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AIM: To evaluate the accuracy of the ADNEX MR SCORING system for characterising adnexal
masses.
MATERIALS ANDMETHODS: An institutional review board approved this retrospective study.

The study population comprised 663 women who underwent magnetic resonance imaging
(MRI) from January 2007 to December 2014 to characterise 778 adnexal masses that were
indeterminate under ultrasonography (590 benign and 188 malignant). Two radiologists
independently reviewed the MRI images. The masses were scored from 1 to 5 according to the
ADNEX MR SCORING system. The diagnostic performance of the system was evaluated by
receiver operating characteristic (ROC) analysis. Masses scored 4 or greater were considered
malignant (including tumours of borderline malignancy or low malignant potential).
RESULTS: The malignancy rates of masses with scores of 2, 3, 4 and 5 were 1.9% (8/419), 12.8%

(19/149), 62.6% (57/91) and 87.4% (104/119) for reader 1 and 2.1% (9/424), 13.6% (20/147), 67.6%
(71/105) and 86.3% (88/102) for reader 2, respectively. The areas under the ROC curves for the
differentiation of benign and malignant masses were 0.929 and 0.923, respectively; the
sensitivity, specificity and accuracy of diagnosis were 85.6% (161/188), 91.7% (541/590), and
90.2% (702/778) for reader 1 and 84.6% (159/188), 91.9% (542/590), and 90.1% (701/778) for
reader 2, respectively. Tumours of borderline malignancy or low malignant potential had a
higher rate of misclassification (46.1%) than other malignant tumours (6e7.4%).
CONCLUSION: The ADNEX MR SCORING systemwas highly accurate in differentiating benign

and malignant adnexal masses, although it may be less accurate for tumours of borderline
malignancy or low malignant potential.

� 2018 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Introduction

Adnexal masses (masses of the ovary, fallopian tube, or
surrounding connective tissues) are a common gynaeco-
logical problem. A reliable method with which to differen-
tiate a benign from a malignant adnexal mass would
provide a basis for optimal preoperative planning and may
ts reserved.
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also reduce the number of unnecessary laparotomies per-
formed on patients for benign disease.1

Ultrasonography (US) is the first-line imaging study of
women clinically suspected to have adnexal masses.2 For
adnexal masses indeterminate under US, magnetic reso-
nance imaging (MRI) is considered to be a useful problem-
solving technique. Gadolinium-enhanced MRI appears to be
more accurate than US in the assessment of adnexal
masses.3 In addition, functional imaging techniques,
including perfusion- and diffusion-weighted imaging
(DWI), have recently been shown to increase the diagnostic
accuracy of conventional MRI in the differentiation of
benign from malignant adnexal masses.4,5

In 2013, Thomassin-Naggara et al. reported an MRI
scoring system (the ADNEX MR SCORING system) designed
for use in pelvic MRI, which is performed to characterise
adnexal masses that are indeterminate under US.6 In this
system, adnexal masses are classified into five categories
according to the likelihood ratio of malignancy. The scoring
system was highly reproducible and accurate, yielding an
area under the receiver operating characteristic (ROC)
curves (AUC) that ranged from 0.943e0.980. Currently, one
retrospective validation study performed at a single
external centre has been reported,7 and a prospective
multicentre study titled “EURAD-MR classification: Euro-
pean multicenter study (EURAD)” is ongoing.8 The former
study included a relatively small number of cases, and the
latter study is being performed at institutions in European
countries only. Therefore, additional studies from other
regions with large numbers of cases are needed to confirm
the accuracy and reliability of the scoring system. The
purpose of this study was to evaluate the accuracy of the
ADNEX MR SCORING system.
Figure 1 Flowchart of patient selection.
Materials and methods

This study was conducted retrospectively at a 600-bed
community teaching hospital according to the STARD
guidelines for studies of diagnostic accuracy. The hospital’s
Institutional Review Board approved the study and waived
the requirement for informed consent for this retrospective
review of medical records.

The selection of patients was performed according to the
method used in the original study.6 The radiological data-
base was searched retrospectively and all pelvic MRI studies
performed in female patients from January 2007 (when the
MRI unit described below was installed in the hospital) to
December 2014 were retrieved. Then, the request forms for
the MRI studies and outpatient records were reviewed to
identify patients who underwent MRI to characterise
adnexal masses that were indeterminate under US
(n¼1005). Subsequently, studies were excluded of women
evaluated in the course of neoadjuvant chemotherapy
(n¼23); studies of pregnant women (n¼13); studies with
technical problems (n¼2); studies in which no adnexal le-
sions or only cysts with the appearance of physiological
ovarian cysts <3 cm were present at MRI (n¼70); and
studies without contrast-enhanced images (n¼141). Among
the remaining patients, 93 patients had no available stan-
dard references (no histopathological diagnosis or imaging
follow-up) and were therefore excluded. The final popula-
tion comprised 663 women with 778 adnexal masses
(Fig 1). Five hundred and forty-eight women had one mass,
and 115 hadmultiple masses. The number of masses onMRI
per patient was recorded independently by two radiologists
blinded to the pathology results: reader 1 with 11 years and
reader 2 with 15 years of experience in pelvic MRI. Discor-
dance in the number or laterality of adnexal masses per
patient between the two readers was resolved by consensus
review.

MRI technique

MRI was performed on a 1.5 or 3 TMRI unit (MAGNETOM
Avant or MAGNETOM Trio, Siemens, Erlangen, Germany). A
pelvic phased-array coil was used in all patients. Patients
fasted for at least 3 hours before MRI and received 1 mg of
an antispasmodic drug (unless contraindicated) intramus-
cularly immediately before MRI to reduce bowel peristalsis.
The standard MRI protocol for adnexal mass evaluation
includes: axial gradient-echo T1-weighted imaging (WI)
with and without fat suppression, axial and sagittal non-
efat-suppressed turbo spin-echo T2WI, and axial diffusion
WI (DWI) before gadolinium chelate injection. DWI was
acquired using a single-shot echo-planar imaging sequence.
The b-values corresponding to the diffusion-sensitising
gradient were 0 and 1000 s/mm2. Motion-probing
gradient pulses were placed in the three orthogonal
planes. Isotropic DWI images were generated using the
three orthogonal axis images. Then, axial dynamic contrast-
enhanced T1WI was performed through the lesion using a
three-dimensional (3D) volumetric interpolated breath-
hold sequence. The total acquisition time for this
sequence was about 20 seconds. This sequence was per-
formed before and after intravenous injection of 0.1 mmol/
kg of gadopentetate dimeglumine at a rate of 2 ml/s for 30,
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60, 90, 120, and 180 seconds. Subtraction images, in which
the precontrast images are digitally subtracted from the
post-contrast images, were created when a mass had a high
signal intensity area on precontrast images. Finally, delayed
contrast-enhanced axial and sagittal T1-weighted spin-
echo images were obtained.

MRI image analysis

The two radiologists described above independently
reviewed the MRI images. The latest MRI examinations
were used for reviewwhenmultiple follow-up studies were
performed, but examinations in the course of neoadjuvant
chemotherapy or examinations without contrast enhance-
ment were not used, as described above. The readers knew
the purpose of the study but were blinded to the US and
clinical findings; however, readers 1 and 2 had experience
with 248 patients with 286masses (36.9% of all masses) and
69 patients with 89 masses (11.5%) in their respective
clinical settings prior to this study.

The readers recorded the MRI features used in the
ADNEX MR SCORING system according to the definitions in
the original report (Table 1). In this system, adnexal masses
are scored from 1 to 5 (1: no mass, 2: benign mass, 3:
probably benign mass, 4: indeterminate mass, 5: probably
malignant mass; Fig 2). Cases with an ADNEX MR score of 1
were excluded from the evaluation as well as the original
study.6

If there were areas with different scores within the same
mass, the higher score was adopted. For example, if an
Table 1
Definitions of imaging features

Term Definition

Purely cystic mass Unilocular cy
weighted MR

Purely endometriotic mass Lesion displa
subcutaneou
enhancemen

Purely fatty mass Lesion displa
saturation an

Wall enhancement Enhancemen
Solid tissue Solid tissue c

portion (inclu
injection. Dif
considered to

Thickened irregular septa Focal areas o
Vegetations Solid papillar
Solid portion Measurable s

This group in
T2-weighted signal intensity within solid tissue Signal intens

(considered l
higher than t

b¼1000 s/mm2 weighted signal intensity within solid
tissue

Signal intens
cerebrospina
low if b¼1,00

Type 1 timeesignal-intensity curve within solid tissue A gradual inc
“shoulder.”

Type 2 timeesignal-intensity curve within solid tissue A moderate i
myometrium

Type 3 timeesignal-intensity curve within solid tissue An initial inc
myometrium

Peritoneal implants Nodular thick
injection.
adnexal mass had heterogeneous solid tissue that showed
low b¼1000 s/mm2-weighted and low T2-weighted signal
intensity within part of the solid tissue, but high signal in-
tensity and curve type 3 enhancement in another part, the
mass was scored as a 5. Case examples of the timeesignal-
intensity curve analyses are shown in Figs 3e5.

When a patient had masses within the bilateral adnexal
regions, each lesion was evaluated separately, and its lat-
erality was recorded. When more than two masses were
observed within an adnexal region, the mass with the
highest score was used for analysis. Therefore, up to two
masses per patient were included in the evaluation.

Standard of reference

The standard of reference for adnexal masses was sur-
gical histopathological diagnosis or imaging follow-up by
MRI, computed tomography (CT), or US. If imaging follow-
up for at least 1 year showed that the mass was stable or
decreased in size, it was considered benign. If the mass
showed a rapid increase in size accompanying other signs of
malignancy (e.g., elevation of tumour markers, abnormal
cytology of ascites, or peritoneal implants, lymphadenopa-
thy or metastasis on imaging) or interval regression in size
after chemotherapy, it was considered malignant. The
standard of reference was assessed by a separate radiologist
with 18 years of experience in abdominal imaging who was
blinded to the results of the image analysis.

Final diagnoses were established by means of surgical
pathologic diagnosis for 662 lesions (481 benign and 181
st or hydrosalpinx, both of which have low T1-weighted and high T2-
I signal intensities, and no internal enhancement.
ying high T1-weighted signal intensity greater than or equal to that of
s fat, with shading on T2-weighted MRI images and no internal
t.
ying high T1-weighted signal intensity that disappeared after fat
d displaying no solid tissue.
t of the wall of a cyst.
omprising thickened irregular septa and/or vegetation, and/or a solid
ding completely solid mass) that enhances after gadolinium chelate
fuse wall thickening, normal ovarian stroma, and regular septa are not
represent solid tissue.

f septal thickening with thickness �3 mm within a cyst.
y projections into the cyst from the cyst wall with heights �3 mm.
olid component other than thickened irregular septa or vegetations.
cludes completely solid masses.
ity defined in comparison with adjacent external myometrium
ow if T2 signal is lower than and intermediate if T2 signal is equal to or
hat of outer myometrium).
ity defined in comparison with serous fluid (cystic bladder or
l fluid; considered high if b¼1,000 s/mm 2 signal was higher than and
0 s/mm2 signal was equal to or lower than that of serous fluid).
rease in the signal intensity of the solid tissue, without a well-defined

nitial increase in the signal intensity of solid tissue relative to that of
.
rease in the signal intensity of solid tissue that was steeper than that of
.
ening of the peritoneum that enhances after gadolinium chelate



Figure 2 ADNEX MR SCORING system. Non-feasible, no myometrial data were available or there were too many image artefacts. Routes from
root node (top of the tree) to each terminal node are numbered from the left.
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malignant) and on the basis of imaging follow-up for 116
lesions (109 benign and seven malignant). The interval
between MRI and final diagnosis ranged 0 and 2,540 days,
with a median of 43 days.

Statistical analysis

Statistical analyses were performed using statistical
software (SPSS version 20; SPSS, Chicago, IL, USA). The
diagnostic performance of the scoring system for the dif-
ferentiation of benign and malignant adnexal masses was
evaluated by ROC analysis. Borderline epithelial tumours or
other tumours of low malignant potential were considered
malignant for the analysis. A score of 4 or greater was
judged as malignant according to the original report.6 In
addition, the diagnostic accuracy of each individual route in
Fig 2 was calculated. The misclassification rate between
borderline epithelial tumours or other tumours of low
malignant potential and malignant tumours was compared
using Fisher’s exact test. Inter-reader agreement on the
characterisation of the mass (benign versus malignant) was
assessed using kappa statistics. A two-tailed p-value of
<0.05 was considered to indicate significant difference.

Subgroup analysis

The above-described ROC analysis was performed for a
limited number of cases that the readers had not experi-
enced in their clinical settings prior to this study.

Results

Themean patient agewas 47.5 years (range 11e89 years).
The prevalence rates of malignancy in masses with the
ADNEX MR scores of 2, 3, 4 and 5 were 1.9% (8/419), 12.8%
(19/149), 62.6% (57/91), and 87.4% (104/119) for reader 1
and 2.1% (9/424), 13.6% (20/147), 67.6% (71/105), and 86.3%
(88/102) for reader 2, respectively.

In terms of the differentiation of benign and malignant
adnexal masses, the ADNEXMR SCORING systemyielded an
AUC of 0.929 (95% confidence interval [CI]: 0.908, 0.951) for
reader 1 and 0.923 (95% CI: 0.901, 0.946) for reader 2. The
sensitivity, specificity and accuracy for the diagnosis of
malignancy were 85.6% (161/188; 95% CI: 79.8%, 90.3%),
91.7% (541/590; 95% CI: 89.2%, 93.8%), and 90.2% (702/778;
95% CI: 87.9%, 92.2%) for reader 1 and 84.6% (159/188; 95%
CI: 78.6%, 89.4%), 91.9% (542/590; 95% CI: 89.4%, 93.9%) and
90.1% (701/778; 95% CI: 87.8%, 92.1%) for reader 2,
respectively.

Inter-reader agreement for the differentiation of masses
(benign versus malignant) was excellent, with k¼0.849
(95% CI: 0.805e0.892).

Table 2 shows the final diagnoses and the number of
misclassified cases. Thirty-nine (20.7%) of 188 malignant
lesions were borderline epithelial tumours or other tu-
mours of low malignant potential. These lesions had a
higher rate of misclassification: 18 (46.1%) of 39 were mis-
classified by both readers, while nine (6%) and 11 (7.4%) of
the other 149 malignant lesions were misclassified
(p<0.01). Table 3 shows the misclassified cases and their
respective routes in Fig 2. Among the routes to the ADNEX
MR score of 2 (routes 1, 2, 4, and 6 in Fig 2), route 6 had a
relatively high prevalence of malignancy (47.1% and 36.4%;
Fig 6). Among themalignant masses misclassified as benign,
8/27 (29.6%) and 9/29 (31%) were misclassified because of a
lack of measurable solid tissue (route 3); most of the cases
weremucinous tumours, especially the borderline tumours.

Table 4 shows the rate of malignancy in masses with
timeesignal-intensity curve type 1, 2 and 3, respectively.
Eleven (5.9%) of 188 malignant lesions showed weak and
gradual enhancement patterns according to both readers’
evaluations and were misclassified as benign (route 5). In



Figure 3 A 48-year-old woman with a fibroma. (a) Axial dynamic
contrast-enhanced fat-suppressed T1-weighted images show a
completely solid mass (asterisk) anterior to the uterus (arrow). The
tumour shows very weak enhancement compared to the uterus. (b)
Timeesignal intensity curves of the tumour and myometrium. The
tumour shows a gradual increase in the signal intensity without a
well-defined “shoulder” (curve type 1).

Figure 4 A 74-year-old woman with endometrioid adenocarcinoma.
(a) Axial dynamic contrast-enhanced fat-suppressed T1-weighted
image shows a heterogeneously enhanced mass (asterisk) anterior
to the uterus (arrow). (b) Timeesignal intensity curves of the tumour
and myometrium. The tumour shows a moderate initial increase in
the signal intensity relative to that of the myometrium (curve type 2).
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contrast, 15 (2.5%; reader 1) and 16 (2.7%; reader 2) of 590
benign masses were misclassified as malignant because
they had solid tissue with a rapid and strong enhancement
pattern (route 8).

Masses with peritoneal implants were always classified
as malignant (route 9) by both readers; more than half of
the cases were serous carcinomas (63.6% [35/55] and 60%
[30/50] by readers 1 and 2, respectively).

Readers 1 and 2 had experience with 250 patients with
288 masses (37% of all masses) and 69 patients with 89
masses (11.4%) in their respective clinical settings prior to
this study. Even after these patients were excluded, their
diagnostic performance was still excellent, with an AUC of



Figure 5 A 21-year-old woman with a sclerosing stromal tumour. (a)
Axial dynamic contrast-enhanced fat-suppressed T1-weighted image
shows very intense enhancement of the periphery of the tumour
(arrowhead). (b) Timeesignal intensity curves of the tumour and
myometrium. The tumour shows a steeper initial increase in the
signal intensity compared to that of the myometrium (curve type 3).

Table 2
Details of the standard of reference.

Final diagnosis Number
of masses

Misclassified cases

Reader 1 Reader 2

Benign
Endometrioma 167 8 (4.8) 9 (5.4)
Serous cystadenoma 50 2 (4) 2 (4)
Serous adenofibroma 2 1 (50) 1 (50)
Mucinous cystadenoma 58 2 (3.4) 3 (5.2)
Brenner tumour 1 0 0
Fibroma 14 0 0
Thecoma 12 3 (25) 3 (25)
Sclerosing stromal tumour 1 1 (100) 1 (100)
Mature teratoma 132 17 (12.9) 10 (7.6)
Struma ovarii 5 3 (60) 3 (60)
Benign cyst (eg, paraovarian

cyst, peritoneal inclusion
cyst, lymphangioma)

16 0 1 (6.3)

Functional 3 0 0
Tubo-ovarian abscess 5 4 (80) 3 (60)
Adnexal torsion 2 0 0
Hydro-/haematosalpinx 2 0 0
Myoma 9 3 (33.3) 2 (22.2)
Pelvic uterus-like mass 1 1 (100) 1 (100)
Foreign body granuloma 1 1 (100) 1 (100)
Benign mass by imaging follow-up 109 3 (2.8) 8 (7.3)
Total 590 49 (8.3) 48 (8.1)
Malignant
Serous borderline tumoura 8 2 (25) 1 (12.5)
Mucinous borderline tumoura 17 8 (47.1) 10 (58.8)
Clear cell borderline tumoura 1 1 (100) 1 (100)
Seromucinous borderline tumoura 1 0 0
Serous carcinoma 52 1 (1.9) 2 (3.8)
Mucinous carcinoma 9 3 (33.3) 2 (22.2)
Endometrioid carcinoma 20 2 (10) 2 (10)
Clear cell carcinoma 27 1 (3.7) 2 (7.4)
Other ovarian carcinoma

(neuroendocrine, adenosquamous,
unclassified)

7 0 0

Immature teratomaa 1 0 0
Malignant transformation of

mature teratoma
3 0 1 (33.3)

Yolk sac tumour 1 0 0
Granulosa cell tumoura 6 4 (66.7) 3 (50)
SertolieLeydig cell tumoura 3 2 (66.7) 2 (66.7)
Sex cordestromal tumour,

unclassifieda
1 0 0

Metastasis 13 2 (15.4) 2 (15.4)
Tubal carcinoma 2 0 0
Peritoneal carcinoma 3 0 0
Malignant mesothelioma 1 0 0
Sarcoma 3 0 0
Wolffian tumoura 1 1 (100) 1 (100)
Malignant lymphoma 1 0 0
Malignant mass by imaging follow-up 7 0 0
Total 188 27 (14.4) 29 (15.4)

Data are numbers of lesions with percentages in parenthesis.
a Borderline epithelial tumours or other tumours of low malignant

potential.
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0.933 (95% CI: 0.913, 0.953) for reader 1 and 0.928 (95% CI:
0.906, 0.949) for reader 2.

Discussion

The present study showed that the ADNEX MR SCORING
system proposed by Thomassin- Naggara et al.6 had an
excellent diagnostic performance in differentiating benign
and malignant adnexal masses in the external population.
The AUCs of 0.929 and 0.923 in this study were similar to
that found in another external validation study by Ruiz et al.
(AUC of 0.92).7

Peritoneal implants are the first imaging feature to be
evaluated in the ADNEXMR SCORING system. In the present
population, all cases with peritoneal implants were
malignant.

The presence or absence of solid tissue (vegetation, a
solid portion, and irregular thickened septa) within an



Table 3
Misclassified cases in the ADNEX MR SCORING system.

ADNEX MR score Routea Reader 1 Reader 2

Misclassified casesb Final diagnosis of misclassified cases Misclassified casesa Final diagnosis of misclassified cases

2: Benign mass 1 0/374 (0) [0, 0.8] 1/374 (0.3) [0, 1.5] Malignant transformation of mature
teratoma 1

2 0/8 (0) [0, 31.2] 0/14 (0) [0, 19.3]
4 0/20 (0) [0, 13.9] 0/14 (0) [0, 19.3]
6 8/17 (47.1) [27.8, 77] Granulosa cell tumour 2, Sertoli

eLeydig cell tumour 2, metastasis 2,
clear cell borderline tumour 1,
Wolffian tumour 1

8/22 (36.4) [17.2, 59.3] Granulosa cell tumour 2, Sertoli
eLeydig cell tumour 2, metastasis 2,
clear cell borderline tumour 1,
serous carcinoma 1

3: Probably
benign mass

3 8/101 (7.9) [3.5, 15] Mucinous borderline tumour 5,
mucinous carcinoma 1,
endometrioid carcinoma 1,
granulosa cell tumour 1

9/94 (9.6) [4.5, 17.4] Mucinous borderline tumour 7,
mucinous carcinoma 1,
endometrioid carcinoma 1

5 11/48 (22.9) [12, 37.3] Mucinous borderline tumour 3,
mucinous carcinoma 2, serous
borderline tumour 2, serous
carcinoma 1, endometrioid
carcinoma 1, clear cell carcinoma 1,
granulosa cell tumour 1

11/53 (20.8) [10.8, 34.1] Mucinous borderline tumour 3,
clear cell carcinoma 2, mucinous
carcinoma 1, serous borderline
tumour 1, serous carcinoma 1,
endometrioid carcinoma 1,
granulosa cell tumour 1, Wolffian
tumour 1

4: Indeterminate
mass

7 34/85 (40) [29.5, 51.2] Mature teratoma 15, endometriotic
cyst 7, benign mucinous tumour 2,
thecoma 2, myoma 2, benign mass
by imaging follow-up 2, benign
serous tumour 2, pelvic uterus-like
mass 1, foreign body granuloma 1

34/105 (32.4) [23.6, 42.2] Endometriotic cyst 9, mature
teratoma 8, benign mass by imaging
follow-up 6, benign mucinous
tumour 2, thecoma 2, benign serous
tumour 2, benign cyst 1, tubo-
ovarian abcess 1, myoma 1, pelvic
uterus-like mass 1, foreign body
granuloma 1

5: Probably
malignant mass

8 15/64 (23.4) [13.8, 35.7] Tubo-ovarian abscess 4, struma
ovarii 3, mature teratoma 2, serous
adenofibroma 1, endometriotic cyst
1, thecoma 1, sclerosing stromal
tumour 1, myoma 1, benign mass by
imaging follow-up 1

14/52 (26.9) [15.6, 41] Struma ovarii 3, mature teratoma 2,
tubo-ovarian abscess 2, benign mass
by imaging follow-up 2, serous
adenofibroma 1, endometriotic cyst
1, thecoma 1, sclerosing stromal
tumour 1, myoma 1,

9 0/55 [0, 5.3] 0/50 (0) [0, 5.8]

a Routes are shown in Fig 2.
b Data are numbers of lesions with percentages in parentheses and 95% confidence intervals in brackets.
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adnexal mass is the next imaging feature to be evaluated.
Any masses without solid tissue are classified as benign
(scored 2 or 3) in the ADNEX MR SCORING system. In gen-
eral, a cystic mass without solid tissue is suggestive of
benignity.9 Thomassin- Naggara et al. have reported that the
absence of solid tissue is highly predictive of benignity
(positive likelihood ratio of malignancy¼0.08).6 In the
present population, cystic or fatty masses with a score of 2
(route 1) showed an extremely low prevalence of malig-
nancy (0% and 0.3% for readers 1 and 2, respectively);
however, the cystic masses with a score of 3 (route 3),
encompassing masses other than purely cystic, endo-
metriotic, or fatty masses that have wall enhancement,
showed a higher prevalence of malignancy (7.9% [8/101]
and 9.6% [9/94] for readers 1 and 2) compared to the orig-
inal study (4.3% [3/70]). Most of these cases were mucinous
borderline tumours. The common appearance of a
mucinous borderline tumour is a multilocular cystic mass
with numerous and thickened septa.10,11 Mucinous ovarian
tumours are thought to represent a stepwise tumour pro-
gression akin to the adenomaecarcinoma sequence in
colorectal cancer12 and the morphological appearance of
borderline tumours is between their benign and malignant
counterparts.13,14 Therefore, although some differences in
imaging features between borderline and benign mucinous
tumours have been reported,15 borderline tumours are
often difficult to differentiate from benign tumours.

An adnexal mass with solid tissue is usually considered
malignant9,14; however, some benign adnexal masses can
have solid tissue. Ovarian fibroma or thecoma, or leio-
myoma (pedunculated uterine or within a broad ligament)
are common benign adnexal masses that are predominantly
solid.2,13,16 Other benign masses including ovarian cys-
tadenoma with thick septa or vegetation, cystadenofi-
broma, haemorrhagic cyst or endometrioma,
granulomatous salpingo-oophoritis, mature cystic teratoma
or struma ovarii can be false positives for malignancy.1,17e22

Thomassin-Naggara et al. reported that the presence of solid
tissue is not sufficient to predict malignancy (positive
likelihood ratio of malignancy¼4.38).6 In fact, solid tissue
was observed in 19.5% (115/590) and 23.2% (137/590) of
benignmasses in the present population by readers 1 and 2,
respectively.

Therefore, solid tissue within an adnexal mass should be
further characterised to differentiate benign from malig-
nant masses; the combination of signal intensity on T2-



Figure 6 A 62-year-old woman with a SertolieLeydig cell tumour of
low malignant potential. (a) Axial dynamic contrast-enhanced fat-
suppressed T1-weighted image shows a completely solid mass
without wall enhancement (asterisk) anterior to the uterus (arrow).
(b) Timeesignal intensity curves of the tumour and myometrium. The
tumour shows a moderate initial increase in the signal intensity
relative to that of the myometrium (curve type 2). The mass was
scored as 2 by both readers.

Table 4
Rate of malignancy in masses with timeesignal-intensity curve type 1, 2 and
3.

Reader Time-signal-intensity curves

Type 1 Type 2a Type 3

1 11/48 (22.9) 54/85 (63.5) 49/64 (76.6)
2 11/53 (20.8) 68/97 (70.1) 36/52 (69.2)

Data are numbers of malignant lesions with percentages in parentheses.
a Masses without wall enhancement (route 6 in Fig 2) and non-feasible

cases in route 7 are excluded.
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weighted and DWI, and the timeesignal-intensity curve on
perfusion WI are the key findings in making this differen-
tiation in the ADNEX MR SCORING system.

An adnexal mass with solid tissue that simultaneously
displays low signal intensity on T2-weighted and on
b¼1,000 DWI images is categorised as benign (with a score
of 2); the masses in which this finding was made in the
present population were always benign, as in the original
report.6

Other solid tissues are to be classified into three cate-
gories by timeesignal intensity curves on perfusion WI. In
epithelial ovarian tumours, the curve types 1, 2 and 3 are
suggestive of benign, borderline, and invasive tumours,
respectively.23 The classification of adnexal masses by these
curves led to more overlaps between benign and malignant
diagnoses in the present study than in the original study.6

The prevalence rates of malignancy in masses with curve
type 1 were 22.9% (11/48) and 20.8% (11/53) in the present
study while this rate was 5% (1/22) in the original study. The
prevalence rates of benignity in masses with curve type 3
were 23.4% (15/64) and 30.1% (16/52) in the present study,
while this rate was 0% (0/14) in the original study. An
explanation for these discrepancies might be the lower
temporal resolution on dynamic contrast-enhanced study
in the present protocol; images were obtained at 30-second
intervals in the present protocol but at 2.4-second intervals
in the original study. The lower temporal resolution might
have decreased accuracy in assessing the initial peak of the
timeesignal-intensity curve as reported in a study on
prostate cancer.24

Adnexal masses with curve type 2 solid tissue are
divided by the presence or absence of wall enhancement;
the absence of wall enhancement is given a score of 2 and
the presence of wall enhancement is given a score of 4;
however, the former included 36.4%e47.1% of malignancies
in the present population but 0% in the original study. The
above-mentioned difference in temporal resolution on the
dynamic contrast-enhanced study might be a cause of the
discrepancy.

There are limitations to this study. First, the MRI images
were reviewed retrospectively, and the readers had previ-
ous experience with some members of the study popula-
tion. Although the diagnostic performance was almost the
same after these patients were excluded, recall bias may
have affected the results. Second, as noted above, the lower
time resolution on the dynamic contrast-enhanced study
might have decreased the accuracy of the stratification for
the risk of malignancy based on the curves. Third, not all
patients were diagnosed by histopathological evaluation.
Final diagnoses based on imaging follow-up might have
resulted in misclassification. For example, even malignant
tumours, especially low-grade or borderline tumours, can
be stable in size for long periods. Fourth, although the
present study population was made up of patients with
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indeterminate adnexal masses upon US, the examinations
were performed bymany gynaecologists with various levels
of experience, and the referral pattern for MRI might have
differed among these practitioners; however, the excellent
diagnostic performance in this study supports the gen-
eralisability of the ADNEX MR SCORING system. Fifth, the
learning curve with the ADNEX MR scoring systemwas not
evaluated, nor did were the differences in diagnostic per-
formance among readers with various levels of experience
assessed in the interpretation of MRI examinations of
indeterminate adnexal masses.

In conclusion, the ADNEX MR SCORING system was
highly accurate in differentiating benign and malignant
adnexal masses, although it may be less accurate for
borderline epithelial tumours or other tumours of low
malignant potential.
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