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Abstract: Objectives: To evaluate diagnostic validity of preoperative magnetic resonance (MR) imaging of women 
had adnexal masses in comparison to postoperative histopathological diagnosis of excised specimens. Patients & 
Methods: The study included 155 females; 104 premenopausal and 51 postmenopausal women and 37 women had 
cancer breast. All patients had full history taking, clinical examination, abdomino-pelvic ultrasonography and gave a 
venous blood sample for estimation of serum CA-125. Age, CA-125 serum levels, ultrasounds findings, and 
menopausal status of all the cases were recorded preoperatively for calculation of the modified risk of malignancy 
index (RMI) and RMI at 230 was considered as cutoff point for differentiation between benign and malignant 
adnexal mass. All patients underwent MR imaging for preoperative assessment and then underwent surgical 
exploration. Obtained specimens were sent for histopathological examination. Results: Histopathological 
examination of excised specimens defined malignancy in 20 specimens (12.9%), while the other 135 specimen were 
benign. Patients had malignancy showed significantly higher serum CA125 levels compared to those had benign 
lesions. Preoperative pelvic US was positive for malignancy in 54 patients (34.8%) and RMI defined 64 patients as 
having malignancy with a sensitivity, specificity, negative predictive value (NPV) and accuracy rates of diagnosis of 
malignancy of 88.2%, 64.5%, 97.8% and 67%, respectively. Preoperative MRI defined 35 patients as having 
malignancy with a sensitivity, specificity, NPV and accuracy rate of diagnosis of malignancy of 95%, 88.1%, 99.2% 
and 89%, respectively. Reliance on MRI for prediction of malignancy showed significantly higher difference 
compared to RMI. The ROC curve defined preoperative MRI as the more significantly specific predictor with 
AUC=0.916, followed by previous history of mastectomy (AUC=0.700) and lastly RMI (AUC=0.694). Conclusion: 
Preliminary evaluation of patients with adnexal mass could be assessed using the risk of malignancy index and the 
surgical decision should be assured using preoperative MRI and confirmed with histopathological examination of 
excised specimen. Malignant adnexal mass in women had mastectomy for cancer breast is not uncommon and must 
be searched for during follow-up. 
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1.Introduction 

Adnexal masses affect any age and despite the 
knowledge that adnexal masses affecting 
premenopausal women are mostly benign, no age 
group is immune against malignancy. Moreover, time 
factor is highly influencing the surgical outcome 
especially for malignant ovarian masses. Thus, a 
reliable method to differentiate a benign from a 
malignant adnexal mass would provide a basis for 
optimal preoperative planning and may also reduce 
the number of unnecessary laparotomies for benign 
disease (Dodge et al., 2012).  

Ultrasonography is currently considered as the 
primary imaging modality for identifying and 
characterizing adnexal masses because of its 
widespread availability, relatively low cost, and high 
sensitivity in the detection of masses. Gray-scale and 
Doppler ultrasound examination of adnexal masses 
can be used to discriminate between benign and 
malignant tumors. However, sonography is limited by 

its decreased specificity for the diagnosis of benignity, 
which can vary from 60% to 95% and result in as 
many as 20% of adnexal masses being classified as 
indeterminate (Guerriero et al., 2007; 
Ghattamaneni et al., 2009; Loubeyre et al., 2012). 

Diagnosis of indeterminate adnexal masses is 
still one of challenging confronting surgeons as their 
organ of origin may be uncertain and/or determining 
whether a clinically diagnosed adnexal mass is 
benign or malignant is frequently not possible until 
surgical exploration and histologic examination are 
performed. Consequently, it may not be possible to 
decide preoperatively whether conservative or radical 
surgery is appropriate (Sohaib & Reznek, 2007; 
Fujii et al., 2008; Lalwani & Dubinsky, 2013). 

Breast cancer is the most common malignancy 
in women, with approximately 1,200,000 new cases 
diagnosed annually worldwide and is one of the 
leading causes of death among women. As a 
subsequence, there is a higher risk that these patients 
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may develop another primary malignant tumor, 
including that of the ovaries. The estimated risk of 
developing primary ovarian cancer is approximately 
double for all patients with prior breast cancer. 
Furthermore, metastatic breast cancer to the ovaries is 
also not uncommon and represents 6-27.8% of all 
ovarian malignant tumors (Kim et al., 2012; Pal et 
al., 2013; Siegel et al., 2013). 

The current prospective study aimed to evaluate 
the diagnostic validity of preoperative MR imaging 
of women had adnexal masses in comparison to 
postoperative histopathological diagnosis of excised 
specimen. 

  
2.Patients & Methods 

The current study was conducted at 
Departments of General Surgery, Radiology and 
Pathology, Saudi German Hospital Madinah, KSA 
since Jan 2010 till Aug 2012. The study included all 
female patients presenting to Gynecology outpatient 
clinic with symptoms suggestive of the presence of 
an adnexal mass and those attending General surgery 
outpatient clinic with biopsy confirmed cancer breast 
and assigned for surgical interference. All patients 
had full history taking, clinical examination including 
abdominal and pelvic examination and then 
underwent abdomino-pelvic ultrasonographic 
examination.  

All patients gave a venous blood sample 
collected under complete aseptic conditions from the 
antecubital vein, blood samples were centrifuged and 
serum was collected for estimation of serum CA-125 
level in peripheral blood using immunoradiometric 
assay kits for CA-125 used the OC 125 antibody 
(Kenemans et al., 1993). 

Age, CA-125 serum levels, ultrasounds 
findings, and menopausal status of all the cases were 
recorded preoperatively. The modified risk of 
malignancy index (RMI) for each woman was 
calculated using the product of the ultrasound score 
(U), the menopausal score (M), and the absolute 
value of serum CA-125 inserted in the following 
formula: RMI= U x M x serum CA-125. Five 
ultrasound features suggestive of malignancy were 
sought to derive U including multilocularity (more 
than bilocular), presence of solid areas, bilaterality, 
presence of ascites, and extraovarian tumors/evidence 
of metastases. U of 1 was given if none or one of 
these findings was detected and a score of 3 if two or 
more of these features were present. Postmenopausal 
status was defined as more than one year of 
amenorrhea, or age older than 50 years for women 
who had undergone hysterectomy; they scored M=3. 
All other patients who did not meet these criteria 
were defined in a premenopausal status which scored 
M=1. The absolute values of serum CA-125 was 

entered directly into the mentioned equation 
(Tingulstad et al.,  1996; Bailey et al., 2006) and 
RMI at 230 was considered as cutoff point for 
differentiation between benign and malignant adnexal 
mass (Obeidat et al., 2004). 

All enrolled patients underwent MR imaging for 
preoperative assessment. MR imaging was performed 
by using a 1.5-T MR imaging system (Magnetom 
Symphony; Siemens Medical Systems, Erlangen, 
Germany) with a body coil. Immediately before MR 
imaging, all patients were given 1 mg of 
intramuscular glucagon or 20 mg of scopolamine 
butylbromide. Unenhanced scans were obtained, and 
then patients were intravenously injected with 
gadolinium chelates, 0.1 mmol/kg provided that the 
patient has normal creatinine level.   

 T2-weighted fast spin-echo images were 
obtained in the axial, sagittal and coronal planes; 
repetition time msec/echo time [effective] msec = 
3090–5000/80–128, echo train length of nine. T1-
weighted spin-echo images were obtained in the axial 
and sagittal planes; repetition time msec/echo time 
msec = 523–575/14–20. T1-weighted images with 
either chemical or frequency-selective fat suppression 
images were obtained in the axial and sagittal planes. 
After contrast administration, T1-weighted images 
with fat-suppression were obtained in the axial, 
sagittal and coronal planes. Other parameters 
included matrix size of 192–256 × 256–512, field of 
view of 330–480 mm and 4–5.7 mm section 
thickness with an intersection gap of 20 – 25 %.  

All patients underwent surgical exploration and 
obtained specimens were sent for histopathological 
examination. The histopathological diagnosis was 
considered as the gold standard for defining the 
outcomes. Tumors were classified according to 
World Health Organization definitions (Andersen et 
al., 2003) and malignant tumors were staged 
according to the criteria of the international 
Federation of Gynecology and Obstetrics (Benedet et 
al., 2000). 
Statistical analysis  

Obtained data were presented as mean±SD, 
ranges, numbers and ratios. Results were analyzed 
using Wilcoxon; ranked test for unrelated data (Z-
test) and Chi-square test (X2 test). Sensitivity & 
specificity of estimated parameters as predictors for 
vitality were evaluated using the receiver operating 
characteristic (ROC) curve analysis judged by the 
area under the curve (AUC) compared versus the null 
hypothesis that AUC=0.05. Statistical analysis was 
conducted using the SPSS (Version 15, 2006) for 
Windows statistical package. P value <0.05 was 
considered statistically significant. 
 
3.Results 



 Journal of American Science 2013;9(5)                                                    http://www.americanscience.org  

498 
 

The study included 155 females fulfilling the 
inclusion criteria and assigned for exploratory 
laparotomy for adnexal mass. Mean age of enrolled 
patients was 43.6±11.9; range: 25-73 years. There 
were 104 premenopausal and adolescent women and 
51 postmenopausal women. Thirty-seven patients had 
cancer breast and were assigned for Patty operation 
including mastectomy and axillary evacuation. 
Twenty-two patients had mastectomy were 
premenopausal, while 15 patients had mastectomy 
were postmenopausal. Patients' presenting symptoms 
were variable and in various combinations. Patients' 
preoperative clinical data are shown in table (1). 

Surgical exploration was conducted successfully 
for all enrolled patients without intraoperative 
complications. Histopathological examination of 
excised specimens defined malignant adnexal lesions 
(Figs. 1-3) in 20 patients (12.9%), while the other 135 
specimen were benign adnexal lesions. Seven 
postmenopausal women (13.7%) had malignant 
adnexal lesion, while 13 premenopausal women 
(12.5%) had malignant adnexal lesion. Eight patients 
had mastectomy had malignant adnexal mass, while 
the other 12 patients had malignant adnexal mass had 
no previous history of breast lesions, (Table 2). 

Mean serum CA125 level of total enrolled 
patients was 101.6±106.7; range: 23-592 U/ml. 
Patients had benign lesions had mean CA125 of 
65.9±30.7; range: 23-135 U/ml, while patients had 
malignant lesions had mean serum CA125 level of 
342.7±124.3; range: 145-592 U/ml. patients had 

malignancy showed significantly (p<0.05) higher 
serum CA125 levels compared to those had benign 
lesions, (Fig. 4).  

Preoperative pelvic US was positive for 
malignancy in 54 (34.8%) patients and was negative 
in 101 (65.2%) patients. Calculation of RMI; 
considering cutoff point at 230, defined 64 patients as 
having malignancy and 91 patients as free of 
malignancy with a sensitivity rate of 88.2%, 
specificity rate of 64.5%, negative predictive value of 
97.8% and accuracy rate of diagnosis of malignancy 
of 67%. On the other hand, preoperative MRI defined 
35 patients as having malignancy (5-8) and 120 
patients as free of malignancy giving a sensitivity rate 
of 95%, specificity rate of 88.1%, negative predictive 
value of 99.2% and accuracy rate of diagnosis of 
malignancy of 89%. Reliance on MRI for prediction 
of malignancy showed significantly higher 
(X2=6.542, p<0.05) difference compared on reliance 
on RMI, (Fig. 9). 

Verification of the diagnostic yield of 
preoperative MRI and RMI and previous history of 
mastectomy for the probability of presence of 
malignant adnexal mass using ROC curve defined 
preoperative MRI as the more significantly specific 
predictor with AUC=0.916. Moreover, previous 
history of mastectomy was significantly specific 
predictor for malignant adnexal mass with 
AUC=0.700 versus AUC=0.694 for RMI, (Table 3, 
Fig. 10). 

 
Table (1): Patients' preoperative clinical data 
 

Data Findings 
Number Premenopausal  104 (67.1%) 

Postmenopausal  51 (32.9%) 
Total 155 (100%) 

Age (years) Premenopausal  36.2±4.2 (25-43) 
Postmenopausal  58.7±7.1 (45-73) 
Total 43.6±11.9 (25-73) 

Presenting symptoms No complaint  26 (16.8%) 
Pain as the sole symptom 96 (61.9%) 
Pain in association with  General manifestations 58 (37.4%) 

Menstrual irregularities 87 (56.1%) 
Vaginal bleeding 23 (14.8%) 
Gastrointestinal 
complaints 

45 (29%) 

Palpable mass 29 (18.7%) 
Data are presented mean±SD & Numbers; ranges & percentages are in parenthesis 
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Table (2): Patients’ distribution according to histopathological results of excised adnexal mass among age and 
previous breast cancer categorization 

  Benign Malignant Total 
Previous mastectomy Pre-menopausal  16 (10.3%) 6 (3.9%) 22 (14.2%) 

Postmenopausal  13 (8.4%) 2 (1.3%) 15 (9.7%) 
No previous breast lesion Pre-menopausal  77 (49.7%) 5 (3.2%) 82 (52.9%) 

Postmenopausal  29 (18.7%) 7 (4.5%) 36 (23.2%) 
Total  135 (87.1%) 20 (12.9%) 155 (100%) 

 
Table (3): ROC curve analysis of preoperative MRI and RMI and history or previous mastectomy as 
predictors for adnexal malignancy 

 AUC ±Std Error Significance 95% CI 
Upper Lower 

MRI 0.916 ±0.033 <0.001 0.851 0.980 
Previous mastectomy 0.700 ±0.076 =0.004 0.551 0.849 
RMI 0.694 ±0.062 =0.005 0.573 0.814 

AUC: area under curve; Std error: standard error; CI: confidence interval; MRI: magnetic resonance 
imaging; RMI: risk of malignancy index 
 

 
Fig. (1): Histopathological picture of excised specimen showing 

ovarian papillary serous carcinoma (H&E x100) 

 

 
Fig. (2): Histopathological picture of excised specimen showing 

ovarian metastatic lobular carcinoma (H&E x200) 

 
 
 

 
 

 
Fig. (3): Histopathological picture of excised specimen showing 

ovarian fibroma (H&E x200) 

 

Fig. (4): Mean (+SD) serum CA125 levels of studied patients 

categorized according to result of histopathological examination 

of excised specimens
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Fig. (5): MRI of the pelvis showing right adnexal mixed solid and cystic mass with heterogeneous signal 

intensity and free pelvic fluid; Metastatic ductal breast carcinoma (Top: Coronal view; Bottom: Axial view) 
 

     
Fig. (6): MRI of the pelvis showing right adnexal irregular mass lesion with heterogeneous signal intensity; 

Metastatic lobular breast carcinoma (Top: Sagittal view; Bottom: Coronal view) 

 

  
Fig. (7): MRI of the pelvis showing right adnexal mixed solid and cystic mass with heterogeneous 

signal intensity; Papillary serous carcinoma (Top: Sagittal view; Bottom: Axial view) 
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Fig. (8): MRI (Axial view) of the pelvis showing right adnexal cystic mass lesion with solid irregular 

mural component; Borderline papillary serous tumor 
 

Fig. (10): Test validity characters of preoperative MRI versus RMI 

as predictor for possibility of pelvic adnexal mass

0

10

20

30

40

50

60

70

80

90

100

110

Sensitivity Specificity PPV NPV Accuracy

(%
)

RMI

MRI  

1 - Specificity

1.00.80.60.40.20.0

S
e
n

s
it

iv
it

y

1.0

0.8

0.6

0.4

0.2

0.0

Cancer breast

RMI

MRI

 

 
Fig. (10): ROC curve analysis of evaluated 

parameters as predictors for adnexal malignancy 
 

4.Discussion 
The current study reported a frequency of 

malignant adnexal mass in patients had previous 
mastectomy of 21.6%. This figure indicated the 
necessity of follow-up of patients had mastectomy for 
metastatic or synchronous, metachronous cancers 
especially that had hormonal basis. In support of this 

co-incidence; Abahssain et al. (2010),  described a 
case of 47 year-old women who was treated with 
surgery, chemotherapy, radiotherapy and tamoxifen 
for stage III estrogen receptor positive breast 
carcinoma and 10 months after stopping tamoxifen, a 
stage Ic granulosa cell tumor of the ovary was 
diagnosed. Mekić-Abazović et al. (2011) presents a 
case of endometrial cancer in a breast cancer patient 
treated with tamoxifen with elevated values of 
CA125 and CA153 tumor markers; additional 
diagnostic analyses showed a "de novo" endometrial 
cancer rather than metastatic breast cancer. Akhavan 
et al.  (2012) described a case of adenosarcoma of 
uterus in a 69-year-old woman with a history of 
breast cancer and 10 years tamoxifen therapy. 
Tuncer et al. (2012) collectively concluded that 
although an adnexal mass in a woman with breast 
cancer is most commonly a benign ovarian cyst, the 
overall risk of ovarian malignancy is increased with 
breast cancer and an adnexal mass with complex 
architecture detected by ultrasonography and high 
CA 125 level were the strongest risk factors 
associated with increased risk of malignancy 

In trial for evaluation of the predictors for the 
possibility of having malignant adnexal mass; risk of 
malignancy index (RMI) depending on serum CA125 
level and presence of ultrasonographic data 
suggestive of malignancy and if the patient was pre- 
or post-menopausal was evaluated versus 
histopathological examination of the excised 
specimen as a gold standard for comparison; RMI 
showed a sensitivity, specificity and negative 
predictive value for presence of adnexal malignancy 
of 88.2%, 64.5% and 97.8%, respectively and showed 
an AUC equals 0.649 which was significantly higher 
compared to the null hypothesis (p=0.005). In hand 
with these data, Valentini et al. (2011) reported an 
AUC of 0.68 on the training set and an AUC of 0.65 
on the test set of RMI at cutoff point of 200, with a 
sensitivity of 64%, a specificity of 55% on the test set. 
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van den Akker et al.  (2011) also, reported a 
sensitivity of 76%, specificity of 82%, positive and 
negative predictive values of 45% and 95%, and an 
accuracy of 81% for RMI for discrimination between 
benign and malignant lesions. Terzić et al. (2011) 
showed a positive correlation between both 
histopathological categories and RMI categories and 
at cut off value of 200, RMI showed a sensitivity of 
83.33%, specificity of 94.12%, positive predictive 
value of 89.29% and negative predictive value of 
90.57% and concluded that RMI is very reliable in 
differentiation of benign from malignant adnexal 
masses. Ashrafgangooei & Rezaeezadeh (2011), 
found that RMI identified malignant cases more 
accurately than any individual criterion in diagnosing 
ovarian cancer and 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% and 
concluded that RMI is a simple, easily applicable 
method in the primary evaluation of patients with 
adnexal masses of high risk of malignancy. Terzić et 
al. (2013) found RMI consisting of ultrasound 
parameters and laboratory analyses to be good 
discriminating factors among malignant, benignant 
and borderline tumors 

MRI showed significantly higher AUC, 
compared to the null hypothesis, for differentiation 
between benign and malignant adnexal masses with 
significantly higher test validity characters compared 
to RMI and previous history of cancer breast.  

These data supported that previously reported in 
literature evaluated the diagnostic yield and value of 
preoperative MR imaging of patients with 
sonographically indeterminate adnexal lesions; 
Yamashita et al. (1997) found contrast-enhanced 
MRI allowed discrimination between benign and 
malignant ovarian lesions, Grab et al. (2000) found 
MRI improved diagnostic specificity to 84%, Funt & 
Hann (2002) found that MRI lead to an exact 
diagnosis or a narrow differential and obviate the 
need for surgery or otherwise change management, 
Hauth et al. (2005) reported that MRI can distinguish 
between benign and malignant ovarian tumors with 
high sensitivity and specificity and is capable of 
characterizing many adnexal masses and Adusumilli 
et al. (2006) found the sensitivity of MRI for 
identifying malignancy was 100% and its specificity 
for benignity was 94% with excellent agreement 
between MRI and the final diagnosis for determining 
the origin, tissue content and tissue characteristics of 
a mass.   

Moreover, Chilla et al. (2011) reported that 
inclusion of MRI in the diagnostic algorithm of the 
indeterminate adnexal mass allows better 
differentiation of ovarian lesions resulting in a change 

of therapeutic decision-making with net cost savings. 
Boldyreva & Briukhanov (2012) found the benefit 
of MRI is that information images of the basic 
structures of the small pelvis can be obtained in 
patients with a marked commissural process after 
hysterectomy in the absence of limitations in large 
mass sizes. Valentini et al. (2012) documented that 
MRI should be considered at least in urgent, if not in 
emergent, care given the wide range of female pelvic 
disorders that can be correctly assessed thanks to the 
excellent soft-tissue contrast, high spatial resolution 
and ability to depict blood products and it should be 
preferred in women of reproductive age because of 
the absence of radiation exposure.   

It could be concluded that preliminary 
evaluation of patients with adnexal mass could be 
assessed using the risk of malignancy index and the 
surgical decision should be assured using 
preoperative MRI and confirmed with 
histopathological examination of excised specimen. 
Malignant adnexal mass in women had mastectomy 
for cancer breast is not uncommon event and must be 
searched for during follow-up of these patients. 
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