,0001, p = 0,0001, p < 0,0001, p = 0,0014).

Larger Area: Invasive tumors displayed lower mean ADC coefficient, maximum
ADC coefficient, standard deviation ADC coefficient, 10t, 20th, 50th, 75th 95th
percentiles ADC coefficient than benign tumors (p = 0,0008, p = 0,0018, p = 0,0025,

p = 0,0365, p = 0,008, p = 0,0005, p = 0,0001, p < 0,0001).
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Benign versus Borderline tumors

Hotspot: No significant difference was observed in mean ADC coefficient,
minimum ADC coefficient, maximum ADC coefficient and standard deviation ADC

coefficient, between benign and borderline tumors.

Larger Area: Borderline tumors displayed higher mean ADC coefficient,
minimum ADC coefficient, maximum ADC coefficient than in benign tumors (p = 0,022,

p = 0,0179, p = 0,0492).

Borderline versus Invasive Tumors

Hotspot: Invasive tumors displayed lower mean ADC coefficient, minimum ADC
coefficient, maximum ADC coefficient than benign tumors (p < 0,0001, p < 0,0001, p

< 0,0001).

Larger Area: Invasive tumors displayed lower mean ADC coefficient, minimum
ADC coefficient, maximum ADC coefficient, 51, 10th, 20th, 50th, 75t, 95! percentiles
ADC coefficient than borderline tumors (p < 0,0001, p < 0,0001, p < 0,0001, p =

0,0001, p < 0,0001, p < 0,0001, p < 0,0001, p < 0,0001, p < 0,0001).

Benign versus Malignant (table 5)

Hotspot: Malignant tumors displayed lower mean ADC coefficient, minimum
ADC coefficient, maximum ADC coefficient and STD ADC coefficient than benign

tumors (p = 0,0002; p = 0.0041; p < 0,0001; p= 0.0012).

Larger Area: Malignant tumors displayed lower mean ADC coefficient, maximum

ADC coefficient, STD ADC coefficient and lower 50t%, 75, 95% percentiles ADC
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coefficient than benign tumors (p= 0.286; p= 0.0351; p= 0.0078; p=0.0174; p=

0.0054; p= 0.004).

Table 5 : Comparison of DWI MRI parameters and percentiles between benign and malignant adnexal

tumors
ADC
Benign Malignant p*

Mean 1.07 (0.86;1.4975) 0.88 (0.7725;1.16) 0.0002

Hotspot Minimum 0.99 (0.76;1.4075) 0.82 (0.7175;1.075) 0.0041
Maximum 1.17 (0.9825;1.5825) | 0.95 (0.8175;1.2525) <0.0001

STD 0.06 (0.03;0.11) 0.04 (0.02;0.06) 0.0012

Mean 1.17 (0.89;1.48) 1.05 (0.85;1.2925) 0.0286

Minimum 0.77 (0.48;1.16) 0.71 (0.6075;0.9025) 0.4634

Maximum 1.54 (1.2125;1.925) 1.45 (1.17;1.6275) 0.0351

STD 0.15(0.12;0.21) 0.13(0.10;0.1725) 0.0078

5th percentiles 0.83 (0.61;1.1750) 0.78 (0.6775;0.985) 0,5066

Larger Area

10t percentiles 0.89 (0.6725;1.245) | 0.83(0.71;1.0475) 0.3107

25t percentiles 1.01 (0.7525;1.34) 0.94(0.7675;1.15) 0.0901

50th percentiles 1.14 (0.89;1.545) 1.04 (0.8275;1.28) 0.0174

75t percentiles 1.31 (0.985;1.655) 1.14 (0.91;1.36) 0.0054

95th percentiles 1.45 (1.145;1.87) 1.3 (1.05;1.4925) 0.004

* Mann Whitney test
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Non-Invasive versus Invasive (table 6)

Hotspot: Invasive tumors displayed lower mean ADC coefficient, minimum ADC
coefficient, maximum ADC coefficient and STD ADC coefficient than non-invasive

tumors (p < 0,0001; p < 0,0001; p < 0,0001; p= 0.0023).

Larger Area: Invasive tumors displayed lower mean ADC coefficient, minimum
ADC coefficient, maximum ADC coefficient, STD ADC coefficient and lower 5t, 10t,
25t 50th, 75t 95t percentiles ADC coefficient than non-invasive tumors (p= 0.0001;
p= 0.015; p= 0.0002; p= 0.0017; p= 0.0209; p= 0.0048; p= 0.0004; p < 0.0001; p

< 0.0001; p < 0.0001).
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Table 6 : Comparison of DWI MRI parameters and percentiles between non-invasive and invasive

adnexal tumors

ADC Parameters Non Invasive Invasive p*

Mean 1.10(0.88;1.5) 0.84 (0.715;1.075) <0,0001
Hotspot Minimum 1.02 (0.77;1.42) 0.78 (0.663;0.913) <0,0001
Maximum 1.18 (1.002;1.600) | 0.9 (0.798;1.165) <0,0001

STD 0.05 (0.03;0.108) 0.04 (0.02;0.06) 0,0023

Mean 1.2(0.91;1.498) 0.96 (0.823;1.18) 0,0001

0.690
Minimum 0.81(0.51;1.175) 0,0150
(0.568;0.823)

Maximum 1.57 (1.245;1.937) | 1.36(1.147;1.552) 0,0002

STD 0.15 (0.12;0.21) 0.13 (0.09;0.163) 0,0017

Larger Area 5% percentiles 0.88 (0.643;1.2) 0.75 (0.625;0.903) 0,0209

10" percentiles 0.9 (0.7;1.26) 0.8 (0.675;0.945) 0,0048

25" percentiles 1.07 (0.8;1.35) 0.88 (0.733;1.07) 0,0004
50" percentiles 1.19 (0.92;1.558) 0.94 (0.788;1.18) <0,0001
75t percentiles 1.35(1.04;1.67) 1.04 (0.89;1.29) <0,0001
95t percentiles 1.5(1.22;1.902) 1.2 (1.038;1.442) <0,0001

* Mann Whitney test
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The optimum ADC parameter to distinguish malignant from benign tumors were
Hotspot maximum ADC parameter according ROC curves (Area Under the Curve, AUC
= 0,664) and a optimum cut-off ADC < 1,03 with a sensitivity = 60.8% and a specificity
=70.6%. Using this criteria, among the 97 malignant tumors included in our study: 59
malignant  tumors were correctly classified and 42 malignant tumors were
misclassified. Thus, an adnexal tumor which had a Hotspot maximum ADC < 1,03 had

a PLRMaIignant = 2,07

The optimum ADC parameter to discriminate non-invasive from invasive tumors
were Hotspot maximum ADC parameter according ROC curves (AUC = 0.729) and an
optimum cut-off ADC value was < 1, with a sensitivity = 66.7% and a specificity
=74.8%. With this ADC criteria, among the 81 invasive tumors included: 54 invasive
tumors were correctly classified and 42 malignant tumors were misclassified. Thus,

PLRi1nvasiveness= 2.65.

ADDED VALUE OF DWI MR PARAMETERS TO ADNEXMR SCORE

ApnexMR-ScorinG 4 or 5

136 masses were scored AdnexMR 4 or 5 in our study including 56 non invasive
adnexal tumors (42 benign masses and 14 borderline) and 80 invasives adnexal

tumors.

Benign masses were including 9 serous tumors, 3 mucinous tumors, 1 Brenner
tumor, 5 cystadenofibromas, 3 fibromas, 14 mature teratomas, 1 indeterminate tumor,

2 adnexal torsion, 2 hydrosalpinx/pelvic inflammatory disease.
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Borderline masses were including 11 serous tumors, 1 mucinous tumor and 2

cystadenofibromas.

Invasive masses were including 31 serous tumors, 1 mucinous tumor, 10 clear
cells tumors, 8 endometrioid tumors, 3 stromal and sexual tumors (1 Sertoli-Leydig
and 2 granulosa), 20 metastasis and 7 others kind of tumors (1 mullerian
adenocarcinoma, 3 tubal cancers, 1 urothelial cancer, 1 undifferentiated masse and 1

neuro-endocrine tumor).

In this population, all ADC parameters (mean, minimum, maximum, STD, 5%,
10th, 25t 50th, 75t 95t) from hotspot ROI or larger ROI were significantly lower in

invasive masses than in non-invasive masses.

We performed ROC analysis in order to find the best parameter to discriminate
invasive and non-invasive tumors. The Hotspot ADC maximum parameter was the one
with the highest Area Under the Curve (0,774, 1C95% [0,694, 0,841]). The optimum
cut-off point was a maximum ADC < 1.04 with 70% of sensitivity and 78.6% of

specificity.

Adding this criteria to the AonexMR Score 4 or 5, 68 masses were classified as invasive:
56 tumors were correctly identified as invasive. 12 non invasive masses were
misclassified (2 benign serous tumors, 3 mature teratomas, 1 fibroma, 1 hydrosalpinx,

1 adnex torsion, 2 borderline cystadenofibromas, 1 borderline serous).

Thus, a masse rated ApnexMR Score > 4 with an Hotspot maximum ADC <

1.04 has a PLRinvasiveness = 3,3.
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DISCUSSION

Our study shows that mean, minimum and maximum ADC values in ovarian
solid portion are lower in invasive tumors than in benign and borderline tumors
whatever the ROI used (Hotspot or a larger area). The 10t, 20th, 50th, 75th, 95th
percentiles ADC coefficient from the larger area ROI were also lower in invasive tumors

than in benign or borderline masses.

The maximum ADC value from the hotspot ROI was the best parameters to
distinguish malignant from benign lesions and invasive from non-invasive lesions with
respectively a sensitivity = 60.8% and a specificity =70.6% and a sensitivity = 66.7%
and a specificity =74.8%. The optimum cut-off point was respectively, a hotspot
maximum ADC value < 1.03x10-3mm2/s and < 1x10-3mm2/s with a PLRwmalignant= 2.07

and PLRinvasiveness = 2.65.

In addition to the ApnexMR Score, the ovarian lesions which was rated as
ApnexMR Score 4 or 5 with a hotspot maximum ADC value < 1.04x1073mmz2/s are
more likely to be invasive with 70% of sensitivity, 78.6% of specificity and a

PLRi1nvasiveness = 3.3.

Diffusion Weighted Images (DWI) can be evaluated in two ways, qualitatively,
by visual assessment of signal intensity, and quantitatively, by measurement of the
apparent diffusion coefficient (ADC). The ADC value quantifies water proton motion,
which in particular case of biological tissues this is an association of true water diffusion
and capillary perfusion. The ADC value can theoretically be used to characterise
tissues, as the degree of diffusion is correlated to cellular density and extracellular

space volume [19][20]. Because ADC is related to the molecular translational
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movement of water molecules, increased tissue cellularity or cell density decreases

ADC value [21][22].

In ovarian lesions, DWI has been widely studied in several reports and is useful
to detect invasive tissular portion in a complex adnexal mass [23][24][25]. But DWI
can also used to assess benignity if it associated with morphological criteria : indeed
an ovarian tissular portion which shows a low T2 Weighted Image and a low DWI can

be considered as a benign [26].

Concerning ADC values, several previous studies showed that the mean ADC
values for the solid portion of malignant tumors were significantly lower than in benign
tumors [14] [12] which is consistent with our results. But others showed that the mean
ADC values of the solid portion in malignant ovarian lesions did not significantly differ
from benign lesions [8] [27]. This discrepancy was due to differences between studies
conception. For instance, Takeuchi and al [14] have excluded endometriomas and
mature teratomas which have a low ADC values (due to respectively to hemorrhage or
keratinoid components). Besides no significant difference have been showed between
malignant and benign lesions because of certain types of solid benign tumors, such as
fibromas, Brenner tumors, and cystadenofibromas, are known to be composed of
tissues with a high number of collagen producing fibroblastic cells and a dense network
of collagen fibers within the extracellular matrix which are likely to be associated with
smaller ADC values [8]. In our study, despite the fact we included a lot of « fibrous »
tumors (29 cystadenofibromas, 3 Brenner tumors) and mature teratomas, we could

observe a difference in several ADC values between malignant and benign masses.
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This could be thanks to the size of our sample (240 lesions) which is greater than in

Takeuchi or Thomassin study (respectively 49 and 77 lesions).

In a study performed by Mimura and al [28], they demonstrate that minimum,
mean, 10th, 25th, 50th, and 75th percentile ADC values of solid components of
borderline tumors were significantly higher than in malignant tumors. In their study,
the best parameter to distinguish borderline from malignant lesions was the 10t
percentile with a high specificity (93.8%). No benign lesion was included in their study.
In our study, we compared non-invasive (which include benign and borderline lesions)
and invasive lesions and the best parameter to discriminate both lesions was the

maximum ADC value from the hotspot ROI.

Finally, we demonstrate that a lower maximum ADC was associated to invasive
compared to non-invasive and to malignant compared to benign lesions but with a
relative low specificity and sensitivity. Furthermore, a PLRinvasiveness = 2.65 and
PLRwmalignancy=2.07 was respectively found, that implies that a low maximum ADC value
increased moderately the probability for invasiveness or malignancy (a PLR between 2
and 3 change probability for the disease from 15 to 20%) [29]. Even in the particular

sub-group of lesions rated ApnexMR Score 4 or 5, the PLRinvasiveness is up to 3.3.

Our study have several limitations. First of all, there was an heterogenity in ADC
measurements coming from acquisition from 1.5 or 3T MRI, and different b-values
(b=1000 or b=2000) which is a source of heterogeneity [30]. Then, a small proportion
of borderline tumors is represented in our population, that might underestimate our
capacity to distinguish borderline from malignant tumors. Third, we did not perform a

reproducibility assessement for the hotspot and the larger area ROI between 2 or more
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readers. Especially for the larger ROI, it is not always easy to define the boundaries of
the tissular portion, and artifacts or surrounding cystic components could influence the
ADC value [31]. An other limitation was also to evaluate the ADC value on a 2
Dimension slice which could avoid some area from the tissular portion which could

influence the ADC measurement.

In conclusion, we demonstrated that an ovarian tumors with a tissular portion
with a low maximum ADC is more likely to be malignant (invasive and borderline) or
invasive tumors. This trends is accentuated when the tumor is rated ApnexMR Score 4
or 5. But this is not accurate enough to distinguish malignant from borderline or
invavise from non-invasive without using morphological and contrast-enhancement

sequence.
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ANNEXES

Annexe 1: ADNEX MR Score (From Thomassin-Naggara et al.Radiology
2012)

Complex adnexal mass
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| Absence of wall wall 1 !
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| 0/7 370 1 | Absence of wall wall I |
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I | | 1 | 0/3 18/26 | |
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A4
AoneMR ApnexMR ApnexMR AoneMR ApusMR AonexMR AsuesMR
SCORE 2 SCORE 2 SCORE 3 SCORE 2 SCORE 3 SCORE 2 SCORE 4

ADNExMR score 1: No mass =

ApnexMR score 2 : Benign mass 0
Purely cystic mass

Purely endometriotic mass

Purely fatty mass

Absence of wall enhancement

Low b1000 and low T2-weighted signal intensity within solid component
ApnexMR score 3: Probably benign mass <0.01
Curve type 1 within solid tissue

Masses without solid tissue (except purely cystic, endometriotic and fatty mass)

ApnexMR score 4: Indeterminate MR mass 0.1-10
Curve type 2 within solid tissue
ApnexMR scoge 5 : Probably malignant mass >10

Peritoneal implants
Curve type 3 within solid tissue

* Only one feature enough to classify in each category




Annexe 2 : Lexicon

Terms

Definitions

Purely cystic mass

Absence of internal enhancement after injection and corresponded a to
unilocular cyst or hydrosalpinx, both of which have low T1--weighted
and high T2---weighted MR signal intensities.

Purely endometriotic mass

Lesion displaying high T1---weighted signal intensity greater or equal to
subcutaneous fat, shading on T2---weighted MR sequence and no
internal enhancement.

Fatty mass without
enhanced component

Lesion displaying high T1---weighted signal intensity that disappeared
after fat saturation and potentially displaying non--enhancing solid
component

Wall enhancement

Enhancement of the wall of a cyst

Bi or multilocularity

A cyst that has two or more septa. A septum is defined as a thin strand
of tissue running across the cyst cavity from one internal surface to the
controlateral side.

Grouped septa

A cyst contains grouped septae if 3 or more septa are close togetherin a
part of the cyst.

Thickened regular septa

A smooth septation with a thickness > or equal to 3mm within a cystic
tissue.

Solid tissue

As defined by IOTA group, solid tissue displays a positive Doppler flow.
Thus, using MR imaging, a solid tissue enhances after gadolinium
injection. In adnexal tumors, diffuse wall thickening, normal ovarian
stroma and regular septa are not regarded as solid tissue according to
IOTA group. Thus, solid tissue is either thickened irregular septa, and/or
vegetation and/or solid portion (including completely solid mass).

Solid papillary projections

Defined by IOTA group as any solid projections into the cyst from the
cyst wall with height greater or equal to 3mm.

Mixed or purely solid mass

= Solid nodule defined by IOTA group as any solid tissue which is not a
wall, a septum or a vegetation. This group comprises completely solid
masses.

Thickened irregular septa

Focal areas of septal thickening with a thickness > or equal to 3 mm
within a cystic tissue.

T2---weighed signal
intensity within solid tissue

Signal intensity defined in comparison with adjacent external
myometrium.

b1goo---weighted signal
intensity within solid tissue

Signal intensity defined in comparison with serous fluid (i.e., urine in
bladder or cerebrospinal fluid[CSF])

Time intensity curve with
solid tissue type 1

Time intensity curve within
solid tissue type 2

Time intensity curve within
solid tissue type 3

A gradual increase in the signal of the solid tissue, without a well-
defined shoulder.

A moderate initial rise in the signal of solid tissue relative to that of
myometrium.

An initial rise in the signal of solid tissue that was steeper than that of
myometrium.
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Ascites

Fluid in peritoneal cavity.

Peritoneal implants Nodular thickening of the peritoneum that enhances after gadolinium

injection.

From Thomassin---Naggara et al. Radiology 2012 in press
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Objectif: Evaluer les différents paramétres ADC issus d’une région d’intérét localisée et d’une région d’intérét
occupant la plus grande partie possible de la portion solide de tumeurs ovariennes bénignes, frontieres et malignes.
Nous avons également essayé d’associer une valeur quantitative issue de la cartographie ADC au Score ADNEX-

MR pour prédire le potentiel invasif d’une tumeur ovarienne.

Matériels et méthodes: 194 femmes (4ge médian de 53,5 ans, de 18 & 95 ans) représentant 240 lésions ovariennes
ont été incluses dans notre étude. 2 régions d’intérét (une localisée et une la plus grande possible) étaient placées
dans la portion tissulaire des masses annexielles. Les valeurs moyennes, minimales, maximales, la deviation
standard pour les 2 régions d’intérét ont été calculées pour les différentes 1ésions ainsi que les 5éme, 10éme,
20eme, 50eme, 75éme et 95eme percentiles pour la plus grande région d’intérét et comparées aux constatations

anatomopathologiques et le suivi & 2 ans.

Résultats: Les valeurs d’ADC moyennes, minimales et maximales sont significativement plus faibles dans les
tumeurs invasives que dans les tumeurs frontiéres et bénignes quelque soit le type de région d’intérét utilisé. La

valeur maximale du hotspot est la plus discriminante.
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