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Objective: To study the costs and effects of incorporating ultrasonography in the triple
assessment of palpable breast masses.
Methods: A decision analytic model was designed to compare a conventional strategy of
performing fine-needle aspiration cytology after clinical examination and mammography,
with three different experimental strategies of preceding ultrasonography. Empirical data
were used from a prospective study in 522 breasts in 492 patients with a palpable mass,
including 93 malignancies. In strategy 1, cases with probably benign, suspect malignant,
and malignant ultrasonography results were referred for fine-needle aspiration cytology; in
strategy 2, benign cases were also referred for fine-needle aspiration cytology; and in
strategy 3, ultrasonography was only performed in patients with benign results on clinical
examination and mammography, whereas immediate fine-needle aspiration cytology was
performed in patients with suspicious lesions. Outcome variables included the total costs
and the expected number of life years. Sensitivity analysis was performed on all
parameters in the model.
Results: All strategies reported a similar life expectancy of 31.0 years. Cost-minimization
demonstrated that experimental strategy 3 was the least expensive strategy (€ 3,013).
Experimental strategy 2 was the most costly one (€ 3,512). Compared with the
conventional strategy of immediate fine-needle aspiration cytology (€ 3,087), both
ultrasonography strategies 1 and −3 were preferred.
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Conclusions: Incorporating ultrasonography in the triple assessment of palpable breast
masses can result in a reduction of the total costs for the diagnosis and treatment of
breast cancer.

Keywords: Diagnostic imaging, Ultrasonography, Breast neoplasms, Cost-effectiveness

Breast cancer is a common disease in women in the Western
world, and the diagnosis and treatment are a financial bur-
den to health-care services. Patients with a palpable breast
mass are generally referred by their general practitioner to
dedicated breast clinics, where they are evaluated by clinical
examination, radiological imaging, and fine-needle aspira-
tion cytology (FNAC) to establish a diagnosis and treatment
plan on the same day of the clinic visit (9;10;13). Several
studies have shown that this “triple assessment” gives an ac-
curate diagnosis when all three components are concordant
(all indicating a benign condition or all indicating a malignant
condition) (15;26).

Radiological imaging includes mammography that
may be complemented with ultrasonography (US). Several
prospective studies have demonstrated the diagnostic value
of US as an adjunct to mammography in patients with palpa-
ble masses and report sensitivities and specificities of 93–99
percent and 67–97 percent, respectively (14;17;19;21;28). A
large prospective study of our group showed that systematic
application of additional US in patients with palpable breast
masses significantly improved the diagnostic value (11).

The usefulness of US lies in the differentiation between
solid and cystic masses (18), whereby the suspicion for breast
cancer can be reduced and patients are saved from additional
pathologic examinations, including FNAC. Furthermore, US
may detect abnormalities that are palpable but mammograph-
ically occult such as in radiologically dense breast tissue.

These effects indicate that US could systematically be in-
corporated in the triple assessment of palpable breast masses.
However, the suitability of its application in daily clinical
practice will also depend on the costs.

Therefore, the aim of this study was to assess the costs
and effects of incorporating US in the triple assessment of
palpable breast masses. Three different scenarios were stud-
ied, and to compare the associated costs and effects with the
routine conventional triple assessment, a decision analytic
model was designed.

PATIENTS AND METHODS

Data Sources

In a large prospective study, bilateral clinical examina-
tion, mammography, and ultrasonography were performed
in 3,835 breasts of 2,020 consecutive patients referred for di-
agnostic breast imaging (methodology described elsewhere)
(11). From this study, all patients with palpable masses were
selected and formed the basis of this decision analysis. There
were 522 palpable masses in 492 patients with a mean age of

49 years (range, 17–90 years) and a breast cancer prevalence
of 19 percent (93 malignancies).

The diagnosis from US was integrated with results of
mammography and clinical examination and scored on a
five-point grading scale of increasing suspicion for ma-
lignancy, as 1 = normal, 2 = benign, 3 = probably benign,
4 = suspect malignant, 5 = malignant, which was based on
the BIRADS lexicon for mammography and under develop-
ment for US (1;18). For the definition of positive and neg-
ative cases, a cut-off point was used between benign (score
of 2) and probably benign (score of 3) results. A combined
diagnosis from mammography and clinical examination to-
gether and results from core needle biopsy were scored on
a similar grading scale. FNAC was recorded on a four-point
grading scale, as 1 = normal, 2 = benign, 3 = suspect malig-
nant/atypia, 4 = malignant, 0 = indeterminate. The presence
of malignancy as a result of surgery was registered as a di-
chotomous variable.

Most probabilities required for the strategies in the de-
cision model were retrieved from our clinical study. Fur-
thermore, data were adapted from these empirical data or
composed hypothetically by consulting an expert panel and
by using clinical guidelines (Table 1). Additionally, for all
phases of the model, relevant literature was reviewed.

Diagnostic Strategies and Assumptions

Four different diagnostic strategies after the performance of
mammography and clinical examination in patients with pal-
pable breast masses were compared, as is shown in Table 2.

� The conventional strategy consisted of routine FNAC after mam-
mography and clinical examination in all patients.

� In experimental strategy 1, US was performed in all patients,
and a cut-off point between benign and probably benign imaging
diagnosis was used for further referral for additional FNAC. Pa-
tients were discharged when no abnormality was found; palpable
cysts were aspirated under US guidance; solid benign structures,
such as fibroadenoma, were removed by simple surgical excision;
and all suspicious findings on US were excised surgically.

� In experimental strategy 2, the effect of shifting the cut-off point
for referral for FNAC to normal and benign imaging diagnosis
was studied. Assumptions were similar to those in experimental
strategy 1.

� In experimental strategy 3, US was only performed in patients
with normal or benign results on mammography and clinical ex-
amination, whereas immediate FNAC was performed in patients
with suspicious lesions.

INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 20:4, 2004 441

https://doi.org/10.1017/S0266462304001333 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462304001333


Flobbe et al.

Table 1. Model Parameters and Range of Sensitivity Analysis

Parameter/probability Chance Rangea Source/reference

Experimental strategy 1
Suspicious (3-4-5) US result 0.349 0.314–0.385 Clinical study MUH
Malignant (4) FNAC result after US 0.324 0.267–0.386 Clinical study MUH
TP result surgery after malignant FNAC & US 0.983 0.922–0.999 Clinical study MUH
Benign (2) FNAC result after US 0.439 0.363–0.517 Clinical study MUH
FN result surgery after benign FNAC & US 0.074 0.026–0.162 Clinical study MUH
Malignant (3-4-5) biopsy result after FNAC & US (TP) 0.435 0.333–0.541 Clinical study MUH
Surgery after benign (2) US result 0.126 0.098–0.160 Clinical study MUH
FN result surgery after benign US result 0.023 0.001–0.106 Clinical study MUH
FN result of discharge after normal (1) US result 0.000 0.000–0.050 Clinical study MUH
Malignant (4) FNAC result 0.115 0.058–0.173 Assumption, expert panel
TP result surgery after malignant (4) FNAC 0.983 0.492–1.000 Assumption, expert panel
Benign (2) FNAC result 0.208 0.104–0.312 Assumption, expert panel
FN result surgery after benign (2) FNAC 0.042 0.021–0.063 Assumption, expert panel
Biopsy after probably benign (0-3) FNAC result 0.189 0.095–0.280 Assumption, expert panel
Malignant (3-4-5) biopsy result after FNAC (TP) 0.435 0.218–0.653 Assumption, expert panel
Biopsy after normal (1) FNAC result (TN) 0.300 0.150–0.450 Assumption, expert panel
Surgery after normal (1) FNAC (TN) 0.140 0.070–0.210 Assumption, expert panel

Experimental strategy 2
“Suspicious” (2-3-4-5) US result 0.761 0.728–0.791 Clinical study MUH
Malignant (4) FNAC result after US 0.149 0.120–0.181 Adapted from clinical study MUH
TP result surgery after malignant FNAC & US 0.983 0.922–0.999 Adapted from clinical study MUH
Benign (2) FNAC result after US 0.580 0.534–0.625 Adapted from clinical study MUH
FN result surgery after benign FNAC & US 0.107 0.073–0.151 Adapted from clinical study MUH
Malignant (3-4-5) biopsy result after FNAC & US (TP) 0.099 0.061–0.150 Adapted from clinical study MUH
Surgery after benign (2) US result 0.000 0.000–0.050 Adapted from clinical study MUH
FN result surgery after benign US result 0.000 0.000–0.050 Adapted from clinical study MUH
FN result of discharge after normal (1) US result 0.000 0.000–0.050 Adapted from clinical study MUH
Malignant (4) FNAC result 0.115 0.058–0.173 Assumption, expert panel
TP result surgery after malignant (4) FNAC 0.983 0.492–1.000 Assumption, expert panel
Benign (2) FNAC result 0.208 0.104–0.312 Assumption, expert panel
FN result surgery after benign (2) FNAC 0.042 0.021–0.063 Assumption, expert panel
Biopsy after probably benign (0-3) FNAC result 0.189 0.095–0.280 Assumption, expert panel
Malignant (3-4-5) biopsy result after FNAC (TP) 0.435 0.218–0.653 Assumption, expert panel
Biopsy after normal (1) FNAC result (TN) 0.300 0.150–0.450 Assumption, expert panel
Surgery after normal (1) FNAC (TN) 0.140 0.070–0.210 Assumption, expert panel

Experimental strategy 3
Suspicious (3-4-5) CE + MAM result 0.753 0.712–0.784 Clinical study MUH
Suspicious (3-4-5) US result 0.078 0.043–0.128 Adapted from clinical study MUH
Malignant (4) FNAC result after US 0.200 0.037–0.507 Adapted from clinical study MUH
TP result surgery after malignant FNAC & US 1.000 — Adapted from clinical study MUH
Benign (2) FNAC result after US 0.500 0.193–0.807 Adapted from clinical study MUH
FN result surgery after benign FNAC & US 0.000 0.000–0.050 Adapted from clinical study MUH
Malignant (3-4-5) biopsy result after FNAC & US (TP) 0.250 0.001–0.106 Adapted from clinical study MUH
Surgery after benign (2) US result 0.109 0.066–0.168 Adapted from clinical study MUH
FN result surgery after benign US result 0.000 0.000–0.050 Adapted from clinical study MUH
FN result of discharge after normal (1) US result 0.000 0.000–0.050 Adapted from clinical study MUH
Malignant (4) FNAC result 0.148 0.119–0.180 Assumption, expert panel
TP result surgery after malignant (4) FNAC 0.983 0.492–1.000 Assumption, expert panel
Benign (2) FNAC result 0.275 0.235–0.318 Assumption, expert panel
FN result surgery after benign (2) FNAC 0.043 0.015–0.097 Assumption, expert panel
Biopsy after probably benign (0-3) FNAC result 0.247 0.204–0.295 Assumption, expert panel
Malignant (3-4-5) biopsy result after FNAC (TP) 0.446 0.341–0.556 Assumption, expert panel
Biopsy after normal (1) FNAC result (TN) 0.298 0.245–0.356 Assumption, expert panel
Surgery after normal (1) FNAC (TN) 0.137 0.091–0.194 Assumption, expert panel

All strategies
Adjuvant therapy with primary surgery 0.495 0.248–0.743 Assumption, expert panel
Local recurrence after primary surgery 0.100 0.05–0.150 (12;23)
Palliative stage after diagnosis 0.010 0.005–0.015 Adapted from (4;12;25)
Palliative stage after adjuvant therapy 0.440 0.220–0.660 Adapted from (4;12;25)
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Table 1. (Continued)

Parameter/probability Chance Rangea Source/reference

Palliative stage after adjuvant therapy 0.440 0.220–0.660 Adapted from (4;12;25)
Palliative stage after non-adjuvant therapy 0.220 0.110–0.330 Adapted from (4;12;25)
Palliative stage after local recurrence 0.670 0.335–1.000 Adapted from (4;12;25)
Expected life years Years
LE palliative stage after diagnostic test 1.5 0.8–2.3 Adapted from (7;8)
LE palliative stage after local recurrence 5 2.5–7.5 Adapted from (7;12;23)
LE palliative stage after local & distant recurrence 8 4–12 Adapted from (7;12;23)
LE disease-free after diagnostic test 32.8 16–49 Average life expectancy
LE disease-free after treatment 32.8 16–49 Average life expectancy

a Range according to 90 percent confidence intervals of empirical data or 50–150 percent of assumed and adapted data.
US, ultrasonography; FNAC, fine-needle aspiration cytology; MUH, Maastricht University Hospital; TP, true-positive result; FN, false-negative result; LE,
life expectancy.
Diagnosis imaging: 1 = normal, 2 = benign, 3 = probably benign, 4 = suspect malignant, 5 = malignant; Diagnosis FNAC: 1 = normal, 2 = benign,
3 = suspect malignant, 4 = malignant, 0 = indeterminate; Diagnosis (core needle) biopsy: 1 = normal, 2 = benign, 3 = probably benign, 4 = suspect ma-
lignant, 5 = malignant, 0 = indeterminate; Diagnosis surgery: malignant, benign.

A decision analytic model was constructed using the
computer program Decision Analysis by TreeAge (DATA3.5;
TreeAge software, Williamstown, MA). A short version
of the decision tree comparing the strategies is shown in
Figure 1. The model included diagnostic procedures such
as US, FNAC, and core needle biopsy; primary therapeutic
events such as surgical excision, radiotherapy, chemotherapy,
and hormonal therapy; and treatment of local recurrences,
distant recurrences, and palliative care at the terminal stage
of the disease. A distinction was made between excision of
a benign lesion (excision biopsy) and of a malignant lesion
(curative, malignant surgery).

The pathways after FNAC were the same for all strate-
gies; either surgery of a malignant lesion, excision of a benign
lesion, or core needle biopsy of a lesion of uncertain nature
was performed.

In Figure 2, the subtree for surgical treatment of malig-
nant breast lesions is shown. Surgery of a mass that was radi-
ologically diagnosed as malignant resulted in true-positive or
false-positive results. Further distinction was made between
cases with a poor prognosis leading directly to palliative
care, surgery with and without adjuvant chemotherapy and
hormonal therapy, and occurrence of a local or systemic re-
currence.

It was assumed that all malignancies detected by US
in the experimental strategies were detected by FNAC
in the conventional strategy. Consequently, the prevalence
of malignancy and the discharge-rate were equal in all
strategies.

The outcome of each clinical pathway of the model re-
flected either the total costs, adding up the costs of all di-
agnostic and therapeutic events, and the average expected
number of life years, which was retrieved from the Dutch
institute for health statistics, based on the mean age of the
population and adapted for advanced death by disease.

Cost Data

Results of cost calculation studies in our hospital formed the
basis of the costs used in the model, complemented with data
from the Dutch Health Care Insurance Board (20) and the
Dutch pharmacotherapeutic guidelines (3). The costs used
are integral and include costs for personnel, material, capac-
ity, and departmental overhead. In Table 3, an overview is
given of the different cost components of each cost item in
the model in Euros (€). The mean costs for US were € 117,
which was based on the integral cost price (€ 80) comple-
mented with the costs of US guided aspiration of palpable
cysts (€ 116) in 166 cases. Costs for FNAC included € 101,

Table 2. Diagnostic Strategies

Strategy Sequence of diagnostic procedures

Conventional CE + MAM 1,2,3,4,5−→ FNAC 1,2,3,4,5−→ —
Experimental 1 CE + MAM 1,2,3,4,5−→ US 1,2−−−−−−−−→ Discharge

US 3,4,5−−−−−−−→ FNAC
Experimental 2 CE + MAM 1,2,3,4,5−→ US 1−−−−−−−−−→ Discharge

US 2,3,4,5−−−−−→ FNAC
Experimental 3 CE + MAM 1,2−−−−−−→ US 1,2−−−−−−−−→ Discharge

US 3,4,5−−−−−−→ FNAC
CE + MAM 3,4,5−−−−→ FNAC−−−−−−−−→ —

CE, clinical examination; MAM, mammography; US, ultrasonography; FNAC, fine-needle aspiration cytology.
Diagnostic scores: 1 = normal, 2 = benign, 3 = probably benign, 4 = suspicious malignant, 5 = malignant.

INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 20:4, 2004 443

https://doi.org/10.1017/S0266462304001333 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462304001333


Flobbe et al.

Figure 1. Decision tree for diagnostic strategies. Diagnosis ultrasonography (US): 1, normal; 2, benign; 3, probably benign;
4, suspect malignant; 5, malignant. Diagnosis fine-needle aspiration cytology (FNAC): 1, normal; 2, benign; 3, suspect ma-
lignant; 4, malignant; 0, indeterminate. Diagnosis (core needle) biopsy: 1, normal; 2, benign; 3, probably benign; 4, suspect
malignant; 5, malignant; 0, indeterminate. Diagnosis surgery: malignant, benign. TP, true-positive result, malignant; TN, true-
negative result, benign or normal; FP, false-positive result, benign or normal; FN, false-negative result, malignant.
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Figure 2. Subtree for surgery of malignant breast lesions. TP, true-positive result, malignant; FP, false-positive result, benign
or normal.

which consisted of the aspiration procedure and the evalu-
ation of the aspirated fluid by a pathologist. More details
on the calculation of costs are available from the authors on
request.

Palliative care was defined as medical care during the
terminal phase of the disease, lasting from the diagnosis of
distant, systemic recurrences to the time of death. Data on
all medical events during this period were adapted from de
Koning et al. (7;8). All initial patient files from this study

were reviewed, and the probabilities and costs used were
updated for the year 2000 according to recent guidelines and
experts’ opinion.

Due to the health-care perspective chosen for this study,
direct costs to patients, costs of home care, out of pocket
expenses resulting from visits to health-care institutions,
community-care costs, the costs of lost productivity, and
the impact on the quality of life were not included in this
study.

Table 3. Total Costs in Euro (€) per Item in the Model

Hospital/ Diagnostic Hormone Specialist Total costs
nursing care radiology Pathology Surgery Radiotherapy therapy Chemotherapy controls in €

Fine needle aspiration 0 0 101 0 0 0 0 0 101
cytology

Ultrasonography 0 117 0 0 0 0 0 0 117
Core needle biopsy 0 0 211 0 0 0 0 0 211
Excision biopsy 332 0 63 693 0 0 0 0 1,089
Curative surg + 1,329 0 63 875 2,411 611 792 1,491 7,572

adjuvant therapy
Curative surg + 1,329 0 63 875 2,411 0 0 560 5,238

no adjuv therapy
Local recurrence 1,661 236 63 782 986 0 0 653 4,381
Palliative care 15,289 1,316 187 319 877 293 892 567 19,739
Disease-free 0 655 0 0 0 0 0 0 655

after surgery
Disease-free 0 0 0 0 0 0 0 0 0

after diagnosis
References/sourcesa 1 2 2 2 4 3 3 1,2 —

a Sources: 1, Dutch Health Care Insurance Board (20); 2, Hospital Information System Maastricht University Hospital; 3, Pharmacotherapeutic guidelines
2000–2001 (3); 4, Dutch Radiotherapy Guidelines for Breast Cancer (2;24).
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Cost-Effectiveness Analysis and
Sensitivity Analysis

Baseline cost-effectiveness analysis calculated the total costs
and average life expectancy for each strategy. Univariate one-
way sensitivity analysis was performed for all parameters in
the model, over a range of values according to the 90 percent
confidence interval for empirical data of the clinical study or
from 50 to 150 percent of the deterministic variables in the
model (Table 1). The effect on the costs and life expectancy
was studied, and threshold analysis was performed to identify
the values at which the preferred strategy would alter.

RESULTS

Cost-Effectiveness Analysis

The results of cost-effectiveness analysis are presented in
Table 4. In the conventional strategy, all patients referred for
palpable masses underwent FNAC examination (n = 522).
The average costs for this strategy were € 3,087.

In experimental strategy 1, 182 (35 percent) US exam-
inations resulted in a suspicion for malignancy (diagnostic
score 3, 4, or 5) and led to subsequent FNAC examination.
The average total costs of this strategy were € 3,047 per
patient, of which costs for diagnosis and treatment included
€ 165 and € 1,449, respectively.

In experimental strategy 2, all cases with diagnostic
scores 2, 3, 4, and 5 were referred for additional FNAC and
resulted in 215 extra examinations or € 21,715. It was as-
sumed that no extra malignant FNAC results were generated
and that most extra cases were diagnosed as benign through
surgical excision and core needle biopsies. As a consequence,
the costs for diagnosis and treatment in this strategy increased
to € 294 and € 1,785, respectively.

Table 4. Results of Cost-Effectiveness Analysis

Experimental
strategies (US)

Conventional
strategy (FNAC) 1 2 3

No. FNAC performed 522 182 397 403
No. US performed 0 522 522 129
True-positive US — 92 93 3
False-positive US — 90 304 7
True-negative US — 339 125 119
False-negative US — 1 0 0
Costs (€) diagnosis 182 165 294 122
Costs (€) treatment 1,472 1,449 1,785 1,458
Costs (€) follow-up care 1,433 1,433 1,433 1,433
Costs (€) total 3,087 3,047 3,512 3,013
Life expectancy (years) 31.0 31.0 31.0 31.0
Preferred strategy — US FNAC US

FNAC, fine-needle aspiration cytology; US, ultrasonography; costs (€) to-
tal, costs of diagnosis + treatment + follow-up care after treatment; LE, life
expectancy.

Finally, in experimental strategy 3, US was performed
only in cases with diagnostic score 1 and 2 on mammographic
and clinical examination, which resulted in 129 (25 percent)
US examinations followed by FNAC in 10 cases. In the re-
maining 393 cases, immediate FNAC was performed (75 per-
cent). This strategy resulted in lower costs for diagnostic tests
(€ 122) and represented the cheapest experimental strategy
(€ 3,002). In each strategy, the costs for the follow-up care of
93 breast cancers was € 1,433. The average life expectancy
of the different strategies was 31.0 years, reflecting the low
number of expected life years in 93 patients with breast can-
cer and a higher average life expectancy in the 429 cases
without the disease.

Cost-effectiveness analysis reported that experimental
US strategies 1 and 3 were preferred because they were less
expensive than the conventional FNAC strategy (€ 3,047
and € 3,013 versus € 3,087, respectively). The conventional
FNAC strategy was preferred to experimental US strategy 2
(€ 3,512 versus € 3,089).

Sensitivity Analysis

One-way sensitivity analysis was performed for all param-
eters in the model. Most important influential variables in-
cluded the proportion of suspicious and benign FNAC re-
sults and the proportion of false-negative US results (results
not shown, available from the authors on request). These
variables mainly influenced the cost outcome of the model,
whereas no impact was demonstrated on the life expectancy.

Furthermore, threshold analysis showed that only in ex-
perimental strategy 1, increasing the costs of US to € 163
would make the conventional strategy the preferred one. For
all other cost items, the cost rankings for the different strate-
gies remained stable over a range of costs from 50 to 150 per-
cent of base-case estimates. Furthermore, sensitivity analysis
of life expectancy outcome variables showed no impact on
the strategy being preferred.

DISCUSSION

This study showed an overall reduction in costs of diagnosis
and treatment in patients presenting with a palpable breast
mass, by performing US in addition to mammography and
clinical examination. The use of US in the triple assessment
was cost-saving when only patients with suspicious imaging
results were subsequently referred for FNAC (strategy 1).
Experimental strategy 3 further reduced costs by € 34 by
restricting US to cases without suspicious mammographic
and clinical examinations. This finding suggests that there is
a limited role of US in the diagnosis of suspicious lesions
already found by mammography and clinical examination. It
should be noted, however, that in these cases, US might still
be useful in finding multicentric or multifocal disease.

Experimental strategies 1 and 2 illustrated the economic
consequences of referring all lesions classified as benign by
US, mammography, and clinical examination for additional
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FNAC. The results suggest that routine cytological examina-
tion of all breast fluids should not be recommended (6), as
this would raise the costs for diagnosis and treatment unnec-
essarily.

The average number of expected life years was similar in
the different strategies (31.0 years). This finding is explained
by the equal proportion of ill patients in all strategies and the
relative short time period between diagnostic imaging and
surgical excision leading to the definitive diagnosis. False-
negative US results could lead to a delay of diagnosis but
will be detected shortly after excision biopsy of an assumed
benign lesion. As a consequence, this study focuses on cost-
minimization rather than on cost-effectiveness.

The most important role for US in the evaluation of pal-
pable breast masses is in the differentiation between solid
and cyst masses. However, in this decision model, all solid
benign masses such as fibroadenoma were surgically excised
after the imaging examinations, which might lead to an un-
derestimation of the apparent economic benefit of US in the
triple-assessment approach. Furthermore, it was assumed that
all palpable cysts were aspirated under US guidance, which
might further overestimate the costs of the experimental US
strategies. However, we believe such rigid assumptions can-
not be prevented, when designing a solid decision analytic
model.

It was assumed that all malignancies, which were de-
tected by US in the experimental strategies, were detected
by FNAC in the conventional strategy. However, as FNAC
has limitations through inadequate sampling rates (5), this
assumption will possibly overestimate the diagnostic perfor-
mance of FNAC and underestimate the benefit of US.

Image-guided core needle biopsy is being increasingly
used as a substitute for FNAC to diagnose palpable breast
lesions (5). However, in most dedicated breast clinics, FNAC
is still used as a diagnostic modality in the triple assessment,
as it is faster, does not require anesthesia, and is able to pro-
vide an immediate diagnosis. We, therefore, included FNAC
in our decision analytical model as third test in the triple as-
sessment and included core needle biopsies as a confirmatory
test of indeterminate imaging and FNAC results.

Various sources were used for the costs of diagnostic and
therapeutic actions in our model. A Canadian study from Will
et al. (27) reported the costs for diagnosis and treatment of
breast cancer to be 9,333 Canadian $ (1995). Adjusting these
data to the distribution of breast cancer stages in our prospec-
tive study (22 percent stage I, 40 percent stage II, 38 percent
stage III, 0 percent stage IV) results in € 6,813. This amount
is comparable to the average costs of curative surgery with
and without adjuvant chemotherapy and hormonal therapy
found in our analysis, being € 6,405, especially when con-
sidered that we excluded the costs of diagnosis and staging
from these calculations. Furthermore, the calculated costs by
Will et al. of treating a local recurrence was 6,405 Canadian
$, or € 4,676, and comparable to the estimated amount of
€ 4,381 in the present study.

The costs of palliative care were adapted from the study
of de Koning et al. in 1990 (7) and were raised by 29 percent
according to clinical guidelines and practice in 2000 (from
€ 15,281 to € 19,739). Other studies in different settings
have also calculated these costs, reporting € 15,385 (27),
€ 8,659 (22), and € 7,049 (16). The comparison of data
between different countries is difficult because of different
methodologies regarding length of time for initial and ter-
minal care, different comparator years, as well as different
health-care systems and currencies. Furthermore, a variation
of costs results from differences in treatment approaches, the
nature of health-care systems, and the patient populations
used in the analysis.

In the present study, no discount rates were applied to
the costs or life expectancy. The life expectancy and the num-
ber of malignancies and, thus, the costs of follow-up care,
were equal in all strategies. Furthermore, most actions were
performed within 1 year, so it was believed that the use of
discount rates would not influence our findings. Furthermore,
nonmedical costs were assumed to be similar for all strate-
gies and, thus, were excluded from the model. Also, they are
difficult to obtain, and their use is controversial (27). The
validity of our cost data was further shown by the results of
the sensitivity analysis, which reported little influence on the
results.

Variables that did influence the results of the model in-
cluded the proportion of suspicious and benign FNAC results
and the proportion of false-negative US results. Most of these
variables were identified from experimental strategy 1 and
as these are based on empirical data from a large prospec-
tive study, the results are mainly applicable to this particular
study population.

A decision analytic model as discussed in this study may
be a valuable tool to guide health policy-makers in decisions
related to strategies to improve the efficiency of the health-
care system and to make care delivery more efficient and less
costly (27).

It should be emphasized that, in this decision analysis,
the economic benefit for US was relatively small. On a na-
tional or international level, the difference in costs between
the strategies analyzed seem negligible. This finding would
suggest there is no relevant economic benefit for US as com-
pared with FNAC in these patients. However, as US is being
used increasingly in the evaluation of breast masses, this
should happen efficiently and appropriately. Furthermore,
patients’ preference for noninvasive testing indicates a so-
cial argument in favor of US. Therefore, we believe that,
on the level of local radiology departments, the diagnostic
strategies analyzed here illustrate a feasible and desirable
gain in efficiency of diagnostic breast imaging. Scheduling
additional US in patients with a palpable mass would be
done most efficiently early in the diagnostic work-up, for
example, at the stage of referral to the radiology department.
Therefore, the performance of US in all patients with palpa-
ble breast masses, as examined in strategy 1, would be more
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practical in clinical practice than the selection of patients af-
ter performance of clinical examination and mammography,
as examined in strategy 3. The relatively small differences in
costs (€ 45) between these strategies further emphasizes this
benefit.

In conclusion, the results of this study indicate that in-
corporating US in the triple assessment for the evaluation of
palpable breast masses can result in a reduction of the total
costs for the diagnosis and treatment of breast cancer. The
least expensive strategy consisted of US of lesions without
suspicion of breast cancer based on mammography and clini-
cal examination, and immediate FNAC of suspicious lesions.
Although the cost saving of this selective application of US
is limited, logistic and emotional arguments plead for the
performance of US in the diagnostic work-up of all patients
with palpable breast masses.
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