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ABSTRACT
Objective: Magnetic resonance imaging (MRI) and ultrasonography (US) are commonly used in the pre-surgery determination of tumor size
and the follow-up of breast cancer patients treated with neoadjuvant chemotherapy (NAC). The aim of this study was to compare the efficiency of
preoperative MRI and US in tumor size evaluation of patients with breast cancer after NAC to guide clinicians on the appropriate treatment plan.
Materials and Methods: The study included a total of 75 patients who had undergone radiological follow-up, surgical treatment and pathological examination in our hospital between 2013 and 2016. Of these, 28 patients were followed-up with MRI and 47 with US. The dimension evaluations in pathology examination and on both MRI and US were based on the longest dimension of the tumor.
Results: There was no statistically significant difference between the tumor size measured pathologically and the size measured preoperatively on
MRI (p=0.379). The tumor size measured on US before surgery was significantly smaller than the size measured in pathology (p=0.004). MRI did
not overestimate by more than 10 mm in any patient, whereas US overestimated in 4 patients (8.6%). The correlation coefficient of MRI was higher
than that of US (0.927 and 0.687, respectively).
Conclusion: MRI is superior to US in preoperative tumor size evaluation of patients receiving NAC.
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Introduction
Breast cancer is the most common cancer in women and approximately 10%-15% of cases are locally advanced at the time of diagnosis.
Neoadjuvant chemotherapy is given before local advanced breast cancer surgery. The aim of this treatment is to reduce the size of the
tumor before surgery and thus to make the patient fit for surgery. Neoadjuvant chemotherapy is the current standard treatment for locally
advanced breast cancer (1). Studies have shown that neoadjuvant chemotherapy provides a longer life span, prolongs disease-free survival
and reduces recurrence risk (2).
In patients receiving neoadjuvant chemotherapy, the tumor size is monitored radiologically prior to surgical treatment to determine the
efficacy of the treatment, whether the patient is eligible for surgery, and the appropriate surgical technique to be applied (3). Ultrasonography (US) and magnetic resonance imaging (MRI) are the most commonly used radiological imaging methods for this purpose (4). While
the advantages of US are that it is easy to deal with and cheap, it is user-dependent and artefacts especially arising in calcific lesions are
disadvantages. MRI has the advantages of high soft tissue resolution and the ability to identify a contrast pattern, but it has the disadvantages of high cost and difficulty of availability (5).
The aim of this study was to compare the efficacy of MRI and US, which are commonly used in the pre-surgery determination of tumor
size and the follow-up of breast cancer patients treated with neoadjuvant chemotherapy and to guide clinicians on the appropriate treatment plan.
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Material and Methods
Ethics
Approval for this retrospective study was granted by the Hacettepe
University School of Medicine Local Ethics Committee and all procedures were conducted in accordance with the Declaration of Helsinki
(2000). Informed consent was waived because of the retrospective nature of the study.
Patients
A retrospective review was made of patients who underwent neoadjuvant
chemotherapy for breast cancer at our hospital between 2013 and 2016,
and who had undergone radiological follow-up, surgical treatment and
pathological examination in our hospital. A total of 75 patients were
included in the study; all the patients were female. Of the patients, 68
(90.6%) were invasive ductal and 7 (9.4%) were mixed invasive ductallobular cancer. All patients received doxorubicin, cyclophosphamide and
paclitaxel as chemotherapy regimens. All patients had a partial response
to chemotherapy. Complete responders were excluded from the study.
The mean time between the first chemotherapy and preoperative imaging was 173.7 days (±5.2). The mean age of the patients was 50 years
(±10.27). Of the total 75 patients, 28 were followed-up with MRI and
47 with US. The MRI, US and pathological dimension evaluations were
based on the longest dimension of the tumor.
Imaging technique and image analysis
The MRI examinations were performed on a 1.5-Tesla (Signa HD,
GE Medical Systems, USA) MRI scanner using a four-channel phased
array breast coil. The dynamic breast examination was performed before and after intravenous contrast material injection (Gadovist, Bayer

Schering Pharma AG, Germany) through the antecubital vein with a
dose of 0.1 mmol/kg using a power injector (Medrad, Bayer HealthCare, Netherlands). Axial T1-weighted non-contrast MR images and
the following 5 post-contrast dynamic sequences were obtained at intervals of 90 seconds. Tumor size was measured and recorded from the
first post-contrast subtraction images (Figure 1).
Ultrasonography measurements were made on grayscale images using
a 12 MHz probe by Toshiba Aplio 400 device (Toshiba Medical Systems Corporation, Japan). The US images were obtained in both the
sagittal and transverse planes. Three measurements were obtained from
the tumor in the sagittal, transverse, and anteroposterior planes. The
longest dimension was recorded (Figure 2).
Both MR and US measurements were made by a radiologist with 15
years of experience in breast radiology. The reviewer was blinded to
the physical examination findings, laboratory results, and radiology
reports.
Surgical pathology reports were reviewed to determine the longest
pathological tumor size. The pathological tumor stage of the primary
tumor was recorded according to the American Cancer Committee
(AJCC) classification system. The performance of the two imaging
modalities was analyzed in respect of the correct staging of the tumors
by comparing the determined tumor stage to the pathological tumor
stage.
Statistical Analysis
The Statistical Package for Social Sciences version 20.0 (IBM Corp.;
Armonk, NY, USA) was used for statistical analysis. Descriptive statis-

Figure 1. a-c. Initial (a), after first cure chemotherapy (b) and preoperative (c) axial postcontrast subtraction images of a patient followed up with
MRI showing a decrease in tumor size in this process
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Figure 2. a-c. Images of a patient followed up with US: initial (a), after chemotherapy (b) and before surgery show tumor shrinkage in this process (c)
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tics were given as median (minimum–maximum) and mean±standard
deviation. Categorical variables were stated as frequencies and percentages. The Wilcoxon signed rank test was used to compare the data
that did not conform to normal distribution according to the normality evaluation with the Kolmogorov-Smirnov and Shapiro-Wilk tests.
Spearman and Pearson correlation analyses were used to evaluate the
relationship between the longest dimension measured by MR and US
and the longest dimension measured in pathology according to normal
distribution conformity. A value of p<0.05 was accepted as statistically
significant.

Results

Discussion and Conclusion
The main findings of the current study showed that MRI is more sensitive than US in assessing preoperative tumor size in patients with
breast cancer receiving neoadjuvant chemotherapy. No statistically significant difference was determined between the tumor size measured
by MRI and the pathological dimension. However, the tumor size
measured by US before surgery was statistically significantly smaller
than the size measured in pathology (p=0.004). In addition, the correlation coefficient of MRI according to the pathology was found to
be higher than that of US.

There was a statistically significant relationship between the tumor size
measured by US before surgery and pathology size (p<0.001; correlation coefficient: 0.687). This relationship was stronger in the MR
measurements than in US (p<0.001; correlation coefficient: 0.927)
(Figure 3).

It is known from previous studies that the specificity of breast MRI
for breast cancer is not as high as its sensitivity. Thus, additional investigations including repeat MRI and biopsies may be required (6) .
However, MRI is much better in assessing disease extent, investigating
satellite nodules and screening for other cancer foci either in the affected or in the contralateral breast, although it overestimates tumor
size (7, 8). In previous studies, tumor size measurement with US has
been found to be more accurate than MRI and it has been determined
that MRI overestimates tumor size (5, 9-13). Behjatnia et al. (12) and
Leddy et al. (11) found that MRI overestimated tumor size in 70%
and 68.4% of their patients, respectively. In a study by Leddy et al.
(11), when the accuracy of the pathological T stages of patients was
compared with modalities using AJCC criteria, it was reported that
US (86%) evaluated the T stage more accurately than MRI (77.2%).
According to Mennella et al. (14), the main reason for discordance
between MRI and pathological dimension is ductal carcinoma in situ
(DCIS) histology. The non-mass-like enhancement of DCIS in MRI
may be the reason for the overestimation of the size of the invasive
tumor on MRI. However, there were no patients with a pathological
diagnosis of residual DCIS in our study in which only partial responders after neoadjuvant chemotherapy (NAC) where included.

According to the AJCC classification, 18 patients measured with US
were at a lower T stage compared to the pathology measurements, 26
patients were at the correct stage (accuracy 55.3%) and 3 patients were
at a more advanced stage. The MRI measurements showed 5 patients
at a lower stage compared to pathology, 22 patients at the correct stage
(accuracy 78.5%) and 1 patient at a more advanced stage (Table 1).

However, a patient group receiving NAC is quite different from a
group without NAC. Similar to the results of the current study, previous studies have shown that MRI is more sensitive than US in assessing
preoperative tumor size in patients with breast cancer receiving NAC
(15). Segara et al. (16) reported that MRI underestimated tumor size
by >10 mm in 11% of patients, whereas it was 22% with USG. There

There was <10 mm difference in 27 patients (57.4%) in the comparison of the tumor size measured with US before surgery and the size
measured in pathology. US underestimated tumor size by >10 mm in
16 (34%) patients and overestimated by >10 mm in 4 patients (8.6%).
In the comparison of the tumor size measured by MRI before surgery
and the size measured by pathology, there was <10 mm difference in
23 patients (82.1%). MRI underestimated tumor size by >10 mm in
5 (%17.9) patients.
There was no statistically significant difference between the tumor size
measured in pathology and the size measured before surgery by MRI
(p=0.379). When the same comparison was made for US, it was found
that the tumor size measured by US before surgery was statistically
significantly smaller than the size measured in pathology (p=0.004).

Figure 3. The difference between MRI, US and pathological tumor size (mm) plotted for pathological tumor size for neoadjuvant chemotherapy
and tumor size
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Table 1. Comparison of tumor size measured before surgery by US and MRI with tumor size measured in
pathology based on AJCC stage
					
				

Pathological AJCC Stage			

Total

T0

T1

T2

T3

n

5

4

3

0

12

			

%

41.7

33.3

25.0

0.0

100.0

		

T1

n

0

10

8

1

19

			
AJCC Stage
T2

%

0.0

52.6

42.1

5.3

100.0

n

0

2

10

2

14

			

%

0.0

14.3

71.4

14.3

100.0

		

n

0

0

1

1

2

			

%

0.0

0.0

50.0

50.0

100.0

		
Total

n

5

16

22

4

47

%

10.6

34.0

46.8

8.5

100.0

T0

n

10

2

0

0

12

			

%

83.3

16.7

0.0

0.0

100.0

		

T1

n

0

4

2

0

6

			
AJCC Stage
T2

%

0.0

66.7

33.3

0.0

100.0

n

0

1

8

1

10

			

%

0.0

10.0

80.0

10.0

100.0

		
Total

n

10

7

10

1

28

%

35.7

25.0

35.7

3.6

100.0

US
		

T0

T3

MRI
		

AJCC: American Cancer Committee; US: Ultrasonography; MRI: Magnetic resonance imaging

was no statistically significant difference between the size measured by
MRI and US and the pathological dimension in the same study. Bhattacharyya et al. (17) compared the correlation coefficients of MRI and
US with pathology, and MRI was found to be superior to US. Similar
to the study of Segara et al. (16) and Bhattacharyya et al. (17), a difference of 10 mm between pathological dimension and imaging was
evaluated in our study. In the current study, MRI underestimated the
tumor size by >10 mm in 17.9% of patients whereas it was 34% in US.
Furthermore, MRI was found to be superior to US in determining the
T stage. The accuracy of MRI to determine the T stage was found to
be 78.5%, whereas the accuracy of US was found to be 55.3%. The
reason for the superiority of MRI may be related to tumor-infiltrating
macrophages (TILs), which are associated with the immune response
in breast cancer. In a recent study by Salgado et al. (18), TILs were
found to be a prognostic factor in breast cancer. Furthermore, in a
MRI study, the authors showed that tumors with high TIL levels tend
to represent round shape, circumscribe margin, homogenous enhancement and lack of multifocality (19). We think that these factors are
associated with an accurate measurement of residual tumor size.

122

Contrast-enhanced ultrasonography (CEUS) is also used in the follow-up of patients receiving neoadjuvant chemotherapy (20). In the
study performed by Corcioni et al. (21), CEUS was found to have
the same sensitivity as MRI in the follow-up of neoadjuvant chemo-

therapy. In a more recent study by Lee et al. (22), CEUS was found to
be as effective as MRI in both the complete pathological response and
the noncomplete pathological response group.
In the meta-analysis performed by Marinovich et al. (23), the modalities used in the follow-up of neoadjuvant chemotherapy were compared. In this study, US was underestimated and MRI was overestimated the tumor size after NAC. However, in the same study, it was
emphasized that modality selection should be made on a patient-based
basis. In addition, in the currently published “RESPONDER” study
(24), it was found that 3D US showed a good correlation with MRI.
Previous studies have shown that MRI overestimates the size of the
tumor in patients without NAC (11, 12, 14). In the current study,
MRI did not overestimate >10 mm in any patient. Similarly, Partridge
et al. (25) detected an overestimation on MRI of only 0.9 mm. This
could be explained by changes in tumor vascularity in response to chemotherapy. Cytotoxic agents can influence the dynamics of contrast
uptake and therefore, the size of the tumor (25). Another reason could
be the disappearance of the component of DCIS after NAC, as in the
current study there was no DCIS histology.
This study had several limitations. First, the imaging-based measurements were made by a single radiologist, and thus interobserver variability was not evaluated. Second, the nature of the study was retro-
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spective, so it was not possible to measure the size of the same lesion
separately on MRI and US and compare these with each other. Therefore, prospective studies are needed to compare the two modalities
correctly. On the other hand, our study is still valuable regarding the
correlation of the imaging measurements with pathology. Third, the
study had a relatively small sample size. Fourth, since there were not
enough patients in different histopathological subtypes, the relation of
subtypes with tumor size could not be evaluated.
In conclusion, although both modalities have their own advantages
and disadvantages, knowing that MRI is more effective in evaluating
pre-surgical tumor size in patients with breast cancer who have neoadjuvant chemotherapy, will be a guide for choosing the right modality.
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