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Abstract The Risk of Malignancy Index (RMI) is commonly used to diagnose adnexal

masses. The aim of the present study was to determine the cost-effectiveness of the RMI

compared with subjective assessment (SA) by an expert and the following novel ultrasound

models:

- Simple rules (SR) added by SA (SR þ SA);

- SR with inconclusive results diagnosed as malignant (SR þ Mal);

- Logistic Regression model 2 (LR2); and

- Assessment of Different NEoplasias in the adneXa (ADNEX) model.

Cost-effectiveness and budget impact analyses were performed from a societal perspective. A

decision tree was constructed, and short-term costs and effects were examined in women with

adnexal masses. Sensitivity, specificity and the costs of diagnostic strategies were incorporated.

Incremental cost-effectiveness ratios were expressed as costs/additional percentage of correctly

diagnosed patients. Probabilistic and deterministic sensitivity analyses were performed.

Effectiveness was highest for SA (90.7% [95% confidence interval Z 77.3e100]), with a cost

saving of 5.0% (�V398 per patient [�V1403 to 549]) compared with the RMI. The costs of

SR þ SA were the lowest (V7180 [6072e8436]), resulting in a cost saving of 9.0% (�V709 per

patient [�V1628 to 236]) compared with the RMI, with an effectiveness of 89.6% (75.8e100).
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SR þ SA showed the highest probability of being the most cost-effective when willingness-to-pay

was <V350 per additional percentage of correctly diagnosed patients. The RMI had low cost-

effectiveness probabilities (<3%) and was inferior to SA, SR þ SA and LR2. Budget impact in

the Netherlands compared with that of the RMI varied between a cost saving of V4.67 million for

SR þ SA and additional costs of V3.83 million when implementing ADNEX (cut-off: 10%). The

results were robust when tested in sensitivity analyses.

Although SA is the best strategy in terms of diagnostic accuracy, SR þ SA might be preferred

from a cost-effectiveness perspective.

ª 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Adnexal masses occur frequently, and although they are

mostly benign, approximately 22,000 patients are

diagnosed with ovarian carcinoma in the United States

each year [1]. In patients diagnosed with an adnexal

mass, preoperative assessment by ultrasound is valuable

for determining the optimal treatment. A high diag-

nostic accuracy of the method used to differentiate
benign from malignant adnexal masses is necessary for

optimal treatment planning. Low sensitivity leads to the

misclassification of malignancies. These patients un-

dergo a laparoscopy, often followed by a second oper-

ation to achieve full staging/debulking, resulting in a

higher cost. Low specificity, on the other hand, causes

patients to undergo unnecessary extensive surgery with

prolonged rehabilitation.
Many current guidelines endorse the Risk of Malig-

nancy Index (RMI) to distinguish benign from malig-

nant tumours [2]. Although the RMI is easy to use, it

has low sensitivity compared with other models [3,4].

Despite the development of various scoring systems,

subjective assessment (SA) by an expert ultrasound

examiner remains the best method currently available

[3]. However, experts are scarce and expensive.
Furthermore, when patients have to pay for an extra

visit to an expert for ultrasound, the costs increase for

the patient and often the employer. Whether the po-

tential cost savings associated with a higher diagnostic

accuracy, and thus an increase in correct diagnoses and

treatments, can offset the increase in the cost of using

experts remains to be investigated.

Other methods, such as simple ultrasound-based
rules (simple rules, SR), Assessment of Different NEo-

plasias in the adneXa (ADNEX model) and Logistic

Regression model 2 (LR2) have no additional operating

costs compared with the RMI and have shown a higher

diagnostic accuracy [3e8].

A cost-effectiveness analysis (CEA) is of utmost

importance as a pivotal step to determine whether or not

to abandon the RMI and implement other methods.
The aim of the present study was to determine the

short-term cost-effectiveness and budget impact of the
RMI compared with SA in the diagnosis of adnexal

masses. The RMI was also compared with recently

introduced ultrasound models for the diagnosis of
adnexal masses, including SR added by SA (SR þ SA),

SR with inconclusive results diagnosed as malignant

(SR þ Mal), LR2 and the ADNEX model.

2. Materials and methods

2.1. Scope of the economic evaluation

Short-term CEA and budget impact analysis were per-

formed by developing a decision tree using internation-

ally accepted guidelines [9e11]. A detailed description of

the methods (based on the Consolidated Health Eco-
nomic Evaluation Reporting Standards checklist) is

provided in Supplementary File S1 [11].

The population consisted of women at least 18 years of

age who presented to the gynaecology department of a

hospital in theNetherlands in2014andwerediagnosedwith

an adnexal mass requiring surgery. Epidemiologic data

were obtained from the nationwide network and registry of

histopathology and cytopathology in the Netherlands
(PALGA, http://www.palgaopenbaredatabank.nl/), which

registers pathology reports generated by all pathology

departments nationwide [12]. Reports on all adnexal

masses excised in 2014 (benign, borderline and malignant)

were evaluated. Borderline tumours were considered to be

malignant.

The time horizon of the analysis was from the time of

detection of the mass until the time of recovery after the
appropriate surgical intervention. Most of the conse-

quences of misdiagnosis by ultrasound occur during this

time period. Discounts for future costs were not applied

because of the short time frame of less than 1 year. The

analysis was performed from a societal perspective.

The costs of six diagnostic strategies were compared.

These included the reference strategy (RMI) and five

promising methods with high diagnostic accuracy that
have the potential to replace the RMI, namely, SA,

International Ovarian Tumor Analysis Group (IOTA)

SR as a first step, SR þ SA, SR þ Mal, ADNEX and

the LR2 model [5e7,13]. The ADNEX and LR2 models

http://www.palgaopenbaredatabank.nl/


Table 1
Model parameters and distribution.

Parameters Estimate SE (%) upper/lower Distribution Source

Epidemiology

Prevalence 28% 2.4 Beta [4]

Population 6493 5926/7537 Beta PERT [PALGA]

Sensitivity RMI 71% 8.7 Beta [7]

Specificity RMI 81% 5.6 Beta [7]

Sensitivity SA 90% 6.1 Beta [7]

Specificity SA 91% 4.1 Beta [7]

Sensitivity SR þ SA 89% 6.6 Beta [7]

Specificity SR þ SA 90% 4.6 Beta [7]

Sensitivity SR þ Mal 93% 5.6 Beta [7]

Specificity SR þ Mal 68% 4.6 Beta [7]

Sensitivity ADNEX 98% 3.6 Beta [7]

Specificity ADNEX 62% 6.6 Beta [7]

Sensitivity LR2 93% 5.6 Beta [7]

Specificity LR2 79% 5.6 Beta [7]

Medical cost

Outpatient clinic visit In confidence e Beta PERT [*]

CA125 In confidence e Beta PERT [*]

Adnexal ultrasound In confidence e Beta PERT [*]

Laparoscopy In confidence e Beta PERT [*]

Laparotomy In confidence e Beta PERT [*]

Indirect cost

Travelling expenses (per km) V 0.19 e Fixed [14]

Parking cost V 3.00 e Fixed [14]

Time investment

companion (per hour)

V 14.00 e Fixed [14]

Absenteeism cost

Outpatient clinic V 94.8 e Fixed [12, 13]

Recovery laparoscopy V 2401.60 e Fixed [12, 13]

Recovery laparotomy benign V 6004.00

Recovery laparotomy malignant V 8405.60 e Fixed [12, 13]

SE, standard Error; RMI, Risk of Malignancy Index; SA, subjective assessment; SR þ SA, simple rules with subjective assessment for inconclusive

test results; SR þ Mal, simple rules for which inconclusive results were assumed to be malignant; ADNEX, Assessment of Different NEoplasias in

the adneXa; LR2, logistic regression model 2; PALGA, ‘Pathologisch-Anatomisch Landelijk Geautomatiseerd Archief’ (Dutch pathological

anatomical nationwide automated archive); PERT, program evaluation and review technique.

[*] Cost prices are obtained in confidence from the financial department of the Maastricht University Medical Centerþ, Maastricht, the

Netherlands.
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were evaluated using different cut-off values (i.e. 10%,
20%, 30% and 40%).

2.2. Outcomes

The sensitivity and specificity for the six strategies were

combined with the prevalence to calculate the correct

diagnoses and misdiagnoses in terms of true positives/

negatives and false positives/negatives, respectively. The

sensitivity and specificity of the various strategies

considered are presented in Table 1 [8]. For the CEA,

the incremental cost-effectiveness ratio (ICER) was

expressed as the costs per additional percentage of
correctly diagnosed patients. The budget impact analysis

examines the expected expenditures/savings associated

with the adoption of the various strategies compared

with those of the RMI.

2.3. Resources and costs

A decision tree was constructed (Fig. 1) to evaluate the

costs of each strategy using Excel 2010 software
(Microsoft Corporation, Redmond, WA, USA). The
selected model structure reflects the current treatment

practices and efficacy of the RMI for the diagnosis of an

adnexal mass and compares these with those of the other

models (also see Supplement S1, item 13). In brief, pa-

tients were seen twice at the outpatient clinic and, if

relevant, underwent additional testing (expert ultra-

sound or CA-125 measurement). The patients were then

referred for surgery. All patients returned to the
outpatient clinic for follow-up examinations. If the

diagnostic strategy yielded false-negative test results,

patients were scheduled for a second operation (staging

or debulking surgery) and another follow-up visit at the

outpatient clinic.

Three types of costs were considered: the costs from a

hospital perspective (costs of outpatient clinic visits,

additional testing such as CA-125 or expert ultrasound,
surgery and hospitalisation after surgery), costs for the

patient and her family (travel and parking expenses) and

expenses in other sectors (absenteeism-related

costs) [14e16]. All costs were reported for 2014 in

Euros.
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Fig. 1. Decision tree. RMI, Risk of Malignancy Index; SA, subjective assessment; SR þ SA, simple ultrasound-based rules added by

subjective assessment in case of inconclusive results; SR þ Mal, simple ultrasound-based rules in which inconclusive results are diagnosed

as malignant; ADNEX, Assessment of Different NEoplasias in the adneXa; LR2, Logistic Regression model 2; US, ultrasound; B, benign;

M, malignant.

E.M.J. Meys et al. / European Journal of Cancer 100 (2018) 55e6458
Dutch reference prices are available only for certain

provisions at specific departments and do not include the

subjects of the present study. Therefore, the hospital-

related costs were determined by an internal cost-price
investigation at the Maastricht University Medical Cen-

terþ (MUMCþ). Start-up costs for the different strate-

gies were excluded to ensure that the models were

evaluated and compared under steady-state conditions.

Structural or other assumptions underpinning the

decision-analytical model used can be found under item

16 in Supplement S1.

2.4. Analytical methods

A baseline analysis was performed. Absolute costs and

effects (percentage of true positives and true negatives)

were calculated for each strategy and compared with

those of the RMI to determine incremental costs and

effects.

Deterministic sensitivity analyses were performed for

various parameters (sensitivity, specificity, prevalence,
hospital costs, unit costs for the expert ultrasound and

absenteeism-related costs). Probabilistic sensitivity ana-

lyses (PSAs) were performed using the Monte Carlo

simulation (5000 iterations) to reflect parameter
uncertainty [17]. The parameters, distribution and their

respective sources (i.e. published literature and an in-

ternal cost-price investigation) are presented in Table 1

[3,8,14e16]. All analyses were performed using Excel
(Microsoft Office 2010).

The ICER between the RMI, as the reference test,

and each of the strategies was calculated based on the

PSA. Cost and effectiveness were plotted for each

strategy in a cost-effectiveness plane, and cost-

effectiveness acceptability curves (CEACs) were drawn.

Threshold analyses were performed to identify

optimal combinations of sensitivity and specificity in
terms of cost-effectiveness. Optimal cut-off values were

also estimated for ADNEX and LR2 in terms of cost-

effectiveness.

3. Results

3.1. Epidemiology results

The study included 5175 reports on benign pathology
and 1318 on malignant pathology from the PALGA

database for the year 2014 (see also Supplementary File

S1, item 18). All calculations were performed for this

cohort of 6493 women. We found that 94.2% of benign
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masses were �10 cm, indicating treatment by laparos-

copy, whereas laparotomy was indicated in 5.8% of

benign tumours. Furthermore, 20.0% of women under-

going surgery for an adnexal mass were retired, resulting

in lack of absenteeism-related costs in this population.

3.2. Costs and effectiveness

The mean costs for the RMI were V7889 (95% confi-

dence interval [CI] Z V6613e9288) (Table 2). The mean

costs for SA were V7491 (95% CI Z V6387e8705),

which amounts to a cost saving of 5.0% (�V398 per

patient [95% CI Z �V1403 to 549]) compared with the

RMI. The ADNEX model was associated with the

highest costs (at a cut-off of 10%) because of the low
specificity of 62%, which resulted in higher costs of

surgery and increased absenteeism at work (more ‘un-

necessary’ laparotomies with a prolonged recovery). At

a cut-off of 40%, however, sensitivity and specificity

were more balanced (85% [95% CI Z 75.6e91.3] and

83% [95% CI Z 77.5e87.5], respectively), resulting in a

cost saving of �V281 (95% CI Z �V1315 to 748).

SR þ SA was the least expensive method; it showed a
sensitivity and specificity of 89% and 90%, respectively,

and prevented incorrect diagnoses at a rate 11.4% (95%

CI Z �0.2 to 22.7) higher than that of the RMI, with a

cost-saving effect of 9.0% (�V709 per patient [95% CI

Z �V1628 to 236]).

The RMI was dominated by SA, SR þ SA and LR2

(more costly, less effective) to different extents (Fig. 2).

CEACs showed that the SR þ SA strategy had the
highest probability of being the most cost-effective for a

range of willingness-to-pay thresholds (Fig. 3). When

the willingness-to-pay for an increase in the number of

correct diagnoses was zero, SR þ SA was the most cost-
Table 2
Estimated cost and effectiveness for various ultrasound models for 2014 in

Triage

strategy

Base case analysis Expected outcomes (95% CI) based on P

Costs

in V

Cost on

population

level

(million V)

Mean cost in V iCost in V

RMI 7890 51.23 7889 (6613e9288) e

SA 7484 48.59 7491 (6387e8705) -398 (-1403 to 549)

SR þ SA 7170 46.56 7180 (6072e8436) -709 (-1628 to 236)

SR þ Mal 8215 53.34 8214 (6954e9569) 325 (�603 to 1303)

ADNEX

(10%)

8480 55.06 8482 (7062e9988) 594 (�495 to 1740)

ADNEX

(40%)

7605 49.38 7608 (6658e8611) �281 (�1315 to 748)

LR2 (10%) 7600 49.35 7599 (6356e8928) �290 (�1859 to 1237

LR2 (40%) 7274 47.23 7278 (6311e8224) �611 (�1620 to 334)

95% CI, 95% confidence interval; RMI, Risk of Malignancy Index; SA, subj

inconclusive test results; SR þ Mal, simple rules for which inconclusive res

NEoplasias in the adneXa (at a cut-off of 10% and 40%, resp.); LR2, logist

probabilistic sensitivity analysis; iCost, incremental cost when the interven

effectiveness when the intervention was compared to the control (RMI); IC

Effectiveness is defined as the percentage of cases correctly diagnosed by e

specificity).
effective method, with a probability of 58.1% versus

26.0% for the LR2 (cut-off: 10%). This value decreased

to 43.0% and 3.0%, respectively, at a threshold of

V1000. At a willingness-to-pay >V350, the probability

that SA was the most cost-effective method for the given

data exceeded the possibility that SR þ SA was the most

cost-effective method. The RMI, SR þ Mal and

ADNEX (cut-off: 10%) showed low cost-effectiveness
probabilities (all <3%, independent of the ceiling ratio).

The maximal achievable budget impact in the

Netherlands compared with that of the current strategy

varied between a cost saving of V4.67 million for

SR þ SA and additional costs of V3.83 million when

implementing the ADNEX model (at a cut-off of 10%)

(Table 2).

3.3. Sensitivity analyses

The mean costs based on the PSA were comparable to
those of the base case analysis. Deterministic sensitivity

analyses showed uncertainty about absenteeism-related

costs, and hospital costs had the greatest impact on the

cost-effectiveness outcome (Fig. 4). The ICER for all

models was least sensitive to changes in the sensitivity of

the diagnostic intervention. In general, the conclusions

in terms of cost-effectiveness were similar when sensi-

tivity analyses were performed on diagnostic test accu-
racy, prevalence, absenteeism-related costs and total

hospital costs, as well as costs for the expert adnexal

ultrasound.

3.4. Threshold analyses

For all interventions, the RMI was dominant when the

sensitivity of the diagnostic intervention was <21% or
the Netherlands compared to the RMI.

SA

Effectiveness in % iEffectiveness in % Probability

increased

effectiveness

ICER

78.3 (63.4e92.3) e e e

90.7 (77.3e100) 12.4 (10.2e13.9) 98.6% Dominated

89.6 (75.8e100) 11.4 (�0.2 to 22.7) 97.3% Dominated

75.1 (62.3e87.4) �3.2 (�14.9 to 8.4) 29.4% Dominant

72.1 (57.3e86.7) �6.2 (�19.8 to 7.4) 17.9% Dominant

83.6 (75.9e91.3) 5.3 (�0.1 to 18.1) 87.2% Dominated

) 82.8 (68.4e96.5) 4.6 (�8.1 to 16.7) 76.6% Dominated

87.4 (79.6e95.1) 9.1 (2.5e21.6) 98.8% Dominated

ective assessment; SR þ SA, simple rules with subjective assessment for

ults were assumed to be malignant; ADNEX, Assessment of Different

ic regression model 2 (at a cut-off of 10% and 40%, respectively); PSA,

tion was compared to the control (RMI); iEffectiveness, incremental

ER,: incremental cost-effectiveness ratio.

ach method (true positives and true negatives based on sensitivity and



Fig. 2. Cost effectiveness plane (CE-plane) showing the incremental cost-effectiveness ratios (ICERs) when RMI was compared with (A)

subjective assessment, (B) simple rules with subjective assessment for inconclusive test results, (C) simple rules for which inconclusive

results were assumed to be malignant, (D) ADNEX model (at a cut-off of 10%) and (E) LR2 model (at a cut-off of 10%). The horizontal

axis displays the additional correct diagnoses, indicated as percentage true positive plus true negative test results (ranging from �100% to

100%). The vertical axis of the plane depicts the additional costs in Euro (positive or negative). Each point in the CE-plane represents one

of the 5000 ICER values derived from the Monte Carlo analysis. The ICER estimates of both SA and SA þ SR are mainly located in the

right quadrant of the CE-plane, with the majority in the lower right quadrant. This implicates that both methods are more effective than

RMI, and probably yield a decrease in costs. RMI, risk of malignancy index; SA, subjective assessment; SR þ SA, simple ultrasound-

based rules added by subjective assessment in case of inconclusive results; ADNEX, Assessment of Different NEoplasias in the

adneXa; LR2, logistic regression model 2.
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the specificity was <70%, regardless of the willingness-

to-pay threshold (Supplementary File S2, Fig. AeE).

The RMI was inferior to both SA and SR þ SA for a
(balanced) combination of sensitivity and specificity of

�80% and �78%, respectively.

The optimal cut-off of the ADNEX model in terms of

cost-effectiveness was 65% (Supplementary File S3,

Fig. A and Supplementary File S4, Fig. AeC), with an

effect of 86.2% against a cost price of V7411. The RMI

was inferior to the ADNEX model at a cut-off of �27%

(Supplementary File S3, Fig. A). The optimal cut-off for
the LR2 was 35% (Supplementary File S3, Fig. B and

Supplementary File S4, Fig. DeF), with a total effect of

87.8% against a cost price of V7238. The RMI was
inferior to the LR2 at cut-off values of �9% and <90%.
4. Discussion

4.1. Main findings

The present study analysed the cost-effectiveness and

budget impact of the RMI for the diagnosis of ovarian



Fig. 3. Cost-effectiveness acceptability curves (CEACs) summa-

rising evidence in support of the various ultrasound methods being

cost-effective for all potential (relevant) threshold ratios decision-

makers could use (representing the willingness-to-pay for a unit of

health gain, in this case 1% increase in the amount of correct di-

agnoses). RMI, Risk of Malignancy Index; SA, subjective assess-

ment; SR þ SA, simple rules with subjective assessment for

inconclusive test results; SR þ Mal, simple rules for which

inconclusive results were assumed to be malignant; ADNEX,

Assessment of Different NEoplasias in the adneXa (at a cut-off of

10%); LR2, logistic regression model 2 (at a cut-off of 10%).

E.M.J. Meys et al. / European Journal of Cancer 100 (2018) 55e64 61
carcinoma in the Netherlands and compared these with

those of SA and various recently introduced ultrasound

models. SA and SR þ SA were superior to the RMI in

terms of cost-effectiveness, similar to the LR2 and

ADNEX models at specific cut-off values (�9% and

�27%, respectively). The implementation of SA in

clinical practice would result in a cost saving of V2.64

million in the Netherlands (based on 6493 estimated
adnexal masses requiring surgery annually) and prevent

12.4% of incorrect diagnoses.

However, the cost-saving effect of SR þ SA was

greater, with a reasonable probability that SR þ SA is

the most cost-effective method for a range of acceptable

willingness-to-pay thresholds.

4.2. Interpretation

Potential future levels of uptake are core components of

budget impact. There are usually limited data available

on this item. We conducted a survey among gynaecol-

ogists to evaluate the use of ultrasound models in the

Netherlands (unpublished data from Meys E, Jeelof LS,
Lambrechts S, Slangen BFM, Kruitwagen RFPM, Van

Gorp T, Evaluation of expert ultrasound in the diag-

nosis of adnexal masses by patients and gynaecologists:

a feasibility study, submitted ). The results showed that,

despite Dutch guidelines recommending the use of the

RMI, 26.5% of gynaecologists in the Netherlands

currently do not use the RMI at all. Therefore, the cost-

saving effect in clinical practice may be smaller than
estimated. However, a change in the guidelines leading

to the implementation of SA or SR þ SA would mean a

substantial cost saving (against higher efficacy)

compared with the current situation.
Furthermore, the introduction of either of the

intervention strategies would result in changes in dis-

ease outcome; if a malignant mass is not identified as

such and is treated as a benign mass (false-negative

result), laparoscopic surgery increases the risk of

spillage of cyst fluid, which can negatively affect the

prognosis of the patient [18]. On the other hand, lapa-

roscopy has certain advantages over laparotomy such as
decreased postoperative pain and recovery time and

reduced adhesion formation [19,20]. Consequently,

false-positive results have an impact on patient out-

comes and the use of health care services, and these

changes contribute substantially to cost reduction.

Nonetheless, appropriate training of gynaecologists is

necessary before implementing either method. The

implementation of SA requires a certain level of
expertise to achieve good diagnostic accuracy. Training

experts is expensive and time consuming, and it is

therefore nearly impossible to have an expert available

in each centre. SR as a first step to triage patients

requiring SA could be the solution to this problem. If

only 19% of patients (with inconclusive results for SR)

are referred to a centre with an expert in SA on staff, it

would result in time and resource savings for both the
expert ultrasound examiner and the patient. This

improvement was reflected in the sensitivity analyses,

which demonstrated that the unit price of the expert

ultrasound had a marked effect on the ICER when SA

was compared with the RMI, whereas the effects were

smaller for SR þ SA. However, a previous study

showed that SR is easily misinterpreted when imple-

mented by untrained examiners; therefore, training in
both IOTA terminology and SR is necessary before SR

can be introduced into guidelines and daily clinical

practice [21]. Nonetheless, one could argue that a

certain level of training in ultrasound and correspond-

ing terminology is indispensable, regardless of the ul-

trasound method used. However, the ADNEX model

only contains six ultrasound items, which are generally

thought to be easier to interpret, and thus easier to
teach, than the items used in SR. There are currently no

studies to confirm this assumption.

Methods such as the ADNEX model or LR2 can also

be used to triage patients with a difficult to diagnose

mass who should receive SA; however, according to the

CEACs, these methods showed poor chances of being

the most cost-effective at a cut-off of 10% (Fig. 3). At

higher cut-off values, these models perform much better
and are more cost-effective than the RMI. Furthermore,

although the ADNEX model is slightly more expensive,

its added value lies in the multiclass nature of the model

(i.e. the ability of the model to differentiate between

benign, borderline, stage I, stage IIeIV and metastatic

tumours). This added value is difficult to express into

costs and is therefore not included in our analysis. If this

had been the case, the ADNEX model may have been
more appealing than SA or SR þ SA.



Fig. 4. Tornado plots summarising the effect of the one-way (deterministic) sensitivity analyses when RMI was compared with (A)

subjective assessment, (B) simple rules with subjective assessment for inconclusive test results, (C) simple rules for which inconclusive

results were assumed to be malignant, (D) ADNEX model and (E) LR2 model. Parameters were varied on their 95% confidence intervals

(sensitivity, specificity and prevalence), and costs were decreased and increased by 50%. Longer bars represent parameters to which the

model is more sensitive. Only the five parameters most sensitive to the outcome of the ICER (with the highest variations) are shown for

each model. RMI, Risk of Malignancy Index; SA, subjective assessment; SR þ SA, simple rules with subjective assessment for incon-

clusive test results; SR þMal, simple rules for which inconclusive results were assumed to be malignant; ADNEX, Assessment of Different

NEoplasias in the adneXa (at a cut-off of 10%); LR2, logistic regression model 2 (at a cut-off of 10%); ICER, incremental cost-effec-

tiveness ratio.
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4.3. Strengths and limitations

The present study analysed the cost-effectiveness of SA
and added four recently introduced and promising ul-

trasound models to the comparison with the RMI.

Together with recently published data on the diagnostic

accuracy of the different methods, the present analysis

provides a fairly complete overview of the feasibility of

introducing new ultrasound methods for the diagnosis

of ovarian carcinoma into (Dutch) clinical practice

[3,4,8]. Although the study focused on the situation in
the Netherlands, we think that it is widely
generalisable, since the RMI is the world’s most

commonly used ultrasound method and the Dutch

workup of an adnexal mass is comparable to those in

most Western countries.

Cost-effectiveness studies addressing the diagnosis of

adnexal masses were previously performed; however, a

comparison of the six diagnostic strategies was not

performed in these studies [22,23]. A study by Piovano
et al. in Italy that investigated SR þ SA exclusively

explored the usefulness of adding tumour markers to SR

for the diagnosis of adnexal masses and was limited to

the cost of the diagnostic phase [24].
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A limitation of cost-effectiveness analyses in general

is the uncertainty surrounding the assumptions made.

For instance, we used cost prices from an internal cost

price investigation. The MUMCþ is a tertiary care

centre. Cost prices in third line centres in the

Netherlands are generally approximately 50% higher

than those in second line centres [14]. Therefore, the use

of cost prices from our centre may result in lower total
costs than expected. Sensitivity analyses demonstrated

that variation in hospital prices (between 50% and 150%

of the original price) affected the outcome of the cal-

culations, although the actual differences in the ICER of

SA and SR þ SA between these lower and upper limits

of hospital prices were only 25.5 and 11.9, respectively

(Fig. 4). Moreover, the PSA was performed twice with

marginal differences between the two analyses, indi-
cating that the results were robust over a range of

plausible estimates of event probabilities and costs.

The present study was performed over a short time

horizon. Although most of the effects are short-term, an

improvement in the rate of correct diagnoses will also

have long-term consequences, such as enhanced disease-

free survival associated with improvements in referral

[25e27]. The long-term effects of the conservative
management of asymptomatic patients with a very small

risk of malignancy were not included in the present

analyses; however, these data are currently not avail-

able. The results of projects such as the IOTA 5 study

are necessary to perform these analyses (clinical-

trials.gov, NCT01698632).

The present study was limited to a CEA with disease-

specific outcomes, instead of generic outcomes such as
Quality of Adjusted Life Years (QALYs). We consid-

ered performing a quality of life and QALY analysis,

but refrained from these analyses because these utilities

were not available. Furthermore, no relevant QALY

differences are expected in the short-term.

The willingness-to-pay threshold for these outcomes

is not known. However, willingness-to-pay should

exceed V350 per percent increase in correctly diagnosed
patients for SA to have a higher probability of cost-

effectiveness than SR þ SA. This is equivalent to a

willingness-to-pay exceeding V35,000 per correctly

diagnosed patient for SA to have a higher probability of

cost-effectiveness, whereas the difference in efficacy be-

tween SA and SR þ SA is small (increased effectiveness

of 12.4% and 11.4%, respectively). Thus, there is a large

probability that SR þ SA is the best method from a
cost-effectiveness perspective.

Finally, two- and three-step strategies based on SR,

SA, ADNEX and LR2 were developed and have shown

a good performance, although their cost-effectiveness

has not been evaluated [28,29].

The present study examined the implications of

replacing the currently used RMI with other ultrasound

methods with better diagnostic accuracy for the differ-
entiation of an ovarian tumour from a cost-effectiveness
point of view. Although SA is the best strategy in terms

of diagnostic accuracy, SR þ SA might be the preferred

method from a cost-effectiveness perspective. The assets

released by the substitution of the RMI could be used

for the training necessary for the implementation of

these ultrasound methods.
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