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A comparison between short-interval
and regular-interval follow-up for BIRADS category 3 lesions
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Met hods : Women who had BI - R ADS 3

INTRODUCTION

screen imaging studies (mammography and

Women with Breast Imaging and Data Reporting

ultrasonography) conducted bet ween the

System category 3 (BI-RADS 3) imaging findings

period January 2003 and December 2005 were

(mammography and ultrasonography) have an associated

retrospectively identified using the computerised

risk of a concurrent breast cancer of 2% or less.(1,2) The

database at the Department of Radiology,

accepted recommendation in most guidelines for this

Ramathibodi Hospital, Thailand. Women who

group of women is short-interval imaging follow-up.(3,4)

had known breast cancer status at two years

The “short-interval” is usually three to six months. The

after screening were included in the study and

American College of Radiology recommends six-month

divided into two groups : short-interval (six

imaging follow-up for at least two years.(4)

months after screening) or regular-interval (one

There have been many studies addressing the

year after screening) follow-up. The two groups

question of whether or not the short-interval follow-up

were compared in terms of the baseline clinico-

recommendation for women with BI-RADS 3 imaging

radiologic characteristics and outcomes, including

findings is appropriate. The rationale behind a short-

the image stability, image-detected breast cancer

interval follow-up is to detect existing malignancy at an

and the cancer stage at detection.

early stage. Previous studies have never directly answered
the question of whether short-term follow-up is more

Results: A total of 10,086 women underwent

effective than regular-interval (annual) follow-up.(5) For

screen imaging studies within the study period.

example, many studies have addressed the question of the

Of these, 1,541 (15 percent) were categorised

predictive value of BI-RADS 3 mammograms,(1,2,6) the

as BI-RADS 3. Only 1,036 women (67 percent)

addition of other imaging studies to the mammogram,(6)
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had follow-up images done six to 12 months after

the comparison of the predictive values between various

screening, and 846 (82 percent of 1,036 women)
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categories of mammograms or imaging studies,(1,8) or the

also had known cancer status two years after

accuracy of short-interval mammograms compared to

the screening. Breast cancer was noted in seven

first-performed screen or diagnostic mammograms,(9,10)
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women (a positive predictive value of 0.7 percent).

which are all of indirect relevance to the question.

There were no significant differences between the

A direct approach to addressing the question would
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two groups of women in terms of their baseline

be to perform a comparative study of two groups of

characteristics, image stability at the initial

women with BI-RADS 3 on initial screen imaging, with

follow-up, the rate of image-detected breast

one group undergoing short-interval follow-up and the

cancer and the stage of cancer at detection.

other undergoing regular-interval follow-up, and to
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compare the two groups in terms of the imaging findings
Conclusion: There were no significant differences

on follow-up, the positive predictive value for breast
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cancer at two years post screening, image-detected

studies were performed by experienced radiologists.

breast cancer and the stage of breast cancer at detection.

Screen imaging studies were defined as those

The objective of the present study was to perform such a

performed for asymptomatic women or if the referring

comparative study.

physicians marked the request forms as such. The
screen, or index images were defined as the earliest

METHODS

screen images obtained for a particular woman within

Imaging studies of women undergoing screening

time period between January 2003 and December 2005.

mammography and ultrasonography during the three-

There may have been earlier images obtained prior to

year period, between January 2003 and December 2005

January 2003 for some patients, but these were excluded.

at the Breast Diagnostic Centre, Ramathibodi Hospital,

Follow-up images were usually performed six months to

Thailand, were reviewed. The hospital’s Research Ethics

one year after screening. The BI-RADS categories were

Committee approved the study. The choice between

not reported separately for mammograms and sonograms;

short- or regular-interval follow-up was most relevant

the reported category was chosen as the highest of the

for asymptomatic women, since imaging studies were

two sets of images. The breast imaging information was

the only available means of follow-up. Women who had

complete for all the women.

breast imaging studies conducted for breast symptoms

Images were defined as stable if the initial follow-up

were therefore excluded. The breast imaging database

images (the first set of short- or regular-interval follow-

of women with screen imaging studies reported as BI-

up images obtained after the index screening imaging)

RADS 3 were further searched for follow-up imaging

were categorised as BI-RADS 3, 2 or 1. The images

studies that had been conducted during the subsequent

were regarded as progressive if the initial follow-up

24 months. Biopsy and clinical examination results of

images were categorised as BI-RADS 4 or 5. The initial

any breast lesion found during the two-year follow-up

follow-up image-detected breast cancer was defined

period were obtained, as far as possible.

as histology-proven breast cancer, subsequent to the

Breast cancer was determined to be present if the

categorisation of initial follow-up images as BI-RADS

open or core needle biopsy or mastectomy specimens

4 or 5. All subsequently detected breast cancers were

were positive for breast cancer. Breast cancer was

located in the same area as the lesions that were seen on

determined to be absent if the histological examination

the imaging studies.

revealed benign findings or a final imaging study at 24

Other data obtained from the medical records

months showed a BI-RADS 1, 2 or 3 lesion if biopsies

included age at the index imaging, breast density,

were not performed. Women who did not complete the

size of the lesions seen on imaging, mammographic

two-year follow-up were excluded from the study. Some

and sonographic findings, the results of a definitive

women were also excluded if the breast cancer status

pathological examination, pathological size and the

at two years could not be determined. These included

tumour, node, metastasis (TNM) stage.

women with BI-RADS 4–5 at the 24th month of follow-

The primary comparison was between women with

up who did not undergo biopsy of the lesion. For each

BI-RADS 3 screen images who underwent short-interval

BI-RADS category, the positive predictive value (PPV)

follow-up and those who underwent regular-interval

for breast cancer was defined as the ratio between the

follow-up imaging, and who were followed for at least

number of breast cancers and the total number of women

two years after the initial screen. Due to the observational

with known cancer status for that particular BI-RADS

character of the present study, the choice of short- or

category.

regular-interval follow-up was left to the preferences of

Mammography was performed using standard

the patient and her referring physician. The outcomes to

methods. Prior to the beginning of 2005, all

be compared were the rate of image stability, PPV for

mammograms were obtained using analogue machines

breast cancer at two years, the image-detected breast

(Lorad M-IV, Danbury, CT, USA; and Senographe

cancer rate at the initial follow-up, and the cancer stage.

DMR, GE, Milwaukee, WI, USA). Thereafter, almost

The continuous variables were summarised using

all mammograms were obtained with a full-field digital

the mean ± SD or median (range), as appropriate. The

mammography machine (Lorad Selenia, Hologic,

categorical variables were summarised using counts

Danbury, CT, USA). Simultaneously, sonograms (HDI

and percentages. Statistical tests of differences in the

5000, Philips Ultrasound, Bothell, WA, USA) were

continuous variables between the two independent groups

obtained for almost all patients, with the exception of

were performed using a t-test or Wilcoxon rank-sum test,

those with almost entirely fatty breasts. All the imaging

as appropriate. Differences in the categorical variables
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Table I. Characteristics of all the patients screened.
Characteristic (n = 10,086, unless otherwise stated)
Age at initial screen imaging (years)
Mean ± SD
Median (Range)
Breast density (BI-RADS mammographic criteria)
Dense (extreme and heterogeneous density)
Not dense (fibro-glandular and fatty)
BI-RADS category at screen imaging
1
2
3
4A
4B
4C
5
Biopsy
Conducted
Not conducted
Cancer status after two years follow-up*
Cancer
No cancer
Low-risk lesion
High-risk lesion (LCIS, ALH, ADH)
Uncertain
Positive predictive value for cancer (n = 6,862)**
BI-RADS 1
BI-RADS 2
BI-RADS 3
BI-RADS 4A
BI-RADS 4B
BI-RADS 4C
BI-RADS 5

No. (%)
51.1 ± 7.9
51 (20–99)
8,640 (86)
1,446 (14)
2,697 (26.7)
5,670 (56.2)
1,541 (15.3)
26 (0.3)
121 (1.2)
11 (0.1)
20 (0.2)
251 (2.5)
9,835 (97.5)
78 (0.8)
6,768 (67.1)
16 (0.2)
3,224 (31.9)
2/1,614 (0.1)
19/3,974 (0.5)
9/1,128 (0.8)
1/18 (5.6)
25/101 (24.8)
7/10 (70.0)
15/17 (88.2)

* The cancer status was defined according to histological results obtained within two year after the screening. “No cancer” was also
defined as BI-RADS 1–3 at two years after screening; otherwise the lesion was defined as “uncertain”.
** Determined for women with known cancer status at two years.
SD: standard deviation; BI-RADS: Breast Imaging and Data Reporting System; LCIS: lobular carcinoma in situ; ALH: atypical lobular
hyperplasia; ADH: atypical ductal hyperplasia

were tested using the chi-square test or Fisher’s exact

who underwent screening imaging studies are presented

test, as appropriate. Statistical significance was defined

in Table I, along with the PPV for breast cancer of

as a two-sided test with a p-value of 0.05 or less. All

each BI-RADS category. The baseline and outcome

statistical analyses were performed using Stata version 9

comparisons between women with screen BI-RADS 3

(Stata Corp, College Station, TX, USA).

images who underwent short-interval follow-up and
those who underwent regular-interval follow-up are

RESULTS

presented in Table II. As shown in Table II, there were no

A total of 10,086 women underwent a screen breast

significant differences in the baseline characteristics and

imaging study during the time period between January

outcomes of the two groups. Only 30% of all the women

2003 and December 2005. Of these, 1,541 (15%) women

with BI-RADS 3 index images underwent short-interval

had BI-RADS 3 initial image results, and 6,862 (68%)

follow-up, while 70% underwent regular-interval follow-

had known cancer status at 24 months post screening.

up. The PPV for breast cancer was 0.7% (six out of 846)

The presence of breast cancer was found in 78 (1.1%) of

at two years, and the initial follow-up images were able

6,862 women at 24 months post screening. Only 1,036

to detect 67% (four out of six) of these cancers. All the

(67%) of 1,541 women with BI-RADS 3 screen images

breast cancers detected were in the early-stage. Only 3%

also had follow-up imaging studies performed at six to

had interval progression, as seen on the initial follow-up

12 months post screening. These women were the main

images, i.e, there was 97% image stability.

subjects of the present study. Of these, 846 (82%) of
1,036 women had known cancer status at 24 months.
The clinico-radiologic characteristics of the women

For women with BI-RADS 3 screen images, the
comparison between those with known and those with
unknown cancer status at 24 months after the screening
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Table II. Comparison of short-interval and regular-interval follow-up for women with BI-RADS 3 screen images.
Characteristic		
Short-interval follow-up
		
(n = 368)

No (%)		
Regular-interval follow-up
All BI-RADS 3
(n = 668)
(n = 1,036)

p-valuea

Mean age ± SD (years)

49.5 ± 6.9

50.1 ± 7.2

49.9 ± 7.1

0.189

Dense breast

332 (90.2)

606 (90.7)

938 (90.5)

0.792

38 (3.7)
27 (2.6)
3 (0.3)
6 (0.6)
33 (3.2)

0.227
0.143
0.937
0.908
0.524

Biopsy
10 (2.7)
28 (4.2)
Low risk lesion		 6 (1.6)
21 (3.1)
High risk lesion		 1 (0.3)		 2 (0.3)
Cancer		 2 (0.5)		 4 (0.6)
Interval progression (at initial
10 (2.7)
23 (3.4)
short or regular follow-up)
PPV for breast cancerb

2/278 (0.7)

4/568 (0.7)

6/846 (0.7)

0.980

Rate of image detected
cancerb,c

1/278 (0.4)

3/568 (0.5)

4/846 (0.5)

0.999

0/278 (0.0)
1/278 (0.4)
0/278 (0.0)
1/278 (0.4)

1/567 (0.2)
1/567 (0.2)
1/567 (0.2)
0/567 (0.0)

1/845 (0.1)
2/845 (0.2)
1/845 (0.1)
1/845 (0.1)

0.531

pTNM stageb,d
0: DCIS
I		
IIA
IIB

This is the p-value according to t-test, rank test, chi-square or Fisher’s exact test, as appropriate.
There were only 846 of 1,036 women with known cancer status at 24 months.
c
Detected at initial short- or regular-interval follow-up.
d
One patient was transferred to another hospital before operative treatment was conducted.
BI-RADS: Breast Imaging and Data Reporting System; SD: standard deviation; PPV: positive predictive value; pTNM: pathological
tumour, node, metastasis; DCIS: ductal carcinoma in situ
a

b

is shown in Table III. The significant difference in the

valid study design would be to conduct a comparison of

frequency of performed biopsies was expected, as a

short- and regular-interval follow-up strategies in terms

histological diagnosis was one of the criteria used for the

of the radiologic breast cancer detection rate and the

determination of cancer status. The two biopsies in the

stage of cancer at some appropriate time point (one or

unknown cancer status group were performed at other

two years) after the index imaging studies.

hospitals and the formal histological reports were not

The present study found no significant differences

obtained. Significantly more women underwent short-

in the image stability (interval progression of the lesions

interval follow-up in the unknown status group than in

or newly seen lesions), the PPV for breast cancer at

the known status group.

two years, the rate of image-detected breast cancer at
the initial follow-up and the stage of cancer at detection

DISCUSSION

between women with BI-RADS 3 screen images who

Many studies have examined the PPV of breast cancer

either underwent short-interval or regular-interval

for various BI-RADS categories determined within one

follow-up. Initial follow-up images were able to detect

to two years after the index imaging study.

All

four out of six (67%) histology-proven breast cancers, a

these studies have found the PPV for breast cancer of

sensitivity rate that is similar to that found in previous

BI-RADS 3 lesions to be low, and that asymptomatic

studies.(9,10)

(1,2,6,8-10)

women with such images do not routinely require

There are several possible explanations that are

breast biopsies. Instead, short-interval imaging follow-

not necessarily mutually exclusive for the present

up is often recommended.(11) However, the greater

findings. First, imaging studies were not the only

effectiveness of a short-term follow-up over regular-

method of cancer detection used. Other modalities,

interval follow-up has never been proven.

such as physical examination and patient symptoms,

(2,5,9,11,12)

Previous studies have also not directly addressed

could have complemented radiologic investigations

the effectiveness of short-interval follow-up vs. regular-

and compensated for the hypothetically less sensitive

interval follow-up recommendations for women with

regular-interval follow-up. Another possible explanation

BI-RADS 3 breast images. Since the aim of a shorter-

is the slow progression of “occult” breast cancers.

interval follow-up is to detect existing breast cancers at

Therefore, the cancer did not appreciably differ, in

an early stage and at an earlier point in time, the most

terms of the current TNM cancer staging systems, when
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Table III. Comparison of known or unknown cancer status at 24 months for women with BI-RADS 3 screen
images.
Characteristic
		
		

Known cancer status
(n = 846)

No (%)		
Unknown cancer status
(n = 190)

p-valuea

Mean age ± SD (years)

49.9 ± 6.9

49.8 ± 8.1

0.839

Dense breast

771 (91.1)

167 (87.9)

0.168

Biopsy

36 (4.3)

2 (1.1)

0.034

Interval progressionb

29 (3.4)

4 (2.1)

0.348

278 (32.9)
568 (67.1)

90 (47.4)
100 (52.6)

Type of follow-up
Short-interval
Regular-interval

< 0.001
-

This is the p-value according to t-test or chi-square test as appropriate.
The interval progression within 12 months of follow-up.
BI-RADS: Breast Imaging and Data Reporting System; SD: standard deviation
a

b

detected by either short- or regular-interval follow-

significantly more women with unknown cancer status

up images.

In addition, commonly used imaging

underwent short-interval follow-up than those with

studies (mammography and ultrasonography [US]) might

known cancer status (Table III). If women with unknown

not be sensitive to changes in the size of initially small

cancer status are more likely to have breast cancer, then

tumours.(6) Finally, the lack of any significant differences

the results of the present study might have been biased

could have occurred by chance (see below).

toward a lower cancer detection rate in the short-interval

(6,10,12)

The 15% relative frequency of BI-RADS 3 images
in the present study was considerably higher than the

follow-up group.
Even if it is true that short-interval follow-up for

(13,14)

asymptomatic women with BI-RADS 3 breast images

However, the 0.7% PPV in the present study was

does not in general increase the rate of image-detected

comparable to the accepted risk for women with BI-RADS

breast cancer or detect breast cancers at an earlier stage,

3 lesions.(15) The use of the US as well as mammography

there may be subgroups of higher-risk women with

in determining the BI-RADS category might partly

rapidly progressive breast cancer who may benefit from

explain the apparently high relative frequency of BI-

short-interval follow-up, or may even require a biopsy.

RADS 3 in the present study, by including more women

Methods to identify such women include computer-

with benign lesions into the BI-RADS 3 category.

aided classification (CAC),(17) statistical models,(18,19)

frequency noted in previous studies (1.1 to 12.2%).

(6)

There is some evidence that the addition of US

the use of longitudinal imaging information,(20) and the

to mammography can significantly increase the rate

concurrent use of other imaging studies.(21,22) The least

of detection of early breast cancer, although with

expensive method would be to use easily obtainable

a concurrent increase in the rate of false positive

clinical or radiologic information to quantify the breast

findings.

US is most useful for younger women

cancer risk based on statistical models. For a more valid

or women with dense breasts.(15,16) Since the combined

and reliable comparison of the relative effectiveness of

use of US and mammography is standard practice in

different follow-up intervals, a larger randomised study

our institution, as can be seen by the high proportion of

needs to be conducted in the future.

(15,16)

women with dense breasts (86%) (Table I), this study

Since higher-risk women with category 3 breast

has not looked at the effects of US and mammography

images cannot be reliably identified with the present

separately.

technology, the authors recommend a middle ground,

Some limitations of the present study include its

that has been previously suggested,(6) between not

non-randomised design, the small number of outcomes

performing short-interval follow-up at all and obtaining

and incomplete data. Because of the small number

short-interval follow-up for two to three years. In other

of outcomes, the lack of evidence for any significant

words, it is recommended that short-interval follow-up

differences could have occurred purely by chance.

be conducted only once, and if no interval progression

A relatively high percentage of women who did not

is noted, the patient should be followed up annually

complete the 24-month follow-up (18%, 190 out of

thereafter.

1,036) might have introduced some selection bias into

This study found no significant differences in terms

the comparison between the two groups. In particular,

of breast image stability, the cancer detection rate and the
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cancer stage at detection between the short- and regularinterval imaging follow-up strategies in women with BIRADS 3 screen images. The savings associated with the
decrease in the number of imaging studies when using
the regular follow-up strategy, as well as the reduction
in the “induced” costs (including additional imaging
studies and biopsy procedures), may be substantial,
especially in the setting of a developing economy.
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