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Abstract
Purpose: To define the value of repetitive performed 
exclusive MRI of the breast at intervals of maximum 24 
months in asymptomatic women and patients regarding the 
tumor size and stage at the time of diagnosis.

Material and methods: Women with normal MRI of the 
breast upon initial examination and subsequent breast MRI 
within intervals of maximum 2 years were included. Benign 
and malignant lesions as well as the tumor stages were 
reported and analysed.

Results: 8.975 MRI were performed in 2333 women. 6642 
exams were subsequent MRI (2.85 follow-up MRI/woman). 
Within the examination intervals, 290 (4.37% per follow 
up exam) lesions categorized as MR-BIRADS 4/5 were 
found in 272 patients. All of these findings were clarified 
by percutaneous biopsy. Histology revealed benign findings 
(B1/B2) in 151/290 (52.1%), B3-lesions in 24 (8.3%), and 
malignant tumors (B5a/B5b) in 115 cases (39.6%). Open 
biopsy revealed an intraductal carcinoma in 36/115 cases 
(G1: 11, G2: 16, G3: 9), and an invasive breast cancer in 
79/115 cases. Tumor stages of the invasive carcinoma 
were pT1a (17/79; 21.5%), pT1b (39/79, 49.4%), and pT1c 
(22/79; 27.8%). Only one invasive cancer was classified as 
stage pT2. The average size of all invasive tumors was 9.0 
mm. Rate of nodal negative invasive cancer was 95.9%. 
Rate of interval carcinomas was less than 2%.

Conclusion: The performance of repetitive MRI of the 
breast at intervals of maximum 24 months allows the 
reliable detection of breast cancer at an early stage (pTis, 
pT1a, pT1b, pN0) with an excellent prognosis.
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Introduction
Tumor size, the histology and immunhistochemical 

parameters as well as the lymph node status at the time 
of diagnosis have a relevant influence on the prognosis 
and the long time-survival of breast cancer. In this 
context, invasive carcinomas under 10 mm in size, 
which most often exhibit a N0-lymph node status, have 
an excellent 10-year-tumor-free survival rate of 98% 
[1]. With respect to intraductal breast tumors, this rate 
increases to 100% if adequate therapy is performed.

Self-examination and medical clinical examination of 
the breast do not improve lifetime prognosis, because 
the average size of a palpable tumor is 2 to 3 cm [2]. 
Also, sole sonography of the breast is not adequate for 
the early detection of breast cancer [3]. To date, only 
the exclusive use of mammography within population-
related screening programs has been able to 
demonstrate that a reduction of breast cancer mortality 
is possible [4,5]. The main strength of mammography is 
the reliable visualization of microcalcifications. These 
small calcifications can be the first sign of malignancy in 
non-dense, as well as in dense breast tissue. However, 
mammography is drastically limited in the detection of 
tumors that are not associated with microcalcifications 
in dense breasts. This limitation leads to a decrease 
of sensitivity of mammography to 30-40% in women 
with density type c or d according to ACR [6]. In this 
constellation even sonography of the breast is superior 
to mammography for the early detection of carcinomas 
[6,7].
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It is uncontroversial that quality assured MRI of the 
breast is superior to all other imaging modalities for 
the early detection of breast cancer. Several studies 
demonstrate the superiority and the high value of MRI 
in women with defined high risk profile [7-9]. There is 
consensus that about 95% or more of all carcinomas 
of the breast are detectable on MRI. The remaining 5% 
of lesions that were not seen on MRI were intraductal 
tumors or very small invasive carcinomas depicted on 
mammography due to the associated microcalcifications 
[7-9]. Clinical examination and ultrasound do not give any 
additional information. Several studies demonstrate, 
that about 50% of all carcinomas would not be depicted 
in a diagnostic concept without MRI [7-9].

The purpose of this study was to evaluate quality-
assured high resolution MRI of the breast performed 
at consecutive intervals of 24 months or less in 
asymptomatic women and patients with respect to the 
questions: Does repetitive performed exclusive MRI 
allow a reliable detection of breast cancer at an early 
stage regarding the tumor size and stage at the time 
of diagnosis, and does it possibly make other imaging 
modalities dispensable.

Material and Methods
This evaluation included consecutive women and 

patients, who had a normal MRI of the breast (MR 
BIRADS 1,2,3) and one or more follow-up MRI exams 
at an interval of 24 months or less. Women with a 
suspicious finding (MR BIRADS 4 or 5) on the initial 
MRI examination, or with a follow-up MRI exam at an 
interval of more than 24 months were excluded from the 
study. All women in this study were asymptomatic. They 
referred for screening MRI or had a personal history of 
breast cancer and were referred for a follow-up MRI. 
In the screening group, the degree of familial risk was 
categorized as mild, moderate, or high. Life-time risk 
was defined as “mild” if there was no breast and/or 
ovarian cancer in the womans personal medical history 
or that of her first-degree relatives. Criteria of “high” 
risk were a positive genetic testing (i.e. BRCA 1, BRCA 
2), more than three first-degree relatives with breast 
and/or ovarian cancer, personal history of a biopsy with 
histological results associated with an increased breast 
cancer risk (i.e. LIN, ADH), and patients after irradiation 
therapy of the chest region. Women, who were not 
placed in one of these two categories, were classified to 
have a “moderate” risk profile. Patients with a personal 
history of breast cancer were subdivided into those 
who had undergone breast conserving therapy (BCT) or 
mastectomy (ME).

All MRI-examinations were performed on a 1.5Tesla 
whole-body scanner Signa HDX (Fa. GE Healthcare, 
Milwaukee, WI, USA) using a dedicated open 4-channel-
breast surface coil (Fa. MRI Device, Knaresborough, NY, 
USA) with an integrated device for the immobilization 

of both breasts in cranio-caudal orientation (Fa. Noras, 
Hoechberg, Germany). Premenopausal women were 
examined between days 7 and 14 of their menstrual 
cycle. The MRI examination included a fat-saturated 
T2 weighted inversion-recovery-sequence with the 
following parameters: repetition time (TR)/ echo time 
(TE) 6925 ms/67 ms, field-of-view (FOV) 380 mm, 50 slices 
of 2.0-2.5 mm, matrix of 512 × 512, and a measurement 
time of 4:51 minutes. Subsequently, 3D T1 weighted 
gradient-echo-sequences were performed repetitively 
(once before, and 5 times after administration of contrast 
material) using the following parameters: TR/TE 8.4 ms/ 
4.1 ms, FOV 380 mm, 50 slices of 2.0-2.5 mm, Matrix 
512 × 512 without interpolation, and a measurement 
time of 86s per sequence. The phase encoding gradient 
(PEG) was in the fronto-dorsal orientation for the first, 
and in the medio-lateral orientation for the second pre-
contrast measurement. After administration of contrast 
material, two measurements followed with the PEG in 
the medio-lateral orientation, and one measurement 
with the PEG in the fronto-dorsal orientation. From 
May 2003 to December 2012 Gd-DTPA (Magnevist®, 
Schering company, Berlin, Germany/Magnevist®, Bayer 
company, Leverkusen, Germany) was administered at a 
dosage of 0.1 mmol per kg body weight via an automatic 
injector (flow 3 ml/second) to a peripheral vein. From 
January 2013 to the end of the study, a cyclic contrast 
material (Gadovist®, Bayer company, Leverkusen, 
Germany) was administered in an equivalent dosage. In 
all cases 20 ml of physiologic saline solution was applied 
after application of the contrast material to wash out 
the infusion tubing.

Postprocessing included the subtraction of the 
precontrast images from the first and second post-
contrast measurements with the PEG in the medio-
lateral as well as in the fronto-dorsal orientation on a 
pixel-to-pixel basis. In addition, maximum-intensity-
projections (MIP) of these subtraction images and the 
T2-images were performed [10].

The evaluation of the MR images included the 
separate BIRADS assessment for each breast according 
to the information given in the medical report. Images 
were assessed in 5 categories: (MR-BIRADS 1: Negative 
finding; MR-BIRADS 2: Benign finding; MR-BIRADS 3: 
Probably benign finding; MR-BIRADS 4: Suspicious 
abnormality; MR-BIRADS 5: Highly suggestive of 
malignancy) [11]. To calculate the sensitivity and 
specificity, MR-BIRADS 1-3 were classified as “benign”, 
and MR-BIRADS 4 and 5 were classified as “malignant” 
lesions.

The breast density type was categorized depending 
on the amount of fibroglandular tissue (FGT) on mam-
mography or in the T1-weighted precontrast images. 
Four density types were differentiated according to the 
recommendations of the ACR (density-type a: Almost 
entirely fat; density-type b: Scattered fibroglandular tis-
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life-time risk for breast cancer (Table 1 and Table 2).

After percutaneous biopsy, histology revealed benign 
lesions (histological category B1 und B2) in 151/290 
(52.1%) of cases. Lesions with unknown biological 
potential (B3) were found in 24 (8.3%) cases. 115/290 
(39.6%) of the suspicious lesions were malignant 
(categories B5a, B5b).

Follow-up examinations 6-12 months after biopsy 
were performed in women with histologically proven 
benign findings. Thereafter, routine MRI for early 
detection of breast cancer was performed in intervals 
of 1-2 years, depending on the individual risk profile. 
Control MRI within these intervals did not show any 
progress of a lesion that was biopsied before.

The 24 histological verified B3-lesions were atypical 
ductal hyperplasia (ADH, n = 2), lobular intraepithelial 
neoplasia (LIN, n = 6), papillary lesions (n = 12), phylloid 
tumors (n = 2), and radial scars (n = 2). Following the 
recommendation of the interdisciplinary conference, 
open biopsy was performed in 12 of these cases. None 
of these open biopsies, however, showed malignancy.

All patients with a histologically proven malignant 
tumor on percutaneous biopsy (B5a, B5b) underwent 
subsequent open biopsy. Histology revealed 36/115 
intraductal carcinomas, subclassified as low grade DCIS 
in 11, intermediate type DCIS in 16, and high grade DCIS 
in 9 cases. The extent of DCIS ranged from 5 mm to 61 
mm (average size 16.6 mm). Four patients with DCIS 
had additional sentinel-lymphadenectomy due to the 
large size of the lesion. The nodal state of all of these 
patients was negative.

The other 79/115 cases with open biopsy had a 
histologically verified invasive breast cancer. These 
were invasive ductal carcinomas (IDC, n = 61), invasive 
lobular carcinomas (ILC, n = 11), tubular carcinomas (TC, 
n = 6), and one mucinous breast cancer (MC, n = 1). The 
tumor sizes were pT1a in 17 (21.5%) cases, pT1b in 39 
(49.4%) cases, and pT1c in 22 (27.8%) cases. Only one 
invasive carcinoma (1.3%) was larger than 2 cm (pT2). 
The average size of all invasive breast cancers was 9.0 
mm (range: 2 mm - 22 mm). The average size of TC was 
5.5 mm, of IDC 8.7 mm, and of ILC 12.5 mm. Dependent 
on the grading, invasive G1-carcinomas had an average 
size of 7.3 mm, G2-carcinomas of 8.6 mm, and G3-
carcinomas of 10.9 mm. The correlation between the 
time intervals between MRI examinations and the 
tumor size, histopathological subtype, and grading is 
presented in Figure 1.

In 74/79 cases with invasive breast cancer 
lymphadenectomy was performed. The remaining 5 
patients had no axillary lymph nodes removed due 
to a previous axillary dissection. Histology revealed 
71/74 (95.9%) cases with normal lymph nodes and 
three patients with a positive state of the lymph node 
involvement (pNmic, pN1a, pN2a). 

sue; density-type c: Heterogeneous fibroglandular tis-
sue; density-type d: Extreme fibroglandular tissue) [11].

Mammography and/or breast ultrasound were only 
regarded in women with lesions categorized as BIRADS 
4 or 5 in MRI. These women underwent a bilateral 
digital full-field-mammography on a Senographe 2000D 
(GE Healthcare, Milwaukee, WI, USA) in one (medio-
lateral oblique, MLO) or in two (MLO plus cranio-caudal, 
CC) views. Mammograms from external facilities were 
not included. The density type (a-d) and the BIRADS- 
categorizations (MX-BIRADS 1-5) of the mammograms 
were taken from the primary medical report. A re-
evaluation of the mammograms was not performed. 
Ultrasound was done in hand-held technique with a 
system Logic 9 or Logic 9e using a receiving transducer 
of 10-15 mHz (GE Healthcare company, Milwaukee, WI, 
USA). Ultrasound was performed as part of the primary 
breast imaging and/or as a second-look sonography in 
full awareness of the MRI findings. The evaluation of 
the ultrasound examination was performed according 
to the US-BIRADS- categorization (US-BIRADS 1-5) [11].

Results
From June 2003 to May 2016 a total number of 2333 

women and patients underwent 8975 MRI of the breast 
with a maximum interval of 24 months between the 
examinations. MRI was performed for breast cancer 
screening in 1752 asymptomatic women with different 
life-time risk profiles (normal risk n = 979, moderate risk 
n = 691, high risk n = 82). 581 patients underwent MRI 
of the breast during the follow up period after breast 
cancer treatment (breast conserving therapy n = 421, 
mastectomy n = 160).

The age of the examined women ranged from 20 to 
86 years (average age: 53.0 years) on the date of the 
first MRI examination. The average density type on 
mammography was 3.4 according to the classification 
of the American College of Radiology (type a: 18; type b: 
232; type c: 892; type d: 1191).

Without exception, all findings on the first MRI 
examination of the breast (2333 exams) were classified 
as BIRADS 1,2, or 3, as defined in the inclusion criteria. 
There were 6642 follow-MRI-exams with intervals of 24 
months or less. The number of follow-MRI-exams per 
person ranged from 1 to 17 examinations corresponding 
to 2.85 rounds per woman/patient. Follow-up-MRI 
demonstrated a benign finding correlating to the 
category BIRADS 1,2, or 3 in 6.352 exams (95.6%). In 
the remaining 290 examinations in 272 patients, MRI 
showed a lesion classified as MR-BIRADS 4 or 5. All of 
the 290 lesions were verified by percutaneous biopsy. In 
this group, 14 patients had two biopsies, and 2 patients 
had 3 biopsies at different times. Thus, the biopsy rate 
was 11.7% per women (4.37% per exam) within the 
follow-up MRI examination period. There was a direct 
correlation between the biopsy rate and the individual 
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the value of different imaging modalities for the early 
detection of breast cancer in asymptomatic women. 
Numerous studies demonstrates the value of mammog-
raphy in population-based screening programs [4,5,12]. 
Various other studies compare the value of different 
imaging modalities (mammography, breast ultrasound 
and MRI of the breast) in high-risk women [7-9,13,14] as 
well as in normal-women [15]. All of these studies base 
their evaluation on the results of the initial and of the 
follow up examinations. This study differs in its study 
design, because all women and patients included in this 
study had an inconspicuous MRI of the breast (BIRADS 
1,2,3) on the initial examination. Thus, only the results 
of subsequent routine breast MRI exams performed 
within an interval of 2 years or less were evaluated. The 
goal of this study is to ascertain whether or not routine 
MRI of the breast at intervals of 24 months or less leads 
to a significant reduction of tumor size and stage at the 
time of diagnosis. 

The results of this study demonstrate that MRI of the 
breast does allow indeed the detection of breast cancer 
at an early tumor stage when performed repetitively at 
intervals of 24 months or less. In 80% of patients with 
breast carcinomas, MRI depicted the tumor at an early 
histological stage (pTis, pT1a, or pT1b) with an excellent 
prognosis. In high risk groups, Kriege, et al., Riedl, et al., 
and Kuhl, et al. reported a detection rate for DCIS and 
invasive breast cancer smaller than 11 mm in breast 
MRI of 50%, 72%, and 74% [7-9]. In this context, the rate 
of detected breast cancer in the presented evaluation 
are very similar to the results reported by Kuhl, et al. 
[7]. In comparison to these data, the rate of early breast 
cancers (pTis, pT1a, or pT1b) depicted in quality-assured 
mammography screening programs ranges from 50 to 
60% [12]. 

Within the study group, 2 patients came ahead of 
the recommended schedule because of a palpable 
mass in the breast. Both patients had an invasive breast 
cancer of 8 mm. In one case, the patient felt a palpable 
mass in the upper inner quadrant of the breast after 
reducing her body weight by 12 kg. In the other case, 
a patient with implants noticed a palpable mass in the 
areolar region. Regarding the total number of malignant 
tumors, this corresponds to a rate of interval breast 
cancer of 1.7% in this study. 

Patients with high risk profile and those with treated 
breast cancer had a significantly higher detection rate 
of breast cancer (12.2% rsp. 7.7%) compared to women 
with normal or moderately increased risk profile (3-4%). 
A detailed list of the results is given in Table 1.

In the group of patients with breast carcinoma 
detected in MRI, six patients refused mammography 
for personal reasons. In the remaining group of 109 
patients, mammography missed 87/109 (79.1%), and 
ultrasonography missed 73/115 (63.5%) of the tumors. 
The combination of mammography and ultrasound 
missed 62/115 (53.9%) of all malignant tumors. Of the 
42 carcinomas detected with ultrasound, 21.4% were 
depicted retrospectively (second look) (Table 2). The 
main cause of this limited value of mammography in 
the detection of breast cancer has to be seen in the 
high parenchymal density in the women/patients: The 
average density type in this study was 3.4 according 
to the initial classification of the American College of 
Radiology. In this constellation even sonography of 
the breast is superior to mammography for the early 
detection of carcinomas [6,7].

Discussion
To date there are many publications reporting on 

  

Figure 1: Invasive breast carcinomas. Tumor size (mm), tumor histology (IDC, ILC, TC, MC), and grading (1,2,3) depending 
on the time interval between the MRI examinations (in months).
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Table 1: Cohort depending on the individual risk profile (age, MRI, BIRADS, histology, lymph node stage).

High risk Status with 
BCT or ME

Moderate 
risk

Normal 
risk

Total

Women Number 82 581 691 979 2333
Age Years 44.4 56.6 51.1 53.0 53.0
Range of age (min-max) Years 20-80 28-86 22-79 27-84 20-86
Density type (1-4) Average 3.61 3.12 3.46 3.49 3.39

MRI of the breast Number 388 2748 2569 3270 8975
Follow-up MRI Number 302 2171 1878 2291 6642
Follow-up MRI per women Number 3.7 3.7 2.7 2.3 2.8

Women with MR-BIRADS 1,2,3 Number 56 493 626 886 2061 
(88.3%)

Women with MR-BIRADS 4,5 Number 23 91 65 93 272 (11.7%)
Follow-up: MR-BIRADS 1,2,3 Number 277 2071 1807 2197 6352 

(95.6%)
Follow-up: MR-BIRADS 3,4 Number 25 100 71 94 290 (4.4%)

MR-BIRADS 4,5 per women % 28.0 15.7 9.4 9.5 11.7
MR-BIRADS 4,5 per follow up % 9.0 4.6 3.8 4.1 4.4

Histology: B 1,2 Number 13 51 40 47 151 (52.1%)
Histology: B 3 Number 2 4 7 11 24 (8.3%)
Histology: B 5 Number 9 45 23 36 115 (39.6%)
Subtype: B 5a Number 3 15 6 12 36
Subtype: B 5b Number 7 30 18 24 79

MRI interval (in average) in case of 
breast cancer

Months 14.22 14.62 16.01 14.13 14.95

Carcinoma Number 10 45 24 36 115 (100%) 
Carcinoma per women % 12.2 7.7 3.5 3.7 4.9

Intraductal carcinomas Number 3 15 6 12 36 (31.3%)
DCIS G1 Number 1 4 2 4 11
DCIS G2 Number 1 9 3 3 16
DCIS G3 Number 1 2 1 5 9

Invasive carcinomas Number 7 30 18 24 79 (68.7%)
IDC Number 7 22 11 21 61
ILC Number 0 5 4 2 11
MC Number 0 1 0 0 1
TC Number 0 2 3 1 6

pT1a Number 2 9 2 4 17
pT1b Number 4 16 8 11 39
pT1c Number 1 5 7 9 22
pT2 Number 0 0 1 0 1

Luminal A Number 2 10 9 6 27

https://doi.org/10.23937/2474-1353/1510091
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Luminal B Number 2 15 6 16 40
HER Number 1 0 0 0 1
Triple Negative Number 2 5 2 2 11

Lymph node negative Number 7 25 18 21 71/74 
(95.9%)

Lymph node positive Number 0 0 0 3 3/74 (4.1%)
No lymphadenectomy Number 0 5 0 0 5

Table 2: Results of MX and US depending on risk profile and tumor stage.

High risk Status with BCT or ME Moderate risk Normal risk Total
Malignant tumors, all 10 45 24 36 115
MX n A 2 0 1 3 6 (5.2%)
MX R+ 1 8 3 10 22/109 (20.2%)*

MX F- 7 37 20 23 87/109 (79.8%)*

US R+ 5 10 12 15 42/115 (36.5%)
US F- 5 35 12 21 73/115 (63.5%)
MX+ US R+ 6 16 12 19 53 (45.2%)
MX+ US F- 4 29 12 17 62 (53.9%)

DCIS 3 15 6 12 36
MX R+ 0 5 0 4 9 (25.0%)**

MX F- 2 10 6 7 25 (69.4%)**

US R+ 1 0 0 4 5 (13.9%)
US F- 2 15 6 8 31 (86.1%)
MX+ US R+ 1 5 0 7 13 (%)
MX+ US F- 2 10 6 5 23 (%)

pT1a 2 9 2 4 17
MX R+ 0 0 0 1 1 (5.9%)**

MX F- 1 9 2 2 14 (82.4%)**

US R+ 1 3 1 2 7 (41.2%)
US F- 1 6 1 2 10 (58.8%)
MX+ US R+ 1 3 1 2 7 (41.2%)**

MX+ US F- 0 6 1 2 9 (52.9%)**

pT1b 4 16 8 11 39
MX R+ 0 1 2 1 4 (10.5%)***

MX F- 4 15 5 10 34 (89.5%)***

US R+ 2 6 5 2 15 (38.5%)
US F- 2 10 3 9 24 (61.5%)
MX+ US R+ 2 6 5 2 16 (41.0%)
MX+ US F- 2 10 3 9 23 (59.0%)

pT1c 1 5 7 9 22
MX R+ 1 2 1 4 8 (38.1%)***

MX F- 0 3 6 4 13 (61.9%)*** 
US R+ 1 1 5 7 14 (63.6%)
US F- 0 4 2 2 8 (36.4%)
MX+ US R+ 1 2 5 8 16 (72.7%)

https://doi.org/10.23937/2474-1353/1510091


ISSN: 2474-1353DOI: 10.23937/2474-1353/1510091

Fischer et al. Int J Womens Health Wellness 2019, 5:091 • Page 7 of 11 •

mm within 2 years after an inconspicious MRI exam were 
lobular (4 of 7 breast carcinomas; 57%). The reason for 
this is the indian-file growth pattern of lobular breast 
cancers, resulting in large tumor sizes with a low count 
of tumor cells in comparison to the solid growth type 
of ductal carcinomas (Figure 5a and Figure 5b). In this 
context it could be considered whether the metric of 
a tumor in millimeters is an optimal criterion for the 
assessment of invasive lobular carcinomas. There are, 
however, also invasive ductal carcinoma that increase in 
size to 15 mm or more within an intervall of 1-2 years. In 
the presented study, all of the detected invasive ductal 
carcinomas of 15 mm or larger were tumors of grading 
3 (Figure 6a and Figure 6b). In summary, the detection 
of breast cancer at a stage of pT2 or higher is rare if 
MRI is performed at intervals of 24 months or less. In 
the presented study, this rate was 1.3% of all invasive 
carcinomas.

This study demonstrates that the excellent results 
ascribed to MRI of the breast in women with a defined 
high risk profile can also be achieved for women with 
a normal or a moderately increased life-time risk pro-

MRI depicted invasive breast carcinomas at an 
average size of 9 mm when performed in intervals of 
24 months or less. This size correlates very well with 
the commonly accepted data concerning the rate of 
growth of invasive breast cancer, assuming a tumor-
duplication-time of 200-400 days depending on the 
aggressiveness of the lesion. An invasive breast cancer 
of 2 mm, for example, is sustained by diffusion, and 
will not usually be detected on MRI due to the lack of 
angiogenesis. One year later the estimated size of this 
lesion is approximately 4 mm, and tumor angiogenesis 
will have occured. At this time, MRI is often able to 
depict this tumor due to its increased enhancement. 
Another year later, at a tumor size of approximately 8 
mm, MRI should normally detect this tumor reliably. 
The dynamics of tumor growth is demonstrated in the 
following exemplary cases from the study (Figure 2a, 
Figure 2b, Figure 3a, Figure 3b, Figure 4a and Figure 4b).

The size of the detected invasive breast carcinomas 
ranged from 2 to 22 mm in this study. The greater 
proportion detected by MRI at a size of more than 15 

MX+ US F- 0 3 2 1 6 (27.3%)

pT2 0 0 1 0 1
MX R+ 0 0 0 0 0 (0.0%)
MX F- 0 0 1 0 1 (100.0%)
US R+ 0 0 1 0 1 (100.0%)
US F- 0 0 0 0 0 (0.0%)
MX+ US R+ 0 0 1 0 1 (100.0%)
MX+ US F- 0 0 0 0 0 (0.0%)

*MX not performed in 6 cases; **MX not performed in 2 cases; ***MX not performed in 1 case.

  

  
2a       2b 

Figure 2: a) 65-year-old patient after breast-conserving therapy of the right breast. In the single-slice subtraction image mild 
focal enhancement in the central part of the left breast. Categorization: MR-BIRADS left breast 2. Next MRI in 12 months 
recommended; b) MRI of the breast 13 months later. In the single-slice subtraction image now 3 mm single focus in the central 
part of the left breast. Categorization: MR-BIRADS left breast 4. No corresponding findings in mammography or ultrasound. 
MR-guided vacuum biopsy: B5b. Final histology: Invasive ductal carcinoma, pT1a (3 mm), grading 2, Luminal B, pN0.
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3a       3b 

Figure 3: a) 65-year-old patient after breast-conserving therapy of the right breast. In the single-slice subtraction image no 
suspicious enhancement in the inner part of the left breast. Categorization: MR-BIRADS left breast 1. Next MRI in 12 months 
recommended; b) MRI of the breast 12 months later. In the single-slice subtraction image now a linear enhancing lesion in 
the inner quadrant of the left breast. Categorization: MR-BIRADS left breast 4. No corresponding findings in mammography 
(MX-BIRADS 1) or ultrasound (US-BIRADS 1). MR-guided vacuum biopsy: B5a. Final histology: DCIS intermediate type G2, 
pTis (12 mm), grading 2.

  

  
4a       4b 

Figure 4: a) 62-year-old patient with normal life time risk. In the single-slice subtraction single focus (2 mm) in the inner part 
of the right breast. Categorization: MR-BIRADS right breast 2. Next MRI was recommended in 18 months; b) MRI of the 
breast 24 months later. In the single-slice subtraction image now mild increase of the focus to 4 mm in the inner quadrant of 
the left breast. Categorization: MR-BIRADS left breast 4. No corresponding findings in mammography (MX-BIRADS 1), but 
semisuspicious lesion in second-look-ultrasound (US-BIRADS 3). US-guided core biopsy: B5b. Final histology: Invasive ductal 
carcinoma, pT1a (4 mm), grading 2, Luminal A, pN0.

sound) are combined. In contrast, MRI shows a corre-
sponding detection rate of 98%. It has to be noted, how-
ever, that the study collective included predominantly 
women with a high density type on mammography (av-
erage 3.39 according to the old definition of ACR). This 
means that most of the included women had a density 
type “c” or “d” according to the new definition. This is 
a relevant factor influencing the results of mammogra-
phy. Mammography studies have shown that the sensi-
tivity of mammography decreases to 32-45% in clients 

file. Certainly the incidence of breast cancer is higher in 
women with high risk profile compared to other wom-
en with a normal oder moderately increased risk. MRI is 
superior to all other imaging modalities even in a collec-
tive of women with a normal or moderate increased risk 
profile. This is particulary true for small carcinomas with 
an excellent prognosis. The detection rate for carcino-
mas in the stages pTis, pT1a, and pT1b is 16% for mam-
mography, and 29% for ultrasound. This rate increases 
to 39% when both methods (mammography plus ultra-
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5a       5b 

Figure 5: a) 56-year-old patient with moderate increased life time risk. In the single-slice subtraction stellate non-mass-
like lesion in the inner part of the left breast. Changes were (mis)interpreted as parenchymal enhancement. Categorization: 
MR-BIRADS left breast 1. Next MRI was recommended in 18 months; b) MRI of the breast 19 months later. Single-slice 
subtraction image shows an increase of the size of the non-mass-like lesion in the inner quadrant of the left breast to more 
than 20 mm. Categorization: MR-BIRADS left breast 4. No corresponding findings in mammography (MX-BIRADS 1), but 
suspicious architectorial distorsion in ultrasound (US-BIRADS 4). US-guided core biopsy: B5b. Final histology: Invasive lobular 
carcinoma, pT1c (22 mm), grading 2, Luminal A, pN0.

  

 
6a 

 
6b 

Figure 6: a) 70-year-old asymptomatic woman. Normal risk. In the single-slice subtraction image 4 mm single focus in the 
central part of the left breast. Normal findings of the right breast. Categorization: MR-BIRADS right breast 1/MR-BIRADS left 
breast 3. Control-MRI in 6 months recommended; b) Control-MRI of the breasts 7 months later. In the single-slice subtraction 
image 15 mm enhancing mass in the central part of the left breast. Normal findings of the right breast. Categorization: MR-
BIRADS right breast 1/MR-BIRADS left breast 5. Corresponding findings in mammography (MX-BIRADS 4) and ultrasound 
(US-BIRADS 5). US-guided core biopsy: B5b. Final histology: Invasive ductal carcinoma, pT1c (15 mm), grading 3, Luminal 
B, pN0.
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screening concept especially for women with high 
density breast tissue (density types ACR c and d). In this 
constellation, MRI allows an increase of sensitivity from 
about 50% for mammography to approximately 95% 
for MRI. This concerns about 25 to 45% of all women 
at a breast-cancer relevant age, who have dense breast 
tissue according to the data of international screening 
evaluations [7,18].
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with high parenchymal density type “c” or “d” [6,16].

The percentage of patients with invasive breast 
cancer and a negative lymph-node status (pN0) was 
greater than 95%. This rate is higher than that reported 
for mammography performed in individual concepts 
of early detection of breast cancer (57%), and that 
reported for quality assured screening programs (80%) 
[12]. In multimodal screening concepts for women with 
a high risk profile, this rate ranges from 64% (HIBCRIT 
study) [8] to 89% (EVA study) [7]. The presented data 
allows the conclusion that MRI performed at intervals 
of 24 months or less results not only in a reduction of 
tumor stage, but also significantly decreases the number 
of detected nodal-positive invasive breast carcinomas. 
In conclusion, it can be expected that continuous MRI 
of the breast withi interval of 2 years or less should 
reduce the mortality of breast cancer more than 
international screening programs already do. In this 
context. Continuous MRI of the breast in intervals of 24 
months or less would conceivable also reduces medical 
costs due to the elimination of advanced tumor stages. 
It is up to economists to calculate the costs of MRI of the 
breast versus the reduction of treatment costs due to 
the detection of breast cancer at an earlier stage.

A remainimg problem of continuous MRI of the 
breast in defined intervals are the costs that are much 
more higher than the costs of other imaging modalities. 
First concepts to reduce breast MRI examination costs 
show promise. Fischer, et al. presented a “first-pass-
concept” with a total breast MRI measurement time of 
4-5 minutes in 2012. Moreover, they inaugurated the 
idea of a MRI system with 2-3 examination tables to 
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since been evaluated in a clinical study by Kuhl, et al. 
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equally good detection rates as the evaluation of a full-
time MRI examination of 15-20 minutes [18].

As reported earlier, the cost aspect of a population-
based MRI screening for women with dense breast 
tissue is solvable. A more relevant limitation is the 
lack of a standardized and quality-assured technique 
and method, as well as the need to increase the 
number of experienced reader in order to implement 
a nationwide use of breast-MRI. These requirements - 
quality assurance and reader´s experience - have to be 
optimized before an area-wide use of MRI of the breast 
is feasable.

In conclusion, the presented results, as well as the 
results of abbreviated breast MRI protocols, suggest 
that MRI of the breast is a suitable and effective 
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