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Abstract
Objectives To develop a risk prediction model to preoperatively
discriminate between benign, borderline, stage I invasive, stage II-IV
invasive, and secondary metastatic ovarian tumours.

Design Observational diagnostic study using prospectively collected
clinical and ultrasound data.

Setting 24 ultrasound centres in 10 countries.

ParticipantsWomen with an ovarian (including para-ovarian and tubal)
mass and who underwent a standardised ultrasound examination before

surgery. The model was developed on 3506 patients recruited between
1999 and 2007, temporally validated on 2403 patients recruited between
2009 and 2012, and then updated on all 5909 patients.

Main outcomemeasuresHistological classification and surgical staging
of the mass.

Results The Assessment of Different NEoplasias in the adneXa (ADNEX)
model contains three clinical and six ultrasound predictors: age, serum
CA-125 level, type of centre (oncology centres v other hospitals),
maximum diameter of lesion, proportion of solid tissue, more than 10
cyst locules, number of papillary projections, acoustic shadows, and
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What is already known on this topic

Referring patients with ovarian cancer to specialised gynaecology oncology centres impacts positively on survival
Currently in Europe and the United States only a minority of women are triaged to receive specialist care in a gynaecology oncology
centre
Personalised management, including fertility sparing surgery, requires knowledge of the nature of an ovarian mass
Prediction models exist that can discriminate between benign and malignant ovarian tumours but they do not subclassify malignant
tumours

What this study adds

The ADNEX model discriminated well between benign and malignant ovarian tumours
The model was also able to discriminate between benign, borderline, stage I invasive, stage II-IV invasive, and secondary metastatic
tumours
The ADNEXmodel may improve patient triage and decisions about management, and so positively impact on the morbidity and mortality
associated with adnexal pathology
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Tables

Table 1| Number of patients in each centre, and type of centre

MetastaticStage II-IVStage IBorderlineBenign*TotalDatasetParticipating centres and data summaries

Oncology centres:

511714864596 (64)930D, VUniversity Hospitals Leuven, Belgium

742137944377 (48)787D, VUniversita Cattolica del Sacro Cuore, Rome,
Italy

6401730308 (77)401D, VOspedale San Gerardo, Monza, Italy

241333146120 (34)354D, VGeneral Faculty Hospital, Prague, Czech
Republic

191092721135 (43)311D, VIstituto Europeo di Oncologia, Milan, Italy

861258183 (64)285D, VMedical University Lublin, Poland

5311019148 (69)213VUniversity of Bologna, Italy†

82671267 (56)120VKarolinska University Hospital, Stockholm,
Sweden

51581378 (66)119DKing’s College Hospital, London, UK

3114257 (74)77D, VSkåne University Hospital Lund, Sweden

3120157 (78)73DChinese PLA General Hospital, Beijing,
People’s Republic of China

2610145 (70)64D, VUniversita degli Studi di Udine, Italy

24207 (47)15D, VIstituto Nazionale dei Tumori, Naples, Italy

Other hospitals:

18773835608 (78)776D, VSkåne University Hospital Malmö, Sweden

2281714367 (86)428D, VZiekenhuis Oost-Limburg, Genk, Belgium

81388224 (86)261D, VOspedale San Giovanni di Dio, Cagliari, Italy

31384195 (87)223D, VDCS Sacco University of Milan, Italy

2333124 (92)135DUniversity of Bologna, Italy†

3133282 (80)103D, VUniversita degli Studi di Napoli, Naples, Italy

052271 (89)80DHôpital Boucicaut, Paris, France

024157 (89)64DCentre Medical des Pyramides, Maurepas,
France

012826 (70)37VInstitut Universitari Dexeus, Barcelona, Spain

012117 (81)21DMacedonio Melloni Hospital, Italy

000021 (100)21VOspedale dei Bambini Vittore Buzzi, Milan,
Italy

001010 (91)11DSt Joseph’s Hospital, Hamilton, Canada

Data summaries:

210 (6)*832 (22)*268 (7)*261 (7)*2178 (58)3749D, VOncology centres only

36 (2)*156 (7)*88 (4)*78 (4)*1802 (83)2160D, VOther hospitals only

120 (3)*467 (13)*176 (5)*186 (5)*2557 (73)3506DDevelopment data only

126 (5)*521 (22)*180 (7)*153 (6)*1423 (59)2403VValidation data only

246 (4)*988 (17)*356 (6)*339 (6)*3980 (67)5909D, VTotal pooled dataset

D=contributed to development dataset; V=contributed to validation dataset.
*Number (percentage).
†Centre changed to an oncology referral centre after completion of IOTA phase 2 (that is, between patient recruitment for development and validation datasets).
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Table 2| Descriptive statistics of the a priori considered predictors by tumour type in pooled dataset (n=5909). Values are numbers
(percentages) unless stated otherwise

Metastatic (n=246)Stage II-IV (n=988)Stage I (n=356)Borderline (n=339)Benign (n=3980)Variables

57 (47-68)59 (50-67)54 (44-64)49 (36-62)42 (32-54)Median (interquartile range) age (years)

91 (29-271)442 (145-1238)51 (20-195)30 (16-86)18 (11-39)Median (interquartile range) serum CA-125 (U/mL)*

5 (2.0)57 (5.8)13 (3.7)10 (3.0)79 (2.0)Family history of ovarian cancer

86 (56-124)85 (56-123)106 (71-153)86 (51-150)63 (45-87)Median (interquartile range) maximal diameter of lesion (mm)

Solid tissue:

234 (95.1)968 (98.0)328 (92.1)267 (78.8)1322 (33.2)Presence of solid tissue

100 (64-100)100 (56-100)61 (38-100)37 (24-59)42 (20-100)Median (interquartile range) proportion solid tissue if present
(%)

No of papillary projections:

213 (86.6)772 (78.1)227 (63.8)135 (39.8)3424 (86.0)0

12 (4.9)56 (5.7)25 (7.0)69 (20.4)333 (8.4)1

0 (0)30 (3.0)17 (4.8)21 (6.2)80 (2.0)2

2 (0.8)28 (2.8)17 (4.8)24 (7.1)66 (1.7)3

19 (7.7)102 (10.3)70 (19.7)90 (26.5)77 (1.9)>3

36 (14.6)93 (9.4)69 (19.4)74 (21.8)199 (5.0)>10 cyst locules

10 (4.1)30 (3.0)18 (5.1)8 (2.4)676 (17.0)Acoustic shadows

90 (36.6)473 (47.9)65 (18.3)28 (8.3)64 (1.6)Ascites

62 (25.2)163 (16.5)71 (19.9)62 (18.3)1447 (36.4)Missing values for CA-125

*Results based on multiple imputation of missing values.
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Table 3| Diagnostic performance of ADNEX model when using different thresholds for total probability of malignancy (sum of probabilities
of four subtypes of ovarian malignancy)

After updating on pooled data (n=5909)Validation data (n=2403)Development data (n=3506)Threshold
for Diagnostic

odds ratio
SpecificitySensitivity

AUC

Diagnostic
odds ratio

SpecificitySensitivity

AUC

Diagnostic
odds ratio

SpecificitySensitivity

AUC

probability
of
malignancy*

———0.950
(0.944
to

0.955)

———0.943
(0.934
to

0.952)

———0.954
(0.947
to

0.961)

Not
applicable

86.243.4 (41.8
to 45.0)

99.1 (98.6
to 99.5)

—76.846.6 (44.0
to 49.2)

98.9 (98.0
to 99.4)

—93.652.3 (50.4
to 54.3)

98.8 (97.9
to 99.4)

—3%

78.061.1 (59.5
to 62.6)

98.0 (97.3
to 98.6)

—88.159.4 (56.8
to 62.0)

98.4 (97.4
to 99.1)

—87.965.4 (63.6
to 67.3)

97.9 (96.8
to 98.7)

—5%

72.773.2 (71.8
to 74.6)

96.4 (95.4
to 97.2)

—69.271.3 (68.9
to 73.7)

96.5 (95.2
to 97.6)

—72.075.5 (73.8
to 77.2)

95.9 (94.4
to 97.1)

—10%

63.478.7 (77.4
to 79.9)

94.5 (93.4
to 95.5)

—54.777.2 (74.9
to 79.3)

94.2 (92.5
to 95.6)

—71.981.0 (79.4
to 82.5)

94.4 (92.8
to 95.8)

—15%

AUC=area under receiver operating characteristic curve.
Exact binomial 95% confidence intervals are reported in parentheses.
*Probability equal to or more than threshold indicates malignancy.

No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

BMJ 2014;349:g5920 doi: 10.1136/bmj.g5920 (Published 16 October 2014) Page 10 of 14

RESEARCH

http://www.bmj.com/permissions
http://www.bmj.com/subscribe


Table 4| Polytomous discrimination performance of ADNEXmodel on development data, validation data, and after updating on pooled data

After updating on pooled data (n=5909)Validation data (n=2403)Development data (n=3506)Performance measures

0.88 (0.87 to 0.90)0.85 (0.82 to 0.88)0.91 (0.88 to 0.93)AUC benign v borderline

0.93 (0.92 to 0.94)0.92 (0.90 to 0.93)0.94 (0.92 to 0.96)AUC benign v stage I

0.99 (0.98 to 0.99)0.99 (0.98 to 0.99)0.99 (0.98 to 0.99)AUC benign v stage II-IV

0.96 (0.95 to 0.97)0.95 (0.93 to 0.97)0.96 (0.95 to 0.98)AUC benign v metastatic

0.75 (0.71 to 0.79)0.75 (0.69 to 0.79)0.71 (0.65 to 0.76)AUC borderline v stage I

0.93 (0.91 to 0.95)0.95 (0.93 to 0.96)0.91 (0.88 to 0.93)AUC borderline v stage II-IV

0.88 (0.85 to 0.91)0.87 (0.82 to 0.91)0.86 (0.81 to 0.90)AUC borderline v metastatic

0.85 (0.82 to 0.87)0.87 (0.83 to 0.90)0.83 (0.79 to 0.86)AUC stage I v stage II-IV

0.75 (0.70 to 0.78)0.71 (0.65 to 0.76)0.77 (0.71 to 0.82)AUC stage I v metastatic

0.80 (0.76 to 0.83)0.82 (0.78 to 0.86)0.76 (0.71 to 0.81)AUC stage II-IV v metastatic

0.569 (0.553 to 0.586)0.567 (0.540 to 0.591)0.554 (0.530 to 0.579)Polytomous discrimination index

AUC=area under the receiver operating characteristic curve.
With five tumour types, the polytomous discrimination index for random prediction equals 0.2, hence its value cannot be directly compared with AUCs.
95% confidence intervals are shown in parentheses.
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Table 5| Odds ratios for predictors in ADNEX model after it was updated on pooled dataset (n=5909)

Metastatic v benignStage II-IV v benignStage I v benignBorderline v benignPredictor

1.40 (1.24 to 1.57)1.67 (1.50 to 1.86)1.19 (1.09 to 1.30)1.05 (0.96 to 1.14)Patient age, per 10 years

1.32 (1.19 to 1.46)2.15 (1.96 to 2.36)1.22 (1.12 to 1.32)1.12 (1.03 to 1.22)Serum CA-125, per doubling*

1.57 (1.23 to 1.99)1.54 (1.25 to 1.89)2.40 (1.97 to 2.91)1.45 (1.22 to 1.73)Maximal diameter of lesion, per
doubling *

Proportion solid tissue (%)†:

7.09 (4.01 to 12.5)16.9 (10.5 to 27.0)12.8 (8.62 to 18.9)5.44 (3.88 to 7.64)33 v 0 (no solid tissue)

4.25 (3.46 to 5.23)4.74 (3.92 to 5.73)3.49 (2.99 to 4.08)1.55 (1.32 to 1.81)67 v 33

2.55 (1.60 to 4.06)1.33 (0.92 to 1.94)0.95 (0.68 to 1.35)0.44 (0.29 to 0.67)100 v 67

2.46 (1.33 to 4.56)1.31 (0.74 to 2.32)2.21 (1.42 to 3.43)3.96 (2.65 to 5.90)>10 cyst locules

1.24 (1.01 to 1.52)1.48 (1.28 to 1.71)1.49 (1.33 to 1.68)1.83 (1.65 to 2.03)No of papillary projections

0.08 (0.04 to 0.18)0.09 (0.05 to 0.17)0.15 (0.09 to 0.26)0.13 (0.06 to 0.28)Acoustic shadows

5.14 (3.00 to 8.79)3.85 (2.39 to 6.20)1.57 (0.93 to 2.67)2.64 (1.44 to 4.86)Ascites

2.25 (1.04 to 4.87)1.58 (0.78 to 3.21)1.57 (0.89 to 2.78)2.59 (1.32 to 5.11)Oncology referral centre

*This variable is log transformed (log with base 2) such that the odds ratio represents the effect for each doubling of the value.
†This variable represents the maximal diameter of the largest solid component divided by the maximal diameter of the lesion (range 0% to 100%), with 0% indicating
that there is no solid tissue and 100% indicating that the maximal diameter of the largest solid component equals the maximal diameter of the lesion. The variable
has a quadratic effect in the model, hence we report odds ratios for 33% v 0%, 67% v 33%, and 100% v 67%.
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Figures

Fig 1 Calibration plots of predicted probabilities for each type of tumour. Data have been calculated using validation data
(n=2403). Plots show how well the predicted probabilities (x axis) agree with observed probabilities (y axis). For perfect
agreement, the calibration curve falls on the ideal diagonal line. Histograms below plots show distribution of predicted
probabilities
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Fig 2 Discrimination plot of ADNEX model after it was updated on pooled dataset (n=5909). For each predicted tumour
type, box plots of probabilities are presented for each confirmed tumour type (reference standard). Red vertical lines show
baseline probabilities for each type of tumour. For example, the baseline probability of a benign tumour is 0.681; for most
women with a benign tumour the predicted probability of a benign tumour was higher than 0.9, whereas most women with
an ovarian malignancy (most notably stage II-IV cancer) had clearly lower predicted probabilities of a benign tumour
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