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Abstract
The purpose of the study was to compare the 

accuracy of breast MRI and ultrasonography in 
assessing the tumor focality and tumor size of 
newly diagnosed non-high risk breast cancer 
patients.

Methods: 
The tumor focality status and the maximal 

tumor diameter by MRI and ultrasonography 
were retrospectively compared with the 
corresponding histopathological findings as 
reference. Test characteristics concerning the 
tumor focality status were calculated. Bland-
Altman plots were generated to evaluate the 
agreement of the tumor size measurements 
by imaging and histopathology. The t-test for 
dependent samples and the Fisher exact test 
were used to test differences between groups for 
statistical significance. The Pearson correlation 
coefficient r was calculated to measure the 
degree of association between the tumor 
diameter by imaging and histopathology. 

Results: 
Sixty-four patient diagnosed between 2011 

and 2013 were analyzed. MRI showed a good 

sensitivity of 83% for detecting multifocal 
disease (ultrasonography, 75%). The positive 
predictive value was 67% and the ratio of 
true-positive to false-positive findings 2.0. 
MRI showed better limits of agreement (-21 
to 26 mm versus -29 to 26 mm) and a better 
correlation (r=0.77 versus r=0.66) with the 
histopathological tumor diameter compared to 
ultrasonography. The mean differences between 
the tumor diameter by MRI and histopathology 
and ultrasonography and histopathology were 
not significantly different (p=0.09). The T 
classification (T1a, T1b, T1c, T2, T3) was 
correctly estimated by MRI in 43 patients 
(67.2%) and by ultrasonography in 39 patients 
(60.9%) (p=0.58).

Conclusion: 
In our patient cohort only a modest diagnostic 

advantage of MRI compared to ultrasonography 
could be detected.

Keywords: 
Breast Neoplasms, Magnetic Resonance 

Imaging, Ultrasonography, Predictive Value of 
Tests, Sensitivity and Specificity

Background
There is little consensus regarding the role of 

magnetic resonance imaging (MRI) of the breast 
in the preoperative staging of patients with newly 
diagnosed breast cancer (1). Despite a lack of 
clear evidence of a surgical or clinical outcome 

benefit of preoperative MRI in non-high risk 
breast cancer patients (2, 3) the use of MRI in breast 
cancer appears to have increased dramatically. 
Preoperative MRI has been shown to be more 
sensitive for detecting clinically occult cancer 
foci (3, 4) and more accurate for judging the lesion 
size (5-9) compared to conventional imaging.

Breast cancer is the most common cancer in 
Saudi Arabia. Interestingly, the epidemiology of 
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breast cancer in Saudi Arabia differs significantly 
from that in Europe or the United States. In Saudi 
Arabia the proportion of breast cancer patients 
with young age, higher stage of disease and 
high body mass index at diagnosis tends to be 
considerably greater (10, 11). Differences in patient 
and tumor characteristics may affect the value 
and role of the different imaging modalities. This 
study was undertaken to evaluate the efficacy 
of preoperative MRI and ultrasonography for 
assessing the focality status and primary tumor 
diameter in our particular patient cohort. As 
reference, the corresponding histopathological 
results of the operation specimen were used.

Methods
Medical records were retrospectively reviewed 

of female breast cancer patients who consulted 
Saad Specialist Hospital in Saudi Arabia between 
2011 and 2013. Eligibility criteria for this 
retrospective analysis included histopathological 
diagnosis of invasive breast cancer, presence 
of a discrete mass on preoperative breast MRI 
and ultrasonography, and treatment with breast 
conserving surgery or mastectomy. 

Data were entered into a computerized database 
and analyzed using commercially available 
statistical software packages. For the analysis, 
the maximal tumor diameter determined by 
MRI and ultrasonography were compared with 
the corresponding histopathological maximal 
tumor diameter of the operation specimen. 
The diagnostic reliability of the preoperative 
MRI to detect multifocality of the breast 
tumor was evaluated using the postoperative 
histopathological finding as reference.

Staging
Diagnosis and staging procedures included 

detailed patient history and physical examination, 
laboratory assessments, diagnostic bilateral 
mammogram and breast ultrasonography. 
Where indicated, ultrasonography of the 
abdomen, chest radiograph, and radionuclide 
bone scan was performed. A MRI of the breast, 
computerized tomography (CT), or positron 
emission tomography-computed tomography 
(PET/CT) were performed on selected patients. 
Preoperative breast MRIs were performed on 

patients with unclear or ambiguous findings 
concerning the tumor focality status or lesion 
size on mammography and ultrasonography, 
mammographically dense breasts or in patients 
with axillary nodal metastases and undefined 
primary tumor on conventional imaging.

Breast cancer was classified according to the 
International Union Against Cancer (UICC), 
with group clinical and pathological staging 
according to the American Joint Committee on 
Cancer (AJCC, 6th edition).

Breast MRI and ultrasonography
MRI was performed on Siemens 

MAGNETOM Trio 3T and MEGNETOM 
Espree 1.5T (Siemens Medical Solutions). 
Standard dynamic contrast enhanced subtracted 
images were obtained with a 512 x 314 imaging 
matrix after injection of 0.2 mmol/kg body 
weight gadopentetate dimeglumine (Magnevist; 
Schering, Berlin, Germany) followed by delayed 
FLASH 3D Sagittal sequence. In addition, 
STIR coronal, STIR axial, T1W axial and T2W 
axial sequences were obtained. The breast MRI 
studies were interpreted by the Radiologists with 
previous breast MRI experience.

Breast ultrasonography was performed 
on Siemens ACUSON Antares (Siemens 
Medical Solutions) with 13.5 MHz probe. The 
ultrasonography was performed and interpreted 
by the experienced Radiologists.

Pathology
Surgical specimen were processed, inked and 

stained in the standard fashion by pathologists 
with expertise in breast pathology. The tumor 
diameter was read out as the maximum diameter 
of the invasive component of the cancer. Tumor 
multifocality was defined as more than one 
focus of invasive carcinoma separated by benign 
tissue (12). No distinction was made between 
multicentricity and multifocality.

Statistical Analysis
To evaluate the diagnostic reliability of MRI 

for detecting tumor multifocality the prevalence, 
sensitivity, specificity, positive and negative 
predictive value, and the likelihood ratio for a 
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positive or negative test result was calculated 
using the histopathological results as reference.

Bland-Altman plots (13) were generated 
to compare the accuracy of the tumor size 
measurements of MRI and ultrasonography using 
the histopathological tumor size as reference. 
For the Bland-Altman plots, the differences 
between tumor diameter by imaging and the 
histopathological tumor diameter were plotted 
over the histopathological tumor diameter. To 
assess the agreement between the compared 
methods the limits of agreement (LOA) were 
calculated. The limits of agreement were defined 
as the upper and lower border of the interval 
d ± 1.96 SD where d is the mean and SD the 
standard deviation of the observed differences. 
Assuming a normal distribution of differences, 
approximately 95% of the differences in the 
population were expected to lie within the limits 
of agreement.

The t-test for dependent samples was used 
to test the mean difference between the tumor 
diameter by imaging and histopathology for 
statistical significance. The Pearson correlation 
coefficient r was calculated to measure the 
degree of association between the tumor 
diameter by imaging and histopathology. The 
Fisher exact test was used to test the difference 
of correctly categorized patients according to 
the T classification by MRI and ultrasonography 
for statistical significance. All tests were two-
sided, and a p-value of ≤0.05 was considered 
significant.

Results
Sixty-four patients met the inclusion criteria 

and were retrospectively analyzed. As expected, 
the proportion of patients with younger age, high 
body mass index and more advanced stage of 
disease of this Saudi Arabian study population 
appeared to be higher than generally reported for 
newly diagnosed breast cancer patients in Europe 
or the United States (Table 1). MRI showed a 
higher sensitivity for detecting multifocal disease 
compared to ultrasonography (Table 2). MRI was 
able to detect additional multifocal disease in five 
women (7.8%) not identified on mammography 
or ultrasonography. However, MRI was also 

associated with a relevant proportion of false-
positive findings (Figure 1). The ratio of true-
positive to false-positive findings was 2.0, and 
the positive predictive value was 67%. Six 
patients (9.4%) eligible for breast conserving 
surgery were treated with mastectomy due to 
false-positive MRI tumor multifocality findings. 

Concerning the histopathological tumor 
diameter, MRI showed a better correlation (r=0.77 
versus r=0.66) and better limits of agreement 

Table 1. Patient and treatment characteristics.
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Figure 1. Preoperative MRI demonstrating multifocal tumors in the left breast. The histopathologic examination 
after modified radical mastectomy revealed unifocal invasive intraductal cancer, fibroadenoma, intraductal 
papilloma, fibroadenoid and fibrocystic changes.

Table 2. Diagnostic reliability of MRI and ultrasonography (US) for detecting multifocal disease 
(95% CI=95% confidence interval)

(-21 to 26 mm versus -29 to 26 mm) compared 
to ultrasonography (Table 3; Figure 2A and 
2B). However, the mean difference between the 
tumor diameter by MRI and histopathology and 
the mean difference between the tumor diameter 
by ultrasonography and histopathology were not 
significantly different (paired t-test; p=0.09). 
Tumors >2 cm by MRI showed considerable 
greater limits of agreement than tumors ≤2 cm 
(Table 4). The T classification (T1a, T1b, T1c, 
T2, T3) was correctly estimated by MRI in 43 
patients (67.2%) and by ultrasonography in 39 
patients (60.9%) (Fisher exact test; p=0.58). 

Discussion
The purpose of this study was to estimate 

the accuracy of preoperative breast MRI and 
ultrasonography for assessing clinically occult 
cancer foci and the primary tumor size in patients 
with newly diagnosed breast cancer.

MRI showed a higher sensitivity for detecting 
multifocal disease compared to ultrasonography 
but was also associated with a relevant number 
of false positive results. Similar test statistics 
concerning tumor multifocality by MRI have 
been reported in the literature. A meta-analysis 
based on 19 studies with 2610 patients showed 
that MRI was able to detect additional multifocal 
disease in 16% of women with breast cancer 
not identified on conventional imaging (4). The 
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summary PPV for MRI in this meta-analysis was 
66%, and the TP:FP ratio 1.9. The additional 
finding of multifocality by breast MRI was 
found to result in conversion from wide local 
excision to mastectomy in 8.1% of cases, and to 
even more extensive surgery (wider or additional 
excision or mastectomy) in 11.3% of cases. A 

conversion of candidates for breast conservation 
to more extensive resection or to mastectomy by 
preoperative MRI has been confirmed in a recent 
analysis (3). 

Studies comparing MRI, ultrasonography 
and mammography concluded that MRI offered 
the best correlation with the histological tumor 

Table 3. Summary of studies comparing the tumor diameter by imaging and histopathology
Abbreviations: n=Number of patients; Mean=Mean difference between the tumor diameter by imaging and histopathology; 
LOA=Limits of agreement (derived from Bland Altman plots); r=Pearson correlation coefficient; n.s.=Not statistically significant 
(t-test for dependent samples); *=Statistically significant (t-test for dependent samples); #=No statistical test performed; †=Re-
calculated for comparison using data provided in the corresponding article; ‡=n=8.
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size (7, 14). We observed a better correlation and 
better limits of agreement with MRI compared to 
ultrasonography. However, the mean differences 
between the histopathological and imaging results 
were not statistically significant. It has been 
suggested that MRI may tend to overestimate the 
histopathological tumor diameter in particular in 
tumors ≥2 cm (15, 16), and that ultrasonography 
may tend to underestimate the histopathological 
tumor diameter (7, 9) (Table 3). Our data showed 
a non-significant overestimation by MRI in 
tumors ≥2 cm, and a small non-significant 
underestimation by ultrasonography (Table 3).

A recent meta-analysis based on individual data 
of 3169 patients with and without preoperative 
MRI has shown no improvement of the eight-year 
local or distant recurrence-free survival by the 
use of preoperative MRI (2). It has been discussed 
that the higher sensitivity for detecting otherwise 
subclinical cancer foci and the good accuracy of 
judging lesion size of preoperative MRI does 
not translate into a clinical outcome benefit in 
non-high risk patients due to the effectiveness of 
radiotherapy and systemic therapy (1).

It should be noted that limitations of our study 
are related to the retrospective study design 
and moderate patient numbers. A selection bias 
may exist due to the distinctive epidemiological 

characteristics of our Saudi Arabian study 
population, and due to the fact that only patients 
were analyzed with invasive cancer visible on 
MRI and ultrasonography.

Conclusion
In our patient cohort, only a modest diagnostic 

advantage of MRI compared to ultrasonography 
could be detected. This observation as well as 
the lack of evidence in the literature so far of 
a surgical or outcome benefit by preoperative 
breast MRI speaks against its use as a routine 
preoperative diagnostic procedure in non-high 
risk breast cancer patients. 

Figures 2A and 2B. Bland-Altman plots demonstrating the limits of agreement (horizontal dotted lines) of the tumor 
diameter by MRI (fig. 2A) or ultrasonography (US) (fig. 2B) compared to the histopathological tumor diameter. 
The open circles denote tumors ≤2 cm the closed rectangles tumors >2 cm by MRI (fig. 2A) or ultrasonography 
(fig. 2B).
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