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Summary

Backgrounds: Assessment of predictive values for CA-125, ultrasound features (US) and risk
of malignancy index (RMI) in ovarian malignancy. Material and Methods: 115 patients, di-
vided into: 1) group-A (n =41) - ovarian malignancy; group-B (n = 74) - benign ovarian tumor;
2) subgroup-CA(a) with low CA-125 (< 35 U/mL) (n = 64); subgroup-CA(b) with slightly el-
evated CA-125 (35-130 U/ml) (n = 26); subgroup-CA(c) with high CA-125 (> 130 U/ml) (n = 25).
Results: 1) patients of group-A were older (p < 0.05); CA-125 < 35 U/ml predominated in
group-B (p < 0.001); 2) CA-125 < 35 U/ml showed relatively high NPV, sensitivity and specifi-
city (82.8%; 0732; 0.716, respectively). Our proposed graduation of CA-125 into three grades:
a) < 35 U/mL; b) 35-130 U/mL; c) > 130 U/mL increased the specificity for both parameters:
CA125 =35-130 U/mL up to 0.811, and for CA-125 > 130 U/mL up to 0.905, and PPV for the
latter parameter up to 72.0%; 3) US: a) highest sensitivity, as indicator for best distinguishing
of diseased patients, showed: rugged margins and presence of septum/vegetations (0.878;
0.897, respectively); b) highest specificity, as indicator for best distinguishing of healthy pa-
tients: clear distinguish ability of tumor from surrounding tissue and absence of ascites (0.811;
0.932, respectively); c) presence of ascites had highest PPP (100%) i.e. it was the best malig-
nancy predictor; 4) RMI showed only relatively high NPV for RMI < 200 (76.8%); 4) additional
analysis of RMI in correlation with proposed CA-125 gradation increased the predictive values
of RMI: a) subgroup-CA(a): NPV and sensitivity for RMI < 200 (81.6%; 0.818, respectively) and
NPV for RMI > 200 (86.7%); b) subgroup-CA(b): specificity for RMI < 200, as good indicator for
distinguishing healthy patients (0.929); ¢) subgroup-CA(c): sensitivity for RMI > 200, as good
indicator for distinguishing diseased patients (0.944). Conclusion: CA-125 and US, as single
criteria were not accurate. RMl is good indicator only in correlation with CA-125.
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Condesation
Serum-CA-125 and ultrasound findings as single criteria in malignancy diagnosis of ovarian
tumors are not enough accurate. RMI increases the accuracy of the preoperative diagnosis.
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PREDICTIVE VALUES OF THE ULTRASOUND PARAMETERS, CA-125 AND RISK OF MALIGNANCY INDEX

Souhrn

Vychodiska: Zhodnoceni prediktivni hodnoty CA-125, ultrazvukovych parametrli (US) a indexu rizika malignity (RMI) u karcinomu ovarii. Materidl
a metody: 115 pacientek rozdélenych do: 1) skupina A (n = 41) — ovarialni malignita; skupina B (n = 74) - benigni ovarialni nador; 2) podskupina
CA(a) s nizkym CA-125 (< 35 U/ml) (n = 64); podskupina CA(b) s mirné zvySenym CA-125 (35-130 U/ml) (n = 26); podskupina CA(c) s vysokym
CA-125 (> 130 U/ml) (n = 25). Vysledky: 1) pacienti ve skupiné A byli starsi (p < 0,05); ve skupiné B prevazoval CA-125 < 35 U/ml (p < 0,001);
2) CA-125 < 35 U/ml bylo charakterizovano pomérné vysokym NPV, senzitivitou a specificitou (82,8 %; 0,732, resp. 0,716). Nami navrhované
usporadani hladin CA-125 do tii stuprili: a) < 35 U/ml; b) 35-130 U/ml; ¢) > 130 U/ml zvysilo specificitu obou parametr: CA125 = 35-130 U/ml na
0,811, pro CA-125 > 130 U/ml az na 0,905 a PPV pro druhy z parametrli na 72,0 %; 3) US: a) nejvyssi senzitivitu, a tedy nejvyssi schopnost rozlisit
pacientky postizené onemocnénim prokdazaly: nepravidelné ohraniceni a pfitomnost septa/rlist (0,878, resp. 0,897); a) nejvyssi specificitu, a tedy
nejvyssi schopnost rozlisit zdravé pacientky, prokazaly: jasné vyclenéni nadoru z okolni tkdné a nepfitomnost ascitu (0,811, resp. 0,932); ¢) pfi-
tomnost ascites méla nejvyssi PPP (100%), a byla tedy nejsilnéjsim prediktorem zhoubnosti; 4) RMI prokézalo pomérné vysoké NPV pouze pro
RMI < 200 (76,8 %); 4) nasledna analyza RMI v korelaci s navrhovanym odstupriovanim CA-125 zvysila prediktivni hodnotu RMI: a) podskupina
CA(a): NPV a senzitivita pro RMI < 200 (81,6 %, resp. 0,818) a NPV pro RMI > 200 (86,7 %); b) podskupina CA(b): specificita pro RMI < 200 jako dobry
indikator identifikace zdravych pacientek (0,929); ¢) podskupina CA(c): senzitivita pro RMI < 200 jako dobry indikétor identifikace nemocnych

pacientek (0,944). Zdvér: CA-125 ani US jako jednotlivé indikatory nebyly presné. RMI je dobrym indikatorem pouze v korelaci s CA-125.

Klicova slova

nadory vaje¢nikd — sérum — nadorové markery — CA-125 protein - ultrazvuk — prognéza

Backgrounds
Ovarian cancer is the most lethal gyne-
cologic malignancy in adult women. The
5-year survival rate for stage Il and IV is
31%, and for stage | is 95% [1]. Unfortuna-
tely, early diagnosis is difficult because the
lack of specific symptoms in early disease
due to inaccessible location of the ovaries.
Common symptoms, such as abdominal
bloating and early satiety, indicate more
advanced disease, involving the upper
abdomen and present in approximately
70% of patients at the time of diagnosis
[2]. Because of the fact that currently avai-
lable screening tests do not achieve high
levels of sensitivity and specificity, scree-
ning is not recommended for the general
population, but only for women at high
risk (strongly family history of ovarian can-
cer and those with BRCA 1 or BRCA 2 mu-
tations). Trans-vaginal ultrasound with its
high resolution enables detailed scrutiny
of ovarian lesions [3]. According to cer-
tain authors [4,5], the anechoic cysts with
thin walls, without inner or outer nodu-
larity, and associated with CA-125 levels
within normal limits (< 35 U/ml) can be
safely punctured. As some studies have
proved [6], ovarian malignancy at its
very early stage can be present in a small
simple cyst or even in a normal-sized
ovary. All subjects were given an explana-
tion of the study and written informed
consent was obtained.

The quantitative evaluation of some
tumor markers, such as: CEA, CA-125,

CA-72-4 or even CA-19-9, since certain
time has been considered as valid me-
thod which can indicates of the malignant
potential of ovarian tumors. So, in 1994
Woolas et al [7] reported about a scree-
ning program of the ovarian cancer with
CA-125 evaluation. CA-125 is a glycopro-
tein, which expression can be found in al-
most all cells of the coelomic epithelium.
In 1% of healthy women, elevated va-
lues of this tumor marker can be found in
the absence of some cancer process [8].
In about 80% of women with non-muci-
nous epithelial cancer the serum levels of
CA-125is higher than 35 U/ml, but it is not
rare the situation when the CA-125 is into
the normal levels in presence of ovarian
cancer in earlier stages [9]. In a review of
several studies only 44% of women with
ovarian cancer stage | had increased le-
vels of CA-125 [10]. This is the main dis-
advantage of this method, as well as its
increase during some physiological or be-
nign pelvic diseases, such as: pelvic en-
dometriosis, pelvic inflammatory disease
or first trimester pregnancy. The com-
bination of the ultrasound evaluation
and the estimation of the serum levels
of CA-125 could be an effective method
for screening of ovarian cancer. A sim-
ple algorithm called risk of malignancy
index (RMI), reported by Jacobs et al [11]
or RMI 1, which incorporated the serum
CA-125 level, menopausal status and
ultrasound morphological features gave
sensitivity of 85.4% and specificity of

96.9%. Currently, the network guidelines
recommend calculation of the RMI [12] as
modified by Tingulstad et al [13] or RMI 2.

Material and Methods

Eligibility criteria
the presence of ovarian tumor requi-
red surgical treatment

The setting, location and timing
University Clinic of Gynecology and
Obstetrics, Medical Faculty, Skopje,
in the period from the 1st of January
2009 to the 1st of January 2010

Precise details of the interventions
The whole study group was consisted of
patients with presence of ovarian tumor
(n=115).The experimental group: group
A (n = 41) was consisted of patients with
histological feature of ovarian malig-
nancy, but control group:group B (n=74)
of patients with histological feature of
benign ovarian tumor. In every group,
the Serum CA-125 level, ultrasound eva-
luation and RMI were performed preo-
peratively. Additionally, the whole study
group was divided into three subgroups
regarding the serum CA-125 levels:

1) subgroup CA(a) with low serum levels
of CA-125 (< 35 U/mL) (n = 64);

2) subgroup CA(b) with slightly elevated
serum levels of CA-125 (35-130 U/ml)
(n=26);

3) subgroup CA(c) with high serum le-
vels of CA-125 (> 130 U/ml) (n = 25).
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The study was approved by the local
research ethics committee (LREC) of
the Association of Gynecologists and
Obstetricians of Macedonia.

How sample size was determined

Every patient who had ovarian tumor re-
quired operative treatment, assessed for
eligibility (n = 121). Six patients were ex-
cluded because they refused to be ope-
rated. So, 115 patients were randomised.

Aim of the work

1) to estimate the predictive values
of: Serum CA-125, ultrasound fin-
dings and RMI as a single criterion for
malignancy;

2) to estimate the predictive values for
RMI in cases with mildly elevated
Serum CA-125 (35-130 U/ml), levels,
which are doubtful for malignancy;

3) to establish the most accurate ultra-
sound parameter for malignancy;

4) to estimate whether our proposed
graduation of serum CA-125 levels
into three grades: less than 35 U/mL;
between 35 and 130 U/mL; and more
than 130 U/mL can improve the
accuracy of the parameters: CA-125
and RMI in prediction of ovarian
malignancy.

Specific hypotheses

1) serum CA-125, ultrasound findings
and RMI as a single criterion are not
enough reliable parameters for exclu-
ding ovarian malignancy;

2) RMI > 200 in cases with mildly ele-
vated Serum CA-125 (35-130 U/ml),
is not enough reliable parameter for
ovarian malignancy;

3) presence of ascites is the most accu-
rate ultrasound parameter for malig-
nancy, but tumor size < 6 cm and cys-
tic structure for benign tumor nature;

4) our proposed graduation of serum
CA-125 levels into three grades: less
than 35 U/mL; between 35 and 130
U/mL; and more than 130 U/mL could
improve the accuracy of RMI in pre-
diction of ovarian malignancy.

Clearly defined primary and

secondary outcome measures

The preoperative evaluation:

1) Demographic data;

2) Ultrasound examination, regarding:
size, tumor structure, distinguish abi-
lity of the tumor from the surroun-
ding tissue, spread of the tumor,
presence of the ascites, feature of
margins, thickness of the capsule if
the tumor was cystic, as well as pre-

sence of septum/papillary vegeta-
tion or quality of liquor into the cys-
tic tumor;

3) Preoperative value of Serum CA-125
with ECl (enhanced chemilumi-
niscence technique) with original
CA-125 Il tm kit (Johnson & Johnson);

4) The modified RMI according to Tingul-
stad et al[13] for each woman was cal-
culated using the formula:

RMI =U XM x serum CA-125

Five ultrasound features suggestive of
malignancy were sought to derive the ul-
trasound score (U): multilocular feature,
presence of solid elements, bilateral ap-
pearance, presence of ascites, evidence
of metastases. An ultrasound score (U) of
1 was given if none or one of these fea-
tures was present, and a score of 3 was
given if two or more of these features
were detected. A menopausal score (M)
of 1 or 3 was given to pre- and postme-
nopausal women, respectively. Referral
to the Northern Gynaecological Onco-
logy Centre [14] the value RMI > 200 was
considered as sign of malignancy.

Histopathological examinations:
The operative specimens were fixed in
10% neutral buffered formalin for 24 to
48 hours and routinely processed in pa-

Tab. 1. Demographic data: age, gynecological age, parity, familiar history for ovarian tumor or cancer, habits of smoking and

alcohol consuming, body mass index.

Variable Group A (with malignant Group B (with benign ovarian X2 (t)
ovarian tumor) (n =41) column 1 tumor) (n = 74) column 2 column 1-2

age (years) (mean + SD)" 48.61 +4.09 3743 +3.91 1.98*
gynecological age’
- puberty/adolescence 0/41 (0.00%) 8/74 (10.8%) 6.58*
. generat]ve age 19/41 (46.3%) 46/74 (62.2%) 0.17
- early postmenopause 7/41 (17.1%) 9/74 (12.2%) 0.20
. senium 15/41 (36.6%) 11/74 (14.9%) 5.93%
parity (mean + SD)" 1.85+0.8 21£0.7 0.23
body mass index (BMI) (mean + SD)" 24.85+3.0 22.1+3.2 0.63
smoker? 18/41 (43.9%) 28/74 (37.8%) 0.22
alcohol consumer® 6/41 (14.6%) 9/74 (12.2%) 0.008
family history for ovarian tumor® 4/41 (9.7%) 3/74 (4.1%) 0.02
family history for any kind of cancer? 10/41 (24.4%) 11/74 (14.8%) 1.03
(A) = Student’s t-test
() = Mantel-Haenzel's X? test with df of 1
(*) p<0.05
(**) p <0.01
(**¥) p < 0.001
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raffin wax. They were examined by light
microscopy by the same pathologist, who
was not informed of the patient group.
Statistical methods: The Student’s pai-
red test was used to compare: demogra-
phic data. The predictive values, as well
as sensitivity and specificity, as indica-
tors of how well those patients with di-
sease or non-disease were correctly clas-
sified, were analyzed according to the
standard formulae [15].
Positive predictive value (PPV) = indi-
viduals with ovarian malignancy and
a positive test / all those with a posi-
tive test
Negative predictive value (NPV) = in-
dividuals without ovarian malignancy
and a negative test / all those with
a negative test
Sensitivity = individuals with ovarian
malignancy and a positive test / all
those with ovarian malignancy
Specificity = individuals without ova-
rian malignancy and negative test / all
those without ovarian malignancy
The Mantel-Haenzel’s X2 test was used
to compare: demographic data, Serum
CA-125 and ultrasound characteristics,
according to the formula:
X2 =n ([AD-BC]-n/2)?
(A+B)(C+D)(A+C)(B+D)

Results
There were some significant differen-
ces in demographic data between the
groups. Namely, puberty and adoles-
cence age was most frequent among
the patients in group B (p < 0.05), but se-
nium in group A (p < 0.05). In total, the
patients with ovarian malignancy were
significantly older than those with be-
nign ovarian tumors (p < 0.05) (Tab. 1).
On the Tab. 2 we represent the diffe-
rences between the groups regarding
the preoperative Serum CA-125. The
subjects with Serum CA-125 < 35 U/ml
were more frequent in group B vs
groupA(p<0.001),butthosewithSerum
CA-125 = 35 U/ml were more frequent
in group A vs group B (p < 0.001). Ne-
vertheless, there were no differences in
prevalence of patients with mildly ele-
vated CA-125 (35-130 U/ml) between
the groups. The value of Serum
CA-125 < 35 U/ml showed a relati-
vely high NPV for malignancy, as well
as sensitivity and specificity (82.8%;
0732; 0.716 respectively). The value of
Serum CA-125 U/ml = 35 U/ml showed
the same high sensitivity and specifi-
city as previous parameter. Neverthe-
less, our proposed graduation of serum
CA-125levelsintothreegrades:lessthan

35 U/mL; between 35 and 130 U/mL;
and more than 130 U/mL increased
the specificity for both parameters:
CA125=35-130U/mLupto00.811,andfor
CA-125 > 130 U/mL up to 0.905, as well
as PPV for the latter parameter up to
72.0% (Tab. 2).

The Tab. 3 represents the differences
between the groups regarding the ultra-
sound features of the ovarian tumors, as
well as the predictive values of each par-
ticular one. Almost all ultrasound featu-
res showed very significant differences
between the groups. So, the ultrasound
characteristics such as: tumor size > 6 cm,
structure of the tumor (solid/cystic),
unclear distinguish ability of the tumor,
presence of the ascites into the abdo-
minal cavity, rugged margins, thickness
of the capsule > 2 mm, presence of sep-
tum/papillary vegetation into the cyst
thicker than 2 mm, multi-locular feature
and presence of intra-cystic liquor with
high density were more frequent in pa-
tients with malignant ovarian tumor
(p < 0.001, all of them). Regarding the
PPV > 70.0%, as a likelihood of the ul-
trasound feature for that the individual
has a malignant disease, only the pre-
sence of ascites into the abdominal ca-
vity showed the high one. The NPV

Tab. 2. Differences among the both study groups regarding the preoperative CA-125 serum level (our proposed graduation

of the serum CA-125 levels).

. Group B Differences .. .
malignantova. (Withbenign between _  PosTHE RS
Variable rian tumor) ovarian group A and \F:alue for \F/’alue for Sensitivity Specificity
B tumor) group B i liananc
(n=41) (n=74) column1-2 ~ Margnancy. malig y
CA125<35U/mL
subgroup CA(a) 11/41 (26.8%) 53/74 (71.6%) 23.30%** 17.2% 82.8% 0.732 0.716
(n=64/115)
CA 125=35-130 U/mL)
subgroup CA(b) 12/41 (29.3%) 14/74 (18.9%) 0.07 46.2% 53.8% 0.293 0.811
(n=26/115)
CA 125> 130U/ml
subgroup CA(c) 18/41(43.9%) 7/74 (9.5%) 16.43%** 72.0% 28.0% 0.439 0.905
(n=25/115)
(c:\31523 /i']el_‘;ated 30/41(732%)  21/74(284%) 19.67%** 58.8% 41.1% 0.732 0716
Mantel-Haenzel's X? test with df of 1:
(*) p < 0.05
(**) p <0.01
(***) p < 0.001
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Tab. 3. Ultrasound characteristics of the ovarian tumors.

Variable

size
«<6CM
«>6Cm

tumor structure

« solid

+ solid and cystic

- cystic

distinguish

ability of tumor from

the surrounding tissue

« clear

« unclear

spread of the tumor

« unilateral tumor

« bilateral tumor

ascites

- absence

- around the adnexa

- into the abdominal
cavity

feature of margins

« smooth

+rugged

thickness of the capsule

«<2mm

«>2mm

presence of septum/pa-

pillary vegetation into

the tumor:

«none
«<2mm

«>2mm

- uni-locular cyst

» multi-locular cyst

Quality of the liquor into

the cyst:
« with high density
+ with low density

Group A (with
malignant

(n=41)

11/41 (26.8%)
30/41 (73.2%)

2/41 (4.9%)
20/41 (48.8%)
19/41 (46.3%)

19/41 (46.3%)
22/41 (53.7%)

30/41 (73.2%)
11/41 (26.8%)

28/41 (68.3%)
2/41 (4.9%)
11/41 (26.8%)

5/41 (12.2%)
36/41 (87.8%)

9/39 (23.1%)
30/39 (76.9%)

1/39 (2.6%)
3/39 (4.7%)
35/39 (89.7%)
14/39 (35.9%)
25/39 (64.1%)

29/39 (74.4%)

malignancy malignancy

Group B (with X2 differen- Positive
benign ces between  predictive
ovarian tumor) ovariantumor) group AandB value for
(n=74) column 1-2
52/74 (70.3%) 21.89%** 17.5%
22/74 (29.7%) 18.38%** 57.7%
10/74 (13.5%) 3.13 16.7%
12/74 (16.2%) 12.36%** 62.5%
52/74 (70.3%) 7.45%* 26.8%
60/74 (81.1%) 16.46%** 24.1%
14/74 (18.9%) 13.23%** 61.1%
46/74 (62.2%) 0.98 39.5%
28/74 (37.8%) 1.96 28.2%
69/74 (93.2%) 14.40%** 28.9%
5/74 (6.8%) 0.66 28.6%
0/74 (0.00%) 18.96%** 100.0%
53/74 (71.6%) 39.69%** 8.6%
21/74 (28.4%) 34.,93%** 63.1%
47/74 (63.5%) 16.18%** 16.1%
27/74 (36.5%) 14.61%** 52.6%
29/74 (39.2%) 18.971%** 3.3%
30/74 (40.5%) 14.52%%* 9.1%
15/74 (20.3%) 45.64%** 70.0%
56/74 (75.7%) 20.771%%* 20.0%
18/74 (24.3%) 14.97%%* 58.1%
32/74 (43.2%) 8.44%% 47.5%
42/74 (56.8%) 10.97%** 19.2%

10/39 (25.6%)

Mantel-Haenzel's X2 test with df of 1:

(*) p < 0.05
(**) p < 0.01
(**) p < 0.001

Negative
predictive
value for

Sensitivity Specificity

82.5% 0.268 0.703
42.3% 0.487 0.297
83.3% 0.487 0.135
37.5% 0.487 0.162
73.2% 0.463 0.703
75.9% 0.466 0.811
38.9% 0.536 0.189
60.5% 0.732 0378
60.5% 0.268 0.622
71.1% 0.683 0.932
71.4% 0.488 0.067
0.00% 0.268 0.00

91.4% 0.122 0.716
36.8% 0.878 0.284
83.9% 0.231 0.635
47.4% 0.769 0.365
96.7% 0.025 0.392
90.9% 0.077 0.405
30.0% 0.897 0.203
80.0% 0.359 0.757
41.9% 0.641 0.243
52.4% 0.743 0.432
80.8% 0.256 0.568

> 70.0% as a likelihood that the indivi-
dual is free from malignant disease, was
found for the following ultrasound fe-
atures: tumor size < 6 cm, solid tumor
structure, cystic tumor structure, clear

distinguish ability of the tumor from the
surround tissue, unilateral tumor, ab-
sence of the ascites, smooth margins, ca-
psule < 2 mm, absence of septum/papil-
lary vegetation into the cysts < 2 mm,

uni-locular cyst, intra-locular liquor with
low density. The sensitivity > 0.700, as
an indicator of how well those patients
with disease are correctly classified ac-
cording to the particular ultrasound fea-
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ture, was noted only for: uni-laterality of
the tumor, rugged margins, thicker than
2 mm capsule, septum/papillary vegeta-
tion thicker than 2 mm, and intra-locu-
lar liquor with high density. The specifi-
city > 0.700, as an indicator of how well
those without malignant disease are cor-
rectly classified according to particular
ultrasound feature, was noted for the
following features: tumor size < 6 cm,
cystic structure, clear distinguish ability
of the tumor from the surround tissue,
absence of the ascites, smooth margins
and uni-locular feature.

Nevertheless, the highest sensitivity,
as an indicator for best distinguishing
the diseased patients, showed the fol-
lowing parameters: rugged margins and
presence of septum/vegetations, (0.878;
0.897, respectively). The following ultra-
sound parameters showed the highest
specificity, as an indicator for best distin-
guishing the healthy patients: clear di-

stinguish ability of tumor from the sur-
rounding tissue and absence of ascites
(0.811; 0.932, respectively). The parame-
ter: presence of the ascites into the ab-
dominal cavity showed the highest PPP
(100%) i.e. it was the best ultrasound pre-
dictor for ovarian malignancy (Tab. 3).

The histological features in the first
study group-A (n = 41) consisted of pati-
ents with malignant ovarian tumor was as
follows: serous adenocarcinoma (12/41),
mucinous cystadenocarcinoma (7/41),
endometrioid adenocarcinoma (12/41)
clear cell ovarian carcinoma (5/41), others
ovarian carcinomas (5/41). The stage of
spreading was: borderline (IA) (10/41);
stage IC (13/41); stage Il (2/41); llIA (4/41);
I1IB (3/41); Il C (9/41). The nuclear grade
in the same group was as follows: G1
(10/41), G2 (14/41,G3 (17/41).

The histological features in the first
study group-B (n = 74), consisted of pa-
tients with benign ovarian tumor was

as follows: serous ovarian cystadenoma

(12/74), mucinous ovarian cystadenoma

(13/74), benign terathoma (12/74) and

simplex cysts (11/74) and endometrio-

ma (26/74).

In order to estimate whether our pro-
posed graduation of serum CA-125 levels
into abovementioned three grades could
improve the accuracy of RMI in prediction
of ovarian malignancy, we made:

1) the predictive values for RMI for en-
tire study group;

2) the predictive values for the three
particular parts of RMI: menopau-
sal status, ultrasound features and
Ca-125 levels, as a single criterion;

3) the predictive values for RMI for the
three abovementioned subgroups
according to our proposed gradua-
tion of CA-125.

So:

1) the pre-menopausal status as a sin-
gle criterion, noted with point 1 in

Tab. 4. Risk of malignancy index (RMI), its particular parts as a single criterion, such as menopausal status and ultrasound fea-
tures, and the correlation between RMI and serum CA-125 levels.

Variable
malignant

ovarian tumor) ovariantumor) group A and B

Group A (with  Group B (with

X2 differen- Positive
benign ces between  predictive
value for

Negative
predictive
value for

Sensitivity Specificity

(n=41) (n=74) column 1-2 malignancy malignancy

menopausal status (M)
M=1 19/41 (46.3%) 54/74 (73.0%) 9.26** 26.0% 74.0% 0.463 0.270
M=3 22/41 (53.7%) 20/74 (27.0%) 6.96%* 52.4% 47.6% 0.536 0.729
ultrasound features (U)
U=1 12/41(29.3%) 52/74(70.3%) 19.67*** 18.7% 81.3% 0.293 0.297
Uu=3 29/41 (70.7%) 22/74 (29.7%) 16.34%** 56.9% 56.9% 0.707 0.703
CA125<35U/ml
* RMI < 200 9/11(81.8%) 40/53 (75.5%) 0.005 18.4% 81.6% 0.818 0.245
« RMI > 200 2/11 (18.2%) 13/53 (24.5%) 0.71 13.3% 86.7% 0.182 0.755
CA125=35-130 U/ml
«RMI < 200 3/12 (25.0%) 1/14 (7.1%) 0.60 75.0% 25.0% 0.250 0.929
« RMI > 200 9/12 (75.0%) 13/14 (92.9%) 3.24 40.9% 59.1% 0.750 0.071
CA125=130U/ml
* RMI < 200 1/18 (5.5%) 2/7 (2.86%) 5.17* 33.3% 66.7% 0.055 0.714
« RMI > 200 17/18 (94.4%) 5/7 (71.4%) 0.82 77.3% 22.7% 0.944 0.286
RMl in entirely group
(independent of CA125)
« RMI < 200 13/41 (31.7%) 43/74 (58.1%) 8.45%% 23.2% 76.8% 0.317 0.419
« RMI > 200 28/41 (68.3%) 31/74 (41.9%) 6.34* 47.5% 52.5% 0.683 0.582
Mantel-Haenzel’s X2 test with df of 1:
(*) p<0.05
(**) p <0.01
(***) p < 0.001
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RMI, was more frequent in group B

(p < 0.01) and showed relatively high

NPV for malignancy (74.0%). The

post-menopausal status, noted with

point 3 in RMI, was more frequent in
group A (p < 0.01), and showed rela-
tively significant specificity for malig-

nancy (0.729);

the ultrasound criteria, noted with

point 1 in RMI, as an indicator for be-

nign tumor nature, predominated in
group A (p < 0.001) and showed high

NPV of 81.3%. On the contrary, the ul-

trasound criteria, noted with point 3

in RMI, as an indicator for malignant

tumor nature, predominated in group B

(p < 0.001), but their predictive values

were low. Nevertheless, they showed

relatively high sensitivity and specifi-
city (0.707 and 0.703, respectively);

3) RM for entire study group, as an in-
dicator for risk of tumor malignancy
showed only relatively high NPV for
RMI < 200 (76.8%);

4) when we additionally analyzed RMI
in correlation with CA-125 levels, we
found that its predictive values and
sensitivity/specificity increased. So, in
subgroup CA(a) with CA-125 < 35 U/
ml we noted this situation: high NPV
and sensitivity (81.6% and 0.818, re-
spectively) for RMI < 200; but also
high NPV (86.7%) for RMI > 200. In
subgroup CA(b) with CA-125 between
35 and 130 U/ml, we noted very high
specificity, as an indicator for good
distinguishing of healthy patients
(0.929) for RMI < 200. In patients
with CA-125 > 130 U/mL, RMI > 200
showed very high sensitivity, as an in-
dicator for good distinguishing of di-
seased patients (0.944) (Tab. 4).

2

—

Discussion
Estimating the predictive values of dif-
ferent parameters for tumor malignancy:
such as: serum CA-125, ultrasound fin-
dings and RM|, as a single criterion, we
noted them relatively insignificant, that
pertain to the uncertain diagnosis for
ovarian malignancy. These findings con-
firmed our first specific hypothesis.
Nevertheless, when we divided all
patients into three subgroups, accor-
ding to our new proposed graduation
of serum CA-125 levels into three gra-

des: less than 35 U/mL; between 35 and
130 U/mL; and more than 130 U/mL, we
noted:

1) increased specificity of RMI < 200 up
to 0.929 for patients with mildly ele-
vated CA-125 (35-130 U/mL), as an
indicator for good distinguishing of
healthy patients;

increased sensitivity of RMI > 200 up
to 0.944 for patients with highly ele-
vated CA-125(> 130 U/mL), as an in-
dicator for good distinguishing of
diseased patients. These findings
confirmed our second specific hy-
pothesis that the RMI > 200 in cases
with mildly elevated Serum CA-125
(35-130 U/ml), is not enough reliable
parameter for ovarian malignancy;
These results also confirmed our
forth hypothesis that our proposed
graduation of serum CA-125 levels
into three grades: less than 35 U/mL;
between 35 and 130 U/mL; and more
than 130 U/mL could improve the
accuracy of RMI in prediction of ova-
rian malignancy. Therefore, our opi-
nion is that patients with mildly ele-
vated CA-125 (35-130 U/mL) and RMI
> 200 necessarily should be under-
gone additional diagnostic methods,
including operation and histologi-
cal verification. Tsukishiro et al [16],
using an serum secretory leukocyte
protease inhibitor levels (SLPI) cut-off
of 50 ng/ml and a CA-125 cut-off of
30 U/mL, found that with both mar-
kers elevated, the sensitivity was 95%,
the specificity was 100%, the PPV was
100%, and the NPV 89% between the
malignant and benign cysts. Rzym-
ski et al [17], evaluating the serum
concentrations of soluble intracellu-
lar adhesion molecule-1 (sICAM-1), as
well as CA-125 in 45 women with be-
nign ovarian tumors, observed higher
sICAM-1 concentrations in fibrothe-
comas and lower in endometrial and
dermoid cysts. Serum ICAM-1concen-
trations correlate with some histolo-
gical types of benign tumors, but not
with tumor volume. Levels of CA-125
were more effective than ICAM-1 in
ovarian tumors differentiation.

N

Regarding the ultrasound features, in
our study:

1) presence of ascites into the abdomi-
nal cavity showed highest PPV (100%)
i.e. it was the best ultrasound predic-
tor for ovarian malignancy;

2) the parameters: clear distinguish abi-
lity of tumor from the surrounding
tissue and absence of ascites showed
highest specificity, i.e. they were the
best parameters for good distinguis-
hing of healthy patients (0.811; 0.932,
respectively). These findings only par-
tially confirmed our third specific
hypothesis.

Sagiv et al [18], in their study of 21 pa-
tients with extremely large cystic/com-
plex ovarian cysts, reached the umbili-
cus or higher, and were not associated
with ascites or enlarged pelvic or para-
aortic lymph nodes on computed tomo-
graphy scan, found Serum CA-125 le-
vels within the normal range or mildly
elevated (< 130 U/mL). In one of them
(1/21, 4.8%) they found ovarian malig-
nancy. Geomini et al [19], estimating
181 women with ovarian masses with
three-dimensional ultrasonography
and three-dimensional power Doppler,
found that: central vessels were present
in 15% of the benign masses, 69% of the
malignant masses and 27% of the mas-
ses of borderline malignancy; and the li-
kelihood ratios for presence of central
vessels for a mass being malignant and/
/or borderline was 4.9 (95%, Cl 2.1-12).

In order to realize our second aim of
the work, we analyzed the predictive va-
lues for RMI in cases with mildly eleva-
ted Serum CA-125 (35-130 U/ml), levels,
which are doubtful for malignancy and
found very high specificity (0.929) for
RMI < 200; and high sensitivity (0.750)
for RMI > 200; but also high PPV for RMI
< 200 (75.0%), the fact which confirmed
our suspicion that this group of patients
could be the most confounding regar-
ding the nature of the ovarian tumor,
and the decision for operative treat-
ment. On the other hand, we found high
NPV (86.7%) for RMI > 200 in subgroup
CA(a) with CA-125 < 35 U/ml. These abo-
vementioned findings: high PPV for RMI
< 200 in subgroup CA(b) with slightly
elevated CA-125 and also high NPV for
RMI > 200 in subgroup CA(A) with low
CA-125 were in favor of the parame-
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ter CA-125 vs the parameter RMI in pa-
tients with Ca-125 lower than 130 U/mL
regarding the prediction of ovarian
malignancy.

Ulusoy et al [20], assessing the ability
of the RMI in 296 women with adnexal
masses found that the RMI with cut-off
level of 153 identified malignant cases
more accurately than any individual cri-
terion (PPV of 65.9%; NPV of 85.5%; sen-
sitivity of 0.764 and specificity of 0.779).
Bailey et al [21] in their series of 182 pa-
tients with a pelvic mass found that 24%
patients had benign tumors, 6% had
tumors of borderline malignancy, and
70% had invasive tumors. An RMI > 200
had a sensitivity of 88.5% for diagnosing
invasive lesions. The overall sensitivity of
this algorithm for diagnosing all border-
line, invasive ovarian tumors, or primary
peritoneal lesions was 87.4% and the
PPV was 86.8%. Therefore, they recom-
mend the RMI for continued use. Szpu-
rek et al [22] assessing the usefulness of
their artificial neural network computer
model, which included: age, menopausal
status, BMI, grayscale and Doppler ultra-
sonographic features, as well as levels of
CA-125 and tissue polypeptide specific
antigen, in series of 686 women, found
very high sensitivity and specificity of
this method in prediction of ovarian
tumor malignancy (96.0% and 97.7%, re-
spectively). Roupa et al [23] proposed
the combination of their Transvaginal
Ultra Sonography score > 35 points and
CA-125 = 30 U/ml as an accurate scree-
ning procedure for ovarian malignancy.
In their retrospective case-control pilot
study of 120 women with ovarian neo-
plasia, they found a sensitivity of 81.7%
and specificity of 100.0% of this combi-
nation. Moolthiya et al [24] compared
the ability of two risk of malignancy indi-
ces to discriminate between benign and
borderline/malignant ovarian tumor
in 209 women with pelvic masses and
found that cut-off 200 gave sensitivity of
70.6%, specificity of 83.9%, PPV of 75%
and NPV of 80.6% for RMI 1, and sensiti-
vity of 80%, specificity of 78.2%, PPV of
71.6% and NPV of 85.1% for RMI 2. In our
study of 115 women with ovarian mas-
ses, the Tingulstad’ RMI gave sensitivity
of only 47.5%, specificity of 52.5%, PPV
of 68.3% and NPV of 58.2% for RMI > 200

and CA-125 > 35 Ul/ml, but sensitivity of
94.4% and PPV of 77.3% for RMI > 200
and CA-125 > 130 Ul/ml. Van den Akker
et al [25] in series of 548 women with
ovarian masses found PPV of 48% and
NPP of 96% for RMI > 200 in detection
of ovarian cancer. Montagnana et al [26]
evaluated the predictive values of their
ROMA (Risk of malignancy algorithm) as
separate logistic regression algorithm in
104 women with a pelvic mass (55 with
epithelial ovarian cancer and 49 benign
cases) and found that ROMA had high
predictive values (84.6% specificity and
82.5% sensitivity) only for postmeno-
pausal women, but not in pre-menopau-
sal women.

Conclusion

We found Serum CA-125, ultrasound
findings and RMI, as single criteria for
malignancy not enough accurate. In
the subgroup of patients with CA-125
between 35 and 130 U/ml we noted high
PPV and specificity (75.0% and 0.929, re-
spectively) for RMI < 200; and high sensi-
tivity (0.750) for RMI > 200. These results
for RMI confirmed our suspicion that this
subgroup of patients could be the most
confounding regarding the nature of the
ovarian tumor, and the decision for ope-
rative treatment. We recommend that
the RMI should be interpreted carefully
and only in correlation with serum levels
of CA-125, for every case individually.
For that reason we propose a gradua-
tion of serum CA-125 levels into three
grades: less than 35 U/mL; between 35
and 130 U/mL; and more than 130 U/mL
and analyzing the RMlin light of this gra-
duation. This procedure could improve
the accuracy of RMi in prediction of ova-
rian malignancy.
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