
The Comparison of Pelvic Mass Score and Risk of 
Malignancy Index-3 in Discrimination of Benign 
and Malignant Adnexal Masses

Objectives: Discrimination of benign and malignant adnexal masses is crucial for the follow-up and prognosis of the patient. Since 
each modality alone does not have enough sensitivity, the combination of all methods called multimodal screening is currently 
being used. In this study, we aimed to compare pelvic mass score (PMS) and the risk of malignancy index (RMI-3) scoring systems 
in determining the malignant potential of adnexal masses.
Methods: In this prospective observational study, 40 patients between the age of 15-79 who were diagnosed as an adnexal mass 
were included between March and October 2016. Patients were classified as benign (n=20) and malignant (n=20). The age, gravida, 
parity, findings of a pelvic examination, medical and family history, laboratory parameters, sonographic findings, histopathological 
results, PMS and RMI-3 scores of the patients were recorded.
Results: The mean age, CA-125 levels, Sassone scores and ultrasonography scores of patients were higher in malignant cases, 
whereas the resistance index was lower. Both RMI-3 and PMS scores were higher in the malignant group (1728.14±325.3 vs. 
36.27±31.01, p<0.001 and 55.31±40.96 vs. 9.91±5.29, p<0.001, respectively). Receiver operating curve for the predictive value of 
PMS to diagnose malignancy was performed and a cut-off value of 14 was determined with the area under the curve (AUC) 0.955 
(p<0.001). The sensitivity was 95%, specificity was 80%, positive and negative predictive values were 82.6% and 94.1%. Likewise, 
the discriminative value of RMI-3 to diagnose malignancy was evaluated by the ROC curve. AUC for RMI-3 was 0.930 with a sensitiv-
ity of 95%, the specificity of 75%, the positive predictive value of 79.1% and negative predictive value of 93.7% with a cut-off value 
of >53.2 (p<0.001).
Conclusion: Age, menopause status, tumor markers and sonographic parameters may be beneficial alone for determining ma-
lignancy, whereas the scoring systems integrating all the parameters are more powerful. According to our findings, PMS is more 
sensitive and more practical than the RMI-3 scoring system.
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Adnexa is composed of ovaries, fallopian tubes, broad 
ligament and the embryologic remnants in the broad 

ligament. Adnexal masses are quite common among all age 
groups. It is the fourth most common gynecologic cause of 
hospital admissions and they are mostly benign.[1] Adnexal 
masses may have a congenital, functional, inflammatory or 
neoplastic origin. Despite the important improvements in 
the diagnosis and treatment opportunities, ovarian cancer 
is still the most common cause of deaths due to gyneco-
logic malignancies.[2] Since all the adnexal masses have 
the potential of the malignancy, determination of reliable 
measurements for follow-up is crucial. Also, when surgical 
or medical intervention is required choosing the appropri-
ate treatment option promptly is quite important for the 
prognosis of the patient.[3]

Pelvic examination, tumor markers (CA125, CA19-9, CA 
15-3, CEA (carcinoembryonic antigen), alpha fetoprotein 
(AFP), inhibin, HE-4 ve lactate dehydrogenase), ultrasonog-
raphy, colour Doppler sonography, magnetic resonance 
imaging (MRI), computerized tomography (CT) and posi-
tron emission tomography (PET) are the main modalities of 
diagnosis for the malignant potential of adnexal masses.[4-6] 
Since each modality alone does not have enough sensitiv-
ity for the discrimination of malignant adnexal masses, the 
combination of all methods called multimodal screening is 
being used currently.

In 1990, Jacobs et al.[7] offered using the risk of malignancy 
index (RMI), which is calculated using serum CA-125 levels, 
menopause status of women and ultrasonographic find-
ings. According to the calculated risk index, patients were 
divided into three risk groups as low, moderate and high 
risk of malignancy and appropriate surgical treatment for 
each patient was being planned.

In recent years, a new scoring system to investigate the 
risk of malignancy for pelvic masses, called Pelvic Mass 
Score (PMS), has been developed. Serum CA-125 levels, the 
menopausal status of patients, the ultrasonographic fea-
tures of an adnexal mass, the Sassone score, the vascularity 
and the resistance index (RI) of adnexal masses have been 
considered in PMS.[8]

In this study, we aimed to compare PMS and RMI-3 scoring 
systems in determining the malignant potential of adnexal 
masses.

Methods
In this study, 40 patients between the age of 15-79 and 
who were diagnosed as adnexal mass and operated in our 
gynecology clinic were included. It was conducted as a pro-
spective observational study between the dates of March 
2016 and October 2016 at a university-affiliated research 

and training hospital. Patients were classified as benign 
(n=20) and malignant (n=20). This study complied with the 
Declaration of Helsinki, and it was approved by the local 
ethics committee. Written informed consent was obtained 
from the study participants. 

Patients who did not give consent for surgical treatment 
and the patients who were pregnant were excluded from 
this study. All the study participants included in this study 
underwent surgical treatment. When there is suspicion of 
malignancy, intraoperative pathologic examination of a 
frozen specimen was performed. In benign adnexal mass-
es, conservative surgical approach was the choice of the 
treatment, while in case of malignancy, a radical surgical 
approach, including surgical staging, was preferred. The 
surgical specimen was sent to the pathology department 
for histopathological examination. 

The age, gravidity, parity, findings of a pelvic examination, 
medical history, family history, laboratory parameters, so-
nographic findings, histopathological results and PMS and 
RMI-3 scoring results of the patients were recorded.

In sonographic evaluation of patients, the scoring system 
suggested by Jacobs et al. was used. According to this, 
multilocularity, bilaterality, the presence of solid areas, any 
finding of intraabdominal metastasis and the presence of 
abdominal ascites were analyzed and 1 point for each was 
assigned. At the same time, the criteria offered by Sassone 
et al, was used, and the wall structure of the mass, the fea-
tures of the inner wall, the presence and the properties of 
septa and the echogenicity of mass were evaluated. For so-
nographic examination, Siemens Acuson X150 and 6.7 Mhz 
convex abdominal and 5.0 Mhz vaginal probes were used. 

Patients who were diagnosed with adnexal mass under-
went color flow Doppler sonography. The sonographic ex-
amination was performed in the follicular period (cycle day 
3-11) in premenopausal women, whereas the sonographic 
examination was performed at any time in postmeno-
pausal women. When vascularity was determined in color 
Doppler, pulse Doppler was activated to yield a waveform. 
Resistance index (RI: peak systolic velocity-end-diastolic 
velocity/peak systolic velocity: [s-d/s]) was calculated au-
tomatically as three sequential similar flow velocity wave-
forms were observed. If more than one vascular structures 
were observed, the least RI value was taken into account. A 
RI value <0.45 was accepted as malignant and the results 
were compared with histopathological findings. The di-
mensions of the affected ovaries were measured in coronal 
and sagittal planes. The volume of ovaries was calculated 
using the formula: volume = length x width x height x π/6.
[9] The serum level of CA-125 was studied after the centrifu-
gation of venous blood sample for 10 minutes at 4000 ppm 
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with Roche Cobas 602 immunoassay (Roche Diagnostic 
USA) using electrochemiluminesans technique. The serum 
CA-125 level ≤35 IU/ml was accepted as normal. The meno-
pause status was accepted as one year of amennorrhea 
in women who were spontaneously in menopause and in 
women who underwent hysterectomy, it was accepted as 
being over the age of 50.

Calculation of RMI-3 
RMI-3 was calculated using the formula [U] x [M] x [CA-125], 
where U represents the ultrasonography score, M repre-
sents menopausal status and CA-125 represents the se-
rum level of CA-125. Ultrasonography score was accepted 
“0” when none of the findings suggested by Jacobs et al. 
was present, accepted as “1” when one finding was pres-
ent and “3” when 2 and more were present. Menopausal 
status was scored as “1” for premenopausal cases and “3” 
for postmenopausal ones. The parameters evaluated in so-
nographic examination suggested by Jacobs et al.[7] were 
as follows: multilocularity, presence of solid areas, bilateral-
ity, presence of ascites and metastasis. The cut-off for RMI-3 
was taken as 200.

Calculation of PMS 
For calculation of PMS, the sonographic morphologic pat-
tern of an adnexal mass, the colour Doppler flowmetry 
features, serum CA-125 level, and the menopausal status 
of the patient were evaluated. The formula used for the cal-
culation of PMS is as follows:[8]

Log(CA-125)×MS×SASS×VAS/RI

Log(CA-125): logaritmic value of serum CA-125 concentra-
tion (IU/ ml)

MS: Menopausal status (premenopausal=1; postmeno-
pausal=3)

RI: numeric pelvic mass RI value

SASS: Sassone Score (min score =4, max score =15)

VAS: type of vascularization (peripheral=1; central/sep-
tal=2)

In the present study, the malignancy risk of patients with 
adnexal masses was determined using both of the indexes 
and the sensitivity, specificity, positive and negative pre-
dictive values of both indexes were compared.

Statistical Analysis
Statistical analysis was performed using SPSS version 19.0 
(IBM Corp. SPSS Statistics for Windows, Armonk, NY: IBM 
Corp.). Shapiro-Wilk test was used to decide whether the 
variables were distributed normally or not. Frequency, per-
centage, median, minimum and maximum values were 
used for descriptive parameters. Mann-Whitney-U test and 

Chi-square tests were used to compare variables between 
the benign and malign group. Sensitivity, specificity, posi-
tive predictive value and negative predictive value of RMI-3 
and PMS scores were calculated for previous cut-off values 
(200 for RMI-3 and 29 for PMS) and new cut-off values were 
calculated for both scores using ROC analysis. A p-value 
<0.05 was considered as statistically significant. 

Results
The mean age of the patients included in this study was 
42.78±14.23 years. When patients were analysed in re-
gard of menopausal status,  26(65%) of them were pre-
menopausal and 14 (35%) of them were postmenopausal. 
Among premenopausal patients, the benign mass was de-
tected in 17 (65.4%) patients and malignant mass was pres-
ent in nine (34.6%) of them. The ratio of benign masses in 
premenopausal patients was statistically significantly high. 
On the other hand, the ratio of benign masses was 21.4% 
and it was 78.6% for malignant masses. The malignant 
masses were significantly common in postmenopausal pa-
tients (p=0.019). 

The sociodemographic findings of patients and differ-
ent scoring systems of benign and malignant masses are 
demonstrated in Table 1. There was no difference between 
the two groups according to gravida, parity, menarche 
age, menopause age and ovarian volume. The mean age 
(p=0.001), serum CA125 levels (p<0.001), Sassone scores 
(p=0.001) and ultrasonography scores (p<0.001) of ma-

Table 1. Sociodemographic findings of patients and different 
scoring systems

		  Benign Group	 Malign Group	 p
		  (n=20)	 (n=20)

Age (years)	 36.1±11.1	 49.55±14	 0.001
Gravida (n)	 2 (1-5)	 2 (1-6)	 0.110
Parity (n)	 1 (0-5)	 1 (0-5)	 0.080
Menarche (years)	 13.3±1.22	 13.4±1.19	 0.740
Menopause age (years)	 47±5.66	 49.09±4.09	 0.619
Ovarian volume (mm³)	 207 (190-551)	 208 (180-462)	 0.779
Resistance index 	 1.14±0.31	 0.68±0.16	 <0.001
CA-125 (IU/ml)	 28(5-52)	 299(4-519)	 <0.001
PMS score	 9.91±5.29	 55.31±40.96	 <0.001
RMI-3 score	 36.27±31.01	 1728.14±325.3	 <0.001
Sassone score	 7.8±3.19	 11.25±2.22	 <0.001
Ultrasonography score
	 0	 9 (45%)	 0 (0%)	 <0.001
	 1	 7 (35%)	 2 (10%)
	 3	 4 (20%)	 18 (90%)

PMS: Pelvic mass score; RMI: risk of malignancy index.
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lignant cases were significantly higher than benign cases, 
whereas the resistance index was lower in malignant group 
(p<0.001). Moreover, RMI-3 and PMS scores were compared. 
Both RMI-3 and PMS scores were significantly higher in the 
malignant group (1728.14±325.3 vs. 36.27±31.01, p<0.001 
and 55.31±40.96 vs. 9.91±5.29, p<0.001, respectively). 

When patients were analysed according to the sonograph-
ic features used in scoring systems, there was no differ-
ence between two groups concerning multilocularity (20% 
vs. 45%; p=0.176) and bilaterality (20% vs. 40%; p=0.301). 
However, sonographic features which can be sorted as 
presence of solid areas (35% vs. 90%; p=0.001), ascites 
(10% vs. 70%; p<0.001), metastasis (0% vs. 35%; p=0.008), 
peripheral blood flow in Doppler flowmetry (40% vs. 90%; 
p<0.001) were more commonly observed in malignant 
group. In the benign group, 65% of masses had regular wall 
structure. In 60%, the wall thickness was <3 mm, in 55%, 
there was no septa, and in 45%, mixt sonographic patern 
was observed. On the other hand, in the malign group 60% 
of masses had solid nodularities in the wall structure, in 
60%, there was septation, and in 80%, mixt sonographic 
patern was present. 

The receiver operating curve (ROC) for the predictive 
value of PMS to diagnose malignancy was performed, 
and a cut-off value of 14 was determined with AUC 0.955 
(p<0.001). The sensitivity was 95%, specificity was 80%, 
positive and negative predictive values were 82.6% and 
94.1%. Likewise, the discriminative value of RMI-3 to di-
agnose malignancy was evaluated by the ROC curve. The 
area under the curve (AUC) for RMI-3 was 0.930 with a 
sensitivity of 95%, the specificity of 75%, the positive pre-
dictive value of 79.1% and negative predictive value of 
93.7% with a cut-off value of >53.2 (p<0.001) (Fig. 1). We 
calculated the sensitivity for RMI-3 scoring system as 60%, 
specificity as 100%, positive predictive value as 100% and 
negative predictive value as 71.4% when the cut-off point 
was accepted as 200. The comparison of RMI-3 and PMS 
scores were demonstrated in Table 2. In addition, we ac-
cepted the cut-off point for PMS as 29 and the sensitivity, 
specificity, positive predictive value and negative predic-
tive value were calculated as 70%, 100%, 100% and 76.9%, 
respectively.

Discussion
The accurate pre-operative evaluation of malignancy po-
tentials of adnexal masses is quite important for the deci-
sion of optimum surgical treatment modality, which will 
provide either the change of cure or disease-free survival. 
However, most of the time the adnexal masses are diag-
nosed by intraoperative and/or postoperative histopatho-
logical evaluation because of the inadequacy of current 
diagnostic tools.

Ultrasonography is an important diagnostic tool for the de-
termination of the malignant potentials of adnexal mass-
es. Several scoring systems were developed according to 
the morphologic characteristics of benign and malignant 
adnexal masses in transvaginal ultrasonographic exami-
nation.[10, 11] Although there are little differences between 
those scoring systems, the size of the mass, the echogenici-
ty, the presence of septa and/or papillary projections, the 
thickness of the cyst wall and the presence of ascites are 
generally identical.

The potential role of morphologic features of adnexal 
masses in the determination of malignant potential is in-
vestigated in a study, including 312 patients, and the sen-
sitivity was shown to be 96.8%, specificity was shown to be 
77%, the positive predictive value was shown to be 29.4% 
and the negative predictive value was 99.6%.[12] In another 
study comparing five different sonographic scoring sys-
tems (Di Priest, Granberg, Sassone, Lerner, Ferrazzi), the 
Lerner scoring system displayed the lowest accuracy rate 

Table 2. Comparison of RMI-3 and PMS scoring systems 

		  Sensitivity	 Specificity	 Positive predictive value	 Negative predictive value

RMI-3 index (cut-off value 200)	 60	 100	 100	 71.4
PMS index (cut-off value 14)	 95	 80	 82.6	 94.1

PMS: Pelvic mass score; RMI: risk of malignancy index.

Figure 1. Receiver operating curve (ROC) for the predictive value of 
PMS and RMI-3 to diagnose malignancy.
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for the discrimination of benign and malignant adnexal 
masses (57.48%). On the other hand, the Di Priest scoring 
system had the highest accuracy rates for the discrimina-
tion of benign and malignant adnexal masses (77.16%). 
The sensitivity and the false positivity rates for the Di Priest 
scoring system were shown to be 89.47% and 21.25%, re-
spectively.[13, 14]

In our study, Sassone and RMI scoring systems were used. 
The sensitivity of the Sassone scoring system was reported 
as 78% and the specificity was 77%. In accordance with 
the literature, we demonstrated that the simple cysts had 
a very low potential of malignancy, while 64% of complex 
cysts were observed to be malignant. Considering this, 
anechogenicity could be accepted as a feature of benign 
adnexal masses and complex echogenicity as a feature of 
malignant adnexal masses. In addition to ultrasonographic 
evaluation, Doppler sonography has an important role in 
the diagnosis of benign and malignant adnexal masses. 
Since malignant tumors do not have muscle layer in their 
vascular structures, they have low impedance and high 
diastolic flow waves. Thus, many investigators showed that 
benign and malignant tumors have different hemodynam-
ic features, which could be very useful in early diagnosis of 
ovarian malignancies using Doppler sonography.[15, 16] For 
that purpose, resistance and pulsatility indexes have been 
used.[17] In a case series, including 14317 patients, Kurjak 
et al.[18] reported only two false-negative and one false-
positive results. They accepted 0.40 as a cut-off point for RI. 
We found statistically significant accordance between the 
histopathological evaluation and results of RI in Doppler 
findings. In another study in which the cut-off point for RI 
was accepted as 0.40, the sensitivity was 25% and the spec-
ificity was 89%.[19] In the literature, there are several stud-
ies that are accepting different cut-off points for RI main-
tained that it is difficult to standardize Doppler flowmetry 
analysis. Therefore, it is plausible to state that defining a 
broadly accepted cut-off point for RI may not be eligible. In 
the present study, we demonstrated blood flow inside the 
adnexal mass was in 67.5% of cases. Among those in which 
colour flow was not demonstrated, in only one patient, ma-
lignancy was confirmed by histopathologic examination. 
Almost all the malignant adnexal masses color blood flow 
was observed and their mean values of RI were statistically 
significantly lower than that of benign masses.

CA-125 has been shown to be the best marker for the clini-
cal follow-up of patients with ovarian cancer. Einhorn et al. 
showed that its specificity is 98.5% for cut-off serum level 
of ˃ 35 IU/ml.[20] Measurement of serum CA-125 is beneficial 
in discrimination of benign and malignant ovarian masses, 
in the diagnosis of postmenopausal ovarian masses, in the 
follow-up of ovarian cancer and in determination of recur-

rences following the surgical treatment of ovarian cancer.
[21, 22] In a study conducted by Milojkovic et al. evaluating 
121 ovarian cancer and 91 benign adnexal masses, the sen-
sitivity, specificity, positive predictive value and negative 
predictive value were 80.2%, 76.1%, 81.5% and 74.5% for 
cut-off serum level of ˃35 IU/ml, respectively. Moreover, 
the sensitivity, specificity, positive predictive value and 
negative predictive value were 72.7%, 90.2%, 90.7% and 
71.6% for cut-off serum level of ˃65 IU/ml.[23] In a review, 
including 17 studies, the sensitivity of CA-125 was reported 
as 80% and the specificity was 75% when the cut-off point 
was accepted as 35 IU/ml.[24] In our study, the sensitivity 
was 70%, specificity was 80%, positive predictive value was 
77.8%, and a negative predictive value was 72.7%. Howev-
er, elevated levels of serum CA-125 could be seen in several 
other clinical entities, other scoring systems have been de-
veloped taking into account not only serum CA-125 levels 
but also the morphologic features of mass, the age of pa-
tients and the menopausal status.

RMI-3 is one of the scoring system used in the determina-
tion of malignancy potential of adnexal masses. RMI-3 de-
veloped by Jacobs et al. according to the results of an in-
vestigation evaluating 143 patients with adnexal mass and 
they stated its sensitivity as 85.4% and specificity as 96.9%.
[7] Tingulstad et al. used the revised version of RMI-3 and 
they found similar results with Jacobs et al.[25] In most of the 
studies the cut-off point for determination of malignancy 
with RMI-3 scoring system was accepted as 200.[7, 26-28] In 
the study of Obeidat et al.[29] including 100 patient with 
ovarian tumors, the sensitivity was 90% and the specificity 
was 89%, positive predictive value was 96% and negative 
predictive value was 78% when the cut-off point for RMI-3 
was accepted as 200. In another study using same cut-off 
value, its sensitivity was reported to be 70.6%, specificity 
was 87.7%, positive predictive value was 66.1% and nega-
tive predictive value was 89.8%.[30]

Morgante et al.[31] investigated the sensitivity, specificity, 
positive predictive value and negative predictive value of 
RMI-3 in 124 patients and their results were as follows 58%, 
95%, 78% and 87%, respectively. Consistent with the lit-
erature, we calculated the sensitivity for RMI-3 scoring sys-
tem as 60%, specificity as 100%, positive predictive value 
as 100%, and negative predictive value as 71.4% when the 
cut-off point was accepted as 200. Additionally, we defined 
a new cut-off point for the prediction of malignancy in ad-
nexal masses. According to the ROC analysis when 53.2 is 
taken as cut-off point for RMI-3 a sensitivity of 95%, a speci-
ficity of 75%, a positive predictive value of 79.1% and a 
negative predictive value of 93.7% were calculated. Conse-
quently, we think that patients with RMI-3 score >53.2 must 
be managed much more carefully in regard of malignancy. 
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The logical reason for lower cut-off point that we calculat-
ed may be the number of patients included in this study 
and/or the similarity between the number of patients who 
have malignant adnexal mass in both premenopausal and 
postmenopausal groups.

Another scale used for the evaluation of malignant poten-
tial of adnexal masses is PMS. When the cut-off point was 
accepted as 29, its sensitivity was observed to be 100%, 
specificity was 93.8%, positive predictive value was 70% 
and negative predictive value was 100% by Rossi et al.[8] In 
another study using the same cut-off value for PMS scor-
ing system, the sensitivity was 92.9%, specificity was 80.2%, 
positive predictive value was 75.6% and negative predic-
tive value was 94.4%.[32] In the present study, we accepted 
the cut-off point for PMS as 29 and the sensitivity, specific-
ity, positive predictive value and negative predictive value 
were calculated as 70%, 100%, 100% and 76.9%, respec-
tively. The data about the PMS scoring system in the litera-
ture are limited. When we take the cut-off point for PMS 
as 14 in our study, the sensitivity was calculated as 95%, 
specificity as 80%, positive predictive value as 82.6% and 
negative predictive value as 94.1%. 

Considering the results of the present study, it is plausible 
to infer that using PMS scoring sytem may improve the di-
agnostic success of adnexal masses. It was shown that PMS 
has a high discrimination capacity to select histopathologi-
cally malignant cases among preoperative malignant ones 
(95%), whereas it has a low capacity to choose histopatho-
logically benign ones among preoperative benign cases 
(80%). Unlike Rossi et al., the cut-off point for PMS scoring 
system 14 was taken instead of 29 in our study that it could 
be related to ratios of malignant/benign patients.

Conclusion
Age, menopause status, tumor markers and sonographic 
parameters may be beneficial for discriminating malignant 
adnexal masses from benign ones separately. However, the 
scoring sytems integrating all the above parameters are 
much more powerful in determining malignant potential 
of adnexal masses. According to our findings, PMS is more 
sensitive and more practical than the RMI-3 scoring sys-
tem. However, to make an accurate conclusion, prospective 
studies with larger sample sizes are required to compare 
these scoring systems.
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