
Introduction

Adequate preoperative assessment of an adnexal mass is

needed since the accurate diagnosis directs management.

The preoperative definitive diagnosis of a malignant mass

cannot always be made with current diagnostic modalities.

However prior to surgery, it is important to differentiate be-

tween malignant and benign pathology of the adnexal mass

in order not to face a malignancy unexpectedly and to avoid

an inappropriate surgery. 

Today, several parameters are available to distinguish

between benign and malignant masses. For this purpose,

gray-scale sonographic parameters are frequently used

to evaluate the risk of malignancy. Other parameters that

are used in discrimination between benign and malignant

masses are Doppler ultrasonography, patient character-

istics (menopausal state or age), and biochemical mark-

ers (CA 125, human epididymis protein 4 and

prealbumin). Some authors [1-9] used only gray-scale

sonographic markers as a preoperative diagnostic tool to

assess the risk of malignancy while the others [10-12]

combined these parameters for the same purpose. In most

cases subjective assessment with ultrasonographic views

by experienced sonologists is a main method for detect-

ing the malignant mass [13]. However less experienced

sonologists should still use morphological scoring sys-

tems that can be helpful to classify adnexal masses as be-

nign or malignant. The present authors hence decided to

reveal which gray-scale scoring model or models should

be used by less experienced sonographers.

Overall, the aim of this study was to prospectively com-

pare the diagnostic performances of nine gray-scale sono-

graphic prediction models to detect ovarian malignancy.

Materials and Methods

A Medline search was performed to detect diagnostic models

that are principally based on sonographic characteristics and are

used to distinguish benign masses from malignant ones. “Ovar-

ian”, “ultrasonography”, “mass”, and “model” were the key

words. The authors also checked the references of the detected ar-

ticles. Overall, they detected nine scoring systems six of which

were morphological indices [3-5, 7-9] and three of which were

morphological classifications [1, 2, 6]. All parameters used in

these models were only gray-scale ultrasonographic signs.

The clinical data of 322 women with pelvic masses appointed

for laparotomy or laparoscopy between October 1, 2008, and Oc-

tober 7, 2012, to the present hospital were obtained prospectively

and used in nine scoring systems. Preoperative examination in-

cluded vaginal examination and transvaginal sonography. The ul-

trasound was performed transvaginally by a 7.5-MHz transducer.

A transabdominal repeat examination with full bladder was ob-

tained if a mass was found to be too large to be observed com-

pletely transvaginally. The histopathological diagnosis was

considered the gold standard for definitive outcome. Malignancy

was defined according to criteria of histologic typing of ovarian

tumors, according to WHO criteria [14], and staged according to

criteria recommended by the International Federation of Gyne-

cology and Obstetrics (FIGO). The authors included low malig-

nant potential tumors as malignant. Cut-off levels we performed

were 9, 4, 9, 5, 7, 3, 2, 8, and 5 for the scoring systems of Sassone

et al., Lerner et al., Ferrazzi et al., DePriest et al., Finkler et al.,
Maggino et al., Granberg et al., Szpurek et al., and Ueland et al.,
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Figure 1. — A: Comparison of

ROC curves for all patients B:

Comparison of ROC curves for

premenopausal subgroup. C:

Comparison of ROC curves for

postmenopausal subgroup. 
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respectively [1-9]. All statistical analyses were performed using

the Statistical Package for Social Sciences (SPSS), Version 15.0.

For each model a ROC curve demonstrating the capacity of the

model to diagnose malignancy was constructed for all cases and

for the subgroups of premenopause and postmenopause. The per-

formance of each model was expressed as an area under the ROC

curve, sensitivity, and specificity. The McNemar’s test was used

for testing differences in performances between nine scoring sys-

tems. When each score was compared with the other eight in the

series, the authors obtained thirty-six comparisons of paired sam-

ples. [Score 1 was compared with scores 2 ,3, 4, 5, 6, 7, 8, 9 (eight

comparisons); score 2 was compared with scores 3, 4, 5, 6, 7, 8,

9 (seven comparisons); score 3 was compared with scores 4, 5, 6,

7,8 , 9 (six comparisons); score 4 was compared with scores 5, 6,

7, 8, 9 (five comparisons); score 5 was compared with scores 6,

7, 8, 9 (four comparisons); score 6 was compared with scores 7,

8, 9 (three comparisons); score 7 was compared with scores 8, 9

(two comparisons), and score 8 was compared with scores 9 (one

comparison)]. The sensitivity was defined as the percentage of

patients with malignant disease having a positive test result. The

specificity was defined as the percentage with benign disease hav-

ing a negative test result. The positive predictive value was de-

fined as the percentage of patients with a positive test result

having malignant disease and the negative predictive value was

defined as the percentage of patients with a negative test result

having benign disease. Finally, the diagnostic accuracy was ex-

pressed as a proportion of correctly classified subjects (true pos-

itive + true negative) among all subjects. In the present study the

authors assumed a concluding error risk of 5% and (correlated

with the risk) significance level of p < 0.05 indicating statistically

significant differences.

Results

Between 2008 and 2012, 322 patients were operated

for an adnexal mass. The median age of these patients

was 41.64 years, with a range from 16 to 79 years (SD:

13.262). Eighty-eight (27.3%) of the 322 patients were

postmenopausal. Overall, 58 patients (18%) turned out

to have a malignancy. Among the malignant diagnosis,

there were 26 serous carcinomas, 16 mucinous carcino-

mas, one ovarian lymphoma, three Krukenberg tumors,

one dysgerminoma, one granulosa cell tumor, three bor-

derline serous tumors, and seven borderline mucinous tu-

mors. Thirty (51.7%) of the patients had FIGO Stage I

disease, ten (17.2%) had FIGO Stage II disease, 11 (19%)

had FIGO Stage III disease, and seven (12.1%) had FIGO

Stage IV disease; 264 cases were found to be benign.

Among the benign diagnosis there were 18 simple cysts,

91 endometriosis, 51 dermoid cysts, 28 serous cystade-

nomas, 16 mucinous cystadenomas, nine fibromas, five

thecomas, 12 corpus luteum cysts, 17 paratubal cysts,

seven leiomyomas, four struma ovarii tumors, and six tu-

boovarian abscesses. The area under the ROC curves of

these models in the present study varied between 0.737

and 0.929 (Figure 1A). When the sensitivity was fixed at

0.90, specificity varied between 0.42 and 0.79. The high-

est area under ROC for all cases was 0.929 with Szpurek

index. For premenopausal subgroup, the highest area

under ROC was 0.913 for Szpurek index (Figure 1B). For

postmenopausal group the highest area under ROC were

0.949 for Szpurek index (Figure 1C). Corresponding

ROC curves and other values of area under ROC curves

are highlighted in Figure 1A, B, and C. Accuracies re-

ported in the present and the original studies are shown in

Table 1.

In all patients, the highest sensitivity was 87.9% for De-

Priest index with a relatively low specificity value of

67.8% and positive and negative predictive values of re-

spectively 37.5% and 96.2%. Diagnostic accuracy of De-

Priest index was 71%. Sensitivities, specificities, positive

and negative predictive values, and diagnostic accuracies

of all other scoring systems in all cases are presented in

Table 2.

In the premenopausal subgroup, sensitivity, specificity,

positive and negative predictive values, and diagnostic ac-

curacy for Szpurek index were 82.1%, 80.6%, 36.5%,

97.1%, and 80%, respectively. Sensitivities, specificities,

positive and negative predictive values, and diagnostic ac-

curacies of all other scoring systems in the premenopausal

subgroup are presented in Table 3.

In the postmenopausal subgroup, sensitivity, specificity,

positive and negative predictive values, and diagnostic ac-

Table 1. — Accuracies reported in the original and present
studies.

Original studies Present study

Author Sensitivity Specificity Area ROC Sensitivity Specificity Area ROC

(%) (%) curve (%) (%) (%) curve (%)

Sassone [3] 100 83 - 84.5 63.6 75.9

Lerner [5] 97 77 - 70.7 74.6 78.6

Ferrazzi [7] 87 67 84 72.4 66.7 73.7

DePriest [4] 89 70 - 87.9 67.8 85.4

Finkler [1] 62 95 - 75.9 75.4 88.4

Maggino [6] 85 78 - 75.9 68.9 74.5

Granberg [2] 82 92 - 77.6 60 77

Szpurek [9] 86.7 77 89 86.2 80.3 92.9

Ueland [8] 98.1 80.7 - 84.5 72 87.7

Table 2. — The sensitivity, specificity, and positive (PPV)
and negative (NPV) predictive values, and diagnostic ac-
curacy (DA) of nine scoring systems in all cases.

Sensitivity Specificity PPV NPV DA

(%) (%) (%) (%) (%)

Sassone [3] 84.5 63.6 33.8 94.9 67

Lerner [5] 70.7 74.6 38 92.1 74

Ferrazzi [7] 72.4 66.7 32.3 91.7 67.7

DePriest [4] 87.9 67.8 37.5 96.2 71

Finkler [1] 75.9 75.4 40.4 93.4 75

Maggino [6] 75.9 68.9 34.9 92.9 70

Granberg [2] 77.6 60.2 30 92.4 63

Szpurek [9] 86.2 80.3 49 96.4 81

Ueland [8] 84.5 72 39.8 95.5 74
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curacy for Szpurek index were 90%, 79.3%, 69.2%, 93.9%,

and 73%, respectively. Sensitivities, specificities, positive

and negative predictive values, and diagnostic accuracies

of all other scoring systems in the postmenopausal sub-

group are presented in Table 4.

According to McNemar’s test, there were no statisti-

cally significant differences for paired samples of Sassone

and Lerner, Sassone and Granberg, Lerner and Finkler,

Lerner and Szpurek, Lerner and Ueland, Ferrazzi and De-

Priest, DePriest and Maggino, DePriest and Granberg, De-

Priest and Ueland, Finkler and Szpurek, Finkler and

Ueland and Maggino and Ueland [1-9]. All thirty-six

comparisons of paired samples with p-values are shown in

Table 5.

Discussion

Assessing an ovarian mass with an ultrasonography is

generally subjective and depends on the performer’s expe-

rience and skill. However in the preoperative evaluation of

an ovarian mass, the correct way that takes us to the diag-

nosis of malignancy is still made by clinical impression and

ultrasound examination. For this reason explicit criteria

should be established and defined rigidly for adnexal mass

morphology and anyone should be able to apply the same

scoring system. 

Interpretation of sonographic findings is a diagnostic

challenge. Transvaginal ultrasound examination in com-

parison to the transabdominal route has improved the re-

sults [2, 3]. All scoring systems that have been described

are based on semiquantitative parameters of the appearance

of the tumor. The present authors studied three morpho-

logical classification systems and six morphologic indices

here. 

The diagnostic performances of the models were poorer

in this study than in those in which the models were created

except for DePriest and Szpurek indices results of which

were similar to the present [4, 9].

Subtle differences of examination technique and defini-

tions may partly illuminate the lower performances in the

present study than those in the original ones. The most im-

portant contributing factor to the differences in results is

likely to be true differences in the tumor populations stud-

ied. In the present study, certain tumor types tended to be

over-represented among the true negative, and false posi-

tive diagnoses. Simple benign cysts and endometriomas

were usually truly classified as benign and were over-rep-

resented among the true-negative diagnoses. In the false

positive group, cystadenomas, tuboovarian abscesses,

leiomyomas, and fibromas were often misclassified as ma-

lignant. 

Although it is believed that tumor volume estimation

lowers index specificity [3], in the present study, indices

using tumor volume as a parameter [4, 8, 9], had higher

performances due to large sample of benign cysts. The

present authors obtained low positive predictive values

due to the high number of false-positive cases and they

met high negative predictive values because of the fact

that the number of the false-negative cases was low. The

reason of this fact is that, in the tumor populations stud-

ied, low malignant potential tumors were not much and

mostly classified as malignant because of their large vol-

umes.

This study has revealed the usefulness of scoring systems

to correctly discriminate between benign and malignant

pelvic masses. Morphological indices or classification sys-

tems studied here can be used for the discrimination be-

tween benign and malignant pelvic masses and for selection

of cases for optimal therapy. Although some degree of sim-

ple mathematical calculations are mandatory for gray-scale

morphological indices, they appear to be very accurate, are

useful in clinical practice, are easy to perform, and should

therefore be the test of choice in the preoperative evaluation

of the adnexal mass. Higher diagnostic performance of

Szpurek Index is making it attractive to be used for detect-

ing malignancy. 

Table 3. — The sensitivity, specificity, and positive (PPV)
and negative (NPV) predictive values, and diagnostic ac-
curacy (DA) of nine scoring systems in the premenopausal
subgroup.

Sensitivity Specificity PPV NPV DA

(%) (%) (%) (%) (%)

Sassone [3] 78.6 65 23.4 95.7 66

Lerner [5] 50 76.2 22.2 91.8 73

Ferrazzi [7] 53.6 65.5 17.4 91.2 64

DePriest [4] 85.7 68.9 27.3 97.3 71

Finkler [1] 64.3 75.7 26.5 94 74

Maggino [6] 57.1 68.9 20 92.2 67

Granberg [2] 57.1 59.7 16.2 91.1 59

Szpurek [9] 82.1 80.6 36.5 97.1 80

Ueland [8] 75 72.3 26.9 95.5 72

Table 4. — The sensitivity, specificity, and positive (PPV)
and negative (NPV) predictive values, and diagnostic ac-
curacy (DA) of nine scoring systems in the postmenopausal
subgroup.

Sensitivity Specificity PPV NPV DA

(%) (%) (%) (%) (%)

Sassone [3] 90 58.6 52.9 91.9 69.3

Lerner [5] 90 69 60 93 76.1

Ferrazzi [7] 90 70.7 61.4 93.2 77.2

DePriest [4] 90 63.8 56.3 92.5 72.7

Finkler [1] 86.7 74.1 63.4 91.5 78.4

Maggino [6] 93.3 69 60.9 95.2 77.2

Granberg [2] 96.7 62.1 56.9 97.3 73.8

Szpurek [9] 90 79.3 69.2 93.9 82.9

Ueland [8] 93.3 70.7 62.2 95.3 78.4
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