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Management of a Suspicious Adnexal Mass:  
Guideline Recommendations 

 
J Dodge, A Covens, C Lacchetti, L Elit, T Le, M Devries-Aboud, M Fung Kee Fung  

and the Gynecology Cancer Disease Site Group 
 

A Quality Initiative of the 
Program in Evidence-Based Care (PEBC), Cancer Care Ontario (CCO) 

 
September 9, 2016 

 

These guideline recommendations have been ENDORSED, which means that the 
recommendations are still current and relevant for decision making.  

 
Please see Section 4: Document Review Summary and Tool for a summary of updated 

evidence published between 2009 and 2016, and for details on how this Clinical Practice 
Guideline was ENDORSED 

 
  
QUESTIONS 
1. What is the optimal strategy for preoperative identification of the adnexal mass suspicious 

for ovarian cancer? 
2. What is the most appropriate surgical procedure for a woman who presents with an 

adnexal mass suspicious for ovarian cancer? 
 
TARGET POPULATION 
 The target population of this guideline is adult women presenting with a suspicious 
adnexal mass, either symptomatic or asymptomatic. 
 
INTENDED USERS 
 This guideline is targeted for clinicians managing the care of women with a suspicious 
adnexal mass, specifically general gynecologists and gynecologic oncologists.  
 
RECOMMENDATIONS  
Identification of an Adnexal Mass Suspicious for Ovarian Cancer 
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➢ Sonography, particularly three-dimensional (3D) sonography, magnetic resonance 
imaging (MRI), and computerized tomography (CT) imaging are each recommended for 
differentiating malignant from benign ovarian masses.  However, the working group 
offers the following further recommendations, based on their expert consensus 
opinion and the consideration of availability, access, and harm: 

• Transvaginal sonography should be the first modality of choice, where technically 
feasible, in patients with a suspicious, isolated ovarian mass. 

• MRI is the most appropriate test to help clarify the malignant potential in patients 
where ultrasound may be unreliable. 

• CT is most useful in cases where metastatic disease is suspected or needs to be 
ruled out. 

 
Key Evidence 
• The diagnostic performance of each diagnostic technology was compared and 

contrasted based on the summary data on sensitivity and specificity obtained from the 
meta-analysis.  

• A meta-analysis of six cohort studies that investigated 3D sonography (1-6) indicated 
an enhanced sensitivity of 93.5% and specificity of 91.5% with 3D technology (Section 
2, Figure 2A). 

• A meta-analysis of 22 cohort studies with 24 data sets that investigated the 
effectiveness of MRI in the diagnosis of adnexal masses (7-28) found an overall 
sensitivity of 91.9% and specificity of 88.4% (Section 2, Figure 2A). 

• A meta-analysis of seven studies with eight data sets considering CT technology 
(2,10,12,14,22,29-30) yielded an overall sensitivity of 87.2% and specificity of 84.0% 
(Section 2, Figure 2A). 

 
➢ Evaluation of an adnexal mass by Doppler technology alone is not recommended. 

Doppler technology should be combined with a morphological assessment. 
 

Key Evidence 
• This recommendation is based on the results of several meta-analyses on Doppler 

indices, but not direct comparisons between them. Rather, the summary data from 
these meta-analyses were inspected and reasonable sensitivities and specificities were 
noted. 

• A meta-analysis of the resistance index (RI) included 35 cohort studies (2,5,17,30-61) 
with 42 data sets and yielded an overall sensitivity of 77.2% and specificity of 89.8% 
(Section 2, Figure 2C). 

• A meta-analysis of 21 cohort studies with 22 data sets that evaluated the Pulsatility 
Index (PI) found an overall sensitivity of 80.6% and specificity of 79.9% (Section 2, 
Figure 2C). 

• A meta-analysis of the peak systolic velocity (PSV) included seven cohort studies (32-
33,37,42,50-51,62) and found an overall sensitivity of 80.0% and specificity of 84.2% 
(Section 2, Figure 2C).  

 
Qualifying Statement 

• Assessment of an adnexal mass by colour Doppler technology, using the RI, PI, and PSV 
indices, was neither as sensitive nor specific as simple ultrasonography. Furthermore, 
because of the overlap of vascular parameters between malignant and benign masses, 
a firm diagnosis based on Doppler evaluation alone can be problematic. 
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➢ Ultrasound-based morphological scoring systems can be used to differentiate benign 
from malignant adnexal masses. These systems are based on specific ultrasound 
parameters, each with several scores according to determined features. All evaluated 
scoring systems were found to have an acceptable level of sensitivity and specificity; 
therefore, the choice of scoring system may be made based on clinician preference. 
More information on the characteristics of these scoring systems can be found in 
Appendix 1. 
 
Key Evidence  
• Direct comparisons between ultrasound-based morphological scoring systems were not 

performed in this review. Instead, the assessment was based on summary data on 
sensitivity and specificity obtained from the meta-analyses conducted. The meta-
analyses found summary sensitivities ranging from 83.5% (Finkler) (63) to 91% 
(DePriest) (64) and specificities ranging from 63% (Lerner) (65) to 85.9% (Ferrazzi) (66) 
(Section 2, Figure 2B).  

• The Risk of Malignancy Index (RMI) (67) is a clinical prediction rule that includes CA-
125 and menopausal status, in addition to ultrasound-based morphology. In a meta-
analysis of data from the 13 RMI studies (67-79), with 15 data sets, employing a cutoff 
of 200 to be indicative of malignancy, the summary sensitivity and specificity were 
79.2% and 91.7%, respectively (Section 2, Figure 2B). RMI2 (74) and RMI3 (80) are 
newer versions of this tool, with comparable levels of sensitivity and specificity. The 
choice of version of RMI should be based on clinician preference. 

 
Qualifying Statement 
 
• Ultrasound diagnostic criteria using a set of simple rules to distinguish between benign 

and malignant masses, and the IOTA (International Ovarian Tumour Analysis) 
predictive adnexal model had been extensively studied with acceptable sensitivity 
and specificity. This can serve as potential alternative diagnostic strategy to the RMI 
score. (81-83) 

 
➢ As a stand-alone modality, serum CA-125 is not recommended for distinguishing 

between benign and malignant adnexal masses.  
 
Key Evidence 
➢ This recommendation is based on a meta-analysis of 49 cohort studies 

(17,31,35,39,52,62-63,70,72,77-78,84-121) and two case-control studies (122-123) 
with a total of 52 data sets that found, at a threshold of 35 U/mL, an overall 
sensitivity of 78.7% and specificity of 77.9% (Section 2, Figure 2D).  

 
Qualifying Statement 

• Elevated serum CA-125 levels have been reported in a variety of benign conditions. 
Because the incidence of ovarian cancer relative to benign gynecologic conditions is 
lower in premenopausal women, CA-125 values are of limited use in this population 
(124). CA-125 levels are elevated in only 50% of early stage ovarian cancers (125). 
Caution should be used in interpreting values in such patients.  

 
➢ Frozen section for the intraoperative diagnosis of a suspicious adnexal mass is 

recommended in settings where availability and patient preferences allow.   
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Key Evidence 

• This recommendation is based on a meta-analysis of frozen section diagnoses that 
included 15 cohort studies (7,126-139) and yielded an overall sensitivity of 89.2% and 
specificity of 97.9% (Section 2, Figure 2D).  

 
Surgical Procedures for an Adnexal Mass Suspicious for Malignancy 
 
➢ Comprehensive surgical staging with lymphadenectomy is recommended for the 

surgical management of patients with early-stage ovarian cancer to improve survival. 
 

Key Evidence 
➢ This recommendation is based on the results of five retrospective cohort studies (140-

144). 

• Two large population-based studies (140,141) found that surgical staging with 
lymphadenectomy was associated with improved three-year (p<0.001) (141) and five-
year disease specific survival (p<0.001) (140) compared to staging procedures without 
lymphadenectomy.  

• Oksefjell et al (142) reported a statistically significant improvement in five-year 
overall survival rates in patients undergoing a lymphadenectomy versus those that did 
not (87% versus [vs.] 64%, respectively; p=0.02).  

• Survival analyses performed by both Skirnisdottir et al (143) and Hornung et al (144) 
also demonstrated a statistically significant benefit in disease-free survival (p=0.004 
and p=0.0007, respectively) for patients undergoing a lymphadenectomy versus those 
that did not.  

• Hornung and colleagues (144) also considered overall survival and reported a 
statistically significant difference (p=0.0008) in the two patient groups in favour of the 
patients undergoing a lymphadenectomy. 

• One randomized controlled trial (RCT) (145) was identified and reported no 
statistically significant effect of lymphadenectomy on progression-free (hazard ratio 
[HR]= 0.72; 95% confidence interval [CI], 0.46 to 1.14) or overall (HR=0.85; 95% CI, 
0.49 to 1.47) survival. However, this study was underpowered to detect a difference in 
survival, the study’s secondary outcome. Rather, the sample-size calculation for this 
RCT was undertaken to detect a difference in prevalence of lymph node positivity. It 
was deemed inadequate to inform the recommendation.   
   

➢ Laparoscopy is a reasonable alternative to laparotomy, provided appropriate surgery 
and/or staging can be done. The choice between laparoscopy and laparotomy should 
be based on patient and clinician preferences. Discussion with a gynecologic oncologist 
is recommended.   
 
Key Evidence 

• This recommendation is based on the results of six retrospective cohort studies (146-
151). 

• In the three studies (146,147,150) that considered patients with early epithelial 
ovarian cancer, no statistical difference in survival rates was detected between 
patients undergoing a laparoscopy versus laparotomy.  

• In the management of patients with early borderline ovarian tumours, Romangnolo et 
al (149), Park et al (151) and Desfeux et al (148) found that a laparoscopic versus 
laparotomic surgical approach did not appear to influence survival rates. 
 



EBS 4-15 VERSION 2 - ARCHIVED 

Section 1: Guideline Recommendations   5 

➢ Fertility-preserving surgery is an acceptable alternative to more extensive surgery in 
patients with low-malignant potential (LMP) tumours and those with well-
differentiated surgically staged 1 ovarian cancer. Discussion with a gynecologic 
oncologist is recommended.   

 
Key Evidence 

• This recommendation is based on two cohort studies that compared the impact of 
conservative fertility-sparing surgeries versus more radical surgical approaches. Yinon 
et al (152) specifically compared rates of recurrence in 40 patients who underwent 
unilateral salpingo-oophorectomy versus 22 patients who underwent cystectomy only. 
No statistical difference in recurrence rates was detected (27.5% vs. 22.7%, 
respectively; p=0.8). Similarly, in a larger study of 360 women with LMP tumours, Park 
et al (151) found no difference in disease-free survival between patients who 
underwent radical or fertility-sparing surgery (p=0.651).     

 
Qualifying Statement 

• The Gynecology Cancer Disease Site Group (DSG) acknowledges that, despite 
definitions and criteria, it is unrealistic to expect that 100% of ovarian cancers will be 
identified as suspicious preoperatively. Pathology remains the gold standard.  
 

RELATED GUIDELINES 

• PEBC EBS 4-4 2004 Update. Management Options for Women with a Hereditary 
Predisposition to Ovarian Cancer. 

• PEBC EBS 4-6a 2004 Update. Screening Postmenopausal Women for Ovarian Cancer  

• PEBC EBS 4-6b 2004. Screening High Risk Women for Ovarian Cancer 
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Disclaimer 
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content or use or application and disclaims any responsibility for its application or use in any way. 
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Appendix 1. Scoring systems for distinguishing benign from malignant adnexal masses.  
 
Ultrasound-based morphological scoring systems 
 

Table 1. Detailed description of ultrasound scoring systems (121). 

Scoring 
system 

 
Score 

 

Sassone et al., 
1991 (153) 

  

Morphology 1 2 3 4 5 

Inner wall 
structure 

Smooth 
Irregularities ≤ 
3mm 

Papillarities > 3 
mm 

Not 
applicable, 
mostly solid 

- 

Wall 
thickness(mm) 

Thin (≤ 3) Thick (> 3) 
Not applicable, 
mostly solid 

- - 

Septa (mm) None Thin (≤ 3) Thick (> 3)  - 

Echogenicity Sonolucent 
Low 
echogenicity 

Low echogenicity 
with ochogenic 
core; mixed 
echogenicity 

- High echogenicity 

DePriest et al., 
1993 (64) 

 

Morphology 0 1 2 3 4 

Cystic wall 
structure 

Smooth  
(<3 mm thick) 

Smooth  
(> 3 mm thick) 

Papillary 
projection  
(< 3 mm) 

Papillary 
projection (≥3 
mm) 

Predominately 
solid 

Volume (cm3) < 10 10-50 > 50-200 > 200-500 > 500 

Septum 
structure 

No septa 
Thin septa (< 3 
mm) 

Thick septa (3 mm 
to 1 cm) 

Solid area (≥ 1 
cm) 

Predominately 
solid 

Ferrazzi et al., 
1997 (66) 

 

Morphology 1  2 3 4 5 

Wall ≤ 3 mm > 3 mm - 
Irregular, 
mostly solid 

Irregular, not 
applicable 

Septa None ≤ 3 mm > 3 mm   

Vegetations None - - ≤ 3 mm > 3 mm 

Echogenicity Sonolucent 
Low 
echogenicity 

- 
With 
echogenic 
areas 

With 
heterogeneous 
echogenic areas, 
solid 

Lerner et al., 
1994 (65) 

 

Morphology 0 1 2 3  

Wall structure 
Smooth or small 
irregularities <3 
mm 

- 
- Solid or not 
applicable 

Papillarities ≥ 
3 mm 

 

Shadowing Yes No - -  

Septa 
None or thin (<3 
mm) 

Thick (≥ 3 mm) - -  

Echogenicity 
Sonolucent or 
low-level echo or 
echogenic core 

- - Mixed or high  

Cutoffs suggestive of malignancy: Sassone: >9, DePriest: ≥5, Ferrazzi: >9. Lerner: ≥3 
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Table 2. Finkler ultrasound-based morphological scoring system (63).* 
Clear cyst and smooth borders or fibroid (ovaries 
normal), or tubular cyst such as hydrosalpinx 

1 

Clear cyst with slightly irregular border; cyst with 
smooth walls but low-level echoes (i.e., 
endometrioma) 

2 

Cyst with low-level echoes with slightly irregular 
border but no nodularity (i.e. endometrioma); 
clear cyst in postmenopausal patient 

3 

Equivocal, nonspecific ultrasound appearance: 
solid ovarian enlargement or small cyst with 
irregular borders and internal echoes 
(hemorrhagic cyst or benign ovarian tumour) 

4-6 

Multiseptated or irregular cystic mass consistent 
in appearance with ovarian tumour (7 = less 
nodularity, 8-9 = more nodularity) 

7-9 

Pelvic mass as above, with ascites 10 

*1 = benign, 10 = malignant, ≥7 indicative of probable malignancy 

 
 

Risk of Malignancy Index (RMI) 
 

The RMI (67, 124), is a clinical prediction rule that calculates a numeric score based on the 
tumour marker CA-125, which may be elevated in the blood of some cancer patients, 
multiplied by  a menopausal score and an ultrasound morphology score. The most common 
threshold for probability of malignancy is 200. Scores are calculated as follows: 
 
RMI = U × M × CA-125 
 
where ultrasound (transabdominal) is scored 1 point for each of the following characteristics: 
multilocular cyst, evidence of solid areas, evidence of metastases, presence of ascites, and 
bilateral lesions.  
 
U = 0 for ultrasound score of 0 
  = 1 for ultrasound score of 1 
  = 3 for ultrasound score of ≥ 2  
 
CA-125 = serum CA-125 in U/ml 
 
And menopausal status is defined as: 
M = 1 if premenopausal 
  = 3 if postmenopausal 
 
RMI2 (74) is calculated in the same way as the original RMI, except that new weights were 
used for the ultrasound and menopause components: 
 
U = 1 for ultrasound score of 0-1 
  = 4 for ultrasound score of ≥ 2  
 
M = 1 if premenopausal 
  = 4 if postmenopausal 
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RMI3 (80) is a further refinement to the RMI and RMI2, using the same definitions, but with an 
adjustment to the ultrasound and menopause components: 
 
U = 1 for ultrasound score of 0-1 
  = 3 for ultrasound score of ≥ 2  
 
M = 1 if premenopausal 
  = 3 if postmenopausal 
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These guideline recommendations have been ENDORSED, which means that the 
recommendations are still current and relevant for decision making.  

 
Please see Section 4: Document Review Summary and Tool for a summary of updated 

evidence published between 2009 and 2016, and for details on how this Clinical Practice 
Guideline was ENDORSED 

 
  
 
QUESTIONS 
1. What is the optimal strategy for preoperative identification of the adnexal mass suspicious 

for ovarian cancer? 
2. What is the most appropriate surgical procedure for a woman who presents with an 

adnexal mass suspicious for ovarian cancer? 
 
INTRODUCTION 
 In Canada in 2010, an estimated 2600 new cases of ovarian cancer will be diagnosed 
and, of those cases, 1750 women will die, making ovarian cancer the seventh most prevalent 
form of cancer in Canadian women and their fifth leading cause of cancer death (1). Women 
with ovarian cancer typically have subtle, non-specific symptoms such as abdominal pain, 
bloating, changes in bowel frequency, and urinary and/or pelvic symptoms (2), making early 
detection difficult. Thus, the majority of ovarian cancer cases are diagnosed at an advanced 
stage when the cancer has spread outside the pelvis (3). Due to the late diagnosis of this 
disease, the five-year relative survival ratio for ovarian cancer in Canada is only 40% (1). 
Unfortunately, due to the low-positive predictive values of potential screening tests (CA-125 
and ultrasound), there is currently no screening strategy for ovarian cancer (4).  
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 Palpation using a bimanual pelvic examination or by radiological imaging (3) can 
identify an adnexal mass, which is defined as an enlarged lump near the uterus, usually in the 
ovary or fallopian tube. Adnexal masses include both benign (ovarian cysts, fibroids, and 
endometriomas) and malignant tumours.  
 There are numerous methods that have been tested in the preoperative identification 
of adnexal masses suspicious for malignancy. These methods include CA-125, transvaginal and 
transabdominal ultrasound, MRI, CT scans and the risk of malignancy index (RMI). However, 
the most appropriate identification method has yet to be determined, mainly due to poor 
positive and negative predictive values associated with each test in differentiating a benign 
from a malignant mass.  
 Once the diagnosis of ovarian cancer is confirmed, the patient must undergo surgical 
staging or debulking. However, which surgical staging and debulking procedure should be used 
to improve overall survival, progression-free survival, and quality of life in women with 
ovarian cancer is also unknown. The purpose of this document is to identify evidence that 
would inform optimal recommended protocols for the identification and surgical management 
of adnexal masses suspicious for malignancy.  
 
METHODS 

The evidence-based series (EBS) guidelines developed by the CCO PEBC use the 
methods of the Practice Guidelines Development Cycle (5). For this project, the core 
methodology used to develop the evidentiary base was an update of two previously published 
systematic reviews: the Agency for Healthcare Research and Quality (AHRQ) report, 2006 (3) 
and Australian Cancer Network (ACN) Clinical Practice Guideline, 2004 (6). Evidence was 
selected and reviewed by five members of the PEBC Gynecology Cancer DSG and one 
methodologist. 

The systematic review is a convenient and up-to-date source of the best available 
evidence on the management of an adnexal mass suspicious for malignancy. The body of 
evidence in this review is primarily comprised of prospective and retrospective cohort studies. 
That evidence forms the basis of the recommendations developed by the Gynecology Cancer 
DSG and published in Section 1. The systematic review and companion recommendations are 
intended to promote evidence-based practice in Ontario, Canada. The PEBC is supported by 
the Ontario Ministry of Health and Long-Term Care through Cancer Care Ontario. All work 
produced by the PEBC is editorially independent from its funding source.  

 
Literature Search Strategy 
Environmental Scan 
 As a first step, an internet search of Canadian and international health organizations 
and the National Guidelines Clearinghouse (see Appendix 1 for full list) was conducted for 
existing guidelines and systematic reviews relevant to our research question. Guidelines were 
included if they were published since 1999 in English. This initial environmental scan yielded 
11 practice guidelines; however, one guideline was excluded because the full guideline was 
available only in French, and another guideline was excluded because only the National 
Guidelines Clearinghouse summary was available. One evidence report/technology assessment 
and one clinical practice guideline identified through this environmental scan were deemed 
to be the most appropriate to answer the guideline questions. The 2006 AHRQ report (3) 
addressed the identification of an adnexal mass suspicious for malignancy question. The 2004 
ACN Clinical Practice Guideline (6) addressed the surgical management of an adnexal mass 
suspicious for malignancy question.  

 
Update Literature Search Strategy 
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 The literature search from the AHRQ report was updated (Appendix 2) using MEDLINE 
(OVID: January 2004 through week 3, March 2009). In addition, as an exact search strategy for 
the Australian Cancer Network report was not available, an update of that literature search 
(Appendix 2) was approximated using the keywords provided in the report using MEDLINE 
(OVID: January 2004 through week 3, April 2009). This literature search combined disease-
specific terms (‘pelvic mass,’ ‘adnexal mass,’ ‘pelvic neoplasms,’ ‘ovarian cancer,’ ‘ovarian 
neoplasm,’ ‘ovarian carcinoma,’ ‘epithelial ovarian cancer,’ ‘borderline ovarian tumours’ and 
‘tumours of low malignant potential’) with surgical specific terms (‘intraoperative 
pathological examination,’ ‘frozen section,’ ‘debulking surgery,’ ‘fertility sparing,’ ‘surgical 
staging,’ ‘bilateral salpingo-oophorectomy,’ ‘total hysterectomy,’ ‘node or nodal dissection,’ 
‘surgical management,’ ‘treatment,’ ‘cytoreduction,’ ‘secondary cytoreduction,’ ‘interval 
cytoreduction,’ ‘laparotomy,’ and laparoscopy’) for all study designs. 
 Relevant articles and abstracts were selected and reviewed by two reviewers. The 
reference lists of included studies along with the personal reference lists of the guideline 
working group were searched for additional studies.  
 
Study Selection Criteria 

Articles were eligible for inclusion in this systematic review if they were systematic 
reviews, meta-analyses, clinical practice guidelines, randomized trials, or comparative cohort 
studies. Studies indentified in the update of the AHRQ report literature search were included 
based on the same inclusion criteria put forth in the AHRQ report (3). 

For studies investigating single modality identification of an adnexal mass, the 
inclusion criteria were:  

1) comparison of the test (e.g., bimanual pelvic exam or ultrasound, to histology or 
negative surgery 
2) greater than 20 patients included in study  
3) able to construct a 2-by-2 table, which compares the results of the diagnostic test 
with the definitive histological diagnosis.   

 
For studies investigating the use of multi-modality scoring systems (i.e., RMI), the 

inclusion criteria were:  
1) patients with suspicion of cancer 
2) studies with scoring, risk score, combined modality approach  
3) assesses predictive value of two or more variables using multivariable model  
4) greater than 50 patients included in study.  
 

 Studies identified in the update of the Australian Cancer Network (6) guideline were 
based on the following selection criteria:  

1) greater than 20 patients included in study 
2) patients with an adnexal mass suspicious for early stage (I-II) malignancy,  
3) two-armed (or greater) study design with a comparison of surgical 
procedures/techniques/approaches 
4) report on at least one of the following outcomes: optimal surgery, overall survival, 
progression-free or disease-free survival, reduction in the number of surgeries, 
morbidity, adverse events, quality of life. 

 
Synthesizing the Evidence  

A bivariate, random-effects meta-regression model was used to produce summary 
estimates of sensitivity and specificity and to plot summary receiver operating characteristic 
(ROC) curves with 95% confidence regions. This model, described in detail elsewhere (7-9), 
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has several advantages over the standard summary ROC approach. Chief among these is the 
preservation of the two-dimensional nature of the data and the incorporation of any 
correlation that might exist between sensitivity and specificity (8). The model assumes that 
the logit sensitivities and specificities are normally distributed and makes use of the variance 
estimates to compute study weights (7). Heterogeneity in the current review was assessed 
visually. Given that between-study heterogeneity is widespread for measures of diagnostic 
accuracy (10), a random-effects model was used for all pooling. This bivariate, random-
effects model takes into account the difference in precision by which sensitivity and 
specificity have been measured within and across studies, and it incorporates and estimates 
the amount of between-study variability (8). Statistical analyses were executed with the 
statistical software package STATA version 11 (11) using the metandi command. The 
outcomes of the meta-analyses were plotted as summary ROC curves and can be seen in 
Figures 2A-D.  

The Gynecology Cancer DSG decided not to pool the surgical studies, but rather to 
present the results of each study individually in a descriptive fashion.  
 
Quality Appraisal and Data Extraction  
 The Appraisal of Guidelines Research and Evaluation (AGREE) tool (12) was used to 
evaluate the quality of identified evidence-based guidelines. While all scoring domains of the 
AGREE tool were considered in the evaluation of guidelines, the Rigour of Development 
domain, describing the rigour of systematic methods in identifying and evaluating evidence, 
was considered to be most relevant in application for this systematic review. Systematic 
reviews and meta-analyses were assessed for quality using the AMSTAR tool (13). The quality 
of primary studies included assessments for study design, type of data collection, sampling 
method, and blinding.  
 
RESULTS  
Updated Literature Search Results 
1. Identification of an adnexal mass literature 
 Four meta-analyses (14-17) and 67 primary studies (Table 1), pertaining to the 
identification of an adnexal mass suspicious for malignancy, met the inclusion criteria and are 
included in this review.  
 
Table 1. New primary studies on identification of a suspicious adnexal mass.  

  Study Design Data Collection Diagnostic Test 

Alcazar, 2005 (18) Cohort prospective  3D US+Doppler 

Bazot, 2006 (19) Cohort retrospective MRI, Frozen section 

Benjapibal, 2007 (20) Cohort prospective  CA-125 

Bensaid, 2006 (21) Cohort prospective  RMI 

Booth, 2008 (22) Cohort retrospective  MRI 

Boriboonhirunsarn, 2004 
(23) 

Cohort retrospective  Frozen section 

Brun, 2008 (24) Cohort retrospective  Frozen section 

Canis, 2004 (25) Cohort retrospective  Frozen section 

Chen, 2006 (26) Cohort prospective  MRI 

Choudhury, 2005 (27) Cohort prospective  2-D PD 
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Dai, 2008 (28) Cohort prospective  3-D PD 

Daponte, 2007 (29) Cohort prospective  Ferrazzi 

Dearking, 2007 (30) Cohort prospective  ACOG/SGO referral 

El-shalakany, 2004 (31) Case Control  prospective CA-125 

Engelen, 2008 (32) Cohort prospective RMI, CA-125 

Erdogan, 2005 (33) Cohort prospective  US+Doppler, CA-125 

Exacoustos, 2005 (34) Cohort retrospective 2-D PD 

Fanfani, 2007 (35) Cohort retrospective Frozen section 

Ferrazzi, 2005 (36) Cohort prospective  Ferrazzi 

Geomini, 2005 (37) Cohort retrospective Frozen section 

Geomini, 2006 (38) Cohort prospective  US 

Ghaemmaghami, 2008 (39) Cohort retrospective Frozen section 

Guerra, 2008 (40) Cohort retrospective  MRI 

Guerriero, 2007 (41) Cohort prospective  RI, 3-D PD 

Hata, 1999 (42) Cohort prospective  Sassone, US 

Ilvan, 2005 (43) Cohort retrospective  Frozen section 

Im, 2005 (44) Cohort retrospective  ACOG/SGO referral 

Jokubkiene, 2007 (45) Cohort prospective LR 

Kitajima, 2008 (46) Cohort prospective  CT 

Kurjak, 2000 (47) Cohort prospective  3-D PD 

Laban, 2007 (48) Cohort prospective  
US, RI, US+Doppler, 2-D PD, 3-

D PD, 3-D US+Doppler, CT  

Lee, 2005 (49) Cohort prospective  Lerner, DePriest 

Leelahakorn, 2005 (50) Cohort prospective  Ferrazzi 

Marchesini, 2008 (51) Cohort prospective  RI, PI, US+Doppler 

Marret, 2005 (52) Cohort prospective  RI 

Milojkovic, 2004 (53) Cohort retrospective CA-125 

Moszynski, 2006 (54) Cohort prospective  ANN 

Mousavi, 2006 (55) Cohort prospective  RI, PSV 

Naik, 2006 (56)  Cohort retrospective Frozen section 

Nakae, 2006 (57) Case Control prospective  CA-125 

Romagnolo, 2006 (58) Cohort prospective  CA-125 

Sladkevicius, 2007 (59) Cohort prospective  LR 

Sohaib, 2005 (60) Cohort prospective  US 

Stewart, 2006 (61) Cohort retrospective Frozen section 

Szpurek, 2005 (62) Cohort NR DePriest 

Szpurek, 2005 (63) Cohort NR ANN 

Tan, 2007 (64) Cohort retrospective US 

Tangjitgamol, 2004 (65) Cohort retrospective Frozen section 

Taskiran, 2008 (66) Cohort retrospective Frozen section 

Tempe, 2006 (67) Cohort prospective  Sassone 

Testa, 2007 (68) Cohort prospective  Doppler visualization 
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Timmerman, 2005 (69)  Cohort prospective  LR 

Tongsong, 2007 (70) Cohort prospective  US 

Topuz, 2005 (71) Cohort prospective  Sassone 

Tsili, 2008 (72)  Cohort prospective  MRI, CT 

Umemoto, 2006 (73) Cohort retrospective  MRI, CT 

Valentin , 2006 (74) Cohort prospective  LR 

Van Calster, 2007 (75) Cohort retrospective 2DPD 

Van Calster, 2007 (76) Cohort prospective  2DPD 

Van Holsbeke, 2007(77) Cohort prospective  ANN, LR 

Wanapirak, 2006(78) Cohort prospective  US 

Wasinghon, 2008(79) Cohort retrospective Frozen section 

Wilson, 2006(80) Cohort prospective  2DPD 

Wootipoom, 2006(81) Cohort retrospective Frozen section 

Yarandi, 2008(82) Cohort retrospective Frozen section 

Yazbek, 2007(83) Cohort prospective  US 

Zhang, 2007(84) Cohort retrospective CA125 

Abbreviations: US = ultrasound; MRI = magnetic resonance imaging; CA-125 = cancer antigen -125; RMI = Risk of 
Malignancy Index; 2-D PD = two-dimensional power Doppler; 3-D PD = three-dimensional power Doppler; ACOG = 
American College of Obstetricians and Gynecologists; SGO = Society of Gynecologic Oncologists; LR = logistic 
regression; CT= computed tomography; ANN = artificial neural network; PSV = peak systolic velocity; RI = 
resistance index; PI = pulsatility index 

 
 

2. Surgical procedures literature 
A total of 1809 articles were identified in the updated search for the most appropriate 

surgical procedure, of which 16 met the inclusion criteria (85-100).  
 
Study Design and Quality 

The ACN evidence-based guideline (6) earned 80.2% for the Rigour of Development 
domain of the AGREE tool. Since the role of AGREE in the assessment of health technology 
assessments has not yet been formally evaluated, the AHRQ report was not rated with AGREE 
but with AMSTAR for systematic reviews. It received an overall quality score of 90%. The 
meta-analyses by Geomini et al (14), Liu et al (15), Medieros et al (17), and Geomini et al (16) 
received scores of 73%, 55%, 82%, and 82% respectively.  

Given that, at the time of inclusion, all patients either have ovarian cancer or they do 
not, diagnostic accuracy studies are, in principle, cross-sectional in nature (101). The 
diagnostic tests under study are intended to reduce the clinical uncertainty about their status 
(101). As such, the terms “cohort-type” or “case-control―type” accuracy studies have been 
proposed depending on the method of patient recruitment. Using such terminology, two case-
control type studies and 65 cohort-type accuracy studies were included in this review (Figure 
1). Data collection occurred prospectively in 64% of the studies, retrospectively in 33%, and 
not described in 3%. The sampling method was consecutive in 42% of the studies and not 
reported in the remaining 58%. Pathologists were blinded to the preoperative index test 
findings in only 4% of studies and not blinded in 1% of studies, with the remaining 94% of 
studies not describing any such blinding.  
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Figure 1. Design and quality of included primary identification studies. 

 
 

 In general, the quality of evidence for studies identified for the surgical question was 
poor. No meta-analyses or systematic reviews were identified. Only one of the 16 eligible 
surgical studies was an RCT (89), and another was designed as a “historically controlled trial” 
(95), defined as per the Cochrane Collaboration definition of study designs (102). The 
remaining 14 eligible studies were all retrospective in nature. As the quality of data 
collection in a retrospective study is often compromised, it is important to take the inherent 
limitations of such retrospective review designs into consideration. Furthermore, with the 
exception of 2 large SEER database reviews, the studies tended to be small and were likely 
underpowered to detect statistically significant differences in survival outcomes.    
 
Outcomes 
1. Identification of an adnexal mass suspicious for malignancy 
 
Ultrasonography 

Ultrasonography is the most common diagnostic imaging technique for the noninvasive 
assessment of adnexal masses and is believed to be both a reliable and reproducible method 
for preoperative discrimination between malignant and benign pelvic masses (103-104). 

 
2D versus 3D  
 In addition to the four studies considered in the AHRQ report that analyzed both 2D 
and 3D ultrasonography, two new prospective studies were identified through the updated 
literature search (38,48). Analyzing the 2D ultrasonography data from the six studies using a 
bivariate random effects model yielded an overall sensitivity of 85.3% and specificity of 87.4% 
(Table 2, Figure 2A). When the data were pooled from the six 3D ultrasonography studies, the 
estimates improved to an overall sensitivity of 93.5% and specificity of 91.5% (Table 2, Figure 
2A).       
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Table 2. Summary results of bivariate analysis of 2D and 3D ultrasound. 

 Number of 
studies 

Sensitivity (95% CI) Specificity (95% CI) 

2D Ultrasonography 6 85.3% (95% CI, 69.0-93.8%) 87.4% (95% CI, 75.0-94.1%) 

3D Ultrasonography 6 93.5% (95% CI, 74.1-98.6%) 91.5% (95% CI, 80.0-96.6%) 

 
Ultrasound Morphology 

 Morphological scoring systems, based on parameters observed from gray-scale 
sonography, were developed to overcome limitations with operator subjectivity and tumour 
variability (3). These scoring systems assign and then sum up the score for established 
sonographic variables. A predetermined specific cutoff value classifies the mass as either 
malignant or benign.  
  
Sassone Scoring System 

The model originally described by Sassone et al (105) is based on a weighted sum of 
the following four morphological features: inner wall structure, wall thickness, septa, and 
echogenicity. A score of greater than 9 is suggestive of malignancy. The AHRQ report 
identified and conducted a meta-analysis of 15 studies that explicitly used Sassone’s criteria. 
The meta-analysis by Geomini et al (16) included 18 studies with cutoffs that ranged from 4 
to 15, although 9 was the most common cutoff as in the original report. While our updated 
literature search did not identify any additional studies reporting on the Sassone et al model, 
we elected to conduct a meta-analysis of studies from both the AHRQ report and the Geomini 
et al meta-analysis that met our inclusion criteria, because neither report alone captured all 
the available data. A bivariate random effects model of these 22 studies generated a pooled 
sensitivity of 90.4% and specificity of 76.4%. Limiting our analysis to the 17 studies (42,62,67, 
71,105-117) reporting a cutoff point of 9, yielded an overall sensitivity of 88.6% and 
specificity of 77.5% (Table 3, Figure 2B). 

 
Lerner Scoring System 
 Lerner et al (118) devised a scoring system based on a modification to the Sassone 
model. The Lerner model differs from Sassone’s in several ways, including weighted point 
value assignments, fewer point values per variable studied, the deletion of one variable found 
not to be significant (wall thickness), and the inclusion of a new variable called shadowing. A 
cutoff of 3 was determined to best differentiate benign from malignant masses. The AHRQ 
report did not separately evaluate the Lerner model. Geomini et al (16) reported eight 
studies that evaluated the Lerner model, in addition to the original, and found a pooled 
sensitivity of 90% and specificity of 63% (Table 3). Our updated literature search identified 
one additional study by Lee et al (49) where 137 masses were evaluated in 123 women, and a 
sensitivity of 82.1% and specificity of 69.7% were reported. We do not believe that the 
addition of this one study would change the overall estimates reported by Geomini et al and, 
thus, did not rerun the analysis.  
 
DePriest Scoring System 
 The model described by DePriest et al (119) uses the weighted sum of cystic wall 
structure, volume, and septum structure. The score ranges from 0 to 12, with the most 
common cutoff set at 5. The AHRQ report identified six studies that made use of the DePriest 
scoring system.   Geomini et al (16) evaluated 10 studies and reported a pooled sensitivity of 
91% and specificity of 69% (Table 3). Our literature search identified an additional study (49) 
not included in either the AHRQ report or the meta-analysis by Geomini et al. In 123 women 
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with 137 masses, Lee and colleagues reported a sensitivity of 92.9% and specificity of 59.6%. 
We do not believe the addition of this one study to the Geomini et al meta-analysis would 
have changed the overall estimates and, therefore, did not repeat the analysis.  
 
Ferrazzi Scoring System 
 Ferrazzi et al  (109) developed their model to include four morphological features: 
wall structure, septa, vegetations and echogenicity. The weighted sum can range from 4 to 
18, with 9 used as a cutoff to suggest malignancy. The AHRQ report identified three studies 
explicitly using the Ferrazzi et al criteria and the meta-analysis by Geomini et al (16) pooled 
seven studies. An updated search of the literature identified 1 additional study reporting on 
the Ferrazzi et al scoring system (58). Pooling the nine available, qualifying studies generated 
an overall sensitivity of 85.2% and specificity of 85.9% (Table 3, Figure 2B).    
 
Finkler Scoring System 
 Finkler et al (120) developed a 10-point scoring system, where scores of 7 or more 
indicate malignancy. The AHRQ report identified three studies that evaluated the Finkler 
system, as did Geomini et al (16). However, Geomini et al found that the summary estimates 
varied widely in the ROC curve. Despite not having identified any additional studies, we felt it 
was worthwhile to combine all available data in overall summary estimates. Our bivariate 
random-effects analysis of the five studies (120-124) allowed in our model generated an 
overall sensitivity of 83.5% and specificity of 78.2% (Table 3, Figure 2B).  
 
Other Scoring Systems 
 The meta-analysis by Geomini et al (16) also considered a model developed by Alcazar 
and Jurado that made use of the Sassone score as a variable in a logistic regression. Although 
the model was evaluated in four studies, there was too much variability in the sensitivity and 
specificity to pool the summary estimates. The AHRQ report identified 53 studies that 
evaluate ultrasonography in the assessment of adnexal mass morphology. These publications 
included unique, modified, or unclear scoring systems that did not fit into the other scoring 
system categories. While there was significant heterogeneity in the criteria used for 
diagnosis, the report did go ahead and pool sensitivity and specificity. The resulting summary 
estimates were 86% for sensitivity and 83% for specificity.     
 
Table 3. Summary results of bivariate analysis of morphological scoring systems. 
 Number of 

studies 
Sensitivity (95% CI) Specificity (95% CI) 

Sassone Scoring System 
(cutoff 9) 

17 88.6% (95% CI, 81.3-93.3%) 77.5% (95% CI, 70.0-83.6%) 

Lerner Scoring System 9* 90% (95% CI, 87-98%) 63% (95% CI, 40-81%) 

DePriest Scoring System 10* 91% (95% CI, 85-97%) 69% (95% CI, 60-78%) 

Ferrazzi Scoring System 9 85.2% (95% CI, 76.4-91.1%) 85.9% (95% CI, 71.9-93.5%) 

Finkler Scoring System 5 83.5% (95% CI, 73.1-90.4%) 78.2% (95% CI, 59.0-89.9%) 

*From Geomini et al (16) 

 
Explicit Scoring Systems 
 The AHRQ report considered scoring systems that included data combined from the 
following categories: 1) imaging, including ultrasound, CT, and MRI; 2) patient risk factors, 
such as age and menopausal status; and 3) laboratory data, primarily CA-125.    
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Risk of Malignancy Index (RMI) 
 The RMI, first published by Jacobs and colleagues (125), is based on scores from 
ultrasound (U), menopausal status (M), and CA-125 data in the following manner: RMI = U x M 
x CA-125. A cutoff of 200 was used to differentiate between malignant and benign masses in 
the original study. The AHRQ report (3) identified 11 studies in addition to the original that 
assessed the diagnostic performance of RMI. The meta-analysis by Geomini et al (16) 
identified 16 studies in which the RMI was evaluated but considered only the 13 studies that 
used the original cutoff of 200.   

An updated literature search identified two new studies (21,32) that considered the 
diagnostic accuracy of RMI. When a bivariate random effects model was used to pool the data 
from the 13 studies, with 15 data sets, employing a cutoff of 200 to be indicative of 
malignancy, the summary sensitivity and specificity were 79.2% and 91.7%, respectively 
(Table 4, Figure 2B). When the analysis was extended to the 23 studies considering a cutoff 
level of 50, the summary estimates were 82.1% for sensitivity and 87.8% for specificity.   
 
RMI2 
 Several years after the RMI was published, improvements to the model were 
attempted. Tingulstad et al (126) proposed the RMI2, which gives new weights to the 
ultrasound and menopause components of the original model. The same cutoff level of 200 
was recommended for the RMI2 model.  

The AHRQ report identified four studies in addition to the Tingulstand et al original, 
while Geomini et al (16) evaluated seven studies and, at a cutoff level of 200, reported 
pooled estimates for sensitivity and specificity of 79% and 81%, respectively (Table 4). The 
updated literature search indentified only one additional study evaluating the diagnostic 
accuracy of RMI2. In 194 women, Bensaid et al (21) reported a sensitivity of 92% (95% CI, 65 to 
100%) and specificity of 80% (95% CI, 75 to 84%) at a cutoff of 125. Because data were not 
available at the recommended cutoff of 200, we did not repeat the analysis to include the 
data from Bensaid et al.          
 
RMI3 
 In 1999, Tingulstad et al (127) suggested a further refinement to the two previous RMI 
models, again with suggested new weights given to the ultrasound and menopause 
components. Two hundred was once again the recommended cutoff level for this third model.  

Both the AHRQ report and the meta-analysis by Geomini et al identified only one 
additional study (128) that evaluated the RMI3 and reported that this validation study found a 
sensitivity of 74% and specificity of 91%. These results were very similar to the original RMI3 
report, which found a sensitivity of 71% and specificity of 92%. We did not identify any 
additional literature evaluating RMI3.       
 
Tailor’s Model 
 Tailor et al (129) developed a scoring system based on an artificial neural-network 
analysis that incorporates age, menopausal status, morphological features, and Doppler 
indices. The AHRQ report found four additional studies that evaluated this model but did not 
pool the data sets. They did note, however, that the subsequent studies each reported poorer 
performance than did the original publication. Geomini et al (16) found five publications that 
evaluated the original Tailor model. At a suggested cutoff of 50%, the pooled sensitivity and 
specificity of four data sets were 60% and 93%, respectively (Table 4). Our updated search of 
the literature did not identify any other studies that evaluated the diagnostic performance of 
the Tailor et al model.    
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Table 4. Summary results of bivariate analysis of explicit scoring systems. 

 
Number of 

studies 
Sensitivity (95% CI) Specificity (95% CI) 

RMI (cutoff 200) 15 79.2% (95% CI, 73.6-83.9%) 91.7% (95% CI, 87.2-94.6%) 

RMI 2 (cutoff 200) 7* 79% (95% CI, 71-87%) 81% (95% CI, 72-90%) 

Tailor’s Model 4* 60% (95% CI, 20-100%) 93% (95% CI, 82-100%) 

*Geomini et al meta-analysis (16) 
 
Artificial Neural Network (ANN) 1 and 2 
 Timmerman et al developed two artificial neural-network (ANN) models (130) in the 
late 1990s to predict the malignancy of an adnexal mass. Through complex modelling 
techniques, the ANN models investigate the possible existence of non-linear interactions or 
correlation between variables. The ANN1 model combines the predictive value of menopausal 
status, serum CA-125, presence/absence of papillary structures, and colour score, and uses a 
cutoff of 45%. The ANN2 model includes, in addition to menopausal status, serum CA-125, and 
papillary structures as in ANN1, the following set of morphological parameters: smoothness of 
internal walls, unilocularity, presence of ascites, and whether the mass is bilateral. A cutoff 
of 60% was used. Timmerman et al found the sensitivity and specificity of ANN1 to be 94% and 
90%, respectively. ANN2 performed slightly better with a sensitivity of 96% and specificity of 
94%. Two separate studies validated the models (77,115) and also reported a better 
performance with ANN2 over ANN1, although performance in subsequent replications was 
poorer. Mol et al (115) reported ANN2 to have a sensitivity and specificity of 90% and 46%, 
respectively, while Van Holsbeke et al (77) reported 98% and 34%, respectively. Our updated 
literature search did not identify any additional studies that validated the Timmerman ANN 
models. While other artificial neural networks have been developed over the years, external 
validation of these additional models is scarce, and they will not be discussed further.     
 
Logistic Regression Models (LR) 1 and 2 
 The development of algorithms through statistical modeling that assess the probability 
of malignancy can also be used to distinguish malignant from benign masses preoperatively. 
One such logistic regression model (LR1) (131), developed in the late 1990s by Timmerman et 
al, included the following variables in the analysis: menopausal status, CA-125 level, presence 
of ≥1 papillary growth (>3mm in length), and a colour score indicative of tumour vascularity 
and blood flow. At a cutoff of 25%, the sensitivity of the LR1 was 95.9% and specificity was 
87.1%. Two external validation studies (77,132) found lower estimates upon replication, 
where sensitivity was found to be 62% by Valentin et al and 78.1% by Van Holsbeke et al, and 
specificity was 79% in both studies.   

A second logistic regression model (LR2) developed by the Timmerman group 
incorporates the same variables as ANN2 (i.e., menopausal status, serum CA-125, papillary 
structures, smoothness of internal walls, unilocularity, presence of ascites, and whether the 
mass is bilateral). Timmerman et al (130) reported, at a cutoff of 60%, a sensitivity and 
specificity of 95.9% and 85.5%, respectively. Again, at external validation, estimates were 
considerably lower (sensitivity 90% and 84% and specificity 86% and 75% in Mol et al (115) and 
Van Holsbeke et al (77), respectively).  

A number of other logistic regression prediction models are found in the literature, but 
many are without external validation and will not be considered further in this document.  
 
Doppler Sonography 



 

Section 2: Systematic Review  31 

Regular gray-scale sonography can be enhanced with Doppler measurements, which 
assess the direction of blood flow and its relative velocity. Colour Doppler imaging and pulsed 
Doppler spectral analysis enable evaluation of ovarian tumour blood flow, analysis of the 
distribution of blood vessels, and quantitative measurement of blood-flow velocity 
waveforms. These parameters increase the sensitivity and specificity of ultrasound evaluation 
of ovarian tumours (133).   
 
2D Power Doppler (2D PD) 
 The updated search of the literature identified five qualifying studies that evaluated 
2D PD technology in the preoperative discrimination between malignant and benign adnexal 
masses. The sensitivity in these studies ranged from 49% to 100%, while specificity ranged 
from 74% to 100% (Table 5).  
 
Table 5. Performance of 2D PD from updated literature.  

Study 
Number of patients 

or masses 
Sensitivity Specificity 

Exacoustos et al. 2005 (34) 452 48.5% 95.9% 

Van Calster et al. 2007 (75) 809 88.4% 94.9% 

Laban et al. 2007 (48) 50 100% 73.7% 

Choudhury et al. 2005 (27)  40 90% 100% 

 
Wilson et al. 2006 (80) 
 

38 75.0% 76.7% 

 
 
3D Power Doppler (3D PD) 
 The evaluation of 3D PD technology in the differential assessment of adnexal masses 
was considered in four qualifying studies identified through the updated literature search. 
The sensitivity in these studies ranged from 68% to 100%, while specificity ranged from 40% to 
98% (Table 6).  
 
Table 6. Performance of 3D PD from updated literature.  

Study 
Number of patients 

or masses 
Sensitivity Specificity 

Dai et al. 2008 (28) 36 76.7% 50% 

Guerriero et al. 2007 (41) 35 68% 40% 

Kurjak et al. 2000 (47) 90 88.9% 97.5%  

Laban et al. 2007 (48) 50 100%  73.7% 

Resistance Index (RI) 
 Resistance Index (RI), the difference between peak systolic and maximum end-
diastolic flow velocity divided by peak systolic flow velocity, is one of the most common flow 
criteria in colour Doppler scanning. The AHRQ report identified 32 articles that evaluated RI, 
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although one study (134) actually considered a morphology index, not RI, and was excluded 
from further analyses. Our updated literature search identified five new studies (41,48,51-
52,55) that assessed the diagnostic accuracy of Doppler scanning using the RI parameter, but 
the data from Marret et al (52) was not included because this same data was previously 
published and already included. The analysis of the summary estimates for these four new 
studies along with the existing qualifying literature included 42 data sets and yielded an 
overall sensitivity of 77.2% and specificity of 89.8% (Table 7, Figure 2C).                                                                                                                                                                                
 
Pulsatility Index 
 Pulsatility Index (PI) is defined as the difference between peak systolic and 
enddiastolic flow velocity, divided by the time-averaged flow velocity. The AHRQ report 
analyzed the PI from 20 studies, while the updated literature search identified only one 
additional study (51) looking at PI that met the inclusion criteria. When we analysed the 21 
studies with 22 data sets, using a bivariate random effects model, we obtained an overall 
sensitivity of 80.6% and specificity of 79.9% (Table 7, Figure 2C). 
 
Peak Systolic Velocity 
 The peak or maximum systolic velocity (PSV) is the maximum flow recorded in any 
visualized artery and, along with RI and PI, it is one of the most common flow criteria. Our 
analysis of the six studies included in the AHRQ report plus one additional identified paper 
(55) yielded an overall sensitivity of 80.0% and specificity of 84.2% (Table 7, Figure 2C). 
 
Visualization 
 The AHRQ report considered Doppler studies that did not measure or calculate 
waveforms but, rather, looked at the presence of vascularity within the mass or a direct 
count of the vessels observed. The report identified 10 such studies with sensitivities that 
ranged from 77% to 100% and specificities that ranged from 30% to 94%. Pooling these studies 
resulted in an overall sensitivity of 88% and specificity of 78% (Table 7). Our updated 
literature search did not identify any additional studies investigating Doppler visualization.  
 
Table 7. Summary results of bivariate analysis of Doppler indices. 
 Number of 

studies 
Sensitivity (95% CI) Specificity (95% CI) 

RI 35 77.2% (95% CI, 68.7-83.9%) 89.8% (95% CI, 85.6-92.8%) 

PI 22 80.6% (95% CI, 74.9-85.2%) 79.9% (95% CI, 69.8-87.2%) 

PSV 7 80.0% (95% CI, 67.7-88.5%) 84.2% (95% CI, 69.3-92.7%) 

Visualization 10* 88% (80-92%) 78% (95% CI, 65-87%) 

*From AHRQ report (3) 
 
Combined Morphology and Doppler 
2D Ultrasonography plus Doppler   

A combination of morphological and vascular imaging was developed to try to improve 
the differentiation of malignant and benign adnexal masses. The AHRQ report identified nine 
studies that described such a combined modality. An additional three studies were identified 
through our updated search of the literature. When a bivariate random effect model was used 
to analyses all 12 studies, an overall sensitivity of 91.0% (95% CI, 84.8% to 94.8%) and 
specificity of 91.7% (95% CI, 81.1% to 96.6%) was obtained. (Figure 2C). 
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3D Ultrasonography plus Doppler   
 The updated search of the literature identified two qualifying studies that evaluated 
3D ultrasonography plus Doppler technology in the differential assessment of adnexal masses 
(Table 8).  
 
Table 8. Performance of 3D Ultrasound plus Doppler from updated literature.  

Study 
Number of patients 

or masses 
Sensitivity Specificity 

Alcazar et al. 2005 (18) 60 pts, 69 masses 97.8% 79.2% 

Laban et al. 2007 (48) 50 pts 100%  84.2% 

 
Other Imaging Modalities  
MRI 
 The AHRQ report identified 15 articles investigating the performance of MRI in the 
diagnosis of adnexal masses. An updated search of the literature since the AHRQ report was 
published identified a meta-analysis (15) evaluating, among other things, the MRI modality. 
Liu et al considered 10 studies reporting 13 data. In addition to this meta-analysis, six primary 
studies, not included in the Liu et al meta-analysis or the AHRQ report, were also identified 
during the updated literature search. Again, using a bivariate random effects model, we 
conducted a meta-analysis of the 15 studies from the AHRQ report, the one study exclusive to 
the Liu et al meta-analysis that qualified for the current analysis, and the six additional 
primary studies identified. This analysis of 22 studies with 24 data sets yielded an overall 
sensitivity of 91.9% and a specificity of 88.4% (Table 9, Figure 2A).  
 
CT 
 The AHRQ report described three studies that looked at the performance of CT in 
diagnosing adnexal masses. Liu et al (15) evaluated a total of four studies, two of which also 
appeared in the AHRQ report and two that did not meet the AHRQ inclusion criteria. Our 
updated search identified an additional four studies evaluating CT in the diagnosis of adnexal 
masses. A bivariate random effects analysis of these four studies, along with the three studies 
(with four data sets) considered in the AHRQ report yielded an overall sensitivity of 87.2% and 
specificity of 84.0% (Table 9, Figure 2A).  
  
PET 
 Three studies investigating positron emission tomography (PET) were evaluated in the 
AHRQ report. Our updated search identified two additional studies, both investigating the 
accuracy of the combined PET/CT modality. Since results for PET alone were not available, no 
further PET analyses were undertaken. The AHRQ report found a pooled sensitivity of 67% and 
specificity of 79% in the diagnosis of adnexal masses with PET technology (Table 9).   
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Table 9. Summary results of bivariate analysis of imaging modalities other than 
ultrasound. 
 Number of 

studies 
Sensitivity (95% CI) Specificity (95% CI) 

MRI 24 91.9% (95% CI, 88.8-94.1%) 88.4% (95% CI, 83.7-91.9%) 

CT 8 87.2% (95% CI, 74.2-94.1%) 84.0% (95% CI, 66.6-93.3%) 

PET 3* 67% (95% CI, 52-79%) 79% (95% CI, 70-85%) 

*From AHRQ report (3) 
 
Serum Marker 
CA-125 
 The AHRQ report identified 66 studies that investigated the use of CA-125 serum 
marker in the evaluation of an adnexal mass. An updated literature search identified 11 new 
studies, with 14 data sets, investigating the use of CA-125 in the diagnosis of an adnexal mass 
that met our inclusion criteria. In keeping with the AHRQ report and the most commonly used 
threshold of 35 U/mL, we conducted a meta-analysis of the 51 studies, with 52 data sets, that 
used a threshold of 35 U/mL. Eight of these studies (20,31-33,53,57,58,135) were published 
since the AHRQ report. The addition of these newer studies to the analysis did little to change 
the AHRQ summary estimates. We calculated an overall sensitivity of 78.7% and a specificity 
of 77.9% (Table 10, Figure 2D). Since many of the studies reported a threshold other than 35 
U/mL, we re-ran the analysis using 50 U/mL as the cutoff point. The analysis included 66 
studies with 72 data sets, including 10 studies published since the AHRQ report. This yielded 
an overall sensitivity of 79.0% and specificity of 78.3%. 
 
Frozen Section  
 While considered an intraoperative assessment rather than a preoperative one, frozen-
section diagnosis can help to guide further surgical management of ovarian tumours. 
Accordingly, the accuracy of this technique is of great consequence and, as such, this method 
of diagnosing a suspicious adnexal mass was deemed valuable for consideration in this report.  
 The updated search of the literature identified two systematic reviews and 15 primary 
studies (19,23-25,35,37,39,43,56,61,65,66,79,81,82) published in or since 2004 that 
considered the diagnostic accuracy of frozen-section diagnosis and were not included in 
either systematic review. All 15 studies were retrospective cohort-like in design, with seven 
reporting the selection of consecutive patients. Only one study reported the blinding of 
pathologists from the final histopathologic diagnosis when interpreting results of frozen 
sections. One study specifically reported that pathologists were not blinded, and the 
remaining 13 studies made no reference to blinding status.       
 Geomini et al considered the accuracy of frozen-section diagnosis in a 2005 systematic 
review (14). The literature search ranged from 1966 to mid-2003, with 18 primary studies 
qualifying for inclusion. When borderline tumours were classified as malignant, the sensitivity 
of frozen-section diagnosis ranged from 65% to 97% and the specificity between 97% and 100%. 
Classifying borderline tumours as benign resulted in a sensitivity of 71% to 100% and a 
specificity of 98.3% to 100%. 
 Medeiros and colleagues (17) also conducted a systematic review and meta-analysis on 
the accuracy of frozen-section analysis that included 14 primary studies. The literature search 
period in this review ranged from 1984 to the end of 2003. The pooled sensitivity and 
specificity of frozen-section diagnosis distinguishing between benign and borderline or 
malignant ovarian tumours was 99% (95% CI, 89 to 99%) and 88% (95% CI, 86 to 90%), 
respectively.   
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In our analysis of the 15 primary frozen section studies published since 2004, 
borderline tumours were considered malignant and counted as such in the 2x2 tables. 
Furthermore, any deferred cases reported were excluded from the 2x2 tables and, 
consequently, from the analysis. A bivariate random effects analysis of these 15 studies 
yielded an overall sensitivity of 89.2% (95% CI, 86.3 to 91.5%) and specificity of 97.9% (95% CI, 
96.6 to 98.7%) (Table 10, Figure 2D).   
 
Table 10. Summary results of bivariate analysis of CA-125 and frozen section analysis. 
 Number of 

studies 
Sensitivity (95% CI) Specificity (95% CI) 

CA-125 
51 studies  

(52 data sets)  
78.7% (95% CI, 75.3-81.7%) 77.9% (95% CI, 73.2-82.0%) 

Frozen Section 15 89.2% (86.3-91.5%) 97.9% (86.3-91.5%) 
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Figure 2. COMBINED Summary ROC curves for the performance of diagnostic tests in 
differentiating malignant from benign ovarian tumours 
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*Sassone cutoff point of 9; RMI1 cutoff point ≥200 
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*CA-125 cutoff point ≥35 U/mL 
  

 
ACOG/SGO Referral Guidelines 
 The American College of Obstetricians and Gynecologists (ACOG) and the Society of 
Gynecologic Oncologists (SGO) jointly published guidelines for the referral of women with 
pelvic masses that are suspicious for ovarian cancer to gynecologic oncologists (136). The 
referral guidelines are based on patient age, CA-125 level (>200 U/mL for premenopausal, >35 
U/mL for postmenopausal), physical findings, imaging results, and a family history of breast 
or ovarian cancer in a first-degree relative.  

The referral guidelines were validated, and their role in distinguishing benign from 
malignant masses was tested in a multicentre setting with 1035 patients (44). In 
premenopausal women, the sensitivity and specificity of the referral guidelines in 
differentiating benign and malignant masses was 70% and 69%, respectively. Sensitivity was 

.2 

.4 

.6 

.8 

1 

0 .2 .4 .6 .8 1 

1 - Specificity 

CA125 SROC Curve CA125 

Frozen Section SROC Curve Frozen Section 

D.  CA125 and Frozen Section SROC Curves 

Sensitivity 



 

Section 2: Systematic Review  40 

enhanced in postmenopausal women, where the guideline correctly identified 94% of ovarian 
cancer patients. Specificity in this group was reported to be 58%.      
 The predictive value of the referral guidelines was further evaluated in a prospective 
cohort study of 837 consecutive patients (30). In premenopausal women, the sensitivity and 
specificity were 79.2% and 69.8%, respectively. In postmenopausal women, sensitivity was 
found to be 93.2% and specificity was 59.9%. In considering early- versus late-staged disease, 
the referral guidelines performed better in terms of sensitivity in late-staged disease, 
especially in postmenopausal women where sensitivity reached 98.3%. In premenopausal 
women, the referral guidelines were 92.3% sensitive in distinguishing malignant from benign 
cases. 
 
2. Surgical procedures for an adnexal mass suspicious for malignancy 

The Australian Cancer Network (ACN) 2004 guideline (6) on the management of women 
with epithelial ovarian cancer made recommendations on, among other things, the most 
appropriate surgical approach to take in such patients. Eight studies were included in the 
surgery for pelvic mass section of the guideline and are not discussed further here. An 
updated search of the literature identified an additional 16 studies (Table 11) published since 
the 2004 ACN guideline that met our inclusion criteria.  
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Table 11. New primary studies on surgical management of a suspicious adnexal mass categorized by surgical technique.  

Study Study Design Patients Procedure Survival Adverse Events 

Surgical staging 

Chan 2007(85) Retrospective 
cohort study  
 
SEER database  
Jan 1, 1988 to  
Dec 31, 2001 
 
Follow-up not 
reported 

Stage-I ovarian cancer 
excluding borderline 
ovarian/low malignant 
potential (LMP) tumours  
 
N=6686 
Age <50=2764 
Age >50=3922 
 
Age: 
at diagnosis: 53.7±0.2 
(range, 1-99) 

Lymphadenectomy vs. 
No lymphadenectomy 
 

5-year disease specific survival 
rate:  
Lymphadenectomy=92.6% 
No lymphadenectomy=87.0% 
Log rank p<0.001 
 
Extent of lymphadenectomy on 
survival: 
0 nodes: 87.0% 
<10 nodes: 91.9% 
>10 nodes: 93.8% 
Log rank p<0.001 

NR 

Chan 2008(86) Retrospective 
cohort study  
 
SEER database  
1988-2001 
 
Follow-up not 
reported 
 

Stage I-II EOC  
 
N=8372 
Stage I: n=6152 
Stage II: n=2220 
 
Age: 
at diagnosis: 57  
(range, 12-99) 

Lymphadenectomy vs. 
No lymphadenectomy 
 
 

3-year disease specific survival 
rate:  
 
Lymphadenectomy=93.3±0.5%  
No lymphadenectomy=82.0±0.6% 
Log rank p<0.001 
 
 

NR 

Cho 2006(87) Retrospective 
cohort study  
 
Jan 1990-Oct 
2005 
 
Median follow-up 
(months): 
BOT staged: 39.0 
BOT unstaged: 
43.0 
OC staged: 36.5  
OC unstaged: 
73.0  

Patients with stage-I 
mucinous EOC apparently 
confined to ovaries  
N=264 
 
Age: 
BOT staged: 41.9±16.5 
BOT unstaged: 37.3±16.3 
OC staged: 42.8±18.5 
OC unstaged: 36.9±14.6 

Surgical staging vs. 
Unstaged 

Report no significant between-
group differences in progression-
free (p=0.889) and overall survival 
(p=0.958) rates 

Surgical complication 
rates: 
Staged: 12.9% 
Unstaged: 1.0% 
p<0.001 
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Study Study Design Patients Procedure Survival Adverse Events 

Hornung 
2004(88) 

Retrospective 
cohort study  
 
Follow-up not 
reported 

Primary malignant ovarian 
tumours 
 
N=111 
Radical sx: n=54 
Non-radical sx: n=38 
 
Age: mean 58  
(range, 21-94) 

Lymphadenectomy vs. 
No lymphadenectomy 

Report a statistically significant 
difference in mean overall 
(p=0.0008) and disease-free 
survival (p=0.0007) between the 
two groups, where 
lymphadenectomy showed a 
substantial benefit in survival 

NR 

Maggioni 
2006(89) 

Randomized 
controlled trial 
 
Median follow-
up: 87.8 months 

EOC macroscopically 
confined to pelvis and 
optimally debulked (RD 
≤1cm) 
 
N=268 
Systemic lymph: n=138 
Control (lymph node 
sampling): n=130 

Lymphadenectomy vs. 
No lymphadenectomy 
(sampling) 

5-yr Progression-free survival:  
No lymphadenectomy: 73.4% 
Lymphadenectomy: 78.3% 
(difference = 4.9%; 95% CI -5.9 to 
12.5%) 
 
HR (95% CI): 0.72 (0.46-1.14)  
p=0.16 
 
5-yr Overall survival:  
No lymphadenectomy: 81.6%  
Lymphadenectomy: 84.0% 
(difference = 2.4%; 95% CI -8.3 to 
8.9%) 
 
HR (95% CI): 0.85 (0.49-1.47)  
p=0.56 
 
Note: study was underpowered   

NR 

Oksefjell 
2008(90) 

Retrospective 
cohort study  
 
1984-2001 
 
Follow-up not 
reported 

Stage I EOC 
 
N=252 

Lymph node staging 
vs. no lymph node 
staging 

5- yr survival rate: 
Lymph node staging=87% 
No lymph node staging=64%  
p=0.02 

NR 

Skirnisdottir 
2005(91) 

Retrospective 
cohort study  
 

Stage IA-IIC OC 
 
N=113 

Lymph node sampling 
v. no sampling 

Disease-free survival: 
Lymphadenectomy: 95% 
No sampling: 62.4% 

NR 
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Study Study Design Patients Procedure Survival Adverse Events 

Jan 1, 1994 to  
Dec 31, 1998 
 
Median follow-up 
(months): 67 
(range, 36-97) 
 

Lymph n=20 
No sampling n=93 
 
Age: mean 61  
(range, 23-88) 

p=0.004 
 
Odds Ratio (95% CI): 
0.092 (0.013-0.670)  
p=0.019 
 

Suzuki 
2008(92) 

Retrospective 
cohort study  
 
1986-2006 
 
Median follow-up 
49 months 
 

pTI-IIb pure type CCC 
 
N= 205 
Grp A: n = 104 
Grp B: n = 101 
 
Median Age: 
Grp A: 52 (range, 30-75) 
Grp B: 51 (range, 32-75)  

Group A= systemic 
retroperitoneal 
lymphadenectomy 
vs. 
Group B= no systemic 
lymphadenectomy 
 
 

5-yr disease specific survival: 
Grp A: 84.7% 
Grp B: 85.3% 
p=0.645 
 
5 –yr disease-free survival: 
Grp A: 79.7% 
Grp B: 73.5% 
p=0.353 

NR 

Wong 
2007(93) 

Retrospective 
cohort study  
 
Jan 1991-Dec 
2004 
 
Mean follow-up: 
21 months (range 
2-140) 

LMP tumours 
 
N=247 
Staged: 164 
Unstaged: 83 
 
Mean age: 38 
(range, 16-89) 

Surgical staging vs. 
unstaged 

Overall survival rate: 
Staged: 97.6% 
Unstaged: 98.8% 
p=0.653 
 
Disease-free survival rate: 
Staged: 97.6% 
Unstaged: 97.6% 
p=1.00 

NR 

Laparoscopy (LPS) vs. Laparotomy (LPT) 

Desfeux 
2005(94) 

Retrospective 
Cohort study  
 
Jan 1, 1985 to  
Dec 31,2001 
 
Median follow-up 
29 months 
(interquartile 
range, 16-55) 

LMP tumours with final 
stage IA-IC 
 
N=118 
 
Age (mean): 45±16 
 

Laparoscopy vs. 
laparotomy  

Reported no difference in DFS and 
OS between the 2 surgical 
approaches (p=0.6), but number 
of events was too small and only 
afforded a 20% power to detect a 
statistically significant difference. 
 
 

Intraoperative tumour 
rupture: 
p=0.1 
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Study Study Design Patients Procedure Survival Adverse Events 

Ghezzi 
2007(95) 

Historically 
controlled trial 
 
2003; LPT 
controls from 
1997-2003 
 
Median follow-up 
(months): 
LPS 16 (4-33) LPT 
60 (32-108) 

Women with apparent 
early-stage OC  
 
N=34 
LPS group: n=15 
Age: 55 (range, 13-70) 
 
LPT group: n=19 
Age: 61 (range, 44-71) 
 

Laparoscopy (LPS) vs. 
Laparotomy (LPT)  

Disease-free survival: 
LPS: 100%  
LPT: 92% 
p value not reported 
 
Overall survival: 
LPS: 100%  
LPT: 100% 
 

Postoperative 
complications: 
LPS: 6.7%  
LPT: 42.1%  
p=0.047 

Lecuru 
2006(96) 

Retrospective 
cohort study  
 
Jan 1, 1985 to 
Dec 31, 2001 
 
Mean follow-up 
of 40 months 
(range, 1.7-182) 
 

Pt with proven stage I EOC 
 
N=178 
Group 1: laparoscopy n=34 
Group 2: laparotomy n=114 
Group 3: laparoscopy 
converted to laparotomy 
n=30  
 
Age: 
Grp 1: 43±12 
Grp 2: 51±16 
Grp 3: 41±15 

Laparoscopy vs. 
laparotomy 
 
 

Survival: 
Grp 1: 100% 
Grp 2: 97% 
Grp 3: 100%  
p=0.06 
 
 

Intraoperative tumour 
rupture: 
Grp 1: 31% 
Grp 2: 16% 
Grp 3: 22%  
p=0.19 
 

Park 2008(97) Retrospective 
cohort study  
 
Jan 2001 to Aug 
2006 
 
Median follow-
up: 17 months 
(range, 5-61) 
 

Pt with apparent stage I 
EOC 
 
N=36 
LPT group: n=19 
LPS group: n=17 
 
Age:  
LPT=48.9±10.8 
LPS=43.2±12.3 

laparoscopy vs. 
laparotomy  

Reported no difference in DFS and 
OS between the 2 groups (p=0.123 
and 0.280, respectively) 
 
 
 

Intraoperative 
complications: 
Laparotomy: 5.3%  
Laparoscopy: 11.8% 
p value not reported 
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Study Study Design Patients Procedure Survival Adverse Events 

Romagnolo 
2006(98) 

Retrospective 
cohort study  
 
Jan 1992 to June 
2004 
 
Median follow-up 
(months): 
Laparotomy: 40  
Laparoscopy: 47 

LMP tumours 
 
N=113 
LPT: n=61 
LPS: n=52  
 
Age: mean 44 (range 20-88) 

Laparotomy vs. 
Laparoscopy 

Disease-free survival rate: 
Laparotomy: 90.2%  
Laparoscopy: 86.5% 
p=not significant 

Intraoperative tumour 
rupture: 
Laparotomy: 6.6%  
Laparoscopy: 34.6% 
p<0.0001 

Park 2009(99) Retrospective 
cohort study  
 
April 1989 to May 
2008 
 
Mean follow-up:  
70 months 
(range, 3-216) 

LMP tumours 
 
N=360 
Laparotomy: n=289 
Laparoscopy: n=71 
 
Age: 
Radical sx: 51.8±12.7 
Fertility-sparing sx: 
29.6±11.5 

Laparotomy vs. 
Laparoscopy 

Disease-free survival 
OR: 1.17 (95% CI: 0.33-4.08) 
p=0.808 
 
 

NR 

Fertility-sparing vs. more extensive (radical) surgery 

Park 2009(99) Retrospective 
cohort study  
 
April 1989 to May 
2008 
 
Mean follow-up:  
70 months (3-
216) 

LMP tumours 
 
N=360 
Radical sx: n=176 
Fertility-sparing sx; n=184 
 
Age: 
Radical sx: 51.8±12.7 
Fertility-sparing sx: 
29.6±11.5 

Fertility-sparing sx vs. 
radical sx  

10 yr DFS rates 
Radical sx: 92% 
Fertility-sparing sx: 95% 
OR: 0.38 (95% CI: 0.09-1.46) 
p=0.157 
 
10-yr OS rates 
Radical sx: 97% 
Fertility-sparing sx: 98% 

Intraoperative tumour 
rupture: 
Radical sx: 13.1% 
Fertility-sparing sx: 
6.0% 
p=0.021 

Yinon 
2007(100) 

Retrospective 
cohort study  
 
1979-2004 
 
Mean follow-up:  

LMP tumours 
 
N=62 
USO: n=40 
Cystectomy: n=22 
 

Cystectomy vs. 
unilateral salpingo-
oophorectomy (USO)  

Disease-free survival (mean): 
Cystectomy: 23.6 months 
USO: 41 months 
p=0.2 
 
 

Reoperation: 
Cystectomy: 27% 
USO: 37.5%  
p value not reported 
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Study Study Design Patients Procedure Survival Adverse Events 

Cystectomy: 65 
months (range, 
6-180) 
USO: 101 months  
(range, 6-30) 

Mean age: 28 (range, 13-
44) 

 

Abbreviations: BOT = borderline ovarian tumours; EOC = epithelial ovarian cancer; OC = ovarian cancer; RD = residual disease;LMP = low malignant potential; LPS = 
laparoscopy; LPT = laparotomy; DFS = disease-free survival; OS = overall survival; OR = odds ratio; sx= surgery; NR = not reported.  
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Survival 
A randomized controlled trial (RCT) (89) of patients undergoing a systematic aortic 

and pelvic lymphadenectomy versus those undergoing lymph node sampling reported no 
statistically significant difference in five-year progression-free (p=0.16) or overall survival 
(p=0.56). However, this RCT was underpowered to detect an effect of systematic 
lymphadenectomy on survival. The sample size calculation in this study was undertaken to 
detect a difference in prevalence of lymph node positivity, the study’s primary outcome. The 
targeted sample size required to detect an effect of lymphadenectomy on survival, the 
secondary outcome, was deemed unattainable by the researchers. Despite the reduced power 
to detect a statistical difference in the secondary outcomes, the study reported a trend 
favouring lymphadenectomy in terms of progression-free (HR, 0.72; 95% CI, 0.46 to 1.14) and 
overall (HR, 0.85; 95% CI, 0.49 to 1.47) survival.   

Eight additional studies (85-88,90-93) investigated the survival impact of 
comprehensive surgical staging in women diagnosed with early-stage ovarian cancer. In two 
large population-based studies (85-86), consisting exclusively of over 6600 early-stage 
epithelial ovarian cancer patients, Chan et al found that surgical staging with 
lymphadenectomy was associated with improved three-year (p<0.001) (86) and five-year 
disease-specific survival (p<0.001) (85) compared to staging procedures without 
lymphadenectomy. Similarly, Oksefjell et al reported a statistically significant improvement 
in 5-year overall survival rates in patients undergoing a lymphadenectomy versus those that 
did not (87% vs. 64%, respectively; p=0.02). Survival analyses performed by both Skirnisdottir 
et al (91) and Hornung et al (88) also demonstrated a statistically significant benefit in 
disease-free survival (p=0.004 and p=0.0007, respectively) for patients undergoing a 
lymphadenectomy versus those that did not. Hornung and colleagues also considered overall 
survival and reported a statistically significant difference (p=0.0008) in the two patient 
groups in favour of the lymphadenectomy group. Conversely, in 205 patients with pTI-IIb clear 
cell carcinoma, Suzuki et al (92) found that patients who underwent systemic 
lymphadenectomy did not show a significant improvement in disease-free (p=0.353) or overall 
survival (p=0.645) compared to those that did not. Similarly, Cho et al (87) report no 
significant difference between groups in progression-free and overall survival rates in patients 
with stage I mucinous epithelial ovarian tumours undergoing complete staging versus those 
whose staging was incomplete.    

In an attempt to determine the benefit of surgically staging ovarian low malignant 
potential (LMP) tumours, Wong and colleagues (93) retrospectively reviewed the records of 
247 patients with tumours of borderline malignancy and found no statistically significant 
difference in rates of recurrence or mortality between patients surgically staged and those 
who were unstaged.     

Six studies (94-99, 137) compared laparoscopy versus laparotomy for the surgical 
management of women with apparent early ovarian cancer or borderline tumours. Patient 
sample sizes in these studies ranged from 34 to 360. In the three studies (95-97) that 
considered patients with early epithelial ovarian cancer (EOC), no statistical difference in 
survival rates was detected between patients undergoing a laparoscopy versus laparotomy. 
Similarly, in the management of patients with early borderline ovarian tumours, Romagnolo 
et al (98), Park et al (99), and Desfeux et al (94) found that a laparoscopic versus laparotomic 
surgical approach did not appear to influence survival rates, although Desfeux et al 
acknowledged that the number of events was too small to allow for proper statistical testing.   

Fertility-preserving treatments are often desirable for women of reproductive age who 
are diagnosed with borderline ovarian tumours (BOT). Two studies compared the impact of 
conservative fertility-sparing surgeries versus more extensive surgical approaches. Yinon et al 
(100) specifically compared rates of recurrence in 40 patients who underwent unilateral 
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salpingo-oophorectomy versus 22 patients who underwent cystectomy only. No statistical 
difference in recurrence rates was detected (27.5% vs. 22.7%, p=0.8). Similarly, in a larger 
study of 360 women with BOT, Park et al (99) found no difference in disease-free survival 
between patients that underwent radical or fertility-sparing surgery (p=0.651).   

 
Adverse Events 

While the surgical technique did not appear to impact patient survival, there were 
differences detected in surgical outcomes and complication rates. Cho et al (87) found a 
statistically significant difference in complication rates, with 12.9% experiencing a 
complication in the completely staged group versus 1.0% in those incompletely staged 
(p<0.001). Ghezzi et al (95) reported a statistically significant difference in the rates of minor 
postoperative complications, with 6.7% of patients in the laparoscopy group experiencing such 
an event compared to 42.1% of patients in the laparotomy group (p=0.047). Romagnolo et al 
(98) reported a difference in the cases of tumour rupture or spilling during surgery, with 
34.6% ruptures recorded in the laparoscopic group compared to 6.6% in patients undergoing a 
laparotomy (p<0.0001). Similarly, Lecuru et al (96) found 31% of laparoscopic patients 
experienced intraoperative tumour rupture versus 16% in the laparotomy group. However, this 
difference did not reach statistically significance. In patients with borderline tumours, the 
difference in the occurrence of intraoperative tumour rupture was found not to be 
statistically associated with the surgical approach according to Desfeux et al. (94)     
  
DISCUSSION  
 The basic diagnostic work-up of patients with a suspicious adnexal mass involves a 
gynecological exam, ultrasound imaging and testing of serum tumour markers. While this 
approach is often sufficient in detecting advanced disease, the diagnosis of early-staged 
ovarian cancer is more challenging. In an attempt to determine the best method for the 
identification and diagnosis of a suspicious adnexal mass, we systematically reviewed existing 
guidelines and the literature. 

The intention and necessity of preoperative diagnosis of an adnexal mass is to both 
triage the patient and better define the surgical options. Recent Canadian guidelines on the 
evaluation and referral of ovarian masses (138) recommend that patients with a high-level 
risk of underlying malignancy be reviewed in consultation with a gynecologic oncologist. 
Indeed, studies considering the impact of physician’s specialty on the survival of patients with 
early stage ovarian cancer have shown a trend towards improved survival when gynecologic 
oncologists perform the surgery (139-140). Along with triaging appropriate patients to 
subspecialists, the preoperative diagnosis of an adnexal mass provides the anatomic details 
necessary to inform the surgical options. For patients with clearly benign masses, or likely 
benign masses with health issues, observation only is the usual management. Such 
preoperative diagnostic information can also help to distinguish patients who require 
extensive surgery over those for whom a more conservative surgical approach is adequate.    
  Statistical comparisons between diagnostic techniques could not be performed in this 
review. Instead, the assessment of various modalities in differentiating benign from malignant 
masses is based on inspection of the summary data obtained from the meta-analyses 
conducted. These results suggest that 3D ultrasonography has both a higher sensitivity and 
specificity when compared to 2D ultrasound. Established morphological scoring systems also 
performed with respectable sensitivity and specificity, each system with equivalent diagnostic 
competence. Explicit scoring systems did not appear to perform as well as other diagnostic 
testing methods. Not only was external validation of the models lacking in many cases, where 
results were available, but performance was often poorer upon subsequent replication. 
Assessment of an adnexal mass by colour Doppler technology, using the RI, PI, and PSV 
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indices, was neither as sensitive nor as specific as simple ultrasonography. Furthermore, 
because of overlap of vascular parameters between malignant and benign masses, a firm 
diagnosis based on Doppler evaluation alone can be problematic (141). Summary estimates 
from studies considering combined morphology and Doppler assessment were higher than the 
estimates for either modality alone. Both sensitivity and specificity of this combined approach 
were high. Of the three imaging modalities considered, MRI appeared to perform the best, 
although results were not statistically different from CT as determined by overlapping 
confidence intervals. PET did not appear to perform as well as either MRI or CT, although only 
three studies were considered in the analysis. The measurement of the CA-125 tumour marker 
appears to be less reliable than other available assessment methods; however, results were 
not stratified by menopausal status. It is widely reported that differences exist in CA-125 
levels between premenopausal and postmenopausal women, even with the same histological 
diagnosis (75). Finally, frozen-section analysis has both a high sensitivity and an especially 
high specificity in the assessment of adnexal masses.  
 In the treatment of ovarian cancer, the importance of surgical management is 
universally recognized. Clearly, complete surgical resection is required to improve a patient’s 
prognosis. However, it is not clear how aggressive a surgical approach is necessary in early-
staged ovarian cancer. The included evidence suggests that systematic lymphadenectomy 
improves survival, as does proper surgical staging. There is an exception to this benefit, 
however, with tumours of low malignant potential. In such tumours, conservative fertility-
preserving surgical approaches appear to have no adverse survival effect (99).  

The accuracy and adequacy of surgical staging by laparotomy or laparoscopic 
approaches appears to be comparable, with neither approach conferring a survival advantage 
compared to the other. In spite of this, many surgeons are unwilling to perform laparoscopic 
surgical staging in early-staged ovarian cancer due to the potential risks of intraoperative 
tumour rupture, port-site metastasis, and dissemination of the tumour (97). Intraoperative 
tumour rupture was indeed reported to occur more frequently in patients undergoing 
laparoscopy versus laparotomy in two retrospective cohort studies (96, 98). However, 
unequivocal prospective comparative data supporting the existence of an increased 
occurrence of intraoperative tumour rupture in ovarian cancer patients managed by 
laparoscopy is still lacking (95).   
 The evidence included in this systematic review is not without significant limitations. 
In the identification of an adnexal mass literature, the population of patients often included 
women with a suspicious mass undergoing surgery. This inclusion of operative patients could 
escalate the prevalence of malignancy in comparison to what would be expected in a primary 
care population of women presenting with a suspicious adnexal mass. This has implications for 
the generalizability of the results, and it can inflate the test’s sensitivity. Furthermore, the 
included studies did not often allow for stratification by menopausal status. Given the lower 
likelihood of ovarian malignancy in premenopausal patients, the accuracy of a diagnostic test 
can be reduced in a sample that includes a high proportion of premenopausal patients. 
 In addition to these methodological issues, the quality assessment of the included 
literature revealed several further shortcomings, especially in study design and reporting. 
Blinding is a crucial issue in diagnostic accuracy studies, as it is necessary to prevent 
information bias (142). While the index test always preceded surgery in the included studies, 
thereby by nature blinding the outcome, the reference test should also be interpreted 
without knowledge of the index test results (142). The vast majority of studies considered in 
the identification of a suspicious adnexal mass did not report such blinding.   
    One third of the diagnostic studies had data collection that occurred retrospectively or 
was not reported. Retrospective study designs are inherently more prone to bias than are 
prospective studies and can be more difficult to interpret, especially if the sampling did not 
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include consecutive patients. The reporting of consecutive patient sampling occurred in less 
than half the included studies.   
 Many of the surgical studies were also prone to biases inherent in their retrospective 
designs. Moreover, the small sample of included patients meant many studies were 
underpowered to detect statistically significant results. There is an obvious need for 
improvement in the quality of primary research in this area. Ideally, future research would 
consist of randomized clinical trials with a non-inferiority design where survival outcomes are 
considered.       
 Despite these limitations, the best available evidence with respect to the questions 
posed was collected and included. A rigorous systematic review and meta-analysis, planned a 
priori, provided an abundant evidentiary base and the context and direction for the 
development of recommendations.    
 
CONCLUSIONS 
 There are numerous methodologies that have been considered in the preoperative 
identification of adnexal masses suspicious for malignancy. Results suggest that 3D 
ultrasonography has both a higher sensitivity and specificity when compared to 2D ultrasound. 
Established morphological scoring systems also performed with respectable sensitivity and 
specificity, each morphological system with equivalent diagnostic competence. Explicit 
scoring systems did not perform as well as other diagnostic testing methods. Assessment of an 
adnexal mass by colour Doppler technology, using the RI, PI, and PSV indices, was neither as 
sensitive nor as specific as simple ultrasonography. Summary estimates from studies 
considering combined morphology and Doppler assessment were higher than the estimates for 
either modality alone. Both sensitivity and specificity of this combined approach were high. 
Of the three imaging modalities considered, MRI appeared to perform the best, although 
results were not statistically different from CT. PET did not perform as well as either MRI or 
CT. The measurement of the CA-125 tumour marker appears to be less reliable than do other 
available assessment methods. Finally, frozen section analysis has both a high sensitivity and 
especially high specificity in the assessment of adnexal masses.   
 The evidence suggests that systematic lymphadenectomy and proper surgical staging 
improve survival. Conservative fertility-preserving surgical approaches are an acceptable 
option in women with low malignant potential tumours. The accuracy and adequacy of 
surgical staging by laparotomy or laparoscopic approaches appears to be comparable, with 
neither approach conferring a survival advantage.  
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Appendix 1. Environmental scan. 
 
Websites reviewed 

 
Scottish Intercollegiate Guidelines Network (SIGN) 
National Institute for Clinical Excellence (NICE) 
Agency for Healthcare Research and Quality (AHRQ) 
Cancer Society of New Zealand 
Cancer Care Ontario (CCO) clinical practice guidelines – Gynecology Disease Site group 
British Columbia Cancer Agency 
Nova Scotia Cancer Agency 
Cochrane Reviews 
American Society of Clinical Oncology (ASCO) 
American Society for Therapeutic Radiology and Oncology (ASTRO) 
American Cancer Society 
National Guidelines Clearinghouse 
National Comprehensive Cancer Network (NCCN) 
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Appendix 2. Updated literature search. 
 
LITERATURE SEARCH STRATEGIES: 
 
Question 1: Identification of an adnexal mass suspicious for malignancy 
 
Update of AHRQ report literature search: 
 

A) Pelvic exam performance 
1) Pelvic exam.mp. 
2) (bimanual adj pelvic).mp. 
3) (physical exam and pelvis).mp. 
4) (diagnostic techniques, obstetrical and gynecological”/ or culdoscopy/ or 

laparoscopy/ or physical examination/ 
5) Physical examination/ 
6) Ovarian cysts/ or ovarian neoplasms/ or genital neoplasms, Female/ or adnexal 

diseases/ or adnexal mass.mp. 
7) Exp ovarian cysts/ or exp ovarian neoplasms/ or genital neoplasms, female/ or 

adnexal diseases/ or adnexal mass.mp. 
8) Exp fallopian tube diseases/ 
9) 5 and (7 or 8) 
10) (or/1-3) and (or/7-8) 
11) 9 and 10 
12) “diagnostic techniques, obstetrical and gynecological”/ and (or/7-8) 
13) Culdoscopy/ and (or/7-8) 
14) Or/1-3, 9-10 
15) Limit 14 to (human and English language and yr=2004-2009) 

 
B) Test performance 

1) (vagin$ adj ultraso$).mp. 
2) (adnex$ adj2 mas$).mp. 
3) (pelvi$ adj mas$).mp. 
4) (ovar$ adj mas$).mp. 
5) Or/2-4 
6) “sensitivity and specificity”/ 
7) 6 and 1 
8) 6 and 5 
9) 7 or 8 
10) Limit 9 to (human and English language) 
11) (ovar$ adj tumo$).mp. 
12) 11 and 6 
13) ROC curve/ 
14) 12 and 13 
15) 14 not 10 
16) 10 or 15 
17) Limit 16 to yr=2004-2009 

 
C) Predictive Models 

1) (vagin$ adj ultraso$).mp. 
2) (adnex$ adj2 mas$).mp. 
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3) (pelvi$ adj mas$).mp. 
4) (ovar$ adj mas$).mp. 
5) Or/2-4 
6) “sensitivity and specificity”/ 
7) 6 and 1 
8) 6 and 5 
9) 7 or 8 
10) Limit 9 to (human and English language) 
11) Predictive value of tests/ 
12) Risk assessment/ 
13) ROC curve/ 
14) “multivariate analysis”/ 
15) Or/11-14 
16) 15 and 5 
17) 16 not 9 
18) Limit 17 to (human and English language and yr=2004-2009) 

 
 

Question 2: Surgical management of an adnexal mass suspicious for malignancy 
 
Update of ACN literature search (approximated) supplemented with keywords from WG: 
 

1) Pelvic mass.tw,ti. 
2) Adnexal mass.tw,ti. 
3) Exp pelvic neoplasms/ 
4) (ovary and (cancer or carcinoma or neoplasm?)).tw,ti. 
5) (ovarian and (cancer or carcinoma or neoplasm?)).tw,ti. 
6) Exp ovarian neoplasms/ 
7) Borderline ovarian tumo?r$.tw,ti. 
8) Tumo?r$ of low malignant potential.tw,ti. 
9) Or/1-8 
10) Intraoperative pathological examination$.tw,ti. 
11) Exp frozen section/ 
12) Frozen section$.tw,ti. 
13) Debulking surgery.tw,ti. 
14) Exp surgical procedures, operative/ 
15) Cytoreduction$.tw,ti. 
16) Fertility conservation,tw,ti. 
17) Fertility sparing.tw,ti. 
18) Surgical management.tw,ti. 
19) Secondary cytoreduction.tw,ti. 
20) Interval cytoreduction.tw,ti. 
21) Surgical staging.tw,ti. 
22) BSO.tw,ti. 
23) Bilateral salpingo-oophorectomy.tw,ti. 
24) Bilateral salpingo oophorectomy.tw,ti. 
25) Surgical stage.tw,ti. 
26) Total hysterectomy.tw,ti. 
27) Hysterectomy.tw,ti. 
28) ((node or nodal) and dissection).tw,ti. 
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29) Exp laparotomy/ 
30) Exp laparoscopy/ 
31) Or/10-30 
32) 31 and 9 
33) Limit 32 to English 
34) Limit 33 to humans 
35) Limit 34 to yr=”2004-current” 
36) Letter.pt. 
37) Comment.pt. 
38) Editorial.pt. 
39) News.pt. 
40) Case report$.pt. 
41) Or/36-40 
42) 35 not 41 
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and the Gynecology Cancer Disease Site Group 
 

A Quality Initiative of the 
Program in Evidence-Based Care (PEBC), Cancer Care Ontario (CCO) 

 
Report Date: July 7, 2011 

 

These guideline recommendations have been ENDORSED, which means that the 
recommendations are still current and relevant for decision making.  

 
Please see Section 4: Document Review Summary and Tool for a summary of updated 

evidence published between 2001 and 2013, and for details on how this Clinical Practice 
Guideline was ENDORSED 

 
 
 
THE PROGRAM IN EVIDENCE-BASED CARE 

The Program in Evidence-based Care (PEBC) is an initiative of the Ontario provincial 
cancer system, Cancer Care Ontario (CCO) (1). The PEBC mandate is to improve the lives of 
Ontarians affected by cancer, through the development, dissemination, implementation, and 
evaluation of evidence-based products designed to facilitate clinical, planning, and policy 
decisions about cancer care.  

 The PEBC supports a network of disease-specific panels, termed Disease Site Groups 
(DSGs), as well as other groups or panels called together for a specific topic, all mandated to 
develop the PEBC products. These panels are comprised of clinicians, other health care 
providers and decision makers, methodologists, and community representatives from across 
the province. 

 The PEBC is well known for producing evidence-based guidelines, known as Evidence-
based Series (EBS) reports, using the methods of the Practice Guidelines Development Cycle 
(1, 2). The EBS report consists of an evidentiary base (typically a systematic review), an 
interpretation of and consensus agreement on that evidence by our Groups or Panels, the 
resulting recommendations, and an external review by Ontario clinicians and other 
stakeholders in the province for whom the topic is relevant. The PEBC has a formal 
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standardized process to ensure the currency of each document, through the periodic review 
and evaluation of the scientific literature and, where appropriate, the integration of that 
literature with the original guideline information. 
 
The Evidence-Based Series 

 Each EBS is comprised of three sections: 
 

• Section 1: Guideline Recommendations. Contains the clinical recommendations 
derived from a systematic review of the clinical and scientific literature and its 
interpretation by the Group or Panel involved and a formalized external review in 
Ontario by review participants. 

• Section 2: Evidentiary Base. Presents the comprehensive evidentiary/systematic 
review of the clinical and scientific research on the topic and the conclusions reached 
by the Group or Panel. 

• Section 3: EBS Development Methods and External Review Process. Summarizes the 
EBS development process and the results of the formal external review of the draft 
version of Section 1: Guideline Recommendations and Section 2: Evidentiary Base. 

 
DEVELOPMENT OF THIS EVIDENCE-BASED SERIES 
Development and Internal Review 

This EBS was developed by the Gynecology DSG of the CCO PEBC. The series is a 
convenient and up-to-date source of the best available evidence on management of a 
suspicious adnexal mass, developed through review of the evidentiary base, evidence 
synthesis, and input from external review participants in Ontario.  
 
Report Approval Panel  

Prior to the submission of this EBS draft report for external review, the report was 
reviewed and approved by the PEBC Report Approval Panel, which consists of two members, 
including an oncologist, with expertise in clinical and methodology issues. The key issues 
raised by the Report Approval Panel and the modifications made by the Gynecology DSG are 
below with the DSG responses bulleted below the comments of the panel members: 

• If pathology is still the gold standard, as suggested in your last qualifying statement, 
what is the role of the other diagnostic technologies?   
o The need to have clarity in the preoperative diagnosis is to 1) triage the patients 

to a specialist, and 2) better define the surgical options (e.g., conservative vs. 
radical). We have now added a paragraph to the discussion regarding the intention 
and necessity of preoperative diagnosis of an adnexal mass.    

• The authors’ first recommendation, and the one for which the most detailed analysis 
exists, concludes that 3D US, CT and MRI are “all recommended” with considerations 
of more “local factors” then suggested as determinants of the modality of choice. The 
authors should reconsider whether they have missed an opportunity to make a more 
definitive recommendation that accounts for the “equality” in diagnostic efficacy and 
what can be reasonably assumed about cost, access, harm (e.g., radiation exposure) 
and patient inconvenience.  
o We thank the reviewer for his comments. We have taken this opportunity to add 

further recommendations based on the Working Group’s expert consensus opinion 
that takes into consideration availability, access, and harm.  

• The authors consider various diagnostic tools separately (e.g., imaging, CA-125). Is 
there a risk that, in practice, these modalities are used in combination and in doing 
so, diagnostic properties are changed? Related to this theme, are there important 
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differences in the eligibility of patients included in any analysis of a single modality, in 
which a second modality criterion was required for inclusion? The bolded text was 
removed from the recommendations section, and it was further delineated that the 
recommendations were based on expert opinion. Furthermore, the recommendation 
on PET was moved to indicate that the role of PET in cervical cancer has not been 
prospectively evaluated. 
o In many circumstances, we have evaluated the combination of diagnostic tests 

such as ultrasound and CA-125 

• In contrast to the diagnostic efficacy section, the section that deals with “therapy” 
(What is the most appropriate surgical procedure for a woman who presents with an 
adnexal mass suspicious for malignancy?) does not include conventional guideline 
methodology or reporting. As this question is a largely a therapeutic question, 
standard methodologies would move down a hierarchy of acceptable guidelines, meta-
analysis of randomized controlled trials (RCTs), RCTs, non-randomized comparisons, 
etc. The authors do not provide background in their Methods section about their 
approach to this question (including literature search criteria). The Results section 
largely is divided into positive vs. negative studies as opposed to a systematic 
presentation of the literature. As a result, the juxtaposition of data and conclusions is 
associated with ambiguity and comes across as potentially representing “expert 
opinion” as opposed to an evidenced-based recommendation. The authors should 
reconsider their approach to this question. 
o We thank the reviewer for these comments. We did indeed use standard 

methodologies in the development of this section of the guideline but acknowledge 
that this was not clear in the reporting. As such, we have explained more explicitly 
in the Methods section what was done. Furthermore, we rearranged the reporting 
of the results so that the one RCT is discussed first.   

• The authors might wish to clarify whether the post-diagnostic therapeutic pathway 
includes multiple modalities that require systematic review in order to assess linkage. 
Again, while this comment may reflect lack of content expertise, if these patients 
should be considered for adjuvant therapy using another modality, does the use of 
that subsequent modality interact with the choice of the surgical approach? In 
addressing the surgical approach, and especially if best therapy involves sequential 
use of multiple modalities, the authors may need to carefully dissect out the 
prognostic importance of patients being able to undergo a more extensive surgical 
procedure vs. the therapeutic benefit of that intervention.  
o There is indeed a link between surgery and adjuvant therapy. However, the 

Working Group viewed these two interventions separately, both in terms of 
prognosis and as therapeutic approaches. As such, a discussion on adjuvant therapy 
in patients with a suspicious adnexal mass was deemed beyond the scope of this 
document.    

 
External Review by Ontario Clinicians and Other Experts 

The PEBC external review process is two-pronged and includes a targeted peer review 
that is intended to obtain direct feedback on the draft report from a small number of 
specified content experts and a professional consultation that is intended to facilitate 
dissemination of the final guidance report to Ontario practitioners.   

Following the review and discussion of Section 1: Recommendations and Section 2: 
Evidentiary Base of this EBS and the review and approval of the report by the PEBC Report 
Approval Panel, the Gynecology Cancer DSG circulated Sections 1 and 2 to external review 
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participants for review and feedback. Box 1 summarizes the draft recommendations and 
supporting evidence developed by the working group. 

 

BOX 1: 
DRAFT RECOMMENDATIONS (approved for external review 2011-04-08) 
QUESTIONS 

1. What is the optimal strategy for preoperative identification of the adnexal mass 
suspicious for ovarian cancer? 

2. What is the most appropriate surgical procedure for a woman who presents with an 
adnexal mass suspicious for ovarian cancer? 

 
TARGET POPULATION 
 The target population of this guideline is adult women presenting with a suspicious 
adnexal mass, either symptomatic or asymptomatic. 
 
INTENDED USERS 
 This guideline is targeted for clinicians managing the care of women with a suspicious 
adnexal mass, specifically general gynecologists and gynecological oncologists.  
 
RECOMMENDATIONS  
Identification of an Adnexal Mass Suspicious for Ovarian Cancer 
 
➢ Sonography, particularly three-dimensional (3D) sonography, magnetic resonance 

imaging (MRI), and computerized tomography (CT) imaging are each recommended for 
differentiating malignant from benign ovarian masses.  However, the working group 
offers the following further recommendations, based on their expert consensus 
opinion and the consideration of availability, access, and harm: 

• Transvaginal sonography should be the first modality of choice, where technically 
feasible, in patients with a suspicious, isolated ovarian mass.  

• MRI is the most appropriate test to help clarify the malignant potential in patients 
where ultrasound may be unreliable.    

• CT is most useful in cases where extra ovarian disease is suspected or needs to be 
ruled out.  

 
Key Evidence 
• The diagnostic performance of each diagnostic technology was compared and 

contrasted based on the summary data on sensitivity and specificity obtained from the 
meta-analysis.  

• A meta-analysis of six cohort studies that investigated 3D sonography (1-6) indicated 
an enhanced sensitivity of 93.5% and specificity of 91.5% with 3D technology (Section 
2, Figure 2A). 

• A meta-analysis of 22 cohort studies with 24 data sets that investigated the 
effectiveness of MRI in the diagnosis of adnexal masses (7-28) found an overall 
sensitivity of 91.9% and specificity of 88.4% (Section 2, Figure 2A).  

• A meta-analysis of seven studies with eight data sets considering CT technology 
(2,10,12,14,22,29,30) yielded an overall sensitivity of 87.2% and specificity of 84.0% 
(Section 2, Figure 2A).  

   
➢ Evaluation of an adnexal mass by Doppler technology alone is not recommended. 

Doppler technology should be combined with a morphological assessment.    
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Key Evidence 
• This recommendation is based on the results of several meta-analyses on Doppler 

indices but not direct comparisons between them. Rather, the summary data from 
these meta-analyses were inspected, and reasonable sensitivities and specificities 
were noted.  

• A meta-analysis of the resistance index (RI) included 35 cohort studies (2,5,17,30-61) 
with 42 data sets and yielded an overall sensitivity of 77.2% and specificity of 89.8% 
(Section 2, Figure 2C).  

• A meta-analysis of 21 cohort studies with 22 data sets that evaluated the Pulsatility 
Index (PI) found an overall sensitivity of 80.6% and specificity of 79.9% (Section 2, 
Figure 2C).     

• A meta-analysis of the peak systolic velocity (PSV) included seven cohort studies 
(32,33,37,42,50,51,62) and found an overall sensitivity of 80.0% and specificity of 
84.2% (Section 2, Figure 2C).  

 
Qualifying Statement 

• Assessment of an adnexal mass by colour Doppler technology, using the RI, PI and PSV 
indices, was neither as sensitive nor specific as simple ultrasonography. Furthermore, 
because of the overlap of vascular parameters between malignant and benign masses, 
a firm diagnosis based on Doppler evaluation alone can be problematic.   

 
➢ Morphological scoring systems can be used to differentiate benign from malignant 

adnexal masses. The choice between the scoring systems should be made based on 
demonstrated accuracy and clinician preference.   
 
Key Evidence  
• The diagnostic performance of each morphological scoring system was compared and 

contrasted based on the summary data on sensitivity and specificity obtained from the 
meta-analysis. 

• A meta-analysis of 17 cohort studies (32,33,46,52,57,63-74) assessing the Sassone 
model at a cutoff of 9, found an overall sensitivity of 88.6% and specificity of 77.5% 
(Section 2, Figure 2B). 

• A meta-analysis of nine studies (33,35,63,65,70,75-78) considering the Ferrazzi scoring 
system reported an overall sensitivity and specificity of 85.2% and 85.9%, respectively 
(Section 2, Figure 2B).   

• A meta-analysis of five studies (36,79-82) measuring the performance of the Finkler 
scoring system found an overall sensitivity of 83.5% and specificity of 78.2% (Section 2, 
Figure 2B).  

• A meta-analysis of data from 13 RMI studies (70,83-94), with 15 data sets, employing a 
cutoff of 200 to be indicative of malignancy, reported the summary sensitivity and 
specificity were 79.2% and 91.7%, respectively (Section 2, Figure 2B). 

 
➢ As a stand-alone modality, serum CA-125 is not recommended for distinguishing 

between benign and malignant adnexal masses.  
 
Key Evidence 

• This recommendation is based on a meta-analysis of 49 cohort studies 
(17,31,35,39,52, 62,75,79-81,85,88,92,93,95-129) and two case-control studies 
(130,131) with a total of 52 data sets that found, at a threshold of 35 U/mL, an 
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overall sensitivity of 78.7% and specificity of 77.9% (Section 2, Figure 2D).  
 

Qualifying Statement 

• CA-125 values are of limited use in premenopausal women and elevated in only 50% of 
early-stage ovarian cancers. Caution should be used in interpreting values in such 
patients.  

    
➢ Frozen section for the intraoperative diagnosis of a suspicious adnexal mass is 

recommended in settings where availability and patient preferences allow.   
 

Key Evidence 

• This recommendation is based on a meta-analysis of frozen section diagnoses that 
included 15 cohort studies (7,132-145) and yielded an overall sensitivity of 89.2% and 
specificity of 97.9% (Section 2, Figure 2D).  

 
 
Surgical Procedures for an Adnexal Mass Suspicious for Malignancy 
 
➢ Comprehensive surgical staging with lymphadenectomy is recommended for the 

surgical management of patients with early-stage ovarian cancer to improve survival. 
 

Key Evidence 

• This recommendation is based on the results of five retrospective cohort studies (146-
150). 

• Two large population-based studies (146,147) found that surgical staging with 
lymphadenectomy was associated with improved three-year (p<0.001) (147) and five-
year disease-specific survival (p<0.001) (146) compared to staging procedures without 
lymphadenectomy.  

• Oksefjell et al (148) reported a statistically significant improvement in five-year 
overall survival rates in patients undergoing a lymphadenectomy versus those that did 
not (87% versus (vs.) 64%, respectively; p=0.02).  

• Survival analyses performed by both Skirnisdottir et al (149) and Hornung et al (150) 
also demonstrated a statistically significant benefit in disease-free survival (p=0.004 
and p=0.0007, respectively) for patients undergoing a lymphadenectomy versus those 
that did not.  

• Hornung and colleagues (150) also considered overall survival and reported a 
statistically significant difference (p=0.0008) in the two patient groups in favour of 
the patients undergoing a lymphadenectomy. 

•  One randomized controlled trial (RCT) (151) was identified and reported no 
statistically significant effect of lymphadenectomy on progression-free (hazard ratio 
(HR), 0.72; 95% confidence interval (CI), 0.46 to 1.14) or overall (HR, 0.85; 95% CI, 
0.49 to 1.47)) survival. However, this study was underpowered to detect a difference 
in survival, the study’s secondary outcome. Rather, the sample-size calculation for 
this RCT was undertaken to detect a difference in prevalence of lymph node 
positivity. It was deemed inadequate to inform the recommendation.   
   

➢ Laparoscopy is a reasonable alternative to laparotomy provided appropriate surgery 
and/or staging can be done. The choice between laparoscopy and laparotomy should 
be based on patient and clinician preferences. Discussion with a gynecologic 
oncologist is recommended.   
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Key Evidence 

• This recommendation is based on the results of six retrospective cohort studies (152-
157). 

• In the three studies (152,153,156) that considered patients with early epithelial 
ovarian cancer, no statistical difference in survival rates was detected between 
patients undergoing a laparoscopy versus laparotomy.  

• In the management of patients with early borderline ovarian tumours, Romangnolo et 
al (155), Park et al (157), and Desfeux et al (154) found that a laparoscopic versus 
laparotomic surgical approach did not appear to influence survival rates. 
 

➢ Fertility-preserving surgery is an acceptable alternative to more extensive surgery in 
patients with low-malignant potential (LMP) tumours and those with well-
differentiated surgically staged 1 ovarian cancer. Discussion with a gynecologic 
oncologist is recommended.   

 
Key Evidence 

• This recommendation is based on two cohort studies that compared the impact of 
conservative fertility-sparing surgeries versus more radical surgical approaches. Yinon 
et al (158) specifically compared rates of recurrence in 40 patients who underwent 
unilateral salpingo-oophorectomy versus 22 patients who underwent cystectomy only. 
No statistical difference in recurrence rates was detected (27.5% vs. 22.7%, 
respectively; p=0.8). Similarly, in a larger study of 360 women with LMP tumours, Park 
et al (157) found no difference in disease-free survival between patients who 
underwent radical or fertility-sparing surgery (p=0.651).     

 
QUALIFYING STATEMENTS 
The Gynecology Cancer Disease Site Group (DSG) acknowledges that, despite definitions and 
criteria, it is unrealistic to expect that 100% of ovarian cancers will be identified as 
suspicious preoperatively. Pathology remains the gold standard. 

 
 
Methods 
Targeted Peer Review: During the guideline development process, two targeted peer 
reviewers from Ontario and one from the USA considered to be clinical and/or methodological 
experts on the topic were identified by the working group. Several weeks prior to completion 
of the draft report, the nominees were contacted by email and asked to serve as reviewers. 
Three reviewers agreed, and the draft report and a questionnaire were sent via email for 
their review. The questionnaire consisted of items evaluating the methods, results, and 
interpretive summary used to inform the draft recommendations and whether the draft 
recommendations should be approved as a guideline. Written comments were invited. The 
questionnaire and draft document were sent out on April 8, 2011. Follow-up reminders were 
sent at two weeks (email) and at four weeks (telephone call).  
 
Professional Consultation: Feedback was obtained through a brief online survey of health care 
professionals who are the intended users of the guideline. Gynecologists and gynecologic 
oncologists in the PEBC database were contacted by email to inform them of the survey. 
Participants were asked to rate the overall quality of the guideline (Section 1) and whether 
they would use and/or recommend it. Written comments were invited. Participants were 
contacted by email and directed to the survey website where they were provided with access 
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to the survey, the guideline recommendations (Section 1) and the evidentiary base (Section 
2). The notification email was sent on April 13, 2011. The consultation period ended on June 
10, 2011. The working group reviewed the results of the survey. 
 
Results 
Targeted Peer Review: one reviewer out of the three that were invited provided a response. 
This reviewer’s responses are summarized in Table 1. 
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Table 1. Responses to nine items on the targeted peer reviewer questionnaire. 

 
Reviewer Ratings (N=1) 

 
Question 

Lowest 
Quality 

(1) (2)  (3) (4) 

Highest 
Quality 

(5) 

1. Rate the guideline development methods. 
 

    1 

2. Rate the guideline presentation. 
 

    1 

3. Rate the guideline recommendations. 
 

    1 

4. Rate the completeness of reporting.      1 

5. Does this document provide sufficient information to 
inform your decisions? If not, what areas are missing?  

    1 

6. Rate the overall quality of the guideline report. 
 

    1 

 
Strongly 
Disagree 

(1) (2) 
Neutral 

(3) (4) 

Strongly 
Agree 

(5) 

7. I would make use of this guideline in my professional 
decisions. 

 
    1 

8. I would recommend this guideline for use in practice. 
 

    1 

 
9. What are the barriers or enablers to the implementation of this guideline report?  

No significant barriers or enablers were reported. 
 
Summary of Written Comments 

The reviewer advised that references by L. Cohen and A. Fleischer be added to the 
evidence base.  

 
Modifications/Actions 

The authors were not able to gather more information from this reviewer regarding 
exactly which publications had been missed. The authors examined whether references by 
Cohen and/or Fleischer had been considered at any time during the guideline development 
process. Cohen (2001) was considered by the AHRQ review and reported in Section 2 under 
“Other Scoring Systems”. An additional paper by Cohen and Fleischer was excluded by the 
AHRQ. One Fleischer paper was included in the evidence base for the guideline. In the end, 
no modifications to the evidence base were made on the basis of this reviewer comment. 
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Professional Consultation: Sixty responses were received. Key results of the feedback survey 
are summarized in Table 2. 
 
Table 2. Responses to four items on the professional consultation survey. 
 

Number (%) 

 
General Questions: Overall Guideline 
Assessment 

Lowest 
Quality 

(1) (2) (3) (4) 

Highest 
Quality 

(5) 

1. Rate the overall quality of the 
guideline report. 

 

 
0 (0) 

 
0(0) 

 
6(11) 

 
31(54) 

 
23(41) 

 

 
Strongly 
Disagree 

(1) (2) (3) (21) 

Strongl
y Agree 

(5) 

2. I would make use of this guideline in 
my professional decisions. 

 

 
2(4) 

 
0(0) 

 
6(11) 

 
21(38) 

 
31(55) 

3. I would recommend this guideline for 
use in practice. 

 

 
0(0) 

 
0(0) 

 
7(13) 

 
22(39) 

 
31(55) 

 
4. What are the barriers or enablers to the implementation of this guideline report?  

Practitioners listed barriers to the implementation of this guideline and suggested ways 
that uptake could be enhanced or enabled. The feedback included the following: 
 

1. Awareness 
Some practitioners mentioned that lack of awareness of the guideline would be a 

barrier to uptake. They recommended making primary care physicians aware of the guideline, 
and one reviewer suggested presentation of the guideline at group rounds to make the entire 
team aware of current literature and recommendations. 
   

2. Resources 
 Many practitioners reported that lack of resources would be a barrier to 
implementation of the guideline, especially in smaller communities. Specific resources that 
were noted as lacking included: 

• Gynecologic oncologists (e.g., for staging using lymphadectomy). 

• MRI only available in larger communities and delays with MRI booking. 

• CT access. 

• Patients may not always have easy access to an ultrasound department and quality of 
reporting is variable. 

• Pathologists with experience in gynecologic pathology for frozen section diagnoses. 

• Regional Minimally Invasive Surgery programs in the community. 
 
Other 

In order to enable the implementation of the guideline, practitioners also suggested: 

• A summary table outlining the sensitivities and specificities of the various diagnostic 
procedures.  

• Guidance for referral of patients to a gynecologist or gynecologic oncologist for non-
gynecologist clinicians who identify an adnexal mass. 
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• Educating radiologists about appropriate use of ultrasound.  

• Boundaries to indicate whether the risk for a specific woman is low or high after being 
investigated. 

• A recommendations regarding CA-125 use for post-op women.  
 
Modifications/Actions/Response 

• A summary table outlining the sensitivities and specificities of the various diagnostic 
procedures is presented in Section 2 of the report. 

• Referral criteria are considered to be outside of the scope of this review and 
guideline. For more information on referral criteria, readers may refer to a guideline 
published in 2009 by the Society of Obstetricians and Gynaecologists of Canada: Initial 
evaluation and referral guidelines for management of pelvic/ovarian masses (138).  

• Cutoffs for the scoring systems included in the report were added to Appendix 2 in 
Section 1. 

• CA-125 use post-op is outside of the scope of this guideline. In the event that the 
reviewer meant that we should clarify the recommendation regarding CA-125 use as a 
stand-alone modality in postmenopausal women, we amended the CA-125 
recommendation so that it no longer refers only to premenopausal women, but to all 
women, as there is no evidence for its efficacy as a stand-alone modality for any age 
group.  

 
Summary of Written Comments 

Twenty of the sixty responders to professional consultation provided additional written 
comments.  The majority indicated that the document was of high quality and would be of 
use to practitioners.  Suggestions for improvements or additions to the document included:  

1. Mention of specific suspicious features may prove useful for the radiologist colleague 
accessing this guideline. 

2. There is clear operative requirement of staging and lymphadectomy, but the role of 
tertiary referral is not clear. 

3. Several comments were made relating the scoring systems described in the report. The 
feedback generally indicated that there are many practitioners in the province who 
are not aware of these scoring systems. A direct link from the recommendations to the 
scoring systems was requested. It was also suggested that the guideline recommend 
one scoring system that would be the most reliable. Other comments related to 
scoring systems include: 
a. Many practitioners are using the Risk of Malignancy Index (RMI) and it should be 

available as an appendix to this guideline. Also related to RMI:  
i. Recommendation on the use of RMI II and how the general gynecologist should 

use it for guidance when considering referral to a tertiary care centre. 
ii. Reference to RMI cutoff of 200 instead of 400 which is what is commonly used. 

4. There was also a request for an appendix for ultrasound features of malignancy and 
definitions of resistance index (RI) pulsatility index (PI), and Peak Systologic (sic) 
Velocity (PSV). 

  
Modifications/Actions/Response 

1. As specific suspicious features are described in Section 2 of the report, no changes 
were made based on this comment.  

2. The topic of referral is beyond the scope of this guideline and was therefore not 
considered for inclusion. As mentioned above, readers may refer to the Society of 
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Obstetricians and Gynaecologists of Canada guideline Initial evaluation and referral 
guidelines for management of pelvic/ovarian masses (138). 

3. Response to comments related to the scoring systems: 
a.  An appendix was added to Section 1 with descriptions of the Sassone, DePriest, 

Ferrazzi, Lerner, Finkler, and RMI scoring systems. References to the original 
publications were also added to Section 2 of the report. Because the sensitivity 
and specificity are comparable for these scoring systems, it is not possible to 
recommend one of them as most reliable. Therefore, the wording of the 
recommendation was adjusted to make this clear and to indicate that the choice 
of scoring system should be based on clinician preference.  

b. The recommendation was also reworded to state that choice of version of the RMI 
should be based on clinician preference as they all have comparable sensitivity and 
specificity.  

c. The cutoff value of 200 for the RMI was based on the cutoff used in the initial 
report by Jacobs et al. The sensitivity and specificity values reported here are 
based on this cutoff. This was also reported in the AHRQ report as the most 
common cutoff value, therefore, the group decided to not to include reference to 
a cutoff of 400. 

d. Other definitions such as RI, PI, and PSV can be found in Section 2 of the 
document. 

 
Conclusion 

This EBS report reflects the integration of feedback obtained through the external 
review process with final approval given by the Gynecology Cancer Disease Site Group, and 
the Report Approval Panel of the PEBC. Updates of the report will be conducted as new 
evidence informing the question of interest emerges.  
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The 2011 Guideline recommendations are 
 

ENDORSED 
 

This means that the recommendations are still current and relevant for decision making. 

 
 

 
The original version of this guidance document was released by Cancer Care Ontario’s 

Program in Evidence-based Care in 2011.  
In September 2015, this document was assessed in accordance with the PEBC 

Document Assessment and Review Protocol and was determined to require a review. As part 
of the review, a PEBC methodologist conducted an updated search of the literature. A clinical 
expert (TL) reviewed and interpreted the new eligible evidence and proposed the existing 
recommendations could be endorsed. The Gynecology Cancer Disease Site Group (DSG) 
endorsed the recommendations found in Section 1 (Clinical Practice Guideline) on September 
9, 2016.  
  
DOCUMENT ASSESSMENT AND REVIEW RESULTS 
 
Questions Considered 

1. What is the optimal strategy for preoperative identification of the adnexal mass 
suspicious for ovarian cancer? 
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2. What is the most appropriate surgical procedure for a woman who presents with an 
adnexal mass suspicious for ovarian cancer 

 
Literature Search and New Evidence 
The new search (January 2011 to January 2016) yielded 9386 papers. Three hundred and 
eighty six were retained for full text review. After the full text review, 93 studies were 
retained. Brief results of these searches are shown in the Document Review Tool.  
 
Impact on Guidelines and Its Recommendations 
The new data supports existing recommendations. Hence, the Gynecology Cancer DSG 
ENDORSED the 2011 recommendations on management of a suspicious adnexal mass. 
 A new qualifyling statement was added to the recommendation on ultrasound-based 
morphological scoring systems. “Ultrasound diagnostic criteria using a set of simple rules to 
distinguish between benign and malignant masses, and the IOTA (International Ovarian 
Tumour Analysis) predictive adnexal model had been extensively studied with acceptable 
sensitivity and specificity. This can serve as potential alternative diagnostic strategy to the 
RMI score.” The following paragraphs are the justification for the inclusion of this qualifying 
statement. 
 
 In 2008 the International Ovarian Tumour Analysis (IOTA) group proposed ultrasound-
based criteria for diagnosing benign and malignant adnexal masses (the Simple Rules). These 
are based on a set of 5 ultrasound features suggestive of benign tumor (B-features) and 5 
ultrasound features indicative of a malignancy (M-features). The B-features include: (1) 
unilocular cyst;  (2) presence of solid components where the largest solid component is < 7 
mm in largest diameter; (3) presence of acoustic shadows; (4) smooth multilocular tumor less 
than 100 mm in largest diameter; and (5) no detectable internal blood flow on Doppler 
examination. The M-features include:  (1) irregular solid tumour; (2) ascites; (3) at least four 
papillary structures;(4) irregular multilocular solid tumour with a largest diameter of at least 
100 mm; and (5) very high color content on color Doppler examination. Adnexal masses are 
classified as benign if only B-features are observed and as malignant if only M-features are 
observed on ultrasound. If no features are observed or if conflicting/mixed features are 
present, the Simple Rules cannot classify the tumour as benign or malignant (inconclusive 
result). Inconclusive result can be classified using subjective assessment by an experienced 
ultrasound operator. This strategy has been recently validated in 4848 patients with adnexal 
masses against histopathologic diagnosis with a sensitivity of 99.7% and specificity of 33.7%. 
In addition, the IOTA group also constructed an Assessment of Different Neoplasias in the 
adneXa (ADNEX) model. This is a risk prediction model to differentiate between benign, 
borderline tumours, stage I invasive, stage II-IV invasive ovarian cancer and secondary 
metastatic cancer. The ADNEX model consists of three clinical predictors and six ultrasound 
predictors. The clinical predictors are age (years), serum CA-125 (U/mL) and type of center 
to which the patient has been referred for ultrasound examination. Type of center was 
divided into oncology centers versus other hospitals. The ultrasound predictors are the 
maximal diameter of the adnexal mass (mm), proportion of solid tissue (%), number of 
papillary projections (0, 1, 2, 3, > 3), presence of more than 10 cyst locules (yes/no), 
acoustic shadows (yes/no), and presence of ascites (yes/no). The model performed well in 
differentiating between benign and malignant masses with the area under the receiver 
operating characteristic curves (AUC) of the ADNEX model of 0.954 (95% confidence interval 
0.947 to 0.961) on the development data and 0.943 (0.934 to 0.952) on the validation data. 
The sensitivity for diagnosis of malignancy was 96.5% and specificity was 71.3% on the 
validation data set. 
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DOCUMENT REVIEW TOOL 
 

Number and title of document 
under review 

4-15  Management of a Suspicious Adnexal Mass 

Current Report Date July 7 2011 

Clinical Expert Dr. T. Le 

Research Coordinator Nadia Coakley 

Date Assessed July 6, 2016 

Approval Date and Review 
Outcome (once completed) 

September 9, 2016 
ENDORSED 

Original Question(s): 
3. What is the optimal strategy for preoperative identification of the adnexal mass suspicious 

for ovarian cancer? 
4. What is the most appropriate surgical procedure for a woman who presents with an 

adnexal mass suspicious for ovarian cancer? 
 
Target Population: 
The target population of this guideline is adult women presenting with a suspicious adnexal 
mass, either symptomatic or asymptomatic. 
 
Study Section Criteria: 

Articles were eligible for inclusion in this systematic review if they were systematic 
reviews, meta-analyses, clinical practice guidelines, randomized trials, or comparative cohort 
studies. Studies identified in the update of the AHRQ report literature search were included 
based on the same inclusion criteria put forth in the AHRQ report (3). 

For studies investigating single modality identification of an adnexal mass, the 
inclusion criteria were:  

1) comparison of the test (e.g., bimanual pelvic exam or ultrasound, to histology or 
negative surgery 
2) greater than 20 patients included in study  
3) able to construct a 2-by-2 table, which compares the results of the diagnostic test 
with the definitive histological diagnosis.   

 
For studies investigating the use of multi-modality scoring systems (i.e., RMI), the 

inclusion criteria were:  
1) patients with suspicion of cancer 
2) studies with scoring, risk score, combined modality approach  
3) assesses predictive value of two or more variables using multivariable model  
4) greater than 50 patients included in study.  
 

 Studies identified in the update of the Australian Cancer Network (6) guideline were 
based on the following selection criteria:  

1) greater than 20 patients included in study 
2) patients with an adnexal mass suspicious for early stage (I-II) malignancy,  
3) two-armed (or greater) study design with a comparison of surgical 
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procedures/techniques/approaches 
4) report on at least one of the following outcomes: optimal surgery, overall survival, 
progression-free or disease-free survival, reduction in the number of surgeries, 
morbidity, adverse events, quality of life. 

 
Search Details:  

LITERATURE SEARCH STRATEGIES: 
 

Question 1: Identification of an adnexal mass suspicious for malignancy 
 

Update of AHRQ report literature search: 
 

Pelvic exam performance 
Pelvic exam.mp. 
(bimanual adj pelvic).mp. 
(physical exam and pelvis).mp. 
(diagnostic techniques, obstetrical and gynecological”/ or culdoscopy/ or laparoscopy/ or 
physical examination/ 
Physical examination/ 
Ovarian cysts/ or ovarian neoplasms/ or genital neoplasms, Female/ or adnexal diseases/ 
or adnexal mass.mp. 
Exp ovarian cysts/ or exp ovarian neoplasms/ or genital neoplasms, female/ or adnexal 
diseases/ or adnexal mass.mp. 
Exp fallopian tube diseases/ 
5 and (7 or 8) 
(or/1-3) and (or/7-8) 
9 and 10 
“diagnostic techniques, obstetrical and gynecological”/ and (or/7-8) 
Culdoscopy/ and (or/7-8) 
Or/1-3, 9-10 
Limit 14 to (human and English language and yr=2004-2009) 

 
Test performance 
(vagin$ adj ultraso$).mp. 
(adnex$ adj2 mas$).mp. 
(pelvi$ adj mas$).mp. 
(ovar$ adj mas$).mp. 
Or/2-4 
“sensitivity and specificity”/ 
6 and 1 
6 and 5 
7 or 8 
Limit 9 to (human and English language) 
(ovar$ adj tumo$).mp. 
11 and 6 
ROC curve/ 
12 and 13 
14 not 10 
10 or 15 
Limit 16 to yr=2004-2009 
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Predictive Models 
(vagin$ adj ultraso$).mp. 
(adnex$ adj2 mas$).mp. 
(pelvi$ adj mas$).mp. 
(ovar$ adj mas$).mp. 
Or/2-4 
“sensitivity and specificity”/ 
6 and 1 
6 and 5 
7 or 8 
Limit 9 to (human and English language) 
Predictive value of tests/ 
Risk assessment/ 
ROC curve/ 
“multivariate analysis”/ 
Or/11-14 
15 and 5 
16 not 9 
Limit 17 to (human and English language and yr=2004-2009) 

 
 

Question 2: Surgical management of an adnexal mass suspicious for malignancy 
 

Update of ACN literature search (approximated) supplemented with keywords from WG: 
 

Pelvic mass.tw,ti. 
Adnexal mass.tw,ti. 
Exp pelvic neoplasms/ 
(ovary and (cancer or carcinoma or neoplasm?)).tw,ti. 
(ovarian and (cancer or carcinoma or neoplasm?)).tw,ti. 
Exp ovarian neoplasms/ 
Borderline ovarian tumo?r$.tw,ti. 
Tumo?r$ of low malignant potential.tw,ti. 
Or/1-8 
Intraoperative pathological examination$.tw,ti. 
Exp frozen section/ 
Frozen section$.tw,ti. 
Debulking surgery.tw,ti. 
Exp surgical procedures, operative/ 
Cytoreduction$.tw,ti. 
Fertility conservation,tw,ti. 
Fertility sparing.tw,ti. 
Surgical management.tw,ti. 
Secondary cytoreduction.tw,ti. 
Interval cytoreduction.tw,ti. 
Surgical staging.tw,ti. 
BSO.tw,ti. 
Bilateral salpingo-oophorectomy.tw,ti. 
Bilateral salpingo oophorectomy.tw,ti. 
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Surgical stage.tw,ti. 
Total hysterectomy.tw,ti. 
Hysterectomy.tw,ti. 
((node or nodal) and dissection).tw,ti. 
Exp laparotomy/ 
Exp laparoscopy/ 
Or/10-30 
31 and 9 
Limit 32 to English 
Limit 33 to humans 
Limit 34 to yr=”2004-current” 
Letter.pt. 
Comment.pt. 
Editorial.pt. 
News.pt. 
Case report$.pt. 
Or/36-40 
35 not 41 

 
 
Brief Summary/Discussion of New Evidence: 
Medline, EMBASE and Cochrane were searched from 2009 to July 11, 2016. Abstracts of 
conferences were not searched separately, but were picked up from the EMBASE search. Four 
separate searches were done which yielded a total of 10412 hits. Four hundred and one were 
retained for full text review. After the full text review, 104 studies were retained to be 
abstracted and can be seen below. 
 
Clinical Expert Interest Declaration: None 
 

Instructions. Instructions. For each document, please respond YES or NO to all the questions 
below. Provide an explanation of each answer as necessary. 

1. Does any of the newly identified 

evidence, on initial review, contradict 

the current recommendations, such that 

the current recommendations may cause 

harm or lead to unnecessary or improper 

treatment if followed?  

No 

2. On initial review,  

a. Does the newly identified evidence 

support the existing recommendations?  

b. Do the current recommendations cover 

all relevant subjects addressed by the 

evidence, such that no new 

 
Yes 
 
No  
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recommendations are necessary?  

3. Is there a good reason (e.g., new 

stronger evidence will be published soon, 

changes to current recommendations are 

trivial or address very limited situations) 

to postpone updating the guideline? 

Answer Yes or No, and explain if 

necessary:  

No  

4. Do the PEBC and the DSG/GDG 

responsible for this document have the 

resources available to write a full 

update of this document within the next 

year? 

Yes  

Review Outcome Endorse 

DSG/GDG Approval 
Date 

September 9, 2016 

DSG/GDG 
Commentary 

Might need to incorporate the discussion of simple rule diagnostic 
strategy and IOTA adnex model  

 
Data Tables 4-15 

Author Study type Comparison N Results 

Imaging 
Haggerty 2014 
ABSTRACT 

Retrospective MRI vs pathology N=237 Pelvic MRI had a sensitivity of 95.0% and 
specificity of 94.1% for diagnosis of 
malignancy when compared to available 
pathology (n =88). The predicted specific 
histologic subtype by MRI (n= 84) was 
accurate in 56/57 women (98.25%) with an 
anticipated benign diagnosis and in 23/27 
women (85.19%) with an anticipated 
malignancy. The correlation between a 
benign diagnosis from MRI and benign final 
surgical pathology was 0.74 (P < 0.001). 

Goodrich 2014 
ABSTRACT 

Prospective To investigate the 
relationship between 
imaging and the 
multivariate index 
assay (MIA) OVA1 in 
predicting the 
likelihood of ovarian 
malignancy before 
surgery 

N=1110 Of the 1110 women enrolled with an adnexal 
mass on imaging, 1024 were evaluable. There 
were 255 malignancies and 769 benign 
tumors. High-risk findings were present in 
59% of 1232 imaging tests and 61% of 1024 
MIA tests. The risk of malignancy increased 
with MIA score; similarly, the likelihood of 
malignancy was higher for high-risk compared 
to low-risk imaging. Sensitivity and 
specificity for predicting malignancy was 98% 
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Author Study type Comparison N Results 
(95% CI 96-99) and 27% (95% CI 24-30) for 
imaging "OR" MIA and 80% (95% CI 74-84) and 
72% (95% CI 69-76) for imaging "AND" MIA, 
respectively. Only 1.6% of ovarian tumors 
were malignant when both tests were low 
risk. Logistic regression analysis revealed the 
following combined test performance: 
sensitivity 93%, specificity 54%, positive and 
negative predictive value 40% and 96%, 
respectively. 

Anthoulakis 2014 Systematic 
review 
(2002 to 2012) 
PubMed, 
EMBASE, 
Scopus, 
Evidence Based 
Medicine 
Reviews 
Cochrane, and 
Google Scholar.  
 

Unenhanced and/or 
contrast enhanced 
MRI versus 
Doppler ultrasound, 
CT, and PET/CT 
(18F-FDG PET/CT). 
 
 

Outcomes: 
Sensitivity 
(rate) and 
(Specificity 
(rate) in the 
detection of 
ovarian 
cancer 
  

37 citations of which 6 papers (5 
prospective and 
1 retrospective) were included in the 
systematic review. 
Conclusions: MRI with intravenous contrast 
administration provides the highest post-test 
probability of ovarian cancer detection. 
However, the preponderant contribution of 
MRI in adnexal mass evaluation is its 
specificity because it provides confident 
diagnosis of many benign adnexal lesion 

Dasgupta 2010 Prospective Assessment of 
benign and 
malignant ovarian 
tumours by colour 
doppler 
ultrasonography 
compared to 
hisopathological 
examination 

N=56 Pulsatility index - In 83.78% cases of benign 
tumour it is equal or greater than 1, it was 
less than 1 in 84.21% in malignant ovarian 
tumours. The sensitivity, specificity, PPV and 
NPV were respectively 84.21%, 83.78%, 
72.72% and 91.11%. 
Resistance index in benign tumours were 
equal to or more than 0.4 in 81.08% and less 
than 0.4 in 68.42% in case of malignant 
tumours. The sensitivity, specificity, PPV and 
NPV were respectively 68.42%, 81.08%, 65% 
and 83.33%.  
Timed average maximal velocity - the 
sensitivity, specificity, PPV and NPV were 
respectively 89.45%, 89.19%, 80.95% and 
94.28%, and also considering septal/central 
localisation of vessels as a criterion for 
malignancy, it was found the sensitivity, 
specificity, PPV and NPV were 89.47%, 
62.16%, 54.84% and 92% respectively.  
Considering absence of dicrotic notch for 
malignant tumours we found sensitivity, 
specificity, PPV and NPV were 89.47%, 
81.08%, 70.83% and 93.75% respectively. 

Hafeez 2013 Retrospective Ultrasound N=86 Sensitivity and specificity of ultrasound to be 
90.7%, 95%CI (0.77, 0.97) and 91.4%, 95%CI 
(0.76, 0.98) respectively. Positive predictive 
value was 93%, 95%CI (0.79, 0.98) and 
negative predictive value was 89%, 95%CI 
(0.73, 0.96). A total of 78 ovarian masses 
were detected, out of which 42 were 
malignant and 36 were benign. 
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Author Study type Comparison N Results 
Firoozabadi 2011 Prospective CT scan, physical 

examination 
Ultrasound and 
pathological findings 

N=139 The sensitivity and specificity of sonography-
physical examination were 51.9% and 87.9% 
respectively and the sensitivity and 
specificity of CT scan images were 79.2% and 
91.6% respectively.  

Chaudhari 2013 Prospective Transabdominal 
ultrasonography and 
color Doppler vs 
histopathological 
examination 

N-60 Efficacy of Sassone scoring system for 
diagnosing malignant tumors sensitivity 75%, 
specificity 90.91%, positive predictive value 
75%, negative predictive value 90.91% and an 
accuracy of 86.67%. Efficacy of De Priest 
scoring system sensitivity 66.67%, specificity 
100%, positive predictive value 100%, 
negative predictive value 92.31% and an 
accuracy of 93.33%. Efficacy of Ferrazzi 
scoring system sensitivity 75%, specificity 
100%, positive predictive value 100%, 
negative predictive value 91.67%, and an 
accuracy of 93.33%. Efficacy of alcazar 
scoring system sensitivity 100%, specificity 
100%, Positive predictive value 100%, 
negative predictive value 100%, and an 
accuracy of 100%. 

Takeuchi 2010 Retrospective Diffusion weighted 
(DWI) MRI vs. 
apparent diffusion 
coefficient (ADC) 

N=49 The solid portion of all 39 malignant tumors 
showed homogeneous or heterogeneous high 
intensity on DWI, whereas only 3 of the 10 
benign tumors (3 thecomas) showed high 
intensity. The mean (SD) ADC value in the 39 
malignant tumors (1.03 [0.19]) was 
significantly lower than that in 10 benign 
tumors (1.38 [0.30]). A relatively low ADC 
(1.08-1.20) in the 3 thecomas may reflect 
their abundant cellular nature, and the 
presence of low intensity on T2-weighted 
images was suggestive for benign fibrous 
tumor. Low intensity on DWI with high ADC 
may suggest benign lesions; however, it may 
be occasionally difficult to differentiate 
benign and malignant lesions only on the 
basis of DWI 

Mubarak 2011  Retrospective multidetector 64-
slice computed 
tomography (MDCT) 
vs. histopathology 
and surgical findings  

N=100 MDCT was found to have 97% sensitivity, 91% 
specificity, and an accuracy of 96% in the 
differentiation of benign and malignant 
ovarian masses, while PPV and NPV were 97% 
and 91%, respectively. 

Alcazar 2009 Not stated 3-dimensional (3D) 
power Doppler (PD) 
sonography to 
discriminate 
between benign and 
malignant cystic-
solid and solid 
vascularized adnexal 
masses and to define 
cutoff values for 3D 

N=143 A total of 113 masses (74%) were malignant, 
and 39 (26%) were benign. Morphologic 
evaluation revealed 30 unilocular solid 
masses (19.7%), 43 multilocular solid masses 
(28.3%), and 79 mostly solid masses (52%). 
The mean VI (9.365% versus 3.3%; P< .001), FI 
(34.318 versus 28.794; P< .001), and VFI 
(3.233 versus 1.15; P<0.01) were significantly 
higher in malignant tumors. No differences 
were found in the resistive index, pulsatility 
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Author Study type Comparison N Results 
PD indices to be 
used in a clinical 
setting. 

index, and peak systolic velocity. Receiver 
operating characteristic analysis revealed an 
area under the curve of 0.77 (95% confidence 
interval, 0.69-0.85), 0.71 (0.60-0.81), and 
0.75 (0.66-0.83) for the VI, FI and VFI, 
respectively. For reducing the false-positive 
rate by almost one-third, sensitivity values 
for the VI (cutoff, 1.556%), FI (25.212), and 
VFI (0.323) were 92%, 95%, and 93%, 
respectively. 

Thomassin-
Naggara 2009 

Not stated To assess the 
contribution of 
diffusion-weighted 
Magnetic Resonance 
MR imaging (DWI) for 
characterizing 
complex adnexal 
masses 

N=77 All masses that displayed simultaneously low 
signal intensity within the solid component 
on T2-weighted and on b(1,000) diffusion-
weighted images were benign. Alternatively, 
the presence of a solid component with 
intermediate T2 signal and high b(1,000) 
signal intensity was associated with a PLR of 
4.5 for a malignant adnexal tumour. 

Tsuboyama 2014 Retrospective to correlate 
fluorodeoxyglucose 
uptake in ovarian 
masses on positron 
emission 
tomography/comput
ed tomography 
(PET/CT) with 
pathological grades 
of malignancy and 
subtypes and to 
determine the 
appropriate 
approach for 
combining PET/CT 
and contrast-
enhanced magnetic 
resonance imaging 
(CE-MRI) to 
characterize ovarian 
masses. 

N=127 The SUVmax of malignant tumors was significantly 
higher than that of benign and borderline lesions 
(mean, 7.8, 1.7, 2.4; P < 0.05). Among malignant 
tumors, SUVmax was significantly lower in 
mucinous adenocarcinomas compared with 
nonmucinous malignant tumors (mean, 3.3, 8.4; P 
< 0.05) and lower in clear cell adenocarcinomas 
compared with other subtypes of nonmucinous 
malignant tumors (mean, 6.0, 9.4; P < 0.05). The 
SUVmax cutoff that best differentiated malignant 
lesions from benign/borderline lesions was 2.4 for 
mucinous and 4.0 for nonmucinous tumors. These 
cutoffs correctly classified lesions as malignant or 
not in 88.2% of cases (112/127). When PET/CT was 
combined with CE-MRI, the readers correctly 
classified 85% (34/40) and 86.5% (32/37) of 
indeterminate lesions on CE-MRI. However, 
PET/CT was not useful for classifying determinate 
lesions on CE-MRI, particularly because PET/CT 
correctly classified only 70.1% (12/17) of clear cell 
adenocarcinomas, whereas CE-MRI alone correctly 
classified 94.1% (1617). Thus, compared with CE-
MRI alone, the diagnostic accuracy of CE-MRI + 
PET/CT when PET/CT was added only for 
indeterminate lesions on CE-MRI was significantly 
higher for both readers for differentiating 
between benign and borderline/malignant (P < 
0.05), as well as between benign/borderline and 
malignant (P < 0.01). 

Tsuboyama 2012 
ABSTRACT 

Not stated to correlate FDG 
uptake in such 
ovarian masses on 
PET/CT with their 
morphology on 
contrast-enhanced 
MR (CEMR) and 
pathological grade of 
malignancy, and to 
evaluate the value 

N=69 Malignant tumours showed significantly 
higher FDG uptake than benign and 
borderline lesions (mean, 8.1, 1.9, 2.2, P < 
0.01), and of malignant tumours, significant 
high FDG uptake was detected on solid group 
(mean 9.3), but not on septate group (mean 
2.6). Sensitivity, specificity, and accuracy for 
benign/borderline lesions by CEMR were 
42.1, 100, 67.6%, respectively, those by 
PET/CT using cut-off SUVmax of 2.7 were 
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Author Study type Comparison N Results 
of adding PET/CT to 
CEMR in 
differentiating 
benign/borderline 
lesions from 
malignancies 

81.6, 93.3, 86.8%, respectively, and those by 
CEMR + PET/CT using cut off SUVmax of 2.5 
for septate and 4.0 for solid group were 94.7, 
93.3, 94.1%, respectively. PET/CT and PET/ 
CT + CEMR showed significantly higher 
sensitivity and accuracy than CEMR (P < 0.05, 
<0.01, respectively). 

Medeiros 2009 Systematic 
review 

MEDLINE, CANCERLIT, 
LILACS, COCHRANE and 
EMBASE databases from 
January 1990 to 
December 2007 were 
seared using the terms  
“ovarian neoplasm” 
and “transvaginal 
ultrasound with color 
Doppler” were 
combined with 
“sensitivity and 
specificity”. Reference 
lists of all available 
primary studies were 
reviewed to identify 
additional relevant 
citations. 

To estimate 
the accuracy 
ultrasonogra
phy with 
color 
Doppler in 
the diagnosis 
of ovarian 
tumors. 

Twelve studies were analyzed, which 
included 2398 women. The pooled sensitivity 
was 0.87 (95% confidence interval [CI], 0.84-
0.90); and the specificity was 0.92 (95% CI 
0.87-0.90). The diagnostic odds ratio for 
ovarian cancer and borderline lesions vs 
benign lesions was 125 (95% CI, 55-283). 
Summary receiver operating characteristic 
curves were constructed because of 
heterogeneity in the diagnostic odds ratio. 
For malignant ovarian cancer and borderline 
versus benign lesions, the area under the 
curve was 0.9577. In conclusion, 
ultrasonography with color Doppler is a useful 
preoperative test for predicting the diagnosis 
of pelvic masses 

Thomassin-
Naggara 2012 

Prospective Dynamic contrast-
enhanced magnetic 
resonance imaging 
(DCE-MRI) to 
differentiate 
malignant from 
benign adnexal 
tumours 

N=56 Malignant tumours displayed higher F(T), Vb, 
rAUC and lower Ve than benign tumours (P < 
0.0001, P = 0.0006, P = 0.04 and P = 0.0002, 
respectively). F(T) was the most relevant 
factor for discriminating malignant from 
benign tumours (AUROC = 0.86). Primary 
ovarian invasive tumours displayed higher 
F(T) and shorter Dt than borderline tumours. 
Malignant adnexal tumours with associated 
peritoneal carcinomatosis at surgery 
displayed a shorter Dt than those without 
peritoneal carcinomatosis at surgery (P = 
0.01). 

Kitajima 2011 Prospective To evaluate the 
diagnostic value of 
integrated 18F-
fluorodeoxyglucose 
(FDG) positron 
emission tomography 
and computed 
tomography 
(PET/CT) to 
discriminate 
malignant from 
benign ovarian 
tumors. 

N=108 The SUV max of benign (n=26), borderline 
(n=12) and malignant (n=73) lesions was 2.00 
+/- 1.02, 2.72 +/- 1.04, and 7.55 +/- 4.29, 
respectively. Although there were significant 
differences between benign and malignant, 
and borderline and malignant lesions 
(P<0.0001), there was no significant 
difference between benign and borderline 
lesions. Using an SUV max cutoff of 2.55, the 
sensitivity, specificity and accuracy of FDG-
PET/CT scanning to detect malignant or 
borderline tumors were 82.4, 76.9, and 
81.1%, respectively. The SUV max of stage I 
(n=35), stage II (n=8), stage III (n=34) and 
stage IV (n=8) was 3.59 +/- 2.32, 5.18 +/- 
1.34, 8.72 +/- 2.69, and 15.05 +/- 3.77, 
respectively, and significant differences were 
observed between SUV max values and the 
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Author Study type Comparison N Results 
various International Federation of 
Gynecology and Obstetrics stage (P<0.0001). 

Haggerty 2014 Retrospective MRI vs final 
pathology 

N=237 Data from 237 female patients who 
underwent pelvic MRI were included, and 
41.35% underwent surgical intervention for 
the adnexal mass. Pelvic MRI (n = 88) was 
determined to have a sensitivity of 95.0% and 
specificity of 94.1%. The predicted specific 
histologic subtype by MRI (n = 84) was 
accurate in 56 (98.25%) of 57 women with an 
anticipated benign diagnosis and in 23 
(85.19%) of 27 women with an anticipated 
malignancy. The agreement between a 
benign diagnosis from MRI and benign final 
surgical pathology was 0.85 (95% confidence 
interval, 0.716-0.976). 

Mansour 2009 Prospective RMI + Three-
dimensional power 
Doppler (3-DPD) 

N=400 3-DPD was added to RMI for prediction of 
malignancy in 400 cases of ovarian masses. 
Sensitivity of RMI for prediction of 
malignancy was 88%, with a cutoff value of 
202.5 at 95% confidence interval. Sensitivity 
of 3-DPD for prediction of malignancy was 
75%, adding 3-DPD to RMI increased its 
sensitivity to 99%. Considering the pilot 
nature of the study, further studies are 
needed to corroborate such findings. 

Lucidarme 2010 Prospective Preoperative three-
dimensional (3D)-TVS 
was performed and 
the voxel data were 
analysed by the new 
technology. The 
findings at 3D-TVS, 
serum CA125 levels 
and the TVS-based 
diagnosis were 
compared with 
histology. 

N=264 Among 375 removed ovaries, 141 cancers (83 
adenocarcinomas, 24 borderline, 16 cases of 
carcinomatosis, nine of metastases and nine 
others) and 234 non-cancerous ovaries (107 
normal, 127 benign tumours) were 
histologically diagnosed. The new computer-
aided technology correctly identified 138/141 
malignant lesions and 206/234 non-malignant 
tissues (98% sensitivity, 88% specificity). 
There were no false-negative results among 
the 47 FIGO stage I/II ovarian lesions. 
Standard TVS and CA125 had 
sensitivities/specificities of 94%/66% and 
89%/75%, respectively. Combining standard 
TVS and the new technology in parallel 
significantly improved TVS specificity from 
66% to 92% (p < 0.0001). 

Kuyumcuoglu 
2011 

Retrospective to evaluate the 
predictive value of 
PET/CT in benign 
and malignant 
ovarian tumors and 
compare with 
computerized 
tomography and 
post-operative 
pathology 

N=69 The ROCs and AUCs values four predictors 
were shown in Figure 1. The AUCs (95 % CI) 
values calculated for CA 125, ultrasonography 
(USG), PET/CT and CT were as follows: 0.855 
(0.752-0.958), 0.703 (0.540-0.866), 0.681 
(0.514-0.848) and 0.631 (0.463-0.799) 
respectively CA 125 has the highest AUC 
value in order to predict the malignant 
potential of the patient. USG has the highest 
AUC value between the imaging techniques, 
following PET/CT and CT CONCLUSION: 
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According to this study among four modalities 
that distinguish malignant potential 
preoperatively; CA 125 is the best parameter 
USG and PET provide similar benefits in 
detecting malignant ovarian masses 
preoperatively. Both of these parameters are 
superior to CT Combination of CA 125, USG 
and PET/CT may be useful in detecting 
malignant ovarian masses preoperatively 
resulting in less invasive surgeries. 

Thomassin-
Naggara 2013 

Retrospective preliminary 
validation of an MR 
imaging scoring 
system vs. surgical 
pathological findings 

N=394 There was almost perfect agreement (kappa 
> 0.80) for each MR imaging feature except 
for grouped septa (kappa = 0.558) and 
thickened regular septa (kappa = 0.555). The 
classification was accurate in both the 
training set (area under the receiver 
operating characteristic [ROC] curve [AUC] = 
0.981 for reader 1 and 0.961 for reader 2) 
and the validating set (AUC = 0.964 for 
reader 1 and 0.943 for reader 2). ROC curve 
analysis demonstrated that the optimal 
cutoff point was an ADNEX MR score of 3; an 
ADNEX MR score of 4 or higher was associated 
with malignancy with a sensitivity of 93.5% 
(58 of 62) and a specificity of 96.6% (258 of 
267). 

Mari-Hualde 2015 
ABSTRACT 

Not stated To evaluate the 
accuracy of 18F-
FDGPET / CT 
(PET/CT) in the 
preoperative 
characterization of 
undetermined 
ovarian masses 

N=29 22/29 cases PET / CT were classified as 
malignant (75.86%), presenting 2 False 
Positive (mature teratoma and endometriosic 
cyst). 7/29p were classified as benign 
(29.14%), with 1 false negative lesion (a 
borderline clear cell carcinoma). The 
accuracy of PET/CT was S: 95.2% (IC 95%77.3-
99.2%), SP: 75% (IC 95% 40.9-92.9%), PPV: 
89.4% (IC 95% 71.8-96.6%) and NPV: 87.6% (IC 
95% 50.1-98%). In 21/29 cases (72.41%) (mean 
age: 51.9 years) tumour pathology was 
confirmed after surgery: 1 intestinal GIST, 2 
fallopian tube carcinomas and 18 ovarian 
carcinomas. PET/CT classified gynaecologic 
tumours according to FIGO as: 8p(40%) stage I 
(SUVmax:6.4), 2p(10%) stage II (SUVmax:5.9), 
3p(15%) stage III (SUVmax: 15.9 ) and 7p(35%) 
stage IV(SUVmax:12.2) . These findings were 
histologically confirmed: 16 serous 
adenocarcinomas (80%), 2 clear cell 
carcinomas (10%), 1 mucinous carcinoma and 
1endometrioid carcinoma. In 8/29p (mean 
age: 40.9 years and SUVmax:3.2) malignancy 
was ruled out by surgery or follow up: 4 
cystic endometriosis, 2 mature teratomas and 
2 simple cysts. 

Aramendia-
Vidaurreta 

Not stated Calculates seven 
different types of 

N=145 On evaluation of the classifier, an accuracy 
of 98.78%, sensitivity of 98.50%, specificity of 
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characteristics (local 
binary pattern, 
fractal dimension, 
entropy, invariant 
moments, gray level 
co-occurrence 
matrix, law texture 
energy and Gabor 
wavelet) from 
ultrasound images of 
the ovary, from 
which several 
features are 
extracted and 
collected together 
with patient age. 

98.90% and area under the curve of 0.997 
were calculated. 

FNAC 

Pal 2015 Prospective Ultrasound guided 
fine needle 
aspiration vs. 
histology 

N-70  On histopathology, 62 cases were concordant 
with cytology. Sensitivity and specificity 
were 95.23 and 95.83% respectively. 
Diagnostic accuracy was 93.94% in respect to 
the correct diagnosis 

Serum tests 

Macedo 2014 Systematic 
review / Meta 
Analysis 

A systematic review 
was performed to 
estimate the 
accuracy of human 
epididymis protein 4 
(HE4) assay in the 
diagnosis of ovarian 
tumors. Studies that 
evaluated HE4 levels 
for the diagnosis of 
ovarian tumors and 
compared them with 
paraffin-embedded 
sections as the 
diagnostic standard 
were included. 

MEDLINE 
(PubMed), 
EMBASE, 
Cochrane, 
IBECS, 
BIOSIS, Web 
of Science, 
SCOPUS, 
congress 
abstracts, 
and Grey 
literature 
from January 
1990 to April 
2013  

Forty-five studies were analyzed, which 
included 10,671 women and 3946 ovarian 
cancer cases. The pooled sensitivity for the 
diagnosis of borderline tumors or ovarian 
cancer was 78% (95% confidence interval, 
77%-79%), and the specificity was 86% (95% 
confidence interval, 85%-87%). Summary 
receiver operating characteristic curves were 
constructed. For malignant and borderline 
ovarian tumors versus benign lesions, the 
area under the curve was 0.916. Besides the 
overall analysis, stratification was performed 
in premenopause and postmenopause, early 
and late stages, and for accuracy by enzyme-
linked immunosorbent assay and 
chemiluminescence microparticle immuno 
assay. A HE4 level is a useful preoperative 
test for predicting the benign or malignant 
nature of pelvic masses. 

Moszynsk 2013 Retrospective Evaluation of HE4 
usefulness as a test 
in assessment of 
ovarian tumors 
which are suspicious 
and difficult to 
classify correctly via 
subjective 
ultrasound 
examination. 

N=245 Within the analyzed group 85 (58.6%) benign 
and 60 (41.4%) malignant tumors were 
confirmed histopathologically. The 
comparison of HE4 with subjective ultrasound 
assessment showed lowered NRI in the entire 
analyzed group as well as in the groups of 
tumors classified as "probably benign" or 
"probably malignant" (NRI = -0.16; P = 0.0139 
and NRI = -0.133; P = 0.0489, respectively). 
The analysis of logistic regression model 
confirmed that biomarkers do not improve 
diagnostic accuracy. The difference between 
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areas under ROC for HE4 (0.891) and CA125 
(0.902) was not statistically significant (P = 
0.760). 

Terzic 2014 Prospective Tumor marker levels 
(Ca 125, CEA, HE 4, 
Ca 19.9, and Ca 
15.3), taken from all 
women on 
admission, were 
compared with 
postoperative 
histopathological 
findings of extracted 
tumors 

N=358 Women with malignant tumors had the 
highest levels of Ca 125, CEA, and HE 4 
(p<0.01). Mucinous adenocarcinoma produced 
the highest amounts of Ca 19.9 and CEA. Ca 
15.3 was the highest in women with 
endometrioid carcinoma. There were no 
significant differences in the levels of all 
examined tumor markers (p>0.05) between 
women with benign and borderline tumors. 
Ca 125, HE 4, and Ca 15.3 can discriminate 
the malignant from other tumor types well. 
The highest sensitivity, specificity, positive 
and negative predictive values (91.04%, 
87.6%, 67.9%, 77.2%, respectively) were 
achieved for the combination of Ca 125 and 
HE 4. 

Worasethsin 2013 Prospective D-dimer vs. CA-125 N=200  D-dimer CA-125 

Sensitivity 91.8% 75.4% 

Specificity 71.9% 73.0% 

Positive 
predictive 
value 

58.9% 59.7% 

Negative 
predictive 
value 

95.2% 84.8% 

The likelihood ratio to be negative of the D-
dimer test is high at 0.11. In patients with 
epithelial ovarian cancer, D-dimer is 
increased in 83% of early stage (stage1) 
ovarian cancer while only 39% of early stage 
patients have a CA-125 level above the cut 
off. 

Sagi-Dain 2015 Retrospective CA19-9 and CA 125 
compared to CA 125 
alone 

N=503 A non significant effect on sensitivity 86.9% 
vs. 88.9% p=0.54 and specificity 79.9% vs. 
73.5% p=0.1 in differentiating malignant from 
benign masses.  

Bozkurt 2013 Prospective Serum levels of CA-
125, CA15-3, CA19-9, 
carcinoembryonic 
antigen (CEA), and 
alpha-fetoprotein 
(AFP) compared with 
histopathologically 
confirmed diagnosis 
 

N=168  

 CA125 
35U/ml  

CA125 
65U/ml 

CA19-9 

Sensitivity 78.9% 65.7% 18.4 

Specificity 86.9% 95.3% 93% 

PPV 63.8% 80.6% 43.7% 

NPC 93.3% 90.5% 79.6% 

 

 CEA AFP CA15-3 

Sensitivity 16% 2.6% 26.3% 

Specificity 93% 98% 96.1% 

PPV 37% 33.3% 66.6% 

NPC 83% 77.5% 81.6% 
 

Terzic 2014 Prospective Ca 125, CEA, HE 4, N= 358 Women with malignant tumors had the 



 

Section 4: Guideline Summary Review  93 

Author Study type Comparison N Results 
Ca 19.9 and Ca 15.3 
vs histopathological 
results 

highest levels of Ca 125, CEA and HE 4 
(p<0.01). Mucinous adenocarcinoma produced 
the highest amounts of Ca 19.9 and CEA. Ca 
15.3 was the highest in women with 
endometrioid carcinoma. There were no 
significant differences in the levels of all 
serum tumor markers between women with 
benign and borderline tumors (p>0.05). 
Malignant forms of tumors were well 
indicated by Ca 125, HE 4 and Ca 15.3 levels. 
The combination of Ca 125 and HE 4 resulted 
in the highest sensitivity, specificity, and 
positive or negative predictive value (91.04%, 
87.6%, 67.9%, 77.2%, respectively). 

Partheen 2011 Prospective We hypothesized 
that measurement of 
the biomarkers HE4 
and CA-125 
preoperatively would 
improve the 
assignment of these 
patients to the 
correct level of care 

N=394 Receiver operator characteristic (ROC) area 
under the curve (AUC) in the benign versus 
malignant cohorts was 86.8% for CA-125 and 
84.4% for HE4. Negative predictive value was 
91.7% when at least one of the biomarkers 
was positive, with only early stage epithelial 
ovarian cancer showing false negative 
results. Sensitivity at set specificity (75%) 
was 87% for risk of ovarian malignancy 
algorithm (ROMA) in the postmenopausal 
cohort (cut-off point, 26.0%) and 81% in the 
premenopausal cohort (cut-off point, 17.3%). 
ROC AUC in the benign versus stage I 
epithelial ovarian cancer was only 72% for 
HE4 and 76% for CA-125 

Van Gorp 2011 prospective HE4 and CA125 as a 
diagnostic test in 
ovarian cancer: 
prospective 
validation of the Risk 
of Ovarian 
Malignancy 

N= 389 When all malignant tumours were included, 
ROMA (receiver operator characteristic 
(ROC)-area under curve (AUC)=0.898) and 
HE4 (ROC-AUC)=0.857) did not perform 
significantly better than CA125 alone (ROC-
AUC=0.877). Using a cutoff for ROMA of 12.5% 
for pre-menopausal patients, the test had a 
sensitivity of 67.5% and a specificity of 
87.9%. With a cutoff of 14.4% for post-
menopausal patients, the test had a 
sensitivity of 90.8% and a specificity of 
66.3%. For EOC vs benign disease, the ROC-
AUC of ROMA increased to 0.913 and for 
invasive EOC vs benign disease to 0.957. 

Wu 2012 Systematic 
review and 
meta analysis 

The use of HE4 in 
the diagnosis of 
ovarian cancer in 
patients with pelvic 
or gynecological 
masses. We also 
evaluated the 
diagnostic 
performance of HE4 
for differentiating 
between patients 

Pubmed – 
Jan 1990 – 
Aug 2011 
 

A total of 9 studies involving 1807 women 
were included. When the control group was 
composed of healthy women, the pooled 
sensitivity and specificity for HE4 in 
diagnosing ovarian cancer were 83% (95% 
confidence interval [CI], 77%-88%) and 90% 
(95% CI, 87%-92%), respectively. The area 
under the SROC curve was 0.9271. When the 
control group was composed of women with 
benign disease, the pooled sensitivity and 
specificity for HE4 were 74% (95% CI, 69%-
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with benign 
gynecological 
disease and those 
with ovarian cancer. 

78%) and 90% (95% CI, 87%-92%). The area 
under the SROC curve was 0.8853 

Macuks 2012 Case control?? To analyze 
biomarker 
concentrations 
included in the two 
novel ovarian tumor 
differential 
diagnostic tests (risk 
of ovarian 
malignancy 
algorithm and OVA1) 
approved by food 
and drug 
administration in 
patients with ovarian 
tumors and to 
establish a new 
ovarian cancer risk 
assessment 
algorithm in 
conjunction with 
ultrasound score and 
menopausal status. 

83 ovarian 
cancer 
patients, 76 
patients with 
benign 
ovarian 
tumors, and 
79 healthy 
control 
subjects in 
the control 
group 

Mean serum concentrations of cancer antigen 
125 (CA125), human epididymis secretory 
protein 4 (HE4), and beta-2-microglobulin 
were upregulated, but apolipoprotein A1, 
transferrin, and transthyretin were 
downregulated among ovarian cancer 
patients. When only one biomarker was 
introduced in the logistic regression analysis, 
together with ultrasonographic score and 
menopausal status, HE4 (area under the 
curve (AUC) = 0.930; 95 % confidence interval 
(CI) 0.891-0.969) was more accurate than 
CA125 (AUC = 0.902; 95 % CI 0.855-0.949) in 
ovarian cancer diagnostic, but when both 
biomarkers were included in the logistic 
regression analyses, ovarian cancer 
diagnostic accuracy was increased (AUC = 
0.939; 95 % CI 0.902-0.977). 

Bristow 2013 Prospective Pre-operative serum 
samples and 
physician assessment 
of ovarian cancer 
risk were correlated 
with final surgical 
pathology. 
 

N=494 For all ovarian malignancies, the sensitivity 
of the multivariate index assay was 95.7% 
(95%CI=89.3-98.3) when combined with 
clinical impression. The multivariate index 
assay correctly predicted ovarian malignancy 
in 91.4% (95%CI=77.6-97.0) of cases of early-
stage disease, compared to 65.7% 
(95%CI=49.2-79.2) for CA125-II. The 
multivariate index assay correctly identified 
83.3% malignancies missed by clinical 
impression and 70.8% cases missed by CA125-
II. Multivariate index assay was superior in 
predicting the absence of an ovarian 
malignancy, with a negative predictive value 
of 98.1% (95%CI=95.2-99.2). Both clinical 
impression and CA125-II were more accurate 
at identifying benign disease. The 
multivariate index assay correctly predicted 
benign pathology in 204 patients (50.7%, 
95%CI=45.9-55.6) when combined with 
clinical impression. 

Wang Y.Q. 2016 Retrospective To compare a novel 
prognostic 
inflammation score 
(PIS) based on 
preoperative serum 
albumin and 
neutrophil to 

N=143 Both univariate and multivariate analyses 
showed that NLR and albumin were 
independent prognostic factors for overall 
survival (OS) and progression-free survival 
(PFS). An inverse correlation was observed 
between the NLR and serum albumin 
concentration. The novel prognostic 
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lymphocyte ratio 
(NLR) 

inflammation score (PIS) was shown to be a 
significant predictor for OS and PFS (both P < 
0.001) according to multivariate analysis. 
Additionally, low PIS was associated with 
advanced tumor stage (P < 0.001), metastasis 
(P < 0.001) and preoperative high PLR (P < 
0.001). 

Wang C. 2016 Prospective To evaluate HE4, 
CA125, progesterone 
(Prog), and estradiol 
(E2) for 
differentiating pelvic 
masses in 
postmenopausal 
women and aimed to 
build a multi-marker 
model which may 
improve the 
diagnostic value. 

N=149 After comparing by Z score statistics, HE4 + 
CA125 + E2 model was chosen as the best 
multi-marker model. In the training group, 
the area under curve of the HE4 + CA125 + E2 
model was 0.97 (0.93, 1.00), sensitivities of 
the model for distinguishing BPM from EOC, 
from early EOC, and from advanced EOC 
were 90.16, 86.21, and 95.65 %; specificities 
were 92.11, 92.11, and 92.11 %. In the 
validation group, sensitivities of HE4 + CA125 
+ E2 model for distinguishing BPM from EOC, 
from early EOC, and from advanced EOC 
were 96.77, 100.00, and 87.50 %, specificities 
were 84.21, 100.00, and 84.21 %. The multi-
marker model showed significant 
improvement when compared to CA125 or 
HE4, and it might be an effective pelvic mass 
differentiation method. 

Prediction Models 

Meys 2015 
ABSTRACT 

Meta analysis Eligible were 
prospective 
diagnostic studies 
designed to predict 
ovarian cancer in a 
preoperative setting 
in women with an 
adnexal mass. 

MEDLINE, 
EMBASE and 
the Cochrane 
were 
searched 
(January 
1990-August 
2014) 

We analyzed 42 articles, enrolling 18,446 
adnexal tumors; 13,067 (70.8%) benign and 
5,379 (29.2%) malignant. Subjective 
assessment, simple rules, LR2 and RMI were 
prospectively validated in 22, 7, 3 and 18 
studies, respectively. Subjective assessment 
by experts performed best with a pooled 
sensitivity of 0.93 [95%CI 0.91-0.94] and 
specificity of 0.89 [95%CI 0.85-0.95] (Figure 
1). Simple rules (classifying inconclusives as 
malignant) (sensitivity 0.92 [95%CI 0.88-0.95] 
and specificity 0.81 [95%CI 0.77-0.85]) and 
LR2 (sensitivity 0.93 [95%CI 0.89-0.95] and 
specificity 0.84 [95%CI 0.78-0.89]) 
outperformed RMI (sensitivity 0.75 [95%CI 
0.72-0.79], specificity 0.92 [95%CI 0.88 to- 
0.94]). A two-step strategy using simple rules 
with subjective assessment in case simple 
rules are inconclusive, matched test 
performance of subjective assessment by an 
expert (sensitivity 0.90 [95%CI 0.87- 0.93] 
and specificity 0.93 [95%CI 0.90-0.95]). 

Murala 2014 Retrospective Performance of IOTA 
simple rules and RMI 
in preoperative 
classification of 
adnexal lesions 

N=51 The IOTA simple rules yielded a conclusive 
result in 31 cases (65%), which resulted in a 
sensitivity of 94% (95% confidence interval of 
+/- 10%), a of specificity of 80% (+/- 20%), a 
positive predictive value(PPV) of 85% (+/- 
16%), a negative predictive value(NPV) of 
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92%(+/- 14%). The corresponding sensitivity, 
specificity, positive and negative predictive 
value of using RMI >250 as a cut off for 
malignancy is 72%(+/- 18%), 80%(+/- 18%) 
82%(+/- 16%), 70%(+/- 19%) respectively. 
Combining the simple rules and RMI resulted 
in sensitivity, specificity, PPV and NPV of 
93%, 83%. 87% and 92% respectively. 

Kaijser 2013 
ABSTRACT 

Prospective OTA simple 
descriptors (SD) or 
simple rules (SR) as 
a triage test in 
patients with ovarian 
tumours: Subsequent 
value of CA125, HE4 
or ROMA in clinical 
reality 

N=360 The final database comprised 360 adnexal 
tumours. Malignancy rate was 40%. SD were 
applicable in 49% of all cases with a 
sensitivity of 100% and specificity of 97.1%. 
SR were applicable in 81% and had 99.1% 
sensitivity and 92.9% specificity. Sensitivity 
and specificity of four different strategies 
using ROMA, HE4 and CA125 are displayed in 
Figures 1 and 2, respectively. In contrast a 
strategy using subjective assessment of 
expert examiners as second stage test after 
SR yielded the best overall test performance 
(sensitivity 96.5%, specificity 90.3%). 

Imperial 2015 
ABSTRACT 

Retrospective To determine the 
accuracy of Risk of 
Malignancy Index in 
distinguishing benign 
adnexal masses and 
Epithelial Ovarian 
Cancer 

N=121 A total of 121 patients with adnexal masses 
underwent surgery from October 2009 to 
December 2013 showing that there is a higher 
incidence rate of ovarian malignancy in 
nulligravid women ages from 41 to 60 years 
old. Risk of MaIignancy Index using the 
standard value of >200 had 48.10% 
sensitivity, specificity of 67.20% and accuracy 
of 58.70%, Sassone score had the higher 
accuracy rate of 75% in predicting ovarian 
malignancy and serum CA125 had 67.6%. 
However, based on area under receiver 
operating characteristics (ROC), a cutoff 
value of >273 of RMI showed significant 
increase in sensitivity to 70%, higher 
specificity of 80.60% and increased accuracy 
rate of 65.80%. RMI >273, Sassone score >10 
and serum CA125 > 60 mIU/mL that is 
computed based ROC yield a more accurate 
result in predicting ovarian carcinoma. 

Franchi 2011 
ABSTRACT 

Prospective To compare the pre-
surgical ability of a 
multivariate 
predictive algorithm 
combining CA 125, 
HE4 and menopausal 
status (ROMA) vs 
ultrasound (US) 
imaging performed 
by an experienced 
examiner, for 
estimation of the 
risk of malignancy in 

N= 173 Using a cut off for ROMA of 7.4% for pre-
menopausal patients, and a cut off of 25.3% 
form post-menopausal patients. The different 
test performed as follow: US (Sens 96.7%, 
Spec 87.5%, ROC-AUC = 0.95 95%CI : 
0.91,0.98), ROMA (SENS 82.7%, Spec 83.8%, 
ROC-AUC = 0.89 95%CI: 0.84,0.94), HE4 (Sens 
74.5%, Spec 92.0%, ROC-AUC = 0.87 95%CI: 
0.82,0.93) CA 125 (Sens 90.8%, Spec 66.7%, 
ROC-AUC = 0.89 95% CI: 0.84,0.94). US 
expertise opinion remains superior in 
discriminating malignant masses compared to 
ROMA algorithm, HE4 and CA125 alone. 
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patients with 
adnexal masses. 

However, combination of biomarkers could 
offer an aid to less experienced sonographers 
in the preoperative triage of adnexal masses. 

Ashrafganjooei 
2011 ABSTRACT 

Not stated The aim of this study 
was to evaluate the 
use of a Risk of 
Malignancy Index 
(RMI) based on a 
serum CA125 level, 
ultrasound findings 
and menopausal 
status vs final 
diagnosis 

N=150 The RMI identified malignant cases more 
accurately than any individual criterion in 
diagnosing ovarian cancer. Using a cut-off 
level of 238 to indicate malignancy, the RMI 
showed a sensitivity of 89.5%, a specificity of 
96.2%, a PPV of 77.3%, a NPV of 98.4% and an 
accuracy of 95.4%. 

Montagnana 2011 Prospective ROMA N=104 The median CA125 and HE4 serum 
concentrations were significantly higher 
among EOC patients than in healthy females 
(both p<0.05) and those with a benign mass 
(both p<0.05). The pre-menopausal group 
included 36 benign cases (29 of which were 
classified by ROMA as low-risk with a 
specificity of 80.6%; 95% CI: 64.0%-91.8%), 
and 15 EOC (eight of which were classified by 
ROMA as high-risk, with a sensitivity of 53.3%; 
95% CI: 26.6%-78.7%). The post-menopausal 
group enclosed 13 benign cases (11 of which 
were classified by ROMA as low-risk with a 
specificity of 84.6%; 95% CI: 54.6%-98.0%), 
and 40 EOC (33 of which were classified by 
ROMA as high-risk with a sensitivity of 82.5%; 
95% CI: 67.2%-92.7%). In the pre-menopausal 
group, the AUC was 0.64 (p=0.12, 95% CI: 
0.44-0.83) for CA125, 0.77 (p=0.003, 95% CI: 
0.62-0.92) for HE4 and 0.77 (p=0.002, 95% CI: 
0.63-0.92) for ROMA. In the post-menopausal 
group, the AUC was 0.84 (p=0.0003, 95% CI: 
0.73-0.94) for CA125, 0.94 (p<0.0001, 95% CI: 
0.88-0.99) for HE4 and 0.92 (p<0.0001, 95% 
CI: 0.85-0.99) for ROMA. 

Alcazar 2013 Prospective International Ovarian 
Tumor Analysis 
(IOTA) 'simple' rules 
for discriminating 
between benign and 
malignant adnexal 
masses vs. final 
histology 

N=340 Of the tumors, 55 (16.2%) were malignant 
and 285 (83.8%) were benign. The IOTA 
simple rules could be applied in 270 (79.4%) 
cases. In these cases, sensitivity was 87.9% 
(95% CI, 72.4-95.2), specificity 97.5% (95% CI, 
94.6-98.8), LR+ 34.7 (95% CI, 15.6-77.3) and 
LR- 0.12 (95% CI, 0.05-0.31). 

Fujiwara 2015 Prospective HE4 levels and ROMA 
as diagnostic tools of 
type I and type II 
EOC in Japanese 
women. 

N= 319 
women (131 
benign,  
19 
borderline, 
75 
malignant, 
and 94 

CA125, HE4, and ROMA were evaluated for 
sensitivity and by receiver operating 
characteristics (ROC) in type I and type II 
EOC. The results showed that, at 75% 
specificity, the sensitivity of CA125 and HE4 
for type II was 92.1% for both markers and for 
type I was 51.5% and 78.8%, respectively. The 
sensitivities of ROMA (type I, 84.8% and type 
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healthy 
controls 

II, 97.4%) were better than those of CA125 
and HE4. CA125, HE4, and ROMA were all 
highly accurate markers for type II. For type 
I, HE4 and ROMA showed better sensitivity 
than CA125. ROMA displayed the best 
diagnostic power for type I and type II 
including for the early stage of type I. In 
conclusion, HE4, CA125, and ROMA are 
valuable markers for type II EOC diagnosis. 
HE4 and ROMA analyses may improve 
differentiation between type I EOC and a 
benign mass. Measurement of combined HE4 
and CA125 levels provides a more accurate 
method for EOC diagnosis. 

Kaijser 2013 Existing dataset 
from 
prospective 
study 

Diagnostic accuracy 
between LR2 and 
ROMA vs final 
histology 

N= 360 216 women had benign disease and 144 a 
malignancy. Overall test performance of LR2 
(AUC 0.952) with 94% sensitivity and 82% 
specificity was significantly better than ROMA 
(AUC 0.893) with 84% sensitivity and 80% 
specificity. Difference in AUC was 0.059 (95% 
CI: 0.026-0.091; P-value 0.0004). Similar 
results were obtained when stratified for 
menopausal status. 

Moore 2014 Prospective ROMA + Initial 
Clinical Risk 
Assessment (ICRA) 

N=461 There were 375 benign tumors, 48 EOC, 18 
LMP tumors and 20 non-ovarian malignancies. 
For detection of ovarian cancer alone, ICRA 
had a sensitivity of 85.4%, a specificity of 
84.3%, and a NPV of 97.8%. Adding ROMA to 
ICRA produced a significant improvement of 
8.4% in sensitivity, achieving a sensitivity of 
93.8% with a specificity of 67.2% and a NPV of 
98.8%. Examination of all malignancies 
(ovarian & non-ovarian) provided a sensitivity 
of 89.7% for ROMA+ICRA in comparison to 
77.9% for ICRA alone, a significant increase in 
sensitivity of 11.8%. The NPV also 
significantly increased from 95.5% to 97.3%. 
Overall, ROMA detected 13 additional 
malignancies missed by ICRA 

Kadija 2012 Prospective 
cross- sectional 

HE4), the 
combination of 
HE4+CA125, and the 
Risk of Ovarian 
Malignancy 
Algorithm (ROMA) 
for patients with 
pelvic mass, 
particularly in 
differentiating 
endometriosis from 
carcinoma. 

N=108 The level of HE4 and CA125 was significantly 
higher among the patients with malignant 
tumors, compared with patients with 
nonmalignant disease. At the predefined 
specificity of 95%, HE4 and CA125 showed 
sensitivity of 65.5% and 58.6%, respectively, 
whereas the combination of HE4+CA125 
reached 68.9% at the same specificity. 
Importantly, the level of HE4 did not differ 
significantly between the patients with 
endometriosis and with other nonmalignant 
diseases (which was not the case with 
CA125). Risk of Ovarian Malignancy Algorithm 
classified 96% of benign 

Moszynski 2014 Prospective to externally N= 268 The subjective ultrasonographic assessment 
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validate the 
diagnostic 
performance of the 
International Ovarian 
Tumor Analysis 
logistic regression 
models (LR1 and 
LR2, 2005) and the 
Timmerman logistic 
regression model 
(1999), the Alcazar 
model (2003), the 
risk of malignancy 
index (RMI, 1990), 
and the risk of 
malignancy 
algorithm (ROMA, 
2009). 

and all of the studied predictive models 
achieved similar diagnostic performance in 
the whole study population. However 
significant differences were observed when 
pre- and postmenopausal patients were 
analyzed separately In the subgroup of 
premenopausal patients, the highest area 
under the curve (AUC) was achieved by 
subjective ultrasonographic assessment 
(0.931), the Alcazar model (0.912), and LR1 
(0.909). Alternatively in the group of 
postmenopausal patients, the highest AUC 
was noted for the Timmerman model (0.973), 
ROMA (0.951), and RMI (0.938). 

Rossi 2014 Retrospective Comparison of Pelvic 
Masses Score (PMS) 
and Risk of 
Malignancy Index 
(RMI) 

N=55  PMS RMI 

Sensitivity 100% 85% 

Specificity 93.8% 91% 

PPV 70% 60% 

NPV 100% 97.8% 
 

Klangsin 2012 Prospective Comparison of 
Sassone, DePriest, 
Lerner, Vera and 
Kawai and Valentin 
scoring systems for 
prediction of 
malignant ovarian 
tumours 

N=146  Sensitivit
y 

Specificit
y 

Sassone 75% 79.3% 

DePriest 89.1% 73.2% 

Lerner 82.8% 68.3% 

Vera & 
Kawai 

79.7% 82.9% 

Valentin 82.8% 85.4% 
 

Akturk 2015 Prospective Sassone, Lerner, 
Ferrazzi, DePriest, 
Finkler, Maggino, 
Granberg, Szpurek, 
and Uelan 

N=322 The sensitivity, specificity, and positive (PPV) 
and negative (NPV) predictive values, and 
diagnostic accuracy (DA) of nine scoring 
systems in all cases. 
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 

Kader Ali Mohan 
2010 

Retrospective RMI 1, 2 and 3 
comparisons 

N=260 The RMI indices for distinguishing between 
benign and malignant patients pre-
operatively had a sensitivity of 71% for RMI 1 
and 3 and 79% for RMI 2. Specificity for RMI 1 
and 3 was 89% and for RMI 2 was 88%. PPV for 
RMI 1 and 3 was 74% and was 74% for RMI 2. 
NPV for RMI 1 and 3 was 87% and for RMI 2 
was 91%  

Harry 2009 Not stated RMI N= 142 The sensitivity of the RMI for diagnosing 
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malignant ovarian disease was 94% (32/34) 
while the specificity was 70% (76/108). 

Li 2012 Meta Analysis (MEDLINE/PUBMED, 
EMBASE, Web of 
Science, Google 
Scholar, the 
Cochrane Library 
and 
ClinicalTrials.gov) 
and full texts 
bibliography were 
searched for 
relevant abstracts.  

All studies 
assessed with 
the QUADAS-2 
(Quality 
Assessment of 
Diagnostic 
Accuracy 
Studies-2). 
EOC predictive 
value of ROMA 
was 
systematically 
evaluated, 
and 
comparison 
among the 
predictive 
performances 
of ROMA, HE4 
and CA125 
were 
conducted 
within the 
same 
population. 

Data of 7792 tests were retrieved from 11 
studies. The overall estimates of ROMA for 
EOC predicting were: sensitivity (0.89, 95% 
CI 0.84-0.93), specificity (0.83, 95% CI 0.77-
0.88), and AUC (0.93, 95% CI 0.90-0.95). 
Comparison of EOC predictive value between 
HE4 and CA125 found, specificity: HE4 (0.93, 
95% CI 0.87-0.96) > CA125 (0.84, 95% CI 0.76-
0.90); AUC: CA125 (0.88, 95% CI 0.85-0.91) > 
HE4 (0.82, 95% CI 0.78-0.85). Comparison of 
OC predictive value between HE4 and CA125 
found, AUC: CA125 (0.89, 95% CI 0.85-0.91) > 
HE4 (0.79, 95% CI 0.76-0.83). Comparison 
among the three tests for EOC prediction 
found, sensitivity: ROMA (0.86, 95%CI 0.81-
0.91) > HE4 (0.80, 95% CI 0.73-0.85); 
specificity: HE4 (0.94, 95% CI 0.90-0.96) > 
ROMA (0.84, 95% CI 0.79-0.88) > CA125 (0.78, 
95%CI 0.73-0.83). ROMA is helpful for 
distinguishing epithelial ovarian cancer from 
benign pelvic mass. HE4 is not better than 
CA125 either for EOC or OC prediction.  

Van Holsbeke 
2009 

Prospective Internal validation of 
mathematical 
models to predict 
malignancy in 
adnexal 

N=507 All IOTA models performed very well and 
quite similarly, with sensitivity and 
specificity ranging between 92% and 96% and 
74% and 84%, respectively, and AUCs 
between 0.945 and 0.950. A least squares 
support vector machine with linear kernel 
and a logistic regression model had the 
largest AUCs. For pattern recognition, the 
AUC was 0.963, sensitivity was 90.2%, and 
specificity was 92.9%. This internal validation 
of mathematical models to estimate the 
malignancy risk in adnexal tumors shows that 
the IOTA models had a diagnostic 
performance similar to that in the original 
data set. Pattern recognition used by an 
expert sonologist remains the best method, 
although the difference in performance 
between the best mathematical model is not 
large 

Yamamoto 2009 Retrospective RMI 1, RMI 2, RMI 3, 
and RMI 4), 
incorporating 
menopausal status, 
serum CA125 levels, 
and ultrasound 
findings, to 
discriminate a 
benign from a 
malignant pelvic 

N=253 This study confirms that, for the diagnosis of 
malignancy, four malignancy risk indices 
were more accurate than menopausal status, 
serum CA125 levels, and ultrasound findings 
separately. The accuracy of the RMI 4 was 
better than RMI 1 (P=0.0013), RMI 2 
(P=0.0009) and RMI 3 (P=0.0013). The RMI 4 
at a cutoff level of 450 yielded a sensitivity 
of 86.8%, a specificity of 91.0%, a positive 
predictive value of 63.5%, a negative 
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mass. predictive value of 97.5%, and an accuracy of 

90.4% 

Bouzari 2011 Retrospective RMI N= 182 The RMI with the cut-off point of 265 had a 
sensitivity of 91.3%, specificity of 96.2 %, PPV 
of 77.7% and NPV of 98.7% for diagnosis of 
malignant masses 

Yamamoto 2014 Prospective To validate the risk-
of-malignancy index 
(RMI) incorporating 
menopausal status, 
CA 125 levels, and 
imaging findings for 
discriminating 
benign from 
malignant pelvic 
masses and to 
evaluate the ability 
of 4 different RMIs 

N=296 The sensitivity of RMIs 1, 2, 3, and 4 was 
73.0%, 81.1%, 73.0%, and 77.0%, respectively, 
and the specificity was 93.7%, 89.6%, 93.7%, 
and 92.3%, respectively. The RMI 2 was 
significantly better at predicting malignancy 
than RMIs 1 3; however, there was no 
statistically significant difference in 
performance of RMIs 2 4 

Enakpene 2009 Retrospective To test the accuracy 
of risk of malignancy 
index (RMI) in 
preoperative 
prediction of 
malignancy and 
treatment of 
adnexal masses. 
 

N= 302 The best individual performance was found in 
RMI at a cut-off of 250 with a sensitivity of 
88.2%, specificity of 74.3%, positive 
predictive value of 71.3% and negative 
predictive value of 90%. When RMI was used 
to triage patient treatment, 81.5% of 
patients who had laparoscopy had 
histological diagnosis of benign ovarian tumor 
and 7.5% had malignant tumor. In contrast, 
74.4% of patients who had laparotomy had 
histological diagnosis of malignant ovarian 
tumor and 16% had benign tumor. 

Farzaneh 2014 Prospective  ROMA in pre- and 
post-menopause 
women before 
surgery 

N=99 The only significant difference was the older 
age of the malignant group vs. benign group 
(P = 0.001) regarding demographic findings. 
As concerns the clinical symptoms, presence 
of abdominal discomfort in pre-diagnosis 
period was the only significant parameter in 
malignant group (P = 0.001). Additionally, 
data analysis of patients as a total group 
showed that specificity (96.4%), positive 
predictive value (PPV) (94.1%), area under 
the curve (AUC) (0.907), and diagnostic 
accuracy (DA) (86.9%) of the ROMA were 
higher than HE4 (91.1%, 85.7%, 0.857 and 
81.8%. respectively) and CA125 (87.9%, 
67.3%, 0.828 and 75.8%, respectively) alone. 
Besides, negative predictive value (NPV) 
(86.4%) and sensitivity (86.1%) of CA125 were 
higher than HE4 (79.7% and 69.8%, 
respectively). In contrast, specificity of HE4 
(91.1%) was higher than CA125 (67.9%). Data 
analysis of patients as two groups (pre and 
post menopause groups) showed the same 
results 

Alanbay 2012 Retrospective The aim of this study N=50 The RMI IV was the best method for 
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was to assess the 
prognostic values of 
risk of malignancy 
index (RMI IV), 
ultrasound score, 
menopausal status, 
and serum CA125 
and CA19-9 level in 
patients with 
borderline ovarian 
tumor (BOT). 

discrimination between BOTs and benign 
adnexal masses and was more accurate than 
the other parameters. When Receiver 
Operator Characteristic area under the 
curves for menopausal status was analyzed, 
serum CA 125 and CA19-9 level, ultrasound 
score, RMI IV(CA125), and RMI IV(CA19-9) 
were, 0.580, 0.625, 0.548, 0.694, 0.734 and 
0.711, respectively. The best RMI IV cut-off 
was found to be 200 for discrimination of 
benign and BOT lesions. In the RMI 
formulation, replacing CA125 with CA19-9 
didn't affect RMI IV sensitivity and specificity 
for discrimination. 

Di Legge 2012 Prospective 
IOTA database 

(IOTA) logistic 
regression models 
(LR1 and LR2), the 
IOTA simple rules 
and the risk of 
malignancy index 
(RMI). Vs histological 
diagnosis 

N=2445 The frequency of invasive malignancy was 
10% in small tumors, 19% in medium-sized 
tumors and 40% in large tumors; 11% of the 
large tumors were borderline tumors vs 3% 
and 4%, respectively, of the small and 
medium-sized tumors. The type of benign 
histology also differed among the three 
subgroups. For all methods, sensitivity with 
regard to malignancy was lowest in small 
tumors (56-84% vs 67-93% in medium-sized 
tumors and 74-95% in large tumors) while 
specificity was lowest in large tumors (60-
87%vs 83-95% in medium-sized tumors and 83-
96% in small tumors ). The DOR and the AUC 
value were highest in medium-sized tumors 
and the AUC was largest in tumors with a 
largest diameter of 7-11 cm. 

Chen 2015 Prospective Serum HE4, CA125, 
CA153, CA199, 
CA211, CA724 and 
ROMA 

N=232 The combination of HE4 and CA125 (AUC of 
0.963, sensitivity of 96.6%, specificity of 
65.7%) provided the best differential power 
in diagnosing ovarian cancer. ROMA 
performed better in the diagnosis of pelvic 
masses (AUC of 0.917, sensitivity of 82.0%, 
specificity of 78.8%) and uterine cancer (AUC 
of 0.838, sensitivity of 82.0%, specificity of 
60.0%) compared with applying HE4 and 
CA125 individually 

Gulati 2011 
ABSTRACT 

Not stated Presence of Ovarian 
Crescent Sign (OCS) 
was noted and 
calculation of Risk of 
Malignancy Index 
(RMI) was done 

N=50 RMI had sensitivity of 55.6%,negative 
predictive value of 90.7%,specificity and 
positive predictive value of 95.1% & 71.4% 
respectively.OCS was absent in all malignant 
lesions,giving a sensitivity and negative 
predictive value of 100%. Specificity and 
positive predictive value of negative OCS was 
80.4% & 52.9% respectively.All masses with 
presence of crescent sign were 
benign.Combining OCS with RMI was not 
found to be beneficial over OCS individual 

Lokich 2015 
ABSTRACT 

Not stated To evaluate the use 
of ROMA to assist in 

 Initial Tumour board recommendation for 
patient management had a sensitivity for 
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identifying women 
who can safely 
undergo 
conservative 
management. 

detecting malignancy of 100% (95% CI: 95.7-
100%), specificity of 47.8% (95% CI: 42.8-
52.9%), and negative predictive value (NPV) 
of 100% (95% CI: 98.0-100%). Actual patient 
management had a sensitivity of 98.8% (95% 
CI: 93.5-100%), specificity of 46.0% (95% CI: 
41.0-51.1%) and NPV of 99.4% (95% CI: 97.0-
100%). ROMA alone for the detection of EOC 
had a sensitivity of 95.3% (95% CI: 86.9-
99.0%), specificity of 65.6% (95% CI: 60.6-
70.3%), and NPV 98.8% (95% CI: 96.7-99.8%). 
For Stage I-II EOC, ROMA had a sensitivity of 
89.3% (95% CI: 71.8-97.7%). All 84 
malignancies, including 28 early-stage EOC, 
were recommended for surgery. Only 1 of 22 
patients with an LMP tumor was assigned to 
observation. Clinical assessment in 
conjunction with ROMA identified 187 (37.4%) 
women for conservative management. 

Martin Rodriguez 
2015 ABSTRACT 

Retrospective Diagnostic accuracy 
of HE4, CA125 and 
Roma 

N=62 Postmenopausal women: - HE4 had the 
highest specificity (94.7%) compared with 
CA125 (57.9%) and ROMA (57.9%) - Sensitivity 
of HE4 (75.0%) was lower than CA125 (87.5%) 
and ROMA (87.5%). HE4 had two false 
negatives (one mucinous OC and one 
granulosa cell OC). CA125 and ROMA had one 
false positive (granulosa OC) - HE4 also 
performed the best area under the curve 
(0.94), followed by ROMA (0.92) and CA125 
(0.90) Premenopausal women: - HE4 had a 
high specificity (80.8%) compared with CA125 
(50.0%) and ROMA (73.1%) - Sensitivity could 
not be assessed because all positive cases 
were postmenopausal women. 

Thompson 2014 
ABSTRACT 

Retrospective RMI N=67 Sixty seven women were identified as having 
an ovarian cyst removed. There were nine 
cancers, all of which had ultrasound features 
of malignancy so the RMI score was the same. 
An RMI of 200 gave a sensitivity of 67% and 
specificity of 97%, whereas an RMI of 250 had 
a sensitivity of 56% and specificity of 98%. 
There were 20 simple cysts, all of which were 
benign, but eight of these women had an RMI 
III score of 25-250 so were given a moderate 
risk of malignancy. When all ovarian cancers 
were examined, there were two which had 
an RMI I score of zero, but both of these were 
in postmenopausal women with an abnormal 
CA125 level. 

Yoshida 2016 Prospective To evaluate the 
prediction of 
malignancy in 
women with pelvic 
masses using the 

N=384 Of the 384 women, 224 presented a benign 
ovarian tumor, 32 BOT, 87 EOC, 26 non-
epithelial ovarian cancer, and 15 had ovarian 
metastases. The best AUCs were obtained for 
the discrimination of EOC from benign 
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Copenhagen Index 
(CPH-I) and Risk of 
Ovarian Malignancy 
Algorithm (ROMA). 

tumors. CPH-I performed slightly better than 
ROMA, and both approached 89% sensitivity 
and 85% specificity. When all malignant 
tumors (EOC, BOT, ovarian metastases and 
non-epithelial ovarian cancer - entire cohort) 
were included, the performance of CPH-I and 
ROMA declined to nearly 72%, although the 
specificity remained close to 85% 

Szubert 2016 Retrospective The external, two-
center validation of 
the IOTA ADNEX 
model for 
differential diagnosis 
of adnexal tumors 

N=204 ADNEX achieved high accuracy in 
discriminating between malignant and benign 
ovarian tumors in both centers (79.9% and 
81.3% in Centers I and II, respectively). 
Multiclass accuracy was substantially lower 
than in binary classification (malignant vs. 
benign): 64.2% and 74.0% in Centers I and II, 
respectively. Sensitivity and specificity for 
the diagnosis of specific tumor types in 
Center I were as follows: benign tumors – 
72.4% and 94.3%; borderline tumors – 33.3% 
and 87.0%, stage I ovarian cancers – 00.0% 
and 91.8%; stage II–IV ovarian cancers 
– 68.2% and 83.1%; and metastatic tumors – 
00.0% and 99.5%. Sensitivity and specificity in 
Center II were as follows: benign tumors – 
75.3% and 97.1%; borderline tumors – 50.0% 
and 88.2%, stage I ovarian cancers – 40.0% 
and 97.5%; stage II–IV ovarian cancers – 95.0% 
and 88.3%; and metastatic tumors – 20.0% 
and 98.3%. 

Meys 2016 systematic 
review and 
meta-analysis 

Our objective was to 
compare the 
diagnostic accuracy 
of subjective 
assessment, simple 
rules, LR2 and RMI 
for differentiating 
benign from 
malignant adnexal 
masses prior to 
surgery 

MEDLINE, 
EMBASE and 
CENTRAL 
were 
searched 
(January 
1990-August 
2015) 

We analysed 47 articles, enrolling 19,674 
adnexal tumours; 13,953 (70.9%) benign and 
5721 (29.1%) malignant. Subjective 
assessment by experts performed best with a 
pooled sensitivity of 0.93 (95% confidence 
interval [CI] 0.92-0.95) and specificity of 0.89 
(95% CI 0.86-0.92). Simple rules (classifying 
inconclusives as malignant) (sensitivity 0.93 
[95% CI 0.91-0.95] and specificity 0.80 [95% 
CI 0.77-0.82]) and LR2 (sensitivity 0.93 [95% 
CI 0.89-0.95] and specificity 0.84 [95% CI 
0.78-0.89]) outperformed RMI (sensitivity 
0.75 [95% CI 0.72-0.79], specificity 0.92 [95% 
CI 0.88-0.94]). A two-step strategy using 
simple rules, when inconclusive added by 
subjective assessment, matched test 
performance of subjective assessment by 
expert examiners (sensitivity 0.91 [95% CI 
0.89-0.93] and specificity 0.91 [95% CI 0.87-
0.94]). 

Frozen section 

Pavlakis 2009 Retrospective To determine 
accuracy of frozen 
section diagnosis of 
ovarian tumours. 

N=932 Sensitivity fro frozen section diagnosis for 
benign, borderline and malignant epithelial 
tumours was 98.82%, 98.97% and 87.66%.  
Specificity was 98.01%, 97.06% and 100%.  
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Frozen sections were 
compared with final 
paraffin sections 

27 cases had a diagnostic discrepancy. 

Rakhshan 2009 Not stated Frozen section 
diagnosis of adnexal 
masses was 
compared with 
permanent section 
diagnosis as the gold 
standard. 

N=282 The overall accuracy of frozen section 
diagnosis was 95.7%. The sensitivity of frozen 
section diagnosis for benign, borderline and 
malignant lesions was 99, 60, and 92%, 
respectively. The tumor size in discrepant 
cases was larger than the concordant cases, 
however no association between mucinous 
histology and inaccurate diagnosis was found. 
The sensitivities of gross examination and 
clinical data in distinguishing benign from 
non-benign lesions were 93 and 70%, 
respectively. 

Ouladsahebmadar
ek 2015 

 intraoperative 
cytology and frozen 
section (FS) for 
diagnosis of ovarian 
masses 

N= 131 Scrape cytology for intraoperative diagnosis 
of benign ovarian tumors had sensitivity of 
89.06% compared to 90.62% for FS. 
Specificity of both scrape and FS techniques 
for benign tumors was 94.91%. Sensitivity and 
specificity of scrape for malignant ovarian 
tumors were 94.91% and 89.06%, 
respectively. The related values for FS were 
94.91% and 90.62%. The overall accuracy 
percentage of scrape and FS for diagnosis of 
ovarian neoplasms was 91.86% and 92.68%, 
respectively 

Malipatil 2013 Retrospective Compared the frozen 
section diagnosis of 
ovarian tumors with 
their final diagnosis 
in paraffin sections 

N=218 Results were analyzed on two parameters: (i) 
status of malignancy and (ii) histological 
type. The overall accuracy was 95%. The 
sensitivity for benign, borderline and 
malignant tumors was 99.3%, 86.66% and 
96.3%, respectively. The corresponding 
specificities were 92.6%, 97% and 100%. Most 
of the discrepant cases were of borderline 
category. The overall accuracy for 
histological diagnosis was 80.7%. The number 
of sections examined at frozen and paraffin 
had a statistically significant association with 
the accuracy of frozen section. 

Salman 2013 
ABSTRACT 

Retrospective To evaluate the 
accuracy of frozen 
section (FS) in 
evaluation of 
adnexal mass and to 
define 
clinicopathological 
factors associated 
with misdiagnosis 

N=745 745 valid reports were evaluated. Of these; 
507 (68.1%) had benign, 44 (5.9%) had 
borderline, 194 (26.0%) had malignant 
histological diagnosis at permanent section. 
In 717 of 745 (96.2%) patients, FS analysis 
agreed with PP. 28 of 745 cases (3.8%) were 
diagnosed incorrectly by FS. Univariate 
analysis showed that borderline histology 
(p<0.0001) and tumor size larger than 10 cm 
(p= 0.005) were associated with misdiagnosis 
of ovarian tumors by FS. Based on 
multivariate analysis, borderline histology 
(OR:14.4, p<0.0001) and tumor size larger 
than 10 cm (OR:2.3, p=0.049) were the 
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independent predictors for misdiagnosis by FS 

Jhan 2016 Retrospective Frozen section 
diagnosis vs final 
histopathology 

N=54 The frozen section was accurate in 51(92.6%) 
cases. It had a moderately high sensitivity of 
75%, high specificity of 97.6%, high positive 
predictive value of 90% and high negative 
predictive value of 93.2%. Lack of agreement 
was found in cases of ovarian tumours of the 
mucinous and borderline variety. 

Ratnavelu 2016 Systematic 
review 

Studies that used 
frozen section for 
intraoperative 
diagnosis of ovarian 
masses suspicious of 
malignancy, 
provided there was 
sufficient data to 
construct 2 x 2 
tables. 

MEDLINE 
(January 
1946 to 
January 
2015), 
EMBASE 
(January 
1980 to 
January 
2015) and 
relevant 
Cochrane 
registers 

All studies were retrospective, and the 
majority reported consecutive sampling of 
cases. Sensitivity and specificity results were 
available from 38 studies involving 11,181 
participants (3200 with invasive cancer, 1055 
with borderline tumours and 6926 with 
benign tumours, determined by paraffin 
section as the reference standard). The 
median prevalence of malignancy was 29% 
(interquartile range (IQR) 23% to 36%, range 
11% to 63%). We assessed test performance 
using two thresholds for the frozen section 
test. Firstly, we used a test threshold for 
frozen sections, defining positive test results 
as invasive cancer and negative test results 
as borderline and benign tumours. The 
average sensitivity was 90.0% (95% 
confidence interval (CI) 87.6% to 92.0%; with 
most studies typically reporting range of 71% 
to 100%), and average specificity was 99.5% 
(95% CI 99.2% to 99.7%; range 96% to 100%). 
Similarly, we analysed sensitivity and 
specificity using a second threshold for 
frozen section, where both invasive cancer 
and borderline tumours were considered test 
positive and benign cases were classified as 
negative. Average sensitivity was 96.5% (95% 
CI 95.5% to 97.3%; typical range 83% to 
100%), and average specificity was 89.5% 
(95% CI 86.6% to 91.9%; typical range 58% to 
99%). Results were available from the same 
38 studies, including the subset of 3953 
participants 

Abudukadeer 
2016 

Retrospective Frozen section 
diagnosis vs 
permanent section 

N=804 The overall accuracy to determine the status 
of malignancy was 92.6%. There were 38 
(7.4%) false negative and no false positive 
frozen section diagnoses. The sensitivity, 
specificity, and positive predictive and 
negative predictive values for benign ovarian 
tumors were 100.0%, 97.0%, 91.3%, and 
100.0%, respectively; for borderline tumors 
they were 64.3%, 97.0%, 91.5%, and 94.0%, 
respectively, and for malignant tumors they 
were 90.0%, 100.0%, 100.0%, and 85.5%, 
respectively 

Combination 
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Weinberger 2013 
(abstract) 

Retrospective Sensitivity and 
specificity of CA 125 
and "simple rules" 
ultrasound 

N=347 
tumours 

Malign ovarian tumor was detected by US in 
118 (sensitivity 94 %, specificity 93 %) and by 
CA 125 in 93 cases (sensitivity 68 %, 
specificity 69 %). Invasive OC was diagnosed 
by US in 99 (sensitivity 98 %, specificity 93 
%), Borderline tumour in 19 cases (sensitivity 
79 %, specificity 93 %). Invasive OC was 
diagnosed by CA 125 in 80 (sensitivity 74 %, 
specificity 69 %), BTO in 13 cases (sensitivity 
46 %, specificity 69 %). 

Terzic 2013 Prospective Anamnestical data 
and ultrasound scans 
were compared with 
hystopathological 
findings of tumors 

N=520 Sensitivity of anamnestical malignancy index 
(AMI) was 73.33%, specificity 72.87%, positive 
predictive value (PPV) 39.49% and negative 
predictive value (NPV) 91.88%.  
Sensitivity of characteristic malignancy 
index (CMI) was 92.38%, specificity 67.36%, 
PPV 40.59% and NPV 97.34%.  
Sensitivity of laboratory malignancy index 
(LMI) was 56.45%, specificity 90.24%, PPV 
68.63%, and NPV 84.57%. 

Moolthia 2009 Retrospective RMI based on CA124 
and ultrasound 

N=209 Using a cut-off level of 200 to indicate 
malignancy, the RMI 1 gave sensitivity of 
70.6%, specificity of 83.9%, PPV of 75%, and 
NPV of 80.6%. The RMI 2 gave sensitivity of 
80%, specificity of 78.2%, PPV of 71.6%, and 
NPV of 85.1%. The RMI 2 was significantly 
better in predicting malignancy than RMI 1. 

Arun-Muthuvel 
2014 

Prospective RMI, CA125 and 
Ultrasound 

N-467 RMI with a cut-off 150 had sensitivity of 84% 
and specificity of 97% in detecting ovarian 
cancer. CA-125>30 had a sensitivity of 84% 
and a specificity of 83%. An ultrasound score 
more than 2 had a sensitivity of 96% and 
specificity of 81%.  

Sood 2010 Prospective Ultrasound vs FNAC  57 aspirates 
from 50 
patients 

A comparison of cytological findings with the 
histological diagnosis was possible in 53 
aspirates; in the remaining four cases (7%) 
the smears were acellular. On cytology, 31 
lesions were diagnosed as neoplastic and 22 
as non-neoplastic. The overall sensitivity of 
cytology in diagnosing neoplastic and non-
neoplastic ovarian lesions was 93.9% and the 
specificity was 100%. The positive predictive 
value was 100% and negative predictive value 
90.9%. The overall diagnostic accuracy was 
96.2 % 

Anton 2012 Prospective CA125, HE4, risk 
ovarian malignancy 
algorithm (ROMA), 
and risk malignancy 
index (RMI) 

N=128 The sensitivities associated with the ability of 
CA125, HE4, ROMA, or RMI to distinguish 
between malignant versus benign ovarian 
masses were 70.4%, 79.6%, 74.1%, and 63%, 
respectively. Among carcinomas, the 
sensitivities of CA125, HE4, ROMA (pre-and 
post-menopausal), and RMI were 93.5%, 
87.1%, 80%, 95.2%, and 87.1%, respectively. 
The most accurate numerical values were 
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obtained with RMI, although the four 
parameters were shown to be statistically 
equivalent 

Van Gorp 2012 Prospective ROMA was assessed 
and compared to the 
diagnostic accuracy 
of the two most 
widely used 
ultrasound methods, 
namely the risk of 
malignancy index 
(RMI) and subjective 
assessment by 
ultrasound. 
 

N=432 Of the 432 eligible patients, 374 could be 
analysed. Subjective assessment had the 
highest area under the receiver operator 
characteristic curve (AUC) (0.968, 
95%CI:0.945-0.984), followed by the RMI 
(0.931, 95%CI:0.901-0.955). The subjective 
assessment and RMI both had significantly 
higher AUCs than the ROMA (0.893, 
95%CI:0.857-0.922; P<0.0001 and P=0.0030, 
respectively). The pre- and postmenopausal 
populations generated similar results 

Nunes 2014 Meta Analysis MEDLINE, EMBASE 
and Cochrane from 
the publication of 
the first study in 
2008. The terms 
used were 'simple 
rules', 'simple rules 
ovarian', 'ovar tumor' 
and 'ultrasound'. 
Quality assessment 
was performed using 
the modified Quality 
Assessment of the 
Diagnostic Accuracy 
of Studies (QUADAS-
2) checklist. 

 Three hundred and three women were 
included in the validation study with 168 
(55.4%) benign, 19 (6.3%) borderline and 116 
(38.3%) malignant tumors on histological 
examination. The rules were applicable in 
237 (78.2%) of the tumors and for these 
tumors, sensitivity was 96.2% (95% CI, 90.5-
99.0%) and specificity was 88.6% (95% CI, 
82.0-93.5%). Six of the 88 discovered studies 
were included in the meta-analysis along 
with the current validation study, which 
resulted in inclusion of a total of 3568 
patients. When the meta-analysis was 
performed the pooled sensitivity (when the 
rules were applicable) was 93% (95% CI, 90-
96%) (I(2) =32.1%) and the pooled specificity 
was 95% (95% CI, 93-97%) (I(2) =78.1%). 
Heterogeneity was observed across the 
studies. Sensitivity was higher and specificity 
lower in the study populations in which the 
prevalence of malignant tumors was greatest. 

Al-Musalhi 2015 Retrospective CA 125 and RMI vs 
histopathological 
diagnosis 

N=361 Using the proposed cut-off 35 U/ml for CA-
125 and 200 for RMI, the CA-125 test was 
more sensitive for detecting the majority of 
malignant ovarian tumors compared to the 
RMI (69% vs. 57%). Both tests were more 
sensitive in detecting epithelial ovarian 
cancer compared to other ovarian cancers. 
However, RMI was more specific in excluding 
benign ovarian lesions compared to CA-125 
(81% vs. 68%). Additionally, RMI had a better 
area under the curve compared to CA-125 
(0.771 vs. 0.745; p<0.005). Lowering the RMI 
cut-off to 150 resulted in a better sensitivity 
(62% vs. 57%) and had an acceptable 
specificity (78% vs. 81%) compared to a cut-
off of 200 

Valentin 2009 prospective Whether CA 125 
measurement is 

N=1066 There were 242 (30%) malignancies. For 534 
tumors judged to be certainly benign or 
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superior to 
ultrasound imaging 
performed by an 
experienced 
examiner for 
discriminating 
between benign and 
malignant adnexal 
lesions, and to 
determine whether 
adding CA 125 to 
ultrasound 
examination 
improves diagnostic 
performance 

certainly malignant by the ultrasound 
examiner the sensitivity and specificity of 
ultrasound examination and CA 125 (> or =35 
U/mL indicating malignancy) were 97% vs. 
86% (95% CI of difference, 4.7-17.2) and 99% 
vs. 79% (95% CI of difference, 15.7-24.2); for 
209 tumors judged probably benign or 
probably malignant, sensitivity and 
specificity were 81% vs. 57% (95% CI of 
difference, 12.3-36.0) and 91% vs. 74% (95% 
CI of difference, 8.5-25.7); for 66 tumors 
that were difficult to classify, sensitivity and 
specificity were 57% vs. 39% (95% CI of 
difference, -9.7 to 41.1) and 74% vs. 67% (95% 
CI of difference, -14.6 to 27.7). Diagnostic 
performance deteriorated when CA 125 was 
used as a second-stage test after ultrasound 
examination 

Radosa 2011 Not stated To evaluate the 
discriminative power 
of expert 
sonography, serum 
CA-125 
measurement, risk 
malignancy index 
(RMI) by Jacobs, and 
2 preoperative triage 
strategies 
(combination of CA-
125 measurement 
and RMI assessment 
with expert 
sonography). 

1362 surgical 
explorations 
with 
indication of 
an adnexal 
mass from 
our 
department 
were 
included in 
this study 

Discriminative power of the evaluated tests 
differed depending on patients' menopausal 
state. In the premenopause, expert 
sonography reached the highest 
discriminative power with a kappa value of 
0.53, a PPV of 0.45, and an NPV of 0.99. In 
the postmemopause, the combinations of 
expert sonography with CA-125 serum 
measurement or RMI assessment achieved the 
highest discriminative power: The 
combination of CA-125 and expert 
sonography reached a PPV of 0.89 and an NPV 
of 0.97; kappa yielded 0.84. The RMI 
combined with expert sonography as a triage 
strategy showed comparable results with a 
PPV of 0.89, an NPV of 0.96, and a kappa 
value of 0.82. 

Rossi 2011 Prospective We developed a new 
scoring system, 
named Pelvic Masses 
Score (PMS), that 
takes into account 
the ultrasound 
morphological 
pattern, the Doppler 
flowmetry of the 
pelvic mass, the 
CA125 serum level 
and the menopausal 
status. 

N=160 Statistical analysis of the data obtained from 
the new scoring system reveals that 
sensitivity, specificity, positive and negative 
predictive values (PPV and NPV) are higher 
than in the case of data separately derived 
from the Sassone score, OTI index or RMI 
index. 

Goyal 2014 
ABSTRACT 

Retrospective Assessment of 
adnexal masses by 
color Doppler study 
and serum CA125 
assay 

N=68 Among the 68 patients, histopathological 
examination showed 28 (41.17%) as malignant 
and 40 (58.82%) benign ovarian tumors. 
Sensitivity, specificity, positive and negative 
predictive value of the diagnosis made by 
color Doppler and CA125 in discrimination of 
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benign and malignant ovarian tumor was 
calculated. With cut-off of 0.5, RI had 
sensitivity of 92.85% and specificity of 90%. 
Predictive values for positive (86.66%) and 
negative (94.73%) were also quite high. PI 
was found to be moderately sensitive with 
sensitivity of 71.42% with cut-off of <1 for 
malignancy. CA125 with a cut-off of >35 was 
found to detect benign cases in 90% of 
patients. RI was found to be more sensitive in 
detection of malignant cases and CA125 was 
more accurate for detection of benign cases 

Konopacka 2012 
ABSTRACT 

Retrospective To assess the 
diagnostic accuracy 
of four different 
modalities in the 
evaluation of 
suspicious adnexal 
masses (preoperative 
imaging, tumor 
markers, video-
assisted laparoscopic 
intraoperative 
assessment, and 
frozen section) 
compared to the 
final pathology 

N=131 Of the 131 patients evaluated, 44 had tumor 
markers examined, 127 had imaging 
performed (pelvic ultrasound, CT, and MRI), 
and 87 had specimens evaluated with frozen 
section. One hundred twenty-nine patients 
were assessed intraoperatively by an 
experienced gynecologic oncologist. There 
were 24 (18.3%) borderline/ invasive 
malignancies and 107 (81.7%) benign 
pathologies. The single most accurate test 
was intraoperative impression (96.9% 
accurate), followed by frozen section (95.4% 
accurate). Combined, intraoperative 
assessment and frozen section yielded a 
91.7% sensitivity and 99.1% specificity, with 
an accuracy of 97.7%. 

Alcazar 2011 Hospital records Gray-scale 
ultrasound versus 
CA-125 

N=1802 In total, 543 women were postmenopausal 
and 1259 were premenopausal. 
Histologically, 444 masses were malignant 
and 1358 were benign. Malignancy was more 
frequent in postmenopausal women (n=271 
[49.9%]) than in premenopausal women 
(n=173 [13.7%]) (P<0.001). The median CA-
125 level was higher in malignant 
(185.1 IU/mL; interquartile range, 538.1 
IU/mL) than in benign (22.0 IU/mL; 
interquartile range, 92.8 IU/mL) tumors 
(P<0.001). The ROC curves indicated that the 
optimum CA-125 cut-off limits for accurate 
diagnosis of ovarian cancer would be 42.5 
IU/mL for premenopausal and 30.5 IU/mL for 
postmenopausal women. Overall, CA-125 
levels were a more accurate indicator of 
ovarian cancer in postmenopausal than in 
premenopausal women. In postmenopausal 
women, gray-scale ultrasound was more 
sensitive than CA-125 levels in the diagnosis 
of ovarian cancer, but CA-125 levels were 
more specific. In premenopausal women, 
gray-scale ultrasound was more sensitive and 
more specific than CA-125 levels  

Abdalla 2015 Prospective To compare the N=302 Malignant disease was diagnosed in 
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ABSTRACT diagnostic 

performance of 
Gynecologic Imaging 
Reporting and Data 
System (GI-RADS) 
with risk of 
malignancy 
algorithm (ROMA) in 
the preoperative 
differentiation 
between malignant 
and nonmalignant 
adnexal masses 

46(15,23%) cases. The sensitivity of GI-RADS 
and CA125 was 89,13% and 78,26% 
respectively. The specificity was 63,67% and 
80,85% respectively. The positive predictive 
value was 44,08% and 42,35% respectively. 
The negative predictive value was 97,02% and 
95,39% respectively. 

Piovano 2015 
ABSTRACT 

Prospective A preoperative 
ultrasound was 
performed and 
preoperative CA125 
and HE4serum levels 
were measured. The 
diagnostic accuracy 
and the performance 
indices of CA125, 
HE4, ROMA and 
ultrasound (SRs+SA) 
and their 
combinations were 
assessed. 

N=391 In the premenopausal group HE4 had the 
highest area under the curve (AUC) (0.698; 
95% IC0.557-0.840; p<0.003), followed by 
ROMA (0.696; 95% IC 0.553-0.839; p<0.003) 
and CA125 (0.695; 95% IC0,566-0,824; 
p<0.003). The sensitivity(86%) and specificity 
(97%) of the SRs in this group was higher than 
the biomarkers and the ROMA algorithm. In 
the menopausal group ROMA had the highest 
AUC (0.898; 95% IC 0.846-0.950; p<0.0001), 
followed by CA125 (0.889; 95% IC 0.833-
0.946; p<0.0001) and HE4 (0,817; 95% IC 
0,740-0,880; p<0.0001). In this group, the 
combination of SRs and CA125 had the 
highest sensitivity (92%) while HE4 had the 
highest specificity (97%). 

Myriokefalitaki 
2011 ABSTRACT 

Retrospective Diagnostic 
performance of 
preoperative level of 
platelet count in 
women with ovarian 
masses. 

N=501 362 (72.3%) women were found to have 
benign masses, 103 (20.6%) were diagnosed 
with ovarian malignancy and 36 (7.2%) 
borderline tumours. The mean diameter of 
the ovarian masses on ultrasonography was 
9.77 cm (SD: 5.48 cm). The preoperative 
platelet count in women with ovarian cancer 
was higher than in women with benign 
ovarian mass (388 x106 vs 299 x106; p value < 
0.001). We found a positive correlation (rho: 
0.374) of thrombocytosis with ovarian cancer 
(p value < 0.001). The relative risk for 
ovarian cancer in the presence of 
preoperative thrombocytosis was 10.04. The 
sensitivity, specificity, positive predictive 
value (PPV) and negative predictive value 
(NPV) of thrombocytosis in differentiating 
between benign and malignant ovarian 
masses were 39 %, 96.1%, 74.1% and 84.7% 
respectively. 

Romagnolo 2016 Not stated HE4, CA125 and risk 
of ovarian 
malignancy 
algorithm (ROMA) 

N=405 Good diagnostic performance in 
discriminating benign from EOC patients was 
obtained for CA125, HE4 and ROMA when 
calculating optimal cut-off values: 
premenopause, specificity (SP) > 86.6, 
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sensitivity (SN) > 82.6, area under the curves 
(AUC) > 0.894; postmenopause, SP > 93.2, SN 
> 82, AUC > 0.928. Fixing SP at 98%, 
performance indicators obtained for benign 
vs EOC patients were: premenopause, 
SN:65.2%, positive predictive value (+ PV): 
75%, positive likelihood ratio (+ LR): 26.4 for 
CA125; SN:69.6%, + PV:76.2%, + LR:28.1 for 
HE4; SN:69.6%, + PV: 80%; + LR:35.1 for 
ROMA; postmenopause, SN:88%, + PV: 95.7%, 
+ LR:38.7 for CA125; SN:78%, + PV:95.1%, + 
LR:34.3 for HE4; SN:88%, + PV:97.8%, + 
LR:77.4 for ROMA. When using routine cut-off 
thresholds, ROMA showed better well-
balanced values of both SP and SN 
(premenopause, SN:87%, SP:86.1%; 
postmenopause, SN:90%; SP:94.3%). 

Timmerman 2016 Prospective 
cross sectional 
cohort study 
involving 22 
centres 

To develop and 
validate a model to 
predict the risk of 
malignancy in 
adnexal masses using 
the ultrasound 
features in the 
Simple Rules 

N=4848 The malignancy rate was 43% (1402/3263) in 
oncology centers and 17% (263/1585) in other 
centers. The area under the receiver 
operating characteristic curve on validation 
data was very similar in oncology centers 
(0.917; 95% confidence interval, 0.901-0.931) 
and other centers (0.916; 95% confidence 
interval, 0.873-0.945). Risk estimates showed 
good calibration. In all, 23% of patients in the 
validation data set had a very low estimated 
risk (<1%) and 48% had a high estimated risk 
(>30%). For the 1% risk cutoff, sensitivity was 
99.7%, specificity 33.7%, LR+ 1.5, LR- 0.010, 
PPV 44.8%, and NPV 98.9%. For the 30% risk 
cutoff, sensitivity was 89.0%, specificity 
84.7%, LR+ 5.8, LR- 0.13, PPV 75.4%, and NPV 
93.9%. 

Van Den Akker 
2016 

Retrospective RMI and frozen 
section 

N=670 Frozen sections were performed in 323 
(48.2%) patients, of whom 206 (63.8%) were 
diagnosed with benign ovarian tumors, 55 
(17.0%) with borderline tumors, and 62 
(19.2%) with malignant tumors. Overall, 109 
(16.3%) women had an RMI below 20, 106 
(97.2%) of whom had benign histology results. 
Among 235 patients with an RMI over 100, 3 
(1.3%) postmenopausal women had 
malignancies that were missed because 
frozen sections were not performed 
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