
A 
meaningful evolution has occurred 
over the past 30 years in the evalua-
tion of ovarian tumors. In the 1980s, 

any palpable ovarian tumor was recom-
mended for surgical removal.1 In the early 
2000s, studies showed that unilocular cysts 
were at very low risk for malignancy, and 
surveillance was recommended.2 In the fol-
lowing decade, septate cysts were added to 
the list of ovarian tumors unlikely to be ma-
lignant, and nonsurgical therapy was sug-
gested.3 It is estimated that 10% of women 
will undergo surgery for an adnexal mass in 
their lifetime, despite the fact that only 1 in 
6 (13%–21%) of these masses is found to be 
malignant.4,5 

A comprehensive, morphology-based 
pelvic ultrasonography is the first and most 

important step in evaluating an ovarian 
tumor’s risk of malignancy to determine 
whether surgery or surveillance is required.

Ovarian cancer continues to be the lead-
ing cause of gynecologic cancer death. De-
spite achieving superior surgical and cancer 
outcomes, a gynecologic oncologist per-
forms only 40% of the initial ovarian cancer 
surgeries.6 Premenopausal and menopausal 
ovarian tumors are different in cause and 
consequence. Only 15% of premenopausal 
tumors are malignant, most commonly germ 
cell tumors, borderline ovarian tumors, and 
epithelial ovarian cancers. Tumors in meno-
pausal women are less common but are more 
likely to be malignant. In actuality, up to 50% 
of tumors in this population are malignant. 
The most common of these malignancies are 
epithelial ovarian cancers, cancers metastatic 
to the ovary, and malignant stromal tumors. 

Effective and evidence-based preopera-
tive evaluations are available to help the cli-
nician estimate a tumor’s risk of malignancy 
and determine which tumors are appropriate 
for referral to a specialist for surgery.

The actual incidence and prevalence of 
ovarian tumors are not known. From a review 
of almost 40,000 ultrasonography scans per-
formed in the University of Kentucky Ovar-
ian Cancer Screening Program, the estimated 
incidence and prevalence of ovarian abnor-
malities are 8.2 per 100 women annually 
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and 17%, respectively.7 Seventy percent of 
these abnormalities have a unilocular or 
simple septate morphology and are at low 
risk for malignancy.7 The remaining 30% of 
abnormalities are high risk, although this 
represents only 9% of the total population 
evaluated. Since the vast majority of these 
abnormalities are expected to be asymptom-
atic, most will go unrecognized in the general 
population. For women who have an ovarian 
abnormality on ultrasonography, the major-
ity will be at low risk for malignancy and will 
not require surgery.

Ovarian ultrasonography plus 
morphologic scoring comprise 
a comprehensive approach
The recently published recommendations 
of the First International Consensus Confer-
ence report on adnexal masses are summa-
rized in TABLE 1.8 The expert panel reviewed 
the evidence and concluded that effective 
ultrasonography strategies exist and are well 
validated, and that low-risk asymptomatic 
ovarian cysts do not require surgical removal. 

While no single ultrasonographic finding 
can differentiate a benign from a malignant 
mass, morphologic scoring systems improve 
our ability to estimate a tumor’s malignant 

potential. In the United States, most practi-
tioners in women’s health have ready access 
to gynecologic ultrasonography, but indi-
vidual training and proficiency vary. Since 
not everyone is an expert sonographer, it is 
useful to employ an objective strategy when 
evaluating an ovarian tumor. The focus of a 
comprehensive ovarian ultrasonography is to 
recognize morphologic patterns that reflect a 
tumor’s malignant potential. While tumor 
volume is useful, tumor morphology is the 
most prognostic feature. 

International Ovarian Tumor  
Analysis group
The International Ovarian Tumor Analysis 
(IOTA) group has published extensively on 
sonographic definitions and patterns that 
categorize tumors based on appearance.9 
Simple rules and the ADNEX risk model are 
2 of the group’s approaches (FIGURE 1).10,11 
Both methods have been validated as effec-
tive for differentiating benign from malignant 
ovarian tumors, but neither has been used to 
study serial changes in ovarian morphology.

Regardless of the strategy employed, 25% 
of ovarian ultrasonography evaluations will 
be interpreted as “indeterminate” or “risk 
unknown.”10 The IOTA strategies have been 
successfully used in Europe for years, but 
they have not yet been studied or adopted in 
the United States. 

Kentucky morphology index
The morphology index (MI) from the Univer-
sity of Kentucky is an ultrasonography-based 
scoring system that combines tumor volume 
and tumor structure into a simple and effec-
tive index with a score ranging from 0 to 10 
(FIGURE 2, page 20).12 A rising Kentucky MI 
score has a linear and predictable increase 
in the risk of ovarian malignancy. In a re-
view of almost 40,000 sonograms, 85% of the 
malignancies had an MI score of 5 or greater 
(TABLE 2, page 20).12 Using this as a cutoff, 
the sensitivity and specificity for predicting 
malignancy was 86% and 98%, respectively.12 

When comparing the ADNEX risk model 
with the Kentucky MI, investigators reviewed 
45,000 ultrasound results and found that 

TABLE 1  Summary of the First International Consensus 
Conference report on adnexal masses8 

•	 Pelvic sonography should include a transvaginal approach with Doppler 
when possible.

•	 The risk of malignancy for asymptomatic unilocular cysts is extremely low 
and surveillance is recommended.

•	 Real-time pattern recognition with an expert sonographer is the most 
accurate method for characterizing an ovarian mass.

•	 Pattern recognition or a morphology-based risk model is recommended.

•	 A benign-appearing ovarian lesion can be followed conservatively or, if 
indicated, surgery can be performed by a general gynecologist.

•	 Serial sonography is a beneficial strategy, although the interval and 
duration are still under investigation.

•	 Serial sonography will become more prevalent, with fewer surgical 
interventions.

•	 When an ovarian abnormality is indeterminate, secondary testing should 
include serial sonography, magnetic resonance imaging, or serum 
biomarkers.
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the majority of cancers were categorized 
by the ADNEX model in the lowest 4 of the 
10 risk-of-malignancy groups, compared 
with only 15% for the MI.13 This clustering 
or skew is potentially problematic, since we 
expect higher scores to be more predictive of 
cancer than lower scores. It also infers that 
the ADNEX model may not be useful in se-
rial surveillance strategies. Moreover, the  
ADNEX model identified only 30% of early 
stage cancers compared with identification 
of 80% with use of the MI.13

Serial ultrasonography
Serial ultrasonography is a concept similar to 
any longitudinal biomarker evaluation. In the 
United Kingdom Collaborative Trial of Ovar-
ian Cancer Screening (UKCTOCS) program, 
the Risk of Ovarian Cancer Algorithm (ROCA) 
employs serial measurements of cancer anti-
gen 125 (CA 125) to improve cancer detec-
tion. Serial ultrasonography similarly can be 
applied to better characterize a tumor’s phys-
iology as well as its morphology. Over time, 
malignant ovarian tumors grow naturally in 
volume and complexity, and they do so at a 
rate faster than nonmalignant tumors. If this 
physical change can be measured objectively 
with ultrasonography, then serial sonogra-
phy becomes a valuable diagnostic aid. 

In comparing serial MI scores with clinical 
outcomes, studies have shown that malignant 
tumors exhibit a rapid increase, nonmalignant 
tumors have a stable or gradual rise, and re-
solving cysts show a decrease in MI score over 
time (FIGURE 3, page 21).12 An increase in the MI 
score of 1 or more per month (≥1 per month) is 
concerning for malignancy, and surgical re-
moval should be considered. If the MI score of 
an asymptomatic ovarian tumor does not in-
crease by 1 per month, it can be surveilled with 
intermittent ultrasonography. 

Serum biomarkers useful  
for determining risk,  
need for referral
Serum biomarkers can be used to comple-
ment an ultrasonographic evaluation. They 
are particularly useful when surgery is  

recommended but the sonographic evalu-
ation is indeterminate for malignancy risk. 
Many serum biomarkers are commonly used 
for the preoperative evaluation of an ovarian 
tumor or for surveillance of a malignancy fol-
lowing diagnosis (TABLE 3, page 22). 

CA 125 is the most commonly ordered 
serum biomarker test for ovarian cancer. It 
is estimated that three‐quarters of CA 125 
tests are ordered for preoperative use, which 
is not the US Food and Drug Administra-
tion (FDA) approved indication. Despite our 
clinical reliance on CA 125 as a diagnostic 
test prior to surgery, its utility is limited be-
cause of a low sensitivity for predicting can-
cer in premenopausal women and early stage  

FIGURE 1  IOTA-based evaluations
Simple rules10

Rules for predicting a malignant tumor (M rules)

•	 M1 Irregular solid tumor

•	 M2 Presence of ascites

•	 M3 At least 4 papillary structures

•	 M4 Irregular multilocular solid tumor with largest diameter ≥10 cm

•	 M5 Very strong blood flow (color score 4)

Rules for predicting a benign tumor (B rules)

•	 B1 Unilocular

•	 B2 Presence of solid components with largest solid diameter <7 mm

•	 B3 Presence of acoustic shadows

•	 B4 Smooth multilocular tumor with largest diameter <10 cm

•	 B5 No blood flow (color score 1)

If 1 or more M rules apply in the absence of a B rule, the mass is classified 
as malignant. If 1 or more B rules apply in the absence of an M rule, the 
mass is classified as benign. If both M rules and B rules apply, the mass 
cannot be classified. If no rule applies, the mass cannot be classified.

ADNEX model11

1.	Age of patient at examination (years)

2.	Oncology center (referral center for gynecologic oncology)

3.	Maximal diameter of the lesions (mm)

4.	Maximal diameter of the largest solid part (mm)

5.	More than 10 locules

6.	Number of papillations (papillary projections)

7.	Acoustic shadows present?

8.	Ascites (fluid outside the pelvis) present?

9.	Serum CA 125 (U/mL)

Online calculator: http://www.iotagroup.org/adnexmodel/site%20iota.html 

Abbreviation: IOTA, International Ovarian Tumor Analysis.
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disease.14,15 CA 125 specificity also varies 
widely, depending on patient age and other 
clinical factors, ranging from as low as 26% in 
premenopausal women to as high as 100% in 
postmenopausal women.16 Because CA 125 
often is negative when early stage cancer is 
present, or positive when cancer is not, it is 
not recommended for preoperative use for 
determining whether an ovarian tumor is 
malignant or whether surgery is indicated. 

CA 125 should be used to moni-
tor patients with a known ovarian  
malignancy.

The new triage serum biomark-
ers, Overa, Ova1, and ROMA (Risk 
of Ovarian Malignancy Algorithm), 
are FDA cleared for preoperative 
use to help determine whether a 
woman needing surgery for an ovar-
ian mass should be referred to a gy-
necologic oncologist.17–20 These tests 
should not be used to decide if sur-
gery is indicated, but rather should 
be considered when the decision 
for surgery has already been made 
but the malignancy risk is unknown. 
A woman with a “high risk” result 
should be referred to a gynecologic 
oncologist, while one with a “low 
risk” score is very unlikely to have a 
malignancy and referral to a special-

ist is not necessary. TABLE 4 (page 22) lists 
a comparison of the relative performance 
of these serum biomarkers.14,15,17–20 There are 
no published data on the use of serial triage  
biomarkers.

How to evaluate  
an ovarian tumor 
Approximately 65% of the time, ovarian cys-
tic tumors can be identified accurately as low 
risk based on the initial sonographic evalua-
tion (TABLE 5, page 22). In this scenario, the 
risk of malignancy is very low (<1%), no sec-
ondary testing is needed, and no surgery is 
recommended.1,3,21 

About 10% of tumors are expected to 
have a high-risk morphology on ultrasonog-
raphy, where the risk of malignancy exceeds 
25% and referral to a gynecologic oncologist 
is required. 

The remaining 25% of tumors cannot 
be accurately classified with a single ultra-
sonographic evaluation and are considered 
indeterminate.22 Indeterminate tumors re-
quire secondary testing to ascertain whether 
surgery is indicated. Secondary testing may 
consist of serial ultrasonography, magnetic 
resonance imaging (MRI), or serum triage 

FIGURE 2  Kentucky morphology index scoring system12

Source: Elder JW, Pavlik EJ, Long A, et al. Serial ultrasonographic evaluation of ovarian abnormalities with a 
morphology index. Gynecol Oncol. 2014;135(1):8–12. Used with permission.
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TABLE 2  Performance of the Kentucky morphology 
index12

MI Total No. of malignancies ROM, %

0 28,615 0 0.00

1 2,349 1 0.04

2 2,365 0 0.00

3 2,635 3 0.11

4 1,579 7 0.44

5 1,061 29 2.73

6 241 9 3.73

7 87 11 12.64

8 30 8 26.67

9 18 5 27.78

10 3 1 33.33

Total 38,983 74 0.71

Abbreviations: MI, morphology index; ROM, risk of malignancy.
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FIGURE 3  Serial ultrasonographic evaluation using the  
morphology index12
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biomarker testing if the decision for surgery 
has been made. 

A 2-step process is recommended for 
evaluating an ovarian tumor.
Step 1. Perform a detailed ultrasonog-
raphy study using a morphology-based 
system. Classify the tumor as:
•	 low risk (65%): unilocular, simple septate,  

no flow on color Doppler
—simple rules: benign
—MI score 0–3

—no secondary testing; no referral is  
recommended

•	 high risk (10%): irregular, mostly solid, 
papillary projections, very strong flow on 
color Doppler 
—simple rules: malignant
—MI score ≥5 
—no secondary testing; refer to a gyneco-

logic oncologist
•	 indeterminate (25%): partly solid, small 

wall abnormalities, minimal or moderate 
flow on color Doppler 
—simple rules: both M and B rules apply 

or no rule applies
—MI score usually 4–6 
—perform secondary testing (step 2).

Step 2. Perform secondary testing as 
follows:
•	 serum triage biomarkers if surgery is 

planned (Ova1, ROMA, Overa), or
•	 MRI, or
•	 serial sonography.

The 3 case scenarios that follow illustrate 
how the ovarian tumor evaluation process 
may be applied in clinical practice, with refer-
ral to a gynecologic oncologist as appropriate.

CASE 1 Postmenopausal woman with urinary 
symptoms and pelvic pressure
A 61-year-old woman is referred with a newly 

identified ovarian tumor. She has had 1 month  

of urinary urgency, frequency, and pelvic pres-

sure, but she denies vaginal bleeding or fever. 

She has no family history of cancer. The refer-

ring physician included results of a serum  

CA 125 (48 U/mL; normal, ≤35 U/mL). A pelvic 

examination reveals a palpable, irregular mass  

in the anterior pelvis with limited mobility. 

What would be your next step in the evalu-

ation of this patient?

TABLE 3  Common serum biomarkers for ovarian tumors

Test Utility

CEA Mucinous tumors

CA 19-9 Pancreatic and other gastrointestinal cancers, rare ovarian tumors

LDH Dysgerminomas

AFP Liver cancer and gonadal tumors (ovarian yolk sac tumors)

HE4 Epithelial ovarian cancer

CA 125 Epithelial ovarian cancer

Ova1a Risk of ovarian malignancy

ROMA Risk of ovarian malignancy

Overaa Risk of ovarian malignancy 
aMultivariate index assay.

TABLE 4  Comparison of serum biomarker performance

Sensitivity Overa17 Ova118,19 ROMA20 CA 12514,15

All malignancies 91% 93% 89% 69%

Epithelial ovarian 
cancers (EOC)

95% 99% 94% 82%

Early stage EOC 89% 98% 75% 66%

Premenopausal 90% 94% 76% 36%

Postmenopausal 92% 100% 92% 80%

Specificity

All malignancies 69% 54% 75% 87%

TABLE 5  Risk of malignancy: Summary of ovarian tumor evaluation

Low risk Indeterminate risk High risk

Distribution 65% 25% 10%

Ultrasonographic 
morphology

Unilocular or septate Partly solid, small wall 
abnormalities

Mostly solid, papillary 
projections

Secondary testing No YES No

Surgery No Maybe YES
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Start with ultrasonography 
Step 1. Perform pelvic ultrasonography. 
In this patient, transvaginal sonography re-
vealed a 6-cm (volume, 89 mL) mostly solid 
tumor (FIGURE 4). The maximum solid di-
ameter of the tumor was 4.0 cm. There was a  
20-mL pocket of pelvic ascites. 

Results of morphology-based classifica-
tion were as follows:
•	 simple rules: M1 and M5 positive; B rules: 

negative (malignant; high risk)
•	 ADNEX: 51.6% risk of malignancy (high 

risk)
•	 MI: 7 (high risk).
Step 2. Consider secondary testing. In this 
case, no secondary testing was recommended. 
Treatment plan. The patient was referred 
to a gynecologic oncologist for surgery and 
was found to have a stage IIA serous ovarian  
carcinoma.

CASE 2 Woman with history of pelvic symp-
toms and worsening pain 
A 46-year-old woman presents with worsening 

pelvic pain over the last month. She has a long-

standing history of pelvic pain, dysmenorrhea, 

and dyspareunia from suspected endometrio-

sis. She has no family history of cancer. The 

referring physician included the following serum 

biomarker results: CA 125, 48 U/mL (normal, 

≤35 U/mL), and HE4, 60 pM (normal, ≤150 pM). 

On pelvic examination, there is a palpable mass 

FIGURE 4  Ultrasonography scan 
showing a 6-cm solid tumor 
with a pocket of pelvic ascites

This space has purposely been left blank.
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with limited mobility in the posterior cul-de-sac.

Based on the patient’s available history, 

physical examination, and biomarker informa-

tion, how would you proceed?

Follow the 2-step process
Step 1. Perform pelvic ultrasonography. 
Transvaginal sonography revealed a 6-cm 
(volume, 89 mL) partly solid tumor with reg-
ular internal borders (FIGURE 5). The maxi-
mum solid diameter of the tumor was 4.5 cm. 
There was no pelvic ascites.

Morphology classification was as fol-
lows:
•	 simple rules: M5 equivocal; B4 positive (in-

determinate risk)
•	 ADNEX: 42.7% risk of malignancy (high 

risk)
•	 MI: 6 (indeterminate risk).
Step 2. Secondary testing was recom-
mended for this patient. Test results were:
•	 repeat ultrasonography in 4 weeks with 

MI of 7 (volume score increase from 2 to 3, 
structure score unchanged at 4). Change in 
MI score +1 per month (high risk) 

•	 Overa: 5.2 (high risk)
•	 ROMA: 11.8% (low risk).
Treatment plan. The patient was referred 
to a gynecologic oncologist because of an 
increasing MI score on serial sonography. 
Surgery revealed a stage IA grade 2 endome-
trioid adenocarcinoma of the ovary with sur-
rounding endometriosis.

CASE 3 Woman with postmenopausal  
bleeding seeks medical care
A 62-year-old woman is referred with new-onset 

postmenopausal spotting for 1 month. She was 

recently prescribed antibiotics for diverticulitis. 

She has no family history of cancer. The referring 

physician included the results of a serum CA 125, 

which was 48 U/mL (normal, ≤35 U/mL). On pel-

vic examination, a mobile cystic mass is noted 

in the posterior cul-de-sac.

Use the stepwise protocol to sort  
out findings
Step 1. Pelvic ultrasonography. Transvag-
inal sonography suggested the presence of an 
endometrial polyp and revealed a 6-cm (vol-
ume, 89 mL) septate ovarian cyst (FIGURE 6).

Based on morphology classification, risk 
was categorized as:
•	 simple rules: M rules negative; B2, B4, B5 

positive (benign; low risk)
•	 ADNEX: 2.9% risk of malignancy (low risk)
•	 MI: 2 (low risk).
Step 2. No secondary testing was recom-
mended in this case.
Treatment plan. The patient’s gynecologist 
performed a hysteroscopic polypectomy that 
revealed no cancer. Serial monitoring was 
recommended for the low-risk ovarian cyst. 
The next ultrasonography scan, at 6 months, 
was unchanged; a subsequent scan was or-
dered for 12 months later, and at that time the 
cyst had resolved. 

FIGURE 6  Ultrasonography scan 
revealing a 6-cm septate 
ovarian cyst

FIGURE 5  Ultrasonography scan 
showing a 6-cm partly solid 
tumor with regular borders
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