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I n 2003, the American College of Radiology (ACR) developed a 
breast imaging reporting and data system (BI-RADS) lexicon for 
breast ultrasonography (US) to standardize the characterization of 

lesions in US. Solid masses with circumscribed margins, an oval shape, 
and parallel orientation are classified as BI-RADS category 3, which 
indicates a probable benign solid mass in the BI-RADS assessment (1). 
Some studies have demonstrated that short-interval follow-up of cat-
egory 3 masses is an acceptable alternative to biopsy (2–5) because 
these lesions have a low probability of malignancy (less than 2%) (2, 
3, 6, 7). Graf et al. (3) have evaluated category 3 masses that are seen 
on US but that are partially or completely obscured at mammogra-
phy. They reported that due to the extremely high negative predictive 
value (99.8%), follow-up with US appears to be an acceptable alterna-
tive to biopsy for solid masses with benign morphologic features in 
US imaging.

If a category 3 lesion observed on US is obscured on mammography, 
it is logical to follow with US because US is easily accessible and non-
invasive. Whether US or mammography is used, radiological follow-up 
has advantages over the tissue diagnosis of breast lesions. Radiological 
follow-ups do not cause deformation of the breast or scarring in later 
mammograms. There is also no risk of postoperative complications. 
These are important factors that should be considered when determin-
ing a diagnostic strategy. However, it is also important to know which 
approach is more cost-effective prior to choosing one of them. In the 
literature, there are few reports on cost analyses of managing BI-RADS 
category 3 breast lesions. The existing studies have compared the costs 
of different biopsy techniques or analyzed the costs of mammographic 
follow-ups versus biopsy. Alonso-Bartolome et al. (8) have reported that 
the economic cost of the 11-G vacuum-assisted percutaneous biopsy 
approach was 82% lower than that of a surgical biopsy in probably be-
nign breast lesions. In 1997, Brenner and Sickles (9) compared the eco-
nomic cost of stereotactic core needle biopsy with that of short-term 
unilateral surveillance mammography in the management of probably 
benign breast lesions detected during routine screening mammogra-
phy. They found that core biopsy was more costly than mammograph-
ic surveillance and had similar false-negative rates. To our knowledge, 
there is no study in the literature comparing the economic cost and 
the benefits of this follow-up strategy with that of breast biopsy in 
probably benign breast masses observed only on US. We initiated our 
study to clarify this issue for nonpalpable category 3 masses for which 
mammography adds no diagnostic value and generated the following 
research question: is our proposed short-term follow-up regimen more 
or less costly than breast biopsy for managing category 3 breast masses 
observed on US?
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PURPOSE
The aim of this study was to compare the economic effect of a 
proposed follow-up strategy for managing category 3 breast 
masses. The strategy incorporated direct tissue diagnosis at 
the patient’s discretion for masses that had been assessed only 
based on ultrasonography (US) and for which mammography 
made no diagnostic contribution.

MATERIALS AND METHODS
This prospective cohort study was conducted between 2003 
and 2006 and included 174 patients. We used a two-year 
short-term follow-up protocol composed of five steps. A biop-
sy was recommended for masses that were increasing in size 
and changing in nature. The long-term results were available 
at the end of 2010. The mean and total costs were calculated 
for the women who preferred our follow-up protocol and for 
those who preferred direct tissue diagnosis. The cost savings 
were calculated by comparing the costs of the current study 
protocol to the costs of two different scenarios.

RESULTS
Two malignancies were found among the 18 women who 
underwent tissue diagnosis on the recommendation of the 
radiologist during follow-up. Thirteen of these women un-
derwent biopsy at the request of the patient or surgeon, and 
these biopsies all revealed benign tumors. The overall nega-
tive predictive value was 99.2% (95% confidence interval, 
98.46%–100%). There was a statistically significant difference 
between the mean costs for the women who chose our fol-
low-up regimen (147.57±106.7 TL) and those who preferred 
direct tissue diagnosis (426.89±149.8 TL) (P = 0.0001). The 
use of our follow-up protocol decreased the cost of diagnosis 
by 60% compared with the cost of using direct tissue diagno-
sis as the initial procedure.

CONCLUSION
Our long-term results indicate that following-up solid catego-
ry 3 masses detected only by US for at least two years at short 
intervals is a cost-effective alternative to direct breast biopsy.
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unit, if we observe an irregular shape, 
indistinct borders, and a non-parallel 
axis in any BI-RADS category 3 solid 
mass at follow-up, we classify these 
new features as a “change in imag-
ing features or change in nature”. 
A biopsy was recommended for the 
masses showing interval progression 
by increasing the size (more than 
20%–25% of the original diameter in 
the perpendicular plane) or by chang-
ing the other features (1, 10). Biopsies 
were also performed at the discretion 
of the patients or the surgeon. The pa-
tients underwent either percutaneous 
US-guided core biopsy (14-Gauge nee-
dle, Magnum, C.R. Bard, Murray Hill, 
New Jersey, USA) or surgical biopsy 
after guide wire localization with US 
guidance. A total of 35 masses in 31 
women were subject to biopsy. 

Patient selection
Patients were included if they were 

observed in control examinations 
at least four times throughout the 
follow-up period or if the preferred 
biopsy as the initial procedure even 
though it was not recommended by 
the radiologist.

Masses were included if they met one 
of the following conditions: they were 
visualized on US but not on mam-
mography; they had obscured borders 
(more than 25%) on mammography 
due to scattered and heterogeneously 
or extremely dense glandular patterns; 
they were detected in young patients 
(less than 40 years old) for whom 
mammography was not appropriate; 
or if they had a circumscribed margin, 
an oval or round shape, slight or no 
lobulation, and a parallel orientation 
(for oval masses) (1–4, 6, 11). 

Patients were excluded if they did 
not complete their follow-up protocol, 
did not have required data (such as 
addresses or correct names), missed at 
least two control examinations during 
the follow-up, refused both the short-
term follow-up and biopsy, were treat-
ed in private hospitals without any cost 
information, had a personal or family 
history of breast cancer or underwent 
partial or total mastectomy.

Masses were excluded if they met 
on  e or more of the following condi-
tions: they were diagnosed as benign 
or malignant by mammography, US 
or other techniques, such as spot com-
pression; they were diagnosed as prob-
ably benign by mammography (in 

which case they were followed-up us-
ing both mammography and US); they 
were probably benign based on palpa-
tion; they had any additional suspi-
cious mammographic findings, such 
as microcalcification, or US findings 
incompatible with category 3 assess-
ment, such as irregular shape, a non-
parallel axis, or an indistinct/micro-
lobulated/angular margin; or they had 
a complex, cystic nature.

Imaging method
US was performed using a variable-

frequency linear transducer set at 12 
MHz and 7 MHz (Aplio 80, Tosbee, 
Toshiba, Tokyo, Japan) by three expe-
rienced radiologists. One of the radi-
ologists had nine years of experience 
in breast radiology. The other two 
radiologists consulted with the most 
experienced radiologist for all of the 
solid masses. All the patients were en-
rolled for follow-up by the same ra-
diologists. Measurements were made 
and compared in the longitudinal and 
transverse planes. The mammograms 
were obtained by screen-film mam-
mography (Philips Mammo Diagnost 
3000, Philips Healthcare, Best, the 
Netherlands) between 2003 and 2005 
and full-field digital mammography 
(Giotto, IMS, Bologna, Italy) after 
2005. 

Study group
Among the 11 373 women referred 

for breast US, we detected 723 solid, 
nonpalpable category 3 masses in 605 
women. These women were referred 
by the menopause or surgery units 
of our university hospital for reasons 
such as mastalgia, fear of cancer, 
routine screening with mammogra-
phy and US, hormonal imbalances, 
screening prior to or during hormone 
replacement therapy, increased car-
cinoembryonic antigen levels, whole 
body work-up before anti-TNF treat-
ment, and abnormal clinical findings, 
such as palpable and/or suspicious 
masses, galactorrhea, palpable lumps, 
and retraction or erythema of the 
breast skin. 

We included the US reports and im-
ages in our digital US archive (Tomtec 
Imaging Systems, version 2.7, Munich, 
Germany) between 2003 and 2006. We 
used radiology/patient information 
programs (MEDI-RIS 10.18, 1997/2009 
and MEDI-HASTA 13.14, 1997/2010, 
Akdeniz University Hospital Data 

Materials and methods
Study design

This was a prospective cohort study 
conducted between September 2003 
and April 2006. We established a short-
term follow-up protocol to monitor 
BI-RADS category 3 nonpalpable solid 
breast masses that had been detected 
only on US. Patients with such mass-
es were the target population of the 
study. The costs associated with the pa-
tients who complied with our protocol 
were compared to the costs associated 
with the patients who chose other op-
tions, and the differences were tested. 

Follow-up protocol
Our two-year short-term follow-

up protocol consisted of five steps. 
Each patient was invited for US at 
three-month intervals for the first six 
months and six-month intervals for 
the next 18 months. Mammography 
was added to the protocol at the 12th 
and 24th months (Fig. 1). If the lesion 
was stable at any follow-up step, the 
patient was invited to continue with 
the next step. For example, when the 
lesion was stable at the 3rd month 
follow-up exam, the patient was asked 
to return three months later for a sec-
ond follow-up exam (six months after 
the initial examination). No further 
follow-up was conducted for masses 
that decreased in size or disappeared 
because these lesions were consid-
ered benign. A cyst that appeared as 
a solid mass due to deep localization 
or internal echoes at any follow-up 
step was downgraded to BI-RADS cat-
egory 2 and excluded from the short-
term follow-up protocol. The patients 
with such lesions were recommend-
ed to have routine screenings. The 
follow-up protocol was ended when 
masses disappeared, were biopsied, 
or stayed stable at least two years. If 
we observed a new category 3 mass in 
a patient who was already under fol-
low-up for single or multiple masses, 
we called this lesion a “newly seen 
category 3 mass” and monitored it 
separately, but we kept it out of the 
study analysis. We performed a lesion-
to-lesion comparison at follow-up 
examinations. We scheduled annual 
screenings, including mammography 
and US, for the women older than 40 
years old after the short-term follow-
up was completed. For the women less 
than 40 years old, we recommended 
annual US follow-ups. In our breast 
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Figure 1. The diagram depicts a decision tree. A woman with a category 3 mass can choose 
breast biopsy or our follow-up protocol for her diagnostic work-up options. The woman 
proceeds with step-by-step follow-up with US unless an interval change during surveillance 
prompts tissue diagnosis. “©” denotes cost. US, ultrasonography; MG, mamography.

Processing Center, Antalya, Turkey) to 
access the required personal and medi-
cal information. Of the 605 women, 
64 were not included in the study 
because they had not yet completed 
their follow-up protocol in 2006. We 
lost information on 154 women in 
the above-mentioned systems because 
of programming errors during sys-
tem upgrades, changes in addresses 
or misspelled names. Furthermore, 30 
women who refused the short-term 
follow-up protocol or biopsy and 179 
who missed at least two control ex-
aminations during the follow-up pe-
riod (209 total) were excluded from 
the study. Finally, four women who 

were treated in private hospitals were 
excluded from the study because we 
could not obtain exact information on 
their treatment costs. Consequently, a 
total of 174 women with 248 masses 
who were seen under the short-term 
protocol at least four times and whose 
follow-up results or biopsy results were 
available composed our study group. 
The long-term results for the women 
who underwent our follow-up protocol 
between 2003 and 2006 were also ac-
cessible in our digital archive or in the 
above-mentioned data storage systems 
until the end of 2010. 

The study group was divided into 
three subgroups. 

Group I (n=143) included 213 mass-
es that were stable, disappeared, de-
creased in size, or were observed to be 
a cyst but were not biopsied during the 
follow-up. 

Group II (n=18) included 20 masses 
on which biopsy (surgical biopsy after 
wire localization or core biopsy) was 
performed based on the recommen-
dation of the radiologist. Such recom-
mendations were made based on in-
terval progression demonstrated by an 
increase in size (more than 20%–25% 
of the original diameter in the perpen-
dicular plane) or on changes in features 
during follow-up. The sum of Groups 
I and II (n=161) accounts for the to-
tal number of patients who adopted 
our follow-up protocol (the follow-up 
group). 

Group III (n=13) included 15 mass-
es for which a biopsy (surgical biopsy 
after wire localization or core biop-
sy) was performed upon the request 
of the patient or the surgeon. These 
patients did not adopt our follow-up 
regimen. 

The patients with a personal or fam-
ily history of breast cancer and those 
evaluated by unilateral/bilateral breast 
US due to partial or total mastectomy 
were not included in the study because 
our approach to category 3 masses in 
such patients recommends biopsy rath-
er than follow-up. Ethical approval was 
obtained from the local ethics commit-
tee. The patients were informed about 
probably benign lesion behavior and 
the follow-up protocol.

Decision analysis model
Our study used a decision tree model 

(Fig. 1). The source of the efficacy data 
is our prospective cohort study and its 
long-term results between 2003 and 
2010. Therefore, we did not use any 
assumptions in the study model. Our 
efficacy measure was the number of 
cancer cases detected. The time hori-
zon was 80 months. 

Two scenarios were generated to de-
termine the cost of the follow-up pro-
tocol and the cost of the tissue diag-
nosis methods, including surgical and 
core biopsy.

Scenario A: If all of the study popu-
lation had undergone tissue diagnosis 
(core or surgical biopsy) without fol-
low-up, what would the cost per case 
and the overall costs have been? 

Scenario B: If the patients in Group 
III had complied with our follow-up 
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protocol instead of having biopsies, 
what would the cost per case and the 
overall costs have been? 

Calculating the costs
The direct costs were calculated us-

ing the national health insurance re-
imbursement rates for each patient 
(Table 1). The procedure codes were 
extracted from the Health Budget 
Implementation Regulations (BUT) of 
the Ministry of Health in 2006 (ex-
cept for complications or comorbidi-
ties) (12). The reimbursement rates 
(except for the hospital stay per day) 
have not been changed by the Health 
Department since 2005. In other 
words, the government fixed most of 
the health insurance reimbursements, 
irrespective of inflation, between 2005 
and 2010. Thus, there was no need to 
take incremental rates into account. 
The hospital stay fee was increased in 
2010 and this increase was reflected in 
the calculations of the total costs for 
each procedure and of the overall cost 
savings over surgical biopsy. The cost 
savings were calculated by subtracting 
the cost of diagnosis using the follow-
up protocol from the cost that would 
have been generated if tissue diagnosis 
had been performed as the initial pro-
cedure. In Groups II and III, the health 
insurance reimbursement rates for the 
following materials and procedures 

were obtained to calculate the costs of 
a surgical biopsy after US-guided wire 
localization and of a percutaneous US-
guided core biopsy: local anesthesia, 
excisional breast biopsy, hospitaliza-
tion, dressings, specimen viewing, 
20–21 gauge 10 cm breast localization 
wire, US-guided wire localization, his-
topathological evaluation, percuta-
neous US-guided core biopsy, and 14 
gauge tru-cut core biopsy needles. In 
Group II, the costs before the biopsy, 
such as repeated US examinations, bi-
lateral mammography, and repeated 
clinical examinations by the surgeon, 
were calculated and added to the bi-
opsy costs. For Group I, the number 
of examinations by the surgeon and 
the number of follow-ups with US or 
US+bilateral mammography were de-
termined. We were not able to calcu-
late indirect costs arising from time 
away from work, transportation, and 
staff. The calculation of health care 
staff costs was problematic because the 
individual performance payments and 
salaries varied between different health 
care professionals due to their ranks 
and status.

Statistical analyses 
A software package (MedCalc® 

Version 11.1.1.0, Mariakerke, 
Belgium) was used for the statistical 
analysis. All the results are presented 

as the mean values (±standard error of 
the mean) and the number of individ-
ual observations (n). The appropriate 
statistical analyses were performed to 
test whether the differences observed 
between the study groups were statis-
tically significant. A P value < 0.05 was 
accepted as statistically significant. 
The mean ages and costs were com-
pared between the patients in Groups 
I and II (the follow-up groups) and 
those in Group III using the Mann-
Whitney U test. The mean costs of the 
current study group and scenarios A 
and B were compared using an analysis 
of variance (ANOVA) model, and the 
differences between individual means 
were evaluated using Tukey’s HSD. 
The overall negative predictive value 
(NPV) and false negative rate (FNR) 
on a per-lesion basis were calculated 
for the initial BI-RADS 3 assessment. 
Due to the clustered dependency of 
the data from the patients with mul-
tiple lesions, the FNR on a per-patient 
basis was also calculated. The Wilson 
score method without continuity cor-
rection was used to the calculate con-
fidence intervals for the proportions, 
sensitivity, and specificity (13). 

Results 
The age of study group ranged from 

31 to 67 years (mean, 42.4±10.0 years). 
About half of the study population was 
between 40–49 years old. Three-fourths 
of study population was younger than 
50 years old. The mean ages for the 
patients in Groups I+II and Group III 
were 46.04±8.9 years and 41.63±10.3 
years, respectively. There was a statis-
tically significant difference between 
the mean ages of patients in Groups 
I+II (the follow-up groups) and those 
in Group III (P = 0.0001).

Group I was composed of 213 mass-
es. Of these, 168 remained stable, 16 
were actual cysts, 12 decreased in size, 
and 17 disappeared completely (Fig. 2). 
Over the long-term, we did not see any 
malignancy in the 209 women exclud-
ed from our study because of their low 
compliance. 

Biopsies were performed for 35 
masses in 31 women. Thirteen of the 
women underwent biopsy at their 
own or their surgeon’s discretion and 
all of these masses were shown to be 
benign by histopathological exami-
nation. Biopsy was recommended 
by the radiologist for 20 masses in 
18 women because of an abnormal 

Table 1. Direct costs per billable item in US follow-up, US-guided core needle biopsy, and 
surgical biopsy after wire localization

Procedure Codea Cost (TL)

Breast US 803.440 16.83

Mammography (unilateral) 801.590 18.70

US-guided wire localization 803.280 32.67

Clinical examination 520.030 15.50

Excisional biopsy 614.380 148.4

Histopathological analysis 910.400 41.03

Specimen radiography 801.590 33.00

Hospital stay 510.030 30.00

Local anesthesia 530.290 9.00

Dressing 530.410 6.00

Guide wire _ 50.18

Percutaneous US-guided core biopsy 802.930 38.50

Core biopsy needle (14 Gauge) _ 44.17

aHealth insurance reimbursement codes in “Health Budget Implementation Regulations” (BUT) for 2010.
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interval progression displayed on a 
follow-up sonogram. Of these 20 le-
sions, 2 were found to be malignant 
by histopathological examination 
(Table 2). Both of these malignan-
cies were observed by the radiologist 
at the 3rd month’s follow-up exam 
(the first step of the follow-up pro-
tocol). One was a 15×9-mm mass in 
a 43-year old woman that increased 
in size and had indistinct borders, 
and an US-guided core needle biopsy 
showed invasive papillary carcinoma 
(T1c N0 M0). The second lesion was 
a 12×11-mm mass in a 51-year old 
woman that showed an increase of 
more than 25% from its previous size 
and a change in shape. A core needle 
biopsy revealed microinvasive ductal 
carcinoma in situ (T1 mic) (Fig. 3). 
These two women were diagnosed 
as having node negative and stage 1 
disease and are still alive. The biopsy 
results from the 31 patients and 35 

masses are shown in Table 2. Of the 
35 masses that underwent tissue di-
agnosis, 23 (65.7%) underwent sur-
gical biopsy after wire localization 
and 12 (34.3%) underwent US-guided 
core needle biopsy. In our study, un-
necessary biopsies were decreased by 
82%. Our biopsy recommendation 
rate was no more than 11%, and the 
biopsy rate was 18%. Our follow-up 
protocol prevented unnecessary bi-
opsies in the majority of the study 
population by revealing stability or 
regression. Of the 174 women, 152 
(87.3%) had single, and 22 (12.6%) 
had multiple lesions. In 8 (4.5%) of 
the women, more than three lesions 
were observed. The overall NPV was 
99.2% (246/248; 95% confidence in-
terval [CI], 98.46%–100%). The FNRs 
on a per-lesion basis and on a per-pa-
tient basis were 0.8% (2/248; 95%CI, 
0.2%–2.9%) and 1.1% (2/174; 95%CI, 
0.3%–4.0%), respectively. 

Table 2. The histopathological results 
for the 35 solid lesions that underwent 
biopsy

Histopathological results n

Fibroadenoma 12

Fibroadenomatous hyperplasia 8

Nodular sclerosing adenosis 4

Fibrocystic change 7

Atypical ductal hyperplasia 1a

Papilloma 1

Microinvasive ductal carcinoma in situ 1

Invasive papillary carcinoma 1

Total 35

aSurgical biopsy after wire localization revealed 
negative surgical margins.

Figure 2. a–d. A 42-year-old woman with a BI-RADS category 3 mass. The mass shows an oval shape, circumscribed margins and parallel 
orientation (a). The mass was stable six months (b) and two years (c) later. We recommended routine annual screenings at the end of the 
follow-up protocol. The mass was stable five years later (d). 

d

b

c

a
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The mean costs to the patients in 
Group I (n=143), Group II (n=18), and 
Group III (n=13) were 114.24±30.1 TL, 
400.77±135.7 TL, and 426.89±149.8 
TL, respectively. In the follow-up 
groups (n=161, Groups I+II), the mean 
cost was 147.57±106.7 TL. We found a 
statistically significant difference be-
tween the cost to the follow-up group 
(Groups I+II) and the cost to the tissue 
diagnosis group (Group III, the pa-
tients who initially preferred surgical 
or needle biopsy) (P = 0.0001, Table 3). 
The costs of the US-guided core nee-
dle biopsies and surgical biopsies after 
US-guided wire localization (includ-
ing a one-day-hospital stay) without 
the follow-up protocol were 173.33 
TL and 416.43 TL, respectively. The 
direct costs per billable item associ-
ated with the procedural terminology 
codes (Health Budget Implementation 
Regulations, BUT codes) in Groups I, II, 
and III are shown in Table 1.

The overall costs and mean cost for 
the study (Group I+II+III) population 
were 29 604.01 TL and 168.20±131.0 
TL, respectively. For scenario A, the 
overall cost and the mean cost per case 
would have been 75 489.09 TL and 
426.89±149.8 TL. Thus, the direct cost 
savings in the actual study compared 
with scenario A were 45 885.08 TL in 
total and 263.70 TL per case. Although 
13 patients did not comply with our 
follow-up regimen, the use of our 
follow-up protocol decreased the cost 
of diagnosis by 60% compared with 
the cost of direct tissue diagnosis as 

the initial procedure. The ratio of the 
cost of immediate breast biopsies to 
the cost of the follow-up protocol was 
approximately 3:1. For scenario B, the 
overall cost and the mean cost per case 
were 26 753.62 TL and 147.57±106.0 
TL, respectively. The direct cost sav-
ings obtained by comparing scenario 
B with scenario A were 46,597.85 TL 
in total and 279.32 TL per case. There 
was a statistically significant difference 
between the mean costs of the current 
study group, those of scenario A and 
those of scenario B (P = 0.0001; in the 
post-hoc Tukey test, scenario A was re-
sponsible for the difference) (Table 3). 

Sample cases
The total cost to a sample case that 

complied with the short-term protocol 
by undergoing examination four times 
throughout the two years (Group I) was 
129.40 TL. The total cost to a sample 
case from Group II who underwent sur-
gical biopsy after US-guided wire locali-
zation on the recommendation of the 
radiologist at the fourth visit (at the 18 
month follow-up) was 479.60 TL. The 
total cost to a sample case from Group II 
who underwent US-guided core needle 
biopsy at her fourth visit on the recom-
mendation of the radiologist owing to 
an increase in size was 253.02 TL.

Figure 3. a, b. A 51-year-old woman with a BI-RADS category 3 mass (a). The mass showed a change in size and features three months later (b). 
The size increased at rates of 53% in the longitudinal diameter and 117% in the anteroposterior diameter (from 8.3×5.2 mm to 12.7×11.3 mm). 
Note the indistinct margins in addition to the irregular shape. A core needle biopsy revealed microinvasive ductal carcinoma in situ (T1 mic).

ba

Table 3. The mean costs among study groups and different scenarios

Mean cost (TL) Standard deviation Pa

Current study subgroups

 Group I+II 147.5 106.7 0.0001

 Group III 426.9 149.8

Study and scenario groups

 Whole study group (Group I+II+III) 168.2 131.0 0.0001

 Scenario A 426.9 149.8

 Scenario B 147.5 106.7

aMann-Whitney U test for comparing Groups I+II to Group III; one way ANOVA model for comparing the entire study 
group, scenario A, and scenario B. 
Groups I+II included the patients who were fully compliant with the recommendations of the radiologist continue with the 
follow-up protocol or to undergo biopsy during follow-up.
Group III included patients who did not follow the recommendations of the radiologist and underwent biopsy at their own 
or their surgeon’s request. 
Scenario A: The entire study population underwent direct tissue diagnosis.
Scenario B: All of the study patients fully complied with the follow-up protocol (as in Groups I+II).
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Discussion
In follow-up studies, BI-RADS cat-

egory 3 masses have generally been 
assessed using a combination of mam-
mography and US (2, 6, 11). However, 
this combination may not always be 
available in practice. Radiologists may 
encounter probably benign nonpalpa-
ble solid masses that can be seen on US 
but that are obscured or not seen on 
mammography, and they need to man-
age such cases using US findings alone. 
The literature suggests that following 
such masses is an alternative to biopsy 
(2–5). However, breast centers have 
different approaches, and some prefer 
follow-up while others prefer biopsy. 
Evaluating different strategies and 
other feasible alternatives to determine 
the optimal trade-off between costs 
and benefits is critical, especially in 
developing countries. Although some 
scientific data are available to consid-
er follow-up as an alternative clinical 
approach to breast biopsy, there is no 
information available about the finan-
cial aspects of these two approaches. 
Although any follow-up protocol re-
quires several hospital visits, it is not 
clear whether the costs are greater than 
those of biopsy, which is a one-step 
procedure. The results of our analysis, 
which is the first in the literature, indi-
cate that following up solid probably 
benign masses detected only on US for 
at least two years at short intervals is a 
less costly strategy, with a cost savings 
of 45 885.08 TL in total and 263.70 TL 
per case compared to that of immedi-
ate tissue diagnosis. Our follow-up reg-
imen decreased the cost of diagnosis by 
60% compared to the cost of direct tis-
sue diagnosis as the initial procedure. 
Although we excluded 209 women in 
our study due to noncompliance, the 
cost of the follow-up protocol was still 
approximately one third that of direct 
breast biopsy. If we had included these 
women in the calculations of the mean 
costs, there is no doubt that the ratio 
would have changed dramatically in 
favor of the follow-up approach. 

A radiological cost-effectiveness 
analysis compares two alternatives in 
terms of health outcomes and eco-
nomic cost. When a diagnostic test is 
said to be “cost-effective”, the addi-
tional health benefits that it provides 
are considered to be high relative to the 
costs when compared to the alterna-
tives. In other words, if one alternative 
has lower costs and superior efficacy 

with additional health benefits, it is 
the more cost-effective approach (14–
16). Our long-term results show that 
the follow-up protocol, with its high 
NPV (99.2%), had the same efficacy as 
breast biopsy in detecting cancer cases. 
We detected two malignancies in two 
women in the first step of the follow-
up protocol with a low FNR (0.8%; 
95%CI, 0.2%–2.9%). These women 
were diagnosed as having node nega-
tive and stage 1 disease and they are 
still alive. In other studies evaluating 
category 3 masses by US, malignancies 
were mostly found in their early stag-
es, within the first six months. These 
studies have reported a high NPV and 
a low FNR, similar to our study (3, 6, 
7, 17). For example, Moon et al. (17) 
diagnosed 9 out of 14 early-stage ma-
lignancies at the first US follow-up. 
These data demonstrate that a follow-
up protocol is as efficient as direct 
breast biopsy for diagnosing malignant 
lesions. Additionally, our follow-up 
protocol prevented unnecessary bi-
opsies by revealing stability or regres-
sion in the majority (82%) of the study 
population. Protocols without unnec-
essary biopsies cause less morbidity, 
with shorter-duration hospital stays, 
less pain, fewer risks due to general an-
esthesia, and fewer complications due 
to tissue diagnosis. In addition to its 
economic superiority, the same effica-
cy and these additional health benefits 
indicate that our follow-up regimen is 
more cost-effective than biopsy. 

Cost-effectiveness analyses have 
certain methodological requirements, 
such as efficacy measures, a probabil-
istic sensitivity analysis to account for 
parameter uncertainty, a study model 
(such as a decision-analytic model or 
regression model), reference cases, 
strategies for meeting different scenar-
ios, and an adequately long time ho-
rizon (15, 18). Our study met most of 
these requirements, except for the use 
of quality-adjusted life years (QALY), 
which is a natural efficacy measure and 
sensitivity analysis. Thus, we do not 
present our study as a full cost-effec-
tiveness analysis. Quality of life refers 
to individuals’ state of being pleased, 
according to their own cultural stand-
ards, with the status, aims, expectations 
and perception of their lives. Quality 
of life instruments are widely used as 
outcome measures and compare the 
efficacy of a wide range of interven-
tions (15). Quality of life instruments 

are classified into two groups: generic 
and disease-specific. Using QALYs pro-
duces an incremental cost-effective-
ness ratio, in dollars per QALY. This 
ratio is used to express the difference 
in cost-effectiveness between new di-
agnostic tests or treatments and cur-
rent therapies (14, 15, 19). A generic 
quality of life instrument is less sensi-
tive to variation. Ay et al. (20) assessed 
quality of life using a Turkish version 
of The Psychological General Well-
Being Index (a generic quality of life 
questionnaire) in a Turkish population 
that included 50 healthy individuals. 
However, disease-specific instruments 
can be used to examine areas specific 
to a disease and have strong sensitivity 
to variation. In our study, the use of 
QALYs would have been problematic 
because disease-specific values have 
not been determined for our study 
population. In our opinion, adapting 
the numerical QALY values from an-
other population to calculate the in-
cremental cost ratio would have given 
rise to inaccurate results. Instead, we 
presented a cost-consequence analysis 
that considered the economic costs 
and benefits of two alternatives.

Due to limited healthcare resources 
in our country, radiologists must make 
challenging decisions every day. Our 
study examined one of the challeng-
ing decisions in breast radiology, and 
the follow-up results indicate that the 
best strategy is to employ step-by-step 
US follow-ups in BI-RADS category 
3 lesions, unless an interval change 
during surveillance prompts tissue di-
agnosis. We started with a short-term 
follow-up for at least two years and 
then recommended age-appropriate 
screenings. The rationale behind this 
strategy was that the benign-appearing 
masses may actually have been inva-
sive carcinomas and that malignancies 
in young patients can grow rapidly 
(21–24). Considering that about half 
of our study population was between 
40–49 years old and three-fourths of 
the study population was younger 
than 50, the short-term follow-up was 
crucial for our study group. We believe 
that close monitoring of probably be-
nign lesions may help to detect rapidly 
growing malignant lesions at the earli-
est possible stage. 

In our study, 12.6% of patients had 
more than one breast mass and 4.5% 
of women had more than three lesions. 
Multiplicity was demonstrated in 1.7% 
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of the screening examinations (25, 26). 
Graf et al. (3) detected multiplicity in 
7.6% of 409 women in their study. 
Park et al. (11) found multiple BI-RADS 
3 masses on US in 23 of 274 women. 
Multiplicity, especially multiple bilat-
eral category 3 masses, has been shown 
to decrease the likelihood of malignan-
cy of circumscribed masses detected on 
mammography. In our opinion, mul-
tiplicity is a strong indication for ra-
diological follow-ups because it is not 
possible to perform biopsy on all the 
masses. 

This study has some strengths and 
limitations. One strong point is that 
it was a prospective, cohort study that 
included a long follow-up period. The 
time horizon was long enough to fully 
capture the benefits and risks of the 
follow-up strategy. Another strength 
of the study was that we did not use 
an assumption model to predict the 
efficacy of follow-up or morbidity re-
duction. Instead, we used our actual 
long-term results. The most prominent 
limitation of the study was our inabil-
ity to calculate indirect costs. Indirect 
costs include staff costs, transporta-
tion, associated costs (loss of income 
due to time away from work and lack 
of productivity because of emotional 
or physical effects, unnecessary work-
ups, etc.) (15). It is difficult to assign 
monetary values to such indirect ef-
fects. We were not able to add the staff 
costs to our analysis due to differences 
in performance and monthly salary 
scales for specialists, professors, nurs-
es, and technicians working in differ-
ent areas and due to differences in the 
lengths of the procedures. 

In conclusion, in category 3 breast 
masses diagnosed at US, our follow-
up regimen decreased the cost of di-
agnosis by 60% compared to the cost 
of direct tissue diagnosis as the initial 
procedure. Our long-term results indi-
cated that follow-up of solid category 
3 masses detected only on US for at 
least two years at short intervals is 
a cost-effective alternative to direct 
breast biopsy. Further studies with 
similar groups that consider the limi-
tations of the current study are need-
ed to test the reliability of our results. 

Additionally, the generalizability of 
the results presented here should be 
tested in similar studies in other coun-
tries with different health-care pay-
ment systems. 

Acknowledgements
This study was funded by Akdeniz University 

Scientific Research Projects Coordination Unit. 

Conflict of interest disclosure
The authors declared no conflict of interest.

References
 1. Mendelson EB, Baum JK, Berg WA, et al. 

BI-RADS: ultrasound, 1st ed. In: D’Orsi CJ, 
Mendelson EB, Ikeda DM, et al. eds. Breast 
imaging reporting and data system: ACR 
BI-RADS–breast imaging atlas. Reston: 
American College of Radiology, 2003.

 2. Graf O, Helbich TM, Fuchsjeger MH, et 
al. Follow-up of palpable circumscribed 
noncalcified solid breast masses at mam-
mography and US: can biopsy be averted? 
Radiology 2004; 233:850–856.

 3. Graf O, Helbich TH, Hopf G, Graf C, Sickles 
EA. Probably benign breast masses at US: is 
follow-up an acceptable alternative to bi-
opsy? Radiology 2007; 244:87–93.

 4. Rahbar G, Sie AC, Hansen GC, et al. Benign 
versus malignant solid breast masses: US 
differentiation. Radiology 1999; 213:889–
894.

 5. Hong AS, Rosen EL, Soo MS, Baker JA. 
BI-RADS for sonography: positive and 
negative predictive values of sonograph-
ic features. AJR Am J Roentgenol 2005; 
184:1260–1265.

 6. Mainiero BM, Goldkamp A, Lazarus E, et 
al. Characterization of breast masses with 
sonography: can biopsy of some solid 
masses be deferred? J Ultrasound Med 
2005; 24:161–167.

 7. Raza S, ChikarmaneSA, Neilsen SS, Zorn 
LM, Birdwell RL. BI-RADS 3, 4, and 5 le-
sions: value of US in management—fol-
low-up and outcome. Radiology 2008; 
248:773–781.

 8. Alonso-Bartolome P, Vega-Bolivar A, 
Torres-Tabanera M, et al. Sonographically 
guided 11-G directional vacuum-assisted 
breast biopsy as an alternative to surgical 
excision: utility and cost study in probably 
benign lesions. Acta Radiol 2004; 45:390–
396.

 9. Brenner RJ, Sickles EA. Surveillance mam-
mography and stereotactic core breast bi-
opsy for probably benign lesions: a cost 
comparison analysis. Acad Radiol 1997; 
4:419–425.

 10. Gordon PB, Gagnon FA, Lanzkowsky L. 
Solid breast masses diagnosed as fibroad-
enoma at fine-needle aspiration biopsy: 
acceptable rates of growth at long-term 
follow-up. Radiology 2003; 229:233–238.

 11. Park YM, Kim EK, Lee JH, et al. Palpable 
breast masses with probably benign mor-
phology at sonography: can biopsy be de-
ferred? Acta Radiol 2008; 49:1104–1111.

 12. T.C. Resmi Gazete, 26 Nisan 2006 Tedavi 
Yardımına İlişkin Uygulama Tebliği, Sayı: 
26153, Sıra No: 6.

 13. Newcombe RG. Two-sided confidence in-
tervals for the single proportion: compari-
son seven methods. Stat Med 1998;17:857–
872.

 14. Singer ME, Applegate KE. Cost-effectiveness 
analysis in radiology. Radiology 2001; 
219:611–620.

 15. Muennig P. Cost-effectiveness analysis in 
health: a practical approach. 2nd ed. San 
Francisco: John Wiley & Sons, 2008; 4–37.

 16. Drummond MF, Aguiar-Ibáñez R, Nixon 
J. Economic evaluation. Singapore Med J 
2006; 47:456–462.

 17. Moon HJ, Kim MJ, Kwak JY, Kim EK. 
Probably benign breast lesions on ultraso-
nography: a retrospective review of ultra-
sonographic features and clinical factors 
affecting the BI-RADS categorization. Acta 
Radiol 2010; 51:375–382.

 18. Mauskof JA, Sullivan SD, Annemans D, et 
al. Principles of good practice for budget 
impact analysis: report of the ISPOR task 
force on good research practices—bud-
get impact analysis. Value Health 2007; 
10:336–347.

 19. Drummond MF, Jefferson TO. Guidelines 
for authors and peer reviewers of eco-
nomic submissions to the BMJ. The BMJ 
Economic Evaluation Working Party. BMJ 
1996; 313:275–283.

 20. Ay S, Koldas Dogan S, Evcik D, Gök H, Tur 
BS, Gökmen D. Reliability and validity of 
psychological general well-being index 
in Turkish population. Turk J Phys Med 
Rehab 2010; 56:161–169.

 21. Lamb PM, Perry NM, Vinnicombe SJ, Wells 
CA. Correlation between ultrasound char-
acteristics, mammographic findings and 
histological grade in patients with invasive 
ductal carcinoma of the breast. Clin Radiol 
2000; 55:40–44.

 22. Bertheau P, Steinberg SM, Cowan K, 
Merino MJ. Breast cancer in young wom-
en: clinicopathologic correlation. Semin 
Diagn Pathol 1999; 16:248–256.

 23. Rotstein AH, Neerhut PK. Ultrasound char-
acteristics of histologically proven grade 3 
invasive ductal breast carcinoma. Australas 
Radiol 2005; 49:476–479.

 24. Kopans DB. Epidemiology, etiology, risk 
factors, and survival from breast cancer. 
Breast Imaging. 3rd ed. Philadelphia: 
Lippincott Williams and Wilkins, 2007; 
91.

 25. Berg WA. Supplemental screening sonog-
raphy in dense breasts. Radiol Clin N Am 
2004; 42:845–851.

 26. Leung JW, Sickles EA. Multiple bilateral 
masses detected on screening mammogra-
phy: assessment of need for recall imaging. 
AJR Am J Roentgenol 2000; 175:23–29.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


